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_________________________________________________                                                                                                        Commitment & Credibility since 1976 

 
Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  July 9, 2014 
Subject:  Request for Endorsement of Re-Review Strategies for 2015 
 

The Panel is being asked to endorse the enclosed re-review strategies for year 2015.  Enclosed are two documents to assist with your review.  First is a 
summary table of those reports that are due for re-review in 2015 and a brief description of the proposed strategies therein.  Second, a memo is provided for 
each proposed re-review that provides history (including original report(s) should you want to access that information), and increased detail related to those 
strategies.  The intention herein, is to increase the efficiency of the CIR process, in regard to these re-reviews, for the Panel and the staff.  For example, the Panel 
has the opportunity to endorse or reject the validity of certain potential add-ons, before a search has been conducted or a report has been prepared, presented 
and reviewed (thus drastically reducing significant alterations to a re-review grouping after it has been prepared by staff and after the Panel has invested 
significant effort to assess).  In most cases, the intention behind these documents is not to determine whether a report should be re-opened, but to provide the 
Panel with an opportunity to offer input on how these reports are prepared and presented. There will be a few occasions when the request to the Panel will be 
for a delay or an administrative determination to waive the 15-year requirement for a specified time period. 

2015 CIR Re-Review Priority List (all were originally published in 2000, unless otherwise noted) 
July 2014 
 
Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 

Glyoxal:   
• In 2000, the Panel determined this ingredient was safe for use in products intended for nail application at a concentration <1.25%.  The data were 

insufficient to support safety for other uses.  Suppliers were instructed to limit concentration of free formaldehyde impurity to 0.2%.  
• There is only one ingredient in this report and there are only 2 reported uses.  Should CIR prepare an abbreviated re-review report for this 

ingredient? 

GLYOXAL 2 
 

N/A (1) 
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Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 

Acid Orange 3 
• In 2000, the Panel determined this ingredient to be safe for use in hair dye formulations at concentrations <0.2% 
• There is only one ingredient in this report and the ingredient no longer appears to be used.  Should the re-review of this ingredient be delayed 

until there is a reported use or until there is a request to re-open for cause? 

ACID ORANGE 3 0 

 

N/A (1) 

Butyl Polyoxyalkylene Ethers 
• In 2000, the Panel determined PPG-26-Buteth-26 and PPG-28-Buteth-35 were safe as used in cosmetic products, and that the available data were 

insufficient to support the safety of PPG-12-Buteth-16 and PPG-9-Buteth-12. IƻǿŜǾŜǊΣ ǳǇƻƴ ǊŜŎŜƛǇǘ ƻŦ ǘƘŜ ǊŜǉǳŜǎǘŜŘ ŘŀǘŀΣ ǘƘŜ tŀƴŜƭ ƛǎǎǳŜŘ ŀƴ 
 ŀƳŜƴŘŜŘ Ŧƛƴŀƭ ǊŜǇƻǊǘ όǿƘƛŎƘ ǿŀǎ ƴƻǘ ǇǳōƭƛǎƘŜŘ ƛƴ LW¢ύ ǿƛǘƘ ŀ ǎŀŦŜ ŀǎ ǳǎŜŘ ŎƻƴŎƭǳǎƛƻƴ ŦƻǊ ŀƭƭ ŦƻǳǊ ƛƴƎǊŜŘƛŜƴǘǎΦ

• In 2001 (i.e. technically a 2016 re-review priority), the Panel determined PPG-2, -4, -5, -9, -12, -14,- 15, -16, -17, -18, -20, -22, -24, -26, -30, -33, -40, -
52, and -53 Butyl Ethers were safe for use in cosmetics when formulated to avoid irritation. 

• These two previous reports are comprised of ingredients that all share a common structural motif, namely a butyl chain (4 carbon alkyl chain) 
connected to a simple polyoxyalkylene (PPG, PEG, or both).  Should these two reports be reviewed together as one re-review? 

• There is a potential to re-review these two prior reports as one re-review, and add 45 new, previously un-reviewed ingredients that share the 
same structural motif.  Should CIR prepare a draft re-review report, combining these two reports and all of these proposed add-ons? 

Butyl Polyoxyalkylene Ethers 
• PPG-9-BUTETH-12 
• PPG-12-BUTETH-16 
• PPG-26-BUTETH-26 
• PPG-28-BUTETH-35 

 
 

2 
195 
787 

8 

H3C CH2 CH

3
CH2 OH

R x

O

 
R is hydrogen or methyl 

PPG-x Butyl Ethers due for re-review 2016 
Reviewed in 2009 (due for re-review in 2024): 
PPG-2 Methyl Ether 
PPG-3 Methyl Ether 
PPG-4 Methyl Ether 
PPG-2 Methyl Ether Acetate 
Reviewed in 2012 (due for re-review in 2027): 
Methoxy PEG-7 
Methoxy PEG-10 
Methoxy PEG-16 
Methoxy PEG-25 
Methoxy PEG-40 
Methoxy PEG-100 
PEG-3 Methyl Ether 

1. Buteth-3 
2. PPG-2-Buteth-1 
3. PPG-2-Buteth-2 
4. PPG-2-Buteth-3 
5. PPG-3-Buteth-5 
6. PPG-4-Buteth-4 
7. PPG-5-Buteth-5 
8. PPG-5-Buteth-7 
9. PPG-7-Buteth-4 
10. PPG-7-Buteth-10 
11. PPG-10-Buteth-9 
12. PPG-12-Buteth-16 
13. PPG-15-Buteth-20 
14. PPG-17-Buteth-17 
15. PPG-19-Buteth-19 
16. PPG-20-Buteth-30 
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Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 

PEG-4 Methyl Ether 
PEG-6 Methyl Ether 
PEG-7 Methyl Ether 
PEG-40 Methyl Ether 
Reviewed 2013: 
PEG/PPG-3/6 Dimethyl Ether 
PEG/PPG-7/12 Dimethyl Ether 
PEG/PPG-9/2 Dimethyl Ether 
PEG/PPG-14/7 Dimethyl Ether 
PEG/PPG-17/4 Dimethyl Ether 
PEG/PPG-22/40 Dimethyl Ether 
PEG/PPG-27/14 Dimethyl Ether 
PEG/PPG-35/40 Dimethyl Ether 
PEG/PPG-36/41 Dimethyl Ether 
PEG/PPG-50/40 Dimethyl Ether 
PEG/PPG-52/32 Dimethyl Ether 
PEG/PPG-55/28 Dimethyl Ether 

17. PPG-24-Buteth-27 
18. PPG-30-Buteth-30 
19. PPG-33-Buteth-45 
20. PPG-36-Buteth-36 
21. PPG-38-Buteth-37 
22. PPG-2 Butyl Ether 
23. PPG-3 Butyl Ether 
24. PPG-4 Butyl Ether 
25. PPG-5 Butyl Ether 
26. PPG-9 Butyl Ether 
27. PPG-12 Butyl Ether 
28. PPG-14 Butyl Ether 
29. PPG-15 Butyl Ether 
30. PPG-16 Butyl Ether 
31. PPG-17 Butyl Ether 
32. PPG-18 Butyl Ether 
33. PPG-20 Butyl Ether 
34. PPG-22 Butyl Ether 
35. PPG-24 Butyl Ether 
36. PPG-26 Butyl Ether 
37. PPG-30 Butyl Ether 
38. PPG-33 Butyl Ether 
39. PPG-40 Butyl Ether 
40. PPG-52 Butyl Ether 
41. PPG-53 Butyl Ether (45) 

PEGylated Esters 
• In 2000, the Panel determined PEG-2, -4, -6, -8, -9, -10, -12, -14, -20, -32, -75, -150, and -200 Laurate; and PEG-2 Laurate SE were safe. 
• In 1983 the Panel determined PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 Stearates were safe (and decided not to re-open the report in 

2005 (i.e. technically a 2020 re-review priority)). 
• These two previous reports are comprised of ingredients that all share a common structural motif, namely a single fatty acid (no shorter that 8 

carbons) connected to a simple polyethylene glycol (PEG), through an ester linkage.  Should these two reports be reviewed together as one re-
review? 

• There is a potential to re-review these two prior reports as one re-review, and add 128 new, previously un-reviewed ingredients that share the 
same structural motif.  Should CIR prepare a draft re-review report, combining these two reports and all of these proposed add-ons? 

PEGylated Esters 
• PEG-2 LAURATE 
• PEG-4 LAURATE 

 
1 

39 
0 
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1. C12-20 Acid PEG-8 Ester  
2. PEG-8 Avocadoate 
3. PEG-9 Avocadoate  
4. PEG-8 Behenate  

Distributed for Comment Only -- Do Not Cite or Quote



4 

Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 

• PEG-6 LAURATE 
• PEG-8 LAURATE 
• PEG-9 LAURATE 
• PEG-10 LAURATE 
• PEG-12 LAURATE 
• PEG-14 LAURATE 
• PEG-20 LAURATE 
• PEG-32 LAURATE 
• PEG-75 LAURATE 
• PEG-150 LAURATE 
• PEG-2 LAURATE SE 

34 
 

0 
3 
2 
0 
 

0 
0 
0 
0 
 

0 
 

 
Some of the ingredients from the PEGylated 
Oils report are structurally similar. 
 
PEG-5 Isononanoate was reviewed in 2011 
(Pelargonic Acid report) 
 
Some PEG-x Stearates were reviewed in 2005 
(green) herein. 

5. PEG-9 Butyloctanoate  
6. PEG-8 C12-18 Alkyl Ester  
7. PEG-8 Caprate 
8. PEG-8 Caprylate 
9. PEG-6 Caprylate/Caprate 
10. PEG-8 Caprylate/Caprate 
11. PEG-5 Cocoate 
12. PEG-8 Cocoate 
13. PEG-9 Cocoate 
14. PEG-10 Cocoate 
15. PEG-15 Cocoate 
16. PEG-4 Ethylhexanoate 
17. PEG-5 Ethylhexanoate 
18. PEG-13 Ethylhexanoate 
19. PEG-9 Grapeseedate 
20. PEG-23 Hexadecyleicosanoate  
21. PEG-15 Hydroxystearate 
22. PEG-6 Isopalmitate 
23. PEG-2 Isostearate 
24. PEG-3 Isostearate 
25. PEG-4 Isostearate 
26. PEG-6 Isostearate 
27. PEG-8 Isostearate 
28. PEG-9 Isostearate 
29. PEG-10 Isostearate 
30. PEG-12 Isostearate 
31. PEG-20 Isostearate 
32. PEG-30 Isostearate 
33. PEG-40 Isostearate 
34. PEG-15 Jojoba Acid 
35. PEG-26 Jojoba Acid 
36. PEG-40 Jojoba Acid 
37. PEG-3 Lanolate 
38. PEG-4 Lanolate 
39. PEG-5 Lanolate 
40. PEG-6 Lanolate 
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Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 
41. PEG-7 Lanolate 
42. PEG-8 Lanolate 
43. PEG-10 Lanolate 
44. PEG-12 Lanolate 
45. PEG-15 Lanolate 
46. PEG-20 Lanolate 
47. PEG-8 Linoleate 
48. PEG-8 Linolenate 
49. PEG-8 Myristate 
50. PEG-20 Myristate 
51. PEG-9 Octyldodecanoate 
52. PEG-23 Octyldodecanoate 
53. PEG-2 Oleate 
54. PEG-3 Oleate 
55. PEG-4 Oleate 
56. PEG-5 Oleate 
57. PEG-6 Oleate 
58. PEG-7 Oleate 
59. PEG-8 Oleate 
60. PEG-9 Oleate 
61. PEG-10 Oleate 
62. PEG-11 Oleate 
63. PEG-12 Oleate 
64. PEG-14 Oleate 
65. PEG-15 Oleate 
66. PEG-16 Oleate 
67. PEG-20 Oleate 
68. PEG-23 Oleate 
69. PEG-32 Oleate 
70. PEG-36 Oleate 
71. PEG-75 Oleate 
72. PEG-150 Oleate 
73. PEG-2 Oleate SE 
74. PEG-4 Olivate 
75. PEG-7 Olivate 
76. PEG-23 Olivate 
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Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 
77. PEG-9 Oliveate 
78. PEG-6 Palmitate 
79. PEG-18 Palmitate 
80. PEG-20 Palmitate 
81. PEG-8 Raspberriate 
82. PEG-2 Ricinoleate 
83. PEG-7 Ricinoleate 
84. PEG-8 Ricinoleate 
85. PEG-9 Ricinoleate 
86. PEG-2 Stearate 
87. PEG-3 Stearate 
88. PEG-4 Stearate 
89. PEG-5 Stearate 
90. PEG-6 Stearate 
91. PEG-7 Stearate 
92. PEG-8 Stearate 
93. PEG-9 Stearate 
94. PEG-10 Stearate 
95. PEG-12 Stearate 
96. PEG-14 Stearate 
97. PEG-15 Stearate 
98. PEG-18 Stearate 
99. PEG-20 Stearate 
100. PEG-23 Stearate 
101. PEG-25 Stearate 
102. PEG-30 Stearate 
103. PEG-32 Stearate 
104. PEG-35 Stearate 
105. PEG-36 Stearate 
106. PEG-40 Stearate 
107. PEG-45 Stearate 
108. PEG-50 Stearate 
109. PEG-55 Stearate 
110. PEG-75 Stearate 
111. PEG-80 Stearate 
112. PEG-90 Stearate 
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Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 
113. PEG-100 Stearate 
114. PEG-120 Stearate 
115. PEG-150 Stearate 
116. PEG-2 Stearate SE 
117. PEG-4 Tallate 
118. PEG-5 Tallate 
119. PEG-8 Tallate 
120. PEG-10 Tallate 
121. PEG-12 Tallate 
122. PEG-14 Tallate 
123. PEG-15 Tallate 
124. PEG-16 Tallate 
125. PEG-20 Tallate 
126. PEG-20 Tallowate 
127. PEG-6 Undecylenate 
128. PEG-8 Undecylenate (141) 

Quaternium-26 
• In 2000, the Panel determined this ingredient to be safe.  The Panel also determined Quaternium-26 should not be used in products in which N-

nitroso compounds may be formed 
• There is a potential to re-review this ingredient, and add 2 new, previously un-reviewed ingredients that share the same structural motif.  These 

two proposed add-ons only differ in the identity of the fatty acid chain (“R” below).  Should CIR prepare a draft re-review report, that includes 
both of these proposed add-ons? 

Fatty Amidopropyl N,N-Dimethyl 
-2-Hydroxyethylammonium 
Chlorides 

• QUATERNIUM-26 

 
 
 

22 

 

1. Hydroxyethyl Cetearamidopropyldimonium 
Chloride 

2. Hydroxyethyl Erucamidopropyl Dimonium 
Chloride (3) 
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Group/INGREDIENT NAME 
Function 

Uses 
2014 

Structure/Formula/Description Ingredient Group Potential Add-ons 
(Total # in Ingredient Group) 

Triglycerides 
• In 2000, the Panel concluded that Trihydroxystearin was safe. 
• In 2001 (i.e. technically a 2016 re-review priority), the Panel determined Trilaurin, Triarachidin, Tribehenin, Tricaprin, Tricaprylin, Trierucin, 

Triheptanoin, Triheptylundecanoin, Triisononanoin, Triisopalmitin, Triisostearin, Trilinolein, Trilinolenin, Trimyristin, Trioctanoin (now 
Triethylhexanoin), Triolein, Tripalmitin,Tripalmitolein, Triricinolein (is also a hydroxy substituted glyceride), Tristearin, Triundecanoin, Glyceryl 
Triacetyl Hydroxystearate, Glyceryl Triacetyl Ricinoleate, and Glyceryl Stearate Diacetate were safe. 

• These two previous reports are comprised of ingredients that all share a common structural motif, namely they are all triglycerides.  Should these 
two reports be reviewed together as one re-review? 

• There is a potential to re-review these two prior reports as one re-review, and add 1 new, previously un-reviewed ingredient that shares the same 
structural motif.  Should CIR prepare a draft re-review report, combining these two reports and this proposed add-on? 

Triglycerides 
• TRIHYDROXYSTEARIN 

 
196 

A triglycerides report will be due for re-review 
in 2016: 
Trilaurin, Triarachidin, Tribehenin, Tricaprin, 
Tricaprylin, Trierucin, Triheptanoin, 
Triheptylundecanoin, Triisononanoin, 
Triisopalmitin, Triisostearin, Trilinolein, 
Trilinolenin, Trimyristin, Trioctanoin (now 
Triethylhexanoin), Triolein, Tripalmitin, 
Tripalmitolein, Triricinolein (is also a hydroxy 
substituted glyceride), Tristearin, 
Triundecanoin, Glyceryl Triacetyl 
Hydroxystearate, Glyceryl Triacetyl Ricinoleate, 
and Glyceryl Stearate Diacetate 

1. Isomerized Safflower Glycerides 
2. Trilaurin 
3. Triarachidin  
4. Tribehenin 
5. Tricaprin 
6. Tricaprylin 
7. Trierucin 
8. Triheptanoin 
9. Triheptylundecanoin  
10. Triisononanoin 
11. Triisopalmitin 
12. Triisostearin 
13. Trilinolein 
14. Trilinolenin 
15. Trimyristin 
16. Trioctanoin (now Triethylhexanoin) 
17. Triolein 
18. Tripalmitin 
19. Tripalmitolein 
20. Triricinolein (is also a hydroxy substituted 

glyceride) 
21. Tristearin 
22. Triundecanoin 
23. Glyceryl Triacetyl Hydroxystearate Glyceryl 

Triacetyl Ricinoleate 
24. Glyceryl Stearate Diacetate (25) 
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                                                                                                        Commitment & Credibility since 1976 

 
Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  July 9, 2014 
Subject:  Request for Endorsement of a Re-Review Strategy for Glyoxal as Used in Cosmetics 
 
The Panel is being asked to answer one primary question: 

1. There is only one ingredient in this report and there are only 2 reported uses.  Should CIR prepare an 
abbreviated re-review report for this ingredient? 

 
In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredient Glyoxal (International Journal of Toxicology, 19(Suppl. I):13 27, 2000). 
 

 
Figure 1. Glyoxal 
 
At that time the Panel’s conclusion was: 
 

Based on the available data, the CIR Expert Panel concludes Glyoxal is safe for use in products 
intended to be applied to the nail at concentrations <1.25%. The available data are insufficient to 
support the safety for other uses. 

 
And of note in the discussion: 
 

Suppliers should take steps to limit the concentration of the free formaldehyde impurity to 0.2%, 
consistent with the 1984 CIR evaluation of formaldehyde. Also, as stipulated in that evaluation, 
the safety of aerosol products containing formaldehyde has not been substantiated. Although 
there are no current reported uses of Glyoxal, it is expected that this ingredient would be used in 
nail polishes and enamels as historically reported. 

 
A copy of the published report is provided herein (file name Glyoxal_2000). 
 
According to data from FDA’s VCRP received this year, there are 2 reported uses of Glyoxal. 
 
The Panel should decide whether a draft re-review report should be prepared on this ingredient alone.  If a 
decision to request a draft re-review document is made, then any input the Panel would be willing to provide on 

Distributed for Comment Only -- Do Not Cite or Quote
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what information would be required to facilitate their decision to re-open, would be greatly appreciated.  
Additionally, a request for survey of this ingredient to the Council would be very helpful. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  July 9, 2014 
Subject:  Request for Endorsement of a Re-Review Strategy for Acid Orange 3 as Used in Cosmetics 
 
The Panel is being asked to answer one primary question: 

1. There is only one ingredient in this report and the ingredient no longer appears to be used.  Should 
the re-review of this ingredient be delayed until there is a reported use or until there is request to 
re-open for cause? 

 
In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredient Acid Orange 3 (International Journal of Toxicology, 19(Suppl. 1):1-9, 2000). 
 

 
Figure 1. Acid Orange 3 
 
At that time the Panel’s conclusion was: 
 

On the basis of the animal and clinical data included in this report, the CIR Expert Panel 
concludes that Acid Orange 3 is safe for use in hair dye formulations at concentrations <0.2%. 

 
And of note in the discussion: 
 

Acid Orange 3 has mutagenic potential, but a carcinogenic effect was not seen in studies in which 
rats and mice received dermal applications of a hair dye formulation containing 0.2% Acid 
Orange 3. Also, a hair dye formulation containing 0.2% Acid Orange 3 was not a reproductive 
toxin upon dermal or oral administration to rats and rabbits. Because it is not known at what 
concentrations cosmetic companies are using this ingredient, a maximum allowable concentration 
of 0.2% was determined from these test data. 

 
A copy of the published report is provided herein (file name AcidOrange3_2000). 
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According to data from FDA’s VCRP received this year, there are 0 reported uses of Acid Orange 3. 
 
The Panel should decide whether a draft re-review report should be prepared at all, since this ingredient no 
longer appears to be in use and it is the sole ingredient in the original report.  If a decision to request a draft re-
review document is made, then any input the Panel would be willing to provide on what information would be 
required to facilitate their decision to re-open, would be greatly appreciated.  Additionally, a request for survey 
of this ingredient to the Council would be very helpful. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  July 9, 2014 
Subject:  Request for Endorsement of a Re-Review Strategy for Butyl Polyoxyalkylene Ethers as Used in 

Cosmetics (a.k.a. Polyalkylene Glycol Monobutyl Ethers as Used in Cosmetics) 
 
The Panel is being asked to answer two primary questions: 

1. These two previous reports are comprised of ingredients that all share a common structural motif, 
namely a butyl chain (4 carbon alkyl chain) connected to a simple polyoxyalkylene (PPG, PEG, or 
both).  Should these two reports be reviewed together as one re-review? 

2. There is a potential to re-review these two prior reports as one re-review, and add 45 new, 
previously un-reviewed ingredients that share the same structural motif.  Should CIR prepare a draft 
re-review report, combining these two reports and all of these proposed add-ons? 

In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredients PPG-12-Buteth-16, PPG-9-Buteth-12, PPG-26-Buteth-26, and PPG-28-Buteth-35 (International 
Journal of Toxicology. 19(Suppl. I):47-67 2000). 
 

 
Figure 1. PPG-12-Buteth-16 
 
At that time the Panel’s conclusion was: 
 

The CIR Expert Panel concluded that PPG-26-Buteth-26 and PPG-28-Buteth-35 are safe as used 
in cosmetic products, and that the available data are insufficient to support the safety of PPG-12-
Buteth-16 and PPG-9-Buteth-12 as used in cosmetics. 

 
And of note in the discussion: 
 

Accordingly, the Panel has identified the following data which are still needed in order to 
complete the safety assessment of PPG-9-Buteth-12 and PPG-12-Buteth- 16 (and possibly, to 
evaluate the safety of even lower molecular weight PPG Buteths): 

1. Dermal absorption of PPG-9-Buteth-122 
2. Human dermal irritation and sensitization of PPG-9-Buteth-12.  

When new data are available, the Expert Panel will reconsider the Final Report in accordance with 
Section 46 of the CIR Procedures, Amendment of a Final Report. The data were considered 
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sufficient to complete the safety assessment for PPG-26-Buteth-26 and PPG-28-Buteth-35. The 
absence of n-butyl alcohol impurities and the negative findings in clinical testing support that these 
ingredients are safe as used in cosmetic products. 

 
A copy of the published report is provided herein (file name PEGsButeths_insuf_2000).  However, upon receipt
of the requested data, the Panel issued an amended final report (which was not published in IJT) with a
conclusion of safe as used for all four ingredients (file name PEGsButeths_safe_2000). 
 
According to data from FDA’s VCRP received this year, the reported uses for these ingredients are PPG-12-
Buteth-16 (2), PPG-9-Buteth-12 (195), PPG-26-Buteth-26 (787), and PPG-28-Buteth-35 (8).  Both PPG-12-
Buteth-16 and PPG-9-Buteth-12 have reported uses and a conclusion of insufficient data to support safety.  
Accordingly, these two ingredients fall into the “use not supported” category. 
 
Additionally, in 2001, the International Journal of Toxicology published the Panel’s safety assessment of the 
cosmetic ingredients PPG-40 Butyl Ether to include PPG-2, -4, -5, -9, -12, -14, -15, -16, -17, -18, -20, -22, -24, -
26, -30, -33, -52, and -53 Butyl Ethers (International Journal of Toxicology, 20(Suppl. 4):39-52, 2001), making 
is a 2016 re-review priority.   
 

 
Figure 2. PPG-12-Buteth-16 
 
At that time the Panel’s conclusion was: 
 

Based on the available data, the CIR Expert Panel concludes that PPG-2, -4, -5, -9, -12, -14,- 15, -
16, -17, -18, -20, -22, -24, -26, -30, -33, -40, -52, and -53 Butyl Ethers are safe for use in 
cosmetics when formulated to avoid irritation. 

 
And of note in the discussion: 
 

The Panel was concerned about the irritancy potential of PPG-2 Butyl Ether. In animal irritation 
studies, the ingredient caused minor, transient erythema and desquamation; in addition, erythema, 
edema, ecchymosis, necrosis, and other changes were observed during an acute percutaneous 
study. PPG-2 Butyl Ether also caused minor to moderate conjunctival irritation and minor corneal 
injury. The Panel concluded that the PPG Butyl Ethers were safe for use in cosmetics when 
formulated to avoid irritation. 
The CIR Expert Panel previously reviewed the safety of PPG-40 Butyl Ether and found the data to 
be insufficient to support safety. Because the data on the lower molecular weight PPG Butyl 
Ethers can be considered relevant to PPG-40 Butyl Ether, and because additional data on PPG-40 
Butyl Ether itself were provided, this report amends the conclusion reached in that report. 

 
A copy of the published report is provided herein (file name PPGButylEthers_2001). 
 
These two previous reports are comprised of ingredients that all share a common structural motif, namely a 
butyl chain (4 carbon alkyl chain) connected to a simple polyoxyalkylene (PPG, PEG, or both).   
 

H3C CH2 CH

3
CH2 OH

R x

O

 
Figure 3. R is hydrogen or methyl 
 
Accordingly, there is a potential to re-review these two prior reports as one re-review, and add new, previously 
unreviewed ingredients that share the same structural motif. Namely, those potential add-ons are: Buteth-3, 
PPG-2-Buteth-1, PPG-2-Buteth-2, PPG-2-Buteth-3, PPG-3-Buteth-5, PPG-4-Buteth-4, PPG-5-Buteth-5, PPG-5-
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Buteth-7, PPG-7-Buteth-4, PPG-7-Buteth-10, PPG-10-Buteth-9, PPG-12-Buteth-16, PPG-15-Buteth-20, PPG-
17-Buteth-17, PPG-19-Buteth-19, PPG-20-Buteth-30, PPG-24-Buteth-27, PPG-30-Buteth-30, PPG-33-Buteth-
45, PPG-36-Buteth-36, and PPG-38-Buteth-37. 
 
The Panel should decide whether a draft re-review report should be prepared, which combines these two 
previous reports and proposed add-ons.  If a decision to request a draft re-review document is made, then any 
input the Panel would be willing to provide on what information would be required to facilitate their decision to 
re-open, would be greatly appreciated.  Additionally, a request for survey of all of these ingredients to the 
Council would be very helpful. 
 

Distributed for Comment Only -- Do Not Cite or Quote



__________________________________________________________________________________________ 
  1620 L Street, NW, Suite 1200, Washington, DC  20036 

(Main) 202-331-0651 (Fax) 202-331-0088 
(Email) cirinfo@cir-safety.org  (Website) www.cir-safety.org  

 
 

  

                                                                                                        Commitment & Credibility since 1976 

 
Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  July 9, 2014 
Subject:  Request for Endorsement of a Re-Review Strategy for PEGylated Esters as Used in Cosmetics 
 
The Panel is being asked to answer two primary questions: 

1. Two previous reports described herein are comprised of ingredients that all share a common structural motif, 
namely a single fatty acid (no shorter that 8 carbons) connected to a simple polyethylene glycol (PEG), through 
an ester linkage.  Should these two reports be reviewed together as one re-review? 

2. There is a potential to re-review these two prior reports as one re-review, and add 128 new, previously un-
reviewed ingredients that share the same structural motif.  Should CIR prepare a draft re-review report, 
combining these two reports and all of these proposed add-ons? 

 
In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredients PEG-2, -4, -6, -8, -9, -10, -12, -14, -20, -32, -75, -150, and -200 Laurate; and PEG-2 Laurate SE  
(International Journal of Toxicology, 19(Suppl. 2):29-41, 2000). 
 

 
Figure 1. PEG-2 Laurate 
 
At that time the Panel’s conclusion was: 
 

On the basis of the available data, the CIR Expert Panel concludes that … 
PEG-2, -4, -6, -8, -9, -10, -12, -14, -20, -32, -75, -150, and -200 Laurate; and PEG-2 Laurate SE 
are safe for use in cosmetics at concentrations up to 25%. 

 
And of note in the discussion: 
 

Although few data were available on the … PEGs Laurate, the Expert Panel concluded that the 
data on the structurally related ingredients (… PEGs Stearate, PEGs, and Laurie Acid) were 
sufficient. Although current concentration of use data were not available, the highest reported 
concentration of use in 1984 was 25%. The … PEGs Laurate were considered safe for use at 
concentrations up to 25% based upon the results of short-term and chronic oral toxicity studies. 

 
A copy of the published report is provided herein (file name PEGsLaurate_2000). 
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According to data from FDA’s VCRP received this year, the highest reported use for this group of ingredients 
was for PEG-4 Laurate, with 39 uses. 
 
In 2005, the International Journal of Toxicology published the Panel’s decision not to re-open the safety 
assessment of the cosmetic ingredients PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 Stearates  (IJT 
24(Suppl. 1):1-102, 2005). 
 

 
Figure 1. PEG-2 Stearate 
 
At the time of the original report (circa 1983) the Panel’s conclusion was: 
 

On the basis of the available information presented in this report, the Panel concludes that PEG-2, 
-6, -8, -12, -20, -32, -40, -50, -100, and -150 Stearates are safe as cosmetic ingredients in the 
present practices of concentration and use. 

 
And of note in the discussion: 
 

Although the clinical data on certain PEG Stearates may be marginal, the Panel concludes that the 
total available data on all PEG Stearates are sufficient for a rational decision regarding the safety 
of the entire group. This is particularly true in the areas of phototoxicity and photosensitivity. With 
increasing ethoxylation, the fatty-acid components of the Stearic Acid moiety have less potential 
to produce phototoxicity and photosensitivity in humans and animals. Since there were no 
phototoxicity or photosensitivity reactions in subjects tested with PEG-2 Stearate and PEG-8 
Stearate, the Panel concludes it is reasonable to extrapolate these data to the higher molecular 
weight species (e.g., PEG-20, -32, -40, -50, -100, -150 Stearates). The converse of this latter 
statement, that is, the extrapolation of high molecular weight species to lower molecular weight 
species, may or may not be true. 

 
A copy of the original published report is provided herein (file names PEGsStearates_1983 and _2005). 
 
According to data from FDA’s VCRP received this year, the highest report use for this group of ingredients was 
for PEG-100 Stearate, with 2404 uses. 
 
These two previous reports are comprised of ingredients that all share a common structural motif, namely a 
single fatty acid (no shorter that 8 carbons) connected to a simple polyethylene glycol (PEG), through an ester 
linkage.   
 

H3C CH2 CH2

x
CH2 OHOC

O

y
 

Figure 3. PEG-x Monoesters 
 
Accordingly, there is a potential to re-review these two prior reports as one re-review, and add new, previously 
unreviewed ingredients that share the same structural motif. Namely, those potential add-ons are: C12-20 Acid 
PEG-8 Ester, PEG-8 Avocadoate, PEG-9 Avocadoate, PEG-8 Behenate, PEG-9 Butyloctanoate, PEG-8 C12-18 
Alkyl Ester, PEG-8 Caprate, PEG-8 Caprylate, PEG-6 Caprylate/Caprate, PEG-8 Caprylate/Caprate, PEG-5 
Cocoate, PEG-8 Cocoate, PEG-9 Cocoate, PEG-10 Cocoate, PEG-15 Cocoate, PEG-4 Ethylhexanoate, PEG-5 
Ethylhexanoate, PEG-13 Ethylhexanoate, PEG-9 Grapeseedate, PEG-23 Hexadecyleicosanoate, PEG-15 
Hydroxystearate, PEG-6 Isopalmitate, PEG-2 Isostearate, PEG-3 Isostearate, PEG-4 Isostearate, PEG-6 
Isostearate, PEG-8 Isostearate, PEG-9 Isostearate, PEG-10 Isostearate, PEG-12 Isostearate, PEG-20 Isostearate 
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PEG-30 Isostearate, PEG-40 Isostearate, PEG-15 Jojoba Acid, PEG-26 Jojoba Acid, PEG-40 Jojoba Acid, PEG-
3 Lanolate, PEG-4 Lanolate, PEG-5 Lanolate, PEG-6 Lanolate, PEG-7 Lanolate, PEG-8 Lanolate, PEG-10 
Lanolate, PEG-12 Lanolate, PEG-15 Lanolate, PEG-20 Lanolate, PEG-8 Linoleate, PEG-8 Linolenate, PEG-8 
Myristate, PEG-20 Myristate, PEG-9 Octyldodecanoate, PEG-23 Octyldodecanoate, PEG-2 Oleate, PEG-3 
Oleate, PEG-4 Oleate, PEG-5 Oleate, PEG-6 Oleate, PEG-7 Oleate, PEG-8 Oleate, PEG-9 Oleate, PEG-10 
Oleate, PEG-11 Oleate, PEG-12 Oleate, PEG-14 Oleate, PEG-15 Oleate, PEG-16 Oleate, PEG-20 Oleate, PEG-
23 Oleate, PEG-32 Oleate, PEG-36 Oleate, PEG-75 Oleate, PEG-150 Oleate, PEG-2 Oleate SE, PEG-4 Olivate, 
PEG-7 Olivate, PEG-23 Olivate, PEG-9 Oliveate, PEG-6 Palmitate, PEG-18 Palmitate, PEG-20 Palmitate, PEG-
8 Raspberriate, PEG-2 Ricinoleate, PEG-7 Ricinoleate, PEG-8 Ricinoleate, PEG-9 Ricinoleate, PEG-3 Stearate, 
PEG-4 Stearate, PEG-5 Stearate, PEG-7 Stearate, PEG-9 Stearate, PEG-10 Stearate, PEG-14 Stearate, PEG-15 
Stearate, PEG-18 Stearate, PEG-23 Stearate, PEG-25 Stearate, PEG-30 Stearate, PEG-35 Stearate, PEG-36 
Stearate, PEG-45 Stearate, PEG-55 Stearate, PEG-75 Stearate, PEG-80 Stearate, PEG-90 Stearate, PEG-120 
Stearate, PEG-2 Stearate SE, PEG-4 Tallate, PEG-5 Tallate, PEG-8 Tallate, PEG-10 Tallate, PEG-12 Tallate, 
PEG-14 Tallate, PEG-15 Tallate, PEG-16 Tallate, PEG-20 Tallate, PEG-20 Tallowate, PEG-6 Undecylenate, 
and PEG-8 Undecylenate. 
 
The Panel should decide whether a draft re-review report should be prepared, which combines these two 
previous reports and proposed add-ons.  If a decision to request a draft re-review document is made, then any 
input the Panel would be willing to provide on what information would be required to facilitate their decision to 
re-open, would be greatly appreciated.  Additionally, a request for survey of all of these ingredients to the 
Council would be very helpful. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  July 9, 2014 
Subject:  Request for Endorsement of a Re-Review Strategy for Quaternium-26 as Used in Cosmetics 
 
The Panel is being asked to answer one primary question: 

1. There is a potential to re-review this ingredient, and add 2 new, previously un-reviewed ingredients 
that share the same structural motif.  These two proposed add-ons only differ in the identity of the 
fatty acid chain (“R” below).  Should CIR prepare a draft re-review report, adding both of these 
proposed add-ons? 

 
In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredient Quaternium-26 (International Journal of Toxicology, 19(Suppl. 1):69-75, 2000). 
 

 
Figure 1. Quaternium-26 (wherein RCO- represents the fatty acid groups derived from mink oil.) 
 
According to the CIR report on Mink Oil, those fatty acid residues are comprised of a mixture of chain lengths 
between 14 and 20 carbons. 
 
At that time the Panel’s conclusion was: 
 

Based on the available animal and clinical data in this report, the CIR Expert Panel concludes that 
Quaternium-26 is safe in the present practices of use. Quaternium-26 should not be used in 
products in which N-nitroso compounds may be formed. 

 
And of note in the discussion: 
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Taking into consideration that data on mutagenicity/carcinogenicity or reproductive and 
developmental toxicity were not available for inclusion in this safety assessment, the Panel agreed 
that the chemical structure of Quaternium-26 does not suggest that these end points would be of 
concern, except for a concern about impurities. Because the impurities diethanolamine (0.4%) and 
3-dimethylaminopropylamine (1.4%) have been detected in Quaternium-26, the Panel expressed 
concern over the potential for formation of N-nitroso compounds in product formulations 
containing this ingredient and agreed to restrict its cosmetic use. 

 
A copy of the published report is provided herein (file name Quaternium26_2000). 
 
According to data from FDA’s VCRP received this year, Quaternium-26 is reported to have 22 uses. 
 
There are two ingredients in the INCI Dictionary with closely related structures, namely Hydroxyethyl 
Cetearamidopropyldimonium Chloride and Hydroxyethyl Erucamidopropyl Dimonium Chloride, which only 
differ from Quaternium-26 by the identity of “R” in the above figure.  Both of these potential add-on ingredients 
share the same core structure as Quaternium-26, and only vary in fatty acid residue chain length (a 16 carbon 
chain for Hydroxyethyl Cetearamidopropyldimonium Chloride and a 22 carbon chain (with an omega-9 
unsaturation) for Hydroxyethyl Erucamidopropyl Dimonium Chloride). 
 
Accordingly, there is a potential to re-review Quaternium-26, and add 2 new, previously unreviewed ingredients 
that share the same structural motif.  
 
The Panel should decide whether a draft re-review report should be prepared, which includes these proposed 
add-ons.  If a decision to request a draft re-review document is made, then any input the Panel would be willing 
to provide on what information would be required to facilitate their decision to re-open, would be greatly 
appreciated.  Additionally, a request for survey of all of these ingredients to the Council would be very helpful. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  July 9, 2014 
Subject:  Request for Endorsement of a Re-Review Strategy for Trihydroxystearin as Used in Cosmetics 
 
The Panel is being asked to answer two primary questions: 

1. Two previous reports described herein are comprised of ingredients that all share a common 
structural motif, namely they are all triglycerides.  Should these two reports be reviewed together as 
one re-review? 

2. There is a potential to re-review these two prior reports as one re-review, and add 1 new, previously 
un-reviewed ingredient that shares the same structural motif.  Should CIR prepare a draft re-review 
report, combining these two reports and this proposed add-on? 

In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic, 
triglyceride ingredient Trihydroxystearin (International Journal of Toxicology, 19(Suppl. 1):89-94, 2000). 
 

 
Figure 1. Trihydroxystearin 
 
At that time the Panel’s conclusion was: 
 

Based on the available animal and clinical data in this report, which includes study summaries 
from CIR Safety Assessments of Hydroxystearic Acid and Glyceryl Stearate and Glyceryl 
Stearate/SE, the Expert Panel concludes that Trihydroxystearin is safe as used in cosmetic 
formulations. 

 
And of note in the discussion: 
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The CIR Expert Panel agrees that data on sensitization potential are important in assessing the 
safety of an ingredient. In this case, there are data on a related ingredient. When tested at 
concentrations up to 20.0% in human RIPTs involving a large number of subjects, Glyceryl 
Stearate was neither an irritant nor a sensitizer. Thus, in the absence of sensitization data on 
Trihydroxystearin, it was concluded that this ingredient is not likely a sensitizer based on data on a 
chemically similar ingredient. All of the available data suggest that Trihydroxystearin and its 
component chemical species are safe as used in cosmetic formulations. 

 
A copy of the published report is provided herein (file name Trihydroxystearin_2000). 
 
According to data from FDA’s VCRP received this year, the reported number of uses for this ingredient is 196. 
 
Additionally, in 2001, the International Journal of Toxicology published the Panel’s safety assessment of the 
cosmetic ingredients Trilaurin, Triarachidin, Tribehenin, Tricaprin, Tricaprylin, Trierucin, Triheptanoin, 
Triheptylundecanoin, Triisononanoin, Triisopalmitin, Triisostearin, Trilinolein, Trilinolenin, Trimyristin, 
Trioctanoin (now Triethylhexanoin), Triolein, Tripalmitin, Tripalmitolein, Triricinolein (which is also a hydroxy 
substituted triglyceride), Tristearin, Triundecanoin, Glyceryl Triacetyl Hydroxystearate, Glyceryl Triacetyl 
Ricinoleate, and Glyceryl Stearate Diacetate (International Journal of Toxicology, 20 (Suppl. 4):61-94, 2001), 
making is a 2016 re-review priority.   
 

                    
Figure 2. Trilaurin and Triricinolein 
 
At that time the Panel’s conclusion was: 
 

On the basis of the animal and clinical data included in this report, the CIR Expert Panel 
concludes that the following ingredients are safe as used in cosmetics: Trilaurin, Triarachidin, 
Tribehenin, Tricaprin, Tricaprylin, Trierucin, Triheptanoin, Triheptylundecanoin, Triisononanoin, 
Triisopalmitin, Triisostearin, Trilinolein, Trimyristin, Trioctanoin, Triolein, Tripalmitin, 
Tripalmitolein, Triricinolein, Tristearin, Triundecanoin, Glyceryl Triacetyl Hydroxystearate, 
Glyceryl Triacetyl Ricinoleate, and Glyceryl Stearate Diacetate. 

 
And of note in the discussion: 
 

Although minimal percutaneous absorption of Triolein has been demonstrated in vivo using guinea 
pigs (but not hairless mice) and in vitro using full-thickness skin from hairless mice, the Expert 
Panel recognizes that, reportedly, Triolein and Tricaprylin can enhance the skin penetration of 
other chemicals, and recommends that care should be exercised in using these and other Glyceryl 
Triesters in cosmetic products. 

 
A copy of the published report is provided herein (file name Triglycerides_2001). 
 
These two previous reports are comprised of ingredients that all share a common structural motif, namely they 
are all triglycerides.   
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Figure 3. RCO- represents a fatty acid residue 
 
Accordingly, there is a potential to re-review these two prior reports as one re-review, and add a new, previously 
unreviewed ingredient that shares the same structural motif. Namely, that potential add-on is: Isomerized 
Safflower Glycerides (which despite the vague name, has as its technical names “…triglyceride” and “… 1,2,3-
glyceride”). 
 
The Panel should decide whether a draft re-review report should be prepared, which combines these two 
previous reports and proposed add-on.  If a decision to request a draft re-review document is made, then any 
input the Panel would be willing to provide on what information would be required to facilitate their decision to 
re-open, would be greatly appreciated.  Additionally, a request for survey of all of these ingredients to the 
Council would be very helpful. 
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Amended Final Report on the Safety Assessment 
of Glyoxal I 

An earlier unpublished safety assessment of  the preservative, 
Glyoxal, found insufficient data to support the safety of its use in 
cosmetics. Additional data needs included the types of  cosmetic 
products in which Glyoxal is used and the typical concentration of  
use for each; impurities, especially with respect to selenium, chlori- 
nated organic compounds, and the Glyoxal monomer; and dermal 
carcinogenesis using the methods of the National Toxicology Pro- 
gram's skin painting studies. Although Glyoxal is not currently 
reported to be used, its last reported use was in products intended 
to be applied to the nails. Composition data show that Glyoxal 
may contain formaldehyde residues. Additional data, including a 
dermal carcinogenicity study in which mice were treated with com- 
mercial 40% Glyoxal solutions, were subsequently provided. Gly- 
oxal was shown to be mutagenic, hut was negative in an oral and 
dermal carcinogenieity study. No reproductive or developmental 
toxicity was seen in rats or rabbits. Glyoxal powder was not irritat- 
ing, and a commercial 40% Glyoxal solution produced negative to 
moderate irritation. In animal studies and clinical testing, Glyoxal 
was shown to he a sensitizer, but conflicting results made it difficult 
to establish the concentration of Glyoxal at which it will sensitize. 
Animal safety test data, however, indicate a threshold concentra- 
tion of  1.25% for sensitization. Recommending that care be taken 
to limit the concentration of free formaldehyde, the Expert Panel 
concluded that Glyoxal is safe for use in products intended to be 
applied to the nail at concentrations < 1.25%. The available data 
are insufficient to support the safety for other uses, if any. 

INTRODUCTION 
Glyoxal (CAS No. 107-22-2) is a bialdehyde that conforms to 

the formula shown in Figure 1. There are currently no reported 
uses of Glyoxal in cosmetic formulations (FDA 1998). Its last 
reported use was in nail polishes and enamels in 1993 (FDA 
1993). 

In 1993, the Cosmetic Ingredient Review (CIR) prepared a 
safety assessment of Glyoxal (Andersen 1995). That unpub- 
lished safety assessment noted that Glyoxal was genotoxic in 
several assays and that it could act as a tumor promoter but not 
as an initiator. The CIR Expert Panel issued an Insufficient Data 
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Nair Madhaven, Senior Scientific Analyst and Writer, prepared this 
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conclusion noting the following data needs: 

1. types of cosmetic products Glyoxal is currently used in and 
the typical concentration of use for each; 

2. impurities, especially with respect to selenium and chlori- 
nated organic compounds and the Glyoxal monomer; and 

3. dermal carcinogenesis using the methods ofthe National Tox- 
icology Program's skin painting studies. 

In the same year the safety assessment was completed, a 
petition to reopen the safety evaluation was received by CIR, 
including a dermal carcinogenicity study and other new studies 
that had been newly submitted to the Environmental Protec- 
tion Agency (EPA) under section 8(e) of the Toxic Substances 
Control Act (TSCA) and made available through the National 
Technical Information Service (NTIS). 

This amended safety assessment of Glyoxal includes the in- 
formation contained in the original safety assessment and the 
new material. 

CHEMISTRY 

Definition and Structure 
Glyoxal (CAS No. 107-22-2) is the bialdehyde that con- 

forms to the formula shown in Figure I. Other names for Glyo- 
xal include: biformal, biformyl, diformal, diformyl, ethanedial, 
ethanedione, glyoxalaldehyde, and oxalaldehyde (Wenninger, 
Canterbery, and McEwen 2000). 

Glyoxal is a product of the decomposition of glucose when 
exposed to ionizing radiation (Chopra 1966). It occurs natu- 
rally in heated coffee (Sugimura and Sato 1983; Furihata and 
Matsushima 1986) and in auto-oxidized edible oils, such as 
sesame, safflower, and sardine oil (Hirayama et al. 1984). Drink- 
ing water will sometimes contain Glyoxal after ozonation (Ueno 
etal. 1991b). 

Physical  Properties  

Glyoxal, molecular weight 58.04 Da, has a melting point of 
15°C, a boiling point of 51 °C (776 mm Hg), and a flash point of 
220°C; the density is 1.14 at 20°C (Lide 1993; National Research 
Council [NRC] 1981). It has a vapor pressure of 220.0 mm Hg 
at 20°C and a vapor density of 2.0 (NRC 1981). The pH of a 
40% aqueous solution of Glyoxal is 2. I to 2.7. It appears as yel- 
low prisms or a yellow liquid; it burns with a purple flame and 

International Journal of Toxicology, 19(Suppl. I):13 27, 2000 
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Chemical formula for Glyoxal. 

emits green vapor. Glyoxal is soluble in water, alcohol, and ether 
(Lide 1993; Budavari 1989). For Glyoxal, the experimentally de- 
termined apparent Henry's Law constant is >3 x 103 M/atm; the 
intrinsic Henry's Law constant is >_ 1.4 M/atm (the intrinsic value 
is the apparent constant, corrected for the extent of hydration); 
and the hydration constant is 2.2 × 105 (Betterton and Hoffmann 
1988). Henry's Law constant is a ratio of the concentration of 
free, unhydrated, aldehyde dissolved in the aqueous phase to 
the concentration in the gas phase. In the apparent constant the 
total aldehyde concentration in the aqueous phase (the amount 
present in the gem-diol form plus the unhydrated dissolved) is 
represented in the numerator of the ratio. The hydration con- 
stant is the ratio of the concentration of aldehyde present in 
the gem-diol form to the concentration of unhydrated, dissolved 
aldehyde. 

Chemical Reactivity 
Glyoxal is highly reactive, polymerizing explosively with wa- 

ter (Budavari 1989). 

Ultraviolet (UV) Absorption 
An absorption spectral analysis was conducted on glyoxal 

trimeric dihydrate (C6HIoOs). The values show no significant 
absorption in the UVA and UVB range (Research Triangle In- 
stitute 1989). 

Method of Manufacture 
Glyoxal is synthesized by the oxidation of acetaldehyde, ei- 

ther by nitric or selenious acid, or by the hydrolysis of dichloro- 
dioxane (Budavari 1989). Commercially available Glyoxal is a 
40% aqueous solution of many hydrated forms in equilibrium. 

Other Formation 
Murata-Kamiya et al. (1995) reported that Glyoxal is pro- 

duced by exposure of DNA to an oxygen radical-forming sys- 
tem (5 mM FeSO4-EDTA at 37°C lor 60 minutes). The rate 
of Glyoxal generation was 17 times more efficient than that of 
8-hydroxydeoxyguanosine. Shibamoto (unknown date) reported 
that Glyoxal is a photodegradation products of some lipids or 
fatty acids such as Squalene (forming 9.6 nmol Glyoxal/mg) and 
cod liver oil (27 nmol/mg). Glyoxal is generated when humic 
substances are ozonated (Matsuda et al. 1992). Glyoxal is also 
generated in the Maillard reaction which is involved in meat 
mutagen formation (Pearson et al. 1992; GIomb and Monnier 
1995). 

Impurities 
In dilute aqueous solution, Glyoxal exists as a mixture of the 

fully hydrated monomer, dimer, and trimer, with the monomer 
and the dimer being predominant. At concentrations of _<1 M, 
the monomer predominates (Whipple 1970). 

Two commercial 40% Glyoxal solutions were analyzed be- 
fore being used in a dermal carcinogenicity assay. The standard 
for one sample (European Glyoxal 40) specified 40.4% Glyo- 
xal, 0.7% formaldehyde, 0.2% glycolaldehyde, 0.1% acid (cal- 
culated as acetic), and a trace of ethylene glycol. The standard 
tbr the second sample (Aerotex Glyoxal 40) specified 40.0% 
Glyoxal, 5,9% formaldehyde, 0,3% glycolaldehyde, 0.9% ethy- 
lene glycol, and 0.7% acid (calculated as acetic). Both solutions 
were within their respective guidelines (Bushy Run Research 
Center 1982). 

Analytic Methods 
The detection of total aldehydes is often obtained by solution- 

phase spectrophotometry (NRC 1980. Steinberg and Kaplan 
(1984) report a method that detected low-molecular-weight alde- 
hydes, including Glyoxal, using reversed phase liquid chro- 
matography detection of 2,4-dinitrophenyl-hydrazone deriva- 
tives. Another method uses a fluorescent guanosine derivative 
to detect Glyoxal and other adduct-forming compounds on an 
high performance liquid chromatography (HPLC)-fluorescence 
detector system (Kasai et al. 1984). Ereyman (1987) proposes 
a method of determining Glyoxal by reacting it with phe- 
nylhydrazine hydrochloride and measuring the complex at 
380 nm. 

USE 

Cosmetic 
Glyoxal is described as a cosmetics preservative (Wenninger, 

Canterbery, and McEwen 2000). Historically, Glyoxal was used 
in nail polishes or enamels (FDA 1993), but no current uses are 
reported (FDA 1998). 

Noncosmetic 
Glyoxal is used in the textile industry in as an ingredient 

in permanent press fabrics, as a stabilizing agent in rayon and 
other fibers, and as a reducing agent in the dyeing process. It is 
used to insolubilize proteins (such as animal glue, gelatin, and 
casein) and compounds with polyhydroxyl groups. It is also used 
in embalming fluids, leather tanning preparations, and paper 
coatings (NRC 1981). 

BIOCHEMICAL REACTIVITIES 
The effects of Glyoxal on collagen was investigated by Bowes 

and Carter (1968). Powdered collagen was soaked in water 
overnight. The excess water was removed and 10% and 16% 
aqueous Glyoxal (20 ml/g collagen) were added. The pH was 
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then adjusted to 7.5 to 8.0 with NaHCO3. Samples were in- 
cubated at room temperature for 24 hours with intermittent 
shaking. Formol titration and amino acid analysis (by elution) 
were used to measure the amount of Glyoxal bound to col- 
lagenous protein. By formol titration, 16.3 moles of amino acid 
groups reacted per 105 g of collagen for the 10% Glyoxal so- 
lution; [3.6 moll105 g for the 16% Glyoxal solution. Stress- 
strain measurements on denatured kangaroo tail tendon were 
used to determine the amount of Glyoxal involved in cross- 
linking reactions. For both concentrations of Glyoxal, 8 moles 
of amino acid groups per 105 g collagen were cross-linked. Gly- 
oxal had little or no effect on skin shrinkage temperature or UV 
absorption. 

Glyoxal also reacts with the guanidino group in arginine to 
yield multiple adducts in vitro (Glass and Pelzig 1978). One 
adduct was prepared in two ways. The first combined Cbz- 
arginine and aqueous Glyoxal at pH 8.1, then stabilized the so- 
lution with HBr and glacial acetic acid. The second combined 
arginine HCI with aqueous Glyoxal in 12 M HCI. Chromato- 
graphic analysis revealed that the adduct has a structure similar 
to omithine. At pH 6 to 7, the adduct in solution was stable for 
at least 20 hours. At pH 8 to 11.5, the adduct decomposed over 
a period of several hours. 

ANIMAL TOXICOLOGY 

Oral 
Acute 

A range of oral LDso values has been reported. The LDs0 of 
aqueous Glyoxal was 2.02 g/kg in male Wistar rats and 0.76 g/kg 
in guinea pigs (Smyth, Seaton, and Fischer 1941). In more re- 
cent studies, Glyoxal (30%) had an LDs0 of 0.2 to 0.4 g/kg in 
rats and 0.8 to 1.6 g/kg in guinea pigs (Eastman Kodak Com- 
pany 1971). Another rat study, using 10% Glyoxal, reported a 
value of >5 g/kg (Younger Labs 1969b). Glyoxal (5%) had an 
LDs0 value of 0.4 to 0.8 g/kg in mice (Eastman Kodak Company 
1971). 

Short-Term 
Groups of 12 rats (6 of each sex) were given drinking water 

containing 100, 300, or 10fi0 mg of a (40%) Glyoxal solution 
per kg body weight/day for 28 days. A control group of 12 rats 
was given untreated water. Clinical examinations and analysis 
of blood and urine were performed on all animals. The rats were 
killed at the end of the study and necropsied. No clinical signs 
and no mortality were noted during the study. Body weight gain 
and feed consumption of animals of the 100 mg/kg/day group 
were comparable to values for the control. A reduction in these 
parameters was noted in rats of the 300 mg/kg/day group and 
was significant in rats of the 1000 mg/kg/day group. A pro- 
nounced dose-related decrease in water consumption was noted; 
males of the 1000 mg/kg/day group had a significantly increased 
red blood cell value, most likely related to the decreased water 
consumption and accompanying dehydration. Male rats of the 

300 mg and all rats of the 1000 mg/kg/day group had higher 
inorganic blood phosphorus concentrations. Rats of the high- 
dose group also had increased urea concentrations (no morpho- 
logic changes were found in the kidneys). No treatment-related 
changes were noted at necropsy or microscopic examination. 
The no-toxic-effect dose was 100 mg/kg/day (Soci6t6 Fran9aise 
Hoechst 1987). 

Sprague-Dawley rats received drinking water that contained 
2000, 4000, or 6000 mg/L Glyoxal. Water and feed were avail- 
able ad libitum. Observations were recorded daily, and body 
weight and water and feed consumption were measured twice a 
week. Animals were killed for necropsy at 30, 60, and 90 days. 
Significant decreases in body weight gains were seen in animals 
in the mid- and high-dose groups. Concomitant with this was 
a decrease in feed and water consumption. Feed consumption 
remained constant per gram of body weight. Minor swelling of 
the renal papillary epithelial cells and interstitial edema were 
observed in rats of the high-dose group at the 90-day termi- 
nation. A significant increase in the kidney to the total body 
weight ratio was also observed in rats of the high-dose group. 
Glyoxalase I and 11 concentrations were significantly increased 
in the liver, and erythrocytes also were increased at 30 days 
for mid- and high-dose animals. Glyoxalase 1 was increased in 
the kidneys only in high-dose animals at 30 days; at 60 and 
90 days, glyoxalase concentrations were comparable with con- 
trois. Observed in the mid- and high-dose animals were reduc- 
tions in the activities of the following serum enzymes: aspartate 
aminotransferase, alanine aminotransferase, and lactate dehy- 
drogenase. These changes were accompanied by concentrations 
of albumin and total protein, and the albumin-to-globulin ratio 
was increased (Ueno et ah 1991 c). 

Subchronic 
Groups of 20 Harlan-Wistar albino rats (10 each sex) re- 

ceived feed containing 0.03125, 0.125, or 0.25 g Glyoxal/kg 
body weight for 3 months. One week after the start of dosing a 
fourth group of rats was started on a diet containing 0.0625 g 
Glyoxal/kg. (Glyoxal 40% was used, but reported doses are the 
amount of active agent Glyoxal received.) Rats were killed at the 
end of dosing and various organs were examined and weighed. 
Liver weight, as a percentage of body weight, was increased 
in male rats of the highest dose group. These rats also had de- 
creased body weight gain as compared to untreated controls. The 
dose that "was without significant ill-effect" was 0.12 g/kg/day 
(Mellon Institute 1966). 

Similar to the above study, groups of Beagle dogs were fed 
Glyoxal at doses of 0.03 I. 0.065, and 0.115 g/kg body weight/day 
for 3 months. No changes in mortality, appetite, liver and kid- 
ney weights, gross and microscopic lesions, mean body weight 
changes, or various hematological and biochemistry parame- 
ters were noted in dosed dogs versus controls. The investigators 
rounded up the value of the highest dose and considered 0.12 g 
GlyoxaVkg/day to produce no "significant ill-effect" (Mellon 
Institute 1966). 
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Glyoxal, 6000 mg/L, was administered to Sprague-Dawley 
rats ad libidum via drinking water Ibr t80 days (Ueno el ah 
1991 c). Two controls were used; one group was given feed ad li- 
bitum just as the dosed group was, and the other group was given 
a diet in the same amount consumed by the dosed group. Obser- 
vations were recorded daily, and body weight and water and feed 
consumption were measured twice a week. Animals were killed 
for necropsy at 90 and 180 days. Two animals of the 6000 mg/L 
Glyoxal dose group died before 30 days. The deaths were at- 
tributed to hemorrhages in the glandular stomach. Significant 
decreases in body weight gains were seen in animals receiving 
Glyoxal and the restricted diet, but the reduction was greater in 
the dosed group. Animals had significantly elevated organ-to- 
body weight ratios for the heart, liver, and kidneys at both 90 and 
180 days. A significant reduction in total protein and a significant 
increase in the albumin-to-globulin ratio were seen at 180 days. 

National Toxicology Program (NTP) (1992) reported the find- 
ings of a drinking water study of Glyoxal Dihydrate on male and 
female Fischer 344 rats and B6C3FI mice. Animals received 
doses of I, 2, 4, 8, or 16 mg/ml Glyoxal Dihydrate for 90 days. 
In rats, all of the animals of the highest dose group were killed 
at day 12 due to decreased weight and feed consumption and 
moribundity. In male rats at the 4 mg/ml and 8 mg/ml dose 
concentrations, body weight gains were 90% and 75%, respec- 
tively, of that in controls. Body weight gains in female rats were 
reduced 9% at the 8 mg/ml dose concentration. Minor hemor- 
rhages of the mesenteric lymph nodes, lymphoid hyperplasia of 
the mandibular lymph node, moderate atrophy of the salivary 
glands, mild renal changes, and hypospermia and atypical cells 
of the testes were observed in male rats in the 8 mg/ml and the 
16 mg/ml dose group. Females of the 16 mg/ml dose group had 
thymic atrophy. All groups of male rats had some minimal lym- 
phoid hyperplasia of the mandibular lymph node. All groups had 
some hemorrhages of the mesenteric lymph nodes. 

Body weight gains in male mice were 93%, 88%, 80%, and 
70% of those in controls at the 2, 4, 8, and 16 mg/ml dose 
concentrations, respectively. Body weight gains in female rats 
were 93%, 90%, and 79% of weight gain in controls at the 4, 8, 
and 16 mg/ml dose concentrations. Decreases in feed and water 
concentrations were observed in all dosed male mice and the two 
highest dose groups in female mice. The only histopathological 
findings were changes of the salivary glands in dosed male mice 
(NTP 1992). 

Acute Parenteral 
Glyoxal (30%) had an intraperitoneal (IP) LD50 value of 

<100 mg/kg in rats, and 100 to 200 mg/kg in guinea pigs. Gly- 
oxal (5%) had an IP LDs0 of 200 to 400 mg/kg in mice (Eastman 
Kodak Company 1971). 

Acute  Dermal 
In one study, Glyoxal (10%) had an LDso of >5000 mg/kg in 

rabbits (Younger Labs 1969b). In another study Glyoxal (30%) 
had a cutaneous LDs0 of >20 ml/kg in guinea pigs and was clas- 

sifted a moderately strong skin irritant (Eastman Kodak Com- 
pany 1971 ). 

A mixture containing 1.3% Glyoxal was applied (2 g/kg 
body weight) to shaved and abraded skin sites on 10 albino 
New Zealand white rabbits (5 of each sex). The test material re- 
mained in contact with the skin for 24 hours and then the skin was 
washed. Twice daily observations were made for a 2-week pe- 
riod; reactions were scored according to the Draize standard. No 
animal died during the study. Slight erythema and edema were 
visible at the 2- and 4-hour observations. No treatment-related 
lesions were found at necropsy. The LDs0 for the mixture was 
>2 g/kg (Pharmakon Research Intl. Inc. 1984c). 

In a second acute dermal study, a 40% Glyoxal solution 
(2000 mg/kg) was applied in a single 24-hour semiocclusive 
patch to clipped sites on l0 Wistar rats (5 of each sex). Sites 
were rinsed after patch removal. No animals died during the 
14-day observation period that followed treatment; erythema 
was noted at the application sites. No treatment-related lesions 
were noted at necropsy. The LDs0 was >2 g/kg for the solution 
(BASF AG 1985a). 

A modified Draize dermal study was conducted using six 
female New Zealand white rabbits (CTFA 1992). Three appli- 
cations of 0.5 ml of a 40% aqueous solution of a nail enamel 
containing 0.5% Glyoxal were made under a topical dry patch 
to the clipped back or side of the animal. After 24 hours, the first 
application sites were scored. Then new patches were applied 
as before and sites were scored at 24 and 48 hours. No irritation 
was observed. 

Acute Inhalation 
In a time saturation test, I0 SPF-Wistar rats (5 of each sex) 

received a single 7-hour inhalation exposure to a 40% Glyoxal 
solution. The calculated Glyoxal consumption reported in the 
study was 44.13 rag. A change in respiratory frequency was 
noted in all animals during the exposure period (no further details 
provided). No reduction in body weight was observed. No deaths 
occurred during the exposure period or in the 14-day observation 
period that followed. No macroscopic changes were found at 
necropsy (SociEt6 Franqaise Hoechst 1984a). 

A group of 10 SPF-Wistar rats (5 of each sex) received a sin- 
gle 4-hour inhalation exposure to Glyoxal powder (80% pure) 
at a concentration of 1.30 mg/L air. Almost 80% of the panicles 
were between 3.0 and I0.3 ,am in size. Irregular respiration, 
bloody tears, and bloody and crusted snouts were noted in all 
animals after 1 hour of exposure. Sneezing was observed in all 
animals I to 5 days following exposure. No deaths occurred 
during the exposure period or in the 14-day observation period 
that followed. No reduction in body weight was observed and 
no lesions were noted at necropsy. The LCs0 for male and fe- 
male Wistar rats was > 1.3 mg Glyoxal/L air (SociEt6 Fran~'aise 
Hoechst 1984b). 

Ocular 
A solution of 32.8% aqueous Glyoxal caused grade 5 injury 

to the eyes of rabbits. Grade 5 is defined as "0.02 ml yields 
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a score over 5.0 and 0.005 ml yields not over 5.0." Points are 
assigned according to corneal opacity, keratoconus, iritis, and 
necrosis (measured by fluorescein staining) with a maximum of 
20 points (Carpenter and Smyth 1946). 

Glyoxal (30%) caused moderate irritation in the rabbit eye 
that cleared within 48 hours without permanent injury (Eastman 
Kodak Company 1971). 

Glyoxal (40%) was instilled into one conjunctival sac of each 
of three female white Vienna rabbits. The untreated eye of each 
rabbit served as the control. Eyes were not rinsed. No changes in 
the iris or corneal opacity were noted at observations made I, 24, 
48, 72 hours and 8 days after instillation. Well-defined redness 
and chemosis of the conjunctiva was noted in all three treated 
eyes at the I -hour observation. The reactions decreased in sever- 
ity with time and were scored as slight at the 72-hour reading 
and as normal at the day 8 observation (BASF AG 1985b). 

In one study, Glyoxal powder was a severe ocular irritant 
when instilled into the conjunctival sac of one eye of each of 
three rabbits. Reactions produced had an average I-hour max- 
imum score of 65.6 out of a maximum possible I l0 (Younger 
Labs 1969a). However, in another study by the same researchers, 
Glyoxal powder was classified as a slight ocular irritant with an 
average 1-hour maximum score of 6.6 (Younger Labs 1969b). 

Dermal Irritation 
In two studies, Glyoxal powder or solution was applied to 

clipped intact skin sites on three albino rabbits and the sites 
were then covered with plastic strips to avoid contamination. The 
test material was removed after 24 hours and observations were 
made 1 to 168 hours postapplication. In both studies Glyoxal 
powder was nonirritating (Younger Labs 1969a, 1969b). In one 
study Glyoxal (50% solution) was nonirritating (Younger Labs 
1969a). In the other study, Glyoxal (40% aqueous) was a slight 
irritant, producing reactions with an average 24-hour score of 
1.3 (maximum possible score = 8) (Younger Labs 1969b). 

Glyoxal (40%) was applied by a semiocclusive patch to the 
clipped upper back or flank of three female white Vienna rabbits. 
The test material was wiped off after 4 hours of contact. An 
untreated site on each rabbit served as the control. No reactions 
were noted at 1,24, 48, and 72 hours after patch removal (BASF 
AG ] 985b). 

Glyoxal (40%) was applied to two intact clipped sites on 
each of six New Zealand white rabbits (three of each sex). (The 
solution also contained 0.8% ethylene glycol.) The sites were 
covered with dressing for a 4-hour contact period after which ex- 
cess sample was removed with cleansing tissue. Readings were 
made at 1, 24, 48, and 72 hours and 6, 8, 10, and 14 days after 
the end of the contact period. Greater irritation was noted on 
the right side. Mild to moderate erythema was noted in all six 
rabbits at the l-hour observation. Five animals also had mild to 
moderate edema. One animal developed severe erythema and 
edema on the right side by 1 to 2 days. Necrosis was noted at 
one site at the 24-hour observation, and in at least one site in 
three animals by the third day of observation. A fourth animal 

developed necrosis at the application site by the sixth day. The 
necrosis was scored as moderate severity in most cases. By day 
6 all animals had desquamation (no further details); scabs were 
noted in four. Yellow staining was noted in all animals during 
the observation period. Neither erythema nor edema was noted 
in any animal by day 14. However, irritation continued to be 
present in four animals. The primary irritation scores based on 
readings made on days 1 to 3 was 2.58 (maximum possible score 
= 8) (Bushy Run Research Center 1988a). 

A second irritation assay on 40% Glyoxal was conducted by 
Bushy Run Research Center (1988b) using the above described 
protocoh (The sample also contained 4% formaldehyde and 1% 
ethylene glycol.) Similar results were obtained at both treatment 
sites on the animals. Mild to moderate erythema and moderate 
to severe edema developed in all animals. Necrosis was noted in 
four rabbits after 2 days; an additional animal developed necrosis 
at one site by day 7. One rabbit died after 9 days; necropsy 
findings gave no indication that the death was treatment related. 
Fissuring was noted in one animal by day 10; scabs were noted in 
three animals after 14 days. Severe irritation (including necrosis, 
erythema, and edema) was noted in four of five animals through 
day 14. The fifth animal had minor erythema and desquamation. 
The primary irritation score of the test material was 5.05. 

The same protocol was used in a third irritation study con- 
ducted by Bushy Run Research Center (1988c). (It is inferred 
the sample contained 40% Glyoxal; the sample was identified 
as containing 0.8% ethylene glycol.) Similar results were noted 
at both treatment sites in the animals. Minor to moderate ery- 
thema and moderate to severe edema was noted in all six rabbits. 
Necrosis was noted in two rabbits after 3 days and developed on 
at least one dose site in the other four rabbits by day 10. Desqua- 
mation at the dose sites was noted after day 7. Scabs were noted 
in all animals after 14 days; yellow staining was noted at the dose 
site throughout the 2-week observation period. The primary irri- 
tation score based on erythema and edema readings made during 
the first 72 hours was 4.55. 

Dermal Sensitization 
Using the Magnusson-Kligman technique for delayed hy- 

persensitivity, 20 guinea pigs each received three (0.1 ml) in- 
tradermal injections of Freund's Complete Adjuvant (FCA), a 
trade mixture containing Glyoxal, and the trade mixture emulsi- 
fied in FCA. The effective Glyoxal concentration was 0.00065% 
(a 0.05% dilution of trade mixture containing 1.3% Glyoxal; the 
remaining components were not identified). One week later, the 
trade mixture was applied undiluted (effective Glyoxal concen- 
tration 1.3%) with a 48-hour occlusive patch to the intradermal 
site. Fourteen days later, animals were challenged at a previously 
untreated site with a 24-hour patch containing 95% of the trade 
mixture. Following the same protocol, a positive control (six 
animals) and vehicle control group (four animals) were treated 
with 1-chloro-2,4-dinitrobenzene and saline, respectively. Slight 
patchy mild redness (score of I out of a maximum possible 4) 
was noted in eight animals of the Glyoxal group at the 24-hour 
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observation and continued to be noted in six of the eight at the 
48-hour observation. Using the Kligman scale that assigns a 
classification based on the percentage of animals sensitized (ir- 
respective of reaction intensity), the trade mixture was a "mod- 
erate" sensitizer (Pbarmakon Research Intl. Inc. 1984a). 

In another assay using the Magnusson-Kligman technique, 
undiluted Glyoxal 40% was a sensitizer (Pharmakon Research 
Intl. Inc. 1984a). 

In a test using the Ritz and Buehler technique, Bio/Dynamics 
Inc. (1988) applied occlusive dermal patches containing 1.25%, 
5%, or 20% Glyoxal to groups of 15 albino guinea pigs for 
6 hours. A total of nine induction exposures were applied within 
a 3-week period. Following a 2-week, nontreatment period, an- 
imals were challenged (at a previously unexposed site) with 
0.01%, 0.03%, 0.1%, 0.3%, and 1.0% Glyoxah A second chal- 
lenge was performed I week later using 0.3%, 1.0%. and 3.0% 
Glyoxal. In addition to the positive control that was treated with 
dinitrochtorobenzene (DNCB), two groups of animats that had 
not been induced were also maintained to provide irritation data. 
One group was treated with the challenge 0.01% to 1.0% Gly- 
oxal solutions, and the other group was treated with the 0.3% to 
3.0% rechallenge solutions. 

Three animals (one from each Glyoxal induction group) died 
during the study; it was unclear to the researchers if the deaths 
were treatment related. Orange staining of the skin was noted 
in all Glyoxal treated animals but it did not interfere with vi- 
sual evaluation. During induction, slight dermal reactions were 
noted in a few animals of the 1.25% Glyoxal group following the 
sixth exposure. The reactions increased in severity with subse- 
quent induction exposures but did not become severe. Animals 
treated with 5% and 20% Glyoxal had increased dermal response 
beginning after the fourth induction exposure. It was suggested 
that Glyoxal was a concentration-dependent primary irritant and 
cumulative irritant. 

Animals of the 1.25% induction group did not react to chal- 
lenge concentrations of 0.01%, 0.03%, or 0. 1% Glyoxal. One 
animal reacted to the 0.3% challenge dose; this animal was also 
the only responder to the 1.0% challenge dose. Upon rechal- 
lenge, one animal (not the one that responded to the primary 
challenge) reacted to 0.3% Glyoxal (noted at the 48-hour obser- 
vation) and continued to respond to higher rechallenge concen- 
trations. Another guinea pig responded to the 1.0% rechallenge 
dose (noted at the 48-hour observation) and also responded to 
the subsequent 3.0% rechallenge dose. Three others responded 
to the 3.0% rechallenge dose; one of these three was the animal 
that had responded to the _>0.3% primary challenge doses. 

No reactions were noted in animals of the 5 % induction group 
to challenge concentrations of 0.01% and 0.03% Glyoxal. One 
animal reacted to the 0. l% challenge doses; reactions of in- 
creased severity were noted in this animal to the 0.3% and 1.0% 
challenges. Two other animals also reacted to the 1.0% chal- 
lenge dose. Upon rechallenge, nine animals responded to 0.3% 
Glyoxal and also reacted to the higher rechallenge concentra- 
tions. Another three animals reacted to the 1.0% rcchallenge 

dose (and, subsequently, to the higher concentration), and an- 
other two reacted to the 3.0% rechallenge dose. 

No reactions were noted in the 14 animals of the 20% in- 
duction group to challenge concentrations of 0.01%, 0.03%, 
0. 1%, and 0.3% Glyoxal. Three animals reacted to the 1.0% chal- 
lenge dose. None reacted to the 0.3% rechallenge dose. Eight 
responded to the 1.0% rechallenge dose (and subsequently, to 
3.0%), and another four reacted to the 3.0% rechallenge dose. 
Edema was noted in 3 of the 12 animals that responded to 3.0% 
Glyoxah 

No reactions were noted in animals that had not received 
the induction patches, but were exposed to the 0.01% to 1.0% 
Glyoxal challenge solutions or the 0.3% to 3.0% rechallenge 
solutions. Glyoxal induced dermal sensitization in guinea pigs 
exposed to concentrations of 1.25%, 5%, and 20% and that re- 
sponded to challenge concentrations of >0.3%. The researchers 
noted but could not explain the greater sensitization observed in 
animals of the 5% induction group as compared to animals of 
the 20% group (Bio/Dynamics Inc. 1988). 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
Glyoxal was selected by the NTP for assessment of oral de- 

velopmental toxicity in rats and rabbits. Due to the instability of 
Glyoxal, the studies were done on Glyoxal Trimeric Dihydrate 
(NTP 1993, 1994). It has the structure shown in Figure 2. 

The oral route was selected because it was the most likely 
route of human exposure. In pilot studies using Sprague-Dawley 
rats, Glyoxal Trimeric Dihydrate was administered by gavage 
at doses of 200, 800, 1200, 1600, and 2000 mg/kg on gestation 
days (GD) 6 to 15. All dams of the 2000 and 1600 mg/kg groups 
and five of eight dams of the I200 mg/kg group died or had to 
be killed belbre GD 17. Rabbits that received _>800 mg/kg had 
rough coat, vaginal discharge, lethargy, respiratory distress and 
diarrhea. No abnormal clinical signs were noted in dams of the 
2130 mg/kg group during the study. Decreased maternal weight 
gain was noted in all treated animals. Decreased litter size, in- 
creased resorption incidence per litter, increased incidence of 
nonbve implants per litter, and decreased fetal body weight, 
were observed at the 1200 mg/kg dose. Six of eight litters of 
the 800 mg/kg group, and two of three litters of the 1200 mg/kg 
group were completely resorbed (NTP 1993). 

Subsequently, a definitive developmental toxicity study was 
conducted. Groups of 26 Sprague-Dawley rats were dosed by 

OH 0 0 OH 

FIGURE 2 
Chemical structure of Glyoxal Trimeric Dihydrate 

(NTP llab supplement] 1993, 1994). 
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gavage with 50, 150, or 300 mg/kg/day Glyoxal Trimeric Dihy- 
drate on GD 6 to 15. All rats were killed on GD 20 and the dams 
and fetuses were examined. No maternal lethality was observed. 
Pregnancy rates were comparable to the rate for untreated con- 
trols. Increased water consumption was noted in all treated rats, 
whereas decreased feed consumption was noted during dosing 
days in rats of the high-dose group. Maternal body weight gain 
was decreased in dams of the 300 mg/kg/day group compared to 
control dams. Rooting behavior was noted in animals of the 150 
and 300 mg/kg/day groups but decreased after the dosing period 
was completed. At necropsy, no dose-related effects were noted 
on maternal liver weight. No differences were noted between 
treated and control animals in the frequency of postimplanta- 
tion loss, mean fetal body weight per litter, or external, visceral, 
or skeletal malformations. A no-observable-adverse-effect level 
(NOAEL) of >300 mg/kg/day was established. At that dose 
mild maternal toxicity was indicated by reduced maternal body 
weight and feed consumption (NTP 1994). 

In a pilot study using pregnant New Zealand white rabbits, 
Glyoxal Trimeric Dihydrate, at doses of 200, 800, 1000, 1200, 
and 1500 mg/kg/day, was administered by gavage on GD 6 to 
19. Maternal mortality was 100% at doses >800 mg/kg/day. Ma- 
ternal weight gain and corrected weight gain were below values 
for controls, but the differences were not statistically significant. 
One of seven rabbits of the 200 mg/kg/day group delivered prior 
to GD 30. No other adverse effects were noted (NTP 1993). 
In a repeat pilot study, pregnant rabbits received either 400 or 
600 mg/kg/day Glyoxal Trimeric Dihydrate on GD 6 to 19. Clin- 
ical signs of toxicity were observed in 6 of 10 animals of the 
400 mg/kg/day group and in all 8 animals of the 600 mg/kg/day 
group. By GD 18 all rabbits of the 600 mg/kg/day group died 
or were killed. Necropsy was done on surviving animals of the 
400 mg/kg/day group on GD 30. Two of 10 animals of this group 
aborted prior to necropsy; decreased fecal output was noted in 
another four animals. Maternal weight gain and corrected weight 
gain were significantly decreased compared to controls (NTP 
1992). 

In the definitive study, a group of 26 rabbits was administered 
50 mg/kg/day Glyoxal Trimeric Dihydrate on GD 6 to 19. No 
other doses were used due to severe toxicity observed at larger 
doses (unpublished data). Rabbits were killed on GD 30. A re- 
duction in feed consumption and body weight gain was noted 
during the dosing period. The reduction in body weight gain was 
significant on GD 6 to 9. No treatment-related effect on maternal 
liver weight was noted at necropsy. No differences were noted 
between treated and control animals in the frequency of postim- 
plantation loss, mean fetal body weight per litter, or external, 
visceral, or skeletal malformations. The NOAEL for maternal 
effects was <50 mg/kg/day and the level for developmental tox- 
icity was 50 mg/kg/day (NTP 1993). 

GENOTOXICITY 
Glyoxal is reported to be a mutagen in renaturation assays, 

unscheduled DNA synthesis (UDS) assays, the Ames assay, the 

Escherichia coli SOS chromotest, the Bacillus subtilis liquid 
rec-assay, the rat hepatocyte primary DNA repair test (single 
strand breaks found, but no DNA cross-linking), sister chromatid 
exchange assays, Chinese hamster ovary (CHO) and Chinese 
hamster V79 chromosome aberration assays, the CHO/HGPRT 
gene mutation assay (only with metabolic activation), the mouse 
lymphoma L5178y/TK +/- system, and in vivo in the rat, where 
UDS and increased alkaline elution of DNA were seen in glan- 
dular stomach tissue and single strand breaks in liver tissue DNA 
(not seen in kidney, spleen, pancreas, and lung). It was negative 
in the C3H/10TI/2 cell transformation assay, and the in vivo 
mouse micronucleus assay. Both positive and negative genotox- 
icity were seen in the in vivo Drosophila sex-linked recessive 
test. Table I summarizes in vitro genotoxicity studies and Table 2 
summarizes in vivo genotoxicity studies. 

CARCINOGFNICITY 

Dermal 
In a report of a study done at the Bushy Run Research Center 

(1982), groups of 40 C3H/HeJ mice were treated three times 
weekly throughout their lifetime with applications of one of two 
commercial 40% Glyoxal solutions (1:8 dilution of commercial 
solution in deionized water). Impurities in each solution (Euro- 
pean Glyoxal 40 and Aerotex Glyoxal 40) are described in the 
Impurities section. The effective concentration of Glyoxal tested 
was 4.5%. The solution (25/zl) was applied to the clipped skin 
of the back. Deionized water was applied to control mice. The 
mice were observed daily for mortality and were examined once 
a month for lesions. 

The last mouse died 2 years after the start of the study. An- 
imals treated with either Glyoxal solution had statistically sig- 
nificant longer mean survival times than did the controls. (Mean 
survival was 580 days Aerotex Glyoxal 40-treated mice, 594 
days for European Glyoxal 40-treated mice, and 488 days for 
the control.) Necropsy was performed on all animals. 

Neither dermal nor subcutaneous neoplasms were found in 
mice treated with Aerotex Glyoxal 40. Dermal inflammation 
and necrosis were observed in 10 of the 40 mice. Epidermal 
hyperplasia was noted in two mice. Similarly, no skin neoplasms 
were found in mice treated with European Glyoxal 40. One 
mouse of this group had an infiltrative fibrosarcoma on the left 
rib cage and axilla. However, this neoplasm type occasionally 
occurs in control mice. No neoplasms were observed in control 
mice. 

Miyakawa et al. (I 991 ) reported a study in which female CD- 
I mice, 20 per group, were shaved and painted with 500 ttmol 
of 40% aqueous Glyoxal for 5 weeks. The Glyoxal was dis- 
solved in 0.1 ml DMSO.per 50 p.mol Glyoxal. In addition, 
half of these mice wore painted with a known tumor promoter, 
12-O-tetradeconaylphorbol- 13-acetate (TPA). The positive con- 
trol used was 7,12-dimethylbenz[a]anthracene (DMBA) (with 
and without TPA); the negative controls used were DMSO and 
TPA, only Glyoxal, or only TPA. There was no significant 
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TABLE 1 
Glyoxal genotoxicity in vitro 

Strain/assay Concentration a Results References 

Enzyme degradation/ 
renatumtion 

Renaturation 

Renaturation 

TA100 

TA98, TAI00 

TA98, TAI00 

TAI00, TA104 

TAI02, TA2638 

0.5% 

0.33% (trimer dihydrate) 

1.1 x 10-3-1.7 x 10 -2 M 
at 80°C for 5 minutes 
followed by gradual 
removal by dialysis 

40 p.g/plate 

I 0 tzg/plate- I 0 mg/plate 

NR 

50, 100/zg/plate 

1000/zg/plate 

DNA assays 
Glyoxalation increases resistance to DNase, 

reduces ability to renature 
Inhibition of C:G bonding, reduction in 

renaturation of DNA 
Inhibition of renaturation is a linear function 

moles of bound Glyoxal. Fully Glyoxalated 
DNA has a melting temperature depression 
of 12°C 

Bacterial assays 
Mutagenic; with S-9 or catalase, 

mutagenicity reduced 
Mutagenic in TAI00, not mutagenic in TA98 

Mutagenic in TAI00, not mutagenic in TA98 

Mutagenic; with glyoxalase l and 11, glutathione, 
2,5-diphenylfuran, 2,5-dimethylfuran, and 
singlet 02 scavengers, mutagenicity reduced 

Mutagenic 

Brooks and 
Klamerth 1968 

Birnboim and 
Mitchel 1978 

Hutton and 
Wetmur 1973 

Yamaguchi and 
Nakagawa 1983 

Bjeldanes and Chew 
1979 

Sasaki and Endo 
1978 

Ueno et al. 1991b 

Levin et al. 1982 

TAI04 NR (2250 revertants//zmol) Mutagenic Mamett et al. 1982 

TA100, TA102, TA104 5, 10, 50, 100, 500 ~g/plate Mutagenic with S-9 Shane et al. 1988 

TA97, TA98, TA 100, 
TAI02, TA104 

TA 98, TA1535, TA100, 
TA1537 

TA100, TA1535, 
TAI537, TA1538, 
TA98, E. coli 
WP2uvrA 

TA 100, TA1535, 
TAI537, TAI538, 
TA98, E. coli 
WP2uvrA 

TAI02 

TA1535, TA1537, 
TA1538, TA98, 
TA100 

30, 60, 120/zg/plate 

3.15-100,000 nl/plate 5 :$9  
(I 0 doses) 

10-1000/zg/plate 5 :$9  
(three doses) 

4-5000 ~g/plate 5 :$9  
(six doses) 

4-5000/zg/plate 5 :$9  
(six doses) 

100- I 0,000 ,ug/plate (test 
material was a mixture 
containing 1.3% 
Glyoxal) 

E. coli SOS chromotest 0.1, 0.3, 0.6 mM 
(PQ37) in DMSO 

B. subtilis liquid varied 
rec-assay 

Mutagenic without S-9 in TAI00, TA102, 
TAI04; mutagenic with S-9 in TA100; 
not mutagenic in TA97, TA98 

At border of + ] -  result equivocal; marginal 
increase of revertants in TA1537 with $9; 
stronger response in TAI00 at very high 
doses both with/without $9 

Without $9: toxic at 100 and 1000 tzg/plate 
With $9: dose-dependent positive in TA100; 

upon retest with lower doses, positive results 
were noted in TA 100 at > 10/zg/plate 

Without $9: dose-dependent increase in TA100 
With $9: increased revertants in TAI00 

and TA 1535 

Without $9: dose-dependent increase 
in revertants 

With $9: "relevant" increase in revertants 
Dose-related increase in mutation (base-pair 

substitution) frequency in TA100 with 
metabolic activation; similar results 
observed in a retest; results considered 
equivocal as $9 may have played a role 

Mutagenic 

Strongly DNA damaging,with or 
without S-9 

Sayato, Nakamuro, 
and Ueno 1987 

BASF 1979 

American 
Cyanamid 1977 

Hoechst AG 1984 

Hoechst AG 1986 

Pharmakon 
Research Intl. 
Inc. 1984b 

Von der Hude 
et al. 1988 

Matsui, Yamamoto, 
and Yamada 1989 

Distributed for Comment Only -- Do Not Cite or Quote



GLYOXAL 21 

TABLE 1 
Glyoxal genotoxicity in vitro (Continued) 

Strain/assay Concentration a Results References 

CHO AUXB1 revertants 

CHO/HGPRT forward 
mutation 

CHO/HGPRT forward 
mutation 

CHO sister chromatid 
exchange (SCE) 

CHO AUXB I SCEs and 
endoreduplicated cells 

CHO chromosomal 
aberrations 

Mammalian cell assays 
NR Dose-dependent increase in the number Taylor and Wu 1980 

of revertants 
37.5-600 tzg/ml =k $9 activation Increased mutation at 600/zg/ml with $9; Pharmakon Research 

(cytotoxic at 1000/zg/ml) not significant compared to (+) Intl. Inc. 1982d 

0. I - I  .5 mg/plate 
4- $9 activation (five doses) 

Without $9:10-250 ,ug/ml 
With $9:10-100/zg/ml 

0.2-1.6 mM 

50-500/zg/ml 
(4- $9 metabolic activation) 

controls, DMN, and EMS, but was 
considered a suspect mutagen 

Negative without $9; with $9, 
dose-dependent response between 
0.7-1.0 rag/plate but value not within 
defined range for (+) result; cytotoxic 
at 1.0 mg/plate 

Dose-related response. Without $9, 
stalistically significant response 
at 200 #g/ml (not enough cells 
at 250 izg/ml to be reliable). With 
$9, statistically significant response 
at >50 ,u.g/ml 

Dose-dependent increase in SCEs and 
endoreduplicated cells 

Dose-dependent increase in aberrations 
4- activation 

Soci6t6 Franqaise 
Hoechst 1986a 

Pharmakon Research 
Intl. Inc. 1982c 

Tucker et al. 1989 

Henkel 1990 

CH V79 Chromosomal 
abberations and 
mitotic activity 

Unscheduled DNA 
synthesis in TC-SV40/ 
1NO hamster cells 

C3H/10T1/2 mouse 
embryo cell 
transformation 

C3H/10TI/2 mouse 
embryo cell 
transformation 

C3H/10T1/2 mouse 
embryo cell 
transformation 

Mouse lymphoma 
L5178Y/TK +/- 
forward mutation 

Mouse lymphoma 
L5178Y/TK +/-  
alkaline unwinding 
and hydroxyapatite 
elufion assays 

DNA repair in rat 
hepatocytes 

100-400 pg/ml 

5 x  10-SM 

0.0013~).0098/~l/ml media 

0.0049-0.039 #l/ml media 

0.0025-0.195/zl/ml media 

0.479-1.060 x 10 .3 mol/L 

0.462-3.69 x 10 .3 mol/L 

0.03, 1.0, 3.0 mg/ml 
(cytotoxic at 3.0 mg/ml) 

Single-strand DNA breaks 0.1, 0.3, or 0.6 mg/ml 
in rat hepatocytes 

Increase chromosomal abberations 
and decreased mitotic activity 

Increased conservative and 
semiconservative UDS 

Negative 

Negative 

Negative 

Dose-dependent mutagenesis 
(without S-9) 

Mutagenic above concentrations above 
1.85 x 10 -3 mol/L (without S-9) 

Mutagenic at 0.03 and 1.0 mg/ml 

Time and dose dependent increase in 
single-strand DNA breaks 

Nishi, Miyakawa, 
and Kato 1989 

Comago et al. 1989 

EG&G Mason 
Research 
Institute 1980a 

EG&G Mason 
Research 
Institute 1980b 

EG&G Mason 
Research 
Institute [980c 

Wangenheim and 
Bolcsfoldi 1988 

Garberg, Aaekerblom, 
and Bolcsfoldi 1988 

Pbarmakon 
Research Intl. 
Inc. 1982b 

Ueno etal. 1991a 

(Continued on next page) 
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T A B L E  1 
Glyoxal genotoxicity in vitro (Continued) 

Strain/assay Concentration" Results References 

DNA cross-links in rat 0. I, 0.3, or 0.6 mg/ml No DNA cross-linking induced Ueno et ah 1991 a 
hepatocytes 

3H-thymidine and -uridine Pretreatment of" cells with Klamerth 1968 
incorporation in human 10- 100 ttg/ml 
libroblasts 

Thymidine kinase and 
DNA-dependent RNA 
polymerase in human 
fibroblasts 

Human peripheral 
lymphocytes 

Pretreatment of cells with 
50/~g/ml 

0.2 1.6 mM 

Time dependent reduction in 
isotope incorporation into DNA; 
dose dependent reduction in isotope 
incorporation into RNA 

Thymidine kinase activity down at I h 
pretreatment, up at 5 h, and down at l0 h; 
polymerase levels down at 1 fi, but 
increased some at 5 and 10 h. 

Dose-dependent increase in SCEs, 
but no increase in endoreduplicated cells 

Klamerth 1968 

Tucker et al. 1989 

, Unless otherudse noted, studies tested various 40% Glyoxa[ solutions. 
NR, not reported. 

induction of neoplasms in mice treated with Glyoxal and 
TPA when compared to mice treated with Glyoxal alone, 
DMSO and TPA, or TPA alone. There were no neoplasms in 
any control group mice. All of the DMBA-treated mice had 
neoplasms. 

In another study, Takahasi et al. (1989) dosed groups of 30 
Wistar rats with 100 mg/L N-methyI-N'-nitro-N-nitrosoguani- 
dine (MNNG) and 10% sodium chloride via the drinking wa- 
ter for 8 weeks. Groups of 10 Wistar rats were given nondosed 
drinking water for 8 weeks. After this, animals were dosed with 
0.5% Glyoxal via the drinking water for 32 weeks, then killed for 
necropsy. The stomachs were removed for macroscopic exam- 
ination, fixed with 10% formalin, and then prepared for micro- 
scopic examination. Animals dosed with Glyoxal after initiation 
had a significant increase in hyperplasia and carcinoma of the 
pyloric region and hyperplasia of the fundic region of the stom- 
ach. Neither hyperplasia nor carcinomas were seen in animals 
that were not treated with MNNG, suggesting Glyoxal may act 
as a promotor not as an initiator. 

Oral 
Hasegawa et al. (1995) used an 8-week liver bioassay to de- 

tect potential hepatocarcinogenic activity in the constituents of 
coffee. One group of 12 male F344 rats was given a single IP in- 
jection of 200 mg/kg body weight dimethylnitrosamine (DMN) 
to initiate bepatocarcinogenesis. Following a 2-week recovery 
period, the animals were given 0.2% (w/v) Glyoxal in the drink- 
ing water for the next 6 weeks. A two-thirds partial bepatec- 
tomy (PH) was done at week 3. Feed and water were available 
ad libitum. A second group of nine rats was treated using the 
same protocol without DMN pretreatment. A control group of 
13 rats received DMN and PH, but was given untreated drinking 
water. 

Body weights were recorded weekly; feed and water con- 
sumption were measured during the first 2 days of each treat- 
ment week. All surviving animals were killed at week 8; the 
livers were excised and samples obtained for immunohistocfiem- 
ical examination of the glutathione S-transferase placental form 
(GST-P). The assay measures the numbers and areas of GST- 
P-positive foci >0.2 mm in diameter as indicators of carcino- 
genicity. 

Body weight was slightly reduced in all rats after PH. Animals 
treated with Glyoxal had reduced water consumption (15.2 roll 
day/rat) as compared to animals of the control group that re- 
ceived untreated tap water (23.2 ml/day/rat). No marked dif- 
ferences were observed in feed or water consumption between 
Glyoxal-dosed animals of the diethylnitrosamine (DEN)-ini- 
tiated and noninifiated groups. Rats treated with Glyoxal had 
significantly lower final body weights (235 g) as compared to 
control rats (255 g) (p < .001; Student's or Welcfi's t test). Ab- 
solute weight of the liver was lower in DMN-initiated Glyoxal- 
treated rats (5.92 g) as compared to control rats (6.38 g) (p < .05). 
The absolute liver weight for non-DMN-initiated Glyoxal- 
treated rats was 5.77 g and not statistically significant. Glyoxal 
had an inhibitory effect both in the number and areas of GST- 
P-positive foci. The control group (treated with DMN) had 
7.83 foci/cm 2 with an area of 0.55 mm2/cm 2. The DMN-initiated 

2 2 2 Glyoxal group had 6.06 foci/cm with an area of 0.40 mm /cm 
(p < .05). No loci were detected in samples from noninitiated 
Glyoxal-treated rats (Hasegawa et al. 1995). 

