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MEMORANDUM 

To: CIR Expert Panel and Liaisons 
 

From: Lillian C. Becker, M.S. 
Scientific Analyst and Writer 
 

Date: 
 

November 11, 2016 
 

Subject: PEG Propylene Glycol Derivatives  As Used In Cosmetics 
 
 
Attached is the Draft Final Amended Report of 7 PEG Propylene Glycol Derivatives as used in cosmetics. 
[pegpge122016rep]  At the June 2016 meeting, the Panel reopened this safety assessment to remove the caveat that 
ingredients containing PEGs should not be used on damaged skin and there was a significant increase in the number of 
uses of PEG-25 Propylene Glycol Oleate.  Additionally, because it is similar to the other ingredients in this group, the Panel 
added PEG Propylene Glycol Caprylate/Caprate to this safety assessment.  The Panel concluded that these ingredients are 
safe as used in cosmetics. 
 
Council comments have been addressed. [pegpge122016PCPC_1,2]  Because there is an ether (PEG-25 Propylene Glycol 
Stearate) included in this ingredient group, the Council suggested that the group name was not quite appropriate.  Staff 
suggests that the name of this group be changed from “PEG Propylene Glycol Esters” to “PEG Propylene Glycol 
Derivatives”. 
 
The original report contained very little data on the ingredients.  The Panel relied on other CIR reports on related ingredients, 
the moieties, and component parts of these ingredients for read across and information purposes.  The Panel affirmed that 
this approach was appropriate for this group of ingredients.  No new data were discovered in the literature and no additional 
toxicity data were submitted.  The following reports are included in this packet: 
 
Original (2001) Safety Assessment [pegpge122016Prev_1] 
PEG Diesters (including PEG Distearates) [pegpge122016Prev_2] 
PEG Stearates [pegpge122016Prev_3] 
PEG Stearates (re-review summary) [pegpge122016Prev_4] 
PEGs [pegpge122016Prev_5] 
Propylene Glycol Esters [pegpge122016Prev_6] 
Oleic Acid and Stearic Acid [pegpge122016Prev7] 
Oleic Acid and Stearic Acid (re-review summary) [pegpge122016Prev8] 
 
To facilitate your review, relevant information from the original review is included throughout the text of the report (indicated 
by italics). 
 
The Panel is to decide if they are comfortable with the name change and, if not, decide on an appropriate name for this 
ingredient group.  The Panel should also carefully review the Abstract, Discussion, and Conclusion of this report and issue a 
Final Amended Safety Assessment. 
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Report History of PEG Propylene Glycol Derivatives 

2001 – The safety assessment of 6 PEG Propylene Glycol Esters is published with a 
conclusion of safe as used. 

 
June, 2016 – Re-review.  The Panel reopened to add PEG-6 Propylene Glycol 

Caprylate/Caprate and to remove the caveat that ingredients containing PEGs 
should not be used on damaged skin.  There was a significant increase in the 
number of uses of PEG-25 Propylene Glycol Oleate. 

 
There is no new data available for these ingredients.  The original safety assessment 

relied on the safety of related and component ingredients.  The Panel found this 
to be an acceptable approach for the re-review and the additional ingredient.  
The reports on the related and component ingredients have been re-reviewed 
since the original report. 

 
The Panel concluded that these ingredients are safe as used. 
 
December, 2016 – The name of the report is potentially changed from “PEG Propylene 

Glycol Esters” to “PEG Propylene Glycol Derivatives” because the group 
contains an ester. 

The Panel is to review the report, in particular the Abstract, Discussion, and Conclusion, 
and issue a Final Report. 
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PEG Propylene Glycol Derivatives Data Profile for December, 2016.  Writer – Lill Becker 
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Search Strategy – PEG Propylene Glycol Derivatives 
 
SciFinder: 
INCI names and 1 CAS no. – The CAS no. had 0 results.  The names had 1 set of results for 
CAS no 37231-60-0    90 hits 
 
OH-C-(CH2)16-CH3 
        O 
 
Culled for biological and toxicity studies – 29 hits.  Removed patents – 7 hits.  None useful. 
 
PubMed 

“PEG-25 Propylene Glycol Stearate” OR “PEG-75 Propylene Glycol Stearate” OR “PEG-120 Propylene 
Glycol Stearate” OR “PEG-10 Propylene Glycol” OR “PEG-8 Propylene Glycol Cocoate” OR “126645-98-
5” OR “PEG-55 Propylene Glycol Oleate” OR “PEG-6 Propylene Glycol Caprylate/Caprate” – 1 hit, the 
original safety assessment. 

 
ECHA 
INCI names and the CAS No and “Propylene Glycol Stearate” – no hits 
 
EU 
INCI names and the CAS No – No hits. 
 
 
SciFinder: 
Specific searches for “PEG-10 Propylene Glycol”; “PEG” and “Propylene Glycol”; “PEG 
Propylene Glycol”.  Nothing useful. 
 
Structure search for “PEG-10 Propylene Glycol”.  No hits. 
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Transcripts of PEG Propylene Glycol Derivatives 

June, 2016 
Dr. Marks’ Team 

DR. MARKS:  …  And we're now at 13 of the hour.  Do you want to move on to the propylene 
glycol esters? 

DR. SHANK:  Sure. 
DR. HILL:  Not really, but I think we should. 
DR. MARKS:  I have -- not reopen.  Do we add the PEG PG Caprylate/Caprate.  That would -- to 

add it would be a no brainer.  So, Tom, I hear -- 
DR. SHANK:  Well, but if we add the one ingredient, do you have to open? 
MS. BECKER:  Yes. 
DR. MARKS:  Yes. 
MS. BECKER:  But we're not reopening for cause.  We're reopening for addition. 
DR. MARKS:  Right. 
DR. SHANK:  I say don't reopen.  If you do, then you have change the conclusion to get rid of the 

caveat about damaged skin. 
DR. HILL:  And also, let me just say that if we don't have any direct data on the PEG 10 

propylene glycol, no reason to think that what little data we have on the esters necessarily informs the toxicology 
potential of the PEG 10 propylene glycol.  And I calculate a molecular weight of 516 for the molecule when we 
don't have any physical chemical properties, anything about dermal absorption in the original report.  I went back 
and looked. 

DR. SHANK:  So are you saying open or not? 
DR. HILL:  I'm suggesting let it alone.  Don't reopen. 
DR. MARKS:  Not open. 
DR. SHANK:  Not open. 
DR. MARKS:  Not open.  Okay.  That was quick.  Okay.  Since we have Bart here, should we go 

onto the priorities?  Let's -- 
MS. BECKER:  Sure.  Not opening and not opening to add and not opening at all.  Just making 

sure I understand. 
DR. MARKS:  Correct.  Yep. 
MS. BECKER:  Okay. 
DR. MARKS:  I'm going to move tomorrow that we do not reopen. 
DR. HILL:  That would come up for re-review some years down, right? 
DR. MARKS:  Mm-hmm. 
DR. HILL:  Then could be looked at then. 
MR. ANSELL:  Fifteen years. 
DR. MARKS:  Okay. 
DR. HILL:  Kick the can (inaudible). 
DR. MARKS:  Thanks, Lillian. 
MS. BECKER:  You're welcome. 
 

Dr. Belsito’s Team 
DR. BELSITO:  … Yeah, okay, this is PEG-propylene glycol esters as used in cosmetics.  So I 

thought we should reopen to add PEG-6 PGA Caprate [PEG PG Caprylate/Caprate] and also reopen just given 
the striking increase in abuse [use] of PEG-25 PG oleate but once having done that they're safe as used and I 
didn't need any other information. 

DR. LIEBLER:  Right.  I thought the read-across was adequate so safe as used. 
DR. SNYDER:  I have a semantics issue, excuse me. 

Distributed for comment only -- do not cite or quote 
 



DR. BELSITO:  A choking issue, too. 
DR. SNYDER:  Yeah, really.  Under toxicological studies and developmental reproductive toxicity 

studies, excuse me, they both begin by saying no new studies were identified.  So that means we had DART 
studies in the original report and we had tox studies in the original report? 

MS. BECKER:  It means nothing has come in since the original report. 
DR. SNYDER:  Okay, so but -- 
DR. BELSITO:  It doesn't mean we had them.  It means that nothing more has been had either. 
DR. SNYDER:  Well, it implies that no new means that we had some previously and I was just 

querying whether we really had -- originally had DART studies in the original report.  I just -- it's a wording thing. 
DR. BELSITO:  So it's semantics. 
DR. SNYDER:  Yeah. 
DR. BELSITO:  So you think that when we're doing these re-reviews and there should be a 

statement that no new studies implies that there are studies and there's nothing new versus saying something 
like -- 

DR. SNYDER:  No additional studies were found or something or -- 
DR. BELSITO:  But should we also point out that there were no studies in the original report? 
DR. SNYDER:  I think we just have to be careful because we're implying that there was a DART 

study and I was questioning whether there really was a DART study. 
MS. BECKER:  Not much, I was looking at it and not much -- 
DR. SNYDER:  Yeah. 
MS. BECKER:  -- is a repro.  Some skin sensitization. 
DR. JOHNSON:  This is certainly -- 
DR. SNYDER:  Go ahead. 
DR. JOHNSON:  This is certainly one of the first sort of the one lay reader.  I mean, so it's relying 

on two previous reports sort of to get here, too, I mean, you know, which is difficult for someone like me to get my 
head around, right?  I mean, you know, maybe some small discussion as sort of how that works or something 
would be, you know, good because, you know, there are disparate audiences reading this sometimes I think, 
right?  So I mean it's certainly I don't understand it obviously. 

I went back through the other ones and I saw some foundationally the discussions sort of build on 
each other but in terms of, like you said, there's no sort of data here for this particular set.  And some kind of an 
explanation of how we get there I think would be great. 

DR. SNYDER:  Well, and to the point, I mean, under the one right above that under the teach A 
studies we say no toxicokinetic studies were found in the literature.  So that's, again, those are very different 
statements. 

DR. BELSITO:  In general, though, what you find is if there was something in the prior study it's 
put in italics so I've always taken it to mean when there's nothing italicized under that heading there was nothing 
in the prior study and there's been nothing new. 

DR. SNYDER:  But you have disparate examples so that under the tox studies no new tox studies 
and then, there's italics an acute oral study. 

DR. BELSITO:  Right. 
DR. SNYDER:  And then, you have DART and there's nothing italicized underneath that one. 
DR. BELSITO:  Right.  So yeah, so for dermal penetration you say no toxicokinetic studies and 

there's nothing.  And then, for toxicologic where there was one previously you say no new.  And then, I see what 
you're saying.  So you're saying no new DART studies, it should just be no DART studies and as it was for 
toxicokinetics where it said no toxicokinetics and then, there was nothing underneath it.  Is that what you're -- 

DR. SNYDER:  I just wanted clarification exactly how it was interpreted because I was confused. 
DR. BELSITO:  Yeah, you're right because when there's nothing she says no blank.  When 

there's something and there's nothing new she says no new.  Then under DART it should be no DART studies 
because there were no prior studies either. 
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DR. GILL:  And we do say at the very beginning that if there is any summary data from the old 
reports it is placed in italics so. 

DR. SNYDER:  Right. 
DR. GILL:  So I can interpret it the same way Don does if you don't see any there then there's 

nothing new and there was nothing old either. 
DR. BELSITO:  But I like the idea, you know, I mean, again, it's semantics but when there is 

something that we say no new.  And when there was nothing in the old report and there's nothing now we simply 
say no. 

DR. SNYDER:  Because after that it looks like there was -- the old reports had no gene tox data, 
no carcino -- 

DR. BELSITO:  They didn't. 
DR. SNYDER:  -- no dermal irritation, nothing, no -- 
DR. BELSITO:  Right, they didn't. 
DR. SNYDER:  It didn't? 
MS. BECKER:  No. 
DR. SNYDER:  Okay. 
DR. BELSITO:  Right.  There was nothing summarized underneath it so I like your idea when 

there's nothing before, there's nothing now we simply say no. 
DR. SNYDER:  Okay. 
DR. BELSITO:  When there was something before and there's nothing now we say no new. 
DR. SNYDER:  Okay. 
DR. BELSITO:  And then, italicize it. 
DR. SNYDER:  Thank you for that clarification. 
DR. BELSITO:  Okay.  And then, page 14, Lillian, of the report under the original discussion, 

obviously we need to get rid of that, the burn patient sensitization, that second paragraph. 
MS. BECKER:  This is just a discussion from the original. 
DR. BELSITO:  I know. 
MS. BECKER:  It won't be staying. 
DR. BELSITO:  Okay.  This will be an entirely new discussion. 
MS. BECKER:  Yeah, this is for your information, yeah. 
DR. BELSITO:  Okay.  Well, just for your information, please remember to delete that paragraph. 
DR. LIEBLER:  It looks like bomb [burn] patients anyway. 
MS. BECKER:  It is bomb [burn] patients. 
DR. BELSITO:  Okay.  Anything else?  Okay.  Just like this.   

 
DAY TWO 

DR. MARKS:  So this is another re-review evaluation of a report, which was issued in 2001 on 
these six ingredients, which were concluded to be safe in that report.  Our team felt we did not need reopen this 
report.  And we did not want to add the PEG PG Caprylic/Capric.  So that's a motion not to reopen. 

DR. BERGFELD:  Belsito team, comment? 
DR. BELSITO:  Yeah, we thought we should reopen and add the PEG-6 PG Caprylic/Capric.  

And the other reason for reopening was the striking increases of PEG-25 PG Oleate even though it seemed to be 
used at the same concentration.  So we thought we could reopen, add the PEG-6, and go safe as used. 

DR. BERGFELD:  Ron Hill? 
DR. HILL:  For reopening, and I noted that we don't have any direct data on PEG-10 propylene 

glycol.  Although the original report does not have physical chemical properties, I calculated molecular weight of 
516.  And so, that would be imminently dermally penetrable unless we see that -- well, it would dermally 
penetrate.  So I just want to make note, that if it's reopened, I want to see information about PEG-10 propylene 
glycol. 
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DR. BERGFELD:  Dr. Marks, any further comments? 
DR. MARKS:  So you felt adding that one ingredient would be a no-brainer in reopening.  You 

said reopen safe -- 
DR. BELSITO:  Yeah, I mean -- 
DR. MARKS:  -- safe conclusion. 
DR. BELSITO:  Yes. 
DR. SHANK:  Is it worth the effort to reopen it to add an ingredient that's not being used?  I'm 

thinking of staff time. 
DR. BELSITO:  I don't know that's going to -- I mean it -- 
DR. BERGFELD:  Lillian, do you want to comment? 
DR. BELSITO:  And I don't know how much staff time it's going to take.  It's -- I think the report is 

done essentially. 
DR. GILL:  Yeah, I don't -- it's up to the Panel whether or not they want to add it.  It's going to 

take -- I'm not going say no staff time but minimal staff time to do this. 
DR. BERGFELD:  Lillian, since you'll be doing it, do you want to comment? 
DR. BECKER:  A few hours total. 
DR. BELSITO:  I mean it's going to leave that ingredient dangling out there.  And I guess there 

are no uses.  But we're constantly criticized, you know, because it's in the Dictionary, could be used, and we 
haven't reviewed safety.  And it's one that we can very easily dismiss.  And we've looked at the data.  We have no 
data needs.  And like I said, I think the report is pretty much done except for a brief discussion and a safe as used 
conclusion. 

DR. HILL:  And I think insufficient for PEG-10 propylene glycol. 
DR. BERGFELD:  So there is some question about that one. 
DR. BELSITO:  Yeah, we'll handle that the next time around. 
DR. BERGFELD:  Jim, do you want to -- 
DR. MARKS:  I withdrawal my motion and move that we reopen. 
DR. BELSITO:  Second. 
DR. BERGFELD:  Second.  All right.  Any other discussion?  Curt? 
DR. KLAASSEN:  I would say that the propylene glycol is not a toxicity problem because it's even 

used as a solvent for some drugs in humans, so. 
DR. HILL:  We don't have any direct information on PEG-10 Propylene Glycol is what's I'm 

saying.  And it would be dermally penetrable, high probability. 
DR. KLAASSEN:  Okay. 
DR. HILL:  I agree with you that the findings would probably be negative should somebody 

choose to dredged them up or do them. 
DR. KLAASSEN:  I'd just like to say one other thing that, you know, when we talk about read 

across, well, this read across we're not doing.  But it would seem like propylene glycol esters and ethylene glycol 
esters, you could easily read across.  Right? 

DR. HILL:  I wouldn't -- 
DR. KLAASSEN:  In fact, you absolutely cannot.  So, you know, some of these somewhat logical 

read across are absolutely improper, so.  Just so we realize that, that it's hard to know when you can read across 
and when you can't.  and that if this is an ethylene glycol, you have reproductive problems, you have blood 
problems, you have all kinds of problems.  But with the propylene glycol esters you don't.  They're pretty safe.  
Anyhow, that's a little bit to the adjacent to the topic. 

DR. HILL:  I think the findings would probably be negative, and if we have information that PEG-6 
propylene glycol if it's hydrolyzed in vitro extensively, then effectively we have made the ability to read across to 
the PEG-10 propylene glycol, I believe.  But right now it's just a complete absence of data for me to have any idea 
one way or the other. 
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DR. BERGFELD:  Well, I think the minutes are going to reflect those PEGs that you want to be 
looked at in addition to what's been said and what is present.  So I'm going to call the question.  All those in favor 
of reopening to add and to further look in to some of the other PEGs.  All right.  It's unanimous. 

DR. BELSITO:  And obviously remove the issue with the burn patients, That's already been 
resolved. 

DR. BERGFELD:  Okay.  That's a good addition.  Thank you. 
 
 
 

[ ] – Brackets are used by the analyst/writer to correct or offer a guess at what the speaker was saying that the 
person typing out the transcripts may not have understood. 
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Minutes of PEG Propylene Glycol Esters 
 
December 2-3, 1998 
PEG-25, -75, and -120 Propylene Glycol Stearate, 
PEG-10 Propylene Glycol, PEG-8 Propylene Glycol 
Cocoate, and PEG-55 Propylene Glycol Oleate 
Dr. Schroeter stated that the following data were received in response to the Tentative Report that was issued at 
the December 2-3, 1998 Panel meeting: (1) Concentration of use data on PEG-55 Propylene Glycol Oleate, (2) 
Method of manufacture of PEG-55 Propylene Glycol Oleate, (3) Impurities data on PEG-55 Propylene Glycol 
Oleate, (4) Ocular irritation test (rabbits) on PEG-25 Propylene Glycol Stearate, (5) Two skin irritation tests 
(rabbits) on PEG-25 Propylene Glycol Stearate, (6) Guinea pig maximization test on PEG-25 Propylene Glycol 
Stearate, and (7) Human skin irritation test on PEG-25 Propylene Glycol Stearate. 

Dr. Schroeter noted that the Panel=s data needs have now been met and that the available data are 
sufficient for arriving at a Asafe as used@ conclusion on all ingredients included in this review.  He added that the 
data on PEG-55 Propylene Glycol Oleate and PEG-25 Propylene Glycol Stearate that were submitted address 
the Panel=s data needs on all other ingredients in the group. 

Dr. Carlton proposed that a statement indicating that cosmetic formulations containing either of the PEG 
Propylene Glycol ethers included in this review should not be used on damaged skin should be added to the 
report discussion.  The Panel=s concern about use of these ingredients on damaged skin is based on positive 
patch tests and incidences of nephrotoxicity in burn patients treated with an antimicrobial cream that contained 
PEG-6, PEG-20, and PEG-75.  PEG was the causative agent in both animal and human studies; no evidence of 
systemic toxicity or sensitization was found in studies with intact skin. 

Dr. Bergfeld agreed with Dr. Carlton=s proposal. 
The Panel voted unanimously in favor of issuing a Final Report with the following conclusion:  Based on the 

available animal and clinical data included in this report, the CIR Expert Panel concludes that PEG-25 Propylene 
Glycol Stearate, PEG-75 Propylene Glycol Stearate, PEG-120 Propylene Glycol Stearate, PEG-10 Propylene 
Glycol, PEG-8 Propylene Glycol Cocoate, and PEG-55 Propylene Glycol Oleate are safe as used in cosmetic 
products. 

