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Memorandum 

 

To:  CIR Expert Panel Members and Liaisons 
From:  Wilbur Johnson, Jr. 
  Senior Scientific Analyst       
Date:  February 20, 2015 
Subject: Re-review on Nonoxynols 
 
The Cosmetic Ingredient Review (CIR) Expert Panel has evaluated the safety of  nonoxynols-2, -4, -8, -9, -10, -12, -14, -15, 
-30, -40, and -50 in cosmetics and issued a final report (published in 1983) with the following conclusion:  On the basis of 
the available information presented in this report, the Panel concludes that nonoxynols-2, -4, -8, -9, -10, -12, -14, -15, -30, -
40, and -50 are safe as cosmetic ingredients in the present practices of concentration and use.  Subsequently, the Panel 
evaluated the safety of nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 in cosmetics and issued a final report (published in 1999) 
with the following conclusion:  On the basis of the available animal and clinical data included in this report, the CIR Expert 
Panel concludes that nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 are safe as used in rinse-off products and safe at 
concentrations of ≤ 5% in leave-on products.  The latter conclusion modifies the Panel’s previous conclusion on nonxynols-
2, -4, and -8. 
 
The safety of nonoxynols previously reviewed by the Panel is being reevaluated to determine whether safety test data on 
these ingredients published after the two final safety assessments, warrant a change in either of the two conclusions 
previously issued by the Expert Panel.  Additionally, the following nonoxynols have not been evaluated by the Expert Panel 
and are included in this safety assessment:  nonoxynols-13, -18, -20, -23, -25, -35, -44, -70, -100, and -120.   It should be 
noted that data from the 1983 and 1999 published safety assessments on nonoxynols are also included (italicized in text) in 
this safety assessment to fill critical data gaps in the safety assessment of nonoxynols-13, -18, -20, -23, -25, -35, -44, -70, -
100, and -120.  The discussion sections from these safety assessments are also included in text for the Panel’s 
consideration. 
 
Included in this package for your review is the Draft safety assessment (nonoxyl032015rep pdf file), the CIR report history 
(nonoxy032015hist pdf file), Literature Search Strategy (nonoxy032015strat pdf file), Ingredient Data Profile 
(nonoxy032015prof) pdf file, 2015 FDA VCRP data (nonoxy032015FDAdata pdf file), Expert Panel meeting minutes 
relating to issuance of the two final reports (nonoxyl032015min pdf file), 1983 published final report on nonoxynols 
(nonoxy032015final1 pdf file), 1999 published final report on nonoxynols (nonoxy032015final2 pdf file), and use 
concentration data on nonoxynols received from the Council (nonoxy032015data1andd ata 2 pdf files).   

After considering the data included in this safety assessment, the Panel will need to determine whether to reaffirm the 
previous conclusions or to re-open the report to change the conclusion.  If the report is re-opened, the Panel will need to 
determine whether the additional ingredients should be included in the report, and whether an insufficient data 
announcement should be issued, or whether the available data are sufficient for issuing a tentative amended report with a 
safe as used, safe with qualifications, or unsafe conclusion on these ingredients.  If the Panel determines not to re-open the 
report to change the conclusion, the Panel should determine if is it appropriate to re-open the report to include the additional 
ingredients.   
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CIR History of: 
 

Nonoxynols-1 through -120  
 

 
August 23-24, 1982 (18th) CIR Expert Panel Meeting 

The following report conclusion was unanimously approved: 

“On the basis of the available information presented in this report, the Panel concludes that Nonoxynols-2, -4, -8, -9, 
-10, -12, -14, -15, -30, -40, and -50 are safe as cosmetic ingredients in the present practices of concentration and 
use.” 

Subject to minor revisions and the addition of a Discussion Section, the document was announced as a Tentative 
Report for a 90-day comment period. 

A final report with the conclusion stated above was published in the Journal of the American College of Toxicology 
in 1983. 

November 22-23, 1993 (49th) CIR Expert Panel Meeting 

A draft tentative report on Nonoxynols-1, -5, and -6 was reviewed by the Panel.  During deliberations, it was 
suggested that the Panel expand this review to include other low molecular weight nonoxynols, including 
nonoxynols -1, -2, -3, -4, -5, -5, -7, and -8. 

The Panel voted in favor of tabling the Draft Tentative Report on nonoxynols-1, -5, and -6 and issuing an informal 
request that includes nonoxynols-1 through -8. 

December 11-12, 1995 (57th) CIR Expert Panel Meeting 

Dr. Belsito said that his Team concluded  that the Nonoxynols are safe as used in rinse-off products.  His Team also 
determined that the safety of Nonoxynols could be based on the relatively low absorption, and the fact that there was 
not a significant difference in the level of absorption between Nonoxynol-2 and Nonoxynol-9.  Dr. Belsito also 
noted that the results of human repeated patch tests indicated that 5% Nonoxynol-2 was not a sensitizer, whereas, 
10% Nonoxynol-2 and 10% Nonoxynol-4 were sensitizers.  It was recognized by Dr. Belsito's Team that these 
results could serve as the basis for limiting the concentration of Nonoxynols in leave-on products to 5%. 

The Panel unanimously concluded that the Nonoxynols reviewed in the current report (Nonoxynols -1 through -8) 
are safe as used in rinse-off products and safe for use in leave-on cosmetic products at concentrations up to 5%, and 
voted unanimously in favor of issuing a Tentative Report with this conclusion.  The 5% limitation is based on 
human skin irritation and sensitization data. 

June 3-4, 1996 (59th) CIR Expert Panel Meeting 

The Panel voted unanimously in favor of issuing a Final Report with the conclusion that was approved at the 
December 1995 Panel meeting. 

Dr. Bergfeld recalled that the safety of Nonoxynols -2, -4, and -8 in cosmetics was evaluated in the CIR Final Report 
published in 1983, and that the Panel’s present conclusion on these ingredients is different from the original one.  
With this in mind, she wanted to know the procedures that will be followed in issuing  the current Final Report. 

Dr. Andersen said that the Final Report to be issued will actually be a combination Final Report.  New conclusions 
are presented on certain Nonoxynols, but the Final Report also amends the conclusion previously reached on 
Nonoxynols -2, -4, and -8 (safe as used, rinse-off and leave-on products included).  He also said that the title of the 
current Final Report will reflect both the new conclusions and the amended conclusions. 
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An amended  final report on nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 was published in the International Journal of 
Toxicology in 1999. 

Draft Report, Belsito and Marks Teams/Panel:  March 8-9, 2015 
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Literature Searches on Nonoxynols (11/26/2014) 

SciFinder  Searches 

Search Terms* 

Nonoxynol-1 
Nonoxynol-2 
Nonoxynol-3 
Nonoxynol-4 
Nonoxynol-5 
Nonoxynol-6 
Nonoxynol-7 
Nonoxynol-8 
Nonoxynol-9 
Nonoxynol-10 
Nonoxynol-11 
Nonoxynol-12 
Nonoxynol-13 
Nonoxynol-14 

Nonoxynol-15 
Nonoxynol-18 
Nonoxynol-20 
Nonoxynol-23 
Nonoxynol-25 
Nonoxynol-30 
Nonoxynol-35 
Nonoxynol-40 
Nonoxynol-44 
Nonoxynol-50 
Nonoxynol-70 
Nonoxynol-100 
Nonoxynol-120 

 
*Search included years 1994-2014 
 

Search Updates 

2/7/2015 
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    Nonoxynols Check List for March, 2015. Analyst – Wilbur Johnson 

 

    
Acute toxicity  
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Nonoxynol-1 
                    

Nonoxynol-2 X   X        X X X  X     
Nonoxynol-3                     
Nonoxynol-4 X   X  X X X    X X X  X   X  
Nonoxynol-5    X  X      X X        
Nonoxynol--6    X  X  X    X X  X X     
Nonoxynol-7   X X  X X     X X      X  
Nonoxynol-8                     
Nonoxynol-9 X  X X X X X X X   X X X  X X X X X 
Nonoxynol-10   X X  X  X X   X X   X X X X X 
Nonoxynol-11                     
Nonoxynol-12   X X        X X X       
Nonoxynol-13    X  X      X X        
Nonoxynol-14                X     
Nonoxynol-15   X X    X    X X   X    X 
Nonoxynol-18                X     
Nonoxynol-20        X             
Nonoxynol-23                     
Nonoxynol-25                     
Nonoxynol-30    X    X    X X        
Nonoxynol-35                     
Nonoxynol-40    X  X  X    X X     X   
Nonoxynol-44                     
Nonoxynol-50                X    X 
Nonoxynol-70                     
Nonoxynol-100                     
Nonoxynol-120                     
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Meeting Minutes Prior to 1983 Journal Publication on Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -
30, -40, and -50 

 
March 19-20, 1981 (14th ) CIR Expert Panel Meeting 
 
Nonoxynol-9 

 Dr. Montagna’s Team recommended an Insufficient Data report, and the Panel unanimously approved the 
following statement:  

“Human clinical toxicity data are not available for a judgment of safety on this group of compounds.  The following 
data are essential for the Panel to make an adequate assessment of safety: 

1. Skin irritation and sensitization tests on representative Nonoxynols (greater than -12) currently used in 
cosmetic formulations.  Not less than 150 subjects (75 men and 75 women) should be tested with currently 
used concentrations for each compound. 

2. Phototoxicity and photosensitization studies on representative Nonoxynols (2-30) now used in product 
formulations.  At least 25 subjects should be tested for each compound.” 

 

August 23-24, 1982 (18th) CIR Expert Panel Meeting 

Nononxynol-9 Group  

 The Expert Panel unanimously agreed to delete Nonoxynol-9 Iodine and Nonoxynol-10 Phosphate from the 
report because of a lack of data on those ingredients.  The Panel further agreed on the need for a Discussion Section 
explaining that although each individual Nonoxynol may not have complete animal toxicology data, the sum of the 
composite data is adequate to justify the entire group. 

 The following conclusion of the report was unanimously approved: 

 “On the basis of the available information presented in this report, the Panel concludes that Nonoxynols-2, -
4, -8, -9, -10, -12, -14, -15, -30, -40, and -50 are safe as cosmetic ingredients in the present practices of 
concentration and use.” 

 Subject to minor revisions and the addition of a Discussion Section, the document will be announced as a 
Tentative Report for a 90-day comment period. 
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Meeting Minutes Prior to 1999 Journal Publication on Nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 

August 16-17, 1993 (48th ) CIR Expert Panel Meeting 
 
Nonoxynols -1, -5, and -6 

 At the August 16-17, 1993 Team meetings, the Panel informally requested the following data on 
Nonoxynols:  (1) Impurities data, including any unreacted C9 phenols that may be present; (2) UV absorption data; 
if there is absorption in the UVA or UVB range, photosensitization studies may be required; (3) Dermal absorption 
study on Nonoxynol-1.  If the rate of dermal absorption is significantly higher than that for Nonoxynol-9, then 
reproductive and developmental toxicity studies will be requested; (4) Human skin irritation, dose response study on 
Nonoxynol-1; (5) Human skin sensitization study on Nonoxynol-1; and (6) Cosmetic Use:  Types of cosmetic 
products in which Nonoxynols are used and the typical concentrations of use for each of these products.  To date, 
there has been no response to the Panel's request for data. 

 

November 22-23, 1993 (49th) CIR Expert Panel Meeting 

Nonoxynols -1, -5, and -6 

Dr. Schroeter stated that his Team agreed that the available data on Nonoxynols-1, -5, and -6 are insufficient 
for determining whether or not these ingredients are safe and that an Insufficient Data Announcement should be 
issued.  He also said that his Team agreed that the data on Nonoxynol-9 that are included in the Tentative Report 
should remain, and that this information may in some way contribute to the safety assessment of Nonoxynols-1, -5, 
and -6.   

Dr. Belsito said that his Team had requested that the data on Nonoxynols-9, -30, and -40 be removed from 
the report because the studies are not beneficial in establishing the degree of absorption, irritation, etc. of 
Nonoxynols-1, -5, and -6.  Furthermore, Dr. Belsito's Team requested the inclusion of any data on Nonoxynol-2 and 
-4 that may have been included in the original CIR report on Nonoxynols, but learned that such data do not exist. 

Dr. Belsito noted that the issue that all Nonoxynols may not be alike is based on the remarkably increased 
irritation potential that is associated with lower molecular weight Nonoxynols.  He also introduced the possibility of 
including data on Nonoxynol-9 in the safety assessment only if data indicating that lower molecular weight 
Nonoxynols are not different from higher molecular weight Nonoxynols in terms of their irritation potential are 
made available.  

Dr. Shank indicated that he had used the new data on Nonoxynol-9 and others to help decide which data on 
Nonoxynols-1, -5, and -6 are needed.   

Dr. Belsito stated that data on Nonoxynol-9 probably should not be deleted from the report until sufficient 
data indicating differences in absorption and skin irritation potential between low and high molecular weight 
Nonoxynols are available. 

Dr. Andersen said that based on the Panel's discussion thus far, an Insufficient Data Announcement is 
needed. 

Dr. McEwen noted that it would be improper for the Panel to issue a formal Insufficient Data Announcement 
on Nonoxynols other than Nonoxynols-1, -5, and -6, not having notified industry through an informal data request 
that data on other Nonoxynols are needed.  He recalled that adding Nonoxynols-2 and -4 to the Panel's data request 
had been mentioned.    

Dr. Bergfeld suggested that the Panel needs to examine low molecular weight Nonoxynols, with the 
exception of those that are not used in cosmetics.  With this in mind, she said that Nonoxynols-1 through -9 should 
be examined. [CIR subsequently confirmed that Dr. Bergfeld really meant Nonoxynols-1 through -8; accordingly, 
the remainder of the discussion has been changed to reflect this correction.] 
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Dr. Belsito commented that any concentration limit on Nonoxynols will probably  be based on irritation data; 
thus, if data on Nonoxynols-1 through -8 are not going to be supplied, then data on what is probably the most 
irritating of these (Nonoxynol-1) are expected.        

The Panel voted in favor of tabling the Draft Tentative Report on Nonoxynols-1, -5, and -6 and issuing an 
informal request that includes Nonoxynols-1 through -8. 

The following informal data request was submitted to Dr. McEwen:   

(1) Impurities data, including any unreacted C9 phenols that may be present in                 
Nonoxynols-1 to -8. 

(2) UV absorption data on Nonoxynols-1 to -8; if there is absorption in the UVA or UVB range, 
photosensitization studies may be required. 

(3) Dermal absorption study on Nonoxynol-1.  If the rate of dermal absorption is              
significantly higher than that for Nonoxynol-9, then reproductive and 
developmental toxicity studies will be requested. 

(4) Human skin irritation, dose response study on Nonoxynol-1. 

(5) Human skin sensitization study on Nonoxynol-1. 

(6) Cosmetic Use:  Types of cosmetic products in which Nonoxynols-1 to -8 are used and the typical 
concentrations of use for each of these products. 

 

February 28-March 1, 1994 (50th) CIR Expert Panel Meeting 

Nonoxynols -1, -5, and -6 

Dr. Schroeter noted that the following data on Nonoxynols were requested by the Panel at the November 23-
24, 1993 Team meetings:  (1) Impurities data, including any unreacted C9 phenols that may be present in 
Nonoxynols-1 to -8; (2) UV absorption data on Nonoxynols-1 to -8.  If there is absorption in the UVA or UVB 
range, photosensitization studies may be required; (3) Dermal absorption study on Nonoxynol-1.  If the rate of 
dermal absorption is significantly higher than that for Nonoxynol-9, then reproductive and developmental toxicity 
studies will be requested; (4) Human skin irritation, dose response study on Nonoxynol-1; (5) Human skin 
sensitization study on Nonoxynol-1; and (6) Cosmetic Use:  Types of cosmetic products in which Nonoxynols-1 to -
8 are used and the typical concentrations of use for each of these products.  He also noted that there has been no 
response to the preceding data request.     

Dr. McEwen informed the Panel that he had recently learned that Nonoxynols-1, 

-5, and -6 are used only in hair dyes, suggesting that Nonoxynols-5 and -6 are not currently being used in other 
personal cleanliness products or bath oils, tablets, and salts.  Use of Nonoxynols in these types of products is 
indicated in the cosmetic use section of the CIR report.  Dr. McEwen noted that based on the recent cosmetic use 
information, ingredient exposures would be intermittent and would involve brief periods of contact. 

Dr. McEwen also indicated that one company has agreed to conduct skin penetration studies, and suggested 
that the Draft Report on Nonoxynols-1, -5, and -6 be tabled.     

Dr. Carlton asked for documentation that supports Dr. McEwen's earlier statement that Nonoxynols are used 
only in hair dyes, because data suggesting other cosmetic uses of Nonoxynols are included in the CIR report.  He 
said that the Panel cannot proceed without definitive information. 

Dr. Schroeter moved that the Draft Report on Nonoxynols-1, -5, and -6 be tabled, pending skin penetration 
data and Dr. McEwen's anticipated confirmation that the remaining studies in the informal data request will be 
performed. 
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Dr. McEwen said that he would also obtain concentration of use data.  

With the exception of one abstention, members of the Panel voted in favor of tabling the Draft report on 
Nonoxynols-1, -5, and -6 until the May 23-24, 1994 Expert Panel meeting. 

Dr. Belsito recalled from the text of the Draft report that Nonoxynols-1, -5, and -6 should not be used in the 
presence of strong oxidizers.  He asked Dr. McEwen to confirm whether or not these ingredients are used in 
oxidation hair dyes. 

Dr. McEwen stated that a response to Dr. Belsito's concern would be presented to the Panel.    

    

May 23-24, 1994 (51st) CIR Expert Panel Meeting 

Nonoxynols-1, -2, -3, -4, -5, -6, -7, -8 

Dr. Belsito stated that a commitment to perform the tests requested by the Panel had been received.  The 
following data were requested: 

(1) Impurities data, including any unreacted C9 phenols that may be present in 
     Nonoxynols-1 to -8 

(2) UV absorption data on Nonoxynols-1 to -8; if there is absorption in the UVA 
     or UVB range, photosensitization studies may be required 

(3) Dermal absorption study on Nonoxynol-1.  If the rate of dermal absorption is 
     significantly higher than that for Nonoxynol-9, then teratogenicity studies will 
     be requested 

(4) Human skin irritation, dose response study on Nonoxynol-1 

(5) Human skin sensitization study on Nonoxynol-1 

(6) Cosmetic use:  Types of cosmetic products in which Nonoxynols-1 to -8 are 
     used and the typical concentrations of use for each of these products 

Dr. Belsito noted that his Team determined that data on Nonoxynol-9 should be deleted from the current report, 
because this information is not essential to the Panel's safety assessment of Nonoxynols-1 to -8. 

Dr. Andersen suggested that the Nonoxynol-9 data remain in the report, because it has been proposed that 
Nonoxynol-9 be used as a reference standard for comparing the lower chain length Nonoxynols in tests that are to be 
conducted.  

Dr. Bergfeld asked Dr. Gettings when the studies would be completed. 

Dr. Gettings estimated that the time to completion would be at least six months. 

The Panel voted in favor of tabling the Draft Report on Nonoxynols-1 to -8 for six months. 

 

September 12-13, 1994 (52nd) CIR Expert Panel Meeting 

Nonoxynols and HC Orange No. 1  

 Dr. Andersen noted that the tests that are being conducted on Nonoxynols and HC Orange No. 1 are well 
underway.  It is anticipated that the results will be available for review prior to the December 12-13, 1994 Panel 
meeting.  Dr. Andersen indicated that he definitely wants to schedule the report on Nonoxynols for review at the 
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December meeting.  A timeline has not been established for the review of HC Orange No.1; however, this report 
will also be ready for review in December.  

 

December 12-13, 1994 (53rd) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

Dr. Andersen reminded the Panel that at an earlier Panel meeting, the report on Nonoxynols -1 through -8 
was tabled until the present meeting.  At the time that this decision was made, it was thought that the testing would 
have been completed prior to this Panel meeting.  Some of the chemistry and UV absorption data were provided;  
however, concerning the major questions of skin penetration and irritation and sensitization, the Panel has reviewed 
only the protocols that were submitted.  These studies have not been completed. 

Dr. Andersen noted that the task of the Expert Panel at the present meeting is to express any agreement or 
disagreement with the protocols that were provided. 

Concerning the protocol for the in vitro dermal absorption study, Dr. Schroeter noted that excised skin from 
autopsy is being used.  He said that the Panel objects to this type of assay, and feels that, instead, a 28-day dermal 
toxicity study or an in vitro animal absorption study should be performed.  In his opinion, these studies would yield 
more exacting and scientific data on dermal absorption. 

Dr. Belsito said that members of his Team did not oppose the cadaverous skin model.  He said that, if 
anything, this model would over-exaggerate the amount of absorption rather than underreporting it.  However, the 
methodology used to measure the absorption was of some concern, considering that the reported sensitivity was 1 to 
2 μg/l and that an isotope method was used to determine absorption through the skin. 

Dr. Bronaugh said that in vitro methods are used in the laboratory where he works at FDA; both viable 
human skin and animal skin are tested.  He also said that the European Union is developing a protocol for measuring 
in vitro skin penetration.  On the subject of sensitivity, he said that radioisotopes are used solely in his laboratory. 

Concerning the protocol for cutaneous irritation and sensitization, Dr. Belsito noted that the test 
concentration is not stated and that it would be very helpful if this information were provided.  He said that it is 
possible that a concentration that is considered too low will be used.  He also expressed concern over the 
methodology that was used to measure the products. 

Dr. Bergfeld said that the Panel needs to restate that testing should be related to clinical use concentrations. 

Dr. Schroeter said that if the above suggestions are going to be made, then pure ingredient, rather than 
product, should be indicated. 

Dr. Andersen said that the protocol is for the pure ingredient. 

Dr. Bergfeld informed the Panel that a letter incorporating the Panel's suggestions concerning the protocols 
will be developed and submitted to the company that is responsible for testing. 

 

March 16-17, 1995 (54th) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

 Dr. Andersen noted that CIR has received a number of letters from manufacturers volunteering to provide 
additional data or to begin testing the following ingredients:  Bisabolol; Nonoxynols-1 through -8; PCA and Sodium 
PCA; and HC Yellow No. 4.  The additional data that may be available and the kinds of tests that are expected to be 
done are described in these letters.  However, in each case, a commitment as to when the data will be made available 
is missing.  In responding to offers to supply data, CIR intends to request that each company clarify the specific data 
that are anticipated and the time frames within which the data should be received.  In recognition of the 
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commitments to supply data, Dr. Andersen requested that the following ingredient reports be tabled at the present 
meeting:  Bisabolol; Nonoxynols-1 through -8; PCA and Sodium PCA; and HC Yellow No. 4. 

 The Panel voted unanimously in favor of tabling the preceding four ingredient reports, pending data.  The 
Panel also approved of Dr. Andersen's proposal regarding CIR's response to companies that have offered to supply 
data or conduct tests. 

 Dr. Belsito recalled that a 1994 publication entitled, Contact Photosensitivity To Nonoxynol Used In 
Antiseptic Preparations was distributed to Panel members on the preceding day.  He noted that this publication is 
confusing, in that two patients developed photoallergic reactions to diluted Nonoxynol-10, but not to the pure 
ingredient.  However, the investigators suggested that, perhaps, in the dilution of Nonoxynol-10, some by-product 
that was formed in the aqueous medium was responsible for the sensitization. 

 Dr. Andersen indicated that in a follow-up letter to the company that is conducting tests on the Nonoxynols, 
he will request comments on the above study and the questions that it raises. 

 In response to Dr. Schroeter's question relating to the UV absorbance profile for Nonoxynols, Dr. Belsito 
recalled that the Panel had received a UV spectral analysis indicating that Nonoxynols -2, -4, and -9 absorb light 
only in the UVC range. 

 Dr. Schroeter requested that the Panel have an opportunity to review the UV spectral analysis on Nonoxynols 
again. 

 Dr. Andersen noted that the UV absorption data were submitted to the Panel for review at the last Panel 
meeting, and that the Panel would have an opportunity to review the spectrum again prior to the next Panel meeting. 

 

May 22-23, 1995 (55th) CIR Expert Panel Meeting 

Nonoxynols-1 through -8 

Clairol, Inc. submitted the results of the repeat insult patch test that were reviewed at the present  meeting.  
Submission of the skin penetration data has been targeted for August of 1995.  The skin penetration study will only 
address the use of Nonoxynols in rinse-off formulations.  The protocol is not relevant to leave-on product 
applications. 

 

August 28-29, 1995 (56th) CIR Expert Panel Meeting 

Nonoxynols-1 through -8 

 Dr. Bergfeld informed the Panel  that the Draft Report on Nonoxynols -1 through -8, included on today's 
meeting agenda,  is being tabled.  CIR was informed recently that the skin penetration data that were to have been 
submitted by Clairol, Inc. in advance of this meeting would not be available for review today.  Thus, the Draft 
Report on Nonoxynols will be included on the agenda for the December 11-12, 1995 Panel meeting.  Clairol has 
indicated that the data will be submitted to CIR in advance. 

 Dr. Bailey informed the Panel that when the TOPKAT structure-activity software was used to predict the 
carcinogenicity of Nonoxynols, positive responses were noted.  The predictions for carcinogenicity (male rats) were 
0.994 for Nonoxynol-1 and 1.0 for Nonoxynol-6.  He noted that, based on these predictions, the Panel may want to 
look more closely at carcinogenicity data included in the Draft Report and determine whether additional studies 
would be warranted. 

 Dr. Belsito said that all of the carcinogenicity data included in the Draft Report are on Nonoxynol-9 
(negative results).  He then asked Dr. Bailey if any prediction had been made for Nonoxynol-9 using the TOPKAT 
program. 
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 Dr. Bailey said that he had not used the TOPKAT program to predict the carcinogenicity of Nonoxynol-9, 
but, that this could be done. 

 Dr. Belsito noted that this prediction would be useful, because if it were predicted that Nonoxynol-9 is not 
carcinogenic and that the lower molecular weight Nonoxynols are, then this would indicate that the carcinogenicity 
test results on Nonoxynol-9 (in Draft Report) are not applicable to the safety assessment of lower molecular weight 
Nonoxynols. 

 Dr. McEwen asked for an interpretation of the TOPKAT results for Nonoxynols. 

 Dr. Bailey said that the results presented for Nonoxynol-1 (0.994) and Nonoxynol -6 (1.0) in the 
carcinogenicity predictions are the odds, given by the software, for the positive endpoint. 

 Dr. Bronaugh pointed out that the probability values for Nonoxynols -1 and -6 are both outside of the range 
of reliability, because no similar compounds are included in the TOPKAT structure-activity software.  
Carcinogenicity is predicted, but, one cannot place a lot of weight on this prediction. 

 

December 11-12, 1995 (57th) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

Dr. Bill Dressler, with Clairol, Inc.  and Dr. Ken Walters, with An-eX Analytical Services, Ltd. summarized 
the skin penetration data on Nonoxynols that were submitted to CIR.  In their interpretation of the data, it was stated 
that the differences in skin penetration between Nonoxynols-2, -4, and -9 were not significant.     

Dr. Bailey said that he had information to present that relates to the Nonoxynols.  This information is 
concerning estrogen mimics and environmental contamination.  He said that there are certain compounds in the 
environment that scientists think may have hormonal effects, on human exposure, and that these have adverse 
effects regarding reproduction.  He then referred to a newspaper article that relates to the Nonoxynol issue and the 
possible impact on reproduction.  Also, there is an article from Science magazine which mentions the alkylphenol 
polyethoxylates and the nonylphenols having a hormonal effect, on human exposure.  Finally, there is an article 
from one of the FDA Consumer issues that discusses this in general terms.  Dr. Bailey added that he was not 
suggesting that this information would have an impact on the Panel's decision on Nonoxynols, and that the science 
with respect to these potential effects is far from being conclusive. 

Dr. Andersen asked Dr. Bailey to elaborate on nonylphenols in terms of their structural relationship to 
Nonoxynols. 

Dr. Bailey said that Nonoxynols are alkylphenols, and that the two are chemically related.  He also said that 
the issue has been raised in the scientific community that exposure to these substances (alkylphenols) theoretically 
can have an adverse effect. 

Dr. McEwen said that to place Dr. Bailey's comments in perspective, the activity of the nonylphenols is 
several thousand times less than estradiol.  He also said that, currently, much work is being done concerning 
hormonal effects of nonylphenols, and that this addresses large exposures in the environment.  Dr. McEwen 
distributed an abstract of a study on the estrogenic activity and toxicity of Nonoxynol-4, so that the Panel can place 
this information in perspective.  He said that in that study, doses as high as 1,000 mg/kg were not found to have any 
activity. 

Dr. Bailey said that the article in Science News acknowledges that the compounds are not directly active, but 
that the breakdown product (nonylphenol) is the active component.  According to this article, the nonylphenols are 
directly estrogenic compounds. 

Dr. Yourick said that he has a reference indicating that Nonoxynols with chain lengths higher than 3 have 
very little estrogenic activity.   
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Dr. Schroeter said that his Team was concerned that the skin penetration of Nonoxynols was significant to 
warrant the problem of carcinogenicity and reproductive and developmental defects.  In light of this, and after the 
presentation by Clairol Inc. today, Dr. Schroeter's Team agreed that the Nonoxynols are safe as used in rinse-off 
products.  However, he said that concern still remains relative to use in leave-on products.  Furthermore, it was 
noted that if the lower molecular weight Nonoxynols are to be used in cosmetics, there should be studies 
substantiating safety (i.e. reproductive and developmental toxicity studies for Nonoxynols-1, -5, and -6, and 
mutagenicity studies utilizing two systems, one of which is a mammalian system). 

Dr. Belsito said that his Team concluded  that the Nonoxynols are safe as used in rinse-off products.  His 
Team also determined that the safety of Nonoxynols could be based on the relatively low absorption, and the fact 
that there was not a significant difference in the level of absorption between Nonoxynol-2 and Nonoxynol-9.  Dr. 
Belsito also noted that the results of human repeated patch tests indicated that 5% Nonoxynol-2 was not a sensitizer, 
whereas, 10% Nonoxynol-2 and 10% Nonoxynol-4 were sensitizers.  It was recognized by Dr. Belsito's Team that 
these results could serve as the basis for limiting the concentration of Nonoxynols in leave-on products to 5%. 

Dr. Yourick , with FDA, said that in the skin penetration experiment for leave-on product use, skin levels of 
Nonoxynols were not measured.  He noted that Dr. Dressler showed in his presentation that higher absorption was 
reported for the shorter chain Nonoxynols, compared to the longer chain compounds like Nonoxynol-9; thus, the 
longer chain Nonoxynols would not be problematic.  Barrier damage (approximately a two-fold increase with 
shorter chain Nonoxynols) was also observed.  This means that it is possible that some of the shorter chain 
Nonoxynols could have been absorbed into the skin, and that it would just have taken a longer period of time for 
them to come out.  Dr. Yourick said that this may be a consideration for the Panel when leave-on product use is 
discussed. 

Dr. Belsito noted that a small amount of absorption was observed after 48 hours. 

Dr. McEwen said that Dr. Belsito's analysis of the information was correct.  He said that the skin penetration 
data made available to the Panel indicate that there was no significant absorption of the Nonoxynols. 

Dr. Shank said that the Panel does not know the concentration of Nonoxynols that  remains in the skin during 
the process of skin pentration.  However, the Panel does know that the extent of transport across the skin is small. 

Dr. Ken Walters, with Clairol, said that the frozen skin samples from the skin penetration study are still 
available and will be analyzed for the content of Nonoxynols.  He said that the analytical technique is quite complex 
and that this would not be an easy task. 

Dr. Shank said that the Panel has data indicating that Nonoxynols-2 and -4 can be sensitizers at a 
concentration of 10%, a concentration that is, at least, used in rinse-off products.  Therefore, the Nonoxynols do 
penetrate through the skin. 

Dr. McEwen said that the data indicate that Nonoxynols are sensitizers at fairly high concentrations.  
Therefore, a limit that is below these levels should be established for sensitization, which is what the Panel normally 
does.  Dr. McEwen also said that the limitation should be set for leave-on products, and that the Nonoxynols are safe 
as used in rinse-off products. 

Dr. Andersen said that the question before the Panel approximately a year ago related to the following:  
Nonoxynol-9 has a "clean bill of health" based on the studies in the Draft Report, but, what about the shorter chain-
length Nonoxynols?  He said that there was some indication that Nonoxynol-6 might be more irritating and, 
certainly, whether the shorter chain length compounds penetrate better is a reasonable question to ask. 

Dr. Andersen noted that the synthesis of long-chain Nonoxynols is a process that allows for quite a variety of 
chain lengths to be present.  Furthermore, in the presentation by Clairol Inc. today, a graph was shown indicating 
that Nonoxynols-4 through -15 could be detected reliably in Nonoxynol-9.  Thus, this may be regarded as evidence 
that the available studies on Nonoxynol-9 reveal more about the toxicity of shorter chain-length Nonoxynols than 
may have been assumed earlier. 
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In response to Dr. Carlton's concern about the composition of Nonoxynol with respect to other Nonoxynols, 
Dr. Andersen said (referring to the data submission) that the distribution of Nonoxynols in Nonoxynol-9 is a fairly 
flat distribution, with no peak at Nonoxynol-9. 

The Panel unanimously concluded that the Nonoxynols reviewed in the current report (Nonoxynols -1 
through -8) are safe as used in rinse-off products and safe for use in leave-on cosmetic products at concentrations up 
to 5%, and voted unanimously in favor of issuing a Tentative Report with this conclusion.  The 5% limitation is 
based on human skin irritation and sensitization data. 

 Dr. Bergfeld confirmed with Dr. Andersen that the Panel's discussion on Nonoxynols and the new skin 
penetration data submitted by Clairol, Inc. will be included and referenced in the Tentative Report that will be 
issued. 

 

June 3-4, 1996 (59th) CIR Expert Panel Meeting 

Nonoxynols -1 through -8 

Dr. Schroeter noted that at the December 11-12, 1995 Panel meeting, the Panel voted in favor of issuing a 
Tentative Report with the following conclusion:  On the basis of the available animal and clinical data included in 
this report, the CIR Expert Panel concludes that Nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 are safe as used in rinse-
off products and safe at concentrations of  5% in leave-on products. 

The Panel voted unanimously in favor of issuing a Final Report with the conclusion stated above.  

Dr. Bergfeld recalled that the safety of Nonoxynols -2, -4, and -8 in cosmetics was evaluated in the CIR Final 
Report published in 1983, and that the Panel’s present conclusion on these ingredients is different from the original 
one.  With this in mind, she wanted to know the procedures that will be followed in issuing  the current Final Report.   

Dr. Andersen said that the Final Report to be issued will actually be a combination Final Report.  New 
conclusions are presented on certain Nonoxynols, but the Final Report also amends the conclusion previously 
reached on Nonoxynols -2, -4, and -8 (safe as used, rinse-off and leave-on products included).  He also said that the 
title of the current Final Report will reflect both the new conclusions and the amended conclusions. 
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INTRODUCTION 

The safety of nonoxynols, listed below, in cosmetics is reviewed in this safety assessment.  These 27 ingredients 
function mostly as surfactants-emulsifying agents in cosmetic products. 
 

• Nonoxynol-1 
• Nonoxynol-2 
• Nonoxynol-3 
• Nonoxynol-4 
• Nonoxynol-5 
• Nonoxynol-6 
• Nonoxynol-7 
• Nonoxynol-8 
• Nonoxynol-9 

• Nonoxynol-10 
• Nonoxynol-11 
• Nonoxynol-12 
• Nonoxynol-13 
• Nonoxynol-14 
• Nonoxynol-15 
• Nonoxynol-18 
• Nonoxynol-20 
• Nonoxynol-23 

• Nonoxynol-25 
• Nonoxynol-30 
• Nonoxynol-35 
• Nonoxynol-40 
• Nonoxynol-44 
• Nonoxynol-50 
• Nonoxynol-70 
• Nonoxynol-100 
• Nonoxynol-120 

 
 
The Cosmetic Ingredient Review (CIR) Expert Panel has evaluated the safety of  nonoxynols-2, -4, -8, -9, -10, -12, -

14, -15, -30, -40, and -50 in cosmetics and issued a final report (published in 1983) with the following conclusion:1  On the 
basis of the available information presented in this report, the Panel concludes that nonoxynols-2, -4, -8, -9, -10, -12, -14, -15, 
-30, -40, and -50 are safe as cosmetic ingredients in the present practices of concentration and use.  The Expert Panel 
reevaluated the safety of nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 in cosmetics and issued a final report (published in 1999) 
with the following conclusion:2  On the basis of the available animal and clinical data included in this report, the CIR Expert 
Panel concludes that nonoxynols-1, -2, -3, -4, -5, -6, -7, and -8 are safe as used in rinse-off products and safe at 
concentrations ≤ 5% in leave-on products [Note: this conclusion modifies a previous conclusion for nonoxynols-2, -4, and -8, 
which had been considered safe as used in both rinse-off and leave-on products]. 

 
The following ingredients were not previously reviewed and are included in this safety assessment:  nonoxynols-13, 

-18, -20, -23, -25, -35, -44, -70, -100, and -120.   The current re-review of  previously reviewed nonoxynols, which are listed 
above, is to determine whether safety test data that has become available since the publication of the two prior final safety 
assessments warrant a change in either of the two conclusions previously issued by the Expert Panel.   Appropriate data from 
the 1983 and 1999 published safety assessments on nonoxynols are included (italicized in text) in this safety assessment to 
fill data gaps in the safety assessment of nonoxynols-13, -18, -20, -23, -25, -35, -44, -70, -100, and -120.   

 
 

CHEMISTRY 

Definition and Structure 
 
 The nonoxynols, or nonylphenoxy polyethoxyethanols, are ethoxylated alkylphenols with the chemical formula 
shown in Figure 1.; n can vary from 1 to 120.3  Nonoxynols are nonionic surfactants; the nonpolar alkyl chain has lipophilic 
properties, and the polar polyoxyethylee portion of the molecule has hydrophilic properties.  The nonoxynols with short 
chains are liquids (n = 14 to 15); those with longer chains are waxes (n > 20).  Liquid nonoxynols are generally sold as 50 
to 70% aqueous solutions.1 

 

 
 
 

Figure 1. Chemical formula for Nonoxynols. The value of n can vary from 1 to 120. 
. 
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 The definitions and functions of the nonoxynols reviewed in this safety assessment are presented in Table 1.3 

Chemical and Physical Properties 

Nonoxynol-9 
 

UV spectral analyses of Nonoxynol-2, -4, and -9 were conducted in two sets of experiments in which samples of each 
chemical were diluted with water and 10% isopropanol, respectively. The results of these experiments indicated that the UV 
absorption spectra for Nonoxynol-2, -4, and -9 were essentially the same; absorption was noted in the UVC band (200 to 290 
nm range). The following comments were made by the investigator: “UV absorption is not affected by addition of ethylene 
oxide formation of ethylene glycol linkages, since they are not part of the chromophore. However, molecular weight does 
inversely influence absorption for the Nonoxynols.  Thus, Nonoxynol-9 with 9 moles of ethylene oxide has less UVC 
absorption than a Nonoxynol with 4 moles of ethylene oxide. All three Nonoxynols show only tail absorption above the 290 
ml range to a similar degree. Thus, there does not appear to be any significantly greater UVA or UVB absorption for either 
Nonoxynol-2 or -4 as compared to Nonoxynol-9”2  
 
 The absorption spectrum of nonoxynol-9 (in buffered aqueous medium) has two bands that are centered at 225 nm 
and 276 nm, with a tail extending to 300 nm.4  
 
 UV absorbance and other properties of the nonoxynols are presented in Table 2.   
  

Method of Manufacture 

 Alkylphenols are synthesized commercially by Friedal-Crafts alkylation of a phenol to an olefin.  The resulting 
monoalkylphenol product is purified by distillation and ethoxylated with the appropriate number of moles of ethylene oxide 
to produce the desired alkylphenol ethoxylate.1 

Composition 

Nonoxynols -2, 4, and -9 
 

An HPLC analysis-UV detection method was used to determine the distribution of homologues with varying ethylene 
chain lengths in commercial samples of Nonoxynol-2, -4, and -9. The distribution of homologues was as follows: Nonoxynol-
2 (Nonoxynol- 1, -2, -3, and -4 homologues present), Nonoxynol-4 (Nonoxynols- 1, -2, -3, -4, -5, -6, -7, and -8 homologues), 
and Nonoxynol-9 (Nonoxynol-2, -3, -4, -5, -6, -7, -8, -9, -10, and -11 homologues).2 

Impurities 
Nonoxynols -1, -2, -4, and -9 
 

Nonoxynol-1 may contain up to 20 ppm ethylene oxide and, Nonoxynol-6, up to 35 ppm ethylene oxide. Assays for 
1,4-dioxane and ethylene oxide were also performed on samples of Nonoxynol-2, -4, and -9. Neither 1,4- dioxane nor 
ethylene oxide was detected in triplicate samples of Nonoxynol-2. However, Nonoxynol-4 (5 samples) contained 4.5 to 20 
ppm 1,4-dioxane and 7.9 to 67 ppm ethylene oxide.  Triplicate samples of Nonoxynol-9 contained ~4.5 to 5.9 ppm 1,4-
dioxane and ~3.6 to 12.2 ppm ethylene oxide. The limits of detection for 1,4-dioxane and ethylene oxide in these assays were 
4.5 ppm and 3.6 ppm, respectively. Samples of Nonoxynol-2, -4, and -9 were analyzed for the presence of nonylphenol 
(unreacted C9) using a gas chromatography flame ionization test (solvent, methanol; nonylphenol detection limit = 500 
ppm). Nonylphenol was detected at concentrations of ~500 ppm.2  
 
 

USE 

Cosmetic 
 
 The Panel utilizes data received from the Food and Drug Administration (FDA) and the cosmetics industry in 
determining the expected cosmetic use.  Data on the use frequencies of individual ingredients in cosmetics are submitted by 
manufacturers and organized by cosmetic product category in FDA’s Voluntary Cosmetic Registration Program (VCRP) 
database.  Use concentration data are submitted in response to surveys of maximum reported use concentrations, by product 
category, which are conducted by the Personal Care Products Council (Council).  
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 According to the 2015 VCRP survey, the greatest use frequency was reported for nonoxynol-4 (90 formulations, all 
rinse-off), followed by nonoxynol-6 (65 formulations, all rinse-off) (Table3).5  Lower use frequencies were reported for the 
remaining nonoxynols, mostly relating to use in rinse-off products.  The results of a concentration of use survey conducted in 
2014 indicate that nonoxynol-12 has the highest reported maximum concentration of use; it is used at concentrations up to 
8.33% (in hair dyes and colors) in rinse-off products (Table 3).6  The highest maximum concentration of use reported for 
products resulting in leave-on dermal exposure is 0.42% (nonoxynol-12, in hair sprays).  In some cases, reported uses appear 
in the VCRP database, but concentration of use data were not provided.  For example, nonoxynol-4 was reported to be used 
in 90 cosmetic formulations, but use concentration data were not reported.  
 