CLINICAL ASSESSMENT OF SAFETY 

Maximization Test 
Glyoxal was tested according to the Kligman maximization 

test. During induction, 48-hour occlusive patches containing 
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TABLE 2 
Glyoxal genotoxicity in vivo 

23 

Assay Concentration a Results References 

Micronucleus 

Micronucleus 

Glandular stomach 

Groups of eight mice were 1P 
injected with either a single or 
double dose of 400 mg/kg; 
erythrocytes harvested at 30-72 h 
after dosing and analyzed 
for micronuclei 

Groups of ten mice received 
1000 mg/kg by oral gavage; 
bone marrow erythrocytes 
harvested at 24, 48, and 72 h 

150-400 mg/kg 

Glandular stomach 240, 360, 400 mg/kg 

Glandular stomach 5, 50, 500, 550 mg/kg 

Liver, kidney, spleen, 200, 500, 1000 mg/kg 
pancreas, and lung 

Recessive lethal 0.73 mg/ml 

Sex-finked recessive Two routes of male exposure: 
oral dose of 10,000 ppm for 
3 days prior to mating, or injected 
(at base of the halteres) with 
4500 ppm, 24 h prior to mating 

Mouse 
Negative 

Negative; value at 24 h significant 
compared to concomitant control 
but not to historic control 

Rat 
Dose-dependent induction of ornithine 

decarboxylase and UDS, with peak 
activity at 16 h 

Increased UDS in a dose-dependent 
manner. Significant increase at 
high-dose 

Increased alkaline elution of DNA 
in a dose-dependent manner 

Single-strand breaks in liver tissue within 
2 h, returning almost to control levels 
by 24 h; no single-strand breaks seen 

in other tissues 

Fruit fly 
Increase in frequency of sex-linked 

recessive lethals 

Feed studies negative; injection studies, 
positive results in one of three runs, 
but combined total mutations from the 
three runs were not significantly different 
from concomitant or historical controls 

Pharmakon 
Research Intl. 
Inc. 1982a 

Socirt6 Franqaise 
Hoechst 1986b 

Furihata, Yoshida, 
and Matsushima 
1985 

Furihata and 
Matsushima 1987 

Furihata et al. 1989 

Ueno 1991a 

Mazar-Barnett and 
Munoz 1969 

American 
Cyanamid 1983 

"Unless otherwise noted, studies tested various 40% Glyoxal solutions. 

10% Glyoxal (in petrolatum) were applied to the forearm or calf 
of 24 panelists, most of whom were African American. A total 
of five induction patches were applied with a 24-hour nontreat- 
ment period between applications. Panelists were challenged on 
the back with a 48-hour occlusive patch containing 2% Glyoxal 
in petrolatum. (Note: the protocol specified pretreatment with a 
24-hour occlusive patch containing 5% aqueous sodium lauryl 
sulfate [SLS] prior to each induction and challenge exposure. 
However, it does not appear that panelists were pretreated prior 
to Glyoxal exposure.) Sensitization was noted in all 24 panelists 
and Glyoxal was classified as an "extreme" sensitizer (Kfigman 
1966). 

Repeat Insult Patch Test 
A human repeat insult patch test (RIPT) was conducted by 

Food and Drug Research Labs (1969a) using 55 panelists. Dur- 
ing induction, patches containing 14.5% Glyoxal (in a mixture) 
were applied to the upper arm for 24 hours' contact, every other 
day for a total of 15 applications. Following a 2-week nontreat- 
ment period, a 24-hour challenge patch was applied to the orig- 
inal contact site. Isolated reactions were noted in 16 panelists 
at various evaluations during the induction period. Most of the 
reactions were slight; however, five panelists had at least one 
reaction scored as "marked erythema" prompting application of 
the subsequent patch on a different site. No reactions were noted 
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at challenge. Glyoxal at 14.5% was considered a mild fatiguing 
agent. 

In a second RIPT using the same protocol, 0.33% GIyoxal 
produced no reactions during induction or challenge in 55 pan- 
elists (Food and Drug Research Labs 1969b). 

An RIPT was performed using 155 volunteers (44 male, I I I 
female). A topical dry occlusive patch was impregnated with a 
40% aqueous solution of a nail enamel containing 0.5% Glyoxal. 
Patches were applied on Mondays, Wednesdays, and Fridays for 
3 weeks. A 2-week nontreatment period followed. Then, two 
consecutive 48-hour patches adjacent to the induction site were 
applied. These challenge sites were read at 48 and 96 hours. 
Seven of the panelists had responses to the challenge phase. 
However, upon retest, none of these were reactions to Glyoxal 
(CTFA 1992). 

Case Report 
A 27-year-old woman who had been working with fiberglass 

wrapped with a polyvinyl resin emulsion (containing Glyoxal) 
had dry eczema on the dorsal area of both hands. Patch testing 
elicited a strong sensitization reaction to 10% aqueous Glyoxal 
(Hindson and Lawlor 1982). 

SUMMARY 
Glyoxal is a naturally occurring bialdehyde. It was used his- 

torically as a preservative in nail polishes and enamels, but there 
are currently no reported uses in cosmetic formulations. Gly- 
oxal itself is a powder but is commercially supplied as a 40% 
solution. Glyoxal in aqueous solution is a mixture of the fully 
hydrated monomer (predominant species), dimer, and trimer. 
Residual chemicals that may be found in commercial solutions 
of Glyoxal include formaldehyde, glycolaldehyde, acetic acid, 
and a trace of ethylene glycol. 

A wide range of oral, dermal and intraperitoneal LDsn val- 
ues have been reported. A 28-day drinking water study noted 
significantly suppressed water intake and significantly reduced 
terminal body weight in rats which received > 100 mg/kg/day 
and >300 mg/kg/day, respectively. Three-month feeding stud- 
ies on rats and dogs reported a no-effect level of approximately 
100 mg/kg/day. 

Ocular irritation studies conducted with Glyoxal solutions 
(30% and 40%) produced slight to moderate injury. Results are 
conflicting for Glyoxal powder; one study suggested severe dam- 
age whereas another found only slight damage. 

In dermal studies, Glyoxal powder was not an irritant whereas 
40% Glyoxal solution produced negative to moderate irritation. 
In a guinea pig study using the Magnusson-Kligman protocol, 
a trade mixture containing 1.3% Glyoxal (tested at 0.00065%) 
induced sensitization. A guinea pig study using the Ritz-Buehler 
technique found a threshold level of sensitization with 1.25% 
aqueous Glyoxah 

In developmental toxicity studies, the NOAEL for Glyoxal 
Trimeric Dihydratc was >300 mg/kg/day in rabbits (with re- 

duced maternal body weight) and 50 mg/kg/day for rabbits 
(though maternal toxicity was noted at this dose). 

Glyoxal was mutagenic in most assays. Glyoxal inhibited the 
effect of DMN in a short-term oral study in rats. In a 5-week 
dermal study in mice, Glyoxal was not carcinogenic nor did it 
promote the action of DMBA. In a 32-week dermal study, Gly- 
oxal was not itself carcinogenic, but did cause an increase in 
hyperplasia and carcinoma in the pyloric stomach and hyperpla- 
sin in the fundic stomach in animals treated with MNNG. In a 
life-time dermal assay in mice, however, two separate commer- 
cially available Glyoxal solutions were not carcinogenic. In this 
study, 4.5% Glyoxal did produce cutaneous inflammation and 
necrosis in mice. 

In clinical studies, 10% Glyoxal was a sensitizer when tested 
using the Kligman-maximization protocol but 14.5% Glyoxal 
was not a sensitizer in a RIPT, but was a fatiguing agent. There 
is one case report of a positive patch test to 10% Glyoxal in an 
individual occupationally exposed to Glyoxal in a manufacturing 
plant. 

DISCUSSION 
The list of data needs cited in the CIR Expert Panel's original 

safety assessment emphasized the Panel's concerns regarding 
potential carcinogenic action. These concerns primarily arose 
from genotoxicity studies in which Glyoxal was found to be 
mutagenic. A significant number of additional studies were pro- 
vided by industry, including clinical safety tests, additional gent- 
toxicity studies, and a life-time dermal carcinogenicity assay 
conducted using mice. While noting that the lifetime dermal 
carcinogenicity study was not performed to NTP standards, the 
Panel was of the opinion that the study adequately addressed 
their concerns. Neither dermal nor subcutaneous neoplasms were 
found in mice treated with 4.5% Glyoxal (in one of two com- 
mercial solutions). The toxicologists on the Panel noted that the 
development of necrosis at the application site in one fourth of 
the mice treated with one solution indicated that the 4.5% dose 
was at or approached the maximum tolerated dose (MTD). Thus, 
no carcinogenic response was produced in the presence of gross 
changes in the skin. The MTD may have killed all transformed 
cells, thus producing false-negative results; however, the lack of 
dermal fibrosarcomas that are less sensitive to dose supported 
the negative findings. Further, whereas Glyoxal was a mutagen 
in several assays, it was negative in the C3H/I 0T1/2 cell trans- 
formation assay. 

The Panel also focused on two clinical sensitization studies 
that produced conflicting results. In one study, 10% Glyoxal 
induced sensitization in all 24 panelists when tested under a 
maximization protocol. In the second study, 14.5% GlyoxaI did 
not induce sensitization in any of 55 panelists when tested under 
the conditions of an RIPT. The Panel noted that these different 
findings could be explained by the differences in protocol or 
by differences in the Glyoxal samples tested. The impurities 
section of this report noted that the formaldehyde content of 
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two commercial Glyoxal solutions differed by almost an order 
of magnitude. Neither sensitization study gave sufficient infor- 
mation regarding the sample tested, and the Panel was unable to 
interpret the results. A guinea pig study using the Ritz-Buehler 
technique indicated a threshold concentration of 1.25%. Of 15 
guinea pigs, none responded to challenges of <0.1% Glyoxal 
and only one responded to the 0.3% challenge dose. The Panel 
elected to use this study in setting a concentration limit. Industry 
is alerted that if a higher limit is desired, the results of a graded 
clinical sensitization study with chemical characterization of the 
Glyoxal tested will be needed. 

Suppliers should take steps to limit the concentration of the 
free formaldehyde impurity to 0.2%, consistent with the 1984 
CIR evaluation of formaldehyde (Elder 1984). Also, as stipu- 
lated in that evaluation, the safety of aerosol products containing 
formaldehyde has not been substantiated. Although there are no 
current reported uses of Glyoxal, it is expected that this ingre- 
dient would be used in nail polishes and enamels as historically 
reported. The Panel expects that its function as a preservative 
will preclude its use at concentrations that would produce severe 
irritation. The Expert Panel expressed a willingness to discuss 
additional data needs for other uses of this ingredient should the 
need arise. 

CONCLUSION 
Based on the available data, the CIR Expert Panel concludes 

Glyoxal is safe for use in products intended to be applied to the 
nail at concentrations <1.25%. The available data are insuffi- 
cient to support the safety for other uses. 
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Acid Orange 3 is a nitro color used as a hair colorant. Short- 
term animal studies showed no toxicity at oral exposures less than 
1.5 g/kg in rats and 1.0 g/kg in mice. Dermal exposure to a hair 
dye formulation containing 0.2% Acid Orange 3 did not cause ad- 
verse effects. Likewise, this level of dermal exposure was not asso- 
ciated with reproductive or developmental toxicity. Acid Orange 
3 was mutagenic in the Ames test system and in one mammalian 
cell transformation system. The results of a dermal carcinogenicity 
study in mice exposed to a hair dye formulation containing 0.2% 
Acid Orange 3 were negative. Oral carcinogenicity studies in rats 
and mice did yield clear evidence of  carcinogenic activity in female 
rats, but not in male rats or in male and female mice. Although there 
are no data on the irritation and sensitization potential of this in- 
gredient, hair dyes containing Acid Orange 3 can be expected to 
carry the caution mandated by the Food and Drug Administra- 
tion (FDA) that alerts users to the need to perform patch testing 
o n  tbelr o w n  skin to determine whether the product causes skin 
irritation. Following this admonition, individuals who would have 
an irritation/sensitization reaction can avoid significant exposure. 
Accordingly, the Expert Panel concluded that Acid Orange 3 is safe 
for use in hair dye formulations at concentrations less than or equal 
to 0.2%. 

INTRODUCTION 
Acid Orange 3 is a nitro color that functions as a hair colorant 

in hair dyes and colors (Wenninger, Canterbery, and McEwen 
2000). 

CHEMISTRY 

Definition and Structure 
Acid Orange 3 (CAS No. 6373-74-6) conforms to the for- 

mula shown in Figure I (Wenninger, Canterbery, and McEwen 
2000). Acid Orange 3 is also known as C.I. 10385; 5-[(2,4- 
Dinitrophenol)amino]-2-(Phenylamino)Benzenesulfonic Acid, 
Monosodium Salt (National Toxicology Program [NTP] 1988; 
International Agency for Research on Cancer [IARC] 1993; 
Wenninger, Canterbery, and McEwen 2000); Benzenesulfonic 
Acid, 5-[(2,4-Dinitrophenyl)Amino]-2-(Phenylamino), Mono- 
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sodium Salt; Amido Yellow EA (Wenninger, Canterbery, and 
McEwen 2000); C.I. Acid Orange 3; 2-Anilino-5-(2,4-Dinitro- 
anilino)Benzenesulffmic Acid, Monosodium Salt (NTP 1988; 
IARC 1993); and Sodium 4-(2,4-Dinitroanilino)Dipheny/- 
amine-2-Sulfonate (IARC 1993). 

Physical  and C hemi ca l  Properties 

Acid Orange 3 occurs as dark orange-brown microcrystals 
(NTP 1988). It has a molecular weight of 452.39 Da and is very 
soluble in water and ethanol (IARC 1993). 

Manufac ture  and Product ion  

Acid Orange 3 is prepared by the condensation of I-chloro- 
2,4-dinitrobenzene with 5-amino-2-anilinobenzenesulfonic acid 
(Society of Dyers and Colourists 1971). 

Analytical  M e t h o d s  

Acid Orange 3 has been identified by ultraviolet (UV) and 
nuclear magnetic resonance spectroscopy (NTP 1988) and an- 
alyzed by fast atom bombardment mass spectrometry (Ventura 
et ah 1989). 

Impurit ies  

Initial analysis of one batch of Acid Orange 3 by UV spec- 
troscopy reported that it contained only 67% Acid Orange 3 
(NTP 1988). After purification, analysis using UV spectroscopy 
and high performance liquid chromatography (HPLC) deter- 
mined purity of 94.3% and 88.7%, respectively; gas chromatog- 
raphy and flame ionization established an acetone content of 
2.7%. Analysis of a second batch by UV spectroscopy and HPLC 
established purity of 89.1% and 89.0%, respectively. UV anal- 
ysis of this batch detected one impurity >1% at 280 rim; this 
impurity was not identified. HPLC did not detect any impurities 
(other than water) > 1%. 

USE 

Cosmetic 
Acid Orange 3 is reported to function as a hair colorant in hair 

dyes and colors (Wenninger, Canterbery, and McEwen 2000). 
The product formulation data submitted to the Food and Drug 
Administration (FDA) in 1997 reported that Acid Orange 3 was 
used in four cosmetic formulations (FDA 1997) (Table 1). 
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FIGURE 1 
Chemica l  structure of  Ac id  Orange  3. 

Concentrat ion of  use values are no longer  reported to the F D A  
by the cosmet ic  industry (FDA 1992). The product  formulat ion 
data submit ted  to the FDA in 1984 stated that Acid  Orange  3 
was  used in 34 hair  dye /color  formulat ions  that required caution 

statements;  one use was in the concentrat ion range 10% to 25%;  
the remain ing  uses were at concentra t ions  of  5 1% (FDA 1984) 
(Table 2). 

Hai r  co lor ing  formula t ions  are appl ied to or  may  c o m e  in 
contact  with hair, skin (part icularly at the scalp), eyes, and nails. 
Individuals  dye ing  their  hair  may  use such formulat ions  once 
every few weeks,  whereas  hairdressers  may  come in contact  
with products  containing these ingredients  several t imes a day. 

Under  normal  condi t ions  of  use, skin contact  with hair dye is 
restricted to 30 minutes .  

Ha i r  dyes containing Acid  Orange  3, as coal tar ha i r  dye 
products ,  are exempt  f rom the principal  adulteration provis ion 
and from the color  additive provis ions  in sections 601 and 706 
of  the Federal  Food,  Drug,  and Cosmel i c  Act o f  1938 when  
the label bears  a caut ion statement and patch test instruct ions 
for de te rmin ing  whether  the product  causes  skin irritation. The  
fo l lowing  caut ion s ta tement  should be d isp layed  conspicuous ly  
on the labels o f  coal tar hair  dyes:  

Caution--This product contains ingredients that may cause skin 
irritation on certain individuals, and a preliminary test according Io 
accompanying directions should be made. This product musl not be 
used for dyeing eyelashes or eyebrows; to do so may cause blindness. 

At  its February  11, 1992 meet ing ,  the Cosmet ic  Ingredient  
Review (CIR) Expert  Panel issued the fo l lowing  pol icy state- 
ment  on coal tar hair  dye product  labeling: 

The Cosmetic Ingredient Review (CIR) Expert Panel has re- 
viewed the cosmetic industry's current coal tar hair dye product la- 
beling, which recommends Ihal an open palch test be applied and 
evaluated by the beautician and/or consumer for sensitization 2d h 

T A B L E  1 
Product  formulat ion data (FDA 1997) 

Total no. Total no. 
Product  formulat ions  conta in ing 

category in category Acid  Orange  3 

Hair  dyes  and 1478 4 
colors 

Tota l  uses of Acid Orange 3 4 

in 1997 

T A B L E  2 
Concentrat ion of  use of  Acid Orange  3 in cosmet ic  

formulat ions  (EDA 1984) 

Total uses 
Product  in product  
category 10-25% 0 . 1 - 1 %  (Y4).1% category 

Hair  dyes/colors  
( requir ing 
caut ion 
statements) 

I 16 17 34 

Total of uses of Acid Orange 3 34 
in 1984 

after application of the test material and prior to the use of a hair dye 
formulation. 

Since the recommendation on the industry's adopted labeling 
establishes a procedure for individual user safely tesling, it is most 
important that the recommended procedure be consistent with current 
medical practice. 

There is a general consensus among dermatologists that screen- 
ing palienls for sensitization (allergic contact dermatitis/should be 
conducted by the procedures used by the North American Contact 
Dermatitis Group and the International Contact Dermatitis Group 
(North American Contact Dermatitis Group 1980; Eiermann el al. 
1982; Adams et al. 1985). These procedures slale thai the tesl mate- 
rial should be applied at an acceptable concentration to the patient, 
covered with an appropriate occlusive patch, and evaluated for sen- 
sitization 48 and 72 h after application. The CIR Expert Panel has 
riled the results of studies conducted by both Ihe North American 
Contact Dermatitis Group and (he International Contact Dermatitis 
Group in its safety evaluation reports on cosmetic ingredients (Elder 
[985). 

During the Augus126-27, 1991 public meeling of the CIR Expert 
Panel, all members agreed that Ihe cosmetic induslry should change 
its recommendation for the evaluation of the open patch test from 
24 h to 48 h after application of the test material, 

The industry was advised of this recommendation and asked to 
provide any compelling reasons why this recommendation should not 
be made by the Expert Panel and adopted by the cosmetic industry. No 
opposition to this recommendation was received. At the February I 1, 
1992 public meeting of the CIR Expert Panel, this policy statement 
was adopted. 

International 
Acid Orange  3 does not  appear  in Annex 11 (list of  substances 

that must  not form part o f  the composi t ion  of  cosmet ic  products),  
11I (list of  substances that cosmet ic  products  must  not contain 
except  subject  to the restrictions and condit ions laid down),  or 
IV (list o f  color ing  agents  a l lowed for use in cosmet ic  products)  
o f  the Cosmetics Directive of the European Union (European 
Economic  C o m m u n i t y  1995). Acid Orange  3 is not  inc luded in 
Japan's Ministry of Health and Welfare Ordinance No. 30/1966, 
and it is not publ i shed  in the Japanese Standards of Quasi-Drugs, 
indicat ing that it is not  an approved cosmet ic  colorant  (Rempe  
and Santucci  1997). 

Noncosmetic 
Acid  Orange  3 is used to dye textiles (1ARC 1993). 
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GENERAL BIOLOGY 

Cytotoxicity 
Acid Orange 3 was cytotoxic to BALB/c-3T3 cells in tissue 

culture (Matthews, Spalding, and Tennant 1993). On average, 
the concentration that allowed a 50% survival was 0. 102 mM. 

ANIMAL TOXICOLOGY 

Acute Toxicity 
Published data on the acute toxicity of Acid Orange 3 were 

not found. 

Short-Term Oral Toxicity 
Groups of five male and five female F344/N rats were given 

94, 187, 375, 750, or 1500 mg/kg Acid Orange 3 in corn oil 
by gavage for 14 days (NTP 1988). A control group was given 
vehicle only. All animals were observed twice daily for signs of 
toxicity. Body weights were determined on days 1, 7, and 15. 
All animals were necropsied. 

One female of the 1500 mg/kg dose group died on day 16; all 
other animals survived to study termination. Final mean body 
weights and mean body weight gains were not "significantly 
affected" by oral administration of Acid Orange 3. Orange urine 
or extremities were observed for one female of the 94 mg/kg 
dose group, two females of the 187 rag/kg dose group, three 
males and four females of the 375 mg/kg dose group, and all 
animals of the 750 and 1500 mg/kg dose groups. Compound- 
related lesions were not seen at necropsy. 

A study using B6C3FI mice, five per sex per group, was per- 
formed according to the same procedures as above (NTP 1988). 
The dose groups were given 62, 125, 250, 500, or 1000 mg/kg 
Acid Orange 3. All animals survived to study termination. Males 
of the 500 and 1000 mg/kg dose groups lost weight initially and 
had overall decreased body weight gains compared to the con- 
trol group; this was attributed to a malfunctioning of the water 
system during week 1. Animals of all dose groups had orange 
urine and all but two mice of the 1000 mg/kg dose group were 
inactive. Compound-related lesions were not found at necropsy. 

Subchronic Oral and Dermal Toxicity 
F344/N rats, 10 per sex per group, were given 94, 187, 375, 

750, or 1500 mg/kg Acid Orange 3 in corn oil by gavage 5 days 
per week for 13 weeks (NTP 1988). A control group was given 
vehicle only. All animals were observed twice daily. Body 
weights were determined at study initiation and then weekly. 
Microscopic examination was performed on tissues from all 
control and high-dose animals (adrenal glands, brain, colon, 
esophagus, femur including marrow, heart, kidneys, liver, lungs 
and bronchi, mandibular and mesenteric lymph nodes, pancreas, 
parathyroids, pituitary gland, prostate~testes~seminal vesicles or 
ovaries/uterus, salivary glands, skin, small intestine, spleen, 
stomach, thigh muscle, thymus, thyroid gland, trachea, and uri- 
nary bladder). 

Five females of the 1500 mg/kg dose group died during weeks 
1, 7, and 8 of the study; all other animals survived to study ter- 
mination. Final mean body weights of males and females of the 
1500 mg/kg dose group were decreased by 8% and 5% com- 
pared to control values, respectively. The haircoats of males of 
the 750 and 1500 mg/kg dose groups and all dosed females were 
discolored yellow. Of animals of the 1500 mg/kg dose group, 
nephrosis was observed in nine males and two females, suppura- 
tive inflammation of the kidney was observed in three females, 
and necrosis of the renal papilla was observed in two females. 
Of the females of the 1500 mg/kg dose group that survived until 
study termination, all live had acidophilic cytoplasmic inclusion 
bodies or granules in tbe transitional epithelium of the urinary 
bladder and two of the five had hyperplasia of the transitional 
epithelium of the urinary bladder. 

A study using B6C3FI mice, 10 per sex per group, was per- 
formed according to the same procedures as above (NTP 1988). 
The dose groups were given 3 I, 62, 125,250, or 500 mg/kg Acid 
Orange 3. No compound-related deaths occurred and toxicolog- 
ical effects were not observed. 

A second study was then performed using B6C3FL mice, 
10 per sex per group, to determine the doses to be used in a 
2-year study; the animals were dosed with 250, 500, 1000, or 
2000 mg/kg Acid Orange 3 (NTP 1988). The procedure fol- 
lowed was the same as above. Microscopic examination was 
performed on a number of tissues (see above) of all animals of 
the control and high-dose groups, of all animals that died prior 
to study termination, and on the kidneys of animals of the 500 
and 1000 mg/kg dose groups. No compound-related deaths oc- 
curred. Final mean body weights of males and females of the 
2000 mg/kg dose group were decreased by 12% and 11% of 
control values, respectively. Orange urine was observed for an- 
imals of the 1000 and 2000 mg/kg dose groups. Mild to severe 
nephropathy consisting of increased basophilia of the tubular 
epithelial cells, tubular dilatation, and cast formation were ob- 
served in 5 males and 2 females of the 1000 mg/kg dose group 
and in 10 males and 9 females of the 2000 mg/kg dose group. 

Groups of 12 adult New Zealand White rabbits, 6 males and 
6 females per group, were used to determine the percutaneous 
toxicity of a semipermanent hair dye formulation (P-24) con- 
taining 0.2% Acid Orange 3 (Burnett et al. 1976). One ml/kg of 
the mixture was applied undiluted twice weekly for 13 weeks to 
clipped sites on the dorsolateral aspect of the thoracic-lumbar 
area (one on each side of the midline), and the sites were al- 
ternated to minimize dermal irritation. The application sites on 
three animals per sex per group were abraded for the first close 
of each week. The animals were restrained for 1 hour following 
dosing and the test site was then washed. Three groups of 12 
negative-control animals were treated in the same manner as the 
test animals with the exception that no dye was applied. 

All animals were weighed weekly. Hematological, clinical 
chemistry, and urinary determinations were made at study initi- 
ation and after 3, 7, and 13 weeks. All animals were killed after 
13 weeks and examined grossly. Various organ-to-body weight 
ratios were determined and a number of tissues were examined 
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microscopically. No evidence of compound-induced toxicity 
was observed, no gross abnormalities were seen at necropsy, 
and no test article-related microscopic lesions were reported. 
No discoloration of the urine due to administration of the hair 
dye formulation was observed. 

Chronic Oral Toxicity 
Six male and six female purebred beagle dogs were fed for 

24 months a composite material representative of a series of 
commercially available hair coloring products, which included 
the greatest concentration of each dye and each base component 
present in any of the formulations used; Acid Orange 3 was 
0.24% of the formulation (Wernick, Lanman, and Fraux 1975). 
Two groups were fed 19.5 or 97.5 mg/kg/day of the test material; 
a control group was fed laboratory feed. 

All animals were observed daily for toxicological and phar- 
macological effects. Body weights and feed consumption were 
determined weekly and daily, respectively. Physical examina- 
tions were conducted at study initiation and after 3, 6, 18, and 
24 months. Hematological, clinical chemistry, and urinalysis pa- 
rameters were determined on all animals of the control and high- 
dose groups and on three males and three females of the low-dose 
group at the same time. One male and one female animal of each 
group was selected for necropsy after 6, 12, and 18 months; all 
surviving animals were necropsied after 24 months. Selected or- 
gans were weighed, and organ-to-body weight ratios calculated. 
At the 24-month necropsy, liver and urinary bladder sections 
were taken from all animals for microscopic examination. 

No significant toxicological or pharmacological effects were 
observed. No statistically significant differences were observed 
in body weight gain or in hematological or clinical chemistry val- 
ues between the treated and control groups. All animals in both 
test groups excreted blue-brown colored urine daily; however, 
urinalysis did not detect any remarkable findings. No signifi- 
cant differences were observed in organ-to-body weight ratios 
between the treated and control groups, and no gross or micro- 
scopic lesions attributable to dosing were noted. All animals 
survived until study termination. 

Photosensitization 
Use of UV spectroscopy in the analysis of Acid Orange 3 

(NTP 1988) suggests this ingredient absorbs in the UV region of 
the spectrum. Published data, however, on the photosensitization 
potential of Acid Orange 3 were not found. 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 

Oral 
Groups of 12 female New Zealand white rabbits were dosed 

by gavage on days 6 to 18 of gestation with the hair dye compos- 
ite previously described in a chronic toxicity study using 0.24% 

Acid Orange 3 at a dose of ~9.5 or 97.5 mg/kg/day, with the 
composite without the dyes at a dose of 97.5 mg/kg/day, or with 
0.5% aqueous methylcellulose (vehicle) (Wemick, Lanman, and 
Fraux 1975). The dose volume for all groups was I ml/kg. All 
rabbits were killed on day 30 of gestation and various parameters 
were evaluated. 

No teratogenic effects were observed in any of the groups. 
Fetal survival was not adversely affected by the dye-containing 
composite. Neither grossly abnormal fetuses nor soft tissue de- 
fects were observed. Animals of the high-dose group excreted 
blue-brown colored urine within an hour of dosing; urine color 
was normal the next day prior to dosing. 

Groups of CFE-S rats, 20 males and 20 females per group, 
were mated, and gravid females were fed diet containing 1950 
or 7800 ppm of the previously described dye composite that 
contained 0.24% Acid Orange 3 on days 6 to 15 of gesta- 
tion; a control group was fed untreated feed throughout the 
study (Wernick, Lanman, and Fraux 1975). The female rats were 
weighed biweekly and killed on day 19 of pregnancy. Various 
reproductive and fetal parameters were examined. 

No compound-associated adverse effects were observed for 
rats or the fetuses. No statistically significant dose-related effects 
were observed in the average number of implantation sites, live 
pups, early or late absorptions per litter, or number of females 
with one or more resorption sites. No gross abnormalities related 
to dosing were observed. The rats fed the test diet excreted blue- 
brown colored urine. 

Groups of 10 male and 20 female Sprague-Dawley CD rats 
were fed the previously described dye composite that contained 
0.24% Acid Orange 3 at concentrations of 1950 or 7800 ppm; 
a control group was fed untreated feed (Wernick, Lanman, and 
Fraux 1975). The study was divided into two parts. In Part 1, the 
females received the basal diet for 8 weeks prior to mating and 
through weaning; the males were fed the test diet for 8 weeks 
prior to and during mating. In Part It, the females were fed the 
test diet 8 weeks prior to mating, during gestation and 21 days 
of lactation, whereas the males were fed untreated feed prior to 
and during mating. The remainder of the test procedure was the 
same for both parts of the study. 

One gravid female of each group was killed for examination 
on day 13 of gestation. The remaining gravid dams were allowed 
to deliver; necropsy was performed on all dams that did not 
deliver to determine whether pregnancy had occurred. The pups 
were weighed at birth and after 4 and 21 days. At 21 days, all 
pups were killed and examined grossly. 

No statistically significant dose-related differences in male 
or female fertility, length of gestation, number of females with 
resorption sites, live pups per litter, pup body weight, or pup 
survival were observed between the test and control groups in 
either part of the study. No significant differences in body weight 
gain or feed consumption were observed. No abnormal pups 
were noted. The rats dosed with the composite excreted blue- 
brown colored urine. 
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Dermal 
Groups of 20 gravid Charles River CD rats were used to 

evaluate the teratogenic potential of a semipermanent hair dye 
formulation (P-24) containing 0.2% Acid Orange 3 (Bumett 
et al. 1976). The formulation was applied topically at a dose 
of 2 ml/kg to a shaved dorsoscapular area on days 1, 4, 7, 10, 
I3, I6, and 19 of gestation. (Pilot studies demonstrated that 
potential skin irritancy would not permit more frequent appli- 
cation.) Throe negative control groups of rats were shaved but 
not dosed and rats of a positive control group were dosed orally 
with 250 mg/kg acetylsalicylic acid on days 6 to 16 of gesta- 
tion. Feed and water were available ad libitum. All animals were 
weighed on the days of dosing and they were killed on day 20 of 
gestation. 

The only reported observation was a change in color of the 
skin and hair at the site of application. No signs of toxicity were 
reported. Body weight gains and mean feed consumption were 
similar for animals of the treated and negative control groups. It 
was concluded that dermal administration of a semipermanent 
hair dye formulation containing 0.2% Acid Orange 3 "every 
third day of the gestation period produces no embryotoxic or 
teratogenic effects" in Charles River CD rats. 

A multigeneration reproduction study was conducted using 
groups of 40 male and 40 female Sprague-Dawley rats that re- 
ceived topical applications of a semipermanent hair dye formula- 
tion (P-24) containing 0.2% Acid Orange 3 (Burnett et al. 1976, 
International Research and Development Corporation 1977). A 
dose of 0.5 ml was applied twice a week to a shaved area of 
the back that was approximately 1 inch in diameter. (The ini- 
tial dose, 0.2 ml per application, was increased by 0.1 ml per 
application increments weekly until reaching 0.5 ml per appli- 
cation.) Successive applications were made to adjacent areas 
to minimize dermal irritation. Three negative co0trol groups of 
rats were shaved but not dosed. When the rats were 100 days 
old, they were mated to produce an Fl~ generation that was even- 
tually used in a carcinogenicity study (summarized later in this 
report). 

The F0 generation was then reduced to 20 animals per group, 
remated to produce an Fib generation, and then killed following 
weaning of the FIb litters. Twenty male and 20 female rats per 
group were chosen from the FIb litters and mated after 100 days 
to produce F2a and F2b litters. Five male and five female Fit, 
parents were necropsied after weaning of the F2b litters. 

Again following the same procedures, 20 male and 20 female 
F2 parents per group were selected from the F2b litters and mated 
to produce F3~, F3b, and F3c litters. After weaning the F3b litters, 
one weanling per litter per group was necropsied; the pups of 
the F3a and F3c litters were killed after weaning. 

Parental generations were observed daily for changes in gen- 
eral behavior and appearance, and detailed observations were 
recorded weekly. Body weights and feed consumption were 
measured weekly. The pups were counted and weighed as a litter 
on days O, 4, and 14 of lactation. On day 21 of lactation, the pups 
were counted, sexed, and examined for pharmacological effects. 

Dermal reactions consisting of mild scabbing, fissuring, ato- 
nia, and a leathery texture occurred intermittently throughout 
the treatment period in each generation. No dose-related phar- 
macotoxicological signs were observed, and body weight gains, 
feed consumption, and survival were comparable for treated and 
control rats in each generation. During week 61, sialoadenitis 
was observed for some test and control animals; this regressed 
at week 63 but was followed by increased incidence of respira- 
tory congestion in both test and control animals. The respiratory 
congestion persisted in the F2 parents during the production of 
successive litters. 

Litter size and pup body weights were similar for test and 
control groups. Fertility, gestation, survival, and live birth in- 
dices were comparable between test and control animals for the 
F0, Fb and F2 parents. The F2 parents had markedly reduced 
fertility indices for the three separate matings, but no signifi- 
cant differences were found between the control and test group 
with respect to fertility. The researchers did not report that the 
respiratory congestion was a significant factor in the reduction 
of fertility indices. The results of a special study established 
that the decreased fertility was due to reproductive tract changes 
in both the treated and control rats. No gross or microscopic 
treatment-related lesions were observed in FIb parental rats or 
F3b weanling rats. The topical application of a semipermanent 
hair dye formulation containing 0.2% Acid Orange 3 did not 
affect the reproductive performance of rats. 

GENOTOXICITY 
The mutagenic potential of Acid Orange 3 was evaluated us- 

ing Salmonella typhimurium in a preincubation test (Zeiger et al. 
1988). Concentrations of 10 to 2000/zg/plate Acid Orange 3 
in DMSO were tested using S. o'phimurium strains TAIO0, 
TAI535, TA97, and TA98 with and without metabolic activa- 
tion. Vehicle was used as the negative control, sodium azide 
(TA 100 and TA 1535), 9-aminoacddine (TA97), and 4-nitro-o- 
phenylenediamine (TA98) were used as positive controls with- 
out metabolic activation, and 2-aminoanthracene was used as a 
positive control with metabolic activation. Acid Orange 3 was 
mutagenic. 

The mutagenic potential of Acid Orange 3 was also evalu- 
ated in a standard transformation assay (Matthews 1986) with- 
out metabolic activation using A-31-1-13 BALB/c-3T3 cells 
(Matthews, Spalding, and Tennant 1993). Acid Orange 3, listed 
as a cytotoxic, mutagenic carcinogen, was tested at concentra- 
tions of 0.0278 to 0.222 mM and 0.0445 to 0.178 mM in two in- 
dependent trials. Acid Orange 3 was active in the transformation 
assay. 

CARCINOGENICITY 

Oral 
F344/N rats, 50 per sex per group, were used to determine 

the carcinogenic potential of Acid Orange 3 (NTP 1988). The 
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groups were given 375 or 750 mg/kg Acid Orange 3 in corn 
oil by gavage 5 days per week for 103 weeks. (The doses were 
determined based on the results of the previous subchronic tox- 
icity study.) A control group was given vehicle. All animals 
were observed twice daily and the findings were recorded at 
least once monthly. Body weights were measured at study ini- 
tiation, weekly for 13 weeks, and monthly thereafter. Micro- 
scopic examination was performed on a number of tissues from 
all animals (adrenal glands, aorta, brain, cecum, colon, costo- 
chondral junction, duodenum, esophagus, eyes, femur including 
marrow, heart, ileum, jejunum, kidneys, larynx including oral 
cavity, liver, lungs and bronchi, mammary gland, mandibular and 
mesenteric lymph nodes, nasal cavity and turbinates, pancreas, 
parathyroids, pituitary gland, preputial or clitoral gland [after 
I June 1982] prostate/testes/seminal vesicles/epididymis/tunica 
vaginalis/scrotal sac or ovaries/uterus, rectum, salivary glands, 
sciatic nerve, skin, spinal cord, spleen, stomach, thigh muscle, 
thymus, thyroid gland, tissue masses, trachea, urinary bladder 
and Zymbal gland). 

Mean body weights of males of the high-dose group were 
decreased 5% to 10% and I 1% to 16% after 25 and 52 weeks, 
respectively, compared to the control group values. Mean body 
weights of females of the high-dose group were decreased 5% 
to 10% and I1% to 19% after weeks 47 and 70, respectively, 
compared to control group values. The survival of the males 
(after week 33) and the females (after week 14) of the high- 
dose group was significantly decreased compared to controls. 
By week 97, all males of the high-dose group died (6 deaths were 
accidental); 15 males of the low-dose group died uonaccidentally 
prior to study termiuation compared to 10 controls. Sixteen and 
42 females of the low- and high-dose groups, respectively, died 
nonaccidentally compared to 7 controls. 

The incidence of neoplasms was not increased for male rats 
of the high-dose group. Six transitional cell carcinomas origi- 
nating from the transitional epithelium of the renal pelvis were 
observed in female rats of the high-dose group; this was a sta- 
tistically significant increase compared to controls. A number 
of non-neoplastic renal lesions, including increased incidence 
and/or severity of nephropathy, hyperplasia of the pelvic epithe- 
lium, papillary necrosis, inflammation, and pigmentation, were 
observed for male and female animals. Mineralization, erosion 
of the epithelium, and ulcers in the glandular stomach and min- 
eralization of the aorta occurred in some dosed rats.; these le- 
sions were attributed to renal failure. Parathyroid hyperplasia 
was increased in male rats of the high-dose group. Fibrous dys- 
plasia of bones was thought to be secondary to renal disease 
and parathyroid hyperplasia. It was not clear whether chronic 
and suppurative inflammation of the colon and cecum observed 
in dosed male and female animals was a result of dosing or re- 
lated to uremia from kidney failure. Incidences of interstitial cell 
hyperplasia were increased for dosed male rats as compared to 
controls, but the incidences of interstitial cell neoplasms were 
significantly decreased compared to controls. 

The investigators concluded that under the conditions of this 
study, "there was no evidence of carcinogenic activity of C.I. 
Acid Orange 3 IAcid Orange 3[ lbr male F344/N administered 
375 mg/kg; because of a marked reduction in survival and no in- 
dication ofcarcinogenicity, the 750 mg/kg group was considered 
inadequate for assessment of carcinogenic activity. There was 
clear evidence of carcinogenic activity of C.I. Acid Orange 3 for 
female F344/N rats as shown by the occurrence of transitional 
cell carcinomas of the kidney in the 750 mg/kg group; this group 
had reduced survival and chemically related nonneoplastic le- 
sions of the kidney." 

A study using B6C3FI mice, 50 per sex per group, was per- 
formed according to the same procedures as above (NTP 1988), 
except that the gallbladder was added to the list of tissues exam- 
ined. Males were given 125 or 250 mg/kg and females were given 
250 or 500 mg/kg Acid Orange 3. Body weights were measured 
at study initiation, weekly for 12 weeks, and monthly thereafter. 

Compared to control values, mean body weights of males 
of the high-dose group were decreased 6% to 10% from week 
74 until study termination and mean body weights of males of 
the low-dose group were decreased 5% to 8% from weeks 44 
to 70, after which the decrease was 9% to 14%. Mean body 
weights for females of the high-dose group were decreased 5% 
to I I% from week 74 until study termination and mean body 
weights for females of the low-dose group were decreased 5% 
to 8% from weeks 30 to 48, alter which the decrease was 9% 
to 17%. Survival of test animals was similar to that of control 
animals. Twenty-three and 24 males of the low- and high-dose 
groups, respectively, died nonaccidentafly, as compared to 15 
controls and 27 and 26 females of the low- and high-dose groups, 
respectively, died nonaccidentally as compared to 27 controls. 

A number of dose-related non-neoplastic renal lesions, in- 
cluding increased incidence and/or severity of inflammation, 
fibrosis, nephrosis, papillary degeneration, medullary (papil- 
lary) necrosis, tubular dilatation, tubular mineralization, and 
lymphoid hyperplasia, were observed. Epithelial hyperplasia 
was observed in no control, one low-dose and three high-dose 
females, and a squamous cell carcinoma was observed in one 
low-dose female. Hemangiosarcomas were observed in six con- 
trol, one low-dose and five high-dose males. Squamous cell pa- 
pillomas of the nonglandular stomach were observed in four 
control but not low- or high-dose females. 

The investigators concluded "there was no evidence of car- 
cinogenic activity of C.I. Acid Orange 3 for male B6C3FI mice 
administered 125 or 250 mg/kg or for female B6C3FI mice 
administered 250 or 500 mg/kg. Nonneoplastic lesions of the 
kidney were observed in both dose groups of both sexes of rats 
and mice." 

Dermal 
FI~ generation Sprague-Dawley rats from the previously 

described reproduction study were used to determine the 
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carcinogenic potential of a semipermanent hair dye formulation 
(P-24) containing 0.2% Acid Orange 3 (Burnett et el. 1976; Inter- 
national Research and Development Corporation 1979). Twice 
a week, a dose of 0.5 ml of the hair dye formulation was ap- 
plied topically to a shaved 1 inch diameter area of the back 
of 120 rats, 60 per sex, for 12 months. (The initial dose was 
0.2 ml per application, which was increased by 0.1 ml per ap- 
plication increments weekly until reaching 0.5 ml per applica- 
tion.) Successive applications were made to adjacent areas to 
minimize dermal irritation. Three negative control groups of 
120 rats were shaved but not dosed. The rats were observed 
daily fur signs of toxicity and mortality; detailed observations 
were recorded weekly, Body weights were determined weekly 
for the first 14 weeks and monthly thereafter; feed consump- 
tion was determined weekly. Biochemical measures were deter- 
mined from blood and urine samples that were collected from 
five male and five female fasted rats per group at 3, 12, 18, and 
24 months. Five males and five |emales per group were killed 
after 12 months. 

No signs of toxicity were observed. Test animals had a slightly 
greater incidence of skin lesions at various locations, includ- 
ing ulceration, scabbing, abscessation, and thickening, than did 
control animals. Coloration of the hair and skin at the applica- 
tion site was observed in several treated animals but was not 
considered to be pathologically significant. Body weight gains, 
survival, hematological values, and biochemical measures were 
similar for animals of the treated and control groups. After 3, 12, 
and 24 months, the animals consistently had dark straw-colored 
urine, with three and nine animals having a dark brown urine at 
12 and 18 months, respectively. 

The incidence of enlarged and/or firm livers was slightly 
greater in the test group as compared to the controls; this was 
considered "possibly compound related?' Other lesions consid- 
ered "possibly compound related" for males and females of the 
test group include a proportionately greater number of animals 
with parathyroid gland hyperplasia, greater frequency of hep- 
atocellular hypertrophy or hyperplasia, and a considerably in- 
creased incidence of hyperkeratosis and dermatitis from a vari- 
ety of locations. Several male test animals had hyperkeratosis 
and/or acanthosis involving the gastric mucosa, which was also 
"possibly compound related." 

The incidence of hematopoiesis in the livers of test animals 
was somewhat greater than that of all controls; the significance 
of this increase was not determined. For female test animals, the 
incidence of pituitary adenomas was significantly increased as 
compared to females from two of the three control groups and the 
incidences of mammary adenocarcinoma/mammary carcinoma 
were significantly increased as compared to females in one of the 
three control groups; however, these differences were not con- 
sidered biologically significant. Actuarial (life table) analyses 
did not indicate significant variations in indices of tumor bear- 
ing in the test animals as compared to the control groups by sex. 

A 23-month skin painting study was performed using groups 
of 50 male and 50 female Eppley Swiss Webster mice to deter- 

mine the carcinogenic potential of a semipermanent hair dye for- 
mulation (P-24) containing 0.2% Acid Orange 3 (Bumett et al. 
1980). A 0.05-ml sample of the test solution was applied undi- 
luted to a I-cm 2 area of clipped skin of the interscapular region. 
A group of negative controls was shaved but not dosed. Ob- 
servations were made daily and body weights were determined 
monthly. After 9 months, 10 male and 10 female animals from 
each group were necropsied, with liver and kidney weights be- 
ing determined. Gross and microscopic examinations were made 
for all animals found dead, killed due to moribund condition, or 
killed at study termination. 

After 9 months, relative and absolute liver and kidney weights 
were not significantly different from control values. No com- 
pound-induced neoplasms were observed. A semipermanent hair 
dye formulation containing 0.2% Acid Orange 3 applied der- 
really for 23 months did not have a carcinogenic effect. 

CLINICAL ASSESSMENT OF SAFETY 

Dermal Irritation/Sensitization 
Published data on the clinical dermal irritation and/or sensi- 

tization potential of Acid Orange 3 were not found. 

Epidemiology 
Between 35% and 45% of American women dye their hair, 

often at monthly intervals, over a period of years (CTFA 1993). 
This estimate is drawn from market research data on hair dye 
product use, generally from females aged 15 to 60. 

A number of epidemiological studies have investigated the 
association between cancer and occupation as a hairdresser or 
barber, or between cancer and personal use of hair dyes. The 
World Health Organization International Agency for Research 
on Cancer (IARC) empaneled a Working Group on the Evalu- 
ation of Carcinogenic Risks to Humans to review all available 
data on these issues. The Working Group met October 6 to i3, 
1992, in Lyon, France (IARC 1993). The charge to the IARC 
Working Group was to ascertain that all appropriate data had 
been collected and were being reviewed, to evaluate the results 
of the epidemiological and experimental studies and prepare ac- 
curate summaries of the data, and to make an overall evaluation 
of the carcinogenicity of the exposure to humans. 

The IARC Working Group concluded that: "There is inade- 
quate evidence that personal use of hair colourants entails ex- 
posures that are carcinogenic." Hence: "'Personal use of hair 
colourants cannot be evaluated as to its carcinogenicity (Group 
3)?' The IARC Working Group also concluded that: "There is 
limited evidence that occupation as a hairdresser or barber en- 
tails exposures that are carcinogenic"' Hence: "Occupation as a 
hairdresser or barber eotai is exposures that are probably carcino- 
genic (Group 2A)" (IARC 1993). The Expert Panel concludes 
that the relevance of the occupational data and conclusion to 
individuals using hair dyes is unclear. 
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SUMMARY 
Acid Orange 3 is a nitro color that functions as a hair col- 

orant in four hair dyes and colors. The hair dyes containing 
Acid Orange 3, as coal tar hair dye products, are exempt from 
the principal adulteration provision and from the color additive 
provisions in sections 601 and 706 of the Federal Food, Drug, 
and Cosmetic Act of 1938 when the label bears a caution state- 
ment and patch test instructions for determining whether the 
product causes skin irritation. The following caution statement 
should be displayed conspicuously on the labels of coal tar hair 
dyes: 

Caution--This  product contains ingredients that may cause skin 
irritation on certain individuals, and a preliminary tesl according to 
acco~lapanylng directions should be made. Th~s product must not be 
used for dyeing eyelashes or eyebrows: to do so may cause blindness. 

In oral toxicity studies, adverse effects were not observed in 
rats dosed with < 1500 mg/kg or mice dosed with < 1000 mg/kg 
Acid Orange 3 for 14 days, lesions of lhe kidneys were ob- 
served in rats dosed with 1500 mg/kg and in mice dosed with 
1000 or 2000 mg/kg for 13 weeks, and adverse effects were 
not observed in dogs fed <97.5 mg/kg/day of a hair coloring 
product containing 0.24% Acid Orange 3. In a dermal study, ad- 
verse effects were not observed for rabbits dosed twice weekly 
for 13 weeks with a hair dye formulation containing 0.2% Acid 
Orange 3. 

Teratogenic or embryotoxic effects were not observed in a 
dermal study in which gravid rats received applications ofu hair 
dye formulation containing 0.2% Acid Orange 3 every third day 
of gestation, and reproductive effects were not observed in a 
muhigeneration study in which rats received topical applications 
of a hair dye formulation containing 0.2% Acid Orange 3. In oral 
studies, teratogenic or reproductive effects were not observed 
for rabbits or rats dosed with a hair dye formulation containing 
0.24% Acid Orange 3. 

Acid Orange 3, tested at concentrations of <2000 ,ug/plate, 
was mutagenic to S. typhimurium in u preincubation test and 
it was active in a transformation assay without metabolic acti- 
vation using BALB/c-3T3 cells when tested at concentrations 
_<0.222 raM. 

In a dermal carcinogenicity study in which rats received twice 
weekly applications of a hair dye formulation containing 0.2% 
Acid Orange 3, "possibly compound related effects" included 
enlarged and/or firm livers and an increase in parathyroid gland 
hyperplasia, hepatocellular hypertrophy or hyperplasia, hyper- 
keratosis and dermatitis, and hyperkeratosis and/or acanthosis 
involving the gastric mucosa. A carcinogenic effect was not ob- 
served for mice used in a 23-month skin painting study of a hair 
dye formulation containing 0.2% Acid Orange 3. In oral carcino- 
genicity studies in which rats were dosed with <750 mg/kg and 
mice were dosed with <500 mg/kg Acid Orange 3, 5 days/week 
for 103 weeks, clear evidence of carcinogenic activity was ob- 
served for female rats as evidenced by transitional cell carcino- 
mas of the kidney, but no evidence of carcinogenicity was ob- 
served for male rats, male mice, or female mice; non-neoplastic 

lesions of the kidney were observed for male and female rats 
and mice. 

DISCUSSION 
Acid Orange 3 has mutagenic potential, but a carcinogenic 

effect was not seen in studies in which rats and mice received 
dermal applications of a hair dye formulation containing 0.2% 
Acid Orange 3. Also, a hair dye formulation containing 0.2% 
Acid Orange 3 was not a reproductive toxin upon dermal or oral 
administration to rats and rabbits. Because it is not known at what 
concentrations cosmetic companies are using this ingredient, 
a maximum allowable concentration of 0.2% was determined 
from these test data. 

The Expert Panel recognizes that irritation and sensitization 
data on Acid Orange 3 are absent from this report. However, the 
hair dyes containing Acid Orange 3, as coal tar hair dye products, 
are exempt from the principal adulteration provision and from 
the color additive provisions in sections 601 and 706 of the Fed- 
eral Food, Drug, and Cosmetic Act of 1938 when the label bears 
a caution statement and patch test instructions for determining 
whether the product causes skin irritation, The Expert Panel 
expects that following this procedure will identify prospective 
individuals who would have an irritation/sensitization reaction 
and allow them to avoid significant exposures. 

CONCLUSION 
On the basis of the animal and clinical data included in this 

report, the CIR Expert Panel concludes ~hat Acid Orange 3 is 
safe for use in hair dye formulations at concentrations <0.2%. 
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Final Report on the Safety Assessment of 
PPG-12-Buteth-16, PPG-9-Buteth-12, PPG-26-Buteth-26, 
and PPG-28-Buteth-351 

Currently, PPG-12-Buteth-16, PPG-9-Buteth-12, PPG-26° 
Buteth-26, and PPG-28-Buteth-35 are reported to be used in cos- 
metic formulations. PPG is the acronym used by the cosmetics in- 
dustry for polypropylene glycol. Very little acute toxicity was seen in 
rats, mice, and rabbits with oral exposure to various PPG Buteths. 
Hepatic and renal lesions were observed in subchronic oral toxic- 
ity studies of  PPG-24-Buteth-27 and PPG-33-Buteth-45 in rats. In 
a chronic feeding study involving rats and one involving dogs, no 
significantly different incidence of  neoplasms or other lesions were 
seen with PPG-7-Buteth-10 and PPG-33-Buteth-45. Acute, short- 
term, and subchronic inhalation studies with various PPG Buteths 
were negative. Some deaths were seen in acute dermal toxicity stud- 
ies in rabbits using various PPG Buteths, but even the surviving 
animals exhibited erythema, edema, ecchymosis, and desquama- 
tion. Although PPG-24-Buteth-27 produced mild ocular toxicity, 
mixed results were seen with PPG-26-Buteth-26, and no irritation 
with several other PPG Buteths. PPG Buteths produce skin irrita- 
tion in animal tests. In two lifetime skin painting studies in mice, 
PPG-7-Buteth-10 and PPG-33-Buteth-45 did not induce papillo- 
mas or carcinomas. Some evidence was found that PPG-24-Buteth- 
27 could act as a tumor promotor, but only at high concentrations. 
Clinical testing of PPG-26-Buteth-26 produced no skin irritation 
or sensitization. Because PPG Buteths are butanol-initiated ran- 
dom linear copolymers, there is a concern that a reproductive and 
developmental toxin, n-butyl alcohol, could he present. Data were 
provided showing the absence of n-butyl alcohol in PPG-26-Buteth- 
26 from which it may be inferred that this compound is not fimnd in 
other PPG Buteths. Although the available data on skin irritation 
and sensitization of  PPG-26-Buteth-26 were considered applicable 
to the larger molecular weight PPG-28-Buteth-35, these data were 
not considered applicable to PPG Buteths with molecular weights 
lower than that of  PPG-26- Buteth-26. Experience suggested to the 
CIR Expert Panel that lower molecular weight members of  a chem- 
ical family can be absorbed through the skin differently compared 
to higher molecular weight compounds. Absent any data on the 
dermal absorption of  a low-molecular-weight PPG Buteth, or ac- 
tual data on skin irritation and sensitization, it was concluded that 
the available data are insufficient to support the safety of PPG- 
9-Buteth-12 or PPG-12-Buteth-16 in cosmetic products. Based on 
the available data, PPG-26-Buteth-26 and PPG-28-Buteth-35 are 
considered safe as used in cosmetic products. 

Received 3 Febmary 2000; accepted 3 May 2000. 
i Reviewed by the Cosmetic Ingredient Review Expert Panel. Wilbur 

Johnson, Jr., Senior Scientific Analyst and Writer, prepared this report. 
Address correspondence to him at Cosmetic Ingredient Review, 1101 
17th Street, NW, Suite 310, Washington, DC 20036, USA. 

INTRODUCTION 
This report assesses the safety of the use of PPG-12-Buteth- 

16, PPG-9-Buteth- 12, PPG-26-Buteth-26, and PPG-28-Buteth- 
35 in cosmetic formulations. These PPG (polypropylene) 
Buteths are polyoxypropylene, polyoxyethylene ethers of butyl 
alcohol that conform to the formula shown in Figure I. Other 
PPG Buteths are listed in the International Cosmetic Ingredient 
Dictionary (Wenninger, Canterbery, and McEwen 2000), but 
they are currently not reported to the Food and Drag Adminis- 
tration (FDA) as being used (FDA 1997), and are not included 
in this safety assessment. Because the PPG Buteths have the 
same basic chemical structure, however, data on other chemi- 
cals in this family are included in this report as they may con- 
tribute to the safety assessment of the currently used PPG Buteth 
cosmetic ingredients. The additional data are on the following 
chemicals (again, none of these are currently being used in cos- 
metic products): PPG-7-Buteth-10, PPG-20-Buteth-30, PPG- 
24-Buteth-27, and PPG-33-Buteth-45. 

CHEMISTRY 

C hemi ca l  and Physical  Properties  

PPG Buteths (CAS Numbers 9038-95-3 and 9065-63-8) con- 
form to the formula shown in Figure 1 where average values for 
x range from 2 to 38 and average values for y range from 2 to 45; 
e.g., PPG-12-Buteth-16 has average x and y values of 12 and 
16, respectively (Wenninger, Canterbery, and McEwen 2000). 

Other names for PPG Buteths include: Polyoxyethylene (y) 
Polyoxypropylene (x) Monobutyl Ether and Polyoxypropylene 
(x) Polyoxyethylene (y) Monobutyl Ether. For example, PPG- 
12-Buteth-16 is also known as Polyoxyethylene (16) Polyoxy- 
propylene (12) Monobutyl Ether and Polyoxypropylene (12) 
Polyoxyethylene (16) Monobutyl Ether (Wenninger, Canterbery, 
and McEwen 2000). 

According to the CTFA (Cosmetic, Toiletry and Fragrance 
Association) cosmetic ingredient description, PPG-12-Buteth- 
16 is a clear, colorless slightly viscous liquid with the following 
properties: no apparent odor; soluble in water or ethanol; spe- 
cific gravity of 1.050 to 1.054 (at 20°/20°C); refractive index 
of 1.450 to 1.462 (at 25°C); pH of 5.5 to 8.5 (10% aqueous 
solution); viscosity (Saybolt) of 630 to 690 cps at 100°F; and 
with a close match to a standard infrared (1R) spectrum with no 
indication of foreign materials (Nikitakis and McEwen 1990). 

International Journal of Toxicology. 19(Suppl. I):47-67. 2000 
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C4Hg(OCHCH2)x(OCH2CH2)yOH 
I 
OH3 

ous; and surfactant---emulsifying agent. PPG-12-Buteth-16 is 
ulso used as a solvent for cosmetic products (Wenninger, 
Canterbery, and McEwen 2000). 

FIGURE 1 
Chemical formula for PPG Buteths where average values for 

x range from 2 to 38 and for y range from 2 to 45: e.g., 
PPG-12-Buteth-16 has average x and y values of 12 and 16, 
respectively (Weuninger, Canterbery, and McEwen 2000). 

Additional chemical and physical properties of PPG- 12-Buteth- 
16, PPG-7-Buteth-10, PPG-9-Buteth-12, PPG-20-Buteth-30. 
PPG-28-Buteth-35, and PPG-33-Buteth-45 are summarized in 
Table I. Chemical specifications provided by ingredient suppli- 
ers for PPG- 12-Buteth- 16, PPG-9-Buteth-12, PPG-20-Buteth- 
30, PPG-28-Buteth-35, and PPG-33-Buteth-45 are summarized 
in Table 2. 

Methods of Production 
PPG- 12-Buteth- 16 and other ethylene oxide/propylene oxide 

polymers of this series, which includes the other PPG Buteths 
reviewed in this report, are butanol-initiated, random linear co- 
polymers that are produced from equal amounts (by weight) 
of ethylene and propylene oxide (Klonne et al. 1987; Hoffman 
et ah 1991). PPG-12-Buteth- 16 is prepared by etherification of 
a 50:50 copolymer of ethylene and propylene oxides (Nikitakis 
and McEwen 1990). 

Impurities 
PPG- 12-Buteth- 16 contains ash (0.01% maximum) and mois- 

ture (0.3% maximum) (Nikitakis and McEwen 1990). Two 
batches of PPG-26-Buteth-26 and two batches of a trade name 
mixture containing PPG-26-Buteth-26 (Solubilisant LRI) were 
assayed for the percentage of residual n-butyl alcohol using head 
space with gas chromatography (detection limit = I ppm) and 
solid phase micro extraction (SPME) with gas chromatogra- 
phy (GC) (detection limit = I ppb) techniques. For each sample 
tested, there was no signal indicating the presence of n-butyl al- 
cohol. Solubilisant LRI was also assayed lbr dioxane and ethy- 
lene oxide content using the SPME with GC technique. Dioxane 
content was below 5 ppm and ethylene oxide content was below 
1 ppm (Les Colorants Wackherr 1996). The concentration of 
residual ethylene oxide and propylene oxide in PPG-33-Buteth- 
45 is less than 1 ppm (Union Carbide Corporation 1987). 

USE 

Purpose in Cosmetics 
PPG-12-Buteth-16, PPG-9-Buteth-12, PPG-26-Buteth-26, 

and PPG-28-Buteth-35 have the following uses in cosmetics: 
hair conditioning agent; skin conditioning agent--miscellane- 

Scope and Extent of Use in Cosmetics 
United States 

The product formulation data submitted to the FDA in 1997 
indicated that the following PPG Buteths were used in cosmetics 
at the following use frequencies: PPG- 12-Buteth- 16 (53 prod- 
ucts); PPG-9-Buteth-12 (2 products); PPG-26-Buteth-26 (13 
products); and PPG-28-Buteth-35 (10 products) (FDA 1997). 

The types of cosmetic products in which PPG- 12-Buteth- 16 
is used are shown in Table 3. Similar information on the other 
PPG Butetfis is included in Table 4. 

Concentration of use values are no longer reported to FDA by 
the cosmetics industry (FDA 1992a). However, product formula- 
tion data submitted to FDA in 1984 indicated that PPG Buteths 
were used at the following concentrations: PPG-12-Buteth-16 
(0.1-25%); PPG-9-Buteth- 12 (0.1-I %); and PPG-28-Buteth-35 
(0.1-1%). PPG-26-Buteth-26 was not reported as being used in 
cosmetics in 1984 (FDA 1984). More recent data submitted to 
The Cosmetic, Toiletry, and Fragrance Association, Inc. (CTFA) 
in 1995 indicated the following maximum use concentrations 
for PPG- 12-Buteth- 16: 22% (hair dressings); 2% (self-tanners); 
1% (hair styling lotions); and 0.1% to 1% (astringents). PPG- 
28-Buteth-35 was used at concentrations up to 1% in shampoos 
(CTFA 1995). 

Cosmetic products containing PPG-12-Butetfi-16, PPG-9- 
Buteth-12, and PPG-26-Buteth-26 are applied to the skin, hair, 
and nails and could come in contact with the eyes, nasal mucosa, 
and other parts of the body. Products containing PPG-28-Buteth- 
35 are applied only to the hair, and could come in contact with 
facial skin, the eyes, and nasal mucosa. 

Products containing the PPG Buteths could be used on a daily 
basis and potentially can be applied many times over a period 
of several years. 

hlternational 
The PPG Buteths are not included in the list of substances that 

are prohibited from use in cosmetic products that are marketed 
in the European Union (European Economic Community 1995). 

The following PPG Buteths are included in the Japanese 
Comprehensive Licensing Standards of Cosmetics by Category 
(CLS) (Rempe and Sautucci 1997): PPG-2-Buteth-2, PPG-4- 
Buteth-4, PPG-5-Buteth-5, PPG-7-Butetfi-10, PPG-10-Buteth- 
9, PPG-12-Buteth-12, PPG-15-Butetfi-20, PPG-17-Buteth-17, 
PPG-28-Buteth-35, PPG-30-Buteth-30, PPG-33-Butetfi-45, 
PPG-36-Buteth-36, and PPG-38-Buteth-37. All of these ingredi- 
ents conform to the specifications of the Japanese Cosmetic bz- 
gredients Codex, and have precedent for use without restriction 
in all CLS categories except eyeliner, lip, and oral preparations. 
for which there is no precedent for use. 
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T A B L E  1 
Properties of  PPG Buteths (Union Carbide Chemicals and Plastics Company, Inc. 1992a, b, c, d, e, f) 

Ingredients 

Properties PPG-12-Buteth-16 PPG-7-Buteth- 10 PPG-9-Buteth-12 PPG-20-Buteth-30 PPG-28-Buteth-35 PPG-33-Buteth-45 

Physical State Liquid Liquid Liquid Liquid Liquid Liquid 
Appearance Transparent, colorless Transparent, colorless Transparent, colorless Transparent, colorless Transparent, colorless Transparent, colorless 

to pale yellow to white to pale yellow 
Odor Characteristic Characteristic Mild Characteristic Characteristic Characteristic 
Molecular weight 1700 970 1230 2660 3380 3930 
Specific gravity 1.051 at 20°/20°C 1.033 at 20°/20°C 1.041 at 20°/20°C 1.056 at 20°/20°C 1.056 at 20°/20°C 1.013 at 20°/20°C 
Freezing point Pour point, -34.4°C Pour point, 40°C Pour point, -41  °C Pour point, -31.7°C Pour point, -28.9°C Pour point, - 5 1 .  I°C 
Boiling point Decomposes at >200°C Decomposes at >200°C Decomposes at >291°C Decomposes at >200°C Decomposes at >200°C Decomposes at 200°C 

(at 760 mm Hg) 
Flash point 202°C, closed cup 350°C, closed cup 204°C, closed cup 177°C, closed cup 182°C, closed cup 141°C, closed cup 

229°C, open cup 238°C, open cup 249°C, open cup 249°C, open cup 243°C, open cup 196°C, open cup 
Vapor pressure <0.01 mm Hg <0.01 mm Hg <0.01 mm Hg <0.01 mm Hg <0.01 mm Hg <0.01 mm Hg 

(at 20°C) 
Vapor density 
Evaporation rate 
Solubility in water 

by weight 

> l  >1 42.41 >1 >1 >1 
Nil Nil <0.01 Nil Nil Nil 
100% 100% 100% at 20°C 100% 100% 100% 

4~ 
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TABLE 2 
Specifications for PPG Buteths (Union Carbide Corporation 1994; Amerchol Corporation 1994a, b, c, d) 

Ingredients 

Property PPG-12-Buteth-16 PPG-9-Buteth-12 PPG-20-Buteth-30 PPG-28-Buteth-35 PPG-33-Buteth-45 

Color - -  100 platinum, max 200 platinum, max 200 platinum, max 200platinum, max 
Odor - -  Characteristic Low, characteristic Characteristic Low, characteristic 
Form . . . .  Viscous, clear liquid 
Clarity Free of haze or Free from haze or Free from turbidity Free from haze or Free from haze or 

turbidity turbidity turbidity turbidity 
Dilution test Clear Clear Clear Passes Clear 
Viscosity 630-690 cps 380-420 cps 1900-2100 cps 3370-3670 cps 4850-5350 cps 

(at 100°F) 
pH (10% aqueous 5.5-7.5 . . . .  

solution at 25°C) 
Moisture - -  0.3% max 0.3% max 0.3% max 0.3% max 
Water 0.13% by weight, - -  - -  - -  

max 
Particulates Substantially free Substantially free Substantially free Substantially free Substantially free 

Noncosmetic Use 
In general, PPG Buteths have had the following uses: com- 

ponents of adhesives; defoaming agents in paper manufacture, 
animal glue, and beet sugar; as components of paperboard for 
packaging dry food; rubber lubrication; heat transfer fluids; and 
specialty solvents (Smyth et ul. 1970). 

According to the Code of Federal Regulations (CFR), the 
following food uses of PPG-33-Buteth-45 have been approved 

TABLE 3 
Product formulation data on PPG-12-Buteth-16 (FDA 1997) 

Total no. of Total no. 
formulations containing 

Product category in category ingredient 

Baby shampoos 19 1 
Bubble baths 186 8 
Other bath preparations 141 14 
Other eye makeup preparations 116 1 
Hair conditioners 596 4 
Shampoos (noncoloring) 825 6 
Tonics, dressings, and 512 7 

other hair grooming aids 
Wave sets 55 1 
Nail creams and lotions 17 1 
Bath soaps and detergents 341 4 
Other personal cleanliness 262 1 

products 
Foot powders and sprays 32 1 
Other skin care preparations 683 I 
Indoor tanning preparations 50 3 
1997 totals 53 

by FDA: additive to steam boilers used to generate steam thai 
will contact food (21 CFR 173.310); component of defoaming 
agents used in the processing of beet sugar (21 CFR 173.340); 
component of adhesives used in articles intended for packaging, 
transporting, or holding food (21 CFR 175.105); component o! 
defoaming agents used in the preparation and application of coat- 
ings for paper and paperboard (21 CFR 176.200); component ol 
defoaming agents used in the manufacture of paper and paper- 
board (21 CFR 176.210); and component of lubricants for use 
on machinery used for producing, manufacturing, packing, pro- 
cessing, preparing, treating, packaging, transporting, or holding 
food (limitation of 10 ppm in food) (21 CFR 178.3570). 

Poly(oxyethylene/oxypropylene)monobutylether (PPG-12- 
Buteth-16 is Polyoxyethylene [16] Polyoxypropylene [12] 
Monobutyl Ether) has been approved for use us an optional 
adjuvant substance in the processing and finishing of poly(p- 
phenyleneterephthalamide) resins that are intended to produce 
articles for repeated use in the processing and handling of food 
(FDA 1992). 

PPG-12-Buteth- 16 and PPG-20-Buteth-30 have been used tc 
coat the walls of polar glass capillary columns used by analytical 
chemists (Higgins 1981). 

BIOLOGICAL PROPERTIES 

Metabolism and Excretion 
PPG-7-Buteth-IO 

Rats (number, weights, and strain not stated) were dosed 
orally with 14C-PPG-7-Buteth-10 (67 mg/kg). Three samples 
of this chemical were radiolabeled at the butoxy, ethylene ox- 
ide, and propylene oxide groups, respectively. Radioactivity was 
not detected in the carcass of any animal at day 7 postdosing. 
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TABLE 4 
Product formulation data on PPG Buteths (FDA 1997) 

Total no. of Total no. 
formulations containing 

Product category in category ingredient 

PPG-9-Buteth-12 
Other bath preparations 141 2 
1997 totals 2 

PPG-26-Buteth-26 
Deodorants (underarm) 241 I 
Other personal cleanliness 262 2 

products 
Other shaving preparation 60 I 

products 
Cleansing skin care 630 3 

preparations 
Body and hand 776 I 

(Excluding shaving) 
skin care preparations 

Moisturizing skin care 743 I 
preparations 

Skin fresheners 18 t 4 
1997 totals 13 

PPG-28-Buteth-35 
Rinses (noncoloring) 42 3 
Shampoos (noncoloring) 825 4 
Bath soaps and detergents 341 I 
Deodorants (underarm) 241 I 
Cleansing skin care 630 1 

preparations 
1997 totals 10 

The urine and feces accounted for 46.4% and 26.7% of the total 
radioactivity detected within 7 days after dosing; radioactivity 
(12.5% of total) was also detected in expired carbon dioxide. 
The greater part of expired radioactivity originated in the ter- 
minal butoxy groups and half as much originated in the propy- 
lene oxide groups distributed at random in the chain; almost no 
radioactivity was detected in the ethylene oxide groups in the 
chain. Also, the proportions of radioactivity in the three sam- 
ples that appeared in the feces differed. Most radioactivity was 
from the 14C-ethylene oxide and least was from the L4C-butanoh 
The investigators noted that these proportions are the reverse of 
what was observed in expired carbon dioxide and that these 
differences could have occurred only if cleavage of 14C-PPG- 
7-Buteth-10 had occurred at the ether linkages (Smyth et al. 
1970). 

PPG-33-Buteth-45 
Following the oral administration of ~4C-PPG-33-Buteth-45 

(~4C was only at the ethylene oxide groups) according to the 
same procedures of the preceding experiment, the urine and 

feces accounted for 5.3% and 89.0% of the total radioactivity 
detected within 7 days after dosing. No radioactivity was found 
in expired carbon dioxide (Smyth et ah 1970). 

TOXICOLOGY 

Acute Oral Toxicity 
Studies on the acute oral toxicity of PPG Buteths are sum- 

marized in Table 5. The results show a range of LDs0 values. 

PPG- 12-Buteth- 16, PPG-20-Buteth-30, and PPG-3 3-Buteth-45 
The acute oral toxicity of PPG- 12-Buteth- 16, PPG-20-Buteth- 

30, and PPG-33-Buteth-45 in rats (number, strain, and weights 
not stated) was evaluated by administering undiluted test sub- 
stance to fasted rats by gavage. The mean acute oral LDs0 values 
were as follows: 18.3 g/kg ( 15 to 22.4 g/kg) for PPG- 12-Buteth- 
16, 20.6 g/kg (16.7 to 25.5 g/kg) for PPG-20-Buteth-30, and 
48.7 g/kg (42.3 to 55.9 g/kg) for PPG-33-Buteth-45 (Union Car- 
bide Corporation 1952). 

PPG-7-Buteth-IO and PPG-33-Buteth-45 
The acute oral toxicity of undiluted PPG-7-Buteth-10 and 

PPG-33-Buteth-45 was evaluated using male and female albino 
rats (number not stated). The test substances were administered 
by oral intubation. The two weight ranges for male rats were 90 
to 120 g and 120 to 170 g and the two weight ranges for female 
rats were 90 to 120 g and 300 to 400 g. The mean oral LDs0 
values for PPG-7-Buteth-10 in rats were as follows: 7.07 ml/kg 
(males, weights = 90-120 g), 5.95 mi/kg (males, weights = 
120-170 g), 8.57 ml/kg (females, weights = 90-120 g), and 
4.49 ml/kg (females, weights = 300-400 g) (Smyth et ah 1970). 

For PPG-33-Buteth-45, the mean oral LDs0 in rats was 
45.2 ml/kg (females, weights = 300~00 g). No deaths occurred 
in males and females weighing 90 to 120 g; males in the 120 
to 170 g weight range were not dosed with PPG-33-Buteth-45 
(Smyth et al. 1970). 

PPG-24-Buteth-27 
The acute oral toxicity of undiluted PPG-24-Buteth-27 was 

evaluated using Sprague-Dawley albino rats (five males, five 
females; weights between 200 and 300 g). The test substance 
was melted and then administered to each animal, by gastric 
intubation, at a dose of 16.0 ml/kg. None of the animals died. 
The only sign of toxicity was diarrhea at day 1, followed by 
recovery at day 2. With the exception of enlarged uterine horns in 
one female, gross lesions were not observed at necropsy (Bushy 
Run Research Center 1986). 

PPG-26-Buteth-26 
The acute oral toxicity of undiluted PPG-26-Buteth-26 was 

evalauted using ten hooded Long Evans rats (five males, five fe- 
males; weights = 200-300 g). The test substance was warmed 
and then administered via oral intubation to each animal. 
Necropsy was performed on each rat at the time of death or 
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TABLE 5 
Acute oral toxicity of PPG Buteths 

Test substance Animals tested Procedure Results References 

PPG- 12-Buteth- 16 
PPG-7-Buleth- I 0 

PPG-7-Buteth-10 

PPG-7-Buteth- 10 

PPG-7-Buteth- 10 

PPG-7 -Buteth- l0 

PPG-7-Buteth- 10 

PPG-20-Buteth-30 
PPG-24-Buteth-27 

PPG-26-Buteth-26 

Rats (number not stated) 
Male albino rats 

(weights = 90-120 g) 
Male albino rats 

(weights = 120-170 g) 
Female albino rats 

(weights = 90-120 g) 
Female albino rats 

(weights = 300400 g) 
Female mice 

(weights = 23-36 g) 
Rabbits 

(weights = 2200-2900 g) 
Rats (number not stated) 
Sprague-Dawley albino rats 

(5 males, 5 females) 
(weights = 200-300 g) 

10 Long Evans hooded rats 
(5 males, 5 females) 
(weights = 200-300 g) 

Single dose by gavage 
Single dose by 

oral intubation 
Single dose by 

oral intubafion 
Single dose by 

oral intubation 
Single dose by 

oral intubation 
Single dose by 

oral intubation 
Single oral dose 

Single dose by garage 
Single dose (16 ml/kg) 

by gastric intubation 

Oral LDso = 18.3 g/kg Klonne et ah 1987 
Oral LDs0 = 7.07 ml/kg Smythet al. 1970 

Oral LDs0 = 5.95 ml/kg Smyth et ah 1970 

Oral LDs/) = 8.57 ml/kg Smyth et al. 1970 

Oral LDs0 = 4.49 ml/kg Smyth et ah 1970 

Oral LDso = 7.46 ml/kg Smyth et al. 1970 

Oral LDs0 = 1.77 ml/kg Smyth et al. 1970 

Oral LDs0 = 20.6 g/kg 
No deaths 

Single dose (4.72 ml/kg) No deaths 

KIonne et al. 1987 
Bushy Run Research 

Center 1986 

Solubilizing system Sprague-Dawley CFY rats 
containing PPG- (5 males, 5 females) 
26-Buteth-26 (weights = 120-147 g) 

PPG-33-Buteth-45 Female albino rats Single dose by 
(weights = 300~100 g) oral intubation 

PPG-33-13uteth-45 Albino rats Single dose by 
(males and females) oral intubation 
(weights = 90-120 g) 

PPG-33-Buteth-45 Female mice Single dose by 
(weights = 23-36 g) oral intubation 

PPG-33-Buteth-45 10 female Swiss albino mice Single oral dose 
(weights = 26-33 g) 

PPG-33-Buteth-45 Rabbits Single oral dose 
(weights = 2200-2900 g) 

PPG-33-Buteth-45 8 male New Zealand Single oral dose 
albino rabbits 
(weights = 2308-2848 g) 

Stillmeadow, Inc. 1977 

Single dose (4.81 ml/kg) Two deaths Safepharm Laboratories, 
Ltd. 1987a 

Oral LDso = 45.2 ml/kg Smyth et al. 1970 

No deaths Smyth et al. 1970 

LDs0 = 49.4 ml/kg 

LDs0 = 49.4 ml/kg 

LDso = 15.8 ml/kg 

LDs0 = 15.8 ml/kg 

Smyth et ah 1970 

Union Carbide 
Corporation 1964 

Smyth et al. 1970 

Union Carbide 
Corporation 1964 

at the end of the study. The LDs0 was not achieved at a dose of 
5.01 g/kg (4.72 ml/kg), and PPG-26-Buteth-26 was considered 
nontoxic. No lesions were observed at necropsy (Stillmeadow 
Inc. 1977). 

The acute oral toxicity of a solubilizing system containing 
PPG-26-Buteth-26 (as supplied) was evaluated using five male 
and five female Sprague-Dawley CFY rats. The concentration 
of PPG-26-Buteth-26 in this system was not stated. The weight 
ranges for the animals tested were 120 to 147 g (males) and 121 
to 128 g (females). Each rat received a single dose (5000 mg/kg; 

dose volume = 4.81 ml/kg) of the test substance by gavage. 
The animals were observed at I and 4 hours posrdosing and then 
once daily for 14 days. Necropsy was performed on each animal. 
Two rats died during the study; one female rat died on day I, 
and another female on day 2. The following signs were noted 
up to day 1 postdosing: hunched posture, piloerection, lethargy, 
and decreased respiratory rate. Surviving animals appeared nor- 
mal from day 2 postdosing to the end of the study. The following 
necropsy findings lbr the two rats that died were reported: abnor- 
mally red lungs, congestion of the small intestines, and patchy 
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pallor of the liver. Except for one female with an ulcerated area 
on the nonglandular region of the stomach, no abnormalities 
were noted at necropsy of surviving animals killed at the end of 
the study. It was concluded that the acute oral median lethal dose 
(LDs0) was greater than 5000 mg/kg body weight (Safepharm 
Laboratories Ltd+ 1987a). 

PPG- 7-Buteth- l O and PPG-33-BuIeth-45 

The acute oral toxicity of PPG-7-Buteth-10 and PPG-33- 
Buteth-45 was evaluated using female mice (number and strain 
not stated; weights ---- 23-36 g); each test substance was admin- 
istered by oral intubation. The mean acute oral LDs0 values for 
PPG-7-Buteth-10 and PPG-33-Buteth-45 were 7.46 ml/kg and 
49.4 ml/kg, respectively (Smyth et al. 1970). 

In another study, the acute oral toxicity of PPG-33-Buteth- 
45 was evaluated using 10 fasted, female Swiss albino mice 
(weights = 26-33 g). The mean acute oral LDs0 for PPG-33- 
Buteth-45 was 49.4 ml/kg (range = 39.9-61.0 ml/kg) (Union 
Carbide Corporation 1964). 

PPG- 7-Buteth- I0 and PPG-3 3-Buteth-45 
In rabbits (number and strain not stated; weights = 2200- 

2900 g), the mean oral LDso values for PPG-7-Buteth-10 and 
PPG-33-Buteth-45 were 1.77 ml/kg and 15.8 ml/kg, respectively 
(Smyth et al. 1970). 

In another study, the acute oral toxicity of PPG-33-Buteth- 
45 was evaluated using eight fasted, male New Zealand albino 
rabbits (weights = 2308-2848 g). The mean acute oral LD~0 for 
PPG-33-Buteth-45 was 15.8 ml/kg (range = 11.6-21.3 ml/kg) 
(Union Carbide Corporation 1964). 

Subchronic Oral Toxicity 
PPG-24-Buteth-27 

The subchronic oral toxicity of PPG-24-Buteth-27 was eval- 
uated using groups of male and female CF-E albino rats (10 
males, 10 females/group). Four groups of rats were fed PPG- 
24-Buteth-27 at concentrations of 0.01%, 0.05%, 0.25%, and 
1.25%, respectively, for 3 months. Negative-control rats were 
fed laboratory chow only. Only two rats (males) died during 
the study. One of the two died after consuming 1.25% PPG-24- 
Buteth-27 in the diet for 51 days; at necropsy, acute pneumonia 
was the primary cause of death. The other male rat, from the 
same group, was killed moribund on the 52nd day. 

Bilateral hydronephrosis with markedly dilated ureters and 
urinary bladder were noted. Compared to controls, group mean 
values for kidney weight (as percent of body weight) were sig- 
nificantly lower in males fed PPG-24-Buteth-27 at dietary con- 
centrations of 0.01 (p = value between .05 and .01) and 1.25% 
(p < .0001), respectively. Kidney weights of rats of 0.05% and 
0.25% treatment groups were not significantly different from 
controls; however, the values reported were lower. No signif- 
icant differences were found in kidney weight (as percent of 
body weight) between controls and females from any of the 
treatment groups. The mean value for liver weight (as percent 

of body weight) in females was significantly different from con- 
trols only in the group that was fed 1.25% PPG-24-Buteth-27 in 
the diet. No significant differences were found in liver weight (as 
percent of body weight) between controls and males from any 
of the treatment groups. Microscopic changes in kidneys from 
rats of the 0.05%, 0.25%, or 1.25% PPG-24-Buteth-27 treatment 
groups included focal tubular necrosis and cloudy swelling of 
the proximal convoluted tubules. Microscopic changes in livers 
from rats in 0.05%, 0.25%, or 1.25% treatment groups included 
focal hepatic cell necrosis, and diffuse parenchymatous cloudy 
swelling. It was concluded that toxicological tissue changes were 
significant in selected rats fed diets containing 0.05%, 0.25%, 
or 1.25% PPG-24-Buteth-27. All changes that were observed 
in the 0.05% treatment group were considered transitory. Tis- 
sues from representative animals of the 0.01% treatment group 
differed little from controls (Union Carbide Corporation 1961). 

PPG-33-Buteth-45 

In a 90-day feeding study, PPG-33-Buteth-45 was fed to 
groups of 20 CFE albino rats (10 males, 10 females/group) at 
dietary concentrations of 0.04%, 0.2%, 1.0%, and 5.0% (0.03, 
0.15, 0.7, and 4.0 g/kg/day), respectively. Male rats ranged in 
weight from 122 to 217 g and body weights of females ranged 
from 131 to 164 g. Effects were not observed on mortality, body 
weight, feed consumption, and on absolute and relative kidney 
and liver weights in all treatment groups. At microscopic exam- 
ination, lesions of the kidneys and liver were observed in rats 
of 0.7 and 4.0 g/kg/day dose groups. Primarily, the renal lesions 
consisted of a diffuse, cloudy swelling and focal necrosis of the 
proximal convoluted tubule, swollen glomeruli, and diffuse cap- 
illary congestion. The hepatic lesions consisted of focal hepatic 
cell necrosis and diffuse, cloudy swelling. Pulmonary lesions 
were not observed in any of the treatment groups (Klonne et al. 
1987). 

Chronic Oral Toxicity 
PPG-7-Buteth-IO 

In a chronic feeding study, four groups of 36 male and 36 
female CFE albino rats (weights not stated) were fed PPG-7- 
Buteth-10 at doses of 0.004, 0.02, 0.1, and 0.5 g/kg/day, re- 
spectively, for 2 years. Dietary concentrations were adjusted 
every 2 weeks for 6 months and, then, every 4 weeks to keep 
the dosage essentially constant (in terms of g/kg/day) as body 
weights increased. The negative-control group was fed labora- 
tory chow only. With the exception of female rats (0.5 g/kg/day 
dose group) with growth rates less than those for controls, no 
statistically significant differences were observed with respect to 
the following: behavior, diet consumption, mortality, life span, 
incidence of infections, terminal liver and kidney to body weight 
ratios, body weight gain, hematocrit, total red blood cell count, 
incidence of neoplasms, and microscopic lesions in 20 tissues 
(Smyth et al. 1970). 

Three groups of beagle dogs (three males and three females/ 
group; weights not stated) were fed PPG-7-Buteth-10 at doses 
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of 0.0043, 0.043, and 0.62 g/kg/day, respectively, for 2 years. 
The three doses represented average equivalent g/kg/day based 
on the percentage of PPG-7-Buteth-10 that was administered in 
the diet for each group. The control group received meal only. 
No statistically valid differences were found between control 
and experimental groups with respect to the following: appetite, 
body weight change, mortality, terminal liver and kidney to body 
weight ratios, hematocrit, hemoglobin, red and white blood cell 
total counts, differential white cell counts, serum urea nitro- 
gen, activity of serum alkaline phosphatase, 15-minute brom- 
sulphalein retention, and gross and microscopic lesions in 18 
tissues (Smyth et al. 1970). 

PPG-33-Buteth-45 
As with PPG-7-Buteth- I 0, Smyth et al. (1970) found no tox- 

icological or pathological changes were observed after PPG- 
33-Buteth-45 was administered to three groups of 36 male and 
female CFE albino rats (same procedure; weights not stated) 
at dietary concentrations of 0.02, 0.1, and 0.5 g/kg/day, respec- 
tively (Smyth et al. 1970). 

PPG-33-Buteth-45 produced little toxicity when adminis- 
tered in the diet to three groups of three male and three female 
beagle dogs (weights not staled; same procedure) at doses of 
0.023, 0.1 I, and 0.61 g/kg/day, respectively (Smyth et al. 1970). 

Acute Dermal Toxicity 
PPG-12-Buteth-16, PPG-20-Buteth-30, PPG-33-Buteth-45 

In an acute dermal toxicity study involving rabbits (strain 
and weights not stated), groups of four animals were dosed 
with 21 g/kg PPG-12-Buteth-16, PPG-20-Buteth-30, or PPG- 
33-Buteth-45. Undiluted test substance was applied to intact 
skin, after which the test sites were covered with an imperme- 
able wrap for 24 hours. In each case, one of four animals died 
(Klonne et al. 1987). 

PPG-26-Buteth-26 
The acute dermal toxicity of undiluted PPG-26-Buteth-26 

was evaluated using ten New Zealand Albino rabbits (five males, 
five females; weights = 2.3-3.0 kg). Feed and water were made 
available ad libitum throughout the study. Prior to test substance 
administration, skin of the trunk was clipped free of hair (10 rab- 
bits) and clipped free of hair and abraded (5 rabbits). The trunk 
of each animal was covered with a sleeve made of plastic sheet- 
ing, which served as a reservoir for the test substance. The test 
substance was introduced under the sleeve, which was then re- 
sealed with adhesive tape, and then massaged into the exposure 
area. The sleeves were removed at 24 hours postapplication and 
reactions were scored according to the following scales: 0 (no 
erythema) to 4 (severe erythema to slight eschar formation) and 
0 (no edema) to 4 (severe edema, raised more than 1 mm and 
extending beyond the area of exposure). Observations for necro- 
sis and ulceration were also made. The animals were observed 
for any toxic or pharmacological effects daily for up to 2 weeks 
after sleeve removal. 

Necropsy was performed on each animal at the time of death 
or at the end of the study. Skin irritation was observed in all 
rabbits. Erythema scores ranged from 1 (very slight) to 3 (mod- 
erate to severe). Scores for edema ranged from I (no edema) to 3 
(moderate, raised approximately 1 mm). Throughout the study, 
no toxic or pharmacological effects were observed. No abnor- 
malities were observed at necropsy. The acute dermal LDs0 was 
not achieved at a dose of 2.0 g/kg (1.89 ml/kg), and PPG-26- 
Buteth-26 was considered nontoxic (StiUmeadow Inc. 1977). 

PPG-24-Buteth-27 
The acute dermal toxicity of undiluted PPG-24-Buteth-27 

was evaluated using 14 New Zealand white rabbits that weighed 
between 2.0 and 3.0 kg. The test substance was applied (doses of 
2, 4, 8, and 16 ml/kg) to clipped, intact skin of the trunk and sites 
were covered with impervious sheeting for 24 hours. Ten rabbits 
(5 males, 5 females) received 8 and 16 ml/kg doses and 4 rabbits 
(2 males, 2 females) received 2 and 4 ml/kg doses. Excess fluid 
was removed at the end of the 24-hour contact period in order to 
diminish ingestion. The animals were observed for skin reactions 
at 1 hour and days 7 and 14 after the 24-hour contact period. 
None of the animals died. Cutaneous lesions included erythema, 
edema, ecehymoses, and desquamation. All of the animals had 
one or more of these cutaneous lesions. Sluggishness (transient) 
was noted in rabbits given doses of 8 and 16 ml/kg. Necropsy 
findings included mottled and pink to red lungs, and, in a few 
animals, nodules were found in the lungs (Bushy Run Research 
Center 1986). 

Acute Intravenous Toxicity 
Studies on the acute intravenous toxicity of PPG Buteths are 

presented below and are summarized in Table 6. The results 
show a range of LDs0 values. 

PPG-12-Buteth-16, PPG-7-Buteth-IO, PPG-20-Buteth-30, 
and PPG-33-Buteth-45 

The acute intravenous toxicity of the following chemicals 
was evaluated at the Bushy Run Research Center (1990b) us- 
ing groups of 10 (5 males, 5 females/group) 7- to 13-week- 
old, Sprague-Dawley albino rats that weighed between 200 and 
300 g: PPG-12-Buteth-16 (|00%), PPG-7-Buteth-1O (10% in 
saline), PPG-20-Buteth-30 (100%), PPG-33-Buteth-45 (60% in 
saline), and PPG-33-Buteth-45 reduced (60% in saline). PPG- 
33-Buteth-45 reduced means that the unsaturation level in PPG- 
33-Buteth-45 was decreased from 0.034 to 0.019 meq/g by re- 
ducing the alkyl end group. The formula for PPG-33-Buteth-45 
reduced (molecular weight = 4000 Da) was given as: C4H9 
(OCH2 CH2)n (OCH2 CH (CH3))n OH. For each test substance, 
no more than 2.0 ml was injected into the tail vein of each rat 
(10 rats per test substance). All rats were necropsied and micro- 
scopic examination was performed on the lungs of selected rats 
(those that died and those killed). 

The acute intravenous LDs0 values for 100% PPG- 12-Buteth- 
16 were 0.41 ml/kg (5 male rats) and 0.64 ml/kg (5 female rats). 
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TABLE 6 
Acute intravenous toxicity of  PPG Butetfis 

55 

Test substance Animals tested Procedure Results References 

PPG-12-Buteth-16 10 Sprague-Dawley albino Single injcction LDso ---- 0.41 ml/kg (males); Bushy Run Research 
rats (5 males, 5 females) into tail vein 0.64 ml/kg (females). Center 1990b 
(weights = 200-300 g) Relatively little lung pathology 

PPG-7-Buteth- 10 I 0 Sprague-Dawley albino Single injection LD~ ---- 0.20 ml/kg (males); Bushy Run Research 
(10% in saline) rats (5 males, 5 females) into tail vein 0.21 ml/kg (females). Center 1990b 

(weights = 200-300 g) Relatively little lung pathology 
PPG-20-Buteth-30 10 Sprague-Dawley albino LDso = 1.62 ml/kg (males); 

rats (5 males, 5 females) 2.0 ml/kg (females). 
(weights = 200-300 g) Relatively little lung pathology 

PPG-33-Buteth-45 10 Sprague-Dawley albino Single injection LDs0 = 2.14 ml&g (males); Bushy Run Research 
(60% in saline) rats (5 males, 5 females) into tail vein 2.0 ml/kg (females). Inflammation, Center 1990b 

(weights = 200-300 g) alveolar histiocytosis, and fibrosis 

Single injection 
into tail vein 

PPG-33-Buteth-45 I 0 Sprague-Dawley albino Single injection 
(reduced form, rats (5 males, 5 females) into tail vein 
60% in saline) (weights = 200-300 g) 

PPG-33-Buteth-45 
(60% in saline) 

20 Sprague-Dawley rats 

53 Sprague-Dawley rats 

most significant treatment-related 
findings in lungs 

LDso ---- 2.14 ml/kg (males); 
1.66 ml/kg (females). Inflammation, 
alveolar histiocytosis, and fibrosis 
most significant treatment-related 
findings in lungs 

One rat died on day 3 postinjection. 
Pulmonary lesions noted as early as 
day I postinjection and included 
congestion, hemorrhage, and 
interstitial pneumonitis 

17 (experimentals and controls 
included) of the 106 rats at the 
beginning of the study died. 
The lesions in lungs l¥om most 
of the 53 rats that survived included: 
hemorrhage, perivascular infiltrates, 
interstitial pneumonitis, emphysema, 
and alveolar edema, Renal toxicity 
was also noted in 5 rats. 
Microscopic changes included 
edema, necrosis, and atrophy of the 
proximal renal tubules 

PPG-33-Buteth-45 

Single intravenous 
dose of 1.75 ml/kg 

Single intravenous 
dose of 1.75 ml/kg 

Bushy Run Research 
Center 1990b 

Bushy Run Research 
Center 1990b 

Union Carbide 
Corporation 1992 

Union Carbide 
Corporation t992 

Acute intravenous LDs0 values for 100% PPG-20-Buteth-30 
were 1.62 ml/kg (5 male rats) and 2.0 ml/kg (5 female rats). For 
60% PPG-33-Buteth-45, acute intravenous LDs0 values were 
2.14 ml/kg (5 male rats) and 2.0 ml/kg (5 female rats). Values 
for 60% PPG-33-Buteth-45 reduced were 2.14 ml/kg (5 males) 
and 1.66 ml/kg (5 females). Acute intravenous LDs0 values 
for 10% PPG-7-Buteth-10 were 0.20 ml/kg (5 male rats) and 
0.21 ml/kg (5 female rats). The most toxic substances were those 
with low molecular weights (<2000 Da), PPG-12-Buteth-16 
and PPG-7-Buteth-10; the remaining chemicals had low toxic- 
ity. At microscopic examination, the most significant treatment- 
related lesions were pulmonary inflammation, alveolar histio- 
cytosis, and fibrosis. These lesions were most prevalent among 
rats dosed with PPG-33-Buteth-45 (reduced and non-reduced). 
Relatively few lung lesions were produced by PPG-7-Buteth- 
I 0, PPG- 12-Buteth- 16 or PPG-20-Buteth-30. The investigators 

noted that the lungs were sites of  significant toxicologic activ- 
ity, induced especially by the larger molecular weight substances 
(Bushy Run Research Center 1990h). 

PPG-33-Buteth-45 
In a pilot study, the acute intravenous toxicity of PPG-33- 

Buteth-45 was evaluated using 20 Sprague-Dawley rats (weights 
not stated). Thirteen rats served as controls. Each of  the ex- 
perimental rats received a single intravenous dose (1,75 ml/kg) 
of  60% PPG-33-Buteth-45 in physiological saline. Control rats 
were dosed with 2.92 ml/kg saline. One rat died on day 3 postin- 
jection; other animals were killed sequentially on days I, 2, 3, 
and 14 postinjection. Pulmonary lesions were noted as early 
as day I postinjection and included congestion, hemorrhages, 
perivascular inflamatory cell infiltrates, and interstitial pneumo- 
nia. The severest lung lesions were observed in the five rats that 
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were killed on day 3 and consisted of moderate or marked hemor- 
rhages and mild to marked inflammatory cell infiltrates. Lesions 
were less severe in animals that survived to day 14; minimal to 
mild residual inflammatory lesions included granulomas, inter- 
stitial fibrosis, interstitial pneumonia, and perivascular infiltrates 
(Union Carbide Corporation 1992). 