 
 
May 18-19, 1998 
PEG-25, -75, and -120 Propylene Glycol Stearate, 
PEG-10 Propylene Glycol, PEG-8 Propylene Glycol 
Cocoate, and PEG-55 Propylene Glycol Oleate 

The Panel voted unanimously in favor of issuing a Tentative Report with an insufficient data conclusion on 
these ingredients. The data needed in order for the Panel to complete its safety assessment are listed in the 
discussion section of the Tentative Report as follows: 

(1) Current concentration of use 
(2) Method of manufacture and impurities analysis 

 
 
December 8-9, 1997 
PEG-25, -75, and -120 Propylene Glycol Stearate, 
PEG-10 Propylene Glycol, PEG-8 Propylene Glycol 
Cocoate, and PEG-55 Propylene Glycol Oleate 

Dr. Belsito said that his Team determined that the following data are needed in order to complete this 
safety assessment: (1) Current concentration of use and (2) Method of manufacture and impurities analysis. 
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Dr. Schroeter said that his Team determined that the components of all of the ingredients in this report 
have been reviewed by the Expert Panel and were found to be safe as used.  With this in mind, Dr. Schroeter 
suggested that the three ingredients reviewed in this report are safe as used. 

Dr. Belsito noted that the methods of production for most of the ingredients being reviewed are missing 
from the Draft Report.  Thus, the Panel does not know which impurities remain at the end of the production 
process. 

Dr. Shank said that he has no problems with the purity of these cosmetic ingredients.  Furthermore, he said 
that he is willing to accept this document on the basis of toxicological data on the component parts. 

Dr. Klaassen said that he generally agrees with the preceding statement by Dr. Shank.  However, he said 
that the problem is that there is no quality control for knowing whether what should be the end product in the 
production process is the same as what was tested in toxicology studies.  He said that there is no reason why 
industry cannot provide the Panel with the methods of production. 

The Panel voted unanimously in favor of issuing an Insufficient Data Announcement with the following data 
requests: 

(1) Current concentration of use 
(2) Method of manufacture and impurities analysis 
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ABSTRACT 
This is an amended safety assessment of PEG propylene glycol derivatives as used in cosmetics.  These seven ingredients 
mostly function as surfactants and skin-conditioning agents.  The Cosmetic Ingredient Review (CIR) Expert Panel (Panel) 
reviewed relevant data related to these ingredients.  Because there was little data on these ingredients, the Panel relied on 
other CIR reports on related ingredients, the moieties, and component parts of these ingredients for read across and 
information purposes.  The Panel agreed that the caveat from the previous safety assessment, that ingredients containing 
PEGs should not be used on damaged skin, should be removed.  The Panel concluded that these PEG propylene glycol 
derivatives are safe as used. 
 

INTRODUCTION 
In 2001, a safety assessment of six PEG propylene glycol derivatives was published by the CIR Expert Panel with a 

conclusion of safe as used with the caveat that ingredients containing PEGs should not be used on damaged skin.1  CIR 
evaluates the conclusions of previously-issued reports every 15 years to determine whether or not the conclusion should be 
reaffirmed.  In accordance with its procedures, the Panel examined the data presented in this assessment to determine if the 
original conclusion could be reaffirmed.  There was a significant increase in the number of uses of PEG-25 Propylene Glycol 
Oleate.  Since the original safety assessment was published, the Panel determined (2010) that the caveat that PEGs should not 
be used on damaged skin should be removed.2  Also, the Panel added PEG-6 Propylene Glycol Caprylate/Caprate to the 
group.  Therefore, the Panel concluded that it was appropriate to re-open this safety assessment. 

 
The ingredients in this safety assessment are: 

 
PEG-25 Propylene Glycol Stearate 
PEG-75 Propylene Glycol Stearate 
PEG-120 Propylene Glycol Stearate  
PEG-10 Propylene Glycol 

PEG-8 Propylene Glycol Cocoate 
PEG-55 Propylene Glycol Oleate 
PEG-6 Propylene Glycol Caprylate/Caprate 

 
According to the International Cosmetic Ingredient Dictionary and Handbook (Dictionary), these ingredients 

mostly function as surfactants and skin-conditioning agents (Table 1).3 
Because there were little data available on the individual ingredients in the original safety assessment, the Panel 

applied a read-across approach using data available for similar ingredients (analogues), and considered the data available for 
moieties and components of the ingredients.1  The Panel used this same approach for this safety assessment.  Additionally, an 
extensive literature search revealed no new data on the PEG propylene glycol derivatives.   

Since the publication of the original report, CIR has conducted new safety assessments or re-reviews of the 
component acids, related moieties, and other components of the PEG propylene glycol derivatives (Table 2).  In re-reviews, 
PEG stearates (PEG monoesters) and Oleic Acid and Stearic Acid were reaffirmed to be safe as used.4-7  PEG diesters 
(including PEG distearates) were found to be safe when formulated to be non-irritating.8  In 2010, the Panel removed the 
caveat that PEGs are not to be used on damaged skin; therefore, PEGs are safe for use in cosmetics in the present practices of 
use and concentration.2  Summaries of the safety assessments conducted since the original review are presented in Table 3.  
Full reports can be viewed at the CIR website (http://www.cir-safety.org/ingredients). 

Summaries of data on PEG propylene glycol derivatives from the original report are included in the appropriate 
sections in italics.  Please see the original report for details.1 

 
CHEMISTRY 

Definition and Structure 
 These ingredients are polyethylene glycol derivatives of propylene glycol, and in most cases, are the result of the 

esterification of a fatty acid (Figure 1).  Definitions and structures of the PEG propylene glycol derivatives in this report are 
provided in Table 1. 

 
 

 

Distributed for comment only -- do not cite or quote 
 

http://www.cir-safety.org/ingredients


Figure 1. PEG propylene glycol derivatives, wherein “n” is equal to the number of the ethylene glycol 
repeat units and R is hydrogen or a fatty acid residue (e.g., in PEG-8 Propylene Glycol Cocoate, “n” is 8 
and R represents the fatty acid residues derived from coconut. 

Method of Manufacture 
PEG-8 Propylene Glycol Cocoate 

PEG-8 Propylene Glycol Cocoate is a specialty chemical that is prepared by esterification of polyoxyalkyl alcohols 
with lauric acid. 

 
PEG-55 Propylene Glycol Oleate 

The method for the production of PEG-55 Propylene Glycol Oleate is described as a two-step process.  In the first 
step, propylene glycol is ethoxylated with 55 moles of ethylene oxide, yielding a polyether.  In the second step, the polyether 
is esterified with oleic acid.  No solvents are involved in this process. 

Information on the methods of production of the following ingredients was not found in the published literature: 
PEG-25 Propylene Glycol Stearate, PEG-75 Propylene Glycol Stearate, PEG-120 Propylene Glycol Stearate, and PEG-10 
Propylene Glycol. 
 

Impurities 
Impurities data (provided only on PEG-55 Propylene Glycol Oleate) are summarized as follows: oleic acid 

(maximum 5% wlw), ethylene oxide (maximum 1 ppm), dioxane (maximum 5 ppm), polycyclic aromatic compounds 
(maximum 1 ppm), and heavy metals-lead, iron, cobalt, nickel, cadmium, and arsenic included (maximum 10 ppm combined). 
 

USE 
Cosmetic 

The safety of the cosmetic ingredients included in this assessment is evaluated based on data received from the U.S. 
Food and Drug Administration (FDA) and the cosmetics industry on the expected use of these ingredients in cosmetics.   Use 
frequencies of individual ingredients in cosmetics are collected from manufacturers and reported by cosmetic product 
category in FDA’s Voluntary Cosmetic Registration Program (VCRP) database.  Use concentration data are submitted by 
Industry in response to surveys, conducted by the Personal Care Products Council (Council), of maximum reported use 
concentrations by product category.    

According to the VCRP survey data received in 2016, PEG-25 Propylene Glycol Oleate was reported to be used in 
149 formulations, which included 1 leave-on product and 148 rinse-off products; the VCRP reported no uses for this 
ingredient in the 2001 safety assessment (Table 4).9  In 2016, PEG-25 Propylene Glycol Stearate and PEG-8 Propylene 
Glycol Cocoate were reported to be used in 3 (reduced from 10) and 2 (increased from 1) formulations, respectively. 

The results of the concentration of use survey submitted by the Council in 2016 indicate that PEG-25 Propylene 
Glycol Oleate has the highest reported maximum concentration of use, at up to 2% in bath soaps and detergents; this is a 
decrease from the maximum concentrations of use of up to 10% in fragrances reported in 1998.10  The highest reported 
maximum concentration of use for a leave-on product was 1.2% PEG-8 Propylene Glycol Cocoate in tonics, dressings and 
other hair grooming aids; there is no reported concentration of use for leave-on products applied to the skin.   

With the exception of PEG-55 Propylene Glycol Oleate and PEG-8 Propylene Glycol Cocoate, the reported 
frequency of use of these ingredients has decreased or remained at zero.  PEG-25 Propylene Glycol Stearate, which was 
reported to be used at up to 5% in 1984, had no reported concentrations of use in 2016.  PEG-8 Propylene Glycol Cocoate, 
which was reported to be used at up to 1.2% in 1998, was reported to be used up to 0.6% in 2016.  PEG-25 Propylene Glycol 
Stearate is reported to be used in deodorants (no concentration of use was reported).  Propylene Glycol Cocoate is no longer 
reported to be used in eye products or face powders. 

The ingredients not in use based on both the 2016 VCRP and Industry surveys are: 
• PEG-75 Propylene Glycol Stearate 
• PEG-120 Propylene Glycol Stearate 
• PEG-10 Propylene Glycol  
• PEG-6 Propylene Glycol Caprylate/Caprate 

 
In some cases, reports of use were received from the VCRP, but concentration of use data were not provided.  For 

example, PEG-25 Propylene Glycol Stearate is reported to be used in 3 cosmetic formulations, but no use concentration data 
were reported.   

None of the PEG propylene glycol derivatives named in this report are restricted for use in any way under the rules 
governing cosmetic products in the European Union.11 
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TOXICOKINETIC STUDIES 

No toxicokinetics studies on the PEG propylene glycol derivatives were found in the published literature, and 
unpublished data were not provided.   

 
TOXICOLOGICAL STUDIES 

No new toxicological studies on the PEG propylene glycol derivatives were found in the published literature, and 
unpublished data were not provided.  

  
In an acute oral toxicity study, PEG-25 Propylene Glycol Stearate was classified as relatively harmless in rats 

(LD50 >25.1 g/kg). 
 

DEVELOPMENTAL AND REPRODUCTIVE TOXICITY (DART) STUDIES 
No DART studies on the PEG propylene glycol derivatives were found in the published literature, and unpublished 

data were not provided.   
 

GENOTOXICITY STUDIES 
No genotoxicity studies on the PEG propylene glycol derivatives were found in the published literature, and 

unpublished data were not provided.   
 

CARCINOGENICITY STUDIES 
No carcinogenicity studies on the PEG propylene glycol derivatives were found in the published literature, and 

unpublished data were not provided.   
 

DERMAL IRRITATION AND SENSITIZATION STUDIES 
No new dermal irritation or sensitization studies on the PEG propylene glycol derivatives were found in the 

published literature, and unpublished data were not provided. 
 

Irritation 
Animal 

An antiperspirant product containing 2.0% PEG-25 Propylene Glycol Stearate was classified as practically 
nonirritating to the skin of rabbits in single insult occlusive patch tests. 
 
Human 

Clinical test data on 10% aqueous PEG-25 Propylene Glycol Stearate and 10% aqueous PEG-55 Propylene Glycol 
Oleate were negative in at least one patient suspected of having an allergy to cosmetic products.  In another study, no 
significant differences in irritancy were observed between 20 normal subjects patch-tested with an antiperspirant containing 
2.0% PEG-25 Propylene Glycol Stearate and 20 control subjects patch-tested with a different antiperspirant.   
 

Sensitization 
Animal 

In a guinea pig sensitization test, PEG-25 Propylene Glycol Stearate was classified as nonallergenic at challenge 
concentrations of 25% and 50% in petrolatum. 

 
Human 

Negative results were reported in a sensitization study in which 50 volunteers were patch-tested with PEG-25 
Propylene Glycol Stearate. 
 

OCULAR IRRITATION STUDIES 
No new ocular irritation studies on the PEG propylene glycol derivatives were found in the published literature, and 

unpublished data were not provided.   
 

An antiperspirant product containing 2.0% PEG-25 Propylene Glycol Stearate was classified as nonirritating to 
mildly irritating to the eyes of rabbits. 
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SUMMARY 

A safety assessment of five PEG propylene glycol derivatives was published in 2001 by the CIR Panel with a 
conclusion of safe as used.  In accordance with its procedures, CIR evaluates the conclusions of previously issued reports 
every 15 years to determine whether the conclusion should be reaffirmed or the safety assessment re-opened.  There was a 
significant increase in the number of uses of PEG-25 Propylene Glycol Oleate.  Since the original safety assessment was 
published, the caveat that PEGs should not be used on damaged skin was removed.  Also, the Panel added PEG-6 Propylene 
Glycol Caprylate/Caprate to the group.  Thus, the Panel concluded that it was appropriate to re-open this safety assessment.  
Therefore, this report is a re-review of the PEG propylene glycol derivatives that were previously reviewed.  PEG-6 
Propylene Glycol Caprylate/Caprate, which is a PEG propylene glycol derivative that has not yet been reviewed, has been 
added to this safety assessment because its chemical structure and cosmetic function are similar to those of previously 
reviewed PEG propylene glycol derivatives. 

According to the Dictionary, these ingredients mostly function as surfactants and skin-conditioning agents. 
Because there were little data available on the individual ingredients in the original safety assessment, the Panel 

applied a read-across approach using data on analogues, and on moieties and components of the ingredients.  An extensive 
literature search revealed no new data on the PEG propylene glycol derivatives. 

According to the VCRP survey data received in 2016, PEG-25 Propylene Glycol Oleate was reported to be used in 
149 formulations, which included 1 leave-on product and 148 rinse-off products; there were no reported uses for this 
ingredient in the 2001 safety assessment.  PEG-25 Propylene Glycol Stearate and PEG-8 Propylene Glycol Cocoate were 
reported to be used in 3 and 2 formulations, respectively. 

The results of the concentration of use survey submitted by the Council in 2016 indicate that PEG-25 Propylene 
Glycol Oleate has the highest reported maximum concentration of use at up to 2% in bath soaps and detergents; this is a 
decrease from up to 10% used in fragrances in 1998.  In 2016, the highest reported maximum concentration of use for leave-
on products was for 1.2% PEG-55 Propylene Glycol Oleate in tonics, dressings and other hair grooming aids; there is no 
reported concentration of use for leave-on products with dermal exposure. 

With the exception of PEG-55 Propylene Glycol Oleate and PEG-8 Propylene Glycol Cocoate, the frequency of use 
of these ingredients has decreased or remained at zero.  PEG-8 Propylene Glycol Cocoate is no longer reported to be used in 
eye products or face powders. 

 
DISCUSSION 

The Panel reopened the safety assessment of the PEG propylene glycol derivatives, to address the increase in the 
frequency of use of PEG-25 Propylene Glycol Oleate and the removal of the caveat that PEGs are not to be used on damaged 
skin.  Also, it was deemed appropriate to add PEG-6 Propylene Glycol Caprylate/Caprate to this safety assessment because it 
is structurally similar.  

The Panel noted the lack of new information on the PEG propylene glycol derivatives in this safety assessment.  In 
the original safety assessment, there are available data on some of the ingredients. This data is supported by the data from 
other CIR safety assessments on related ingredients (analogues), the moieties, and components of these ingredients.  The 
Panel determined that the close structural similarity and cosmetic concentrations of use permitted extrapolation/interpolation 
of safety to other members of the group. 

In the original safety assessment of PEGs, the Panel concluded that PEG-based ingredients should not be used on 
damaged skin because of their concern about sensitization and nephrotoxicity in burn patients treated with a PEG-based 
antimicrobial.  However, PEGs were re-reviewed in 2010 and the data showed that there was no safety concern with using 
PEGs on damaged skin.  The Panel removed the caveat regard the use of PEGs on damaged skin.  This conclusion reflects the 
Panel’s recommendation to apply this change to all reports that included PEG-containing ingredients. 

 
CONCLUSION 

The CIR Expert Panel concluded that the following ingredients are safe in cosmetics in the present practices of use and 
concentration described in this safety assessment: 
PEG-25 Propylene Glycol Stearate 
PEG-75 Propylene Glycol Stearate* 
PEG-120 Propylene Glycol Stearate*  
PEG-10 Propylene Glycol* 

PEG-8 Propylene Glycol Cocoate 
PEG-55 Propylene Glycol Oleate 
PEG-6 Propylene Glycol Caprylate/Caprate* 
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* Not reported to be in current use.  Were ingredients in this group not in current use to be used in the future, the expectation 
is that they would be used in product categories and at concentrations comparable to others in this group.   
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TABLES 
 

Table 1. Definitions and functions of the PEG propylene glycol derivatives in this safety assessment.3,CIR staff 

Ingredient Definition Function(s) 
PEG-25 Propylene Glycol 
Stearate  

PEG-25 Propylene Glycol Stearate is the polyethylene glycol ether 
of Propylene Glycol Stearate that conforms generally to the formula:  

Surfactant – Cleansing agent; 
surfactant – solubilizing agent 

 
where n has an average value of 25 

PEG-75 Propylene Glycol 
Stearate 

PEG-75 Propylene Glycol Stearate is the polyethylene glycol ester 
of Propylene Glycol Stearate that conforms to the formula:   

Surfactant – Cleansing agent; 
surfactant – solubilizing agent 

 
where n has an average value of 75 

PEG-120 Propylene Glycol 
Stearate 

PEG-120 Propylene Glycol Stearate is the polyethylene glycol ether 
of Propylene Glycol Stearate that conforms generally to the formula: 

Surfactant – Cleansing agent; 
surfactant – solubilizing agent 

 
where n has an average value of 120 

PEG-10 Propylene Glycol  PEG-10 Propylene Glycol is the polyethylene glycol ether of 
propylene glycol that conforms generally to the formula:  

Skin-conditioning agent – humectant; 
solvent 

 
where x + y has an average value of 10 

PEG-8 Propylene Glycol 
Cocoate 
126645-98-5  

PEG-8 Propylene Glycol Cocoate is the polyethylene glycol ether of 
propylene glycol cocoate that conforms generally to the formula:  

Skin-conditioning agent – emollient; 
surfactant – emulsifying agent 

 
where RCO- represents the coconut fatty radical and n has an average value of 8 

PEG-55 Propylene Glycol 
Oleate  

PEG-55 Propylene Glycol Oleate is the polyethylene glycol ether of 
propylene glycol oleate. It conforms generally to the formula:  

Surfactant – cleansing agent; 
surfactant – solubilizing agent 

 
where n has an average value of 55 
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Table 1. Definitions and functions of the PEG propylene glycol derivatives in this safety assessment.3,CIR staff 

Ingredient Definition Function(s) 
PEG-6 Propylene Glycol 
Caprylate/Caprate  

PEG-6 Propylene Glycol Caprylate/Caprate is the organic compound 
that conforms generally to the formula: 

Skin-conditioning agent – emollient; 
surfactant – emulsifying agent 

 
where RCO- represents the capryloyl/caproyl moiety and n has an average value of 6 

 
 
 
 
 
 
 
 

Table 2. Previously reviewed related ingredients and components 
Component  Conclusion (year; maximum concentrations of use) Reference 
PEG Diesters (including PEG Distearates) 
 

Safe in cosmetics when formulated to be non-irritating (2015; 12% in leave-ons and 
33.2% in rinse-offs) 

8 

PEG Stearates Safe as cosmetic ingredients in the present practices of concentration and use (2005 
re-review, not reopened; 9% in leave-ons and 7% in rinse-offs) 

4 

PEGs Safe in the present practices of use and concentrationa (2010; 66% in leave-ons and 
17% in rinse-offs, 85% in hair products, 67% in bath products) 

2 

Oleic Acid and Stearic Acid Safe in the present practices of use and concentration (2006; 9% in leave-ons and 
4% in rinse-offs, 20% in hair products, 15% in bath products) 

5,12 

a The CIR Expert Panel removed the caveat that PEGs should not be used on damaged skin. 
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Table 3. Summaries of most recent reports on the moieties and components of PEG propylene glycol derivatives. 
Ingredient Group Summary Reference 
PEG Diesters (including 
PEG Distearates) 
 

Dermal Penetration Enhancement - Neither PEG-8 dioleate nor PEG-8 dilaurate at 5% enhanced the 
dermal penetration of ketoprofen through mouse skin when added to a drug delivery plaster 
preparation. PEG-12 dioleate at 5% enhanced the dermal penetration of ketoprofen with an ER of 
1.54±0.22.  
Acute Oral Toxicity - The oral LD50s reported for PEG-4 diheptanoate in rats ranged from >2 to >25 
g/kg.  
Inhalation - Vaporized PEG-4 diheptanoate was lethal within 4 h to rats at 14.2 mg/L but not at 13.7 
mg/L. Clinical signs included salivation, red nasal discharge, and irregular respiration during the 
exposure period. The rats recovered quickly during the recovery period.  
Oral Toxicity - There were no adverse effects observed when 1 g/kg PEG-4 diheptanoate was 
administered by gavage to rats for 28 consecutive days.  
Inhalation Toxicity - In the repeated inhalation exposure study of vaporized PEG-4 diheptanoate at 1.0 
mg/L for 6 h/day, 5 days/week for 4 weeks, clinical signs for rats were mild salivation, reduced 
response to auditory stimulation, and shallow, rapid respiration sporadically during the exposure 
periods.  
Mutagenicity - PEG-4 diheptanoate was not mutagenic in a reverse mutation assay up to 10 000 
μg/plate using S. typhimurium or in a mammalian cell gene mutation assay using Chinese hamster 
ovary cells up to 23.9 mM. 
Dermal Irritation - At 100%, PEG-4 diheptanoate caused slight to moderate erythema and edema when 
administered to rabbit skin for 24 h. There was no skin irritation observed in guinea pigs treated with 
PEG-4 diheptanoate at 5% or 25% but mild irritation was observed in 1 of 3 guinea pigs at 50% and in 
3 of 3 at 100%.  
Ocular Irritation - There were no lasting reactions observed when PEG-4 diheptanoate at 100% was 
instilled in the conjunctival sac of rabbits.  
Sensitization - In a dermal sensitization study using guinea pigs, PEG-4 diheptanoate at 5% or 25% 
was not sensitizing when challenged at 5% or 50%. 