 Historical use concentration data on nononxynols-1 to -30  from published CIR final safety assessments  are also 
presented in Table 2.1,2  Nonoxynols have been used in cosmetics at concentrations up to ~50% (nonoxynol-6, in rinse-off 
and leave-on products).  Nonoxynols -1 and -2   have been used at concentrations up to ~10% and ~20%, respectively, in 
rinse-off products.  It may also be important to note that when earlier and more recent use frequency data are compared, uses 
of Nonoxynol-4 decreased from 575 to 90. 
 

Nonoxynol-9 is being used in cologne and toilet waters and in hairspray (use concentratons not available), and 
nonoxynol-12 is being used in hairspray at a maximum use concentration of 0.42%.  In practice, 95% to 99% of the 
droplets/particles released from cosmetic sprays have aerodynamic equivalent diameters >10 µm, with propellant sprays 
yielding a greater fraction of droplets/particles below 10 µm, compared with pump sprays.7,8,9,10  Therefore, most 
droplets/particles incidentally inhaled from cosmetic sprays would be deposited in the nasopharyngeal and bronchial regions 
and would not be respirable (i.e., they would not enter the lungs) to any appreciable amount.7,8 There is some evidence 
indicating that deodorant spray products can release substantially larger fractions of particulates having aerodynamic 
equivalent diameters in the range considered to be respirable.8  However, the information is not sufficient to determine 
whether significantly greater lung exposures result from the use of deodorant sprays, compared to other cosmetic sprays. 

 
Nonoxynols-1 to -120 are not included in the list of ingredients prohibited from use in cosmetic products marketed 

in the European Union.11  
 

 
Noncosmetic 

Nonoxynols-1, -5, -6, -9, and -10 
 

The Code of Federal Regulations (CFR) describes indirect food additive uses of Nonoxynol-1 as components of 
adhesives and components of paper and paperboard in contact with dry food . Nonoxynol-5 and -6 have the following 
indirect food additive uses: components of adhesives, components of resinous and polymeric coatings, components of paper 
and paperboard in contact with aqueous and fatty food, components of paper and paperboard in contact with dry food, 
defoaming agents in the manufacture of paper and paperboard, and emulsifiers and/or surface-active agents for articles that 
contact food.12  

 
Regarding sulfosuccinic acid 4-ester with polyethylene glycol nonyl phenyl ether, the alcohol moiety is produced by 

the condensation of 1 mole of nonylphenol and an average of 9-10 moles of ethylene oxide.  Sulfosuccinic acid 4-ester with 
polyethylene glycol nonyl phenyl ether is permitted for use in adhesives, which are used as components of articles intended 
for use in packaging, transporting, or holding food.13    
 

The FDA Advisory Panel on Over-The-Counter (OTC) Contraceptives and Other Vaginal Drug Products issued a 
proposed rule classifying Nonoxynol-9 as safe and effective and not misbranded  for use as a vaginal contraceptive active 
ingredient.14  

 
The International Organization for Standardization (ISO), a worldwide federation of national standards bodies, has 

established residue limits for ethylene oxide in each medical device, in terms of the dose delivered to patients. The limit for 
exposure to ethylene oxide for 30 days to life is an average of 0.1 mg/day, not to exceed 20 mg in any given day, 60 mg in a 
month, or 2,500 mg in a life time.15  

TOXICOKINETICS 

The metabolism of Nonoxynols takes place by shortening the ethylene oxide chain and some carboxylation of the 
alkyl chain by omega-oxidation. No metabolic formation of free phenolic groups has been reported.1 
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Nonoxynols-7, -10, -12, and -15 
 

Ethylene-14C oxide-labeled Nonoxynol-7, -10, -12, or -15 (dose = 67 mg/kg) was fed to groups of four rats each. 
Seven days cumulative 14C levels in urine, feces, and expired air were determined. With increasing ethoxy chain length, 
urinary and pulmonary excretion of radiocarbon decreased and fecal excretion of label increased, indicating decreased 
intestinal absorption.1 
 
Nonoxynol-9 
 

It has been reported  that Nonoxynol-9 is absorbed through the vaginal wall of rabbits and rats, and is excreted by 
liver-bile-feces and kidney-urine routes.1 
 

Four rats were injected intravenously with 14C-Nonoxynol-9 (single dose = 5.2 mg/kg; 3.08 µCi/mg). At 6 and 24 
hours, the tissues and organs contained 44.4 and 48.1% of the administered radioactivity, respectively. Again, the largest 
counts of radioactivity were reported in the small and large intestines (contents included). In these tissues, 38.7% and 43.3% 
of the administered dose were detected at 6 and 24 hours, respectively. At 48 hours, 60.8% and 42.8% of the administered 
radioactivity were excreted in the feces and urine, respectively. Radiomonitored HPLC analysis of urine (pooled from 4 rats 
at 24 hours) and bile (pooled from an additional 3 rats at 6 hours) collected after intravenous administration of 14C-
Nonoxynol-9 indicated that no intact Nonoxynol-9 was present in the urine or bile, and that Nonoxynol-9 was metabolized to 
highly polar species. Urinary metabolites that were neutral and acidic in character were detected.2 
 

The transplacental transfer and disposition of 14C-Nonoxynol-9 were evaluated using female rats (number, strain 
not stated). Each animal received a single dose of the test substance (dose = 0.1 mg/100 g) intravaginally on day 15 of 
gestation. The animals were killed at 24,48, or 96 hours post-administration. At 24 and 48 hours, the concentrations of 14C in 
the amniotic fluid, placenta, and fetus were similar to those in the plasma; however, at 96 hours, concentrations of 14C in 
these three tissues were two to five times greater than that detected in the maternal plasma. The analysis of blood samples 
obtained from the tail vein indicated that maximal concentrations of 14C in the blood were detected at 45 to 60 minutes, and 
that blood concentrations decreased gradually thereafter.  Approximately 86% and 96% of the administered dose were 
absorbed from the vagina after 24 and 48 hours, respectively. The greatest uptake of 14C occurred in the following organs: 
maternal liver, cecum, duodenum, bladder, kidneys, adrenal and thyroid glands, and uterus. The lowest uptake of 14C 
occurred in the brain. The combined recoveries of 14C in the urine and feces were 34,46, and 54% of the administered dose at 
24,48, and 96 hours, respectively.2  
 
 Nonoxynol-9 (in saline) was administered vaginally to 3 female NZW rabbits at doses of 100 mg/kg and 300 mg/kg 
(dose volume = 3 ml/2.5 kg).16  Blood samples were collected from the marginal ear vein for up to 8 h post-dosing.  Plasma 
was separated by centrifuging the blood samples.  The mean peak concentration (Cmax) of 4.87 ± 0.3 ng/ml was achieved at 1 
h post-dosing.  The concentration of nonoxynol-9 in the plasma decreased rapidly and was eliminated from the plasma, with 
a terminal half-life of 1.45 ± 0.07 h.  The authors noted that nonoxynol-9 was not found significantly in the in vivo plasma 
samples. 

Percutaneous Absorption 
 
Nonoxynols-2, -4 and -9 
 

The in vitro skin penetration of Nonoxynol-2, -4, and -9 was evaluated using heat-separated, human epidermal 
membranes. Skin samples were obtained from three individual donors. This experiment was designed to mimic in-use 
conditions relative to nonoxynols in leave-on products, and was conducted to maximize the potential for quantifying the 
relative permeability of the various Nonoxynols and their constituent homologues. Each of three test solutions of Nonoxynol-
2, -4, and -9 (10% w/w in isopropyl alcohol per solution; volume = 15 ~1) was applied to epidermal membranes. Solutions 
remained in contact with the skin for 48 hours, after which the entire receptor media were analyzed by HPLC. The HPLC 
analysis employed a fluorescence detection method. This experiment includes data from three of the six replicate permeation 
experiments that were conducted for each Nonoxynol. The results indicate that the mean total amount of Nonoxynol 
permeated decreased with chain length from 7.21 µg of Nonoxynol-2 to 2.77 µg of Nonoxynol-9. Additionally, the lower 
Nonoxynol homologues permeated to a greater extent than the higher oligomers.  The total permeation for Nonoxynols was 
as follows: 6.17 ± 0.94 µg/cm2, corresponding to 0.57 ± 0.07% of applied dose (Nonoxynol-2); 7.10 ± 1.47 µg/cm2, 0.66 ± 
0.14% of applied dose (Nonoxynol-4); and 4.73 ± 2.33 µg/cm2, 0.49 ± 0.27% of applied dose (Nonoxynol-9).2  
 

Based on these data, it was stated that the total skin penetration for Nonoxynol-9 was slightly lower than that for 
Nonoxynol-2 and -4. The following comments were also made: “Based on the leave-on application data, the levels of 
Nonoxynols absorbed following an abbreviated exposure period (1 hour) would be anticipated to be very low (0.13, 0.15, and 
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0.10 µg/cm2 for Nonoxynol-2, -4, and -9, respectively), based on simple linear extrapolation of the 48-hour data. Therefore, 
the potential for systemic exposure to the lower molecular weight Nonoxynols is extremely low under conditions of rinse-off 
application to the scalp (500-750 cm2) in products such as hair dyes”2 
 
 The percutaneous absorption of nonoxynol-4 and nonoxynol-9 in vitro was studied using human, porcine, and rat 
skin samples in flowthrough diffusion cells.17  Topical solutions of 0.1%, 1%, and 10% 14C-nononxynol-4 (each in PEG-400) 
and 0.1%, 1%, and 10%  aqueous 14C-nonoxynol-9 were applied, and radioactivity in the perfusate was monitored over an 8-
h period.  The dermal absorption of 14C-nonxynol-4 and 14C-nonoxynol-9 was similar across the 3 skin species at less than 
1% of the applied dose.  Skin penetration was generally less than 5% of the applied dose; most of which was found in the 
stratum corneum.  For both 14C-nonoxynols in all skin species, the fraction of dose absorbed was highest for the lowest 
applied concentration.  Absorption, expressed as mass absorbed over 8 h were similar (≈ 0.3 µg/cm2) across all 
concentrations.  Particularly in rat skin, skin penetration, but not absorption, was greater when water was used as the vehicle 
compared to the PEG-400 as the vehicle.  The results of this study suggest that, in all 3 skin species, 14C-nonoxynol-9 
and 14C-nonxynol-4 were minimally absorbed across the skin. 
 
 

TOXICOLOGY 

Single Dose (Acute) Toxicity 
 
 
Inhalation 
 
Nonxynols -4, -7, and -9 
 

Groups of six male rats were placed in inhalation chambers and exposed once to Nonoxynol-4, -7, or -9 for either 
four or eight hours.  Animals were observed for 14 days  following exposure. Inhalation of these Nonoxynols did not cause 
toxic effects in rats (normal weight gains and no mortalities).1 
 
Oral 
 
 The results of oral toxicity studies on nonoxynols are summarized in Table 4.  Most of the nonoxynols were 
classified as slightly toxic.1,2 
 
Dermal 
 
Nonoxynols-4, -7, -9, -10, -13, and -40 
 

One diluted and five undiluted Nonoxynols were tested in rabbits for dermal toxicity.  In each study, the sample was 
applied once under occlusion to shaved, abraded skin. The patches were removed at 24 h, the exposed sites rinsed, and the 
animals observed for 14 days. The LD50 values resulting from these studies indicate that Nonoxynols-4, -7, -9, -10, and -13 
ranged from 1.8 ml/kg to 4.4 g/kg.  A 50% Nonoxynol-40 applied in a similar manner was reported to have an LD50 of 
greater than 10 g/kg.  The following toxic effects were observed after dosing:  nonoxynol-4 (5 rabbits tested: erythema and 
necrosis of skin; lung congestion and hemorrhages in dead animals); nonoxynol-7 (5 rabbits tested: erythema and necrosis 
of skin; lung congestion, hemorrhages, and liver congestion), nonoxynol-9 (12 rabbits tested: diarrhea, liver lesions, and 
erythema at 8 and 50 g/kg), nonoxynol-9 (5 rabbits tested: skin necrosis), nonoxynol-13 (8 rabbits tested: lung hemorrhages 
and mottled liver and kidneys in dead animals), nonoxynol-40 (6 rabbits tested: erythema and necrosis of skin).1 
 
Nonoxynols-5 to 11.5 
 

Nonoxynols-5 to -11.5, when applied topically to rabbits, resulted in minimum lethal doses of 2 to 10 g/kg. Toxicity 
decreased as ethoxylation increased.1 
 
Nonoxynols-5 and -6 
 

In an acute dermal toxicity study involving rabbits (number and strain not stated), the LD50 for Nonoxynol-5 was 
not achieved at a dose of 2.0 g/kg. The procedure for test substance administration was not stated. Nonoxynol-5 was slightly 
toxic in rabbits. The LD50 also was not achieved at a dose of 3.0 g/kg when Nonoxynol-6 was tested in a dermal toxicity study 
involving rabbits (number and strain not stated).  The procedure for test substance administration was not stated. 
Nonoxynol-6 was slightly toxic in rabbits.2 
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Parenteral 
 

Three groups of female rats were injected with Nonoxynol-9, intraperitoneally (undiluted), subcutaneously 
(undiluted), or intravenously (1% solution in saline). The corresponding LD50 values determined were 210 mg/kg, 1000 
mg/kg, and 44 mg/kg.1 

Repeated Dose Toxicity 
 
Oral 
 
Nonoxynol-6 
 

The repeated dose toxicity of Nonoxynol-6 was evaluated using four groups of 20 (10 males and 10 females per 
group) weanling Sprague-Dawley rats. The test substance was fed to three experimental groups at doses of 0.040, 0.20, and 
1.0 g/kg/day for 90 days. The control group was fed a standard pulverized rat stock diet. The only deaths reported were two 
rats (1 male, 1 female) of the 1.0 g/kg/day group and one female rat of the 0.20 g/kg/day group; deaths were due to 
respiratory failure. Neither microscopic changes nor significant gross pathologic changes that were related to 
administration of the test substance were observed. Statistically significant differences in weight gain between experimental 
and control groups were noted only in male and female rats of the 1.0 g/kg/day dose group. However, the results of a special 
pairedfeeding study indicated that this growth effect was due to poor diet palatability. Data from hematologic and urine 
analyses were similar between experimental and control groups. Increased liver weights and liver-to-body weight ratios were 
noted in female rats that received 1.0 g/kg/day and in male rats that received 0.20 and 1.0 g/kg/day. These increases were 
dose-correlated and, consequently, directly related to ingestion of the test material. Liver-to-body weight ratios were also 
significantly increased in female rats that received 0.20 g/kg/day. However, at this dose, absolute liver weights were not 
significantly increased over those of the control group, and significant body weight reduction was not noted. The researchers 
concluded that the importance of increased liver-to-body weight ratios in relation to the ingestion of Nonoxynol-6 was 
questionable.2 

 
In another study, the repeated dose toxicity of Nonoxynol-6 was evaluated using four groups of four (2 males, 2 

females) pure-bred beagle dogs. The test substance was fed to three experimental groups at doses of 0.040,0.20, and 1.0 
g/kg/day for 90 days. The control group was fed a stock diet. None of the animals died. However, during the first two weeks 
of testing, emesis was noted daily in dogs that received 0.2 and 1.0 g/kg/day. After the first two weeks, occasional emesis was 
noted only in the 1.0 g/kg/day group. The results of gross and histopathologic examinations did not indicate any changes that 
were related to test substance administration. Significant abnormalities also were not observed in hematologic studies, 
clinical blood chemistry analyses, urinalyses, and liver function tests. Compared to the control group, there was a slight 
increase in the liver-to-body weight ratio in female dogs that received 1.0 g/kg/day; this finding was not considered 
significant.2 
 
Nonoxynols-4 and -9 
 

Nonoxynols -4 and -9 were administered to rats and dogs in two two-year feeding studies. Body weight and 
hematologic parameters were monitored in all studies. A number of rats at each dose level were sacrificed and necropsied 
after 12 months; all remaining rats were sacrificed and necropsied after 24 months. All dogs were sacrificed and necropsied 
after 720 days. The results of these tests at the dose levels tested indicate that these Nonoxynols have a low chronic toxicity.1 
 
Nonoxynol-9 
 

Two four-week feeding studies were conducted individually on four rats (2 males, 2 females).  Animals were placed 
on diets containing 0.025%-2.5% Nonoxynol-9. At the end of the test, animals at the 2.5% dose level had scanty body fat 
deposits; carcasses were moderately thin to emaciated. The rats on a diet containing 0.025% Nonoxynol-9 were unaffected.1 

 
Nonoxynol-10 
 

Three groups of 50 female B6C3F1 mice (4 weeks old) received nononxynol-10 at doses of 500 ppm, 1500 ppm, 
and 4500 ppm in the diet, respectively, for 104 weeks.18  The values for mean intake of nonoxynol-10 were 81.5 mg/kg/day, 
254 mg/kg/day, and 873 mg/kg/day, respectively.  A fourth group was fed control diet. There were no differences in 
mortality among the 3 dose groups, and mortalities did not exceed the background.  Additionally, there were no signs 
observed that were attributable to feeding with nonoxynol-10, and hematological examination results were negative.  Lower 
absolute liver and kidney weights and higher relative weights of the brain, liver, and kidney were observed in the 4500 ppm 
group. These findings were considered changes associated with the suppression of body weight gain observed only in this 
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group.  At pathological and histological examinations there were no changes that were attributable to nonoxynol-10 in the 
diet.  Additional results are presented in the section on Carcinogenicity. 
 
Nonxynols-4, -6, -9, -15, -20, -30, and -40 
 

Rats and dogs were fed diets containing either 0.04 to 5.0 g/kg or 0.01% -1 % Nonoxynol-4, -6, -9, -15, -20, -30, or -
40 for 90 days.  After 90 days, 1 or 5 g/kg/day Nonoxynol-20 caused focal myocardial necrosis in dogs but not in rats. In 
other studies with Nonoxynol-20 at 1 g/kg/day, six of eight dogs died between 4 and 14 days. Overall, dogs and guinea pigs 
showed evidence of cardiac lesions, but not rabbits, rats, and cats.  In a 90-day study, Nonoxynol-20 at 0.04 g/kg/day 
produced cardiac lesions in dogs, whereas 5.00 g/kg/day had no effect in rats.  Dosing with Nonoxynols-4 to -9 frequently 
increased liver weights in these studies.  This finding was not reported for Nonoxynols-15 to -40.1 
 
Intraperitoneal 
 
Nonoxynol-9 
 

The toxicity of Nonoxynol-9, in saline, was evaluated using female Sprague-Dawley rats (weights ~200 g). Ten rats 
were intraperitoneally injected with 5 mg Nonoxynol-9/100 g body weight daily for a total of 5 days. Control rats were 
injected intraperitoneally with saline according to the same procedure. The animals were exsanguinated, and the livers were 
infused in situ. The liver, kidneys, and lungs were then removed from each animal. An increase in serum glutamyloxalacetic 
transaminase (SGOT) activity was detected after a single intraperitoneal injection of Nonoxynol-9. SGOT activity reached a 
maximum (900 IU) between 4 and 8 hours. The administration of Nonoxynol-9 for 5 days caused a significant increase (p < 
0.001; 2.27 ± 0.12 mg/liver) in the content of collagen in the liver. Total collagen content as well as the density of 
collagenous hydroxyproline in the liver were increased by approximately 100%. The cellularity of the liver, based on the 
amount of DNA, was also significantly increased. Compared to saline-treated controls, transmission electron micrographs of 
randomly selected cubes of liver tissue from experimental animals indicated a dramatic increase in the amount of rough 
endoplasmic reticulum. Changes in all of the preceding parameters were not observed in the lungs. The investigators 
concluded that the intraperitoneal administration of Nonoxynol-9 produced morphologic and biochemical changes in the 
liver.2  
 
Subcutaneous 
 
Non-human 
 
Nonoxynol-10 
 

The following doses of nononxynol-10 (in isotonic saline) were administered subcutaneously (s.c.) to 4 groups of 
female Jcl:Wistar rats (10 weeks old) in a developmental toxicity sudy:  5 mg/kg/day (20 rats), 20 mg/kg/day (22 rats), and 
80 mg/kg/day (21 rats).19  Nonoxynol-10 (pH 6.3) was dissolved in saline, and the test solution was administered to the 
subcutis of the dorsal regions.  Doses (dose volume = 3 ml/kg body weight) were administered daily from the date of birth to 
day 21 after the birth of F1 offspring. The negative control group consisted of 21 rats.  Scab formation and hair loss at the 
application site were observed in F0 dams of all dose groups.  Induration at the application site was observed in 20 mg/kg/day 
and 80 mg/kg/day dose groups; this finding was also reported during necropsy at the end of the dosing period.    Necropsy 
findings, in all dose groups, also included hemorrhage and what was described as a whitish change of the subcutis at the 
application site. 
 

Other necropsy findings (at application site) for the 20 mg/kg/day and 80 mg/kg/day dose groups included adhesion 
of the somatic muscles and granulation of the subcutis.  Swelling of the adrenals and spleen were also observed in the 80 
mg/kg/day dose group.  Either reduction or a tendency for reduction in food consumption from the initial day of dosing (day 
0)  to day 17 after the birth of F1 offspring was reported for the 80 mg/kg/day dose group.  However, body weight gains, 
based on the weights at 4 weeks after birth or on day 0 of gestation, in the 80 mg/kg/day dose group did not differ from those 
of the control group. Neither body weights nor findings on the day after birth and day of weaning were indicative of any test 
substance-related effects. The noneffective dose level was considered to have been 20 mg/kg/day for general toxicity to the 
dams and their offspring. Additional study results are included in the section on Reproductive and Developmental Toxicity.19 

 
In another study, groups of 40 female Jcl:Wistar rats (5weeks old) were injected s.c.with nonoxynol-10 at doses of 2 

mg/kg/day and 20 mg/kg/day (dose volume = 3 ml/kg body weight) for 15 weeks.20  The negative control group also 
consisted of 40 rats.  Nonoxynol-10, dissolved in saline, was administered daily according to the procedure in the preceding 
study.  The high dose of 20 mg/kg/day was selected based on the results of a preliminary study that involved daily 
applications of this dose and doses of  ≥ 40 mg/kg/day for 5 weeks.  Results from the preliminary study are as follows:  
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Swelling at the application site was observed   ≥ 20 mg/kg/day, and desquamation at the application site was observed at  ≥ 
40 mg/kg/day.  At necropsy, subcutaneous hemorrhage and a whitish change at the application site were observed  in all dose 
groups.  However, swelling of the spleen was observed in groups dosed with 20 mg/kg/day or greater, and adhesion of the 
subcutis and trunk muscle was observed in groups dosed with 40 mg/kg/day or greater. 

 
Study results included skin changes in the F0 dams that were described as scab formation and hair loss at the 

application site, at 2 mg/kg/day and 20 mg/kg/day. Induration of the skin was also observed in animals dosed with 20 
mg/kg/day.  Collectively, these skin changes were classified as local irritation effects.  Increases in body weight and food 
consumption were reported for the 20 mg/kg/day dose group.  Necropsy findings included whitish changes of the subcutis in 
the 2 mg/kg/day and 20 mg/kg/day dose groups and adhesion of abdominal organs in the 20 mg/kg/day dose group.   
Additional study results are included in the section on Reproductive and Developmental Toxicity.20 

Cytotoxicity 
Nonoxynol-9 
 

The cytotoxicity of Nonoxynol-9 was evaluated using rat liver cells (T5 1B cells) from a nontumorigenic cell line. T5 
IB cells were plated at a density of 3.2 x 103 per cm2, maintained for 24 hours in complete medium, and then treated with 
various concentrations of Nonoxynol-9 for an additional 24 hours. At the end of the 24-hour period, the cells from each 
treated culture were replated at a density of 80 cells (viable and nonviable) per cm2. Colony formation of survivors was 
estimated at 7 days after plating. Nonoxynol-9 was cytotoxic to T5 1B rat liver cells at concentrations of 11 to 50 pg/ml; the 
degree of cytotoxicity was concentration-dependent.2 

Hematotoxicity 
 
Nonoxynol-9 
 

The hemolytic activity of Nonoxynol-9 was evaluated using blood samples from rabbits. Nonoxynol-9 was tested at 
concentrations ranging from 0.006 to 0.1% in saline. Each cell suspension test material mixture was incubated at 37°C for 
15 minutes, centrifuged, and then observed for hemolytic activity. Complete hemolysis was defined as the absence of cell 
sedimentation. The control solution, for detection of spontaneous hemolysis, consisted of 1 ml of the diluted rabbit blood in 1 
ml of saline. Nonoxynol-9 caused complete hemolysis at concentrations of 0.006 to 0.12%.  In another more recent study, it 
was concluded that Nonoxynol-9 destabilizes the erythrocyte cell membrane.  In the range of 0.2 to 2.0 mg of membrane 
lyophylisate per ml of suspension, Nonoxynol-9 was incorporated into the erythrocyte membrane at a ratio of 1 mol per 40 
mol of phospholipids.  Additionally, Nonoxynol-9 reduced phase transition breaks of the membrane, particularly in the 
temperature range of 16 to 20°C.2 
 

Immunotoxicity 
 
Nonoxynol-9 
 

The immunotoxicity of Nonoxynol-9 was evaluated in a double- blind study, using outbred CF-I female mice. In the 
experimental group, 10 mice were injected intraperitoneally with 0.2 ml of 0.2% Nonoxynol-9 in sterile saline daily for 24 
days, with the exception of days on which the animals were bled. Mice were bled by caudal incision before dosing and on 
days 16 and 25. On days 11 and 18, all of the mice were immunized subcutaneously with 0.05 ml of 5% sheep red blood cells 
(SRBC) and 0.05 ml of 10% SRBC, respectively. The 10 negative control mice were injected with 0.2 ml of saline according 
to the same procedure, and another group of five mice received no treatment, but was immunized and bled. The animals were 
weighed prior to treatment and on days 3, 10, 17, and 28. Significant weight loss was noted in experimental animals on days 
10, 17, and 28 (day 28: p < 0.02; mean weight change = 1.9 g).2 

 
 In conjunction with the weight loss, the livers of mice dosed with 0.2% Nonoxynol-9 were somewhat reduced in size 

compared to saline-treated controls (p < 0.05; mean weight change = 0.0065 g). Spleens in the experimental animals were 
larger than those in the saline control group (p < 0.05; mean weight change = 0.001 g) or in the untreated control group (p 
< 0.02; mean weight change = 0.002 g). On day 16, hematocrits of the experimental mice were lower than those in the 
saline-treated control mice (p < 0.05; difference of 2); an increase in the hematocrits of untreated mice was noted between 
days 16 and 25 (p < 0.01; difference of 5). However, even when considering these variations, all hematologic values were 
within normal range. There were no significant differences between saline-treated and experimental groups with respect to 
the following: sizes of organs other than the liver or spleen, leucocyte counts, primary and secondary anti-SRBC titers, and 
serum IgM and IgG concentrations. It was concluded that Nonoxynol-9 induced only minor deleterious effects in mice, which 
included decreased body weight, reduction in liver size, and enlargement of the spleen.2  
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REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
 
Non-human 
 
Nonoxynol-9 
 

The toxicity of Nonoxynol-9 was evaluated in the in vivo sperm abnormality assay. Two separate experiments, 
several months apart, were performed; similar doses were tested. Nonoxynol-9, in distilled water, was injected 
intraperitoneally into groups of five F1 male mice (C57Bl/6 x C3H/He) in doses of 20,40, 50, or 60 mg/kg once daily for 5 
days. The mice were 9 to 10 weeks old and weights ranged from 28 to 32 g. Mice in the negative control group were dosed 
with distilled water (10 ml/ kg/day) according to the same procedure. Positive control mice were intraperitoneally injected 
with aqueous cyclophosphamide (100 mg/kg/day).   At 35 days postinjection, cervical dislocation was performed and sperm 
from the cauda epididymis were suspended in physiologic saline and stained with Eosin-Y. In both experiments, at least 300 
spermatozoa from each mouse were examined microscopically. Results indicated no deaths at doses up to 60 mg/kg. 
However, following the injection of 100 mg/kg/day, a few mice (number not stated) died after the third or fourth injection. 
The percentage of abnormal sperm observed in the positive control (cyclophosphamide) group was significantly different (p 
< 0.05) from the vehicle control group and all treatment groups.  It was concluded that data from the two experiments 
indicated that systemic administration of Nonoxynol-9 did not increase the frequency of morphologically abnormal sperm 
over that observed in the control group. The investigators also stated that whether the lack of genotoxic response was due to 
low affinity of the male germinal cells for Nonoxynol-9 and its metabolites, or to the existence of a blood-testicular barrier in 
adult mice was not known.2 
  

The embryotoxicity of Nonoxynol-9 was evaluated using groups of nulliparous female Wistar rats (5 per group; 
weights = 180 to 200 g). Each rat was dosed intravaginally with 5 mg Nonoxynol-9/100 g (0.1 ml Nonoxynol/100 g) on 
gestation day 3 or 7. The concurrent control rats (5 per group) received a per vaginam application of physiologic saline (0.1 
ml/l00 g). The groups of treated animals were killed by CO2 inhalation on gestation days 6,9, 12, and 15, or 8,9, 10, 12, and 
15, respectively. Gross and microscopic examinations were performed. Ulcerative vaginitis and perivaginal edema, which 
occasionally extended to the rectal wall and the pelvic connective and adipose tissues, were observed in the treated dams. 
The severity of vaginal and perivaginal lesions decreased throughout the course of the study, and, on day 15, no lesions were 
observed. Other common findings included a decrease in the number of embryos and a concomitant increase in the number 
of resorption sites. The frequency of these alterations was indirectly proportional to the duration of pregnancy at which 
Nonoxynol-9 was administered. For dams dosed on day 3 of gestation, the mean number of normal implantation sites was 
reduced to one or less per uterus. For dams dosed on day 7, 9.2 normal implantation sites per uterus and 4.8 resorption sites 
per uterus were found. Compared to the saline-treated control group, the number of normal implantation sites was smaller 
and the number of resorption sites was greater in experimental groups; the difference was significant (p < 0.01).2 
 

Two-day old Swiss-Webster mouse embryos were cultured for 72 hours in media containing 0.25 to 10 pg/ml 
Nonoxynol-9. The 10 pg/ml concentration was lethal to all embryos within 24 hours. Viability was reduced in a 
concentration-dependent manner. In some instances, embryos failed to divide beyond the 8- to 16-cell stage and 
disintegrated within 48 hours.2  
 

Single doses (2.5 mg/100 g body weight) of Nonoxynol-9 were administered intravaginally to groups of pregnant 
Wistar rats (number of animals not stated) on days 1 through 10 of gestation; uterine contents were observed on day 21. 
Control rats were dosed with distilled water. The incidences of nonpregnancies and resorptions were greatest in dams dosed 
on days 3,4,5, and 6 of gestation.  Additionally, the number of live fetuses was significantly reduced in dams dosed on 
gestation days 4,5, and 9.  The average litter size for dams treated on day 10 of gestation was similar to that for control 
animals.  For dams dosed on day 5 of gestation, fetal weights were significantly reduced.  Neither visceral nor skeletal 
abnormalities were observed in any of the treatment groups.  Nonoxynol-9 was embryolethal and fetocidal, but was not 
teratogenic.2 
 

The teratogenicity of Nonoxynol-9 (in distilled water) was evaluated using 11-week-old, outbred SPF rats.  The rats 
were maintained in stainless steel wire cages and fed powdered chow prior to mating.  Three groups of 22 to 25 mated 
female rats then received oral doses of 50, 250, or 500 mg/kg/day on days 6 to 15 of gestation.  In the fourth experimental 
group, 21 rats were dosed orally with Nonoxynol-9 (500 mg/kg/day) on days 1 to 20 of gestation.  Twenty-five control rats 
were dosed with water (5 ml/kg/day) on gestation days 6 to 15; a positive control was not used in the study.  On day 21, the 
rats were killed by exsanguination under CO2 anesthesia and necropsied. Half of the fetuses were examined for skeletal 
anomalies and the remaining fetuses were fixed in Bouin’s solution and sectioned.  The 50 mg/kg dose group was the only 
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treatment group for which a statistically significant decrease in weight gain was not observed.  Slightly lower average litter 
sizes that were considered statistically significant (p < 0.05; number affected not stated) were observed in groups of mice 
that received 250 or 500 mg/kg/day doses on days 6 through 15 of gestation; litter sizes per group were not stated.  A 
statistically significant (p < 0.05; number affected not stated) increase in preimplantation loss was also observed in these 
two groups.  A statistically significant dose-related increase in extra ribs and rudiments of ribs was observed in rats dosed 
orally with Nonoxynol-9.2 
 

The incidence of statistically significant skeletal anomalies for the litters was as follows: 250 mg/kg/day (24 of 25 
with rudiments of ribs; p < 0.02), 500 mg/kg/day (10 of 20 with extra ribs, p < 0.05; 10 of 20 with rudiments of ribs, p 
<0.01), and 500 mg/kg/day on days 1 to 20 of gestation (12 of 21 with extra ribs, p < 0.01; 21 of 21 with rudiments of ribs). 
An increased incidence of fetuses (500 mg/kg/day dose group; dosing on gestation days 1-20) with a slightly dilated pelvic 
cavity was also reported. The incidence was 12 of 21 litters (p < 0.05), compared to 5 of 25 litters in the control group. The 
investigators concluded that the no-effect-level for Nonoxynol-9 in this teratogenicity study was 50 mg/kg/day (gestation days 
9 to 15) when the test substance was administered orally.  In this study, Nonoxynol-30 (in distilled water) was also 
administered orally to three groups of 21 to 25 mated female rats (same weights and strain) in doses of 50, 250, or 1,000 
mg/kg/day on days 6 to 15 of gestation. In a fourth experimental group, 19 rats were dosed orally with Nonoxynol-9 (1,000 
mg/kg/day) on gestation days 1 to 20. In all treatment groups, none of the dams had signs of any adverse effects, and neither 
reproductive effects nor teratogenic effects on the skeleton and soft tissues were observed.2  
 

In a second experiment by the above investigators, Nonoxynol-9, in distilled water, was applied to the skin of 19 and 
24 female mated rats (same weights and strain) in doses of 50 and 500 mg/kg/day, respectively. The procedure for dosing 
involved the application of a porous dressing, which had been impregnated with the test substance, to shaved skin. The 
dressing was secured with tape, and the application period was from days 6 to 15 of gestation. The negative control group 
(19 rats) received water on gestation days 6 to 15. With the exception of the method of administration, the experimental 
procedure was identical to that stated above. Compared to the control group, a concomitant decrease in feed consumption 
was observed in dams dosed with 500 mg/kg Nonoxynol-9. However, all rats given epicutaneous doses, including the control 
group, had a marked decrease in body weight and weight gain during treatment.  Increased litter size and decreased 
postimplantation loss (p < 0.05 for both) were observed in the 500 mg/kg dose group.  No dose-related effects on skeletal and 
soft tissues were observed; however, an increased incidence of extra ribs was observed in the 50 mg/kg dose group (p < 
0.02), but not in the 500 mg/kg dose group.2 
 

The teratogenicity of a contraceptive cream containing Nonoxynol-9 (50 mg/ml) was evaluated using five groups of 
30 female, Long-Evans Hooded rats. In the two experimental groups, pregnant rats were dosed intravaginally with 0.08 
ml/kg cream (4 mg/kg Nonoxynol) and 0.8 ml/kg cream (40 mg/kg Nonoxynol) on days 6 through 15 of gestation. Animals of 
the vehicle control group were dosed intravaginally with 0.8 ml/kg cream base (no Nonoxynol-9), and the two remaining 
groups of rats were untreated controls and sham controls, respectively. On day 20 of gestation, the dams were killed with 
carbon dioxide and necropsy was performed; viable fetuses were examined for external malformations. One-third of the 
fetuses from each litter were fixed in Bouin’s solution, and visceral examination was performed. The remaining two-thirds 
were examined for gross visceral anomalies; skeletal malformations were also determined. None of the dams died and no 
adverse clinical signs were observed during the study. No differences were observed between experimental and control 
groups with respect to the following: number of corpora lutea per dam, number of implants per dam, percentage of 
reabsorption per litter, or litter size. Statistically significant differences in mean fetal weight, crown to rump length, and sex 
distribution between experimental and control groups also were not noted, and no test substance-related major or minor 
visceral malformations were found.2 
 

The following spontaneous malformations were observed among 1824 fetuses from 139 litters examined: absence of 
urinary bladder and ureters (1); kinky tail (1); abnormally shaped eye (1); small testes (1); undescended testes (1); small 
kidneys (1); pouchlike cheek (1); pale fetus (3); and hydroureter and/or hydronephrosis (94). Hydrometer and 
hydronephrosis, observed in 5.5% of the fetuses, were uniformly distributed between experimental and control groups. This 
percentage was said to compare favorably with the spontaneous incidence of 6.3% in a comprehensive study of 2075 Long-
Evans rats. Of the 1219 fetuses that were examined for skeletal malformations, the fetal and litter incidences of major and 
minor skeletal malformations were comparable between experimental and control groups. Delayed closure of cranial sutures 
and delayed ossification were observed in fetuses of all groups, including controls. Additionally, relative to delayed 
ossification, the fetal incidence in untreated and high-dose (40 mglkg Nonoxynol-9) groups was significantly greater (p < 
0.01) than that in sham and/or low-dose (4 mg/kg Nonoxynol-9) groups. The litter incidence in the untreated control group 
was also statistically greater (p < 0.05) than that in the sham and low-dose groups. It was concluded that intravaginally 
administered Nonoxynol-9 was not embryotoxic or teratogenic in rats at dosages up to 40 mg/kg/day, which is equivalent to 
approximately 20 times the clinical application.2  
 
Nononxynol-10 
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The developmental toxicity of Nonoxynol- 10 was evaluated using 49 female, specific pathogen-free CD-1 mice (6 
weeks old). The test substance was administered by gavage once daily, 600 mg/kg/day, on days 6 through 13 of gestation; 
none of the dams died.  A negative control group of 50 mice was dosed with corn oil. Compared to the negative control 
group, no significant differences were found in any of the following results: number of viable litters, liveborn per litter, 
percentage survival, birth weight per pup, and weight gain per pup. Nonoxynol- 10 did not induce developmental toxicity in 
mice.2  
 
 The following doses of nononxynol-10 (in isotonic saline) were injected subcutaneously into 4 groups of female 
Jcl:Wistar rats (10 weeks old):  5 mg/kg/day (20 rats), 20 mg/kg/day (22 rats), and 80 mg/kg/day (21 rats).19  Nonoxynol-10 
was dissolved in saline (pH 6.3), and the test solution was administered to the subcutis of the dorsal regions.  Doses (dose 
volume = 3 ml/kg body weight) were administered daily from the date of birth to day 21 after the birth of F1 offspring. The 
negative control group consisted of 21 rats.  Either reduction or a tendency for reduction in food consumption from the initial 
day of dosing (day 0) to day 17 after the birth of F1 offspring was reported for the 80 mg/kg/day dose group.  Physical 
development and behavioral test results, observations at cesarean section and external examination of F2 fetuses, skeletal 
examinations, and necropsy findings did not reveal any test substance-related effects.  Histopathological findings for males or 
females that did not achieve successful gestation also were not indicative of a test substance-related effect.  However, it was 
noted that  nonoxynol-10 affected the growth of offspring born under the conditions of this study.  The noneffective dose 
level was considered to be 20 mg/kg/day for general toxicity to the dams and their offspring.  
 