In the deft nitive study (pilot study summarized above), 53 rats 
were dosed with 60% PPG-33-Butetb-45 in physiological saline 
(1.75 ml/kg) and 36 control rats were dosed with physiological 
saline (2.92 ml/kg) according to the procedures in the preceding 
study. Seventeen of the 106 rats (experimentals and controls 
included) that were originally included in the study died between 
days 3 and 6 postinjection; thus, 89 rats completed the study. 

Deaths were attributed to hypoxia caused by pulmonary 
edema and epithelial cell necrosis. After day 14, the lungs of 30 
rats (15 experimentals, 15 controls) were weighed and fixed for 
microscopic examination, and bronchioalveolar lavage was per- 
formed on 45 rats (27 experimentals, Ig controls). The remain- 
ing rats (I I experimentals, 3 controls) were perfused, and lungs 
were collected for electron microscopy. Evidence of damage to 
the lungs (presence of leukocytes, increased enzyme activity, 
and protein in pulmonary lavage fluid) of experimental animals 
was detected as early as day I postinjection. Peak leukocyte in- 
filtration and enzyme and protein leakage from cells were noted 
on days 3 to 4, and only a slight increase in leukocytes was 
noted on day 14. Microscopic lesions in weighed and lavaged 
lungs were classified as follows: hemorrhage, perivascular in- 
filtrates, interstitial pneumonia, interstitial fibrosis, emphysema, 
and pulmonary (alveolar) edema. These lesions were observed 
on days I to 4 and had decreased in severity by day 7. How- 
ever, lesions were still evident, although sparse, in most of the 
experimental animals that were killed on day 14. Changes that 
were identified using electron microscopy included edema and 
damage to cells of alveolar wails. The kidneys were also iden- 
tified as a target organ lbr PPG-33-Buteth-45 induced toxic- 
ity. Gross lesions (color change) were observed in five rats. 
The following lesions were observed at microscopic exami- 
nation: edema, necrosis, dilation, proteinosis, basophilia, and 
atrophy of the proximal tubules (Union Carbide Corporation 
1992). 

Acute Intraperitoneal Toxicity 
PPG-12-Buteth-16 

The acute intraperitoneal toxicity of undiluted PPG-12- 
Buteth-16 was evaluated using 15 male albino rats (weights = 
90-120 g). An LDs0 of 2.46 ml/kg (range = 1.79-3.39 mt/kg) 
was reported (Union Carbide Corporation 1967a). 

Acute Inhalation Toxicity 
The results of acute inhalation toxicity studies on the PPG 

Buteths are summarized in Table 7. A wide range was observed 
for botfi LCs0 values and morbidity. 

Short-Term Inhalation Toxicity 
Studies on the short-term inhalation toxicity of PPG Buteths 

are summarized in Table 8. Klonne et al. (1993) evaluated the 
short-term inhalation toxicity of PPG-12-Buteth-16 and PPG- 
7-Buteth-10 using Fischer 344 rats (8 weeks old, groups of 10 
rats per sex). PPG-12-Buteth-16 was tested in two studies and 
PPG-7-Buteth-10 was tested in one study. In all three studies, 
mean body weights for males and females were lg0 and 120 g, 
respectively. The results for each PPG Buteth follow. 

PPG-12-Buteth-16 
In the first study by Klonne et al. (1993), rats were exposed to 

PPG- 12-Buteth- 16 at mean chamber aerosol concentrations of 
5044-44, 982 ::k 68, and 2460:t= 104 mg/m 3, respectively. The 
animals received a total of nine exposures (6 h/day, 5 days/week) 
over a period of I l days; no exposures were made on days 6 
and 7. Untreated rats (10 males, 10 females) served as negative 
controls. All of the high dose animals died. All surviving ani- 
mals were killed on day 12; necropsy was performed on all rats. 
Hematological determinations also were made. Histopathologi- 
cal evaluations were conducted on control animals and animals 
of the 982 mg/m 3 exposure group. 

The following observations were made for rats of the 2460 rag/ 
m 3 exposure group, all of which died: unkempt and emaciated 
appearance, ataxia, prostration, and respiratory difficulties. Oc- 
ular and nasal irritation were also observed in some of the ani- 
mals. With the exception of ataxia and prostration, rats exposed 
to 504 and 982 mg/m 3 had many of the same signs that were 
observed in the highest dose group. The incidence and severity 
of these signs decreased with decreasing dose. In all exposure 
groups, statistically significant decreases (p < .05) in absolute 
body weight and body weight gain were observed; the decrease 
in body weight gain was concentration-related. 

The following concentration-related, statistically significant 
blood alterations were noted in rats of the 504 and 982 mg/m 3 
dose groups: decreased platelet count in females, decreased 
mean corpuscular hemoglobin in males, decreased total protein 
in females, increased activities of aspartate aminotransferase, 
alkaline phosphatase, and alanine aminotransferase in females, 
decreased glucose in females, and decreased serum calcium in 
males. An increased leukocyte count (~23%) was also reported 
for both sexes of the 504 and 982 mg/m 3 dose groups. 

Necropsy findings indicated that many of the absolute and 
organ/brain weight values in these two dose groups were sig- 
nificantly different from control values, and the same was true 
for every organ/body weight value. Significantly increased abso- 
lute lung weights (p < .01 ) were also noted in both dose groups. 
Histopathological evaluation was performed only on the respi- 
ratory tract of rats of the 504 and 2460 mg/m 3 groups, because 
the lungs were the only sites of exposure-related histopatho- 
logical changes that were identified in rats of the 982 mg/m 3 
exposure group. The following pulmonary changes were noted 
in rats of the 2460 mg/m 3 dose group: mild to moderate pul- 
monary congestion, mild to moderate interstitial pneumonitis, 
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Test substance Animals tested Procedure Results References 

PPG- 12-Buteth- 16 6 rats Exposure to mists from No deaths Klonne et al. 1987 
saturated vapors for I h 

PPG- 12-Buteth- 16 6 rats Exposure to mists from 
saturated vapors for 2 h 

PPG- 12-Buteth- I fi Single 4 h exposures up 

PPG-12-Buteth-16 
(0,5% v/v in saline) 

to a mean chamber 
concenlrafion of 
5230 mg/m 3 

Endotracheal administration 
at dose of 0.1 ml/kg 

PPG-7-Buteth- I 0 

PPG-7-Buteth- I 0 
( 1% v/v in saline) 

Groups of 10 Wistar 
albino rats (5 males, 
5 females per group) 
(weights = 200-300 g) 

15 male rats 
(weights = 250-300 g) 

Groups of 10 Sprague- 
Dawley albino rats 
(5 males, 5 females per 
group) (weights = 
170-236 g [males] and 
129-185 g [females]) 

15 male rats 
(weights = 250-300 g) 

pPG-20-Buteth-30 6 rats 

ppG-20-Buteth-30 6 rats 

PPG-20-Buteth-30 6 rats 

PPG-20-Buteth-30 

ppG-20-Buteth-30 
(1% v/v in saline) 

PPG-33-Buteth-45 

PPG-33-Buteth-45 

ppG-33-Buteth-45 

PPG-33-Buteth-45 

PPG-33-Buteth-45 

Groups of 10 Wistar 
albino rats (5 males, 
5 females per group) 
(weights = 200-300 g) 
15 male rats 
(weights = 250-300 g) 

6 rats 

6 rats 

6 rats 

I 0 Sprague-Dawley rats 
(weights = 279-387 g) 

Groups of 10 Wistar 
albino rats (5 males, 
5 females per group) 
(weights = 200-300 g) 

All animals died 

LCs0-males: 4670 rag/m3; 
LC~0-l~males: >5230 mg/m 3. 
Moltled lungs and livers most 
common necropsy findings 

No overt signs of toxicity. 
Microscopic changes in 
lungs moderate in severity 

Single 4-h exposures up Mean LCso (males and Bushy Run 
to a mean concentration females combined) = Research 
of 4.92 mg/L 4.77 mg/L. Dark red Center 1988 

Endotracheal administration 
at dose of 0.02 ml/kg 

discoloration of lungs in 
rats that died. No such 
observations in rats killed 
at 2 wk postexposure 

No overt signs of toxicity 
or gross pathological changes. 
Microscopic lung changes 
similar to those in controls 
2 deaths Exposure to mists from 

saturated vapors for I h 
Exposure to mists from 

saturated vapors for 2 h 
Exposure to mists from 

saturated vapors for 8 h 
Single 4-h exposures up to a 

mean chamber concentration 
of 992 mg/m 3 

Endotracheal administration 
at dose of 0.02 ml/kg 

Exposure to mists from 
saturated vapors for I h 

Exposure to mists from 
saturated vapors for 2 h 

Exposure to mists fiom 
saturated vapors for 8 h 

Exposure to aerosol at 
concentrations up to 
2400 mg/m 3 for 4 h 

Single 4-h exposures up to a 
mean chamber concentration 
of 940 mg/m 3 

Klonne et ah 1987 

Klonne et ah 1987 

Myers et ah 1990 

Myers et al. 1990 

Klonne et al. 1987 

All animals died Klonne et al. 1987 

No deaths 

LC~o = 330 mg/m 3 (males 
and females). Mottled lungs 
and livers most common 
necropsy findings 
5 rats died. Microscopic lung 
changes, classified as severe, 
included emphysema and 
interstitial pneumonitis 

2 deaths 

No deaths 

Klonne et ah 1987 

Klonne et al. 1987 

Klonne et ah 1987 

Klonne et al. 1987 

Klonne et ah 1987 

No deaths Klonne et al. 1987 

Mean LC~ = 147 mg/m 3. Hoffman et al. 1991 
Significant increases in mean 
lung weight at concentrations 
of 54. 100, and 200 mg/m 3. 
Gross pulmonary changes 
included emphysema and edema 

LCs0 = 106 mg/m 3 (males Klonne et al. 1987 
and t~males). Mottled lungs 
and livers most common 
necropsy findings 

(Continued on next page) 
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T A B L E  7 
Acute inhalation toxicity of  PPG Buteths (Continued) 

Test substance Animals tested Procedure Results References 

PPG-33-Buteth-45 Groups of 12 male Hsd/Ola Single exposures (nose only) Toxicologically significant ICI Central 
(Wistar derived) to a target concentration of increases in lung weights Toxicology 
albino rats 75 mg/m ~ for 2, 4, or 6 h, at 74.4 and 113.3 mg/m 3. Laboratory 1992 
(weights = 180-220 g) yielding mean equivalent 4-h Principal lung lesion was 

concentrations of 36.3, 74.4, perivascular edema 
and 113.3 mg/m 3, respectively 

Groups of 6 male rats Single 4-h exposures (nose only) 50 mg/m3(no deaths); 
(weights ~ 250 g) at mean conccntrations of 50, 84 mg/m 3 (1 of 6 died); 

84, 111, and 185 mg/m 3 111 mg/m 3 (4 of 6 died); and 

PPG-33-Buteth-45 E.I. DuPom De 
Nemours & 
Company 1984 

185 mg/m 3 (all rats died) 
PPG-33-Buteth-45 Groups of 10 Sprague- Single 4-h exposures at mean Mean LCs0 = 0.14 mg/L Bushy Run 

(reduced) Dawley albino rats chamber concentrations (males) and 0.16 mg/L Research 
(5 males and 5 females up to 0.74 mg/L (females). Red discoloration Center 1990a 
per group) of the lungs in all rats that 
(weights = 200-250 g) died. No gross lesions at 

PPG-33-Buteth-45 
0 %  v/v in saline) 

PPG-33-Buteth-45 

PPG-33-Buteth-45 

PPG-33-Buteth-35 

15 male rats Endotracheal administration 
(weights = 250-300 g) at dose of 0.02 ml/g 

10 male CD-[, COBS 
Swiss albino mice 
(weights = 26-33 g) 

Exposure to aerosol 
at concentrations up to 
2400 mg/m 3 lbr 4 h 

10 male Golden Syrian 
hamsters (weights = 
77-110 g) 

Exposure to aerosol 
at concentrations up to 
2400 mg/m 3 for 4 h 

10 male Hartley albino 
guinea pigs 
(weights = 355-507 g) 

Exposure to aerosol 
at concentrations up to 
2400 mg/m 3 for 4 h 

2 male beagle dogs 
(weights = 10A and 
11.5 kg) 

Exposure to aerosol at mean 
gravimetric concentrations 
up to 3200 mg/m 3 for 4 h 

[owes[ test concentration 
(0.08 mg/L) 

7 rats died. Signs of toxicity 
included lethargy and labored 
breathing. Bronchopneumonia 
and imerstitial pneumonitis 
noted at microscopic 
examination 

Mean LCso = 174 mg/m 3. 
Significant increases in mean 
lung weight at concentrations 
of 54 and 200 mg/m 3. Gross 
pulmcmary changes included 
emphysema and edema. 

Mean LCso = 511 mg/m 3. 
Significant increases in mean 
lung weight at concentrations 
of 140, 320, 940, and 
2400 mg/m 3. Gross pulmonary 
changes included emphysema 
and edema 

Mean LCso = 293 mg/m 3. 
Significant increase in lung 
weight at a concentration of 
940 mg/m ~. Gross pulmonary 
changes included emphysema 
and edema 

No deaths. Gross pulmonary 
changes included emphysema 
and edema 

PPG-33-Buteth-45 

Myers et ah 1990 

Hoffman et al. 1991 

Hoffman et ah 1991 

Hoffman et ah 1991 

Hoffman et al. 1991 

and small foci o f  hemorrhage (females only), with a lesser inci- 
dence of  bronchioalveolar ceil hyperplasia, macrophage infiltra- 
tion into alveoli (alveolar histiocytosis) and around blood ves- 
sels, and bronchopneumonia. The incidence of several of  these 
histopathological changes was actually greater in rats of  the 
982 mg/m 3 dose group. Minimal  to mild alveolar histiocytosis, 
interstitial pneumonitis,  and bronchioalveolar cell hyperplasia 

were the principal microscopic lesions in rats of  the 504 mg/m 3 
dose group. 

In the second study by Klonne et al. (1993), four groups of 
Fischer-344 rats were exposed to PPG-12-Buteth-16 at mean 
chamber aerosol concentrations of  5 4- 0.05, 51 5: 2, 98 5: 3, and 
492 5 : 2 3  mg/m 3, respectively, according to the procedures out- 
lined in the preceding paragraph. The incorporation of a 6-week 
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Short-term inhalation toxicity o f  PPG Buteths 
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Test substance Animals tested Procedure Results Rel~rences 

PPG-12-Buteth-I 6 20 rats 9-Day inhalation toxicity Main pulmonary lesions in rats Busby Run 
(10 males, I 0 females) test. Exposure to aerosol exposed to 2500 mg/m 3 included Research 

at concentrations up to congestion, hemorrhage, edema, Center 1989 
2500 mg/m 3 interstitial pneumonitis, and 

PPG-12-Buteth-16 

PPG- 12-Buteth- 16 

PPG-7-Buteth-10 

intraalveolar cellular debris. 
Pulmonary hemorrhage and 
inflammation only at lower 
concentrations (500 and 1000 mg/m 3) 

All of the 20 rats exposed to 2460 mg/m 3 Klonne ctal. 
died. Interstitial pneumonitis and 1993 
bronchioalveolar cell hyperplasia 
observed in all three exposure 
groups (504, 982, and 2460 mg/m 3) 

No mortalities. Minimal to moderate Klonne et al. 
intraalveolar cellular debris and 1993 
interstitial pneumonitis in the 
492 mg/m 3 exposure group. Increased 
incidence of alveolar histiocytosis 
in male rats exposed to >52 mg/m 3. 
All lesions had cleared by end 
of 6-wk recovery period 

No exposure-related deaths in any of Klonne et al. 
the groups (5, 52, and 512 mghn3). 1993 
No exposure-related alterations 
(microscopic lesions) 

PPG-20-Buteth-30 

PPG-33-Buteth-45 
(positive control 
in preceding study) 

PPG-33-Buteth-45 

Groups of 20 Fischer 344 rats 9-Day inhalation toxicity 
(Ill males, 10 females test. Exposure to mean 
per group). Mean chamber aerosol 
weights = 180 g concentrations up Io 
(males) and 120 g (females) 2460 mg/m 3 

Groups of 20 Fischer 344 rats 9-Day inhalation toxicity 
(10 males, 10 females test. Exposure to mean 
per group). Mean chamber aerosol 
weights = 180 g (males) concentrations up to 
and 120 g (females) 492 mg/m 3 

Groups of 20 Fischer 344 rats 9-Day inhalation toxicity 
(10 males, l0 females 
per group). Mean 
weights = 180 g (males) 
and 120 g (females) 

10 male Sprague-Dawley 
albino rats (5 wk old) 

test. Exposure to mean 
chamber aerosol 
concentrations of up to 
512 mg/m 3 

10-Day inhalation toxicity 
test. Exposure to chamber 
aerosol concentration 
of I00 mg/m 3 

I 0 male Sprague-Dawley 
albino rats (5 wk old) 

Groups of 40 and 20 
Fischer 344 rats (7 wk 
old; males and l~:males) 

10-Day inhalation toxicity 
test. Exposure to 
chamber aerosol 
concentration of 55 
mg]m 3 

9-Day inhalation toxicity 
test. Exposure to mean 
chamber concentrations 
up to 49.5 mg/m 3 

6 rats died after three exposures. Ulrich et al. 
Alveolar lesions consisted of 1977 
hyperemia, intra-alveolar edema, 
and hemorrhage. Laryngeal 
hypeqglasia in three rats 

9 rats died after three exposures. Ulrich el al. 
Alveolar lesions consisted of 1977 
hyperemia, intra-alveolar edema, and 
hemorrhage. Laryngeal hyperplasia 
in 2 rats 

Irregular red loci in lungs of males Klonne et al. 
and females noted in group (20 rats) 1987 
exposed to 25 mg/m 3 and in group 
(40 rats) exposed to 49.5 mg/m 3. 
Irregular red loci in lungs of males in 
group (20 rats) exposed to 4.8 mg/m 3. 
Foci also in rats killed after 2-wk 
recovery period 

recovery period was the only modification of  this procedure. 
Untreated rats served as negative controls. 

No deaths occurred throughout the duration of  the study, 
Clinical signs were noted in rats of  the 492 mg/m 3 dose group, 
and included rapid respiration, staining of  the urogenital area, 
perinasal encrustation, and swollen periocular tissue. Exposure- 
related ophthalmic lesions were not observed. Decreases in ab- 
solute body weight and body weight gain were noted in male 

and female rats of  the 492  mg/m 3 dose group. However, body 
weights returned to normal during the 6-week recovery period. 
Slight decreases in body weight gain were reported for female 
rats of  the 98 mg/m 3 dose group. 

The changes in hematological parameters were consistent 
with those noted in the preceding study. Most  of  the hemato- 
logical changes were observed in rats of  the 492  mg/m 3 dose 

3 group. In male rats of  the 51 ,98 ,  and 492 mg/m dose groups and 

Distributed for Comment Only -- Do Not Cite or Quote



60 COSMETIC INGREDIENT REVIEW 

female rats of the 98 and 492 mg/m 3 dose groups, concentration- 
related increases in absolute and/or relative (both to body and 
brain weight) lung weight were noted. An increase in abso- 
lute and/or relative kidney weights was also noted in female 
rats of the 98 and 492 mg/m 3 exposure groups. At microscopic 
examination, lesions were observed only in the lungs. Mini- 
mal to moderate intra-alveolar cellular debris and interstitial 
pneumonia were observed in animals of the 492 mg/m 3 ex- 
posure group. An increased incidence of alveolar histiocyto- 
sis was observed in male rats exposed to 51 mg/m 3 or higher 
concentrations. Exposure-related microscopic lesions were not 
observed in male or female rats at the end of the 6-week recovery 
period. 

PPG-7-Buteth-IO 
In a third study by Klonne et ah (1993), three groups of 

Fischer-344 rats were exposed to PPG-7-Buteth-10 at mean 
chamber aerosol concentrations of 5 ± 0.4, 52 4- 2, and 512 ± 
13 mg/m 3, respectively, according to the procedures outlined 
in the preceding section on PPG-12-Buteth-16. Untreated rats 
served as negative controls. No deaths that were related to test 
substance exposure occurred in any of the three experimen- 
tal groups. Clinical signs observed in rats of the 512 mg/m 3 
exposure group included perinasaI encmstation and urogeni- 
tal wetness. The incidence of these changes in the 52 mg/m 3 
exposure group was only slightly greater than that in the con- 
trol group. Clinical signs of toxicity were not evident in the 
5 mg/m 3 exposure group. Statistically significant decreases in 
absolute body weight were noted in the 512 mg/m 3 exposure 
group; however, values returned to normal during the recov- 
ery period. In the 52 mg/m 3 exposure group, a decrease in 
body weight was noted in female rats only on the last day 
of exposure. No effect on body weight was observed in the 
5 mg/m ~ dose group. In the 52 and 512 mg/m 3 dose groups, both 
sexes had a statistically significant decrease in body weight gain 
(p < .05); the decreases were concentration related. A transient 
decrease in body weight gain was noted for rats in the 5 mg/m 3 
dose group. At ophthalmic examination, noue of the findings 
was considered compound-related. The following statistically 
significant changes in hematological parameters were reported 
for rats of the 512 mg/m 3 dose group: increased red blood 
cells, increased hemoglobin concentration, and decreased mean 
corpuscular volume. However, the biological signilicance of 
these changes was unclear. At necropsy, crusted and/or swollen 
periocular/perinasal tissue was observed in some of the rats of 
the 512 mg/m 3 dose group. Statistically significant increases in 
absolute kidney weights were also noted in this group (males 
and females); however, values were similar to those of controls 
at the end of the recovery period. Compound-related changes 
in organ weights were not observed at lower concentrations. 
No histopathological changes related to the compound were ob- 
served in any of the experimental groups. In particular, no lesions 
were found in the lungs and kidneys. 

PPG-20-Buteth-30 and PPG-33-Buteth-45 
Ulrich et ah (1977) evaluated the inhalation toxicity of PPG- 

20-Buteth-30 and PPG-33-Buteth-45 in rats. Ten male Sprague- 
Dawley albino rats (5 weeks old) were exposed to PPG-20- 
Buteth-30 aerosol over a period of two weeks (10 exposures, 
6 h/day) at a chamber concentration of 100 mg/m 3. The positive 
control group (10 rats) was exposed to PPG-33-Buteth-45 at 
a chamber concentration of 55 mg/m 3 according to the same 
procedure, and the negative-control group ( I 0 rats) was exposed 
to air. At the end of the 2-week period, five rats from each group 
were to have been killed. The remaining five per group were to 
have been killed at the end of a 2-week postexposure recovery 
period. 

Six rats exposed to PPG-20-Buteth-30 and nine rats exposed 
to PPG-33- Buteth-45 (positive control) died after a total of three 
exposures; deaths occurred on days 3 to 5 of the study. Due to the 
number of deaths, the survivors were killed after the first week 
of exposure. The following signs of toxicity were observed in 
some of the rats during exposure to PFG-20-Buteth-30 aerosol: 
lethargy, soft stool, and prolapsed penis. Compared to nega- 
tive controls, a statistically significant depression (p < .05) in 
body weight was noted in surviving animals from the experi- 
mental group after 5 and 6 days of exposure. Compound-related 
pulmonary lesions were observed in experimental and positive- 
control groups. The changes consisted of moderate to severe 
multifocal to generalized areas of alveolar inflammation (alve- 
olitis), and involved terminal airways. The bronchi and bron- 
chioles were essentially unaffected. Specifically, the alveolar 
lesions consisted of the following changes: hyperemia; intra- 
alveolar edema; hemorrhage; intraalveolar inflammatory cel- 
lular exudate (mostly alveolar macrophages and neutrophils); 
some areas of intense type II pneumocyte hyperplasia; some 
foci of early alveolar organization of exudates; and thickened, 
hypercellular alveolar interstices. Although pulmonary fibrosis 
was not observed, the organization of alveolar exudate and in- 
terstitial thickening were compatible with prefibrotic changes. 
Laryngeal epithelial hyperplasia was observed in two positive- 
control rats and three exposed rats. 

PPG-33-Buteth-45 

Klonne et al. (1983) evaluated the short-term inhalation toxi- 
city of PPG-33-Buteth-45 using four groups of Fischer 344 rats 
(.~7 weeks old). Twenty rats per sex were assigned to control 
and high-dose (49.5 4- 1.6 mg/m :~, mean chamber atmosphere 
concentration) groups and 10 rats per sex were assigned to the 
low- (4.8 ::k 0.6 mg/m ~) and intermediate- (25.5 4- 2.5 mg/m 3) 
dose groups. The rats were exposed 6 hours per clay over a period 
of 11 days; exposures did not exceed 5 days per week. Each ani- 
mal was subjected to nine exposures, and no exposures occurred 
on days 5 and 6. In each group, 10 rats per sex were killed on 
the morning after the ninth exposure. The remaining 10 rats per 
sex in control and high concentration groups were killed after a 
2-week recovery period. 
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Clinical signs noted only in the high-dose group included un- 
kempt appearance, nasal discharge, and urogenital wetness (fe- 
males only). Statistically significant differences in body weight 
gain were observed only in high (p < .01) and intermediate 
(p < .05) dose groups. The results of hematological evaluations 
indicated statistically significant decreases in the serum concen- 
trations of total protein, albumin, and globulin in females of the 
high dose group. An increase in alanine aminotransferase ac- 
tivity was also observed in intermediate- and high-dose groups. 
An increase in the number of white blood cells (neutrnphils and 
eosinophils) was also observed for high-dose female rats. Com- 
pound related differences in the serum chemistries or hemato- 
logical parameters were not observed after the recovery period. 
Biologically significant changes in serum chemistry or hemato- 
logical parameters were not observed in male rats of the high 
dose group. Compound-related effects on the urinalysis param- 
eters were not observed in any of the test groups. At necropsy, 
compound-related macroscopic lesions (irregular red foci) were 
noted only in the lungs. These lesions were reported for male and 
female rats in intermediate- and high-dose groups and only in 
males from the low-dose group. Lesions were noted primarily in 
the pu)monary capillaries and the epithelial cells of the alveoli, 
and were characterized by congestion and areas of hemorrhage, 
with mild to moderate necrosis and exfnliation of cells lining 
the alveoli and an increased number of macrophages phagocy- 
fizing debris within the alveolar spaces. Pulmonary foci were 
also observed in rats that were killed after the recovery period. 
The severity of the pulmonary lesions was considerably less in 
animals from the high-dose group, when compared to animals 
in this group that were killed on the morning after the ninth 
exposure (Klonne et al. 1987). 

A series of inhalation toxicity studies was conducted by the 
Bushy Run Research Center (1989). In the first study, groups 
(males and females) were exposed to PPG- 12-Buteth+ 16 aerosol 
concentrations of 500, 1000, and 2500 mg/m 3, respectively. The 
second study involved the exposure of groups of male and fe- 
male rats to PPG-33-Buteth-45 at aerosol concentrations of 5, 
25, and 50 mg/m 3, respectively. In the third study, two groups 
of 10 male rats were exposed to PPG-33-Buteth-45 at aerosol 
concentrations of 1.0 and 5.0 mg/m 3, respectively. In the sec- 
ond and third studies, controls and rats from the highest ex- 
posure group were evaluated after a 2-week recovery period. 
The results of microscopic examination of groups of 20 rats 
(10 males, 10 females/group) exposed to PPG-12-Buteth-16 or 
PPG-33-Buteth-45 in three short-term (9 days) inhalation toxic- 
ity studies were compared; untreated rats served as negative con- 
trois. The strain and weight range of the animals tested were not 
stated. 

PPG- 12-Buteth- 16 
In rats exposed to 2500 mg/m 3 PPG-12-Buteth-16 (all of 

which died), the principal pulmonary lesions were: congestion, 
hemorrhage, pulmonary edema, interstitial pneumonia, and 

intra-alveolar cellular debris. Neither congestion nor pulmonary 
edema was observed in rats of the 500 and 1000 mg/m 3 groups 
that survived exposure; however, hemorrhage and inflammation 
were noted. Inflammatory lesions included alveolar histiocyto- 
sis, perivascular infiltrates, and intraalveolar cellular debris. A 
concentration-related effect on frequency and/or the severity of 
most lesions was observed between the 500 and 1000 mg/m 3 
dose groups. 

PPG-33-Buteth-45 
Compared to rats exposed to PPG-12-Buteth-16, the lesions 

that resulted from exposure to PPG-33-Buteth-45 were similar, 
but less severe. No deaths occurred in any of the groups exposed 
to PPG-33-Buteth-45. In most animals, lesions were minimal to 
mild and the frequency of lesions was related more to compound 
concentration than the severity of the lesions. The most consis- 
tent lesions in rats exposed to PPG-33-Buteth-45 were hemor- 
rhage and intraalveolar cellular debris of minimal to moderate 
severity and alveolar histiocytosis of minimal to mild severity. 
Inflammatory infiltrates, particularly perivascular infiltrates and 
interstitial pneumonia, were less prominent in rats exposed to 
PPG-33-Buteth-45 than in rats exposed to PPG-I 2-Buteth-16. 
Specifically, a maximum of four to seven affected rats per group 
(interstitial pneumonia and perivascular infiltrates, respectively) 
was observed in rats exposed to PPG-33-Buteth-45 that were 
killed on day 9, compared 1o up to 10 per group (both lesions) 
for rats exposed to PPG- 12-Buteth- 16. 

The investigators concluded that in the preceding three stud- 
ies, PPG- 12-Buteth- 16 and PPG-33-Buteth-45 produced similar 
pulmonary lesions. It was also concluded that the greater sever- 
ity of lesions and the greaterer mortality produced by PPG-12- 
Buteth- 16 could have been due to the greater exposure concen- 
trations rather than to an innate greater toxicity of the chemical 
(Bushy Run Research Center 1989). 

Subchronic Inhalation Toxicity 
PPG-33-Buteth-45 

Klonne et al. (I 988) evaluated the subchronic inhalation tox- 
icity of PPG-33-Buteth-45 using Fischer-344 rats (8 weeks old). 
Male and female rats had mean body weights of 174 and 122 g, 
respectively. Three groups of rats (20/sex~group) were exposed 
to PPG-33-Buteth-45 aerosol at mean chamber concentrations 
of 0.30 4- 0.039, 1. I 4- 0.13, and 5.2 4- 0.26 mg/m 3, respectively, 
6 hours per day (5 days/week) for 13 weeks. Exposure concen- 
trations were determined at the conclusion of a 2-week range- 
finding study. The control group was exposed only to filtered 
air. During week 14, 10 rats/sex/group were killed after at least 
2 days of exposure. The remaining animals (10 rats/sex/group) 
were killed after a 5-week recovery period. 

Statistically significant decreases in body weight gain were 
observed only in male rats of the 5.2 mg/m 3 exposure group. No 
exposure-related clinical signs, ophthalmic changes, or deaths 
were observed during the study. At the end of exposure, a 
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statistically significant increase in the neutrophil count was noted 
in females of the 1.1 mg/m 3 exposure group and in males of the 
5.2 mg/rn 3 exposure group. Biologically significant alterations 
in the hematological profile or in the serum or urine chemistries 
were not observed at any time during the study. The lungs were 
the only organs with toxicologically significant organ weight 
changes and toxicologically significant macroscopic lesions. Fe- 
male rats of the 1.1 mg/m 3 exposure group and rats of both sexes 
in the 5.2 mg/m 3 exposure group had statistically significant in- 
creases (p < .01) in absolute and relative (as a percentage of 
both body weight and brain weight) lung weights. A significant 
increase (p < .05) in the lung/body weight ratio was also noted 
in male rats. All absolute and relative lung weights for males 
and females of the 5.2 mg/m 3 group remained significantly in- 
creased at the end of the 5-week recovery period. Values for 
absolute lung weight and lung/body weight also remained sig- 
nificantly increased in males of the t.I mg/m 3 exposure group 
that were killed at the end of the recovery period; no similar 
effect was observed in female rats. Statistically significant dif- 
ferences in absolute or relative lung weights were not observed 
in the 0.3 mg/m 3 exposure group. However, a concentration- 
related increase in absolute and relative lung weights was noted 
across all exposure groups at the end of exposure. In all expo- 
sure groups, macroscopic lesions were gray or tan loci that were 
scattered across the tung surface. This was true for animals that 
were killed at the end of exposure or after the recovery period. 
Multifocal petechial hemorrhages were observed mainly in rats 
that were exposed to 5.2 mg/m 3 and killed at the end of expo- 
sure. Microscopic lesions were also observed only in the lungs 
and the occurrence of these lesions was concentration-related. 
The microscopic lesions consisted of hemorrhages and intersti- 
tial pneumonia (only in the 1.1 and 5.2 mg/m 3 groups), alveolar 
histiocytosis, and focal or multifocal fibrosis; the lesions were 
minimal to marked in severity. 

Ocular Irritation 
PPG- 12-Buteth- 16 

PPG-12-Buteth-16 was not an ocular irritant in rabbits (num- 
ber not stated). The test substance (0.1 ml) was instilled into the 
conjunctival sac of each animal (Klonne et al. 1987). 

PPG-20-Buteth-30 and PPG-33-Buteth-45 
The ocular irritation potential of PPG-20-Buteth-30 and PPG- 

33-Buteth-45 in rabbits (numberand strain not stated) was evalu- 
ated in two studies, respectively. In each study, the test substance 
(0.1 mi) was instilled into the conjunctival sac of each animal. 
PPG-20-Buteth-30 and PPG-33-Buteth-45 were not ocular irri- 
tants in rabbits (Klonne et ah 1987). 

PPG-24-Buteth-27 
The ocular irritation potential of undiluted PPG-24-Buteth- 

27 was evaluated using six New Zealand white rabbits. The test 

substance (0.1 ml) was instilled into the conjunctival sac of one 
eye of each rabbit. Ocular reactions were scored at I and 4 hours 
and days I, 2, 3, and 7 postinstillation. Corneal injury (opacity) 
was not observed in any of the rabbits, lritis was observed in 
four rabbits, and six rabbits had minor to moderate conjunctival 
irritation. All reactions had cleared by 2 days postinstillation 
(Bushy Run Research Center 1986). 

PPG-26-Buteth-26 
The ocular irritation potential of undiluted PPG-26-Buteth- 

26 was evaluated using six New Zealand albino rabbits. The 
test substance was warmed to approximately 30°C and then in- 
stilled (0. I ml) into the conjunctival sac of one eye per animal. 
The lids were held together for approximately I second and 
then released. Contralateral eyes (untreated) served as controls. 
The eyes were evaluated for irritation reactions at 24, 48, and 
72 hours and on days 4 and 7 postinstillation using the Draize 
scale: (0 to 110). Ocular irritation was not observed iu any of the 
animals tested, and PPG-26-Buteth-26 was considered a nonir- 
ritant (Stillmeadow Inc. 1977). 

The ocular irritation potential of a solubilizing system con- 
taining PPG-26-Buteth-26 (as supplied) was evaluated using 
three New Zealand white rabbits (weights = 2.72-3.08 kg). 
The concentration of PPG-26-Buteth-26 in this system was not 
stated. The test material (0.1 ml) was instilled into the right eye of 
each animal; the upper and lower eyelids were held together for 
approximately 1 second after instillation. Untreated eyes served 
as controls. 

Ocular reactions were scored at I, 24, 48, and 72 hours postin- 
stillation. At 1 hour postinstillation, iridial inflammation and a 
dulling of the normal luster of the cornea were confined to the 
eye of one animal. These represented the only adverse corneal or 
iridial effects that were observed in the study. Moderate conjunc- 
tival irritation was observed in the eyes all animals; reactions had 
cleared by day 7 postinstillation. The solubilizing system was 
classified as a mild ocular irritant (score = 4; scale of I to 8) 
(Safepharm Laboratories, Ltd. 1987b). 

Skin Irritation 
The skin irritation potential of PPG-12-Buteth-16, PPG-20- 

Buteth-30, and PPG-33-Buteth-45 was evaluated using rabbits 
(number, weights, and strain not stated). In each of the three ex- 
periments, the test substance (0.5 ml) was applied to the under 
belly of each rabbit, after which the test site was covered with an 
impermeable wrap for 4 hour. PPG- 12-Buteth- 16 caused capil- 
lary injection in rabbits, whereas PPG-20-Buteth-30 and PPG- 
33-Buteth-45 did not (KIonne et al. 1987). 

PPG-24-Buteth-27 
The skin irritation potential of undiluted PPG-24-Buteth-27 

was evaluated using six New Zealand white rabbits. The test 
substance was applied (0.5 mt) to clipped, intact skin for 4 hours; 
excess test substance was then removed. Sites were covered 
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with a gauze patch and impervious sheeting during the 4-hour 
contact period. At 1 hour and on days 2, 3, and 7, skin reactions 
were scored according to the Draize scale: 0 (no erythema) to 4 
(severe erythema to slight eschar formation) and 0 (no edema) 
to 4 (severe erythema, raised more than 1 mm and extending 
beyond the area of exposure). Slight erythema was noted in 
three rabbits, and four rabbits had moderate edema. Reactions 
were not observed after 2 days (Bushy Run Research Center 
1986). 

more than I mm and extending beyond the area of exposure). 
At 1 hour postremoval, very slight erythema, with or without 
very slight edema, was observed at all test sites. Very slight 
erythema was also noted in two rabbits at the 24-hour observa- 
tion. Desquamation was observed in two rabbits at the 24- and 
72-hour observations. The solubilizing system was classified as 
a mild skin irritant (primary irritation index = 0.3) (Safepharm 
Laboratories Ltd. 1987c). 

PPG-26-Buteth-26 
The skin irritation potential of undiluled PPG-26-Buteth-26 

was evaluated using three male and three female New Zealand 
albino rabbits. The test substance was warmed to approximately 
30°C and applied (0.5 ml, under surgical gauze) to sites on the 
back (one abraded, one intact) that had been clipped free of 
hair. The two test sites per animal were to the right and left of 
the spinal column, respectively. The surgical gauze was secured 
with an adhesive tape and the entire trunk of each animal was 
wrapped with an impervious material. The coverings were re- 
moved at the end of the 24-hour contact period. Reactions were 
scored at 24 and 72 hours postapplication according to the fol- 
lowing scales: 0 (no erythema) to 4 (severe erythema to slight 
eschar formation) and 0 (no edema) to 4 (severe edema, raised 
more than I mm and extending beyond the area of exposure). 
Sites were also observed for the presence of either ulceration or 
necrosis. Because of the possibility of percutaneous absorption, 
the rabbits were observed for any generalized signs of pharma- 
cological or toxicological effects. Mean scores for erythema (24- 
and 72-hour readings) at intact and abraded sites (total of four 
scores) and mean scores for edema formation (24- and 72-hour 
readings) at intact and abraded sites (total of four scores) were 
calculated. The sum of the eight mean scores was divided by 4 to 
yield a dermal irritation score of 3.12 (maximum = 8) for PPG- 
26-Buteth-26. It was concluded that PPG-26-Buteth-26 induced 
very slight to slight dermal irritation. Neither pharmacological 
nor toxicological effects were observed during the study. Ul- 
ceration or necrosis were not observed at any of the test sites 
(Stillmeadow Inc. 1977). 

The skin irritation potential of a solubilizing system contain- 
ing PPG-26-Buteth-26 (as supplied) was evaluated using three 
New Zealand white rabbits (weights = 2.57-2.79 kg). The con- 
centration of PPG-26-Buteth-26 in this system was not stated. 
The test substance (0.5 ml) was applied to dorsal/flank skin 
that had been clipped free of hair. The test site of each animal 
was covered with a gauze patch secured with surgical adhesive 
tape for 4 hours; the trunk was also wrapped with au elasti- 
cated corset. At 4 hours postapplication, patches and any resid- 
ual test material were removed. Reactions were scored 1 hour 
after patch removal and 24, 48, and 72 hours later according to 
the following scales: 0 (no erythema) to 4 (severe erythema to 
slight eschar formation); 0 (no edema) to 4 (severe edema, raised 

Carcinogenicity 
PPG-7-Buteth- I0 

Undiluted PPG-7-Buteth-10 was painted on clipped skin of 
the backs of 40 or more (exact number not stated) C3H/HeJ mice 
(weights not stated) three times per week until death. The time in- 
tervals between the initiation of application and death were not 
stated. Negative-control mice were painted with acetone and 
positive-control mice were painted with 0.2% methyl cholan- 
threne according to the same procedure. The test substance pro- 
duced neither papillomas nor carcinomas in experimental ani- 
mals, and the same was true for acetone in the negative-control 
group. Neoplasms were observed in all positive-control mice 
(Smyth et al. 1970). 

PPG-33-Buteth-45 
No neoplasms were produced after undiluted PPG-33-Buteth- 

45 was painted on the skin of mice (same strain as above) (Smyth 
et al. 1970). 

PPG-24-Buteth-27 
The tumorigenicity and tumor promotion activity of PPG-24- 

Buteth-27 were evaluated (Union Carbide Corporation 1967a) 
using groups of 35 to 40 CAFt mice (7 to 8 weeks old). PPG-24- 
Buteth-27 (70% in acetone) was painted onto dorsal skin of each 
mouse five days per week for life. The test sites were clipped free 
of hair prior to skin painting. PPG-24-Buteth-27 (70% in ace- 
tone) alone neither induced papillomas nor carcinomas in any 
of the 35 mice tested. In additional groups, skin paintings were 
done after preparation of the dorsal skin for tumor promotion 
by initiator treatment with dimethylbenzanthracene (DMBA). 
In these experiments, an increased incidence of carcinomas was 
noted when two initiator doses of DMBA preceded skin paint- 
ings with 70% PPG-24-Buteth-27. 

In another experiment, an increased incidence of papillomas 
(and, perhaps, carcinomas) was noted when skin painting with 
PPG-24-Buteth-27 was preceded by only one initiator dose. The 
results of skin paintings with 5% PPG-24-Buteth-27 following 
dimethylbenzanthracene (DMBA) initiation were negative. The 
investigators concluded that PPG-24-Buteth -27 was neither a 
tumorigen nor a carcinogen, but did act as a tumor promoter 
(Union Carbide Corporation 1967b). 

Distributed for Comment Only -- Do Not Cite or Quote



64 COSMETIC INGREDIENT REVIEW 

CLINICAL ASSESSMENT OF SAFETY 

Skin Irritation and Sensitization 
PPG-26-Buteth-26 

The skin irritation and sensitization potential of a test after- 
shave lotion containing 2.5% PPG-26-Buteth-26 was evaluated 
in a 21-day use test involving 54 male subjects (18,-68 years old) 
with no history of allergic reactions to soaps, sunscreens, mois- 
turizers, shaving products or aftershaves. All subjects shaved at 
least five times per week and were habitual users of aftershave. 
None of the subjects had participated in a use test for at least 
I week prior to this study, or bad been treated with antihistamines 
or corticosteroids within one week of study initiation. On day 
0 (baseline) of the use test, subjects were prescreened using a 
semiocclusive patch test (_<24 hours application period) of the 
aftershave lotion; results were negative. The patch test was con- 
ducted in order to rule out empaneling any subject who bad an 
individual idiosyncratic reaction to the aftershave lotion. Upon 
completion of the semiocclusive patch test (prescreen), each 
subject was instructed to use the test aftershave lotion at least 
once daily. Subjects were also instructed to continue their normal 
cleansing regimen; no new toiletries were to be used. Reactions 
were scored by a dermatologist on days 0 (baseline), 7, 14, and 
21 according to the following scale: 0 (reactions within normal 
limits) to 3 (severe erythema/edema). Subjective irritation was 
graded according to the scale: 0 (within normal limits) to 3 (se- 
vere). Fifty-two of the original 54 subjects completed the study. 
Transient redness of the facial area (mild, very slight; score = 1 ) 
was observed in 15 subjects. Reactions persisted through day 
21 in 10 of the 15 subjects. Subjective irritation was not noted 
for any of the subjects tested. Additionally, all 52 subjects had 
a score of 0 (within normal limits) for edema. It was concluded 
that no significant dermal facial irritation or sensitization was 
elicited by the test aftershave lotion in the use test (Harrison 
Research Laboratories, Inc. 1995). 

The Education and Research Foundation, Inc. (1995) evalu- 
ated the skin irritation potential of an aftershave lotion contain- 
ing 2.5% PPG-26-Buteth-26 in another 21-day use test involv- 
ing 54 male subjects (18-69 years old). These subjects were 
described as daily shavers, and generally shaved at least five 
times per week. Subjects with skin disorders or allergies that 
could have interfered with the evaluation of study results, and 
subjects with any existing skin irritation or history of skin ir- 
ritation were excluded from the study. Study participants were 
asked to identify the cosmetic and toiletry products (including 
soap) normally used, and were instructed not to change brands 
during the course of the study. On day 1 of the study, each sub- 
ject was screened by a dermatologist to confirm that the skin 
and upper body areas were free of skin irritation. After shav- 
ing on day 1 and throughout the remainder of the 21-day test, 
the aftershave lotion was applied to shaved skin. The face was 
dried prior to product application. Subjects visited the testing 
facility on Tuesday of each week for facial and upper body ex- 
aminations, conducted by a dermatologist. Reactions (erythema, 

scaling, and edema) were evaluated according to the following 
scale: 0 (no reaction) to 3 (severe reaction). Any visual signs 
of irritancy or subjective comments relating to adverse effects 
(i.e., itching, burning, stinging, etc.) were reported. Itching and 
irritation reactions, as described by the subjects tested, were 
scored according to the same grading scale. Subjects were also 
instructed to report any delayed reactions. Three subjects re- 
ported irritation and/or itching. One of the three had a score of 
I (slight) for erythema, and another had u score of 1 for scal- 
ing. Scaling (score = I) was also observed in an additional 
subject who did not report irritation and/or itching. Finally, an- 
other subject experienced congestion after use of the lotion; no 
other reactions were reported. It was concluded that the after- 
shave lotion did not cause skin irritation, was well tolerated, and 
is safe for human use (Education & Research Foundation, Inc. 
1995). 

SUMMARY 
The PPG Buteths are polyoxypropylene, polyoxyethylene 

ethers of butyl alcohol. They are butanol-initiated, random linear 
copolymers that are produced from equal amounts (by weight) 
of ethylene and propylene oxide. 

The following PPG Buteths were reported as being used in 
cosmetics in 1997: PPG- 12-Buteth-16 (53 products), PPG-9- 
Buteth-12 (2 products). PPG-26-Buteth-26 (13 products), and 
PPG-28-Buteth-35 (10 products). Data submitted to the CTFA 
in 1995 indicated the following maxi mum use concentrations for 
PPG- 12-Buteth- 16, the PPG Buteth that is most frequently used 
in cosmetics: 22% (hairdressings); 2% (self-tanners); 1% (hair 
styling lotion); and 0. I to 1% (astringent). PPG-28-Buteth-35 
was used at concentrations up to 1% in shampoos. 

In rats dosed orally with 14C-PPG-7-Buteth-10, most of the 
administered radioactivity was excreted (urine, feces, and ex- 
pired CO2) within 7 days postdosing. Similar observations were 
reported for rats dosed orally with 14C-PPG-33-Buteth-45; bow~ 
ever, radioactivity was not detected in expired CO2. 

Acute inhalation LCs0 values for PPG Buteths that have been 
reported for rats are as follows: 4670 and >5230 mg/m 3 for 
males and females, respectively (PPG- 12-Buteth- 16); 4.77 mg/L 
(males and females) for PPG-7-Buteth-10; 330 mg/m 3 (males 
and females) for PPG-20-Buteth-30; and 147 mg/m 3 for PPG- 
33-Buteth-45. LCs0 values of 174 mg/m 3 (mice); 511 mg/m 3 
(hamsters); and 293 mg/m 3 (guinea pigs) have also been reported 
for PPG-33-Buteth-45 in other acute inhalation toxicity studies. 

In short-term (9-day) inhalation toxicity studies using rats, 
pulmonary lesions were observed at exposure concentrations of 
PPG- 12-B uteth- 16 ranging from 492 to 2500 mg/m 3. Pulmonary 
lesions were also noted in rats exposed to PPG-20-Butetb-30 
( 100 mg/m 3 ) and PPG-33-Buteth-45 (55 mg/m 3 ) for 10 days and 
in rats exposed to PPG-33-Buteth-45 at concentrations ranging 
from 4.8 to 50 mg/m 3 for 9 days. No exposure-related micro- 
scopic lesions were found in rats exposed for 9 days to PPG-7- 
Butetb-10 at concentrations ranging from 5 to 512 mg/m 3. 
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In a subchronic inhalation toxicity study, microscopic lesions 
were observed in the lungs of rats exposed to PPG-33-Buteth- 
45 at concentrations of 0.3, 1.1, and 5.2 mg/m 3 for 13 weeks. 
The lesions consisted of hemorrhage and interstitial pneumonia 
(only in 1.1 and 5.2 mg/m 3 groups), alveolar histiocytosis, and 
focal or multifocal fibrosis. 

An LDs0 of 18.3 g/kg for PPG-12-Buteth-16 was reported 
in an acute oral toxicity study involving rats. Acute oral LDs0 
values ranging from 4.49 to 8.57 ml/kg have been reported for 
PPG-7-Buteth-10 in acute oral toxicity studies involving rats. 
Oral LDs0 values of 7.46 ml/kg (mice) and 1.77 ml/kg (rabbits) 
for PPG-7-Buteth-10 also have been reported. 

The oral LDso for PPG-20-Buteth-30 in rats was 20.6 g/kg, 
and > 16 ml/kg in rats dosed with PPG-24-Buteth-27. An oral 
LDso of >5.01 g/kg (4.72 ml/kg) was reported for PPG-26- 
Buteth-26 in Long Evans rats. Similar results were reported for 
Sprague-Dawley rats dosed with a solubilizing system contain- 
ing PPG-26-Buteth-26 (concentration not stated); the LDs0 was 
greater than 5.0 g/kg (4.81 ml/kg). 

In acute oral toxicity studies on PPG-33-Buteth-45 using 
rats and mice, LDs0 values of 45.2 ml/kg and 49.4 ml/kg, re- 
spectively, were reported. In studies using rabbits, an LDs0 of 
15.8 ml/kg was reported for PPG-33-Buteth-45. 

The subchronic (3 months) oral toxicity of PPG-24-Buteth- 
27 in rats was evaluated at concentrations of 0.01% to 1.25% 
in the diet. Acute pneumonia was the primary cause of death in 
one of the two rats (highest exposure group) that died. Lesions 
were observed in the livers and kidneys of rats from the 0.05%, 
0.25%, or 1.25% treatment groups. The changes observed in the 
0.05% treatment group were regarded as transitory, and tissues 
from rats in the 0.01% group differed little from those of the 
control group. 

Hepatic and renal lesions were also observed in another sub- 
chronic study (90 days) in which groups of rats were fed PPG- 
33-Buteth-45 at dietary doses of 0.7 and 4.0 g/kg/day for 90 days. 
These lesions were not observed in rats fed lower doses (0.03 or 
0.15 g/kg/day). 

In a chronic feeding study involving rats, no statistically sig- 
nificant differences were found in the incidence of neoplasms 
and other lesions (20 tissues) between rats fed PPG-7-Buteth- 10 
(0.004, 0.02, 0.1, and 0.5 g/kg/day) and control groups. Similar 
results were reported for PPG-33-Buteth-45, following admin- 
istration to groups of rats at dietary concentrations of 0.02, 0.1, 
and 0.5 g/kg/day, respectively. 

In a chronic feeding study involving dogs, no statistical dif- 
ferences in the incidence of gross or microscopic lesions (18 tis- 
sues) between groups of animals fed PPG-7-Buteth-10 (0.004, 
0.02, 0.1, and 0.5 g/kg/day) and control groups were observed. 
Similar results were reported for PPG-33-Buteth-45, following 
administration to groups of dogs at dietary doses of 0.023, 0.11, 
and 0.61 g/kg/day. 

Mortality rates for rabbits dosed with PPG Buteths (dose = 
21 g/kg) in acute dermal toxicity studies are summarized as 
follows: one of four rabbits (PPG-12-Buteth-16); one of four 

rabbits (PPG-20-Buteth-30); and one of four rabbits (PPG-33- 
Buteth-45). In another acute dermal toxicity study, no deaths 
occurred in groups of rabbits dosed with PPG-24-Buteth-27 (2, 
4, 8, and 16 ml/kg). Erythema, edema, ecchymosis, and desqua- 
mation were noted in this study. Pulmonary lesions were noted 
at necropsy. In New Zealand albino rabbits dosed with PPG-26- 
Buteth-26, the acute cutaneous LDso was not achieved at a dose 
of 2.0 g/kg (1.89 ml/kg). 

In acute intravenous toxicity studies involving rats, pulmonary 
lesions were most prevalent among rats dosed with PPG-33- 
Buteth-45 (reduced and nonreduced forms). Relatively few pul- 
monary lesions were produced by PPG-7-Buteth-10, PPG-12- 
Buteth-16, or PPG-20-Buteth-30. Overall, based on acute 
intravenous LDs0 values, PPG-12-Buteth-16 (LDs0 values = 
0.41 ml/kg, males; 0.64 ml/kg, females) and PPG-7-Buteth-10 
(LDs0 values = 0.20 ml/kg, males; 0.21 ml/kg, females) were 
the most toxic chemicals. 

The acute i ntraperitoneal LDs0 for PPG-12-Buteth-16 in rats 
was 2.46 ml/kg. 

PPG- 12-Buteth- 16, PPG-20-Buteth-30, and PPG-33-Buteth- 
45 were not classified as ocular irritants after instillation into 
the conjunctival sac of the eyes of rabbits. However, PPG-24- 
Buteth-27 induced iritis and minor to moderate conjunctival irri- 
tation. All reactions had cleared by day 2 postinstillation. PPG- 
26-Buteth-26 did not induce ocular irritation in New Zealand 
albino rabbits. Mild ocular irritation was induced in New Zealand 
white rabbits tested with a solubilizing system containing PPG- 
26-Buteth-26 (concentration not stated). 

I n a skin irritation test of PPG - 12-B uteth- 16, PPG-20- B uteth- 
30, and PPG-33-Buteth-45, capillary injection was observed in 
rabbits only after the application of PPG- 12-Buteth- 16. The re- 
sults of another study indicated that PPG-24-Buteth-27 induced 
minor erythema and moderate edema in rabbits. Reactions were 
not observed after day 2 postapplication. PPG-26-Buteth-26 in- 
duced very slight to slight skin irritation in New Zealand al- 
bino rabbits. A solubilizing system containing PPG-26-Buteth- 
26 (concentration not stated) was classified as a mild skin irritant 
in New Zealand white rabbits. 

In two lifetime skin painting studies, PPG-7-Buteth-10 and 
PPG-33-Buteth-45, respectively, did not induce papillomas or 
carcinomas in mice. When administered following either one or 
two initiator doses of DMBA, 70% PPG-24-Buteth-27 acted as 
a tumor promoter; however, 5% PPG-24-Buteth-27 did not act 
as a tumor promoter. 

Aftershave formulations containing 2.5% PPG-26-Buteth-26 
were not skin irritants or sensitizers when evaluated in two 21- 
day home use tests. The skin irritation and/or sensitization use 
test and the skin irritation use test involved 52 and 54 subjects, 
respectively. 

DISCUSSION 
Section 1, paragraph (p) of the CIR Procedures states that "A 

lack of information about an ingredient shall not be sufficient 
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to justify a determination of safety." In accordance with Sec- 
tion 30(j)(2)(A) of the Procedures, the Expert Panel informed 
the public of its decision that the data on PPG Buteths were not 
sufficient for determining whether the ingredients, under rele- 
vant conditions of use, were either safe or unsafe. The Panel 
released for public comment a Tentative Report with an insuffi- 
cient data conclusion on these ingredients (June 4, 1996). 

In reaching its tentative conclusion that the available data 
were insufficient to support safety, the Expert Panel was partic- 
ularly concerned that PPG Buteths are butanol-initiated random 
linear copolymers and that n-butyl alcohol could be present as an 
impurity in the finished product. Information was lacking on the 
amount of n-butyl alcohol that could be present in the finished 
product. Because n-butyl alcohol is a reproductive and devel- 
opmental toxin, data confirming its absence were considered 
important. Alternatively, dermal reproductive and developmen- 
tal toxicity tests of the lowest molecular weight PPG Buteth 
in this group would have sufficed. If that data were not avail- 
able, dermal absorption data indicating no significant absorption 
would have resolved this concern. In addition, the Expert Panel 
needed human dermal irritation and sensitization data. Com- 
plicating this request for data was the fact that there are lower 
molecular weight PPG Buteths (i.e., PPG-2-Buteth-2) listed as 
cosmetic ingredients than are included in this safety assessment. 
The Expert Panel provided the option to expand the family of in- 
gredients by submitting the above data on the lowest molecular 
weight PPG Buteth. 

During the 90-day public comment period after the Tent~itive 
Report was issued, data were received addressing the presence of 
n-butyl alcohol and clinical data were provided on dermal irrita- 
tion and sensitization -all for PPG-26-Buteth-26. The following 
specific data were received from the cosmetics industry: acute 
oral/dermal toxicity and skin/ocular irritation studies on undi- 
luted PPG-26-Buteth-26; home use tests evaluating the skin irri- 
tation and sensitization potential of a shaving lotion containing 
2.5% PPG-26-Buteth-26; and an impurities analysis on PPG-26- 
Buteth-26 and a trade mixture (solubilizing system) containing 
this ingredient. Data on the skin/ocular irritation potential of this 
trade mixture were also received. The concentration of PPG-26- 
Buteth-26 was not indicated; however, study results indicated 
that the skin and ocular irritation potential of this mixture in 
rabbits was less when compared to undiluted PPG-26-Buteth- 
26 (classified as mild irritant). 

In its review of these data, the Expert Panel considered that the 
absence of n-butyl alcohol as an impurity in PPG-26-Buteth-26 
was an indication that n-butyl alcohol would not be an impu- 
rity in any of the PPG Buteths. Therefore, the need for dermal 
reproductive and developmental toxicity data is eliminated. 

The data provided on irritation and sensitization, however, 
were not considered applicable to PPG Buteths with molecu- 
lar weights lower than PPG-26-Bnteth-26, the ingredient actu- 
ally tested. The experience of the Panel is that lower molecular 
weight members of a chemical lhmily can be absorbed differ- 
ently compared to higher molecular weight compounds. Absent 

any data on the dermal absorption of a low molecular weight 
PPG Buteth, or actual data on skin irritation and sensitization, 
the Expert Panel could not consider the available data sufficient 
to support the safety of PPG-9-B uteth- 12 or PPG- 12-Buteth- 16. 
Accordingly, the Panel has identified the following data which 
are still needed in order to complete the safety assessment of 
PPG-9-B utetb- 12 and PPG- 12-Buteth- 16 (and possibly, to eval- 
uate the safety of even lower molecular weight PPG Buteths): 

1. Dermal absorption of PPG-9-Buteth-122 
2. Human dermal irritation and sensitization of PPG-9-Buteth- 

12. 2~ 

When new data are available, the Expert Panel will recon- 
sider the Final Report in accordance with Section 46 of the CIR 
Procedures, Amendment of a Final Report. 

The data were considered sufficient to complete the safety 
assessment for PPG-26-Buteth-26 and PPG-28-Buteth-35. The 
absence of n-butyl alcohol impurities and the negative findings 
in clinical testing support that these ingredients are safe as used 
in cosmetic products. 

CONCLUSION 
The CIR Expert Panel concluded that PPG-26-Buteth-26 and 

PPG-28-Buteth-35 are safe as used in cosmetic products, and 
that the available data are insufficient to support the safety of 
PPG- 12-Butetb- 16 and PPG-9-Buteth- 12 as used in cosmetics. 
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AMENDED FINAL REPORT 

Safety Assessment of PPG-9-Buteth-12, 
PPG-12-Buteth-16, PPG-26-Buteth-26, 
and PPG-28-Buteth-35 

ABSTRACT 
PPG- 12-Buteth- 16, PPG-9-Buteth- 12, PPG-26-Buteth-26, and PPG-28-Buteth-35 are polyoxypropylene, 
polyoxyethylene ethers of butyl alcohol that function as hair conditioning agents, miscellaneous skin 
conditioning agents, surfactant/emulsifying agents. In addition, PEG-12-Buteth-16 is used as a solvent in 
cosmetic formulations. This latter ingredient is used at concentrations up to 31% in hair grooming aids 
(e.g., hair tonics), 1-4% in shampoos, and less than 1% in other types of cosmetics. PPG-28-Buteth-35 
is used at concentrations up to 1% in shampoos. Uses in cosmetic products have been reported for 
PPG-9-Buteth-12 and PPG-26-Buteth-26, but no current concentration of use data are available. All of 
the PPG Buteths in this safety assessment are highly water soluble and have molecular weights above 
1000. Very little acute toxicity was seen in rats, mice, and rabbits with oral exposure to various PPG 
Buteths. Some deaths were seen in acute dermal toxicity studies in rabbits using various PPG Buteths, 
but even the surviving animals exhibited erythema, edema, ecchymosis, and desquamation. Acute, 
short-term, and subchronic inhalation studies with various PPG Buteths were negative as well. Hepatic 
and renal lesions were observed in subchrenic oral toxicity studies of PPG-24-Buteth-27 and PPG-33- 
Buteth-45 in rats. In a chronic feeding study involving rats and one involving dogs, no significantly 
different incidence of neoplasms or other lesions were seen with PPG-7-Buteth- 10 and PPG-33-Buteth- 
45. While PPG-24-Buteth-27 produced mild ocular toxicity, mixed results were seen with PPG-26- 
Buteth-26, and no irritation with several other PPG Buteths. PPG Buteths produced skin irritation in 
animal tests. In two lifetime skin painting studies in mice, PPG-7-Buteth-10 and PPG-33-Buteth-45 did 
not induce papillomas or carcinomas. Some evidence was found that PPG-24-Buteth-27 could act as a 
tumor promotor, but only at high concentrations. Clinical testing of PPG-26-Buteth-26 produced no skin 
irritation or sensitization. Clinical testing of PPG-12-Buteth-16 likewise produced no skin irritation or 
sensitization. Based on its large molecular weight alone, it is unlikely that PPG-28-Buteth-35 would be 
associated with any skin irritation or sensitization. PPG-9-Buteth-12 has a lower molecular weight than 
the PPG Buteths for which there has been shown an absence of skin sensitization and irritation, but it is 
highlysolubleinwaterandhasamolecularweightoverlO00. Thesefactorssuggestthatskinabsorption 
would be very limited and it would be unlikely that PPG-9-Buteth- 12 would produce skin irritation or 
sensitization. Because PPG Buteths are butanol-initiated random linear copolymers, there is a concern 
that a reproductive and developmental toxin, n-butyl alcohol could be present. Data were provided 
showing the absence of n-butyl alcohol in PPG-26-Buteth.26 from which it may be inferred that this 
compound is not found in other PPG Buteths. Based on the available data, it may be concluded that 
PPG-12-Buteth-16, PPG-9-Buteth-12, PPG-26-Buteth-26, and PPG-28-Buteth-35 are safe as used in 
cosmetic formulations. 
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INTRODUCTION 
The toxicity of PPG-9-Buteth-12, 
PPG-12-Buteth-16, PPG-26-Buteth-26, and 
PPG-28-Buteth-35 is reviewed in this report. In 
1997, the Cosmetic Ingredient Review (CIR) 
Expert Panel issued a final safety assessment 
(CIR, 1997) in which PPG-26-Buteth-26 and 
PPG-28-Buteth-35 were found safe as used in 
cosmetic products. The available data, however, 
were found insuf~cient to support the safety of 
PPG-9-Buteth-12 and PPG-12-Buteth-16 as used 
in cosmetics. 

In 2000, the CIR Expert Panel received human 
repeat insult patch test (RIPT) data on PPG-12- 
Butetb-16 and updated information on the. 
concentrations at which this ingredient is used in 
cosmetic formulations. These data have been 
incorporated into this amended final safety 
assessment. 

Because the PPG Buteths have the same basic 
chemical structure, data on other chemicals in 
this family are included in this report to contribute 
to the safety assessment of these four cosmetic 
ingredients. The additional data are on the 
following chemicals, none of which is currently 
being used in cosmetic products: 
PPG-7-Buteth-10, PPG-20-Buteth-30, 
PPG-24-Buteth-27, and PPG-33-Buteth-45. 

CHEMISTRY 

Chemical and Physical Properties 

The PPG Buteths (CAS Numbers 9038-95-3 and 
9065-63-8) are polyoxypropylene, 
polyoxyethylene ethers of butyl alcohol that 
conform to the formula 0Nenninger et al, 2000): 

C4Hg(O~HCH2)x(OCH2CH2)yOH 

CH 3 

For PPG Buteths listed in the International 
Cosmetic Ingredient Dictionary, average values 
forx range from 2 to 38 and average values for y 
range from 2 to 45 (e.g. PPG-12-Buteth-16 has 
average x and y values of 12 and 16, 
respectively). 

Other names for PPG Buteths include: 
Polyoxyethylene (y) Polyoxypropylene (x) 
Monobutyl Ether and Polyoxypropylene (x) 
Polyoxyethylene (y) Monobutyl Ether. 

Thus, PPG-12-Buteth-16 would also be known as 
Polyoxyethylene (16) Polyoxypropylene (12) 
Monobutyl Ether and Polyoxypropylene (12) 
Polyoxyethylene (16) Monobutyl Ether 
(VVenninger et al, 2000). 

PPG-12-Buteth-16 is a clear, colorless slightly 
viscous liquid with the following properties: no 
apparent odor; soluble in water or ethanol; 
specific gravity of 1.050 -1.054 (at 20"/20"C); 
refractive index of 1.450 -1.462 (at 25"C); pH of 
5.5 to 8.5 (10% aqueous solution); viscosity 
(Saybott) of 630 to 690 cps at IO0"F; and with a 
close match to a standard IR spectrum with no 
indication of foreign materials (Nikitakis and 
McEwen, 1990). 

Properties of PPG-7-Buteth-10, 
PPG-9-Buteth-12, PPG-12-Buteth-16, 
PPG-20-Buteth-30, PPG-28-Buteth-35, and 
PPG-33-Buteth-45 and specifications for 
PPG-12-Buteth-16, PPG-9-Buteth-12, 
PPG-20-Buteth-30, PPG-28-Buteth-35, and 
PPG-33-Buteth-45 provided by suppliers are 
summarized in Table 1. 

Methods of Production 

PPG-12-Buteth-16 and other ethylene 
oxide/propylene oxide polymers of this series, 
which includes the other PPG Buteths reviewed in 
this report, are butanol-initiated, random linear 
copolymers that are produced from equal 
amounts (by weight) of ethylene and propylene 
oxide (Klonne et al., 1987; Nikitakis and McEwen, 
1990 Hoffman et al., 1991). 

Impurities 

According to the CTFA cosmetic ingredient 
description, PPG-12-Buteth-16 contains ash 
(0.01% maximum) and moisture (0.3% 
maximum) (Nikitakis and McEwen, 1990). 
Two batches of PPG-26-Buteth-26 and two 
batches of a trade name mixture containing 
PPG-26-Buteth-26 (Solubilisant LRI) were 
assayed for the percentage of residual n-butyl 
alcohol using head space with gas 
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Table 1. PPG Buteths Properties (Union Carbide Chemicals and Plastics 
Company, inc. 1992a, b, c, d, e, f) and Specifications (Union Carbide Corporation, 1994; 

Amerchol Corporation, 1994a, b, c, d). 

Ingredients 

Properties PPG-12-Buteth-16 PPG-7-.Buteth-10 PPG-9-Buteth-12 PPG.2O-Buteth-3O PPG-2g-Buteth-36 PPG-33-.Buteth-46 

Physical State Liquid Liquid Liquid Liquid Liquid Liquid 

Form . . . . . . . . . . . . . . .  V'mcous, clear liquid 
Specification 

Viscosity 630 to 690 cpe - -~ 380 to 420 cps 1900 to 2100 cpa 3370 to 3670 cpa 4850 to 5350 cpa 
Specification 

i 

Appearance Transparent, Transparent, Transparent, Transparent, Transparent, Transparent, 
ealodeas ealorieea to pale colorless to white colorless coicdeea coicdeea to pale 

yellow yellow 

Color . . . . . .  1(30 platinum, max 200 platinum, max 200 platinum, max 200 platinum, max 
Specification 

Clarity Free from haze or Free from haze or Free from haze or Free from haze or Free from haze or Free from haze or 
Specification turbidity turbidity turbidity turbidity turbidity turbidity 

Particulates Substantially free - - - Substantialiy free Substantially free Substantially free Substantially free 
Specification 

Dilution test Clear - - - Clear Clear Passes Clear 
Specification 

Odor Characteristic Characteristic Mild Characteristic Characteristic Characteristic 

Odor . . . . . .  Characteristic Low, characteristic Characteristic Low, characteristic 
Specification 

Molecular f 700 970 1230 2660 3380 3930 
Weight 

pH 5.5 - 7.5 . . . . . . . . . . . . . . .  
Specification (10% aq at 25=C) 

Specific Gravity 1.051 at 20°/20°C 1.033 at 20°/20°C 1.041 at 20°/20°C 1.056 at 20°/20"C 1.056 at 20°120°C 1.0f 3 at 20°/20°C 

Freezing Point Pour point, -34.4°C Pour point, -40°C Pour point, -41°C Pour point, -31.7°C Pour point, -28.9°C Pour point, -51.1°C 

Boiling Point Decomposes at Decomposes' at Decomposes at Decomposes at Decomposes at Decomposes at 
(760 mm Hg) >200°C >200°C >291°C >200°C >2(X)°C 200°C 

Flash Point 202°C, closed cup 350°C, closed cup 204°C, closed cup 177°C, closed cup t B2°C, closed cup 141°C, closed cup 
229°C, open cup 238°C, open cup 249°C, open cup 249°C, open cup 243°C, open cup 196°C, open cup 

Vapor Pressure < 0.01 mm Hg < 0,01 mm Hg < 0.01 mm Hg < 0.01 mm Hg < 0.01 mm Hg < 0.0f mm Hg 
(at 20°C) 

Vapor Density • 1 • 1 42.41 > 1 >1 >1 

EvaporatJort Nil Nil < 0.01 Nil Nil Nil 
Rate 

Water/moisture 0.13% by Weight, - - - 0.3% max 0.3% max 0.3% max 0.3% max 
Specification max 

Solubility in 100% 100% 100% at 20°C 100% 100% 100% 
water by weight 
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chromatography (detection limit = 1 ppm) and 
solid phase micro extraction (SPME) with gas 
chromatography (detection limit = 1 ppb) 
techniques. For each sample tested, there was 
no signal indicating the presence of n-butyl 
alcohol. Solubilisant LRI was also assayed for 
dioxane and ethylene oxide content using the 
SPME with GC technique. Oioxane content was 
below 5 ppm and ethylene oxide content was 
below 1 ppm (Les Colorants Wackherr, 1996). 

The concentration of residual ethylene oxide and 
prapylene oxide in PPG-33-Buteth-45 is less than 
1 ppm (Union Carbide Corporation, 1987). 

USE 

Purpose in Cosmetics 

PPG-12-Buteth-16, PPG-9-Buteth-~l 2, 
PPG-26-Buteth-26, and PPG-28-Buteth-35 have 
the following uses in cosmetics: hair conditioning 
agent; skin conditioning agent -miscellaneous; 
and surfactant-emulsifying agent. PPG-12- 
Buteth-16 is also used as a solvent for cosmetic 
products (Wenninger et al, 2000). 

Scope and Extent of Use in Cosmetics 

Information on use of ingredients in cosmetic 
formulations is available from the Food and Drug 
Administration (FDA) as part of a voluntary 
industry reporting program. The product 
formulation data submitted to FDA in 1997 
indicated that all of the PPG Buteths were used in 
cosmetics (FDA, 1997). Information on thetypos 
of products in which these ingredients were 
reportedly used is shown in Table 2. The number 
in parenthesis in the first column represents how 
many of this type of product were reported to FDA 
(e.g. 241 underarm deodorants) and the second 
column tells how many of those products 
contained the ingredient in question. Thus, out of 
241 underarm deodorants, only one was reported 
to contain PPG-26-Buteth-26. 

Table 2 also presents current information as 
provided by the industry on the concentrations at 
which PPG Buteths are used (CTFA, 1995, 1999). 
Concentration of use values are no longer 
reported to FDA by the cosmetics industry (FDA, 
1992a). No maximum use concentration data are 
available for PPG-9-Buteth-12 because all 
participating companies indicated that they were 
not using that chemical in current formulations 

(CTFA, 1999). For comparison purposes, 
historical data (reported to FDA in 1984) include 
the following concentration ranges: PPG-12- 
Buteth-16 (0.1-25%); PPG-9-Buteth-12 (0.1-1%); 
and PPG-28-Buteth-35 (0.1-1%) (FDA, 1984). 

Cosmetic products containing PPG-12-Buteth-16, 
PPG-9-Buteth-12, and PPG-26-Buteth-26, are 
applied to the skin, hair, and nails and could 
come in contact with the eyes, nasal mucosa, and 
other parts of the body. Products containing 
PPG-28-Buteth-35 are applied only to the hair, 
and could come in contact with facial skin, the 
eyes, and nasal mucosa. Products containing the 
PPG Buteths could be used on a daily basis and 
potentially can be applied many times over a 
period of several years. 

International Use 

The PPG Buteths are not included in the list of 
substances that are prohibited from use in 
cosmetic products that are marketed in the 
European Union (European Economic 
Community, 1995). 

The anglicized Japanese name for PPG Buteths 
is Polyoxyethylene Polyoxypropylene Butyl 
Ethers. Polyoxyethylene Polyoxypropylene Butyl 
Ethers are specified in all 11 Japanese 
Comprehensive Licensing System (CLS) 
categodes without limits. These cataegodes are 
cleansing preparations, hair care preparations, 
treatment, makeup preparations, fragrant 
preparation s, suntan/sunscreen preparations, nail 
preparations makeup preparations, eyeliner 
preparations, lip preparations, oral preparations, 
and bath preparations.. Where a specific 
Polyoxyethylene Polyoxypropylene Butyl Ethers is 
listed (e.g., PPG-28-Buteth-35) it is listed as "not 
used" in eyeliner preparations, lip preparations, or 
oral preparations (Santucci, 1999). 

Noncosmetic Use 

In general, PPG Buteths have had the following 
uses: components of adhesives; defoaming 
agents in paper manufacture, animal glue, and 
beet sugar; as components of paperboard for 
packaging dry food; rubber lubdcation; heat 
transfer fluids; and specialty solvents (Smyth et 
al., 1970). 

According to the Code of Federal Regulations 
(CFR), the following food uses of 
PPG-33-Buteth-45 have been approved by FDA: 
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Table 2. Ingredient Usage as a Function Of Product Type, 

Product Category : Number of Formulations with the Current Concentration of 
(Total number repOrted to FDA 1997) Ingredient (FDA T 1997) Use (CTFA, 1995~ 1999) 

,~i;iil;iiiiil;;i;;~;i::::i;;i;i;ii;ii;ii::i::::::~::il !!!iiiiiiiiiiiiiii!iiiiiiiiiiiiii:iii:ii~iiiiiiiiiiii i i : : i i i i i ; i i ; i i i , ~ . l ~  ::~ ~::ii i i;ii;;i;il;iiiii i'~i::!!!i!'~!!!'::~i::::~:~ii~! iii!'~':i~:ii::ii::iiiiiiiii 
Baby Shempaea (19) , . .  
Bubble Baths (186) 

Other Bath Preparations (141) 
Other Eye Makeup Prel~erations (116) 
Hair Conditioners (596) 
Non-coloring Shampoos (625) 
Tonics, Dressings, and Other Hair Grooming Aids (512) 
Wave Sets (55) 
Face Powders 
Nail Creams and Lotions (17) 

Bath Soaps and Detergents (341) 
Other Personal Cleanliness Products (262) 
Afteraheve lotions 
Skin cleansing creams, lotions, liquids, pads 

Foot Powders and Sprays (32) 
Skin Fresheners 
Other Skin Care Preparations (683) 
Indoor Tanning Preparations (50) 

1 
8 0.6% 
14 0.7% 
1 

4 
6 1-4% 
7 1-31% 
1 

1% 
1 
4 0.6% 
1 

0.5% 
1% 

0.5*0.6% 
1 
3 1% 

1997 Total for  PPG-12-Biteth-16 93 

i; ::i ;;; ;; i; i ;; i iil ;; :: ;; :: ;; i; i ;i ::ill ;; i; iii i i; i; i i!;iii!ii i i iii ;i i i i i i i;i i;i ;;; i iii i ;; i; ii:~; i ;; i; i i;i i i i lil ii :~ ::; i ~ ~ G ~ b  X~i , i~t2 i  i:i i lii ;; i ;; ; i i; i i ::; i ;; i i; i i i :: i iii ! i i i !; :: i;! ! i i ii;i ! i i i i i i  i i i i! i iii i i i ;; :: ::;~ :;~:: ~::: 
Other Bath Preparations (141) 

1997 Total for PPG-9-Buteth-12 

i ii i i i ~i i i i i !~:: ! !! ! !:: i :::: i i i i:: i ::::: i :: i i:: i ;. :. i :. i i::. i i :: i ii i :::: i :: :: :::: i i:: ~ :: ~ i:: :, :::: :: :::: ~::::~ :. i :.:. :: :.:: i i~i i :: ! i i i i i :: i :: :: i :;iii!i :.:. i ;.:. i P P G ~. 2 6 ~IB U T E TH ~2 6::~ :::: ~ :: ~:~ :: i :. :. :. :.:. ~ ::i i i ! i i:: :::i i i ~ii i i:: i ::!!! ! !:: ! :: ;; i :: i:: i i:i i::i :;i i :. i :i i :: i ;; :: i ::ii~:: i ::i i i i i i i i:: i ::::~ :: ~ :: :: :: :::. :: :::: :: :: :: i :: i i :: :: ;. 
Underarm Deodorants (241) 

Other Personal Cleanliness Products (262) 
Other Shaving Preparation Products (60) 
Cleansing Skin Care Preparations (630) 
Body and Hand (Excluding shaving) Skin Care Preparations (776) 
Moisturizing Skin Care Preparations (743) 
Skin Freaheners (t 6 t )  

1997 Total for PPG-26-Buteth.26 13 

Non-colonng Rinses (42) 
Non-ootodng Shampoos (825) 

Bath Soaps and Detergents (341) 
Underarm De~xlorants (241) 

Cleansing Skin Care Preparations (630 I 
1997 Total for  PPG.28-Buteth-39 

3 
4 1% 
1 
1 
1 

10 

additive to steam boilers used to generate steam 
that will contact food (21 CFR 173.310); 
component of defoaming agents used in the 
processing of beet sugar.(21 CFR 173.340); 

c o m p o n e n t  o f  a d h e s i v e s  u s e d  in a r t i c l es  i n t e n d e d  
f o r  p a c k a g i n g ,  t r a n s p o r t i n g ,  o r  h o l d i n g  f o o d  (21 
C F R  1 7 5 . 1 0 5 ) ;  c o m p o n e n t  o f  d e f o a m i n g  a g e n t s  
u s e d  in t h e  p r e p a r a t i o n  a n d  a p p l i c a t i o n  o f  
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coatings for paper and paperboard (21 CFR 
176.200) ; component of defoaming agents used 
in the manufacture of paper and paperboard (21 
CFR 176.210); and component of lubricants for 
use on machinery used for producing, 
manufacturing, packing, processing, preparing, 
treating, packaging, transporting, or holding food 
(limitation of 10 ppm in food) (21 CFR 178.3570). 

Poly(oxyethylene/oxypropylene) monobutylether 
[PPG-12-Buteth- 16 is Polyoxyethylene (16) 
Polyoxypropylene (12) Monobutyl Ether] has 
been approved for use as an optional adjuvant 
substance in the processing and finishing of 
poly(p-phenyleneterephthalamide) resins that are 
intended to produce articles for repeated use in 
the processing and handling of food (FDA, 
1992b). 

PPG-12-Buteth-16 and PPG-20-Buteth-30 have 
been used to coat the walls of polar glass 
capillary columns used by analytical chemists 
(Higgins, 1981). 

BIOLOGICAL 
PROPERTIES 

Metabolism and Excretion 

PPG-7-Buteth-l0 
Rats (number,weights, and strain not stated) 
were dosed orally with 14C-PPG-7-Buteth-10 (67 
mg/kg). Three samples of this chemical were 
radio-labeled at the butoxy, ethylene oxide, and 
propylene oxide groups, respectively. 
Radioactivity was not detected in the carcass of 
any animal at day 7 post-dosing. The urine and 
feces accounted for 46.4% and 26.7% of the total 

radioactivity detected within seven days after 
dosing; radioactivity (12.5% of total)was also 
detected in expired carbon dioxide. The greater 
part of expired radioactivity originated in the 
terminal butoxy groups and half as much 
originated in the propylene oxide groups 
distributed at random in the chain; almost no 
radioactivity was detected in the ethylene oxide 
groups in the chain. Also, the proportions of 
radioactivity in the throe samples that appeared 
in the feces differed. Most radioactivity was from 
the 14C-ethylene oxide and least was from the 
14C-butanol. 

The investigators noted that these proportions 
are the reverse of what was observed in expired 
carbon dioxide and that these differences could 
have occurred only if cleavage of 14C-PPG-7- 
Buteth-10 had occurred at the ether linkages 
(Smyth et al., 1970). 

PPG-33-Buteth-45 
Following the oral administration of 
~4C-PPG-33-Buteth-45 (14C-was only at the 
ethylene oxide groups) according to the same 
procedures of the preceding experiment, the 
urine and feces accounted for 5.3% and 89.0% of 
the total radioactivity detected within seven days 
after dosing. No radioactivity was found in 
expired carbon dioxide (Smyth et al., 1970). 

TOXICOLOGY 

Acute Inhalation Toxicity 

The results of acute inhalation toxicity studies on 
the PPG Buteths are summarized in Table 3. A 
wide range of LC50 values and morbidity was 
observed. 

Table 3. Acute Inhalation Toxicity of PPG Buteths 

Test Substance Animals Tested Procedure Results References 

PPG-12-Buteth-16 6 rats Exposure to mists from No deaths Union Carbide 
saturated vapors for I h. The Corporation, 1~52a 
aerosol size was not stated 

PPG-12-Buteth-16 6 rats Exposure to mists from All animals died Union Carbide 
saturated vapors for 2 h. The Corporation, 1952a 
aerosol size was not stated 
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T a b l e  3 ( c o n ' t . ) .  A c u t e  I n h a l a t i o n  T o x i c i t y  o f  P P G  B u t e t h s  

Test Substance Animals Tested Procedure Results References 

pPG-12-Buteth-16 

PPG-12-Buteth-16 
(0.5% v/v in saline) 

PPG-7-Buteth-10 

PPG-7-Buteth-10 
(1% vN in saline) 

PPG-20-Buteth.30 

ppG-20-Buteth-30 

PPG-20-Buteth-30 

PPG-20-Buteth-30 

p PG-20-Butsth-30 
(1% vh' in saline) 

Groups of 10 Wistar Albino rats 
(5 males, 5 females per group). 
Weights = 200 to 300 g 

15 male rats 
(weights = 250 to 300 g) 

Groups of 10 Sprague-Dawiey 
Albino rats (5 males, 5 females per 
group). Weights = 170to 236 g 
(mates) and 129 to 185 g (females 

15 male rats (weights = 250to 300 g) 

6 rats 

• 6 rats 

6 rats 

PPG-33-Buteth-45 6 rats 

PPG-33-Buteth-45 6 rats 

P PG-33-Buteth-45 6 rats 

Groups of ten Wistar Albino rats (5 
males, 5 females par group). 
Weights = 200 to 300 g 

15 male rats (weights : 250 to 300 g) 

Single 4 h exposures up 
to a mean chamber- 
concentration of 5230 mg/m =, 
The aerosol had a mass median 
aerodynamic particle size of 1.1 
miorons with a geometric " 
standard deviation of 3.3 

Endotracheal administration at 
dose of 0.1 m[/kg. The aerosol 
size was not stated 

Single 4 h exposures up to a 
mean concentration of 4.92 
rag/L. The aerosol had a mass 
median aerodynamic particle 
size between 6.0 to 7.9 microns 
with geometric standard 
deviations of 5.0 to 5.5 

Endotracheal administration at 
dose of 0.02 ml/kg. The aerosol 
size was not stated 

Exposure to mists from 
saturated vapors for lh.  The 
aerosol size was not stated 

Exposure to mists from 
saturated vapors for 2 h. The 
aerosol size was not stated 

Exposure to mists from 
saturated vapors for 8 h. The 
aerosol size was not stated 

Single 4 h exposures up to a 
mean chamber concentration 
of 992 mg/m 3. The aerosol had 
a mass median aerodynamic 
particle size of 1.1 microns with 
a geometric standard deviation 
of 3.3 

Endotracheal administration 
at dose of 0.02 ml/kg. The 
aerosol had a mass median 
aerodynamic particle size of 1.1 
microns with a geometric 
standard deviation of 3.3 

Exposure to mists from 
saturated vapors for 1 h. The 
aerosol size was not stated 

Exposure to mists from 
saturated vapors for 2 h. The 
aerosol size was not stated 

Exposure to mists from 
saturated vapors for 8 h. The 
aerosol size was not stated 

LCS0 - malec; 4670 mg/m3; 
LC50 - females; > 5230 mg/m 3. 
Mottled lungs and livers most 
common necropsy findings 

No overt signs of toxicity. 
Microscopic changes in lungs 
moderate in severity 

Mean LC50 (males and females 
combined) = 
4.77 mg/L. Dark red 
discoloration of lungs in 
rats that died. No such 
observations in rats killed at 
2 wks post-expasure 

No overt signs of toxicity 
or gross pathological changes. 
Microscopic lung changes 
similar to those in controls 

2 deaths 

All animals died 

No deaths 

LC50 = 330 mg/m 3 (msies 
and females). Mottled lungs 
and livers most common 
necropsy findings 

5 rats died. Microscopic lung 
changes, classified as severe, 
included emphysema and 
interstitial pneumonitis 

2 deaths 

No deaths 

No deaths 

Klonne et al., 1987 

Myers et al., 1990 

Bushy Run 
Research 
Center, 1988 

Myers et al., 1990 

Union Carbide 
Corporation, 1952b 

Union Carbide 
Corporation, 1952b 

Union Carbide 
Corporation, 1952b 

Kionne et al,, 1987 

Klonne et aL, 1987 

Union Carbide 
Corporation, 1952b 

Union Carbide 
Corporation, 1952b 

Union Carbide 
Corporation, 1952b 
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Table 3 (con't.). Acute Inhalation Toxicity of PPG Buteths 

Test Substance Animals Tested Procedure Results References 

PPG-33-B~eth*45 

PPG-33-B~ath-45 

PPG-33-B~eth-45 

PPG-33-Butath-45 

PPG-33-Buteth-45 
(reduced) 

ppG-33-Butsth-45 
(1% v/v in saline) 

PPG-33-Buteth-45 

10 Sprague -Dawley rats (weights = 
279 to 387 g) 

Groups of ten Wistar Albino rats 5 
males, 5 females par group. 

• (Weights = 200 to 300 g) 

Groups of 12 male Hed/Ola (wiatar 
derived) Albino rats. (Weights = 180 
to220 g) 

Groups of 6 male rats. 
(Weights = 250 g) 

Groups of 10 Sprague-Dawley Albino 
rats - 5 males and 5 females par 
group. 
(Weights = 200 to 250 g) 

t B male rats . 
(weights = 250 to 300 g) 

10 male CD-1, COBS Swiss Albino 
mice 
(weights = 26 to 33 g) 

Exposure to aerosol at 
concentrations up to 2,400 
mg/m 3 for 4 h. The aerosol had 
a mass median aerodynamic 
particle size between 2.0 and 
2.7 microns 

Single 4 h exposures up to a 
mean chamber concentration 

. of 940 mg/m 2. The aerosol had 
a mass median aerodynamic 
particle size of 1.1 microns with 
a geometric standard deviation 
of 3.3 

Single exposures (nose only) 
to a target concentration of 75 
mg/m 3 for 2, 4, or 6 h, yielding 
mean equivalent 4 h 
concentrations of 36.3, 74.4, 
and 113.3 mg/m 3, respectively. 
The aerosol had a mass median 
aerodynamic particle size 
between .068 to 1.08 microns 
with a geomatdc standard 
deviations from t.48 to 2.87 

Single 4 h exposures (nose 
only) at mean concentrafions 
of 50, 84, 111, and 185 mg/m ~ 
The aerosol had a mass median 
aerodynamic particle size 
between t . t  to 1.3 microns 

Single 4 h exposures at mean 
chamber concentrations up to 
0.74 mg/L. The aerosol had a 
mass median aerodynamic 
particle size between 0.8 to 1.6 
microns with geometric 
standard deviations from t .8 to 
6.1 

Endotracheal administration 
at dose of 0.02 ml/g. The 
aerosol size was not stated 

Exposure to aerosol at 
concentrations up to 2,400 
mg/m 3 for 4 h. The aerosol had 
a mass median aerodynamic 
particle size between 2.0 and 
2.7 microns 

Mean LCSO = 147 mg/m =. 
Significant increases in mean 
lung weight at concentrations 
of 54, t00, and 200 mg/m =. 
Gross pulmonary changes 
included emphysema and 
edema 

LCS0 = 106 mg/m = (males 
and females). Mottled lungs and 
livers most common necropsy 
findings 

Toxicologically significant 
increases in lung weights at 
74.4 and 113.3 mg/m 3. 
Principal lung lesion was 
perivaecular edema 

50 mg/m3(no deaths); 
84 mg/m 3 (1 of 6 died); 
111 mg/m ~ (4 of 6 died); and 
t 85 mg/m ~ (all rats died) 

Mean LCS0 = 0,14 mg/L 
(males) and 0.16 mg/L 
(females). 
Red discoloration of the lungs in 
all rats that died. No gross 
lesions at lowest test 
concentration (0.08 mg/L) 

7 rats died. Signs of toxicity 
included lethargy and labored 
breathing. Bronchopneumonia 
and interstitial pneumonitis 
noted at microscopic 
examination 

Mean LC50 = 174 mg/m 3. 
Significant increases in mean 
lung weight st concentrations 
of 54 and 200 mg/m 3. Gross 
pulmonary changes included 
emphysema end edema. 

Hoffman et at., 1991 

Klonne et al., 1987 

ICI Centnd 
Toxicology 
Laboratory, 1992 

E.I. DuPont De 
Nemours & 
Company, 1984 

Bushy Run 
Research 
Center, 19B0a 

Myers et aL, 1990 

Hoffman et aL, 1991 
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Table 3 (con't.) .  Acute  Inhalation Toxicity of  PPG Buteths 

Test Substance Animals Tested Procedure Results References 

PPG-33-Buteth-45 10 male Golden Syrian Exposure to aerosol at Mean LC50 = 511 mg/m 3. Hoffman et al., 1991 
hamsters concentrations up to 2,400 Significant increases in mean 

.(weights = 77 to 110 g) mg/m 3 for 4 h. The aerosol had lung weight at concentrations 
a mass medlen aeredynamic of 140, 320, 940, and 2,400 
particle size between 2.0 and mg/m ~. Gross pulmonary 
2.7 microns changes included emphysema 

and edema 

PPG-33-Butsth-35 

PPG-33-Buteth-45 

10 male Hartley Albino 
guinea pigs 
(weights = 355 to 507 g) 

2 male beagle dogs 
(weights = 10.1 and 11.5 kg) 

Exposure to aerosol at 
concantmtions up to 2,400 
mg/m = for 4 h. The aerosol had 
a mass median aerodynamic 
particle size between 2.0 and 
.2.7 microns 

Exposure to aerosol at mean 
gravimetric concentrations up to 
3,200 mg/m 3 for 4 h. The 
aerosol had a mass median 
aerodynamic particle sJze 
between 2.0 and 2.7 microns 

Mean LC50 = 293 mg/m 3. 
Significant increase in lung 
weight at a concentration of 940 
mg/m 3. Gross pulmonary 
changes included emphysema 
and edema 

No deaths. Gross pulmonary 
changes included emphysema 
and edema 

Hoffman et al., 1991 

Hoffman et al., 1991 

Short-term Inhalation Toxicity 

Studies on the short-term inhalation toxicity of 
PPG Buteths are described below and 
summarized in Table 4 at the end of this section. 

The results of microscopic examination of groups 
of 20 rats (10 males, 10 females/group) exposed 
to PPG-12-Buteth-16 or PPG-33-Buteth-45 in 
three short-term (9 days) inhalation toxicity 
studies were evaluated by Bushy Run Research 
Center (1989) (see subheading PPG-33-Buteth- 
45 under short-term inhalation toxicity for 
comparative data); untreated rats served as 
negative controls. The strain and weight range of 
the animals tested were not stated. The aerosol 
particle size was not provided. 

PPG-12-Buteth-16 
Groups (males and females) were exposed to 
PPG-12-Buteth-16 aerosol concentrations of 500, 
1000, and 2500 mg/m 3, respectively. In rats 
exposed to 2500 mg/m 3 PPG-12-Buteth-16 (all of 
which died), the principal pulmonary lesions 
were: congestion, hemorrhage, pulmonary 
edema, interstitial pneumonia, and intraalveolar 
cellulardebds. Neither congestion nor pulmonary 
edema was observed in rats of the 500 and 1,000 
mg/m 3 groups that survived exposure; however 
hemorrhage and inflammation were noted-. 

Inflammatory lesions included alveolar 
histiocytosis, perivascular infiltrates, and 
intraalveolar cellular debds. A concentration- 
related effect on frequency and/or the sevedty of 
most lesions was observed between the 500 and 
1,000 mg/m 3 dose groups. Rats exposed to 
PPG-12-Buteth-16 had up to ten affected rats per 
group (interstitial pneumonia and perivascular 
infiltrales) (Bushy Run Research Center, 1989). 

Klonne (1993) evaluated the short-term inhalation 
toxicity of PPG-12-Buteth-16 using Fischer 344 
rats (8 weeks old, groups of 10 rats per sex) in 
two studies. Mean body weights for males and 
females were 180 and 120 g, respectively in both 
studies. 

In the first study, rats were exposed to 
PPG-12-Buteth-16 at mean chamber aerosol 
concentrations of 504 + 44 mg/m 3, 982 + 68 
mg/m 3, and 2460 + 104 mg/m 3, respectively. The 
animals received a total of nine exposures (6 
h/day, 5 days,%'eek) over a period of 11 days; no 
exposures were made on days 6 and 7. The 
aerosol had a mass median aerodynamic particle 
size of 3.0 microns with a geometric standard 
deviation of 3.2. 

Untreated rats (10 males, 10 females) served as 
negative controls. All animals exposed to the 
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high concentration died. All surviving animals 
were killed on day 12; necropsy was performed 
on all rats. Hematological determinations also 
were made. 

Histopathologic evaluations were conducted on 
control animals and animals of the 982 mg/m 3 
exposure group. The following observations were 
made for rats of the 2460 mg/m 3 exposure group, 
all of which died: unkempt and emaciated 
appearance, ataxia, prostration, and respiratory 
difficulties. Ocular and nasal irritation were also 
observed in some of the animals. With the 
exception of ataxia and prostration, rats exposed 
to 504 and 982 mg/m 3 had many of the same 
signs that were observed in the highest dose 
group. The incidence and severity of these signs 
decreased with decreasing dose. In all exposure 
groups, statistically significant decreases (p < 
0.05) in absolute body weight and body weight 
gain were observed; the decrease in body weight 
gain was concentration-related. 