8 

PEG Stearates Re-Review Summary - A safety assessment of PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 
Stearates was published in 1983 with the conclusion "safe as cosmetic ingredients in the present 
practices of concentration and use" (Elder 1983). Studies available since that safety assessment was 
completed, along with updated information regarding use concentrations, were considered by the CIR 
Expert Panel. The Panel determined not to reopen this safety assessment. 
In 1979, PEG Stearates were used in 374 cosmetic products, typically at concentrations ranging from 
>0.1% to 10%. In 2002, there were uses reported in 1459 products, typically at concentrations <4%. 

4 

PEGs Metabolism (Absorption and Excretion) - In metabolism studies with rats, rabbits, dogs, and humans, 
the lower molecular weight PEGs were absorbed by the digestive tract and excreted in the urine and 
feces. The greater molecular weight PEGs were absorbed more slowly or not at all. For example, PEG-
8 is rapidly absorbed by the GI tracts of several mammalian species and excreted primarily in the urine 
with less excretion in the feces and PEG-150 in water was not absorbed from the gastrointestinal tract 
of humans.  
Acute Toxicity - In general, PEGs had low acute oral toxicity. The higher-molecular-weight PEGs 
appeared to be less toxic than the lower PEGs in oral studies. Oral LD50 values in rodents ranged from 
15 to 22 g/kg, and the intravenous LD50 in rodents ranged from 7.3 to 9.5 g/kg. The LC50 of aerosolized 
Triethylene Glycol in rats was greater than 3.9 mg/L.  
Repeated Dose Toxicity - PEG-8 administered for 13 weeks of gavage treatment in Fischer 344 rats at 
doses of 1.1, 2.8 and 5.6 g/kg/day for resulted in no mortality or changes in hematology or clinical 
chemistry measurements attributed to PEG-8.  
Inhalation of aerosolized PEG-75 at concentrations up to 1008 mg/m3 five times/week for 2 weeks 
caused little or no toxicity in rats. 
Dermal Irritation and Sensitization - Dermal exposure to PEGs was not irritating in rabbits in several 
studies. Overall, PEGs were not irritating to the skin of rabbits and guinea pigs. PEG-75 was not a 
sensitizer in guinea pigs.  
Ocular Irritation - Ocular exposure to Triethylene Glycol in rabbits produced no corneal injury, 
however all rabbits displayed acute iritis and minor transient conjunctival irritation. Overall, PEGs 
cause mild, transient ocular irritation in rabbits.  
Reproductive/Developmental Toxicity - In reproductive and developmental toxicity studies in rats and 
mice, PEGs did not produce biologically significant maternal toxicity or embryotoxicity or 
teratogenicity.  
Mutagenicity - PEGs were not mutagenic or genotoxic in the Ames assay, a Chinese Hamster ovary 
cell mutation assay, an in vivo bone marrow assay, a dominant lethal assay, the mouse TK+/-+TK-/- 
forward mutation assay, or a sister chromosome exchange assay. PEG-8 was not carcinogenic when 
administered orally, intraperitoneally, or subcutaneously to various test animals. 
Dermal Irritation - In clinical studies, PEG-6 and PEG-8 caused mild cases of immediate 
hypersensitivity. Extensive clinical studies of patients with normal skin demonstrate that PEG-8 was 
not a sensitizer and one large study in patients with eczematous skin, only 0.3% positive reactions were 
seen to PEG-8. Cases of delayed allergic contact dermatitis have been reported in burn patients treated 
with antimicrobial creams with a PEG vehicle.  
Use of antimicrobial creams with a PEG vehicle have been associated with renal toxicity when applied 

2 
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Table 3. Summaries of most recent reports on the moieties and components of PEG propylene glycol derivatives. 
Ingredient Group Summary Reference 

to burned skin. Measured values for dermal penetration of PEG-4 as a function of number of tape 
strippings demonstrated that tape stripping can increase dermal penetration. Exposure estimates that 
combined type and use quantity of cosmetic product, concentration of PEGs, and dermal penetration 
were used to determine exposures to skin in which tape stripping had removed the stratum corneum. 
These exposures were used with the renal toxicity NOEL to develop a margin of safety calculation, 
with values ranging from 113 to over 2,600. 

Oleic Acid and Stearic 
Acid 

Metabolism - Fatty acids are absorbed, digested, and transported in animals and humans. 
Radioactivity from labeled fatty acids administered orally, intravenously, intraperitoneally, and 
intraduodenally has been found in various tissues and in blood and lymph. β-Oxidation of the fatty 
acids involves serial oxidation and reduction reactions yielding acetyl-CoA. Although placental 
transfer of fatty acids has been documented in several species and fetal lipid metabolism has been 
studied, no studies on the teratogenicity of Oleic, Laurie, Palmitic, Myristic, or Stearic Acids were 
found. High intake of dietary saturated fatty acids has been associated with the incidence of 
atherosclerosis and thrombosis. 
Acute Toxicity - Little acute toxicity was observed when Oleic, Laurie, Palmitic, Myristic, or Stearic 
Acid, or cosmetic formulations containing these fatty acids at concentrations of 2.2% to 13% were 
given to rats orally at doses of 15 to 19 g/kg. 
Repeated Dose toxicity - In subchronic oral toxicity studies, Oleic, Palmitic, and Stearic Acids were 
fed to rats in diets at doses ranging from 5% to 50%. Thrombosis, aortic atherosclerosis, anorexia, and 
mortality were observed. In a subchronic study, no signs of toxicity were observed in chicks fed 5% 
dietary Stearic and Oleic Acids. Feeding of 15% dietary Oleic Acid to rats in a chronic study resulted 
in normal growth and general health, but reproductive capacity of female rats was impaired. 
Results from topical application of Oleic Acid (at concentrations from 50% 
Oleic Acid to commercial grade Oleic Acid) to the skin of mice, rabbits, and 
guinea pigs ranged from no toxicity to signs of erythema, hyperkeratosis, and hyperplasia. lntradermal 
administration to guinea pigs of 25% Oleic Acid to commercial grade Oleic Acid resulted in local 
inflammation and necrosis. A formulation containing 2.2% Palmitic Acid was considered nontoxic to 
rabbits. 
A topically applied dose of 5 g/kg commercial grade Stearic Acid was not toxic to rabbits. lntradermal 
administration of I0 to 100 mM Stearic Acid to guinea pigs and rabbits resulted in mild erythema and 
slight induration. 
Dermal Irritation - Eighteen mmol% concentrations of the fatty acids topically applied to the of the 
external ear canals of albino rabbits for 6 weeks produced a range of responses, varying from no 
irritation with Stearic Acid to slight irritation with Myristic and Palmitic Acids to defined erythema, 
desquamation, and persistent follicular keratosis with Oleic and Laurie Acids. Slight local edema and 
no deaths were observed among NZW rabbits after 4 weeks of topical administration of product 
formulations containing 2.0% Stearic Acid. 
In 13-week dermal toxicity studies, 2 cosmetic product formulations containing, at most, 5% Stearic 
Acid produced moderate skin irritation in rats receiving 4.0 ml/kg and 227 mg/kg doses. All other 
physiological parameters were normal. 
In single insult occlusive patch tests for primary irritation, commercial grades of all 5 fatty acids, at 
doses of 35% to 65% in vehicles (Stearic Acid only) and at 1% to 13% in cosmetic product 
formulations (other fatty acids), produced no to moderate erythema and slight, if any, edema in the skin 
of rabbits. Slight increases in irritation were observed in the short-term repeated patch tests (daily for 3 
to 14 days) of Oleic and Myristic Acids. 
Sensitization - In maximization studies with 2 cosmetic product formulations containing 5.08% Oleic 
Acid and 1.0% Stearic Acid, slight reactions were observed to challenge patches. These formulations 
were considered weak, grade I sensitizers In another maximization study, after intradermal induction 
and booster injections of a formulation containing 3.5% Stearic Acid, reactions to topical challenge 
applications of the formulation were few and minimal in intensity. 
Photosensitization - Skin lotion formulations containing 2.8% Stearic Acid were not photosensitizing 
to the skin of Hartley guinea pigs. 
Comedogenicity - Oleic Acid and its UVA-induced peroxides were associated with increased comedo 
formation on the treated ears of two species of rabbits. 
Ocular Irritation - In ocular irritation studies, the fatty acids alone and at concentrations ranging from 
1% to 19.4% in cosmetic product formulations produced no to minimal irritation after single and 
multiple (daily, 14-day) instillations into the eyes of albino rabbits. Irritation was primarily in the form 
of very slight conjunctival erythema. A single instillation of Laurie Acid also produced cornea1 opacity 
and iritis. 
Mutagenicity - Although Oleic and Laurie Acids induced mitotic aneuploidy in in vitro mutagenicity 
tests, both have been indicated as inhibitors of mutagenicity 
produced by positive controls, such as N-nitrosopyrrolidine and sodium azide, in other tests. Stearic 
Acid was inactive in aneuploidy induction tests and in the Ames test, and it did not inhibit 
mutagenicity, as did Oleic and Laurie Acids. No increase of mitotic crossing-over events was induced 
by Oleic, Laurie, or Stearic Acids. Oleic Acid did not increase the number of sister chromatid 
exchanges over background. 
Carcinogenicity - In carcinogenicity studies, no malignant tumors were induced by repeated 

5 
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Table 3. Summaries of most recent reports on the moieties and components of PEG propylene glycol derivatives. 
Ingredient Group Summary Reference 

subcutaneous injections of 1-16.5 mg Oleic Acid in two species of mice. Intestinal and gastric tumors 
were found in mice receiving dietary Oleic Acid at daily concentrations up to 200 mg/mouse. 
Treatment of mice with repeated subcutaneous injections of 25 and 50 mg Laurie Acid was not 
carcinogenic. Low incidences of carcinomas, sarcomas, and lymphomas were observed in mice 
receiving single or repeated subcutaneous injections of 25 and 50 mg Palmitic and up to 82 mg Stearic 
Acid. Feeding of up to 50 g/kg/day dietary Stearic Acid to mice was not carcinogenic. 
Irritation - In clinical primary and cumulative irritation studies, Oleic, Myristic, and 
Stearic Acids at concentrations of 100% or 40% to 50% in mineral oil were nonirritating. Mild to 
intense erythema in single insult occlusive patch tests, 
soap chamber tests, and 21-day cumulative irritation studies were produced by cosmetic product 
formulations containing 2% to 93% Oleic, Palmitic, Myristic, or 
Stearic Acid and were generally not related to the fatty acid concentrations in the formulations. 
Sensitization - In clinical repeated insult patch tests (open, occlusive, and semiocclusive), 
maximization tests, and prophetic patch tests with cosmetic product formulations containing Oleic, 
Laurie, Palmitic, and Stearic Acids at concentrations ranging from < 1% to 13%, no primary or 
cumulative irritation or sensitization was reported. A few subjects (< 5% of the approximate 4000 
subjects tested) reacted to a few, isolated induction patches. Slight, if any, reactions were observed 
after challenge patching at original or adjacent sites on the upper backs or forearms of some subjects (- 
< 2%). Intensity of observed reactions to the formulations was not directly related to the concentrations 
of the fatty acid ingredients. 
Cosmetic product formulations containing 1% to 13% Oleic, Palmitic, or Stearic 
Acid produced no photosensitization in human subjects. There were slight reactions to a few induction 
patches. 
Use Studies - There was no treatment-related ocular irritation in female subjects, some of whom were 
contact lens wearers, involved in two 3-week exaggerated-use studies of mascara formulations 
containing 2 and 3% Oleic Acid. These formulations were used in combination with other eye area 
cosmetics. 
 
Re-Review Summary - A safety assessment of the Oleic Acid group was published in 1987 with a 
conclusion that these ingredients are safe in present practices of use and concentration in cosmetics 
New studies regarding these fatty acids available since then, along with updated information regarding 
uses and use concentrations, were considered by the 2002 CIR Expert Panel The Panel determined to 
not reopen this safety assessment. 
Oleic Acid usage increased from 424 in 1981 to 1131 in 2002, based on industry voluntary reports 
provided to FDA. An industry survey in 2004 indicated that use concentrations range from 0.00004% 
to 20%, within the range reported in 1981. 
Lauric Acid usage increased from 22 in 1981 to 121 in 2002, based on industry voluntary reports 
provided to FDA. An industry survey in 2004 indicated that use concentrations range from 0.00003% 
to 11%, within the range reported in 1981. 
Palmitic Acid usage increased from 29 in 1981 to 132 in 2002, based on industry voluntary reports 
provided to FDA. An industry survey in 2004 indicated that use concentrations range from 0.00006% 
to 20%, within the range reported in 1981. 
Myristic Acid usage increased from 36 in 1981 to 73 in 2002, based on industry voluntary reports 
provided to FDA. An industry survey in 2004 indicated that use concentrations range from 0.00001% 
to 38%, within the range reported in 1981. 
Stearic Acid usage decreased from 2465 in 1981 to 2133 in 2002, based on industry voluntary reports 
provided to FDA. An industry survey in 2004 indicated that use concentrations range from 0.000002% 
to 43%, within the range reported in 1981.  
The most recent information now constitutes the present practices of use and concentration 
The newly available studies reported findings consistent with the data in the original safety assessment. 
One area not covered in the original report was reproductive and developmental toxicity. One new 
study was available that demonstrated little or no toxicity to sperm cells by Oleic Acid, Palmitic Acid, 
and Stearic Acid. 
These fatty acids may be plant derived In such cases, established limits for pesticide and heavy metal 
residues should not be exceeded (lead ≤10 ppm, arsenic ≤3 ppm, mercury ≤1 ppm, total PCB/pesticide 
≤40 ppm, with ≤10 ppm for any specific pesticide residue). 
These fatty acids may also be derived from animal sources, including beef. The Panel agrees with the 
Food and Drug Administration's position that tallow derivatives, including these fatty acids, would not 
present any risk of transmissible encephalopathies. 

ER=enhancement ratio 
 
 
 
  

Distributed for comment only -- do not cite or quote 
 



Table 4. Current and historical frequency and concentration of use of PEG propylene glycol derivatives according to 
duration and exposure.9,10 

 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 
 2016 1998 2016 1984** 2016 1998 2016 1998 
 

PEG-25 Propylene Glycol Stearate PEG-8 Propylene Glycol Cocoate 
Totals* 3 10 NR 1-5c 2 1 1.2 0.3-0.6 
Duration of Us 
Leave-On 3 3 NR NR 2 1 1.2 0.3-0.6 
Rinse-Off NR 7 NR NR NR NR NR NR 
Diluted for (Bath) Use NR NR NR NR NR NR NR NR 
Exposure Type 
Eye Area NR NR NR NR NR NR NR 0.6 
Incidental  Ingestion NR NR NR NR NR NR NR NR 
Incidental Inhalation-Spray NR 1a;1b NR NR 1a 1a NR NR 
Incidental Inhalation-Powder NR 1b NR NR NR NR NR 0.3 
Dermal Contact 3 9 NR NR 1 NR NR 0.3-0.6 
Deodorant (underarm) 3a NR NR NR NR NR NR NR 
Hair - Non-Coloring NR 1 NR NR 1 1 1.2 NR 
Hair-Coloring NR NR NR NR NR NR NR NR 
Nail NR NR NR NR NR NR NR NR 
Mucous Membrane NR 6 NR NR NR NR NR NR 
Baby Products NR NR NR NR NR NR NR NR 

 
 2016 1998 2016 1998 NR – no reported use 

*Because each ingredient may be used in cosmetics with 
multiple exposure types, the sum of all exposure types may 
not equal the sum of total uses. 
**at the time of the 2001 safety assessment, concentration of 
use data were not reported by the FDA; 1984 data were 
presented when data from Industry were not provided. 
a It is possible these products are sprays, but it is not 
specified whether the reported uses are sprays. 
b Not specified whether a spray or a powder, but it is 
possible the use can be as a spray or a powder, therefore the 
information is captured in both categories 
c The total range of the concentration of use was provided 
but a list of product categories was not provided. 
 

 
PEG-55 Propylene Glycol Oleate 

Totals* 149 NR 0.1-2 1-10 
Duration of Use 
Leave-On 1 NR NR 1-10 
Rinse-Off 148 NR 0.1-2 1-5 
Diluted for (Bath) Use NR NR NR NR 
Exposure Type 
Eye Area NR NR NR NR 
Incidental  Ingestion NR NR NR NR 
Incidental Inhalation-Spray NR NR NR 1-10 
Incidental Inhalation-Powder NR NR NR NR 
Dermal Contact 71 NR 1.8-2 1-10 
Deodorant (underarm) NR NR NR NR 
Hair - Non-Coloring 78 NR 0.1-0.4 1-5 
Hair-Coloring NR NR NR NR 
Nail NR NR NR NR 
Mucous Membrane 67 NR 2 1-5 
Baby Products NR NR NR NR 
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ABSTRACT 

This is a safety assessment of 55 polyethylene glycol (PEG) diesters as used in cosmetics.  These ingredients mostly function 

in cosmetics as surfactants.  The Cosmetic Ingredient Review (CIR) Expert Panel (Panel) reviewed relevant data related to 

these ingredients.  The similar structure, properties, functions and uses of these ingredients enabled grouping them and using 

the available toxicological data to assess the safety of the entire group.  Much of the information for these ingredients 

consists of data on the PEG component and the various fatty acids that make up these ingredients.  The Panel concluded that 

these PEG diesters are safe in cosmetics when formulated to be non-irritating.  This conclusion supersedes the conclusion 

reached in the 3 former safety assessments. 