   In another study, groups of 40 female Jcl:Wistar rats (5weeks old) were injected s.c.with nonoxynol-10 at doses of 
2 mg/kg/day and 20 mg/kg/day (dose volume = 3 ml/kg body weight) for 15 weeks.20  The negative control group also 
consisted of 40 rats.  Nonoxynol-10, dissolved in saline, was administered daily according to the procedure in the preceding 
study.  The observations at cesarean section or external, visceral, and skeletal examinations were not indicative of any test 
substance-related effects on F1 fetuses.  Physical development and behavioral test results, observations at cesarean section 
and external examinations, skeletal examinations, and necropsy findings for the F1 and F2 offspring did not reveal any test 
substance-related effects.  It was concluded that nonoxynol-10 had no effect on the reproductive ability of females or on the 
fetal development or growth, behavior, and functions of their offspring. 
 
 The effects of nonoxynol-treated sperm on fetal development were studied using Japanese white rabbits of the 
Kbl:JW strain (20 males, 15 weeks old; 66 females, 12 weeks old).21  Prior to this study, rabbits (20 males, 43 females) were 
used in a preliminary test to determine the test concentrations of nonoxynol-10 for the main study.  Based on these test 
results, the following concentrations were tested in the main study: 0.04% (caused severe sperm impairment), 0.01% (sperm 
affected, but gestation was observed), and 0.0025% (lowest concentration, set at one-fourth the medium concentration of 
0.01%). 

Female rabbits were artificially inseminated with semen mixtures, and killed on day 28 of gestation.  Pregnant dams 
were evaluated for the following: number of cporea lutea, number of implantations, fetal losses, number of viable fetuses, 
placental weight, and placental abnormalities.  Gestation was not observed after insemination with semen treated with 0.04% 
nonoxynol-10.  After insemination with semen treated with 0.01% nonoxynol-10 or 0.0024% nonoxynol-10, gestation 
occurred without impairing the viability, organogenesis, or growth of embryos or fetuses.  The authors noted that these 
results may indicate that gestation may not be possible with sperm severely impaired by exposure to nonoxynol-10, but there 
was no untoward effect on embryonic or fetal development when conception resulted from  is semen exposed to nonoxynol-
10.21   
 
Human 
 
Nonoxynol-9 
 

A study was performed to determine the effects of nonoxynol-9 on the human endometrium.22 Human endometrial 
biopsies were cultured and incubated with various concentrations of nonoxynol-9 (0.03%, 0.3% and 3%) for 6 h or 24 h.  
Endometrial histology was assessed by light microscopy.  Inflammatory response was determined by analyzing 
proinflammatory cytokines with an enzyme-linked immunosorbent assay, and endometrial mucin was assessed by 
immunohistochemistry analysis and real-time polymerase chain reaction.  Histological changes consistent with focal 
coagulative necrosis were seen after 6 h and 24 h of culture. All cytokines (interleukin 1β, tumor necrosis factor α, and 
interleukin 8) decreased at all concentrations of nonoxynol-9 after 24 h of incubation. The expression of Mucin1 was 
inhibited in a dose-dependent manner at both the protein and messenger RNA levels. These results demonstrated that 
nonoxynol-9 has multiple, potential deleterious effects on the human endometrium, characterized by necrosis, alteration of 
proinflammatory cytokines and inhibition of Mucin1 expression.  These in vitro findings also suggest that nonoxynol-9 can 
interrupt the functional barrier provided by the endometrium.  
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A multicenter, randomized, double-masked trial of two spermicidal gels, one of which was a commercially available 

nonoxynol-9 spermicide, was performed.23  Healthy females (18 to 40 years old) participated in the study, and 633 women 
used the nonoxynol-9 spermicide.  The women were followed for 12 months.  One case of hypersensitivity and one case of 
pelvic inflammatory disease, were reported as definitely and probably related to nonoxynol-9 product use, respectively. Also, 
in the group of 633 women, 2 of 46 viable fetuses (4.3%) had congenital anomalies. One infant was born with cardiac 
anomalies and the other was born with gastroschisis.  No post-study safety concerns were reported.   Because women were 
followed for only 12 months in this study, it was noted that data relating to adverse events that may occur with longer term 
use are lacking. Furthermore, the authors noted the absence of satisfaction/acceptability information relating to spermicide 
use for the 11% to 12% of women who were lost to follow up. 
 

GENOTOXICITY  
 
In Vitro 
 
Nonoxynol-9 
 
 The genotoxicity of Nonoxynol-9 was evaluated in the Salmonella/mammalian microsome test S. typhimurium 
strains TA1535, TA1537, TA100, and TA98 were tested with Nonoxynol-9 (in sterile water) at concentrations of 40,200, 
1000, 5000, and 25000 µg/plate both with and without metabolic activation. Negative-control cultures were exposed to 
sterile water. In tests without metabolic activation, sodium azide was the positive control for strains TA1535 and TA100, and 
2-nitrofluorene was the positive control for strains TA1537 and TA98.  In metabolic activation tests, 2-anthramine was the 
positive control for all strains. Without metabolic activation, Nonoxynol-9 was not mutagenic.  With metabolic activation, the 
number of revertants was elevated 30% in strain TA98 cultures exposed to Nonoxynol-9 at a concentration of 1000 µg/plate. 
This was not considered a clear-cut mutagenic response, because the increase in the number of revertants was considerably 
less than 100%.  Mutagenic effects also were not noted in any of the remaining metabolically activated cultures. It was 
concluded that Nonoxynol-9 was not mutagenic in the Ames test, either with or without metabolic activation.2 
 

The induction of unscheduled DNA synthesis was evaluated using freshly isolated adult rat hepatocytes. The cells 
were exposed to test concentrations of 5, 10, and 25 kg/ml Nonoxynol-9 along with 5 µg/ml [3H]thymidine (specific activity: 
25 Ci/mmol) for 18 hours, and processed for autoradiography. Grains were counted, and repair was expressed as grains 
over the nucleus minus grains over a similar-sized area in the cytoplasm. Nonoxynol-9 did not induce unscheduled DNA 
synthesis at any of the test concentrations. Methyl methane sulfonate (positive control) induced unscheduled DNA synthesis 
and negative results were reported for the saline negative control.2 
 

The genotoxicity of Nonoxynol-9 was evaluated in mutagenicity and transformation assays involving rat liver cells 
(T5 1B cells) from a nontumorigenic cell line. T5 1B cells were plated at a density of 6.7 x 103 per cm2, maintained for 24 
hours in complete medium, and then treated with 5, 10, 15, and 25 µg/ml Nonoxynol-9 for an additional 24 hours.  In one set 
of experiments, the cells were exposed to Nonoxynol-9 for 11 days, with regular medium changes.  After exposure, the cells 
were washed twice with phosphate-buffered saline and maintained in fresh medium until the cells became confluent.  In order 
to determine HGPRT mutants, the cells were replated (density = 8 x103 cells per cm2) into selective media containing 10 
pg/ml 8- azaguanine.  The cells were replated (density = 80 cells per cm2) in the presence of a low concentration of calcium 
(0.02 mM) in order to determine transformation frequency.  Nonoxynol-9 was not mutagenic at any of the concentrations 
tested and did not induce malignant transformations in the low calcium assay. HGPRT mutants were induced in the positive 
control (DMBA) culture. Neither HGPRT mutants nor malignant transformations were observed in negative control 
cultures.2  
 

The effect of Nonoxynol-9 on malignant transformation was evaluated in an in vitro transformation assay involving 
mouse BALB/3T3 fibroblasts and mouse 10T1/2 fibroblasts. For each experimental group, data were pooled from three 
experiments. When BALB/3T3 cells were treated with 0.0001 or 0.001% Nonoxynol-9 (final concentrations in cell medium) 
for 11 days or with 0.00001 Nonoxynol-9 for 3 weeks, a significant number of transformed foci was induced.  The amount of 
transformation was not significantly elevated over background in cultures treated with 0.0000 1% Nonoxynol-9 when 
treatment was discontinued at 11 days.  When 0.00001% Nonoxynol-9 was added to mouse 10T1/2 fibroblast cultures once 
per week for 5 weeks, the number of transformed foci was significantly enhanced over background.  However, the incubation 
of these cultures with 0.001% Nonoxynol-9 for 48 hours produced minimal toxicity and no significant increase in 
transformation.  The results of this study indicate that Nonoxynol-9 can induce transformation in two mouse cell 
transformation systems, and that this induction was dependent on dose as well as duration of exposure.2 
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The induction of malignant transformation in vitro by Nonoxynol-9 (in distilled water) was evaluated in another 

study using BALB/3T3 cells. In the cell transformation assay (repeated three times), Nonoxynol-9 was tested at 
concentrations ranging from 0.08 to 10 µg/ml.  In each assay, 20 cultures per test concentration were incubated for 48 
hours. Distilled water and 3-methylcholanthrene served as solvent and positive controls respectively. 1,4-Dioxane, a known 
carcinogen, was tested at concentrations ranging from 0.25 to 4 mg/ml according to the same test procedure. Of the 20 
cultures examined per test concentration, the number of type III foci ranged from 0 to 3 in the solvent control, 0 to 2 in 
Nonoxynol-treated cultures, and 1 to 44 in cultures treated with 1,4-dioxane. A positive response to 3-methylcholanthrene 
was observed in all assays. BALB/3T3 cell cultures were also exposed to the same test and control compounds for 13 days. 
Of the 20 cultures examined per test concentration, the numbers of type III foci were as follows: 5 and 7 (solvent control), 0 
to 4 (Nonoxynol-treated cultures), and 7 to 42 (dioxane-treated cultures).  There were 19 and 45 foci per 20 positive control 
cultures.  Similar results for Nonoxynol-9 were reported when this test was repeated. The results of 48-hour and 13-day 
exposures indicated that the responses to Nonoxynol-9 in BALB/3T3 cells were comparable to those observed in solvent 
control cultures. However, 1,4-dioxane was effective in the induction of morphologic transformation in BALB/3T3 cells. 
 

Promotional effects of Nonoxynol-9 were also evaluated using mouse 10T1/2 fibroblast cultures. After a single X-
ray exposure (100 rad), the cells were incubated with 0.00001% Nonoxynol-9 for 5 weeks and 0.001% Nonoxynol-9 for 48 
hours, respectively. Cultures were also exposed to X-rays (100 rad) only, and to X-rays (100 rad) plus 0.1 µg/ml IZO-
tetradecanoylphorbol-13-acetate (TPA) and incubated for 5 weeks. Untreated cultures served as negative controls. In each 
experimental group, data were pooled from two separate experiments.  For cultures exposed to X-rays and incubated with 
either 0.0000 1 or 0.001% Nonoxynol, the transformation response was no greater than the added responses of cells exposed 
to X-rays only plus those exposed to either concentration of Nonoxynol-9. The results of a statistical analysis of the data 
indicated p values of <0.05 and >0.09 for irradiated cultures treated with 0.00001 and 0.001% Nonoxynol-9, respectively. 
For cultures exposed to X-rays alone and X-rays plus TPA, the p values were >0.7 and ~0.01, respectively.2 

 
The genotoxicity of 3 over-the-counter spermicide gels was evaluated in an Ames test using Salmonella 

typhimurium strains TA1535 and TA1538 with and without metabolic activation.24  Spermicides A and B contained 3% 
nonoxynol-9, and Spermicide C contained 2% nonoxynol-9.  With metabolic activation, Spermicide B was genotoxic in 
strain TA1535 and Spermicide C was genotoxic in strain TA1538.  Spermicide A was genotoxic in strain TA1535 with and 
without metabolic activation.  All 3 spermicides were classified as strongly genotoxic.  Because all 3 spermicides tested 
contained nonoxynol-9, it was noted that other substances in the gels may explain the differences observed in the 
genotoxicity of the different formulations. 

 
Nonoxynol-10 
 

The genotoxicity of Nonoxynol-10 in strains TA1537, TA100, and TA98 of S. typhimurium was evaluated in a 
histidine reversion test, according to a modification of the Ames test procedure.  Nonoxynol-10 was tested at concentrations 
of 100  to 10,000 pg/plate with and without metabolic activation.  Mutagenic effects were not observed in any of the bacterial 
strains tested.  
 
Nonoxynol-40 

 
The effect of Nonoxynol-40 on malignant transformation in vitro was evaluated using BALB/3T3 fibroblasts. 

Cultures were incubated with 0.00001, 0.0001, and 0.001% Nonoxynol-40 for 48 hours and with 0.00001% Nonoxynol-40 for 
3 weeks. Untreated cultures served as controls. In each experimental group, data were pooled from two separate 
experiments. For each concentration of Nonoxynol-40 that was tested, no increase was observed in the frequency of 
transformed cultures over that noted in control cultures. This was true even after incubation with 0.00001% Nonoxynol-40 
for 3 weeks.2 

CARCINOGENICITY 
 
Non-human 
 
Nonoxynols-4, -7,  -9, -10  
 
 Nonoxynols -4 and -9 were not carcinogenic when fed for two years to rats at doses of 0.20 and 0.14  and to dogs at 
0.04 and 0.03 g/kg/day.1 
 

Nonoxynol (-7 and/or -10), along with other surfactants, was tested at 2 g/L as a potential cocarcinogen with N-
methyl-N’-nitro-N-nitrosoguanidine (NG) (0.1 g/l); both were supplied concurrently with the drinking water to 15 rats for 36 
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weeks. NG alone was supplied to 13 control animals. The overall incidence of stomach adenocarcinoma was 12 of 15 in the 
experimental group, and 8 of 13 for the controls. Neither negative control data nor a statistical analysis of the data were 
available. The author suggested that the surfactants may have a promoter effect because of their surfactant nature, which 
enables the NG to penetrate the gastric barrier and come into contact with the gastric mucosa or to penetrate mucosal cells.1 
 
Nonoxynol-9 
 

The carcinogenicity of Nonoxynol-9 was evaluated in a lifetime exposure study involving rats (numbers and strain 
not stated).  The animals were dosed intravaginally with 6.7 and 33.6 mg/kg Nonoxynol-9 three times per week for a total of 
24 months.  The low and high doses represented approximately 4 times and 20 times the clinical dose, respectively. Two 
groups of rats served as sham and untreated controls, respectively. No significant differences were observed between the 
experimental and control groups.  This was true for all of the measured parameters, which included palpable masses and 
mortality.  Any positive findings observed in experimental groups at necropsy were considered related to changes associated 
with the process of aging and not related to test substance administration. The authors concluded that Nonoxynol-9 was 
neither toxic nor carcinogenic in this lifetime exposure study, even at a dose that was 20 times that recommended for 
humans. 
 
Nonoxynol-10 
 
 The carcinogenicity of  Nonoxynol-10 was evaluated using groups of 50 female B6C3F1 mice (4 weeks old).18   As 
reported in the Repeated Dose Toxicity section, three groups of mice received concentrations of 500 ppm, 1500 ppm, and 
4500 ppm in the diet, respectively, of nonoxynol-10 for 104 weeks.  The mean intakes of nonoxynol-10 were 81.5 
mg/kg/day, 254 mg/kg/day, and 873 mg/kg/day, respectively.  A fourth group was fed control diet.  At pathological or 
microscopic examination, there were no changes that were attributable to nonoxynol-10 in the diet.  Additionally, at 
histological examination, there were no neoplastic or non-neoplastic lesions in any of the dietary groups that were 
unequivocally observed to have increased in occurrence.  It was concluded that nonoxynol-10 did not cause any increase in 
the incidence of neoplastic lesions in mice exposed orally to nonoxynol-10 in the diet for 2 years, and, nonoxynol-10 was 
thus classified as noncarcinogenic in this study. 
 
Human 
 
Nonoxynol-9 
 

A randomized trial was conducted, between June 1998 and August 2002, at 14 sites in the United States to evaluate 
the safety of five nononxynol-9 spermicides.25  A total of 1,536 women (18 to 40 years old) participated in the study, and, of 
these, 640 women were included in a Papanicolaou smear analysis.   The spermicides included 3 gels that contained 
nonoxynol-9 at doses of  52.5, 100, and 150 mg, respectively, and a film and suppository that each contained 100 mg 
nonoxynol-9.  Follow-up visits were done 4, 17, and 30 weeks after study initiation.  A Papanicolaou smear was performed 
routinely for each study participant, and cervical cytology samples were interpreted and results were classified as either 
normal or abnormal.  Abnormalities ranged from low-grade squamous intraepithelial lesion and atypical squamous cells of 
undetermined significance (Subcategory I) to results suggestive of invasive cancer (Subcategory III). 

 
No differences in the rates of cervical alterations between the women using different amounts or different 

formulations of nonoxynol-9 were found.  There also was no statistically significant evidence of a dose-response relationship 
between nonoxynol-9 and changes in cervical cytology.  Furthermore, duration, frequency, and total number of spermicide 
uses were not associated with any statistically ignificant changes in cervical cytology.  The most serious limitation on this 
study was that more than half of the original trial participants were excluded from the analysis because of missing  
Papanicolaou smear data.  Thus, the analysis may have underestimated the absolute proportion of nonoxynol-9 users with 
progression of cytologic abnormalities.  However, there was no evidence that the exclusions were biased by spermicide 
group, and it was expected that the group comparisons were credible.  The authors concluded that exposure to different 
formulations and doses of spermicides containing nonoxynol-9 for 30 weeks is unlikely to influence cervical cytology.25 
 
Ethylene Oxide 
 

The International Agency for Research on Cancer (IARC) has concluded, on the basis of epidemiologic, 
experimental, and other relevant data, that ethylene oxide is “probably carcinogenic to humans.” With respect to degrees of 
evidence of carcinogenicity, IARC stated that there is “limited evidence of carcinogenicity in humans and sufficient evidence 
of carcinogenicity in experimental animals”.  Additionally, an IARC expert working group upgraded IARC’s conclusion on 
ethylene oxide to “carcinogenic to humans” at its February 1994 meeting in Lyon, France. In evaluating the carcinogenicity 
of ethylene oxide, the working group took into consideration the very strong supporting evidence for genotoxicity, including 
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the fact that this ingredient is a powerful mutagen and clastogen at all phylogenetic levels, induces gene mutations and 
heritable translocations in germ cells, and induces persistent dose-related increases in the frequency of chromosomal 
aberrations and sister chromatid exchanges in exposed workers.2  
 
 

IRRITATION AND SENSITIZATION 

Ocular Irritation 
 
Nonoxynol-5 
 

Severe ocular irritation reactions were observed in animals tested with Nonoxynol-5.  An ocular irritation score of 
55 persisted through day 7. Neither the experimental procedure nor the animal species was stated.2  
 
Nonoxynol-6 
 

Nonoxynol-6 induced severe ocular irritation reactions in animals; growth of blood vessels onto the cornea was 
observed.  Irritation reactions persisted to day 21.  Neither the experimental procedure nor the animal species was stated.2   
 

The ocular irritation potential of Nonoxynol-6 was evaluated in a Draize test using six rabbits; the eyes were not 
rinsed. The test substance was classified as a severe ocular irritant. The average Draize scores (scale = 0 to 110) on days 1 
and 7 post-instillation were 28.8 and 16.0, respectively.2 
 
Nonoxynol-9 
 
 A 20% solution of Nonoxynol-9 (0.1 ml) at pH 6.1 was applied directly onto the cornea of one eye of each of 10 
rabbits, 14 guinea pigs, 8 rats, and 11 mice. Corneal changes and lesions were evaluated at 1, 4, 7, and 30 h; scores were 
34.4, 41.4, 30.8, and 70.7 (maximum score = 100) for rabbits, guinea pigs, rats, and mice, respectively. In rabbits,  the effect 
of rinsing the treated eye with 20 ml of water 4 seconds after instillation of the sample was also studied.  The results of this 
study indicated that Nonoxynol-9 is a moderate to severe eye irritant.1 
 
Nonoxynols -9 and -10 
 

Two drops of 1%, 5%, or 25% Nonoxynols -9 and -10 were instilled into both eyes of each of three rabbits per 
concentration.  Studies were performed with and without immediate irrigation.  The lowest concentration tested caused very 
slight conjunctivitis; the middle concentration caused slight conjunctivitis and moderate corneal injury; the highest 
concentration caused moderate to severe cornea1 injury.  Washing the eye lowered the average irritation index by 36.8%.1 
 
Nonoxynols -4, -9, and -12 
 

Two shampoos, two bath oils, and one moisturizer containing 1.75%-2% Nonoxynols -4, -9, or -12 were tested for 
eye irritation potential according to the method of Draize. Results of these tests indicate that these products are minimally to 
moderately irritating when instilled in the eyes of rabbits.1 
 
Nonoxynols-2, -4, -6, -7, -9, -10, -12, -13, -15, -30, and -40 
 

Five Nonoxynols were tested in rabbits for ocular irritation according to the Draize method. Six other Nonoxynols 
were tested according to the following protocol: single doses of 0.005, 0.02, 0.10, or 0.5 ml of undiluted Nonoxynol or 0.5 ml 
of 40%, 15%, 5%, or 1% dilutions were placed in the conjunctival sacs of five rabbits per group. Eyes were examined within 
1 h unstained and at 24 h after fluorescein staining and were scored.  The results indicated that Nonoxynols -2 (undiluted), -
15 (10% and 15%), -30 (25%), and -40 (undiluted) were nonirritating to minimally irritating, and that undiluted Nonoxynols 
-4, -6, -7, -9, -10, -12, -13, and -15 were severely irritating to the eyes of rabbits.1 

Skin Irritation and Sensitization 

Non-human 
 
Nonoxynol-5 
 

Distributed for Comment Only -- Do Not Cite or Quote 



   
Severe skin irritation reactions were observed in animals tested with Nonoxynol-5. The reactions observed included 

reddening, cracking, and drying.  Neither the experimental procedure nor the animal species was stated.2 
 
Nonoxynol-6 
 

The skin irritation potential of Nonoxynol-6 was evaluated using six New Zealand white rabbits.  The test substance 
was applied to clipped skin of the back at concentrations of 25, 50, 75, and 100 grams % (w/w) in petrolatum.  The test sites 
were then covered with patches (“Al Test” strips) secured with tape and a bandage.  The bandages were removed at 24 
hours and sites were scored for the presence of irritation at 48 hours.  No effort was made to determine the severity of 
individual reactions observed.  Nonoxynol-6 concentrations of 25,50, and 75% each induced skin irritation in four of six 
rabbits.  Nonoxynol-6 (100%) induced skin irritation in five of six rabbits.2 
 

Nonoxynol-6 (0.5 ml) was applied under occlusive patches to clipped intact and abraded skin of 6 rabbits.  
Reactions (erythema and edema) were scored at 24 and 72 hours, and the mean scores were averaged in order to determine 
the Primary Irritation Index (PII).  Nonoxynol-6 was classified as severely irritating to the skin of rabbits (PII = 3.0).2  
Nonoxynol-6 was classified as a severe skin irritant in animals in another study (primary irritation score = 6.6).  Neither the 
experimental procedure nor the animal species was stated.2 
 

The skin sensitization potential of Nonoxynol-6 was evaluated using the guinea pig maximization test.  Four groups 
of five albino guinea pigs of the Hartley-Dalkin strain (weights = 300 to 500 g) were tested with Nonoxynol-6 concentrations 
of 1.7,3,9, and 27 grams % (w/w) in propylene glycol during the induction phase. One animal in the 9% Nonoxynol-6 
treatment group did not complete the study. On day 1 of induction, animals in each of the four groups received three pairs of 
injections (unshaved shoulder region) of the following chemicals: (1) 0.1 cc Nonoxynol-6, (2) 0.1 cc Nonoxynol-6 mixed (50 : 
50 mixture) with Freund’s complete adjuvant, and (3) 0.1 cc Freund’s complete adjuvant.  On day 7, each injection site was 
shaved and 100% Nonoxynol-6 was applied for 48 hours under an occlusive patch secured with a bandage.  During the 
challenge phase, Nonoxynol-6 (2.7% in petrolatum) was applied via occlusive patches to shaved skin of the flanks on day21. 
Each patch was secured with a bandage for 24 hours, and sites were scored at 48 hours.2 

 
 The test results from a pretest control group of ten guinea pigs established a non-irritant concentration of 2.7% 

Nonoxynol-6 in petrolatum for use during the challenge phase.  A control group of 40 guinea pigs (20 exposed to deodorized 
kerosene and 20 exposed to tetraethylene glycol diacrylate during induction) was not exposed to Nonoxynol-6 during the 
induction phase, but was challenged with 2.7% Nonoxynol-6.  The incidence of challenge reactions in experimental groups 
was as follows: 1.7% Nonoxynol-6 induction group (2/5 guinea pigs), 3% group (0/5), 9% group (1/4), and 27% group (2/5). 
Five of the 40 control animals had challenge reactions to 2.7% Nonoxynol-6.  The proportion of challenge reactions to 2.7% 
Nonoxynol-6 in experimental groups was not significantly different from that in the control group.  It was concluded that 
Nonoxynol-6 did not induce sensitization in guinea pigs.2 
 
Nonoxynol-9 
 

Concentrations of 2.5, 5.0, 12.5, and 25.0% aqueous Nonoxynol-9 (volume = 20 ml) were administered by vaginal 
lavage to four groups of six New Zealand rabbits once daily for 4 days.  Distilled water was administered to a control group 
of six rabbits according to the same procedure.  Irritation of the vaginal mucosa was concentration-dependent.  
Concentrations of 2.5 and 5.0% induced mild irritation, whereas, 12.5 and 25.0% concentrations induced moderate to severe 
irritation. The lesions that were observed included epithelial exfoliation, submucosal edema, and inflammatory-cell 
infiltrate.2 
 

In additional experiments, 5.0, 12.5, 25.0, 50.0, and 75.0% Nonoxynol-9 concentrations, in distilled water, were 
administered by vaginal lavage to five groups of seven Sprague-Dawley rats.  Distilled water was administered to two groups 
of control rats.  Concentrations of 5.0 and 12.5% Nonoxynol-9 induced minimal irritation, and inflammatory-cell infiltrate 
was observed.  Nonoxynol-9 (25.0%) induced mild irritation and epithelial exfoliation.  Epithelial exfoliation was more 
severe and persistent in animals that received 50.0 and 75.0% concentrations, and edema was also noted in these two 
groups.  The inflammatory cell infiltrate became more severe and persistent only in the 75.0% Nonoxynol-9 treatment 
group.2 
 
 Female mice of the CF-1 strain (6 weeks old) were exposed to a spermicide that contains 3.5% nonoxynol-9.  The 
method of exposure was either intravaginal or intrauterine.26  After various exposure times, the animals were killed and 
uterine tissue sections were subjected to pathological examination. Three mice were used for each time point.  Either mode of 
administration resulted in disruption of  the uterine epithelium.  The nonoxynol-9 spermicide caused rapid focal, uterine 
epithelial sloughing and complete epithelial loss within 24 h.  Regeneration of the epithelium began 48 h after exposure and 
the epithelium was completely restored within 72 h.  However, the new epithelial layer was composed of cuboidal cells 
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instead of the columnar cells that are normally present.   The authors concluded that nonoxynol-9 had a deleterious effect on 
the uterine epithelium. 
 
 The intravaginal dosing of female BALB/c mice (8 to 10 weeks old) with a commercial spermicide containing 3.5% 
nonoxynol-9 for 14 days induced an inflammatory response that was characterized by increased levels of cytokines and 
chemokines, the recruitment of neutrophils and monocytes into the genital tract, and the activation of the transcription factors 
NF-kB and activator protein-1.27 The concentrations of cytokines and chemokines in vaginal washes pooled from at least 10 
mice at each time point were measured at baseline (day 0) and 3, 7, 14, and 21 days after 14 daily applications of the 
nonoxynol-9 spermicide.   
 

Five New Zealand white NZW rabbits received 4% nonoxynol-9 intravaginally at a volume dosage of 1 g/rabbit/day 
for 10 days.28  Irritation, epithelial exfoliation, vascular congestion, and leukocyte infiltration were reported.  These results 
were reported in a study on the toxicity of liposomal gels, and 4% nonoxynol-9 served as the positive control. 
 
Nonoxynols-9 and -10 
 

Nonoxynols -9 and -10 were applied, under occlusion, to the abraded and intact skin of the rabbit abdomen and ear. 
Ten applications to intact areas were made over a period of 14 days, insuring continuous contact with the sample for14 days. 
Three applications to abraded areas were made over three days. Five ml per exposure of l%, 5%, or 25% aqueous 
preparation were used.  All concentrations caused very slight erythema.1 
 
Nonoxynols -5 to -11.5 
 

Nonoxynols -5 to -11.5 were evaluated for skin irritancy according to the Draize procedure.  Irritation scores 
ranged from 2.0 to 4.3 (indicating mild to moderate irritation) after 24 h; no irritation remained after 120 h.1 
 
Nonoxynols-2, -4, -6, -7, -9, -10, -12, -13, -15, -30, and -40 
 

Eleven Nonoxynols were tested for skin irritation in rabbits according to the following protocols: (A) 0.01 ml of the 
test substance was applied undiluted to the clipped intact skin of each rabbit and examined 24 h later; (B) 0.5 ml of the test 
material was applied under occlusion to clipped intact and abraded skin. The sites were individually examined at 24 h and 
scored separately for erythema and edema at 24 and 72 h. The mean scores for 24- and 72-h gradings were averaged to 
determine the Primary Irritation Index (PII).  The results indicated that Nonoxynols -7, -9, -10, -12, -13, -15, -30, and -40 
were non-irritating to mildly irritating, whereas Nonoxynols -2, and -6 were moderately to severely irritating to the skin.  
Undiluted Nonoxynol-4 was reported to be non-irritating in one study but was found to be a primary irritant in another.  In 
the latter study, well-defined to severe erythema and slight to severe edema, which in most cases worsened by 72 h, were 
observed in all animals at both intact and abraded sites.  Primary irritation index (PII) values for these nonoxynols, 
determined from these skin irritation tests on rabbits, ranged from 0.45 to 5.58. 1  
 
Human 
 
Predictive Tests 
 
Nonoxynols-2 and -4 
 

Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in mineral oil), and Nonoxynol-4 (10% in mineral oil) were 
evaluated in three separate skin irritation/sensitization studies, respectively, according to the same experimental procedure. 
In each test, the subjects were free of interfering systemic or dermatologic disorders, visible skin diseases, active atopic 
dermatitis, or psoriasis.  The results of the three studies, along with the experimental procedure, are summarized below.2 
 

The skin irritation/sensitization potential of Nonoxynol-2 (5% in mineral oil) was evaluated using 110 volunteers (9 
males, 101 females; 19 to 61 years old). Eight of the original 110 withdrew from the study for reasons that were unrelated to 
administration of the test substance.  During induction, 0.2 ml of the test substance was applied, under occlusive patches, to 
the scapular region of the back three times per week for 3 weeks (9 induction applications).  Patches were removed, and sites 
evaluated at 48-hour intervals.  Patches applied on Friday were removed, and sites evaluated on the following Monday (72 
hours post-application).  The induction phase was followed by a 14-day non-treatment period. During the challenge phase, 
initiated at week 6, two consecutive 48-hour patches were applied to new sites in the scapular region of the back.  Challenge 
reactions were scored after 48 and 96 hours.  During induction and challenge phases, reactions were scored according to 
the following scale: 0 (no reaction) to 4 (bullae or extensive erosions involving at least 50% of the test area).  Isolated 
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evidence of faint to moderate erythema was observed in three subjects during the induction phase.  Three subjects also had 
reactions during the challenge phase; however, no evidence of allergic contact dermatitis was found.2 
 

The skin irritation/sensitization potential of Nonoxynol-2 (10% in mineral oil) was evaluated using 111 volunteers 
(15 males, 96 females; 18 to 64 years old). Eight of the original 111 withdrew from the study for reasons that were unrelated 
to administration of the test substance.  The experimental procedure and grading scale for this study were as stated in the 
preceding paragraph.  During the induction phase, isolated evidence of slight to moderate erythema was observed in 15 
subjects, and, in an additional subject, strong, infiltrated erythema was observed after removal of the last induction patch. 
The subject with the strong induction reaction also had allergic reactions during the challenge phase. A total of 23 subjects 
had reactions during the challenge phase; however, 9 of the 23 had reactions that were classified as allergic contact 
dermatitis.2 
 

Seven of the nine subjects with allergic contact dermatitis were retested according to a different procedure. The test 
substance was applied under a semiocclusive patch for 30 minutes, after which the test site was rinsed with warm water. 
Reactions were scored at 24 hours postapplication (seven subjects) and at 24 and 48 hours postapplication (one subject). In 
the retest, discernible, mild allergic responses were observed in two of seven subjects; reactions were not observed in the 
remaining five. The investigators concluded that Nonoxynol-2 (10% in mineral oil) induced allergic contact sensitization in 
the initial experiment. However, when exposure was limited to 30 minutes, evidence of a mild allergic response was observed 
in two of the seven subjects with allergic contact sensitization who were retested.2 
 

The skin irritation/sensitization potential of Nonoxynol-4 (10% in mineral oil) was evaluated using 111 volunteers 
(10 males, 101 females; 19 to 62 years old). Four of the original 111 withdrew from the study for reasons that were unrelated 
to administration of the test substance. The experimental procedure and grading scale are referred to in the preceding 
paragraph. During the induction phase, isolated evidence of faint to moderate erythema was observed in 36 subjects.  A total 
of 31 subjects had reactions during the challenge phase; however, only 3 of the 36 had reactions that were classified as 
allergic contact dermatitis.  The three subjects with allergic contact dermatitis were retested according to the retest 
procedure included in the preceding paragraph.  In the retest, a discernible mild allergic response was observed in one of the 
three subjects; reactions were not observed in the remaining two. The investigators concluded that Nonoxynol-4 (10% in 
mineral oil) induced allergic contact sensitization in the initial experiment. However, when exposure was limited to 30 
minutes (retest), evidence of a mild allergic response was observed in one of the three subjects with allergic contact 
dermatitis.2  
 
Nonoxynol-4 
 

Undiluted Nonoxynol-4 was tested on 25 men and 25 women in a repeated insult patch test. Discs (1.25″ diameter) 
saturated with sample were applied to the backs of the volunteers. The primary application was left in place for 48 h; the 
subsequent 14 induction patches were applied for 24 h each.  After a two-week non-treatment period, challenge patches were 
applied for 24 h.  None of the subjects showed immediate or delayed reactions to either the induction or challenge patches.  
It was noted that Nonoxynol-4 appeared to be neither a primary irritant, a sensitizer, nor a fatiguing agent. 
 
Nononxynols-4, -9, and -12 
 

Cosmetic formulations containing Nonoxynol-4 (5%), -9 (1.75 to 4%), or -12 (20%) were tested for cumulative skin 
irritation. The test material was applied to the volar forearm surface and/or the inner aspect of the arm of the 20 test 
subjects, and held under occlusive patches for 24 h.  After patch removal and test site grading, fresh patches were reapplied 
to the same site.  This procedure was repeated for a total of 10 applications.  The results showed a range of effects on the 
skin, ranging from slightly to mildly irritating.  The formulations containing nonoxynol-9 caused reactions ranging from 
slightly irritating to nonirritating.  The formulation containing nonxynol-4 and the formulation containing nonoxynol-12 
were classified as slightly irritating.1   

Nononxynol-9 

Two cosmetic gels containing 2% and/or 4% Nonoxynol-9 were separately tested for irritation on 25 subjects. The 
gel was applied under an occlusive patch for 48 h before scoring. All sites received a score of zero.1 
 

A gel containing 4% Nonoxynol-9 was tested on 212 subjects. The material was applied 11 times under an occlusive 
patch.  Neither the time interval between patch testing nor the quantity of gel applied was stated.  A score of 11 out of a 
maximum possible score of 804 was reported.  The investigator concluded that the product showed no evidence of primary 
skin irritation or allergic sensitization.1 
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Undiluted Nonoxynol-9 was tested on 50 men and 50 women for skin irritation/sensitization potential.  A single 

induction patch, applied to the back of each subject, was held in contact with the skin for five days.  After a three-week non-
treatment period, a challenge patch was applied to each subject for 48 h.  There were no reactions to either patch.  Undiluted 
Nonoxynol-9 was neither a primary irritant nor a sensitizer 1 
 

A clinical trial of nonoxynol-9 (in gel form) was performed using 40 healthy female volunteers (18 to 45 years old).  
Twenty women received the gel and 20 received a placebo.29  The women were instructed to use the gel (nonoxynol-9 
concentration = 20 mg/ml [100 mg/dose]) on each of 7 consecutive days.  Examinations occurred on days 0, 7, and 14.   
Genital irritation was observed in 10 women who received nonoxynol-9 and in 5 women in the placebo group.  Colposcopy 
revealed erythema in 9 women (nonoxynol-9 group) and in 2 women (placebo group).  Histologic inflammation was reported 
for 7 women who received nonoxynol-9 and in 2 women who received the placebo.  Inflammatory changes were 
characterized by patchy infiltration of the lamina propria, predominantly with CD8+ lymphocytes and macrophages; epithelial 
disruption was absent. 
 

To better understand the colposcopic appearance of the genital epithelium after typical long-term spermicide use, a 
long-term study of women who used spermicides that contain nonoxynol-9 was performed.30  A subset of participants from a 
multicenter randomized clinical trial that compared the contraceptive effectiveness of 5 nonoxynol spermicide formulations 
(summarized in Carcinogenicity section) was used.  Each study group consisted of 30 participants.  The control group 
consisted of 31 women.  The genital epithelium was evaluated by colposcopic and naked eye examination at baseline and 
during follow-up at weeks 4, 17, and 30.  Five spermicidal formulations containing nonoxynol-9 were studied, including 3 
gels, a film, and a suppository.  The 3 gels were described as follows:  gel containing 52.5 mg nonoxynol-9 at a concentration 
of 3.5% per dose (Gel A), gel containing 100 mg nonoxynol-9 at a concentration of 4.0% per dose (Gel B), and Gel B at a 
dose of 150 mg nonoxynol-9 per application.  Each dose of film contained 100 mg nonoxynol-9 at a concentration of 28% 
per sheet.  Each suppository contained 100 mg nonoxynol-9 at a concentration of 3.0% per dose.   Overall, there was no 
increased risk for any new colposcopic lesion in any of the nononxynol-9 groups, when compared to the control group.  
However, when compared to the control, women who had used any nonoxynol-9 product were more likely to have genital 
lesions characterized by erythema or edema (p = 0.01). 

 
Twenty women (mean age = 34.9 years) applied 4% nonoxynol-9 spermicide gel twice daily for 13.5 consecutive 

days.31  An additional 20 women applied a placebo.  Biopsies and endocervical cytobrush specimens were obtained at visits 2 
(baseline) and 5.  Histological findings of inflammation and deep epithelial disruption after product use were reported for 4 
women. 
 
Nonoxynols-15 and -50 
 

A repeated insult patch test was performed on 168 subjects (115women, 53 men) using 0.1 ml of a 50% aqueous 
solution of Nonoxynol-15 and/or Nonoxynol-50.  The test material was applied at 48 -h intervals, three times per week for 
three weeks, to 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 non-treatment period, the test area, as well as an untreated site, were challenged with the test material.  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 neither Nonoxynol-15 nor Nonoxynol-50 was an irritant or sensitizer. 
 
Provocative Tests 
 
Nonoxynols-6, -8.3, -9, -10, -14, and -18 
 

A total of twelve contact dermatitis patients was  patch tested with the ingredients of a topical antiseptic preparation 
according to the International Contact Dermatitis Research Group’s (ICDRG) patch test procedure.  Ten of the patients had 
used antiseptic preparations that contained Nonoxynol-9; all 10 had not used the same antiseptic preparation. The remaining 
two patients had used antiseptic preparations that contained Nonoxynol-8.3 and Nonoxynol-10, respectively. Nonoxynol-8.3, 
-9, and - 10 were tested at concentrations of 2.0% in water. The patches remained in place for 48 hours and reactions were 
scored at 48 hours and at 72 or 96 hours.  All of the patients had positive reactions to 2.0% aqueous Nonoxynol solutions 
either at 72 or 96 hours; reactions classified as ++ (strong, edematous, or vesicular reaction) were observed in all patients. 
Epicutaneous test results for other ingredients of antiseptic preparations were negative, with the exception of one patient who 
reacted to the antiseptic iodine.2 
 

When 6 of the 12 patients in the above study were tested with 2.0% aqueous Nonoxynol-6, -8.3, -9, -10, -14, and -18 
several months later according to the ICDRG patch test procedure, most of the reactions observed at 72 or 96 hours were 
++ reactions. However, in some instances, a + (weak, nonvesicular reaction), negative, or doubtful reaction was observed. 
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Subjects 1, 2, and 7 each had a + reaction to Nonoxynol-18 at 72 hours.  Additionally, Subject 5 had a + reaction to 
Nonoxynol-6 at 96 hours and Subject 4 had a + reaction to Nonoxynol-8.3 at 96 hours.  Subjects 4 and 6 each had negative 
reactions to Nonoxynol-18 at 96 and 72 hours, respectively. Finally, Subject 5 had what was classified as a doubtful reaction 
to Nonoxynol-8.3, -10, -14, and -18.  This subject did not return for retesting.2 
 
Nonoxynol-10 
 

A multicenter study in Sweden was performed to address the question of human sensitization to oxidized 
ethoxylated surfactants.32  The 528 participants (196 males, 332 females; mean age = 44 years) were identified as consecutive 
dermatitis patients with suspected allergic contact dermatitis.   The patients were patch tested with aqueous solutions of 
nonoxynol-10 (20%) and air-oxidized nonoxynol-10 (20%).   Each test solution (15 ml) was applied using Finn chambers, 
with occlusion, for 48 h.  The area and location of the application site were not stated.  Reactions were scored at days 3 and 7 
according International Contact Dermatitis Research Group criteria. None of the patients had reactions to nonoxynol-10.  
Erythema was observed in 1 patient, only at day 7, patch tested with oxidized nonoxynol-10.  It was noted that this was not 
an allergic reaction. 
 