The following concentration-related, statistically 
significant blood alterations were noted in rats at 
504 and 982 rag/m3: decreased platelet count in 
females, decreased mean corpuscular 
hemoglobin in males, decreased total protein in 
females, increased activities of aspartate 
aminotransferase, alkaline phosphatase, and 
alanine aminotransferase in females, decreased 
glucose in females, and decreased serum calcium 
in males. An increased leukocyte count (= 23%) 
was also reported for both sexes of the 504 and 
982 mg/m 3 concentration groups. 

Necropsy findings indicated that many of the 
absolute and organ/brain weight values in these 
two dose groups were significantly different from 
control values, and the same was true for every 
organ/body weight value. Significantly increased 
absolute lung weights (p < 0.01) were also noted 
in both conCentration groups. Histopathological 
evaluation was performed only on the respiratory 
tract of rats of the 504 and 2460 mg/m 3 groups, 
because the lungs were the only site of 
exposure-related histopathological changes that 
were identified in rats of  the 982 mg/m 3 exposure 
group. 

The following pulmonary changes were noted in 
rats of the 2460 mg/m 3 concentration group: mild 
to moderate pulmonary congestion, mild to 
moderate interstitial pneumonitis, and small foci 
of hemorrhage (females only), with a lesser 

incidence of bronchioalveolar cell hyperplasia, 
macrophage infiltration into alveoli (alveolar 
histiocytosis) and around blood vessels, and 
bronchopneumonia. 

The incidence of several histopathological 
changes was actually greater in rats of the 982 

• rng/m 3 concentration group. Minimal to mild 
alveolar histiocytosis, interstitial pneumonitis, and 
bronchioalveolar cell hyperplasia were the 
pdncipal microscopic lesions in rats of the 504 
mg/m 3 dose group (KIonne et al., 1993). 

In the second study, four groups of Fischer-344 
rats were exposed to PPG-12-Buteth-16 at mean 
chamber aerosol concentrations of 5 + 0.05 
mg/m 3 , 51 + 2 mg/m 3, 98:1:3 mg/m 3, and 492:1: 
23 mg/m 3, respectively, according to the 
procedures outlined in the preceding paragraph. 
The aerosol had a mass median aerodynamic 
particle size of 2.5 microns with a geometric 
standard deviation of 3.5. The incorporation of a 
six-week recovery period was the only 
modification of this procedure. Untreated rats 
served as negative controls. 

No deaths occurred throughout the duration of the 
study. Clinical signs were noted in rats of the 492 
mg/m 3 concentration group, and included rapid 
respiration, staining of the urogenital area, 
perinasal encrustation, and swollen pedocular 
tissue. Exposure-related ophthalmic lesions were 
not observed. Decreases in absolute body weight 
and body weight gain were noted in male and 
female rats of the 492 mg/m 3 concentration 
group. However, body weights returned to normal 
during the six-week recovery period. Slight 
decreases in body weight gain were reported for 
female rats of the 98 mg/m z concentration group. 
The changes in hematologic parameters were 
consistent with those noted in the preceding 
study. Most of the hematological changes were 
observed in rats of the 492 mg/m 3 concentration 
group. In male rats of the 51, 98, and 492 mg/m 3 
concentration groups and female rats of the 98 
and 492 mg/m 3 concentration groups, 
concentration-related increases in absolute and/or 
relative (both to body and brain weight) lung 
weight were noted. An increase in absolute 
and/oi" relative kidney weights was also noted in 
female rats of the 98 and 492 mg/m 3 exposure 
groups. 

At microscopic examination, lesions were 
observed only in the lungs. Minimal to moderate 
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intra-alveolar cellular debds and interstitial 
pneumonia were observed in animals of the 492 
mg/m 3 exposure group. An increased incidence 
of alveolar histiocytosis was observed in male 
rats exposed to 51 mg/m 3 or higher 
concentrations. Exposure-related microscopic 
lesions were not observed in male or female rats 
at the end of the six-week recovery period 
(Klonne et al., 1993). 

PPG-7-Buteth-10 
Klonne (1993) evaluated the short-term inhalation 
toxicity of PPG-7-Buteth-10 using Fischer 344 
rats (8 weeks old, groups of 10 rats per sex). The 
mean .body weights for males and females were 
180 and 120 g, respectively. 

Three groups of Fischer-344 rats were exposed to 
PPG-7-Buteth-10 at mean chamber aerosol 
concentrations of 5 + 0.4 mg/m 3 , 52:1:2 mg/m 3, 
and 512:1:13 mg/m 3, respectively, according to 
the procedures outlined in the preceding 
paragraph. The aerosol had a mass median 
aerodynamic particle size of 2.7 microns with a 
geometric standard deviation of 2.7. Untreated 

• rats served as negative controls. No deaths that 
were related to test substance exposure occurred 
in any of the three experimental groups. Clinical 
signs observed in rats of the 512 mg/m 3 exposure 
group included pednasal encrustation and 
urogenital wetness. 

The incidence of these changes in the 52 mg/m 3 
exposure group was only slightly greater than that 
in the control group. Clinical signs of toxicity 
were not evident in the 5 mg/m 3 exposure group. 
Statistically significant decreases in absolute body 
weight were noted in the 512 mg/m 3 exposure 
group; however, values returned to normal during 
the recovery pedod. In the 52 mg/m 3 exposure 
group, a decrease, in body weight was noted in 
female rats only on the last day of exposure. No 
effect on body weight was observed in the 5 
mg/m 3 concentration group. In the 52 and 512 
mg/m s concentration groups, both sexes had a 
statistically significant decrease in body weight 
gain (p < 0.05); the decreases were 
concentration-related. 

A transient decrease in body weight gain was 
noted for rats in the 5 mg/m s concentration group. 
At ophthalmic examination, none of the findings 
were considered compound-related. The 
following statistically significant changes in 
hematologic parameters were reported for rats of 

the 512 mg/m 3 concentration group: increased 
red blood cells, increased hemoglobin 
concentration, and decreased mean corpuscular 
volume. However, the biological significance of 
these changes was unclear. 

At necropsy, crusted and/or swollen 
pedocular/perinasal tissue was observed in some 
of the rats of the 512 mg/m 3 concentration group. 
Statistically significant increases in absolute 
kidney weights were also noted in this group 
(males and females); however, values were 
similar to those of controls at the end of the 
recovery period. Compound-related changes in 
organ weights were not observed at lower 
concentrations. No histopathological changes 
related to the compound were observed in any of 
the experimental groups. In particular, no lesions 
were found in the lungs and kidneys (Klonne et 
al., 1993). 

PPG-20-Buteth-30 
Ulrich et al. (1977) evaluated the toxicity of 
PPG-20-Buteth-30 in rats. Ten male 
Sprague-Dawley albino rats (5 weeks old) were 
exposed to PPG-20-Buteth-30 aerosol over a 
period of two weeks (10 exposures, 6 h/day) at a 
chamber concentration of 100 mg/m 3. The 
aerosol had a mass median aerodynamic particle 
size of 2.2 microns (standard deviation of 0.04) 
with a geometric standard deviation of 1.87 
(standard deviation of 0.044). The positive 
control group (10 rats) was exposed to 
PPG-33-Buteth-45 at a chamber concentration of 
55 mg/m 3 according to the same procedure, and 
the negative control group (10 rats) was exposed 
to air. The aerosol had a mass median 
aerodynamic particle size of 2.3 microns 
(standard deviation of 0.13) and a geometric 
standard deviation of 1.87 (standard deviation of 
0.113). At the end of the two-week period, five 
rats from each group were to have been killed. 
The remaining five per group were to have been 
killed at the end of a two-week post-exposure 
recovery period. 

Six rats exposed to PPG-20-Buteth-30 died after 
a total of three exposures; deaths occurred on 
days three to five of the study. Due to the 
number of deaths, the survivors were killed after 
the first Week of exposure. 

The following signs of toxicity were observed in 
some of the rats during exposure to 
PPG-20-Buteth-30 aerosol: lethargy, soft stool, 
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and prolapsed penis. Compared to negative 
controls, a statistically significant depression (p < 
0.05) in body weight was.noted in surviving 
animals from the experimental group after five 
and six days ofexposure. 

Compound-related pulmonary lesions were 
observed in experimental and positive control 
groups. The changes consisted of moderate to 
severe multifocal to generalized areas of alveolar 
inflammation (alveolitis), and involved terminal 
airways. The bronchi and bronchioles were 
essentially unaffected. Specifically, the alveolar 
lesions consisted of the following changes: 
hyperemia; intraalveolar edema; hemorrhage; 
intraalveolar inflammatory cellular exudate 
(mostly alveolar macrophages and neutrophils); 
some areas of intense type II pneumocyte 
hyperplasia; some foci of eady alveolar 
organization of exudates; and thickened,. 
hypercellular alveolar interstices. Although 
pulmonary fibrosis was not observed, the 
organization of alveolar exudate and interstitial 
thickeningwere compatible with prefibrotic 
changes. Laryngeal epithelial hyperplasia was 
observed in three exposed rats (Ulrich et al., 
1977). 

PPG-33-Buteth-45 
Uldch et al. (1977) evaluated the toxicity of 
PPG-2O-Buteth-30 and PPG-33-Buteth-45 in rats. 
Ten male Sprague-Dawley albino rats (5 weeks 
old) were exposed to PPG-20-Buteth-30 aerosol 
over a pedod of two weeks (10 exposures, 6 
h/day) ata chamber concentration of 100 mg/m =. 
The PPG-20-Buteth-30 aerosol had a mass 
median aerodynamic particle size of 2.2 microns 
(standard deviation of 0.04) with a geometric 
standard deviation o f t  .87 (standard deviation of 
0.044). The positive control group (10 rats) was 
exposed to PPG-33-Buteth-45 at a chamber 
concentration of 55 mg/m 3 according to the same 
procedure, and the negative control group (10 . 
rats) was exposed to air. The PPG-33-Buteth-45 
aerosol had a mass median aerodynamic particle 
size of 2.3 microns (standard deviation of 0;13) 
and a geometric standard deviation of 1,87 
(standard deviationof 0.113). At the end of the 
two-week period, five rats from each group were 
to have been killed. The remaining five per group 
were to have been killed at the end of a two-week 
post-exposure recovery pedod. 

Nine rats exposed to PPG-33-Buteth-45 (positive 
control) died after a total of three exposures; 

deaths occurred on days three to five of the 
study. Due to the number of deaths, the survivors 
were killed after the first week of exposure. 
Compound-related pulmonary lesions were 
observed in experimental and positive control 
groups. The changes consisted of moderate to 
severe multifocal to generalized areas of alveolar 
inflammation (alveolitis), and involved terminal 
airways. The bronchi and bronchioles were 
essentially unaffected. Specifcally, the alveolar 
lesions consisted of the following changes: 
hyperemia; intraalveolar edema; hemorrhage; 
intraalveolar inflammatory cellular exudate 
(mostly alveolar macrophages and neutrophils); 
some areas of intense type II pneumocyte 
hyperplasia; some loci of early alveolar 
organization of exudates; and thickened, 
hypercellular alveolar interstices. Although 
pulmonary fibrosis was not observed, the 
organization of alveolar exudate and interstitial 
thickening were compatible with prefibrotic 
changes. Laryngeal epithelial hyperplasia was 
observed in two positive control rats (Ulrich et al., 
1977). 

Klonne et al. (1987) evaluated the short-term 
inhalation toxicity of PPG-33-Buteth-45 using four 
groups of Fischer 344 rats (= 7 weeks old). 
Twenty rats per sex were assigned to control and 
high concentration (49.5:1:1.6 mg/m 3, mean 
chamber atmosphere concentration) groups and 
ten rats per sex were assigned to the low (4.8 + 
0.6 mg/m 3) and intermediate (25.5 + 2.5 mg/m 3) 
concentration groups. The aerosol had a mass 
median aerodynamic particle size of 1.1 microns 
with a geometric standard deviation of 3.3. The 
rats were exposed 6 h per day over a period of 11 
days; exposures did not exceed five days per 
week. Each animal was subjected to nine 
exposures, and no exposures occurred on days 5 
and 6. In each group, ten rats per sex were killed 
on the morning after the ninth exposure. The 
remaining ten rats per sex in control and high 
concentration groups were killed after a two-week 
recovery period. 

Signs noted only in the high exposure group 
included unkempt appearance, nasal discharge, 
and urogenital wetness (females only). 
Statistically significant differences in body weight 
gain were observed only in high (p < 9.01) and 
intermediate (p < 0.05) exposure groups. The 
results of hematological evaluations indicated 
statistically significant decreases in the serum 
concentrations of total protein, albumin, and 
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globulin in females of the high exposure group. 
An increase in alanine aminotransferase activity 
was also observed in intermediate and high dose 
groups.' An increase in the number of white blood 
cells (neutrephils and eosinophils) was also 
observed for high dose female .rats. 
Compound-related differences in the serum 
chemistries or hematologic parameters were not 
observed after the recovery pedod. Biologically 
significant changes in serum chemistry or 
hematologic parameters were not observed in 
male rats of the high dose group. 
Compound-related effects on the urinalysis 
parameters were not observed in any of the test 
groups. 

At necropsy, compound-related macroscopic 
lesions (irregular red foci) were noted only in the 
lungs..These lesions were reported for male and 
female rats !n intermediate and hig h dose groups 
and only in males from the low dose group. 
Lesions were note~l primarily in the pulmonary 
capillaries and the epithelial cells of the alveoli, 
and were characterized by congestion and areas 
of hemon'hage, with mild to moderate necrosis 
and exfoliation of cells lining the alveoli and an 
increased number of macrophages phagocytizing 
debds within the alveolar spaces. Pulmonary foci 
were also observed in rats that were killed after 
the i'ecovery period. The severity of the 
pulmonary lesions was considerably less in 
animals from the high exposure group, when 
compared to animals in this group that were killed 
on the morning after the ninth exposure (Klonne 
et al., 1987). 

Three short-term (9 days) inhalation toxicity 
studies were conducted at the Bushy Run 
Research Center (1989). The results of 
microscopic examination of groups of 20 rats (10 
males, 10 females/group) exposed to PPG-12- 
Buteth-t6 or P PG-33-Buteth-45 were evaluated; 
untreated rats served as negative controls. The 
strain and weight .range of the animals tested 
were not stated. The aerosol particle size was not 
provided. 

In the first Bushy Run Research Center (1989) 
study, groups (males and females) were exposed 
to PPG-12-Buteth-16 aerosol concentrations of 
500, 1000, and 2500 mg/m s, respectively. The 
second study involved the exposure.of groups of 
male and female rats to PPG-33-Buteth-45 at 
aerosol concentrations of 5, 25, and 50 mg/m ~, 
respectively. In the third study, two groups often 

male rats were exposed to PPG-33-Buteth-45 at 
aerosol concentrations of 1.0 and 5.0 mg/m 3, 
respectively. In the second and third studies, 
controls and rats from the highest exposure group 
were evaluated after a two-week recovery pedod. 

Compared to rats exposed to PPG-12-Buteth-16, 
the lesions that resulted from exposure to 
PPG-33-Buteth-45 were similar, but less severe. 
No deaths occurred in any of the groups exposed 
to PPG-33-Buteth-45. In most animals, lesions 
were minimal to mild and the frequency of lesions 
was related more to compound concentration than 
the sevedty of the lesions. 

The most consistent lesions in rats exposed to 
PPG-33-Buteth-45 were hemorrhage and 
intraalveolar cellular debds of minimal to 
moderate severity, and alveolar histiocytosis of 
minimal to mild severity. Inflammatory infiltrates, 
particularly pedvascular infiltrates and interstitial 
pneumonia, were less prominent in rats exposed 
to PPG-33-Buteth-45 than in rats exposed to 
PPG-t 2-Buteth-16. 

Specifically, groups exposed to 
PPG-33-Buteth-45 that were killed on day 9 had a 
maximum of four to seven affected rats per group 
(interstitial pneumonia and perivascular infiltrates, 
respectively); in comparison, rats exposed to 
PPG-12-Buteth-16 had up to ten affected .rats per 
group (both lesions). 

The investigators concluded that in the preceding 
three Bushy Run Research Center studies, 
PPG-12-Buteth-16 and PPG-33-Buteth-45 
produced similar pulmonary lesions. It was also 
concluded that the greater severity of lesions and 
the greater mortality produced by 
PPG-12-Buteth-16 could have been due to the 
greater exposure concentrations rather than to an 
innate greater toxicity of the chemical (Bushy Run 
Research Center, 1989). 

The preceding short-term inhalation toxicity 
studies are summarized in Table 4. 

Subchronic Inhalation Toxicity 

PPG-33-Buteth-45 
Klonne et al. (1988) evaluated the subchronic 
inhalation toxicity of PPG-33-Buteth-45 using 
Fischer-344 rats (8 weeks old). Male and female 
rats had mean body weights of 174 and 122 g, 
respectively. 
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Table 4. Short-term Inhalation Toxicity of PPG Buteths 

Test Substance Anknals Tested Procedure Results Reference 

PPG-12-Buteth-16 

PPG-I 2*Buteth.16 

PPG-i 2-Buteth-16 

PPG-7-Buteth-lO 

PPG-20-Buteth-30 

PPG-33-Buteth-45 
(positive control in 
preceding study) 

pPG-33-Buteth-45 

20 rats 
(10 males, 10 females) 

Groups of 20 Fischer 344 
rats (10 males, 10 females) 
Mean weights = 180 g 
(males) and 120 g (females) 

Groups of 20 Fischer 344 
rats (10 males, 10 females 
per group). Mean weights = 
180 g (males) and 120 g 
(females) 

Groups of 20 Fischer 344 
rats (10 males, 10 females 
per group). Mean weights = 
180 g (males) and 120 g 
(females) 

10 male Sprague-Dawiey 
Albino rats (5 weeks old) 

10 male Sprague-Dawiey 
Albino rats (5 weeks old) 

Groups of 40 and 20 
Fischer 344 rats (7 wks old; 
males and females) 

9-day inhalation toxicity test. 
Exposure to aerosol at 
concentrations up to 2500 mg/m ~ . . 
The aerosol size was not stated 

9-day inhalation toxicity test. 
Exposure to mean chamber 
aerosol concentrations up to 2460 
mg/m ~ . The aerosol had a mass 
median aerodynamic particle size 
(pf 3.0 microns with a gsomstric 
standard deviation of 3.2 

9-day inhalation toxicity test. 
Exposure to mean chamber 
aerosol concentrations up to 492 
mg/m 3. The aerosol had a mass 
median aerodynamic particle size 
of 2.5 microns with a geometric 
standard deviation of 3.5 

9-day inhalation toxicity test. 
Exposure to mean chamber 
aerosol concentrations of up to 
512 mg/m =. The aerosol had a 
mass median aerodynamic particle 
size of 2.7 microns with a 
geometric standard devistion of 
2.7 

10-day inhalation toxicity test. 
Exposure to chamber aerosol 
concentration of 100 mg/m 3 The 
aerosol had a mass median 
aerodynamic particle size of 2.2 
microns 

10-day inhalation toxicity test. 
Exposure to chamber aerosol 
concentration of 55 mg/m 3. The 
aerosol had a mass median 
aerodynamic particle size of 2.3 
microns 

9-day inhalation toxicity test. 
Exposure to mean chamber 
concentrations up to 49.5 mg/m ~. 
The aerosol had a mass median 
aerodynamic particle site of 1.1 
microns with a geometric standard 
deviation of 3.3 

Main pulmonary lesions in rats Bushy Run 
exposed to 2500 mg/m 3 included Research 
congestion, hemorrhage, edema, Center, 1989 
interstitial pneumonitis, and 
intraalveolar cellular debris. 
Pulmonary hemorrhage and 
inflammation only at lower concen- 
trations (500 and 1,000 mg/m 3) 

All of the 20 rats e x ~  to 2460 K]onne et aL, 
mg/m ~ died. Interstitial pneumonltis 1993 
and bronohioalveolar cell hyperplasia 
observed in all three exposure 
groups (504, 982, and 2460 mg/m 3) 

No mortalities. Minimal to moderate Klonoe et al., 
intraak'eolar cellular debris and 1993 
interstitial pneumonitis in the 492 
mg/m z exposure group. Increased 
incidence of alveclar histiocytesis in 
male rats exposed to ~ 52 mg/m 3. All 
lesions had cleared by end of 6 wk 
recovery peried 

No exposure-relsted deaths in any of Klonne et al., 
the groups (5, 52, and 512 mg/m~). 1993 
No exposure-related alterations 
(microscopic lesions) 

6 rats died after three exposures. 
Alveolar lesions consisted of 
hyperemia, intraalveolar edema, and 
hemorrhage. Larynges1 hyperplasia 
in three rats 

9 rats died after three exposures. 
Alveolar lesions consisted of 
hyperemia, intraalveclar edema, and 
hemorrhage. Laryngeal hyperplasia 
in 2 rats 

Irreguior red feci in lungs of males 
and females noted in group (20 rats) 
exposed to 25 mg/m 3 and in group 
(40 rats) exposed to 49.5 mg/m ~. 
Irregular red loci in lungs of males in 
group (20 rats) exposed to 4.8 
mg/m 3. Foci also in rats killed after 2 
wk recovery period 

Ulrich et al., 
1977 

Ulnchetal., 
1977 

Kionne st al., 
1987 
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Three groups of rats (20/sex/gre'up) were exposed 
to PPG-33-Buteth-45 aerosol at mean chamber 
concentrations of 0.30 + 0.039 mg/m 3, 1.1 + 0.13 
mg/m 3, and 5.2 + 0.26 mg/m s, respectively, 6 h 
per day (5 days/week) for thirteen weeks. The 
aerosol had a mass median aerodynamic particle 
size of 1.1 microns with a geometric standard 
deviation of 3.3. Exposure concentrations were 
determined at the conclusion of a two-week 
range-finding study. The control group was 
exposed only to filtered air. Dudng week 14, ten 
rats/sex/group were killed after at least two days 
of exposure. The remaining animals (10 
rats/sex/group) were killed after a five-week 
recovery pedod. 

Statistically significant decreases in body weight 
gain were observed only in male rats of the 5.2 
mg/m 3 exposure group. No exposure-related 
clinical signs, ophthalmic changes, or deaths were 
observed dudng the study. At the end of 
exposure, a statistically significant increase in the 
neutrephil count was noted in females of the 1.1 
mg/m 3 exposure grouP and in males of the 5.2 
mg/m 3 exposure group. Biologically .significant 
alterations in the hematologic profile or in the 
serum or urine chemistries were not observed at 
any time during the study. 

The lungs were the only organ with toxicologically 
significant organ weight changes and 
toxicologically significant macroscopic lesions. 
Female rats of the 1.1 mg/m 3 exposure group and 
rats of both sexes in the 5.2 mg/m s exposure 
group had statistically significant increases (p < 
0.01) in absolute and relative (as a percentage of 
both body weight and brain weight) lung weights. 
A significant increase (p < 0.05 ) in the lung/body 
weight ratio was also noted in male rats. All 
absolute and relative lung weights for males and 
females of the 5.2 mg/m 3 group remained 
significantly increased at the end of the five-week 
recovery period. Va!ues for absolute lung weight 
and lung/body weight also remained significantly 
increased in males of the 1.1 mg/m 3 exposure 
group that were killed at the end of the recovery 
period; no similar effect was observed in female 
rats. 

Statistically significant differences in absolute or 
relative lung weights were not observed in the 0.3 
mg/m 3 exposure group. However, a 
concentration related increase in absolute and 
relative lung weights was noted across all 
exposure groups at the end of exposure. In all 

exposure groups, macroscopic lesions were gray 
or tan loci that were scattered across the lung 
surface. This was true for animals that were 
killed at the end of exposure or after the recovery 
pedod. 

Multifocal petechial hemorrhages were observed 
mainly in rats that were exposed to 5.2 mg/m 3 
and killed at the end of exposure. Microscopic 
lesions were also observed only in the lungs and 
the occurrence of these lesions was 
concentration- related. The microscopic lesions 
consisted of hemorrhages and interstitial 
pneumonia (only in the 1.1 and 5.2 rng/rn s 
groups), alveolar histiocytosis, and focal or 
multifocal fibrosis; the lesions were minimal to 
severe (Klonne et al., 1988). 

Acute Oral Toxicity 

Studies on the acute oral toxicity of PPG Buteths 
are presented below and summadzed in Table 5 
at the end of this section. 

PPG-7-Buteth-10 
The acute oral toxicity of undiluted 
PPG-7-Buteth-10 was evaluated using male and 
female albino rats (number not stated). The test 
substance was administered by oral intubation. 
The two weight ranges for male rats were 90 to 
120 g and 120 to 170 g and the two weight ranges 
for female rats were 90 to 120 g and 300 to 400 g. 
The mean oral LD50 for PPG-7-Buteth-1O in rats 
were as follows: 7.07 ml/kg (males, weights = 90 
to 120 g), 5.95 ml/kg (males, weights = 120 to 
170 g), 8.57 ml/kg (females, weights -- 90 to 120 
g), and 4.49 ml/kg (females, weights = 300 to 400 
g) (Smyth et al., 1970). 

In rabbits (number and strain not stated; weights 
= 2200 to 2900 g), the mean oral LD50 for 
PPG-7-Buteth-10 was 1.77 ml/kg (Smyth et al., 
1970). 

The acute oral toxicity of PPG-7-Buteth-10 was 
evaluated using female mice (number and strain 
not stated; weights = 23 to 36 g); 
PPG-7-Buteth-10 was administered by oral 
intubation. The mean acute oral LD50 for 
PPG-7-Buteth-10 was 7.46 ml/kg (Smyth et al., 
1970). 

In another study, the acute oral toxicity of 
PPG-33-Buteth-45 was evaluated using 10 fasted, 
female Swiss albino mice (weights = 26 to 33 g). 
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The meanacute oral LD50 for PPG-33-Buteth-45 
was 49.4 ml/kg (range = 39.9 to 61.0 ml/kg) (Union 
Carbide Corporation, 1964). 

PPG-12-Buteth-16 
The acute oral toxicity of PPG-12-Buteth-16 in 
rats (number, strain, and weights not stated) was 
evaluated. In each test, undiluted 
PPG-12-Buteth-16 was administered to fasted 
rats by gavage.. The mean acute oral LD50 was 
18.3 g/kg (range = 15 to 22.4 g/kg) for 
PPG-12-Buteth-16..(Union Carbide Corporation, 
1952b). 

PPG-20-Buteth-30 
The acute oral toxicity of PPG-20-Buteth-30 in 
rats (number, strain, and weights not stated) was 
evaluated. In each test, undiluted 
PPG-20-Buteth-30 was administered to fasted 
rats by gavage. The mean acute oral LD50 was 
20.6 g/kg (range = 16.7 to 25.5 g/kg) for 
PPG-20-Buteth-30._(Union Carbide Corporation, 
1952b). 

PPG-24-Buteth-27 
The acute oral toxicity of undiluted 
PPG-24-Buteth-27 was evaluated using 
Sprague-Dawley albino rats (5 males, 5 females; 
weights between 200 and 300 g). The test 
substance was melted and then administered to 
each animal, by gastric intubation, at a dose of 
16.0 ml/kg. None of the animals died. The only 
sign of toxicity was diarrhea at day 1, followed by 
recovery at day 2. With the exception of enlarged 
uterine horns in one female, gross lesions were 
not observed at necropsy (Bushy Run Research 
Center, 1986). 

PPG-26-Buteth-26 
The acute oral toxicity of undiluted 
PPG-26-Buteth-26 was evaluated using ten 
hooded Long Evans rats (5 males, 5 females; 
weights = 200 to 300 g). The test substance was 
warmed and then administered via oral intubation 
to each animal. Necropsy was performed on 
each rat at the time of death or at the end of the 
study. The LD50 was not achieved at a dose of 
5.01 g/kg (4.72 ml/kg), and PPG-26-Buteth-26 
was considered nontoxic. No lesions were 
observed at necropsy (Stillmeadow Inc., 1977). 

safepharm Laboratories Ltd. (1987a) evaluated 
the acute oral toxicity of a solubilizing system 
containing PPG-26-Buteth-26 (as supplied) using 
five male and five female Bprague-Dawley CFY 

rats. The concentration of PPG-26-Buteth-26 in 
this system was not stated. The weight ranges for 
the animals tested were 120 to 147 g (males) and 
121 to 128 g (females). Each rat received a 
single dose (5000 mg/kg; dose volume = 4.81 
ml/kg) of the test substance by garage. The 
animals were observed at 1 and 4 h post-dosing 
and then once daily for 14 days. Necropsy was 
performed on each animal. Two rats died during 
the study; one female rat died on day 1, and, 
another female, on day 2. The following signs 
were noted up to day 1 post-dosing: hunched 
posture, pilo-eraction, lethargy, and decreased 
respiratory rate. Surviving animals appeared 
normal from day 2 post-dosing to the end of the 
study. 

On necropsy of the two rats that died the authors 
found abnormally red lungs, congestion of the 
small intestines, and patchy pallor of the liver. 
Except for one female with an ulcerated area on 
the non-glandular region of the stomach, no 
abnormalities were noted at necropsy of surviving 
animals killed at the end of the study. It was 
concluded that the acute oral median lethal dose 
(LD50) was greater than 5000 mg/kg body weight 
(Safepharm Laboratories Ltd., 1987a). 

PPG-33-Buteth-45 
The acute oral toxicity of PPG-33-Buteth-45 in 
rats (number, strain, and weights not stated) was 
evaluated. In each test, the undiluted 
PPG-33-Buteth-45 was administered to fasted 
rats by gavage. The mean acute oral LD50 was 
48.7 g/kg (range = 42.3 to 55.9 g/kg) for PPG-33- 
Buteth-45 (Union Carbide Corporation, 1952b). 
The acute oral toxicity of undiluted . 
PPG-33-Buteth-45 was evaluated using male and 
female albino rats (number not stated). The test 
substance was administered by oral intubation. 
The two weight ranges for male rats were 90 to 
120 g and 120 to 170 g and the two weight ranges 
for female rats were 90 to 120 g and 300 to 400 g. 
The mean oral LD50 for PPG-33-Bueteth-45 in 
rats was 45.2 ml/kg (females, weights = 300 to 
400 g). No deaths occurred in males and females 
weighing 90 to 120 g; males in the 120 to 170 g 
weight range were not dosed with 
PPG-33-Buteth-45 (Smyth et al., 1970). 

The acute oral toxicity of PPG-33-Buteth-45 was 
evaluated using female mice (number and strain 
not stated; weights = 23 to 36 g); PPG-33- 
Buteth-45 was administered by oral intubation. 
The mean acute oral LD50 for PPG-33-Buteth-45 
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Table 5. Acute Oral Toxicity Of PPG Buteths 

Test Substance Animals Tested Procedure Results References 

PPG-I 2-Buteth-I 6 

PPG-7-Buteth-I 0 

PPG.7-Buteth-10 

PPG-7-Butath-10 

ppG-7-Buteth-10 

PPG-7-Buteth-10 

PPG-7-Buteth-10 

PPG-20-Butath-30 

PPG-24-Butath-27 

PPG-26-Bat~h-26 

SolubiliTing system 
containing PPG-26- 
Buteth-26 

Rats (number not 
stated) 

Male Albino rats 
(weights = 90 to 120 g) 

Male Albino rats 
(weights = 120 to 170 
g) 

Female Albino rats 
(weights = 90 to 120 g) 

Female Albinorats 
(weights = 300 to 400 
g) 

Female mice (weights = 
23to 36 g) 

Rabbits (weights = 
2200 to 2900 g) 

Rats (number not 
stated) 

Sprague-Daw~ey Albino 
rats (5 males, 5 
females). Weights = 
between 200 and 300 g 

10 Long Evans hooded 
rats (5 males, 5 
females). Weights = 
200 to 3(X) g) 

Sprague-Dawley CF¥ 
rats (5 males, 5 
females). 
Weights =120 to 147 g) 

Single dose by gavage 

Single dose by oral 
ihtubation 

Single dose by oral 
intubation 

SingEe dose by oral 
intubation 

Single dose by oral 
intubation 

Single dose by oral 
intubation 

Single oral dose 

Single dose by gavage 

Single dose (16 ml/kg) 
by gastric intubetion 

Single dose (4.72 
ruing) 

Single dose (4.81 
ml/kg) 

Oral LDSO =18.3 g/kg 

Oral LD50 = 7.07 ml/k 9 

Oral LDSO = 5.95 ml/kg 

Oral LD50 = 8.57 ml/kg 

Oral LD50 = 4.49 ml/kg 

Oral LDS0 = 7.46 ml/kg 

Oral LD50 = 1.77 ml/kg 

Oral LD50 = 20.6 g/kg 

No deaths 

No deaths 

Two deaths 

Klonne et al., 1987 

Smyth et al., 1970 

Smyth at al., 1970 

Smyth et al., 1970 

Smyth et al., 1970 

Smyth et al., 1970 

Smyth at al., 1970 

Klonne at at., 1977 

Bushy Run Research 
Center, 1986 

Stillmesdew Inc., 1977 

Safepharm 
Laboratories, 

Ltd., 1987a 

PPG.33-Butath-45 

PPG-33-Buteth-45 

PPG-33-Butath-45 

PPG-33-Butath-45 

PPG-33-Buteth*4.5 

ppG-33-Buteth-45 

Female Albino rats 
(weights = 300 to 400 
g) 

Albino rats (males and 
females). Weights = 
90to 120 g 

Female mice (weights = 
23to 36 g) 

10 female Swiss albino 
mice (weights = 26 to 
33 g) 

Rabbits (weights = 
2200 to 2900 g) 

8 male New Zealand, 
albino rabbits (weights 
= 2308 to 2848 g) 

Single dose by oral 
intubation 

Single dose by oral 
.intubetion 

Single dose by oral 
• intubation 

Single oral dose 

Single oral dose 

Single oral dose 

Oral LD50 = 45.2 ml/kg 

No deaths 

LDSO = 49.4 ml/kg 

LD50 = 49.4 ml/kg 

• LD50 = 15.8 ml/kg 

LDS0 = 15.8 ml/kg 

Smyth et al., 1970 

Smyth at al., 1970 

Smyth et al., 1970 

Union Carbide 
Corporation, 1964 

Smyth et aL, 1970 

Union Carbide 
Corporation, 1564 
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was 49.4. ml/kg (Smyth et al., 1970). 

"l;he acute oral toxicity of PPG-33-Buteth-45 was 
evaluated using 10 fasted, female Swiss albino 
mice (weights = 26 to 33 g). The mean acute oral 
LD50 for PPG-33-Buteth-45 was 49.4 ml/kg (range 
= 39.9 to 61.0 ml/kg) (Union Carbide Corporation, 
1964). 

In rabbits (number and strain not stated; weights 
= 2200 to 2900 g), the mean oral LD50 for 
PPG-33-Buteth-45 was 15.8 ml/kg (Smyth et al., 
1970). 

In another study, the acute oral toxicity of 
PPG-33-Buteth-45 was evaluated using 8 fasted, 
male New Zealand albino rabbits (weights = 2308 
to 2848 g), The mean acute oral LD50 for 
PPG-33-Buteth-45 was 15.8 ml/kg (range = 11.6 
to 21.3 ml/kg) (Union Carbide Corporation, 1964). 

The acute oral toxicity studies presented above 
are summarized in Table 5. 

Subchronic Oral Toxicity 

PPG-24-Buteth-27 
The subchronic oral toxicity of PPG-24-Buteth-27 
was evaluated by the Union Carbide Corporation 
(1961) using groups of male and female CF-E 
albino rats (10 males, 10 females/group). Four 
groups of rats were fed PPG-24-Buteth-27 at ' 
concentrations of 0.01, 0.05, 0.25, and 1.25%, 
respectively, for three months. Negative control 
rats were fed laboratory chow only. Only two rats 
(males) died during the study. One of the two 
died after consuming 1.25% PPG-24-Buteth-27 in 
the diet for 51 days; at necropsy, acute 
pneumonia was the pdmary cause of death. The 
other male rat, from the same group, was 
moribund and killed on the 52nd day. 

Bilateral hydronephrosis with markedly dilated 
ureters and udnary bladder were noted. 
Compared to controls, group mean values for 
kidney weight (as % of body weight) were 
significantly lower in males fed PPG-24-Buteth-27 
at dietary concentrations of 0.01 (p = between 
0.05 and 0.01) and 1.25% (p < 0.0001), 
respectively. Kidney weights of rats of 0.05 and 
0.25% treatment groups were not significantly 
different from controls; however, the values 
reported were lower. No significant differences 

were found in kidney weight (as % of body weight) 
between controls and females from any of the 
treatment groups. 

The mean value for liver weight (as % of body 
weight) in females was significantly different from 
controls only in the group that was fed 1.25% 
PPG-24-Buteth-27 in the diet. No significant 
differences were found in liver weight (as % of . 
body weight) between controls and males from 
any of the treatment groups. Microscopic 
changes in kidneys from rats of the 0.05, 0.25, or 
1.25% PPG-24-Buteth-27 treatment groups 
included focal tubular necrosis and cloudy 
swelling of the proximal convoluted tubules. 
Microscopic changes in livers from rats in 0.05, 
0.25, or 1.25% treatment groups included focal 
hepatic cell necrosis, and diffuse parenchymatous 
cloudy swelling. 

It was concluded that toxicological tissue changes 
were significant in selected rats fed diets 
containing 0.05, 0.25, or 1.25% 
PPG-24-Buteth-27. All changes that were 
observed in the 0.05% treatment group were 
considered transitory. Tissues from 
representative animals of the 0.01% treatment 
group differed little from controls (Union Carbide 
Corporation, 1961). 

PPG-33-Buteth-45 
In a 90-day feeding study by Klonne et al. (1987), 
PPG-33-Buteth-45 was fed to groups of 20 CFE 
albino rats (10 males, 10 females/group) at 
dietary concentrations of 0.04, 0.2, 1.0, and 5.0% 
(0.03, 0.15, 0.7, and 4.0 g/kg/day), respectively. 
Male rats ranged in weight from 122 to 217 g and 
body weights of females ranged from 131 to 164 
g. Effects were not observed on mortality, body 
weight, feed consumption, and on absolute and 
relative kidney and liver weights in all treatment 
groups. 

At microscopic examination, lesions of the 
kidneys and liver were observed in rats of 0.7 and 
4.0 g/kg/day dose groups. Primadly, the renal 
lesions consisted of a diffuse, cloudy swelling and 
focal necrosis of the proximal convoluted tubule, 
swollen glomeruli, and diffuse capillary 
congestion. The hepatic lesions consisted of 
focal hepatic cell necrosis and diffuse, cloudy 
swelling. Pulmonary lesions were not observed in 
any of the treatment groups (Klonne et al., 1987). 

-18- 

Distributed for Comment Only -- Do Not Cite or Quote



Chronic Oral Toxicity 

PPG-7-Buteth-10 
In a chronic feeding study, Smyth et al. (1970) fed 
PPG-7-Buteth-10 at doses of 0.004, 0.02, 0.1, 
and 0.5 g/kg/day, respectively, to four groups of 
36 male and 36 female CF-E albino rats (weights 
not stated) for two years. Dietary concentrations 
were adjusted every two weeks for six months 
and, then, every four weeks to keep the dosage 
essentially constant (in terms of g/kg/day) as body 
weights increased. The negative control group 
was fed laboratory chow only. With the exception 
of female rats (0.5 g/kg/day dose group) with 
growth rates less than those for controls, no 
statistically significant differences were observed 
with respect to the following: behavior, diet 
consumption, mortality, life span, incidence of 
infections, terminal liver and kidney to body 
weight ratios, body weight gain, hematocdt, total 
red blood cell count, incidence of neoplasms, and 
microscopic lesions in 20 tissues. 

Smyth et al. (1970) also fed PPG-7-Buteth-10 at 
doses of 0.0043, 0.043, and 0.62 g/kg/day, 
respectively, to three groups of beagle dogs (3 
males and 3 females/group; weights not stated) 
were fed for two years. The three doses 
represented average equivalent g/kg/day based 
on the percentage of PPG-7-Buteth-10 that was 
administered in the diet for each group. The 
control group received meal only. 

No statistically valid differences were found 
between control and experimental groups with 
respect to the following: appetite, body weight 
change, mortality, terminal liver and kidney to 
body weight ratios, hematocrit, hemoglobin, red 
and white blood cell total counts, differential white 
cell counts, serum urea nitrogen, activity of serum 
alkaline phosphatase, 15-min bromsulphalein 
retention, and gross and microscopic lesions in 18 
tissues. 

PPG-33-Buteth-45 
As with PPG-7-Buteth-10, Smyth et al. (1970) 
observed no toxicologic or pathologic changes 
after PPG-33-Buteth-45 was administered to 
three groups of 36 male and female CF-E albino 
rats (same procedure; weights not stated) at 
dietary concentrations of 0.02, 0.1, and 0.5 
g/kg/day, respectively. 

PPG-33-Buteth-45 produced littie toxicity when 
administered in the diet to three groups of 3 male 

and 3 female beagle dogs (weights not stated; 
same procedure) at doses of 0.023, 0.11, and 
0.61 g/kg/day, respectively (Smyth et al., 1970). 

Acute Dermal Toxicity 

PPG-12-Buteth-16 
In an acute dermal toxicity study involving rabbits 
(strain and weights not stated), groups of four 
animals were dosed with 21 g/kg 
PPG-12-Buteth-16. Undiluted test substance was 
applied to intact skin, after which the test sites 
were covered with an impermeable wrap for 24 h. 
One of the four animals died (Klonne et al., 
1987). 

PPG-20-Buteth-30 
In an acute dermal toxicity study involving rabbits 
(strain and weights not stated), groups of four 
animals were dosed with 21 g/kg 
PPG-20-Buteth-30. Undiluted test substance was 
applied to intact skin, after which the test sites 
were covered with an impermeable wrap for24 h. 
One of the four animals died (Klonne et al., 
1987). 

PPG-33-Buteth-45 
In an acute dermal toxicity study involving rabbits 
(strain and weights not stated), groups of four 
animals were dosed with 21 g/kg PPG-33- 
Buteth-45. Undiluted test substance was applied 
to intact skin, after which the test sites were 
covered with an impermeable wrap for 24 h. One 
of the four animals died (Klonne et al., 1987). 

PPG-26-Buteth-26 
Stillmeadow Inc. (1977) evaluated the acute 
dermal toxicity of undiluted PPG-26-Buteth-26 
using ten New Zealand Albino rabbits (5 males, 5 
females; weights = 2.3 to 3.0 kg). Feed and 
water were made available ad libitum throughout 
the study. Pdor to test substance administration, 
skin of the trunk was clipped free of hair (10 
rabbits) and clipped free of hair and abraded (5 
rabbits). The trunk of each animal was covered 
with a sleeve made of plastic sheeting, which 
served as a reservoir for the test substance. The 
test substance was introduced under the sleeve, 
which was then resealed with adhesive tape, and 
then massaged into the exposure area. 
The sleeves were removed at 24 h post- 
application and reactions were scored according 
to the following scales: 0 (no erythema) to 4 
(severe erythema to slight eschar formation) and 
0 (no edema) to 4 (severe edema, raised more 
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than 1 mm and extending beyond the area of 
exposure). Observations for necrosis and 
ulceration Were also made. The animals.were 
observed for any toxic or pharmacologic effects 
daily for up to two weeks after sleeve removal. 
Necropsy was performed on each animal at the 
time of death or at the end of the study. 

Skin irritation was observed in all rabbits. 
Enjthema scores ranged from 1 (very slight) to 3 
(moderate to severe). Scores for edema ranged 
from 1 (no edema) to 3 (moderate, raised 
approximately 1 mm). Throughout the study, no 
toxic or pharmacologic effects were observed. 
No abnormalities were observed at necropsy. 
The acute dermal LD50 was not achieved at a 
dose of 2.0 g/kg (1.89 ml/kg), and 
PPG-26-Buteth-26 was considered non-toxic 
(Stillmeadow Inc., 1977). 

PPG-24-Buteth:27 
The Bushy Run Research Center (1986) 
evaluated the acute dermal toxicity of undiluted 
PPG-24-Buteth-27 using 14 New Zealand White 
rabbits that weighed between 2.0 and 3.0 kg. 
The test substance was applied (doses of 2, 4, 8, 
and 16 ml/kg) toclipped, intact skin of the trunk 
and sites were covered with impervious sheeting 
for 24 h. Ten rabbits (5 males, 5 females) 
received 8 and 16 ml/kg doses and four rabbits (2 
males, 2.females) received 2 and 4 ml/kg doses. 
Excess fluid was removed at the end of the 24 h 
contact period in order to diminish ingestion. 

The animals were observed for skin reactions at 1 
h and days 7.and 14 after the 24 h contact period. 
None of the animals died. Cutaneous lesions 
included ei'ythema, edema, ecchymoses, and 
desquamation. All of the animals had one or 
more of these cutaneous lesions. Sluggishness 
(transient) was noted in rabbits given doses of 8 
and 16 ml/kg. Necropsy findings included mottled 
and pink to red lungs, and, in a few animals, 
nodules were found in the lungs (Bushy Run 
Research Center, 1986). 

Acute Intravenous Toxicity 

Studies on the acute intravenous toxicity of PPG 
Buteths presented below are summarized in 
Table 6 at the end of this section. 

PPG-12-Buteth-16 
The Bushy Run Research Center, (1990b) studied 
the acute intravenous toxicity of the 

PPG-12-Buteth-16 (100%) using groups of ten (5 
males, 5 females/group) 7 to 13-week-old, 
Sprague-Dawley albino rats that weighed between 
200 and 300 g. 

For PPG-12-Buteth-16 (100%), no more than 2.0 
ml was injected into the tail vein of each rat (10 
rats). All rats were necropsied and microscopic 
examination was performed on the lungs of 
selected tats (those that died and those killed). 
Study results are summarized as follows: the 
acute intravenous LD50's for 100% 
PPG-12-Buteth-16 were 0.41 ml/kg in male rats 
(5 individuals) and 0.64 ml/kg in female rats (5 
individuals). 

In the acute intravenous toxicity tests, the most 
toxic substances were those with low molecular 
weights (< 2000), PPG-12-Buteth-16 and 
PPG-7-Buteth-10. Relatively few lung lesions 
were produced by PPG-12-Buteth-16. At 
microscopic examination, the most significant 
treatment-related lesions were pulmonary 
inflammation, alveolar histiocytosis, and fibrosis. 
The investigators noted that the lungs were sites 
of significant toxicologic activity, induced 
especially by the larger molecular weight 
substances (Bushy Run Research Center, 1990b). 

PPG-7-Buteth-10 
The Bushy Run Research Center (1990b) studied 
the acute intravenous toxicity of PPG-7-Buteth-10 
(10% in saline) using groups often (5 males, 5 
females/group) 7 to 13-week-old, Sprague- 
Dawley albino rats that weighed between 200 and 
300 g. 

For PPG-7-Buteth-10 (10% in saline), no more 
than 2.0 ml was injected into the tail vein of each 
rat (10 rats). All rats were necropsied and 
microscopic examination was performed on the 
lungs of selected rats (those that died and those 
killed). The acute intravenous LD50's for 10% 
PPG-7-Buteth-10 were 0.20 ml/kg (5 male rats) 
and 0.21 ml/kg (5 female rats). 

In the acute intravenous toxicity tests, the most 
toxic substances were those with low molecular 
weights (< 2000), PPG-12-Buteth-16 and 
PPG-7-Buteth-10. Relatively few lung lesions 
were produced by PPG-7-Buteth-10. At 
microscopic examination, the most significant 
treatment-related lesions were pulmonary 
inflammation, alveolar histiocytosis, and fibrosis. 
The investigators noted that the lungs were sites 
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of significant toxicologic activity, induced 
especially by the larger molecular weight 
substances (Bushy Run Research Center, 1990b). 

PPG-20-Buteth-30 
The Bushy Run Research Center (1990b) studied 
the acute inti'avenous toxicity of 
PPG-20-Buteth-3O (100%) using groups of ten (5 
males, 5 females/group) 7 to 13-week-old, 
Sprague-Dawley albino rats that weighed between 
200 and 300 g: 

For PPG:20-Buteth-30 (100%), no more than 2.0 
ml was injected into the tail vein of each rat (10 
rats), All ratswere necropsied and microscopic 
examination was performed on the lungs of 
selected rats (those that died and those killed). 
The acute intravenous LD50'S for 100% 
PPG-20-Buteth-30 were 1.62 ml/kg (5 male rats) 
and 2.0 ml/kg (5 female rats). 

In the acute intravenous toxicity tests, 
PPG-20-Buteth-30 (100%) had low toxicity 
compared to the PPG Buteths with low molecular 
weights (< 2000), PPG-12-Buteth-16 and 
PPG-7-Buteth-10. Relatively fewlung lesions 
were produced by PPG-20-Buteth-30. At 
microscopic examination, the most significant 
treatment-related lesions were pulmonary 
inflammation, alveolar histiocytosis, and fibrosis. 
The investigators noted that the lungs were sites 
of significant toxicologic activity, induced 
especially by the larger molecular weight 
substances (Bushy Run Research Center, "[990b). 

PPG-33-.Buteth-45 
The Bushy Run.Research Center (1990b) studied 
the acute intravenous toxicity of the following 
chemicals using groups of ten (5 males, 5 
females/group) 7 to 13-week-old, Sprague- 
Dawley albino rats that weighed between 200 and 
300 g: PPG-33-Buteth-45 (60% in saline), and 
PPG-33-Buteth-45 reduced (60% in saline). The 
authors reported that PPG-33-Buteth-45 reduced 
means that the unsaturated level in 
PPG-33-Buteth-45 was decreased from 0.034 
meq/g to 0.019 meq/g by reducing the alkyl end 
group. 

For each test substance, no more than 2.0 ml was 
injected into the tail vein of each rat (10 rats per 
test substance). All rats were necropsied and 
m!croscepic examination was performed on the 
lungs of selected rats (those that died and those 
killed). 

Acute intravenous LD50's for 60% 
PPG-33-Buteth-45 were 2.14 ml/kg (5 male rats) 
and 2.0 ml/kg (5 female rats). Values for 60% 
PPG-33-Buteth-45 reduced were 2.14 ml/kg (5 
males) and 1.66 ml/kg (5 females). 

In the preceding series of acute intravenous 
toxicity tests, the most toxic substances were 
those with low molecular weights (< 2000), 
PPG-12-Buteth-16 and PPG-7-Buteth-10. The 
remaining chemicals had low toxicity. At 
microscopic examination, the most significant 
treatment-related lesions were pulmonary 
inflammation, alveolar histiocytosis, and fibrosis. 
These lesions were most prevalent among rats 
dosed with PPG-33-Buteth-45 (reduced and 
non-reduced). Relatively few lung lesions were 
produced by PPG-7-Buteth-10, PPG-12-Buteth-16 
or PPG-20-Buteth-3O. The investigators noted 
that the lungs were sites of significant toxicologic 
activity, induced especially b.y the. larger 
molecular weight substances (Bushy Run 
Research Center, 1990b). 

In a pilot study, the acute intravenous toxicity of 
PPG-33-Buteth-45 was evaluated using 20 
Sprague-Dawley rats (weights not stated). 
Thirteen rats served as controls. Each of the 
experimental rats received a single intravenous 
dose (1.75 ml/kg) of 60% PPG-33-Buteth-45 in 
physiological saline. Control rats were dosed 
with 2.92 ml/kg saline. One rat died on day 3 
post-injection; other animals were killed 
sequentially on days 1,2, 3, and 14 post-injection. 
Pulmonary lesions were noted as eady as day 1 
post-injection and included congestion, 
hemorrhages, perivascular inflammatory cell 
infiltrates, and interstitial pneumonia. The 
severest lung lesions were observed in the five 
rats that were killed on day 3 and consisted of 
moderate or marked hemorrhages and mild to 
marked inflammatory cell infiltrates. Lesions 
were less severe in animals that survived to day 
14; minimal to mild residual inflammatory lesions 
included granulomas, interstitial fibrosis, 
interstitial pneumonia, and perivascular infiltrates 
(Union Carbide Corporation, 1992). 

In the definitive study of the pilot study 
summarized above, Union Carbide Corporation 
(1992) dosed 53 rats with 60% PPG-33-Buteth-45 
in physiological saline (1.75 ml/kg) and 36 control 
rats were dosed with physiological saline (2.92 
ml/kg) according to the procedures in the 
preceding study. Seventeen of the 106 rats 
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(treated and controls included) that were originally 
included in the study died between days 3 and 6 
post-injection; thus, 89 rats completed the study• 

Deaths were attdbuted to hypoxia caused by 
pulmonary edema and epithelial cell necrosis. 
After day 14, the lungs of 30 rats (15 treated, 15 
controls) were weighed and fixed for microscopic 
examination, and bronchioalveolar lavage was 
performed on 45 rats (27 expedmentals, 18 
controls)~ The remaining rats (11 treated, 3 
controls) were perfused, and lungs were collected 
for electron microscopy. 

Evidence of damage to the lungs (presence of 
leukocytes, increased enzyme activity, and 
protein in pulmonary lavage fluid) of experimental 
animals was detected as early as day 1 
post-injection. Peak leukocyte infiltration and 
enzyme and protein leakage from cells Were 
noted on days 3 to 4, and only a slight increase in 
leukocytes was noted on day 14. Microscopic 
lesions in weighed and lavaged lungs were 
classified as follows: hemorrhage, perivascular 
infiltrates, inte~titial pneumonia, interstitial 
fibrosis, emphysema, and pulmonary (alveolar) 
edema. These lesions were observed on days 1 
to 4 and had decreased in severity by day 7. 
However, lesions were still evident, although 
sparse, in most of the experimental animals that 
were killed on day 14. Changes that were 
identified using electron microscopy included 
edema and damage to cells of alveolar walls. 
The kidneys were also identified as a target organ 
for PPG-33-Buteth-45 induced toxicity• Gross 
lesions (color change) were observed in five rats. 
The following lesions were observed at 
microscopic examination: edema, necrosis, 
dilation, proteinosis, basophilia, and atrophy of 
the proximal tubules (Union Carbide Corporation, 
1992). 

Acute intravenous toxicity studies presented 
above are summarized in Table 6. 

Acute Intraperitoneal Toxicity 

PPG-12-Buteth-16 
The acute intrapedtoneal toxicity of undiluted 
PPG-12-Buteth-16 was evaluated using 15 male 
albino rats (weights = 90 to 120 g). An LD50 of 
2.46 ml/kg (range = 1.79 to 3.39 ml/kg) was 
reported (Union Carbide Corporation, 1967a). 

Ocular Irritation 

PPG-12-Buteth-16 
PPG-12-Buteth-16 was not an ocular irritant in 
rabbits (number not stated). The test substance 
(0.1 ml) was instilled into the conjunctival sac of 
each animal (Klonne et al., 1987). 

PPG-20-Buteth-30 
The ocular irritation potential of PPG-20- 
Buteth-30 in rabbits (number and strain not 
stated) was evaluated. In the study, the test 
substance (0.1 ml) was instilled into the 
conjunctival sac of each animal. PPG-20- 
Buteth-3g was not an ocular irritant in rabbits 
(Klonne et al., 1987). 

PPG-33-Buteth-45 
The ocular irritation potential of PPG-33- 
Buteth-45 in rabbits (number and strain not 
stated) was evaluated. In the study, the test 
substance (0.1 ml) was instilled into the 
conjunctival sac of each animal• 
PPG-33-Buteth-45 was not an ocular irritant in 
rabbits (Klonne et al., 1987). 

PPG-24-Buteth-27 
The ocular irritation potential of undiluted 
PPG-24-Buteth-27 was evaluated using six New 
Zealand White rabbits. The test substance (0.1 
ml) was instilled into the conjunctival sac of one 
eye of each rabbit. Ocular reactions were scored 
at 1 and 4 h and days 1,2, 3, and 7 post- 
instillation. Corneal injury (opacity) was not 
observed in any of the rabbits. Iritis was 
observed in four rabbits, and six rabbits had 
minor to moderate conjunctival irritation. All 
reactions had cleared by two days post-instillation 
(Bushy RunResearch Center, 1986). 

PPG-26-Buteth-26 
The ocular irritation potential of undiluted 
PPG-26-Buteth-26 was evaluated by using six 
New Zealand albino rabbits. The test substance 
was warmed to approximately 3O'C and then 
instilled (0.1 ml) into the conjunctival sac of one 
eye per animal. The lids were held together for 
approximately 1 second and then released. 
Contralateral eyes (untreated) served as controls. 
The eyes were evaluated for irritation reactions at 
24, 48, and 72 h and on days 4 and 7 
post-instillation using the Draize scale: (0 to 110). 
Ocular irritation was not observed in any of the 
animats tested, and PPG-26-Buteth-26 was 
considered a non-irritant (Stillmeadow Inc., 1977). 
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Table 6. Acute Intravenous Toxicity Of PPG Buteths 

Test Substance Animals Tested Procedure Results References 

PPG-12-Buteth-16 Single injection LDS0's = 0.41 ml/kg (males) and 0.64 ml/kg Bushy Run Research 
into tail vein (females). Relatively little lung pathology Center, 1990b 

PPG-7-Buteth-10 Single injection 
(10% in saline) Into tail vein 

ppG-20-Buteth-30 Single injection 
into tail vein 

P PG-33-Buteth-4S 
(60% in saline) 

ppG-33-Buteth-45 
(reduced form; 
60% in salino) 

10 Spmgue-Dawtay'AIbino 
rats (5 males, 5 females). 
Weights = between 200 and 
300g 

10 sprague-Dawley All,no 
rats (5 males, 5 females). 
Weights = between 200and 
300g 

10 Sprague-Dawtay Albino 
rats (5 males, 5 females). 
Weights = between 200 and. 
300g • 

10 Sprague-Dawiey Albino 
rats (5 males, 5 females). 
Weights = between 200 and 
300g 

10 Sprague-Dawley Albino 
rats (5 males, 5 females). 
Weights = between 200 and 
300g. 

20 Sprague-Dawley rats 

LDS0's = 0.20 ml/kg (males); 0•21 mt/kg 
(females). Relatively liffie lung pathology 

LD50's = 1.62 mVkg (males) and 2.0 ml/kg 
(females). Relatively little bung pathology 

Bushy Run Research 
Center, 1990b 

Bushy Run Research 
Center, 1990b 

Single injection LD50's = 2.14 ml/kg (males) and 2.0 ml/kg Bushy Run Research 
into tail vein (females). Inflammation, alveolar Center, 1990b 

hisfiocytosis, and fibrosis most significant 
traatment-related findings in lungs 

Single injection LD50's = 2.14 ml/kg (males) and 1.66 ml/kg Bushy Run Research 
into tail vein (females). Inflammation, alveolar Center, 199Ob 

hisficoytosis, and flbrcois most signiFiCant 
treatment-related findings in lungs 

PPG-33-Buteth-45 Single One rat died on day 3 post-injection. Union Carbide Corporation, 
(60% in saline) intravenous dose Pulmonary lesions noted as eady as day 1 1992 

of.1.75 ml/kg post-injection included congestion, 
hemorrhage, and interstitial pneumonitis 

PPG-33.-B~h-45 53 Sprague-Dawley rats in Single 
treatment group; equal intravenous dose 
number in control group . of 1.75 ml/kg 

17 of the 106 rats at the beginning of the 
study died. Lung lesions in treatment group 
included: hemorrhage, pofwaseular 
infiltrates, interstitial pneumonifis, 
emphysema, and alveolar edema. Renal 
toxicity was also noted in 5 treated rats. 
Microscopic changes included edema, 
necrosis, and atrophy of the proximal renal 
tubules 

Union Carbide Corporation. 
1992 

Safepharm Laboratories, Ltd. (1987b) evaluated 
the ocular irritation potential of a solubilizing 
syste m containing PPG-26-Buteth-26 (as 
supplied) using three New zealand White rabbits 
(weights = 2.72 to 3.08 kg). The concentration of 
PPG-26-Buteth-26 in this system was not stated. 
The test material (0.1 ml) was instilled into the 
dght eye of each animal; the upper and lower 
eyelids were held together for approximately 1 
secafter instillation• Untreated eyes served as 
controls. 

Ocular reactions Were scored at 1, 24, 48, and 72 

h post-instillation. At 1 h post-instillation, iridial 
inflammation and a dulling of the normal luster of 
the comea were confined to the eye of one 
animal• These represented the only adverse 
corneal or ifidial effects that were observed in the 
study. 

Moderate conjunctival irritation was observed in 
the eyes of all animals; reactions had cleared by 
day 7 post-instillation. The solubilizing system 
was classified as a mild ocular irritant (score = 4; 
scale of 1 to 8) (Safepharm Laboratories, Ltd., 
1987b). 
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Skin Irritation 

The skin irritation potential of PPG-12-Buteth-16, 
PPG-20-Buteth-30, and PPG-33-Buteth-45 was 
evaluated using rabbits (number, weights, and 
strain not stated). In each of the three 
expedments, the test substance (0.5 ml) was 
applied to the under belly of each rabbit, after 
which the test site was covered with an 
impermeable Wrap for4 h. PPG-12-Buteth-16 
caused capillary injection in rabbits, whereas 
PPG-20-Buteth-30 and PPG-33-Buteth-45 did not 
(Klonne et al., 1987). 

PPG-24-Buteth-27 
The skin irritation potential of undiluted 
PPG-24-Buteth-27 was evaluated using six New 
Zealand White rabbits. The test substance was 
applied (0.5 ml) to clipped, intact skin for4 h; 
excess test substance was then removed. Sites 
were covered with a gauze patch and impervious 
sheeting during the 4 h contact period. At I h and 
on days 2, 3, and 7, skin reactions were scored 
according to the Draize scale: 0 (no erythema) to 
4 (severe erythema to slight eschar formation) 
and.0 (no edema) to 4 (severe erythema, raised 
more than 1 mm and extending beyond the area 
of exposure). Slight erythema was noted in three 
rabbits, and four rabbits had moderate edema. 
Reactions were not observed after two days 
(Bushy Run Research Center, 1986). 

PPG-26-Buteth-26 
Stillmeadow Inc. (1977) evaluated the skin 
irritation potential of undiluted PPG-26-Buteth-26 
using three male and three female New Zealand 
albino rabbits. The test substance was warmed to 
approximately 30°C and applied (0.5 ml, under 
surgical gauze) to sites on the back (1 abraded, 1 
intact) that had been clipped free of hair. The two 
test sites per animal were to the right and left of 
the spinal column, respectively. The surgical 
gauze was secured with an adhesive rapeand the 
entire trunk of each animal was wrapped with an 
impervious material. The coverings were 
removed at the end of the 24 h contact period. 
Reactions were scored at 24 and 72 h 
post-application according to the following scales: 
0 (no erythema) to. 4 (severe erythema to slight 
eschar formation) and 0 (no edema) to 4 (severe 
edema, raised more than 1 mm and extending 
beyond the area of exposure). 

Sites were also observed for the presence of 
either ulceration or necrosis. Because of the 

possibility of percutaneous absorption, the rabbits 
were observed for any generalized signs of 
pharmacological or toxicological effects. 
Mean scores for erythema (24 and 72 h readings) 
at intact and abraded sites (total of 4 scores) and 
mean scores for edema formation (24 and 72 h 
readings) at intact and abraded sites (total of 4 
scores) were calculated. The sum of the eight 
mean scores was divided by 4 to yield a dermal 
irritation score of 3.12 (max = 8) for PPG-26- 
Buteth-26. 

It was concluded that PPG-26-Buteth-26 induced 
very slight to slight dermal irritation. Neither 
pharmacological nor toxicological effects were 
observed during the study. Ulceration or necrosis 
were not observed at any of the test sites 
(Stillmeadow Inc., 1977). 

Safepharm Laboratories Ltd. (1987c) evaluated 
the skin irritation potential of a solubilizing system 
containing PPG-26-Buteth-26 (as supplied) using 
three New Zealand White rabbits (weights = 2.57 
to 2.79 kg). The concentration of 
PPG-26-Buteth-26 in this system was not stated. 
The test substance (0.5 mi) was applied to 
dorsal/flank skin that had been clipped free of 
hair. The test site of each animal was covered 
with a gauze patch secured with surgical adhesive 
tape for4 h; the trunk was also wrapped with an 
elasticated corset. At 4 h post-application, 
patches and any residual test material were 
removed. 

Reactions were scored 1 h after patch removal 
and 24, 48, and 72 h later according to the 
following scales: 0 (no erythema) to 4 (severe 
erythema to slight eschar formation); 0 (no 
edema) to 4 (severe edema, raised more than 1 
mm and extending beyond the area of exposure). 
At 1 h post-removal, very slight erythema, with or 
without very slight edema, was observed at all 
test sites. Very slight erythema was also noted in 
two rabbits at the 24 h observation. 

Desquamation was observed in two rabbits at the 
24 and 72 h observations. The so/ubilizing 
system was classified as a mild skin irritant 
(primary irritation index = 0.3) (Safepharm 
Laboratories Ltd., 1987c). 

GENOTOXICITY 
No genotoxicity information was available in the 
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published literature. 

CARCINOGENICITY 
PPG-7-Buteth-10 
In a chronic feeding study, four groups of 36 male 
and 36 female CF-E albino rats (weights not 
stated) were fed PPG-7-Buteth-10 at doses of 
0.004, 0.02, 0.1, or 0.5 g/kg/day for two years. 
Dietary concentrations were adjusted every two 
weeks for six months and, then, every four weeks 
to keep the dosage essentially constant (in terms 
of g/kg/day) as body weights increased. The 
negative control group was fed laboratory chow 
only. Female rats (0.5 g/kg/day dose group) with 
growth rates less than those for controls and no 
statistically significant differences were observed 
in theincidence of neoplasms (Smyth et al., 
1970). 

Undiluted PpG-7-Buteth-10 was painted on 
clipped skin of the backs of 40 or more (exact 
number not stated) C3H/HeJ mice (weights not 
stated) three times per week until death. The 
time intervals between the initiation of application 
and death were not stated. Negative control 
mice were painted with acetone and positive 
control mice were painted with 0.2% methyl 
cholanthrene according to the same procedure. 
The test substance produced neither papillomas 
nor carcinomas in experimental animals, and the 
same was true for acetone in the negative control 
group. Neoplasms were observed in all positive 
control mice (Smyth et al., 1970). 

PPG-33-Buteth-45 
No neoplasms were produced alter undiluted 

PPG-33-Buteth-45 was painted on the skin of 
mice (same strain as above) (Smyth et al., 1970). 

PPG-24-Buteth-27 
The Union Carbide Corporation (1967b) 
evaluated the tumorigenicity and tumor promotion 
activity of PPG-24-Buteth-27 using groups of 35 
to 40 CAF~ mice (7 to 8 weeks old). 
PPG-24-Buteth-27 (70% in acetone) was painted 
onto dorsal skin of each mouse five days per 
week for life. The test sites were clipped free of 
hair prior to skin painting. 

In the first experiment, PPG-24-Buteth-27 (70% in 
acetone) alone neither induced papillomas nor 
carcinomas in any of the 35 mice tested. In 
additional groups, skin paintings were done after 

preparation of the dorsal skin for tumor promotion 
by initiator treatment with dimethyl- 
benzanthracene (DMBA). In these expedments, 
an increased incidence of carcinomas was noted 
when two initiator doses of DMBA preceded skin 
paintings with 70% PPG-24-Buteth-27. 
In another expedment, an increased incidence of 
papillomas '(and, perhaps, carcinomas) was noted 
when skin painting with PPG-24-Buteth-27 was 
preceded by only one initiator dose. The results 
of skin paintings with 5% PPG-24-Buteth-27 
following DMBA initiation were negative. The 
investigators concluded that PPG-24-Buteth -27 
was neither a tumorigen nor a carcinogen, but did 
act as a tumor promoter (Union Carbide 
Corporation, 1967b). 

CLINICAL ASSESSMENT 
OF SAFETY 

Skin Irritation and Sensit ization 

PPG-12-Buteth-16 
Clinical Research Laboratories, Inc. (1997) 
conducted a repeat insult patch test using PPG- 
12-Buteth-16 at 0.75% with 117 subjects. Eight 
subjects discontinued, reportedly for reasons 
unrelated to the study. Prior to application of the 
patch, the test area (upper back) was wiped with 
70% isopropyl alcohol and allowed to air dry. The 
test material (volume not specified) was applied 
and allowed to volatize. A semi-occlusive patch 
was applied and the material remained in direct 
skin contact for 24 h. Patches were applied to the 
same site on Monday, Wednesday, and Friday for 
three weeks (the induction period). Sites were 
graded for dermal irritation and sensitization 24 h 
after removal of the patches by the subjects on 
Tuesclay and Thursday, and 48 h after subjects 
removed the patches on Saturday. Sites were 
graded on a 0-4+ scale, with 0 being no visible 
skin reaction and 4+ being erythema and edema 
with vesiculation. No signs of irritation or 
sensitization were found during the induction 
period. 

Following a 2 week rest period, challenge patches 
were applied to previously untreated areas of the 
back of each subject. Challenge sites were 
evaluated as above at 24, 48, and 72 h. One 
subject exhibited barely perceptible erythema at 
24 h, which disappeared at 48 and 72 h. No other 
subjects exhibited any visible skin reaction at any 
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time. Based on these results, PPG-12-Buteth-16 
was described by the authors as having no 
potential for eliciting either dermal irritation or 
sensitization (Clinical Research Laboratories, Inc., 
1997). 

PPG-26-Buteth-26 
Harrison Research Laboratories, Inc. (1995) 
evaluated the skin irritation and sensitization 
potential of a test aftershave lotion containing 
2.5% PPG-26-Buteth-26 in a 21-day use test 
involving 54 male subjects (18 to 68 years old) 
with no history ol ~ allergic reactions to soaps, 
sunscreens, moisturizers, shaving products or 
aftershaves. All.subjects shaved at least five 
times per Week and were habitual users of 
aflershave. None of the subjects had participated 
in a use test for at least one week pdor to this 
study, or had been ti'eated with antihistamines or 
corticosteroids within one week of study initiation. 
On day 0 (baseline) of the use test, subjects were 
pre-screened using a semi-occlusive patch test ( ,  
24 h application period) of the aftershave lotion; 
results were negative. The patch test was 
conducted in order to rule out empaneling any 
subject who had an individual idiosyncratic 
reaction to the aftershave lotion. 

Upon completion of the semi-occlusive patch test 
(pre-screen), each Subject Was instructed to use 
the test aftershave lotion at least once daily. 
Subjects were also instructed to continue their 
normal cleansingregimen; no new toiletries were 
to be used. Reactions were scored by a 
dermatologist on days 0 (baseline), 7, 14, and 21 
according to the following scale: 0 (reactions 
within normal limits) to 3 (severe 
erylhema/edema). Subjective irritation was 
graded according to the scale: 0 (within normal 
limits) to 3 (severe). Fifty-two of the original 54 
subjects completed the study. 

Transient redness of the facial area (mild, very 
slight; score = 1) was observed in 15 subjects. 
Reactions persisted through day 21 in ten of the 
15 subjects. Subjective irritation was not noted 
for any of the subjects tested. Additionally, all 52 
subjects had a score of 0 (within normal limits) for 
edema. It was concluded that no significant 
dermal facial irritation or sensitization was elicited 
by the test aftershave lotion in the use test 
(Harrison Research Laboratodes, Inc., 1995). 

The Education & Research Foundation, Inc. 
(1995) evaluated the skin irritation potential of an 

aftershave lotion containing 2.5% PPG-26- 
Buteth-26 in another 21-day use test involving 54 
male subjects (18 to 69 years old). These 
subjects were described as daily shavers, and 
generally shaved at least five times per week. 
Subjects with skin disorders or allergies that could 
have interfered with the evaluation of study 
results, and subjects with any existing skin 
irritation or.history of skin irritation were excluded 
from the study. Study participants were asked to 
identify the cosmetic and toiletry products 
(including soap) normally used, and were 
instructed not to change brands dudng the course 
of the study. On day 1 of the study, each subject 
was screened by a dermatologist to confirm that 
the skin and upper body areas were free of skin 
irdtation. After shaving on day 1 and throughout 
the remainder of the 21-day test, the aftershave 
lotion was applied to shaved skin. The face was 
dried prior to product application. 

Subjects visited the testing facility on Tuesday of 
each week for facial and upper body 
examinations, conducted by a dermatologist. 
Reactions (erythema, scaling, and edema) were 
evaluated according to the following scale: 0 (no 
reaction) to 3 (severe reaction). Any visual signs 
of irritation or subjective comments relating to 
adverse effects (i.e. itching, burning, stinging etc.) 
were reported. Itching and irritation reactions, as 
described by the subjects tested, were scored 
according to the same grading scale. Subjects 
were also instructed to report any delayed 
reactions. 

Three subjects reported irritation and/or itching. 
One of the three had a score of 1 (slight) for 
erythema, and another had a score of 1 for 
scaling. Scaling (score = 1) was also observed in 
an additional subject who did not report irritation 
and/or itching. Finally, another subject 
experienced congestion after use of the lotion; no 
other reactions were reported. It was concluded 
that the aftershave lotion did not cause skin 
irritation, was well tolerated, and is safe for 
human use (Education & Research Foundation, 
Inc., 1995). 

SUMMARY 
The PPG Buteths are polyoxypropylene, 
polyoxyethylene ethers of butyl alcohol. They are 
butanol-initiated, random linear copolymers that 
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are produced from equal amounts (by weight) of 
ethylene and propylene oxide. 

The following PPG Buteths were reported as 
being used in cosmetics in 1997: 
PPG-12-Buteth-16 (53 products), 
PPG-9-Buteth-12 (2 products), PPG-26-Buteth-26 
(13 products), and PPG-28-Buteth-35 (10 
products). Maximum use concentrations reported 
for PPG-12-Buteth-16 were 0.6 % in bubble 
bath's, 0.7% in other bath preparations, 1-4% in 
noncoloring shampoos, 1-31% in hair grooming 
aids, 1% in face powders, 0.6% in bath soaps 
and detergents, 0.5% in aftershave lotions, 0.6% 
in shaving creaml 1% in skin cleansers, 0.5-0.6% 
in skin freshener s, and 1% in iodoor tanning 
preparations. PPG-28-Buteth-35 was used at 
concentrations up to 1% in shampoos. No use 
concentration data were available for PPG-9- 
Butetb-12because all participating companies 
indicated that they were not using that chemical in 
euiTent formulations. 

In rats dosed orally with 14C-PPG-7-Buteth-10, 
most of the administered radioactivity was 
excreted (urine, feces, and expired CO~ within 
seven days post-dosing. Similar observations 
were reported for rats dosed orally with 
14C-PPG-33-Buteth-45; however, radioactivity 
was not detected in expired CO 2. 

Acute inhalation LC50 values for PPG Buteths 
that have been reported for rats are as follows: 
4670 mg/m 3 and > 5230 mg/m 3 for males and 
females, respectively (PPG-12-Buteth-16); 4.77 
mg/m 3 (males and females) for PPG-7-Buteth-10; 
330 mg/m 3 (males andfemales) for 
PPG-20-Buteth-30; and 147 mg/m 3 for 
PPG-33-Buteth-45. LC50 values Of 174 mg/m 3 
(mice); 511 mg/m 3 (hamsters); and 293 mg/m 3 
(guinea pigs) have also been reported for 
PPG-33-Buteth-45 in other acute inhalation 
toxicity studies. 

In short-term (9-day) inhalation toxicity studies 
using rats, pulmonarylesions were observed at 
exposure concentrations of PPG-12-Buteth-16 
ranging from 492 to 2500 mg/m 3. Pulmonary 
lesions were also noted in rats exposed to 
PPG-20-Buteth-30 (100 mg/m s) and 
PPG-33-Buteth-45 (55 mg/m 3) for 10 days and in 
rats exposed to PPG-33-Buteth-45 at 
concentrations ranging from 4.8 to 50 mg/m 3 for 9 
days. No exposure-related microscopic lesi0ns 
were found in rats exposed for nine days to 

PPG-7-Buteth-10 at concentrations ranging from 
5 to 512 mg/m 3. 

In a subchronic inhalation toxicity study, 
microscopic lesions were observed in the lungs of 
rats exposed to PPG-33-Buteth-45 at 
concentrations of 0.3, 1.1, and 5.2 mg/m 3 for 13 
weeks. The lesions consisted of hemorrhage and 
interstitial pneumonia (only in 1.1 and 5.2 mg/m 3 
groups), alveolar histiocytosis, and focal or 
multifocal fibrosis. 

An LD50 of 18.3 g/kg for PPG-12-Buteth-16 was 
reported in an acute oral toxicity study involving 
rats. Acute oral LD50's ranging from 4.49 to 8.57 
ml/kg have been reported for PPG-7-Buteth-10 in 
studies involving rats. Oral LD50's of 7.46 ml/kg 
(mice) and 1.77 ml/kg (rabbits) for PPG-7- 
Buteth-10 also have been reported. 

The oral LD50 for PPG-20-Buteth-30 in rats was 
20.6 g/kg, and, > 16 ml/kg, in rats dosed with 
PPG-24-Buteth-27. An oral LD50 of > 5.01 g/kg 
(4.72 ml/kg) was reported for PPG-26-Buteth-26 
in Long Evans rats. Similar results were reported 
for Sprague-Dawley rats dosed with a solubilizing 
system containing PPG-26-Buteth-26 
(concentration not stated); the LD50 was greater 
than 5.0 g/kg (4.81 ml/kg). 

In acute oral toxicity studies on PPG-33- 
Buteth-45 using rats and mice, LD50's of 45.2 
ml/kg and 49.4 ml/kg, respectively, were reported. 
In studies using rabbits, an LD50 of 15.8 ml/kg 
was reported for PPG-33-Buteth-45. 

The subchronic (3 months) oral toxicity of 
PPG-24-Buteth-27 in rats was evaluated at 
concentrations of 0.01 to 1.25% in the diet. Acute 
pneumonia was the primary cause of death in one 
of the two rats (highest exposure group) that died. 
Lesions were observed in the livers and kidneys of 

rats from the 0.05, 0.25, or 1.25% treatment groups. 
The changes observed in the 0.05% treatment 
group were regarded as transitory, and tissues from 
rats in the 0.01% group differed little from those of 
the control group. 

Hepatic and renal lesions were also observed in 
another subchronic study (90 days) in which 
groups of rats were fed PPG-33-Buteth-45 at 
dietary doses of 0.7 and 4.0 g/kg/day for 90 days. 
These lesions were not observed in rats fed lower 
doses (0.03 or 0.15 g/kg/day). 
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In a chronic feeding study involving rats, no 
statistically significant differences were found in 
the incidence of neoplasms and other lesions (20 
tissues) between rats fed PPG-7-Buteth-10 
(0.004, 0.02, 0.1, and 0.5 g/kg/day) and control 
groups. Similar results were reported fO r 
PPG-33-Buteth-45, following administration to 
groups Of rats at dietary concentrations of 0.02, 
0.1, and 0.5 g/kg/day, respectively. 

In a chronic feeding study involving dogs, no 
statistically significant differences in the incidence 
of gToss or microscopic lesions (18 tissues) 
between groups of animals fed PPG-7-Butetb-10 
(0.004, 0.02, 0.1, and 0.5 g/kg/day) and control 
groups were observed. Similar results were 
reported for PPG-33-Buteth-45, following 
administration to greups of dogs at dietary doses 
of 0.023, 0.11, and 0.61 g/kg/day. 

Mortality rates for rabbits dosed with PPG Buteths 
(dose = 21 g/kg) in acute dermal toxicity studies 
are summarized as follows: 1 of 4 rabbits 
(PPG-12:Buteth-16); 1 of 4 rabbits 
(PPG-20-Buteth-30); and 1 of 4 rabbits 
(PPG-33-Buteth-45). In another acute dermal 
toxicity study, no deaths occurred in groups of 
rabbits dosed with PPG-24-Buteth-27 (2, 4, 8, 
and 16 ml/kg). Erythema, edema, ecchymosis, 
and desquamation were noted in this study. 
Pulmonary.lesions were noted at necropsy. In 
New Zealand Albino rabbits dosed with 
PPG-26-Buteth-26, the acute cutaneous LD50 
was not achieved at a dose of 2.0 g/kg (1.89 
ml/kg). ' 

In acute intravenous toxicity studies involving 
rats, pulmonary lesions were most prevalent 
among rats dosed with PPG-33-Buteth-45 
(reduced and non-reduced forms). Relatively few 
pulmonary lesions were produced by 
PPG-7-Buteth-10, PPG-12-Buteth-16, or 
PPG-20-Buteth-30. Overall, based on acute 
intravenous LD50 values, PPG-12-Buteth-16 
(LD50's = 0.41 ml/kg -males; 0.64 ml/kg -females) 
and PPG-7-Buteth-10 (LD50's = 0.20 ml/kg 
-males; 0.21 ml/kg -females) were the most toxic 
chemicals. 

The acute intraperitoneal LD50 for 
PPG-12-Buteth-16 in rats was 2.46 ml/kg. 
PPG-12-Buteth-16, PPG-20-Buteth-30, and 
PPG-33-Buteth-45 were no t classified.as ocular 
irritants after instillation into the conjunctival sac 
of the:eyes of rabbits. However, PPG-24- 

Buteth-27 induced iritis and minor to moderate 
conjunctival irritation. All reactions had cleared 
by day 2 post-instillation• PPG-26-Buteth-26 did 
not induce ocular irritation in New Zealand albino 
rabbits. Mild ocular irritation was induced in New 
Zealand White rabbits tested with a solubilizing 
system containing PPG-26-Buteth-26 
(concentration not stated), 

In ~ skin irritation test of PPG-12-Buteth-16, 
PPG-20-Buteth-30, and PPG-33-Buteth-45, 
capillary injection was observed in rabbits only 
after the application of PPG-12-Buteth-16. The 
results of another study indicated that 
PPG-24-Buteth-27 induced minor erythema and 
moderate edema in rabbits. Reactions were not 
observed after day 2 post-application. 
PPG-26-Buteth-26 induced very slight to slight 
skin irritation in New Zealand albino rabbits. A 
solubilizing system containing PPG-26-Buteth-26 
(concentration not stated) Was classified as a mild 
skin irritant in New Zealand White rabbits. 

In two lifetime skin painting studies, 
PPG-7-Buteth-10 and PPG-33-Buteth-45, 
respectively, did not induce papillomas or 
carcinomas in mice. When administered 
following either one or two initiator doses of 
dimethylbenzanthracene (DMBA), 70% 
PPG-24-Buteth-27 acted as a tumor promoter; 
however, 5% PPG-24-Buteth-27 did not act as a 
tumor promoter. 

An RIPT study in 109 subjects found no irritation 
or sensitization associated with the application of 
0.75% PPG-12-Buteth-16 under semicocclusive 
patches. Aftershave formulations containing 
2.5% PPG-26-Buteth-26 were not skin irritants or 
sensitizers when evaluated in two 21-day home 
use tests• The skin irritation and/or sensitization 
use test and the skin irritation use test involved 52 
and 54 subjects, respectively. 

DISCUSSION 
The Expert Panel was particularly concerned that 
PPG Buteths are butanol-initiated random linear 
copolymers and that n-butyl alcohol could be 
present as an impurity in the finished product. 
n-butyl alcohol is a reproductive and 
developmental toxin• Data were available 
addressing the presence of n-butyl alcohol in 
PPG-26-Buteth-26. In its review of these data, 
the Expert Panel considered that the absence of 

-28- 

Distributed for Comment Only -- Do Not Cite or Quote



n-butyl alcohol as an impurity in PPG-26- 
Buteth-26 was an indication that n-butyl alcohol 
would not be an impurity in any of the PPG 
Buteths. There was no other basis for suspecting 
that PPG Buteths presented a reproductive or 
developmental toxicity dsk, so additional data 
were not needed. 

The data provided on irritation and sensitization 
for PPG-26-Buteth-26 and PPG-12-Buteth- 16 
demonstrated that these members of the PPG 
Buteth family would not be irritating or sensitizing 
at their current concentrations of use. 

Based on its large molecular weight alone, it is 
unlikely that PPG-28-Buteth-35 would be 
associated with any skin irritation or sensitization, 
but the experience of the Panel is that lower 
molecular weight members of a chemical family 
can be absorbed differently compared to higher 
molecularweight compounds. Because PPG-9- 
Buteth-12 has a lower molecular weight than the 
PPG Buteths for which irdtation/sensitizafion data 
are available, the Panel considered whether 
additional data were needed. Because all the 
PPG Buteths are highly water soluble, and large 
molecules and its rates of absorption into the skin 
should be sufficiently limited to make it unlikely 
that they would be skin sensitizers in their current 
uses. 

The Panel further considered the question of 
dermal absorption by noting that all of the 
ingredients in this report have molecular weights 
above 1000 and are unlikely, on that basis, to 
penetrate skin. The Panel then reconsidered the 
import of the several studies of the smaller PPG- 
7-Suteth-10 (MW 970) that are included in this 
safety assessment. No evidence of toxicity of 
PPG-7-Buteth-10 was seen in chronic oral toxicity 
studies in rats. In addition, a lifetime skin painting 
study in mice found neither papillomas nor 
carcinomas in any animals in the vehicle control 
or the PPG-7-Buteth-10 groups, but didf ind 
neoplasms in all the animals in the group 
receiving a known carcinogen, methyl 
cholanthrene. AS stated above, PPG-7-Buteth-f0 
was not toxicwhen delivered orally. These 
results support that all the members of the PPG 
Buteth family considered in this safety 
assessment are unlikely to penetrate skin to any 
significant degree to cause toxicity. 

CONCLUSION 
Based on the available animal and clinical data 
included in this report, the CIR Expert Panel 
concluded that PPG-9-Buteth-12, 
PPG-12-Buteth-16, PPG-26-Buteth-26 and 
PPG-28-Buteth-35 are safe as used in cosmetic 
products. 

ACKNOWLEDGEMENT: The original safety 
assessment was prepared by Wilbur Johnson, Jr,, 
Senior Scientific Analyst and Writer. 
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Amended Final Report on the Safety Assessment 
of PPG-40 Butyl Ether with an Addendum to Include 
PPG-2 -4 -5 -9 -12 -14 -15 -16 -17 -18 -20 , , , , , , , , , , , 
-22, -24, -26, -30, -33, -52, and -53 Butyl Ethers1 

The Polypropylene Glycol (PPG) Butyl Ethers function as skin
and hair-conditioning agents in cosmetics. Intestinal absorption of 
the PPG Butyl Ethers was inversely proportional to the molecular 
weight. In general, the toxicity of the PPG Butyl Ethers decreased 
as the molecular weight increased. In acute studies, moderate in
traperitoneal(IP) doses of various PPG Butyl Ethers caused con
vulsive seizures in mice and anesthetized dogs, and large oral doses 
caused decreased activity, anuria, renal tubular swelling and necro
sis, and hepatic swelling and necrosis. PPG-2 Butyl Ether vapors 
were nontoxic by the inhalation route. PPG-2 Butyl Ether was non
toxic in short-term feeding and dermal exposure studies in rats. In 
animal irritation studies, PPG-2 Butyl Ether caused minor, tran
sient erythema and desquamation; in addition, erythema, edema, 
ecchymosis, necrosis, and other changes were observed during an 
acute percutaneous study. PPG-2 Butyl Ether also caused minor to 
moderate conjunctival irritation and minor corneal injury. PPG-2 
Butyl Ether when dermally applied was nontoxic to pregnant rats 
and was nonteratogenic at doses up to 1.0 ml/kg/day. PPG BESOO at 
concentrations of 0.001% to 0.26% in feed was noncarcinogenic to 
rats after 2 years of treatment. In clinical studies, PPG BE800 was 
nonirritating and nonsensitizing to the skin when tested using 200 
subjects. PPG-40 Butyl Ether was neither an irritant nor a sensi
tizer in a repeat-insult patch test using 112 subjects. Although clin
ical testing did not indicate significant skin irritation is produced 
by these ingredients, the animal test data did indicate the potential 
that these ingredients can be irritating. Therefore, it was concluded 
that the PPG Butyl Ethers can be used safely in cosmetic products 
if they are formulated to avoid irritation. Data on the component 
ingredients, Propylene Glycol, PPG, and n-Butyl Alcohol, from pre
vious cosmetic ingredient safety assessments were also considered 
and found to support the safety of PPG Butyl Ethers. 

INTRODUCTION 
The PPG Butyl Ethers are the polypropylene glycol (PPG) 

ethers of n-Butyl Alcohol that function as skin- and hair-
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conditioning agents in cosmetics. The Cosmetic Ingredient Re
view (CIR) Expert Panel previously assessed the safety of 
PPG-40 Butyl Ether in cosmetics and found the available data 
insufficient to support the safety of this ingredient in cosmetics 
(Andersen 1993). Based on the evaluation of additional safety 
test data on PPG-40 Butyl Ether, on ingredients of other PPG 
Butyl Ethers, and on previous safety assessments of propylene 
(PG) and PPG and n-Butyl Alcohol, the safety assessment of 
PPG-40 Butyl Ether was reevaluated. 

This report is both an addendum to the CIR safety assess
ment of PPG-40 Butyl Ether to include PPG-2, -4, -5, -9, -12, 
-14, -15, -16, -17, -18, -20, -22, -24, -26, -30, -33, -52, and 
-53 Butyl Ethers and an amendment of the previous report on 
the safety assessment of PPG-40 Butyl Ether. Relevant data 
from the previous CIR safety assessments of PG and PPG and 
n-Butyl Alcohol have been added to this review as further basis 
for assessing the safety of PPG Butyl Ethers in cosmetics. 

CHEMISTRY 

Definition and Structure 
The PPG Butyl Ethers (generic CAS No. 9003-13-8) are the 

PPG ethers of n- Butyl Alcohol that conform generally to 
the formula in Figure 1, where the average value of "n" equals 
the number in the name; e.g., "n" equals 40 in PPG-40 Butyl 
Ether. 

Although most of the available information uses the 
PPG-n Butyl Ether naming convention, these ingredients also 
may be referred to as PPG BEmw, where mw equals the aver
age molecular weight in the name. For example, a PPG Butyl 
Ether of molecular weight 770 Da may be called PPG BE770 
(Table 1). 

Other synonyms for these ingredients are Polyoxypropylene 
(n) Butyl Ether; Polypropylene Glycol (n) Butyl Ether 
(Wenninger and McEwen 1995a); and Butoxypolypropylene 
Glycol (Layton et al. 1987). 

Chemical and Physical Properties 
The approximate molecular weights of the PPGs Butyl Ether 

are listed in Table 1. 
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FIGURE 1 
Formula for PPG-n Butyl Ether. 

PPG-14 Butyl Ether is a clear, almost colorless, slightly vis
cous liquid. It is soluble in alcohol and other organic solvents. 
The specific gravity of PPG-14 Butyl Ether at 75°C is approx
imately 0.985, and the viscosity at 25°C is 84 to 105 cps. The 
minimum flash point is 400°F. Upon assay, the minimum pu
rity is 99.5%. The maximum acid, ash, and moisture values are 
0.5%, 0.005%, and 0.25%, respectively (Nikitakis and McEwen 
1990). 

The volatility of two PPGs Butyl Ether (PPG BE400 and PPG 
BE800) were low; the vapor pressure of each was <0.1 mm Hg 
at 20°C. The specific gravity of the lower molecular weight com
pound was 0.973 at 20°C, and was soluble in water "to an extent 
of about 0.2% at 20°C." The larger molecular weight compound 
had a specific gravity of 0. 99 and a water solubility of "-'0.1% 
at the same temperature. Both compounds were soluble in most 
organic solvents, which included alcohols, ketones, toluene, and 
gasoline, and were miscible in petroleum distillates and methy
lated naphthalene (Granett et al. 1949; Carpenter et al. 1951, 
1959). 

TABLE 1 
Approximate molecular weights of PPG Butyl Ethers 

Compound 

PPG-2 Butyl Ether 
PPG-4 Butyl Ether 
PPG-5 Butyl Ether 
PPG-9 Butyl Ether 
PPG-12 Butyl Ether 
PPG-14 Butyl Ether 
PPG-15 Butyl Ether 
PPG-16 Butyl Ether 
PPG-17 Butyl Ether 
PPG-18 Butyl Ether 
PPG-20 Butyl Ether 
PPG-22 Butyl Ether 
PPG-24 Butyl Ether 
PPG-26 Butyl Ether 
PPG-30 Butyl Ether 
PPG-33 Butyl Ether 
PPG-40 Butyl Ether 
PPG-52 Butyl Ether 
PPG-53 Butyl Ether 

Approximate molecular 
weight (Da) 

190 
306 
364* 
596 
770 
886 
944 

1002 
1060 
1118 
1234 
1350 
1466 
1582 
1814 
1988* 
2394 
3090 
3148* 

*Union Carbide Corp. (1990) reported molecular 
weights of 360 Da for PPG-5 Butyl Ether; 2050 Da for 
PPG-33 Butyl Ether, a range of 3000 to 4000 Da for 
PPG-53 Butyl Ether. 

Method of Manufacture and Impurities 
The PPG Butyl Ethers are produced by the reaction of ex

cess Propylene Glycol with n-Butyl Alcohol (Hazardous Sub
stances Data Base [HSDB] 1997), and can contain propylene 
oxide (Food and Drug Administration [FDA] 1991). 

Food- and cosmetic-grade PG can contain up to 0.07% sul
fated ash, 0.2% water, and 3 ppm arsenic (as As). Food- and 
cosmetic-grade PPG can contain up to 3 ppm arsenic (as As), 
5 ppm heavy metals (as Pb ), and 0.02% propylene oxide. In cos
metic products, the purity of PG is specified as a minimum of 
97.5%. One supplier recommends that United States Pharma
copeia (USP)-grade PG be used for cosmetics. USP-grade PG 
has a typical assay of99.9% and a specification of 99.5% mini
mum purity. The supplier recognizes that the USP allows up to 
5 ppm propylene oxide in PG, but is of the opinion that typi
cal amounts present in products today are less than detectable 
(Andersen 1994). 

USE 

Cosmetic 
The PPG Butyl Ethers are used as hair-conditioning agents 

and skin-conditioning agents-miscellaneous in cosmetic prod
ucts (Wenninger and McEwen 1995b). In 1998, PPG-2, -14,-16, 
-18, -33, and -40 Butyl Ethers were used in a total of 100 cos
metic formulations; PPG-4, -5, -9,-12,-15,-17,-20,-22,-24, 
-26, -30, -52, and -53 were not reported to be used in cosmetics 
(FDA 1998). Table 2 presents the product types in which each 
ingredient in current use is found. For example, I out of 10 prod
ucts in the "other personal cleanliness product" category would 
be expected to have PPG-14 Butyl Ether, but only around 1 out 
of 100 products in the "skin freshener" category would have the 
ingredient. 

Current concentrations at which these ingredients are used 
were not available. In 1984, PPG-5 Butyl Ether was used at 
concentrations of 1% to 5%; PPG-14 Butyl Ether was used at 
concentrations up to 25%, but was used mostly at 0.1% to I%; 
PPG-15 and -18 Butyl Ethers were used at 1% to 5%; PPG-24 
Butyl Ether was used at concentrations of 10% to 25%; PPG-
33 Butyl Ether was used at concentrations up to 25%, but was 
used mostly at I% to 5%; PPG-40 Butyl Ether was used at 
concentrations of 50%+, but was used mostly at 0.1% to 1 %; 
and PPG-53 Butyl Ether was used at concentrations of IO% to 
25% (FDA 1984). 

Non cosmetic 
The FDA approved the use of PPG-n Butyl Ether (minimum 

molecular weight= 1000 Da; n > 16) as viscosity enhancers in 
surface lubricants (at concentrations not to exceed 20%) for the 
manufacture of metallic articles that contact food (FDA I991 ). 