 

INTRODUCTION 

This is a safety assessment of 55 PEG diesters as used in cosmetics.  These ingredients are diesters of various fatty 

acids with the common core of the PEG moiety.  These ingredients mostly function in cosmetics as surfactants (Table 1).
1
   

In 1999, the Panel published a safety assessment of PEG distearates with the conclusion of safe as used (Table 2).
2
  

Because they are similarly structured fatty acid diesters with a PEG core, PEG dilaurates and other similar ingredients are 

included in this safety assessment.  In 2000, a safety assessment of PEG dilaurates (which also included PEG laurates) was 

published with the conclusion of safe for use in cosmetics at concentrations up to 25%.
3
  In 2011, a safety assessment of 

pelargonic acid-related ingredients, which included PEG-2 diisononanoate, was published with a conclusion of safe in the 

present practices of use and concentration.
4
  Because there were little data available on the individual ingredients in these 

safety assessments, the Panel relied on read across and information on the moieties of these ingredients.  Summaries of the 

reports on PEG distearate and PEG dilaurates are provided below; only new data are reported in the body of this safety 

assessment.   

PEG-50 distearate, which was included in the original (1999) safety assessment, was not listed in the International 

Cosmetic Ingredient Dictionary and Handbook
5
 (INCI) and is not currently listed as a cosmetic ingredient in the current 

edition.
1
  Since this compound has a reported use in the Food and Drug Administration’s (FDA) Voluntary Cosmetic 

Registration Program (VCRP), it is included in this safety assessment. 

The following previously unreviewed PEG diesters have been added to this safety assessment because of similarities 

in chemical structure and cosmetic function to the previously reviewed PEG diesters: 

 

PEG-40 distearate 

PEG-190 distearate 

PEG-250 distearate 

PEG-150 dibehenate 

PEG-3 dicaprylate/caprate 

PEG-4 dicocoate 

PEG-8 dicocoate 

PEG-4 diheptanoate 

PEG-2 diisostearate 

PEG-3 diisostearate 

PEG-4 diisostearate 

PEG-6 diisostearate 

PEG-8 diisostearate 

PEG-12 diisostearate 

PEG-90 diisostearate 

PEG-175 diisostearate 

PEG-2 dioleate 

PEG-3 dioleate 

PEG-4 dioleate 

PEG-6 dioleate 

PEG-8 dioleate 

PEG-10 dioleate 

PEG-12 dioleate 

PEG-20 dioleate 

PEG-32 dioleate 

PEG-75 dioleate 

PEG-150 dioleate 

PEG-3 dipalmitate 

PEG-8 ditallate 

PEG-12 ditallate 

 

CIR has conducted safety assessments of the acids and related moieties of these PEG diester ingredients (Table 2).  

The Panel concluded that coconut acid, isostearic acid, oleic acid, lauric acid, stearic acid, PEG stearates (PEG monoesters), 

stearates, and tall oil acid were safe as used.
6-18

  The Panel concluded that steareths (PEG ethers) were safe as used when 

formulated to be nonirritating.
19-21

   

 

SUMMARIES OF ORIGINAL REPORTS 

PEG Distearates 

PEG-2,-3,-4,-6,-8,-9,-12,-20,-32,-50,-75,-120,-150, and -175 Distearate are the polyethylene glycol diesters of 

Stearic Acid.
2
  These ingredients are surfactants that function as emulsifying, cleansing, and solubilizing agents in cosmetics. 

Product formulation data submitted to the Food and Drug Administration (FDA) indicate that PEG-2, -3, -4, -6,-8, -12, -50, 

and -150 Distearate were in use, and that they were used in 283 cosmetic formulations. 
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Because few data on the PEGs Distearate regarding metabolism, toxicity, mutagenicity, carcinogenicity, and 

clinical safety were available, this review presented data on the PEGs, Stearic Acid, Steareths, and the PEGs Stearate 

separately, as these data were considered applicable to the safety evaluation of the PEGs Distearate. 

PEG Distearate absorption and metabolism data were not available.  PEG absorption is related to molecular 

weight.  Lower molecular weight PEGs are readily absorbed through damaged skin.  Oral and intravenous studies on PEGs 

indicate that these substances are excreted, unchanged, in the urine and feces.  In general, fatty acids (such as Stearic Acid) 

are readily absorbed and distributed to the tissues in humans.  Fatty acids can traverse the placental barrier. 

Toxicity data for the PEGs Distearate were not available. The PEGs Stearate, and Steareths had low oral toxicity in 

acute, short-term, subchronic and chronic studies.  PEGs in general have a low oral and dermal toxicity; the larger 

molecular weight PEGs appear to be less toxic than the smaller PEGs in oral studies.  The acute toxicity of cosmetic 

formulations containing up to 13% Stearic Acid was low.  In subchronic and chronic feeding studies using rats the effects 

were more severe. 

PEG Stearates were slightly irritating at undiluted concentrations in test animals.  PEGs were nonirritating to the 

skin of rabbits and guinea pigs, and PEG-75 was not a sensitizer.  Stearic Acid irritation ranged from moderate to no 

reaction.  Cosmetic product formulations containing 1.0% Stearic Acid were weak, grade I sensitizers.  Primary irritation 

and sensitization studies involving Stearic Acid and the PEGs Stearate were negative.  Minimal ocular irritation occurred in 

tests with the PEGs, Stearic Acid, Steareths, and PEGs Stearate. 

Although monoalkyl ethers of ethylene glycol are reproductive toxins and teratogenic agents, it was considered 

unlikely that the PEGs Distearate would cause reproductive or developmental effects based on their structural 

characteristics.  In subchronic and chronic feed studies, PEG-6 [through]32 and PEG-75 did not induce adverse 

reproductive effects in rats.  In a multigenerational study lasting 2 years, feed containing l0-20% PEG-8 Stearate or PEG-40 

Stearate was fed to rats; the rats fed the diet had decreased offspring survival time, reproductive performance, and lactation 

efficiency, as well as increased offspring mortality.  Neither PEG-8 Stearate nor PEG-40 Stearate at a dietary concentration 

of 5% affected reproductive success. 

In mutagenicity studies, PEG-8 was negative in the Chinese hamster ovary cell mutation test and the sister 

chromatid exchange test.  At concentrations up to 150 g/l, PEG-150 was not mutagenic in the mouse lymphoma forward 

mutation assay.  Stearic Acid was not mutagenic in the Ames test.  PEG-8 was not carcinogenic when administered orally, 

intraperitoneally, or subcutaneously to rodents.  A low incidence of carcinomas, sarcomas, and lymphomas was evident in 

mice receiving multiple subcutaneous injections of Stearic Acid. 

In clinical studies, PEG-8 was a mild sensitizer and irritant.  Contact dermatitis and systemic toxicity in burn 

patients were attributed to a PEG-based topical ointment.  The Steareths, PEGs Stearate, and Stearic Acid were not irritants, 

sensitizers, or phototoxins.  Formulations containing Stearic Acid were not photosensitizing. 

 

PEG Dilaurates 

The PEGs Dilaurate, PEGs Laurate, and PEG-2 Laurate SE are PEG diesters or esters of lauric acid that function 

as surfactants in cosmetic formulations.
3
  In 1997, PEG-8 Dilaurate and PEG-12 Dilaurate were used in 40 cosmetic 

formulations, and PEG-2, -4, -8, -10, -15, and -200 Laurate were used in 20 formulations.  The remaining ingredients from 

this family had no reports of use.  In 1984, data submitted to the FDA indicated that the PEGs Dilaurate and PEGs Laurate 

were used at concentrations up to 25%. 

The CIR Expert Panel has previously reviewed the safety in cosmetics of the PEGs Stearate, PEGs Distearate, 

PEGs, Laureths, and Lauric Acid.  Based on the similarity in chemical structures, data from those evaluations have been 

used as a further basis for the safety assessment of the PEGs Dilaurate and PEGs Laurate in cosmetics. 

  These polyoxyethylene ester surfactants and emulsifiers are produced by the ethoxylation of fatty acids during 

uncatalyzed or alkali-catalyzed reactions.  PEG-2 Laurate has been produced by the interesterification of coconut oil with 

diethylene glycol.  PEG-n Laurate could contain unspecified amounts of the lauric acid diester of PEG and unreacted PEG.  

PEG-6 may contain small, unquantified amounts of monomer and dimers, and samples PEG-32 and PEG-75 contained 

peroxides as a result of autoxidation.  In general, ethoxylated surfactants can contain 1,4-dioxane, a by-product of 

ethoxylation, which is then removed during purification of the finished products.  Traces of the reactants, stearic acid, 

ethylene oxide, and the catalysts used could remain in the finished product. 

 Data on the absorption, metabolism, distribution, and excretion of the PEGs Dilaurate and PEGs Laurate were not 

available.  PEG-40 Stearate was hydrolyzed in vitro by pancreatic lipase.  In metabolism studies with rats, rabbits, dogs, and 

humans, the lower-molecular-weight PEGs were absorbed by the digestive tract and excreted in the urine and feces.  The 

PEGs were readily absorbed through damaged skin.   

Fatty acids such as Lauric Acid are absorbed, digested, and transported in animals and humans.  During labeling 

studies, radioactivity was found in various tissues, blood, and lymph after oral, IV, IP, and intraduodenal administration of 

labelled fatty acids.  The fatty acids can undergo β-oxidation to yield acetyl-CoA.  Placental transfer of the fatty acids has 

been observed.  Lauric Acid is transported via the lymph and portal systems; fatty acids are typically transported esterified to 

glycerol in chylomicrons and very-low-density lipoproteins. 

 The acute oral LD50 of PEG-12 Laurate was >25 g/kg in Harlan mice.  In the same study, the IV LD50 was 500 

mg/kg.  During short-term feeding studies using chicks, concentrations of up to 2% PEG-4 or-8 Laurate did not cause 

adverse effects.  Rats fed a diet containing 15.9 g/kg/day of 25% PEG-20 Laurate had diarrhea, inflammation of the anal 
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region, and blood clots in the anorectal region after 59 days of treatment.  In a 70-day study, rats given 5% to 25% PEG-20 

Laurate had diarrhea and inflammation of the anal region.  The ingredient was irritating to the gastrointestinal tract, but not 

necrotizing, and monocyte/macrophage hyperplasia and splenic giant cells were noted more frequently in rats of the treated 

group than rats of the control group.  In a chronic oral toxicity study, nine rats were fed 6% PEG-8 Dilaurate for 505 days.  

Four of the rats in each of the treatment and control groups died.  Of the rats given PEG-8 Dilaurate, one had cystic spots on 

the liver, one had hemorrhagic lungs, and one had a large fibrosarcoma.  In microscopic examinations, three rats had focal 

parenchymal hepatitis.  Of the rats of the control group, four had hemorrhagic and congested lungs, one had hypertrophied 

testes, one had a concretion in the urinary bladder, two had cystic kidneys, and two had hepatic parasites.  In microscopic 

examinations, one control rat had adrenal cortical hyperplasia, two had chronic interstitial nephritis of the kidneys, two had 

splenic lymphoid hyperplasia, one had focal parenchymal hepatitis, and one had hepatic vacuolization.  During another 

feeding study, rats fed up to 25% PEG-20 Laurate for 2 years had hepatic cysts, cecal enlargement, slight gastric mucosal 

hyperplasia, and slight squamous epithelial hyperplasia.  PEG-12 Laurate at a concentration of 1% did not cause ocular 

irritation in rabbits. 

The IV LD50 values in Harlan mice for PEG-8 and -20 Distearate were 365 mg/kg and 220 mg/kg, respectively.  The 

oral LD50 values of PEG-2-150 Stearate ranged from >10 g/kg to 32 g/kg in rats.  The IP LD50 of PEG-8 Stearate in rats was 

>9 ml/kg.  No signs of toxicity were observed when rats were given IP injections of 2.5 g/kg PEG-50 or -100 Stearate.  A hair 

cream containing 1.5% PEG-6 Stearate had an oral LD50 of >34.6 g/kg.  The acute dermal LD50 of 15% PEG-8 Stearate in 

rabbits was >10 ml/kg; the only effect noted was erythema at the application site at 24 hours.  The PEGs Stearate caused 

only slight skin irritation and minimal ocular irritation when tested at concentrations of 100% in animals.  PEG-8, -40, 

and -100 Stearate did not cause significant changes in growth mortality rates, microscopic observations, or hematological 

values during long-term feeding studies.  In clinical studies, the PEGs Stearate were not irritating or sensitizing when tested 

at concentrations of25%.  In addition, they did not cause photosensitization. PEG-8 and -40 Stearate did not cause 

reproductive or developmental effects, and were noncarcinogenic. 

In acute toxicity studies, the PEGs had low oral and dermal toxicity.  The PEGs were not irritating to the skin of 

rabbits or guinea pigs, and minimally irritating to the skin of humans.  They did not cause sensitization in animal or human 

studies using intact skin, but sensitization and nephrotoxicity were observed in bum patients that were treated with a PEG-

based cream.  PEG was determined to be the causative agent in both animal and human studies.  In ocular irritation studies, 

the PEGs caused mild, transient ocular irritation in rabbits.  Cosmetic product formulations containing up to 13% Lauric 

Acid did not cause primary or cumulative irritation and did not cause sensitization. 

The available data indicated that the PEGs were not mutagenic or carcinogenic. 

A product formulation containing 5% Lauric Acid was nontoxic to rats during an oral toxicity study.  Transient 

signs of toxicity (mucoid diarrhea, depression, unkempt fur, etc.) were observed when male rats were fed 0.46 to 10 g/kg 

Lauric Acid.  In this study, one rat died; it had congested lungs and kidneys, and advanced autolytic changes.  In a 

subchronic oral toxicity study, rats fed 10% Lauric Acid had no signs of toxicity.  Lauric Acid was also noncarcinogenic in 

animal tests.  It is generally recognized that the PEG monomer, ethylene glycol, and certain of its monoalkyl ethers are 

reproductive and developmental toxins.  The PEGs Dilaurate and PEGs Laurate are diesters and esters of PEG and, as such, 

are chemically different from PEG alkyl ethers.  Hence, they are not expected to cause adverse reproductive or 

developmental effects. 

 

CHEMISTRY 

Definition and Structure 

The ingredients in this report are the PEG diesters of various acids (eg, stearic acid, lauric acid, oleic acid).  The 

different chain lengths of the PEGs are formed by condensing ethylene oxide and water.  The average number of ethylene 

oxide repeat units per polyethylene glycol chain correspond to the number in the name (eg, PEG-4 diheptanoate is prepared 

from a polyethylene glycol chain, that is 4 ethylene oxide repeated units long on average, esterified on both ends of the chain 

with heptanoic acid).
17

   

PEG-8 ditallate and PEG-12 ditallate are the diesters of the corresponding PEGs and tall oil acid.  The composition 

of tall oil acid varied with the source pine tree species, climate, and other growing conditions.
22

  For example, one source 

reported the composition to consist of oleic acid (48%), linoleic acid (35%), conjugated linoleic acid (7%), stearic acid (2%), 

palmitic acid (1%), other acids (4%), and unsaponifiable matter (2%). 

 

Physical and Chemical Properties 

The PEG distearates have a broad range of properties depending on the degree of polymerization of the PEG 

segment.
23

  The physical forms of these ingredients range from liquids to solids.  Solubility is also dependent on the length of 

the PEG component.  Typically, these ingredients are soluble in oil and hydrocarbon solvents when less than 8 ethylene oxide 

units are present.  Ingredients with short polyethylene glycol components in this group are insoluble in water.  Solubility in 

water begins with compounds containing 12-15 ethylene oxide units and increases proportionally the longer the PEG chain 

gets.  For example, PEG-2 dilaurate and PEG-4 dilaurate are dispersible in water while PEG-150 dilaurate is soluble in 

water.
24

  Specific gravity and viscosity increase with increasing ethylene oxide repeat units.
23

  As a representative example, 

though, PEG-4 diheptanoate was reported to be a clear liquid with a boiling point of >300˚C, a specific gravity of 0.996, and 
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a vapor pressure of <0.1 mmHg at 37˚C.
25

  It is soluble in alcohol, acetone, and most organic solvents.  PEG-150 dilaurate is 

a tan, waxy solid with a slight fatty odor.
24

  The melting range is 53-60˚C and it is soluble in isopropanol, toluene, and water 

(Table 3). 

  

Method of Manufacture 

In general, the PEGs diesters are manufactured by the esterification of an acid with ethylene oxide or with a 

polyethylene glycol.
26

 

 

Impurities 

Traces of the reactants, stearic acid, ethylene oxide, and the catalytic agents used, may remain in the finished 

product.
17

 

PEG-150 distearate was reported to contain peroxide concentrations of 1.97 and 1.92 µEq thiosulfate/g glycol.
27

  

PEGs may contain small amounts of monomer and dimers, as well as peroxides.
28

  Peroxide in PEGs is dependent upon the 

molecular weight of the PEG and its age.
27

 

Because PEGs may contain trace amounts of 1,4-dioxane, a by-product of ethoxylation, this impurity may be present 

in PEG diesters.
29

  1,4-Dioxane is a known animal carcinogen.
30

  Commercial grade triethylene glycol has been found to 

contain <1 ppm dioxane.
31

  The cosmetic industry reported that it is aware that 1,4-dioxane may be an impurity in PEGs and, 

thus, uses additional purification steps to limit it in these ingredients before blending into cosmetic formulations.
17

 

PEG-4 diheptanoate was reported to be 88% pure; the remaining substance consisted of triethylene glycol 

di-n-heptanoate (6%), mixed ester of tetraethylene glycol with n-heptanoic and 2-methylhexanoic acids (4%), and other 

mixed esters (2%).
25

 

It was reported that PEGs may contain small amounts of ethylene oxide monomer and dimers.
32

  The amounts were 

not quantified. 

 

USE 

Cosmetic 

The Panel assesses the safety of cosmetic ingredients based on the expected use of these ingredients in cosmetics.  

The Panel reviews data received from the FDA and the cosmetics industry to determine the expected cosmetic use.  The data 

received from the FDA are collected from manufacturers on the use of individual ingredients in cosmetics, by cosmetic 

product category, through the FDA VCRP, and the data from the cosmetic industry are submitted in response to a survey of 

the maximum reported use concentrations, by category, conducted by the Personal Care Products Council (Council). 

Of the ingredients in this safety assessment, PEG-150 distearate was reported to have the highest number of uses at 

690 in 2015 (an increase from 187 in 1996).
2,33,34

  Most of these uses are in bath and personal cleansing products and 

shampoos.  The rest of the ingredients are reported to have 48 or fewer uses (Tables 4, 5).   

PEG-50 distearate, which was included in the original safety assessment, was not then and is not currently listed in 

the INCI Dictionary.
1
  However, the VCRP has 1 reported use in a cleansing product.

33
  In 1996, it was used in 1 cleansing 

preparation.
2
 

A survey was conducted by the Personal Care Products Council (Council) of the maximum use concentrations for 

each ingredient in this group.
35

  PEG-150 distearate was reported to have the highest concentration of use at up to 33.2% (an 

increase from 5% in 1995).
2,35

  PEG-150 distearate is reported to be used in a rinse-off baby product up to 9.4%, bath 

products up to 4.5%, and in skin cleansing products up to 33.2%.  PEG-4 dilaurate and PEG-8 dilaurate were reported to be 

used up to 25% in 1984, and are currently used up to 12% and 15%, respectively.
3
  The rest of the ingredients were reported 

to be used at 15% or less (Tables 4, 5).  Table 6 lists the 32 ingredients that have no reported uses according to the VCRP and 

the Council survey. 

In some cases, the VCRP reported uses but no concentration-of-use data were available.  For example, PEG-120 

distearate is reported to be used in 7 formulations, but no use concentration data were available.  In other cases, no reported 

uses were received in the VCRP, but a use concentration was provided in the industry survey.  For example, PEG-175 

distearate was not reported in the VCRP to be in use, but the industry survey indicated that it is used in shaving cream 

formulations at up to 0.089%.  It should be presumed that PEG-175 distearate is used in at least one cosmetic formulation. 

PEG-12 dioleate was reported to be used in pump hair sprays up to 0.024% and PEG-4 dilaurate was reported to be 

used in pump spray suntan products at 0.072%; these products could possibly be inhaled.  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.
36-39

  Therefore, most 

droplets/particles incidentally inhaled from cosmetic sprays would be deposited in the nasopharyngeal and bronchial regions 

and would not be respirable (ie, they would not enter the lungs) to any appreciable amount.
36,38

 

All of the PEG diesters named in the report, with the exception of PEG-3 dicaprylate/caprate, PEG-4 diheptanoate, 

and PEG-50 distearate, are not restricted from use under the rules governing cosmetic products in the European Union.
40

  

PEG-3 dicaprylate/caprate, PEG-4 diheptanoate, and PEG-50 distearate are not listed in the European Union CosIng 

database. 
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Non-Cosmetic 

 Several of the PEG diesters may be used as defoaming agents in foods, as indirect food additives in paperboard 

products, in food contact surfaces, and as additives in animal feed and drinking water (Table 7). 