In Vitro 
 
Nonoxynol-9 
 

A study was performed to determine whether nonoxynol-9 could induce genital tract inflammation by measuring 
levels of the following in normal human peripheral blood mononuclear cells (PBMCs) and macrophages: tumor necrosis 
factor (TNF-α),  interleukin 1β (IL-1β), interleukin-6 (IL-6), and interleukin-8 (IL-8).33  Ingredient dilutions that yielded 
culture viabilities ≥ 60%, compared to control cultures, were considered nontoxic.  The nontoxic dilutions of nonoxynol-9 
were 1:1000 in both PBMCs and macrophages.  Nonoxynol-9 (nontoxic dilution) was associated with relatively low levels of   
IL-1β, TNF- α, and IL-6.  These results were indicative of the low toxicity in terms of  the release of cytokines. 

Phototoxicity/Photosensitization 
 
Human 
 
Nonoxynol-10 
 

Photosensitization was observed in sun-exposed areas of two patients (72-year-old male; 71-year-old female) who 
had been treated with an antiseptic preparation that contained Nonoxynol-10.  Based on these case reports, a follow-up 
photosensitization study involving the 2 patients and 32 control subjects was initiated.  The 13 male and 19 female control 
subjects, all suspected of having photodermatosis, had a mean age of 42 years and had never used the antiseptic preparation 
that induced photosensitization in the two elderly patients.  The control subjects and two patients were patch-tested with the 
antiseptic preparation, undiluted Nonoxynol-10, 2% Nonoxynol-10 in petrolatum, and 0.2 and 2% Nonoxynol-10 in water. 
The two patients were also patch-tested with 1% Nonoxynol-10 in water. Three series of patch tests (Finn chambers) were 
placed on the backs of all subjects, with the exception of one subject (72- year-old patient) who received an additional 
(fourth) series.  Test sites (two series of patch tests only) were exposed to a suberythemal dose of UVA (330 to 460 nm; 35 
mW/cm2) or UVB (285 to 350 nm; 1.5 mW/cm2) light at 24 hours post-application.  Test sites (irradiated and non-irradiated 
series) were evaluated at 72 hours post-application.2 

 
 Results for each UV exposure and each chemical were not reported. One male patient had photosensitization 

reactions to the antiseptic preparation and to 0.2,1, and 2% aqueous Nonoxynol- 10.  Undiluted Nonoxynol- 10 did not 
induce photosensitization.  Reactions were not observed in any of the remaining photopatch tests or at nonirradiated sites. 
One female patient had photosensitization reactions to the antiseptic preparation and to 2% Nonoxynol-10 in petrolatum. 
Again, undiluted Nonoxynol- 10 did not induce photosensitization.  Reactions were not observed in any of the remaining 
photopatch tests or at non-irradiated sites. Of the 32 control subjects, 13 had photosensitization reactions to the antiseptic 
preparation and four had photosensitization reactions to aqueous Nonoxynol-10.  There were no photosensitization reactions 
to undiluted Nonoxynol-10.2 
 
Nonoxynols-15 and -50 
 

Twenty-eight of the 168 subjects tested for Nonoxynol-15 and Nonoxynol-50 irritation and sensitization potential in 
the section on Skin Irritation and Sensitization (Predictive Tests) were randomly selected to test the ability of Nonoxynol-15 
and Nonoxynol-50 to induce a phototoxic or photosensitization reaction following ultraviolet light 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 
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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 µW/cm2 at the skin surface, measured at the 360 nm wave length peak).  The UVB light was applied, at  twice 
the Mean Erythema Dose (MED), to nine subjects (light source: 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.  The investigator noted that only 
transient reactions were observed, and that Nonoxynol-15 and Nonoxynol-50 were not photosensitizers. 

In Vitro 
 
Nonoxynol-9 
 
 Photohemolysis of human red blood cell suspensions containing nonoxynol-9 (2 x 10-5 M) occurred after irradiation 
with UV light under aerobic conditions.4  Nonoxynol-9 was irradiated for 70 minutes under oxygen and argon enriched 
atmosphere in a photochemical reactor equipped with phosphorus lamps (emission maximum at 300 nm).  Lysis was not 
observed after the red blood cells were irradiated for 80 minutes in the absence of nonoxynol-9 (2 x 10-5 M) or when the cells 
were incubated with nonoxynol-9 (2 x 10-5 M) in the dark.  It was concluded that nonoxynol-9 was phototoxic in vitro. 

Case Reports 
 
Nonoxynol-6 
 
 Scaling, redness, vesiculation, and fissuring of the dorsal hands and forearms, associated with a transverse 
dystrophy of the fingernails, was observed in a 58-year-old uranium mill worker who used a waterless hand cleanser 
containing Nonoxynol-6 at work. The patient had an allergic contact reaction (1+ reaction) to 0.5% Nonoxynol-6, in 
petrolatum, at 48 and 96 hours.  Reactions to Nonoxynol-6 (0.5% in petrolatum) were not observed in eight control subjects.2 
 

Dermatitis was observed on the hands and forearms of a 64- year-old worker in the metal industry who regularly 
immersed metal objects into a fluid containing Nonoxynol-6. Patch test results indicated weak, non-vesicular reactions 
(score = +) to 0.001, 0.01, and 0.1% aqueous Nonoxynol-6, and strong edematous or vesicular reactions (score = ++) to 1.0 
and 5.0% Nonoxynol-6.2  
 
Nonoxynol-12 
 
 A 48-year-old woman (domestic cleaner) with a 5-month history of  acute severe dermatitis and a past history of 
atopic eczema was patch tested with nonoxynol-12, an ingredient of the polish that was used on the job.34  The patient had 
severe dermatitis on the dorsa of the hands, forearms, and face.  Positive patch test reactions to the following concentrations 
of nonoxynol-12 in petrolatum were reported: 1%, 0.5%, 0.1%, and 0.01%.  The reactions were classified as + on day 2 and 
++ on day 4.  Negative patch test reactions to nonoxynol-12 were reported for 30 control subjects. 

SUMMARY 
 
 

The nonoxynols are ethoxylated alkylphenols. Collectively, use frequency from FDA and use concentration data 
from a Council survey indicate that the following nonoxynols are being used in cosmetic products: 
 
Nonoxynol-1 
Nonoxynol-2 
Nonoxynol-4 
Nonoxynol-5 

Nonoxynol-6 
Nonoxynol-9 
Nonoxynol-10 
Nonoxynol-12 

Nonoxynol-14 
Nonoxynol-15 
Nonoxynol-23 
Nonoxynol-30 

 
 According to the 2015 VCRP survey, the greatest use frequency is being reported for nonoxynol-4 (90 

formulations, all rinse-off), followed by nonoxynol-6 (65 formulations, all rinse-off).  Lower use frequencies are being 
reported for the remaining nonoxynols, mostly relating to use in rinse-off products.  The results of a concentration of use 
survey conducted in 2015 indicate that nonoxynol-12 has the highest reported maximum concentration of use; it is used at 
concentrations up to 8.33% (in hair dyes and colors) in rinse-off products.  The highest maximum concentration of use 
reported for products resulting in leave-on dermal exposure is 0.42% (nonoxynol-12, in hair spray). 

 
 Alkylphenols are synthesized commercially by Friedal-Crafts alkylation of a phenol to an olefin.  The resulting 

monoalkylphenol product is purified by distillation and ethoxylated with the appropriate number of moles of ethylene oxide 
to produce the desired alkylphenol ethoxylate. The distribution of homologues with varying ethylene chain lengths in 
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commercial samples of Noxynol-2, -4, and -9 are: Nonoxynol-2 (Nonoxynol- 1, -2, -3, and -4 homologues present), 
Nonoxynol-4 (Nonoxynols- 1, -2, -3, -4, -5, -6, -7, and -8 homologues), and Nonoxynol-9 (Nonoxynol-2, -3, -4, -5, -6, -7, -8, 
-9, -10, and -11 homologues). 

 
Nonoxynol-1 may contain up to 20 ppm ethylene oxide and, Nonoxynol-6, up to 35 ppm ethylene oxide. Assays for 

1,4-dioxane and ethylene oxide were also performed on samples of Nonoxynol-2, -4, and -9. Neither 1,4- dioxane nor 
ethylene oxide was detected in triplicate samples of Nonoxynol-2. However, Nonoxynol-4 (5 samples) contained 4.5 to 20 
ppm 1,4-dioxane and 7.9 to 67 ppm ethylene oxide.  Triplicate samples of Nonoxynol-9 contained ~4.5 to 5.9 ppm 1,4-
dioxane and ~3.6 to 12.2 ppm ethylene oxide. 
 

UV spectral analyses of Nonoxynol-2, -4, and -9 were conducted in two sets of experiments in which samples of 
each chemical were diluted with water and 10% isopropanol, respectively. The results of these experiments indicated that the 
UV absorption spectra for Nonoxynol-2, -4, and -9 were essentially the same; absorption was noted in the UVC band (200 to 
290 nm range). 

 
The metabolism of Nonoxynols takes place by shortening the ethylene oxide chain and some carboxylation of the 

alkyl chain by omega-oxidation. No metabolic formation of free phenolic groups has been reported.  Absorption and 
metabolism studies in the rat indicate that increasing the length of the nonoxynol ethylene oxide chain decreases intestinal 
absorption. 
 

  In 3 skin species (human, porcine, and rat) in vitro, 14C-nonoxynol-9 and 14C-nonoxynol-4 were minimally 
absorbed across the skin.   In in vitro skin penetration studies using cadaver skin (rinse-off and leave-on protocols), the total 
skin penetration of Nonoxynols-2, -4, and -9 was less than 1% over a period of 48 hours.  In mice intravenously injected 
with 14C-Nonoxynol-9, the highest amounts of radioactivity were reported for the small and large intestines. 14C radioactivity 
was excreted mainly in the urine and feces.  An HPLC analysis of the urine and bile indicated that no intact Nonoxynol-9 was 
present in the bile or urine, and that Nonoxynol-9 was metabolized to highly polar species. 
 

Acute inhalation by rats of aerosols of undiluted or 1% Nonoxynol-4, -7, or -9 for 8 h caused no deaths.  
Nonoxynol-5 and -6 were slightly toxic in acute oral toxicity studies involving rats.  Estimates of the acute oral LD50s of nine 
of the Nonoxynols (-2 to -15) ranged from 0.62 to 7.4 g/kg in several animal species.   Nonoxynol-30 and -40 had higher 
LD50s. 

 
  In acute dermal toxicity studies involving rabbits, LD50s for Nonoxynol-5 and -6 were not achieved at doses of  2.0 

and 3.0 g/kg, respectively. These chemicals would be classified as slightly toxic, at most.  Acute dermal toxicity studies in 
rabbits on six undiluted Nonoxynols resulted in an LD50 range of 1.8 ml/kg to 4.4 g/kg. Intraperitoneal, subcutaneous, and 
intravenous injections of Nonoxynol-9 resulted in LD50 values of 0.21 ml/kg, 1.00 ml/kg, and 0.044 g/kg, respectively.  
 

In 90-day feeding studies involving rats and dogs, there were no test substance-related deaths after the 
administration of 0.040, 0.20, or 1.0 g/kg/day doses of Nonoxynol-6. However, elevated liver-to-body weight ratios were 
reported.   At pathological and histological examinations, there were no changes that were attributable to nonoxynol-10 in the 
diet at concentrations up to 4500 ppm for 104 weeks.  In a study in which rats received repeated doses of up to 80 mg/kg/day 
nonoxynol-10, the noneffective dose level for general toxicity was 20 mg/kg/day.  In another repeated dose toxicity study 
involving rats, swelling of the spleen and local skin irritation were observed at nonoxynol-10 doses of 20 mg/kg/day or 
greater.  

 
When fed subchronically or chronically in the diet to rats and dogs, at daily intakes of 0.2 to 1 g/kg or dietary 

concentrations of 0.27%, Nonoxynols -4 to -9 frequently increased liver weights. Nonoxynols-15 to -40 were less effective in 
this regard and were less toxic. 
 

Intraperitoneal injections of Nonoxynol-9 (5 mg/100 g body weight) daily for 5 days induced morphologic and 
biochemical changes in the liver of rats.  Intravaginal injections of this ingredient (5 mg/100 g) daily for up to 20 days 
induced morphologic and biochemical changes in the liver and biochemical changes in the kidneys of rats. Daily 
intraperitoneal injections (24 days) of 0.2% Nonoxynol-9 in sterile saline did not induce immunotoxicity in female mice 

 
Blood test results on samples obtained from 10 women who received intravaginal applications of Nonoxynol-9 daily 

for 14 consecutive days indicated no effects on either hepatic function or hematologic parameters. The only significant 
finding was a reduction in serum cholesterol. No evidence of alterations in hepatic function, based on blood test results for 30 
women who had received intravaginal applications of a cream containing 5.0% Nonoxynol-9 daily for 14 days, was observed. 
Vaginal mucous membrane irritation was observed in 6 of 14 women after insertion of a suppository containing 150 mg 
Nonoxynol-9 (hourly for 4 consecutive hours) for 14 consecutive days.  The results of another study indicated that frequent 
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use of vaginal suppositories containing Nonoxynol-9 (150 mg) may result in increased epithelial disruption. Use frequencies 
in the groups tested ranged from one suppository every other day for 2 weeks to four suppositories daily for 2 weeks. 

 
In in vitro tests, Nonoxynol-9 caused complete hemolysis of erythrocytes (from rabbits) at concentrations of 0.006 to 

0.12%, and was cytotoxic to rat liver cells at concentrations of > 10 µg/ml to 50 µg/ml. 
 

Nonoxynol-6 induced severe ocular irritation reactions in rabbits. Severe ocular irritation was also observed in 
animals (species not stated) tested with Nonoxynol-5. Nonoxynol compounds with short ethylene oxide chains are generally 
severe ocular irritants; Nonoxynol-15, -30, and -40 were only slightly irritating to the rabbit eye.  
 

Skin irritation reactions were observed in rabbits patch-tested with concentrations of 25 to 100% Nonoxynol-6 in 
petrolatum.  In another study, Nonoxynol-6 was severely irritating to both abraded and intact skin of rabbits.  PII values 
determined from skin irritation tests on rabbits ranged from 0.45 to 5.58; other tests indicated that Nonoxynols were 
nonirritating to moderately irritating when applied to the skin.  Nonoxynol-5 was also classified as a severe skin irritant in 
animals (species not stated).  Mucous membrane irritation was observed in groups of rabbits dosed intravaginally with 
Nonoxynol-9 (2.5 to 50.0 mg) with concentrations ranging from 2.5 to 75.0%. 

 
The intravaginal dosing of female mice with a spermicide containing 3.5% nonoxynol-9 for 14 days induced an 

inflammatory response that was characterized by increased levels of cytokines and chemokines and the recruitment of 
neutrophils and monocytes into the genital tract. 

    
In the maximization test, Nonoxynol-6 (test concentrations up to 27%) was not a sensitizer in guinea pigs. The non-

irritant test concentration in a pre-test control group of guinea pigs was determined to be 2.7%. 
 
Undiluted Nonoxynol-4 and -9 were nonirritating and nonsensitizing to the skin of 50 and 100 human subjects, 

respectively. A 50% solution of Nonoxynol-15 and/or Nonoxynol-50 produced no irritation or sensitization when tested on 
168 subjects.  Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in mineral oil), and Nonoxynol-4 (10% in mineral oil) 
were tested in three separate human repeated insult patch tests (predictive), respectively, according to the same procedure. 
There was no evidence of allergic contact dermatitis in any of the 102 subjects patch tested with 5% Nonoxynol-2 in mineral 
oil. 
 

In human repeated insult patch tests, there was no evidence of allergic contact dermatitis in any of the 102 subjects 
patch tested with 5% Nonoxynol-2 in mineral oil.  However, allergic contact dermatitis was observed in nine of 103 subjects 
patch tested with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects patch tested with 10% Nonoxynol-4 in mineral 
oil.  In a multicenter study, 528 dermatitis patients were patch-tested with aqueous solutions of nonoxynol-10 (20%) and air-
oxidized nonoxynol-10 (20%).  The only reaction observed was described as erythema in one patient patch-tested with 
oxidized nonoxynol-10. 

 
Strong sensitization reactions were observed in each of the 12 contact dermatitis patients patch tested with 2.0% 

aqueous solutions of Nonoxynol-8.3, -9, or -10. Ten of the patients had used antiseptic preparations containing Nonoxynol-9, 
and the remaining two, antiseptic preparations containing Nonoxynol-8.3 and -10, respectively.  Six of the 12 patients were 
retested several months later, and each of the six had a sensitization reaction to 2% aqueous Nonoxynol-6, -8.3, -9, - 10, - 14, 
and - 18.  Allergic reactions to Nonoxynol-6 were noted in two case reports.  However, no reactions were observed when 8 
and 165 control subjects were patch tested with 0.5% and 1.0% Nonoxynol-6, respectively.   Positive patch test reactions to 
nonoxynol-12 (0.01% to 1%) in petrolatum were observed in a dermatitis patient, but not in 30 control subjects. 

 
Photosensitization reactions to diluted Nonoxynol- 10 (concentrations up to 2% aqueous), but not to undiluted 

Nonoxynol- 10, were reported in two patients who had been treated with an antiseptic preparation that contained Nonoxynol- 
10. Follow-up studies on 32 control subjects who had never used this antiseptic preparation showed an inconsistent pattern of 
reactions.  A 50% solution of Nonoxynol-15 and/or Nonoxynol-50 produced no indication of phototoxicity or 
photosensitivity when subjects were exposed to either UVA or UVB light after exposure to the compounds.   
 

The intraperitoneal administration of Nonoxynol-9 at doses ranging from 20 to 60 mg/kg for 5 days did not cause an 
increase in the frequency of morphologically abnormal sperm from mice over that observed in the control group.  
Intravaginal doses of Nonoxynol-9 (5 mg/100 g body weight) on gestation days 3 and 7 caused significant differences in the 
number of normal implantation sites and the number of resorption sites between experimental and control groups of rats.  
Nonoxynol-9 was embryolethal and fetocidal, but not teratogenic, when administered intravaginally (2.5 mg/100 g body 
weight) to groups of pregnant rats on days 1 through 10 of gestation. The no-effect level for Nonoxynol-9 in an oral 
teratogenicity study involving rats was 50 mg/kg/day (gestation days 9 to 15); doses up to 500 mg/kg/day were administered.  
When doses of 50 and 500 mg/kg/day Nonoxynol-9 (gestation days 6 to 15) were administered dermally to female rats, no 
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dose-related effects on skeletal and soft tissues were observed; however, a significant increase in extra ribs was observed only 
in the 50 mglkg dose group.  

 
It was concluded that Nonoxynol-9 (in a contraceptive cream) was neither embryotoxic nor teratogenic when 

administered intravaginally to female rats at doses up to 40 mg Nonoxynol/kg/day on days 6 through 15 of gestation. The 
oral administration of a product containing 14.0% nonylphenoxy polyethoxy ethanol (a Nonoxynol; number of moles 
ethylene oxide not stated) on days 7 to 16 of gestation did not result in any significant differences in fetal malformations 
between experimental and control groups. Doses up to 50 mg/kg/day were tested.  

 
 Nonoxynol-10 (600 mg/kg/day) did not induce developmental toxicity in female mice dosed orally on days 6 

through 13 of gestation.  The repeated s.c. dosing of rats with nonoxynol-10 at doses up to 80 mg/kg/day did not induce any 
test substance-related teratogenic effects.  Following the insemination of rabbits with sperm treated with 0.01% or 0.0024% 
nonoxynol-10, gestation occurred without impairing the viability, organogenesis, or growth of embryos or fetuses.  

 
Nonoxynol-30 induced neither reproductive nor teratogenic effects on the skeleton and soft tissues of female rats at 

oral doses of 50, 250, and 1000 mg/kg/day.  
 

 In a multicenter study on a nonoxynol-9 spermicide, 2 of 49 viable fetuses in a group of 633 women had congenital 
anomalies. 
 

Nonoxynol-4 was not mutagenic in the Ames test.  Nonoxynol-9 was not mutagenic in the Ames test or unscheduled 
DNA synthesis assay (adult rat hepatocytes), and did not induce malignant transformations (in vitro) in rat liver T51B cells. 
Nonoxynol-10 also was not mutagenic in the Ames test.  Malignant transformations (in vitro) were observed in mouse 
fibroblasts (BALB/3T3 and lOT1/2 cells) that were incubated with Nonoxynol-9; Nonoxynol-40 did not induce malignant 
transformations. 

 
Nonoxynol-9 was neither toxic nor carcinogenic in a lifetime exposure study involving rats. The rats were dosed 

intravaginally with 6.7 and 33.6 mglkg Nonoxynol-9 three times per week for a total of 24 months.  No evidence of 
carcinogenicity was observed when Nonoxynol-4 and -9 were fed for two years to both dogs and rats.  The same was true in a 
2-year study in which mice were fed nonoxynol-10 daily at concentrations up to 4500 ppm in the diet.  

 
There was no statistically significant evidence of a dose-response relationship between nonoxynol-9 and changes in 

cervical cytology in a nonoxynol-9 spermicide trial involving 640 women. 
 

PREVIOUS REPORT DISCUSSIONS 
 
1983 Published Final Report  on Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, and -50  
 

None of the 11 Nonoxynols discussed in this report has had complete toxicological testing; however, the total 
available test data for the entire group was considered adequate. The differences in toxic effects among the various 
Nonoxynols are quantitative and most likely related to the rate of absorption as influenced by ethoxy groups. There was no 
evidence of qualitative differences in toxicity between the Nonoxynols; therefore, the Panel used the composite data to 
evaluate the safety of this group of ingredients. 
 
1999 Published Final Report on Nonoxynols-1, -2., -3, -4, -5, -6, -7, and -8 
 

The Expert Panel recognizes that Nonoxynols may contain trace amounts of ethylene oxide, and that the 
International Agency for Research on Cancer (IARC) has concluded that ethylene oxide is carcinogenic to humans. 
Nonoxynol-1 can contain up to 20 ppm ethylene oxide, and Nonoxynol-6 up to 35 ppm. The Panel also expressed concern 
over unreacted C9 phenols that can be present in Nonoxynols, and noted that such impurities should not be present at toxic 
concentrations. The results of an impurities analysis that was performed to address this concern indicated that nonylphenol 
(unreacted C9) was detected at concentrations of (500 ppm in samples of Nonoxynol-2, -4, and -9.  In the same analysis, 
neither 1,4-dioxane nor ethylene oxide was detected in triplicate samples of Nonoxynol-2. However, Nonoxynol-4 (5 
samples) contained 4.5 to 20 ppm 1,4-dioxane and 7.9 to 67 ppm ethylene oxide. Triplicate samples of Nonoxynol-9 
contained ~4.5 to 5.9 ppm 1,4-dioxane and ~3.6 to 12.2 ppm ethylene oxide. 
 

The International Organization for Standardization (ISO), a worldwide federation of national standards bodies, has 
established residue limits for ethylene oxide in each medical device, in terms of the dose delivered to patients. The limit for 
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exposure to ethylene oxide for 30 days to life is an average of 0.1 mg/day, not to exceed 20 mg in any given day, 60 mg in a 
month, or 2,500 mg in a life time.  This limit was based on chronic toxicity and carcinogenicity studies.  
 
 Based on the above information, the Panel concluded that the ethylene oxide content of Nonoxynols in cosmetic 
products should not result in ethylene oxide exposures that approach 0.1 mg/day. In arriving at this conclusion, the Panel 
recognized that use of a cosmetic product only in excessive amounts could yield this level of exposure.  The Panel considered 
case reports of photosensitization reactions to Nonoxynol- 10 (concentrations up to 2% aqueous) reported in two patients 
who had been treated with an antiseptic preparation that contained Nonoxynol-10. Although similar results were reported for 
4 of 32 control subjects who had never used this antiseptic preparation, these additional data were not sufficiently 
comprehensive to show a pattern of photosensitization. Because the patients had reactions to diluted Nonoxynol-10, but not 
undiluted Nonoxynol- 10, the Expert Panel concluded that the study results were not a valid indication of any adverse effect. 
 

In human repeated insult patch tests, there was no evidence of allergic contact dermatitis in any of the 102 subjects 
patch tested with 5% Nonoxynol-2 in mineral oil. However, allergic contact dermatitis was observed in 9 of 103 subjects 
patch tested with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects patch tested with 10% Nonoxynol4 in mineral oil. 
In in vitro skin penetration studies using cadaver skin (rinse-off and leave-on protocols), the total skin penetration of 
Nonoxynol-2, -4, and -9 was less than 1% over a period of 48 hours.  Based on the human repeated insult patch test data and 
the results of in vitro skin penetration studies, the Panel determined that cosmetic use concentrations of Nonoxynol-2 and -4 
and other low-molecular-weight Nonoxynols (not-greater than Nonoxynol-8) should be limited to ~5% in leave-on products. 

 
Due to the severity of ocular irritation reactions that were observed in animal studies, products containing 

Nonoxynol- 1, -5, and -6, and, perhaps, other low-molecular-weight Nonoxynols, should not be used in the area surrounding 
the eyes. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1.  Names, CAS Registry Numbers, and Definitions of the Nononxynols (INCI Dictionary; Staff)3 
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Ingredient & CAS No. Definitions and Functions  

Nonoxynol-1 
26027-38-3 (generic) 
27986-36-3 
37205-87-1 (generic) 

Nonoxynol-1 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1. 
Function: Surfactants - Emulsifying Agents 

Nonoxynol-2 
26027-38-3 (generic) 
27176-93-8 (generic) 
37205-87-1 (generic) 
9016-45-9 (generic) 

Nonoxynol-2 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1, where n 
has an average value of 2. Function: Surfactants - Emulsifying Agents 

Nonoxynol-3 
26027-38-3 (generic) 
27176-95-0 (generic) 
37205-87-1 (generic) 
51437-95-7 (generic) 
84562-92-5 (generic) 
9016-45-9 (generic) 

Nonoxynol-3 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1, where n 
has an average value of 3. Function: Surfactants - Emulsifying Agents 

Nonoxynol-4 
26027-38-3 (generic) 
27176-97-2 
37205-87-1 (generic)  
68412-54-4 
7311-27-5  
9016-45-9 (generic) 

Nonoxynol-4 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1, where n 
has an average value of 4. Function: Surfactants - Emulsifying Agents 

Nonoxynol-5 
20636-48-0 
26027-38-3 (generic) 
26264-02-8  
37205-87-1 (generic) 
9016-45-9 (generic) 
 

Nonoxynol-5 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n has 
an average value of 5. Function: Surfactants - Emulsifying Agents 

Nonoxynol-6 
26027-38-3 (generic) 
27177-01-1  
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-6 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n has 
an average value of 6. Function: Surfactants - Emulsifying Agents 

Nonoxynol-7 
26027-38-3 (generic) 
27177-03-3 
37205-87-1 (generic)  
68412-54-4  
9016-45-9 (generic)  

Nonoxynol-7 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n has 
an average value of 7. Function: Surfactants - Emulsifying Agents 

Nonoxynol-8 
26027-38-3 (generic) 
26571-11-9 
27177-05-5 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)   

Nonoxynol-8 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n has 
an average value of 8. Function: Surfactants - Emulsifying Agents 

Nonoxynol-9 
14409-72-4 
26027-38-3 (generic) 
26571-11-9 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-9 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n has 
an average value of 9. Function: Surfactants - Emulsifying Agents 

Nonoxynol-10 
26027-38-3 (generic) 
27177-08-8 
27942-26-3 
37205-87-1 (generic) 
68412-54-4 
 9016-45-9 (generic)  

Nonoxynol-10 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 10. Function: Surfactants - Emulsifying Agents 

Nonoxynol-11 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-11 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 11. Function: Surfactants - Emulsifying Agents 

Nonoxynol-12 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-12 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 12. Function: Surfactants - Emulsifying Agents 
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Ingredient & CAS No. Definitions and Functions  

Nonoxynol-13 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 (generic) 
9016-45-9 (generic)  

Nonoxynol-13 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 13. Function: Surfactants - Emulsifying Agents 

Nonxynol-14 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-14 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 14. Function: Surfactants - Emulsifying Agents 

Nonxynol-15 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-15 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 15. Function: Surfactants - Emulsifying Agents 

Nonoxynol-18 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-18 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 18. Function: Surfactants - Emulsifying Agents 

Nonoxynol-20 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-20 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 20. Functions: Surfactants - Cleansing Agents; Surfactants - Emulsifying 
Agents; Surfactants - Solubilizing Agents 

Nonoxynol-23 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4  
9016-45-9 (generic) 

Nonoxynol-23 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 23. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-25 
9016-45-9 (generic) 

Nonoxynol-25 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 25. Functions:  Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents  

Nononxynol-30 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-30 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 30. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-35 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-35 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 35. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-40 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-40 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 40. Functions: Surfactants - Cleansing Agents; Surfactants - Solubilizing Agents 

Nonoxynol-44 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-44 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 44. Function: Surfactants  - Cleansing Agents 

Nonoxynol-50 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic)  

Nonoxynol-50 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 50. Function: Surfactants  - Cleansing Agents 

Nonoxynol-70 
 

Nonoxynol-70 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 70. Function: Surfactants - Solubilizing Agents 

Nonoxynol-100 
26027-38-3 (generic) 
37205-87-1 (generic) 
68412-54-4 
9016-45-9 (generic) 

Nonoxynol-100 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 100. Function: Surfactants  - Cleansing Agents  

Nonoxynol-120 
26027-38-3 (generic) 
37205-87-1 (generic) 
9016-45-9 (generic) 

Nonoxynol-120 is the ethoxylated alkyl phenol that conforms generally to the formula in Figure 1 where n 
has an average value of 120. Function: Surfactants  - Cleansing Agents 
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Table 2. Properties of Nonoxynols.1,2 

Ingredient Property Value 

Nonoxynol-1     

 
Physical Form Colorless to light yellow liquid 

 
Odor Very slight 

 
Specific Gravity 0.98 @ 20/20˚C 
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Table 2. Properties of Nonoxynols.1,2 

Ingredient Property Value 

 
Vapor Density Greater than air 

 
Boiling Point > 400˚F 

 
Solubility Slightly soluble/insoluble in water; soluble in oil 

Nonoxynol-2     

 
Physical Form Liquid 

 
Odor 

 

 
Specific Gravity 0.984-0.986 @ 25/25˚C 

 
Solubility Soluble in oil 

  UV Absorption 200-290 nm 

Nonoxynol-4     

 
Physical Form White to light amber liquid 

 
Odor 

 

 
Specific Gravity 1.020-1.030 @ 25/25˚C 

 
Solubility Soluble in oil and common organic solvents 

  UV Absorption 200-290 nm 

Nonoxynol-5     

 
Physical Form Clear light-colored liquid 

 
Odor Slightly aromatic 

 
Specific Gravity 1.024-1.034 

 
Viscosity 240 cps 

 
Vapor Pressure Nil @ 20˚C 

 
Solubility Soluble in oil; dispersible in water 

Nonoxynol-6     

 
Physical Form Colorless to light amber liquid 

 
Odor Very slight 

 
Specific Gravity 1.030-1.050 @ 25/25˚C 

 
Viscosity 150-250cps @ 25˚C 

 
Vapor Pressure Nil @ 20˚C 

 
Vapor Density Greater than air 

 
Boiling Point Greater than 400˚C 

 
Solubility Soluble in oil,  water, and common organic solvents 

Nonoxynol-7     

 
Physical Form Liquid 

 
Specific Gravity 1.055 at 20/20˚C 

 
Solubility Soluble in aromatic solvents 

Nonoxynol-8     

 
Physical Form Liquid 

 
Specific Gravity 1.05 @ 25/25˚C 

 
Solubility Soluble in water 

Nonoxynol-8.5     

 
Physical Form Pale yellow liquid 

 
Specific Gravity 1.040-1.060 @ 25/25˚C 
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Table 2. Properties of Nonoxynols.1,2 

Ingredient Property Value 

 
Viscosity 200-300 @ 25˚C 

 

Solubility Soluble in water and polar organic solvents 

Nonoxynol-9     

 
Physical Form Liquid 

 
Solubility Soluble in aromatic solvents 

  UV Absorption 200-290 nm 

Nonoxynol-9.5     

 
Physical Form Colorless to light amber liquid 

 
Specific Gravity 1.040-1.060 @ 25/25˚C 

 
Viscosity 175-250 cps @ 25˚C 

 

Solubility Soluble in water and polar organic solvents 

Nonoxynol-10     

 
Physical Form Liquid 

 
Solubility Soluble in water and aromatic solvents 

Nonoxynol-11   
 

 
Physical Form Liquid 

 
Solubility Soluble in water 

Nonoxynol-12   
 

 
Physical Form Liquid 

 
Specific Gravity 1.07 @ 25/25˚C 

Nonoxynol-13   
 

 
Physical Form Liquid 

 
Specific Gravity 1.07 @ 20/20˚C 

 
Solubility Soluble in water 

Nonoxynol-14   
 

 
Physical Form Viscous liquid 

 
Solubility Soluble in water 

Nonoxynol-15   
 

 
Physical Form Opaque viscous liquid 

 
Specific Gravity 1.060-1.080 @ 25/25˚C 

 
Viscosity 500-600 cps @ 25˚C 

 

Solubility Soluble in water and polar organic solvents 

Nonoxynol-20     

 
Physical Form Wax 

 
Solubility Soluble in water 

Nonoxynol-30     

 
Physical Form Pale yellow to light amber viscous liquid 

 
Specific Gravity 1.080-1.100 @ 25/25˚C 

 
Solubility Soluble in water 

Nonoxynol-40   
 

 
Physical Form Wax 

 
Viscosity 1.082 @ 58/25˚C 
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Table 2. Properties of Nonoxynols.1,2 

Ingredient Property Value 

 
Solubility Soluble in water 

Nonoxynol-50   
 

 
Physical Form Wax 

 
Solubility Soluble in water 

Nonoxynol-100   
 

 
Physical Form Wax 

 
Specific Gravity 1.08 @ 57/20˚C 

  Solubility Soluble in water 
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Table 3. Current and Historical Frequency and Concentration of Use According to Duration and Type of Exposure.1,2,6,5  

  Nonoxynol-1 (2015) Nonoxynol-1 (1999) Nonoxynol-2 (2015) 

  # of Uses Conc. (%)  # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 2 NR 58 10       58                         NR 
Duration of Use      
Leave-On 2 NR NR NR      NR                         NR 
Rinse off NR NR 58 10       58                         NR 
Diluted for (bath) Use NR NR NR NR      NR                         NR      
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 2** NR NR NR NR NR 
Incidental Inhalation- Powders 2** NR NR NR NR NR 
Dermal Contact 2 NR NR NR NR NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR NR NR NR 
Hair-Coloring NR NR 58 10 58 NR 
Nail NR NR NR NR NR NR 
Mucous Membrane NR NR NR NR NR NR 
Baby Products NR NR NR NR NR NR 
  Nonoxynol-2 (1999) Nonoxynol-4 (2015) Nonoxynol-4 (1999) 

  # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 219 20 90 NR 575 10 
Duration of Use       
Leave-On NR NR NR NR 10 NR 
Rinse off 219 20 90 NR 555 10 
Diluted for (bath) Use NR NR NR NR 6 NR 
Exposure Type       
Eye Area NR NR NR NR 4 NR 
Incidental Ingestion 1 NR NR NR NR NR 
Incidental Inhalation- Sprays NR NR NR NR 1** NR 
Incidental Inhalation- Powders NR NR NR NR 1** NR 
Dermal Contact NR NR 1 NR 13 NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR NR 4 NR 
Hair-Coloring 218 20 89 NR 554 10 
Nail NR NR NR NR NR NR 
Mucous Membrane 1 NR 1 NR 7 NR 
Baby Products NR NR NR NR NR NR 
 Nonoxynol-5 (2015) Nonoxynol-5 (1999) Nonoxynol-6 (2015) 

 # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 1 NR 2 1 65 NR 
Duration of Use       
Leave-On 1 NR NR NR NR NR 
Rinse off NR NR NR NR 65 NR 
Diluted for (bath) Use NR NR 1 1 NR NR 
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 1* NR 1* 1 NR NR 
Incidental Inhalation- Powders NR NR NR NR NR NR 
Dermal Contact NR NR 1 1 NR NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring NR NR NR NR NR NR 
Hair-Coloring NR NR NR NR 65 NR 
Nail NR NR NR NR NR NR 
Mucous Membrane NR NR 1 1 NR NR 
Baby Products NR NR NR NR NR NR 
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Table 3. Current Frequency and Concentration of Use According to Duration and Type of Exposure.1,2,6,5 
  Nonoxynol-6 (1999) Nonoxynol-9 (2015) Nonoxynol-9 (1983)*** 

  # of Uses Conc. (%)  # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 10 50 10 2.5       140                      1-50 
Duration of Use      
Leave-On NR 50 5 NR        5                         1-25 
Rinse off 10 50 4 2.5       99                        1-50 
Diluted for (bath) Use NR NR NR NR       12                        1-25      
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays NR 50* 4** NR 3* 25* 
Incidental Inhalation- Powders NR NR 4** NR NR NR 
Dermal Contact 3 50 8 2.5 27 1-25 
Deodorant (underarm) NR NR NR NR 2* 5* 
Hair - Non-Coloring NR NR 1 NR 27 1-10 
Hair-Coloring 7 50 NR NR 58 50 
Nail NR NR NR NR 1 1 
Mucous Membrane 3 NR 1 NR 21 1-25 
Baby Products NR NR NR NR NR NR 
  Nonoxynol-10 (2015) Nonoxynol-10 (1983)*** Nonoxynol-12 (2015) 

  # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 25 NR 42 1-25 12 0.42-8.33 
Duration of Use       
Leave-On 5 NR 1 1 7 0.42 
Rinse off 20 NR 41 1-25 5 8.33 
Diluted for (bath) Use NR NR NR NR NR NR 
Exposure Type       
Eye Area NR NR NR NR 2 NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 5* NR NR NR 1* 0.42 
Incidental Inhalation- Powders NR NR NR NR NR NR 
Dermal Contact 7 NR 7 1-10 3 NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 18 NR 5 1 6 0.42 
Hair-Coloring NR NR 30 25 2 8.33 
Nail NR NR NR NR NR NR 
Mucous Membrane 4 NR 2 5-10 NR NR 
Baby Products 1 NR NR NR NR NR 
 Nonoxynol-12 (1983)*** Nonxynol-14 (2015) Nonoxynol-15 (2015) 

 # of Uses Conc. (%) # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 9 1-5 1 NR 1 NR 
Duration of Use       
Leave-On NR 1 1 NR 1 NR 
Rinse off 7 1-5 NR NR NR NR 
Diluted for (bath) Use NR NR NR NR NR NR 
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays 1 1 1** NR NR NR 
Incidental Inhalation- Powders NR NR 1** NR NR NR 
Dermal Contact 2 1 1 NR 1 NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 5 1-5 NR NR NR NR 
Hair-Coloring NR NR NR NR NR NR 
Nail NR NR NR NR NR NR 
Mucous Membrane 4 NR NR NR NR NR 
Baby Products 1 NR NR NR NR NR 
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Table 3. Current Frequency and Concentration of Use According to Duration and Type of Exposure.1,2,6,5   

  Nonoxynol-15 (1983)*** Nonoxynol-23 (2015) Nonoxynol-30 (2015) 

  # of Uses Conc. (%)  # of Uses Conc. (%) 
# of 
Uses Conc. (%) 

Totals/Conc. Range 2 0.1 1 NR       1                          NR 
Duration of Use      
Leave-On NR NR NR NR      NR                        NR 
Rinse off 2 0.1 1 NR       1                           NR 
Diluted for (bath) Use NR NR NR NR      NR                        NR      
Exposure Type       
Eye Area NR NR NR NR NR NR 
Incidental Ingestion NR NR NR NR NR NR 
Incidental Inhalation- Sprays NR NR NR NR NR NR 
Incidental Inhalation- Powders NR NR NR NR NR NR 
Dermal Contact NR NR NR NR NR NR 
Deodorant (underarm) NR NR NR NR NR NR 
Hair - Non-Coloring 2 0.1 1 NR 1 NR 
Hair-Coloring NR NR NR NR NR NR 
Nail NR NR NR NR NR NR 
Mucous Membrane NR NR NR NR NR NR 
Baby Products NR NR NR NR NR NR 
  Nonoxynol-30 (1983)*** 

    # of Uses Conc. (%) 
    Totals/Conc. Range 1 0.1     

Duration of Use       
Leave-On NR NR     
Rinse off 1 0.1     
Diluted for (bath) Use NR NR     
Exposure Type       

Eye Area NR NR     
Incidental Ingestion NR NR     
Incidental Inhalation- Sprays NR NR     
Incidental Inhalation- Powders NR NR     
Dermal Contact NR NR     

Deodorant (underarm) NR NR     
Hair - Non-Coloring NR NR     
Hair-Coloring 1 0.1     
Nail NR NR     
Mucous Membrane NR NR     

Baby Products NR NR     
NR = Not Reported; Totals = Rinse-off + Leave-on + Diluted for (bath) Product Uses. 
*It is possible that these products may be sprays, but it is not specified whether the reported uses are sprays. 
**Not specified whether a powder or spray, so this information is captured for both categories of incidental inhalation.  
***Because use concentrations per ingredient were reported as a range and not as individual values  in this published report, 
the upper limit of each range is presented. The upper limit of a range may or may not have actually been a reported use concentration. 
Note: Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure 
type uses may not equal the sum total uses. 
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Table 4. Acute Oral Toxicity Studies on Nonoxynols.1,2 

Ingredients Animals LD50s 

Nonoxynol-2 30 rats (males and females) 3.55 g/kg (slightly toxic) 

Nonoxynol-4 25 male rats 7.4 g/kg (practically nontoxic) 

Nonoxynol-5 Rats (number not stated) 3.5 to 4.5 g/kg (slightly toxic) 

Nonoxynol-6 30 rats (males and females) 1.98 g/kg (slightly toxic) 

Nonoxynol-7 20 male rats 3.67 ml/kg (slightly toxic) 

Nonoxynol-9 80 rats 3 g/kg (slightly toxic) 

Nonoxynol-9 80 guinea pigs 2 g/kg (slightly toxic) 

Nonoxynol-9 12 rabbits 4.4 g/kg (slightly toxic) 

Nonoxynol-9 20 mice 4.29 ml/kg (slightly toxic) 

Nonoxynol-10 20 male rats 1.3 g/kg (slightly toxic) 

Nononxynol-10 20 female rats 1.3 g/kg (slightly toxic) 

Nonoxynol-12 34 rats (males and females) 5.10 ml/kg (slightly toxic) 

Nonoxynol-13 15 male rats 3.73 ml/kg (slightly toxic) 

Nonoxynol-15 50 rats 2.5 g/kg (slightly toxic) 

Nonoxynol-30 50 rats Relatively harmless. LD50 not 
determined 

Nonoxynol-40 25 rats Relatively harmless. LD50 not 
determined 

Nonoxynol-40 10 rats Relatively harmless. LD50 not 
determined 
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Final Report on the Safety 
Assessment of Nonoxynok -2, -4, 

-8, -9, -10, -12, -14, -15, 

-30, -40, and -50 

Nonoxynols are chemically stable ethoxylated alkylphenols which are chemi- 
cally foaming and solubilizing agents. Estimates of the acute oral LD50s of nine 
of the Nonoxynols (-2 to -15) range from 0.62 to 7.4 g/kg in several animal 
species. Acute dermal toxicity studies in rabbits produced an LD50 range of 1.8 
ml/kg to 4.4 g/kg. Skin irritation tests on rabbits indicated that Nonoxynols are 
nonirritating to moderately irritating. Nonoxynol compounds with short ethox- 
ylated chains are generally severe ocular irritants, whereas long-chained 
Nonoxynols are only slightly irritating to the rabbit eye. No evidence of car- 
cinogenicity was observed when Nonoxynol-4 and -9 were fed to both dogs 
and rats. A mutagenicity study of these two compounds by the Ames test was 
negative. 