PPG BE400 and PPG BE800 are used as fly repellents for 
livestock(Granettetal.1949, 1951;Carpenteretal.195I, 1959). 
The repellents are applied at a concentration of "'5% to dairy 
cattle in the form of water emulsions or solutions in petroleum 
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TABLE2 
Product formulation data (FDA 1998) 

Product category 

Nail polish and enamel 
1998 total 

Colognes and toilet waters 
Deodorants (underarm) 
Other personal cleanliness products 
Body and hand (excluding shaving) 
Moisturizing preparations 
Skin fresheners 
1998 total 

Shaving cream 
1998 total 

Shaving cream 
1998 total 

Colognes and toilet waters 
Moisturizing preparations 
1998 total 

Tonics, dressings, and other 
hair-grooming aids 

Other hair preparations 
Hair dyes and colors 
Moisturizing preparations 
1998 total 

Total no. of formulations Total no. of formulations 
in category 

PPG-2 Butyl Ether 
80 

PPG-14 Butyl Ether 
656 
250 
291 
796 
769 
184 

PPG-16 Butyl Ether 
139 

PPG-18 Butyl Ether 
139 

PPG-33 Butyl Ether 
656 
769 

PPG-40 Butyl Ether 
549 

276 
1572 
769 

containing ingredient 

1 
1 

9 
2 

29 
1 
2 
2 

45 

1 
1 

1 
1 

5 
1 
6 

5 

39 
1 

46 

base oils (i.e., kerosene). The repellents are seldom applied more 
often than every other day (Carpenter et al. 1951), and were ef
fective against stable, horse, and hom flies (Granett et al. 1951 ). 

and the long-chain compounds ("n" of 30 or more) were "little 
absorbed." Typical absorption values ranged from 100% to 2%, 
depending upon the chain length (Union Carbide Corp. 1989). 

International 
Polyoxypropylene (2, 4, 12, 15, 17, 20, 24, 26, 30, 33, and 

52) Butyl Ethers are listed in the Japanese Comprehensive Li
censing Standards of Cosmetics by Category (CLS) (Rempe and 
Santucci 1997). The PPG Butyl Ethers that conform to the speci
fications of the Japanese Cosmetic Ingredient Codex have prece
dents for use without restriction in all CLS categories except 
eyeliner preparations, lip preparations, and/or oral preparations, 
for which there are no precedents for use. 

GENERAL BIOLOGY 

Absorption, Distribution, Metabolism, and Excretion 
The short-chain length ("n" of five or less) PPG Butyl Ethers 

were completely absorbed from the rabbit or rat digestive tract, 

Carpenter et al. (1951) investigated the gastrointestinal (GI) 
absorption and excretion ofPPG BE400 and PPG BE800 (single 
oral doses of2 g/kg) using adult albino rabbits. The lower molec
ular weight compound was absorbed "practically completely" 
from the GI tract such that <5% of the dose was found in the 
feces 72 hours after dosing. Within 24 hours of treatment, an 
unspecified metabolite equivalent to 40% to 55% of the dose 
was excreted in the urine of three of the four treated rabbits. The 
fourth rabbit was an uric during this time period, and the urine it 
excreted during the last 2 days of the collection period contained 
<3% of the administered dose. The investigators concluded that 
a substantial proportion of the ingested ether underwent "nearly 
complete metabolic destruction." The investigators were unable 
to purify and characterize the metabolite, but an infrared spectral 
analysis of the original material and the metabolite established 
that the butyl group had been removed. The larger molecular 
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weight ether was less well absorbed and as much as 50% or 
more of a single dose was excreted unchanged in the feces. In 
another test using albino rabbits, a greater proportion of PPG 
BE800 was eliminated in the feces than in the urine following 
single oral doses of the compound. Total recoveries were 45% 
to 66% (feces) and 8% to 16% (urine) of the administered dose. 

Carpenter et al. (1951) also analyzed the livers and carcasses 
of four groups of rats (five per group) that had been fed 5% of 
PPG BE400 for 30 days. In three trials, 87%, 88%, and 96% of 
the ether was recovered, respectively, after the compound was 
added to hepatic tissue in 100 mg amounts. When the ether was 
added to the rat carcass, 76%, 82%, and 83% was recovered 
respectively. ' 

The same investigators fed a basal diet plus 5% PPG BE400 
to four groups of five rats each. The mean feed consumption was 
9.7 g/rat/day, and the total ingestion was 14.5 g. After 30 days of 
treatment, the rats were killed and the livers were analyzed for 
the ether (four test livers and four control livers). One carcass 
was selected at random from each group and similarly analyzed. 
The value for total PPG BE400 did not differ significantly from 
the blank values from the control group. The mean value for 
total PPG BE400 was 9.6 ± 4.2 mg, and the mean control value 
was 2.0 ± 0.8 mg; the difference in means was significant sta
tistically. The investigators concluded that the amount was "so 
small in proportion to the daily intake of about 500 mg" that the 
material was in the process of passing through the body, rather 
than accumulating in the body. 

Once absorbed, the butyl group was removed and oxidized, 
then was partly or completely excreted as carbon dioxide by 
the lungs. The chains appeared "to be split into random length 
fragments" and were eliminated in the urine as weak acids after 
oxidation of the terminal hydroxyls to carboxyl groups (Union 
Carbide Corp. 1989). 

Carpenter et al. ( 1959) reported that PPG BE800 penetrated 
rabbit skin slowly, if at all (see "Animal Toxicology-Dermal 
Toxicity"), and passed poorly through internal tissue barriers. 
PPG BE800 was absorbed poorly from the gut of rats, mice, 
guinea pigs, and rabbits. 

In a review of the safety of PG and PPG in cosmetics, 
Andersen ( 1994) reported that the major route of PG metabolism 
in mammals is to lactaldehyde and then lactate via hepatic alco
hol and aldehyde dehydrogenases. When PG was administered 
intravenously to humans, dose-related elimination occurred. In 
animal studies, PPGs 425, 1025, and 2025 were readily ab
sorbed from the GI tract and were excreted in the urine and feces 
(Andersen 1994). 

In a review of the safety of n-Butyl Alcohol in cosmetics, 
Elder (1987) reported that n-Butyl Alcohol penetrated human 
epidermis and dermis during in vitro diffusion cell studies. It 
also penetrated rabbit corneas. When administered orally to rats 
and humans, dermally to dogs, and by inhalation to dogs and 
humans, n-Butyl Alcohol was eliminated rapidly and primarily 
in the expired air and in the urine. It is rapidly oxidized in vivo. 
n-Butyl Alcohol is a substrate for alcohol dehydrogenase and 

can completely inhibit the metabolism of ethanol by this enzyme. 
n-Butyl Alcohol is also oxidized by two microsomal pathways in 
the rat liver and can be oxidized nonenzymatically (Elder 1987). 

Miscellaneous Effects 
PPG BE400 and PPG BE800 cause ventricular extrasystoles 

when injected intravenously in anesthetized dogs at doses of 10 
to 90 mglkg. The duration depended on the total amount of PPG 
administered, not the size of the single dose. Once extrasystoles 
were produced, further dosing with PPG or epinephrine did not 
cause ventricular fibrillation. The investigators concluded that 
the sensitivity of the heart to treatment with PPG was "dependent 
in some way on a relative anoxia" (Shideman and Moe 1949). 

This effect has also been observed after oral administration 
of 0.1 g/kg of a PPG with a molecular weight of 425 Da. When 
PPG BE400 was similarly tested, an oral dose of 1 g/kg had no 
effect on the cardiogram 15 minutes after treatment (Carpenter 
et al. 1951). 

Carpenter et al. ( 1959) reported that PPG BE800 was a respi
ratory stimulant in anesthetized dogs at concentrations of 0.15 
to 0.3 ml/kg (intravenous [IV]) and 1.0-4.0 ml/kg (intramuscu
lar). The butyl ether acted upon the central nervous system in 
a parasympathomimetic manner. The investigators reported that 
the butyl ether increased blood clotting time, and observed slow, 
steady decreases in blood pressure and the presence of "pin
point" pupils, cardiac irregularity (increased force, decreased 
rate), severe tonoclonic convulsive seizures, increased respi
ratory volume, decreased respiratory rate, eventual respiratory 
cessation, and cardiac arrest. The investigators stated that these 
results were caused by parenteral doses that were greater than 
the amounts "likely to enter the body through the topical appli
cation" of the butyl ether as a fly repellent. 

ANIMAL TOXICOLOGY 
Large oral doses (not specified) of the PPG Butyl Ethers 

caused decreased activity and anuria. Renal injury from nonfatal 
doses was rapidly reversible. Sufficiently large, repeated oral 
doses produced tubular cloudy swelling and focal necrosis of 
the renal tubules as well as cloudy swelling and focal hepatic 
cell necrosis. Smaller multiple doses increased hepatic and renal 
weights and reduced growth of female rats. Convulsive seizures 
were observed in mice and anesthetized dogs after moderate 
intraperitoneal (IP) doses of various PPG Butyl Ethers (Union 
Carbide Corp. 1989). 

Acute Toxicity 
The Union Carbide Corp. ( 1989) reported that the single dose 

rat peroral LDsovalues ranged from 17.0 mllkg for PPG BE1020 
to 45.3 ml/kg for PPG BE2760. 

The Union Carbide Corp. (1990) determined the peroral and 
cutaneous toxicity of several PPG Butyl Ethers using rats and 
rabbits, respectively. The peroral LD50 of PPG-5 Butyl Ether 
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was approximately 4.85 ml/kg and the cutaneous LD50 was 
>20 ml/kg. The LD50 values of PPG-33 Butyl Ether were 
49.4 ml/kg (peroral) and >20 ml/kg (cutaneous). For PPG-53 
Butyl Ether, the peroral LD50 was 45.2 ml/kg and the cutaneous 
LDso was> 16 ml/kg. 

The acute oral LD50 in rats of PPG BE800 was 9 .I g/kg (Weil 
and McCollister 1963). In a study using five adult, albino rats 
per sex per group, the acute oral LD5o was 12.5 ± 3.58 g/kg for a 
silicone mixture containing 0.13% of an unspecified PPG Butyl 
Ether (General Electric Co. 1992). 

The single-dose oral LD50 values of undiluted PPG-9, -15, 
and -18 Butyl Ethers were determined using rats. The LD50 

values were 8.2, 9.6, and 14.9 g/kg for the three ethers, respec
tively. Undiluted PPG-9, -15, -18, -22, and -33 Butyl Ethers 
were applied to the trunks of rabbits under occlusive patches for 
24 hours. The dermal LDso values were 11.9 ml/kg for PPG-9 
Butyl Ether, and 20 ml/kg (the maximum retainable dosage; 
i.e., the maximum that could be applied to the skin) for the other 
ethers; none of the four rats died after treatment with PPG-15, 
-18, or -33 Butyl Ethers and one rabbit died after treatment 
with PPG-33 Butyl Ether. An unidentified PPG Butyl Ether 
(chain length between 9 and 15; undiluted) had a dermal LD50 

of 13.4 ml/kg (Mellon Institute oflndustrial Research 1952a). 
When male Sherman rats were treated via stomach tube with 

single doses of PPG-33 Butyl Ether, the LD5o was 41.3 ml/kg. 
After dosing, the rats were "somewhat sluggish and unkempt 
in appearance because of the oily character of the fecal con
tents after such large doses." Congested or hemorrhagic lungs, 
mottled liver, and pale kidneys were observed at necropsy. The 
investigators concluded that PPG-33 Butyl Ether was the least 
toxic of the ingredient family ranging in molecular weight from 
60 1145 Da. In general, as the molecular weight increased, the 
acute oral toxicity of the PPG Butyl Ethers decreased (Mellon 
Institute oflndustrial Research 1952b). 

Undiluted PPG-33 Butyl Ether had an "extremely low or
der of toxicity" after percutaneous exposure using four male 
New Zealand white rabbits. The dose was applied to the clipped 
skin of the trunk, the treatment site was covered with Vinylite 
sheeting, and the rabbits were immobilized for the duration of 
the 24 hours treatment period. All of the rabbits survived after 
treatment with 20 ml/kg of the test compound (Mellon Institute 
oflndustrial Research 1952b ). 

Two to five fasted rats per group were treated via peroral 
intubation with 0.5 to 8.0 ml/kg PPG-2 Butyl Ether (clear, low
viscosity liquid; as received); the LD50 in males was 2.8 ml/kg 
and in females was 1.6 mllkg. Signs of toxicity included slug
gishness, lacrimation, kyphosis, piloerection, unsteady gait, and 
prostration. One rat had a moribund appearance and another had 
both a yellow discharge on the periurogenital fur (positive for 
blood) and a red crust on the perinasal fur. Deaths occurred at 
45 minutes to 1 day after dosing, and survivors recovered in 1 to 
2 days. Dark-red or mottled lungs, discolored stomachs, stom
achs filled with red or clear liquid, red or yellow intestines, dark
red livers and kidneys, and/or gas-filled cecums were observed 

at necropsy. PPG-2 Butyl Ether was classified as moderately 
toxic by the peroral route (Bushy Run Research Center 1989a). 

When tested using five rabbits per group, the percutaneous 
LD50 of PPG-2 Butyl Ether was 7.13 ml/kg for males and 
5.86 ml/kg for females. Erythema, edema, ecchymosis, necrosis, 
fissuring, ulceration, desquamation, alopecia, and scabs were 
observed. The animals also had sluggishness, prostration, ab
dominal distention, diarrhea, emaciation, and/or a red-brown 
discharge on the perinasal fur. The majority of deaths occurred 
at 3.5 hours to 2 days. Two females died at 11 days, but the 
investigators attributed this to a gastrointestinal disorder rather 
than a direct toxic effect of the test material. All rabbits of the 
low-dose group ( 4.00 ml/kg) survived. Findings at necropsy in
cluded in individual rabbits discolored lungs, red thymus and 
dark-red trachea, stomach with loose contents, foci of the stom
ach or thymus, and/or mottled kidneys (Bushy Run Research 
Center 1989a). 

Carpenter et al. ( 1951) investigated the acute toxicities of 
PPGs BE400 and BE800. The results of the studies, which 
are summarized below, indicated that PPG BE400 was 
1.5-times more toxic for rats, 2. 7 -times as toxic for guinea pigs, 
and 7-times as toxic for rabbits as PPG BE800 when adminis
tered orally. When administered intraperitoneally to the rat, PPG 
BE400 was 3-times more toxic as PPG BE800. 

When a 50% aqueous dilution of PPG BE400 was admin
istered by gavage to male albino Sherman rats, the mean LD5o 
was 5.8 g/kg. As the dosage was increased, the signs of dis
tress included sluggishness, gasping, tremors, and convulsions. 
At the high dose, death occurred within 4 hours of treatment. 
At necropsy, congestion of the liver and GI tract were observed. 
When a 50% dispersion of PPG BE800 (in 1% aqueous 
nonoxynol-7) was fed to rats, the LDso was 9.2 g/kg. Deaths 
occurred within 24 hours, but the signs were not as severe. At 
necropsy, congestion or hemorrhages of the lungs, GI tract irri
tation, and congestion of the liver and pancreas were observed. 
The PPG Butyl Ethers were considered slightly toxic in this 
study. 

When the undiluted compounds were fed in the diet to male 
albino New Zealand white rabbits, the mean LDso values were 
3.3 g/kg for PPG BE400 and 23.7 g/kg for PPG BE800. For 
the former, convulsions and death occurred within 24 hours of 
treatment; pale liver and kidneys, irritation of the GI tract, and 
watery feces were observed at necropsy. When PPG BE800 was 
administered, most of the deaths occurred within 24 hours with
out signs of distress. Rabbits that died at doses near to the LDso 
had congested and hemorrhagic lungs, pale liver and kidneys, 
and excessive fluid in the peritoneal cavity. PPG BE400 was con
sidered moderately toxic and PPG BE800 had an "extremely low 
order of toxicity." 

In male albino guinea pigs, 50% dispersions of the two ethers 
(in 1% aqueous nonoxynol- 7) resulted in LDso values of2.5 g/kg 
and 6.8 g/kg, respectively. For PPG BE400, most of the deaths 
occurred within 1 hour of treatment and followed violent con
vulsions. The principal finding at necropsy was irritation of the 

Distributed for Comment Only -- Do Not Cite or Quote



44 COSMETIC INGREDIENT REVIEW 

GI tract. In guinea pigs fed PPG BE800, lung hemorrhages, GI 
tract irritation, and congestion of the peritoneum were observed. 
PPG BE400 was considered moderately toxic and PPG BE800 
was considered slightly toxic. 

The LD50 in rats for PPG BE400 was 0.32 g!kg when given 
intraperitoneally. All deaths but one occurred within 4 hours of 
dosing. A dose of 1.0 glkg caused paroxysms, retching, froth
ing at the mouth, and death within 15 minutes of treatment. A 
dose of 0.5 glkg caused tremors and death within 4 hours. At 
necropsy, the blood was considered darker than normal, and the 
liver, peritoneal wall, and the adrenal glands were congested. 
When PPG BE800 was injected intraperitoneally, the LD50 was 
0.9 g/kg. No signs of toxicity were apparent when a dose of 
1.0 g/kg was injected. When treated with 2.0 g!kg, the rats were 
"narcose," and when treated with 4.0 g!kg, the rats had violent 
convulsions and frothing at the mouth (Carpenter et al. 1951 ). 

Carpenter et al. (1959) used Carworth Farms-Wistar or 
Nelson specific pathogen-free rats (five per group) to deter
mine the acute toxicity of PPG BE800. The oral LDso values 
ranged from 8.9 to 17.3 ml/kg for undiluted PPG BE800 and was 
17.2 ml/kg for a 50% dilution of the ether in com oil. In guinea 
pigs, rabbits, and C3H/Jax mice (number not stated) the LD50 

values were 9.5 to 22.5 mllkg, 5 to 28.3 ml/kg, and 6.7 ml/kg, 
respectively, when the animals were dosed orally with undiluted 
PPG BE800. When rats were given single IP injections of PPG 
BE800, the LDso was 0.8 to 2.2 mllkg. After groups of four rats 
were given multiple injections ofPPG BE800 (doses=0.125, 
0.25, and 0.5 ml/kg/day for 10 days), the rats survived and had 
normal weight gains. When rats were given IV injections of the 
butyl ether, the LD5o was 0.22 mllkg; in rabbits, the LD50 was 
approximately 0.09 mllkg. Death was preceded by convulsions 
after parenteral administration of the undiluted ether. The most 
common finding at necropsy was capillary breakdown and hem
orrhages in the lungs. Convulsions did not occur in rats treated 
orally with PPG BE800 until the dosage equaled or exceeded 
the LDso-

The acute oral LDso ofPPG-40 Butyl Ether was 48.7 mllkg 
in a study using five male Sherman rats. Sluggishness and fine 
tremors sometimes preceded death, which occurred within a few 
hours of dosing. Weight gain of the survivors was not adversely 
affected by treatment with the ether. When necropsied, the an
imals that died prematurely had congestion and hemorrhage of 
the lungs, congested kidneys, and mottled liver. PPG-40 Butyl 
Ether was considered less toxic than PPG Butyl Ethers with 
molecular weights below 400 Da (Mellon Institute of Industrial 
Research 1952c). 

Four New Zealand white rabbits were treated dermally with 
20.0 ml!kg of undiluted PPG-40 Butyl Ether. The test com
pound was applied to the clipped skin of the trunk. Erythema 
was observed 24 hours after treatment, and all the rabbits sur
vived and had normal weight gain. The investigators concluded 
that PPG-40 Butyl.Ether had a "low order of toxicity by the 
cutaneous route" (Mellon Institute of Industrial Research 
1952c). 

The approximate IV LD50 forrats of undiluted PPG-40 Butyl 
Ether was 0.5 mllkg. When dosed via the IP route, the LD50 was 
14.8 ml!kg (Mellon Institute of Industrial Research 1952c). 

In acute oral toxicity studies using rats, the LD50 of PG 
was 21 g!kg. For PPGs (molecular weights= 300-3900 Da), 
the LD50 values were 0.5 to >40 g!kg for rats (Andersen 1994). 

The single oral dose LD50 of n-Butyl Alcohol for rats was 
0.79 to 4.36 glkg (Elder 1987). 

Short-Term Toxicity 

Sprague-Dawley rats (6/sex/group) were fed 100, 200, and 
400 mg/kg/day PPG-2 Butyl Ether (purity >95%) for 14 con
secutive days. All rats survived to the end of the treatment pe
riod, and no systemic toxicity was observed. No test substance
related changes were observed (organ weights, organ/body 
weights, clinical chemistry and hematologic parameters, and 
gross and microscopic lesions) (NOTOX 1987). 

Groups of eight albino rabbits were given five dermal inunc
tions per week of 80% PPG-33 Butyl Ether in ethanol, for a max
imum of 30 inunctions. The doses were 0.875 or 2.5 ml/kg/day 
(0.7 or 2.0 g/kg/day). A separate group was started at a later date 
and received doses of 0.3125 ml/kg/day (0.25 g/kg/day). Rab
bits of the control group were treated with 2.5 ml!kg/day of 80% 
castor oil in ethanol. The doses were applied to 1 OO-cm2 areas on 
the clipped belly, were massaged into the skin for 1 minute every 
15 minutes during a 1-hour period. The skin was blotted after the 
1 hour exposure period and the rabbits were weighed weekly. No 
deleterious effect was observed on body weight, although rab
bits of the test groups gained more weight than controls. None 
of the rabbits of the high-dose group died, and one of the rab
bits treated with 0.875 mllkg/day died. Five of the eight rabbits 
in the separate group that started treatment later and received 
doses of 0.3125 ml/kg/day died. In the control group for the 
0.875-or 2.5-ml/kg/day doses, none of the eight rabbits/group 
died. In the control group for the 0.3125-ml/kg/day dose group, 
two of the eight rabbits/group died. All deaths were attributed to 
infections of the lungs and were not considered test compound 
related. Cloudy swelling of the renal tubules was observed in 
three rabbits of the group treated later, but this was discounted 
as an artifact. Reversible, cloudy swelling of the liver was ob
served in rabbits of the high-dose group; it was concluded that 
the no-observable-effect level (NOEL) was at least 2.0 glkg/day 
(Mellon Institute of Industrial Research 1952b ). 

In a study using the same test concentrations, groups of 10 
albino rabbits were treated with 80% PPG-40 Butyl Ether. One 
rabbit of the group that started treatment later died of an intestinal 
infection, and another was killed due to a middle ear infection. 
Body weight gains did not differ statistically among groups. No 
micropathologic changes were observed in the liver or skin from 
the test site. Reversible, cloudy swelling of the renal tubules was 
observed, but was not considered related to the test concentration 
as the majority of these findings were in the low-dose group. 
The investigators concluded that 0.25 g/kg/day had no effect on 
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mortality, weight change, or microscopic findings in the lung, 
liver, or kidneys, and that slight effects were noted with doses 
of 0.7 or 2.0 glkg/day (Mellon Institute of Industrial Research 
l952c). 

Subchronic Toxicity 
Wistarrats (1 0/sex/group) were treated topically with 0.1, 0.5, 

andl.O ml/kg/day, 5 days/week, PPG-2 Butyl Ether for 13 weeks. 
Skin reactions (erythema, edema, scaliness, wounds, and in
crustations) were observed in all groups, including the control 
group; however, the findings were more pronounced in the test 
groups. Other signs of systemic toxicity were not observed, 
and treatment-related changes were not noted upon ophthalmo
scopic examination. Males of the mid- and high-dose groups 
had decreased body weights, but feed consumption did not dif
fer among the groups. Both sexes of the high-dose group and 
males of the mid-dose group had increased numbers of the neu
trophils. Males of the high-dose group had increased glutamic 
oxaloacetic transaminase (GOT) and glutamic pyruvic transam
inase (GPT) activities, and females had increased triglyceride 
concentration and decreased glucose concentration; both sexes 
had increased relative liver weights. Treatment-related changes 
in urinalysis values and lesions at necropsy were not observed. 
At microscopic examination, changes of the treated skin were 
observed in all groups. In particular, females of the high-dose 
group had more severe acanthosis. No treatment-related micro
scopic changes were observed in organs or tissues other than the 
skin. The investigators concluded that the dermal NOEL was 
0.1 ml/kg/day PPG-2 Butyl Ether, which was equivalent to a 
dose of 91 mg!kg/day (CIVO Institutes TNO 1988). 

When rats were fed PPG BE800 for 90 days, the minimum 
effect dose was 0.25% and the maximum NOEL was 0.0625%, or 
46.9 mg/kg/day (Weiland McCollister 1963). In another 90-day 
feeding study using rats (Union Carbide Corp. 1989), the NOELs 
of PPG BE910 and PPG BE1020 were 0.25% and 0.0625% of 
the diet, respectively. 

PPG BE400 was added to the feed of rats at concentra
tions of0.25% (0.16 g/kg/day), 1.0% (0.67 glkg/day), and 4.0% 
(3.28 glkg/day) for 90 days. There were nine rats in each group. 
Two of nine rats fed the high-dose group died as a result of 
treatment; the mean number of days to death was 73.5. At mi
croscopic examination of the kidneys of rats that died, slight, 
cloudy swelling of the renal tubules was observed. The surviv
ing male rats of the high-dose group had decreased weight gains, 
and significantly increased hepatic and renal weights, compared 
to the 10 rats of the control group. Surviving female rats of the 
same group had significantly increased renal weights. Two rats 
fed the median dose had persistent weight loss and died after 21 
and 77 days, respectively. The males of this group had signifi
cantly increased renal and hepatic weights, and the females did 
not differ from controls. One of lO rats treated with the 0.25% 
dose died with severe weight loss after 49 days. The males of this 
group had increased hepatic weights and all rats had increased 

renal weights, compared to controls, but no other effects were 
noted at gross and microscopic examinations. The investigators 
concluded that the 90-day NOEL was 0.16 to 0.67 g/kg/day or 
between 0.25-1.0% of the diet (Carpenter et al. 1951 ). 

A similar study was performed using PPG BE800. The rats 
were fed 0.12 (0.25%), 0.52 (1.0%), and 1.48 g/kg/day (4.0%) 
of the ether. Twenty-two of the 40 treated rats died of pneumonia 
during the course of the investigation. The percent survivals were 
20%,80%, and40% for rats of the 0.25%, 1.0%, and4.0% treat
ment groups, respectively. Forty percent of the rats of the control 
group survived. Rats of the high-dose group had reduced feed 
intake (by 50%) and significantly decreased growth. No micro
scopic changes were apparent among the survivors. All doses 
increased hepatic weights. As mortality was great, the results 
were considered of doubtful value. The investigators concluded 
that a dose of 0.52 glkg/day for 90 days was "too great to be 
tolerated by rats," but could make no further definite statements 
about the toxicity of PPG BE800 (Carpenter et al. 1951 ). 

In subchronic oral toxicity studies, 3% PPG 2000 induced, 
at most, slight decreases in body weight in rats; no adverse 
reactions were noted at concentrations of 0.1% to 1.0% PPG 
2000. PPG 750 (1%) caused slight increases in hepatic andre
nal weights in rats. Rats fed diets containing 50,000 ppm PG 
(2.5 g!kg/day) for 15 weeks had no test substance-related le
sions. When dogs were given 5% PG in drinking water for 5 to 
9 months, tests evaluating hepatic and renal impairment were 
negative. When cats were given feed containing PG, concentra
tions of ::::6% caused erythrocyte destruction (Andersen 1994). 

Chronic Toxicity 
Weiland McCollister (1963) stated that the NOEL for PPG 

BE800 was 480 mg/kg body weight per day (0.64%) during a 
2-year feeding study using rats, but no study details were 
provided. 

When dogs were fed PPG BE910 for 1 year, the NOEL was 
approximately 130 mglkg body weight per day. In a 2-year study 
of the same compound using rats, the NOEL was 0.016% of the 
diet. In 6 of 10 long-term feeding studies using rats and dogs, the 
highest dose tested, 0.5 g!kg body weight per day, produced no 
adverse, treatment-related effects (Union Carbide Corp. 1989). 

Carpenter et al. ( 1959) reported that the feeding of PPG 
BE800 to Carworth-Wistar rats had no adverse effects on mortal
ity, body weight gain of males, or incidence of microscopic ab
normalities after 2 years of treatment. Each group was comprised 
of20 males and 20 females. The test concentrations ranged from 
0.001% to 0.256% of the diet. Mortality and the incidence of 
neoplasms were not increased in any treatment group compared 
to controls. PPG BE800 at 0.256% in the diet caused a transient 
increase in the liver weight of females, both at 6 months and dur
ing the entire study. Males and females fed 0.064% and 0.0256% 
PPG BE800 diets had swelling of the renal convoluted tubules 
at 6 months, but not after 1 year. No lesions were observed 
in the liver and other organs at microscopic examination. The 

Distributed for Comment Only -- Do Not Cite or Quote



46 COSMETIC INGREDIENT REVIEW 

investigators concluded that the concentration of PPG BE800 
"that was without permanent significant effect on the health of 
the rats when included in their diet for two years was between 
0.064 and 0.256%." 

The same investigators fed 0.0008 to 0.013 g/kg/day PPG 
BE800 (in corn oil) to dogs. The mean concentrations were 47 
to 890 ppm. The ether was fed in gelatin capsules 5 days per 
week for 1 year. The low dose (0.0008 g/kg) was 0.016 ml/kg of 
a 5% dilution; the middle dose (0.0032 g/kg) was 0.02 ml/kg of a 
16% dilution; and the high-dose (0.0128 g/kg) was 0.025 ml/kg 
of a 51.2% dilution. Animals of the control group were given 
capsules containing 0.3 ml of corn oil. After 1 year of treatment, 
no significant differences of hematologic parameters were ob
served among the control and treatment groups. Liver and kid
neys weights did not differ significantly among the groups, and 
no degenerative changes were noted at microscopic examina
tion. The investigators concluded that treatment of dogs with up 
to 0.0128 g/kg/day of butyl ethers for 1 year had no deleterious 
effects (Carpenter et al. 1959). 

Rats fed up to 50,000 ppm PG for 2 years had no treatment
related lesions. Similar results were reported after dogs were fed 
2 or 5 g/kg PG for ~ 103 weeks (Andersen 1994). 

Dermal Toxicity 
Undiluted PPG BE400 was applied to the hair-free skin of 

the trunk of male New Zealand white rabbits. The test site was 
covered with an occlusive patch for 24 hours. The mean LD50 

was 13.3 ml/kg. The investigators concluded that the compound 
penetrated the skin poorly. Deaths occurred several days or more 
after dosing, and most of the survivors had decreased body 
weights. Erythema and "desquamation of the skin," pale liver, 
pale kidneys with pitted surfaces, and congestion of the intesti
nal blood vessels were observed. When PPG BE800 was applied 
using the same method, only 1 of 10 rabbits died after treatment 
with the maximum dose, 20 mllkg, of the undiluted compound 
(Carpenter et al. 1951). 

In another study by the same investigators, undiluted 
PPG BE400 and PPG BE800 were applied by gentle inunc
tion to the skin of groups of rabbits. The dosages were 0.1 and 
1.0 ml/kg/day; the smaller molecular weight compound was 
also applied at a dosage of 0.3 ml/kg/day. The liquid test com
pounds were massaged into the clipped skin of the belly (test site 
area= 100 cm2) for 1 minute every 15 minutes during a 1-hour 
period. The skin was blotted after the 1-hour exposure period 
and the rabbits were weighed weekly. 

For PPG BE400, 10 rabbits (3 to 4 kg each) per group were 
treated 5 days/week for 6 weeks. Seven rabbits treated with either 
0.3 or 1.0 mllkg survived 30 inunctions, although mean body 
weight was reduced. Six rabbits given the low dose survived to 
the end of treatment; again the mean body weight was reduced. 
All rabbits of the control group survived; the mean body weight 
increased. In three of the seven survivors of the high-dose group, 
the liver was swollen. One of the seven survivors of the median 

dose group had swelling and fatty degeneration of the liver, as 
did one survivor of the low-dose group. No renal lesions were 
observed in survivors of any dose group. The clinical cutaneous 
effects observed, which were apparent after the second dose, 
included erythema, fissures, pustules, and desquamation of the 
epidermis. The investigators concluded that the pustules (similar 
to appearance of boils on human skin) were likely caused by 
staphylococcal infection. All of the deaths were attributed to 
pneumonia, but the weight losses and pathologic changes of the 
liver indicated that the 30-day NOEL was <0.1 mllkg/day. 

For study of PPG BE800, eight rabbits per group were treated 
5 days/week for 18 weeks. One rabbit died of pneumonia in each 
treatment group. The mean body weight gains of the survivors 
were 602.8 g and 454.8 g for the low- and high-dose groups, re
spectively. No abnormalities were observed during microscopic 
examination of the kidneys, liver, and skin. Mild erythema and 
"desquamation of the skin" were observed during the experi
ment; the alternations of skin irritation were less severe later in 
the study, but were noticeable after 90 doses. The 30- day NOEL 
was "1.0 ml/kg/day or more" (Carpenter et al. 1951). 

Carpenter et al. ( 1959) also performed skin penetration stud
ies using undiluted PPG BE800. The LD50 values for these stud
ies ranged from 18.8 to 21.2 ml/kg after the ether was applied 
under an occlusive wrap for 24 hours to the clipped skin of 
the rabbit belly. The investigators concluded that PPG BE800 
did not pass the intact skin barrier in physiologically significant 
amounts. 

The same investigators administered undiluted PPG BE800 
to rats via subcutaneous (SC) injections under the loose skin of 
the dorsal scapular area. The LD50 was 25.9 mllkg; necrosis of 
the skin over the injection site was observed, but the rats gained 
weight normally during the 14-day observation period. When 
rabbits were used in place of rats, the SC LDso was 3.6 ml/kg 
(Carpenter et al. 1959). 

Dermal Irritation and Sensitization 
The Union Carbide Corp. (1989) reported that the primary 

skin irritation and skin sensitization potential of the PPGs Butyl 
Ether was low. 

A volume of 0.5 ml PPG-2 Butyl Ether was applied to the 
skin during a 4-hour occlusive patch test using six rabbits. One 
rabbit had minor, transient erythema that cleared by day 7. Four 
rabbits had epidermal desquamation within 7 days of dosing. 
Edema was not observed in any of the treated animals (Bushy 
Run Research Center 1989a). 

Undiluted PPG BE400 and PPG BE800 were applied to 
the skin of five rabbits in a 4-hour rabbit belly irritation test. 
The rabbits had sensitive skin, as determined by screening with 
8-ethyl-3,6-dioxydodecanol-1; only rabbits that had moderate 
to marked erythema within 30 minutes of application were used 
in the remainder of the study. The PPG Butyl Ethers were ap
plied to the clipped skin of the belly in 0.01 ml volumes at 
30-minute intervals for 4 hours. The reactions were scored 
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24 hours later using a 4-point system, 1 =causing "moderate 
injection" and 4 =causing marked erythema. PPG BE400 pro
duced a total score of 11 to 15 out of a possible total20 and PPG 
BE800 resulted in a total score of 6 to 10 out of a possible total 
of 20. The smaller molecular weight compound was considered 
slightly more irritating than the larger molecular weight com
pound to the skin, but neither caused damage more severe than 
erythema after repeated application (Carpenter et al. 1951). 

PPG BE800 was not a primary irritant when 0.01 ml of the 
undiluted ether was applied, uncovered, to the clipped skin of 
the rabbit belly during a 24-hour test (Carpenter et al., 1959). No 
reactions were observed during a 3-day repeated application test, 
when a 0.01-ml volume of undiluted PPG BE800 was applied 
at 3-hour intervals, three times daily. Four of five treated rabbits 
had no reactions after nine applications, and the fifth had only 
"minimal capillary injection." 

UndilutedPPG-9, -15,-18, and -33 Butyl Ethers, as well as an 
unidentified member of this family of ingredients (chain length 
between 9 and 15), were assayed for dermal effects using the 
rabbit belly vesicant test. The unidentified PPG Butyl Ether, and 
PPG-15 Butyl Ether, had grade 1 effects (no response). PPG-18 
Butyl Ether caused grade 2 reactions (minor capillary injec
tion), and PPG-9 Butyl Ether caused grade 3 reactions (defi
nite capillary injection) (Mellon Institute oflndustrial Research 
1951). 

PPG-33 Butyl Ether produced no irritation (grade 1) in the 
skin of rabbits during the vesicant test and 4-hour irritation test. 
During a 3-day repeated-application study in which the com
pound was applied to the skin three times daily, two rabbits did 
not react to the ether and one had slight epidermal desquama
tion of the treatment site (Mellon Institute of Industrial Research 
1952b). 

Two of five rabbits treated with PPG-40 Butyl Ether had 
minimal detectable capillary injection after a single uncovered 
application of 0.01 ml undiluted PPG-40 Butyl Ether. The ether 
was classified as a grade 2 irritant (comparable to irritancy of 
dimethyl phthalate). During a 4-hour rabbit belly irritation test 
(eight applications of 0.01 ml at 30-minute intervals), marked 
capillary injection, but no other responses, were observed. 
PPG-40 Butyl Ether was classified as a grade B irritant, where 
grade E members induce edema or necrosis. When the ether 
(0.01 ml) was applied to the skin of three rabbits three times 
daily for three days, no detectable irritation was observed after 
day 1, capillary injection was observed on two of the three rab
bits after day 2, and one of three rabbits had capillary injection 
after day 3. Under the conditions of this study, PPG-40 Butyl 
Ether had an "extremely low order of irritation to rabbit skin" 
(Mellon Institute of Industrial Research 1952c). 

During a 24-hour skin irritation test using nude mice, no 
reactions were observed after treatment with 10% PG; PG at 
a concentration of 50% caused hypertrophy, dermal inflamma
tion, and proliferation. Undiluted PG was, at most, a mild skin 
irritant when applied to the skin of guinea pigs and rabbits for 
48 hours under open and closed patches. In 48-hour and 21-day 

open and closed patch tests using Gottingen swine, no reac
tions to undiluted PG were observed. In a mouse external ear 
swelling test, 100% PG did not cause sensitization reactions. 
PG at a concentration of 70% was nonsensitizing during guinea 
pig maximization, open epicutaneous, and Finn chamber tests. 
In a maximization test, PG was classified as a potentially weak 
sensitizer. In six other guinea pig sensitization tests, PG was 
not an allergen. Single and repeated applications of PPGs 425, 
1025, and 2025 did not cause skin irritation in rabbits. Repeated 
applications of PPG 1200 to rabbits produced mild reactions at 
abraded skin sites and no reactions at intact skin sites (Andersen 
1994). 

n-Butyl Alcohol did not cause skin irritation in rabbits (Elder 
1987). 

Ocular Irritation 
The Union Carbide Corp. (1989) reported that the ocular 

irritancy potential of the PPG Butyl Ethers was low. In studies 
using rabbits, PPG-9, -15, -18, and -22 Butyl Ethers, as well 
as an unidentified member of this family of ingredients (chain 
length between 9 and 15), caused "minor injury from an excess" 
and was classified as a grade 1 irritant. 

Minor corneal injury (opacity) occurred in six of six treated 
rabbits after instillation of 0.1 ml PPG-2 Butyl Ether. Iritis and 
moderate conjunctival irritation, with a "substantial amount of 
discharge" were also observed in the six animals. Two eyes ap
peared normal at 72 hours, and all six eyes recovered by day 7. 
In a study using 0.01 ml volumes of the test material, opacity 
was not observed. Iritis occurred in four rabbits, and all six had 
minor to moderate conjunctival irritation and substantial dis
charge. All eyes recovered within 48 hours of treatment (Bushy 
Run Research Center 1989a). 

When an excess amount ofPPG-33 Butyl Ether was instilled 
into the eyes of five rabbits, traces of corneal necrosis were ob
served in two of the rabbits. PPG-33 Butyl Ether was considered 
"among the compounds least harmful to eyes." PPG-40 Butyl 
Ether, when instilled in 0.5-ml volumes, produced no detectable 
damage to the rabbit eye (Mellon Research Institute oflndustrial 
Research, 1952b, 1952c). 

In a 24-hour ocular toxicity study, 0.5 ml PPG-15 Butyl Ether 
(as received) produced traces of diffuse corneal necrosis in the 
eyes of four rabbits and no injury to the eye of one rabbit. A 
volume of 0.5 ml PPG-33 Butyl Ether (as received) caused no 
injury to the eyes of five rabbits (Mellon Institute 1965). 

Carpenter et al. (1951) reported that undiluted PPGs 400 and 
BE800 caused only minimal corneal injury to the eyes of rabbits 
when the ingredients were applied using a 0.5-ml volume. The 
ethers were "no worse than glycerin or liquid petrolatum USP 
in their irritative action on rabbit eyes." Carpenter et al. (1959) 
reported that the instillation of undiluted PPG BE800 to the eyes 
of rabbits caused no harmful effects. 

PG did not induce corneal damage in rabbits in one Draize 
test and was classified as a slight ocular irritant in a second 
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test. PPGs 425, 1025, and 2025 were nonirritating to the eyes of 
rabbits; PPG 1200 induced slight, transient ocular irritation in 
an albino rabbit (Andersen 1994). 

n-Butyl Alcohol caused severe ocular irritation in rabbits 
(Elder 1987). 

Inhalation Toxicity 
The low volatility of the ethers limited toxicity by inhalation 

at room temperature, but the ethers were more readily oxidized 
at higher temperatures and were somewhat toxic after inhalation 
of the resultant mist (Union Carbide Corp. 1989). 

During a 6-hour inhalation study, all rats (five per sex) sur
vived after exposure to a statically generated, substantially satu
rated vapor ofPPG-2 Butyl Ether (room temperature). No signs 
of toxicity were observed, and no gross lesions were evident at 
necropsy (Bushy Run Research Center 1989a). 

The Bushy Run Research Center (1989b) performed several 
toxicity studies on PPG-5, -33, and -53 Butyl Ethers. In a pre
liminary, range-finding study (Table 3), the PPGs Butyl Ether in 
saline were dosed directly into the lungs of anesthetized, male 
Sprague-Dawley rats (one or two per group). Rats of the con
trol group were treated with saline alone. In the final study, 
15 rats/group were given a single endotracheal dose of the high
est nonlethal concentration determined in the range-finding 
study. The 15 rats of the control group were given a 2.0 ml/kg 
dose of saline. The animals were observed daily for signs of tox
icity and were weighed weekly. Three rats/group were killed for 
necropsy at 1, 2, 3, 7, and 14 days after dosing; the lungs were 
then removed and microscopic examination was performed on 
stained lung tissue. No signs of toxicity were observed in rats 
treated with saline, 0.005 ml/kg (0.25%) PPG-5 Butyl Ether, or 
1.0 ml/kg (50%) PPG-53 Butyl Ether. Rats treated with 2.0 ml/kg 
( 100%) PPG-33 Butyl Ether had piloerection and tremors within 
7 minutes of dosing. At necropsy, lungs of the control group were 
discolored and had hemorrhages. At microscopic examination, 
the control lungs had minimal grade perivascular infiltrates, in
terstitial pneumonitis, and one instance of interstitial fibrosis 
(low severity). Similar lesions were observed in lungs of rats 

treated with PPG-5 Butyl Ether (low severity). Both PPG-33 and 
-53 Butyl Ethers caused increased perivascular infiltrates (simi
lar to controls) and interstitial pneumonitis (moderate severity). 
None of the PPG Butyl Ethers caused discolorations of the lungs. 
The investigators concluded that the least toxic (endotracheally) 
of the materials tested were those with molecular weights of 
> 2000 Da and with water solubilities of <0.1 %. The peroral 
toxicity was inversely proportional to the molecular weight, and 
the incidence of pulmonary lesions following endotracheal dos
ing was directly proportional to the molecular weight (Bushy 
Run Research Center 1989b). 

Groups of six female rats were exposed for 8 hours to sat
urated vapors of PPGs BE400 and BE800, and were observed 
for 14 days for signs of toxicity. The vapors were produced 
by passing an air stream through 50 ml of the ethers, which 
were contained in 250-ml gas-washing bottles. The rats were 
unaffected by the treatment, and no gross organ damage was ob
served. In a related study, similar number of rats were exposed 
for 8 hours to fogs of the ethers by means of a nebulizer. The 
exposure concentrations were "-'0.005 ml/1 of the smaller molec
ular weight compound and "'0.004 ml/1 of the larger molecular 
weight compound. None of the rats died as a result of treatment, 
and the only effect noted was a slight reduction in body weight 
gains (Carpenter et al. 1951). 

No signs of toxicity were observed when six male and six fe
male albino rats were exposed to PPG BE800 vapors for 4 hours 
daily for 5 consecutive days (Carpenter et al. 1959). The ex
posure concentration was approximately 0.005 ml/1, and was 
administered using a nebulizer (particle diameter= 2 JLm). In 
an 8-hour study, six male rats were exposed to a dense fog of the 
ether with a test concentration of 0.02 ml/1. Five of the six rats 
had normal weight gains during the 14-day observation period, 
and no treatment-related effects were observed. 

When rats inhaled saturated vapors (room temperature) of 
PPG-18 Butyl Ether for 8 hours, all six of the rats survived. 
In another study, six rats per group were exposed to mist and 
oxidation products from cooling PPG-9, -18, or -24 Butyl Ether 
vapors (saturated at 170°C). None of the rats were killed after 
15 minutes of exposure. At 30 minutes, two rats treated with 

TABLE3 
Preliminary endotracheal study (Bushy Run Research Center 1989b) 

Dose Concentration (v/v in saline) Dead/dosed Time to death 

PPG-5 Butyl Ether (molecular weight= 360 Da) 
0.02 ml/kg 1.0% 111 30 sec 
0.01 ml/kg 0.5% 1/1 30 sec 
0.005 ml/kg 0.25% 0/2 

PPG-33 Butyl Ether (molecular weight= 2050 Da) 
2.0 ml/kg 100% 0/2 

PPG-53 Butyl Ether (molecular weight= 3000-4000 Da) 
2.0 ml/kg 100% 112 30min 
1.0 ml/kg 50% 0/2 
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PPG-9 Butyl Ether, one rat treated with PPG-18 Butyl Ether, 
and five rats treated with PPG-24 Butyl Ether had died. All of 
the rats had died within 1 hour (Mellon Institute of Industrial 
Research 1952a). 

A substantially saturated vapor was generated at room tem
perature by passing air at 2.5 1/min through a fritted glass disc 
immersed in 50 ml of PPG-33 Butyl Ether. Six adult male rats 
were exposed to the vapor for 8 hour and were observed for 
14 days after treatment. The only response noted was slight oc
ular irritation. A mist of PPG-33 Butyl Ether (produced in the 
same manner except that the bubbler was immersed in a silicone 
bath at 170°C) killed six of six rats in 4 hour and one of six rats 
in 2 hour. Irritation of the eyes and extremities was observed. 
The investigators concluded that the "inhalation of mist evolved 
at this temperature constitutes a moderate hazard and should not 
be tolerated" (Mellon Institute of Industrial Research 1952b ). 

Inhalation of n-Butyl Alcohol vapors caused intoxication of 
laboratory animals, and high concentrations were sometimes 
fatal (Elder 1987). 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
Two groups of 20 pregnant Wistar rats were treated topically 

with 0.3 and 1.0 mllkg/day PPG-2 Butyl Ether (in PG) on gesta
tional days (GDs) 6 to 16. Rats of the control group were treated 
with 1.5 ml/kg/day of the vehicle alone. No mortality occurred 
in any of the test or control groups, and no behavioral effects 
or signs of systemic toxicity were observed. Minor local skin 
reactions were observed in both test groups, but the investiga
tors did not consider the test material a dermal irritant. Maternal 
performance was comparable in all groups, and no statistically 
significant differences were observed in body or organ weights, 
feed consumption, gross lesions, or litter data between the test 
and control groups. Compound-related malformations, anoma
lies, or variants of the offspring were not observed; however, 
offspring of the high dose group had a minor, but nonsignificant 
increase in the incidence of supernumerary ribs. The investiga
tors concluded that PPG-2 Butyl Ether was nontoxic to pregnant 
rats and that dermal application during gestation was nonterato
genic at doses up to 1.0 ml/kg/day (TNO-CIVO Institutes 1988). 

PG was not teratogenic in CD-1 mice when administered at 
a concentration of 10,000 ppm during days 8 to 12 of gestation. 
Malformations were observed in 5 of 226 living fetuses from 
female mice injected subcutaneously with 0.1 mllg PG on days 
9 to 11 of gestation; in comparison, 3 of 1026 living fetuses of 
the untreated control group had malformations. In a continuous 
breeding reproduction study, no significant differences were ob
served between control and experimental groups of albino mice 
with respect to mating index, fertility index, mean number of 
live pups per litter, proportion of pups born alive, and sex of 
pups born alive. Embryonic development was decreased in cul
tures of mouse zygotes exposed to 3.0 M PG and was inhibited 
completely in cultures exposed to 6.0 M PG for 20 minutes 
(Andersen 1994). 

GENOTOXICITY AND CARCINOGENICITY 
PPG BE800 (0.00 1% to 0.26% of the diet) was not carcino

genic to rats after 2 years of treatment (Carpenter et al. 1959). 
PG was nonmutagenic in the Ames test in Salmonella 

typhimurium strains TA1535, TA1537, TA1538, TA98, and 
TAlOO, with and without metabolic activation. PG caused a 
dose-dependent increase in the frequency of sister-chromatid 
exchanges (SCEs) in Chinese hamster cells, and was classi
fied as a weak inducer of SCEs. In another study, PG was not 
mutagenic in an SCE assay using human cultured fibroblasts 
and a cultured Chinese hamster cell line both with and without 
metabolic activation. PG induced chromosomal aberrations in 
one assay, but was not mutagenic in other in vitro tests: chromo
somal aberrations, mitotic recombination, basepair substitution, 
micronucleus test, reverse mutation, and DNA damage. 

PG disturbed the proliferation of urinary bladder epithelial 
cells from the rat, having reduced DNA production in tetraploid 
cells 1 and 2 months after the rats received SC injections of 
PG. This effect was not observed at 3 months. When PG was 
tested in the hamster ovary cell transformation bioassay, the 
results were negative. PG (50,000 ppm) was not carcinogenic 
during a 2-year feeding study using CD rats. In a lifetime dermal 
carcinogenicity study using Swiss mice, 10% to 100% PG did 
not increase the incidence of neoplasms, and skin tumors were 
not observed (Andersen 1994). 

n-Butyl Alcohol was not mutagenic in the Salmonella/ 
mammalian-microsome mutagenicity assay, did not induce 
SCEs or chromosome breakage in chick embryo cells or Chinese 
hamster ovary cells, and did not induce micronuclei formation 
in V79 Chinese hamster cells. Carcinogenicity data were not 
available (Elder 1987). 

CLINICAL ASSESSMENT OF SAFETY 
PPG BE800 did not cause primary skin irritation when ap

plied undiluted to the skin of 200 subjects in a 5-day patch test. 
Upon retest, 3 weeks after the first application, none of the sub
jects had signs of sensitization (Carpenter et al. 1951, 1959). 

In a clinical test of 112 subjects, a volume of approximately 
0.2 ml of 7% PPG-40 Butyl Ether was applied to the 1 x l-inch 
portion of an adhesive dressing and was allowed to volatilize for 
several minute prior to application. The semiocclusive dressing 
was applied to the upper back (between the scapulae) of each 
subject, 109 of whom completed the study. This procedure was 
repeated three times per week for a total of lOth induction ap
plications. A challenge patch was applied to the original and an 
untreated site on the volar forearm 14 days after the lOth induc
tion exposure. The test sites were evaluated at 24 and 48 hours 
after application. None of the participants reacted to the test ma
terial, and PPG-40 Butyl Ether was not considered a potential 
irritant or sensitizer (CPTC, Inc. 1992). 

PG induced skin irritation and sensitization reactions in nor
mal subjects and patients. The test concentrations ranged from 
2% to 100%, and reactions were observed at concentrations of 
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::::10% in predictive tests and ::::2% in provocative tests. PG in
creased the allergic responses in 43 patients patch-tested with 
50 ttg of 1% nickel sulfate solution. Neither skin irritation nor 
sensitization reactions were observed in 300 subjects who re
ceived continuous and repeated dermal applications of undiluted 
PPG 2000 (Andersen 1994). 

During repeat-insult patch tests using 105 to 558 subjects, a 
nail enamel and nail color (each containing 3.0% n-Butyl Al
cohol) were neither irritants nor sensitizers. The nail enamel 
was also not a phototoxin or photoallergen. When 105 dermato
logic patients were tested for reactions ton-Butyl Alcohol using 
the chamber test method, four patients had positive reactions 
(edema). Inhalation of n-Butyl Alcohol can cause human nose, 
throat, and ocular irritation (Elder 1987). 

SUMMARY 
The PPGs Butyl Ether function as skin- and hair-conditioning 

agents in cosmetics. In 1998, these ingredients were used in 
100 cosmetic formulations. Current concentration of use are not 
available, but in 1984, these ingredients were typically used at 
concentrations from 0.1% to 25%. PPG- 40 Butyl Ether was gen
erally used at concentrations of 0.1% to 1%, but a concentration 
of 50%+ was reported for one formulation (tonics, dressings, 
other hair grooming aids). 

Absorption of the PPGs Butyl Ether was inversely propor
tional to the molecular weight; typical gastric absorption values 
ranged from 2% to 100%, depending upon the chain length. PPG 
BE800 ( '"'-'PPG-13 Butyl Ether) penetrated rabbit skin slowly, if 
at all, and passed poorly through internal tissue barriers. Once 
absorbed, the butyl group was removed and oxidized, then was 
partly or completely excreted as C02 by the lungs. The chains 
were apparently split into random length fragments and elim
inated in urine as weak acids after oxidation of the terminal 
hydroxyls to carboxyl groups. 

In general, the toxicity of the PPG Butyl Ethers decreased 
as the molecular weight increased. Moderate IP doses of vari
ous PPG Butyl Ethers caused convulsive seizures in mice and 
anesthetized dogs, and large oral doses caused decreased ac
tivity, anuria, renal tubular swelling and necrosis, and hepatic 
swelling and necrosis. In rats, the acute oral LD50 values of 
the ethers ranged from 1.6 to 2.9 ml/kg (PPG-2 Butyl Ether) to 
48.7 mllkg (PPG-40 Butyl Ether). For rabbits, the cutaneous 
LD50 values were 5.9 to 7.1 ml/kg (PPG-2 Butyl Ether) to 
> 20 ml/kg (PPG-40 Butyl Ether). The SC LD50 of PPG BE800 
was 3.6 ml/kg. 

PPG-2 Butyl Ether vapors were nontoxic by the inhalation 
route. A room-temperature mist of PPG-33 Butyl Ether was 
nontoxic when inhaled by rats, but when the mist was evolved at 
170°C, the ether was moderately toxic. Rats that inhaled vapors 
of PPG-9, -18, and -24 Butyl Ethers for 1 hour died, but none 
were killed during a 15-minute exposure period. 

PPG-2 Butyl Ether at a dose of 0.40 g/kg/day was nontoxic to 
rats during a 14-day feeding study. In 90-day feeding studies, the 

NOELs ofPPG BE400, 800,910, and 1020 were 0.047 g!kg/day, 
0.16 to 0.67 glkg/day, 0.25% of the diet, and 0.0625% of the 
diet, respectively. When rats were treated topically with PPG-2 
Butyl Ether 5 days/week for 13 weeks, the dermal NOEL was 
0.1 ml/kg/day, which was equivalent to a dose of91 mg!kg/day. 
Doses of 0.25 glkg/day 80% PPG- 40 Butyl Ether, 2.0 g!kg/day 
80% PPG-33 Butyl Ether, and 1.0 ml/kg/day PPG BE800 had 
no effect on mortality, weight change, or microscopic findings 
when applied to the skin of rabbits 5 days/week for 6 weeks, but 
the 30-day dermal NOEL for PPG BE400 was <0.1 mllkg/day. 
When dogs and rats were fed PPG BE800 and 910 for up to two 
years, the NOELs were up to 0.5 glkg/day. 

In a 4-hour occlusive patch test using rabbits, PPG-2 Butyl 
Ether caused minor, transient erythema and desquamation, but 
not edema. PPG-33 Butyl Ether was nonirritating in a vesicant, 
4-hour irritation, and 3-day repeated application tests. Undiluted 
PPG-40 Butyl Ether was minimally irritating to the skin of rab
bits. Rabbits treated with PPG BE800 had minimal capillary 
injection during a 3-day repeated application test, and PPG-40 
Butyl Ether was slightly less irritating than PPG BE400 (caused 
erythema) in a 4-hour belly irritation test. PPG-9 and -18 Butyl 
Ethers caused capillary injection, whereas PPG-15, -33, and 
'"'"'9-15 Butyl Ethers caused no response during a rabbit belly 
vesicant test. 

Rabbits treated with 0.1 ml PPG-2 Butyl Ether had minor 
corneal injury (opacity), iritis, and moderate conjunctival irrita
tion; rabbits treated with 0.01 ml of the ether had iritis and minor 
to moderate conjunctival irritation. In an ocular toxicity study, 
PPG-15 Butyl Ether produced traces of diffuse corneal necrosis 
in four of five rabbits and PPG-33 Butyl Ether was not irritating. 
PPG-9, '"'"'9-15, -15,-18,-22, and -33 Butyl Ethers caused minor 
injury to the eyes of rabbits. 

PPG-2 Butyl Ether when dermally applied was nontoxic to 
pregnant rats and was nonteratogenic at doses up to 1.0 ml/kg/ 
day. PPG BE800 at concentrations of 0.001% to 0.26% in feed 
was noncarcinogenic to rats after 2 years of treatment. 

In clinical studies, PPG BE800 was nonirritating and non
sensitizing to the skin when tested using 200 subjects. PPG-40 
Butyl Ether was neither an irritant nor a sensitizer in a repeat 
insult patch test using 112 subjects. 

Acute, subchronic, and short-term animal studies using PG 
and PPG suggested little toxicity beyond a slight decrease of 
body weight. Little ocular or skin irritation, and no sensitiza
tion, were observed in animals. Mice injected subcutaneously 
with PG had slight increases in fetal malformations, but no 
reproductive toxicity occurred in a multigeneration feeding 
study. PG was nonmutagenic in mammalian and microbial as
says and noncarcinogenic in studies using mice and rats. Skin 
irritation and sensitization were observed in normal subjects 
treated with 10% PG and in dermatitic patients treated with 
2%PG. 

In vitro studies indicated that human epidermis and dermis 
were permeable ton-Butyl Alcohol. Acute oral and dermal LD5o 
values were 0.8 to 4 g!kg and 4.2 g/kg, respectively, in rats. 
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n-Butyl Alcohol was nonirritating to the skin of rabbits, but was 
a severe ocular irritant. Inhalation of n-Butyl Alcohol vapors 
caused intoxication, and high concentration were sometimes 
fatal. n-Butyl Alcohol was nongenotoxic in mammalian and 
microbial assays. Nail formulations containing 3.0% n-Butyl 
Alcohol were nonirritating and nonsensitizing in studies using 
979 subjects, but the alcohol produced edema in 4 of 105 der
matologic patients. Nail enamel formulations containing the al
cohol were neither irritants, sensitizers, nor photoallergens. In
halation by humans of n-Butyl Alcohol caused irritation of the 
nose, throat, and eyes. 

DISCUSSION 
In general, the toxicity of the PPGs Butyl Ether decreased 

with increasing molecular weight; for example, PPG-40 Butyl 
Ether was less toxic than PPG-2 Butyl Ether. Mutagenicity data 
were not found on the PPGs Butyl Ether. However, an ether of 
molecular weight 800 Da ("-'PPG-13 Butyl Ether) was noncar
cinogenic when fed to rats for 2 years. 

Because the PPGs Butyl Ethers undergo metabolic degrada
tion; i.e., the butyl group are removed and oxidized, the PPG 
chains are split into random length fragments, the genotox
icity of the component chemicals, PG and n-Butyl Alcohol, 
were also considered. Both PG and n-Butyl Alcohol were 
nonmutagenic in mammalian and microbial assays. PG was 
noncarcinogenic in a 2-year feeding study using rats and in 
a lifetime dermal study using mice. These studies effectively 
eliminated the need for genotoxicity data on the PPG Butyl 
Ethers. 

The Panel was concerned about the irritancy potential of 
PPG-2 Butyl Ether. In animal irritation studies, the ingredient 
caused minor, transient erythema and desquamation; in addi
tion, erythema, edema, ecchymosis, necrosis, and other changes 
were observed during an acute percutaneous study. PPG-2 Butyl 
Ether also caused minor to moderate conjunctival irritation and 
minor corneal injury. The Panel concluded that the PPG Butyl 
Ethers were safe for use in cosmetics when formulated to avoid 
irritation. 

The CIR Expert Panel previously reviewed the safety of 
PPG-40 Butyl Ether and found the data to be insufficient to 
support safety. Because the data on the lower molecular weight 
PPG Butyl Ethers can be considered relevant to PPG-40 Butyl 
Ether, and because additional data on PPG-40 Butyl Ether itself 
were provided, this report amends the conclusion reached in that 
report. 

CONCLUSION 
Based on the available data, the CIR Expert Panel concludes 

that PPG-2, -4, -5, -9, -12, -14,- 15, -16, -17, -18, -20, -22, -24, 
-26, -30, -33, -40, -52, and -53 Butyl Ethers are safe for use 
in cosmetics when formulated to avoid irritation. (Note: This 
presents a revised conclusion for PPG-40 Butyl Ether.) 
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Final Report on the Safety Assessment of PEG 
(Polyethylene Glycol)-2, -4, -6, -8, -12, -20, -32, -75, 
and -150 Dilaurate; PEG-2, -4, -6, -8, -9, -10, -12, -14, 
-20, -32, -75, -150, and -200 Laurate; and PEG-2 
Laurate SE 1 

PEGs Dilaurate and PEGs Laurate  are the diesters and mo- 
noesters, respectively, of polyethylene glycol and lauric acid used in 
a wide variety of cosmetic formulations as surfactants---emulsifying 
agents. PEG esters are produced by the ethoxylation of fatty acids. 
In general,  ethoxylated fatty acids can contain 1,4-dioxane as a by- 
product  of ethoxylation. Traces of the reactants (fatty acid, ethy- 
lene oxide, and any catalystst may remain in the finished product.  
Current  concentration of use data  were not  available; the highest 
previously reported concentration was 25%. The PEGs Dilaurate 
and PEGs Laurate  are s imilar  to the PEGs Stearate and PEGs Dis- 
tearate, and to the components (Polyethylene Glycol and Lauric 
Acid); all of which have been addressed in previous safety assess- 
ments. PEGs were readily absorbed through damaged skin. Fatty 
acids such as Lauric  Acid are absorbed,  digested, and transported 
in animals  and humans.  The acute oral  LDs0 of PEG-12 Laurate  
was >25  g/kg in mice. In short- term feeding studies, PEGs Lau- 
rate were i r r i ta t ing to the gastrointestinal tract, but  not necrotiz- 
ing. In chronic oral  toxicity studies, there was some evidence of 
liver damage and hyperplasia in several tissues. It  is generally rec- 
ognized that  the PEG monomer,  ethylene glycol, and certain of 
its monoalkyl  ethers are reproductive and developmental toxins. 
These esters and diesters are chemically different f rom PEG alkyl 
ethers and are not expected to cause adverse reproductive or  de- 
velopmental effects. In actual studies, PEGs Stearate, and PEGs 
Distearate did not cause reproductive or  developmental toxicity, 
and were not  carcinogenic. Likewise, PEGs were not carcinogenic. 
Although sensitization and nephrotoxicity were observed in burn 
patients treated with a PEG-based cream, no evidence of systemic 
toxicity or  sensitization was found in studies with intact skin. Be- 
cause of the possible presence of 1,4-dioxane reaction product  and 
unreacted ethylene oxide residues, it  was considered necessary to 
use appropria te  procedures to remove these from PEGs Dilaurate 
and PEGs Laurate  ingredients before blending them into cosmetic 
formulations. Based on the limited data  on the PEGs Dilaurate and 
the PEGs Laurate,  on the data  available on the component  ingre- 
dients, and on the data  available on s imilar  PEG fatty acid esters, 
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it was concluded that  PEG-2, -4, -6, -8, -12, -20, -32, -75, and -150 
Dilaurate; PEG-2, -4, -8, -9, -10, -12, -14, -20, -32, -75, -150, and 
-200 Laurate;  and PEG-2 Laurate  SE are safe for use in cosmetics 
at concentrations up  to 25%. 

I N T R O D U C T I O N  

Polyethylene Glycol  (PEG)-2,  -4, -6, -8, - 12, -20, -32, -75, 
and -150 Dilaurate and PEG-2,  -4, -6, -8, -9, - t 0 ,  -12, -14, 
-20, -32, -75, -150 and -200 Laurate are PEG diesters or  es- 
ters o f  lauric acid that serve as surfactants-- -emuls i fying agent  
or  surfactants-----cleaning agents  in cosmet ic  product  formula-  
tions. PEG-2  Laurate SE is a se l f -emuls i fy ing  grade of  PEG-2  
Laurate that contains some sod ium and/or  po tass ium laurate; 
PEG-2  Laurate S E  is used as a su r f ac t an t - - emul s i fy ing  agent  in 
cosmet ic  product  formulat ions.  

The PEGs Dilaurate and PEGs  Laurate are s imi lar  to the PEGs  
Stearate and PEGs  Distearate,  and to the componen t s  (Polyethy-  
lene Glycol  and Lauric Acid),  all o f  which  have been addressed 

in previous  safety assessments .  T he  conc lus ions  reached in those 
earl ier  assessments  are descr ibed below. 

PEG-2. -6, -8. - 12. -20, -32, -40. -50~ - 100, and - 150 Stearates are safe 
as cosmetic ingredients in the present practices of concentration 
and use (Elder 1983a). 

PEG-2, -3, -4, -g, -9, - 12, -20, -32, -50, -75, - 120, - 150, and - 175 
Distearate are safe for use in cosmetic formulations in the 
present practices of use (CIR 1996). 

PEG-6,-8.-32,-75,-150,-14M, and-20M are safe for use at the 
concentralions reflected in the Cosmetic Use section and in 
the product formulation safety test data included in the Final 
Report. The Expert Panel recommends that cosmetic formu- 
lations containing these PEGs not be used on damaged skin 
(Andersen 1993). 

Laureth-4 and -23 (polyethylene glycol ethers of lauryl alcohol) are 
safe as cosmetic ingredients in the present practices of use and 
concentration (Elder 1983b). 

Lauric Acid is safe for use as a cosmetic ingredient (Elder 1987). 

Because  there are l imi ted data available to address  the safety 
of  PEGs Dilaurate  and PE G s  Laurate,  and because  the PEGs  
Dilaurate and PEGs Laurate are s imi lar  to the PEGs  Stearate and 
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CH3(CH2)10G - -  (OCH2~)nO -- C(CH2)10CH 3 

FIGURE 1 
PEG-n Dilaurate. 

PEGs Distearate, and to the components (Polyethylene Glycol 
and Lauric Acid), the relevant data from the previous safety 
assessments have been summarized in this review as a further 
basis for the assessment of safety of the PEGs Dilaurate and 
PEGs Laurate. 

CHEMISTRY 

Definition and Structure 
The PEGs Dilaurate (generic CAS No. 9005-02-I) are poly- 

ethylene glycol diesters of lauric acid (coconut-derived) that 
conform generally to the formula in Figure I, where n has an 
average value equal to the number in the name. PEG-n Dilau- 
rate is also known as Polyoxyethylene (n) Dilaurate. Synonyms 
for PEG-2 Dilaurate are Polyethylene Glycol (100) Dilaurate; 
Dodecanoic Acid, Oxydi-2,1-Ethanediyl Ester; and Oxydi-2, l- 
Ethanediyl Dodecanoate. PEG-4 Dilaurate is known as Poly- 
ethylene Glycol 200 Dilaurate. PEG-6 Dilaurate is called Poly- 
ethylene Glycol 300 Dilaurate. Synonyms for PEGs-8 and -12 
Dilaurate are Polyethylene Glycol 400 Dilaurate and Polyethy- 
lene Glycol 600 Dilaurate, respectively. Other names for the 
remaining PEGs Dilaurate are Polyethylene Glycol 1000 Dilau- 
rate(-20), Polyethylene Glycol 1540 Dilaurate(-32), Polyethy- 
lene Glycol 4000 Dilaurate(-75), and Polyethylene Glycol 6000 
Dilaurate(-150) (Wenninger, Canterbery, and McEwen 2000). 

The PEGs Laurate (generic CAS No. 9004-81-3) conform 
generally to the structure in Figure 2, where tt  has an average 
value equal to the number in the name. A general synonym for 
the PEGs Laurate is Polyoxyethylene (n) Monolaurate. PEG- 
2 Laurate is also known as Diethylene Glycol Monolaurate; 
Diglycol Laurate; Diglycol Monolaurate; Dodecanoic Acid, 2- 
(2-Hydroxyethoxy)Ethyl Ester; and Polyethylene Glycol 100 
MonoIaurate. Synonyms for PEG-4 Laurate are Dodecanoic 
Acid, 2-[2-(2-Hydroxyetboxy)Ethoxy]Ethyl Ester; 2-[2-[-2(2- 
Hydroxyethoxy)Ethoxy]Ethoxy]Ethyl Dodecanoate; and Poly- 
ethylene Glycol 200 Monolaurate. Other names for PEG-6 
Laurate are Dodecanoic Acid, 17-Hydroxy-3,6,9,12,15-Penta- 
oxaheptadec-l-yl Ester; 17-Hydroxy-3,6,9,12,15-Pentaoxahe- 
ptadec-I-yl Dodecanoate; and Polyethylene Glycol 300 Mono- 
laurate. PEG-8 Laurate is also known as Dodecanoic Acid, 

O 
II 

c%(cH2h0C-- (OC ).OH 

FIGURE 2 
PEG-n Laurate. 

23-Hydroxy-3,6,9,12,15,18,21-Heptaoxatricos-l-yl Ester; 23- 
Hydroxy-3,6,9,12,15,18,2 I-Heptaoxatricos- 1 -yl Dodecanoate; 
and Polyethylene Glycol 400 Monolaurate. PEG-9, -10, -12, 
-20, -32, -75, and -150 Laurate are also known as Polyethy- 
lene Glycol 450 Monolaurate; Polyethylene Glycol 500 Mono- 
laurate; Polyethylene Glycol 600 Monolaurate; Polyethylene 
Glycol 1000 Monolaurate; Polyethylene Glycol 1540 Mono- 
laurate; Polyethylene Glycol 4000 Monolaurate; Polyethylene 
Glycol 6000 Monolaurte, respectively. A synonym for PEG-14 
Laurate is Polyethylene Glycol (14) Monolaurate (Weuninger, 
Canterbery, and McEwen 2000). 

PEG-2 Laurate SE is a self-emulsifying grade of PEG-2 Lau- 
rate that contains sodium and/or potassium laurate. Other names 
for this compound are Polyethylene Glycol 100 Monolaurate 
Self-Emulsifying and Polyoxyethylene (2) Monolaurate Self- 
Emulsifying (Wenninger, Canterbery, and McEwen 2000). 

Chemical and Physical Properties 
The chemical and physical properties of PEG-4, -8, and - 150 

Dilaurate are described in Table I, and the properties of PEG-2, 
-4, -8, and -12 Laurate are described in Table 2. 

Impurities 
PEG-n Laurate contains unspecified amounts of lauric acid 

diester of PEG and unreacted PEG (Yakuji Nippo I979). 
Silverstein et ah (1984) reported that PEG-6 may contain 

small amounts of monomer and dimers. The amounts were not 
quantified. 

Peroxides, formed as a result of autoxidation, are found in 
PEG-32 and PEG-75 (Hamburger, Azaz, and Donbrow 1975). 
The amount of peroxide in PEGs is dependent upon the molec- 
ular weight of the PEG and its age. The older the compound, 
the greater the concentration of peroxides. In a colorimetric as- 
say used to determine the peroxide concentrations in several 
production lots of PEGs, PEG-6 and PEG-8 were each added 
to acidified potassium iodide solution, and the iodine liberated 
was titrated against a standard thiosulfate solution. PEG-6 had 
peroxide concentrations ranging from 1.4 to 9.3 /zEq thiosul- 
fate/ml glycol. PEG-8 had concentrations ranging from 3.24 to 
5.7/zEq thiosulfate/ml glycol. The specific peroxides present in 
the PEGs were not determined, but they were thought to be or- 
ganic peroxides rather than hydrogen peroxide (McGinity, Hill, 
and La Via 1975). 

Ethoxylated suffactants may also contain 1,4-dioxane, a by- 
product of ethoxylation (Robinson and Ciurczak 1980). 
1,4-Dioxane is a known animal carcinogen (Kociba et al. 1974: 
Hoch-Ligeti, Argus, and Arcos 1970: Argus, Arcos, and Hoch- 
Ligeti 1965). In the Cosmetic Ingredient Review (CIR) safety 
assessment of the PEG Stearates, the cosmetic industry reported 
that it is aware that 1,4-dioxane may be an impurity in PEGs 
and, thus, uses additional purification steps to remove it from the 
ingredient before blending into cosmetic formulations. Traces 
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TABLE 1 
Chemical and physical properties of PEGs Dilaurate 

Property Description Reference 

PEG-4 Dilaurate 
Appearance 
Solubility 

Acid value 
Hydroxyl value 
Saponification value 
Iodine value 
Specific gravity at 25°C 
Melting point or 

solidification point (°C) 
pH of 5% aqueous dispersion 
Moisture 

PEG-6 Dilaurate 
HLB value 

PEG-8 Dilaurate 
Appearance 
Solubility 

Specific gravity at 25/25°C 
pH of 5% aqueous dispersion 
Acid value 
Saponification value 
Iodine value 
HLB value 

Melting point or 
solidification point (°C) 

PEG- 150 Dilaurate 
Physical properties 
Solubility 
Melting range 
Acid value 
Saponification value 
Iodine value 

Pale yellow, viscous (oily) liquid Nikitakis and McEwen 1990a 
Soluble in mineral oil, triolein, methyl alcohol, acetone, ethyl Nikitakis and McEwen 1990a 

alcohol, ethyl acetate, toluol, vegetable oil and isopropyl 
alcohol; dispersible in water, isopropyl myristate, and 
glycerin 

When hot, completely soluble in naphtha and mineral oil; 
when cold, miscible in certain proportions in naphtha and 
poorly soluble in mineral oil 

8.0 max. 
2(£40 

180-190 
3.0 max. 

0.96 
-<14 

Glyco Chemicals, Inc. No date 

Nikitakis and McEwen 1990a 
Nikitakis and McEwen 1990a 
Nikitakis and McEwen 1990a 
Nikitakis and McEwen 1990a 
Glyco Chemicals, Inc. No date 
Glyco Chemicals, Inc. No date 

4.0-5.0 
0.5% max. 

Glyco Chemicals, Inc. No date 
Nikitakis and McEwen 1990a 

6.3 

Clear, pale yellow liquid with a slightly fatty odor 
Soluble in isopropyl alcofio], methyl alcohol, elhyl alcofiol, 

acetone, ethyl acetate, toluol, naphtha, mineral oil, 
vegetable oil, and toluene 

Soluble in isopropanol and toluene and dispersible in wa~er 
0.985~0.995 

3.0-6.0 
10.0 max. 
125-137 
10.0 max. 

10.4 

<15 

Cosmetic Science & 
Technology Onqine 1997 

Nikitakis and McEwen 1990b 

Glyco Chemicals, Inc. No date 

Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Cosmetic Science & 

Technology On-line 1997 
Glyco Chemical Inc. No date 

Tan, waxy solid with a slightly fatty odor 
Soluble in isopropanol, toluene, and water 

53-60°C 
9.0 max. 

14-22 
1.5 max. 

Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 

Distributed for Comment Only -- Do Not Cite or Quote



32 COSMETIC INGREDIENT REVIEW 

TABLE 2 
Chemical and physical properties of PEGs Laurate 

Property Description Reference 

PEG-2 Laurate 
Appearance 
Solubility 
Specific gravity at 25°/25°C 
pH of 5% aqueous solution 
Acid value 
Saponification value 
Iodine value 

PEG-4 Laurate 
Physical properties 
Solubility 

pH of 5% aqueous dispersion 
Acid value 
Saponification value 
Hydroxyl value 
Iodine value 

PEG-8 Laurate 
Appearance 
Solubility 
Specific gravity at 25°/25°C 
pH of 10% aqueous solution 
Acid value 
HLB value 

Saponification value 
Iodine value 
Melting point (°C) 
Moisture 

PEG- 12 Laurate 
Appearance 
Solubility 
pH of 3% aqueous solution 
pH of 5% aqueous dispersion 
Specific gravity at 25°/25°C 
Melting point (°C) 
Acid value 
Saponification value 
Iodine value 
Moisture 

Light yellow, oily liquid 
Soluble in alcohol and mineral oil; dispersible in water 

0.97-0.99 
8.4-9.4 

6.0 max. 
165-175 
I 0 max. 

Light yellow, oily liquid with a "typical odor" 
Soluble in ethanol; insoluble in mineral oil; dispersible 

in water 
3.0-5.0 

5.0 max. 
130-135 
134-144 
9.5 max. 

Light yellow, oily liquid with a "characteristic odor" 
Soluble in water and ethanol; insoluble in mineral oil 

1.025-1.040 
3.0-6.5 

5.0 max. 
13.1 

86-105 
5.0 max. (<8) 

<8 
1.0% max. 

Light yellow liquid at 25°C 
Soluble in water and ethanol; insoluble 

4.2-4.8 
6.0-8.0 

1.01 
20-25 

5.0 max. (<6) 
66-80 

5.0 max. (<8) 
1.0% max. 

in mineral oil 

Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 

Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 

Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwcn 1990b 
Nikitakis and McEwen 1990b 

Glyco Chemicals, Inc. No date 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Cosmetic Science & 

Technology On-line 1997 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Glyco Chemicals, Inc. No date 
Nikitakis and McEwen 1990b 

Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Glyco Chemicals, lnc, No date 
Glyco Chemicals, lnc, No date 
Glyco Chemicals, Inc. No date 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 
Nikitakis and McEwen 1990b 

PEG-20 Laurate 
HLB value 16.5 Cosmetic Science & 

Technology On-line 1997 
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of the reactants, stearic acid, ethylene oxide, and the catalytic 
agents used, may remain in the finished product (Elder 1983a, 
1983b). 

Reactivity 
PEGs Stearate are relatively stable compounds; however, the 

ether oxygens are potentially reactive and the ester bonds are 
potentially vulnerable to enzymatic cleavage (Elder 1983a). 

Method of  Manufacture  
In general, polyoxyethylene ester emulsifiers and surfactants 

are produced using the ethoxylation of fatty acids such as lau- 
tic acid and stearic acid. Two modes of reaction between alky- 
lene oxides and fatty acids can occur: uncatalyzed and alkali 
catalyzed. The uncatalyzed addition is a slow reaction, which 
involves alkoxylation, estarification, and alkylene oxide hydrol- 
ysis. The alkali-catalyzed ethoxylation is more complex, and in- 
volves interesterification. No significant chain lengthening with 
ethylene oxide occurs until complete formation of the glycol 
monoester has been achieved (Swem 1979). 

PEG-2 Laurate is produced by an interesterification reaction 
of coconut oil with diethylene glycol (Nikitakis and McEwen 
1990h). 

176.180, 176.200, 176.210, 177.1210, 177.2260, 177.2800, and 
178.3520 (CFR 1992). 

PEG-8 Dilaurate is used as a plasticizer for vinyls. PEG-12 
Laurate is used as a liquid nonionic detergent for woolens, 
dishes, and other items. PEG-8 Laurate is used as an antistatic 
agent in weaving nylon and saran, as an ingredient in lalex emul- 
son paints, as an emulsifier for solvents and oils, as a dye assis- 
tant and penetrating agent for dyeing cotton and rayon, and as a 
nonionic wetting agent (Glyco Chemicals, Inc. No date). 

GENERAL BIOLOGY 

Absorption, Metabolism, Distribution, and Excretion 
PEGs Stearate 

PEG-40 Stearale is hydrotyzed in vitro by pancreatic lipase. 
When the same compound was hydrolyzed with alkali, a 5 to 
1000 mg percent concentration range of the polyoxyethylene fiy- 
drolysate had no hemolytic effect on defibrinated human blood 
tested at 37°C for 18-hours: PEG-40 Stearate also produced 
no significant interference with oxygen uptake by kidney tissue 
preparations. PEG-20, -30, and -40 Stearate activated the cy- 
tochrome oxidase enzyme system in heart muscle preparations 
up to a concentration of 150 mg/ml (Elder 1983a). 

USE 

Cosmetic 
The PEGs Dilaurate function as surfactants--emulsifying 

agents in cosmetic formulations. PEG-75 Dilaurate and PEG- 
150 Dilaurate also serve as surfactants-solubilizing agents 
(Wenninger, Canterbery, and McEwen 2000). Data submitted 
to the Food and Drug Administration (FDA) in 1996 indicated 
that PEG-8 and -12 Dilaurate were used in 40 cosmetic fomau- 
lations, and PEG-2, -4, -8, - I 0, - 15, and -200 Laurate were used 
in 20 formulations (Table 3). PEG-2, -6, -12, -20, -32, -75, and 
- 150 Dilaurate, PEG-2 Laurate SE, and PEG-6, -9, - 12, - 14, -20, 
-32, -75, and - 150 Laurate had no reports of use (FDA 1996). 

Current concentration of use data are not available from in- 
dustry, but historical data are available (FDA 1984). In 1984, 
PEG-4 Dilaurate was used at concentrations of 1% to 25% 
(mostly 5%-10%), and PEG-8 Dilaurate was used at concen- 
trations of 0.1% to 25%. PEG-2 Laurate was used at concen- 
trations of 0.1% to 10% (mostly 0.1%- 1%). PEG-2 Laurate SE 
and PEG-9 Laurate were used at unknown concentrations. PEG- 
4 Laurate was used at concentrations of 0.1% to 25% (mostly 
0.1% to 1%). The concentrations of use of PEG-8 Laurate ranged 
from 0.1% to 10% (mostly 1%-5%). PEG-12 Laurate was used 
at 5% to 10%. 

Noncosmetic 
The PEGs Dilaurate are indirect food additives that are used 

in resinous and polymeric coatings, paper and/or paparhoard, 
and textiles and/or textile fibers as described in the Code of Fed- 
eral Regulations (CFR) in 21CFR 175.105, 175.300, 176.170, 

Polyethylene Glycol 
Gastrointestinal absorption of PEGs is dependent on the mole- 

cular weight of the compound. In general, the greater the molec- 
ular weight of the PEG compound, the lesser the absorption that 
occurs. In both oral and intravenous (IV) studies, no metabolism 
was observed and the PEGs were rapidly eliminated unchanged 
in the urine and feces. In a study with human burn patients, 
monomeric ethylene glycol was isolated in the serum following 
topical exposure to a PEG-based antimicrobial cream, indicating 
that PEGs are readily absorbed through damaged skin (Andersen 
1993). 

Lauric Acid 
In general, fatty acids such as stearic acid are absorbed, di- 

gested, and transported in animals and humans. Radioactivity 
from labeled fatty acids administered orally, intravenously, in- 
traperitoneally, and intraduodenally has been found in various 
tissues and in blood and lymph. ,6-Oxidation of the fatty acids 
involves serial oxidation and reduction reactions yielding acetyl 
coenzyme A (CoA). Placental transfer of fatty acids has been 
documented in several species and fetal lipid metabolism has 
been studied. High intake of dietary saturated fatty acids has 
been associated with increased incidence of atherosclerosis and 
thrombosis. Fatty acids are typically transported esterified to 
glycerol in cfiylomicrons and very low density lipoproteins. 
Lauric Acid is transported via the lymphatic and (as a free fatty 
acid) portal systems. Lauric Acid inhibited the growth of var- 
ious microorganisms, including bacteria and fungi, and inacti- 
vated enveloped viruses such as herpes, influenza, Sendal, and 
Sindhis viruses. The minimal inhibitory concentrations (at 37 ° C) 
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TABLE 3 
Frequency of use of PEGs Dilanrate and PEGs Laurate 

(FDA 1996) 

Product category (Number of Number of formulations 
Formulations Reported to FDA) containing ingredient 

PEG-4 Dilaurate 
Bath oils, tablets, and salts (147) 
Other fragrance preparations (195) 
Aftershave lotion (268) 
Cleansing preparations (820) 
Body and hand (excluding shaving) 

preparations ( I 012) 
Moisturizing preparations (942) 
Other skin care preparations (810) 

1996 Total for PEG-4 Dilaurate 

1 
1 

15 

TABLE 3 
(Continued) 

Product category (Number of Number of formulations 
Formulations Reported to FDA) containing ingredient 

PEG- 10 Laurate 
Shampoos (Noncloring) (972) 

1996 Total for PEG-10 Laurate 
2 
2 

PEG- 15 Laurate 
Indoor tanning preparations (67) 

1996 Total for PEG-15 Laurate 
2 
2 

PEG-200 Laurate 
Shaving cream (158) 

1996 Total for PEG-200 Laurate 

PEG-8 Dilaurate 
Bath oils, tablets, and salts (147) 
Hair conditioners (715) 
Shampoos (Noncoloring) (972) 
Tonics, dressings, and other 

hair grooming aids (604) 
Cuticle softeners (26) 
Cleansing preparations (820) 
Other skin care preparations (810) 

1996 Total for PEG-8 Dilaurate 

I 
3 
I 

25 

of Lauric Acid ranged from 0.062 mM (Streptococcus pneumo- 
niae) to 4 mM (Cundida utilis) (Elder 1987). 

Miscellaneous Effects 
The deposition of the germicide trichlorocarbanilide (TCC) 

on the skin was enhanced in the presence of both PEG-8 Laurate 
and sodium chloride (Elkhouly and Woodroffe 1970, 1973). The 
antibacterial activity of TCC/PEG-8 Laurate systems was also 
increased when 0.5% sodium chloride was added. 

PEG-2 Laurate 
Body and hand (excluding 

shaving) (1012) 

1996 Total for PEG-2 Laurate 

PEG-4 Laurate 
Cuticle softeners (26) 
Cleansing (820) 
Face and neck (excluding 

shaving) (300) 
1996 Total for PEG-4 Laurate 

ANIMAL TOXICOLOGY 

Acute Toxicity 
Laureths 

The acute oral LDs0 of Laureths was between 4.9 and 9. I g/kg 
in rats and mice, between 5 and 10 g/kg in Swiss mice, and >25 
g/kg in rats (Elder 1983b). 

PEGs Laurate 
The acute oral LDs0 of PEG- 12 Laurate was > 25 g/kg and the 

intravenous LDs0 was 500 mg/kg in Harlan albino mice (Hopper, 
Hulpieu, and Cole 1949). 

PEG-8 Laurate 
Permanent waves (434) 
Tonics, dressings, and other 

hair grooming aids (604) 
Other hair preparations (395) 
Cleansing (820) 
Body and hand (excluding 

shaving) (1012) 
Other skin care preparations (810) 
Suntan gels, creams, and 

liquids (196) 
Indoor tanning preparations (67) 
Other sutan preparations (68) 

1996 Total for PEG-8 Laurate 

PEGs Distearate 
Hopper, Hulpieu, and Cole (1949) reported the toxicological 

properties of several surface-active agents, including PEG-8 and 
PEG-20 Distearate. The LDso values for those two compounds 
were 365 mg/kg and 220 mg/kg, respectively, when administered 
intravenously to albino Harlan mice weighing between 14 and 
23g. 

PEGs Stearate 
The acute oral LD50 values of 50% PEG-2-150 Stearate (in 

corn oil unless specified) were each determined using rats. The 
LD50 values were > 10 g/kg for PEG-2 Stearate; > 10 g/kg (in 
corn oil) and >31.6 g/kg (aqueous) for PEG-8 Stearate; >10 
g/kg for PEG-12 Stearate; > I0 g/kg and 19.9 g/kg for PEG-20 
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Stearate; > 10 g/kg for PEG-32 Stearate; 32 g/kg for PEG-40 
Stearate (vehicle not specified); > 25 g/kg for aqueous solutions 
of both PEG-50 and - 100 Stearate; and > I 0 g/kg for PEG- 150 
Stearate. The acute oral LDso of hair cream preparation con- 
taining 1.5% PEG-6 Stearate was >34.6 g/kg in rats. The acute 
intraperitoneal (IP) LDs0 of PEG-8 Stearate was >9 ml/kg in rats 
given 2-ml injections. No signs of toxicity were observed in rats 
given IP injections of 2.5 g/kg PEG-50 Stearate or PEG-100 
Stearate. A concentration of 5% PEG-40 Stearate given as a 
5-ml injection into the lumen of the jejunum of a dog had no 
effect on blood pressure. That same day, an IV injection pro- 
duced a prolonged hypotensive response. It was stated that this 
response was a "'characteristic reaction" of the dog to a variety 
of polyoxyethylene compounds. The acute dermal LD50 of 15% 
PEG-8 Stearate was > 10 ml/kg in rabbits; the only effect noted 
was moderate erythema at the application sites at 24 hours which 
cleared by day 3 (Elder 1983a). 

Polyethylene Glycol 
Acute oral LDs0 values for PEGs in rabbits were 17.3 g/kg 

(100% PEG-6) and 76 g/kg (100% PEG-75). In acute dermal 
studies, no deaths were reported in groups of rabbits dosed with 
20 ml/kg of either undiluted PEG-6 or 40% PEG-20M (Andersen 
1993). 

Lauric Acid 
Male albino rats (five per group) were given 0.464 to 10.0 g/kg 

Lauric Acid in order to determine the acute oral toxicity of the 
fatty acid. Rats treated with 4.64 g/kg and 10.0 g/kg Lauric 
Acid had transient signs of toxicity. Slight depression, depressed 
righting and placement reflexes, oily and unkempt fur, mucoid 
diarrhea, excessive salivation, and serosanguineous discharge 
from the nose and eyes were observed. One rat given 10.0 g/kg 
Lauric Acid died 1 day after treatment; this rat had congested 
lungs and kidneys, and advanced autolytic changes. 

A product formulation containing 8.7% Lauric Acid was ad- 
ministered to five albino rats as a 5-g/kg oral dose. No signs of 
toxicity were observed (Elder 1987). 

Short-Term Toxicity 
PEGs Laurate 

Ringrose and Waller (1959) fed male New Hampshire cock- 
eml chicks PEG-4, -8, and -20 Laurate for I 0 weeks. In one study, 
192 chicks (12 per group) were fed 0.1% or 1.0% PEG-20 Lau- 
rate. In the second study, 400 chicks (10 per group) were given 
0. 1%, 1.0%, or 2.0% PEG-4 or -8 Laurate. Chicks fed the PEGs 
Laurate were normal with respect to mortality, diarrhea, growth, 
gross findings, and flavor, as compared to chicks of the control 
group. 

PEGs Laurate and PEGs Stearate 
Male weanling Sprague-Dawley rats (I 3 per group) were fed 

a diet containing 25% PEG-20 Laurate or PEG-8 Stearate for 59 
days (Harris et al. 1951). Rats of the control group (n = 13) were 

given feed containing hydrogenated oils (Crisco). The rats were 
weighed twice weekly and observed daily for changes in gross 
appearance and/or activity. For rats given PEG-20 Laurate, the 
mean weight gain/rat was 74 g, and the weight of feed consumed 
was 15.9 g/rat/day. For rats given PEG-8 Stearate, the mean 
weight gain/rat was 88 g, and the weight of feed consumed was 
13.4 g/rat/day. In order to determine whether the compounds 
affected the rate of blood clotting, the blood-clotting time was 
measured on days 14 and 42 using several rats taken from random 
from each group. On day 59, the animals were decapitated and 
examined for gross lesions. 

No changes in the rate of blood clotting were observed in 
rats of any treatment group. Rats of the control group had no 
signs of toxicity. All rats given PEG-20 Laurate had diarrhea, 
but inflammation of the anal region was not as severe as in rats 
given PEG-20 Sorbitan Laurate. In several instances, blood clots 
in the anorectal region were observed at necropsy. A few of the 
rats improved somewhat during the second half of the study. 
The rats gained weight continually after the third day, but their 
weight gain was somewhat less than that of rats given PEG-8 
Stearate; this weight gain reduction suggested that the laurate 
compound was more harmful than the stearate. One rat died 
before scheduled necropsy, and three rats had bladder stones, 
which were tentatively identified as oxalate crystals. 

Rats given PEG-8 Stearate had neither hemorrhage nor diar- 
rhea, their fur was sleek and tidy, and they appeared normal 
throughout the study. The rats had an initial loss in weight, 
but gained weight consistently after day 3. The weight increase 
was lower in rats of this group than in rats of the control 
group. 

The investigators also fed PEG-20 Laurate and PEG-8 Stearate 
to Sprague-Dawley rats ( 14 male and 16 female) for 70 days. The 
beginning test concentration of 5% was sequentially increased 
to 10%, 15%, and 25% during the first 10 days of the study; this 
procedure was used to reduce the shock from a sudden feeding 
of large amounts of the test substances. The rats were weighed 
and observed as above, and were killed by decapitation on day 
70. 

The rats fed PEG-20 Luurate had diarrhea within 2 weeks 
of feeding. The severity of the diarrhea increased until the anal 
region of most rats was highly inflamed. The mean weight gains 
per rat were 210 g (male) and 121 g (female). The mean weight 
of feed consumed was 12.7 g/rat/day. The mean weight gain of 
rats in this group was 62% of that of rats of the control group 
(hydrogenated oils); the mean weight gains per rat were 98 g 
(male) and 62 g (female). The mean weight of feed consumed 
by rats of the control group was 5.7 g/rat/day. Rats given PEG-8 
Stearate had no gross signs of toxicity except that growth was 
67% of that of the control rats. 

Organ weights of rats fed either PEG-20 Laurate or PEG-8 
Stearate did not differ from those of controls. All of the test 
substances were irritating to the gastrointestinal tract, but not 
necrotizing, as compared to the control substance. The cor- 
tical tubules of the kidneys had mild degeneration (probably 
reversible), and stains for fat were negative. Significant hepatic 
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changes were not observed. In the spleen of treated rats, giant 
cells were noted more frequently than in the spleen of con- 
trol rats. These cells were presumably of monocyte/macrophage 
origin. Monocyte/macrophage hyperplasia was also observed. 
Males given the test substances had areas of incomplete mat- 
uration in the testes; findings in the ovaries of females were 
inconclusive. Rats of all groups had thickening of the alveo- 
lar wall by chronic inflammation cells (pneumonitis), but these 
changes were more frequent and prominent in rats given the test 
substances. 

PEGs Stearate 
Weanling hamsters fed a diet containing 5% or 15% PEG 

Monostearate for 2 to l0 weeks had severe lesions in the duode- 
num, ileum, liver, kidneys, and testes. Severe erosion of the ileal 
mucosa and necrosis of the liver were observed. Spermatogenic 
activity was decreased and tubular degeneration occurred in the 
kidneys. No signs of toxicity were observed in rats, monkeys, 
mice, and dogs fed diets containing up to 4% PEG-8, -40, -50, 
or - 100 Stearate. Rabbits exposed topically for 20 days to 0.5 to 
2.0 g/kg of 1.5% PEG-6 Stearate in a product formulation had 
erythema, dryness, wrinkling, desquamation, and hyperkerato- 
sis at the application sites. No other signs of toxicity were noted 
(Elder 1983a). 

Polyethylene Glycol 
No toxicity was reported in rabbits that received daily topical 

applications of PEG-20M (0.8 g/kg/day) for 30 days. The only 
.effect noted in the study was transient, mild erythema. The only 
evidence of systemic toxicity that resulted from dermal exposure 
was noted in rabbits that received repeated applications of an 
antimicrobial cream containing 63% PEG-6, 5% PEG-20, and 
32% PEG-75 to excised skin sites for seven days (Andersen 
1993). 