 

TOXICOKINETICS 

Dermal Penetration Enhancement 

 Neither PEG-8 dioleate (5% w/w) nor PEG-8 dilaurate (5% w/w) enhanced the dermal penetration of ketoprofen 

through full-thickness CD-1 nude mouse skin when added to a drug delivery plaster preparation.
41

  PEG-12 dioleate (5%) did 

enhance the dermal penetration of ketoprofen with an enhancement ratio (ER) of 1.54±0.22.  The study was conducted using 

Franz cells; the receptor cell was filled with freshly prepared degassed pH 7.4 phosphate-buffered saline.  The samples were 

taken from the receptor cell and analyzed by high-performance liquid chromatography (HPLC) at 1, 2, 4, 8, and 24 h. 

 

TOXICOLOGICAL STUDIES 

Acute Toxicity 

Oral – Non-Human 

PEG-4 DIHEPTANOATE 

The oral LD50 values reported for PEG-4 diheptanoate in rats ranged from >2->25 g/kg (Table 8).
25,

 
42

  Clinical signs 

included labored breathing, belly-to-cage posture, lacrimation, staining of the face, stained and wet perineal area, and weight 

loss.   

 

Inhalation – Non-Human 

PEG-4 DIHEPTANOATE 

 All the Crl:CD rats (n=6) exposed to vaporized (by applying heat, not aerosolized) PEG-4 diheptanoate (14.2 mg/L) 

for 4 h died during the exposures; all rats (n=6) exposed to 13.7 mg/L or less survived.
25

  At all concentrations (2.1-14.2 

mg/L), the clinical signs included salivation, red nasal discharge, and irregular respiration during the exposure period.  The 

rats recovered quickly during the recovery period.  Lethargy was observed starting at a concentration of 12.7 mg/L or greater.  

Rats exposed to 13.7 mg/L showed moderate weight loss (approximately 10% of initial body weight) the first 3-4 days post-

exposure. The rats with weight loss also presented an unthrifty appearance with staining of the perineal area prominent 

during the first week of the 14-day recovery period. 

 

Repeated Dose Toxicity 

Oral – Non-Human 

PEG-4 DIHEPTANOATE 

There were no adverse effects observed when PEG-4 diheptanoate (1 g/kg in corn oil) was administered by gavage 

to Crl:CD rats (10/sex) for 28 consecutive days.
25

   Pathologic examinations at the end of the test period and after the 14-day 

recovery period were unremarkable. 

 

Inhalation – Non-Human 

PEG-4 DIHEPTANOATE 

 Following the repeated inhalation exposure of vaporized (by applying heat, not aerosolized) PEG-4 diheptanoate 

(1.0 mg/L) for 6 h/day, 5 days/week for 4 weeks, clinical signs for Crl:CD rats (n=10) were mild salivation, reduced response 

to auditory stimulation, and shallow and rapid respiration sporadically during the exposure periods.
25

  The clinical signs were 

absent when the rats were not being exposed and during the 14-day recovery period.  A trace of lung noise and brown 

staining of the nose were observed in 1 of the treated rats during recovery.  Body weight changes were similar to the controls.  

Gross pathologic evaluation was unremarkable.  Histopathologic examination of tissues found no lesions attributable to the 

test substance.   

 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 

New data on the reproductive and developmental toxicity of PEG diesters were not found in the published literature, 

nor were unpublished data provided. 

 

GENOTOXICITY 

PEG-4 DIHEPTANOATE 

 PEG-4 diheptanoate was not mutagenic at up to 10 000 µg/plate in a reverse mutation assay using Salmonella 

typhimurium (strains TA98, TA100, TA1535, TA1537) or at up to 23.9 mM in a mammalian cell gene mutation assay using 

Chinese hamster ovary cells (Table 9).
42
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CARCINOGENICITY 

New data on the carcinogenicity of PEG diesters were not found in the published literature, nor were unpublished 

data provided. 

 

IRRITATION AND SENSITIZATION 

Irritation 

Dermal – Non-Human 

PEG-4 DIHEPTANOATE 

PEG-4 diheptanoate  (100%; 0.5 mL) caused slight (1), mild (3), or no (2) erythema to the skin of New Zealand 

White rabbits (n=6) when administered to the skin for 24 h.
25

  At the removal of the test material, there was no edema 

observed on any of the rabbits.  At 24 h after removal, there was little change in the erythema responses and edema (moderate 

in 1 rabbit; mild in 2 rabbits, and absent in 3 rabbits). 

There was no skin irritation observed in a preliminary study using male BC/DHA guinea pigs (n=3) treated with 

PEG-4 diheptanoate (5% or 25%; 0.05 mL in dimethyl phthalate).
25

  At a concentration of 50%, mild irritation in 1 guinea 

pig was observed, and at 100% there was mild irritation on all 3 guinea pigs. 

 

Ocular 

PEG-4 DIHEPTANOATE 

There were no lasting reactions observed when PEG-4 diheptanoate (100%; 0.1 mL) was instilled in the conjunctival 

sac of New Zealand White rabbits (n=2).
25

  The cornea, iris, and conjunctiva of 1 rabbit (the treated eye of this rabbit 

remained unwashed following administration) showed no adverse effects.  The eye of the other rabbit (the treated eye of this 

rabbit was washed with copious amounts of water 20 seconds after administration) showed slight conjunctival swelling which 

lasted for 4 h.  The swelling was resolved at 24 h.  No changes in the corneal or iritic tissues were observed. 

 

Sensitization 

Dermal – Non-Human 

PEG-4 DIHEPTANOATE 

In a dermal sensitization study using male BC/DHA guinea pigs (n=10), PEG-4 diheptanoate  (5% or 25%; 0.05 mL 

in dimethyl phthalate) was not sensitizing when challenged at 5% or 50%.
25

  The test substance was administered to the 

shaved skin of the shoulder of the guinea pigs followed 2 days later by an injection of dimethyl phthalate (1%; 0.1 mL).  

Three more injections, 1 week apart, were administered to complete the induction phase.  After a 13-day rest period, the 

challenge was administered as a topical administration of PEG-4 diheptanoate (5% or 50% in dimethyl phthalate; 0.05 mL) to 

the same shaven shoulder.  The control consisted of a group of naïve guinea pigs (n=10) that were administered the 

challenge.  Test sites were evaluated for reactions at 24 and 48 h after administration of the challenge. 

 

SUMMARY 

This is a safety assessment of PEG diesters as used in cosmetics.  These ingredients are diesters of various fatty 

acids with the common core of the PEG moiety and mostly function in cosmetics as surfactants.  Several of these ingredients 

have been reviewed by the Panel previously and the data in those safety assessments were considered along with the new data 

presented here.   

 In previous safety assessments, it was concluded that several PEG distearates were safe as used in cosmetics and 

several PEG dilaurates were safe up to 25%.  PEG-2 diisononanoate was also found to be safe as used.  Because there were 

little data available on the individual ingredients in these safety assessments, the Panel relied on read across and information 

on the moieties of these ingredients.   

 Of the ingredients in this safety assessment, PEG-150 distearate was reported to have the highest number of uses at 

690 (an increase from 187 in 1996).  Most of these uses are in bath and personal cleansing products and shampoos.  The rest 

of the ingredients are reported to have 48 or fewer uses.  PEG-150 distearate was reported to have the highest concentration 

of use at up to 33.2% (an increase from 5% in 1995).  PEG-150 distearate is reported to be used in a rinse-off baby product at 

up to 9.4%, bath products at up to 4.5%, and in skin cleansing products up to 33.2%.  PEG-4 dilaurate and PEG-8 dilaurate 

were reported to be used at up to 25% in 1984, and are currently used at up to 12% and 15%, respectively.  The rest of the 

ingredients were reported to be used at 15% or less. 

 Neither PEG-8 dioleate nor PEG-8 dilaurate at 5% enhanced the dermal penetration of ketoprofen through mouse 

skin when added to a drug delivery plaster preparation.  PEG-12 dioleate at 5% did enhance the dermal penetration of 

ketoprofen with an ER of 1.54±0.22. 

 The oral LD50 values reported for PEG-4 diheptanoate in rats ranged from >2->25 g/kg. 

 Vaporized PEG-4 diheptanoate was lethal within 4 h to rats at 14.2 mg/L but not at 13.7 mg/L.  Clinical signs 

included salivation, red nasal discharge, and irregular respiration during the exposure period.  The rats recovered quickly 

during the recovery period.   
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 There were no adverse effects observed when 1 g/kg PEG-4 diheptanoate was administered by gavage to rats for 28 

consecutive days. 

 In the repeated inhalation exposure of vaporized PEG-4 diheptanoate at 1.0 mg/L for 6 h/day, 5 days/week for 4 

weeks, clinical signs for rats were mild salivation, reduced response to auditory stimulation, and shallow, rapid respiration 

sporadically during the exposure periods. 

 PEG-4 diheptanoate was not mutagenic in a reverse mutation assay up to 10 000 µg/plate using S. typhimurium or in 

a mammalian cell gene mutation assay using Chinese hamster ovary cells up to 23.9 mM. 

 At 100%, PEG-4 diheptanoate caused slight to moderate erythema and edema when administered to rabbit skin for 

24 h.  There was no skin irritation observed in guinea pigs treated with PEG-4 diheptanoate at 5% or 25% but mild irritation 

was observed in 1 of 3 guinea pigs at 50% and in 3 of 3 at 100%. 

 There were no lasting reactions observed when PEG-4 diheptanoate at 100% was instilled in the conjunctival sac of 

rabbits. 

In a dermal sensitization study using guinea pigs, PEG-4 diheptanoate at 5% or 25% was not sensitizing when 

challenged at 5% or 50%. 

 

DISCUSSION 

Because these ingredients are similarly structured fatty acid diesters with a PEG core and have similar functions in 

cosmetics, the Panel agreed with combining the PEG distearates, PEG dilaurates, and other similar PEG-diester ingredients 

into a single report.   

 Although there are data gaps for individual PEG diesters, the similar chemical structures, physicochemical 

properties, and functions and concentrations used in cosmetics allow grouping these ingredients together and interpolating the 

available toxicological data to support the safety of the entire group.  Data from previous reports, on chemically analogous 

ingredients, and on the components of these ingredients were also used to evaluate the safety of these ingredients.  It should 

be noted that although the conclusion in the 2000 report of PEG dilaurates limited their use in cosmetics to concentrations up 

to 25%, the data presented in this report alleviated the need for that limitation. 

Because some of the components of the PEG diesters are obtained from plant sources (eg, PEG-8 ditallate, PEG-12 

ditallate, and PEG-8 dicocoate), the Panel expressed concern about pesticide residues and heavy metals that may be present 

in botanical ingredients.  The Panel was also concerned about the possible presence of 1,4-dioxane and ethylene oxide 

impurities.  They stressed that the cosmetics industry should continue to use current good manufacturing practices (cGMPs) 

to limit impurities in the ingredient before blending into cosmetic formulations. 

The Panel recognized that these ingredients, particularly PEG-12 dioleate, can enhance the penetration of other 

compounds through the skin (eg, ketoprofen).  The Panel cautioned that care should be taken in formulating cosmetic 

products that may contain these ingredients in combination with any ingredients whose safety was based on their lack of 

dermal absorption data, or when dermal absorption was a concern. 

 

AMENDED CONCLUSION 

 The CIR Expert Panel concluded that the following ingredients are safe in cosmetics when formulated to be non-

irritating.  This conclusion supersedes the earlier conclusions issued by the Expert Panel in 1999, 2000, and 2011. 

 

PEG-150 dibehenate* 

PEG-3 dicaprylate/caprate* 

PEG-4 dicocoate* 

PEG-8 dicocoate 

PEG-4 diheptanoate 

PEG-2 diisononanoate 

PEG-2 diisostearate* 

PEG-3 diisostearate* 

PEG-4 diisostearate* 

PEG-6 diisostearate 

PEG-8 diisostearate 

PEG-12 diisostearate 

PEG-90 diisostearate 

PEG-175 diisostearate 

PEG-2 dilaurate* 

PEG-4 dilaurate 

PEG-6 dilaurate* 

PEG-8 dilaurate 

PEG-12 dilaurate* 

PEG-16 dilaurate* 

PEG-20 dilaurate* 

PEG-32 dilaurate* 

PEG-75 dilaurate* 

PEG-150 dilaurate* 

PEG-2 dioleate* 

PEG-3 dioleate* 

PEG-4 dioleate* 

PEG-6 dioleate* 

PEG-8 dioleate 

PEG-10 dioleate*  

PEG-12 dioleate 

PEG-20 dioleate* 

PEG-32 dioleate* 

PEG-75 dioleate* 

PEG-150 dioleate*  

PEG-3 dipalmitate* 

PEG-2 distearate 

PEG-3 distearate 

PEG-4 distearate 

PEG-6 distearate 

PEG-8 distearate 

PEG-9 distearate* 

PEG-12 distearate 

PEG-20 distearate* 

PEG-32 distearate* 

PEG-40 distearate* 

PEG-50 distearate 

PEG-75 distearate* 

PEG-120 distearate 

PEG-150 distearate 

PEG-175 distearate 

PEG-190 distearate* 

PEG-250 distearate 

PEG-8 ditallate* 

PEG-12 ditallate* 
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*Not reported to be in current use.  Were ingredients in this group not in current use to be used in the future, the expectation 

is that they would be used in product categories and at concentrations comparable to others in this group. 
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TABLES 

 

Table 1.  The definitions and functions of the PEG diesters in this safety assessment.
1
 

Ingredient and CAS No. Definition/structure Function 

PEG-2 distearate 

109-30-8 
52668-97-0 

9005-08-7 (generic) 

PEG-2 distearate is the polyethylene glycol diester of stearic acid that conforms to the 

formula: 

 
where n has an average value of 2. 

Surfactant – 

emulsifying agent 

PEG-3 distearate 

9005-08-7 (generic) 

PEG-3 distearate is the polyethylene glycol diester of stearic acid that conforms to the 

formula: 

 
where n has an average value of 3. 

Surfactant – 

emulsifying agent 

PEG-4 distearate 

142-20-1 

9005-08-7 (generic) 

PEG-4 distearate is the polyethylene glycol diester of stearic acid that conforms to the 

formula: 

 
where n has an average value of 4. 

Surfactant – 

emulsifying agent 

PEG-6 distearate 
9005-08-7 (generic) 

PEG-6 distearate is the polyethylene glycol diester of stearic acid that conforms to the 
formula: 

 
where n has an average value of 6. 

Surfactant – 
emulsifying agent 

PEG-8 distearate 

9005-08-7 (generic) 

PEG-8 distearate is the polyethylene glycol diester of stearic acid that conforms to the 

formula: 

 
where n has an average value of 8. 

Surfactant – 

emulsifying agent 

PEG-9 distearate 

109-34-2 
9005-08-7 (generic) 

PEG-9 distearate is the polyethylene glycol diester of stearic acid that conforms to the 

formula: 

 
where n has an average value of 9. 

Surfactant – 

emulsifying agent 

PEG-12 distearate 
9005-08-7 (generic) 

PEG-12 distearate is the polyethylene glycol diester of stearic acid that conforms to 
the formula: 

 
where n has an average value of 12. 

Surfactant – 
emulsifying agent 

PEG-20 distearate 

9005-08-7 (generic) 

PEG-20 distearate is the polyethylene glycol diester of stearic acid that conforms to 

the formula: 

 
where n has an average value of 20. 

Surfactant – 

emulsifying agent 

PEG-32 distearate 
9005-08-7 (generic) 

PEG-32 distearate is the polyethylene glycol diester of stearic acid that conforms to 
the formula: 

 
where n has an average value of 32. 

Surfactant – 
emulsifying agent 

PEG-40 distearate 

9005-08-7 (generic) 

PEG-40 distearate is the polyethylene glycol diester of stearic acid that conforms to 

the formula: 

 
where n has an average value of 40. 

Surfactant – 

emulsifying agent 
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Table 1.  The definitions and functions of the PEG diesters in this safety assessment.
1
 

Ingredient and CAS No. Definition/structure Function 

PEG-75 distearate 

9005-08-7 (generic) 

PEG-75 distearate is the polyethylene glycol diester of stearic acid that conforms to 

the formula: 

 
where n has an average value of 75. 

Surfactant – 

emulsifying agent; 

surfactant – 

solubilizing agent 

PEG-120 distearate 

9005-08-7 (generic) 

PEG-120 distearate is the polyethylene glycol diester of stearic acid that conforms to 

the formula: 

 
where n has an average value of 120. 

Surfactant – 

emulsifying agent; 
surfactant – 

solubilizing agent 

PEG-150 distearate 

9005-08-7 (generic) 

PEG-150 distearate is the polyethylene glycol diester of stearic acid that conforms to 

the formula: 

 
where n has an average value of 150. 

Surfactant – cleansing  

agent; surfactant – 
solubilizing agent 

PEG-175 distearate 

9005-08-7 (generic) 

PEG-175 distearate is the polyethylene glycol diester of stearic acid that conforms to 

the formula: 

 
where n has an average value of 175. 

Surfactant – cleansing  

agent; surfactant – 

solubilizing agent 

PEG-190 distearate 

9005-08-7 (generic) 

PEG-190 distearate is the polyethylene glycol diester of stearic acid that conforms 

generally to the formula: 

 
where n has an average value of 190. 

Surfactant – cleansing  

agent; surfactant – 
emulsifying agent; 

surfactant – 

solubilizing agent; 
viscosity increasing 

agent – aqueous 

PEG-250 distearate 
9005-08-7 (generic) 

PEG-250 distearate is the polyethylene glycol diester of stearic acid that conforms 
generally to the formula: 

 
where n has an average value of 250. 

Surfactant – cleansing  
agent; surfactant – 

solubilizing agent 

PEG-150 dibehenate 

No CAS No. 

PEG-150 dibehenate is the polyethylene glycol diester of behenic acid that conforms 

generally to the formula: 

 
where n has an average value of 150. 

Surfactant – cleansing  

agent; surfactant – 

solubilizing agent 

PEG-3 dicaprylate/caprate 

68583-52-8 

PEG-3 dicaprylate/caprate is the polyethylene glycol diester of a mixture of caprylic 

and capric acids containing an average of 3 moles of ethylene oxide 

 
where n has an average value of 3 and RCO- represents the residue of either caprylic 
or capric acid [R is a 7 or 9 carbon alkyl chain]. 

Surfactant – 

emulsifying agent 

PEG-4 dicocoate 

69278-77-9  

PEG-4 dicocoate is the polyethylene glycol diester of coconut acid that conforms 

generally to the formula: 

 
where n has an average value of 4 and RCO- represents the fatty acids derived from 

coconut oil. 

Skin-conditioning 

agent – emollient; 

surfactant – 
emulsifying agent 

PEG-8 dicocoate 

No CAS No. 

PEG-8 dicocoate is the polyethylene glycol diester of coconut acid that conforms 

generally to the formula: 

 
where n has an average value of 8 and RCO- represents the fatty acids derived from 
coconut oil. 

Surfactant – 

emulsifying agent 

PEG-4 diheptanoate 

70729-68-9  

PEG-4 diheptanoate is the polyethylene glycol diester of heptanoic acid that conforms 

to the formula: 

 

Skin-conditioning 

agent – emollient; 
surfactant – 

emulsifying agent 
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Table 1.  The definitions and functions of the PEG diesters in this safety assessment.
1
 

Ingredient and CAS No. Definition/structure Function 

PEG-2 diisononanoate 

No CAS No. 

PEG-2 diisononanoate is the polyethylene glycol diester of isononanoic acid that 

conforms to the formula: 

 
where n has an average value of 2. 

Surfactant – 

emulsifying agent 

PEG-2 diisostearate 

No CAS No. 

PEG-2 diisostearate is the polyethylene glycol diester of isostearic acid that conforms 

generally to the formula: 

 
where n has an average value of 2. 