Undiluted Nonoxynol-4 and -9 were nonirritating and nonsensitizing in 
clinical studies. A 50% solution of Nonoxynol-15 and/or Nonoxynol-50 pro- 
duced no irritation or sensitization when tested on 168 subjects, nor was there 
evidence of phototoxicity when tested on a subset of this population. 

It is concluded that Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, 
and -50 are safe as cosmetic ingredients. 

CHEMICAL AND PHYSICAL PROPERTIES 

Structure 

N onoxynols (or nonylphenoxy polyethoxy ethanols) are ethoxylated alkyl- 
phenols which conform to the formula: 

C9H19 - 0 / \ - (0Ctpt2),0~ - 

where n can vary from 1 to 100. (I-3) The nonyl group, a branched propylene 
trimer, is located in the para position to the polyethoxy side chain on the 

3.5 
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benzene ring.‘2) Nonoxynols are nonionic surface active agents in which the 
nonpolar alkyl chain has lipophilic properties and the polar polyoxyethylene 
portion of the molecule has hydrophilic properties.‘4) 

Many alkylphenols are synthesized commercially by the Fiedel-Crafts alkyla- 
tion of a phenol with an olefin. Catalysts used in this reaction include boron 
trifluoride, boric, oxalic, sulfuric, tetraphosphoric, toluene sulfonic acids, and 
ferric chloride. The resulting monoalkylphenol contains over 90% of the adduct 
substituted in the para position. The product is then purified by distillation and 
ethoxylated, in the presence of trace amounts of NaOH catalyst; an appropriate 
number of moles of ethylene oxide (EO) must be added to produce the required 
alkylphenol ethoxylate.(2,5) 

Nonoxynol-9 is manufactured by reacting commercial nonylphenol with EO. 
The number of moles of EO various from 5 to 18 with an average value of 9. Ex- 
cess reactants are removed under a high vacuum manifold.(6’ The preparation of 
other Nonoxynols has been described.“) 

Additional information on the chemistry, properties and methods of 
manufacture of the alkylphenol ethoxylates is reported elsewhere.(S) 

Physical Properties 

Nonoxynols are nonionic surfactants. Those which contain short EO chains 
are liquids (n = 1 to 13) or paste-like liquids (n = 14,15); those with longer 
chains (n > 20) are waxes (Table 1). Liquid Nonoxynols are usually sold at 100% 
concentrations; the waxy solids may be sold as SO%-70% solutions in water.(2) 

As the length of the EO chain increases, the polarity of the nonoxynol 
molecule increases and water solubility is enhanced. Nonoxynols -1 through -6 
are oil-soluble, whereas longer chain Nonoxynols are soluble in water and other 
polar substances. The hydrophile-lipophile balance (HLB) values range from 3.4 
for Nonoxynol-1 to 19.0 for Nonoxynol-100. Specific gravities, viscosities, and 
other physical and chemical data of selected Nonoxynols can be found in Table 
1 (S-10) 

Aqueous Nonoxynols are adsorbed at greater than 90% when passed 
through a column of ZnC12-activated carbon, and follow Langmuir-type 
isotherms. Adsorption is enhanced as the alkyl chain is lengthened.‘“) 

The presence of inorganic and organic salts lowers the cloud point and ad- 
sorptivity of the Nonoxynols, and for Nonoxynol-10 increases its adsorption onto 
activated carbon. Inorganic salts which raise the cloud point hinder adsorption. 
For organic salts, adsorption of Nonoxynol-10 is lowered by competition and 
sorption between the salts and Nonoxynol-10. An increase in the hydrophobicity 
of the organic salts used hinders the adsorption of Nonoxynol-10.(12) 

Adsorption properties of the Nonoxynols at the electrolyte-mercury boundary 
have been investigated by alternating current polarography (capacity-potential 
relationships). (13) The adsorption of Nonoxynols by polymer substrates has also 
been studied.(14) Surface interactions between submicroscopic pyrogenic silica 
and Nonoxynols have been studied by infrared spectroscopy.(15) Such anionic 
aggregating materials as sodium lauryl sulfate and sodium dioctylsulfosuccinate 
bind to the surface of colloidal silica in the presence of Nonoxynols. The 
presence of Nonoxynols decreases cationic surfactant absorption. The adsorp- 
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Table 1. Physicochemical Properties of Nonoxynols. .Y 

Cont. Specific gravity Viscosity % 
Nonoxyno/ (%) Phase HLB Volubility at 25/25T at 25OC kps) Other properties Color 

-1 100 
-2 100 
-4 100 

-5 100 
-6 100 

-7 100 
-8 100 
-8.5 100 
-9 100 
-9 33 
-9.5 100 

-10 100 
-11 100 
-12 100 
-13 100 

-14 100 

-15 100 

-20 100 

Liquid 3.4 
Liquid - 

Liquid 8.9 

Liquid 10.0 
Liquid 10.9 

Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 

11.7 
12.3 

- 

12.9 
13.0 
12.9 

Oil 
Oil 
Oil, common org. 

SOIV. 
Oil 
Oil, HIO, misc., 

common org. solv. 
Aromatic solv. 

Hz0 
H1O, polar org. solv. 
Aromatic solv. 

HE’ 
HIO, polar org. solv. 

Liquid 13.5 H,O, aromatic solv. 
Liquid - Highly Hz0 
Liquid 14.1 Highly Hz0 
Liquid 14.4 Highly H,O 

Vis. 
Liquid 

Vis. 
Liquid 

Wax 

14.7 Highly Hz0 - 

15.0 

15.9 

Highly H,O, polar 
org. solv. 

Hz0 

- 

0.984-0.986 
1.020-l .030 - 

- 

1.030-l ,050 

1.055 at 20/2OT 
1.05 
1,040-l .060 

- 
- 

1.040-l .060 

- C.P. 52-62 
1 SO-250 - 

- 

200-300 
- 
- 

175-250 

- 
- 

1.07 
1.07 at 20120°C 

1,060-l .080 500-600 

- 

- 
- 

S.P. -6 
C.P. 22-28 
S.P. -1.0-1.1 
C.P. 51-56 

- 

S.P. -2.5-4.0 

- 
C.P. 90 
S.P. 6 

- 

C.P. 96 
S.P. 19-21 
C.P. >lOO 
P.C. 68-72 

White to light 
amber 

Colorless to light 
amber 

0 
G 

tL . 
b _. 

.!! 

.& 

Pale yellow 

Colorless to light 
amber 

Opaque 

8 
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Table 1. (Continued.) 

Nonoxynol 

Cont. 

(W Phase t/LB Solubility 
Specific gravity 

at 25/25”C 
viscosity 

at 25T fcps) Other properties Color 

-30 100 
-30 70 

-40 100 
-40 70 

-50 100 
-50 70 

-100 100 
-100 70 

-100 50 

Wax 
Vis. 

Liquid 
Wax 
Vis. 

Liquid 
Wax 
Vis. 

Liquid 
Wax 
Vis. 

Liquid 
Vis. 

Liquid 

17.1 Hz0 
17.0 H1O misc. 

17.8 Highly HI0 
- Highly Hz0 

18.1 Highly Hz0 
Highly Hz0 

19.0 Highly Hz0 
- Highly Hz0 

- Highly H,O 

1,080-l .lOO 

1.082 at 58125“C 
- 

C.P. >lOO 
S.P. -5.o--3.0 Pale yellow to 
P.P. 0.0-2.0 light amber 

- S.P. 67 
- 

- 
- 

C.P. >lOO 
- - 

1.08 at 57/2OT - C.P. Clear at 1OOT 
- 

- - 

Data from Refs. 2, 8-10. 
S.P. = Solidification point (“0. 
C.P. = Cloud point, 1% aqueous solution (“0. 
P.P. = Pour point (“CL 
P.C. = C.P., 1% in 10% NaCl (“C). 
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ASSESSMENT: NONOXYNOLS -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, AND-50 

tion equilibrium at the silica surface is affected by mixed micellization between 
nonionic (Nonoxynols) and ionic surface active agents.(16) 

Stability 

Nonoxynol-9 is degraded in activated sludge waste treatment by slow oxida- 
tion and hydrolysis of the alkyl group, aromatic ring, and ethoxy chain, 
simultaneously.(“) 

In river die-away tests, Nonoxynols were not degraded in clean water; the 
polyether chains were degraded slowly in polluted water.“*) 

Analytical Methods 

Some sampling and analytic techniques used to extract Nonoxynols from en- 
vironmental and synthetic substances, to separate mixtures of nonionic surfac- 
tants, and to quantify pure Nonoxynol solutions are listed below. 

Methanol Extraction”‘) 
Thin-layer Chromatography’“‘) 
Gel Chromatography”‘) 
Paper Chromatography(22) 
Ion-exchange Chromatography(23) 
Infrared Spectroscopy”‘) 
Mass Spectroscopy(24) 
Ultraviolet Spectroscopy’4.23*2S) 
Proton Magnetic Resonance(26) 
Spectrometric x-ray Fluorescence(27) 

Nonoxynol molecular weight distributions and EO chain length determina- 
tions can be made by standard and circular thin-layer chromatography’2a-30) and 
by infrared spectrophotometry.‘31’ 

Impurities 

There are no reports on the use of preservatives or antioxidant additives in 
the Nonoxynols. (2) There may exist in Nonoxynols trace amounts of ethylene 
oxide or its degradation product, l,Cdioxane, which were not completely 
removed from the system. (32) Administration of 1 O/O 1,Cdioxane in the drinking 
water to rats for 13 months induced hepatic lesions and hepatomas.(33) 

USE 

Cosmetic Uses 

In cosmetic products Nonoxynols are used as emulsifying, wetting, foaming, 
and solubilizing agents and as protective colloids. (‘) Nonoxynols are used in hair 
and skin care products, bath and shaving preparations, and personal cleanliness 
products. 

Tables 2 and 3 list product types and the number of product formulations 
voluntarily reported to the Food and Drug Administration (FDA) in 1976 and 
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COSMETIC INGREDIENT REVIEW 

TABLE 2. Product Formulation Data. 

Product categorya 

No. of product formulations within each concentration 
Total no. range f%Y 

containing 
ingredient >50 >25-50 >lO-25 >5-10 >l-5 >O.l-1 SO.1 

NONOXYNOL-2 
Hair sprays (aerosol fixatives) 10 - - - - - 1 9 

Tonics, dressings, and other 
hair grooming aids 1 - _ - - - 1 - 

Personal cleanliness products 1 _ _ _ - - - 1 

1976 TOTALS 12 2 10 

NONOXYNOL-4 
Bath oils, tablets, and salts ,4 - - - - 14 - - 
Hair conditioners 1 - - - - 1 - - 
Other hair preparations 

(noncoloring) 1 - - - - - 1 - 
Hair dyes and colors (all types 

requiring caution statement 
and patch test) 241 - 31 - - 210 - - 

Hair bleaches 10 3 2 1 2 2 - - 

Face, body, and hand skin 
care preparations (excluding 
shaving preparations) 1 - - - - 1 - - 

1976 TOTALS 268 - 34 2 1 229 2 - 

NONOXYNOL-6 
Hair bleaches 3 3 - - _ - - - 
Skin fresheners 2 - - - - 2 - - 

1976 TOTALS 5 3 - - - 2 - - 

NONOXYNOL-8 
Bath oils, tablets, and salts 2 - - - - - 2 - 
Skin cleansing preparations 

(cold creams, lotions, 
liquids, and pads) 1 - - - - - 1 - 

Skin fresheners 1 - - _ - - 1 - 

1976 TOTALS 4 - - - - - 4 - 

NONOXYNOL-9 
Bath oils, tablets, and salts g - - - - 6 2 - 
Bubble baths 3 - - 2 - 1 - - 
Other bath preparations 1 - - - - - 1 - 
Fragrance preparations 3 - - 3 - - - - 

Hair conditioners 1 - - - - - 1 - 
Permanent waves 12 - - - - - 12 - 
Hair shampoos (noncoloring) 8 - - - 1 6 1 - 
Tonics, dressings, and other 

hair grooming aids 2 - - - - - 2 - 
Wave sets 4 - - _ - - 4 - 
Other hair preparations 

(noncoloring) 2 - - - - 2 - - 
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ASSESSMENT: NONOXYNOLS -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, AND -50 41 

TABLE 2. (Continued.) 

Product categorya 

No. of product formulations within each concentration 
Total no. range (%ja 

containing 
ingredient >50 >25-50 >10-25 >5-10 >I-5 >O.l-1 SO.1 

NONOXYNOL-9 (cont’d.) 
Hair dyes and colors (all types 

requiring caution statement 
and patch test) 

Hair bleaches 
Nail basecoats and undercoats 
Bath soaps and detergents 
Deodorants (underarm) 
Douches 
Other personal cleanliness 

products 
Shaving cream (aerosol, 

brushless, and lather) 
Skin cleansing preparations 

(cold creams, lotions, 
liquids, and pads) 

Face, body, and hand skin 
care preparations (excluding 
shaving preparations) 

Night skin care preparations 
Skin fresheners 
Other skin care preparations 
Suntan gels, creams, and 

liquids 

52 - 
6 - 
1 - 
2 - 
2 - 
3 - 

4 - 

4 - 

3 - 

6 - 
1 - 
9 - 
2 - 

1 - 

43 9 - 
1 3 - 

- - 

2 - 
- - 

- - 

- - 

- 
2 

- 

2 
1 

2 

3 

1 
- 

3 
2 

1 

- 
- 
1 - 

- - 
- 

2 - 

2 - 

4 - 

- - 

- 5 
1 - 
5 1 

- - 

1976 TOTALS 140 - 44 19 1 32 38 6 

NONOXYNOL- 10 
Hair conditioners 1 _ - - - - 1 - 
Permanent waves 3 - - - 3 - - - 
Wave sets 1 - - - - - - 1 
Hair dyes and colors (all types 

requiring caution statement 
and patch test) 25 - - 23 - - - 2 

Hair bleaches 5 4 1 - - - - - 
Bath soaps and detergents 1 - - - - - 1 - 
Other personal cleanliness 

products 1 - - - 1 - - - 
Shaving preparations 1 _ - - - - 1 - 
Skin cleansing preparations 

(cold creams, lotions, 
liquids, and pads) 3 - - - - 2 - 1 

Paste masks (mud packs) 1 - - - - - 1 - 

1976 TOTALS 42 - - 27 2 3 7 3 

NONOXYNOL- 12 
Colognes and toilet waters 1 - - _ - - 1 - 
Hair conditioners 1 - - _ - - 1 - 
Hair shampoos (noncoloring) 4 - - - - 3 1 - 
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42 COSMETIC INGREDIENT REVIEW 

TABLE 2. (Continued.) 

No. of product formulations within each concentration 
Total no. range (%la 

containing 

Product categorya ingredient >50 >25-50 >IO-25 >5-10 >I-5 >O.l-J 50.1 

NONOXYNOL- 12 (cont’d.) 

Skin cleansing preparations 
(cold creams, lotions, 
liquids, and pads) 1 - - - _ - 1 - 

Paste masks (mud packs) J - - - - - 1 - 

Skin fresheners 1 - _ - _ - 1 - 

1976 TOTALS g - - - - 3 6 - 

NONOXYNOL- 15 

Permanent waves J - - - - - - 1 
Hair shampoos (noncoloring) 1 - - - - - - 1 

J 976 TOTALS 

NONOXYNOL-30 
Hair bleaches 

2 - _ _ _ - - 2 

1 - - - - - - 1 

1976 TOTALS J - - - - - - 1 

aPreset product categories and concentration ranges in accordance with federal filing regulations (21 CFR 
720.4). 

Data from Ref. 34. 

1979 as containing the various Nonoxynols. In 1976, Nonoxynols -2, -4, -6, -8, -9, 
-10, -12, -15, and -30 were reported as ingredients in a total of 12, 268, 5, 4, 140, 
42, 9, 2, and 1 cosmetic formulations, respectively, at concentrations ranging 
from I 0 1% to > 50% .(34) In 1979, Nonoxynols -2, -4, -6, -8, -9, -10, -12, -14, 
-15, -30, and -50 were reported as ingredients in 11, 66, 2, 3, 133, 10, 2, 8, 1, 2, 
and 1 cosmetic formulations, respectively, at concentrations ranging from 
10.1% to >50°/o.‘35’ 

Table 3. Number of Nonoxynol Products and Use Ranges. 

Nonoxynol sO.J-0.J >O. J-J.0 > 1.0-5.0 25.0-10 > JO-25 >25-50 >50 

-2 9 2 

-4 1 10 
-6 - - 

-8 - 3 
-9 1 31 

-JO 3 2 

-12 - 2 
-14 - 2 
-15 2 5 

-30 1 - 

-50 - - 

19 
1 

- 
17 
5 

a 

1 

1 

- - 

1 1 34 - 
- - - 1 
- - - - 

72 12 - 
1 24 - 
- - - 
- - - 
- 
- - - 
- 1 - 

Data from Ref. 35. 
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ASSESSMENT: NONOXYNOLS -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, AND -50 43 

The cosmetic product formulation computer printout which is made 
available by the FDA is compiled through voluntary filing of such data in accor- 
dance with Title 21 part 720.4 of the Code of Federal Regulations.(36) The ingre- 
dients are listed in prescribed concentration ranges under specific product type 
categories. Since certain cosmetic ingredients 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 prod- 
uct; 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 con- 
centration ranges also provides the opportunity for overestimation of the actual 
concentration of an ingredient in a particular 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. 

As components of at least nine major cosmetic product categories, Nonox- 
ynols may come into contact with the skin of the face, scalp, hair, nails, and 
axillae, and the skin of the body.(34.35) 

Products containing Nonoxynols can be used daily or occasionally and their 
use may extend over a period of years. Contact with such products may last from 
seconds to hours. 

Noncosmetic Uses 

The nonionic surfactant properties of Nonoxynols permit their use in a wide 
variety of industrial, household, agricultural, and pharmaceutical products 
(Table 4). 

In Switzerland, the dairy industry uses iodophors containing Nonoxynol-15 
in sanitizing processes; therefore, milk can become contaminated with 
Nonoxynol-15. Government officials in that country have established the 
tolerance level of Nonoxynol-15 in milk at 2.0 ppm.(37) 

The FDA Panel on Review of Contraceptives has concluded that Nonoxynol-9 
is safe and effective for over-the-counter (OTC) use as a vaginal contraceptive. 
The Panel reviewed several animal toxicology studies (including subacute 
feeding, excretion, acute oral toxicity, skin penetration, and primary eye irrita- 
tion tests) in its determination of Nonoxynol’s safety. The review included the 
safety and effectiveness of Nonoxynol-9 as a contraceptive for intravaginal use in 
humans at daily exposures of 124 mg.(38) 

BIOLOGICAL PROPERTIES 

Absorption, Metabolism, and Excretion 

The metabolism of Nonoxynols takes place by shortening the ethylene oxide 
chain and some carboxylation of the alkyl chain by omega-oxidation. No 
metabolic formation of free phenolic groups has been reported.‘3g,40) 

Knaak et al.(6) fed 67 mglkg of ethylene-14C oxide-labeled Nonoxynol-7, -10, 
-12, or -15 to groups of four rats each. Seven days cumulative 14C levels in urine, 
feces, and expired air were determined. With increasing ethoxy chain length, 
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TABLE 4. Noncosmetic Uses of Specific Nonoxynols. 

Nonoxynol Detergent Emulsifier Dispersant Wetting Others 

-1 X 
-2 X 
-4 X 

-5 X 
-6 X 
-7 X 

-8 and -8.5 X 
-9 and -9.5 X 

-10 X 
-11 X 
-12 X 
-13 X 
-14 X 

-15 X 
-20 X 

-30 X 

-40 X 

-50 X 

-100 X 

Data from Refs. 9, 10. 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
- 

X 

X 

X 

X 

Antifoaming agent, dry cleaning 
Foam stabilizer, mfg. of anionic surfactants 

X Foam suppressor, agric. toxicants, plasticizer, freeze-thaw, stabilizer, 
chemical intermediate, antistatic agent 

X Dry cleaning, HC solvent, fuel de-icer, silicone emulsifier 
X Dry cleaning, HC solvent, paint stabilizer, petr. additive 
X Textile scouring, pig. dispersant, sanitizers, emulsion polymerization 
X Low foaming agent, textile deterg., corrosion inhibitor 
X Textile, paper, paint, and metal processing, pesticides, pig. wetting 
X Textile assistant and processing, pesticides, scouring agent 
X Corrosion inhibitor, lime dispersant, sanitizers, metal cleaner 
X Metal degreasing, sanitizers, home and ind. cleaner 
X Textile scouring, emulsion polymerization, home and ind. cleaner 
X General detergency, emulsifier for oils, waxes, and fats 
X Metal cleaner, bottle washing, veg. and mineral oil emulsifiers 
X Stabilizer for synthetic latices, de-emulsifier for crude petr., emulsifier 

for oils, waxes, fats, organic solvents and polyester resins 
X Solubilizer, textile scouring, emulsion polymerization, synthetic 

latices, stabilizer, sanitizer, leveling agent, dyeing assistants 
X Stabilizer for synthetic latices, solubilizers, leveling agent, emulsion 

polymerization, dyeing assistants, sanitizers 
X Stabilizer, solubilizer and emulsifier for floor waxes and polishes, 

leveling agent, emulsion polymerization 
X Stabilizer, solubilizer, leveling agent, sanitizers 
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ASSESSMENT: NONOXYNOLS -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, AND -50 45 

urinary and pulmonary excretion of radiocarbon decreased and fecal excretion 
of label increased, indicating decreased intestinal absorption. 

Chvapil et al. c41) reported that Nonoxynol-9 is absorbed through the vaginal 
wall of rabbits and rats, and is excreted by liver-bile-feces and kidney-urine 
routes. 

Animal Toxicology 

Acute Effects 

Oral toxicity 

Studies of various Nonoxynols, administered by gavage to rabbits, rats, 
guinea pigs, or mice indicate that ingested Nonoxynols are slightly toxic to 
relatively harmless (Table 5). Necropsy findings in animals that had died included 

TABLE 5. Acute Oral Toxicity. 

Animals Concentration 
Nonoxynol (no. and species) Pw Dose LD50 Commenta Ref. 

-2 30 rats (M + F) 100 2.96-4.26 g/kg 

-4 25 rats (M) 100 5.6-9.7 g/kg 

-4 15 rats (M) 100 
-6 30 rats (M + F) 100 
-7 20 rats (MI 100 
-9 80 rats 100 
-9 80 guinea pigs 100 
-9 12 rabbits 100 
-9 15 rats (M) 100 
-9 15 rats (M) 100 
-9 15 rats (M) 100 
-9 15 rats (MI 100 
-9 20 rats (F) 100 
-9 15 rats(F) 100 
-9 20 mice 100 
-9 12 guinea pigs (M) 100 
-9 12 rabbits (M) 100 
-9 8 rabbits (F) 100 
-9 5 rats 100 
-9 5 rats 100 

-10 20 rats (MI 100 
-10 20 rats (F) 10 (aq.) 
-12 34 rats (M + F) 100 
-13 15 rats (M) 100 
-15 50 rats 25 (aq.1 
-30 50 rats 25 (ad 

3.1-6.0 g/kg 
1.45-2.67 g/kg 
2.42-5.57 ml/kg 
1.0-50 g/kg 
0.5-15 g/kg 
2.59-7.48 g/kg 
1.67-3.25 ml/kg 
1.88-3.23 ml/kg 

1.28-3.13 ml/kg 
I .77-4.53 ml/kg 
1.68-3.38 ml/kg 
3.07-5.98 ml/kg 
0.60-l .18 ml/kg 
0.25-l .57 ml/kg 
0.28-l .37 ml/kg 
2.1-3.2 ml/kg 
0.25-8.0 g/kg 
1 a-1.7 g/kg 
1.0-l .6 g/kg 
2.80-9.20 ml/kg 
2.68-5.21 ml/kg 
I .9-3.3 g/kg 
4-64 ml/kg 

-40 25 rats 100 

-40 10 rats 100 

10.14-26.01 g/kg 

34-64 ml/kg 

4.3 g/kg 
1.98 s/kg 
3.67 ml/kg 
3.0 g/kg 
2.0 g/kg 
4.4 g/kg 
2.33 ml/kg 
2.46 ml/kg 
1.41 ml/kg 
2.00 ml/kg 
2.83 ml/kg 
2.38 ml/kg 
4.29 ml/kg 
0.84 ml/kg 
0.62 ml/kg 
0.62 ml/kg 
2.6 ml/kg 
1.8 g/kg 
1.3 g/kg 
1.3 g/kg 
5.10 ml/kg 
3.73 ml/kg 
2.5 g/kg 
Not Determined 

Slightly toxic 
Practically 

nontoxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Slightly toxic 
Relatively 

harmless 
Relatively 

harmless 
Relatively 

harmless 

Not Determined 

Not Determined 

3.55 g/kg 
7.4 g/kg 

44 
46 

45 
44 
45 
47 
47 
47 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
48 
49 
45 
45 
44 
45 
50 
50 

46 

45 

Tlassified according to Hodge and Sterner.“” 
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46 COSMETIC INGREDIENT REVIEW 

congested and hemorrhagic lungs, pale or mottled kidneys, gastrointestinal con- 
gestion, and congested kidneys. Animals which survived had diarrhea, tremors, 
prostration and narcosis. 

An antidandruff shampoo containing 17.5% Nonoxynol-9 and a foaming 
bath oil containing 20% Nonoxynol-12 were tested for acute oral toxicity in 
fasted female rats. When 5 g/kg were administered by stomach tube to five 
animals per formulation, both formulations resulted in LD50 values of > 5.0 g/kg, 
indicating that these products are “practically nontoxic.“‘42.43’ 

Dermal toxicity 

One diluted and five undiluted Nonoxynols were tested in rabbits for dermal 
toxicity (Table 6). In each study, the sample was applied once under occlusion to 
shaved, abraded skin. The patches were removed at 24 h, the exposed sites 
rinsed and the animals observed for 14 days. The LD50 values resulting from 
these studies indicate that Nonoxynols-4, -7, -9, -10, and -13 ranged from 1.8 ml/kg 
to 4.4 g/kg. A 50% Nonoxynol-40 applied in a similar manner was reported to have 
an LD50 of greater than 10 g/kg. Table 6 documents the associated toxic effects 
observed during the testing.‘44,45’ 

Nonoxynols-5 to -11.5, when applied topically to rabbits, resulted in min- 
imum lethal doses of 2 to 10 g/kg. Toxicity decreased as ethoxylation 
increased.‘3g) 

Inhalation toxicity 

Groups of six male rats were placed in inhalation chambers and exposed 
once to Nonoxynol-4, -7, or -9 for either four or eight hours (Table 7). Animals 
were observed for 14 days following exposure. Inhalation of these Nonoxynols 
did not cause toxic effects in rats (normal weight gains and no mortalities).‘45’ 

Parentera/ toxicity 

Three groups of female rats were injected with Nonoxynol-9, intraperitoneally 
(undiluted), subcutaneously (undiluted), or intravenously (1% solution in saline). 
The corresponding LD50 values determined were 210 mg/kg, 1000 mg/kg, and 
44 mg/kg.(45) 

Primary skin irritation 

Eleven Nonoxynols were tested in rabbits for skin irritation according to the 
following protocols: (A) 0.01 ml of the test substance was applied undiluted to 
the clipped intact skin of each rabbit and examined 24 h later; (B) 0.5 ml of the 
test material was applied under occlusion to clipped intact and abraded skin. The 
sites were individually examined at 24 h and scored separately from erythema 
and edema at 24 and 72 h. The mean scores for 24- and 72-h gradings were 
averaged to determine the Primary Irritation Index (PII) (Table 8). The results in- 
dicated that Nonoxynols -7, -9, -10, -12, -13, -15, -30, and -40 were nonirritating 
to mildly irritating, whereas Nonoxynols -2, and -6 were moderately to severely 
irritating to the skin. Undiluted Nonoxynol-4 was reported to be nonirritating in 
one study but was found to be a primary irritant in another. In the latter study, 
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TABLE 6. Acute Dermal Toxicity of Nonoxynols. 

Concentration No. of 

Nonoxynol w Dosage rabbits Dermal LDSO Comments Ref. 

-4 100 1 .O-6.6 ml/kg 5 2.5 ml/kg Erythema and necrosis of skin at 45 
various doses. Lung congestion and 
hemorrhages in dead animals. 

-7 100 0.5-6.0 ml/kg 5 1.8 ml/kg Erythema and necrosis of skin at 45 
various doses. Lung congestion, 
hemorrhages, and liver congestion. 

-9 100 2.0-8.0 ml/kg 12 4.4 g/kg Diarrhea, liver lesions and erythema 44 
at 50 and 8.0 g/kg. 

-9 100 1.75-4.57 ml/kg 5 2.83 ml/kg Necrosis of skin. 45 
-10 100 1.4-3.0 ml/kg 5 2.0 ml/kg - 45 
-13 100 2.13-5.37 ml/kg 8 3.97 ml/kg Lung hemorrhages, mottled liver and 45 

kidneys in dead animals. 
-40 50 10 glkg 3 >lO g/kg Erythema and necrosis of skin. 45 
-40 50 5 g/kg 3 >5 g/kg Erythema and necrosis of skin. 45 

t 
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TABLE 7. Acute Inhalation Toxicity. 

Test Concentration in Hours of No. of 

Nonoxynol concentration chamber exposure rats Comment 

-4 1% aerosol 0.0213 ml/l in chamber 8 6 (Ml No mortality 

aqueous dispersion Normal weight gains 

-7 1% aerosol 0.025 ml/l in chamber 8 6 CM) No mortality 

aqueous dispersion Normal weight gains 

-9 Concentrated vapor - 8 6 CM) No mortality 

(Ambient temp.) 

-9 Vapor (179 “CY - 4 6 CM) No mortality 

Data from Ref. 45. 
aDecomposition products of Nonoxynol-9 assayed. 

well defined to severe erythema and slight to severe edema, which in most cases 
worsened by 72 h, were observed in all animals at both intact and abraded sites. 

Nonoxynols -9 and -10 were applied under occlusion to the abraded and in- 
tact skin of the rabbit abdomen and ear. Ten applications to intact areas were 
made over a period of 14 days insuring continuous contact with sample for the 
14 days. Three applications to abraded areas were made over three days. Five ml 
per exposure of l%, 5%, or 25% aqueous preparation were used. All concentra- 
tions caused very slight erythema.(4g) 

Nonoxynols -5 to -11.5 were evaluated for skin irritancy according to the 
Draize procedure. Irritation scores ranged from 2.0 to 4.3 (indicating mild to 
moderate irritation) after 24 h; no irritation remained after 120 h.(3g’ 

TABLE 8. Skin Irritation. 

Concentration No. of 
Nonoxynol f%) rabbits Protocola PII or Cradeb Comment Ref. 

-2 100 6 B 
-4 100 6 B 
-4 100 5 A 
-6 100 6 B 
-7 100 5 A 
-9 100 5 B 
-9 100 - A 

-10 100 5 A 
-12 100 6 (M + F) B 
-13 100 5 A 
-15 100 6 B 
-30 70 (aq.) 6 B 
-40 100 6 B 
-40 100 5 A 

2.0 
5.58 
Nib 
3.00 
Nib 
- 

Grade 2 
NIC 

0.75 
Grade 3 

0.45 
1.83 
1.46 

Grade 2 

Moderately irritating 44 
Primary irritant 46 
Nonirritating 45 
Severely irritating 44 
Nonirritating 45 
Practically nonirritating 47 
Minimal capillary injection 45 
Nonirritating 45 
Slightly irritating 44 
Marked capillary injection 45 
Slightly irritating 44 
Mildly irritating 47 
Mildly irritating 47 
Minimal capillary injection 45 

aDescribed in text. 
bPll max. = 8.00; Grade max. = 10. 
CNI = Not recorded as an irritant. 
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Primary eye irritation 

Five Nonoxynols were tested in rabbits for ocular irritation according to the 
Draize method. Six other Nonoxynols were tested according to the following 
protocol: single doses of 0.005, 0.02, 0.10, or 0.5 ml of undiluted Nonoxynol or 
0.5 ml of 40%, 15%, 5%, or 1% dilutions were placed in the conjunctival sacs of 
five rabbits per group. Eyes were examined within 1 h unstained and at 24 h after 
fluorescein staining and were scored. The results (Table 9) indicated that Nonox- 
ynols -2 (undiluted), -15 (10% and 15%), -30 (25%), and -40 (undiluted) were 
nonirritating to minimally irritating, and that undiluted Nonoxynols -4, -6, -7, -9, 
-10, -12, -13, and -15 are severely irritating to the eyes of rabbits. 

In another test, 0.1 ml of a 20% solution of Nonoxynol-9 at pH 6.1 was ap- 
plied directly onto the cornea of one eye of each of 10 rabbits, 14 guinea pigs, 
8 rats, and 11 mice. Cornea1 changes and lesions were evaluated at 1, 4, 7, and 
30 h; scores were 34.4, 41.4, 30.8, and 70.7 (maximum score = 100) for rabbits, 
guinea pigs, rats, and mice, respectively. In rabbits the effect of rinsing the treated 
eye with 20 ml of water 4 set after instillation of the sample was also studied. The 
results of this study indicated that Nonoxynol-9 is a moderate to severe eye irri- 
tant. (52) 

Marzulli and Ruggles(“) reported a study on the ocular irritancy of Nonox- 
ynol using the Draize rabbit eye irritation test. They concluded that, when com- 
pared with the 70% isopropanol control, Nonoxynol caused considerable eye ir- 
ritation. 

Two drops of 12’0, 5%, or 25% Nonoxynols -9 and -10 were instilled into both 
eyes of each of three rabbits per concentration in another eye irritation study. 
Studies were performed with and without immediate irrigation. The lowest con- 
centration tested caused very slight conjunctivitis; the middle concentration 
caused slight conjunctivitis and moderate cornea1 injury; the highest concentra- 
tion caused moderate to severe cornea1 injury. Washing the eye lowered the 
average irritation index by 36.8°/~.(4g) 

Two shampoos, two bath oils, and one moisturizer containing 1.75%-2% 
Nonoxynols -4, -9, or -12 were tested for eye irritation potential according to the 
method of Draize. Results of these tests (Table 9) indicate that these products are 
minimally to moderately irritating when instilled in the eyes of rabbits.(42.43t54’ 

Subchronic Oral Toxicity 

Two four-week feeding studies were conducted individually on four rats (2M, 
2F). Animals were placed on diets containing 0.025%-2.5% Nonoxynol-9. At the 
end of the test, animals at the 2.5% dose level had scanty body fat deposits; car- 
casses were moderately thin to emaciated. The rats on a diet containing 0.025% 
Nonoxynol-9 were unaffected.(58) 

Rats and dogs were fed diets containing either 0.04 to 5.0 g/kg or 0.01 ‘b-1 % 

Nonoxynol-4, -6, -9, -15, -20, -30, or -40 for 90 days (Table 10). After 90 days, 1 or 
5 g/kg/day Nonoxynol-20 caused focal myocardial necrosis in dogs but not in 
rats. In other studies with Nonoxynol-20 at 1 g/kg/day, six of eight dogs died be- 
tween 4 and 14 days. Overall, dogs and guinea pigs showed evidence of cardiac 
lesions, but not rabbits, rats, and cats. In a go-day study, Nonoxynol-20 at 0.04 
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TABLE 9. Ocular Irritation Studies. 

Nonoxynol Cont. No. of Wash 
(product) I%! rabbits (Y/N) Gradea 

Average Scoreb (Days)(Draize) 

1 2 3 4 7 Comments Ref. 

-2 100 6 (M + F) N 
-4 100 6 N 

-4 

(5% in4 
moisturizing 
lotion) 

-6 
-7 
-9 

100 5 CM) - 

100 6 (M + F) N 

-9 
-9 

(1.75% in 
antidandruff 
shampoo) 

-9 

100 
100 

5 (aq.) 

100 

25 (a$) 

6 N 
5 - 

10 - 

5 - 8 - - - - - 

6 (M + F) N - 14 7 2 0 0 

25 (aq.) 6 (M + F) N 

- - 3.7 0.0 0.0 - 
39.7 36.7 21.2 - 11.0 

8 _ - - - - 
- 1 0 0 0 0 

- 28.8 26.0 30.3 30.7 16.0 
8 - - - - - 

_ - - - - 

- 2 0 0 0 0 

Minimally irritating 
Corneal, iridial and 

conjunctival effects 
observed. Moderately 
irritating. 

Moderately irritating 
Practically nonirritating 

Severe ocular irritant 
Moderately irritating 
All eye damage healed 

within 4 days 
Moderately irritating 
Mildly irritating 

Practically nonirritating 

44 
53 

45 
43 

44 
45 
47 

45 
54 

54 
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(1.75% in 
antidandruff 
shampoo) 

-10 
-12 
-12 

(20% in 
foaming bath 
oil) 

-12 
(20% in 

foaming bath 
oil) 

-13 
-15 
-15 
-15 
-15 

-30 

-30 
-30 
-40 
-40 
-40 

100 5 - 

100 6 - 

100 6 CM + F) Y 

100 6 (M + F) N - 17 12 8 6 5 

100 
100 

10 
15 
20 

25 3 N - 2 0 0 0 0 

25 3 

25 3 

100 5 

5 3 

100 6 

5 - 

1 N 
1 N 
1 N 
4 N 

Y - 2 set 
Y - 4 set 

- 
- 

6 - - - 
- 44.7 33.5 42.0 
- 1 0 0 

8 - - - 

- 39 20 18 
- 4 0 0 
- 6 2 0 
- 10.5 6.5 3 

- 0 0 0 
- 0 0 0 
1 - - - 
1 - - - 

1 0 0 

- - Severe cornea1 damage 45 

42.0 40.0 Severe ocular irritant 44 

0 0 Practically nonirritating 42 

- - 
14 0 
0 0 
0 0 
0.5 0 

0 0 
0 0 
- - 

Mildly to moderately 
irritating 

Severe ocular necrosis 
Moderately irritating 
Minimally irritating 
Minimally irritating 
Slight to moderate 

conjunctival irritation 
Transitory conjunctival 

involvement 
Nonirritating 
Nonirritating 
No injury 
No injury 
Nonirritant 

42 

45 
55 
55 
55 
55 

56 

56 
56 
45 
45 
46 

aMaximum grade = 60. 
bMaximum score = 120. 