Laurie Acid 
The follicular-keratogenic properties of Lauric Acid were 

studied after topical application to the skin of the external ear 
canal of four albino rabbits. Lauric Acid (~18 mmol % in al- 
cohol) was applied daily, 5 days per week for 6 weeks, as a 
3-ml test volume. Rabbits of the control groups received either 
no treatment or absolute alcohol. Rabbits given Lauric Acid had 
erythema on the second day of treatment. The intensity of the ob- 
served redness increased over the next few days, and desquama- 
tion developed. Distinct follicular keratosis was observed within 
I month. After discontinuation of the applications, the erythema 
and scaling gradually disappeared, but the keratosis persisted af- 
ter the 6-week treatment period had ended (Elder 1987). 

Subchronic Toxicity 
Laureths 

Rabbits were treated topically with 0.4 ml/kg/day of Laureth- 
4 at 6% in a 52% ethanol/water solution for 21 days. Epidermal 
acanthosis in the animals was attributed to the alcohol (Elder 
1983b). 

PEGs Stearate 
Six large calculi (4-6 mm in diameter; 50-95 mg in weight) 

were found in the urinary bladders of hamsters fed unspecified 
PEGs Stearate for 74 to 260 days. Rabbits fed a diet containing 
4% PEG-8 Stearate for four months or 5% PEG-8 Stearate for 
19 weeks had no treatment-related effects (Elder 1983a). 

Polyethylene Glycol 
In subchronic, 90-day toxicity studies involving groups of 

albino rats, the largest (PEG-20M) and smallest (PEG-6) molec- 
ular weight PEGs tested did not induce toxicity or death when 
administered daily in the diet or drinking water, respectively, at 
concentrations of 4% or less. No evidence of toxicity was ob- 
served in rabbits that received topical applications of 2 ml/kg/day 
of PEG-6 daily, 5 days/week, for 18 weeks (Andersen 1993). 

Chronic Toxicity 
Laureths 

Rabbits were treated topically with 0.4 ml/kg/day of Laureth- 
4 at 6% in a 52% ethanol/water solution daily for 3 months. 
Edema, erythema, and eschar formation, hyperkeratosis, acan- 
thosis, and dermatitis in the animals was attributed to the alcohol 
(Elder 1983b). 

PEGs Dilaurate 
Nine Sprague-Dawley rats were fed 6% PEG-8 Dilaurate for 

505 days to determine the compound's chronic toxicity (Krehl, 
Cogwell, and Whedon 1955). PEG-8 Dilaurate was added to the 
basal diet in lieu of lard, which was present in the feed given 
to 9 rats of the control group. Feed consumption was greater 
in rats given PEG-8 Dilaurate than in rats of the control group, 
but this was not considered significant. Four rats fed PEG-8 
Dilaurate died, and four rats of the control group also died. 
The remaining rats were killed at the end of the experimental 
period, and the spleen, liver, lungs, testes, thyroid gland, adrenal 
glands, kidneys, intestines, urinary bladder, heart vessels, and 
heart muscle were removed, weighed, and prepared for gross and 
microscopic examinations. One rat had cystic spots on the liver, 
one rat had hemorrhagic lungs, and one had a large neoplasm 
(fibrosarcoma, weight = 128.6 g). At microscopic examination, 
focal parenchymal hepatitis was observed in three rats of the test 
group. 

PEGs Stearate 
Hamsters fed 5% to 15% PEG Monostearate for 28 to 39 

weeks had high mortality, chronic diarrhea, atrophic testes, en- 
larged kidneys, thickened urinary bladder walls, striking hepatic, 
cecal, and splenic hemosiderosis, enlarged ceca, and obstructive 
nephropathy. Rats fed a diet containing 4% PEG-8 Stearate or 
2% PEG-100 Stearate for 2 years had no treatment-related le- 
sions over 3 successive generations (Elder 1983). 

PEG-20 Laurate and Lauric Acid 
The oral toxicities of PEG-20 Laurate and lauric acid were 

evaluated for up to 2 years using Osborne-Mendel albino rats 
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(Fitzhugh, Schouboe, and Nelson 1960). Five male rats were 
fed 10% lauric acid for 18 weeks, and five rats of the control 
group were fed a basal diet. Neither clinical signs of toxicity nor 
adverse effects on weight gain were observed. None of the rats of 
either the control group or test group died. No differences were 
noted in gross findings or organ weights between the control and 
test animals. 

In another study by the same investigator, male and female 
rats (l 2 each per group) were fed 2%, 5%, 10%, or 25 % PEG-20 
Laurate for 2 years. The growth of rats given 2% to 10% PEG-20 
Laurate did not differ from that of control rats. Male rats given 
25% PEG-20 Laurate had significant reductions in growth after 
weeks 26 and 52. Mortality did not differ from that of controls. 
Behavior and appearance of rats of the test group were normal. 

Hepatic cysts and cecal enlargement were observed at nec- 
ropsy. Three rats of the high-dose group had slight gastric mu- 
cosal hyperplasia. The hepatic cysts were unilocular or multiloc- 
ular, often multiple, and varied in size. The cysts were observed 
in five rats given 25%, four rats given 10% (smaller and fewer), 
and one rat each for the remaining groups. All hepatic cysts but 
one were in surviving animals. Cecal enlargement occurred in 
17 rats fed 25%, 4 rats fed 10%, 3 rats fed 5%, 1 rat fed 2%, 
and 0 rats fed the control diet, respectively (male plus female 
rats). The most affected ceca had approximately three times the 
normal volume, and the enlargement appeared to be both a dis- 
tention and increase in mass. The common bile duct was not 
enlarged. 

When 61 rats were sectioned microscopically, the hepatic 
cysts were of bile duct origin, and were lined by columnar 
epthelium. No generalized intrahepatic bile duct dilatation was 
observed, but in several instances, the ducts adjacent to the cysts 
had slight proliferation or dilatation. Hepatic cells were not af- 
fected by treatment with PEG-20 Laurate. The ceca of the treated 
rats did not differ microscopically from the controls, with the 
exception of distention (evidenced by thinner wall and short 
glands) in parts of the sections. The stomachs of four rats given 
25% and one rat given 10% had slight squamous epithelial hy- 
perplasia, with "low-grade" inflammation within and under the 
hyperplastic epithelium (at the junction of the two main por- 
tions of the stomach). The heart, lungs, spleen, pancreas, small 
intestine, colon, kidneys, adrenal glands, testes, ovaries, uterus, 
thyroid gland, parathyroid glands, prostate, urinary bladder, leg 
bones and muscles, and bone marrow were not affected by treat- 
ment with PEG-20 Laurate. 

suspension), applied to the skin of six rabbits per group for 4 
hours under occlusion, produced no irritation (Elder 1983b). 

PEGs Stearate 
Skin irritation was slight when PEG Stearate compounds 

were tested at 100% concentrations in experimental test ani- 
mals. PEG-2, -6, -8, - 12, -20, -32, -40, and - 150 Stearate were 
nonirritating in primary irritation patch tests using rabbits (Elder 
1983a). 

Polyethylene Glycol 
The PEGs were not irritating to the skin of rabbits or guinea 

pigs. In irritation tests, undiluted PEG-6 was applied to the skin 
of rabbits for 4 hours and 50% PEG-75 was applied to the skin 
of guinea pigs for 4 days and to rabbits over a 13-week period 
(Andersen 1993). 

Laurie AcM 
Six rabbits were used in a 24-hour, single-insult occlusive 

patch test to determine the skin irritancy potential of Lauric Acid. 
Commercially supplied Lauric Acid and a product formulation 
containing 8.7% Lauric Acid (as a 5% aqueous solution) were 
applied to intact and abraded skin sites at a dose volume of 
0.5 ml. The primary irritation index (PII; maximum = 8.00) 
of the commercially supplied Lauric Acid was 1.12; signs of 
irritation included minimal erythema at 24 hours, and minimal 
edema at several abraded test sites at 72 hours. Rabbits treated 
with the product formulation had no signs of irritation (PII = 0) 
(Eider 1987). 

Skin Sensitization 
PEGs Stearate 

PEG-2 Stearate (as a 0.1% suspension) was evaluated for der- 
mal sensitization potential using guinea pigs and the Landsteiner 
and Jacobs sensitization procedure. Under the test conditions, 
PEG-2 Stearate was nonsensitizing. Likewise, PEG-8 and -40 
Stearate were nonsensitizers (Elder 1983a). 

Polyethylene Glycol 
PEG-75 was not a sensitizer. In the guinea pig skin sen- 

sitization test, PEG-75 was tested at a concentration of 0.1% 
(Andersen 1993). 

Polyethylene Glycol 
Toxic effects were not observed in groups of dogs fed 2% 

PEG-8, PEG-32, or PEG-75 for 1 year (Andersen 1993). 

Skin Irritation 
Laureths 

Undiluted Laureth-4 produced edema in intact and abraded 
rabbit skin at 72 hours after 24-hours patch testing. A bath oil 
product containing 1.8% Laureth-4 (undiluted or in 2% aqueous 

Ocular Irritation 
Laureths 

Undiluted Laureth-4 was moderately irritating, and 10% and 
20% dilutions were minimally irritating to eyes of rabbits. An 
undiluted body shampoo containing 17% Laureth-4 produced 
irritation when instilled into the conjunctival sac of rabbits. An 
undiluted bath oi] containing 1.8% Laureth-4 produced only 
transient mild conjunctivitis, which disappeared by 72 hours 
(Elder 1983b). 
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PEGs Laurate 
PEG- 12 Laurate (pH = 7.6) at a concentration of 1% did not 

cause ocular irritation in rabbits (Hopper et al. 1949). 

PEGs Stearate 
PEGs Stearate produced minimal ocular irritation when tested 

at concentrations up to 100% (Elder 1983a). 

Polyethylene Glycol 
PEG-6 and -75 did not cause corneal injuries when instilled 

(undiluted, 0.5 ml) into the conjunctival sac of rabbits. PEG-8 
(35% solution, 0. I ml) and PEG-32 (melted in water bath, 0. I ml) 
induced mild ocular irritation in rabbits (Andersen 1993). 

Lauric Acid 
Lauric Acid (as commercially supplied) caused persistent 

corneal opacity, mild conjunctivitis, and iritis to the eyes of six 
albino rabbits. The mean ocular irritation scores were 35 after 24 
hours, 39 after 48 hours, and 41 after 72 hours. Ocular irritation 
was not observed after a product formulation (8.7% Lauric Acid; 
8.0% aqueous dilution) was instilled into the conjunctival sacs 
of six New Zealand white rabbits. A soap formulation contain- 
ing 1.95% Lauric Acid (1% aqueous dilution) caused maximum 
mean scores of 0.3 for unrinsed eyes (three per group) and 0.7 for 
rinsed eyes (six per group). New Zealand white rabbits treated 
with the soap prior to rinsing had grade 1 conjunctival erythema. 
Treated, unrinsed eyes had no signs of ocular irritation (Elder 
1987). 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 

Ethylene Glycol and Its Ethers 
It is generally recognized that the PEG monomer, ethylene 

glycol, and certain of its monoalkyl ethers (e.g., methoxyethanol, 
also known as ethylene glycol monomethyl ether) are reproduc- 
tive and developmental toxins. The CIR Expert Panel under- 
took a separate, limited review of these compounds in order 
to assess the possibility that PEG-derived cosmetic ingredients 
could present similar concerns (CIR 1996). In summary, this 
report concluded that the ethylene glycol monoalkyl ethers are 
not themseIves toxic, but rather that one or more alcohol or alde- 
hyde dehydrogenase metabolites are toxic. From the available 
data, the report also concluded that the toxicity of the monoalky] 
ethers is inversely proportional to the length of the alkyl chain 
(methyl is more toxic than ethyl than propyl than butyl, etc.). 
In particular, because the PEG Laurate and PEG Dilaurate com- 
pounds are diesters of polyethylene glycol, and as such, are 
chemically different from alkyl ethers, the Panel concluded no 
reproductive or developmental hazards are expected to be posed 
by these compounds. 

Laureths 
No abnormalities were found in teratogenicity, multiple gen- 

eration, fertility, and peri- and postnatal development studies 

in rats exposed topically to 0.4 ml/kg/day of a 6% Laureth-4 
solution (Elder 1983b). 

PEGs Stearate 
In multigenerational studies, rats fed diets containing 10% 

to 20% PEG-8 and -40 Stearate had decreased newborn litter 
survival time due to maternal neglect. Impairment of lactation 
efficiency as evidenced by lower weanling weights, greater mor- 
tality of nurslings, and decreased reproductive performance in 
the F3 generation were observed in rats fed diet containing 20% 
PEG-g and -40 Stearate. No reproductive effects were aoted in 
rats led 5% PEGs Stearate (Elder 1983a). 

Polyethylene Glycol 
No adverse reproductive effects occurred during subchronic 

(90 days) and chronic (2 years) oral toxicity studies of PEG-6-32 
and PEG-75. In the subchronic study, PEG-75 was tested at a 
dose of 0.23 g/kg/day. In the chronic study, PEG-75 was tested 
at doses up to 0.062 g/kg/day and, PEG-6-32 at doses up to 1.69 
g/kg/day (Andersen 1993). 

MUTAGENICITY 
PEG-8 was negative in the Chinese hamster ovary cell muta- 

tion test and the sister ehromatid exchange test; the maximum 
test concentration in both studies was 1%. In the unscheduled 
DNA synthesis assay, a statistically significant increase in ra- 
dioactive thymidine incorporation into rat hepatocyte nuclei was 
noted only at the highest concentration tested (0.1%). PEG- 150 
was not mutagenic in the mouse lymphoma forward mutation 
assay when tested at concentrations up to 150 g/I (Andersen 
1993). 

Lauric Acid at concentrations of 10 to 200 mg/ml increased 
the incidence of aneuploidy in the D 6 strain of Saccharomyces 
cerevisiae, but did not increase the frequency of mitotic crossing 
over events. The inhibitory action of Lauric Acid on the muta- 
genicity of several compounds has been demonstrated using two 
bacterial systems (Elder 1987). 

CARCINOGENICITY 
All of the carcinogenicity data available on the PEGs was 

specifically on PEG-8, which was used as a solvent control for 
a number of studies. PEG-8 was not carcinogenic when admin- 
istered orally to mice (30 weeks of dosing), intraperitoneally to 
rats (6 months of dosing), subcutaneously (20 weeks of dosing 
for rats: I year of dosing for mice), or when injected into the gas- 
tric antrum of guinea pigs over a period of 6 months (Andersen 
1993). 

Lauric Acid was classified as a noncarcinogen after being ad- 
ministered to female BALB/c and CFW mice via subcutaneous 
injections during two studies. In one study, 16 mice were given 
2 injections/week (25 total) of Img  Lauric Acid in 0.1 ml tri- 
caprylin. Of the mice, five were alive at 18 months. The mice 
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had one subcutaneous sarcoma, one pulmonary tumor, and two 
leukemia-lymphomas at 4 and 5 months. In the second study, 15 
mice were injected with 5.0 nag Lauric Acid in 0. I ml tricaprylin 
(3 injections/week; l0 total). Eight mice were alive at 18 months, 
and they had one pulmonary tumor and one leu kemia-lymphoma 
at 23 months. 

Lauric Acid dissolved in chloroform (concentration not given) 
stimulated the formation of skin papillomas, but not the for- 
mation of malignant tumors during tumor promotion studies. 
Several fats and oils, including Lauric Acid, produced acantho- 
sis of guinea pig skin. Upon continued topical application, the 
acanthosis gradually receded. 

Lauric Acid (8 mg/day; in Polysorbate 80) was an inhibitor 
of Ehrlich ascites tumor in vivo after the tumor was implanted 
into Swiss albino mice of strain ddy. The survival time of treated 
mice versus mice of the control group more than doubled (Elder 
1987). 

CLINICAL STUDIES 

Laureths 
Laureth-23 did not produce cutaneous irritation in 50 subjects 

treated with a 60% solution, although undiluted Laureth-23 did 
cause erythema in one subject. Repeated Insult Patch Test (RIPT) 
studies using 96 and 150 subjects found no evidence of sensiti- 
zation for Laureth-23, nor was there evidence of phototoxicity 
or photoallergenicity (Elder 1983b). 

PEGs Stearate 
Clinical studies of the PEGs Stearate indicate that these in- 

gredients are neither irritants nor sensitizers, and no evidence 
of phototoxicity or photosensitization was observed in stud- 
ies of the ingredient alone or in formulation. PEG-2 Stearate 
(25% aqueous) did not induce skin irritation or sensitization in 
a RIPT involving 168 subjects. Neither photosensitization nor 
phototoxic reactions to PEG-2 Stearate were noted in a group 
of 28 subjects. Reactions also were not observed in 10 subjects 
patch tested (two 48-hour applications) with undiluted PEG- 
100 Stearate, and the same was true for 188 subjects patch 
tested (RIFT) with a skin conditioner containing 1% to 3% 
PEG-100 Stearate. A skin conditioner containing 1% to 3% 
PEG-100 Stearate also was not phototoxic to human subjects 
(Elder 1983a). 

Polyethylene Glycol 
In clinical studies, PEG-6 and PEG-8 induced mild sensiti- 

zation in 9% and 4% of 23 male subjects tested, respectively. 
However, later production lots of PEG-6, as well as PEG-75, 
did not cause reactions in any of the 100 male and 100 female 
subjects tested. A product formulation containing 3% PEG-8 in- 
duced minimal to mild irritation (induction phase) in over 75% 
of 90 volunteers participating in a skin irritation and sensitiza- 
tion study. Responses (not classified) were noted in 22 subjects 
at the 24-hour challenge reading. Cases of systemic toxicity 
and contact dermatitis in bum patents were attributed to PEG- 

based topical ointments. The ointment that induced systemic 
toxicity contained 63% PEG-6, 5% PEG-20, and 32% PEG-75 
(Andersen 1993). 

Lauric Acid 
No irritation or sensitization was observed after 46 to 48 

subjects were treated with 1% Lauric Acid ( 1.95% in liquid soap 
formulation) during a repeated insult patch test (Elder 1987). 

SUMMARY 
The PEGs Dilaurate, PEGs Laurate, and PEG-2 Laurate SE 

are PEG diesters or esters of lauric acid that function as surfac- 
tams in cosmetic formulations. In 1997, PEG-8 Dilaurate and 
PEG-12 Dilaurate were used in 40 cosmetic formulations, and 
PEG-2, -4, -8, -10, -15, and -200 Laurate were used in 20 for- 
mulations. The remaining ingredients from this family had no 
reports of use. In 1984, data submitted to the FDA indicated that 
the PEGs Dilaurate and PEGs Laurate were used at concentra- 
tions up to 25%. 

The CIR Expert Panel has previously reviewed the safety in 
cosmetics of the PEGs Stearate, PEGs Distearate, PEGs, Lau- 
reths, and Lauric Acid. Based on the similarity in chemical struc- 
tures, data from those evaluations have been used as a further 
basis for the safety assessment of the PEGs Dilaurate and PEGs 
Laurate in cosmetics. 

These polyoxyethylene ester surfactants and emulsifiers are 
produced by the ethoxylation of fatty acids during uncatalyzed 
or alkali-catalyzed reactions. PEG-2 Laurate has been produced 
by lhe interesterification of coconut oil with dietbylene glycoh 
PEG-n Laurate could contain unspecified amounts of the lau- 
ric acid diester of PEG and unreacted PEG. PEG-6 may con- 
tain small, unquantified amounts of monomer and dimers, and 
samples PEG-32 and PEG-75 contained peroxides as a result of 
autoxidation. In general, ethoxylated surfactants can contain 1,4- 
dioxane, a by-product of ethoxylation, which is then removed 
during purification of the finished products. Traces of the reac- 
tants, stearic acid, ethylene oxide, and the catalysts used could 
remain in the finished product. 

Data on the absorption, metabolism, distribution, and excre- 
tion of the PEGs Dilaurate and PEGs Laurate were not avail- 
able. PEG-40 Stearate was hydrolyzed in vitro by pancreatic fi- 
pase. In metabolism studies with rats, rabbits, dogs, and humans, 
the lower-molecular-weight PEGs were absorbed by the diges- 
tive tract and excreted in the urine and feces. The PEGs were 
readily absorbed through damaged skin. 

Fatty acids such as Lauric Acid are absorbed, digested, and 
transported in animals and humans. During labeling studies, ra- 
dioactivity was found in various tissues, blood, and lymph after 
oral, IV, IP, and intraduodenal administration of labelled fatty 
acids. The fatty acids can undergo E-oxidation to yield acetyl- 
CoA. Placental transfer of the fatty acids has been observed. 
Lauric Acid is transported via the lymph and portal systems; 
fatty acids are typically transported esterified to glycerol in chy- 
lomicrons and very-low-density lipoproteins. 
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The acute oral LDs0 of PEG-12 Laurate was >25 g/kg in 
Harlun mice. In the same study, the IV LDst) was 500 mg/kg. 
During short-term feeding studies using chicks, concentrations 
of up to 2% PEG-4 or-8 Laurate did not cause adverse effects. 
Rats fed a diet containing 15.9 g/kg/day of 25% PEG-20 Lau- 
rate bad diarrhea, inflammation of the anal region, and blood 
clots in the anorectal region after 59 days of treatment. In a 
70-day study, rats given 5% m 250  PEG-20 Laurate had di- 
arhhea and inflammation of the anal region. The ingredient was 
irritating to the gastrointestinal tract, but not necrotizing, and 
monocyte/macrophage hyperplasia and splenic giant cells were 
noted more frequently in rats of the treated group than rats of 
the control group. In a chronic oral toxicity study, nine rats were 
fed 6% PEG-8 Dilaurate for 505 days. Four of the rats in each of 
the treatment and control groups died. Of the rats given PEG-8 
Dilaurate, one bad cystic spots on the liver, one had hemorrhagic 
lungs, and one had a large fibmsarcoma. In microscopic exam- 
inations, three rats had focal parenchymal hepatitis. Of the rats 
of the control group, four had hemorrhagic and congested lungs, 
one had hypertrophied testes, one had a concretion in the urinary 
bladder, two bad cystic kidneys, and two had hepatic parasites. In 
microscopic examinations, one control rat had adrenal cortical 
hyperplasia, two bad chronic interstitial nephritis of the kidneys, 
two had splenic lymphoid hyperplasia, one had focal parenchy- 
real hepatitis, and one had hepatic vacuolization. During another 
feeding study, rats fed up to 25% PEG-20 Laurate for 2 years 
bad hepatic cysts, cecal enlargement, slight gastric mucosal hy- 
perplasia, and slight squamous epithelial hyperplasia. PEG-12 
Laurate at a concentration of 1% did not cause ocular irritation 
in rabbits. 

The IV LDso values in Harian mice for PEG-8 and -20 Dis- 
tearate were 365 mg/kg and 220 mg/kg, respectively. The oral 
LDsn values of PEG-2-150 Stearate ranged from > 10 g/kg to 
32 g/kg in rats. The IP LDso of PEG-8 Stearate in rats was >9 
ml/kg. No signs of toxicity were observed when rats were given 
IP injections of 2.5 g/kg PEG-50 or - 100 Stearate. A hair cream 
containing 1.5 % PEG-6 Stearate bad an oral LDs0 of > 34.6 g/kg. 
The acute dermal LDs0 of 15% PEG-8 Stearate in rabbits was 
> 10 ml/kg; the only effect noted was erythema at the applica- 
tion site at 24 hours. The PEGs Stearate caused only slight skin 
irritation and minimal ocular irritation when tested at concentra- 
tions of 100% in animals. PEG-8, -40, and -100 Stearate did not 
cause significant changes in growth mortality rates, microscopic 
observations, or hematological values during long-term feeding 
studies. In clinical studies, the PEGs Stearate were not irritating 
or sensitizing when tested at concentrations of 25%. In addition, 
they did not cause photosensitization. PEG-8 and -40 Stearate 
did not cause reproductive or developmental effects, and were 
noncarcinogenic. 

In acute toxicity studies, the PEGs had low oral and dermal 
toxicity. The PEGs were not irritating to the skin of rabbits or 
guinea pigs, and minimally irritating to the skin of humans. They 
did not cause sensitization in animal or human studies using in- 
tact skin, but sensitization and nephrotoxicity were observed in 

burn patients that were treated with a PEG-based cream. PEG 
was determined to be the causative agent in both animal and hu- 
man studies. In ocular irritation studies, the PEGs caused mild, 
transient ocular irritation in rabbits. Cosmetic product formu- 
lations containing up to 13% Laurie Acid did not cause pri- 
mary or cumulative irritation and did not cause sensitization. 
The available data indicated that the PEGs were not mutagenic 
or carcinogenic. 

A product formulation containing 5% Laurie Acid was non- 
toxic to rats during an oral toxicity study. Transient signs of 
toxicity (mucoid diarrhea, depression, unkempt fur, etc.) were 
observed when male rats were fed 0.46 to 10 g/kg Laurie Acid. 
In this study, one rat died; it had congested lungs and kidneys, 
and advanced autolytic changes. In a subchronic oral toxicity 
study, rats fed 10% Laurie Acid had no signs of toxicity. Laurie 
Acid was also noncarcinogenic in animal tests. 

It is generally recognized that the PEG monomer, ethylene 
glycol, and certain of its monoalkyl ethers are reproductive and 
developmental toxins. The PEGs Dilaurate and PEGs Laurate 
are diesters and esters of PEG and, as such, are chemically dif- 
ferent from PEG alkyl ethers. Hence, they are not expected to 
cause adverse reproductive or developmental effects. 

DISCUSSION 
The CIR Expert Panel was concerned about the sensitization 

and toxicity potential of the PEGs Dilaurate and PEGs Laurate 
when applied to damaged skin. This concern arose because of 
positive patch tests and incidences of nephrotoxicity in burn 
patients treated with an antimicrobial cream that contained PEG- 
6, PEG-20, and PEG-75. PEG was the causative agent in both 
animal and human studies; no evidence of systemic toxicity or 
sensitization was found in studies with intact skin. 

Also of concern to the Expert Panel was the possible presence 
of 1,4-dioxane and ethylene oxide impurities. The Panel stressed 
that the cosmetics industry should continue to use the necessary 
procedures to remove these impurities from the PEG Dilaurate 
and PEG Lanrate ingredients before blending them into cosmetic 
formulations. 

Although few data were available on the PEGs Dilaurate 
and PEGs Laurate, the Expert Panel concluded that the data 
on the structurally related ingredients (PEGs Distearate, PEGs 
Stearate, PEGs, and Laurie Acid) were sufficient. Although cur- 
rent concentration of use data were not available, the highest 
reported concentration of use in 1984 was 25%. The PEGs Di- 
laurate and PEGs Laurate were considered safe for use at con- 
centrations up to 25% based upon the results of short-term and 
chronic oral toxicity studies. 

CONCLUSION 
On the basis of the available data, the CIR Expert Panel 

concludes that PEG-2, -4, -6, -8, - 12, -20, -32, -75, and - 150 
Dilaurate; PEG-2, -4 , -6 , -8 , -9 , -10 ,  -12, -14,-20,-32, -75, 
-150, and -200 Laurate; and PEG-2 Laurate SE are safe for use 
in cosmetics at concentrations up to 25%. 

Distributed for Comment Only -- Do Not Cite or Quote



PEGs DILAURATE AND PEGs LAURATE 41 

REFERENCES 
Andersen, F. A., ed. 1993. Final report on the safety assessment of Polyethylene 

Glycols (PEGs) -6, -8, -32, -75, -150, -14M, -20M..L Am. Coil Toxicol. 
12:429-457. 

Argus, M. E, J. C. Arcos, and C. Hoch-Ligeti. 1965. Studies on the carcinogenic 
activity of protein-denaturing agents: hepatocarcinogenieity of dioxane. Z 
NatL Cance~ Inst. 35:949-958. 

Code of Federal Regulations (CFR). 1992. Washington, DC: U. S. Government. 
Printing Office. 

Cosmetic Ingredient Review (CIR). 1996. Final report on the sat~ty assessment 
of PEG-2, -3, -4, -8, -9, - 12, -20, -32, -50, -75, - 120. - 150. and - 175 Distearate. 
Washington, DC: CIR. 2 

Cosmetic Science & Technology On-line. 1997. HLB numbers for sur- 
factants. Oxon, UK: Cotswold Publishing Co. (http://www.cotpubco. 
demon.co.uk/surfactant.html) 

Elder, R. L., ed. 1983a. Final report on the safety assessment of PEG-2, -6, -8, 
- 12, -20, -32, -40, -50, - 100, and - 150 Stearates. J. Am. Colt, Toxicol. 2:17-34. 

Elder, R. L., ed. 1983b. Final report on the safety assessment of Laureths-4 and 
-23. Z Am. Coll. Toxicol. 2:I-15.  

Elder, R. L., ed. 1987. Final report on the safety assessment of Oleic Acid, Lauric 
Acid, Palmitic Acid, Myristic Acid, and Stearie Acid. Z Am. Coll. Toxicol. 
6:321-401. 

Elkhouly, A. E., and R. C. S. Woodroffe. 1970. Enhanced deposition of trichloro- 
earbanilide on skin in the presence of polyethylene glycol 400 monolaurate 
and sodium chloride. Z Soc. Costhet. Chem. 21:521-532. 

Elkhouly, A. E., and R. C. S. Woodroffe. 1973. Effects of polyethylene glycol 
400 monolaurate and sodium chloride mixtures on the antibacterial activity 
of solubilized triehlorocarbanifide. J. AppL Ract. 36:387-395. 

Fitzhugh, O. G., P. J. Schouboe, and A. A. Nelson. 1960. Oral toxicities of lauric 
acid and certain lauric acid derivatives. ToxicoL AppL Pharmacol. 2:59-67. 

Food and Drug Administration (FDA). 1984. Frequency and concentration of 
use of cosmetic ingredients. FDA database. Washington, DC: FDA. 

FDA. 1996. Frequency of use of cosmetic ingredients. FDA database. 
Washington, DC: FDA. 

2Available for review: Director, Cosmetic Ingredient Review, 1101 17th 
Street NW, Suite 310, Washington, DC 20036, 

Glyco Chemicals, Inc. No date. Properties of various polyethylene glycol, 400 
and 600, esters of lauric, stearic, and oleic acid. Submitted by FDA in response 
to a FOI request dated 10-25-96. (5 pages.) 

Hamburger~ R., E. Azaz, and M. Donbrow. 1975. Autoxidation of poly- 
oxyethylenei¢ non-ionic surfactants and of polyethylene glycols. Pham. Acta. 
Helv. 50:10-7. 

Harris, R. S., H. Sherman, and W. W. Jetter. 1951. Nutritional and pathologi- 
cal effects of sorbitan monolaurate, polyoxyethylene sorbitan monolaurate, 
polyoxyethylene monolaurate, and polyoxyethylene monostearate when fed 
to rats. Arch, Biochem. Biophys. 34:249-258. 

Hoch-Ligeti, C., M. E Argus, and J. C. Arcos. 1970. Induction of carcinomas 
in the nasal cavity of rats by dioxane. B~ J. Cancer 24:164-167. 

Hopper, S. S., H. R. Hulpieu, and V. V. Cole. 1949. Some toxicological properties 
of surface-acUve agents..L Am. Pharm. Assn. 38:428432. 

Kociba, R. J., S. B. McCollister, C. Park, T. R. Torkelson, and P. J. Gehring. 
1974. 1,4-Dioxane. 1. Results of a 2-year ingestion study in rats. Toxicol, 
Appl, PharmacoL 30:275-286, 

Krehl, W. A., G. R, Cogwell, and A. D. Whedon. 1955. Non-deleterious effects 
of polyoxyethylene esters in the nutrition of rats and cats. Z Nutr. 55:35~51. 

McGinity, J. W.. J. A. Hill, and A. L. La Via. 1975. Influence of peroxide 
impurities in polyethylene glycols on drug stability. J. Pharm. Sci. 64:356- 
357. 

Nikitakis, J. M., and G. N. McEwen, Jr., eds. 1990a. CTFA compendium of  cos- 
metic ingredient composition--Specifications. Washington, DC: Cosmetic, 
Toiletry, and Fragrance Association (CTFA). 

Nikitakis, J. M., and G. N. McEwen, Jr., eds. 1990b. CTFA compendium of 
cosmetic ingredient composition--Descriptions IL Washington, I)C:CTFA. 

Ringrose, A. T., and E. E Waller. 1959. High level feeding of surface active 
agents to chicks. ToxicoL Appl. Pharmacol. 1:548-559. 

Robinson, J. J., and E. W. Ciurczak. 1980. Direct gas chromatographic deter- 
mination of 1,4-dioxane in ethoxylated surfactants. Z Soc. Cosmet. Chem. 
31:329-337. 

Silverstein, B. 13., P. S. Furcinitti, W. A. Cameron, J. E. Brower, and O. White, Jr. 
1984. Biological effects summary report--polyethylene glycol. Government 
Reports Announcements & Index, Issue 15. NTIS No. DE84007984. 

Swern, D., ed. 1979. Bailcv's Industrial Oil and Fat products, Vol, 1, 4th ed., 
110-11 I. New York: J Willey. 

Wenninger. J. A., R. C. Canterbery, G. N. McEwen, Jr., eds. 2000. International 
cosmetic ingredient dictionary and handbook, 8 Ih ed. Washington, DC: CTFA. 

Yakuji Nippo, Ltd. 1979. Japanese standards of  cosmetic ingredients, 217. 
Japan: Yakuji Nippo, Ltd. 

Distributed for Comment Only -- Do Not Cite or Quote



JOURNAL OF THE AMERICAN COLLEGE OF TOXICOLOGY 
Volume 2, Number 7, 1983 
Mary Ann Liebert, Inc., Publishers 

2 

Final Report on the 

Safety Assessment of PEG-2, 

-6, -8, -12, -20, -32, -40, 

-50, -100, and -150 Stearates 

The PEG Stearates are the polyethylene glycol esters of stearic acid. These 
nonionic surfactants are used mainly in cosmetic products as surfactants and 
emollients at concentrations up to 259’0. The PEG Stearates, whose average 
number of ethylene oxide monomers range from 2 to 150, were nonlethal to 
test animals up to 10 g/kg. They gave evidence of only low-level skin irritation 
and minimal eye irritation when tested at 100% concentrations in test animals. 
PEG-8, -40, and -100 Stearates produced no significant changes in growth mor- 
tality rates, histopathologic observations or hematologic values in long-term 
feeding studies. Multiple generation studies of PEG-8 and -40 Stearates were 
negative for effects on reproduction; the presence or absence of a carcinogenic 
effect was not reported. 

Clinical studies on the PEG Stearates indicated that these ingredients are 
neither irritants nor sensitizers at concentrations of ~25%. There was no 
evidence of phototoxicity or photosensitization of PEG-2 or -8 Stearates. 

It is concluded that PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 
Stearates are safe as cosmetic ingredients in the present practices of concentra- 
tion and use. 

CHEMICAL AND PHYSICAL PROPERTIES 

Structure 

T he PEG Stearates are the polyethylene glycol esters of stearic acid that con- 
form to the following formula: 

0 
I, 

CH3(CH2)16-C-(OCH$H2)nOH 

17 
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The n value corresponds to the average number of ethylene oxide monomers 
in the polyether chain and is expressed as the identifier for the various PEG 
Stearates used in cosmetic products. Because the n value is the average value of 
ethylene oxide monomers, any given PEG Stearate will not have a single chain 
length, but will contain shorter and longer chain lengths whose average is ex- 
pressed as the chemical identifier.“,‘) 

Method of Manufacture 

The PEG Stearates may be prepared in one of three ways:“) 
1. PEG-n Stearate is made by esterification of stearic acid and PEG-n under 

acid catalysis. The catalyst is neutralized following esterification. 
2. Stearic acid can undergo direct ethoxylation under alkaline catalysis. The 

base is neutralized following ethoxylation. 
3. Methyl stearate can be catalytically transesterified to polyethylene glycol. 
After preparation, the product is refined by vacuum stripping and/or filtration. 

Properties 

The PEG Stearates are soft to waxy solids, white to tan in color, and most 
have a faint odor. In general, the monoesters are soluble in water and alcohol but 
not in mineral oil; the diesters are soluble in isopropyl alcohol and toluene, and 
dispersible or soluble in hot water. 

The PEG Stearates are nonionic surfactants. (3,4) The monostearates are highly 
amphiphatic compounds. The long, 18-carbon stearate chain is lipophilic; the 
polyether chain is hydrophilic. Each ether oxygen atom carries a partial negative 
charge which attracts polar water molecules, thus potentiating water solubility of 
the monostearate. The longer the polyether chain (greater n value), the greater is 
the hydrophilicity of the ingredient. The hydrophile-lipophile balance (HLB) 
value is used to describe the PEG Stearates and facilitate the selection of an ingre- 
dient for a particular use. Typical HLB values are 4.3 for PEG-2 Stearate and 18.8 
for PEG-150 Stearate.‘2) As any surfactant interacting at an oil-water interface, 
PEG Stearates align themselves with the hydrophilic polyether part of the 
molecule dissolved in the aqueous phase and the lipophilic stearate part of the 
molecule dissolved in the oil phase. The amphoteric nature of these compounds 
affords them many of their physical properties and, thus, many of their uses in 
cosmetic and noncosmetic formulations.‘4.5) 

Reactivity 

PEG Stearates are relatively stable compounds.(6’ Nevertheless, the ether 
oxygens are potentially reactive and the ester bonds are potentially vulnerable to 
enzymatic cleavage. 

Impurities 

Traces of the reactants, stearic acid and ethylene oxide, and of the catalytic 
agents used, may remain in the finished product. The addition of antioxidants or 
other additives has not been reported. (2) A reaction product of ethoxylation, 
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1 ,Cdioxane, may also be present in trace amounts; industry is aware of this possi- 
ble impurity and thus uses additional purification steps to remove it from the in- 
gredient before blending into cosmetic formulations.“’ 

USE 

Noncosmetic Uses 

Drugs 

There are numerous references for the use of the PEG Stearates in drugs as 
emulsifiers, carriers and stabilizers. They are used to solubilize salicylic acid and 
barbital and for dissolution of other poorly soluble pharmaceuticals.(5s8) 

PEG Stearates make excellent emulsifying agents because of their dual 
solubility in both water and oil. A variety of emulsions and ointments containing 
these ingredients has been described as, for example, a benzoic acid emulsion 
and a zinc sulfadiazine topical burn ointment. (9-‘3) PEG Stearates provide oint- 

ment bases with stability to heat and cold. (12) One PEG Stearate emulsion has 

been found to be stable for over two years.(l’) 

Foods 

The Food and Drug Administration (FDA) has approved without limits the 
use of PEG-40 Stearate as a defoaming agent used in coating food packaging 
materials.‘*4) 

PEG Stearates are used in the bakery industry as bread softeners and antistal- 
ing agents.(15-19) 

Purpose and Frequency of Use in Cosmetics 

PEG Stearates are used as surfactants in skin creams, emollients and condi- 
tioners, shampoos, body cleansers, and soapless detergents.(‘0-12*20’ 

PEG Stearate-containing formulations may be applied to the face (creams, 
emollients, cleansers), axillae (antiperspirants), hair and scalp (shampoos), skin in 
general (body cleansers, detergents) and the oral and gingival mucosae 
(toothpastes, dentifrices). 

The frequency of application of PEG Stearate products may vary from daily 
(toothpastes, antiperspirants, skin creams) to occasional use (emollients, sham- 
poos, skin conditioners). Duration of application can range from seconds 
(shampoos, toothpastes, body cleansers) to all day (skin conditioners and 
emollients, antiperspirants). This occasional or daily use may extend over a 
period of years. 

PEG Stearates are used in over 500 cosmetic formulations. Most are used at 
concentrations from less than 0.1 O/O to 10%. (20) Two products list concentrations 
in the > lo%-25% range (Table 1). (21) The cosmetic product formulation com- 
puter printout which is made available by the FDA is a database compiled 
through voluntary filing of such data in accordance with Title 21 part 720.4 of the 
Code of Federal Regulations. (14) Ingredients are listed in prescribed concentra- 
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TABLE 1. Product Formulation Data. 

Product category 

Total no. 
containing 

ingredient 

No. of product formulations within each 

concentration range C%J 

> IO-25 >5-JO >l-5 >o. I-7 

PEG-2 Stearate 
Bath preparations 

Fragrance preparations 

Hair preparations (noncoloring) 

Hair coloring preparations 

Makeup preparations (not eye) 

Manicuring preparations 

Personal cleanliness products 

Shaving preparations 

Skin care preparations 

Suntan and suncreeen preparations 

1 

11 

4 

1 

16 

1 

6 

20 

- - - 1 
- - 9 2 

- 1 2 1 

- - - 1 
- 1 5 10 

- - - 1 

- - - 1 
- - - 6 
- 5 13 2 
- - 1 - 

1976 TOTALS 62 - 16 24 22 

1979 TOTALS 103 2 8 2 91 

PEG-6 Stearate 

Hair preparations (noncoloring) 

Skin care preparations 

1 - - - 1 

3 - - 3 - 

1976 TOTALS 4 - - 4 - 

1979 TOTALS 3 - - 3 - 

PEG-8 Stearate 
Eye makeup preparations 1 - - - 1 
Fragrance preparations 3 - - 3 - 

Hair preparations (noncoloring) 13 - 2 10 1 
Makeup preparations (not eye) 5 - - 4 1 
Shaving preparations 1 - - 1 - 
Skin care preparations 3 - - 1 2 
Suntan and sunscreen preparations 1 - - 1 - 

1976 TOTALS 27 - 2 20 5 

1979 TOTALS 37 - 7 25 5 

PEG- 12 Stearate 
Eye makeup preparations 1 - - - 1 

1976 TOTALS 1 - - - 1 

1979 TOTALS 2 - - 1 1 

PfC-20 Stearate 

Eye makeup preparations 

Fragrance preparations 

Hair preparations (noncoloring) 

Hair coloring preparations 

Makeup preparations (not eye) 

Personal cleanliness products 

Shaving preparations 

Skin care preparations 

4 - 1 

4 - - 

8 1 1 

1 - - 

3 - - 

3 - - 

2 - - 

10 - - 

2 1 
4 - 

3 3 
1 - 

- 3 

1 2 
2 - 

4 6 

1976 TOTALS 35 1 2 17 15 

1979 TOTALS 23 1 2 11 9 

20 
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TABLE 1. (Continued.) 

Product category 

Total no. 

containing 

ingredient 

NO. of product formulations within each 

concentration range f%I 

> 10-25 >5-10 > 1-5 >O.l-I 

PEG-32 Stearate 
Eye makeup preparations 
Personal cleanliness products 

Shaving preparations 
Skin care preparations 

3 - 3 - 
1 1 - - 

1 - - 1 - 
4 - 3 1 - 

1976 TOTALS 

1979 TOTALS 

PEG-40 Stearate 
Bath preparations 

9 - - 7 2 

8 - - 7 1 

1 - 1 - 

Eye makeup preparations 4 
Fragrance preparations 9 
Hair preparations (noncoloring) 5 
Makeup preparations (not eye) 42 
Ma’nicuring preparations 2 
Personal cleanliness products 11 

Shaving preparations 2 
Skin care preparations 19 

Suntan and sunscreen preparations 5 

2 2 
- 5 4 - 

5 - - - 
- 39 3 - 

2 - - - 
- 11 - - 

1 1 - - 
12 7 - 

- 5 - - 

1976 TOTALS 100 - - 83 17 

1979 TOTALS 179 2 110 67 - 

PEG-50 Stearate 
Eye makeup preparations 13 13 - - - 

Hair preparations (noncoloring) 1 - - 1 
Skin care preparations 3 3 - - 

1976 TOTALS 17 - 16 1 - 

1979 TOTALS 15 12 1 2 

PEG- 100 Stearate 
Hair preparations (noncoioring) 

Personal cleanliness products 
7 - 3 4 - 
2 1 1 - - 

1976 TOTALS 9 1 4 4 - 

1979 TOTALS - 2 7 16 5 

PEG- 150 Stearate 
Hair preparations (noncoloring) 
Skin care preparations 

1976 TOTALS 

1 - - - 1 
2 - 2 - - 

3 - 2 - 1 

1979 TOTALS 4 - 3 1 

Data from Refs. 20, 21. 
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tion ranges under specific product type categories. Since certain cosmetic ingre- 

dients are supplied by the manufacturer at less than 100% concentration, the 
value reported by the cosmetic formulator may not necessarily reflect the actual 
concentration found in the finished product; the concentration in such a case 
would be a fraction of that reported to the FDA. The fact that data are submitted 
only within the framework of preset concentration ranges also provides the op- 
portunity for overestimation of the actual concentration of an ingredient in a par- 
ticular product. An entry at the lowest end of a concentration range is considered 
the same as one entered at the highest end of that range, thus introducing the 
possibility of a two- to lo-fold error in the assumed ingredient concentration.“‘) 

BIOLOGICAL PROPERTIES 

General Effects 

PEG-40 Stearate produced no significant interference with oxygen uptake by 
kidney tissue preparations. (22) PEG-20, -30, and -40 Stearates were reported to 
activate the cytochrome oxidase enzyme system in heart muscle preparations up 
to a concentration of 150 mg/ml.(23) 

PEG-40 Stearate is hydrolyzed in vitro by pancreatic lipase.‘24,25’ 
Krantz et al.(22) hydrolyzed PEG-40 Stearate with alkali and examined the 

polyoxyethylene hydrolysate. In a concentration range of 5-1000 mg percent, 
the hydrolysate was found to have no hemolytic effect on defibrinated human 
blood when tested at 37°C for 18 h. The hydrolysate was injected intravenously 
(5 ml, 5% solution) into dogs; there were no resultant changes in blood pressure. 

Weanling hamsters were fed a diet containing 5% or 15% PEG Monostearate 
or lard for 2-10 weeks. The animals were sacrificed, and a variety of tissues were 
examined microscopically. Pronounced changes were found in the duodenum, 
ileum, liver, kidney, and testes. Severe erosion of the ileal mucosa was observed 
along with necrosis of the liver. There was decreased spermatogenic activity and 
tubular degeneration of the kidney.(26) 

Hamsters were fed 5%, lo%, or 15% dietary levels of PEG Monostearate for 
28-39 weeks. For all concentrations used, the observations included a very high 
mortality rate, chronic diarrhea, atrophic testes, enlarged kidneys, thickened 
bladder walls, striking hepatic, cecal and splenic hemosiderosis, enlarged ceca, 
and obstructive nephropathy. Six large calculi (4-6 mm in diameter, 50-95 mg in 
weight) were found in the urinary bladders of hamsters fed PEG Stearates for 
periods ranging from 74 to 260 days.r2’) 

PEG-2 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-2 Stearate in corn oil was given orally to five 
groups of five rats each in a dosage range of 0.464-10.0 g/kg. There were no 
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deaths during the two week observation period. Body weight gains were normal; 
no abnormal gross lesions.‘2*’ 

Groups of 10 rats each were administered varying doses of PEG-2 Stearate 
orally. The 72-h LD50 was reported as > 10 g/kg.‘29’ 

Primary skin irritation 

PEG-2 Stearate (0.5 ml) was applied to intact and abraded skin sites on the 
back of each of six rabbits. Following 24 h of exposure, the sites were scored and 
again at 72 h according to the Federal Hazardous Substances Labeling Act 
(FHSLA) scale. The primary irritation index (PII) was found to be 0.08/8.00 in- 
dicating that the ingredient has a potential for slight irritation.‘29) The same pro- 
tocol and scoring procedure were used in another experiment. The resulting PII 
was 0.1718.00 indicating the same low level of skin irritation potential for PEG-2 
Stearate.C28’ 

Eye irritation 

One hundred mg of PEG-2 Stearate were instilled into one eye of each of six 
rabbits according to the Draize procedure. The 24, 48, and 72 h ocular irritation 
scores were 6.3, 1.5, and 0.01110, respectively. PEG-2 Stearate is a minimal eye 
irritant.‘29’ 

Skin sensitization 

The Landsteiner and Jacobs sensitization procedure was used on two guinea 
pigs to evaluate the effects of a 0.1 / OO suspension of PEG-2 Stearate. In- 
tracutaneous injections were made thrice weekly for a total of 10 exposures. The 
first induction injection was 0.05 ml while the remaining nine were 0.1 ml each. 
After two weeks, a challenge injection of 0.05 ml was made. The exposure sites 
were scored 24 h after each injection. The average score for the 10 sensitizing in- 
jections was compared with the score for the challenge. PEG-2 Stearate was con- 
sidered to be a nonsensitizer.‘29’ 

Clinical Studies 

irritation and sensitization 

A repeated insult patch test was performed on 168 subjects (115F, 53M) us- 
ing 0.1 ml of a 25% water solution of PEG-2 Stearate. The test material was ap- 
plied at 48 h intervals, three times per week for three weeks on the backs of the 
subjects. The test area was occluded for 24 h before removal, and washed with 
distilled water. The test sites were read at 48 h, after which fresh test material and 
the occlusive patch were reapplied. After a three-week rest period, the test area, 
as well as an untreated site, were challenged using the same procedure as 
previously noted. The sites were scored for sensitization at 24, 48, and 72 h. The 
investigator noted that only transient reactions were observed during the test and 
that PEG-2 Stearate was neither an irritant nor a sensitizer.‘30’ 

Phototoxicity and photosensitization 

Twenty-eight of the 168 subjects tested for irritation and sensitization dis- 
cussed above were randomly selected to test the ability of PEG-2 Stearate to in- 
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duce a phototoxic or photosensitive reaction following ultraviolet exposure. The 
test protocols were the same except that the forearm was used as a test site. The 
28 subjects were divided into two groups; 19 received only UVA and nine received 
both UVA and UVB. The UVA (320-400 nm) light was applied for 15 min to the 
19 subjects (4.4 pWIcm2 at the skin surface measured at a 360 nm wave length 
peak). The UVB was applied at two times Mean Erythema Dose (MED) to nine 
subjects from a 150 watt Xenon Arc Solar Simulator emitting at 280-320 nm. The 
subjects receiving the UVB exposure were also exposed for 5 min to UVA as 
previously described. The investigator noted that only transient reactions were 
observed, and that PEG-2 Stearate was not a photosensitizer.(30) 

PEG-6 Stearate 

Animal Toxicology 

Acute oral 

A hair cream preparation containing 1.5% PEG-6 Stearate was tested for 
acute oral toxicity on four groups of four rats each at 10.2, 15.4, 23.1, or 34.6 
g/kg. There were no deaths or gross pathologic alterations. The LD50 was 
reported to be >34.6 g/kg.‘3” 

Primary skin irritation 

The 1.5% PEG Stearate hair cream formulation was tested for primary skin ir- 
ritancy on abraded and intact skin sites on each of four rabbits. The sites were ex- 
posed under occlusion for 24 h and then scored according to the Draize system. 
The PII was reported as 0.4/8.0.(“) 

Eye irritation 

The 1.5% PEG-6 Stearate hair cream formulation was tested for potential eye 
irritancy on two groups of five rabbits each. In the nonirrigated group, the Draize 
scores were 19.2, 9.8, and 2.6 at 1, 24, and 48 hours, respectively, postinstilla- 
tion, and zero thereafter. In the group with eyes irrigated for 4 set after instillation, 
the scores were 13.0 and 3.8 at 1 and 24 hours, respectively, and zero 
thereafter.(31) 

Subchronic dermal toxicity 

Three groups of 10 rabbits each were exposed topically for 20 days to 0.5, 
1 .O, or 2.0 g/kg of the 1.5% PEG-6 Stearate hair cream product. No significant 
adverse findings were noted; mortality, body weights, hematologic parameters, 
blood studies, urinalyses, and gross and micropathologic studies were negative. 
Erythema, dryness, wrinkling, desquamation and hyperkeratosis were found at 
the application sites of both experimental and control groups.“‘) 

Clinical Studies 

The 1.5% PEG-6 Stearate hair cream was tested on 48 subjects for potential 
skin irritancylsensitization. Four occlusive patches per week for two weeks were 
applied for 18-24 h each after which the patch was removed and the sites scored 
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on a scale of 0 to 8. Two weeks after the last induction patch, a challenge patch 
was applied to an adjacent area of the arm. These sites were scored 24 and 48 h 
later. All irritation scores were zero following the first five exposures. For insults 
6, 7, and 8 there were 1,4, and 7 reactors, respectively. All challenge scores were 
zero. (311 

PEG-8 Stearate 

Animal Toxicology 

General studies 

Acute Oral: In two different tests, a 50% suspension of PEG-8 Stearate in 
corn oil was administered orally to five groups of five rats each in a dosage range 
of 0.464-10.0 g/kg. The LD50s were reported to be > 10 g/kg. There were no 
gross abnormalities.‘2B~321 

Ten ml/kg of a hair cream product containing 15% PEG-8 Stearate was given 
by gastric intubation to 10 rats. There were no deaths or gross lesions. The LD50 
was reported as > 10 ml/kg.(3’) 

Groups of 10 rats each were orally administered varying doses of PEG-8 
Stearate up to 10 g/kg. There were no deaths. The LD50 was estimated to be in 
excess of 10 g/kg. (29) 

PEG-8 Stearate was given orally to nine rats; all animals survived. The LD50 
was > 11 .l ml/kg. (33) The ingredient as a 50% w/v aqueous suspension was ad- 
ministered per OS to groups of 10 rats. The LD50 was reported as > 31.6 g/kg. 
The compound was designated as “relatively harmless.“(33) 

Subchronic and Chronic Oral: Several PEG-8 Stearate feeding studies were 
conducted in rats, dogs, mice, rabbits, and monkeys (Table 2).“” 

Acute Intraperitoneal: Ten rats were injected intraperitoneally with 2 ml of 
PEG-8 Stearate. The IP LD50 was estimated to be >9.0 ml/kg.(33) 

Acute Dermal: Ten ml/kg of an undiluted hair cream product containing 
15% PEG-8 Stearate was applied topically for 24 h to four rabbits. The acute der- 
mal LD50 was reported to be > 10 ml/kg. There was moderate erythema at the 
exposure sites at 24 h which cleared by Day 3.(31) 

Primary Skin Irritation: The PII was determined in rabbits in four studies on 
undiluted PEG-8 Stearate according to the protocol described for PEG-2 Stearate. 
The resulting indices were 3.29, 0.293, 3.42, and 0.5 out of 8 maximum. The ir- 
ritation was primarily the result of erythema. The variability of test results be- 
tween studies was most likely caused by the variation in abrading skin tech- 
niques, and not the ingredient used.C28*29*32.33) 

An undiluted hair product containing 15% PEG-8 Stearate was tested for skin 
irritation potential in four rabbits according to the Draize protocol. The resulting 
PII was 0.81/8.00.‘3’) 

Skin Sensitization: PEG-8 Stearate was tested for skin sensitization in the 
guinea pig according to the procedure described for PEG-2 Stearate. The ingre- 
dient was considered to be a nonsensitizer with all scores being 0.0.(29) 

Eye Irritation: The Draize ocular irritation test was used to evaluate two 
samples of undiluted PEG-8 Stearate in rabbits. The maximum average scores at 
24 h were 2.0 and 0.0/l 10, and zero thereafter.(28*32) 
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TABLE 2. PEG-8 Stearate Feeding Studies. 

Duration Species Number 

Normal 

weight gain 

Tissue 

changes Hematology 
Diet 

I%) 

9 Weeks 

8 Weeks 

2 Years 

8 Weeks 

6 Weeks 

9 Weeks 

19 Weeks 

4 Months 

Rat 

Rat 

Rat 

Monkey 

Mouse 

Dog 
Rabbit 

Rabbit 

15 

15 

15 

1 

10 

2 

2 

11 

Yes 
Yes 

Yes 
- 

Yes 

- 

Yes 

Normal Normal 4 

Normal Normal 2 

Normal Normal 4 

Normal Normal 1 day 
Normal Normal 4 

Normal Normal 2 g/day 
Normal Normal 5 

Normal Normal 4 

Data from Ref. 33. 

An undiluted hair cream formulation containing 15% PEG-8 Stearate was 
tested for ocular irritancy in 10 rabbits according to the Draize method. For 
nonirrigated eyes, the scores were 11, 7, 2, and 0.8/l 10 at 1, 24, 48, and 72 h, 
respectively, and zero thereafter. For irrigated eyes, the scores were 7 and 
0.41110 at 1 and 24 h, respectively, and zero thereafter.(31) 

Special studies 

Multiple Generation: Feeding of 4% PEG-8 S&arate in the diet of young rats 
for three successive generations did not affect growth or fecundity. No 
micropathological changes were observed in the livers or kidneys of first genera- 
tion rats after 11 weeks on the diet, after 16 weeks in the second generation, and 
after 16 months in the third generation. The ratios of liver/body weight and 
kidneys/body weight were comparable -for third generation and control 
animals.‘33’ 

Another three-generation study was carried out on rats fed diets containing 
5%, lo%, or 20% PEG-8 Stearate. In both control and experimental groups, 
seven of ten matings were successful. The reproduction and lactation responses 
for the 5% group were not different from control responses. At the 10% and 20% 
levels, newborn litter survival times were diminished probably as a result of 
maternal neglect. In the 20% group, there was some impairment of lactation effi- 
ciency as evidenced by lower weanling weights. In the 20% group, there was 
also a greater mortality rate of the nurslings. In the FZ and F3 generations, similar 
responses were reported. The overall level of reproductive performance was 
lower in the F3 generation for the animals fed the 20% PEG-8 Stearate diet.(34) 

Clinical Studies 

Oral toxicity 

PEG Stearates have been used in the bakery industry as antistaling and bread 
softening agents suggesting that these ingredients are probably not toxic in those 
concentrations used. (17-1g*35) More specifically, the Food Protection Committee 
of the National Research Council has reported that there is no consistent indica- 
tion of toxic action of PEG-8 Stearate at animal dietary levels of less than 5%. 
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They have also stated that PEG-8 Stearate, at levels no greater than 0.05% in the 
human diet, would be considered safe.(36’ 

PEG-8 Stearate was fed to two children at a rate of 4 g/day for 14 or 16 days. 
No deleterious effects were reported with respect to behavior, general health, 
appetite, frequency or consistency of stools, or weight gain.(37) 

Skin irritation/sensitization 

An undiluted hair cream preparation containing 15% PEG-8 Stearate was ap- 
plied topically to the upper arm of each of 48 males subjects. The patches con- 
taining 0.5 ml of sample were applied on the same sites on Days l-4 and 6-9. 
The reactions were scored on Days 2-5 and 7-10. Following a two-week non- 
treatment period, challenge patches were applied and reactions read at 24, 72, 
and 96 h. All induction and challenge scores were zero for all subjects tested.(31) 

A repeated insult patch test was performed on 168 subjects (115F, 53M) 
using 0.1 ml of a 25% water solution of PEG-8 Stearate. The test material was ap- 
plied at 48 h intervals, three times per week for three weeks on the backs of the 
subjects. The test area was occluded for 24 h before removal, and washed with 
distilled water. The test sites were read at 48 h, after which fresh test material and 
the occlusive patch were reapplied. After a three-week nontreatment period, the 
test area, as well as an untreated site, were challenged using the same procedure 
as previously noted. The sites were scored for sensitization at 24, 48 and 72 h. 
The investigator noted that only transient reactions were observed during the test 
and that PEG-8 Stearate was neither an irritant nor a sensitizer.‘30) 

Phototoxicity and photosensitization 

Twenty-eight of the 168 subjects tested for irritation and sensitization dis- 
cussed above were randomly selected to test the ability of PEG-8 Stearate to in- 
duce a phototoxic or photosensitive reaction following ultraviolet exposure. The 
test protocols were the same except that the forearm was used as a test site. The 
28 subjects were divided into two groups, 19 received only UVA and 9 received 
both UVA and UVB. The UVA (320-400 nm) light was applied for 15 min to the 
19 subjects (4.4 pW/cm2 at the skin surface measured at a 360 nm wave length 
peak). The UVB was applied at two times Mean Erythema Dose (MED) to nine 
subjects from a 150 watt Xenon Arc Solar Simulator emitting at 280-320 nm. The 
subjects receiving the UVB exposure were also exposed for 5 min to UVA as 
previously described. The investigator noted that only transient reactions were 
observed, and that PEG-8 Stearate was not a photosensitizer.(30) 

PEG-12 Stearate 

Animal Toxicology 

Acute oral 

Five groups of five rats each were dosed by gavage with 0.464, 1 .OO, 2.15, 
4.64, or 10.0 g/kg of PEG-12 Stearate. There were no deaths.(2B) 

Primary skin irritation 

The PII in rabbits for undiluted PEG-12 Stearate was obtained according to 
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the procedure described for PEG-2 Stearate. The index was reported to be 
2.42/8.00. Most of the irritancy score was the result of erythema.‘28’ 

Eye irritation 

The Draize eye irritation test was used to evaluate the effects of undiluted 
PEG-12 Stearate in rabbits. All scores were zero. The ingredient was considered 
to be nonirritating to the eye.‘2*’ 

PEG-20 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-20 Stearate in corn oil was given orally to five 
groups of five rats each in two studies. The ingredient was equally toxic to males 
and females and caused no significant gross lesions. The LD50s were reported as 
19.85 and > 10 g/kg.(“) 

Primary skin irritation 

Undiluted PEG-20 Stearate was tested for potential skin irritancy in rabbits in 
three tests according to the protocols of FHSLA and DOT as well as that stated 
previously for PEG-2 Stearate. The PII scores were reported as 0.00, 0.00, and 
0.04/8.00, respectively. All scoring was according to the Draize standards.(28,3g’ 

Eye irritation 

The Draize rabbit eye irritation procedure was used to evaluate the ocular 
irritancy of undiluted PEG-20 Stearate in two studies. The maximum average 
scores were 2.0, 0.0, and 0.01110 for unrinsed eyes, eyes rinsed 2 set, and eyes 
rinsed 4 set, respectively, with no cornea1 involvement.(3g) In the second study, 
all scores were zero.‘28) 

PEG-32 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-32 Stearate in corn oil was administered orally 
to five groups of five rats each up to a maximum dose of 10 g/kg. There were no 
deaths during the 14-day observation period. Normal body-weight gains and no 
gross lesions were reported.‘281 

Primary skin irritation 

The PII was determined for PEG-32 Stearate using the procedure described 
previously for PEG-2 Stearate. The PII in rabbits was ‘calculated to be 
0.32/8.00.‘2s’ 
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Eye irritation 

The Draize eye irritation procedure was used to evaluate undiluted PEG-32 
Stearate in rabbits. The maximum average score was 2.0/l 10 with no cornea1 in- 
volvement.‘28) 

PEG-40 Stearate 

Animal Toxicology 

General studies 

Acute Oral: A 50% w/v suspension of PEG-40 Stearate was given orally to six 
groups of five rats each. The LD50 was estimated to be 32 g/kg.‘3g’ 

Twenty rats were given 34.8 g/kg of undiluted PEG-40 Stearate by gastric in- 
tubation. The LD50 was reported as >34.8 g/kg.‘33) 

Subchronic and Chronic Oral: Several PEG-40 Stearate feeding studies were 
conducted in rats and monkeys (Table 3).(33) 

Acute Injection Studies: Five ml of 5% PEG-40 Stearate was injected into the 
lumen of the jejunem of a dog. There was no effect on blood pressure. In the 
same day, an intravenous injection produced a prolonged hypotensive response. 
It was stated that this response is a “characteristic reaction” of the dog to a variety 
of polyoxyethylene compounds.(“) 

Primary Skin Irritation: Plls in the rabbit were determined for PEG-40 
Stearate according to the protocol used for PEG-2 Stearate. In two tests, the 
scores were reported as 0.09 and 0.0/8.0.‘33.3g) 

In skin tests on the guinea pig, PEG-40 Stearate was applied to intact, shaven 
sites on the back. The PII scores ranged from 0.0 to 1.39/8.00 for the various 
batches tested.‘40) 

Skin Sensitization: Guinea pigs (unspecified number) received induction and 
challenge intradermal injections of 0.1 ml of a 0.1% PEG-40 Stearate solution in 
saline. No evidence of sensitization was reported.(33) 

Eye Irritation: The Draize procedure was used to evaluate the ocular irri- 
tancy in the rabbit of undiluted PEG-40 Stearate. In two stwdies, the maximum 
average scores for eyes not rinsed following instillation were 2.7 and 1.331110. 

TABLE 3. PEG-40 Stearate Feeding Studies. 

Duration Species 
Diet 

I%) Results 

24 h 

9 Weeks 

9 Weeks 

8 Weeks 

2 Years 

Rat Entire diet No toxic signs 

for one day 

(2.4 g/rat) 

Rat 2 No effect on growth, no lesions 

Rat 4 No effect on growth, no lesions 

Monkey 1 g/day No effect on growth, no lesions 

Rat 2 No effect on growth or mortality rate, no lesions 

and hematologic value normal 

Data from Ref. 33. 
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For eyes rinsed at 2 or 4 set after instillation, all scores were 0.0/l 10 in both 
tests (33.38) 

In another series of tests, 0.1 ml of the ingredient was instilled in rabbit eyes 
without subsequent washout. The maximum average scores ranged from 0.0 to 
2.01110 for the various batches tested.(40) 

Special studies 

Multiple Generation: Rats were fed diets containing 5%, lo%, or 20% 
PEG-40 Stearate in a three-generation study. For all groups including control, an 
average of seven out of 10 matings were successful. The lactation and reproduc- 
tion responses for the 5% group were the same as for the control group. Survival 
of the newborn was slightly diminished for the 20% group. In the same group, 
there was an impairment of lactation. Similar lactation and survival responses 
were found for the two succeeding generations.‘34’ 

Clinical Studies 

Skin irritation/sensitization 

Schwartz prophetic patch tests on 60% and 30% PEG-40 Stearate were con- 
ducted on 50 and 10 volunteers, respectively. The test consisted of a 72 h oc- 
cluded patch, scoring of skin site, seven-day nontreatment period, a second 72 h 
patch at the same site, and scoring the site again. There were no reactors follow- 
ing either exposure for both concentrations used. It was concluded that PEG-40 
Stearate is “neither a primary irritant to human skin nor a skin sensitizer.“(33) 

Undiluted PEG-40 Stearate was evaluated in 147 subjects in a single insult, 
24 h occlusive patch test. There were 4, 2, and 2 reactions graded as l/2, 1, and 
2, respectively. All other scores were zero. (40) When 10% PEG-40 Stearate in 5% 
glycine/95% water vehicle was similarly tested on 60 subjects, all skin irritation 
scores were zero.(40) 

PEG-50 Stearate 

Animal toxicology 

Acute oral 

A 50% w/v aqueous solution of PEG-50 Stearate was given orally to 20 rats. 
There were no deaths at doses up to 25 g/kg.c4’) 

Subchronic oral 

A diet containing 4% PEG-50 Stearate was fed to 10 rats for nine weeks. No 
deleterious effects were reported.(41) 

Acute intraperitoneal 

Ten rats were injected intraperitoneally with 2.5 g/kg of PEG-50 Stearate. No 
signs of toxicity were noted throughout the five-day observation period.(4’) 

Eye irritation 

The Draize procedure was used to evaluate the ocular irritancy of a 50% w/v 
aqueous solution of PEG-50 Stearate. The maximum average scores were 0.67 
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and 0.33/l 10 at 1 and 24 h, respectively, and zero thereafter for eyes unrinsed. 
All scores were zero for eyes washed two seconds after exposure.(41) 

Clinical Studies 

Skin irritation/sensitization 

The Schwartz patch test on 50% PEG-50 Stearate was conducted on 50 in- 
dividuals, There was no irritation or sensitization. A 30% solution was similarly 
tested but with 48 h patches on 10 subjects resulting in identical findings.‘42’ 

PEG-100 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v aqueous suspension of PEG-100 Stearate was given orally to 20 
rats. The LD50 was reported to be in excess of 25.1 g/kg.‘42’ 

Dosages of 2.5 g/kg of a 25% aqueous dispersion of PEG-100 Stearate or 
10.0 g/kg of a 50% aqueous dispersion of the ingredient were given to two groups 
of 10 rats each. There were no deaths or signs of intoxication.(42) 

Subchronic and chronic oral 

Two groups of 10 rats each were fed diets containing either 2% or 5% 

PEG-100 Stearate for eight weeks. There were no differences from control with 
respect to mortality, growth, hematologic values and histopathologic observa- 
tions.(42) 

Thirty rats were fed diets containing 2% PEG-l 00 Stearate for over two years. 
There were no differences from control with respect to growth, mortality, 
histopathologic observations, and hematologic values.(42) 

Acute intraperitoneal 

Ten rats were injected intraperitoneally with 2.5 g of PEG-100 Stearate. No 
signs of toxicity were observed during the subsequent S-day period.(42) 

Subchronic and chronic dermal 

A 28-day abraded skin study and a 91-day intact skin percutaneous toxicity 
study were conducted on a skin conditioner containing l%-3% PEG-100 
Stearate. A dose of 2 ml/kg/day of undiluted product was applied topically to the 
shaven backs of rabbits. In both studies, mild to moderate skin erythema 
developed. Necropsy and histopathologic observations were unremarkable.‘2’ 

Clinical Studies 

Skin irritation/sensitization 

Undiluted PEG-100 Stearate was patch-tested on 10 individuals. Two 48 h 
patches were applied with one week between applications. There were no reac- 
tions following either exposure.‘*) 

A repeated insult patch test on a skin conditioner containing lo/o-3% 
PEG-100 Stearate (without fragrance) was conducted on 188 individuals. The in- 
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duction phase was followed by a 24 h challenge patch. There were O/188 reac- 
tors to the challenge.(2) 

Phototoxicity 

A skin conditioner containing 1 ‘/o-3% PEG-100 Stearate was phototested on 
humans. Exposure sites were irradiated with UV light with no adverse effects.(2) 

PEG-150 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-l 50 Stearate in corn oil was given orally to five 
groups of five rats each. The LD50 was reported to be > 10 g/kg. Body weight 
gains were normal and necropsy findings were negative.‘2B) 

Skin irritation 

The Pll was determined for PEG-150 Stearate using the protocol described 
for PEG-2 Stearate. The value reported was 0.34/8.0.(28) 

Eye irritation 

The Draize procedure was used to evaluate the ocular irritancy in rabbits of 
undiluted PEG-150 Stearate. A maximum average score of 2.01110 was reported 
for eyes that were unrinsed following instillation of sample.(2B’ 

SUMMARY 

The PEG Stearates are the polyethylene glycol esters of stearic acid. The iden- 
tifying number of each PEG Stearate corresponds to the average number of 
ethylene oxide monomers in the polyether chain. These nonionic surfactants are 
used mainly in cosmetic products as surfactants and emollients at concentrations 
up to 25%. 

The PEG Stearates, whose average number of ethylene oxide monomers 
range from 2 to 150, were nonlethal to test animals up to 10 g/kg. They gave 
evidence of only low-level skin irritation and minimal eye irritation when tested 
at 100% concentrations in experimental test animals. 

-. 

PEG-8, -40, and -100 Stearates produced no significant changes in growth, 
mortality rates, histopathologic observations, or hematologic values in long-term 
feeding studies. Multiple generation studies of PEG-8 and -40 Stearates were 
negative for effects on reproduction; the presence or absence of a carcinogenic 
effect was not reported in these long-term studies. 

Clinical studies on PEG-2, -8, -40, -50, and -100 Stearates indicated that these 
ingredients are neither irritants nor sensitizers at concentrations of L 25 percent. 
There was no evidence of phototoxicity or photosensitization of PEG-2 or -8 
Stearate, nor in a formulation containing 1 O/O-3% PEG-100 Stearate. 
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DISCUSSION 

Although the clinical data on certain PEG Stearates may be marginal, the 
Panel concludes that the total available data on all PEG Stearates are sufficient for 
a rational decision regarding the safety of the entire group. This is particularly 
true in the areas of phototoxicity and photosensitivity. With increasing ethoxyla- 
tion, the fatty-acid compone.nts of Stearic Acid moiety have less potential to pro- 
duce phototoxicity and photosensitivity in humans and animals. Since there 
were no phototoxicity or photosensitivity reactions in subjects tested with PEG-2 
Stearate and PEG-8 Stearate, the Panel concludes it is reasonable to extrapolate 
these data to the higher molecular weight species (e.g., PEG-20, -32, -40, -50, 
-100, -150 Stearates). The converse of this latter statement, that is, the extrapola- 
tion of high molecular weight species to lower molecular weight species, may or 
may not be true. 

CONCLUSION 

On the basis of the available information presented in this report, the Panel 
concludes that PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 Stearates are 
safe as cosmetic ingredients in the present practices of concentration and use. 
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Final Report on the Safety Assessment 
of Quaternium-261 

The quaternary ammonium salt Quaternium-26 is used as a film 
former, hair conditioning agent, and an antistatic agent in a variety 
of  cosmetic products. Quaternium-26 is supplied as a 60% solution. 
It contains fatty acid groups derived from Mink Oil. Impurities 
include diethanolamine (0.4%) and 3.dimethylaminopropylamine 
(1.4%). 'I~pical concentrations of use (of the solution as supplied) 
are 2% to 5%. There is no significant absorbance by Quaternium- 
26 in the UVA or UVB region of  the spectrum. One acute oral toxic- 
ity study in 30 rats using Quaternium-26 at a concentration of  3.6 % 
yielded an LDso of  5.65 g/kg, whereas another using 1.8% failed to 
kill any of  10 rats. Ocular toxicity was evaluated in albino rabbits 
exposed to concentraBons ranging from 1.8% to 3.0%; at most, 
mild irritation was noted over the concentration range studied. 
Quaternium-26 was a mild irritant over the concentration range 
1.8 % to 3.6%. It was not comedngenic at 1.8%. Quaternium-26 did 
not produce sensitization in a repeat insult patch test (RIPT) test, 
although irritation did persist throughout the induction phase of 
the study. In another sensitization study in which Quaternium-26 
was injected into the skin, no sensitization reactions were observed. 
As with Mink Oil, the Cosmetic Ingredient Review (CIR) Expert 
Panel was concerned with the presence of halogenated environ- 
mental chemicals. Because only the fatty acid fraction of  mink oil 
is used in a chemical reaction to form Quaternium-26, the Panel 
was of  the opinion that such environmental chemicals would not 
likely carry over to Quaternium-26, but that Quaternium-26, as a 
cosmetic ingredient, should not contain halogenated environmen- 
tal chemicals. The Expert Panel also considered previous safety 
assessments of  Quaternium-18 and Quaternium-22 in which little 
evidence of  toxicity was seen. Based on the available data, the CIR 
Expert Panel concluded that Quaternium-26 is safe in the present 
practices of use. Because of  the presence of impurities, however, 
Quaternium-26 should not be used in products in which N-nitroso 
compounds may be formed. 

INTRODUCTION 
The safety of Quaternium-26 in cosmetics is reviewed in this 

report. This quaternary ammonium salt is used as a film for- 
mer, hair conditioning agent, and an antistatic agent in cosmetic 
products. 

This document also contains summary information from 
Cosmetic Ingredient Review (CIR) safety assessments on the 
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following quaternary ammounium compounds: Quaternium- 
18, Quaternium-18 Hectorite, and Quaternium-18 Bentonite 
(Elder 1982), and Quaternium-22 (Andersen 1995). Also in- 
cluded is the summary from the CIR safety assessment of Mink 
Oil (Andersen 1998). Each of these was considered relevant to 
the safety assessment of Quaternium-26. The previous assess- 
ments found the quaternary ammonium compounds to be safe as 
used in cosmetic formulations. The safety assessment of Mink 
Oil, however, found that the available data were insufficient to 
support safety. 

CHEMISTRY 

Chemical and Physical Properties 
Quaternium-26 (CAS No. 68953-64-0) is the quaternium am- 

monium salt that conforms generally to the formula shown in 
Figure 1. Other names for this chemical are Minkamidopropyl 
Dimethyl 2-Hydroxyethyl Ammonium Chloride and Quaternary 
Ammonium Compounds, (Hydroxyethyl)Dimethyl(3-Mink Oil 
Amidopropyl), Chlorides (Wenninger, Canterbery, and McEwen 
2000). 

Quatemium-26 is marketed as a 60% solution (Ceraphyl 65) 
(International Specialty Products 1997). Throughout the text, 
this trade solution will be referred to as 60% Quatemium-26. 

An ultraviolet (UV) spectral analysis of Quaternium-26 indi- 
cates maximum absorbance between 200 and 220 nm and min- 
imum absorbance in the 280 to 320 nm range (CTFA no date). 

Method s  o f  Product ion  

Quaternary compounds are normally synthesized by react- 
ing a tertiary amine with an alkyl chloride or sulfate (Hunting 
1983). 

C o m p o s i t i o n / I m p u r i t i e s  

The typical fatty acid composition of the heavy fraction of 
mink oil used in the manufacture of 60% Quatemium-26 is as fol- 
lows: myristic (4.29%), myristoleic ( 1.41%), palmitic (25.21%), 
palmitoleic (17.42%), stearic (0.63%), oleic (39.91%), linoleic 
(11.13%), and linolenic (trace) (Van Dyk & Company, Inc. no 
date). 

Using gas chromatography (with flame ionization detection), 
the following two impurities have been detected in 60% Quater- 
nium-26: diethanolamine (0.4%) and 3-dimethylaminopropyla- 
mine (1.4%) (Chemtest Laboratories Inc. 1992). 

International Journal of Toxicology, 19(SuppL 1 ):69-75, 2000 
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o 

II 
RC NH (CH2) 3 N 

r 
CH 3 

CH2CI~OH CI- 

FIGURE I 
Chemical formula for Quaternium-26. The RCO-group in the 

chemical structure represents the fatty acid groups derived 
from mink oil (Wenninger, Canterbery, and McEwen 2000). 

Analytical Methods 
Quatemium-26 (60%) has been identified by infrared spec- 

troscopy (sample pH = 6.9 to 7.0) (Sadtler Research Laborato- 
ries Inc. 1982) and, as noted in the preceding section, has also 
been analyzed via gas chromatography (with flame ionization 
detection) (Chemtest Laboratories Inc. 1992). 

USE 

Purpose In Cosmetics 
Quatemium-26 is used as a film former, hair conditioning 

agent, and an antistatic agent in cosmetic products (Wenninger, 
Canterbery, and McEwen 2000). 

Scope and Extent of Use in Cosmetics 
United States 

The product formulation data submitted to the Food and 
Drug Administration (FDA) in 1997 indicated that Quatcrnium- 
26 was used in as many as 25 cosmetic product formulations 
(Table 1)(FDA 1997). 

Concentration of use values are no longer reported to FDA 
by the cosmetics industry (FDA 1992). However, product for- 
mulation data submitted to the FDA in 1984 indicated that 
Quateruium-26 was used at concentrations up to 5.0% (FDA 
1984). Recent data indicates recommended uses of Ceraphyl 65 
at concentrations between 2% and 5%, but because Ceraphyl 
65 is sold as a 60% Quateruium-26 solution, the recommended 
concentrations (between 2% and 5%) correspond to 1.2% to 
3.0% Quateruium-26 on an active basis (International Specialty 
Products 1997). 

Cosmetic products containing Quaternium-26 are applied to 
the skin, hair, and most parts of the body, and can come in contact 
with the ocular and nasal mucosae. These products could be 
used on a daily basis, and have the potential for being applied 
frequently over a period of several years. 

TABLE 1 
Product tbrmulation data on QUATERN1UM-26 (FDA 1997) 

Total no. Total no. 
formulations containing 

Product category in category ingredient 

Hair conditioners 596 
Permanent waves 297 
Shampoos (noncoloring) 825 
Tonics, dressings, and 512 

other hair grooming aids 
Other hair preparations 311 
Bath soaps and detergents 341 

preparations (excluding shaving) 
Cleansing skin care preparations 630 
1997 totals 

3 
25 

h~ternational 
Quaternium-26 is not listed in the Japanese Comprehensive 

Licensing Standards of Cosmetics by Catego O' (CLS) (Rempe 
and Santucci 1997). 

Quatemium-26 is not included among the substances listed 
as prohibited from use in cosmetic products marketed in the 
European Union (European Economic Community 1995). 

TOXICOLOGY 

Acute Oral Toxicity 
The acute oral toxicity of a test solution (6% dilution of 60% 

Quatemium-26, effective concentration = 3.6%, in propylene 
glycol) was evaluated using 30 albino rats (males and females; 
weights = 200-300 g). Six groups of five rats received single 
doses (by stomach tube) of 2.0, 4.0, 5.0, 6.3, 8.0, and 16.0 g/kg, 
respectively, of the test solution. The animals were observed 
daily for 2 weeks, and neither postmortem nor microscopic ex- 
aminations were performed at the end of the observation pe- 
riod. An LDs0 of 5.65 g/kg (95% confidence limits = 4.82- 
6.83 g/kg) was reported along with LD0 and LDt0n values of 4.0 
and 8.0 g/kg, respectively. Diarrhea (slight to severe) was ob- 
served in all dose groups, and nasal hemorrhage was observed 
in 5.0 to 16.0 g/kg dose groups (Bio-Toxicology Laboratories, 
Inc. 1976). 

In another study, the acute oral toxicity of 60% Quatemium- 
26 (3% w/w in distilled water; effective concentration = 1.8%) 
was evaluated using I 0 albino rats (5 males, 5 females; weights = 
202-252 g). A single dose of 20 ml/kg body weight was admin- 
istered to each animal. Observations for signs of pharmacologic 
activity and drug toxicity were made at l, 3, 6, and 24 hours 
postadministration, and, thereafter, once daily for 14 days. An- 
imals were then killed and necropsy completed. The LDs0 was 
not achieved at the administered dose of 20 ml/kg; only one death 
(one male rat) was reported. Consolidation of the inferior lobe 
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of the right lung was the only alteration noted at necropsy (one 
female rat) (Consumer Product Testing Company, Inc. 1979a). 

Ocular Irritation 
The ocular irritation potential of 60% Quaternium-26 (3% 

w/w in deionized water; effective concentration = 1.8%) was 
evaluated using nine New Zealand white rabbits according to a 
modification of the procedure by Draize (1975). The test sub- 
stance (0.1 ml) was instilled into the conjunctival sac of one eye 
of each animal; untreated eyes served as controls. Following in- 
stillation, the eyes of three rabbits were rinsed. Ocular irritation 
was scored at 24, 48, and 72 hours postinstillation (rinsed and 
unrinsed eyes) and at days 4 and 7 (unrinsed eyes), and the total 
Draize irritation score (scale = 0-110) calculated. In the group 
of six rabbits that was not subjected to ocular rinsing, the highest 
mean total Draize score 03.5) was noted at 24 hours postinstil- 
lation, and the lowest (0), at day 7. A Draize score of 0 (all 
observation periods) was reported for the three rabbits in which 
the eyes were rinsed. It was concluded that Quaternium-26 (ef- 
fective concentration = 1.8%) induced mild ocular irritation in 
rabbits. Evidence that irrigation eliminated the ocular irritation 
reactions was obtained (Consumer Product Testing Company, 
Inc. 1979b). 

Quaternium-26 was tested at greater concentrations in the 
following studies, which generally were conducted according to 
the .preceding test procedure (modifications are indicated). 

A 5% aqueous solution of 60% Quaternium-26 (effective 
concentration = 3%) was classified as a conjunctival irritant in 
unrinsed eyes. Reactions were scored at 1 hour postinstillation 
and daily thereafter for 7 days. Total Draize scores per rabbit 
ranged from 26 to 78 (I 10 = maximum score); the group mean 
Draize score was 46 (Bio-Toxicology Laboratories, Inc. 1977a). 
Another 5% aqueous solution of 60% Quaternium-26 (effective 
concentration = 3%) was not classified as an ocular irritant. 
Reactions were scored at the same intervals. Total Draize scores 
per rabbit ranged from 2 to 4, and the group mean Draize score 
was 2.3 (Bio-Toxicology Laboratories, Inc. 1977b). 

A 4% aqueous solution of 60% Quaternium-26 (effective con- 
centration = 2.4%) was not an ocular irritant in unrinsed eyes. 
Reactions were scored at I hour postinstillation and daily there- 
after for seven days. Total Draize scores per rabbi t ranged from 2 
to 6; the group mean Draize score was 3.3 (Bio-Toxicology Lab- 
oratories, Inc. 1977c). Identical results were reported in another 
experiment in which a 4% aqueous solution of 60% Quaternium- 
26 (effective concentration = 2.4%) was tested (Bio-Toxicology 
Laboratories, Inc. 1977d). 

In a third experiment, 60% Quaternium-26 (4% w/w in deion- 
ized water; effective concentration = 2.4%) was classified as a 
mild ocular irritant. Reactions (rinsed and unrinsed eyes) were 
scored on days I through 7 postinstillation. In the group of six 
rabbits that was not subjected to ocular rinsing, the highest mean 
total Draize score (22.3) was noted at day I postinstillation, and 
the lowest (I .8), at day 7. In the group of three rabbits subjected 

to ocular rinsing, the highest mean total Dmize score (4.7) was 
noted at days I and 2 postinstillation, and the lowest (0), at day 7. 
Evidence that irrigation reduced the severity of ocular irritation 
was obtained (Consumer Product Testing Company, Inc. 1978). 

Skin Irritation 
The skin irritation potential of 60% Quaternium-26 (3% w/w 

in deionized water; effective concentration = 1.8% ) was eval- 
uated using six New Zealand white rabbits according to a mod- 
ification of the procedure of Draizc (1975). The test substance, 
0.5 ml, was applied to each of two skin sites (abraded and intact, 
clipped free of hair) on the mid-dorsal area of the trunk. Abraded 
and intact sites, on opposite sides of the vertebral column, were 
covered with a surgical gauze pad secured with adhesive tape. 
The trunk of each animal was also encased with an impermeable 
occlusive wrapping. Reactions were scored at 24 and 72 hours 
postapplication according to the following scales: I (very slight 
erythema--barely perceptible) to 4 (severe erythema to slight 
eschar formation) and I (very slight edema--barely percepti- 
ble) to 4 (severe edema, raised more than I mm and extending 
beyond area of exposure). Scores were averaged to determine the 
primary irritation index (PII); a PI1 of 5 or greater indicated pri- 
mary dermal irritation. Quaternium-26 (effective concentration 
= 1.8%) had a Pll of 0 (Consumer Product Testing Company, 
Inc. 1979c). 

Quaternium-26 was tested at greater concentrations in the 
following studies, which generally were conducted according to 
the preceding test procedure (modifications are indicated). 

A 6% solution of 60% Quaternium-26 (effective concentra- 
tion = 3.6%) was classified as a mild irritant (PI[ = 0.33) in 
albino rabbits. In this study, except for the definition of reac- 
tions with a score of I as erythema and eschar formation and 
edema formation, the preceding grading scale was also used 
(Bio-Toxicology Laboratories, Inc. 1976). 

Quaternium-26 (5% aqueous solution of 60% Quaternium- 
26; effective concentration = 3%) was also classified as a mild 
irritant in albino rabbits (PI1 = 0.71). The grading scale modi- 
fications in the preceding paragraph are also applicable to this 
study (Bio-Toxicology Laboratories, Inc. 1977a). 

A Pll of 0.88 was reported in another study in which 60% 
Quatemium-26 (4% w/w solution in deionized water; effective 
concentration = 2.4%) was tested using albino rabbits. It was 
concluded that the test substance had the potential for slight skin 
irritation (Consumer Product Testing Company, Inc. 1978). 

Comedogenicity 
The comedogenicity of a 3.0% solids solution of 60% Quater- 

nium-26 (effective concentration = 1.8%) was evatuated us- 
ing six female, New Zealand white rabbits. The test substance 
(0.5 ml) was applied to the external right ear of each of three 
rabbits 5 days per week for 2 consecutive weeks; left external 
ears were not treated. A 5% w/v solution of isopropyl myristate 
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in cotton seed oil (control) was applied to the three control rab- 
bits according to the same procedure. All animals were killed on 
day 14 of the study. Treated and untreated tissues from the right 
and left external ears, respectively, were excised and examined 
microscopically. On day 9 of the study, slight redness, with some 
flaking, was noted on the right external ears (application site) 
of two of three rabbits treated with Quaternium-26. The flak- 
ing had begun to subside by day 14. Similarly, on day 6, slight 
redness was noted on the right external ears (test site) of two of 
three rabbits treated with isopropyl myristate (control). By day 
10, flaking (test site) was noted in one of the two rabbits. Both 
the redness and flaking induced by isopropyl myristate persisted 
for the remainder of the study. At microscopic examination of 
skin sites treated with Quatemium-26, minimal epidermal hyper- 
plasia (mainly stratum granulosum and stratum corneum) was 
observed in all three rabbits, and minimal hyperkeratosis in one 
rabbit, lsopropyl myristate also induced epidermal hyperplasia 
(slight to mild) and hyperkeratosis (slight to mild) in the three 
control rabbits. In experimental and control groups, morphol- 
ogy of the sebaceous glands and ducts was considered normal. 
It was concluded that Quaternium-26 (effective concentration = 
1.8%) and isopropyl myristate (5% w/v in cotton seed oil) were 
noncomedogenic (Food and Drug Research Laboratories, Inc. 
1982). 

Skin Sensitization 
The skin sensitization potential of a 25% aqueous solution 

of 60% Quaternium-26 (effective concentration = 15%) was 
evaluated according to the method of Buehler (1965) using 12 
male Hartley guinea pigs. (The test concentration was deter- 
mined to be the largest nonirritating concentration in a dose- 
response, skin irritation pretest--~ne animal per concentration 
tested.) During induction, the test substance (0.5 ml under oc- 
clusive patch) was applied to the mid-dorsal area (clipped free 
of hair) of the trunk of each animal for a minimum of 6 hours. 
At the time of patch removal, reactions were scored accord- 
ing to the following scales: 1 (very slight erythema) to 4 (se- 
vere erythema to eschar formation) and 1 (very slight edema) 
to 4 (severe edema, raised more than 1 mm and extending be- 
yond area of exposure). This procedure was repeated for a total 
of nine induction applications over a period of 3 weeks. Fol- 
lowing a 2-week nontreatment period, challenge applications 
were made to two sites (original and new test sites). Reactions 
were scored at 6 and 24 hours postapplication. Slight to mod- 
erate irritation persisted throughout the induction period; how- 
ever, no positive reactions were observed at challenge. It was 
concluded that Quatemium-26 (effective concentration = 15%) 
was not a sensitizer (Consumer Product Testing Company, Inc. 
1979d). 

In another study, the skin sensitization potential of a 0. 1% so- 
lution or suspension of 60% Quaternium-26 (effective concen- 
tration = 0.06%) was evaluated using I 0 male white guinea pigs. 
Physiological saline served as the control. The test substance was 
injected intracutaneously (shaved skin sites on back) three times 

weekly for a total of 10 sensitizing injections. The initial volume 
injected (0.05 ml) was increased to 0.1 ml for the remaining nine 
injections. Reactions were scored (reaction diameter, height, and 
redness) 24 hours after each injection. At 2 weeks after the tenth 
injection, an eleventh injection (challenge, 0.05 ml) was made 
immediately below the induction injection sites. The average 
induction score per animal (total of 10 injections) did not ex- 
ceed 0.2. At challenge, none of the guinea pigs had scores that 
were greater than the average induction score per animal; all 
challenge scores were 0. Induction and challenge scores for the 
saline control were all 0. Quaternium-26 (effective concentra- 
tion = 0.06%) was considered a nonsensitizer (Bio-Toxicology 
Laboratories, Inc. 1976). 

PREVIOUS SAFETY ASSESSMENTS 

Quaternium-18 (Elder 1982) 
Quatemium-18 is a mixture of quaternary ammonium chlo- 

ride salts. Quatemium-18 Hectorite and Bentonite are the re- 
action products of Quaternium-18 and Hectorite or Bentonite 
clays, respectively. All three ingredients are used in cosmetic 
formulations at concentrations ranging from 0.1% to 10%. Cos- 
metics containing these compounds can come in contact with 
all body surfaces and can be used on a daily basis over extended 
periods of time. 

Quaternium- 18 Hectorite and Bentonite are chemically, phys- 
ically, and biologically inert. Quatemium compounds are poorly 

14 absorbed through the skin. Forexample, C-dimethyl, dioctade- 
cyl ammonium chloride (DDAC) did not appreciably penetrate 
the skin (dorsal surface) of rabbits, after application according to 
an open patch test procedure. An evaluation of excreta collected 
over a 72-hour period indicated that approximately 89% of the 
delivered radioactivity was recovered, 88% of which was recov- 
ered from the skin test site. Acute oral and percutaneous toxic- 
ity tests in animals indicate that Quaternium- 18, Quatemium- I 8 
Bentonite, and Quaternium-18 Hectorite have little or no sys- 
temic toxic effects. Quaternium- 18 Hectorite was also nontoxic 
in an acute inhalation study. Subchronic oral and dermal toxicity 
tests of Quatemium- 18 and Quaterniu m- 18 Bentonite produced 
no evidence of systemic toxicity. No chronic studies have been 
reported. 

All three Quaternium compounds under review here can be 
considered to cause, at most, only slight irritation to animal skin. 
None has been reported to be a skin sensitizing agent. In ocular 
irritation studies in rabbits, all three compounds were, at most, 
mild irritants. 

Clinical studies have determined that Quatemium-18 was 
practically nonirritating and nonsensitizing to the skin. Quater- 
nium-18 Hectorite can be classified as a nonirritating, "noofa- 
tiguing," and nonsensitizing agent; it did not present any adverse 
phototoxic or photoallergenic effects. Quaternium-18 Bentonite 
was not an irritating, "fatiguing," or sensitizing agent to human 
skin. Quatemium-18 Hectorite produced no ocular irritation in 
humans. 
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No information is reported concerning any of the Quatemium- 
18 compounds with respect to absorption, metabolism, storage, 
excretion, teratology, mutagenesis, or carcinogenesis. 

Quaternium-22 (Andersen 1995) 
Quatemium-22 is a water-soluble ingredient that is used as a 

film former, hair conditioning agent, and an antistatic agent in 
cosmetic products. Quatemium-22 is commercially supplied as a 
60% solids solution. Other cosmetic uses that have been reported 
include use as an emollient and skin and hair conditioner. 

Quaternary compounds are normally synthesized by reacting 
a tertiary amine with an alkyl chloride or sulfate. The impurities 
3-dimethylaminopropylamine and ethylene chlorohydrin have 
been detected in Quaternium-22 at concentrations up to 2.45% 
and 0.097%, respectively. 

Product formulation data submitted to FDA in 1993 indicate 
that Quaternium-22 was used in 78 cosmetic products. Con- 
centration of use values are no longer reported to the FDA by 
the cosmetics industry. However, in 1984, the maximum use 
concentration of Quaternium-22 that was reported to FDA was 
5.0%. 

In an acute oral toxicity study involving rats, Quaternium-22 
(6.0% solids) was nontoxic. The LDs0 was not achieved at a 
dose of 64.0 cc/kg, the highest dose tested. 

In a 91-day dermal toxicity study involving male and female 
rabbits, 1% aqueous Quatemium-22 induced extreme dermal 
irritation on day 4, and the test concentration was reduced to 
0.5% aqueous for the remainder of the study. Quatemium-22 
(0.5% aqueous) was classified as a slight irritant. A different 
lot of 1% aqueous Quatemium-22 (diluted to 0.5% aqueous so- 
lution) was also classified as a slight irritant when the 91-day 
study was repeated using male rabbits only. In both experiments, 
the histopathological findings were considered unrelated to test 
substance administration. 

Quatemium-22 (8.5%) induced minimal conjunctival irrita- 
tion in two of three albino rabbits. Quatemium-22 (6.0% in 
deionized water) and Quatemium-22 (2.0% solids) did not in- 
duce ocular irritation in albino rabbits. 