Surfactant – 

emulsifying agent 

PEG-3 diisostearate 

No CAS No. 

PEG-3 diisostearate is the polyethylene glycol diester of isostearic acid that conforms 

generally to the formula: 

 
where n has an average value of 3. 

Surfactant – 

emulsifying agent 

PEG-4 diisostearate 

No CAS No. 

PEG-4 diisostearate is the polyethylene glycol diester of isostearic acid that conforms 

generally to the formula: 

 
where n has an average value of 4. 

Surfactant – 

emulsifying agent 

PEG-6 diisostearate 

No CAS No. 

PEG-6 diisostearate is the polyethylene glycol diester of isostearic acid that conforms 

generally to the formula: 

 
where n has an average value of 6. 

Surfactant – 

emulsifying agent 

PEG-8 diisostearate 

No CAS No. 

PEG-8 diisostearate is the polyethylene glycol diester of isostearic acid that conforms 

to the formula: 

 
where n has an average value of 8. 

Surfactant – 

emulsifying agent 

PEG-12 diisostearate 

No CAS No. 

PEG-12 diisostearate is the polyethylene glycol diester of isostearic acid that 

conforms generally to the formula: 

 
where n has an average value of 12. 

Surfactant – 

emulsifying agent 

PEG-90 diisostearate 

No CAS No. 

PEG-90 diisostearate is the polyethylene glycol diester of isostearic acid that 

conforms generally to the formula: 

 
where n has an average value of 90. 

Surfactant – cleansing 

agent 

PEG-175 diisostearate 
No CAS No. 

PEG-175 diisostearate is the polyethylene glycol diester of isostearic acid that 
conforms generally to the formula: 

 
where n has an average value of 175. 

Surfactant –
emulsifying agent; 

viscosity increasing 
agent – aqueous 

PEG-2 dilaurate 

6281-04-5 

9005-02-1 (generic) 

PEG-2 dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 

formula: 

 
where n has an average value of 2. 

Surfactant – 

emulsifying agent 

PEG-4 dilaurate 

9005-02-1 (generic) 

PEG-4 dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 

formula: 

 
where n has an average value of 4. 

Surfactant – 

emulsifying agent 

PEG-6 dilaurate 
9005-02-1 (generic) 

PEG-6 dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 
formula: 

 
where n has an average value of 6. 

Surfactant – 
emulsifying agent 
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Table 1.  The definitions and functions of the PEG diesters in this safety assessment.
1
 

Ingredient and CAS No. Definition/structure Function 

PEG-8 dilaurate 

9005-02-1 (generic) 

PEG-8 Dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 

formula: 

 
where n has an average value of 8. 

Surfactant – 

emulsifying agent 

PEG-12 dilaurate 

9005-02-1 (generic) 

PEG-12 Dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 

formula: 

 
where n has an average value of 12. 

Surfactant – 

emulsifying agent 

PEG-16 dilaurate 
9005-02-1 (generic) 

PEG-16 Dilaurate is the polyethylene glycol diester of lauric acid that conforms 
generally to the formula: 

 
where n has an average value of 16. 

Surfactant – 
emulsifying agent 

PEG-20 dilaurate 

9005-02-1 (generic) 

PEG-20 dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 

formula: 

 
where n has an average value of 20. 

Surfactant – 

emulsifying agent 

PEG-32 dilaurate 
9005-02-1 (generic) 

PEG-32 dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 
formula: 

 
where n has an average value of 32. 

Surfactant – 
emulsifying agent 

PEG-75 dilaurate 

9005-02-1 (generic) 

PEG-75 dilaurate is the polyethylene glycol diester of lauric acid that conforms to the 

formula: 

 
where n has an average value of 75. 

Surfactant – cleansing 

agent; surfactant – 

solubilizing agent 

PEG-150 dilaurate 
9005-02-1 (generic) 

PEG-150 dilaurate is the polyethylene glycol diester of lauric acid that conforms to 
the formula: 

 
where n has an average value of 150. 

Surfactant – cleansing 
agent; surfactant – 

solubilizing agent 

PEG-2 dioleate  

No CAS No. 

PEG-2 dioleate is the polyethylene glycol diester of oleic acid that conforms generally 

to the formula: 

 
where n has an average value of 2. 

Surfactant – 

emulsifying agent 

PEG-3 dioleate  

No CAS No. 

PEG-3 dioleate is the polyethylene glycol diester of oleic acid that conforms generally 

to the formula: 

 
where n has an average value of 3. 

Surfactant – 

emulsifying agent 

PEG-4 dioleate  

134141-38-1 

52668-97-0 (generic) 
9005-07-6 (generic) 

PEG-4 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 4. 

Surfactant – 

emulsifying agent 

PEG-6 dioleate  
52668-97-0 (generic) 

9005-07-6 (generic) 

PEG-6 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 
formula: 

 
where n has an average value of 6. 

Surfactant – 
emulsifying agent 
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Table 1.  The definitions and functions of the PEG diesters in this safety assessment.
1
 

Ingredient and CAS No. Definition/structure Function 

PEG-8 dioleate 

52668-97-0 (generic) 

9005-07-6 (generic)  

PEG-8 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 8. 

Surfactant – 

emulsifying agent 

PEG-10 dioleate  

52668-97-0 (generic) 

9005-07-6 (generic) 

PEG-10 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 10. 

Surfactant – 

emulsifying agent 

PEG-12 dioleate  

52668-97-0 (generic) 
9005-07-6 (generic) 

PEG-12 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 12. 

Surfactant – 

emulsifying agent 

PEG-20 dioleate  

52668-97-0 (generic) 

9005-07-6 (generic) 

PEG-20 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 20. 

Surfactant – 

emulsifying agent 

PEG-32 dioleate  

52668-97-0 (generic) 

9005-07-6 (generic) 

PEG-32 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 32. 

Surfactant – 

emulsifying agent 

PEG-75 dioleate  

52668-97-0 (generic) 

9005-07-6 (generic) 

PEG-75 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 75. 

Surfactant – cleansing 

agent; surfactant – 

solubilizing agent 

PEG-150 dioleate  

52668-97-0 (generic) 
9005-07-6 (generic) 

PEG-150 dioleate is the polyethylene glycol diester of oleic acid that conforms to the 

formula: 

 
where n has an average value of 150. 

Surfactant – cleansing 

agent 

PEG-3 dipalmitate 

32628-06-1 (generic) 

PEG-3 dipalmitate is the polyethylene glycol diester of palmitic acid that conforms 

generally to the formula: 

 
where n has an average value of 3. 

Surfactant – 

emulsifying agent 

PEG-8 ditallate 

61791-01-3 (generic) 

PEG-8 ditallate is the polyethylene glycol diester of tall oil acid that conforms 

generally to the formula: 

 
where RCO- represents the tall oil fatty radicals and n has an average value of 8. 

Surfactant – 

emulsifying agent 

PEG-12 ditallate 

61791-01-3 (generic) 

PEG-12 ditallate is the polyethylene glycol diester of tall oil acid that conforms 

generally to the formula: 

 
where RCO- represents the tall oil fatty radicals and n has an average value of 12. 

Surfactant – 

emulsifying agent 
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Table 2. Previous safety assessment of PEG diesters and component moieties of the ingredients in this safety 

assessment. 

Ingredients Conclusion 

Maximum 

concentration 

in safety 

assessment Reference 

Previous safety assessment of PEG diesters 
PEG diesters - PEG-2 distearate, PEG-3 distearate, PEG-4 distearate, PEG-6 
distearate, PEG-8 distearate, PEG-9 distearate, PEG-12 distearate PEG-20 

distearate, PEG-32 distearate, PEG-50 distearate, PEG-75 distearate, PEG-120 

distearate, PEG-150 distearate, PEG-175 distearate 

Safe for use in cosmetic 
formulations under the 

present practices of use. 

5% 2 

PEG Dilaurates – PEG-2 dilaurate, PEG-4 dilaurate, PEG-6 dilaurate, PEG-8 
dilaurate, PEG-12 dilaurate, PEG-16 dilaurate, PEG-20 dilaurate, PEG-32 

dilaurate, PEG-75 dilaurate, PEG-150 dilaurate 
(also included PEG-2, -4, -6, -8, -9, -10, -12, -14, -20, -32, -75, -150, and -200 

Laurate; and PEG-2 Laurate SE) 

Safe for use in cosmetics at 
concentrations up to 25%. 

25% 3 

PEG-2 diisononanoate (included with nonanoic and and its nonanoate esters) Safe as cosmetic 

ingredients in the present 
practices of use and 

concentration 

described in this safety 
assessment 

74% 4 

Safety assessments on related moieties  

Coconut oil, acid and related ingredients Safe as used 100% 6-8,15 

Isostearic acid Safe as used. 26% 8,10 

Oleic acid, lauric acid, stearic acid Safe as used. > 50%; 43% 9,11 

PEGS Safe as used. 85% 12-14 

PEG stearates Safe as used. 25% 8,17 

Stearates Safe as used 87% 8,16 

Steareths Safe when formulated to 

be nonirritating 

25%; 32% in 

products 

diluted for the 
bath 

19-21 

Tall oil acid, sodium tallate, potassium tallate, ammonium tallate Safe as used. 8% 18 

 

 

 

Table 3. Chemical and physical properties of PEG diesters. 

Property Value Reference 

PGE-4 diheptanoate 

Physical Form  Liquid 25 

Color Clear 25 

Density/Specific Gravity 0.996 25 

Vapor pressure mmHg@ 37oC <0.1 25 

Boiling Point  oC >300 25 

Other Solubility g/L 

   Alcohol 
   Acetone 

 

Soluble 
Soluble 

 
25 
25 

PEG-4 dilaurate 

Physical Form  Viscous (oily) liquid 24 

Color Pale yellow 24 

Density/Specific Gravity @  25oC 0.96 43 

Melting Point  oC <14 44 

Water Solubility  Dispersible 24 

Other Solubility  
   Mineral oil 

   Acetone 

   Isopropyl alcohol 

 
Soluble 

Soluble 

Soluble 

 
24 
24 
24 

PEG-8 dilaurate 

Physical Form  Liquid 24 

Color Clear, pale yellow 24 

Odor Slightly fatty 24 

Density/Specific Gravity @  25oC 0.985-0.995 24 

Water Solubility  Dispersible  

Other Solubility  

   Isopropyl alcohol 
   Acetone 

   Mineral oil 

 

Soluble 
Soluble 

Soluble 

 
45 
46 
47 
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Table 3. Chemical and physical properties of PEG diesters. 

Property Value Reference 

PEG-150 dilaurate 

Physical Form  Waxy solid 24 

Color Tan 24 

Odor Slightly fatty odor 24 

Melting Point  oC 53-60 24 

Water Solubility Soluble 24 

Other Solubility  
   Isopropanol 

   Toluene 

 
Soluble 

Soluble 

 
24 
24 

 

 

 

Table 4.  Current and historical frequency and concentration of use of PEG diesters according to duration and exposure.
2-

4,33,35
 

 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

 2015 1996 2014 1995 2015 1996 2014 1995 

 
PEG-2 distearate PEG-3 distearate 

Totals* 6 4 0.001 NR 48 8 0.45-3.4 NR 

Duration of Use 

Leave-On 6 4 0.001 NR NR 2 0.45-1.5 NR 

Rinse-Off NR NR NR NR 47 6 0.45-3.4 NR 

Diluted for (Bath) Use NR NR NR NR 1  1.7 NR 

Exposure Type 

Eye Area NR NR NR NR NR NR NR NR 

Incidental  Ingestion NR NR NR NR NR NR NR NR 

Incidental Inhalation-Spray 2a; 2c 2a; 2c NR NR NR 2c NR NR 

Incidental Inhalation-Powder 2c 2c NR NR NR 2c NR NR 

Dermal Contact 6 4 0.001 NR 36 6 0.45-3 NR 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring NR NR NR NR 12 2 1-3.4 NR 

Hair-Coloring NR NR NR NR NR NR 2.8 NR 

Nail NR NR NR NR NR NR NR NR 

Mucous Membrane NR NR NR NR 14 NR 0.45-1.7 NR 

Baby Products NR NR NR NR NR NR NR NR 

   

 2015 1996 2014 1995 2015 1996 2014 1995 

 
PEG-4 distearate PEG-6 distearate 

Totals* 1 5 NR NR 1 1 0.5-1 NR 

Duration of Use 

Leave-On NR NR NR NR NR NR 0.5-1 NR 

Rinse-Off 1 NR NR NR 1 1 0.91-1 NR 

Diluted for (Bath) Use NR NR NR NR NR NR NR NR 

Exposure Type 

Eye Area NR NR NR NR NR NR NR NR 

Incidental  Ingestion NR NR NR NR NR NR NR NR 

Incidental Inhalation-Spray NR NR NR NR NR NR NR NR 

Incidental Inhalation-Powder NR NR NR NR NR NR 1b NR 

Dermal Contact NR 1 NR NR 1 1 0.5-1 NR 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring 1 4 NR NR NR NR 1 NR 

Hair-Coloring NR NR NR NR NR NR NR NR 

Nail NR NR NR NR NR NR NR NR 

Mucous Membrane NR NR NR NR NR NR NR NR 

Baby Products NR NR NR NR NR NR NR NR 
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Table 4.  Current and historical frequency and concentration of use of PEG diesters according to duration and exposure.
2-

4,33,35
 

 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

 2015 1996 2014 1995 2015 1996 2014 1995 

 
PEG-8 distearate PEG-12 distearate 

Totals* 48 64 0.0091-7 NR 7 13 0.2-1.7 NR 

Duration of Use 

Leave-On 36 23 0.0091-6.5 NR 1 2 NR NR 

Rinse-Off 12 41 7 NR 6 11 0.2-1.7 NR 

Diluted for (Bath) Use NR NR NR NR NR NR NR NR 

Exposure Type 

Eye Area 2 NR 0.0091-1.2 NR NR NR NR NR 

Incidental  Ingestion NR NR NR NR NR NR NR NR 

Incidental Inhalation-Spray 5a; 3c 2a; 3c 0.3a NR NR NR NR NR 

Incidental Inhalation-Powder 3c 1; 3c 0.5b NR NR NR NR NR 

Dermal Contact 42 50 0.0091-7 NR 1 1 NR NR 

Deodorant (underarm) 10a 6a 1-6.5d NR NR NR NR NR 

Hair - Non-Coloring 6 NR 0.3 NR 6 12 0.2-1.7 NR 

Hair-Coloring NR NR NR NR NR NR NR NR 

Nail NR NR NR NR NR NR NR NR 

Mucous Membrane 4 26 NR NR NR NR NR NR 

Baby Products NR NR NR NR NR NR NR NR 

 

 2015 1996 2014 1995 2015 1996 2014 1995 

 
PEG-50 distearate PEG-120 distearate 

Totals* 1 1 NR NR 7 NR NR NR 

Duration of Use 

Leave-On NR NR NR NR NR NR NR NR 

Rinse-Off 1 1 NR NR 7 NR NR NR 

Diluted for (Bath) Use NR NR NR NR NR NR NR NR 

Exposure Type 

Eye Area NR NR NR NR NR NR NR NR 

Incidental  Ingestion NR NR NR NR NR NR NR NR 

Incidental Inhalation-Spray NR NR NR NR NR NR NR NR 

Incidental Inhalation-Powder NR NR NR NR NR NR NR NR 

Dermal Contact 1 1 NR NR 7 NR NR NR 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring NR NR NR NR NR NR NR NR 

Hair-Coloring NR NR NR NR NR NR NR NR 

Nail NR NR NR NR NR NR NR NR 

Mucous Membrane NR NR NR NR 7 NR NR NR 

Baby Products NR NR NR NR NR NR NR NR 
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Table 4.  Current and historical frequency and concentration of use of PEG diesters according to duration and exposure.
2-

4,33,35
 

 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

 2015 1996 2014 1995 2015 1996 2014 1995 

 
PEG-150 distearate PEG-175 distearate 

Totals* 690 187 0.003-33.2 1-5 NR NR 0.089 NR 

Duration of Use 

Leave-On 54 59 0.006-9 1-5 NR NR NR NR 

Rinse-Off 602 101 0.0003-33.2 1-5 NR NR 0.089 NR 

Diluted for (Bath) Use 34 27 1-1.5 1.75 NR NR NR NR 

Exposure Type 

Eye Area 5 2 0.07-1.8 0.5 NR NR NR NR 

Incidental  Ingestion NR NR 0.05 NR NR NR NR NR 

Incidental Inhalation-Spray 16a; 12c 10a; 2c 0.006-2.4a NR NR NR NR NR 

Incidental Inhalation-Powder 1; 12c 4; 2c 0.024-9b NR NR NR NR NR 

Dermal Contact 487 117 0.0003-33.2 1-5 NR NR 0.089 NR 

Deodorant (underarm) 1a NR NR NR NR NR NR NR 

Hair - Non-Coloring 202 69 0.006-4.5 1-5 NR NR NR NR 

Hair-Coloring NR NR 0.0075-0.15 NR NR NR NR NR 

Nail NR 1 NR NR NR NR NR NR 

Mucous Membrane 399 42 0.0003-4.5 1.75 NR NR NR NR 

Baby Products 26 14 0.75-9.4 NR NR NR NR NR 

 

 2015 2009 2014 2009 2015 1996 2014 1984 

 PEG-2 diisosnosnoate PEG-4 dilaurate 

Totals* NR NR 1.7 2 38 15 0.028-12 1-25 

Duration of Use 

Leave-On NR NR 1.7 2 18 5 0.032-12 NR 

Rinse-Off NR NR NR NR 15 1 0.028-0.72 NR 

Diluted for (Bath) Use NR NR NR NR 5 9 NR NR 

Exposure Type         

Eye Area NR NR NR NR 9 NR 0.04-2 NR 

Incidental  Ingestion NR NR NR NR NR NR NR NR 

Incidental Inhalation-Spray NR NR NR NR 6a; 3c 2a; 1c 0.072; 0.036a NR 

Incidental Inhalation-Powder NR NR NR NR 3c 1c 0.036-0.25b NR 

Dermal Contact NR NR NR NR 32 15 0.028-12 NR 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring NR NR NR NR 6 NR 0.036-0.72 NR 

Hair-Coloring NR NR NR NR NR NR NR NR 

Nail NR NR 1.7 2 NR NR NR NR 

Mucous Membrane NR NR NR NR 7 9 NR NR 

Baby Products NR NR NR NR NR NR NR NR 

 

 2015 1996 2014 1984 *Because each ingredient may be used in cosmetics with 

multiple exposure types, the sum of all exposure types may 

not equal the sum of total uses. 

NR – no reported use 
a It is possible these products are sprays, but it is not 

specified whether the reported uses are sprays. 
b It is possible these products are powders, but it is not 

specified whether the reported uses are powders. 
c Not specified whether a spray or a powder, but it is 

possible the use can be as a spray or a powder, therefore the 

information is captured in both categories. 
d Not spray 
e Pump spray 
f No breakdown of use was provided in the original report. 