> 
s 
E 
P 
z . . 
5 
B 
2 
E 
h . 
.b 
.h 
.9 
-5 
;; m I 
.i I 
G: . 
3 
b 

fi I 
g 

WI 4 

Distributed for Comment Only -- Do Not Cite or Quote 



52 COSMETIC INGREDIENT REVIEW 

TABLE 10. 90-Day Subchronic Oral Toxicity. 

Nonoxynol 

Dose (g/kg) or 
concentration 

in diet 
No. of 

Animals Comments feffectr, were reported at lowest dose on/yJa 

-4 

-4 

-6 

-6 

-9 
-9 
-9 
-9 

-15 
-15 

-20 
-20 

-30 
-30 

-40 

0.04-l g/kg/day 

0, 0.04, 0.2, 1 .o 

g/kg/day 
0.04 to 1 g/kg/day 

0, 0.04, 0.2, 1 .o 

g/kg/day 
0.01-l .25% 
O.Ol-5.0% 
0.01-l .O% 
0.04, 0.64, 5.0% 
0.04-l g/kg/day 
0, 0.04, 0.2, 1.0 

g/kg/day 
0.2-5 g/kg/day 
0.04, 0.2, 1.0, 5.0 

dkddw 

0.2-5 g/kg/day 
0, 0.04, 0.2, 1 .o 

dkddw 
0.03-3% 

60 rats Retarded growthb and increased liver weight at 
1 g/kg/day. 

4 dogs Increased liver weight at 0.2 g/kg/day. 

60 rats Retarded growthb at 1 g/kg; increased liver weight at 

4 dogs 

80 rats 
90 rats 
50 rats 
3 dogs 

60 rats 
4 dogs 

60 rats 
4 dogs 

60 rats 
4 dogs 

100 rats 

0.2 g/kg. 
Increased liver weight at 1 .O g/kg/day. 

Retarded growthb and increased liver weight at 0.25%. 
Retarded growthb at 0.64 percent; 1 l/l 5 died at 5.0%. 
Increased liver, kidney and spleen weights at 0.3%. 
Retarded growthb at 0.64%. 
Retarded growthb at 0.2 glkglday. 
No toxic effects. 

Retarded growthb at 5 g/kg/day. 
Death at 1 and 5 g/kg with myocardial degeneration 

and necrosis, emesis, altered organ weights, body 
weight loss, anorexia. 

No toxic effects. 
No toxic effects. 

Hepatic necrosis at 3% and slight central lobular 
granular degeneration. 

aAt a confidence level of 95% or higher. 
bThis effect was determined to be a result of Nonoxynol’s poor palatability. 
Data from Ref. 48. 

g/kg/day produced cardiac lesions in dogs, whereas 5.00 g/kg/day had no effect 
in rats.(48) 

Chronic Oral Toxicity 

Nonoxynols -4 and -9 were administered to rats and dogs in two two-year 
feeding studies. Body weight and hematologic parameters were monitored in all 
studies. A number of rats at each dose level were sacrificed and necropsied after 
12 months; all remaining rats were sacrificed and necropsied after 24 months. All 
dogs were sacrificed and necropsied after 720 days. The results of these tests at 
the dose levels shown in Table 11 indicate that these Nonoxynols have a low 
chronic toxicity. 

Additional Studies 

Mutagenesis 
Four Italian trichomonacidal products containing Nonoxynol (n value not 

given) were evaluated for mutagenicity using the Ames test with Salmonella 
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TABLE 11. Chronic Oral Toxicity of Nonoxynols. 

Nonoxynol 

Dose or 
concentration 

in diet 
No. of Feeding 

animals duration Comments 

0.04-l g/kg/day 210 rats 2 years No toxic effects except reduced body weights 
and enlarged liver at 1 g/kg. 

0.03-0.27% 216 rats 2 years No toxic effects. 

0.04-I glkglday 18 dogs 720 days Reduced weight, emesis, increased serum alkaline 
phosphatase at 1 g/kg. 

0.03-0.27% 18 dogs 720 days Notoxic effects except increased liver:body weight 
ratio at 0.27%. 

Data from Ref. 48. 

typhimurium strains TA1535, TAlOO, TA1538, and TA98. Ten to 250 pg Nonox- 
ynol added to cultures showed no mutagenic activity.(5g) 

Carcinogenesis 

Nonoxynols -4 and -9 were not carcinogenic when fed for two years to rats at 
doses of 0.20 and 0.14 and to dogs at 0.04 and 0.03 g/kg/day.(4*) 

Nonoxynol (-7 and/or -lo),“’ along with other surfactants, was tested at 2 g/L 
as a potential cocarcinogen with N-methyl-N’-nitro-N-nitrosoguanidine (NG) 
(0.1 g/l); both were supplied concurrently with the drinking water to 15 rats for 
36 weeks. NG alone was supplied to 13 control animals. The overall incidence of 
stomach adenocarcinoma was 12 of 15 in the experimental group, and 8 of 13 for 
the controls. Neither negative control data nor a statistical analysis of the data 
were available. The author suggested that the surfactants may have a promoter 
effect because of their surfactant nature which enables the NG to penetrate the 
gastric barrier and come into contact with the gastric mucosa or to penetrate 
mucosal cells.(60~6*’ 

Subcellular effects 

When added to human or bovine serum, Nonoxynol-10 bound to serum 
albumin via hydrophobic interactions. (4) Nonoxynol-9 activates the respiration- 
dependent accumulation of potassium by isolated bovine heart mitochondria 
and increases the passive permeability of the membrane to potassium.(62) 
Nonoxynol-10 did not alter the activity of steroid 17,20-lyase derived from rat 
testis microsomes.‘63’ The prolongation of phenobarbital narcosis in mice by 
several Nonoxynols indicated that these compounds impaired the liver detox- 
ification mechanism.‘64) 

Cellular effects 

Several Nonoxynols and their derivatives have microbicidal properties.(g~‘0,65.66) 
When added at concentrations of 100 ppm to culture media, Nonoxynols -7, -9, 
and -10.5 each inhibited the growth of at least five species of fungi.(67’68) Nonox- 
ynols potentiate the antibacterial effect of alkyldimethylbenzylammonium 
chloride against Staphylococcus aureus in culture.(6g) Asculai et al.““) tested the 
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in vitro effect of 5% Nonoxynol-9 on Herpes Simplex Viruses (HSV) Types 1 and 
2. Nonoxynol-9 inactivated both HSV types by destroying the viral envelope and 
nucleocapsid. 

Clinical Assessment of Safety 

Skin Irritation 

Cosmetic formulations containing Nonoxynol-4, -9, or -12 were tested for 
cumulative skin irritation. The test material was applied to the volar forearm sur- 
face and/or the inner aspect of the arm of the 20 test subjects and held under oc- 
clusive patches for 24 h. After patch removal and test site grading, fresh patches 
were reapplied to the same site. This procedure was repeated for a total of 10 ap- 
plications. The concentration of the test material and results for the individual 
formulation containing the three Nonoxynols are given in Table 12. The results 
show a range of effects from slightly to mildly irritating to the human 
skin (42.43.54.71) 

Two cosmetic gels containing 2% and/or 4% Nonoxynol-9 were separately 
tested for irritation on 25 subjects. The gel was applied under an occlusive patch 
for 48 h before scoring. All sites were scored as zero.(7’2) (See Table 12.) 

A gel containing 4% Nonoxynol-9 was tested on 212 subjects. The material 
was applied 11 times under occlusive patch. Neither the time interval between 
patch testing nor the quantity of gel applied was stated. A score of 11 out of a 
maximum possible score of 804 was reported. The investigator concluded that 
the “product showed no evidence of primary skin irritation or allergic sensitiza- 
fion”(72) (see Table 12). 

When a spermicidal film containing 10% Nonoxynol was tested as a con- 
traceptive in 30 women, two subjects experienced a mild local vaginal irritation 
and one noted some degree of pruritis.(73) 

Skin Irritation and Sensitization 

Undiluted Nonoxynol-4 was tested on 25 men and 25 women in a repeated 
insult patch test. Discs, 1.25 in in diameter, saturated with sample, were applied 

TABLE 12. Skin Irritation Test of Product Formulations Containing Nonoxynol Compounds. 

Nonoxynol 

-12 

-9 

-9 

-9 

-9 

-9 

-9 

-9 

-4 Moisturizing lotion 5.0 100 19 0.61 

Product 

Foaming bath oil 
Antidandruff shampoo 
Antidandruff shampoo 
Antidandruff shampoo 
Antidandruff shampoo 
Cosmetic gel 
Cosmetic gel 
Cosmetic gel 

ingredient Patch cont. 

concentration of product 

Pw (W 

20.0 
1.75 
1.75 
1.75 
1.75 
2.0 
4.0 
4.0 

1 

2.5 
5 
1.25 
1.25 

100 
100 
100 

No. of 

subjecls PI/a Comment Ref. 

20 
20 
20 
20 
20 
2s 
25 

212 

Slightly irritating 
Mildly irritating 
Mildly irritating 
Slightly irritating 
Slightly irritating 
Nonirritating 
Nonirritating 
Score of 111804 

nonirritating 
Slightly irritating 

42 
71 
71 
54 
54 
72 
72 
72 

43 

aMaximum score = 8.0 
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TABLE 13. Skin Irritation and Sensitization. 

Nonoxynol 

-4 

Ingredient Concentration 
diluent tested f%) 

None 100 

No. of hbjects 

50 (25M, 25F) 

Procedure 

RIPT 

Results 

No irritation 
No sensitization 

Ref. 

47 

-9 None 100 100 (50M, 5OF) RIPT No irritation 47 
No sensitization 

-15 Water 50 168 (53M, 115F) RIPT No irritation 74 
No sensitization 

-50 Water 50 168 (53M, 11 SF) RIPT No irritation 74 
No sensitization 

to the backs of the volunteers. The primary application was left in place for 48 h; 
the subsequent 14 induction patches were applied for 24 h each. After a two; 
week rest, challenge patches were applied for 24 h. None of the subjects showed 
immediate or delayed reactions to either the induction or challenge patches. 
Nonoxynol-4 appears to be “neither a primary irritant, a sensitizer, nor a fatiguing 
agent”‘47) (see Table 13). 

Undiluted Nonoxynol-9 was tested on 50 men and 50 women for skin irrita- 
tion/sensitization potential. A single induction patch, applied to the back of each 
subject, was held in contact with the skin for five days. After a three-week rest, a 
challenge patch was applied to each subject for 48 h. There were no reactions to 
either patch. Nonoxynol-9 is “neither a primary irritant nor a sensitizer at 100% 
concentration”(47) (see Table 13). 

A repeated insult patch test was performed on 168 subjects (115F, 53M) 
using 0.1 ml of a 50% water solution of Nonoxynol-15 and/or Nonoxynol-50. The 
test material was applied 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 non- 
treatment period, the test area, as well as an untreated site, were challenged 
using the same procedure as previously noted. The sites were scored for sen- 
sitization at 24, 48, and 72 h. The investigator noted that only transient reactions 
were observed during the test and that neither Nonoxynol-15 nor Nonoxynol-50 
was an irritant or sensititer(74) (see Table 13). 

Phototoxicity and Photosensitization 

Twenty-eight of the 168 subjects tested for irritation and sensitization 
previously discussed were randomly selected to test the ability of Nonoxynol-15 
and Nonoxynol-50 to induce a phototoxic or photosensitization reaction follow- 
ing 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 pW/cm2 at the skin sur- 
face measured at the 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 
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Solar Simulator emitting at 280-320 nm. The subjects receiving the UVB ex- 
posure were also exposed for 5 min to UVA as previously described. The in- 
vestigator noted that only transient reactions were observed, and that 
Nonoxynol-15 and Nonoxynol-50 are not photosensitizers.‘74’ 

SUMMARY 

Nonoxynols, ethoxylated alkylphenols containing l-l 00 ethylene oxide 
groups, have a wide range of physical properties. Nonoxynols are chemically 
stable. They are used in cosmetic formulations as emulsifying, wetting, 
foaming and solubilizing agents in concentration ranges of 10.01%-50% 
(Nonoxynol-4 and -9); 10.01%-25% (Nonoxynol-10); and >O.l O/O-5.0% 
(Nonoxynol-12). Nonoxynol-containing products may come into contact with 
most of the external surfaces of the body and may be applied daily for a period of 
years. 

Absorption and metabolism studies in the rat indicate that increasing the 
length of Nonoxynols’ ethylene oxide chain decreases their intestinal absorption. 
Estimates of the acute oral LD50s of nine of the Nonoxynols (-2 to -15) ranged 
from 0.62 to 7.4 g/kg in several animal species. Nonoxynol-30 and -40 had higher 
LD50s. Acute dermal toxicity studies in rabbits on six undiluted Nonoxynols 
resulted in an LD50 range of 1.8 ml/kg to 4.4 g/kg. Acute inhalation by rats of 
aerosols of undiluted or 1% Nonoxynol-4, -7, or -9 for 8 h caused no deaths. In- 
traperitoneal, subcutaneous, and intravenous injections of Nonoxynol-9 resulted 
in LD50 values of 0.21 ml/kg, 1 .OO ml/kg, and 0.044 g/kg, respectively. 

PII values determined from skin irritation tests on rabbits ranged from 0.45 to 
5.58; other tests indicated that Nonoxynols are nonirritating to moderately ir- 
ritating when applied to the skin. Nonoxynol compounds with short EO chains 
are generally severe ocular irritants; Nonoxynol-15, -30, and -40 are only slightly 
irritating to the rabbit eye. 

When fed subchronically or chronically in the diet to rats and dogs, at daily 
intakes of 0.2 to 1 g/kg or dietary concentrations of 0.27%, Nonoxynols -4 to -9 
frequently increased liver weights. Nonoxynol-15 to -40 were less effective in this 
regard and were less toxic. 

No evidence of carcinogenicity was observed when Nonoxynol-4 and -9 
were fed for two years to both dogs and rats. A mutagenicity study of these two 
compounds by the Ames test was negative. 

Undiluted Nonoxynol-4 and -9 were nonirritating and nonsensitizing to the 
skin of 50 and 100 human subjects, respectively. A 50% solution of 
Nonoxynol-15 and/or Nonoxynol-50 produced no irritation or sensitization 
when tested on 168 subjects. The latter two ingredients produced no indication 
of phototoxicity or photosensitivity when subjects were exposed to either UVA 
or UVB light after exposure to the compounds. 

DISCUSSION 

None of the 11 Nonoxynols discussed in this report has had complete tox- 
icological testing; however, the total available test data for the entire group was 
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considered adequate. The differences in toxic effects among the various Nonox- 
ynols are quantitative and most likely related to the rate of absorption as influ- 
enced by ethoxy groups. There was no evidence of qualitative differences in tox- 
icity between the Nonoxynols; therefore, the Panel used the composite data to 
evaluate the safety of this group of ingredients. 

CONCLUSION 

On the basis of the available information presented in this report, the Panel 
concludes that Nonoxynols -2, -4, -8, -9, -10, -12, -14, -15, -30, -40, and -50 are 
safe as cosmetic ingredients in the present practices of concentration and use. 
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Amended Final Report on the Safety Assessment
of Nonoxynol-1, -2, -3, -4, -5, -6, -7, and -8’

Nonoxynol-1, -2, -3, -4, -5, -6, -7, and -8 (low molecular weight
Nonoxynols) are ethoxylated alkylphenols used in cosmetic for-
mulations as surfactants-emulsifying agents, principally in hair
dyes and colors. The safety of Nonoxynols were assessed previ-
ously (Elder, R. L., ed. 1983. Final report on the safety assessment
of Nonoxynol-2, -4, -8, -9, -10, -12, -14, -15, -30, -40, and -50. .I.
Am. Coll. Toxicol. 2:35-60).  This report amends the conclusion on
Nonoxynol-2, -4, and -8 reached in that report. There was no signifi-
cant skin penetration using cadaver skin in which Nonoxynols-2, -4,
and -9 were applied in conditions simulating leave-on or rinse-off
applications. Under both conditions, the total skin penetration of
Nonoxynol-2, -4, and -9 was less than 1% over a 48-hour  period. Re-
sults of acute oral toxicity studies indicated that these low molecu-
lar weight Nonoxynols were at most slightly toxic. Nonoxynol-5 and
-6 produce severe ocular irritation in test animals. They also pro-
duce skin irritation in test animals, but are not sensitizers. Due to
the severity of ocular irritation reactions in animals, avoiding the
use of products containing low molecular weight Nonoxynols in the
area surrounding the eyes was discussed. The no-adverse-effect
level in reproductive and developmental toxicity tests in which
Nonoxynol-9 was delivered orally or intravaginally  was higher than
any possible exposure from cosmetic products. There was no evi-
dence for genotoxicity or carcinogenicity. Ethylene oxide residues,
although present in small amounts in several preparations, were not
considered sufficient to present a carcinogenesis risk. The report
discusses the need to ensure that the use of cosmetic products con-
taining Nonoxynols should not result in ethylene oxide exposures
above 0.1 mdday. Unreacted nonylphenol may be present in low
molecular weight Nonoxynols, but levels appear to be ~500 ppm.
The report discusses the need for cosmetic product formulators to
exercise care so that any Nonylphenol in finished products is not
found in toxic amounts. Clinical studies using Nonoxynol-9 showed
irritation of the vaginal mucosa, along with increased epithelial dis-
ruption. A 2% solution of Nonoxynol-8.3 and -9 was sensitizing in
dermatitis patients. A repeat insult patch test in normal volunteers
using Nonoxynol-2 at a concentration of 5 % showed no evidence of
allergic contact dermatitis, but there were reactions at 10%. Based
on the available animal and clinical data, Nonoxynols-1 through -8
are safe as used in rinse-off products and safe for use in leave-on
products at concentrations no greater than 5%.

Received 1 May 1998; accepted 10 July 1998.
‘Reviewed by the Cosmetic Ingredient Review Expert Panel. Wilbur

Johnson, 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

The safety of Nonoxynols-I,  -2, -3, -4, -5, -6, -7, and -8 in
cosmetics is evaluated in this report. Nonoxynols-1, -5, and -6
had been prioritized for review by the Cosmetic Ingredient Re-
view (CIR) Expert Panel, but were not included in the earlier
CIR Safety Assessment of Nonoxynols-2, -4, -8, -9, -10, -12,
-14, -15, -30, -40 and -50 (Elder 1983). In this earlier pub-
lication, the CIR Expert Panel concluded that the Nonoxy-
nols reviewed were safe at the present practices of use and con-
centration; use concentrations ranged from ~0.1% to >50.0%.
The safety of other lower-molecular-weight Nonoxynols (-3 and
-7) that are not included on the CIR priority list are also being
considered in the present safety assessment. The Expert Panel’s
conclusion on Nonoxynols-1 through-8 in this document revises
its earlier conclusion on Nonoxynol-2, -4, and -8.

In addition to the available data on lower molecular weight
compounds, current studies relating to the toxicity of higher
molecular weight Nonoxynols are also included in this safety as-
sessment. Because of structural similarities among the Nonoxy-
nols, these data may contribute to the safety assessment of lower
molecular weight Nonoxynols.

CHEMISTRY

Chemical and Physical Properties

The Nonoxynols, or nonylphenoxy polyethoxyethanols, are
ethoxylated alkylphenols with the chemical formula shown in
Figure 1; n can vary from 1 to 120 (Wenninger and McEwen
1997). Nonoxynols are nonionic surfactants; the nonpolar alkyl
chain has lipophilic properties, and the polar polyoxyethylene
portion of the molecule has hydrophilic properties. The Nonoxy-
nols with short chains are liquids (n = 1 to 13),  or paste-like
liquids (n = 14 to 15); those with longer chains are waxes (n >
20). Liquid Nonoxynols are generally sold as 50 to 70% aqueous
solutions (Elder 1983).

Nonoxynol-1 is an ethoxylated nonyl phenol containing an
average of 1.5 moles of ethylene oxide per mole of hydrophobe
[Cosmetic, Toiletry, and Fragrance Association (CTFA) 1989a].
It is soluble in polar organic, aromatic hydrocarbon, and aliphatic
hydrocarbon solvents at room temperature (CTFA, undated).
Other names for Nonoxynol- 1 (CAS Nos. 26027-38-3, 37205-
87-1, and 27986-36-3) are as follows: ethanol, 2-(nonylphe-
noxy)-; ethylene glycol nonyl phenyl ether; 2-(nonylphenoxy)-
ethanol; and PEG- 1 nonyl phenyl ether (Wenninger and McEwen
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FIGURE 1
Chemical formula for Nonoxynols. The value of rz can vary

from 1 to 120.

1997). Additional properties of Nonoxynol-1 are summarized in
Table 1.

Nonoxynol-5 is an ethoxylated alkyl phenol containing an
average of 5 moles of ethylene oxide (Wenninger and McEwen
1997). At room temperature, it is soluble in polar organic and
aromatic hydrocarbon solvents; at low concentrations, it is insol-
uble in aliphatic hydrocarbon solvents (CTFA undated). Other
names for Nonoxynol-5 (CAS Nos. 9016-45-9, 37205-87-1,
26027-38-3, 26264-02-8, and 20636-48-o) are as follows: 14-

(nonylphenoxy)-3,6,9,12-tetraoxatetra-decan-  l-01;  PEG-5 no-
nyl phenyl ether; polyethylene glycol (5) nonyl phenyl ether;
polyoxyethylene (5) nonyl phenyl ether; and 3,6,9,12-tetraoxate-
tradecanal- l-01,  14-(nonylphenoxy) (Wenninger and McEwen
1997). Additional properties of Nonoxynol-5 are summarized
in Table 1.

Nonoxynol-6 is an ethoxylated alkyl phenol containing an av-
erage of six moles of ethylene oxide (Wenninger and McEwen
1997). At room temperature, it is soluble in polar organic and
aromatic hydrocarbon solvents and insoluble in aliphatic hydro-
carbon solvents (CTFA undated). Other names for Nonoxynold
(CAS Nos. 9016-45-9,37205-87-l, 26027-38-3, and 27177-01-
1) are as follows: 17-(nonylphenoxy)-3,6,9,12,15-pentaoxahept-
adecan- l-01;  PEG-6 nonyl phenyl ether; 3,6,9,12,15-penta-oxa-
heptadecan-l-01, 17-(nonylphenoxy)-; polyethylene glycol 300
nonyl phenyl ether; and polyoxyethylene (6) nonyl phenyl ether
(Wenninger and McEwen 1997). Additional properties of Nono-
xynold are summarized in Table 1.

TABLE 1
Properties of Nonoxynols- 1, -5, and -6

Properties Nonoxynol- 1 Nonoxynol-5 Nonoxynol-6

Appearance

Odor

Flash point

Pour point
Boiling point

Vapor pressure
Vapor density
Viscosity

Specific gravity 0.98 @ 20/2O”C’

Percent volatile
matter

Evaporation rate
Solubility in

water
pH of water

dispersion
pH of water

solution
Neutralization

value (mg KOH/g
sample to pH 7)

Colorless to light
yellow liquid’

Very slight’

340°F’

-15OF6
Greater than

400°F’
-

Greater than air’
-

Nil’

Nil’
Slight’; insoluble6

Neutral’

-

-

Clear light-
colored liquid*

Slightly
aromatic*

Greater than
515”F*
-25”F*

-

Nil @ 2o”C*
-

240 cps*

1.024 to 1.034*

Nil*

Less than l*
Dispersible*

-

6.6 (1% aque-
ous soln.)*

-

Colorless to light
yellow liquid3

Very slight3

Greater than
5oooF4
-25’p

Greater than
400°F3

Nil @ 20”C4
Greater than ais
300 cps4;  150 to

250 cps @ 25”C5
1.04 @ 20/2O”C3;

1.030 to 1.050 @
25”/25”C5

Nil3

Nil3
Complete3 ;

dispersible6

-

6.0 (5% solution)4

0.5 maximum5

‘CTFA 1989a; *CTFA 1979a; 3CTFA 1989b; 4CTFA 1979b; ‘Estrin et al. 1982; %YTFA,
undated.

Distributed for Comment Only -- Do Not Cite or Quote 



NONOXYNOL 13

Additional information on the chemistry of short-chain Nono-
xynols was received from the cosmetics industry: Nonoxynol
surfactants are actually mixtures of differing polymeric units
representing a Gaussian distribution. Thus, Nonoxynol-2 has an
average of 2 polyoxyethylene units (as rounded up from an av-
erage of 1.6 to 1.8 polyoxyethylene units), but contains some 1,
as well as some 3 and 4 polyoxyethylene unit adjuncts. Simi-
larly, Nonoxynol-4 has an average of 4 polyoxyethylene units,
but contains everything from 1 to 8 unit species (Matus 1994).

Methods of Production

Alkylphenols are synthesized commercially by Friedal-Crafts
alkylation of a phenol with an olefin. The resulting monoalkyl-
phenol product is purified by distillation and ethoxylated with
the appropriate number of moles of ethylene oxide to produce
the desired alkylphenol ethoxylate (Elder 1983).

Nonoxynol-1
The manufacturing specification for Nonoxynol-1 includes

the following: Appearance at 25°C (clear, yellow liquid); pH of
1% aqueous solution (5.0 to 7.0); specific gravity at 25°C (0.98
to 1 .O); water content, % weight (0.20 maximum); and hydroxyl
number, mg KOH/g (170 to 180) (CTFA 1989a).

Nonoxynol-5
The manufacturing specification for Nonoxynol-5 includes

the following: Appearance (clear oil); cloud point, ml Hz0 at
25°C (37.7 to 41.7); pH, 5% solution in 50% ethanol (5.0 to
7.0); and water content (1.0% maximum) (CTFA 1979a).

Nonoxynol-6
Manufacturing specifications for Nonoxynol-6 are as fol-

lows: Appearance (clear liquid; water-white to pale yellow liq-
uid); pH, 1% aqueous solution (5.0 to 7.0); specific gravity at
25°C (1.035 to 1.045); hydroxyl number, mg KOH/g (110 to
125); viscosity, cps, at 25°C (225 to 325); cloud point (50 to
60°C); water (0.2 maximum; 0.5 maximum) (CTFA 1979b,
1989b).

Nonoxynol-1 may contain up to 20 ppm ethylene oxide
(CTFA 1989a),  and Nonoxynol-6 up to 35 ppm ethylene oxide
(CTFA 1989b). Information concerning the ethylene oxide con-
tent of Nonoxynol-5 was not found. Assays for 1,4-dioxane  and
ethylene oxide were also performed on samples of Nonoxynol-2,
-4, and -9 (same as above) using the same technique. Neither 1,4-
dioxane nor ethylene oxide was detected in triplicate samples
of Nonoxynol-2. However, Nonoxynol-4 (5 samples) contained
4.5 to 20 ppm 1,4-dioxane  and 7.9 to 67 ppm ethylene oxide.
Triplicate samples of Nonoxynol-9 contained ~4.5 to 5.9 ppm
1,4-dioxane  and ~3.6 to 12.2 ppm ethylene oxide. The limits
of detection for 1,4-dioxane  and ethylene oxide in these as-
says were 4.5 ppm and 3.6 ppm, respectively (Clairol Inc. and
Rhone-Poulenc Inc. 1994). Samples of Nonoxynol-2, -4, and
-9 were analyzed for the presence of nonylphenol (unreacted
C,) using a gas chromatography flame ionization test (solvent,

methanol; nonylphenol detection limit = 500 ppm). Nonylphe-
no1 was detected at concentrations of ~500 ppm (Clairol Inc.
and Rhone-Poulenc Inc. 1994).

The International Agency for Research on Cancer (IARC)
has concluded, on the basis of epidemiologic, experimental, and
other relevant data, that ethylene oxide is “probably carcinogenic
to humans.” With respect to degrees of evidence of carcinogenic-
ity, IARC stated that there is “limited evidence of carcinogenic&y
in humans and sufficient evidence of carcinogenic@  in experi-
mental animals” (IARC  1987). More recently, an IARC expert
working group upgraded IARC’s  conclusion on ethylene oxide
to “carcinogenic to humans” at its February 1994 meeting in
Lyon, France. In evaluating the carcinogenicity of ethylene ox-
ide, the working group took into consideration the very strong
supporting evidence for genotoxicity, including the fact that this
ingredient is a powerful mutagen and clastogen at all phyloge-
netic levels, induces gene mutations and heritable translocations
in germ cells, and induces persistent dose-related increases in
the frequency of chromosomal aberrations and sister chromatid
exchanges in exposed workers (Corbett 1994).

Reactivity

Nonoxynol- 1 is thought to be stable; hazardous polymeriza-
tion will not occur. This chemical is incompatible with strong,
concentrated oxidizing agents (CTFA 1989a). Nonoxynol-5 and
-6 should not be compounded with strong oxidizing or reducing
agents; these mixtures may be explosive (CTFA 1979a,  1979b).

Analytical Methods

Some of the sampling and analytical techniques that have
been used to extract Nonoxynols from environmental and syn-
thetic substances, to separate mixtures of nonionic surfactants,
and to quantify pure Nonoxynol solutions are as follows: metha-
nol extraction (Anderson, Ganly, and Wood 1966),  thin-layer
chromatography (Daradics 1972),  gel chromatography (Berek
and Novak 1973),  paper chromatography (Selden and Benedict
1968),  ion-exchange chromatography (Kikolski, Baranowasak-
Gulik, and Zniewierowska 197 l), infrared spectroscopy
(Anderson, Ganly, and Wood 1966),  mass spectroscopy (Harless
and Crabb 1969),  ultraviolet spectroscopy (Green 1972;
Kikolski, Baranowsak-Gulik, and Zniewierowska 197 1; El-
Khateeb et al. 1979),  proton magnetic resonance (Sheih and
Fendler 1977),  and spectrometric x-ray fluorescence (Klima,
Winkler,  and Gega 1977).

Nonoxynol molecular weight distributions and ethylene ox-
ide chain length determinations can be made by standard and cir-
cular thin-layer chromatography (Bueger 1963; Favretto 1970;
Konishi and Yamaguchi 1966) and by infrared spectrophotom-
etry (Favretto and Stancher 1968).

UV spectral analyses of Nonoxynol-2, -4, and -9 were con-
ducted in two sets of experiments in which samples of each
chemical were diluted with water and 10% isopropanol, re-
spectively. The results of these experiments indicated that the
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UV absorption spectra for Nonoxynol-2, -4, and -9 were es-

sentially the same; absorption was noted in the UVC band
(200 to 290 nm range). The following comments were made
by the investigator: “UV absorption is not affected by addi-
tion of ethylene oxide formation of ethylene glycol linkages,
since they are not part of the chromophore. However, molecular
weight does inversely influence absorption for the Nonoxynols.
Thus, Nonoxynol-9 with 9 moles of ethylene oxide has less
UVC absorption than a Nonoxynol with 4 moles of ethylene
oxide. All three Nonoxynols show only tail absorption above the
290 ml range to a similar degree. Thus, there does not appear to
be any significantly greater UVA or UVB absorption for either
Nonoxynol-2 or -4 as compared to Nonoxynol-9” (Clairol Inc.
and Rhone-Poulenc Inc. 1994).

TABLE 2
Product formulation data (FDA 1996)

Product category

Total no. of Total no.
formulations containing
in category ingredient

Nonoxynol-1
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair lighteners with color 9
Hair tints 57
1996 totals

USE

Purpose and Extent of Use in Cosmetics

Nonoxynol- 1, -2, -3, -4, -5, -6, -7, and -8 are used as surfac-
tants-emulsifying agents in cosmetic products (Wenninger and
McEwen 1997). The product formulation data submitted to the
Food and Drug Administration (FDA) in 1996 indicated that,
collectively, Nonoxynol-1, -2, -4, -5, -6, and -7 were used in
a total of 870 cosmetic products (Table 2) (FDA 1996). There
were no reported uses of Nonoxynol-3 and -8 in 1996.

Cosmetic products containing Nonoxynol-1 and -6 are ap-
plied to the hair and most parts of the body, and can come in con-
tact with the eyes. Product formulations containing Nonoxynols
may be used daily or occasionally, and their use may be extended
over a period of years.

Nonoxynol-2
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair bleaches 113
Dentifrices 47
1996 totals

Concentration of use values are no longer reported to FDA by
the cosmetics industry (FDA 1992). However, product formula-
tion data submitted to FDA in 1988 indicated that Nonoxynol-1
was used at concentrations of 5 10% in hair dyes and colors (all
types requiring caution statement and patch test) (FDA 1988).
In 1984, Nonoxynol-6 was used in hair bleaches at concentra-
tions of 5% to 250% and, in skin fresheners, at concentrations
of 1% to ~50%. Nonoxynol-5 was used in bath oils/tablets/salts
at concentrations of 0.1 to 1 .O% (FDA 1984).

In addition to the FDA frequency of use and concentration of
use data that were made available, similar data on Nonoxynols
that are currently being used by Clairol Inc. were submitted
to CIR: Nonoxynol-2 is used at concentrations ranging from 1
to 20% in approximately 140 hair coloring products contain-
ing either oxidative or direct hair dyes. Nonoxynol-4 is used
at concentrations ranging from 2 to 10% in approximately 200
hair coloring products containing either oxidative or direct dyes.
Nonoxynol-9 is used at concentrations ranging from 1 to 20%
in approximately 40 hair coloring products containing oxidative
dyes and hair care products (Clairol Inc. and Rhone-Poulenc
Inc. 1994).

Nonoxynol-4
Bath oils, tablets, and salts 147
Bath capsules 4
Eyeliner 533
Tonics, dressings, and other 604

hair grooming aids
Other hair preparations 395
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair tints 57
Hair lighteners with color 9
Hair bleaches 113
Other hair coloring preparations 71
Foundations 355
Other personal cleanliness 339

products
Body and hand skin care 1012

preparations (excl. shaving)

1996 totals
Nonoxynol-5

Bath oils, tablets, and salts 147
Moisturizing skin care 942

preparations
1996 totals

Nonoxynol-6
Hair dyes and colors 1612

(all types requiring caution
statement and patch test)

Hair bleaches 113
Other hair coloring preparations 71
Other personal cleanliness 339

products
1996 totals

Data submitted to CTFA in 1995 indicated that Nonoxynol-2 Nonoxynol-7
was used at concentrations of 1 to 20% (on head, 0.5 to 10%) Other personal cleanliness 339
and that Nonoxynol-4 was used at concentrations of 2 to 10% products

(on head, 1.05 to 5.0%) in oxidative hair dyes (CTFA 1995). 1996 totals

43
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International Use

Nonoxynols- 1 to -- 100 are included in the list of ingredients
that have been approved for use in cosmetic formulations mar-
keted in Japan (Nikko Chemicals Company, Ltd. 199 1-1992).
Nonoxynols are not included in the list of ingredients prohib-
ited from use in cosmetic products marketed in the European
Economic Community (EEC 1993).

Noncosmetic Use

Nonoxynol- 1, -5, and -6 (nonionic surfactants) are used prin-
cipally in industrial and household detergent applications and in
emulsifying agents (CTFA undated). The Code of Federal Reg-
ulations (CFR) describes indirect food additive uses of Nonoxy-
nol-1 as components of adhesives and components of paper
and paperboard in contact with dry food (21 CFR: 155.105 and
176.180). Nonoxynol-5 and -6 have the following indirect food
additive uses: components of adhesives, components of resinous
and polymeric coatings, components of paper and paperboard in
contact with aqueous and fatty food, components of paper and
paperboard in contact with dry food, defoaming agents in the
manufacture of paper and paperboard, and emulsifiers and/or
surface-active agents for articles that contact food (21 CFR:
175.105, 175.300, 176.170, 176.180, 176.210, and 178.3400).

The FDA Advisory Panel on Over-The-Counter (OTC) Con-
traceptives and Other Vaginal Drug Products issued a proposed
rule classifying Nonoxynol-9 as safe and effective and not mis-
branded. Nonoxynol-9 is a vaginal contraceptive active ingredi-
ent (FDA 1980). The ability of Nonoxynol-9 to inactivate human
immune deficiency virus (HIV) under laboratory conditions was
first demonstrated by Hicks et al. (1985). According to Bird
(1991),  research has not established the safety of Nonoxynol-9-
containing spermicides, specifically with regard to local toxicity
to the genital epithelia; furthermore, until further research is un-
dertaken, the potential benefits in HIV prevention cannot be
ascertained. In a more recent study, the investigators were un-
able to demonstrate that Nonoxynol-9 sponge use was effective
in reducing the risk of HIV infection among highly exposed
women (Kreis et al. 1992).

BIOLOGICAL PROPERTIES

Percutaneous Absorption

Prior to initiation of the in vitro skin penetration study, an
experiment was performed to determine whether the rinse-off
exposure protocol in this study would alter skin integrity. Epi-
dermal membranes (cadaver skin) were placed between the two
halves of horizontal Franz-type glass diffusion cells and pre-
treated with Nonoxynol-2, -4, and -9 (20% w/w solutions in
isopropyl myristate; dose per Nonoxynol = 10 /*Ycm2).  The
Nonoxynols were rinsed from the skin after 60 minutes of expo-
sure, and water [(3H)20]  permeation rates were determined over
an g-hour period. Epidermal membranes treated only with iso-
propyl myristate served as negative controls. Twelve replicates

for each surfactant and 12 replicates for isopropyl myristate (to-
tal of 48 cells) were run. The permeability coefficients (cm/h) for
each Nonoxynol (in isopropyl myristate) and isopropyl myristate
are as follows: Nonoxynol-2 (2.26 f 0.30 x 10e3),  Nonoxynol-4
(2.40 f 0.29 x 10-3),  Nonoxynol-9 (3.37 f 0.92 x 10e3),  and
isopropyl myristate (1.34 f 0.18 x 10m3). Water permeability
coefficients for normal skin range from 0.5 to 1.5 x 1O-3 cm/h.
The investigators noted that the number of skin samples with
signs of damage was of concern. For Nonoxynol-treated skin,
data from four samples of each group of 12 cells (-33%) sug-
gested that the skin membranes were compromised. Evidence of
barrier disruption was reported for two of 12 samples (- 17%)
of the isopropyl myristate-treated skin. However, based on these
findings, it was not possible to assign a definite surfactant-
induced damage claim. The investigators also stated that if the
anomalous “damaged” skin samples are discounted, it is appar-
ent that the Nonoxynols influenced the skin barrier to water, but
not to any great degree (An-ex Analytical Services Ltd. 1995a).

The in vitro skin penetration of Nonoxynol-2, -4, and -9
was evaluated using heat-separated, human epidermal mem-
branes. An HPLC analysis-UV detection method was used to
determine the distribution of homologues with varying ethylene
chain lengths in commercial samples of Nonoxynol-2, -4, and
-9, prior to application to epidermal membranes. The distribution
of homologues was as follows: Nonoxynol-2 (Nonoxynol- 1, -2,
-3, and -4 homologues present), Nonoxynol-4 (Nonoxynol- 1, -2,
-3, -4, -5, -6, -7, and -8 homologues), andNonoxynol-9  (Nonoxy-
nol-2, -3, -4, -5, -6, -7, -8, -9, -10, and -11 homologues) (An-ex
Analytical Services, Ltd. 1995b). The experiment was designed
to mimic in-use conditions relative to ingredient use in rinse-
off products. Female human skin was obtained either at autopsy
or following cosmetic reduction surgery. Six different individ-
ual donors were used. Epidermal membranes (comprising stra-
tum comeum and viable epidermis) were placed between the
two halves of horizontal Franz-type glass diffusion cells; the
stratum comeum faced the donor chamber. The area available
for diffusion in each diffusion cell was approximately 1.1 cm2
(range = 0.92 to 1.37 cm2).  Receptor chamber volume varied
from 2.24 to 3.45 ml. The Nonoxynols were dissolved in iso-
propyl myristate to generate 10% (w/w) solutions of Nonoxynol-
2, -4, and -9. The 10% w/w concentration was representative of
“on-head” exposures from an oxidative hair color base mixed
with an equal volume of peroxide. Each Nonoxynol solution
(10 ~1) was dispensed over the surface of the stratum comeum.
Following 1 hour of exposure to each solution, epidermal mem-
brane surfaces were rinsed with isopropyl my&ate.  The rin-
sates per individual cell were pooled and submitted for HPLC
analysis (UV detection method). Samples (200 ~1 per sample)
were removed from the receptor media at 2, 4, 6, 8, 24, and
48 hours postapplication of the vehicle, using a digital pipette,
and then submitted for HPLC analysis. After removal of the 48-
hour sample, epidermal membrane surfaces were rinsed again
with isopropyl myristate, and the rinsates were submitted for
HPLC analysis. No quantifiable levels of any Nonoxynol ho-
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mologue were detected in the receptor chambers. Therefore,
the skin permeation data are expressed as maximum cumulative
permeation (based on detection limits and diffusion cell parame-
ters) in Table 3. The investigators stated that the values in Table
3 referred to the total amount of commercial Nonoxynol that
was applied and that no attempts were made to define values
for individual homologues. It was also stated that the maximum
values given can be gross exaggerations of the actual amount
of Nonoxynol that permeated (An-ex Analytical Services, Ltd.
1995~).  The sponsors of this study made the observation that the
actual amounts of Nonoxynols permeated may have been sub-
stantially below the detection limits stated in Table 3 (Clairol,
Inc. and Rhone-Poulenc, Inc. 1995).