In occlusive 24-hour patch tests using albino rabbits, Quater- 
nium-22 (6.0% gravimetric solution in deionized water)'and 
Quatemium-22 (6.0% solids) were not irritating to intact or 
abraded skin. 

Repeated intracutaneous injections of a 0.1% solution of 
Quaternium-22 (6.0% solids) did not induce irritation or sen- 
sitization reactions in white male guinea pigs. 

In the Ames test, Quaternium-22 was not mutagenic to strains 
TA97, TA98, and TAI00 of Salmonella typhimurium, the only 
bacterial strains tested. 

Two formulations containing 1% Quatemium-22 were not 
classified as skin irritants in a 21-day cumulative skin irritation 
study involving 50 volunteers. Facial use and patch tests were 
conducted concurrently over a period of 3 weeks. 

In a repeated insult patch test (RIPT), three product formula- 
tions containing 1% Quatemium-22 did not induce sensitization 

in a population of 106 volunteers. One of the products was di- 
luted to a concentration of 0.03% during the induction phase, 
and was tested at this concentration for the remainder of the 
study. 

Products containing 1% Quatemium-22 were not phototoxic 
when tested using 12 volunteers and also were not photoaller- 
genic when tested using a group of 26 volunteers. 

Mink Oil (Andersen 1998) 
Mink Oil, obtained from the fatty tissues of minks, is a mix- 

ture of the natural gIycerides of 14 to 20 carbon chain fatty acids. 
As of January 1995, it was reportedly used in 139 cosmetic for- 
mulations as a hair conditioning agent, an occlusive skin condi- 
tioning agent, and as a surfactant. In 1984 FDA data, Mink Oil 
was used at concentrations of 25% and less ( 1995 data from the 
cosmetics industry indicate use at _<2% in two product types). 

An attenuated total reflectance-infrared spectroscopy study 
found that I hour after application, Mink Oil was detected on 
the skin surface of all five panelists; it was detected within the 
stratum comeum in two of five panelists. 

Mink Oil has an oral LDs0 of >64.0 cc/kg in albino rats. 
No erythema or edema was noted after refined Mink Oil was 

applied for 24 hours to intact and scarified skin of albino rabbits. 
Although reactions were noted during induction, a 50% di- 

lution of a Mink Oil cream did not sensitize guinea pigs using 
the Buehler technique. In a second study, using the Magnusson- 
Kligman Maximization Procedure, 59% Mink Oil in petrolatum 
induced sensitization reactions. 

Mink Oil was not an ocular irritant in albino rabbits. 
Clinical studies using single occlusive patches found no ir- 

ritation with up to 2.8% Mink Oil (PII scores of 0.08-0.10). 
Transient mild to no irritation was noted in two exaggerated use 
studies. 

SUMMARY 
Quatemium-26 is a quaternary ammonium salt that is used 

as a film former, hair-conditioning agent, and antistatic agent in 
cosmetic products. 

Cosmetic grade Quatemium-26 (Ceraphy165) is marketed as 
a 60% solution. One company has recommended use of this solu- 
tion at concentrations between 2% and 5%, which corresponds to 
1.2% to 3.0% Quatemium-26 on an active basis. Product formu- 
lation data submitted to FDA in 1997 indicted that Quatemium- 
26 was used in as many as 25 cosmetic products. 

The following two impurities have been detected in Quater- 
nium-26: diethanolamine (0.4%) and 3-dimethylaminopropyla- 
mine (1.4%). 

A UV spectral analysis of Quaternium-26 indicates maxi- 
mum ahsorbance between 200 and 220 nm and minimum ah- 
sorbance in the 280 to 320 nm range. 

An LDso of 5.65 g/kg for Quatemium-26 (effective concen- 
tration = 3.6%) was reported in a study involving 30 rats. In 
another study (10 rats), the LDs0 for Quaternium-26 (effective 
concentration = 1.8%) was not achieved at a dose of 20 ml/kg. 
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In ocular irritation studies involving albino rabbits (nine per 
study), Quaternium-26 was tested at effective concentrations 
ranging from 1.8% to 3.0%. At most, mild ocular irritation was 
noted over the range of concentrations tested. 

The skin irritation potential of Quatemium-26 in albino rab- 
bits (six rabbits per study) was evaluated at effective concen- 
trations ranging from 1.8% to 3.6% in single-insult, occlusive 
palch tests. Quaternium-26 was, at most, a mild skin itTitant over 
the range of concentrations tested. Additionally, Quatemium-26 
(effective concentration = 1.8%) was noncomedogenic in six al- 
bino rabbits. 

Quaternium-26 (effective concentration = 15%) did not in- 
duce sensitization in any of the 12 guinea pigs tested (RIPT, oc- 
clusive patches). Slight to moderale irritation persisted through- 
out the induction phase. 

In another sensitization study, 10 guinea pigs received re- 
peated intracutaneous injections of Quaternium-26 (effective 
concentration = 0.06%). Sensitization reactions were not ob- 
served, and the average induction score (10 injections) per ani- 
mal did not exceed 0.2. 

DISCUSSION 
Data from previous reviews of Quaternium-18 and Quater- 

nium-22 suggest little toxicity. Likewise, the available data on 
Quaternium-26 show low toxicity. Because Quaternium-26 con- 
tains fatty acids derived from Mink Oil, the Expert Panel also 
reviewed its previous safety assessment of Mink Oil. Daring 
deliberations on the safety of Mink Oil in cosmetics, the Panel 
determined that the available data were insufficient to support 
safety. For Mink Oil, the additional data needed included method 
of ingredient manufacture/extraction and 28-day dermal toxic- 
ity and UV absorption data. Independent of these data needs, 
however, it was also determined that the total polychlorinated 
bipbenyl (PCB)/pesticide contamination of mink oil should not 
exceed 40 ppm, with not more than 10 ppm for any specific 
residue. Although concern over the potential pesticide contami- 
nation of Mink Oil-derived components of Quaternium-26 was 
expressed, the Expert PaneI concluded that such contamination 
would not carry over to the fatty acid fraction as it appears in 
Quaternium-26. As with Mink Oil, however, the Panel deter- 
mined that, as a cosmetic ingredient, Quaternium-26 should not 
contain balogenated environmental chemicals. 

Taking into consideration that data on mutagenicity/carcino- 
genicity or reproductive and developmental toxicity were not 
available for inclusion in this safety assessment, the Panel agreed 
that the chemical structure of Quaternium-26 does not suggest 
that these end points would be of concern, except for a concern 
about impurities. Because the impurities diethanolamine (0.4%) 
and 3-dimethylaminopropylamine ( 1.4%) have been detected in 
Quaternium-26, the Panel expressed concern over the poten- 
tial for formation of N-nitroso compounds in product formula- 
tions containing this ingredient and agreed to restrict its cosme- 
tic use. 

CONCLUSION 
Based on the available animal and clinical data in this report, 

the CIR Expert Panel concludes that Quaternium-26 is safe in 
the present practices of use. Quaternium-26 should not be used 
in products in which N-nitroso compounds may be formed. 
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Final Report on the Safety Assessment of 
Trihydroxystearin I 

Trihydroxystearin is the triester of glycerin and hydroxystearic 
acid. It is used as a skin conditioning agent, a solvent, and as a vis- 
cosity increasing agent in cosmetic formulations at concentrations 
up to 5%. In acute oral toxicity studies in rats, no deaths were re- 
ported at a dose of 5 g/kg. Trihydroxystearin was reported to be a 
mild ocular irritant, but not a skin irritant in animal tests. Ames test 
results indicate that the ingredient is not mutagenic. Clinical testing 
found no skin irritation. Although the data on Trihydroxystearin 
are limited, the Cosmetic Ingredient Review (CIR) Expert Panel 
had previously conducted a safety assessment of Glyderyl Stearate 
and Hydroxystearic Acid. These data indicate no mutagenic, car- 
cinogenic, or teratogenic effects in animals, and no irritation or 
sensitization in clinical tests. The data on these two ingredients are 
considered relevant to the assessment of  Trihydroxystearin because 
of  the chemical similarity of  the ingredients. The data on Glyceryl 
Stearate and Hydroxystearic Acid are also consistent with the lim- 
ited data that are available on 1~ihydroxystearin itself. Therelbre, 
based on the available animal and clinical data in this report, which 
includes study summaries from earlier safety assessments of Hy- 
droxystearic Acid and Glyceryl Stearate and Glyceryl Stearate/SE, 
the Expert Panel concludes that Trihydroxystearin is safe as used 
in cosmetic formulations. 

INTRODUCTION 
Trihydroxystearin is the triester of glycerin and hydroxy- 

stearic acid that is used as a skin-conditioning agent--occ~,usiYe, 
a solvent, and a viscosity increasing agent--nonaqueous in cos- 
metics. Although safety test data were not found in the published 
literature for this ingredient, unpublisfied data were provided and 
are described in this report. In addition, the Cosmetic Ingredient 
Review (CIR) Expert Panel considered that data on Hydroxy- 
stearic Acid and Glyceryl Stearate are relevant to the safety 
assessment of Trihydroxystearin. Hydroxystearic Acid is one 
of the chemical building blocks of Trihydroxystearin. Glyceryl 
Stearate is the esterification product of glycerine and stearic acid, 
making it closely related to Trihydroxystearin. Both Hydroxy- 
stearic Acid (Andersen 1999) and Glyceryl Stearate (Elder 1982) 
were previously reviewed by the Expert Panel and found to be 

safe as used in cosmetic products. A summary of the findings of 
each of those reports is provided in the summary section. The 
Panel relied upon those findings in this safety assessment. 

CHEMISTRY 

C hemi ca l  And Physical  Properties  

Trihydroxystearin (CAS No. 139-44-6) is the triester of glyc- 
erin and hydroxystearic acid that conforms generally to the for- 
mula shown in Figure 1 (Wenninger, Canterbery, and McEwen 
2000). 

Other names for this chemical are as follows: Glyceryl 
Tri(12-Hydroxysteamte; 12-Hydroxyoctadecanoic Acid, 1,2,3- 
Propanetriyl Ester; Octadecanoic Acid, 12-Hydroxy-, 1,2,3-Pro- 
panetriyt Ester; and 1,2,3-Propanetriol Tri(12-Hydroxystearate) 
(Wenninger, Canterbery, and McEwen 2000); and Glycerol, 
Tris(12-Hydroxyoctadecanoate); Octadecanoic Acid, 12- 
Hydroxy-, triester with glycerol; 12-Hydroxystearic Acid Tri- 
glyceride; Glycerol 12-Hydroxystearate; Glycerol Tris(12- 
Hydroxystearate); Glyceryl Tris(12-Hydroxystearate); and 
Tri-12-Hydroxystearin (Scientific & Technical Information 
Network International 1996a). 

Trihydroxystearin has a formula weight of 939.49 and a melt- 
ing point of 86°C (Scientific & Technical Information Network 
International 1996b). Properties of two commercial grades of 
Trihydroxystearin are summarized in Tables I and 2, res,~ec- 
tively. The commercial grade noted in Table 2 (Thixcin w E) 
is another grade of Thixcin ® R that has a larger particle size 
(Rheox, Inc. 1996a). 

Meth od s  O f  Product ion  

One melhod of production of Trihydroxystearin involved the 
hydrogenation of castor oil, in the presence of the reagent nickel, 
at a temperature of 200°C. Another method of production is the 
reduction of triricinolein (Scientific & Technical Information 
Network International 1996b). 

Received 3 February 2000; accepted 3 May 2000. 
Reviewed by the Cosmetic Ingredient Review Expert Panel. Wilbur 

Johnson, Senior Scientific Analyst, prepared this report. Address cor- 
respondence to him at Cosmetic Ingredient Review, 1101 17th Street, 
NW, Suite 310, Washington, DC 20036, USA. 

Reactivity 

Regarding the reactivity of Trihydroxystearin, sources of ig- 
nition and strong oxidizers should be avoided (Rheox, Inc. 1995b; 
1996b). 
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0 OH 
H I 

CH20-- C(CH2)loC H (CH2)sCHa 

TABLE 2 
Properties of Trihydroxystearin--THIXCIN ® E 

(Rheox, Inc. 1994) 

0 OH 
I I  I 

CHO--C(CH2)loCH(CH2)sCHa 

0 OH 
I I  I 

C H20-- C(CH2)loC H (CH2)sCH3 

FIGURE 1 
Chemical formula for Trihydroxystearin (Wenninger, 

Canterbery, and McEwen 2000). 

USE 

Purpose in Cosmetics 
Trihydroxystearin has the following functions in cosmet- 

ics: Skin-conditioning agent--occlusive; solvent; and viscos- 
ity increasing agent--nonaqueous (Wenninger, Canterbery, and 
McEwen 2000) 

Property Description 

Color White 
Form Finely divided powder 
Melting point, °C 85 
Density (Ibs./U.S. gallon) 8.51 
Passing #200 screen, % 100 
Ash content None 
Specific Gravity at 25°C 1.023 

5% to 10% (FDA 1984). Current concentration of use data in- 
dicate that Trihydroxystearin is typically used at concentrations 
of 0.5% to 5.0% (Rheox, Inc. 1996a). 

Cosmetic products containing Trihydroxystearin are applied 
to the skin, hair, and most parts of the body, and could come 
in contact with the ocular and nasal mucosae. These products 
could he used on a daily basis, and have the potential for being 
applied frequently over a period of several years. 

Scope and Extent of Use in Cosmetics 
United States 

The product formulation data submitted to the Food and 
Drug Administration (FDA) in 1997 indicated that Trihydroxy- 
stearin was used in as many as 4 [ cosmetic product lbrmu[ations 
(Table 3) (FDA 1997). 

Concentration of use values are no longer reported to FDA 
by the cosmetics industry (FDA 1992). However, 1984 product 
formulation data submitted to the FDA indicated that the high- 
est reported use concentration range for Trihydroxystearin was 

TABLE 1 
Properties ofTrihydroxystearin--THIXCIN ® R 

(Rheox, Inc. 1995a) 

Property Description 

Composition 
Form and color 
Specific gravity, 

250°C/250°C 
Density, 250~C, Ib/U.S. gal 
Bulking value, U.S. gal/lb 
Melting point, °C 
Fineness, through No. 200 

sieve, % 
Ash content, % 
Processing temperature, °F 
Recommended solvent 

An organic derivative of castor oil 
Finely divided white powder 

1 .O23 

8.51 
0.1175 

86 
99.8 min 

None 
95-130 (35°-55"C) 

Aliphatic only 

TABLE 3 
Product formulation data on Trihydroxystearin (FDA 1997) 

Total no. of Total no. 
formulations in containing 

Product category category ingredient 

Eye shadow 501 1 
Eye makeup remover 80 I 
Mascara 158 5 
Other eye makeup I 16 3 

preparations 
Blushers (all types) 229 1 
Face powders 245 4 
Foundations 283 9 
Lipstick 758 6 
Makeup bases 125 I 
Body and hand skin 776 I 

care preparations 
(excluding shaving 
preparations) 

Moisturizing skin care 743 2 
preparations 

Paste masks (mud packs) 247 2 
Other skin care 683 3 

preparations 
Suntan gels, creams, 134 I 

and liquids 
Other suntan preparations 43 1 
1997 Totals 41 
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International 
Trihydroxystearin is listed in the Japanese Comprehensive 

Licensing Standards of Cosmetics by Category. (CLS) (Rempe 
and Santucci 1997). This ingredient, which conforms to the 
specifications of the Japanese Cosmetic Ingredients Codex, has 
precedent for use without restriction in most CLS categories. It 
is not used in the following four CLS categories: eyeliner, lip, 
oral, and bath preparations. 

Trihydroxystearin also is not included among the substances 
listed as prohibited from use in cosmetic products marketed in 
the European Union (European Economic Community 1995). 

Noncosmetlc Use 
Trihydroxystearin has been used as a thickening agent for 

peanut butter (Elliger, Guadagni, and Dunlap 1972). FDA has 
listed the following indirect food additive uses in the Code 
of Federal Regulations (CFR): components of adhesives (21 
CFR 175.105), components of resinous and polymeric coat- 
ings (21 CFR 175.300), components of paper and paperboard 
in contact with aqueous and fatty foods (21 CFR 176.170), 
components of paper and paperboard in contact with dry food 
(21 CFR 176.180), defoaming agents used in the manufacture 
of paper and paperboard (21 CFR 176.210), cellophane (21 
CFR 177.1200), closures with sealing gaskets for food contain- 
ers (21 CFR 177.1210), polyester resins cross-linked (21 CFR 
177.2420), and textiles and textile fibers (21 CFR 177.2800). 

Trihydroxystearin is among the inert ingredients that are ex- 
empt from the requirement of a tolerance under the Federal Food, 
Drag, and Cosmetic Act when used in pesticide formulations that 
are applied to crops (FDA 1975). 

TOXICOLOGY 

Acute Oral Toxicity 
The acute oral toxicity of Trihydroxystearin (Thixcin ® R) 

was evaluated using 10 Wistar-derived, young albino rats 
(5 males, 5 females; weights = 200-300 g). The animals were 
fasted prior to administration of a single oral dose (intragastric 
intubation) of 5 g/kg. The test substance was administered as a 
25% corn oil solution. Dosing was followed by a 14-day non- 
treatment period. The LDso was not achieved at the administered 
dose of 5 g/kg; no deaths were reported (Food and Drug Re- 
search Laboratories, Inc. 1975a). Identical results were reported 
in another study in which Trihydroxyslearin (Thixcin ® E, an- 
other grade of Thixcin ® R) was administered to l0 albino rats 
(same weights) according to the same procedure (Food and Drug 
Research Laboratories, Inc. 1975b). 

Ocular Irritation 
The ocular irritation potential ofTrihydroxystearin (Thixcin ® 

R) was evaluated using six young adult, albino rabbits accord- 
ing to the procedure described in 16 CFR 1500.42. The test 

substance (0.1 ml or 0.1 g) was instilled into the conjuncti- 
val sac of one eye of each animal. Untreated eyes served as 
controls. Reactions were scored at 24, 48, and 72 hours and at 
7 days postinstillation according to the Draize scale: 0 to 110. 
Ocular irritation (score = 1) was observed in five rabbits, and 
all reactions cleared during the 7-day observation period. It was 
concluded that Trihydroxystearin (Thixcin ® R) was a mild, tran- 
sient ocular irritant (Food and Drug Research Laboratories, Inc. 
1975c). Identical results were reported in another study in which 
Trihydroxystearin (Thixcin ® E) was instilled into the conjunc- 
tival sac of the eyes of six albino rabbits according to the same 
experimental procedure (Food and Drug Research Laboratories, 
Inc. 1975d). 

Skin Irritation 
The skin irritation potential of Trihydroxystearin (Thixcin ® 

R) was evaluated using six adult albino rabbits. The test sub- 
stance (0.5 ml or0.5 g) was applied to shaved and abraded sites, 
respectively, on the back of each animal. An occlusive patch 
was applied to each test site for 24 hours; reactions were scored 
at the time of patch removal. Erythema was observed at intact 
and abraded sites on one animal, and only at the abraded site 
in another; edema was not observed. It was concluded that Tri- 
hydroxystearin (Thixcin ® R) was not irritating to the skin of 
rabbits (primary irritation index = 0.17) (Food and Drug Re- 

. search Laboratories, Inc. 1975e). Identical results were reported 
in another study in which Trihydroxystearin (Thixcin ® E) was 
applied to six albino rabbits according to the same test procedure 
(Food and Drug Laboratories, Inc. 1975f). 

GFNOTOXICITY 
The mutagenicity of Trihydroxystearin (Thixcin ® R) was 

evaluated in the Ames test (Ames, McCann, and Yamasaki 1975) 
using the following strains of Salmonella typhimurium: TA 1535, 
TA 1537, TA 1538, TA 98, and TA 100. Two independent mu- 
tation tests were conducted. The test substance (suspension in 
ethanol) was tested at concentrations of 3, l 0, 33, 100, 333, and 
1000 ~g per plate with and without metabolic activation. Control 
cultures were treated with ethanol and the following substances 
served as positive controls: 2-Aminoanthmcene, sodium azide, 
9-aminoacridine, and 2-nitrofluorene. Except for sodium azide 
(dissolved in sterile, ultrapure water), all positive controls were 
dissolved in DMSO. 2-Aminoanthracene served as the positive 
control for metabolically activated cultures, and the remain- 
ing chemicals served as positive controls for cultures without 
metabolic activation. The results noted in the positive-control 
cultures were within the normal ranges expected for each bacte- 
rial strain and activation condition. Vehicle-control values were 
generally within the normal ranges experienced at the testing 
facility and reported in the literature for the bacterial strains 
tested. Thixcin ® R was not toxic or mutagenic, with or with- 
out metabolic activation, to any of the bacterial strains when 
tested (in ethanol) to the limit of its solubility over the range 
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of concentrations tested. Precipitation of the test substance was 
noted at a concentration of 1000/zg/plate (lnveresk Research 
International Limited 1995). 

CLINICAL ASSESSMENT OF SAFETY 

Skin Irritation 
The skin irritation potential of Trihydroxystearin (Thixcin ® 

R) was evaluated using 106 subjects (17 males, 89 females; 
ages = 1 I---65). Three subjects did not complete the study (rea- 
sons not stated). An occlusive patch containing a small amount 
of the test substance (volume not stated) was applied either to 
the inner aspect of the upper ann or to the back of each sub- 
ject. Patches (secured with occlusive tape) remained in place for 
48 hours. Reactions were scored 48 and 72 hours after patch 
removal according to the Schwartz-Peck scale: 0 (no erythema) 
to 4+ (erythema and edema with vesiculation and ulceration). 
Skin irritation was not observed in any of the 103 subjects who 
completed the study. It was concluded that Trihydroxystearin 
(Thixcin ® R) is not a primary irritant as long as the conditions 
of contact do not exceed those indicated in this study (Food 
and Drug Research Laboratories, Inc. 1975g). The results were 
identical for the same 103 subjects patch-tested with Trihydroxy- 

r ® stea in (Thixcin E) according to the same test procedure (Food 
and Drug Research Laboratories, Inc. 1975 h). 

SUMMARY 

Hydroxystearic Acid Report (Andersen 1999) 
Hydroxystearic Acid is a fatty acid that is used as a surfactant- 

cleansing agent in cosmetic products. One method of production 
involves the catalytic hydrogenation of castor oil. 

Product formulation data submitted to FDA in 1996 indicated 
that Hydroxystearic Acid was used in two cosmetic products 
categorized as body and hand skin care preparations (excluding 
shaving preparations). 

In male rats fed a diet containing hydrogenated castor oil, 
Hydroxystearic Acid was deposited in abdominal fat, as well as 
other body lipids, along with its metabolites (hydroxypalmitic 
acid, hydroxymyristic acid, and hydroxylauric acid). Hydroxy- 
stearic Acid has also been detected in the feces of twelve subjects 
who presumably ate a normal mixture of foods. 

Reduced growth rate was noted in rats fed diets containing 
8.7% and 17.3% 12-Hydroxystearic Acid, but not in rats fed 
4.3% Hydroxystearic Acid, in a 90-day subchronic oral toxicity 
study. The results of a second 90-day experiment (no reduc- 
tion in growth rate) confirmed that the reduction in growth rate 
previously observed was due to the lower caloric density of di- 
ets consisting of 8.7% and 17.3% Hydroxystearic Acid. In both 
experiments, the results of hematological and microscopic eval- 
uations were unremarkable. 

In an in vitro study, Hydroxystearic Acid interfered with 
oxidative phosphorylation in rat liver mitochondria. Oxidative 
phosphorylation was uncoupled and mitochondria were dam- 
aged. 

Hydroxystearic Acid was not mutagenic in strains TA 1535, 
TA100, TA1537, TAI538, and TA98 ofS. typhimurium. How- 
ever, Hydroxystearic Acid was classified as mutagenic in strain 
Hs30 of Escherichia coll. 

Hydroxystearic Acid was not mutagenic in the L5178Y 
T K + / -  mouse lymphoma assay, with or without metabolic ac- 
tivation; nor did it produce chromosome aberrations in Chinese 
hamster ovary cells, with or without metabolic activation. 

In an 18-month careinogenicity study (subcutaneous study), 
Hydroxystearic Acid was classified as tentatively carcinogenic 
in Swiss-Webster mice. Subcutaneous sarcomas were observed 
at the site of injection in 9 of the 28 mice (14 per dose group) 
that were alive at 6 months. All of the sarcomas were observed 
in the low-dose group (total dose of 4 mg delivered in a total of 
8 ml tricaprylin for 80 weeks). The high dose group received a 
total dose of 80 mg delivered in a total of 8 ml of tricaprylin. 

In a second study in which nine A/He male mice received a 
total intraperitoneal dose of 60 mg Hydroxystearic Acid over a 
period of 4 weeks, the frequency of lung tumors was within the 
spontaneous occurrence. 

The dermal teratogenicity of two antiperspirant prototype for- 
mulations containing 7% Hydroxystearic Acid was evaluated 
using two groups of 30 Charles River CrhCD VAF/Plus female 
rats. There were no test article-related or statistically significant 
differences in the incidence of fetal malformations or fetal devel- 
opmental variations between experimental and control groups. 
Skin irritation reactions, however, were observed in greater than 
50% of the dams in both experimental groups. No deaths were 
reported during the study. 

Skin irritation reactions to each of three antiperspirant pro- 
totype formulations, each containing 7% Hydroxystearic Acid, 
were observed in a human primary irritation patch test using 
35 volunteers. Semiocclusive patches produced reactions in as 
many as nine of the subjects, whereas occlusive patches pro- 
duced reactions in as many as 17 individuals. Only two reac- 
tions were noted in the semiocclusive patch controls and only 
one in the occlusive patch controls. Although the formulations 
reportedly contained the same concentration of Hydroxystearic 
Acid, there were small differences in the numbers of individuals 
reacting to each. 

Glyceryl Stearate Report (Elder 1982) 
Glyceryl Stearate and Glyceryl Stearate/SE are the esterifica- 

tion products of glycerine and stearic acid. Glyceryl Stearate/SE 
contains excess stearic acid reacted with potassium hydroxide to 
produce a self-emulsifying product. Both Glyceryl Stearate and 
Glyceryl Stearate/SE are white to cream-colored waxlike solids. 
Either ingredient may contain mono-, di-, and triglyceride im- 
purities and fatty acid impurities. 

Glyceryl Stearate and Glyceryl Stearate/SE are widely used in 
cosmetic formulations as emollients, auxiliary emulsifiers, vis- 
cosifiers, stabilizers, bases, and surfactants. Glyceryl Stearate 
is used in more than 1200 cosmetic formulations at concentra- 
tions of >0.1% to 50%; Glyceryl Stearate/SE is used in over 200 
cosmetic products at concentrations of >0.1% to 50%. 
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Glyceryl Stearate is also widely used in foods as a surfactant, 

emulsifier, and thickener. Glyceryl Stearate is an antistalant and 
dough conditioner in breads and is also used in pharmaceutical 
bases. Glyceryl Stearate has been granted regulatory status as a 
Generally Recognized as Safe (GRAS) ingredient, an indirect 
food additive, a direct food additive, and as an over-the-counter 
(OTC) substance. 

In acute oral toxicity studies in rats, Glyceryl Stearate and 
Glyceryl Stearate/SE at concentrations up to 100% were mildly 
toxic. In chronic studies, 15% to 25% Glyceryl Stearate in the 
diet of rats for three consecutive generations had no adverse 
effects. Rats fed a diet containing 25% Glyceryl Stearate for 
2 years developed renal calcifications. 

Glyceryl Stearate and Glyceryl Stearate/SE at concentrations 
of up to 100% were mildly irritating or nonirritating to the skin 
of rabbits. In subchronic and chronic dermal toxicity tests, 4% 
to 5% Glyceryl Stearate was nontoxic to rabbits but did cause 
moderate irritation (slight to moderate erythema, edema, atonia, 
desquamation, and/or fissuring). In seven guinea pig sensitiza- 
tion studies, it was concluded that neither Glyceryl Stearate nor 
Glyceryl Stearate/SE was capable of inducing sensitization. 

In primary eye irritation studies, Glyceryl Stearate and Glyc- 
eryl Stearate/SE at concentrations up to 100% were mildly irri- 
tating or nonirritating when instilled into the conjunctival sac of 
the eyes of rabbits. 

Glyceryl Stearate, fed to mice in doses of 50 to 100 mg/day or 
1.5% in the diet until they died did not induce significant brain 
or gastric tumor formation, respectively. Five percent Glyceryl 
Stearate did not promote the carcinogenicity of DMBA in mouse 
skin. 

Results of single and repeated insult patch tests (RIPTs) 
used to evaluate human skin irritation and sensitization potential 
of Glyceryl Stearate and Glyceryl Stearate/SE confirmed that 
both ingredients were nonsensitizing and nonirritating. Glyc- 
eryl Stearate was tested at concentrations up to 20% in RIPTs. 
Products containing 2% Glyceryl Stearate were nonphototoxic 
and nonphotoallergenic. Worker experience was that Glyceryl 
Stearate and Glyceryl Stearate/SE are nonirritating to human 
skin. 

Trihydroxystearln 
Trihydroxystearin is the triester of glycerin and hydroxy- 

stearic acid that is used as a skin-conditioning agent---occlusive, 
a solvent, and a viscosity increasing agent--nonaqueous in cos- 
metics. According to one source, the typical use concentration 
range for this ingredient (marketed as Thixcin ® R and Thixcin ® 
E grades that differ only in particle size) in cosmetics is 0.5% to 
5.0%. Frequency of use data submitted to FDA in 1997 indicated 
that Trihydroxystearin has been used in as many as 41 cosmetic 
products. 

In acute oral toxicity studies in which Trihydroxystearin 
(Thixcin ® R and Thixcin ® E grades) was tested using albino 
rats, the LDs0 was not achieved at a dose of 5 g&g and no deaths 
were reported. 

Trihydroxystearin (Thixcin ® R and Thixcin ® E grades tested) 
was classified as a mild, transient ocular irritant in albino rab- 
bits, but was not irritating to the skin of albino rabbits in 24-hour 
occlusive patch tests. 

Ames test results indicated that Trihydroxystearin (Thixcin ® 
R grade) was not mutagenic to the following S. typhimurium 

strains, with or without metabolic activation, when tested at con- 
centrations ranging from 3 to 1000 #g/plate: TA1535, TA1537, 
TA1538, TA98, and TA 100. 

In 48-hour occlusive patch tests, Trihydroxystearin (Thixcin ® 
R and Thixcin ® E grades tested) did not induce skin irritation 
in any of the 103 subjects tested. 

DISCUSSION 
Although the data on Trihydroxystearin are limited, the C1R 

Expert Panel had previously conducted a safety assessment of 
Glyceryl Stearate and Hydroxystearic Acid. These data indicate 
no mutagenic,  carcinogenic, or teratogenic effects in animals,  
and no irritation or sensitization in clinical tests. The data on 
these two ingredients is considered relevant to the assessment 
of Trihydroxystearin because of the chemical similarity of the 
ingredients. The data on Glyceryl Stearate and Hydroxystearic 
Acid are also consistent with the limited data that are available 
on Trihydroxystearin itself. 

During the open, public comment period on the Tentative Re- 
port, a comment was made regarding the absence of sensitization 
data. The CIR Expert Panel agrees that data on sensitization po- 
tential are important in assessing the safety of an ingredient. In 
this case, there are data on a related ingredient. When tested at 
concentrations up to 20.0% in human RIPTs involving a large 
number of subjects, Glyceryl Stearate was neither an irritant 
nor a sensitizer. Thus, in the absence of sensitization data on 
Trihydroxystearin, it was concluded that this ingredient is not 
likely a sensitizer based on data on a chemically similar ingre- 
dient. All of the available data suggest that Trihydroxystearin 
and its component chemical species are safe as used in cosmetic 
formulations. 

CONCLUSION 
Based on the available animal and clinical data in this re- 

port, which includes study summaries from CIR Safety As- 
sessments of Hydroxystearic Acid and Glyceryl Stearate and 
Glyceryl Stearate/SE, the Expert Panel concludes that Trihy- 
droxystearin is safe as used in cosmetic formulations. 
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Final Report on the Safety Assessment of Trilaurin, 
Triarachidin, Tribehenin, Tricaprin, Tricaprylin, 
Trierucin, Triheptanoin, Triheptylundecanoin, 
Triisononanoin, Triisopalmitin, Triisostearin, Trilinolein, 
Trimyristin, Trioctanoin, Triolein, Tripalmitin, 
Tripalmitolein, Triricinolein, Tristearin, Triundecanoin, 
Glyceryl Triacetyl Hydroxystearate, Glyceryl Triacetyl 
Ricinoleate, and Glyceryl Stearate Diacetate1 

Triesters of glycerin and aliphatic acids, known generically as 
glyceryl triesters and specifically as Trilaurin, etc., are used in cos
metic products as occlusive skin-conditioning agents and/or non
aqueous viscosity-increasing agents. Hundreds of glyceryl triesters 
are used in a wide variety of cosmetic products at concentrations 
ranging from a few tenths of a percent to 46%. Glyceryl triesters are 
also known as triglycerides; ingested triglycerides are metabolized 
to monoglycerides, free fatty acids, and glycerol, all of which are ab
sorbed in the intestinal mucosa and undergo further metabolism. 
Dermal absorption of Triolein in mice was nil; the oil remained 
at the application site. Only slight absorption was seen in guinea 
pig skin. Tricaprylin and other glyceryl triesters have been shown 
to increase the skin penetration of drugs. Little or no acute, sub
chronic, or chronic oral toxicity was seen in animal studies unless 
levels approached a significant percentage of caloric intake. Sub
cutaneous injections of Tricaprylin in rats over a period of 5 weeks 
caused a granulomatous reaction characterized by oil deposits sur
rounded by macrophages. Dermal application was not associated 
with significant irritation in rabbit skin. Ocular exposures were, at 
most, mildly irritating to rabbit eyes. No evidence of sensitization 
or photosensitization was seen in a guinea pig maximization test. 
Most of the genotoxicity test systems were negative. Tricaprylin, 
Trioctanoin, and Triolein have historically been used as vehicles 
in carcinogenicity testing of other chemicals. In one study, subcu
taneous injection of Tricaprylin in newborn mice produced more 
tumors in lymphoid tissue than were seen in untreated animals, 
whereas neither subcutaneous or intraperitoneal injection in 4- to 
6-week-old female mice produced any tumors in another study. 
Trioctanoin injected subcutaneously in hamsters produced no tu
mors. Trioctanoin injected intraperitoneally in pregnant rats was 
associated with an increase in mammary tumors in the offspring 
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compared to that seen in offspring of untreated animals, but sim
ilar studies in pregnant hamsters and rabbits showed no tumors 
in the offspring. One study of Triolein injected subcutaneously in 
rats showed no tumors at the injection site. As part of an effort 
to evaluate vehicles used in carcinogenicity studies, the National 
Toxicology Program conducted a 2-year carcinogenicity study in 
rats given Tricaprylin by gavage. This treatment was associated 
with a statistically significant dose-related increase in pancreatic 
acinar cell hyperplasia and adenoma, but there were no acinar 
carcinomas, the incidence of mononuclear leukemia was less, and 
nephropathy findings were reduced, all compared to corn oil con
trols. Overall, the study concluded that Tricaprylin did not offer 
significant advantages over corn oil as vehicles in carcinogenicity 
studies. Trilaurin was found to inhibit the formation of neoplasms 
initiated by dimethylbenzanthracene (DMBA) and promoted by 
croton oil. Tricaprylin was not teratogenic in mice or rats, but 
some reproductive effects were seen in rabbits. A low level of fe
tal eye abnormalities and a small percentage of abnormal sperm 
were reported in mice injected with Trioctanoin as a vehicle con
trol. Clinical tests of Trilaurin at 36.3% in a commercial product 
applied to the skin produced no irritation reactions. Trilaurin, Tris
tearin, and Tribehenin at 40%, 1.68%, and 0.38%, respectively, in 
commercial products were also negative in repeated-insult patch 
tests. Tristearin at 0.32% in a commercial product induced tran
sient, mild to moderate, ocular irritation after instillation into the 
eyes of human subjects. Based on the enhancement of penetra
tion of other chemicals by skin treatment with glyceryl triesters, 
it is recommended that care be exercised in using them in cos
metic products. On the basis of the available data, the following 23 
glyceryl triesters are considered safe as used in cosmetics: Trilaurin, 
Triarachidin, Tribehenin, Tricaprin, Tricaprylin, Trierucin, Tri
heptanoin, Triheptylundecanoin, Triisononanoin, Triisopalmitin, 
Triisostearin, Trilinolein, Trimyristin, Trioctanoin, Triolein, Tri
palmitin, Tripalmitolein, Triricinolein, Tristearin, Triundecanoin, 
Glyceryl Triacetyl Hydroxystearate, Glyceryl Triacetyl Ricino
leate, and Glyceryl Stearate Diacetate. Some of these are not cur
rently in use, but would be considered safe if used at concentra
tions similar to those glyceryl triesters that are in use as cosmetic 
ingredients. 
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INTRODUCTION CHEMISTRY 

Chemical and Physical Properties The safety of glyceryl triesters, triesters of glycerin 
and aliphatic acids, is reviewed in this report. These ingredi
ents are used mostly as skin-conditioning agents--occlusive 
and/or viscosity-increasing agents-nonaqueous in cosmetic 
products. 

Of the ingredients reviewed in this safety assessment, toxic
ity data are available only on Trilaurin, Triarachidin, Tribehenin, 
Tricaprylin, Trierucin, Triisostearin, Trilinolein, Trioctanoin, 
Triolein, Tripalmitin, and Tristearin. Only 11 ingredients in this 
safety assessment are being used in cosmetics, including 
Tribehenin, Triisononanoin, Triisostearin, Trilaurin, Trilino
lein, Trimyristin, Trioctanoin, Tripalmitin, Tristearin, Gly
ceryl Triacetyl Hydroxystearate, and Glyceryl Triacetyl 
Ricinoleate. 

Physical and chemical properties of Trilaurin and other 
glyceryl triesters are included in Table 1. Trilaurin has a saponi
fication value of 261 (Mattson, Baur, and Beck 1951). 
Descriptions/specifications for cosmetic grade glyceryl triesters 
are included in Table 2. 

Trilaurin (CAS No. 538-24-9) is the triester of glycerin and 
lauric acid that conforms generally to the formula (Wenninger 
and McEwen 1997): 

Information is available on the constituent chemicals and on 
related cosmetic ingredients. Glycerin is classified as a gen
erally recognized as safe (GRAS) food ingredient based on a 
literature review published in 1973 (Informatics, Inc., 1973). 
The Cosmetic Ingredient Review (CIR) Expert Panel concluded 
that the glyceryl triesters Caprylic/Capric Triglyceride (Elder 
1980), and Trihydroxystearin (CIR 1997) are safe in the present 
practices of use and concentration in cosmetics. 

It has also been defined as a crystalline glyceride synthesized 
from palm-nut, coconut, and bayberry oils (Grant 1972). Other 
names (Wenninger and McEwen 1997; Scientific & Technical 

TABLE 1 
Physical and chemical properties of Glyceryl Triesters 

Properties Trilaurin* Tricaprylin** Trimyristin** Triolein** Tripalmitin** Tristearin** 

Form Needles (obtained Polymorphic Polymorphic Needles obtained 
from alcohol as (crystallized from ethanol as 
solvent) from ethanol and solvent 

diethyl ether) 
Molecular 638.97 470.70 768.28 885.47 807.35 891.51 

weight 
Dipole 2.59D 

moment 
Boiling 15°C, 3SOC, and 233.1°C 31 JOC 235-240°C 310-320°C 

point(s) 46.4°C 
Melting point 36°C woe (stable); 56.SOC (stable); 66°C (stable); 5SOC (a); 

-22°C (unstable) 32°C (unstable) 44.7°C (unstable) 73°C ({J) 
Density 0.8986 at 5SOC 0.9540 (density of 0.08848 (density of 0.8988 g/ml at 0.8752 (density of 0.8559 (density of 

liquid at 20°C liquid at 60°C 60°C liquid at 70°C liquid at 90°C 
relative to density relative to density relative to density relative to 
of water at 4°C) of water at 4°C) of water at 4°C) density of water 

at 4°C) 
Refractive 1.4404 at 60°C 1.4482 at 20oc 1.4428 at 60°C 1.4621 at40°C 1.4381 at 80°C 1.4395 at 80°C 

index 
Solubility Insoluble in water; Soluble in ethanol, Soluble in ether, Soluble in ether, Soluble in ether, Soluble in acetone 

soluble in diethyl ether, acetone, benzene, chloroform, benzene, and 
alcohol, ether, benzene, and chloroform and petroleum chloroform 
chloroform, and chloroform, and ether 
petroleum ether; ligroin (volatile, 
very soluble in flammable 
acetone and fraction of 
benzene petroleum) 

*STN International (1997b, 1997c). 
**Lide and Frederikse (1993). 
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TABLE2 
Descriptions/specifications of Glyceryl Triesters 

Properties 

Form 

Acid value 
Saponification value 
Hydroxyl value 
Moisture 
Loss on drying 
Residue on ignition 
Identification 

Solubility 

Triolein 
(Nikitakis and McEwen 1990) 

Colorless to yellowish oily 
liquid with a slight 
characteristic odor and taste 

5 maximum 
192 to 202 
10 maximum 
0.3% maximum 

Positive: Close match to a 
standard IR spectrum with no 
indication of foreign materials 

Practically insoluble in water; 
slightly soluble in alcohol; 
soluble in chloroform, ether, 
and carbon tetrachloride 

Information Network [STN] Intemational1997a) for this chem
ical include: 

• Dodecanoic Acid, 1,2,3-Propanetriyl Ester 
• Glyceryl Trilaurate 
• 1,2,3-Propanetriol Tridodecanoate 
• Laurin, Tri-
• Glycerin Tridodecanoate 
• Glycerin Trilaurate 
• Glycerol Trilaurate 
• Glyceryl Tridodecanoate 
• Lauric Acid Triglyceride 
• Lauric Acid Triglycerin Ester 
• Lauric Triglyceride 
• Tridodecanoin 
• Tridodecanoyl Glycerol 
• Trilauroylglycerol 

Triarachidin (CAS No. 620-64-4) is the triester of glycerin 
and arachidic acid (q.v.) that conforms to the following formula 
(Wenninger and McEwen 1997): 

0 

II 
CH20-C (CH2)1sCH3 

I TI 
HCO--C (CH2)18CH3 

I 
CH20-C (CH2)1sCH3 

II 
0 

Triundecanoin 
(Nikitakis and McEwen 1990) 

Colorless to slightly amber 
liquid or white to off-white, 
waxy solid, depending on 
ambient temperature 

lOmaximum 
265 to 290 
25 maximum 

Positive: Close match to a 
standard IR spectrum with no 
indication of foreign materials 

Soluble in petroleum ether, 
chloroform, and hot alcohol; 
insoluble in water 

Triisostearin 
(CTFA 1998a) 

Light yellow, oily 
substance with a faint, 
characteristic odor 

Not more than 3 
185 to 210 
Not more than 30 

Not more than 1% 
Not more than 0.5 g 

Othernames (Wenninger and McEwen 1997) forTriarachidin 
include: 

• Eicosanoic Acid, 1,2,3,-Propanetriyl Ester 
• Glyceryl Triarachidate 
• 1,2,3-Propanetriol Trieicosanoate 

Tribehenin (CAS No. 18641-57-1) is a cream-colored solid 
with a faint odor (Unichema lntemationall992).1t is the triester 
of glycerin and behenic acid that conforms to the following 
formula (Wenninger and McEwen 1997): 

Other names for Tribehenin include: 

• Behenic Acid, 1,2,3-Propanetriyl Ester 
• Docosanoic Acid, 1,2,3-Propanetriyl Ester 
• Glyceryl Tribehenate 
• 1,2,3-Propanetriol Tridocosanoate (Wenninger and 

McEwen 1997) 
Tricaprin (CAS No. 621-71-6) is the triester of glycerin and 

capric acid that conforms to the following formula (Wenninger 
and McEwen 1997): 
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Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• Decanoic Acid, 1,2,3-Propanetriyl Ester 
• 3,6,9, 12, 15,18,21 ,24,27 ,30-Decaoxadotriacontan-1-ol, 

32-[ 4-( 1,1 ,3,3,-Tetramethylbutyl)Phenoxy ]-
• Glyceryl Tricaprate 
• Glyceryl Tridecanoate 
• 1,2,3-Propanol Tridecanoate 

Tricaprylin (CAS No. 538-23-8) is the triester of glycerin and 
caprylic acid that conforms to the following formula (Wenninger 
and McEwen 1997): 

Other names (Unichema International 1996; Wenninger and 
McEwen 1997) for Tricaprylin include: 

• Caprylic Acid, 1,2,3-Propanetriyl Ester 
• Glyceryl Tricaprylate 
• Octanoic Acid, 1,2,3-Propanetriyl Ester 
• 1 ,2,3-Propanetriol Trioctanoate 
• Glycerol Trioctanoate 

Trierucin (CAS No. 2752-99-0) is the triester of glycerin and 
erucic acid that conforms to the following formula: 

0 

II 
CHzO-C (CH2)11 CH=CH(CHzhCH3 

I TI 
HCO--C (CHz)II CH=CH(CH2hCH3 

I TI 
CH20-C (CHz)ll CH=CH(CH2hCH3 

Other names (Wenninger and McEwen 1997) for this chem-
ical include: 

• 13-Docosenoic Acid, 1,2,3-Propanetriyl Ester 
• Glyceryl Trierucate 
• 1,2,3-Propanetriol Tri(13-Docosenoate) 

Triheptanoin (CAS No. 620-67 -7) is the triester of glyc
erin and heptanoic acid that conforms to the following formula 
(Wenninger and McEwen 1997): 

Other names (Wenninger and McEwen 1997) for Trihep
tanoin include: 

• Glyceryl Triheptanoate 
• Heptanoic Acid, 1,2,3-Propanetriyl Ester 
• 1,2,3-Propanetriol Triheptanoate 

Triheptylundecanoin (CAS No. 105214-66-2) is the triester 
of glycerin and heptylundecanoic acid that conforms to the 
following formula (Wenninger and McEwen 1997): 

0 CH2(CHz)sCH3 

II I 
CH20-C-CH(CH2)sCH3 

I TI 
HCO--C-CH(CH2)sCH3 

I bH2(CHz)sCH3 

CH20-C --cH (CHz)sCH3 

II I 
0 CH2(CHz)sCH3 

Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• Glyceryl Triheptylundecanoate 
• 2-Heptylundecanoic Acid, 1 ,2,3-Propanetriyl Ester 
• 1 ,2,3-Propanetriol Triheptylundecanoate 
• Triheptylundecanoic Acid, 1,2,3-Propanetriyl Ester 
• Undecanoic Acid, 2-Heptyl-, 1,2,3-Propanetriyl Ester 

Triisononanoin is the triester of glycerin and a branched-
chain nonanoic acid that conforms to the following formula 
(Wenninger and McEwen 1997): 

0 

II 
CHzO-CCsHn 

I TI 
HCO--CCsHn 

I TI 
CHzO-CCsHn 
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Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• 1 ,2,3-Propanetriol Triisononoate 
• Isononanoic Acid, 1,2,3-Propanetriyl Ester 

Triisopalmitin (CAS No. 68957-79-9) is the triester of glyc
erin and a 16-carbon branched-chain aliphatic acid that con
forms to the following formula (Wenninger and McEwen 
1997): 

Other names (Wenninger and McEwen 1997) for Triiso
palmitin include: 

• Glyceryl Triisopalmitate 
• Isohexadecanoic Acid, 1,2,3-Propanetriyl Ester 
• 1 ,2,3-Propanetriol Triisohexadecanoate 
• Triisohexadecanoic Acid, 1,2,3-Propanetriyl Ester 

Triisostearin (CAS No. 26942-95-0) is the triester of glycerin 
and isostearic acid ( q. v. ). Othernames (Wenninger and McEwen 
1997) for this chemical include: 

• Glyceryl Triisostearate 
• Isooctadecanoic Acid, 1,2,3-Propanetriyl Ester 
• 1 ,2,3-Propanetriol Triisooctadecanoate 

Trilinolein (CAS No. 537-40-6) is the triester of glycerin and 
linoleic acid that conforms to the following formula (Wenninger 
and McEwen 1997): 

Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• Glyceryl Tri1inoleate 
• Linoleic Acid, 1,2,3-Propanetriyl Ester 
• 1,2,3-Propanetriol Trilinoleate 

• 9,12-0ctadecadienoic Acid, 1,2,3-Propanetriyl Ester 
• 1 ,2,3-Propanetriol Tri(9, 12-0ctadecaienoate) 

Trilinolenin (CAS No. 14465-68-0) is the triester of glyc
erin and linolenic acid that conforms to the following formula 
(Wenninger and McEwen 1997): 

Other names (Wenninger and McEwen 1997) for Trilinolenin 
include: 

• Glyceryl Trilinolenate 
• Linolenic Acid, 1,2,3-Propanetriyl Ester 
• 9,12,15-0ctadecatrienoic Acid, 1,2,3-Propanetriyl 

Ester 
• 1,2,3-Propanetriyl Linolenate 
• I ,2,3-Propanetriyl-9, 12, 15-0ctadecatrienoate 

Trimyristin (CAS No. 555-45-3) is present in many veg
etable fats and oils, notably in coconut oil and nutmeg butter 
(Budavari 1989). It is the triester of glycerin and myristic acid 
that conforms to the following formula (Wenninger and McEwen 
1997): 

Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• Glyceryl Trimyristate 
• 1,2,3-Propanetriol Tritetradecanoate 
• Tetradecanoic Acid, 1,2,3-Propanetriyl Ester 

Trioctanoin (CAS No. 7360-38-5) is a colorless to pale yel
low, transparent oily liquid with negligible odor (Unichema 
International 1996). It is the triester of glycerin and 
2-ethylhexanoic acid that conforms to the following formula 
(Wenninger and McEwen 1997): 

Distributed for Comment Only -- Do Not Cite or Quote



66 COSMETIC INGREDIENT REVIEW 

0 

II 
CHzO-CCH(CHzhCH3 

I 
CHzCH3 

0 

II 
HCO--CCH(CHz)3CH3 

I 
CHzCH3 

0 

II 
CHzO-CCH(CHz)3CH3 

I 
CHzCH3 

Other names (Wenninger and McEwen 1997) for Trioctanoin 
include: 

• 2-Ethylhexanoic Acid, 1,2,3-Propanetriy1 Ester 
• G1yceryl Tri(2-Ethylhexanoate ); Glyceryl Trioctanoate 
• Hexanoic Acid, 2-Ethyl-, 1,2,3-Propanetriyl Ester 
• Octanoic Acid, 1 ,2,3-Propanetriyl Ester 

Triolein (CAS No. 122-32-7) is the predominating constituent 
in expressed almond oil, lard, and many of the more fluid ani
mal oils and those of vegetable origin (Gennaro 1990). It is the 
triester of glycerin and oleic acid that conforms to the following 
formula (Wenninger and McEwen 1997): 

0 

II 
CHzO-C (CHz)?CH=CH(CHz)7CH3 

I TI 
HCO--C (CHz)7CH=CH(CH2)?CH3 

I TI 
CH20-C (CHz)?CH=CH(CHz)7CH3 

Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• Glyceryl Trioleate 
• 9-0ctadecenoic Acid, 1,2,3-Propanetriyl Ester 
• 1 ,2,3-Propanetrio1 Tri(9-0ctandecenoate) 

Tripalmitin (CAS No. 555-44-2) predominates in palm oil 
and coconut oil (Gennaro 1990). It is the triester of glycerin and 
palmitic acid that conforms to the following formula (Wenninger 
and McEwen 1997): 

Other names (Wenninger and McEwen 1997) for Tripalmitin 
include: 

• Glyceryl Tripalmitate 
• 1,2,3-Propanetriol Trihexadecanoate 
• Hexadecanoic Acid, 1,2,3-Propanetriyl Ester 

Tripalmitolein (CAS Nos. 20246-55-3 and 129784-33-4) is 
the triester of glycerin and palmitoleic acid that conforms to the 
following formula (Wenninger and McEwen 1997): 

Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• Glyceryl Tripalmitoleate 
• 9-Hexadecenoic Acid, 1,2,3-Propanetriyl Ester 
• Palmitoleic Acid, 1,2,3-Propanetriyl Ester 
• 1 ,2,3-Propanetriol Tri(9-Hexadecenoate) 
• 1,2,3-Propanetriol Tripalmitoleate 

Triricinolein (CAS No. 2540-54-7) constitutes approximately 
80% of castor oil (Lewis 1993). Triricinolein is the triester 
of glycerin and ricinoleic acid that conforms to the following 
formula (Wenninger and McEwen 1997): 

Other names (Wenninger and McEwen 1997) for Tririci
nolein include: 

• Glyceryl Triricinoleate 
• 12-Hydroxy-9-0ctadecenoic Acid, 1,2,3-Propanetriyl 

Ester 
• 9-0ctadecenoicAcid, 12-Hydroxy-, 1,2,3-Propanetriyl 

Ester 
• 1 ,2,3-Propanetriol Tri( 12-Hydroxy-9-0ctadecenoate) 

Tristearin (CAS No. 555-43-1) is present in many animal 
and vegetable fats, especially the hard ones (e.g. cacao butter 
and tallow) (Budavari 1989). It is the triester of glycerin and 
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stearic acid that conforms to the following formula (Wenninger 
and McEwen 1997): 

Other names (Wenninger and McEwen 1997) for this chem
ical include: 

• Glyceryl Tristearate 
• Octadecanoic Acid, 1,2,3-Propanetriyl Ester 
• 1,2,3-Propanetriol Trioctadecanoate 

Triundecanoin (CAS No. 13552-80-2) is the triester of glyc
erin and undecanoic acid that conforms to the following formula 
(Wenninger and McEwen 1997): 

0 

II 
CH20-c (CH2)9CH3 

I IT 
HCO--C (CH2)9CH3 

I IT 
CH20-C (CHz)9CH3 

Other names (Wenninger and McEwen 1997) for Triunde
canoin include: 

• Glyceryl Triundecanoate 
• Undecanoic Acid, 1,2,3-Propanetriyl Ester 

Glyceryl Triacetyl Hydroxystearate (CAS No. 27233-00-7) 
is the triester of glycerin and acetyl hydroxystearic acid that 
conforms to the following formula (Wenninger and McEwen 
1997): 

0 

II 
0 O-CCH3 

II I 
CHzO-C (CHz)wCH (CHz)sCH3 

0 

II 
0 O-CCH3 

II I 
HCO--C (CH2)wCH (CHz)sCH3 

0 

II 
0 O-CCH3 

II I 
CHzO-C (CHz)wCH (CH2)5CH3 

Two other names (Wenninger and McEwen 1997) for this 
chemical are: 

• Octadecanoic Acid, (Acetyloxy)-1,2,3-Propanetriyl 
Ester 

• Octadecanoic Acid, 12-Hydroxy-, 1,2,3-Propanetriyl 
Ester 

Glyceryl Triacetyl Ricinoleate (CAS No. 101-34-8) is the tri
ester of glycerin and acetyl ricinoleic acid that conforms to the 
following formula (Wenninger and McEwen, 1997): 

0 

II 
0 O-CCH3 

II I 
CH20-c (CHzhCH=CHCHzCH (CHz)sCH3 

0 

II 
0 O-CCH3 

II I 
HCO--C (CH2)7CH=CHCH2CH (CH2)sCH3 

0 

II 
0 O-CCH3 

II I 
CH20-c (CH2hCH=CHCHzCH (CH2)sCH3 

Two other names (Wenninger and McEwen 1997) for Glyc
eryl Triacetyl Ricinoleate are: 

• 9-0ctadecenoic Acid, 12-(Acetyloxy)-,1,2,3-
Propanetriyl Ester 

• 1 ,2,3-Propanetriyl 12-(Acetyloxy)-9-0ctadecenoate 

Glyceryl Stearate Diacetate is the organic compound that 
conforms to the following formula (Wenninger and McEwen 
1997): 

0 

II 
CHzO-C (CHz)16CH3 

I IT 
T-CCH3 

CH20-CCH3 

II 
0 

Glyceryl Diacetate Monostearate and Glyceryl Monostearate 
Acetate are other names for this chemical (Wenninger and 
McEwen 1997). 

Analytical Methods 
Trilaurin has been analyzed/identified using the following 

methods: infrared (IR) spectroscopy (Deman and Deman 1982); 
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mass spectroscopy (STN lntemational1997b ); nuclear magnetic 
resonance (NMR) spectroscopy (STN Intemational1997c); cap
illary supercritical fluid chromatography (Giron, Link, and 
Bouissel 1992); nonaqueous reverse phase, high-performance 
liquid chromatography (Fabien, Craske, and Wootton 1993); 
and high-performance size-exclusion chromatography (Lubke, 
Le Quere, and Barron 1996). 

Trimyristin has been analyzed by thin-layer chromatography 
(Frank et al. 1971). 

Tricaprin has been analyzed by gas-liquid chromatography 
(Mingrone et al. 1995). 

Tricaprylin has been analyzed by IR and NMR spectroscopy 
(NTP 1994). 

Tribehenin has been analyzed by IR spectroscopy 
(Abramovici et al. 1991). 

Tripalmitin has been analyzed using the thin-layer 
chromatography/flame-ionization detection system (Rao, Riley, 
and Larkin 1985) and liquid chromatography-mass spectrome
try (Erdahl and Privett 1977). 

Trilinolein, Trilinolenin. Triolein, and Tristearin have been 
analyzed by gas-liquid chromatography (Watts and Dils 1968). 
Additionally, Triolein has been analyzed using reverse-phase 
high-performance liquid chromatography (Castilho, Silveira, 
and Pena 1989) and thin-layer chromatography (Padley 1969). 
Trilinolein has also been analyzed by reversed phase high per
formance liquid chromatography (Castilho, Silveira, and Pena 
1989). 

Methods of Production 
Trilaurin may be produced by reacting glycerol with lau

ric acid or glycerol with lauroyl chloride (reagent: pyridine or 
quinoline). The reaction of lauric acid with glycerine is another 
method of production (STN Intemational1997c). 

Triolein may be prepared by the esterification of oleic acid 
(Budavari 1989). 

Tripalmitin can be prepared from glycerol and palmitic acid 
in the presence of either Twitchell reagent or trifluoroacetic an
hydride (Budavari 1989). 

Tristearin may be prepared from stearic acid and glycerol in 
the presence of Ah03 (Budavari 1989). 

Triundecanoin is produced by esterification of undecanoic 
acid and glycerine. The undecanoic acid is produced from castor 
oil, which is hydrolyzed to fatty acids and subjected to thermal 
degradation and fractionation. The resulting undecenoic acid 
is transformed to undecanoic acid and reesterified to the glyc
erol moiety. Deodorization, the final step, is accomplished using 
steam to remove components that give rise to unwanted flavors 
and odors (Karlshamns Sweden AB 1997). 

Impurities 

Triisostearin contains not more than 20 ppm heavy metals 
and not more than 2 ppm arsenic (CTFA 1998a). 

Triundecanoin contains no impurities or residues of catalysts 
or solvents. 1,4-Dioxane, ethylene oxide, free amines, and ni
trosamines are not added or formed during the production pro
cess. Furthermore, volatile compounds are effectively removed, 
by the deodorization process, below detection limits (0.1 ppm). 
The deodorization process also has removed any organochlo
rine or organophosphorus pesticides that may be present in the 
crude oil used in the production process. It is also important to 
note that the total content of polycyclic aromatic hydrocarbons 
(PAHs ), if present in the crude oil, is reduced below 10 ppb. Ad
ditionally, aflatoxins, if present in the raw materials, are reduced 
below detection limits (0.5 ppb) by neutralization and bleaching 
(Karlshamns Sweden AB 1997). The specifications for heavy 
metals are as follows: As (<0.1 ppm), Cd (<0.001 ppm), Pb 
(<0.1 ppm), Hg (<0.01 ppm), Cr (<0.05 ppm), Ni (<0.1 ppm), Cu 
(<0.1 ppm), and Fe(< 1.5 ppm) (Karlsharnns Sweden AB 1997). 

Reactivity 

Tripalmitin, Tristearin, and Triolein 
Glycerol chlorohydrins and their esters have been identi

fied as products of the hydrolysis of Tripalmitin, Tristearin, and 
Triolein with hydrochloric acid. Column chromatography and 
IR, NMR, and mass spectrometry were the analytical methods 
used. The main reaction products were the corresponding di
esters of 3-chloro-propane-1 ,2-diol, followed by monoesters of 
3-chloropropane-1,2-diol and esters of 1,3-dichloropropan-2-ol 
(Davidek et al. 1980). 

After Triolein was heated under simulated deep-fat frying 
conditions (at 185°C for 72 hours), thermally oxidized Triolein 
was converted into methyl esters by transesterification using 
sodium methoxide as a catalyst. The methyl esters were fraction
ated by urea exclusion. The urea adduct-forming ester, methyl 
oleate (89.2%), predominated (Paulose and Chang 1978). 

Triolein (major skin lipid) was irradiated with 300-nm 
ultraviolet (UV) light, and the conditions for exposure approx
imated those at the skin surface exposed to sunlight. Using gas 
chromatography, the irradiated samples were analyzed for the 
presence of acrolein, formaldehyde, and acetaldehyde. The max
imum amount of acrolein (1.05 nmol/mg Triolein) was formed 
after 6 hours of irradiation. Maximum amounts of formaldehyde 
(6 nmol/mg Triolein) and acetaldehyde (2.71 nmol/mg Triolein) 
were formed after 12 hours of irradiation (Nihati-Shirkhodaee 
and Shibamoto 1992). 

USE 

Purpose in Cosmetics 
Information on the functions of glyceryl trlesters in cosmet

ics is summarized in Table 3. The glyceryl triesters are used 
mostly as skin-conditioning agents-occlusive and/or viscosity
increasing agents-nonaqueous (Wenninger and McEwen 
1997). 
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TABLE3 
Functions of Glyceryl Triesters in cosmetics (Wenninger and McEwen 1997) 

Trilaurin 

Triarachidin 
Tribehenin 

Ingredient 

Tricaprin 
Tricaprylin 
Trierucin 
Triheptanoin 
Triheptylundecanoin 
Triisononanoin 
Triisopalmitin 
Triisostearin 
Trilinolein 
Trimyristin 
Triolein 
Tripalmitin 
Tripalmitolein 
Triricinolein 
Tristearin 
Trioctanoin 

Triundecanoin 
Glyceryl Triacetyl Hydroxystearate 
Glyceryl Triacetyl Ricinoleate 
Glyceryl Stearate Diacetate 

Frequency of use data submitted to the Food and Drug 
Administration (FDA) in 1998 indicate that only 12 of the 23 
ingredients in this safety assessment are being used in cos
metics. These include: Tricaprylin, Tribehenin, Triisononanoin, 
Triisostearin, Trilaurin, Trilinolein, Trimyristin, Trioctanoin, 
Tripalmitin, Tristearin, Glyceryl Triacetyl Hydroxystearate, 
and Glyceryl Triacetyl Ricinoleate. FDA frequency of use data 
on these ingredients are summarized in Table 4 (FDA 
1998). 

Concentration of use values are no longer reported to FDA 
by the cosmetics industry (FDA 1992). However, current con
centration of use data received from the cosmetics industry are 
included in Table 5. 

International Use 
Eleven of the 23 ingredients reviewed in this report are listed 

in the Japanese Comprehensive Licensing Standards of Cos
metics by Category (CLS) (Rempe and Santucci 1997). The fol
lowing ingredients, which conform to the specifications of the 
Japanese Cosmetic Ingredients Codex, have precedent for use 

Function(s) 

Skin-conditioning agent-occlusive and/or 
viscosity-increasing agent 

as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
as above 
Hair conditioning agent; skin-conditioning 

agent-occlusive 
as above 
Skin-conditioning agent-emollient 
as above 
Skin-conditioning agent-occlusive; 

viscosity-increasing agent -nonaqueous 

without restriction in all CLS categories: Trilaurin, Tribehenin, 
Trioctanoin, Trimyristin, Tripalmitin, and Tristearin. 

Noncosmetic Use 
Trilaurin has been detected in pharmaceutical excipients 

(Giron, Link, and Bouissel1992). 
Tricaprylin has been used as an energy source for bum pa

tients and for patients having difficulty digesting long-chain fatty 
acids (NTP 1994). 

Tristearin has been approved for use as a direct food ad
ditive (21 CFR 172.811). Additionally, the following Glyceryl 
Triesters have been approved for use as components of arti
cles intended for use in producing, manufacturing, packing, pro
cessing, preparing, treating, packaging, transporting, or holding 
food (i.e., use as indirect food additives): Tri1aurin, Trimyristin, 
Triolein, Tripalmitin, Tristearin (21 CFR 177.2800), and Glyc
eryl Triacetyl Hydroxystearate (21 CFR 178.3505). The follow
ing noncosmetic uses of Tristearin have been reported: soap, 
candles, candies, adhesive pastes, metal polishes, waterproofing 
paper, textile sizes, leather stuffing, and manufacture of stearic 
acid (Lewis 1993). 
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TABLE4 
Product formulation data on Glyceryl Triesters (FDA 1998) 

Trilaurin 
Eyebrow pencil 
Eyeliner 
Eye shadow 
Other eye makeup preparations 
Other fragrance preparations 
Blushers (all types) 
Foundations 
Lipstick 
Other makeup preparations 

Product category 

Cleansing skin care preparations (creams, lotions, powders, sprays) 
Body and hand skin care (excluding shaving) preparations (creams, lotions, powders, sprays) 
Moisturizing skin care preparations (creams, lotions, powders, sprays) 
Night skin care preparations (creams, lotions, powders, sprays) 
Other skin care preparations (creams, lotions, powders, sprays) 
1998 Trilaurin totals 

Trilinolein 
Night skin care preparations (creams, lotions, powders, sprays) 
Other skin care preparations (creams, lotions, powders, sprays) 
1998 Trilinolein totals 

Trimyristin 
Eye shadow 
Blushers (all types) 
Face powders 
1998 Trimyristin totals 

Tripalmitin 
Cleansing skin care preparations (creams, lotions, powders, sprays) 
1998 Tripalmitin totals 

Tristearin 
Eyeliner 
Eye shadow 
Other fragrance preparations 
Foundations 
Lipstick 
Cleansing skin care preparations (creams, lotions, powders, sprays) 
Face and neck (excluding shaving) skin care preparations (creams, lotions, powders, sprays) 
Body and hand skin care (excluding shaving) preparations (creams, lotions, powders, sprays) 
Moisturizing skin care preparations (creams, lotions, powders, sprays) 
Paste masks (mud packs) 
Other skin care preparations (creams, lotions, powders, sprays) 
1998 Tristearin totals 

Triisostearin 
Eye shadow 
Lipstick 
1998 Triisostearin totals 

Triisononanoin 
Face and neck (excluding shaving) skin care preparations (creams, lotions, powders, sprays) 
Body and hand skin care (excluding shaving) preparations (creams, lotions, powders, sprays) 
Night skin care preparations (creams, lotions, powders, sprays) 
Other skin care preparations (creams, lotions, powders, sprays) 
1998 Triisononanoin totals 

Total no. of Total no. 
formulations containing 
in category ingredient 

91 6 
514 128 
506 9 
120 2 
148 
238 1 
287 25 
790 14 
135 2 
653 2 
796 4 
769 1 
188 
692 1 

197 

188 
692 1 

2 

506 1 
238 4 
250 5 

10 

653 1 
1 

514 21 
506 1 
148 2 
287 1 
790 4 
653 3 
263 
796 4 
769 3 
255 1 
692 5 

46 

506 
790 4 

5 

263 2 
796 4 
188 1 
692 1 

8 

(Continued on next page) 
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TABLE4 
Product formulation data on Glyceryl Triesters (FDA 1998) (Continued) 

Tribehenin (Glyceryl Tribehenate) 
Eyebrow pencil 
Other eye makeup preparations 
Hair conditioners (noncoloring) 
B I ushers (all types) 
Foundations 
Makeup bases 
Other makeup preparations 

Product category 

Body and hand skin care (excluding shaving) preparations (creams, lotions, powders, sprays) 
Moisturizing skin care preparations (creams, lotions, powders, and sprays) 
Other suntan preparations 
1998 Tribehenin totals 

Tricaprylin (Glyceryl Tricaprylate) 
Eyebrow pencil 
Eyeliner 
Eye shadow 
Other eye makeup preparations 
Tonics, dressings, and other hair-grooming aids (noncoloring) 
Face powders 
Foundations 
Lipstick 
Makeup bases 
Makeup fixatives 
Other makeup preparations 
Nail polish and enamel removers 
Cleansing skin care preparations (creams, lotions, powders, and sprays) 
Body and hand skin care (excluding shaving) preparations (creams, lotions, powders, and sprays) 
Foot powders and sprays 
Moisturizing skin care preparations (creams, lotions, powders, and sprays) 
Paste masks (mud packs) 
Other skin care preparations (creams, lotions, powders, and sprays) 
Suntan gels, creams, and liquids 
1998 Tricaprylin totals 

Trioctanoin (Glycerol Tris-(2-Ethylhexanoate)) 
Eye shadow 
Mascara 
Blushers (all types) 
Foundations 
Lipstick 
Other makeup preparations 
Cleansing skin care preparations (creams, lotions, powders, and sprays) 
Body and hand skin care (excluding shaving) preparations (creams, lotions, powders, and sprays) 
Moisturizing skin care preparations (creams, lotions, powders, and sprays) 
Other skin care preparations (creams, lotions, powders, and sprays) 
1998 Trioctanoin totals 

Glyceryl Triacetyl Hydroxystearate 
Tonics, dressings, and other hair grooming aids 
Lipstick 
1998 Glyceryl Triacetyl Hydroxystearate totals 

Glyceryl Triacetyl Ricinoleate 
Lipstick 
Other skin care preparations (creams, lotions, powders, and sprays) 
1998 Glyceryl Triacetyl Ricinoleate totals 

Total no. of 
formulations 
in category 

91 
120 
636 
238 
287 
132 
135 
796 
769 

38 

91 
514 
506 
120 
549 
250 
287 
790 
132 

11 
135 
34 

653 
796 

35 
769 
255 
692 
136 

506 
167 
238 
287 
790 
135 
653 
796 
769 
692 

549 
790 

790 
692 

Total no. 
containing 
ingredient 

1 
2 
4 
8 

12 
2 
6 
3 
3 
1 

42 

2 
1 

1 
3 
2 

24 
15 

1 
2 
5 
1 
6 

1 
70 

2 

1 
6 
2 
2 
3 
4 
5 

27 

1 
2 
3 

31 
1 

32 

71 
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TABLES 
Use concentration data on Glyceryl Triesters (CTFA 1998a,* 1998b,** 1998c,*** 1999) 

Trilaurin 
Other bath preparations 
Eyebrow pencil 
Eyeliner 
Eye shadow 
Foundations 
Lipstick 
Lip liner 
Makeup fixatives 

Product type 

Face and neck creams, lotions, powders, and sprays (excluding shaving preparations) 
Body and hand creams, lotions, powders, and sprays (excluding shaving preparations) 
Moisturizing creams, lotions, powders, and sprays 
Night creams, lotions, powders, and sprays (excluding shaving preparations) 

Tribehenin 
Deodorants (underarm) 
Suntan gels, creams, and liquids 
Eye cream 
Lip cream 
Hand cream 

Tricaprylin 
Blushers (all types) 
Face powders 
Foundations 
Other makeup preparations 
Face and neck creams, lotions, powders, and sprays (excluding shaving preparations) 
Body and hand creams, lotions, powders, and sprays (excluding shaving preparations) 
Indoor tanning preparations 

Triheptanoin 
Lipstick 
Skin cleansing (cold creams, cleansing lotions, liquids, and pads) 

Triisononanoin 
Lipstick 

Triisostearin 
Lipstick 
All product types 

Trimyristin 
Eye shadow 
Powders (dusting and talcum) (excluding aftershave talc) 
Blushers (all types) 
Face powders 

Trioctanoin 
Eyebrow pencil 
Eyeliner 
Eye shadow 
Hair conditioners 
Tonics, dressings, and other hair-grooming aids 
Blushers (all types) 
Foundations 
Lipstick 

Maximum use concentrations 

1% 
20% 

5%-36% 
0.003%-46% 

2% 
0.2%-46% 

46.3%** 
0.8% 

0.4%-3% 
3% 
3% 

0.9% 

3%-6% 
3% 

0.32%*** (not a maximum value) 
0.38%*** (not a maximum value) 
0.38%*** (not a maximum value) 

5% 
5% 

0.5%-2% 
10% 
2% 
2% 
2% 

12% 
15% 

25% 

36% 
<40%* 

2% 
1% 
1% 
1% 

10% 
17% 

2%-5% 
0.2% 
1% 
3% 

7%-14% 
46% 

(Continued on next page) 
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TABLES 
73 

Use concentration data on Glyceryl Triesters (CTFA 1998a,* 1998b,** 1998c,*** 1999) (Continued) 

Makeup bases 
Nail polish and enamel 
Aftershave lotions 

Product type Maximum use concentrations 

Skin cleansing (cold creams, cleansing lotions, liquids, and pads) 

4% 
3% 

0.2% 
50% 
6% 
3% 

Face and neck creams, lotions, powders, and sprays (excluding shaving preparations) 
Body and hand creams, lotions, powders, and sprays (excluding shaving preparations) 
Moisturizing creams, lotions, powders, and sprays 2%-5% 

8% 
0.1% 
2% 
4% 

Night creams, lotions, powders, and sprays (excluding shaving preparations) 
Paste masks (mud packs) 
Suntan gels, creams, and liquids 
Indoor tanning preparations 

Tripalmitin 
Skin cleansing (cold creams, cleansing lotions, liquids, and pads) 2% 

Tristearin 
Eyeliner 
Eye pencils 
Foundations 

Glyceryl Triacetyl Hydroxystearate 
Lipstick 

Glyceryl Triacetyl Ricinoleate 
Lipstick 

BIOLOGICAL PROPERTIES 

Absorption, Distribution, and Metabolism 
The following summary of triglyceride absorption, 

metabolism, and distribution is included in the NTP (National 
Toxicology Program) report on the comparative toxicology of 
com oil, safflower oil, and tricaprylin (NTP 1994 ); Johnson et al. 
(1990) is the original source: 

In the small intestine, most triglycerides are split into mono
glycerides, free fatty acids, and glycerol, which are absorbed by the 
intestinal mucosa. Within the epithelial cells, resynthesized triglyc
erides collect into globules along with cholesterol and phospholipids 
and are encased in a protein coat as chylomicrons. Chylomicrons are 
transported in the lymph to the thoracic duct and eventually to the 
venous system. The chylomicrons are removed from the blood as 
they pass through the capillaries of adipose tissue. Fat is stored in 
adipose cells until it is transported to other tissues as free fatty acids 
which are used for cellular energy or incorporated into cell mem
branes. When 14C-labeled long-chain triglycerides are administered 
intravenously, 25% to 30% of the radiolabel is found in the liver 
within 30 to 60 minutes, with less than 5% remaining after 24 hours. 
Lesser amounts of radio label are found in the spleen and lungs. After 
24 hours, nearly 50% of the radiolabel has been expired in carbon 
dioxide, with I% of the carbon label remaining in the brown fat. The 
concentration of radioactivity in the epididymal fat is less than half 
that of the brown fat. 

In addition to the preceding information, there are also data 
indicating that, after absorption, long-chain saturated fatty acids 
are transported mainly via the intestinal lymph as triglycerides. 
Fatty acids with 10 or less carbon atoms are transported mainly 

2% 
"-'2%*** 

0.1%-3% 

9% 

8% 

from the intestine via the portal blood vessels. There are also 
data indicating that unsaturated long-chain fatty acids are ab
sorbed mainly via the lymph vessels (Bergstrom, Blomstrand, 
and Borgstrom 1954). 

It is also important to note that there are data indicating a 
difference in the rate of metabolism of long- versus medium
chain triglycerides. (Medium-chain triglycerides is the term used 
to describe one form of neutral lipid, triglyceride that contains 
fatty acid molecules with a chain length varying from 6 to 12 
carbon atoms.) Specifically, in one experiment, 14C-Trioctanoin 
(8 carbons in fatty acid chain) and 14C-Tripalmitin (16 carbons) 
were injected into isolated intestinal loops of rats. At 15 minutes 
after 14C-Trioctanoin injection, mostly all of the lipid remaining 
in the luminal contents (92%) was present as fatty acid. However, 
after the injection of 14C-Tripalmitin, only 29% of the residual 
14C-labeled lipid had been hydrolyzed to fatty acid (Greenberger, 
Rodgers, and Isselbacher 1966). 

In Vivo Studies 
Trilaurin 

Three rats were placed under light anesthesia and dosed with 
olive oil (dose= 0.12 ml per 100 g of body weight) containing 
Glyceryl Trilaurate-l-C14 ( 0.5 JLCi ). Doses were administered 
by gastric probe after 15 to 18 hours of fasting. Cumulative 
14C02 elimination curves of the percentage of radioactive carbon 
dioxide relative to the dose ingested indicated that the amount of 
14C02 exhaled over a period of 7 hours was 73%. Furthermore, 
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the absorption rate for Glyceryl Trilaurate-l-C14 was 5.4% per 
minute and its utilization rate was 0.91% per minute (Metais, 
Bach, and Warter 1967). Studies conducted prior to 1970 have 
indicated that triglycerides (e.g., Trilaurin) are metabolized to 
mono- and diglycerides in the body during the process of fat 
digestion. Pancreatic enzymes are primarily responsible for hy
drolysis of the triglyceride to monoglyceride and free fatty acid, 
which are absorbed into the intestinal wall and used to resynthe
size triglycerides (Kabara 1984 ). According to another source, 
the triglycerides are hydrolyzed by intracellular lipases to yield 
fatty acids and glycerol. Glycerol is converted directly to glu
cose, whereas the fatty acids are metabolized into two-carbon 
units that contribute to the formation of citric acid (Informatics, 
Inc. 1973). 

Tricaprin 

After Tricaprin was fed to white mice, capric acid (15%) was 
found in the depot fat along with caprylic acid (trace amounts), 
lauric acid (as high as 25% ), and myristic acid (as high as 17.5%) 
(Powelll932). 

Tricaprylin 

Tricaprylin and Triolein are normal body constituents found 
in fat cells and in chylomicrons (Bryson and Bischoff 1969). 

Triolein, Tripalmitin, and Tristearin 
Suzuki et al. (1978) evaluated the percutaneous absorption 

of Glyceryl Tri-(oleate-l-14C) (a.k.a. 14C-Triolein) using male 
hrlhr strain hairless mice (average weight = 25 g) and male 
Hartley guinea pigs (average weight= 340 g). In each experi
ment, the radioactive oil was applied (0.0 1 ml on 2.0 em diameter 
Japanese papers backed with Lumirror film) to dorsal skin. The 
oil was applied either undiluted or in a hydrophilic ointment. The 
hydrophilic ointment had the following composition: 5% 14C
labelled oil, 30% white petrolatum, 15% stearyl alcohol, 12% 
propylene glycol, 2% sodium lauryl sulfate, and 36% distilled 
water. Mice were killed at 1, 6, 24, and 48 hours post application, 
and guinea pigs were killed at 6 and 24 hours post application. 
Whole body autoradiography was the technique used in the ex
periment with hairless mice and microautoradiography was used 
in the experiment with guinea pigs. 

As determined by whole body autoradiography, 14C-Triolein 
(undiluted or in hydrophilic ointment) did not penetrate into 
the body organs of mice. The oil remained localized at the ap
plication site at 48 hours post application. The results of the 
microautoradiography study using guinea pigs are summarized 
as follows: After 6 hours, the silver grains were distributed 
from the stratum corneum to the sebaceous glands. After 24 
hours, the grains had spread up to the hair bulges and concen
trated considerably in the sebaceous glands. The grains were 
also observed slightly in the dermis under the basal layer and 
around the hair follicles and the sebaceous glands (Suzuki et al. 
1978). 

Rats were fed an emulsion diet (via stomach tube) consisting 
of 95 parts Triolein (Glycerol Trioleate) and 5 parts Glycerol l-
14C-Trioleate. The percentage of administered Glyceroll- 14C
Trioleate that was identified in the lymph in 24 hours was 88% 
(Mattson and Volpenhein 1972). In an earlier study four male rats 
(weights~ 250 g) were dosed orally with [l- 14C]Triolein. The 
percentage of radioactivity that was absorbed in 24 hours ranged 
from 57% to 92% (mean= 78.2% ). The percentage of absorbed 
activity that was recovered in the lymph fat from the thoracic 
duct ranged from 51% to 83% (mean=65.5%) (Bergstrom, 
Blomstrand, and Borgstrom 1954 ). 

After a single dose of [ l-14C]Triolein was administered intra
venously into fasted rats, a high rate of uptake was noted within 
the first hour in the following organs: liver, myocardium, gas
tric mucosa, and diaphragm. However, after 24 hours, 
radioactivity in these tissues had decreased markedly. A similar 
pattern of distribution was noted in mice; however, large amounts 
of radioactivity were also noted in the brown fat, white adi
pose tissue, and spleen, even after 24 hours (Becker and Bruce 
1985). In an earlier study, a 14C-oleic acid-labeled Triolein 
emulsion was administered intravenously to rats. Following in
jection, an initial rapid drop in the serum concentration of Tri
olein was noted (t1;2 = 4.5 minutes). Approximately 95% of the 
administered dose disappeared within 30 minutes. Radioactiv
ity was increased in the liver (maximum at 10 to 20 minutes), 
followed by a subsequent decline. As much as 8% of the ad
ministered radioactivity was detected in the epidermal fat pads 
(Procter & Gamble Company 1973). 

In another study, rats were fed Triolein in which the fatty acids 
occupying specific positions in the glyceride molecule had been 
labeled. The recovery of labeled glycerol and oleic acid and 
the location of labeled acid in the triglyceride molecules of the 
lymph were determined. It was concluded that approximately 
75% of the glycerol of dietary triglyceride was absorbed as 
monoglyceride, and 75% of the fatty acids of dietary triglyceride 
were absorbed as free acids (Mattson and Volpenhein 1964). 

The absorption of [I- 14C]Tristearin was evaluated using 
groups consisting of six to seven male Wistar rats (weights = 200 
to 250 g). The rats were prepared either with an external bile fis
tula or a sham operation (control group), and then allowed to 
recover for 6 to 12 hours. Weighed doses of [I-14C]Tristearin 
were fed in a pellet of bran. Doses of 25, 50, 100, and 200 mg 
were administered to four groups, respectively. The rats were 
killed after 16 hours and lipid from the stomach, small gut, 
and colon (with feces) was extracted. Absorption was expressed 
as the percentage of the dose that had left the stomach. Only 
rats in which 80% or more of the dose had left the stomach 
were used. Tristearin absorption was classified as poor at all ad
ministered doses. Significantly lower absorption of Tristearin 
was noted only in the 200 mg dose group (p < .02, n = 6) 
(Hamilton, Webb, and Dawson 1969). Results for [ l-14C]Triolein 
and [l-14C]Tripalmitin are summarized below: 

When groups of rats were dosed with [I-14C]Triolein ac
cording to the same procedure, the absorption of 25 mg and 
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200 mg doses was almost complete (95% and 96%, respectively) 
(Hamilton et al. 1969). 

Sham operated rats (group of seven) were fed 25 mg doses 
of [I-14C]Tripalmitin in bran pellets. Absorption was expressed 
as the percentage of that which left the stomach. The mean per
centage absorption reported was 70% ± 5% (Hamilton, Webb, 
and Dawson 1969). 

Following the oral administration of a Glycerol-tri(l-14C)
Palmitate (Tripalmitin) emulsion to pregnant female Wistar rats 
during late gestation, total radioactivity in the plasma increased 
more rapidly in 20-day pregnant rats than in either 19-day preg
nant rats or virgin controls. Four hours after administration of the 
tracer (peak of plasma radioactivity) most of the plasma radioac
tivity corresponded to 14C lipids in triglyceride-rich lipopro
teins. Also, at 4 hours post administration, the estimated recov
ery of administered radioactivity in total white adipose tissue, 
mammary glands, and plasma lipids was greater in pregnant rats 
than in virgin rats (Argiles and Herrera 1989). 

Trilinolein and Trioctanoin 
The metabolism of Trilinolein in the rat testis was eval

uated using adult male Sprague-Dawley rats (weights= 200 
to 225 g). The rats were injected intratesticularly with a 
l-14C-Trilinolein emulsion (50 11l). Groups of two to four an
imals were killed at the following intervals, after which testes 
were excised: Y4 , Y2 , 1, 3, 6, 12, 24, 36, and 48 hours. Results 
indicated that radioactive l-14C-linoleic acid was released from 
l-14C-Trilinolein and incorporated throughout the lipid classes. 
The specific activities and pattern of distribution of the radioac
tivity indicated that the transformation of linoleic acid between 
the triglyceride, diglyceride, and fatty acid pools was an equi
librium process. Furthermore, linoleic acid released from l-14C
Trilinolein was converted to higher polyunsaturated fatty acids 
that were incorporated throughout the lipid classes, and was ca
tabolized. Evidence for linoleic acid catabolism was the finding 
of radioactivity in palmitic acid (Nakamura and Privett 1969). 

The absorption of intraduodenally administered carboxyl-
14C-Glyceryl Trioctanoate was evaluated using 20 normal dogs 
(controls), 9 pancreatectomized dogs, and 4 pancreatectomized 
dogs with a thoracic duct fistula. In the 20 control dogs, 26.7% ± 
5.2% of the administered radioactivity was recovered as ex
pired 14C02 in 150 minutes. After pancreatectomy, 14C02 re
covery rates diminished significantly. Using thin-layer and gas 
chromatography of lymph collected from four pancreatecto
mized dogs, results indicated that no 8-carbon fatty acids or glyc
erides were present. Labeled and unlabeled Trioctanoin were ad
ministered to the four pancreatectomized dogs. The researchers 
stated that the results of these experiments indicate that 
Trioctanoin absorption was retarded in the absence of pancreatic 
lipase, but that fractional amounts of the lipid were absorbed via 
the portal route (Schwabe et al. 1967). 

The utilization and distribution of radioactive lipid emulsions 
were evaluated using three groups of 12 male Sprague-Dawley 
rats (weights= between 190 and 250 g). The medium-chain 

triglyceride (MCT), Trioctanoin (glycerol tri-[1-14C]octanoate), 
and the long-chain triglyceride (LCT), Trilinolein (glycerol tri
[l-14C]linoleate), were the radioactive triglycerides that were 
used. The composition of the typical LCT molecule includes 
fatty acids of 16 and 18 carbons in length with trace amounts of 
larger fatty acids. The fatty acids of the triglyceride fractions 
of emulsions prepared from MCTs are usually 8 to 10 carbons 
in length. Group 1 was fed [14C]MCT, and group 2 was fed 
a 75%:25% (vol:vol) admixture of [14C]MCT:unlabeled LCT 
lipid emulsion. Group 3 was fed [14C]LCT. Radioactivity (mon
itored over a 24-hour period) was detected in expired C02 and 
the following body tissues: liver, brain, lungs, heart, muscle, 
kidneys, epididymal fat, duodenum, plasma, and urine. Study 
results indicated that the MCT was oxidized more rapidly and 
completely than the LCT. Approximately 90% of the MCT was 
converted to C02 within 24 hours, compared to 45% ofLCT. Fol
lowing the simultaneous administration of MCT and LCT, the 
metabolism of MCT was slowed, but remained more rapid than 
the metabolism of LCT. Additionally, removal of MCT from 
the blood was more rapid, and tissue radioactivity was lower. 
The investigators noted medium-chain fatty acids are metabo
lized more rapidly and completely than long-chain fatty acids 
because they enter the mitochondria of the liver, heart, and kid
neys for oxidation without first being converted to a camitine 
transport form (Johnson et al. 1990). 

In Vitro Studies 
Triolein 

The in vitro percutaneous absorption of Triolein through full 
thickness Skh-1 hairless mouse skin was evaluated using one
chambered static diffusion cells. Skin samples from the mid
dorsal region were mounted on the diffusion cells with the der
mal side in contact with the receptor fluid (phosphate-buffered 
saline [PBS]) and the epidermis open to the atmosphere. Tri
olein was applied as l0-111 aliquots of 40 11g/ml solutions in 
ethanol. Gentamicin was added to the receptor fluid to con
trol bacterial growth in this compartment. The receptor fluid 
was modified during the study by adding other chemicals. The 
extent of percutaneous absorption, expressed as the mean and 
standard deviation (n = 6) of the percentage of the applied ra
dioactivity recovered in the receptor fluid after 24 hours, of 
Triolein in PBS+ gentamicin was 0.3% ± 0.2%. The percu
taneous absorption of Triolein was greatest (4.7% ± 0.8%) in 
the presence of PBS +gentamicin +bovine serum albumin and 
least in the presence of PBS + gentamycin + PEG-20 oleyl ether 
(0.2% ± 0.1% ). Thus, the chemical composition of the receptor 
fluid significantly affected the extent of absorption of Triolein 
(Moloney 1988). 

The metabolism of Triolein in vitro was evaluated using iso
lated perfusion of a rat liver in tandem with an isolated rat hind 
end. This permitted the study of lipid transfer between the two. 
In the absence of added Triolein, a net removal of free fatty 
acids was demonstrated in both tissue beds when fatty acid 
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gradients across tissue beds were measured. Following the ad
dition of 100 mg of Triolein (as eH]-glycerol-[14C]triolein) 
to either reservoir in the system, an appreciable net produc
tion of free fatty acid was noted for the hind end gradient at 
30 minutes. This hind-end free fatty acid efflux amounted to 
more than one third of the catabolism of Triolein. In the presence 
of Triolein, a fatty acid influx similar to the hind end-generated 
efflux was noted. Furthermore, after the introduction of radioac
tive Triolein into the peripheral (hind) end of the system, a signif
icantly greater (compared to injection in liver reservoir) fraction 
of the recovered lipid 14C radioactivity was detected in the liver 
tissue. The percentage of recovered lipid detected in peripheral 
tissues (i.e., muscle, subcutaneous adipose tissue, and epididy
mal adipose tissue) after 90 minutes of perfusion was similar 
regardless of the site of Triolein injection into the system. Most 
of the 14C radioactivity was identified in subcutaneous adipose 
tissue (Schirmer eta!. 1983). 

Other Glyceryl Triesters 
Hydrolysis of the following synthetic glyceryl triesters by 

hepatic triacylglycerol lipase in plasma from ICR mice has 
been demonstrated in vitro: Tricaprylin, Tricaprin, Trilaurin, 
Trimyristin, Tripalmitin, Tristearin, and Triolein (Masuno and 
Okuda 1986). 

Skin Penetration Enhancement 
Tricaprylin and Other Triglycerides 

The skin penetration enhancement of drugs by Tricaprylin has 
been demonstrated in vivo using Wistar rats (Lee et al. 1993) 
and in vitro using hairless female mice (Lee eta!. 1993; Goto 
et a!. 1993). In the study by Goto et a!. (1993), the drug per
meation ratio in the presence of triglycerides increased in the 
following order: Tricaprylin (C8) >Triolein (Cl8) >Tributyrin 
(C4) >Triacetin (C2). 

Cardiac Effects 
Trilinolein 

Reportedly, Trilinolein reduced infarct size and suppressed 
ventricular arrhythmias in vivo in male Sprague-Dawley rats 
(weights= 200 to 300 g) subjected to coronary ligation. Trili
nolein was administered intravenously at doses ranging from 
1 o-Il to 1 o-7 g/kg. Complete suppression of all ventricular ar
rhythmias was noted at a dose of 10-7 g/kg. The pretreatment 
ofrats with 10-7 g/kg 15 minutes prior to the 4-hour coronary 
ligation resulted in significant reduction of infarct size (Chan 
eta!. 1995). 

Effect on Phagocytosis 
Tricaprin 

Outbred, specific pathogen free-male mice were injected in
travenously with a Tricaprin suspension at intervals ranging from 
30 minutes to 16 days. The animals were then killed and sam
ples of liver and spleen were prepared for light and electron 

microscopy. Control mice were injected intravenously with col
loidal carbon, and samples of the liver and spleen were examined 
microscopically at intervals ranging from 15 minutes to 24 hours 
after injection. Compared to controls, the injection of Tricaprin 
was followed by an increase in the size of Kupffer cells and the 
number of lysosomes within them was increased. Additionally, 
the liver had a heavier and more homogenous distribution of 
carbon within the lobule, indicating increased phagocytic activ
ity. Microscopically and macroscopically, no differences were 
found between the spleens of test and control mice. No changes 
of toxicity were found in the liver or spleen (Stuart and Smith 
1975). 

Triolein 
The effect of Triolein on the monocyte-macrophage system 

were evaluated using four groups of Wistar female rats (average 
body weight= 150 ± 20 g). Dosing with Triolein was accord
ing to the following schedule: single intravenous (IV) injection 
with 50 mg/1 00 g (group A); two IV doses of 25 mg/100 g, sep
arated by 24 hours (group B); single IV dose of 16.7 mg/100 g 
(group C); and single IV dose of25 mg/100 g (group D). Phago
cytic activity indices were determined over a period of 7 days 
(at intervals of 24 hours after the last IV injection) by mea
suring the rate of clearance of 8 mg of colloidal carbon in 1% 
calf-skin gelatin per 100 g body weight. Compared to untreated 
controls, the overall phagocytic activity of group A increased 
100% within 24 to 48 hours after dosing. In group B, the overall 
phagocytic activity increased 500% within 24 hours after the 
second dose. Results for group C indicated a fourfold increase 
in carbon clearance within 24 hours. This degree of phagocytic 
stimulation was twice as great as that induced by a single IV 
dose of triolein (50 mg/100 g) in group A. Results for group D 
indicated a greater degree of phagocytic stimulation than a dose 
of 50 mg/100 g (group A); however, in group D, a period of 
72 hours was required for reaching peak activity (Altura and 
Hershey 1970). Triolein has been described as one of the most 
potent stimulants of macrophages (Mouton eta!. 1975). 

Pharmacological Effects 
Trilaurin 

The effect of Trilaurin in the diet on plasma apolipopro
tein A-1 (apo A-1) and high-density lipoprotein (HDL) choles
terol concentrations was evaluated in two experiments using 
Watanabe (WHHL) and New Zealand white (NZW) rabbits. In 
the first experiment, two WHHL rabbits ( 6 months old) were fed 
a chow diet supplemented with Trilaurin (6.5% w!w) for 4 days. 
Significant increases in plasma HDL cholesterol and apo A-1 
concentrations were noted after feeding (250% and 200% of 
the baseline value for HDL cholesterol and apo-A-1 concentra
tions, respectively). Concentrations of both substances returned 
to baseline after Trilaurin was removed from the diet. In the sec
ond experiment, three WHHL rabbits and three NZW rabbits 
(10 months old) were fed a chow diet supplemented with 
Trilaurin (6.5% wlw) for 1 week. HDL cholesterol and apo 
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A-I concentrations increased 50% and 62%, respectively, in 
WHHL rabbits, and 43% and 31%, respectively, in NZW rabbits 
(p <.01) (Carlson and Kottke 1991). 

Tricaprylin 
The pharmacological activity of Tricaprylin was evaluated 

using dogs. Dosing with Tricaprylin resulted in loss of spon
taneous movement and a slight increase in the response of the 
ileum. No effects were observed on the following: respiration, 
blood pressure, the isolated heart and uterus, electrocardiogram 
(ECG), auricular vessel, and duration of anesthesia. Effects on 
behavior and the isolated ileum were noted (Ohta et al. 1970). 

Triolein 
Following intravenous injection of a 10% Triolein emulsion 

( 4- and 7 -ml/kg doses) into cats after bilateral vagotomy, a rise in 
blood pressure in the pulmonary artery and a slight secondary fall 
in blood pressure were noted. The elevation in blood pressure had 
a high degree of tachyphylaxis. These effects were not observed 
when injections were repeated (Oro and Wretlind 1961). 