 
PEG-8 dilaurate 

Totals* 10 down 25 0.18-15 0.1-25 

Duration of Use  

Leave-On 1 9 6 NR 

Rinse-Off 3 9 0.18-6 NR 

Diluted for (Bath) Use 6 7 15 NR 

Exposure Type     

Eye Area 2 NR 0.18 NR 

Incidental  Ingestion NR NR NR NR 

Incidental Inhalation-Spray 1a NR 6a NR 

Incidental Inhalation-Powder NR NR NR NR 

Dermal Contact 9 11 0.018-15 NR 

Deodorant (underarm) NR NR NR NR 

Hair - Non-Coloring 1 13 6 NR 

Hair-Coloring NR NR NR NR 

Nail NR 1 NR NR 

Mucous Membrane 6 7 15 NR 

Baby Products NR NR NR NR 
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Table 5. Frequency and concentration of use of PEG diesters, that have no historical use data, according to 

duration and exposure.
33,35

 

Use type Uses 

Maximum 

Concentration 

(%) Uses 

Maximum 

Concentration 

(%) Uses 

Maximum 

Concentration 

(%) Uses 

Maximum 

Concentration 

(%) 

 PEG-250 distearate PEG-8 dicocoate PEG-4 diheptanoate PEG-6 diisostearate 

Total/range 24 NR NR 0.04-0.08 18 0.02-14.3 1 NR 

Duration of use         

Leave-on 1 NR NR 0.04 18 0.02-14.03 NR NR 

Rinse-off 17 NR NR 0.04-0.08 NR NR 1 NR 
Diluted for (bath) 

use 
6 NR NR NR NR NR NR NR 

Exposure type         

Eye area NR NR NR NR 4 0.4-8 NR NR 

Incidental                                    

ingestion 
NR NR NR NR 9 0.07-14 NR NR 

Incidental 

Inhalation-sprays 
1a NR NR 0.04a 2a; 2c NR NR NR 

Incidental 
inhalation-powders 

NR NR NR NR 2c 14.3b NR NR 

Dermal contact 23 NR NR 0.04-0.08 9 0.02-14.3 1 NR 

Deodorant      
(underarm) 

NR NR NR NR NR NR NR NR 

Hair-noncoloring 1 NR NR 0.04 NR NR NR NR 

Hair-coloring NR NR NR NR NR NR NR NR 
Nail NR NR NR NR NR NR NR NR 

Mucous 

Membrane 
23 NR NR NR 9 0.07-14 1 NR 

Baby NR NR NR NR NR NR NR NR 

 

 PEG-8 diisostearate PEG-12 diisostearate PEG-90 diisostearate PEG-175 diisostearate 

Total/range 12 0.5-4.5 4 2.3-10 11 0.029-2.1 1 5 

Duration of use         

Leave-on 5 0.5-2 NR 4 2 2.1 1 NR 

Rinse-off 7 1.5-4.5 4 2.3-10 8 0.029 NR 5 
Diluted for (bath) 

use 
NR NR NR NR 1 NR NR NR 

Exposure type         

Eye area 1 4.5 1 NR NR NR NR NR 

Incidental                                    

ingestion 
NR NR NR NR NR NR NR NR 

Incidental 

Inhalation-sprays 
3c NR NR NR NR NR NR NR 

Incidental 
inhalation-powders 

3c 0.5b NR NR NR NR NR NR 

Dermal contact 12 0.5-4.5 4 2.3-10 11 0.029-2.1 1 5 

Deodorant      
(underarm) 

NR 2d NR NR 2a 2.1d NR NR 

Hair-noncoloring NR NR NR 4 NR NR NR NR 

Hair-coloring NR NR NR NR NR NR NR NR 
Nail NR NR NR NR NR NR NR NR 

Mucous 

Membrane 
NR NR NR NR 9 NR NR NR 

Baby NR NR NR NR NR NR NR NR 
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Table 5. Frequency and concentration of use of PEG diesters, that have no historical use data, according to 

duration and exposure.
33,35

 

Use type Uses 

Maximum 

Concentration 

(%) Uses 

Maximum 

Concentration 

(%) Uses 

Maximum 

Concentration 

(%) Uses 

Maximum 

Concentration 

(%) 

 PEG-8 dioleate PEG-12 dioleate NR = Not Reported; Totals = Rinse-off + Leave-on 

Product Uses. 

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. 
a It is possible these products are sprays, but it is not 
specified whether the reported uses are sprays. 
b It is possible these products are powders, but it is not 

specified whether the reported uses are powders. 
c Not specified whether a spray or a powder, but it is 

possible the use can be as a spray or a powder, therefore 

the information is captured in both categories. 
d Not spray 
e Pump hair spray 

Total/range 4 1-5 2 0.024-4.5 

Duration of use     

Leave-on 2 1 NR 0.024-4.5 
Rinse-off NR 5 2 0.12-1 

Diluted for (bath) 

use 
2 NR NR NR 

Exposure type     

Eye area 2 1 NR NR 
Incidental                                    

ingestion 
NR NR NR NR 

Incidental 
Inhalation-sprays 

NR NR NR 0.24e; 0.024a 

Incidental 

inhalation-powders 
NR NR NR 0.12-0.15b 

Dermal contact 2 5 2 0.1-4.5 

Deodorant      

(underarm) 
NR NR NR NR 

Hair-noncoloring NR NR NR 0.024-0.24 

Hair-coloring NR NR NR NR 

Nail NR NR NR NR 
Mucous 

Membrane 
2 NR 1 NR 

Baby NR NR NR NR 

 

 

 

Table 6.  Ingredients not reported to be in current use.
33,35

 

PEG-9 distearate PEG-20 distearate PEG-32 distearate 

PEG-40 distearate PEG-75 distearate PEG-190 distearate 

PEG-150 dibehenate PEG-3 dicaprylate/caprate PEG-4 dicocoate 

PEG-2 diisostearate PEG-3 diisostearate PEG-4 diisostearate 

PEG-2 dilaurate PEG-6 dilaurate PEG-12 dilaurate 

PEG-16 dilaurate PEG-20 dilaurate PEG-32 dilaurate 

PEG-75 dilaurate PEG-150 dilaurate PEG-2 dioleate 

PEG-3 dioleate PEG-4 dioleate PEG-6 dioleate 

PEG-10 dioleate PEG-20 dioleate PEG-32 dioleate 

PEG-75 dioleate PEG-150 dioleate PEG-3 dipalmitate 

PEG-8 ditallate PEG-12 ditallate  

  

Distributed for comment only -- do not cite or quote 
 



Table 7.  FDA Code of Federal Regulations that apply to the PEG diesters in this safety assessment. 
Use related to food Ingredients Code 

Can be used for coloring shell eggs if there is no 

penetration of the shell. 

PEG-2 distearate 21CFR73.1 

May be used as defoaming agents in food as an 

emulsifier not to exceed 10% by weight of defoamer 
formulation. 

PEG-8 dioleate; PEG-12 dioleate 21CFR173.340 

May be used as indirect food additives: adhesives. PEG-4 distearate; PEG-6 distearate; PEG-8 distearate; 

PEG-9 distearate; PEG-12 distearate; PEG-20 distearate; 
PEG-8 dicocoate; PEG-4 dilaurate; PEG-6 dilaurate; 

PEG-8 dilaurate; PEG-12 dilaurate; PEG-4 dioleate PEG-

6 dioleate; PEG-8 dioleate; PEG-10 dioleate; PEG-12 
dioleate; PEG-8 ditallate; PEG-12 ditallate 

21CFR175.105 

May be used as paper and paperboard components 

of paper and paperboard in contact with aqueous and 

fatty foods. 

PEG-8 dioleate; PEG-4 dilaurate 21CFR176.170 

May be used as paper and paperboard substances for 

use only as components of paper and paperboard; 

components of paper and paperboard in contact with 
dry food. 

PEG-4 dilaurate 

 

21CFR176.180 

May be used as paper and paperboard substances for 

use only as components of paper and paperboard; 

defoaming agents used in coatings. 

PEG-8 dioleate; PEG-4 dilaurate; PEG-12 dioleate 

 

21CFR176.200 

May be used as paper and paperboard substances for 

use only as components of paper and paperboard; 

defoaming agents used in the manufacture of paper 
and paperboard. 

PEG-4 distearate; PEG-6 distearate; PEG-8 distearate; 

PEG-12 distearate; PEG-20 distearate; PEG-32 distearate; 

PEG-8 dicocoate; PEG-2 dilaurate; PEG-4 dilaurate; 
PEG-6 dilaurate; PEG-8 dilaurate; PEG-12 dilaurate; 

PEG-20 dilaurate; PEG-4 dioleate; PEG-6dioleate;  

PEG-8 dioleate; PEG-12 dioleate; PEG-20 dioleate; PEG-
32 dioleate; PEG-8 ditallate; PEG-12 ditallate 

21CFR176.210 

May be used as indirect food additives: polymers. 

Substances for use as basic components of single 
and repeated use food contact surfaces; closures with 

sealing gaskets for food containers. 

PEG-8 distearate; PEG-8 dioleate; PEG-8 dicocoate; 

PEG-8 dilaurate; PEG-8 ditallate 

21CFR177.1210 

May be used as indirect food additives: polymers. 

Substances for use as basic components of single 
and repeated use food contact surfaces; filters, resin-

bonded. 

PEG-8 distearate; PEG-9 distearate; PEG-12 distearate; 

PEG-20 distearate; PEG-32 distearate; PEG-8 dicocoate; 
PEG-8 dilaurate; PEG-12 dilaurate; PEG-20 dilaurate; 

PEG-32 dilaurate; PEG-8 dioleate; PEG-10 dioleate; 

PEG-12 dioleate; PEG-20 dioleate; PEG-32 dioleate  

21CFR177.2260 

May be used as indirect food additives: polymers. 

Substances for use as basic components of single 

and repeated use; rubber articles intended for 
repeated use. 

PEG-3 dicaprylate/caprate 

 

21CFR177.2600 

May be used as indirect food additives: polymers. 

Substances for use as basic components of single 

and repeated use; textiles and textile fibers. 

PEG-8 distearate; PEG-9 distearate; PEG-12 distearate; 

PEG-20 distearate; PEG-32 distearate; PEG-8 dicocoate; 

PEG-2 dilaurate; PEG-8 dilaurate; PEG-12 dilaurate; 
PEG-20 dilaurate; PEG-32 dilaurate; PEG-8 dioleate; 

PEG-12 dioleate; PEG-20 dioleate; PEG-32 dioleate; 

PEG-8 ditallate; PEG-12 ditallate 

21CFR177.2800 

Food additives permitted in feed and drinking water 

of animals. 

PEG-8 dioleate 21CFR573.800 

Food additives permitted in feed and drinking water 
of animals: The food additive polyoxyethylene 

glycol (400) mono- and dioleates may be safely used 

as an emulsifier in calf-milk replacer formulations. 

PEG-8 dioleate 21CFR573.820 
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Table 8.  Acute oral toxicity studies of PEG-4 diheptanoate. 
Animal (n) Results Comments Reference 

Crl:CD rats (10/sex) Oral LD50 was 25 g/kg for 

female rats and >25 g/kg for 

male rats 

Clinical signs included labored breathing, belly-to-cage posture, 

lacrimation, staining of the face, stained and wet perineal area, and 

weight loss.  All deaths occurred within 2 days of dosing. 

25 

Wistar rats (5/sex) Oral LD50 >2 g/kg There was no mortality reported. Weight gains were normal in all rats.  
Gross pathological examination at necropsy revealed no treatment-

related findings.  There were no abnormal clinical signs observed except 

slight piloerection and sporadic findings (eg, ventral or limb position, 
reduced activity, reduced turgor) up to 6 h after oral administration. 

42 

Male Chr:CD rats (10) Oral LD50 >25 g/kg   One mortality occurred on the day after dosing.  Clinical signs were 

hyperemia, lethargy, and prostration.  No systemic toxicity or adverse 
effects were reported.  No gross abnormalities or lesions were observed.  

Slight initial weight loss was observed.  No necropsies were performed.  

42 

Female   Crl:CD  rats (10) Oral LD50 estimated to be 24-25 
g/kg 

Test doses: 14, 19, 22, 23, 24, 24.5, 24.75, 24.9 and 25 g/kg in corn oil. 
Mortalities at each dose level: 0, 0, 0, 0, 4, 1, 2, and 10, respectively. All 

deaths occurred within 2 days. Clinical signs, observed at all dose 

levels, included flat body posture, moribund condition, labored 
breathing, stained/wet perineal area, lacrimation, stained face, weakness, 

ataxia, lethargy, prostration, salivation and chromodacryorrhea. Body 

weight decrease was observed at all dose levels. No necropsies were 
performed. 

42 

 

 

 

 

 

Table 9.  Genotoxicity assays of PEG-4 diheptanoate.
42

 

Assay Concentration Results 

Bacterial reverse mutation assay 

using S. typhimurium  strains TA98, 
TA100, TA1535, TA1537 

500-10 000 µg/plate, 100-2500 µg/plate (based on 

toxicity with TA1535). OECD 471 with 
independent repeat. Positive Control: 

N-methyl-N'-nitro-N-nitroguanidine (TA100 and 

TA1535 without S9), 9-aminoacridine (TA1537 
without S9), 2-nitrofluorene (TA98 without S9) 

and 2-aminoanthracene (all strains with S9). 

Negative with and without 

metabolic activation 

Mammalian cell gene mutation 
assay  using Chinese hamster ovary 

cells 

Without metabolic activation: 0.27-23.9 mM, 
metabolic activation: 0.25-23.9 mM. 3 independent 

tests; duplicate cultures/treatment. 

Negative with and without 
metabolic activation 
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Final Report on the 

Safety Assessment of PEG-2, 

-6, -8, -12, -20, -32, -40, 

-50, -100, and -150 Stearates 

The PEG Stearates are the polyethylene glycol esters of stearic acid. These 
nonionic surfactants are used mainly in cosmetic products as surfactants and 
emollients at concentrations up to 259’0. The PEG Stearates, whose average 
number of ethylene oxide monomers range from 2 to 150, were nonlethal to 
test animals up to 10 g/kg. They gave evidence of only low-level skin irritation 
and minimal eye irritation when tested at 100% concentrations in test animals. 
PEG-8, -40, and -100 Stearates produced no significant changes in growth mor- 
tality rates, histopathologic observations or hematologic values in long-term 
feeding studies. Multiple generation studies of PEG-8 and -40 Stearates were 
negative for effects on reproduction; the presence or absence of a carcinogenic 
effect was not reported. 

Clinical studies on the PEG Stearates indicated that these ingredients are 
neither irritants nor sensitizers at concentrations of ~25%. There was no 
evidence of phototoxicity or photosensitization of PEG-2 or -8 Stearates. 

It is concluded that PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 
Stearates are safe as cosmetic ingredients in the present practices of concentra- 
tion and use. 

CHEMICAL AND PHYSICAL PROPERTIES 

Structure 

T he PEG Stearates are the polyethylene glycol esters of stearic acid that con- 
form to the following formula: 

0 
I, 

CH3(CH2)16-C-(OCH$H2)nOH 

17 
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18 COSMETIC INGREDIENT REVIEW 

The n value corresponds to the average number of ethylene oxide monomers 
in the polyether chain and is expressed as the identifier for the various PEG 
Stearates used in cosmetic products. Because the n value is the average value of 
ethylene oxide monomers, any given PEG Stearate will not have a single chain 
length, but will contain shorter and longer chain lengths whose average is ex- 
pressed as the chemical identifier.“,‘) 

Method of Manufacture 

The PEG Stearates may be prepared in one of three ways:“) 
1. PEG-n Stearate is made by esterification of stearic acid and PEG-n under 

acid catalysis. The catalyst is neutralized following esterification. 
2. Stearic acid can undergo direct ethoxylation under alkaline catalysis. The 

base is neutralized following ethoxylation. 
3. Methyl stearate can be catalytically transesterified to polyethylene glycol. 
After preparation, the product is refined by vacuum stripping and/or filtration. 

Properties 

The PEG Stearates are soft to waxy solids, white to tan in color, and most 
have a faint odor. In general, the monoesters are soluble in water and alcohol but 
not in mineral oil; the diesters are soluble in isopropyl alcohol and toluene, and 
dispersible or soluble in hot water. 

The PEG Stearates are nonionic surfactants. (3,4) The monostearates are highly 
amphiphatic compounds. The long, 18-carbon stearate chain is lipophilic; the 
polyether chain is hydrophilic. Each ether oxygen atom carries a partial negative 
charge which attracts polar water molecules, thus potentiating water solubility of 
the monostearate. The longer the polyether chain (greater n value), the greater is 
the hydrophilicity of the ingredient. The hydrophile-lipophile balance (HLB) 
value is used to describe the PEG Stearates and facilitate the selection of an ingre- 
dient for a particular use. Typical HLB values are 4.3 for PEG-2 Stearate and 18.8 
for PEG-150 Stearate.‘2) As any surfactant interacting at an oil-water interface, 
PEG Stearates align themselves with the hydrophilic polyether part of the 
molecule dissolved in the aqueous phase and the lipophilic stearate part of the 
molecule dissolved in the oil phase. The amphoteric nature of these compounds 
affords them many of their physical properties and, thus, many of their uses in 
cosmetic and noncosmetic formulations.‘4.5) 

Reactivity 

PEG Stearates are relatively stable compounds.(6’ Nevertheless, the ether 
oxygens are potentially reactive and the ester bonds are potentially vulnerable to 
enzymatic cleavage. 

Impurities 

Traces of the reactants, stearic acid and ethylene oxide, and of the catalytic 
agents used, may remain in the finished product. The addition of antioxidants or 
other additives has not been reported. (2) A reaction product of ethoxylation, 
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1 ,Cdioxane, may also be present in trace amounts; industry is aware of this possi- 
ble impurity and thus uses additional purification steps to remove it from the in- 
gredient before blending into cosmetic formulations.“’ 

USE 

Noncosmetic Uses 

Drugs 

There are numerous references for the use of the PEG Stearates in drugs as 
emulsifiers, carriers and stabilizers. They are used to solubilize salicylic acid and 
barbital and for dissolution of other poorly soluble pharmaceuticals.(5s8) 

PEG Stearates make excellent emulsifying agents because of their dual 
solubility in both water and oil. A variety of emulsions and ointments containing 
these ingredients has been described as, for example, a benzoic acid emulsion 
and a zinc sulfadiazine topical burn ointment. (9-‘3) PEG Stearates provide oint- 

ment bases with stability to heat and cold. (12) One PEG Stearate emulsion has 

been found to be stable for over two years.(l’) 

Foods 

The Food and Drug Administration (FDA) has approved without limits the 
use of PEG-40 Stearate as a defoaming agent used in coating food packaging 
materials.‘*4) 

PEG Stearates are used in the bakery industry as bread softeners and antistal- 
ing agents.(15-19) 

Purpose and Frequency of Use in Cosmetics 

PEG Stearates are used as surfactants in skin creams, emollients and condi- 
tioners, shampoos, body cleansers, and soapless detergents.(‘0-12*20’ 

PEG Stearate-containing formulations may be applied to the face (creams, 
emollients, cleansers), axillae (antiperspirants), hair and scalp (shampoos), skin in 
general (body cleansers, detergents) and the oral and gingival mucosae 
(toothpastes, dentifrices). 

The frequency of application of PEG Stearate products may vary from daily 
(toothpastes, antiperspirants, skin creams) to occasional use (emollients, sham- 
poos, skin conditioners). Duration of application can range from seconds 
(shampoos, toothpastes, body cleansers) to all day (skin conditioners and 
emollients, antiperspirants). This occasional or daily use may extend over a 
period of years. 

PEG Stearates are used in over 500 cosmetic formulations. Most are used at 
concentrations from less than 0.1 O/O to 10%. (20) Two products list concentrations 
in the > lo%-25% range (Table 1). (21) The cosmetic product formulation com- 
puter printout which is made available by the FDA is a database compiled 
through voluntary filing of such data in accordance with Title 21 part 720.4 of the 
Code of Federal Regulations. (14) Ingredients are listed in prescribed concentra- 
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TABLE 1. Product Formulation Data. 

Product category 

Total no. 
containing 

ingredient 

No. of product formulations within each 

concentration range C%J 

> IO-25 >5-JO >l-5 >o. I-7 

PEG-2 Stearate 
Bath preparations 

Fragrance preparations 

Hair preparations (noncoloring) 

Hair coloring preparations 

Makeup preparations (not eye) 

Manicuring preparations 

Personal cleanliness products 

Shaving preparations 

Skin care preparations 

Suntan and suncreeen preparations 

1 

11 

4 

1 

16 

1 

6 

20 

- - - 1 
- - 9 2 

- 1 2 1 

- - - 1 
- 1 5 10 

- - - 1 

- - - 1 
- - - 6 
- 5 13 2 
- - 1 - 

1976 TOTALS 62 - 16 24 22 

1979 TOTALS 103 2 8 2 91 

PEG-6 Stearate 

Hair preparations (noncoloring) 

Skin care preparations 

1 - - - 1 

3 - - 3 - 

1976 TOTALS 4 - - 4 - 

1979 TOTALS 3 - - 3 - 

PEG-8 Stearate 
Eye makeup preparations 1 - - - 1 
Fragrance preparations 3 - - 3 - 

Hair preparations (noncoloring) 13 - 2 10 1 
Makeup preparations (not eye) 5 - - 4 1 
Shaving preparations 1 - - 1 - 
Skin care preparations 3 - - 1 2 
Suntan and sunscreen preparations 1 - - 1 - 

1976 TOTALS 27 - 2 20 5 

1979 TOTALS 37 - 7 25 5 

PEG- 12 Stearate 
Eye makeup preparations 1 - - - 1 

1976 TOTALS 1 - - - 1 

1979 TOTALS 2 - - 1 1 

PfC-20 Stearate 

Eye makeup preparations 

Fragrance preparations 

Hair preparations (noncoloring) 

Hair coloring preparations 

Makeup preparations (not eye) 

Personal cleanliness products 

Shaving preparations 

Skin care preparations 

4 - 1 

4 - - 

8 1 1 

1 - - 

3 - - 

3 - - 

2 - - 

10 - - 

2 1 
4 - 

3 3 
1 - 

- 3 

1 2 
2 - 

4 6 

1976 TOTALS 35 1 2 17 15 

1979 TOTALS 23 1 2 11 9 

20 
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TABLE 1. (Continued.) 