In the same study, data relating to the quantities of Nonoxynol
that were rinsed from the skin at 1 and 48 hours postapplication
were provided only for Nonoxynol-9. These data are included
in Table 4. The investigators stated that given the quantity of
Nonoxynol that was recovered in the l- and 48-hour rinses, it is
not surprising that no quantifiable amounts were present in the
receptor phase. It was also stated that, overall, the data in this
study indicate that none of the Nonoxynols permeated through
the skin to any great extent (An-ex Analytical Services, Ltd.
1995c).

In a second experiment, the in vitro skin penetration of Nono-
xynol-2, -4, and -9 was also evaluated using heat-separated, hu-
man epidermal membranes. Skin samples were obtained from
three individual donors. This experiment was designed to mimic
in-use conditions relative to Nonoxynols in leave-on products,
and was conducted to maximize the potential for quantifying the
relative permeability of the various Nonoxynols and their con-
stituent homologues. Each of three test solutions of Nonoxynol-
2, -4, and -9 (10% w/w in isopropyl alcohol per solution;
volume = 15 ~1) was applied to epidermal membranes accord-
ing to a modification of the procedure in the preceding experi-
ment. Solutions remained in contact with the skin for 48 hours,
after which the entire receptor media were analyzed by HPLC.
The HPLC analysis employed a fluorescence detection method
(An-ex Analytical Services Ltd. 1995d).

This experiment includes data from three of the six replicate
permeation experiments that were conducted for each Nonoxy-
nol. The results indicate that the mean total amount of Nonoxy-
no1 permeated decreased with chain length from 7.21 Kg of
Nonoxynol-2 to 2.77 pug of Nonoxynol-9. Additionally, the

TABLE 3
Maximum cumulative flux and total absorption at 48 hours

(An-ex Analytical Services 1995~)

Maximum amount Maximum % applied
Nonoxynols permeated (pglcm2) dose permeated

Nonoxynol-2 <1.44*0.10 to.19 f 0.01
Nonoxynol-4 <7.85 f 0.35 < 1.04 f 0.04
Nonoxynol-9 < 10.46 f 0.49 < 1.33 f 0.03

TABLE 4
Recovery of Nonoxynol-9 in rinses (An-ex Analytical

Services, Ltd. 1995~)

% applied dose % applied dose
Homologue (1 hour) (48 hours) Total

N5 88.7 9.8 98.5
N6 80.1 13.3 93.4
N7 80.3 11.4 91.7
N8 73.9 16.9 90.8
N9 58.6 14.6 73.2

lower Nonoxynol homologues permeated to a greater extent than
the higher oligomers (An-ex Analytical Services Ltd. 1995e).
According to the sponsors of the preceding experiment, the total
permeation for Nonoxynols was as follows: 6.17 f 0.94 &cm2,
corresponding to 0.57 f 0.07% of applied dose (Nonoxynol-2);
7.10 f 1.47 pg/cm2, 0.66 f 0.14% of applied dose (Nonoxy-
nol-4); and 4.73 f 2.33 ,ug/cm2, 0.49 f 0.27% of applied dose
(Nonoxynol-9).

Based on these data, it was stated that the total skin penetra-
tion for Nonoxynol-9 was slightly lower than that for Nonoxy-
nol-2 and -4. The following comments were also made: “Based
on the leave-on application data, the levels of Nonoxynols ab-
sorbed following an abbreviated exposure period (1 hour) would
be anticipated to be very low (0.13, 0.15, and 0.10 &cm2 for
Nonoxynol-2, -4, and -9, respectively), based on simple linear
extrapolation of the 48-hour data. Therefore, the potential for
systemic exposure to the lower molecular weight Nonoxynols
is extremely low under conditions of rinse-off application to the
scalp (500-750 cm2)  in products such as hair dyes” (Clairol, Inc.
and Rhone-Poulenc, Inc. 1995).

Absorption, Distribution, Metabolism, and Excretion

The placental transfer, maternal tissue distribution, and elim-
ination of 14C-Nonoxynol-9  were evaluated using nulliparous
female Wistar rats (weights = 185-205 g). Nonradioactive Non-
oxynol-9 was dissolved in distilled water and mixed with
14C-Nonoxynol-9,  yielding a total concentration of 25 mg/ml
(specific activity x 0.47 @i/mg).  On day 15 of gestation, the
test solution (dose = 0.1 ml/l00 g body weight) was admin-
istered into the vagina of each animal. The animals were then
placed in individual metabolism cages for the collection of feces
and urine samples. At 6 hours postadministration, the animals
were killed. At 6 hours, the concentration of 14C in the uterus
or placenta was in equilibrium with that of the maternal plasma.
However, the concentration of 14C in the amniotic fluid or fe-
tus was approximately one-third of that detected in the maternal
plasma. The blood profile of 14C radioactivity was expressed as
unmetabolized Nonoxynol-9 in whole blood. Radioactivity was
detectable in tail blood samples at 10 minutes, reached a maxi-
mum concentration at 1 hour, declined slowly up to 3 hour, and
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remained at a steady concentration thereafter. The transfer of
14C-Nonoxynol-9  from the vaginal canal into the systemic cir-
culation occurred rapidly. At the end of 6 hours, approximately
56% (range = 43.4 to 62.3%) of the administered dose was not
absorbed and remained in the vagina. Also, at 6 hours, 8.96 f 0.8
and 7.63 f 0.5% of the administered dose was recovered in the
urine and feces, respectively; the overall elimination by both
routes was approximately 17.0%. The highest concentration of
14C  was detected in the urinary bladder, followed by the liver,
kidneys, and adrenal and thyroid glands; 14C concentration was
lowest in the brain. The concentration of 14C  in the urinary blad-
der was approximately twelve times greater than that detected
in the maternal plasma (Buttar 1982a).

In another study, the transplacental transfer and disposition
of 14C-Nonoxynol-9  were evaluated using female rats (number,
strain, and weights not stated). Each animal received a single
dose of the test substance (dose = 0.1 mg/lOOg)  intravaginally
on day 15 of gestation. The animals were killed at 24,48,  or 96
hours postadministration. At 24 and 48 hours, the concentrations
of 14C in the amniotic fluid, placenta, and fetus were similar to
those in the plasma; however, at 96 hours, concentrations of 14C
in these three tissues were two to five times greater than that
detected in the maternal plasma. The analysis of blood samples
obtained from the tail vein indicated that maximal concentra-
tions of 14C in the blood were detected at 45 to 60 minutes,
and that blood concentrations decreased gradually thereafter.
Approximately 86 and 96% of the administered dose were ab-
sorbed from the vagina after 24 and 48 hours, respectively. The
greatest uptake of 14C occurred in the following organs: maternal
liver, cecum, duodenum, bladder, kidneys, adrenal and thyroid
glands, and uterus. The lowest uptake of 14C occurred in the
brain. The combined recoveries of 14C  in the urine and feces
were 34,46, and 54% of the administered dose at 24,48,  and 96
hours, respectively (Buttar 1983).

The fate of vaginally administered Nonoxynol-9 was evalu-
ated using non-gravid female rats (no., weights, and strain not
stated). An aqueous solution of 13’ I-Nonoxynol-9 (8 PCi of ra-
dioactivity) was administered intravaginally into each animal;
animals were killed at 6 and 24 hours postadministration. Trace
quantities of radioactivity were detected in the cecum and colon.
Radioactivity was not increased in the thyroid gland. The inves-
tigators concluded that the likelihood of vaginal absorption of
Nonoxynol-9 was small and that the radioactivity detected in the
cecum and colon was probably secondary to oral ingestion by
the rats during preening (Malyk 1984).

The distribution of Nonoxynol-9 after intravenous and intrav-
aginal administration to groups of female Sprague-Dawley rats
(weights between 215 and 270 g) was evaluated. Following in-
travaginal administration of aqueous 14C-Nonoxynol-9  (single
dose = 40 mg/kg;  0.40 kCi/mg), the distribution of radioac-
tivity in the tissues was determined at 6 (3 rats) and 24 hours
(7 rats). In the 6-hour experiment, the rats remained anesthetized
throughout the study. In 24-hour experiments, four rats were re-
strained after recovery from the anesthesia and three rats were

placed in metabolism cages and allowed to move freely. At
6 and 24 hours (restrained rats), 12.8 and 37.7% of the ad-
ministered 14C radioactivity was absorbed, respectively. The
highest t4C radioactivity was reported for the small and large
intestines (contents included). In these tissues, 5.3 and 1.3% of
the administered dose was detected at 6 and 24 hours (restrained
rats), respectively. Some of the rats in the 24-hour experiment
were unrestrained to determine whether 14C-Nonoxynol-9  had
been ingested due to preening and/or  coprophagia. The evidence
of such behavior was greater tissue absorption in unrestrained
rats (66.7%) than in restrained rats (37.7%) (Walter, Agha, and
Digenis 1988).

In the second experiment of the above study, four rats (weights
between 215 and 270 g) were injected intravenously with 14C-
Nonoxynol-9 (single dose = 5.2 mg/kg;  3.08 &i/mg). At 6 and
24 hours, the tissues and organs contained 44.4 and 48.1% of
the administered radioactivity, respectively. Again, the largest
counts of radioactivity was reported in the small and large in-
testines (contents included). In these tissues, 38.7 and 43.3%
of the administered dose were detected at 6 and 24 hours, re-
spectively. At 48 hours, 60.8 and 42.8% of the administered
radioactivity was excreted in the feces and urine, respectively.
Radiomonitored HPLC analysis of urine (pooled from 4 rats at
24 hours) and bile (pooled from an additional 3 rats at 6 hours)
collected after intravenous administration of 14C-Nonoxynol-9
indicated that no intact Nonoxynol-9 was present in the urine
or bile, and that Nonoxynol-9 was metabolized to highly po-
lar species. Urinary metabolites that were neutral and acidic in
character were detected (Walter, Agha, and Digenis 1988).

The metabolism of Nonoxynols takes place by shortening of
the ethylene oxide chain and some carboxylation of the alkyl
chain by omega oxidation. No metabolic formation of free phe-
nolic groups has been reported (Arthur D. Little, Inc. 1977;
Osbum and Benedict 1966).

Inhibition of Uterine Contraction

In an in vitro study involving 18 preparations of uterine horns
from ovariectomized Sprague-Dawley rats (weights = 200 to
250 g), Nonoxynol-9 inhibited uterine contraction at concen-
trations of 5 and 50 ng/ml (Valencia-Sanchez et al. 1988).

TOXICOLOGY

Acute Oral Toxicity

In acute oral toxicity studies involving rats (number, weights,
and strain not stated), the LD=,u for Nonoxynol-5 ranged from
3500 to 4500 mg/kg (CTFA 1979a). According to the Hodge and
Sterner (1949) classification system for oral LDsu’s. Nonoxy-
nol-5 was slightly toxic in rats.

In a study involving 30 male and female rats (weights and
strain not stated), the LDsa for Nonoxynol-6 was 1.98 g/kg.
Doses ranging from 1.45 to 2.67 g/kg were administered by

Distributed for Comment Only -- Do Not Cite or Quote 



18 COSMETIC INGREDIENT REVIEW

gavage (Consumer Product Testing Company 1978). According
to the Hodge and Sterner (1949) classification system, the test
substance was slightly toxic.

Subchronic Oral Toxicity

The subchronic oral toxicity of Nonoxynol-6 was evaluated
using four groups of 20 (10 males and 10 females per group)
weanling Sprague-Dawley rats. In each group, mean weights
for male and female rats were 96 and 90 g, respectively. The
test substance was fed to three experimental groups at doses of
0.040, 0.20, and 1.0 g/kg/day for 90 days. The control group
was fed a standard pulverized rat stock diet. The only deaths
reported were two rats (1 male, 1 female) of the 1.0 g/kg/day
group and one female rat of the 0.20 g/kg/day  group; deaths
were due to respiratory failure. Neither microscopic changes
nor significant gross pathologic changes that were related to ad-
ministration of the test substance were observed. Statistically
significant differences in weight gain between experimental and
control groups were noted only in male and female rats of the
1 .O g/kg/day dose group. However, the results of a special paired-
feeding study indicated that this growth effect was due to poor
diet palatability. Data from hematologic and urine analyses were
similar between experimental and control groups. Increased liver
weights and liver-to-body weight ratios were noted in female rats
that received 1.0 g/kg/day and in male rats that received 0.20
and 1.0 g/kg/day. These increases were dose correlated and,
consequently, directly related to ingestion of the test material.
Liver-to-body weight ratios were also significantly increased in
female rats that received 0.20 g/kg/day. However, at this dose,
absolute liver weights were not significantly increased over those
of the control group, and significant body weight reduction was
not noted. The researchers concluded that the importance of in-
creased liver-to-body weight ratios in relation to the ingestion
of Nonoxynol-6 was questionable (Industrial Bio-Test Labora-
tories, Inc. 1963a).

In another study, the subchronic oral toxicity of Nonoxynol-
6 was evaluated using four groups of four (two males, two fe-
males) pure-bred beagle dogs. For the four groups, mean weights
ranged from 5.9 to 7.8 kg (males) and 4.8 to 7.8 kg (females).
The test substance was fed to three experimental groups at doses
of 0.040,0.20,  and 1 .O g/kg/day for 90 days. The control group
was fed a stock diet. None of the animals died. However, during
the first two weeks of testing, emesis was noted daily in dogs
that received 0.2 and 1.0 g/kg/day. After the first two weeks,
occasional emesis was noted only in the 1 .O g/kg/day group.
The results of gross and histopathologic examinations did not
indicate any changes that were related to test substance admin-
istration. Significant abnormalities also were not observed in
hematologic studies, clinical blood chemistry analyses, urinaly-
ses, and liver function tests. Compared to the control group, there
was a slight increase in the liver-to-body weight ratio in female
dogs that received 1 .O g/kg/day; this finding was not considered
significant (Industrial Bio-Test Laboratories, Inc. 1963b).

Acute Dermal Toxicity

Reportedly, in an acute dermal toxicity study involving rab-
bits (number, weights, and strain not stated), the LDsa for
Nonoxynol-5 was not achieved at a dose of 2.0 g/kg (CTPA
1979a). The procedure for test substance administration was
not stated. According to the Hodge and Sterner (1949) classi-
fication system for dermal LDso’s, Nonoxynol-5 would be, at
most, slightly toxic in rabbits. Reportedly, the LDse also was
not achieved at a dose of 3.0 g/kg when Nonoxynol-6 was tested
in a dermal toxicity study involving rabbits (number, weights,
and strain not stated) (CTFA 1979b). The procedure for test sub-
stance administration was not stated. Nonoxynol-6 was, at most,
slightly toxic in rabbits according to the classification system for
dermal LDSa’s  by Hodge and Sterner (1949).

Short-Term Parenteral Toxicity

The toxicity of Nonoxynol-9, in saline, was evaluated using
female Sprague-Dawley rats (weights ~200 g). Ten rats were
intraperitoneally injected with 5 mg Nonoxynol-9/100  g body
weight daily for a total of 5 days. Control rats were injected
intraperitoneally with saline according to the same procedure.
The animals were exsanguinated, and the livers were infused
in situ. The liver, kidneys, and lungs were then removed from
each animal. An increase in serum glutamyloxalacetic transa-
minase (SGOT) activity was detected after a single intraperi-
toneal injection of Nonoxynol-9. SGOT activity reached a max-
imum (900 IU) between 4 and 8 hours. The administration of
Nonoxynol-9 for 5 days caused a significant increase (p < 0.001;
2.27 f 0.12 mg/liver)  in the content of collagen in the liver. Total
collagen content as well as the density of collagenous hydrox-
yproline in the liver were increased by approximately 100%.
The cellularity of the liver, based on the amount of DNA, was
also significantly increased. Compared to saline-treated con-
trols, transmission electron micrographs of randomly selected
cubes of liver tissue from experimental animals indicated a dra-
matic increase in the amount of rough endoplasmic reticulum.
Changes in all of the preceding parameters were not observed in
the lungs. The investigators concluded that the intraperitoneal
administration of Nonoxynol-9 produced morphologic and bio-
chemical changes in the liver (Chvapil et al. 1986).

In another short-term toxicity test, 5 mg of Nonoxynol-9/
100 g body weight (in saline) were instilled into the upper aspect
of the vagina of four groups of six Sprague-Dawley female
rats (weights ~200 g). Injections were made daily for 5, 10,
15, and 20 days; blood samples were also taken on these days.
Control rats (four groups of three) were intravaginally injected
with saline. The animals were exsanguinated at 5-day  intervals,
and the liver, kidneys, and lungs were removed from each an-
imal. Total hydroxyproline and DNA content were determined
in hepatic and renal tissues. At 15 days postadministration, a
significant increase in hepatic collagen (p < 0.01; 339 f 46.4
pg/g) was noted. No effect on DNA was observed during the
15-day postadministration period. When liver specimens were
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examined by light microscopy, lesions of nonspecific inflam-
mation with destruction of normal lobule architecture were ob-
served (after 15 injections). Liver specimens examined by trans-
mission electron microscopy had an increased density of rough
endoplasmic reticulum (after 15 injections of Nonoxynol-9),
primarily in the vicinity of the cell nucleus. In the kidneys,
both DNA content and total hydroxyproline were significantly
increased after 15 days (p < 0.01) and 20 days (p < 0.05) of
Nonoxynol-9 administration. A significant increase in serum
SGOT activity was also noted during each of the four time peri-
ods at which blood samples were taken (p < 0.001 on days 5 and
15; p < 0.01 on days 10 and 20). The researchers concluded that
the intravaginal administration of Nonoxynol-9 produced mor-
phologic and biochemical changes in the liver and biochemical
changes in the kidneys (Chvapil et al. 1986).

Cytotoxicity

The cytotoxicity of Nonoxynol-9 was evaluated using rat liver
cells (T5 1B cells) from a nontumorigenic cell line. T5 IB cells
were plated at a density of 3.2 x lo3 per cm*,  maintained for
24 hours in complete medium, and then treated with various
concentrations of Nonoxynol-9 for an additional 24 hours. At
the end of the 24-hour period, the cells from each treated cul-
ture were replated at a density of 80 cells (viable and nonviable)
per cm2.  Colony formation of survivors was estimated at 7 days
after plating. Nonoxynol-9 was cytotoxic to T5 1B rat liver cells
at concentrations of -11 to 50 pg/ml; the degree of cytotoxic-
ity was concentration dependent. These results are based upon
the dose-response curve on Nonoxynol-9 cytotoxicity that was
generated (Buttar, Moffatt, and Bura 1986).

Hematotoxicity

The hemolytic activity of Nonoxynol-9 was evaluated using
blood samples from rabbits. Nonoxynol-9 was tested at con-
centrations ranging from 0.006 to 0.1% in saline. Each cell
suspension test material mixture was incubated at 37°C for
15 minutes, centrifuged, and then observed for hemolytic ac-
tivity. Complete hemolysis was defined as the absence of cell
sedimentation. The control solution, for detection of sponta-
neous hemolysis, consisted of 1 ml of the diluted rabbit blood
in 1 ml of saline. Nonoxynol-9 caused complete hemolysis
at concentrations of 0.006 to 0.12% (Dolan 1981). In a more
recent study, it was concluded that Nonoxynol-9 destabilizes
the erythrocyte cell membrane. In the range of 0.2 to 2.0 mg
of membrane lyophylisate per ml of suspension, Nonoxy-
nol-9 was incorporated into the erythrocyte membrane at a ratio
of 1 mol per 40 mol of phospholipids. Additionally, Nonoxy-
nol-9 reduced phase transition breaks of the membrane, partic-
ularly in the temperature range of 16 to 20°C (Freisleben et al.
1989).

lmmunotoxicity

The immunotoxicity of Nonoxynol-9 was evaluated in a dou-
ble blind study, using outbred CF-I female mice (weights = 26-

33 g each). In the experimental group, 10 mice were injected
intraperitoneally with 0.2 ml of 0.2% Nonoxynol-9 in sterile
saline daily for 24 days, with the exception of days on which
the animals were bled. Mice were bled by caudal incision be-
fore dosing and on days 16 and 25. On days 11 and 18, all
of the mice were immunized subcutaneously with 0.05 ml of
5% sheep red blood cells (SRBC) and 0.05 ml of 10% SRBC,
respectively. The 10 negative control mice were injected with
0.2 ml of saline according to the same procedure, and another
group of five mice received no treatment, but was immunized
and bled. The animals were weighed prior to treatment and on
days 3, 10, 17, and 28. Significant weight loss was noted in ex-
perimental animals on days 10, 17, and 28 (day 28: p < 0.02;
mean weight change = 1.9 g). In conjunction with the weight
loss, the livers of mice dosed with 0.2% Nonoxynol-9 were
somewhat reduced in size compared to saline-treated controls
(p < 0.05; mean weight change = 0.0065 g). Spleens in the ex-
perimental animals were larger than those in the saline control
group (p < 0.05; mean weight change = 0.001 g) or in the un-
treated control group (p < 0.02; mean weight change = 0.002
g). On day 16, hematocrits of the experimental mice were lower
than those in the saline-treated control mice (p < 0.05; differ-
ence of 2); an increase in the hematocrits of untreated mice
was noted between days 16 and 25 (p < 0.01; difference of 5).
However, even when considering these variations, all hemato-
logic values were within normal range. There were no signifi-
cant differences between saline-treated and experimental groups
with respect to the following: sizes of organs other than the
liver or spleen, leucocyte counts, primary and secondary anti-
SRBC titers, and serum IgM and IgG concentrations. It was
concluded that Nonoxynol-9 induced only minor deleterious ef-
fects in mice, which included decreased body weight, reduc-
tion in liver size, and enlargement of the spleen (Caren  and
Brunmeier 1987).

Ocular Irritation

Severe ocular irritation reactions were observed in animals
tested with Nonoxynol-5. An ocular irritation score of 55 per-
sisted through day 7. Neither the experimental procedure nor
the animal species was stated (CTFA 1979a). Nonoxynol-6 also
induced severe ocular irritation reactions in animals; growth of
blood vessels onto the cornea was observed. Irritation reactions
persisted to day 21. Neither the experimental procedure nor the
animal species was stated (CTFA 1979b).

The ocular irritation potential of Nonoxynol-6 was evalu-
ated in a Draize test using six rabbits; the eyes were not rinsed.
The test substance was classified as a severe ocular irritant. The
average Draize scores (scale = 0 to 110) on days 1 and 7 postin-
stillation were 28.8 and 16.0, respectively (Consumer Product
Testing Company 1978).

Skin Irritation

Severe skin irritation reactions were observed in animals
tested with Nonoxynol-5. The reactions observed included

Distributed for Comment Only -- Do Not Cite or Quote 



20 COSMETIC INGREDIENT REVIEW

reddening, cracking, and drying. Neither the experimental pro-
cedure nor the animal species was stated (CTFA 1979a).

The skin irritation potential of Nonoxynol-6 was evaluated
using six New Zealand white rabbits. The test substance was
applied to clipped skin of the back at concentrations of 25, 50,
75, and 100 grams % (w/w) in petrolatum. The test sites were
then covered with patches (“Al Test” strips) secured with tape
and a bandage. The bandages were removed at 24 hours and
sites were scored for the presence of irritation at 48 hours. No
effort was made to determine the severity of individual reac-
tions observed. Nonoxynol-6 concentrations of 25,50, and 75%
each induced skin irritation in four of six rabbits. Nonoxynol-6
(100%) induced skin irritation in five of six rabbits (Nethercott
and Lawrence 1984).

The skin irritation potential of Nonoxynol-6 was evaluated
in another study involving six rabbits. The test substance
(0.5 ml) was applied under occlusive patches to clipped intact
and abraded skin. Reactions (erythema and edema) were scored
at 24 and 72 hours, and the mean scores were averaged in order to
determine the Primary Irritation Index (PII).  Nonoxynol-6 was
classified as severely irritating to the skin of rabbits (PI1 = 3.0)
(Consumer Product Testing Company 1978).

Nonoxynol-6 was classified as a severe skin irritant in ani-
mals in another study (primary irritation score = 6.6). Neither
the experimental procedure nor the animal species was stated
(CTFA 1979b).

Mucous Membrane Irritation

A mucous membrane irritation test was conducted using
19 New Zealand white female rabbits (weights = 4 to 5 kg).
A collagen sponge containing a known amount of Nonoxynol-9
(2.5, 5.0, 20.0, and 50.0 mg in aqueous solution) was inserted
into the vagina of each animal. Each treatment group consisted
of three or four rabbits, and, in each group, the sponges remained
in place for 10 days. A collagen sponge was inserted into the
vagina of each of six control rabbits. The magnitude of vagi-
nal irritation was evaluated according to a modification of the
procedures by Eckstein et al. (1969) and McConnell (1974).

Moderate inflammatory changes were observed in the vagi-
nas of rabbits exposed to 2.5 mg Nonoxynol-9. The most strik-
ing finding was a pronounced infiltration of polymorphonuclear
leucocytes on the inserted sponge. Minimal changes were ob-
served in two of the six control rabbits. Increasing the amount
of Nonoxynol-9 in the sponge resulted in more pronounced in-
flammatory changes. Increased cellular inflammatory infiltrate,
more edema of the connective tissue of the submucosal layer,
and denudation of the mucosal epithelium were observed. At
the highest dose of Nonoxynol-9 tested (50 mg), no epithelial
lining was observed, except in areas that were far removed from
the medicated sponge (Chvapil et al. 1980).

Concentrations of 2.5,5.0, 12.5, and 25.0% aqueous Nonoxy-
nol-9 (volume = 20 ml) were administered by vaginal lavage to
four groups of six New Zealand rabbits once daily for 4 days.
Distilled water was administered to a control group of six rabbits

according to the same procedure. Irritation of the vaginal mucosa
was concentration-dependent. Concentrations of 2.5 and 5.0%
induced mild irritation, whereas, 12.5 and 25.0% concentrations
induced moderate to severe irritation. The lesions that were ob-
served included epithelial exfoliation, submucosal edema, and
inflammatory-cell infiltrate (Kaminsky et al. 1985).

In additional experiments, 5.0, 12.5, 25.0, 50.0, and 75.0%
Nonoxynol-9 concentrations, in distilled water, were adminis-
tered by vaginal lavage to five groups of seven Sprague-Dawley
rats. Distilled water was administered to two groups of con-
trol rats. Concentrations of 5.0 and 12.5% Nonoxynol-9 in-
duced minimal irritation, and inflammatory-cell infiltrate was
observed. Nonoxynol-9 (25.0%) induced mild irritation and ep-
ithelial exfoliation. Epithelial exfoliation was more severe and
persistent in animals that received 50.0 and 75.0% concentra-
tions, and edema was also noted in these two groups. The inflam-
matory cell infiltrate became more severe and persistent only
in the 75.0% Nonoxynol-9 treatment group (Kaminsky et al.
1985).

Aqueous Nonoxynol-9 (pH 2; single dose = 5 mg/lOO g) was
administered intravaginally to groups of 9 to 10 female Wistar
rats. Groups of five control rats received distilled water accord-
ing to the same procedure. The animals were killed over a period
of 6 weeks. At 24 hours postadministration, primary mucosal
damage, including epithelial degeneration, necrosis, and slough-
ing, was observed. Mucosal damage was complicated by a sec-
ondary acute inflammatory response that eventually involved the
entire vaginal wall and the perivaginal tissues. Inflammation of
the vaginal wall was time dependent, having increased in sever-
ity within 24 hours. Areas of the vagina with minimal mucosal
damage eventually returned to normal. However, areas with se-
vere mucosal damage healed abnormally (Tryphonas and Buttar
1982). When a contraceptive cream containing 5% Nonoxy-
nol-9 was administered intravaginally (dose = 0.1 g/100  g body
weight) to groups of three to eight Wistar rats, the lesions ob-
served were not as severe as those induced by aqueous Nonoxy-
nol-9 in the preceding study. However, acute cervicovaginitis
was observed in some of the rats (Tryphonas and Buttar 1984).

Skin Sensitization

The skin sensitization potential of Nonoxynol-6 was evalu-
ated using the guinea pig maximization test (Magnusson and
Kligman 1970). Four groups of five albino guinea pigs of the
Hartley-Dalkin strain (weights = 300 to 500 g) were tested with
Nonoxynol-6 concentrations of 1.7,3,9, and 27 grams % (w/w)
in propylene glycol during the induction phase. One animal in
the 9% Nonoxynol-6 treatment group did not complete the study.
On day 1 of induction, animals in each of the four groups re-
ceived three pairs of injections (unshaved shoulder region) of
the following chemicals: (1) 0.1 cc Nonoxynol-6, (2) 0.1 cc
Nonoxynol-6 mixed (50 : 50 mixture) with Freund’s complete
adjuvant, and (3) 0.1 cc Freund’s complete adjuvant. On day
7, each injection site was shaved and 100% Nonoxynol-6 was
applied for 48 hours under an occlusive patch secured with a
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bandage. During the challenge phase, Nonoxynol-6 (2.7% in
petrolatum) was applied via occlusive patches to shaved skin of
the flanks on day 2 1. Each patch was secured with a bandage for
24 hours, and sites were scored at 48 hours. The test results from
a pretest control group of ten guinea pigs established a nonirritant
concentration of 2.7% Nonoxynol-6 in petrolatum for use dur-
ing the challenge phase. A control group of 40 guinea pigs (20
exposed to deodorized kerosene and 20 exposed to tetraethy-
lene glycol diacrylate during induction) was not exposed to
Nonoxynol-6 during the induction phase, but was challenged
with 2.7% Nonoxynol-6. The incidence of challenge reactions
in experimental groups was as follows: 1.7% Nonoxynol-6 in-
duction group (2/5 guinea pigs), 3% group (O/5),  9% group (l/4),
and 27% group (215).  Five of the 40 control animals had chal-
lenge reactions to 2.7% Nonoxynol-6. The proportion of chal-
lenge reactions to 2.7% Nonoxynol-6 in experimental groups
was not significantly different from that in the control group. It
was concluded that Nonoxynol-6 did not induce sensitization in
guinea pigs (Nethercott and Lawrence 1984).

REPRODUCTIVE AND DEVELOPMENTAL EFFECTS

The toxicity of Nonoxynol-9 was evaluated in the in vivo
sperm abnormality assay according to the method of Wyrobek
and Bruce (1978). Two separate experiments, several months
apart, were performed; similar doses were tested. Nonoxynol-
9, in distilled water, was injected intraperitoneally into groups
of five Fi male mice (C57Bl/6  x C3H/He)  in doses of 20,40,
50, or 60 mg/kg once daily for 5 days. The mice were 9 to 10
weeks old and weights ranged from 28 to 32 g. Mice in the
negative control group were dosed with distilled water (10 ml/
kg/day) according to the same procedure. Positive control mice
were intraperitoneally injected with aqueous cyclophosphamide
(100 mg/kg/day).  At 35 days postinjection, cervical dislocation
was performed and sperm from the cauda epididymis were sus-
pended in physiologic saline and stained with Eosin-Y. In both
experiments, at least 300 spermatozoa from each mouse were ex-
amined microscopically (Buttar, Swierenga, and Mutula 1986).
The results of the preceding experiment indicated no deaths
at doses up to 60 mg/kg. However, following the injection of
100 mg/kg/day,  a few mice (number not stated) died after the
third or fourth injection. The percentage of abnormal sperm ob-
served in the positive control (cyclophosphamide) group was sig-
nificantly different (p < 0.05) from the vehicle control group and
all treatment groups. It was concluded that data from the two ex-
periments indicated that systemic administration of Nonoxynol-
9 did not increase the frequency of morphologically abnormal
sperm over that observed in the control group. The investiga-
tors also stated that whether the lack of genotoxic response was
due to low affinity of the male germinal cells for Nonoxynol-
9 and its metabolites, or to the existence of a blood-testicular
barrier in adult mice was not known (Buttar, Moffatt, and Bura
1986).

The embryotoxicity of Nonoxynol-9 was evaluated using
groups of nulliparous female Wistar rats (5 per group; weights =

180 to 200 g). Each rat was dosed intravaginally with 5 mg
Nonoxynol-9/100 g (0.1 ml Nonoxynol/lOO  g) on gestation days
3 or 7. The concurrent control rats (5 per group) received a per
vaginam application of physiologic saline (0.1 ml/l00 g). The
groups of treated animals were killed by CO2 inhalation on ges-
tation days 6,9, 12, and 15, or 8,9, 10, 12, and 15, respectively.
Gross and microscopic examinations were performed. Ulcer-
ative vaginitis and perivaginal edema, which occasionally ex-
tended to the rectal wall and the pelvic connective and adipose
tissues, were observed in the treated dams. The severity of vagi-
nal and perivaginal lesions decreased throughout the course of
the study, and, on day 15, no lesions were observed. Other com-
mon findings included a decrease in the number of embryos and
a concomitant increase in the number of resorption sites. The
frequency of these alterations was indirectly proportional to the
duration of pregnancy at which Nonoxynol-9 was administered.
For dams dosed on day 3 of gestation, the mean number of nor-
mal implantation sites was reduced to one or less per uterus. For
dams dosed on day 7, 9.2 normal implantation sites per uterus
and 4.8 resorption sites per uterus were found. Compared to the
saline-treated control group, the number of normal implantation
sites was smaller and the number of resorption sites was greater
in experimental groups; the difference was significant (p < 0.01)
(Tryphonas and Buttar 1986).

Two-day old Swiss-Webster mouse embryos were cultured
for 72 hours in media containing 0.25 to 10 pg/ml Nonoxynol-
9. The 10 pg/ml concentration was lethal to all embryos within
24 hours. Viability was reduced in a concentration-dependent
manner. In some instances, embryos failed to divide beyond the
8- to 16-cell stage and disintegrated within 48 hours (Buttar,
Moffatt, and Bura 1985).

The developmental toxicity of Nonoxynol- 10 was evaluated
using 49 female, specific pathogen-free CD-l mice (6 weeks
old). The test substance was administered by gavage once daily,
600 mglkglday, on days 6 through 13 of gestation; none of the
dams died. A negative control group of 50 mice was dosed with
corn oil. Compared to the negative control group, no significant
differences were found in any of the following results: number
of viable litters, livebom per litter, percentage survival, birth
weight per pup, and weight gain per pup. Nonoxynol- 10 did not
induce developmental toxicity in mice (Hardin et al. 1987).

Single doses (2.5 mg/lOO  g body weight) of Nonoxynol-9
were administered intravaginally to groups of pregnant Wis-
tar rats (number of animals and weights not stated) on days
1 through 10 of gestation; uterine contents were observed on
day 21. Control rats were dosed with distilled water. The inci-
dences of nonpregnancies and resorptions were greatest in dams
dosed on days 3,4,5, and 6 of gestation. Additionally, the num-
ber of live fetuses was significantly reduced in dams dosed on
gestation days 4,5, and 9. The average litter size for dams treated
on day 10 of gestation was similar to that for control animals.
For dams dosed on day 5 of gestation, fetal weights were signifi-
cantly reduced. Neither visceral nor skeletal abnormalities were
observed in any of the treatment groups. Nonoxynol-9 was em-
bryolethal and fetocidal, but was not teratogenic (Buttar 1982b).
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The teratogenicity of Nonoxynol-9 (in distilled water) was
evaluated using 1 l-week-old, outbred SPF rats. The rats were
maintained in stainless steel wire cages and fed powdered chow
(chow 101) prior to mating. Three groups of 22 to 25 mated fe-
male rats then received oral doses of 50, 250, or 500 mg/kg/
day on days 6 to 15 of gestation. In the fourth experimen-
tal group, 21 rats were dosed orally with Nonoxynol-9
(500 mg/kg/day) on days 1 to 20 of gestation. Twenty-five con-
trol rats were dosed with water (5 ml/kg/day) on gestation days
6 to 15; a positive control was not used in the study. On day
2 1, the rats were killed by exsanguination under CO2 anesthesia
and necropsied. Half of the fetuses were examined for skeletal
anomalies according to the method of Dawson (1926),  and the
remaining fetuses were fixed in Bouin’s solution and sectioned
according to the method of Wilson (1965). The 50 mg/kg dose
group was the only treatment group for which a statistically
significant decrease in weight gain was not observed. Slightly
lower average litter sizes that were considered statistically sig-
nificant (p < 0.05; number affected not stated) were observed in
groups of mice that received 250 or 500 mg/kg/day  doses on days
6 through 15 of gestation; litter sizes per group were not stated.
A statistically significant (p < 0.05; number affected not stated)
increase in preimplantation loss was also observed in these two
groups. A statistically significant dose-related increase in extra
ribs and rudiments of ribs was observed in rats dosed orally with
Nonoxynol-9. The incidence of statistically significant skele-
tal anomalies for the litters was as follows: 250 mg/kg/day
(24 of 25 with rudiments of ribs; p < 0.02), 500 mg/kg/day
(10 of 20 with extra ribs, p < 0.05; 10 of 20 with rudiments of
ribs, p < O.Ol),  and 500 mg/kg/day  on days 1 to 20 of gestation
(12 of 21 with extra ribs, p < 0.01; 21 of 21 with rudiments of
ribs). An increased incidence of fetuses (500 mg/kg/day  dose
group; dosing on gestation days l-20) with a slightly dilated
pelvic cavity was also reported. The incidence was 12 of 2 1 litters
@ < 0.05) compared to 5 of 25 litters in the control group. The
investigators concluded that the no-effect level for Nonoxynol-9
in this teratogenicity study was 50 mg/kg/day  (gestation days
9 to 15) when the test substance was administered orally (Meyer
et al. 1988). In this study, Nonoxynol-30 (in distilled water)
was also administered orally to three groups of 21 to 25 mated
female rats (same weights and strain) in doses of 50, 250, or
1,000 mg/kg/day  on days 6 to 15 of gestation. In a fourth
experimental group, 19 rats were dosed orally with Nonoxynol-
9 (1,000 mg/kg/day) on gestation days 1 to 20. In all treat-
ment groups, none of the dams had signs of any adverse effects,
and neither reproductive effects nor teratogenic effects on
the skeleton and soft tissues were observed (Meyer et al.
1988).

In a second experiment by the above investigators, Nonoxy-
nol-9, in distilled water, was applied to the skin of 19 and
24 female mated rats (same weights and strain) in doses of 50
and 500 mg/kg/day,  respectively. The procedure for dosing in-
volved the application of a porous dressing, which had been im-
pregnated with the test substance, to shaved skin. The dressing

was secured with tape, and the application period was from days
6 to 15 of gestation. The negative control group (19 rats) received
water on gestation days 6 to 15. With the exception of the method
of administration, the experimental procedure was identical to
that stated above. Compared to the control group, a concomitant
decrease in feed consumption was observed in dams dosed with
500 mg/kg Nonoxynol-9. However, all rats given epicutaneous
doses, including the control group, had a marked decrease in
body weight and weight gain during treatment. Increased lit-
ter size and decreased postimplantation loss @ < 0.05 for both)
were observed in the 500 mg/kg dose group. No dose-related
effects on skeletal and soft tissues were observed; however, an
increased incidence of extra ribs was observed in the 50 mg/kg
dose group (p < 0.02),  but not in the 500 mg/kg dose group
(Meyer et al. 1988).

The teratogenicity of a contraceptive cream containing Nono-
xynol-9 (50 mg/ml) was evaluated using five groups of 30 fe-
male, Long-Evans Hooded rats (body weights = 242-3 17 g).
In the two experimental groups, pregnant rats were dosed in-
travaginally with 0.08 ml/kg cream (4 mg/kg Nonoxynol) and
0.8 ml/kg cream (40 mg/kg Nonoxynol) on days 6 through
15 of gestation. Animals of the vehicle control group were
dosed intravaginally with 0.8 ml/kg cream base (no Non-
oxynol-9), and the two remaining groups of rats were untreated
controls and sham controls, respectively. On day 20 of gesta-
tion, the dams were killed with carbon dioxide and necropsy
was performed; viable fetuses were examined for external mal-
formations. One-third of the fetuses from each litter were fixed
in Bouin’s solution, and visceral examination was performed
according to the method of Wilson and Warkany (1964). The
remaining two-thirds were examined for gross visceral anoma-
lies; skeletal malformations were also determined. None of the
dams died and no adverse clinical signs were observed during
the study. No differences were observed between experimen-
tal and control groups with respect to the following: number of
corpora lutea per dam, number of implants per dam, percentage
of reabsorption per litter, or litter size. Statistically significant
differences in mean fetal weight, crown to rump length, and sex
distribution between experimental and control groups also were
not noted, and no test substance-related major or minor visceral
malformations were found. The following spontaneous malfor-
mations were observed among 1824 fetuses from 139 litters
examined: absence of urinary bladder and ureters (1); kinky tail
(1); abnormally shaped eye (1); small testes (1); undescended
testes (1);  small kidneys (1); pouchlike cheek (1); pale fetus (3);
and hydroureter and/or hydronephrosis (94). Hydrometer and
hydronephrosis, observed in 5.5% of the fetuses, were uniformly
distributed between experimental and control groups. This per-
centage was said to compare favorably with the spontaneous
incidence of 6.3% in a comprehensive study of 2075 Long-Evans
rats. Of the 1219 fetuses that were examined for skeletal malfor-
mations, the fetal and litter incidences of major and minor skele-
tal malformations were comparable between experimental and
control groups. Delayed closure of cranial sutures and delayed
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ossification were observed in fetuses of all groups, including
controls. Additionally, relative to delayed ossification, the fetal
incidence in untreated and high-dose (40 mglkg Nonoxynol-9)
groups was significantly greater (p < 0.01) than that in sham
and/or low-dose (4 mg/kg Nonoxynol-9) groups. The litter in-
cidence in the untreated control group was also statistically
greater (p < 0.05) than that in the sham and low-dose groups.
It was concluded that intravaginally administered Nonoxynol-
9 was not embryotoxic or teratogenic in rats at dosages up to
40 mg/kg/day,  which is equivalent to approximately 20 times the
clinical application (Abrutyn, McKenzie, and Nadaskay 1982).