Effect on Enzyme Activity 
Trilaurin 

The effect of Trilaurin and various fatty acids and deriva
tives on Sa-reductase activity in vitro was evaluated because of 
the established link between prostate cancer and high dietary 
fat intake. Prostate gland tissue specimens (human) were used. 
Sa-Reductase catalyzes the reduction of testosterone to dihy
drotestosterone, which controls cellular division in the prostate 
gland. It has been suggested that the modulation/inhibition of 
this enzyme could prevent carcinogenesis in the prostate gland. 
Results indicated that the inhibitory effect of lauric acid on Sa
reductase activity was totally lost as a result of esterification to 
Trilaurin (Niederpruem et al. 1995). 

Effect on Glucose Production 
Tricaprylin 

The effect ofTricaprylin on glucose production was evaluated 
using the isolated perfused rat liver. Tricaprylin (1 mM) stimu
lated glucose production in the presence of lactate, galactose, or 
alanine. Tricaprylin (1 mM) also induced a twofold increase in 
ketogenesis (Ingebretsen and Wagle 1974). 

Antioxidant Activity 
Trilinolein, Triolein, and Tristearin 

The antioxidant activity of Trilinolein, Triolein, and Tris
tearin has been demonstrated using enhanced chemilumines
cence (method of measuring oxygen-derived free radicals) in 
a reaction mixture consisting of a human polymorphonuclear 
leucocyte cellular suspension. Trilinolein had the strongest an
tioxidant activity, followed by Triolein and then Tristearin (Chan 
et al. 1996). 

TOXICOLOGY 
To facilitate the comparison of results as a function of the 

molecular size of the ingredient, the length of the fatty acid car
bon chain is included in parentheses after the ingredient name. 

Acute Oral Toxicity 
Tribehenin (C22) 

An acute oral LD50 of 5 g/kg (mice) has been reported for 
Tribehenin. Details concerning the test protocol and study re
sults were not reported (Registry of Toxic Effects of Chemical 
Substances 1998). 

A 40% suspension of Tribehenin in corn oil did not induce 
toxicity in acute oral toxicity studies involving rats. Details con
cerning the test protocol and study results were not included 
(Unichema International 1992). 

Tricaprylin (C8) 

Acute oral LD50 values for Tricaprylin were 34.2 and 
29.6 g/kg in male and female mice, respectively. The researchers 
concluded that Tricaprylin induced very low acute toxic effects 
in mice (Ohta et al. 1970). 

In another experiment in the preceding study, acute oral LD50 

values for Tricaprylin were 34.2 and 33.3 g/kg in male and fe
male rats, respectively. The researchers concluded that 
Tricaprylin induced very low acute toxic effects in rats (Ohta 
et al. 1970). 

Trioctanoin (C8) 
The acute oral toxicity ofTrioctanoin (a.k.a. Glycerol Tris(2-

Ethylhexanoate)) was evaluated using ten male, Ichikawaken 
mice of the ddY strain (weight range= 21.8 to 25.2 g). Each 
animal received an oral dose of 50 ml/kg, and the LD50 was cal
culated at the end of a 1-week observation period. Suppression 
of spontaneous movement was observed immediately after test 
substance administration, and some excretion of the adminis
tered dose was observed 20 to 30 minutes later. At 1 to 2 hours 
post administration, the hair appeared completely wet. On the 
day after dosing, suppression of spontaneous movement was de
scribed as slight and gradual recovery followed. The appearance 
of the hair also returned to normal. None of the animals died, 
and it was concluded that the LD50 was >50 ml/kg (Sanitary 
Laboratory Kanagawa Prefecture 1975a). 

Tristearin ( C 18) 
The acute oral toxicity of Tristearin was evaluated using 

ten Sprague-Dawley rats (males and females; weights= 150 to 
300 g). None of the animals died during the 14-day period af
ter dosing. The LD50 was > 20.0 g/kg. At necropsy, none of the 
animals had gross lesions (Safepharm Limited 1980). 

Triisostearin ( C 18) 
A single oral dose (2 g/kg body weight) of Triisostearin did 

not result in any harmful effects in rats. Details concerning 
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the test protocol were not provided (Unichema International 
1997a). 

Acute Intravenous Toxicity 
Tricaprylin (C8) 

The acute intravenous toxicity of Tricaprylin was evaluated 
using six groups of 10 mice (strain not stated; weights= 13 
to 29 g). Tricaprylin (25% emulsion) was injected into the tail 
vein of each animal. Motor uneasiness developed immediately 
after injection, and was followed by spasms in the hind legs, 
respiratory distress, urination, lateral recumbency, as well as 
froth at the nose. A mean acute IV LD50 of 3,700 ± 194 mg/kg 
was reported (Wretlind 1957). 

A minimum lethal intravenous dose of 4 g/kg for a Tricaprylin 
emulsion was reported for two groups of male and female mice 
respectively, and two groups of male and female rats, respec
tively. The researchers concluded that Tricaprylin induced very 
low acute toxic effects when administered intravenously to mice 
and rats (Ohta et al. 1970). 

Triolein (CIS) 
Triolein was injected intravenously into two mongrel dogs 

(weights= 10 to 15 kg). Injection was repeated at 30, 60, 120, 
180, and 240 minutes and after 24 hours. The animals were killed 
and lungs were prepared for gross and microscopic examina
tion. No changes in the following parameters were noted: lung 
compliance, arterial gases, platelet counts, prothrombin times, 
activated partial thromboplastin times, serum lipase, or plasma 
lactate. Mild tachypnea was noted after 4 hours but not after 
24 hours. Hypotension was not observed in either animal. Fo
cal areas of hemorrhage (not extensive) were observed at gross 
and microscopic examination. Surfactant activity was reduced 
in hemorrhagic areas. No alterations in any of the parameters 
studied were reported for the three saline-treated control dogs 
(Baker, Kuenzig, and Peltier 1969). 

Acute Intraperitoneal Toxicity 
Tricaprylin (C8) 

The minimum lethal dose for Tricaprylin in two groups of 
male and female mice, respectively, and in two groups of male 
and female rats (number of animals not stated), respectively 
was > 27.8 g/kg. The authors concluded that Tricaprylin induced 
very low toxicity when administered intraperitoneally to mice 
and rats (Ohta et al. 1970). 

Acute Subcutaneous Toxicity 
Tricaprylin (C8) 

The minimum lethal dose of Tricaprylin was determined to 
be >27.8 g/kg in two groups of male and female mice, respec
tively, and in two groups of male and female rats, respectively 
(number of animals not stated). The researchers concluded that 
Tricaprylin induced very low acute toxic effects when adminis
tered subcutaneously to mice and rats (Ohta et al. 1970). 

Short-Term Oral Toxicity 
Trilaurin ( C 12), Tristearin ( C 18), and Triolein ( C 18) 

The short-term oral toxicity of Trilaurin, Tristearin, and Tri
olein was evaluated using four groups of ten weanling rats, re
spectively. Each glyceryl ester was administered orally at a con
centration of 25% in the diet for a period of 10 weeks. Equal 
gains in body weight were reported for all groups tested. No 
lesions were found at necropsy or microscopic examinations 
that were attributable to administration of test diets (Procter & 
Gamble Company 1950). 

In another study, five weanling albino rats were fed 5% Tris
tearin in the diet daily for 37 days. Another group of five rats was 
fed a control diet (no Tristearin). The animals ranged in weight 
from 62 to 66 g. Growth rates for the two groups were identi
cal. At necropsy, no abnormalities were found that were related 
to the administration of Tristearin. No significant differences in 
organ weight were found between the two groups (Hodge 1954 ). 

Tricaprylin (C8) 
The short-term oral toxicity ofTricaprylin was evaluated us

ing groups of male and female Wistar rats (7 to 10 per group). 
The groups were dosed for 31 days with 2, 5, or 10 ml/kg. 
Compared to controls dosed with distilled water, statistically 
significant (.01 < p < .05) differences in the following clinical 
chemistry and hematological parameters were noted: urea nitro
gen (mg/dl) significantly lower in groups of female rats dosed 
with 5 or 10 ml/kg, GOT (glutamic oxaloacetic transaminase) ac
tivity and erythrocyte counts (x 104/mm3) significantly lower in 
males dosed with 2 ml/kg, GPT (glutamic pyruvic transaminase) 
activity significantly lower in females dosed with 10 ml/kg, and 
leukocyte counts (x 102/mm3) significantly higher in females 
dosed with 10 ml/kg. Glucose concentration (mg/dl) was sig
nificantly greater (p < .01) in males dosed with 2 mllkg (Ohta 
et al. 1970). Results for changes in organ weights are summa
rized below: 

Compared to distilled water controls, the following statisti
cally significant changes in organ weight were noted: signifi
cant reduction in heart weight (.01 < p <.05) in males dosed 
with 2, 5, or 10 mllkg; significant reduction in spleen weight 
(.01 < p < .05) in males dosed with 5 rnl/kg or 10 ml/kg; signif
icant reduction in right and left kidney weights (p < . 01) in males 
dosed with 5 ml/kg or 10 ml/kg; significant reduction in left 
testis weight in 2 ml/kg (.01 < p < .05), 5 mllkg (p + .01), and 
10 ml/kg ( .01 < p < .05) dose groups; and significantx reduction 
in right testis weight in 2 ml/kg (.01 < p < .05) and 10 mllkg 
(p < .01). At microscopic examination, no lesions were found 
in either test or control groups (Ohta et al. 1970). 

Short-Term Subcutaneous Toxicity 
Tricaprylin (C8) 

Tricaprylin was used as a vehicle control in a study evaluating 
the short-term subcutaneous toxicity of monocrotaline pyrrole. 
Ten male and ten female rats of the SPF CSE strain (average 
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weight= 1200 g) were injected with 0.25 ml Tricaprylin twice 
a week for 5 weeks (total of 10 injections in right flank, same 
site). The animals were killed in pairs (one male, one female) 
24 hours after the first injection and all subsequent injections. 
Subcutaneous tissue at the injection site was removed and pre
pared for histological examination. Initially, subcutaneous in
jections ofTricaprylin produced a granulomatous reaction char
acterized by numerous oil deposits surrounded by several layers 
of macrophages, accompanied by mononuclear cells and a few 
polymorphs. Additionally, from the third injection until the end 
of the experiment, fibrous tissue formed around the oil globules 
and fibroblasts (together with other chronic inflammatory cells) 
were observed between strands of collagen (Hooson and Grasso 
1976). 

Short-Term Parenteral Toxicity 
Triolein (Cl8) 

Over a period of 1 hour, Triolein (dose= 30% of the LD50, 

where LD50 equals 1.5 times the weight of the animal in 
kilograms) was infused into the ascending aorta of each of 
six spontaneously breathing dogs. Four of the six dogs were 
made hypoxic with a 10% oxygen-90% nitrogen air supply. 
An additional six dogs were ventilated with a respirator during 
Triolein infusion. Three control dogs received a slow saline in
fusion into the ascending aorta. The respiratory rate increased 
in spontaneously breathing dogs, and two of the four dogs made 
hypoxic during infusion had a respiratory arrest. Atelectasis, 
hemorrhage, and interstitial edema were observed in the lungs 
at biopsy and postmortem specimens of test animals, but not in 
control animals. Severe intravascular accumulation of fat was 
noted in sections of the brain, heart, and kidneys stained for fat. 
However, the accumulation of fat was small in the lungs (Shaffer 
et al. 1976). 

Chronic Oral Toxicity 
Trilaurin ( C 12) 

Two groups of rats were fed a mixture consisting of Trilaurin 
(8%), Glyceryl Dilaurate (45%), and Glyceryl Laurate (40% to 
45%) at a concentration of 25% in the diet for 2 years. Thus, the 
individual glyceryl esters were fed at effective dietary concentra
tions of "'0.0002% (Trilaurin), "'0.0011% (Glyceryl Dilaurate), 
andrv0.0010%to0.0011% (GlycerylLaurate). Control rats were 
fed hydrogenated cottonseed oil at a concentration of25% in the 
diet. No differences were found in growth rate and lesions be
tween test and control rats. A slight excess of hepatic cell fatty 
change (compared to controls) was the only microscopic finding 
in both groups fed the mixture. Details concerning the test proto
col and study results were not included (Unichema International 
1997b). 

Trierucin (C22) 
The chronic oral toxicity of Trierucin (Glyceryl Trierucate) 

was evaluated using 18 male Wistar rats (3 weeks old; weights 

not stated). The rats were fed a basal diet consisting of 30 cal % 
Trierucin for 24 weeks. Six and 12 animals were killed by de
capitation after 1 week and 24 weeks of dosing, respectively. 
Six animals were killed (after week 1) to determine any ef
fects on cardiac morphology. Cardiac features were assessed 
using frozen sections. The remaining 12 rats were killed (after 
week 24) to determine any effects on renal morphology. Renal 
morphology was studied using sections obtained from formalin
fixed tissues. Weekly growth and organ weight (heart and kid
neys) determinations were also recorded for the remaining 12 
rats. Severe cardiac lipidosis was observed in all six rats killed 
after one week of dosing. Additionally, cardiac lesions (lipido
sis and/or focal fibrosis) were observed in the remaining 12 rats 
that were killed after 24 weeks of dosing. It is important to note 
that the cardiac lipidosis observed in this group was less severe, 
compared to rats killed after six weeks. Cardiac fibrosis was ob
served in all 18 rats. Tubular dilatation, proteinaceous casts or 
interstitial foci of fibrosis were observed in kidneys from all rats 
killed after 24 weeks (Abdellatif and Vles 1973). 

Tricaprylin (C8) 
The chronic oral toxicity of Tricaprylin was evaluated us

ing groups of male Wistar rats (8 to 12 per group). The groups 
were dosed with Tricaprylin for 26 weeks. Compared to rats 
dosed with distilled water, significant reductions in GOT ac
tivity and hemoglobin concentration were noted in rats dosed 
with 10 rnl/kg. Statistically significant increases in organ weight 
(.01 <p < .05) were reported for the liver (2 mllkg dose group) 
and adrenal glands (2-ml/kg and 10-ml/kg dose groups) (Ohta 
et al. 1970). In another chronic oral toxicity experiment, Tri
caprylin caused few lesions in the kidneys, myocardium, and 
the aorta ofWistar rats (Ohta et al. 1970). 

Ocular Irritation 
Trilaurin ( C 12) 

The ocular irritation potential of an eyeliner containing 36.3% 
Trilaurin was evaluated using six rabbits. The test substance 
was instilled three times in each animal; eyes were not rinsed. 
Reactions were scored according to the Draize scale (0 to 110). 
The eyeliner was classified as mildly irritating (Draize score= 2) 
(CTFA 1984a). 

Tribehenin (C22) 
Little or no ocular irritation was reported following the instil

lation of a 20% solution of Tribehenin (in liquid paraffin) into 
the conjunctival sac of the eyes of rabbits. Details concerning 
the test protocol and study results were not included (Unichema 
International 1992). 

The ocular irritation potential of an eye enhancer (eye area 
cosmetic product) containing 0.32% Tribehenin was evaluated 
using the in vitro chorioallantoic membrane vascular assay 
(CAMVA). The eye enhancer (cream) was diluted and then 
tested at concentrations of 1 0%, 25%, 50%, and 7 5% using four 
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groups of 10-day-old fertilized, Dekalb chicken eggs ( 4 eggs/ 
group), respectively. Undiluted eye enhancer was also tested us
ing an additional group of 10 eggs. According to the protocol, 
chorioallantoic membranes of the five groups were dosed with 
the test substance at the end of a 1 0-day incubation period. The 
eggs were also incubated for an additional 30 minutes, after 
which the membranes were observed for signs of vascular hem
orrhage, capillary injection, or ghost vessels. The RC50 ( concen
tration that elicits a positive response in 50% of the treated eggs) 
was then determined. The incidence of positive responses (cap
illary injection and hemorrhage) per test group was as follows: 2 
at 10%,4 at 25%, 6 at 50%, and 10 at 75%. The undiluted cream 
did not induce positive responses. Based on the RC50 value 
of 35 (confidence limits= 18% to 67%) that was determined, 
the eye enhancer was not considered an ocular irritant (CTFA 
No date a, 1998c). A hand cream containing 0.38% Tribehenin 
also was not considered an ocular irritant when tested in two 
CAMVAs according to the same test procedure. Details con
cerning the study results were not included (CTFA No date a, 
1998c). 

Trioctanoin (C8) 
In the Draize test, undiluted Trioctanoin did not induce ocular 

irritation when instilled (0.05 ml) into the conjunctival sac of 
the eyes of rabbits. Details concerning the test protocol were not 
included (Unichema Internationall996). 

Triisostearin ( C 18) 
Triisostearin was not classified as an ocular irritant in rabbits. 

No reactions were found in the cornea or iris. Minor irritation 
reactions that were noted did not persist beyond the 24-hour as
sessment. Details concerning the test protocol were not provided 
(Unichema International 1997a). 

Skin Irritation 
Tribehenin (C22) 

The skin irritation potential of Tribehenin (20% solution in 
liquid paraffin) was evaluated using six albino rabbits. The test 
solution was applied (0.5 ml, under surgical gauze) to abraded 
and intact skin sites that had been clipped free of hair. Patches 
were secured with adhesive tape and the entire trunk of each 
animal was wrapped with an impervious material (e.g., rubber
ized cloth), which remained in place for 24 hours. At the time of 
patch removal (at 24 hours) and 48 hours later, reactions were 
scored according to the following scales: 0 (no erythema) to 4 
(severe erythema [beet redness] to slight eschar formation) and 
0 (no edema) to 4 (severe edema, raised more than 1 mm and 
extending beyond area of exposure). The primary irritation in
dex (PII) was calculated after all scores had been determined. 
Tribehenin (20% in liquid paraffin) induced mild skin irritation 
when applied (under occlusive patches) to intact or abraded skin 
of rabbits for 24 hours (PII = 0.3) (Huntingdon Research Centre 
1977). 

Trilaurin (Cl2) 
The skin irritation potential of an eyeliner containing 36.3% 

Trilaurin was evaluated in a single occlusive patch test using 
nine rabbits. The test substance (0.1 ml) was applied topically 
under a Whatman filter disc that was secured with Blenderm 
tape. The entire trunk of each animal was wrapped with a non
absorbent binder, adhesive tape, and masking tape. The test sub
stance remained in contact with intact skin (clipped free of hair) 
for 24 hours. Reactions were scored at 2 and 24 hours after patch 
and test substance removal according to the following Draize 
scale: 0 (no erythema) to 4 (severe erythema [beet redness] to 
slight eschar formation [injuries in depth]); 0 (no edema) to 
4 (severe edema [raised more than 1 mm and extending beyond 
area of exposure]). Neither erythema nor edema was observed 
in any of the rabbits at 2 or 24 hours after patch application. The 
test substance was classified as nonirritating (CTFA, No date b, 
1984b). 

Trioctanoin (C8) 

The skin irritation potential of Trioctanoin was evaluated us
ing three female Ichikawaken rabbits. The undiluted test sub
stance was applied simultaneously to two sites on shaved skin 
of the back, by intracutaneous injection (0.1 ml; site at left of 
spine) and patch application (0.1 ml; site at right of spine), re
spectively. Liquid paraffin served as the control, and was applied 
according to the same procedure. Reactions were scored at 3, 
24, 48, and 72 hours post administration according to the Draize 
method. Skin irritation was expressed in terms of the degree of 
erythema, the area of skin affected, and the area index. Trioc
tanoin (undiluted) did not induce skin irritation in rabbits when 
injected intracutaneously or applied topically (Sanitary Labora
tory Kanagawa Prefecture 1975b). 

Triisostearin ( C 18) 
Undiluted Triisostearin was evaluated in a skin irritation test 

involving three New Zealand albino rabbits. The test substance 
was applied (0.5 ml) to a semiocclusive patch that was placed 
on intact skin of the right flank. Patches were secured with a 
hypoallergenic, microporous adhesive strip, and the trunk was 
wrapped with an elastic band (secured with adhesive tape). The 
dressings were removed at the end of a 4-hour contact period. 
At "'-'5 hours and at 24, 48, and 72 hours post application, re
actions were scored according to the following scales: 0 (no 
erythema) to 4 (severe erythema [crimson red] with or without 
eschar [deep injuries] and lesions showing a serious cutaneous 
reaction such as a burn, a necrosis) and 0 (no edema) to 4 (severe 
edema [more than 1 mm thick and extending beyond the area of 
exposure] showing a serious cutaneous reaction such as a burn). 
The PII was calculated after all scores had been recorded. Slight 
erythema was noted in two rabbits at the time of patch removal 
and persisted to day 5 (both rabbits) and day 6 (1 rabbit) post 
application. A very slight loss of skin suppleness with reactional 
dryness was also noted. Edema was not observed. It was con
cluded that Triisostearin may be considered a nonirritant when 
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applied to the skin of rabbits (PII = 0.46) (Biogir S.A. Conseil 
Recherche 1989). 

Skin Sensitization 
Tribehenin (C22) 

Tribehenin did not induce sensitization in a Magnusson
Kligman guinea pig maximization test. Details concerning the 
test protocol and study results were not included (Unichema 
Intemational1992). 

Trioctanoin (C8) 
The skin sensitization potential ofTrioctanoin was evaluated 

using the Magnusson and Kligman ( 1969) guinea pig maximiza
tion test. The test concentrations used during the study were as 
follows: 1% (intradermal injection induction), 100% (topical 
application induction, occlusive patch), and 25% (topical appli
cation challenge, occlusive patch). Sensitization was induced in 
guinea pigs by intradermal injections of the test substance and 
Freund's complete adjuvant. The induction process was supple
mented 6 to 7 days later by application of the test substance 
to the shoulder injection sites under occlusion for 48 hours. 
The animals were challenged with the test substance using a 
24-hour occlusive patch; further challenges were made at 
weekly (or longer) intervals as required. A slight response was 
observed in two guinea pigs during the first challenge. No reac
tions were noted during the second challenge. Trioctanoin was 
classified as a non-sensitizer (Environmental Safety Laboratory 
1990). 

Phototoxicity and Photoallergy 
Triisostearin ( C 18) 

The phototoxicity and photoallergenicity potential of Tri
isostearin was evaluated using 20 albino guinea pigs. The back 
and sides of each animal were divided into the following six treat
ment areas: test material+ UVA, test material+ UVB, test ma
terial alone, positive control (8-methoxypsoralen) + UVA, UVB 
alone, and UVA alone. Doses of the test material and positive 
control (dose for each= 0.02 ml/cm2) were applied 30 minutes 
prior to irradiation. UV irradiations were performed using 
Philips tubes (TL 20W/09 for UVA and TL 20W/12 UV for 
UVB). Cutaneous reactions were evaluated at 24 hours post 
treatment. With or without UV irradiation, Triisostearin did 
not induce significant cutaneous reactions. The positive control 
(8-methoxypsoralen) induced major reactions (Unichema Inter
national1997a). 

GENOTOXICITY 
Tricaprylin (C8) 

The mutagenicity ofTricaprylin in the following Salmonella 
typhimurium strains was evaluated using the Ames preincuba
tion test procedure with and without metabolic activation: TA97, 
TA98, TA100, and TA1535. Tricaprylin was mutagenic only in 

strain TA1535 (with metabolic activation) at doses >6666 J-Lgl 
plate (Zeiger et al. 1996). 

The mutagenicity of Tricaprylin was evaluated in a domi
nant lethal study using T-stock and (C3H x C57BL)F1 female 
mice. In the first experiment, 44 T-stock females were used. 
Forty-seven T-stock females and 37 (C3H x C57BL)F1 females 
were used in the second experiment. In both experiments, a sin
gle intraperitoneal dose (0.2 ml) ofTricaprylin was administered 
to female mice of both strains. Over a period of six days post 
dosing, the females were mated with (C3H x C57BL)F1 males. 
Tricaprylin did not induce dominant lethal mutations in female 
germ cells (Generoso, Cain, and Hughes 1985). 

Tricaprylin was used as a vehicle control in a host-mediated 
mutagenicity assay. The induction of recombinations (mitotic 
gene conversion), strongly correlated with the induction of 
mutations, was evaluated. Male BDII rats (weights= 200 g) 
each received an oral dose of Tricaprylin (3 ml), after which 109 

to 1010 yeast cells (Saccharomyces cerevisiae strain D4-RDII) 
were injected into the intraperitoneal cavity. Strain D4-RDII re
quires adenine and tryptophan for growth, and gene conversion 
creates cells that no longer require these two ingredients for 
growth. The animals were then killed by cervical dislocation 
and yeast cells withdrawn and cultures incubated for 8 hours. 
No difference in the spontaneous frequency of convertants of 
yeasts injected intraperitoneally was found when vehicle con
trol cultures and yeast suspensions that were not injected into 
rats were compared (Siebert, Bayer, and Marquardt 1979). 

Tricaprylin served as the solvent control in a study evaluating 
the mutagenicity of polyaromatic hydrocarbons in the follow
ing three assays: chromosome aberrations assay, micronucleus 
test, and sister chromatid exchanges assay. Chinese hamsters 
(between 8 and 20 weeks old) were used. Test procedures and 
study results are summarized below (Bayer 1978): 

In the chromosome aberrations assay, Tricaprylin (1 ml) was 
injected intraperitoneally into Chinese hamsters and animals 
were killed 24 hours later. Bone marrow from both femurs 
was used for chromosome preparations. Chromosome prepa
rations from untreated animals served as controls. The results 
were pooled because there were no differences between prepa
rations from treated and untreated animals. Of the 3564 bone 
marrow cells, the incidence of chromosome aberrations was 
1.36% (1.3% gaps and 0.06% breaks). The researchers noted 
that this control value corresponds to the control value achieved 
in another laboratory (1.33% gaps and breaks) (Bayer 1978). 

In the micronucleus test, Tricaprylin (1 ml) was injected in
traperitoneally into Chinese hamsters. The animals were killed 
30 hours later and bone marrow smears prepared. The number 
of micronucleated polychromatic erythrocytes was determined. 
Because no differences were found between preparations from 
treated (12 hamsters) and untreated animals (12 hamsters), the 
results were pooled. In each of the 12 animals, at least 2000 
erythrocytes were counted and the polychromatic to normochro
matic cells ratio was 1:3.93. The control value for micronucle
ated polychromatic cells was 5.08% (Bayer 1978). 
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In a sister-chromatid exchanges (SCE) assay, one group of 
eight Chinese hamsters was pretreated with bromodeoxyuridine 
(BUdR) and fluorodeoxyuridine (FUdR), and then injected in
traperitoneally with 1 ml of Tricaprylin. The eight untreated 
hamsters were pretreated with BudR and FUdR. Bone marrow 
was prepared according the procedure used in the chromosome 
aberrations assay. It was noted that the crucial prerequisite for the 
in vivo SCE test is the inhibition of thymidine kinase and the in
corporation ofBudR into the DNA. Because no differences were 
found between preparations from treated and untreated animals, 
the results were pooled. Based on pooled results, a control value 
of 3.2 ± 0.07 SCEs per cell (500 cells studied) was determined 
(Bayer 1978). 

Trilaurin (Cl2), Triolein (Cl8), and Tristearin (Cl8) 
The mutagenicity of Trilaurin, Triolein, and Tristearin was 

evaluated usingS. typhimurium strains TAI535, TA100,TA1537, 
TA1538, and TA98, with and without metabolic activation, ac
cording to the procedure of Ames, McCann, and Yamasaki 
(1975). At a test concentration of 4 mg per plate, Trilaurin (in 
DMSO) and Tristearin (in DMSO) were not mutagenic, with or 
without metabolic activation, in any of the strains tested. The 
same was true for Triolein at a test concentration of 1 mg per 
plate. The test concentrations of 1 mg/plate and 4 mg/plate repre
sented the greatest doses tested due to limits of solubility, which 
did not allow testing at concentrations great enough to cause 
lethality. Based on the results of this test, Trilaurin, Triolein, 
and Tristearin were not mutagenic (Nestmann et al. 1980). 

In the micronucleus test procedure by Schmid (1976), the 
chromosome breaking effects (indicated by appreciable forma
tion of micronucleated polychromatic erythrocytes) of methyl
methanesulfonate, benzo(a)pyrene, and chloramphenicol in 
bone marrow cells were reduced in the presence of Trilaurin. 
Trilaurin also had an effect on the germ cell genotoxicity of 
these three chemicals in the dominant lethal test, performed 
according to the procedure of Generoso (1985). In the pres
ence ofTrilaurin, the fertility index of virgin female mice mated 
with male mice treated with the three genotoxins was increased, 
and the percentages of dead implants and females with resorp
tions were reduced. Methylmethanesulfonate, benzo(a)pyrene, 
and chloramphenicol are known to reduce the fertility index 
and increase the percentage of dead implants and the number 
of females with resorptions in the dominant lethal test that was 
used. It was concluded that Trilaurin was antigenotoxic in bone 
marrow cells as well as germ cells (Nolasco and Lim-Sylianco 
1993). 

Triisostearin (CJS) 
The mutagenicity of Triisostearin (test concentrations up to 

5000 JLg/plate) with and without metabolic activation was evalu
ated in the Ames test using the followingS. typhimurium strains: 
TA1535, TA1537, TA98, and TA100. Triisostearin was not mu
tagenic and did not induce toxicity in any of the strains tested 
(Unichema Intemational1997a). 

Trioctanoin (C8) 
The mutagenicity ofTrioctanoin was evaluated using the spot 

test (gene mutation test). The basis of the spot test is the detection 
of mutant clones of pigment cells arising in mouse embryos, 
heterozygous for a number of coat color genes, after somatic 
mutation induced in utero. After fertilization had occurred (time 
zero) female mice were dosed intraperitoneally (dose= 2.0 ml; 
vehicle not stated) with the test substance for 17 days. The day 
of gestation was stated as day 10.25. Trioctanoin was classified 
as mutagenic in this test (Styles and Penman 1985). 

Trioctanoin was not mutagenic when tested at concentrations 
up to 5000 JLg/plate in a bacterial mutagenicity assay using 
S. typhimurium strains. Additionally, no clastogenic activity was 
observed in an in vitro cytogenetic test assay. In both experi
ments, details concerning the test protocol were not provided 
(Unichema Intemational1996). 

Trioctanoin served as a vehicle control in a micronucleus test 
using 15 male Sch:ICR Swiss mice (8 to 9 weeks old). After 
intraperitoneal dosing with Trioctanoin (0.5 ml/dose), the three 
groups of five mice were killed at 30, 42, and 54 hours post 
dosing, respectively. Slides of bone marrow cells (from femur) 
were prepared, and the percentage of polychromatic erythrocytes 
(PCEs) that contained micronuclei determined. One thousand 
PCEs were scored per mouse. The percentage of PCEs contain
ing micronuclei varied from 0.04 to 0.22 for control mice in two 
separate experiments. There was no untreated control group for 
comparative purposes (Lockard et al. 1982). 

Trioctanoin also served as the vehicle control in an in vivo 
SCE assay using eight male Sch:ICR mice ( 10 to 14 weeks old). 
Twenty-two hours after intraperitoneal (IP) dosing with Trioc
tanoin (0.5 ml per mouse), the mice were killed by cervical 
dislocation. Seven of the eight animals that survived were used. 
Slides of bone marrow cells (from femur) were prepared, and 
a total of 17 5 cells was examined. The numbers of SCEs were 
counted in 25 metaphase cells from each mouse; each metaphase 
had 36 to 42 chromosomes. Another control group of five mice, 
dosed with water (0.2 ml/mouse), was also used in the study. A 
mean of 5.3 SCEs/cell was reported for mice dosed with Tri
octanoin. The five mice dosed with water had a mean of 4.8 ± 
0.4 SCEs/cell (total of 125 cells examined) (Lockard et al. 
1982). 

The intrarectal administration of Trioctanoin (50 mM in 
saline) into male Sprague-Dawley rats increased the incorpora
tion of tritiated deoxythymidine C[H]dThd) into colonic DNA. 
Compared to the control group, there was a 299% ± 82% in
crease in 3 [H]dThd incorporation. The researchers noted that 
many of the chemicals that increase colonic 3 [H]dThd incorpo
ration also are known to enhance colonic tumorigenesis (Bull 
et al. 1983). 

Triolein ( C 18) 
In an in vitro differential DNA repair assay using Escherichia 

coli, Triolein reduced nitrosamine-induced DNA damage in the 
I to 10 JLg/ml dose range, and in an in vitro liquid preincubation 
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assay, prevention of the genotoxic activity of nitrosamines by 
Triolein was also demonstrated (Knasmiiller et al. 1993). 

CARCINOGENICITY 
Tricaprylin (C8) 

Tricaprylin served as the vehicle control in a study evaluat
ing the tumorigenicity of manufactured gas plant residue. The 
vehicle control group and an untreated control group both con
sisted of 30 female A/J mice (6 weeks old). Both groups of 
mice were fed NIH-07 pellet diet. Each vehicle control mouse 
was injected intraperitoneally with Tricaprylin (0.25 ml; single 
injection). The mice were killed by cervical dislocation at 
260 days post injection. The lungs and stomach were removed 
from each animal and examined microscopically for tumors. 
Lung tumors were observed in 37% of vehicle controls and in 
23% of untreated control mice. Pulmonary adenomas predom
inated. When the two groups were compared, values for the 
mean number of tumors per mouse were not significantly dif
ferent. Gastric tumors involving the squamous portion were not 
observed in either group (Weyland et al. 1995). 

The carcinogenicity of Tricaprylin also was evaluated using 
three groups of 60 male F344/N rats (average weights~ 145 g). 
The three groups received 2.5, 5, and 10 ml of Tricaprylin/kg 
body weight by gavage 5 days per week for 2 years. Sixty un
treated rats (average weight= 146 g) served as controls. Groups 
of rats were also dosed with corn oil and safflower oil according 
to the same procedure to evaluate the carcinogenicity of these 
two oils. Untreated control groups were also used. Groups of 50 
rats (instead of 60) were used for the corn oil experiment. After 
a period of 15 months, 10 rats from each group were selected 
for interim hematologic evaluations. Rats found in a moribund 
state, selected for the 15-month interim evaluations or surviving 
to the end of the 2-year study, were killed by C02 asphyxiation. 
Necropsy and histopathologic evaluation were performed on all 
animals. The numbers of rats that survived to study termination 
are listed as follows: 2.5 ml/kg group (30 rats), 5 ml/kg group (31 
rats), and 10 ml/kg group (23 rats), and untreated-control group 
(31 rats). Compared to untreated controls, statistically significant 
differences in hematocrit (% ), hemoglobin (g/dl), and erythro
cytes (106/pJ) were noted in the 10 mllkg dose group (15-month 
interim evaluation). Results relating to incidences of neoplasia 
are summarized below (NTP 1994 ). 

In addition to untreated controls, 50 saline control rats were 
used to determine whether 10 ml of gavage fluid/kg could affect 
the exocrine pancreas. The incidences of exocrine pancreatic hy
perplasia (5/50) and adenoma (1150) were essentially identical to 
the incidences of hyperplasia and exocrine pancreatic adenoma 
in the corn oil, safflower oil, and Tricaprylin untreated control 
groups. The incidence of skin neoplasms was greater in untreated 
controls (skin tumor incidence= 7 of 50 rats) than in saline con
trols (skin tumor incidence= 1 of 50 rats). Skin neoplasms in
cluded papillomas, trichoepitheliomas, keratoacanthomas, squa
mous cell carcinomas, and basal cell carcinomas. This finding 

was not considered biologically significant because no statis
tically significant differences were found between saline con
trols and corn oil or safflower oil untreated control groups (NTP 
1994). 

Results for Tricaprylin are as follows: Compared to untreated 
controls, a statistically significant dose-related increase in the in
cidence of pancreatic acinar cell hyperplasia and adenoma was 
reported for groups dosed with Tricaprylin. Tricaprylin did not 
induce any acinar cell carcinomas. Additionally, a dose-related 
decrease (not statistically significant) in the incidence of pancre
atic islet cell hyperplasia and adenoma or carcinoma combined 
was noted in rats dosed with Tricaprylin. The incidence of squa
mous cell papilloma in the squamous portion of the stomach 
of rats of the highest dose group (10 ml/kg) was significantly 
greater when compared to the tumor incidence in untreated con
trols. Squamous cell papilloma was accompanied by focal to 
diffuse cell hyperplasia of the nonglandular stomach. The inci
dence of mononuclear cell leukemia in the 10 mllkg dose group 
(9/53, 17% incidence) was much less than that noted for the 
untreated control group (23/50, 46% incidence). Additionally, 
compared to untreated controls, both the incidence and sever
ity of nephropathy were diminished in the highest dose group 
(10 mllkg) (NTP 1994). 

The researchers noted that the results of this study demon
strated that Tricaprylin and safflower oil do not offer significant 
advantages over corn oil as a gavage vehicle in long-term ro
dent studies. This is based on results indicating that each of 
the three caused hyperplasia and adenoma of the exocrine pan
creas, decreased incidences of mononuclear cell leukemia, and 
reduced incidences and severity of nephropathy in male F344/N 
rats (NTP 1994). 

Tricaprylin served as the vehicle control in a study evalu
ating the neoplastic potential of monocrotaline pyrrole. Two 
control groups of SPF CFE rats (5 males, 5 females/group; av
erage weight= 100 g) were used. In one of the groups, Tri
caprylin (0.2 ml) was injected subcutaneously twice weekly for 
30 weeks (60 injections). Dosing was followed by a 36-week 
nontreatment period. In the second group, injections were made 
twice weekly for a total of 75 weeks (150 injections). Animals 
with tumors were killed when their health deteriorated or when 
the neoplasm became ulcerated. Of the 20 rats treated, tumors 
were observed in 2 animals (at 50 and 61 weeks, respectively). 
Both tumors were sarcomas arising from the connective tissue at 
the injection site. According to the investigators, the occurrence 
of tumors in control rats was unexpected (Hooson and Grasso 
1976). 

Tricaprylin also served as a vehicle control in a study eval
uating the carcinogenicity of the pesticide, maleic hydrazide. 
Tricaprylin was injected subcutaneously into 61 newborn mice 
(of 16 litters) in volumes of 0.1, 0.1, 0.2, and 0.2 ml, on days 
1, 7, 14, and 21 after birth, respectively. The results were re
ported based on the number of survivors at the time that the 
first tumor was observed (23 males, 22 females injected with 
Tricaprylin). There were 47 male and 47 female survivors in the 
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untreated control group. Sixteen and 14 tumors were reported for 
the 23 male and 22 female survivors injected with Tricaprylin, 
respectively. In both males and females, most of the tumors were 
found in the lymphoid tissues. Tumors of the lung and liver were 
observed in male mice, but were not observed in females. Of the 
Tricaprylin-treated mice that survived (23 males, 22 females) 
the percentages of males and females with tumors were 60.9% 
and 59.1 %, respectively. In untreated controls (47 male and 
47 female survivors), the percentages of males and females 
with tumors were 51.1% and 42.6%, respectively (Cabral and 
Ponomarkov 1982). 

In a study evaluating the carcinogenicity of di- and trifunc
tional a-chloro ethers and 1,4-Dichlorobutene-2 in ICR/Ha fe
male Swiss mice (4 to 6 weeks old), Tricaprylin (vehicle), and 
untreated controls were used. Tricaprylin was injected either 
subcutaneously or intraperitoneally weekly for 502 to 569 days 
(depending on level of survival). With the exception of the cra
nial region, all mice were necropsied either at the end of the 
experiment or at the time of interim death. Tissues were sub
jected to histopathological evaluation. In the subcutaneous injec
tion experiment (left flank; 0.05 ml weekly), the vehicle control 
group consisted of 50 mice and the untreated control group con
sisted of 85 mice. No tumors were observed in untreated control 
mice or mice injected subcutaneously with Tricaprylin. In the 
intraperitoneal injection experiment (lower abdomen; 0.05 ml 
once weekly), the vehicle-control group consisted of 30 fe
male mice and the untreated control group consisted of 85 fe
male mice. No tumors were observed in untreated controls or 
mice injected intraperitoneally with Tricaprylin (Van Duuren, 
Goldschmidt, and Seidman 1975). 

In addition to the preceding study, Tricaprylin has been used 
as a negative/solvent control in a number of carcinogenicity/ 
cocarcinogenicity or tumorigenicity studies (Fugi and Epstein 
1979; Prahalad et al. 1997; Nesnow et al. 1994). An untreated
control group was not used in either of these studies. 

Trioctanoin (C8) 
Trioctanoin was used as the vehicle control in a study evalu

ating the carcinogenic activity of polycyclic hydrocarbons. The 
control group consisted of 10 male hamsters (weights= 55 to 
75 g). Trioctanoin (0.4 ml) was injected subcutaneously (single 
injection) into the nape of the neck of each animal. No tumors 
were reported over a period of 17 weeks (Wodinsky, Helinski, 
and Kensler 1964). 

Trioctanoin also served as the vehicle control in another car
cinogenicity study using Syrian golden hamsters. The focus of 
this study was the induction of respiratory tract tumors in Syr
ian golden hamsters by a single dose of 4-(methylnitrosamino)-
1-(3-pyridyl)-1-(3-pyridyl)-1-butanone (NNK) and the effect of 
smoke inhalation. Respiratory tract tumors were not observed in 
two groups of hamsters (10 males, 10 females/group) injected 
subcutaneously with Trioctanoin (single injection at 8 weeks) 
and subjected to sham smoking in the 69 week study (Hecht 
et al. 1983). 

In another study, differences in the incidence of mammary tu
mors between the offspring of pregnant COBS SD rats injected 
intraperitoneally with Trioctanoin ( 1 ml/kg on days 16 and 17 of 
gestation) and untreated control offspring were determined. The 
percentage of Trioctanoin-treated female offspring with mam
mary tumors was 43% (9 of 21 females), and the percentage 
of untreated female offspring with mammary tumors was 29% 
(10 of 35 females). In this study, Trioctanoin served as the ve
hicle control in a study evaluating the enhanced development of 
mammary tumors in rats following transplacental and neonatal 
exposure to ethylnitrosourea (Mandybur, Ormsby, and Buncher 
1978). 

No tumors were observed in the offspring of vehicle-control 
groups of pregnant Sendai virus-free Syrian Golden hamsters 
that received a single subcutaneous injection of Trioctanoin 
(40 males, 42 females, day 15 of gestation) or three subcu
taneous injections of Trioctanoin (43 males, 40 females, last 
3 days of gestation). This study was concerned with the transpla
cental carcinogenicity of 4-(methylnitrosarnino )-1-(3-pyridyl)-
1-butanone (Correa et al. 1990). 

The intraperitoneal administration of Trioctanoin to two 
strains of pregnant rabbits (IIIVO/J and WH/J) did not induce 
tumors in any of the offspring. Eighteen does of the WH/J strain 
and 10 does of the IIIVO/J strain were dosed over a 10-day pe
riod. In this study, the transplacental carcinogenic potential of 
N -Ethyl-N -nitrosourea (ENU) was evaluated, and Trioctanoin 
served as the vehicle control. Doses of ENU (10 mg/kg/day) 
were injected over a 10-day period, and equal volumes of 
Trioctanoin were administered to controls (Fox et al. 1980). 

Triolein (C18) 
Triolein served as a negative control in a carcinogenicity 

study involving rats. Ten control rats were injected subcuta
neously with Triolein (0.2 to 0.5 cc, in groin). No tumors were 
observed at the injection site over a period of 540 days (Burrows, 
Hieger, and Kennaway 1936). 

Cocarcinogenicity 
Triolein (C18) 

The cocarcinogenicity of Triolein was evaluated using groups 
of 33 castrated male Marsh mice and groups of 28 intact male 
BALB/c mice. Groups of Marsh mice were injected subcuta
neously with 6,8-hydroxyperoxy-4-cholesten-3-one (in Triolein 
or sesame oil) and with sesame oil (control). Groups ofBALB/c 
mice were injected with 6,8-hydroxyperoxy-4- cholesten-3-one 
in either Triolein, sesame oil, or 2% Balb serum, or with either 
Triolein or sesame oil (controls) alone. Comparisons between 
groups were made up to age 19 months. In Marsh mice, 6,8-
hydroxyperoxy-4-cholesten-3-one (5 mg) in sesame oil and Tri
olein produced 9% and 18% sarcomas, respectively. In Balb/c 
mice, 6,8-hydroxyperoxy-4-cholesten-3-one (10 mg) alone did 
not produce local sarcomas, but caused 7% local hemorrhagic 
cysts when tested in sesame oil. Tumors were not observed 
in any of the groups (both strains) injected with Triolein or 
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sesame oil alone. In another comparison, 6,8-hydroxyperoxy-
4-cholesten-3-one did not increase the incidence oflung adeno
mas in Marsh mice over that observed in Triolein and sesame 
oil control groups. However, in Balb/c mice, the incidence of 
6,8-hydroxyperoxy-4-cholesten-3-one (in saline)-induced lung 
adenomas (39%) was significantly greater when compared to 
Triolein and sesame oil controls (Bryson and Bischoff 1964). 

The researchers in the preceding study added that, to date, 
6,8-hydroxyperoxy-4-cholesten-3-one in sesame oil, cottonseed 
oil, and/or Triolein has produced sarcomas in Marsh and C57 
mice and in Evans rats, but not in Swiss and Balb mice. Addi
tionally, 6,8-hydroxyperoxy-4-cholesten-3-one, administered as 
an isotonic aqueous suspension, did not produce neoplasms in 
Marsh, Balb, or Evans strains. The investigators also stated that, 
when effective, Triolein (a major constituent of the oils tested) 
apparently acts as the local cocarcinogenic factor (Bryson and 
Bischoff 1964). 

Tumor Inhibition 
Trilaurin (Cl2) 

The effect ofTrilaurin on the promotion stage of carcinogen
esis was evaluated using groups of ten Swiss Webster mice. In 
the test group, the back of each mouse was shaved and dimethyl
benzanthracene (DMBA) (250 jtg/0.25 ml) was applied to the 
shaved area 3 days later. Croton oil (0.03% in acetone) was 
applied to the same site 3 days after DMBA application, and 
Trilaurin was brushed on three minutes later. Applications of 
each chemical were made three times per week for 20 weeks, 
after which the animals were killed by cervical dislocation. Four 
additional groups were treated with DMBA (alone), croton oil 
(alone), DMBA +croton oil, and DMBA + Trilaurin, respec
tively, for the same duration. Cutaneous neoplasms and neo
plasms of the internal organs were recorded, and the incidence 
of neoplasms determined. After 20 weeks of exposure, no neo
plasms were found in the groups treated with DMBA (alone) and 
croton oil (alone), respectively, and all mice in the group treated 
with DMBA +croton oil had neoplasms. Trilaurin completely 
inhibited the formation of neoplasms (0% incidence) initiated 
by DMBA and promoted by croton oil. No neoplasms were ob
served in the group treated with DMBA + Trilaurin (Nolasco 
et al. 1994). 

Tricaprylin (C8) 
Inbred Nb rats with implants ofNb2lymphoma (liver implan

tation) were treated orally with two 150-mg doses ofTricaprylin. 
Extensive damage to tumor cells was evident microscopically 
4 to 11 hours after implantation; hepatocytes were unaffected. 
On day 17, nuclei were pyknotic and angular, and cells were not 
in close contact (Burton 1991). 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
Tricaprylin (C8) 

Two groups of 20 female mice received oral doses of 2 ml/kg 
and 10 ml/kg Tricaprylin, respectively, during gestation. Of the 

220 live fetuses from the 2-ml/kg dose group, the following six 
were malformed: cleft palate (1 fetus), club foot (3 fetuses), and 
assimilation of the ribs (2 fetuses). Of the 219live fetuses from 
the 1 0-ml/kg group, the following 8 were malformed: cleft palate 
(3 fetuses), club foot ( 4 fetuses), and assimilation of the cervical 
vertebrae (1 fetus). Curled tail (1 fetus), cleft palate (1 fetus), 
and club foot (1 fetus) were the only malformations reported for 
3 of 220 live control fetuses. The investigators concluded that 
Tricaprylin was not teratogenic in mice (Ohta et al. 1970). 

In another experiment from the above study, eight female 
mice were dosed orally with Tricaprylin during gestation. No 
malformations were reported for any of the 6llive fetuses (Ohta 
et al. 1970). 

Tricaprylin was effective in producing fusion of the endome
trial epithelium (symplasma formation) and decidualization of 
the stroma in pseudopregnant New Zealand white rabbits. (With 
this in mind, the investigators noted that many of the oils used 
as vehicles for fat-soluble materials, such as the steroidal sex hor
mones, have significant estrogenic activity.) On day 0, 
Tricaprylin (0.1 ml) was injected into isolated segments of the 
uterus in which pseudopregnancy had been induced by IV in
jection of human chorionic gonadotropin (HCG). The animals 
were killed as groups of three on days 1, 2, 3, 4, and 6. Saline, 
simple ligation of the uterus or uterine trauma served as con
trol treatments in other uterine segments in the same animals. 
Trauma and ligation with saline, but not ligation alone, induced 
formation of symplasma. Decidualization was observed after 
trauma but not after ligation or saline injection alone. Compared 
to control treatments, Tricaprylin was much more effective in 
inducing symplasma formation. Symplasma, most typically ob
served in the rabbit, has been specifically described as a fusion 
of originally columnar cells into large, multinucleated cells with 
intensely acidophilic cytoplasm. According to the researchers, 
it is usually found at the implantation site and covering areas 
of decidua at the margin of the placenta, as well as in areas 
of decidualization induced by trauma or other artificial means 
(Davies and Davenport 1979). 

Tricaprylin was used as a vehicle control in a study eval
uating the developmental toxicity of dichloroacetonitrile. Tri
caprylin (dose not stated) was administered orally to pregnant 
female Long-Evans hooded rats (65 to 80 days old) on days 6 
to 18 of gestation. Another control group was dosed with water 
according to the same procedure. Pregnant females were killed 
on day 20 of gestation. No statistically significant differences 
were found in reproductive parameters between Tricaprylin and 
water control groups (Smith et al. 1989). 

Trioctanoin (C8) 

The developmental toxicity of Trioctanoin was evaluated us
ing time-mated, female specific-pathogen-free CD-1 mice 
(6 to 8 weeks old). Nonpregnant mice were dosed orally for 8 
consecutive days in a dose-finding study; the LD10 was used 
in the reproductive phase. In this phase of the study, time
mated mice received oral doses of 4750 mg/kg/day (dose 
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volume= 5 ml/kg, com oil vehicle) on gestation days 6 to 13 
and were allowed to deliver litters. Litter size, birth weight, and 
neonatal growth and survival to postnatal day 3 were recorded 
as indices of potential developmental toxicity. The proportion 
of pregnant survivors that delivered a viable litter (at least one 
liveborn pup) was compared with the concurrent vehicle con
trol (com oil) using a one-tail Fisher's exact test. For mice that 
delivered a viable litter, the following were analyzed by pair
wise multiple comparisons of control and treated groups using 
the two-tail Mann-Whitney U test: the number of liveborn pups 
per litter, percent neonatal survival to postnatal day 3, average 
pup weight at birth, and average pup weight gain by postnatal 
day 3. Study results indicated no significant differences in any 
of the parameters evaluated between pregnant mice dosed with 
Trioctanoin and com oil-treated controls (Hardin et al. 1987). 

Trioctanoin was used as a vehicle control in a study evaluating 
the teratogenicity of 1-ethyl-1-nitrosourea. The following strains 
of pregnant mice (mated at 10 weeks of age) were tested: AKR/J, 
SWR/J, DBN2J, C57Bl/6J, and C57L/J. In test groups, 1-ethyl-
1-nitrosourea was injected intraperitoneally (0.5 mmolelkg body 
weight) on days 8 and 12 of gestation. Control groups received 
an equivalent volume of Trioctanoin. Various kinds of eye ab
normalities were observed in 6.2% of291 control fetuses of the 
five strains studied; other malformations were also observed. 
However, no untreated-control group or historical control data 
were used for comparative purposes (Diwan 1974). 

Trioctanoin was used as the vehicle control in a sperm abnor
mality test. Ten male control mice (B6C3F1/Hap hybrid strain; 
10- to 12-week-old) received an intraperitoneal injection ofTri
octanoin (0.25 ml per injection) daily for 5 days. After day 35, the 
animals were killed, caudae epididymides removed, and slides 
of sperm preparations made. The percentage of abnormal sperm 
in 500 sperm per animal was determined to be 4.5% ± 1.7%. 
No untreated controls or historical control data were used for 
comparative purposes (Lockard et al. 1982). 

CLINICAL ASSESSMENT OF SAFETY 

Metabolism 
Tricaprin (CJO) 

Following the oral administration of Tricaprin to three hu
man subjects, a considerable amount of sebacic acid (ClO) was 
isolated from the urine along with smaller quantities of suberic 
acid (C8) and adipic acid (C6) (Verkade and vander Lee 1934). 

Trioctanoin (C8) 
[ 13C]-Trioctanoin was administered orally to five normal term 

neonates and five growing preterm infants. 13C enrichment in 
carbon dioxide was analyzed using isotope ratio mass spec
trometry; oxidation rates over 6 hours were calculated. The 
peak for 13C appearance was between 120 and 240 minutes 
post administration in preterm infants and between 90 and 180 
minutes post administration in full-term infants. Oxidation rates 
for [BC]-Trioctanoin were 46.2% ± 3.6% in preterm infants and 

53.5% ± 13.8% in normal neonates. The difference between 
these two values was not statistically significant. Study results 
indicated that Trioctanoin was utilized sufficiently, even in the 
neonatal period, during which energy intake is restricted by im
maturity of digestive or excretory function (Hoshi et al. 1992). 

Triolein (CIS) 
Eight adult subjects (ages 21 to 51) were fed 10 J.LCi [14C]

Triolein in 5 g olive oil together with a standard breakfast. The 
collection and assay of expired air began 1 hour after dosing and 
continued until lunch time. The maximum rate of excretion of 
Glyceryl-Trioleate-l-14C as 14C02 in expired air occurred 5 to 
6 hours after the beginning of the experiment (Blomstrand and 
Kager 1973). 

In another study, five adult subjects (ages 31 to 63) were 
fed a breakfast containing 20 J.LCi [14C]-Triolein. The quantity 
of expired 14C02 was estimated from measurements of specific 
activity of 14C02 in duplicate samples of breath over a period 
of days, the last of which occurred at 28 days post ingestion. 
At day 1, 15% to 33% of the ingested dose was expired, and 
25% to 40% of the dose was expired at 10 days post-ingestion. 
From day 10 on, 14C02 was expired at a slow, but constant rate 
(Pedersen and Marqversen 1981). 

The fate of orally administered [1-BC]- and [8-BC]-Triolein 
was evaluated using four healthy human subjects (two males, 
two females). In the first experiment, 100 mg of [ l-13C]-Triolein 
was administered orally (postprandial). One week later in a sec
ond experiment, the four subjects received 100 mg of [8-BC]
Triolein. The fate of both radioactive compounds was traced 
in serum lipids. A trend of an increase in absolute concentra
tion of triglyceride (TG) oleic acid was noted. Be enrichment 
in palmitic, stearic, linoleic, and oleic acids of these fractions 
was determined using gas chromatography/isotope ratio mass 
spectrometry. At time points 1, 2, 4, 7, and 9 hours after dos
ing, a range of 2% to 24% of [1-BC]-Triolein was recovered in 
the serum TG fraction, compared to 10% to 60% of the [8-BC]
Triolein dose. Thus, after administration of [8-13C]-Triolein, the 
TG oleic acid in serum was significantly more highly enriched 
(significantly higher enrichment peak) in Be than after [1-BC]
Triolein administration. This difference could have been due 
to faster elimination of [1-13C]-Triolein from the serum. 13C 
enrichment in other fatty acids of the TG fraction as well as 
phospholipid and cholesterol ester fractions were in the range 
ofnatural 13C abundance (Metges, Kempe, and Wolfram 1994). 

Eight patients with chronic pancreatitis were fed a break
fast containing [14C]-Triolein (10 J.LCi). These patients, regarded 
as having normal lipid assimilation ( <7 g of fat per day ex
creted), excreted in the feces .::::10.4% of the dose of 14C ingested 
(Pedersen and Halgreen 1985). 

Tripalmitin (Cl6) 
The metabolic fate of a triglyceride oral load labeled with 

[l,l,l-13C3]-Tripalmitin was investigated by noting the 
appearance of labeled palmitate in the circulating nonesterified 
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fatty acids (NEFA) and TG. Six healthy adult subjects (five fe
males, one male; 21 to 29 years old) were used in this evalua
tion. The average body mass index (BMI) for these subjects was 
21 kg/m2 • Sunflower oil (30 g) enriched with 300 mg of [ 1,1, 1-
13C3]-Tripalmitin was ingested by each subject, after which 
blood samples were collected. Blood was collected at 10, 20, 
and 30 minutes, and then every 30 minutes up to 480 minutes. 
[1-13C]-palmitate appeared in the plasma TG at 90 minutes, 
and the mole percent excess (MPE) of [1-13C]-palmitate in 
TG increased and reached a plateau after 240 minutes. At 
240 minutes, the MPE of [l-13C]-palmitate was significantly 
greater in NEFA than in TG. At the conclusion of the study, the 
MPE of [1-13C]-palmitate in TG remained significantly 
greater than baseline values (p < .0001) (Binnert et al. 1995). 

In the same study, four additional adult subjects (three males, 
one female; 22 to 30 years old), the reesterification of NEFA 
was determined during [1-13C]-palmitate infusion. The aver
age BMI for these subjects was 21 kg/m3. Albumin-bound [1-
13C]-palmitate was infused intravenously for 150 minutes, and 
blood samples were collected at 120 and 150 minutes. Hepatic 
reesterification of intravenously infused [1-13C]-palmitate was 
estimated from the appearance of labeled palmitate in TG. A 
constant 13C-palmitate enrichment of 1.6 ± 0.2 MPE was noted 
in NEFA after 120 minutes of [1-13C]-palmitate infusion. How
ever, [13C]-palmitate enrichment increased from 0.23 ± 0.07 to 
0.37 ± 0.07 MPE (p < .001) in plasma TG between 120 and 
150 minutes. The estimated contribution from NEFA to palmi
tate of total TG (estimated reesterification) increased from 
13.9% ± 3.6% to 22.6% ± 2.6% over the same period (Binnert 
et al. 1995). 

The metabolic fate of an oral long-chain TG load was de
termined using 10 healthy female subjects (mean age= 23 ± 
2 years BMI = 20.3 ± 1.6). The women were studied during a 
6-hour period after ingestion of 30 g of olive oil made radioac
tive with [1,1,1-13C3]-Triolein. Total lipid oxidation was deter
mined using indirect calorimetry. After 90 minutes, radioactiv
ity was greater in chylomicron triglycerides (CM-TG) than in 
NEFA of very-low-density lipoprotein (VLDL). CM-TG were 
radioactive first, followed by NEFA and then VLDL. Thus, in 
this study, a long-chain TG mainly followed the classical lymph 
pathway. A plateau of enrichment was noted for CM-TG and 
NEFA at 180 minutes, demonstrating the entry of exogenous 
lipids into the NEFA pool. For VLDL-TG, a plateau of enrich
ment was noted after 300 minutes. The extent of enrichment for 
VLDL-TG (0.38% ± 0.04%) was similar to that noted for NEFA 
(0.36% ± 0.03% ). The investigators stated that these similar re
sults were suggestive of a precursor-product relationship. The 
percentage of the TG load that was oxidized was 19%±2%. 
Exogenous TG accounted for 70% of the total lipid oxidation 
over the period of 300 to 360 minutes. The investigators con
cluded that after ingestion of a lipid load, a cycle of fatty acids 
TG from CM to NEFA and from NEFA to VLDL takes place. 
Additionally, this lipid load has a sparing effect on endogenous 
lipid stores (Binnert et al. 1996). 

Ocular Irritation 
Tribehenin (C22) 

The ocular irritation potential of an eye enhancer (eye area 
cosmetic product) containing 0.32% Tribehenin was evaluated 
using a group of 20 subjects (males and females). The test sub
stance (undiluted cream, 10 to 30 JLl) was instilled into one 
eye of each subject. Eye examinations were performed by a 
board-certified ophthalmologist before and after instillation of 
the test substance. During the subjective evaluation, few sub
jects reported transient burning/stinging sensation. However, 
itching, dryness, pain, and foreign body sensation were minimal 
throughout the study. During the objective evaluation, increased 
lacrimation was noted in one subject within 120 minutes post in
stillation, whereas, none of the remaining subjects had increased 
lacrimation at 5 minutes post instillation. Eyelid inflammation 
was not observed during the study. Mild to moderate irritation of 
the upper and/or lower palpebral conjunctivae was noted in all 
subjects at 30 seconds post instillation. However, at the time of 
the final evaluation (120 minutes post instillation), the subjects 
either had no irritation or mild irritation. Mild bulbar conjunc
tival irritation was noted in the majority of the subjects within 
the first few minutes after instillation. These reactions subsided 
during the remainder of the study (CTFA No date a, 1998c ). 

The in-use safety of two eye enhancers (eye area cosmetic 
products) containing 0.32% Tribehenin was evaluated using 40 
female subjects (between 18 and 65 years old) who were con
tact lens wearers and regular users of eye shadow products. The 
subjects were instructed to use the two products (20 subjects 
per cream) for four consecutive weeks. Pre- and post-test eye 
examinations were performed by a board-certified ophthalmol
ogist to support the claims of"ophthalmologist-tested" and "safe 
for contact lens wearers." Clinically relevant alterations in visual 
acuity were not observed in any of the subjects during the course 
of the study. Eye examinations performed by the ophthalmol
ogist did not reveal any signs of ocular irritation either before 
or after product use. Additionally, none of the subjects reported 
any problems that were related to product use. It was concluded 
that both products were safe for their intended use (CTFA No 
date a, 1998c) 

In another in-use study conducted according to the preced
ing test procedure, the safety of another eye enhancer contain
ing 0.32% Tribehenin was evaluated using 31 female subjects 
(contact lens wearers). Eye examinations performed by an oph
thalmologist did not reveal any signs of ocular irritation after 
product use. Additionally, clinically relevant alterations in vi
sual acuity were not observed in any of the subjects tested. It 
was concluded that the eye enhancer was safe for its intended 
use (CTFA No date a, 1998c). 

Tristearin ( C 18) 
The ocular irritation potential of an eye defining pencil con

taining 1.68% Tristearin was evaluated in an in-use study using a 
group of 31 female subjects who were contact lens wearers. The 
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test procedure is stated in the preceding section. Ocular irritation 
was not observed in either of the subjects prior to product use or 
after four consecutive weeks of daily use. It was concluded that 
the eye defining pencil was safe for its intended use (CTFA No 
date a, l998c). 

Skin Irritation 
Trilaurin (Cl2) 

The skin irritation potential of an eyeliner containing 36.3% 
Trilaurin was evaluated in a single-insult occlusive patch test us
ing 17 subjects (ages not stated). A control group of 17 subjects 
was also used. Reactions were scored according to the following 
scale: 0 (no evidence of any effect) to 4 (severe; deep red ery
thema with vesiculation or weeping with or without edema). No 
skin irritation was observed in any of the subjects (CTFA 1984c ). 

Trioctanoin (C8) 
The primary skin irritation potential ofTrioctanoin was eval

uated using a panel of25 men and women. Results were negative 
at 24 and 72 hours. Details concerning the test protocol were not 
included (Unichema International1996). 

Skin Irritation and Sensitization 
Trilaurin (Cl2) 

The skin sensitization potential of an eyebrow pencil contain
ing 40% Trilaurin was evaluated using 91 subjects (88 males, 
3 females). The subjects ranged in age from 18 to >65 years 
old. A total of nine induction applications (24-hour occlusive 
patches, covered with test material) were made to the same test 
site on each subject. Alternate test sites were used for the chal
lenge phase. The eyebrow pencil induced mostly mild skin irri
tation during induction in one subject and there was no evidence 
of delayed contact hypersensitivity in any of the 91 subjects (Hill 
Top Research, Inc. 1988). 

Tristearin (CIS) 
The skin irritation and sensitization potential of an eye defin

ing pencil containing 1.68% Tristearin was evaluated in a 6-week 
study using 160 subjects (mainly females). Seven subjects with
drew from the study for reasons unrelated to administration of 
the test substance, reducing the test population to 153 subjects. 
The repeated-insult patch test (RIPT) protocol used was a modi
fication of the Draize-Shelanski RIPT procedure. The undiluted 
test substance was applied liberally (under occlusive patches) to 
the scapular back three times per week for a total of nine appli
cations. After a 2-week nontreatment period, two consecutive 
occlusive challenge patches containing the test substance were 
applied to a different site on the scapular back. Reactions were 
not observed in any of the subjects during the induction or chal
lenge phase. It was concluded that the eye defining pencil did not 
induce irritant contact dermatitis or allergic contact dermatitis 
(CTFA No date a, 1998c). 

Tribehenin (C22) 
The skin irritation and sensitization potential of an eye en

hancer (eye area cosmetic product) containing 0.32% Tribehenin 
was evaluated in a 6-week study using 211 subjects. One hundred 
ninety-eight subjects completed the study because 13 withdrew 
for reasons unrelated to the conduct of the study. The RIPT pro
tocol was a modification of the procedure by Draize. Occlusive 
patches (occlusive plastic chambers) moistened with approxi
mately 0.02 g of the cream were applied to the test site (upper 
arm or back) and secured with an occlusive bandage. During the 
3-week induction period, patches were applied (same site) three 
times per week for 48 to 72 hours. The challenge phase was initi
ated 2 weeks after the end of induction. Challenge patches were 
applied to new test sites for 72 hours. Reactions were scored at 96 
hours post application according to the following scale: 1 (ery
thema) to 4 (erythema, induration, and bullae). G (minimal glaz
ing, such as "peau d'orange"), 0 (negative), and+ (equivocal re
action) designations were also used. An equivocal reaction was 
observed in three subjects during the induction phase. Challenge 
reactions were not observed in any of the subjects tested. It was 
concluded that the eye enhancer did not induce clinically sig
nificant irritant contact dermatitis or allergic contact dermatitis 
(CTFA No date a, 1998c). 

Both a hand cream and a lip cream containing 0.38% 
Tribehenin were evaluated in human RIPTs according to a pro
cedure similar to that stated in the preceding paragraph. The 
hand cream and lip cream were tested in one and two RIPTs, 
respectively. The modifications of the test procedure previously 
mentioned were as follows: In each test, enrollment was suffi
cient to ensure that 200 men and/or women completed the study. 
The application period for induction and challenge patches ( oc
clusive) was 24 hours; the quantity of test substance per patch 
application was not stated. Induction reactions were scored at 
48 and 72 hours post application and challenge reactions were 
scored at 48 and 96 hours. The non treatment period between in
duction and challenge phases ranged from 10 to 15 days. It was 
concluded that the hand cream and the lip cream were neither 
skin irritants nor sensitizers. Details concerning the study results 
were not included (CTFA No date a, 1998c). 

Skin Sensitization 
Trioctanoin (C8) 

Reportedly, Trioctanoin did not induce sensitization in a con
tact allergy test involving human subjects. Details concerning the 
test protocol were not provided (Unichema International1996). 

Comedogenicity 
The comedogenicity of a lip enhancer (cream) containing 

0.38% Tribehenin was evaluated using 18 subjects (18 to45 years 
old). One hundred microliters of the cream were dosed onto the 
surface of each occlusive patch that was taped to the upper back. 
Test sites were situated at the right and left of the spinal col
umn. The subjects were instructed to return to the clinic every 
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Monday, Wednesday, and Friday for a total of 4 consecutive 
weeks (28 days) of patch removal, scoring of irritation reac
tions, and application of fresh patches. Reactions were scored 
using the North American Contact Dermatitis grading scale: 0 
(no reaction) to +3 (a bullous reaction or an ulcer). At the time 
of the final visit, reactions were scored and follicular biopsies 
(cyanoacrylate follicular biopsy technique) taken at test and con
trol sites. Specimens were evaluated according to the following 
scale using a stereomicroscope: 0 (no microcomedones, 0%) 
to 3 (severe, 75% to 100% larger globoid microcomedones). 
Data from the global assessments of test and control sites were 
compared statistically for biological significance (p.:::: .05). A 
recorded mean value of 1 or greater that is significantly different 
from the negative control was considered positive for comedo
genicity. Study results are summarized below: 

None of the subjects had clinically significant skin irrita
tion during the study. However, occasionally, macular erythema 
(score= +0.5) was observed in one subject. Statistical com
parisons of microcomedone formation between test and control 
sites yielded a p value of >05. Thus, it was concluded that there 
was no difference between test and control sites and that the lip 
enhancer was not comedogenic (CTFA No date a, 1998c). 

Case Reports 

Triarachidin (C20), Trilinolein (Cl8), Triolein, (Cl8), 
and Tripalmitin (Cl6) 

Thirteen eczema patients (median age= 68) with contact al
lergy to olive oil were patch-tested with the following glyceryl 
triesters, constituents of olive oil: Triolein ( ~30% in petrolatum 
[pet]), Tripalmitin ( ~ 30% in pet), Trilinolein ( ~5% in pet), and 
Triarachidin (~30% in pet). Patch tests were applied to nor
mal skin of the back using Finn chambers secured with Scanpor 
tape. The chambers were removed after 48 hours, and reactions 
were recorded according to International Contact Dermatitis Re
search Group recommendations. All patch tests with the glyceryl 
triesters were negative (Malmkvist, Pettersson, and Svensson 
1990). 

In another case report, a woman (71 years old) and a man 
(60 years old) with dermatitis were patch-tested with Triolein 
(30% in vaseline). The results were negative (van Joost, Smitt, 
and van Ketel1981). 

SUMMARY 
The safety of the following glyceryl triesters in cosmetics 

is reviewed in this report: Trilaurin, Triarachidin, Tribehenin, 
Tricaprin, Tricaprylin, Trierucin, Triheptanoin, Triheptylunde
canoin, Triisononanoin, Triisopalmitin, Triisostearin, Trilino
lein, Trimyristin, Trioctanoin, Triolein, Tripalmitin, Tripalmi
tolein, Triricinolein, Tristearin, Triundecanoin, Glyceryl 
Triacetyl Hydroxystearate, Glyceryl Triacetyl Ricinoleate, and 
Glyceryl Stearate Diacetate. 

The ingredients mentioned above are used mostly as skin
conditioning agents-occlusive and/or viscosity-increasing 

agents-nonaqueous. Frequency of use data submitted to FDA 
in 1998 indicate that 12 of the 23 ingredients in this safety 
assessment (Trilaurin, Tricaprylin, Tribehenin, Triisononanoin, 
Triisostearin, Trilinolein, Trimyristin, Trioctanoin, Tripalmitin, 
Tristearin, Glyceryl Triacetyl Hydroxystearate, and Glyceryl 
Triacetyl Ricinoleate) are being used in cosmetics. Collectively, 
these data indicate use in a total of 443 cosmetic products. Con
centration of use data received from the cosmetics industry in 
1999 indicated use of Glyceryl Triesters in cosmetic products at 
concentrations up to 46.3%. 

Metabolism data indicate that most triglycerides (or glyc
eryl triesters) are split into monoglycerides, free fatty acids, and 
glycerol in the small intestine and absorbed by the intestinal 
mucosa. 

In mice and guinea pigs, little skin penetration was observed, 
althrough Tricaprylin did enhance the skin penetration of drugs 
in vivo (Wistar rats) and in vitro (hairless mice). The skin pen
etration enhancement of drugs in the presence of Triolein has 
also been reported. 

Acute oral LD50 values range from 5 g/kg in mice (Tribehenin, 
C8 aliphatic acid chains) to > 20 g/kg in rats (Tristearin, C 18). In 
other acute oral toxicity studies, Trioctanoin (C8) was not toxic 
following oral administration to male mice at a dose of 50 ml/kg, 
and Triisostearin did not induce toxicity in rats at a dose of2 g/kg. 
In an acute intravenous toxicity study, Tricaprylin (C8) induced 
very minimal acute effects following administration to rats and 
mice, although, in another acute study, spasms in the hindlegs 
and respiratory distress were observed in mice injected intra
venously with a 25% Tricaprylin emulsion. In acute parenteral 
toxicity studies, Tricaprylin induced very minimal toxicity in 
groups of mice and rats dosed intraperitoneally/subcutaneously. 

The short-term oral administration of Trilaurin (Cl2), Tris
tearin (C18), or Triolein (C18) to weanling rats did not re
sult in gross or microscopic lesions; however, in another short
term study, significant differences in hematological and clinical 
chemistry parameters as well as organ weights were noted after 
administration of Tricaprylin (C8) to male and female Wistar 
rats. 

No significant differences were found in growth rate or the 
incidence of lesions between groups of rats fed a mixture con
taining 0.0002% Trilaurin (C12) for 2 years and controls. In 
another chronic study, cardiac lipidosis and/or focal fibrosis 
was observed in rats fed a basal diet consisting of 30 cal % 
Trierucin (C22) for 24 weeks. Renal tubular dilatation, proteina
ceous casts, or fibrosis were also reported. 

When the chronic oral toxicity ofTricaprylin (C8) was evalu
ated using groups of male rats, significant reductions in 
hematological/clinical chemistry parameters and significant in
creases in organ weight were noted after 26 weeks of dosing. Few 
lesions in the kidneys, myocardium, and aorta were noted when 
Tricaprylin was tested in another chronic oral toxicity study. 

An eyeliner containing 36.3% Trilaurin (C12) and a 20% 
solution of Tribehenin (C22) in liquid paraffin were, at most, 
mildly irritating to the eyes of rabbits. Trioctanoin (C8) and 
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Triisostearin (Cl8) did not induce ocular irritation in rabbits. 
An eye enhancer cream containing 0.32% Tribehenin and a hand 
cream containing 0.38% Tribehenin were classified as nonirri
tants in an in vitro chorioallantoic membrane vascular assay for 
determining the ocular irritation potential of chemicals. 

Triisostearin (Cl8) and a 20% solution of Tribehenin (C22) 
in liquid paraffin were, at most, mildly irritating when applied 
to the skin of rabbits. However, Trioctanoin (C8) and an 
eyeliner containing 36.3% Trilaurin (Cl2) did not induce cuta
neous irritation in rabbits. Neither Tribehenin (C22) nor 
Trioctanoin (C8) induced sensitization in the Magnusson
Kligman guinea pig maximization test. Triisostearin (Cl8) did 
not induce significant cutaneous reactions in a study evaluating 
the phototoxicity and photoallergenicity potential of this ingre
dient in guinea pigs. 

Most of the mutagenicity data in this report are on the in
gredient, Tricaprylin (C8). In the Ames test, Tricaprylin was 
mutagenic in one of fourS. typhimurium strains tested. Nega
tive test results were reported in the following assays: dominant 
lethal test, host-mediated mitotic gene conversion assay, chro
mosomal aberrations assay, micronucleus test, SCE assay, spot 
test for gene mutations, and cytogenetic assay for clastogenic 
activity. 

In the Ames test, Trilaurin (Cl2), Trioctanoin (C8), Triolein 
(Cl8), Tristearin (Cl8), and Triisostearin (Cl8) were not mu
tagenic in S. typhimurium strains. However, Trioctanoin was 
mutagenic in the spot test for gene mutations. In other tests, no 
clastogenic activity was noted when Trioctanoin was tested in a 
cytogenetics assay and results were negative in a sister chromatid 
exchanges mutagenicity assay. 

Following intraperitoneal injection of Tricaprylin (C8) into 
30 female mice in a tumorigenicity study, lung tumors were ob
served in 37% of the animals. In the untreated-control group 
of 30 mice, the lung tumor incidence was 23%. The results of 
an oral carcinogenicity study by the National Toxicology Pro
gram (NTP) indicated that Tricaprylin (C8) caused a statistically 
significant dose-related increase in the incidence of pancreatic 
acinar cell hyperplasia and adenoma in rats. Tricaprylin did not 
induce acinar cell carcinomas. Additionally, the incidence of 
squamous cell papilloma in the squamous portion of the stom
ach of rats in the highest dose group (10 ml/kg Tricaprylin) was 
significantly greater when compared to controls. 

Trilaurin (Cl2) completely inhibited the formation of neo
plasms initiated by DMBA and promoted by croton oil. Addi
tionally, extensive damage to tumor cells (lymphoma implants 
in the liver) was noted in rats after oral dosing with Tricaprylin 
(C8). 

Tricaprylin (C8) was not teratogenic in mice or rats when 
administered orally. In another study on reproductive effects, 
Tricaprylin was effective in producing fusion of the endometrial 
epithelium (symplasma formation) and decidualization of the 
stroma in pseudopregnant New Zealand white rabbits. 

The oral administration of Trioctanoin (C8) to mice did 
not result in any significant differences in indices of potential 

developmental toxicity (i.e., litter size, birth weight, and neona
tal growth and survival to postnatal day 3) between test and con
trol groups. Test results for 291 fetuses from various strains of 
mice injected intraperitoneally with Trioctanoin (vehicle con
trol) in a teratogenicity study indicated various kinds of eye 
abnormalities in 6.2% of the fetuses. 

An eye enhancer cream containing 0.3 2% Tribehenin induced 
reactions ranging from mild to moderate ocular irritation in a 
group of 20 subjects, which resolved to either mild irritation 
or no irritation reactions at 2 hours post exposure. In a clinical 
in-use safety test of two eye enhancer creams containing 0.32% 
Tribehenin, neither ocular irritation nor clinically relevant alter
ations in visual acuity were observed after 4 consecutive weeks 
of daily product use. Similar results were reported after testing 
of another eye enhancer cream containing 0.32% Tribehenin 
and an eye defining pencil containing 1.68% Tristearin in sepa
rate studies according to the same procedure. All of the subjects 
tested in these studies were contact lens wearers. 

An eyeliner containing 36.3% Trilaurin (Cl2) did not induce 
skin irritation reactions in test subjects. Trioctanoin (C8) itself 
did not induce skin irritation. A lip enhancer cream containing 
0.38% Tribehenin was not comedogenic and did not induce clin
ically significant skin irritation in any of the subjects evaluated 
in a 28-day test. RIPT results (occlusive patches) for the fol
lowing products were negative: eye enhancer cream containing 
0.32% Tribehenin (198 subjects), hand cream containing 0.38% 
Tribehenin (at least 200 subjects), lip cream containing 0.38% 
Tribehenin (at least 200 subjects), and an eye defining pencil 
containing 1.68% Tristearin. None of these products induced 
clinically significant irritant or allergic contact dermatitis. 

In a skin sensitization test involving 91 subjects, there was 
no evidence of delayed contact hypersensitivity after repeated 
applications (occlusive patches) of an eyebrow pencil containing 
40% Trilaurin (C12). Also, reportedly, Trioctanoin (C8) did not 
induce sensitization in a contact allergy test. 

DISCUSSION 
The Panel noted that, as part of an effort to evaluate ve

hicles used in carcinogenicity studies, the NTP conducted a 
2-year carcinogenicity study in rats given Tricaprylin by gav
age. This treatment was associated with a statistically significant 
dose-related increase in pancreatic acinar cell hyperplasia and 
adenoma, but there were no acinar carcinomas, the incidence 
of mononuclear leukemia was less, and nephropathy findings 
were reduced, compared to com oil controls. The Panel agreed 
that, overall, the study concluded that Tricaprylin did not offer 
significant advantages over com oil as vehicles in carcinogenic
ity studies. Trilaurin was also found to inhibit the formation of 
neoplasms initiated by DMBA and promoted by croton 
oil. 

The available short- and long-term toxicity test results (NTP 
oral carcinogenicity study on Tricaprylin included) summarized 
above, do not warrant any restrictions on the use of any of the 
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Glyceryl Triesters included in this safety assessment in rinse-off 
or leave-on cosmetic products. The Expert Panel recognizes that 
some of the Glyceryl Triesters included in this review are not in 
use, but would be considered safe if used at concentrations simi
lar to those of Glyceryl Triesters that are being used in cosmetic 
products. 

Although minimal percutaneous absorption of Triolein has 
been demonstrated in vivo using guinea pigs (but not hairless 
mice) and in vitro using full-thickness skin from hairless mice, 
the Expert Panel recognizes that, reportedly, Triolein and Tri
caprylin can enhance the skin penetration of other chemicals, 
and recommends that care should be exercised in using these 
and other Glyceryl Triesters in cosmetic products. 

CONCLUSION 
On the basis of the animal and clinical data included in this 

report, the CIR Expert Panel concludes that the following in
gredients are safe as used in cosmetics: Trilaurin, Triarachidin, 
Tribehenin, Tricaprin, Tricaprylin, Trierucin, Triheptanoin, Tri
heptylundecanoin, Triisononanoin, Triisopalmitin, Triisostearin, 
Trilinolein, Trimyristin, Trioctanoin, Triolein, Tripalmitin, Tri
palmitolein, Triricinolein, Tristearin, Triundecanoin, Glyceryl 
Triacetyl Hydroxystearate, Glyceryl Triacetyl Ricinoleate, and 
Glyceryl Stearate Diacetate. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  August 18, 2014 
Subject:             2015 ReReview Priorities Already in Production – No Action Required 
 
The Panel is not being asked to act on the following three memoranda.  What follows is an explanation of how 
three reports scheduled for re-review on the 2015 agenda are either already in progress or otherwise require no 
further action.  The intention herein, is simply to make the Panel aware of the strategies used to decrease the re-
review docket for 2015. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  August 18, 2014 
Subject:  Notification of Status: Glucose Glutamate as Used in Cosmetics 
 
The Panel is not being asked to respond: 

1. The data are insufficient to make a determination of safety for this ingredient.  The time limit to 
provide this data has elapsed.  This ingredient is now in the “use not supported” category.  No action 
is required by the Panel. 

 
In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredient Glucose Glutamate (International Journal of Toxicology, 19(Suppl. I):11-12, 2000). 
 

  
Figure 1. Glucose Glutamate is the reaction product of the two chemicals above, glutamate and glucose, 
respectively 
 
At that time the Panel’s conclusion was: 
 

The CIR Expert Panel concludes that the available data are insufficient to support the safety of 
Glucose Glutamate for use in cosmetic products.  

 
And of note in the discussion: 
 
      The types of data required included: 

1. Concentration of use data; 
2. Chemistry data, including method of manufacture and impurities data; 
3. UV absorption data; if absorption occurs in the UVA or UVB range, photosensitization data 
are needed; 
4. Dermal absorption data; if dermal absorption occurs, 28-day dermal toxicity and 
developmental toxicity data are needed 2 
5. Skin irritation and sensitization data; 
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6. Two genotoxicity studies, one using a mammalian system; if positive, a 2-year dermal 
carcinogenicity assay performed according to National Toxicology Program (NTP) standards is 
needed. 

 
According to data from FDA’s VCRP received this year, there are no reported uses of Glucose Glutamate.  In 
1997, eight uses were reported. 
 
The time to limit to provide this data has elapsed.  This ingredient is now in the “use not supported” category.  
No action is required by the Panel. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  August 18, 2014 
Subject:  Notification of Status: PEG-x Diesters as Used in Cosmetics 
 
The Panel is not being asked to respond: 

1. As preparation of this re-review is already underway, no action is required by the Panel. This ingredient 
was scheduled for re-review in 2015 but has been included in the 2014 re-review of PEG-x Diesters). 

 
 
In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredient PEG (Polyethylene Glycol)-2, -4, -6, -8, -12, -20, -32, -75 and -150 Dilaurate (International Journal 
of Toxicology, 19(Suppl. 2): 29-41, 2000). 
 

  
Figure 1. PEG-2 Dilaurate 
 
At that time the Panel’s conclusion was: 
 

On the basis of the available data, the CIR Expert Panel concludes that 
PEG-2, -4, -6, -8, - 12, -20, -32, -75, and – 150 Dilaurate … are safe for use in cosmetics at 
concentrations up to 25%. 

 
And of note in the discussion: 
 

Although few data were available on the PEGs Dilaurate … the Expert Panel concluded that the 
data on the structurally related ingredients (PEGs Distearate …) were sufficient. Although current 
concentration of use data were not available, the highest reported concentration of use in 1984 
was 25%. 

 
According to data from FDA’s VCRP received this year, the highest number of uses reported for a PEG-x 
Dilaurate ingredient was 37 (PEG-4 Dilaurate). 
 
These ingredients were selected for inclusion in a 2014 re-review (PEG-x Diesters) based a 1999 report of PEG-
x Distearates.  As noted above in the discussion excerpt, PEG-x Distearates were used for read across to the 
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PEG-x Dilaurates in the original report.  As preparation of this re-review is already underway, no action is 
required by the Panel. 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  August 18, 2014 
Subject:  Notification of Status: PEG-x Sorbitan Esters as Used in Cosmetics 
 
The Panel is not being asked to respond: 

1. As preparation of this re-review is already underway, no action is required by the Panel. This ingredient  
was scheduled for re-review in 2015 but has been included in the 2014 re-review of Polysorbates. 

 
In 2000, the International Journal of Toxicology published the Panel’s safety assessment of the cosmetic 
ingredients PEG-20 Sorbitan Cocoate; PEG-40 Sorbitan Diisostearate; PEG-2, -5, and -20 Sorbitan Isostearate; 
PEG-40 and -75 Sorbitan Lanolate; PEG-10, -40, -44, -75, and -80 Sorbitan Laurate; PEG-3, and -6 Sorbitan 
Oleate, PEG-80 Sorbitan Palmitate; PEG-40 Sorbitan Perisostearate; PEG-40 Sorbitan Peroleate; PEG-3, -6, -
40, and -60 Sorbitan Stearate; PEG-20, -30, -40, and -60 Sorbitan Tetraoleate; PEG-60 Sorbitan Tetrastearate; 
PEG-20 and -160 Sorbitantriisostearate; PEG-18 Sorbitan Trioleate; PEG-40, -50 Sorbitol Hexaoleate; PEG-30 
Sorbitol Tetraoleate Laurate; and PEG-60 Tetrastearate (International Journal of Toxicology, 19(Suppl. 2):43-
89, 2000). 
 

  
Figure 1. PEG-x Sorbitan Laurate 
 
At that time the Panel’s conclusion was: 
 

The CIR Expert Panel concludes that PEG-20 Sorbitan Cocoate; PEG-40 Sorbitan Diisostearate; 
PEG-2, -5, and -20 Sorbitan lsostearate; PEG-40 and -75 Sorbitan Lanolate; PEG-10, -40, -44, -
75, and -80 Sorbitan Laurate; PEG-3 and -6 Sorbitan Oleate; PEG-80 Sorbitan Palmitate; PEG-40 
Sorbitan Perisostearate; PEG-40 Sorbitan Peroleate; PEG-3, -6, -40, and -60 Sorbitan Stearate; 
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PEG-20, -30, -40, and -60 Sorbitan Tetraoleate; PEG-60 Sorbitan Tetrastearate; PEG-20 and -160 
Sorbitan Triisostearate; PEG-18 Sorbitan Trioleate; PEG-40 and -50 Sorbitol Hexaoleate; PEG-
30 Sorbitol Tetraoleate Laurate; and PEG-60 Sorbitol Tetrastearate are safe for use as cosmetic 
ingredients under the present practices of use. 

 
According to data from FDA’s VCRP received this year, the highest number of uses reported for a PEG-x 
Sorbitan Ester ingredient was 84 (PEG-80 Sorbitan Laurate). 
 
These ingredients were selected for inclusion in a 2014 re-review (Polysorbates) based on a 1984 report of 
Polysorbate-20, -21, -40, -60, -61, -65, -80, -81, and -85.  These polysorbate ingredients have the exact same 
structural motif as the PEG-x Sorbitan Ester, just different names.  As preparation of this re-review is already 
underway, no action is required by the Panel. 
 

 
Figure 2.  Polysorbate-20 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  August 18, 2014 
Subject:  Request for Endorsement of a Review Strategy for Algae ingredients as Used in Cosmetics 
 
The Panel is being asked to answer one primary question: 

1. Sixty-nine algae derived ingredients are being proposed for review in one new report.  Should an SLR 
be prepared which includes all of these ingredients? 

In 2013, CIR staff proposed a grouping derived from various organisms that fit under the vague term “Algae,’” 
based on the high frequency of use (805 per FDA’s VCRP 2013) of the equally vague ingredient Algae Extract.  
Additionally, there are two other ingredients that utilize this vague nomenclature, specifically Algae and 
Hydrolyzed Algae Extract (both of which have reported uses).  Currently, these ingredients are in the INCI 
Dictionary with definitions which describe their sources as “obtained from various species of Algae.”  Even if 
these three ingredients are chosen for “retirement,” products containing these ingredients will likely continue to 
be on store shelves for years to come (as “retirement” does not ban the use of these ingredient names, but only 
restricts the use of this nomenclature from new labelling requests from suppliers).  Accordingly, based on the 
very high frequency of use, the Panel should conclude on the safety of these ingredients, even if to simply state 
that the data are insufficient to support a conclusion of safety, for lack of any identifying analysis. 
 
At the March 2014 CIR Expert Panel Meeting, Dr. Rex Lowe provided an informative presentation on the 
taxonomy, biodiversity, and non-cosmetic uses of algae.  Therein, Dr. Lowe classified each algae ingredient, 
which had a distinct genus and species name, as Blue Green, Brown, Red, Green, Euglenoid, Diatom, or 
Haptophyte.  Ingredients classified as Brown Algae (66 of them) constituted the group with the highest numbers 
of reported use (2014 VCRP: Fucus Vesiculosus Extract (251) and Laminara Digita Extract (227)) out of all of 
the algae derived cosmetic ingredients (other than “Algae Extract”).  Dr. Lowe mentioned that brown algae 
products are safely used in a number of non-cosmetic applications including frozen foods, dessert gels, candies, 
cheeses, electrophoretic media, castings and impressions, and radiology suspending agents.   
 
Accordingly, the Panel could choose to review, in one report, the combination of the Brown Algae-derived 
ingredient family, and the vaguely defined algae ingredients (which may turn out to be brown algae in some 
cases): Algae Extract, Hydrolyzed Algae Extract, and Algae.  
 
1. Agarum Cribrosum Extract 
2. Alaria Esculenta Extract 
3. Algae 
4. Algae Extract 
5. Cladosiphon Novae-

Caledoniae Extract 

6. Cladosiphon Okamuranus 
Extract 

7. Cystoseira 
Amentacea/Caespitosa 
Branchycarpa Extract 

8. Cystoseira Baccata Extract Fucus vesiculosus Laminara digita 

Distributed for Comment Only -- Do Not Cite or Quote

mailto:cirinfo@cir-safety.org
http://www.cir-safety.org/


- 2 - 
 

9. Cystoseira Compressa 
Extract 

10. Cystoseira Compressa 
Powder 

11. Cystoseira Tamariscifolia 
Extract 

12. Dictyopteris Membranacea 
Extract 

13. Dictyota Coriacea Extract 
14. Durvillea Antartica Extract 
15. Ecklonia Cava Extract 
16. Ecklonia Kurome Extract 
17. Ecklonia Kurome Powder 
18. Ecklonia Laminaria Extract 
19. Ecklonia Maxima Extract 
20. Ecklonia Maxima Powder 
21. Ecklonia Radiata Extract 
22. Eisenia Arborea Extract 
23. Fucoxanthin 
24. Fucus Serratus Extract 
25. Fucus Vesiculosus Extract 
26. Fucus Vesiculosus Powder 
27. Halopteris Scoparia Extract 
28. Himanthalia Elongata 

Extract 
29. Himanthalia Elongata 

Powder 
30. Hizikia Fusiforme Extract 

31. Hydrolyzed Algae Extract  
32. Hydrolyzed Fucus 

Vesiculosus Extract  
33. Hydrolyzed Fucus 

Vesiculosus Protein  
34. Kappaphycus Alvarezii 

Extract 
35. Kassou 
36. Kousou 
37. Kousou Ekisu 
38. Laminaria Angustata Extract 
39. Laminaria Cloustoni Extract 
40. Laminaria Digitata Extract 
41. Laminaria Hyperborea 

Extract 
42. Laminaria Japonica Extract 
43. Laminaria Longissima 

Extract 
44. Laminaria Ochotensis 

Extract 
45. Laminaria Ochroleuca 

Extract 
46. Laminaria Saccharina 

Extract 
47. Lessonia Nigrescens Extract 
48. Lessonia Nigrescens Powder 
49. Macrocystis Pyrifera (Kelp) 

50. Nereocystis Leutkeana 
Extract 

51. Nostoc Flagelliforme 
Extract 

52. Pelvetia Canaliculata 
Extract 

53. Pelvetia Siliquosa Extract 
54. Phyllacantha Fibrosa Extract 
55. Pyrocystis Noctiluca Extract 
56. Pytocystis Noctiluca Lysate 
57. Rissoella Verruculosa 

Extract 
58. Sahel Scenedesmus Extract 
59. Sargachromanol D 
60. Sargachromanol E 
61. Sargachromanol F 
62. Sargassum Filipendula 

Extract 
63. Sargassum Fulvellum 

Extract 
64. Sargassum Fusiforme 

Extract 
65. Sargassum Horneri Extract 
66. Sargassum Muticum Extract 
67. Sargassum Vulgare Extract 
68. Sphacelaria Scoparia Extract 
69. Undaria Pinnatifida Extract 
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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Bart Heldreth, PhD, Chemist 
Date:  August 18, 2014 
Subject:  Request for Endorsement of a Review Strategy for Pyrus malus ingredients as Used in 

Cosmetics 
 
The Panel is being asked to answer one primary question: 

1. Nineteen ingredients were proposed for review as a Pyrus malus (apple) group, on the 2014 
priorities list.  Should an SLR be prepared which includes all of these ingredients? 

In 2013, CIR staff proposed a grouping derived from various plant parts, by various methods, for one report on 
Pyrus malus (apple) ingredients.  This grouping was based on a lead ingredient, Pyrus Malus (Apple) Fruit 
Extract, which had 382 report uses according to the FDA’s VCRP in 2013. 
 
The grouping, as approved in the finalized 2014 priority list, was: 
1. Pyrus Malus (Apple) Fruit Extract 
2. Pyrus Malus (Apple) Bark 

Extract 
3. Pyrus Malus (Apple) Carpel 

Powder 
4. Pyrus Malus (Apple) Fiber 
5. Pyrus Malus (Apple) Flower 

Extract 
6. Pyrus Malus (Apple) Fruit 
7. Pyrus Malus (Apple) Fruit Water 
8. Pyrus Malus (Apple) Juice 

9. Pyrus Malus (Apple) Leaf Extract 
10. Pyrus Malus (Apple) Pectin Extract 
11. Pyrus Malus (Apple) Peel Extract 
12. Pyrus Malus (Apple) Peel Powder 
13. Pyrus Malus (Apple) Peel Wax 
14. Pyrus Malus (Apple) Pulp Extract 
15. Pyrus Malus (Apple) Root Bark Powder 
16. Pyrus Malus (Apple) Root Extract 
17. Pyrus Malus (Apple) Seed Extract 
18. Pyrus Malus (Apple) Seed Oil 
19. Pyrus Malus (Apple) Stem Extract

 
CIR staff proposed grouping these ingredients in one report, which may result in different conclusions for 
certain subsets of ingredients.  Similarly to the recent decision in the report on Camellia sinensis-derived 
ingredients, the Panel has the option of reviewing all of these ingredients together, even though they are derived 
from different plant parts and may result in different conclusions.  (In Camellia sinensis-Derived Ingredients, 
the Panel concluded that leaf-derived ingredients are safe in cosmetic products when formulated to be non-
sensitizing, but for ingredients derived from all other plant parts the Panel concluded that the available data are 
insufficient to assess the safety.) A request to the Council to survey all of these ingredients has been made.  The 
Panel is asked to decide whether the SLR should include all of these ingredients  
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