The developmental toxicity of a test material containing
14.0% nonylphenoxy polyethoxy ethanol (a Nonoxynol; num-
ber of moles ethylene oxide not stated), 64% tallow fatty acid
amine ethoxylate, and 22% butoxyethanol was evaluated using
groups of 25 female Crl:CD BR nulliparous rats (approximately
64 days old). The test substance was administered by gavage in
doses of 3, 8, 20, and 50 mglkg body weight on days 7 to 16
of gestation; the control group (25 rats) was dosed with deion-
ized water. Maternal toxicity was induced at doses of 20 and
50 mg/kg/day.  No significant differences in fetal malformations
were observed between experimental and control groups at any
of the doses tested. The investigators concluded that the no-
observable-adverse-effect level was 8 mg/kg/day for the dam
and greater than 50 mg/kg/day  for the conceptus (Anonymous
1992).

MUTAGENICITY

The induction of unscheduled DNA synthesis was evaluated
according to the method of Williams (1978) using freshly iso-
lated adult rat hepatocytes. The cells were exposed to test con-
centrations of 5, 10, and 25 kg/ml Nonoxynol-9 along with
5 &i/ml [3H]thymidine  (specific activity 25 Ci/mmol)  for 18
hours, and processed for autoradiography. Grains were counted,
and repair was expressed as grains over the nucleus minus grains
over a similar-sized area in the cytoplasm. Nonoxynol-9 did not
induce unscheduled DNA synthesis at any of the test concen-
trations. Methyl methane sulfonate (positive control) induced
unscheduled DNA synthesis and negative results were reported
for the saline negative control (Buttar, Swierenga, and Matula
1986).

The mutagenicity of Nonoxynol-9 was evaluated in muta-
genicity and transformation assays involving rat liver cells
(T5 1B cells) from a nontumorigenic cell line. T5 1B cells were
plated at a density of 6.7 x lo3 per cm*,  maintained for 24 hours
in complete medium, and then treated with 5, 10, 15, and 25 pug/
ml Nonoxynol-9 for an additional 24 hours. In one set of ex-
periments, the cells were exposed to Nonoxynol-9 for 11 days,
with regular medium changes. After exposure, the cells were
washed twice with phosphate-buffered saline and maintained in
fresh medium until the cells became confluent. In order to deter-
mine HGPRTmutants,  the cells were replated (density = 8 x lo3
cells per cm2)  into selective media containing 10 pg/ml 8-

azaguanine. The cells were replated (density = 80 cells per cm2)
in the presence of a low concentration of calcium (0.02 mM)
in order to determine transformation frequency. Nonoxynol-
9 was not mutagenic at any of the concentrations tested and
did not induce malignant transformations in the low calcium
assay. HGPRT mutants were induced in the positive control
(DMBA) culture. Neither HGPRT mutants nor malignant trans-
formations were observed in negative control cultures (Buttar
et al. 1986).

The effect of Nonoxynol-9 on malignant transformation was
evaluated in an in vitro transformation assay involving mouse
BALB/3T3 fibroblasts and mouse lOT1/2 fibroblasts. The as-
say was performed according to the method of Little (1979).
For each experimental group, data were pooled from three ex-
periments. When BALB/3T3 cells were treated with 0.0001 or
0.001% Nonoxynol-9 (final concentrations in cell medium) for
11 days or with 0.00001 Nonoxynol-9 for 3 weeks, a signi-
ficant number of transformed foci was induced. The amount of
transformation was not significantly elevated over background
in cultures treated with 0.0000 1% Nonoxynol-9 when treatment
was discontinued at 11 days. When 0.00001% Nonoxynol-9 was
added to mouse 10T1/2 fibroblast cultures once per week for 5
weeks, the number of transformed foci was significantly en-
hanced over background. However, the incubation of these cul-
tures with 0.001% Nonoxynol-9 for 48 hours produced minimal
toxicity and no significant increase in transformation. The re-
sults of this study indicate that Nonoxynol-9 can induce trans-
formation in two mouse cell transformation systems, and that
this induction was dependent on dose as well as duration of
exposure (Long, Warren, and Little 1982).

In a second experiment by the above investigators, the ef-
fect of Nonoxynol40 on malignant transformation in vitro was
evaluated using BALB/3T3 fibroblasts. The methodology of Lit-
tle ( 1979) was also used. Cultures were incubated with 0.00001,
0.0001, and 0.001% Nonoxynol40 for 48 hours and with
0.00001% Nonoxynol-40 for 3 weeks. Untreated cultures served
as controls. In each experimental group, data were pooled from
two separate experiments. For each concentration of Nonoxynol-
40 that was tested, no increase was observed in the frequency
of transformed cultures over that noted in control cultures. This
was true even after incubation with 0.00001% Nonoxynol40
for 3 weeks (Long, Warren, and Little 1982).

Promotional effects of Nonoxynol-9 were also evaluated us-
ing mouse lOT1/2 fibroblast cultures. After a single X-ray expo-
sure (100 rad), the cells were incubated with 0.00001% Nonoxy-
nol-9 for 5 weeks and 0.001% Nonoxynol-9 for 48 hours,
respectively. Cultures were also exposed to X-rays (100 rad)
only, and to X-rays (100 rad) plus 0.1 pg/ml IZO-tetradecanoy-
lphorbol- 13-acetate (TPA) and incubated for 5 weeks. Untreated
cultures served as negative controls. In each experimental group,
data were pooled from two separate experiments. For cultures
exposed to X-rays and incubated with either 0.0000 1 or 0.001%
Nonoxynol, the transformation response was no greater than
the added responses of cells exposed to X-rays only plus those
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exposed to either concentration of Nonoxynol-9. The results of
a statistical analysis of the data indicated p values of co.05 and
>0.09 for irradiated cultures treated with 0.00001 and 0.001%
Nonoxynol-9, respectively. For cultures exposed to X-rays alone
and X-rays plus TPA, thep values were >0.7 and ~0.01, respec-
tively (Long, Warren, and Little 1982).

The induction of malignant transformation in vitro by Nono-
xynol-9 (in distilled water) was evaluated in another study us-
ing BALB/3T3 cells. In the cell transformation assay (repeated
three times), Nonoxynol-9 was tested at concentrations rang-
ing from 0.08 to 10 pg/ml.  In each assay, 20 cultures per test
concentration were incubated for 48 hours. Distilled water and
3-methylcholanthrene served as solvent and positive controls
respectively. 1,4-Dioxane,  a known carcinogen, was tested at
concentrations ranging from 0.25 to 4 mg/ml according to the
same test procedure. Of the 20 cultures examined per test con-
centration, the number of type III foci ranged from 0 to 3 in
the solvent control, 0 to 2 in Nonoxynol-treated cultures, and
1 to 44 in cultures treated with 1,4-dioxane.  A positive response
to 3-methylcholanthrene was observed in all assays. BALB/3T3
cell cultures were also exposed to the same test and control com-
pounds for 13 days. Of the 20 cultures examined per test con-
centration, the numbers of type III foci were as follows: 5 and
7 (solvent control), 0 to 4 (Nonoxynol-treated cultures), and
7 to 42 (dioxane-treated cultures). There were 19 and 45 foci per
20 positive control cultures. Similar results for Nonoxynol-9
were reported when this test was repeated. The results of 48-hour
and 13-day exposures indicated that the responses to Nonoxy-
nol-9 in BALB/3T3 cells were comparable to those observed in
solvent control cultures. However, 1,4-dioxane  was effective in
the induction of morphologic transformation in BALB/3T3 cells
(Sheu et al. 1988).

The mutagenicity of Nonoxynol-9 was evaluated in the
Sulnzonellalmammalian microsome test according to the method
of Ames, McCann, and Yamasaki (1975). S. typhimurium  strains
TA1535, TA1537, TAlOO, and TA98 were tested with Nonoxy-
nol-9 (in sterile water) at concentrations of 40,200, 1000,5000,
and 25000 Kg/plate both with and without metabolic activation.
Negative-control cultures were exposed to sterile water. In tests
without metabolic activation, sodium azide was the positive con-
trol for strains TA1535 and TAlOO and 2-nitrofluorene was the
positive control for strains TA1537 and TA98. In metabolic acti-
vation tests, 2-anthramine was the positive control for all strains.
Without metabolic activation, Nonoxynol-9 was not mutagenic.
With metabolic activation, the number of revertants was ele-
vated 30% in strain TA98 cultures exposed to Nonoxynol-9 at
a concentration of 1000 pglplate.  This was not considered a
clear-cut mutagenic response, because the increase in the num-
ber of revertants was considerably less than 100%. Mutagenic
effects also were not noted in any of the remaining metabolically
activated cultures. It was concluded that Nonoxynol-9 was not
mutagenic in the Ames test, either with or without metabolic
activation (Meyer et al. 1988).

In another test, the mutagenicity of Nonoxynol-10 in strains
TA1537,  TAlOO, and TA98 of S. typhimurium was evaluated

in a histidine reversion test according to the method of Yahagi
(1977). This method is a modification of the Ames test pro-
cedure. Nonoxynol-10 was tested at concentrations of 100 to
10,000 pg/plate  with and without metabolic activation. Muta-
genie effects were not observed in any of the bacterial strains
tested (Shibuya et al. 1985).

CARCINOGENICITY

The carcinogenicity of Nonoxynol-9 was evaluated in a life-
time exposure study involving rats (numbers, weights, and strain
not stated). The animals were dosed intravaginally with 6.7 and
33.6 mg/kg Nonoxynol-9 three times per week for a total of
24 months. The low and high doses represented approximately
4 times and 20 times the clinical dose, respectively. Two groups
of rats served as sham and untreated controls, respectively. No
significant differences were observed between the experimental
and control groups. This was true for all of the measured pa-
rameters, which included palpable masses and mortality. Any
positive findings observed in experimental groups at necropsy
were considered related to changes associated with the process
of aging and not related to test substance administration. The
authors concluded that Nonoxynol-9 was neither toxic nor car-
cinogenic in this lifetime exposure study, even at a dose that was
20 times that recommended for humans (Malyk 1984).

CLINICAL ASSESSMENT OF SAFETY

Vaginal Application

In a study involving ten women, the effects of intravaginal
application of Nonoxynol-9 on hematologic parameters, routine
liver function biochemistry, and serum lipids were evaluated.
The test substance, 150 mg, was applied daily for 14 consecu-
tive days. Four women withdrew from the study; two complained
of vaginal irritation and itching; and the remaining two had can-
didiasis and a urinary tract infection, respectively. The only sig-
nificant finding in the study was a reduction in serum cholesterol.
No effects of Nonoxynol-9 on either liver function or hemato-
logic parameters were observed (Chvapil, Droegemueller, and
Earnest 1982).

The effect of intravaginal application of a cream containing
5.0% Nonoxynol-9 on serum chemistry values was evaluated
using 30 nonpregnant, premenopausal women between the ages
of 19 and 39 years. Twelve women applied the cream (2.5 g)
daily for 14 days. In vehicle (cream without Nonoxynol-9) and
untreated control groups, 11 and 7 women, respectively, appli-
cations were made according to the same procedure. Blood sam-
ples, obtained before the first application and on days 8 and 15,
were analyzed for proteins, lipids, triglycerides, and serum en-
zymes. The results indicated no significant differences between
blood tests conducted before and after application. Neither evi-
dence of alterations in hepatic function nor increased metabolic
activity in hepatic cells was observed (Malyk 1981).

A phase I local toxicity study involving 20 female subjects
(ages not stated) was conducted in order to determine if frequent
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use of Nonoxynol-9 affected the vaginal or cervical mucosa.
Each of the remaining 15 women inserted a suppository con-
taining 150 mg Nonoxynol-9 into the vagina hourly for four
consecutive hours each day; washing or douching was initi-
ated 1 hour later. This procedure was repeated for a total of
14 consecutive days. The remaining five women were given a
placebo such that the examining physician and women did not
know whether the Nonoxynol-9 product was being used. Of the
14 women (Nonoxynol-9 group) who returned for follow-up
examinations, physical findings, which included disruption of
the epithelium and/or bleeding, were observed in six subjects.
Breaks in the cervical epithelium that were observed in four
women appeared to have resulted from the sloughing of a thin
layer of cells. Additionally, one subject had a severe edematous
reaction (with bleeding) of the cervix, and bleeding and slough-
ing of the vaginal mucosa were noted in another subject. All
physical findings that had been noted were not apparent within
1 week after use of the product had been discontinued. There
were no abnormal findings in subjects who received the placebo
(Niruthisard, Roddy, and Chutivongse 1991).

In another study, the irritation potential of Nonoxynol-9 was
evaluated using four groups of 35 normal female subjects (18 to
45 years old). The groups were instructed to insert suppositories
containing Nonoxynol-9 (190 mg) into the vagina according to
the following schedules: one every other day for 2 weeks (Group
l), one daily for 2 weeks (Group 2), two daily for 2 weeks (Group
3), and four daily for 2 weeks (Group 4). Each of 35 control
subjects inserted four placebo suppositories daily for 2 weeks.
Celibacy and refraining from vaginal douching during the study
were mandatory. The women were examined for erythema and
epithelial disruption by colposcopy. For women of Group 1, the
rate of epithelial disruption was essentially the same as that for
control subjects. Women of Group 2 and Group 3 had rates of
epithelial disruption that were 2.5 times that of controls, and the
rate was even greater (factor of 5) in Group 4 women. In each
experimental group, erythema was the major alteration noted in
the vagina; the cervix was the site of most of the erythema and
epithelial disruption (Roddy et al. 1993).

Skin Irritation and Sensitization

Predictive Tests
Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in min-

eral oil), and Nonoxynol-4 (10% in mineral oil) were evaluated in
three separate skin irritation/sensitization studies, respectively,
according to the same experimental procedure. In each test, the
subjects were free of interfering systemic or dermatologic disor-
ders, visible skin diseases, active atopic  dermatitis, or psoriasis.
The results of the three studies, along with the experimental
procedure, are summarized below.

The skin irritation/sensitization potential of Nonoxynol-2
(5% in mineral oil) was evaluated using 110 volunteers (9 males,
101 females; 19 to 61 years old). Eight of the original 110 with-
drew from the study for reasons that were unrelated to adminis-

tration of the test substance. The experimental procedure was a
Jordan-King modification of the Draize Repeat Insult Patch Test
(Jordan and King 1977). During induction, 0.2 ml of the test
substance was applied, under occlusive patches, to the scapular
region of the back three times per week for 3 weeks (9 induc-
tion applications). Patches were removed, and sites evaluated,
at 48-hour intervals. Patches applied on Friday were removed,
and sites evaluated, on the following Monday (72 hours postap-
plication). The induction phase was followed by a 14-day non-
treatment period. During the challenge phase, initiated at week
6, two consecutive 48-hour patches were applied to new sites in
the scapular region of the back. Challenge reactions were scored
after 48 and 96 hours. During induction and challenge phases,
reactions were scored according to the following scale: 0 (no
reaction) to 4 (bullae or extensive erosions involving at least
50% of the test area). Isolated evidence of faint to moderate
erythema was observed in three subjects during the induction
phase. Three subjects also had reactions during the challenge
phase; however, no evidence of allergic contact dermatitis was
found (Jordan 1994).

The skin irritation/sensitization potential of Nonoxynol-2
(10% in mineral oil) was evaluated using 111 volunteers (15
males, 96 females; 18 to 64 years old). Eight of the original 111
withdrew from the study for reasons that were unrelated to ad-
ministration of the test substance. The experimental procedure
and grading scale for this study were as given in the preced-
ing paragraph. During the induction phase, isolated evidence of
slight to moderate erythema was observed in 15 subjects, and, in
an additional subject, strong, infiltrated erythema was observed
after removal of the last induction patch. The subject with the
strong induction reaction also had allergic reactions during the
challenge phase. A total of 23 subjects had reactions during
the challenge phase; however, 9 of the 23 had reactions that
were classified as allergic contact dermatitis. Seven of the nine
subjects with allergic contact dermatitis were retested according
to a different procedure. The test substance was applied under
a semiocclusive patch for 30 minutes, after which the test site
was rinsed with warm water. Reactions were scored at 24 hours
postapplication (seven subjects) and at 24 and 48 hours postap-
plication (one subject). In the retest, discernible, mild allergic
responses were observed in two of seven subjects; reactions were
not observed in the remaining five. The investigators concluded
that Nonoxynol-2 (10% in mineral oil) induced allergic contact
sensitization in the initial experiment. However, when exposure
was limited to 30 minutes, evidence of a mild allergic response
was observed in two of the seven subjects with allergic contact
sensitization who were retested (Jordan 1995a).

The skin irritation/sensitization potential of Nonoxynol4
(10% in mineral oil) was evaluated using 111 volunteers (10
males, 101 females; 19 to 62 years old). Four of the original
111 withdrew from the study for reasons that were unrelated
to administration of the test substance. The experimental pro-
cedure and grading scale are referred to in the preceding para-
graph. During the induction phase, isolated evidence of faint to
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moderate erythema was observed in 36 subjects. A total of 31
subjects had reactions during the challenge phase; however, only
3 of the 36 had reactions that were classified as allergic contact
dermatitis. The three subjects with allergic contact dermatitis
were retested according to the retest procedure included in the
preceding paragraph. In the retest, a discernible mild allergic re-
sponse was observed in one of the three subjects; reactions were
not observed in the remaining two. The investigators concluded
that Nonoxynol-4 (10% in mineral oil) induced allergic contact
sensitization in the initial experiment. However, when exposure
was limited to 30 minutes (retest), evidence of a mild allergic
response was observed in one of the three subjects with allergic
contact dermatitis (Jordan 1995b).

Provocative Tests
A total of twelve contact dermatitis patients were patch tested

with the ingredients of a topical antiseptic preparation accord-
ing to the International Contact Dermatitis Research Group’s
(ICDRG) patch test procedure (Wilkinson et al. 1970). Ten
of the patients had used antiseptic preparations that contained
Nonoxynol-9; all 10 had not used the same antiseptic prepara-
tion. The remaining two patients had used antiseptic prepara-
tions that contained Nonoxynol-8.3 and Nonoxynol-10, respec-
tively. Nonoxynol-8.3, -9, and - 10 were tested at concentrations
of 2.0% in water. The patches remained in place for 48 hours and
reactions were scored at 48 hours and at 72 or 96 hours. All of
the patients had positive reactions to 2.0% aqueous Nonoxynol
solutions either at 72 or 96 hours; reactions classified as ++
(strong, edematous, or vesicular reaction) were observed in all
patients. Epicutaneous test results for other ingredients of an-
tiseptic preparations were negative, with the exception of one
patient who reacted to the antiseptic iodine (Dooms-Goossens
et al. 1989).

When 6 of the 12 patients in the above study were tested with
2.0% aqueous Nonoxynol-6, -8.3, -9, -10, -14, and -18 several
months later according to the ICDRG patch test procedure, most
of the reactions observed at 72 or 96 hours were ++ reactions.
However, in some instances, a + (weak, nonvesicular reaction),
negative, or doubtful reaction was observed. Subjects 1, 2, and
7 each had a + reaction to Nonoxynol-18 at 72 hours. Addi-
tionally, Subject 5 had a + reaction to Nonoxynol-6 at 96 hours
and Subject 4 had a + reaction to Nonoxynol-8.3 at 96 hours.
Subjects 4 and 6 each had negative reactions to Nonoxynol-18
at 96 and 72 hours, respectively. Finally, Subject 5 had what was
classified as a doubtful reaction to Nonoxynol-8.3, -10, -14, and
-18. This subject did not return for retesting (Dooms-Goossens
et al. 1989).

Photosensitization

Photosensitization was observed in sun-exposed areas of two
patients (72-year-old male; 71-year-old female) who had been
treated with an antiseptic preparation that contained Nonoxynol-
10. Based on these case reports, a follow-up photosensitization
study involving the 2 patients and 32 control subjects was initi-

ated. The 13 male and 19 female control subjects, all suspected
of having photodermatosis, had a mean age of 42 years and
had never used the antiseptic preparation that induced photo-
sensitization in the two elderly patients. The control subjects
and two patients were patch-tested with the antiseptic prepa-
ration, undiluted Nonoxynol-10, 2% Nonoxynol-10 in petro-
latum, and 0.2 and 2% Nonoxynol-10 in water. The two pa-
tients were also patch-tested with 1% Nonoxynol-10 in water.
Three series of patch tests (Finn chambers) were placed on the
backs of all subjects, with the exception of one subject (72-
year-old patient) who received an additional (fourth) series. Test
sites (two series of patch tests only) were exposed to a subery-
themal dose of UVA (330 to 460 nm; 35 mW/cm*)  or UVB
(285 to 350 nm; 1.5 mW/cm*)  light at 24 hours postapplication.
Test sites (irradiated and nonirradiated series) were evaluated at
72 hours postapplication. Results for each UV exposure and
each chemical were not reported. One male patient had photo-
sensitization reactions to the antiseptic preparation and to 0.2,1,
and 2% aqueous Nonoxynol- 10. Undiluted Nonoxynol- 10 did
not induce photosensitization. Reactions were not observed in
any of the remaining photopatch tests or at nonirradiated sites.
One female patient had photosensitization reactions to the an-
tiseptic preparation and to 2% Nonoxynol-10 in petrolatum.
Again, undiluted Nonoxynol- 10 did not induce photosensiti-
zation. Reactions were not observed in any of the remaining
photopatch tests or at nonirradiated sites. Of the 32 control
subjects, 13 had photosensitization reactions to the antiseptic
preparation and four had photosensitization reactions to aque-
ous Nonoxynol-10. There were no photosensitization reactions
to undiluted Nonoxynol-10 (Michel et al. 1994).

Case Reports

Scaling, redness, vesiculation, and fissuring of the dorsal
hands and forearms, associated with a transverse dystrophy of
the fingernails, was observed in a 58-year-old uranium mill
worker who used a waterless hand cleanser containing Nonoxy-
nol-6 at work. The patient had an allergic contact reaction (l+
reaction) to 0.5% Nonoxynol-6, in petrolatum, at 48 and 96
hours. Reactions to Nonoxynol-6 (0.5% in petrolatum) were not
observed in eight control subjects (Nethercott and Lawrence
1984).

Allergic contact dermatitis was diagnosed in a 61-year-old
female patient with rheumatoid arthritis who had recently had
foot surgery. Hibitane (cleanser) had been applied to the surgical
wound daily for 6 days, and there was no evidence of dermatitis
after applications were discontinued. The patient had positive
patch test reactions to 0.04% aqueous Nonoxynol, the surfactant
in Hibitane (Kabasawa and Kanzaki 1989).

Dermatitis was observed on the hands and forearms of a 64-
year-old worker in the metal industry who regularly immersed
metal objects into a fluid containing Nonoxynol-6. Patch test re-
sults indicated weak, nonvesicularreactions (score = +) to 0.001,
0.01, and 0.1% aqueous Nonoxynol-6, and strong edematous or
vesicular reactions (score = ++) to 1 .O and 5.0% Nonoxynol-6.
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Reactions were not observed in a control group of 165 patients
patch tested with 1 .O% Nonoxynol-6 (Meding 1985).

SUMMARY

Nonoxynol-1, -2, -3, -4, -5, -6, -7, and -8 are ethoxylated
alkylphenols that are used in cosmetic products as surfactants-
emulsifying agents. The product formulation data submitted to
the Food and Drug Administration (FDA) in 1996 indicated that,
collectively, Nonoxynol-1, -2, -4, -5, -6, and -7 were used in a
total of 870 cosmetic products. There were no reported uses of
Nonoxynol-3 and -8 in 1996.

Concentration of use data are no longer reported to FDA by
the cosmetics industry. The following concentration of use data
on Nonoxynols in Clairol hair care and color products were sub-
mitted to CIR in 1994: Nonoxynol-2 was used at concentrations
ranging from 1 to 20% in approximately 140 hair coloring prod-
ucts containing either oxidative or direct hair dyes. Nonoxynol4
was used at concentrations ranging from 2 to 10% in approx-
imately 200 hair coloring products containing either oxidative
or direct dyes. Nonoxynol-9 was used at concentrations ranging
from 1 to 20% in approximately 40 hair coloring products con-
taining oxidative dyes and hair care products. Data submitted to
CTFA in 1995 indicated that Nonoxynol-2 was used at concen-
trations of 1 to 20% (on head, 0.5 to 10%) and that Nonoxynol-4
was used at concentrations of 2 to 10% (on head, 1.05 to 5.0%).

In in vitro skin penetration studies using cadaver skin (rinse-
off and leave-on protocols), the total skin penetration of Nonoxy-
nol-2, -4, and -9 was less than 1% over a period of 48 hours. In
mice intravenously injected with 14C-Nonoxynol-9,  the highest
amounts of radioactivity were reported for the small and large
intestines. 14C  radioactivity was excreted mainly in the urine
and feces. An HPLC analysis of the urine and bile indicated that
no intact Nonoxynol-9 was present in the bile or urine, and that
Nonoxynol-9 was metabolized to highly polar species.

Nonoxynol-5 and -6 were slightly toxic in acute oral tox-
icity studies involving rats. In 90-day feeding studies involv-
ing rats and dogs, there were no test substance-related deaths
after the administration of 0.040, 0.20, or 1.0 g/kg/day doses
of Nonoxynol-6. However, elevated liver-to-body weight ratios
were reported. In acute dermal toxicity studies involving rabbits,
LD=,as for Nonoxynol-5 and -6 were not achieved at doses of 2.0
and 3.0 g/kg, respectively. These chemicals would be classified
as slightly toxic, at most.

Intraperitoneal injections of Nonoxynol-9 (5 mg/lOO g body
weight) daily for 5 days induced morphologic and biochemical
changes in the liver of rats. Intravaginal injections of this ingre-
dient (5 mg/lOOg)  daily for up to 20 days induced morphologic
and biochemical changes in the liver and biochemical changes
in the kidneys of rats.

In in vitro tests, Nonoxynol-9 caused complete hemolysis
of erythrocytes (from rabbits) at concentrations of 0.006 to
0.12%,  and was cytotoxic to rat liver cells at concentrations of
> 10 pg/ml to 50 I*g/ml.

Daily intraperitoneal injections (24 days) of 0.2% Nonoxy-
nol-9 in sterile saline did not induce immunotoxicity in female
mice.

Nonoxynol-6 induced severe ocular irritation reactions in
rabbits. Severe ocular irritation was also observed in animals
(species not stated) tested with Nonoxynol-5.

Skin irritation reactions were observed in rabbits patch-tested
with concentrations of 25 to 100% Nonoxynol-6 in petrolatum.
In another study, Nonoxynol-6 was severely irritating to both
abraded and intact skin of rabbits. Nonoxynol-5 was also clas-
sified as a severe skin irritant in animals (species not stated).
Mucous membrane irritation was observed in groups of rabbits
dosed intravaginally with Nonoxynol-9 (2.5 to 50.0 mg) with
concentrations ranging from 2.5 to 75.0%.

In the maximization test, Nonoxynol-6 (test concentrations
up to 27%) was not a sensitizer in guinea pigs. The nonirritant
test concentration in a pretest control group of guinea pigs was
determined to be 2.7%.

The intraperitoneal administration of Nonoxynol-9 at doses
ranging from 20 to 60 mg/kg for 5 days did not cause an increase
in the frequency of morphologically abnormal sperm over that
observed in the control group. Intravaginal doses of Nonoxy-
nol-9 (5 mg/lOO g body weight) on gestation days 3 and 7 caused
significant differences in the number of normal implantation
sites and the number of resorption sites between experimental
and control groups. Nonoxynol-10 (600 mg/kg/day) did not in-
duce developmental toxicity in female mice dosed orally on days
6 through 13 of gestation. Nonoxynol-9 was embryolethal and
fetocidal, but not teratogenic, when administered intravaginally
(2.5 mg/lOO g body weight) to groups of pregnant rats on days
1 through 10 of gestation. In another study, the no-effect level
for Nonoxynol-9 in an oral teratogenicity study was 50 mg/
kg/day (gestation days 9 to 15); doses up to 500 mg/kg/day
were administered. Nonoxynol-30 induced neither reproductive
nor teratogenic effects on the skeleton and soft tissues of female
rats at doses of 50,250, and 1000 mg/kg/day.  When doses of 50
and 500 mglkglday  Nonoxynol-9 (gestation days 6 to 15) were
administered dermally to female rats, no dose-related effects on
skeletal and soft tissues were observed; however, a significant
increase in extra ribs was observed only in the 50 mglkg dose
group. In another study, it was concluded that Nonoxynol-9 (in
a contraceptive cream) was neither embryotoxic nor teratogenic
when administered intravaginally to female rats at doses up to
40 mg Nonoxynol/kg/day  on days 6 through 15 of gestation. The
oral administration of a product containing 14.0% nonylphenoxy
polyethoxy ethanol (a Nonoxynol; number of moles ethylene
oxide not stated) on days 7 to 16 of gestation did not result in
any significant differences in fetal malformations between ex-
perimental and control groups. Doses up to 50 mg/kg/day  were
tested.

Nonoxynol-9 was not mutagenic in the Ames test or unsched-
uled DNA synthesis assay (adult rat hepatocytes), and did not
induce malignant transformations (in vitro) in rat liver T51B
cells. Nonoxynol-10 also was not mutagenic in the Ames test.
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Malignant transformations (in vitro) were observed in mouse fi- and in 3 of 107 subjects patch tested with 10% Nonoxynol4 in
broblasts (BALB/3T3 and lOT1/2 cells) that were incubated with mineral oil.
Nonoxynol-9; Nonoxynol40 did not induce malignant transfor-
mations. Nonoxynol-9 was neither toxic nor carcinogenic in a
lifetime exposure study involving rats. The rats were dosed intra- DISCUSSION

vaginally with 6.7 and 33.6 mglkg Nonoxynol-9 three times per The Expert Panel recognizes that Nonoxynols may contain
week for a total of 24 months. trace amounts of ethylene oxide, and that the International

Blood test results on samples obtained from 10 women who Agency for Research on Cancer (IARC) has concluded that ethy-
received intravaginal applications of Nonoxynol-9 daily for 14 lene oxide is carcinogenic to humans. Nonoxynol-1 can contain
consecutive days indicated no effects on either hepatic func- up to 20 ppm ethylene oxide, and Nonoxynol-6 up to 35 ppm.
tion or hematologic parameters. The only significant finding The Panel also expressed concern over unreacted C9 phenols
was a reduction in serum cholesterol. No evidence of alterations that can be present in Nonoxynols, and noted that such impuri-
in hepatic function, based on blood test results for 30 women ties should not be present at toxic concentrations. The results of
who had received intravaginal applications of a cream contain- an impurities analysis that was performed to address this con-
ing 5.0% Nonoxynol-9 daily for 14 days was observed. Vaginal cern indicated that nonylphenol (unreacted C9) was detected at
mucous membrane irritation was observed in 6 of 14 women concentrations of (500  ppm in samples of Nonoxynol-2, -4,
after insertion of a suppository containing 150 mg Nonoxynol-9 and -9. In the same analysis, neither 1,4-dioxane  nor ethylene
(hourly for 4 consecutive hours) for 14 consecutive days. The oxide was detected in triplicate samples of Nonoxynol-2. How-
results of another study indicated that frequent use of vaginal ever, Nonoxynol-4 (5 samples) contained 4.5 to 20 ppm 1,4-
suppositories containing Nonoxynol-9 (150 mg) may result in dioxane and 7.9 to 67 ppm ethylene oxide. Triplicate samples of
increased epithelial disruption. Use frequencies in the groups Nonoxynol-9 contained ~4.5 to 5.9 ppm IQ-dioxane and ~3.6
tested ranged from one suppository every other day for 2 weeks to 12.2 ppm ethylene oxide.
to four suppositories daily for 2 weeks. The International Organization for Standardization (ISO),  a

Nonoxynol-2 (5% in mineral oil), Nonoxynol-2 (10% in min- worldwide federation of national standards bodies, has estab-
eral oil), and Nonoxynol4 (10% in mineral oil) were tested in lished residue limits for ethylene oxide in each medical device,
three separate human repeated insult patch tests (predictive), in terms of the dose delivered to patients. The limit for exposure
respectively, according to the same procedure. There was no ev- to ethylene oxide for 30 days to life is an average of 0.1 mglday,
idence of allergic contact dermatitis in any of the 102 subjects not to exceed 20 mg in any given day, 60 mg in a month, or
patch tested with 5% Nonoxynol-2 in mineral oil. Allergic con- 2,500 mg in a life time (IS0 1993). This limit was based on
tact dermatitis was observed in 9 of 103 subjects patch tested chronic toxicity and carcinogenicity studies (Dunkelberg 1982;
with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects Snellings, Weil, and Maronpot 1984; Lynch et al. 1983, 1984;
patch tested with 10% Nonoxynol4 in mineral oil. Strong sen- NTP, 1987). With the exception of the oral carcinogenicity study
sitization reactions were observed in each of the 12 contact der- by Dunkelberg (1982),  all were inhalation studies.
matitis patients patch tested with a 2.0% aqueous solutions of Based on the above information, the Panel concluded that
Nonoxynol-8.3, -9, or -10. Ten of the patients had used anti- the ethylene oxide content of Nonoxynols in cosmetic prod-
septic preparations containing Nonoxynol-9, and the remaining ucts should not result in ethylene oxide exposures that approach
two, antiseptic preparations containing Nonoxynol-8.3 and -10, 0.1 mg/day. In arriving at this conclusion, the Panel recog-
respectively. Six of the 12 patients were retested several months nized that use of a cosmetic product only in excessive amounts
later, and each of the six had a sensitization reaction to 2% aque- could yield this level of exposure. The Panel considered case re-
ous Nonoxynol-6, -8.3, -9, - 10, - 14, and - 18. ports of photosensitization reactions to Nonoxynol- 10 (concen-

Photosensitization reactions to diluted Nonoxynol- 10 (con- trations up to 2% aqueous) reported in two patients who had been
centrations up to 2% aqueous), but pot to undiluted Nonoxynol- treated with an antiseptic preparation that contained Nonoxy-
10, were reported in two patients who had been treated with an nol-10. Although similar results were reported for 4 of 32 con-
antiseptic preparation that contained Nonoxynol- 10. Follow-up trol subjects who had never used this antiseptic preparation, these
studies on 32 control subjects who had never used this antiseptic additional data were not sufficiently comprehensive to show a
preparation showed an inconsistent pattern of reactions. pattern of photosensitization. Because the patients had reactions

Allergic reactions to Nonoxynol-6 were noted in two case to diluted Nonoxynol- 10, but not undiluted Nonoxynol- 10, the
reports. However, no reactions were observed when 8 and 165 Expert Panel concluded that the study results were not a valid
control subjects were patch tested with 0.5% and 1 .O%  Nonoxy- indication of any adverse effect.
nol-6, respectively. In human repeated insult patch tests, there In human repeated insult patch tests, there was no evidence
was no evidence of allergic contact dermatitis in any of the of allergic contact dermatitis in any of the 102 subjects patch
102 subjects patch tested with 5% Nonoxynol-2 in mineral oil. tested with 5% Nonoxynol-2 in mineral oil. However, allergic
However, allergic contact dermatitis was observed in nine of contact dermatitis was observed in 9 of 103 subjects patch tested
103 subjects patch tested with 10% Nonoxynol-2 in mineral oil with 10% Nonoxynol-2 in mineral oil and in 3 of 107 subjects
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patch tested with 10% Nonoxynol4 in mineral oil. In in vitro Arthur D. Little, Inc. 1977. “All@  ethoxylates.” Human safety and environmen-

skin penetration studies using cadaver skin (rinse-off and leave- tal aspects of major surfactants. A report to the Soap and Detergent Associa-

on protocols), the total skin penetration of Nonoxynol-2, -4, and tion, Cambridge, MA, pp. 387456.

-9 was less than 1% over a period of 48 hours. Based on the
Berek, D., and L. Novak. 1973. Oligomeric polyethers characterized by gel

human repeated insult patch test data and the results of in vitro
chromatography. Chem. Prum. 23:91-94.

skin penetration studies, the Panel determined that cosmetic use
Bird, K. D. 199 1. The use of spermicide containing Nonoxynol-9 in the preven-

tion of HIV infection. AIDS 5:791-796.

concentrations of Nonoxvnol-2 and -4 and other low-molecular- Buerger, K. 1963. Thin-layer chromatographic method for determination of the

weight Nonoxynols (not-greater than Nonoxynol-8) should be molecular weight distribution and the oxyethylation degree of poly(ethylene

limited to ~5% in leave-on products. oxide) condensates. Frensenius’  2. Ad.  Chem. 196:259-268.

Due to the severity of ocular irritation reactions that were ob-
Buttar,  H. S. 1982a.  Transvaginal absorption and disposition of Nonoxynol-9 in

gravid  rats. Toxicol. L.eff.  13:21  l-216.
served in animal studies, products containing Nonoxynol- 1, -5, B&r, H. S. 1982b.  Assessment of the embryotoxic and teratogenic potential

and -6, and, perhaps, other low-molecular-weight Nonoxynols,
should not be used in the area surrounding the eyes.

CONCLUSION

On the basis of the available animal and clinical data included
in this report, the CIR Expert Panel concludes that Nonoxynol- 1,
-2, -3, -4, -5, -6, -7, and -8 are safe as used in rinse-off products
and safe at concentrations of 55% in leave-on products. [Note:
This conclusion modifies a previous conclusion for Nonoxynol-
2, -4, and -8, which had been considered safe as used in both
rinse-off and leave-on products (Elder 1983).]
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2015 FDA VCRP Data
Nonoxynol-1
12C - Face and Neck (exc shave) 2
Total 2

Nonoxynol-2
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 58
Total 58

Nonoxynol-4
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 88
06G - Hair Bleaches 1
10E - Other Personal Cleanliness Products 1
Total 90

Nonoxynol-5
12F - Moisturizing 1
Total 1

Nonoxynol-6
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 64
06B - Hair Tints 1
Total 65

Nonoxynol-9
04A - Cologne and Toilet waters 1
05B - Hair Spray (aerosol fixatives) 1
05F - Shampoos (non-coloring) 1
10A - Bath Soaps and Detergents 1
12A - Cleansing 1
12C - Face and Neck (exc shave) 1
12D - Body and Hand (exc shave) 1
12H - Paste Masks (mud packs) 1
12J - Other Skin Care Preps 1
13A - Suntan Gels, Creams, and Liquids 1
Total 10

Nonoxynol-10
01A - Baby Shampoos 1
05A - Hair Conditioner 11
05D - Permanent Waves 2
05G - Tonics, Dressings, and Other Hair Grooming Aids 4
10E - Other Personal Cleanliness Products 4
12A - Cleansing 2
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12F - Moisturizing 1
Total 25

Nonoxynol-12
03F - Mascara 1
03G - Other Eye Makeup Preparations 1
05D - Permanent Waves 2
05F - Shampoos (non-coloring) 1
05G - Tonics, Dressings, and Other Hair Grooming Aids 1
05I - Other Hair Preparations 2
06A - Hair Dyes and Colors (all types requiring caution statements 
and patch tests) 2
11A - Aftershave Lotion 1
12J - Other Skin Care Preps 1
Total 12

Nonoxynol-14
12D - Body and Hand (exc shave) 1
Total 1

Nonoxynol-15
12J - Other Skin Care Preps 1
Total 1

Nonoxynol-23
05A - Hair Conditioner 1
Total 1

Nonoxynol-30
05D - Permanent Waves 1
Total 1
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Memorandum

TO: Lillian Gill, D.P.A.
Director - COSMETIC INGREDIENT REVIEW (CIR)

FROM: Beth A. Lange, Ph.D. 
Industry Liaison to the CIR Expert Panel

DATE: July 31, 2014

SUBJECT: Concentration of Use by FDA Product Category: Nonoxynols
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Concentration of Use by FDA Product Category – Nonoxynols* 

Nonoxynol-1 
Nonoxynol-2 
Nonoxynol-3 
Nonoxynol-4 
Nonoxynol-5 
Nonoxynol-6 
Nonoxynol-7 
Nonoxynol-8 
Nonoxynol-9 

Nonoxynol-10 
Nonoxynol-11 
Nonoxynol-12 
Nonoxynol-13 
Nonoxynol-14 
Nonoxynol-15 
Nonoxynol-18 
Nonoxynol-20 
Nonoxynol-23 

Nonoxynol-25 
Nonoxynol-30 
Nonoxynol-35 
Nonoxynol-40 
Nonoxynol-44 
Nonoxynol-50 
Nonoxynol-70 
Nonoxynol-100 
Nonoxynol-120 

 

Ingredient Product Category Maximum Concentration of Use 
Nonoxynol-9 Other personal cleanliness products 2.5% (hand cleaner) 
Nonoxynol-12 Hair sprays 

     aerosol 
 
0.42% 

Nonoxynol-12 Hair dyes and colors 8.33% (on head) 
*Ingredients included in the title of the table but not found in the table were included in the 
concentration of use survey, but no uses were reported. 

Information collected in 2014 
Table prepared July 31, 2014 
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