Product category 

Total no. 

containing 

ingredient 

NO. of product formulations within each 

concentration range f%I 

> 10-25 >5-10 > 1-5 >O.l-I 

PEG-32 Stearate 
Eye makeup preparations 
Personal cleanliness products 

Shaving preparations 
Skin care preparations 

3 - 3 - 
1 1 - - 

1 - - 1 - 
4 - 3 1 - 

1976 TOTALS 

1979 TOTALS 

PEG-40 Stearate 
Bath preparations 

9 - - 7 2 

8 - - 7 1 

1 - 1 - 

Eye makeup preparations 4 
Fragrance preparations 9 
Hair preparations (noncoloring) 5 
Makeup preparations (not eye) 42 
Ma’nicuring preparations 2 
Personal cleanliness products 11 

Shaving preparations 2 
Skin care preparations 19 

Suntan and sunscreen preparations 5 

2 2 
- 5 4 - 

5 - - - 
- 39 3 - 

2 - - - 
- 11 - - 

1 1 - - 
12 7 - 

- 5 - - 

1976 TOTALS 100 - - 83 17 

1979 TOTALS 179 2 110 67 - 

PEG-50 Stearate 
Eye makeup preparations 13 13 - - - 

Hair preparations (noncoloring) 1 - - 1 
Skin care preparations 3 3 - - 

1976 TOTALS 17 - 16 1 - 

1979 TOTALS 15 12 1 2 

PEG- 100 Stearate 
Hair preparations (noncoioring) 

Personal cleanliness products 
7 - 3 4 - 
2 1 1 - - 

1976 TOTALS 9 1 4 4 - 

1979 TOTALS - 2 7 16 5 

PEG- 150 Stearate 
Hair preparations (noncoloring) 
Skin care preparations 

1976 TOTALS 

1 - - - 1 
2 - 2 - - 

3 - 2 - 1 

1979 TOTALS 4 - 3 1 

Data from Refs. 20, 21. 
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22 COSMETIC INGREDIENT REVIEW 

tion ranges under specific product type categories. Since certain cosmetic ingre- 

dients are supplied by the manufacturer at less than 100% concentration, the 
value reported by the cosmetic formulator may not necessarily reflect the actual 
concentration found in the finished product; the concentration in such a case 
would be a fraction of that reported to the FDA. The fact that data are submitted 
only within the framework of preset concentration ranges also provides the op- 
portunity for overestimation of the actual concentration of an ingredient in a par- 
ticular product. An entry at the lowest end of a concentration range is considered 
the same as one entered at the highest end of that range, thus introducing the 
possibility of a two- to lo-fold error in the assumed ingredient concentration.“‘) 

BIOLOGICAL PROPERTIES 

General Effects 

PEG-40 Stearate produced no significant interference with oxygen uptake by 
kidney tissue preparations. (22) PEG-20, -30, and -40 Stearates were reported to 
activate the cytochrome oxidase enzyme system in heart muscle preparations up 
to a concentration of 150 mg/ml.(23) 

PEG-40 Stearate is hydrolyzed in vitro by pancreatic lipase.‘24,25’ 
Krantz et al.(22) hydrolyzed PEG-40 Stearate with alkali and examined the 

polyoxyethylene hydrolysate. In a concentration range of 5-1000 mg percent, 
the hydrolysate was found to have no hemolytic effect on defibrinated human 
blood when tested at 37°C for 18 h. The hydrolysate was injected intravenously 
(5 ml, 5% solution) into dogs; there were no resultant changes in blood pressure. 

Weanling hamsters were fed a diet containing 5% or 15% PEG Monostearate 
or lard for 2-10 weeks. The animals were sacrificed, and a variety of tissues were 
examined microscopically. Pronounced changes were found in the duodenum, 
ileum, liver, kidney, and testes. Severe erosion of the ileal mucosa was observed 
along with necrosis of the liver. There was decreased spermatogenic activity and 
tubular degeneration of the kidney.(26) 

Hamsters were fed 5%, lo%, or 15% dietary levels of PEG Monostearate for 
28-39 weeks. For all concentrations used, the observations included a very high 
mortality rate, chronic diarrhea, atrophic testes, enlarged kidneys, thickened 
bladder walls, striking hepatic, cecal and splenic hemosiderosis, enlarged ceca, 
and obstructive nephropathy. Six large calculi (4-6 mm in diameter, 50-95 mg in 
weight) were found in the urinary bladders of hamsters fed PEG Stearates for 
periods ranging from 74 to 260 days.r2’) 

PEG-2 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-2 Stearate in corn oil was given orally to five 
groups of five rats each in a dosage range of 0.464-10.0 g/kg. There were no 
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deaths during the two week observation period. Body weight gains were normal; 
no abnormal gross lesions.‘2*’ 

Groups of 10 rats each were administered varying doses of PEG-2 Stearate 
orally. The 72-h LD50 was reported as > 10 g/kg.‘29’ 

Primary skin irritation 

PEG-2 Stearate (0.5 ml) was applied to intact and abraded skin sites on the 
back of each of six rabbits. Following 24 h of exposure, the sites were scored and 
again at 72 h according to the Federal Hazardous Substances Labeling Act 
(FHSLA) scale. The primary irritation index (PII) was found to be 0.08/8.00 in- 
dicating that the ingredient has a potential for slight irritation.‘29) The same pro- 
tocol and scoring procedure were used in another experiment. The resulting PII 
was 0.1718.00 indicating the same low level of skin irritation potential for PEG-2 
Stearate.C28’ 

Eye irritation 

One hundred mg of PEG-2 Stearate were instilled into one eye of each of six 
rabbits according to the Draize procedure. The 24, 48, and 72 h ocular irritation 
scores were 6.3, 1.5, and 0.01110, respectively. PEG-2 Stearate is a minimal eye 
irritant.‘29’ 

Skin sensitization 

The Landsteiner and Jacobs sensitization procedure was used on two guinea 
pigs to evaluate the effects of a 0.1 / OO suspension of PEG-2 Stearate. In- 
tracutaneous injections were made thrice weekly for a total of 10 exposures. The 
first induction injection was 0.05 ml while the remaining nine were 0.1 ml each. 
After two weeks, a challenge injection of 0.05 ml was made. The exposure sites 
were scored 24 h after each injection. The average score for the 10 sensitizing in- 
jections was compared with the score for the challenge. PEG-2 Stearate was con- 
sidered to be a nonsensitizer.‘29’ 

Clinical Studies 

irritation and sensitization 

A repeated insult patch test was performed on 168 subjects (115F, 53M) us- 
ing 0.1 ml of a 25% water solution of PEG-2 Stearate. The test material was ap- 
plied at 48 h intervals, three times per week for three weeks on the backs of the 
subjects. The test area was occluded for 24 h before removal, and washed with 
distilled water. The test sites were read at 48 h, after which fresh test material and 
the occlusive patch were reapplied. After a three-week rest period, the test area, 
as well as an untreated site, were challenged using the same procedure as 
previously noted. The sites were scored for sensitization at 24, 48, and 72 h. The 
investigator noted that only transient reactions were observed during the test and 
that PEG-2 Stearate was neither an irritant nor a sensitizer.‘30’ 

Phototoxicity and photosensitization 

Twenty-eight of the 168 subjects tested for irritation and sensitization dis- 
cussed above were randomly selected to test the ability of PEG-2 Stearate to in- 
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duce a phototoxic or photosensitive reaction following ultraviolet exposure. The 
test protocols were the same except that the forearm was used as a test site. The 
28 subjects were divided into two groups; 19 received only UVA and nine received 
both UVA and UVB. The UVA (320-400 nm) light was applied for 15 min to the 
19 subjects (4.4 pWIcm2 at the skin surface measured at a 360 nm wave length 
peak). The UVB was applied at two times Mean Erythema Dose (MED) to nine 
subjects from a 150 watt Xenon Arc Solar Simulator emitting at 280-320 nm. The 
subjects receiving the UVB exposure were also exposed for 5 min to UVA as 
previously described. The investigator noted that only transient reactions were 
observed, and that PEG-2 Stearate was not a photosensitizer.(30) 

PEG-6 Stearate 

Animal Toxicology 

Acute oral 

A hair cream preparation containing 1.5% PEG-6 Stearate was tested for 
acute oral toxicity on four groups of four rats each at 10.2, 15.4, 23.1, or 34.6 
g/kg. There were no deaths or gross pathologic alterations. The LD50 was 
reported to be >34.6 g/kg.‘3” 

Primary skin irritation 

The 1.5% PEG Stearate hair cream formulation was tested for primary skin ir- 
ritancy on abraded and intact skin sites on each of four rabbits. The sites were ex- 
posed under occlusion for 24 h and then scored according to the Draize system. 
The PII was reported as 0.4/8.0.(“) 

Eye irritation 

The 1.5% PEG-6 Stearate hair cream formulation was tested for potential eye 
irritancy on two groups of five rabbits each. In the nonirrigated group, the Draize 
scores were 19.2, 9.8, and 2.6 at 1, 24, and 48 hours, respectively, postinstilla- 
tion, and zero thereafter. In the group with eyes irrigated for 4 set after instillation, 
the scores were 13.0 and 3.8 at 1 and 24 hours, respectively, and zero 
thereafter.(31) 

Subchronic dermal toxicity 

Three groups of 10 rabbits each were exposed topically for 20 days to 0.5, 
1 .O, or 2.0 g/kg of the 1.5% PEG-6 Stearate hair cream product. No significant 
adverse findings were noted; mortality, body weights, hematologic parameters, 
blood studies, urinalyses, and gross and micropathologic studies were negative. 
Erythema, dryness, wrinkling, desquamation and hyperkeratosis were found at 
the application sites of both experimental and control groups.“‘) 

Clinical Studies 

The 1.5% PEG-6 Stearate hair cream was tested on 48 subjects for potential 
skin irritancylsensitization. Four occlusive patches per week for two weeks were 
applied for 18-24 h each after which the patch was removed and the sites scored 
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on a scale of 0 to 8. Two weeks after the last induction patch, a challenge patch 
was applied to an adjacent area of the arm. These sites were scored 24 and 48 h 
later. All irritation scores were zero following the first five exposures. For insults 
6, 7, and 8 there were 1,4, and 7 reactors, respectively. All challenge scores were 
zero. (311 

PEG-8 Stearate 

Animal Toxicology 

General studies 

Acute Oral: In two different tests, a 50% suspension of PEG-8 Stearate in 
corn oil was administered orally to five groups of five rats each in a dosage range 
of 0.464-10.0 g/kg. The LD50s were reported to be > 10 g/kg. There were no 
gross abnormalities.‘2B~321 

Ten ml/kg of a hair cream product containing 15% PEG-8 Stearate was given 
by gastric intubation to 10 rats. There were no deaths or gross lesions. The LD50 
was reported as > 10 ml/kg.(3’) 

Groups of 10 rats each were orally administered varying doses of PEG-8 
Stearate up to 10 g/kg. There were no deaths. The LD50 was estimated to be in 
excess of 10 g/kg. (29) 

PEG-8 Stearate was given orally to nine rats; all animals survived. The LD50 
was > 11 .l ml/kg. (33) The ingredient as a 50% w/v aqueous suspension was ad- 
ministered per OS to groups of 10 rats. The LD50 was reported as > 31.6 g/kg. 
The compound was designated as “relatively harmless.“(33) 

Subchronic and Chronic Oral: Several PEG-8 Stearate feeding studies were 
conducted in rats, dogs, mice, rabbits, and monkeys (Table 2).“” 

Acute Intraperitoneal: Ten rats were injected intraperitoneally with 2 ml of 
PEG-8 Stearate. The IP LD50 was estimated to be >9.0 ml/kg.(33) 

Acute Dermal: Ten ml/kg of an undiluted hair cream product containing 
15% PEG-8 Stearate was applied topically for 24 h to four rabbits. The acute der- 
mal LD50 was reported to be > 10 ml/kg. There was moderate erythema at the 
exposure sites at 24 h which cleared by Day 3.(31) 

Primary Skin Irritation: The PII was determined in rabbits in four studies on 
undiluted PEG-8 Stearate according to the protocol described for PEG-2 Stearate. 
The resulting indices were 3.29, 0.293, 3.42, and 0.5 out of 8 maximum. The ir- 
ritation was primarily the result of erythema. The variability of test results be- 
tween studies was most likely caused by the variation in abrading skin tech- 
niques, and not the ingredient used.C28*29*32.33) 

An undiluted hair product containing 15% PEG-8 Stearate was tested for skin 
irritation potential in four rabbits according to the Draize protocol. The resulting 
PII was 0.81/8.00.‘3’) 

Skin Sensitization: PEG-8 Stearate was tested for skin sensitization in the 
guinea pig according to the procedure described for PEG-2 Stearate. The ingre- 
dient was considered to be a nonsensitizer with all scores being 0.0.(29) 

Eye Irritation: The Draize ocular irritation test was used to evaluate two 
samples of undiluted PEG-8 Stearate in rabbits. The maximum average scores at 
24 h were 2.0 and 0.0/l 10, and zero thereafter.(28*32) 
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TABLE 2. PEG-8 Stearate Feeding Studies. 

Duration Species Number 

Normal 

weight gain 

Tissue 

changes Hematology 
Diet 

I%) 

9 Weeks 

8 Weeks 

2 Years 

8 Weeks 

6 Weeks 

9 Weeks 

19 Weeks 

4 Months 

Rat 

Rat 

Rat 

Monkey 

Mouse 

Dog 
Rabbit 

Rabbit 

15 

15 

15 

1 

10 

2 

2 

11 

Yes 
Yes 

Yes 
- 

Yes 

- 

Yes 

Normal Normal 4 

Normal Normal 2 

Normal Normal 4 

Normal Normal 1 day 
Normal Normal 4 

Normal Normal 2 g/day 
Normal Normal 5 

Normal Normal 4 

Data from Ref. 33. 

An undiluted hair cream formulation containing 15% PEG-8 Stearate was 
tested for ocular irritancy in 10 rabbits according to the Draize method. For 
nonirrigated eyes, the scores were 11, 7, 2, and 0.8/l 10 at 1, 24, 48, and 72 h, 
respectively, and zero thereafter. For irrigated eyes, the scores were 7 and 
0.41110 at 1 and 24 h, respectively, and zero thereafter.(31) 

Special studies 

Multiple Generation: Feeding of 4% PEG-8 S&arate in the diet of young rats 
for three successive generations did not affect growth or fecundity. No 
micropathological changes were observed in the livers or kidneys of first genera- 
tion rats after 11 weeks on the diet, after 16 weeks in the second generation, and 
after 16 months in the third generation. The ratios of liver/body weight and 
kidneys/body weight were comparable -for third generation and control 
animals.‘33’ 

Another three-generation study was carried out on rats fed diets containing 
5%, lo%, or 20% PEG-8 Stearate. In both control and experimental groups, 
seven of ten matings were successful. The reproduction and lactation responses 
for the 5% group were not different from control responses. At the 10% and 20% 
levels, newborn litter survival times were diminished probably as a result of 
maternal neglect. In the 20% group, there was some impairment of lactation effi- 
ciency as evidenced by lower weanling weights. In the 20% group, there was 
also a greater mortality rate of the nurslings. In the FZ and F3 generations, similar 
responses were reported. The overall level of reproductive performance was 
lower in the F3 generation for the animals fed the 20% PEG-8 Stearate diet.(34) 

Clinical Studies 

Oral toxicity 

PEG Stearates have been used in the bakery industry as antistaling and bread 
softening agents suggesting that these ingredients are probably not toxic in those 
concentrations used. (17-1g*35) More specifically, the Food Protection Committee 
of the National Research Council has reported that there is no consistent indica- 
tion of toxic action of PEG-8 Stearate at animal dietary levels of less than 5%. 
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They have also stated that PEG-8 Stearate, at levels no greater than 0.05% in the 
human diet, would be considered safe.(36’ 

PEG-8 Stearate was fed to two children at a rate of 4 g/day for 14 or 16 days. 
No deleterious effects were reported with respect to behavior, general health, 
appetite, frequency or consistency of stools, or weight gain.(37) 

Skin irritation/sensitization 

An undiluted hair cream preparation containing 15% PEG-8 Stearate was ap- 
plied topically to the upper arm of each of 48 males subjects. The patches con- 
taining 0.5 ml of sample were applied on the same sites on Days l-4 and 6-9. 
The reactions were scored on Days 2-5 and 7-10. Following a two-week non- 
treatment period, challenge patches were applied and reactions read at 24, 72, 
and 96 h. All induction and challenge scores were zero for all subjects tested.(31) 

A repeated insult patch test was performed on 168 subjects (115F, 53M) 
using 0.1 ml of a 25% water solution of PEG-8 Stearate. The test material was ap- 
plied at 48 h intervals, three times per week for three weeks on the backs of the 
subjects. The test area was occluded for 24 h before removal, and washed with 
distilled water. The test sites were read at 48 h, after which fresh test material and 
the occlusive patch were reapplied. After a three-week nontreatment period, the 
test area, as well as an untreated site, were challenged using the same procedure 
as previously noted. The sites were scored for sensitization at 24, 48 and 72 h. 
The investigator noted that only transient reactions were observed during the test 
and that PEG-8 Stearate was neither an irritant nor a sensitizer.‘30) 

Phototoxicity and photosensitization 

Twenty-eight of the 168 subjects tested for irritation and sensitization dis- 
cussed above were randomly selected to test the ability of PEG-8 Stearate to in- 
duce a phototoxic or photosensitive reaction following ultraviolet exposure. The 
test protocols were the same except that the forearm was used as a test site. The 
28 subjects were divided into two groups, 19 received only UVA and 9 received 
both UVA and UVB. The UVA (320-400 nm) light was applied for 15 min to the 
19 subjects (4.4 pW/cm2 at the skin surface measured at a 360 nm wave length 
peak). The UVB was applied at two times Mean Erythema Dose (MED) to nine 
subjects from a 150 watt Xenon Arc Solar Simulator emitting at 280-320 nm. The 
subjects receiving the UVB exposure were also exposed for 5 min to UVA as 
previously described. The investigator noted that only transient reactions were 
observed, and that PEG-8 Stearate was not a photosensitizer.(30) 

PEG-12 Stearate 

Animal Toxicology 

Acute oral 

Five groups of five rats each were dosed by gavage with 0.464, 1 .OO, 2.15, 
4.64, or 10.0 g/kg of PEG-12 Stearate. There were no deaths.(2B) 

Primary skin irritation 

The PII in rabbits for undiluted PEG-12 Stearate was obtained according to 
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the procedure described for PEG-2 Stearate. The index was reported to be 
2.42/8.00. Most of the irritancy score was the result of erythema.‘28’ 

Eye irritation 

The Draize eye irritation test was used to evaluate the effects of undiluted 
PEG-12 Stearate in rabbits. All scores were zero. The ingredient was considered 
to be nonirritating to the eye.‘2*’ 

PEG-20 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-20 Stearate in corn oil was given orally to five 
groups of five rats each in two studies. The ingredient was equally toxic to males 
and females and caused no significant gross lesions. The LD50s were reported as 
19.85 and > 10 g/kg.(“) 

Primary skin irritation 

Undiluted PEG-20 Stearate was tested for potential skin irritancy in rabbits in 
three tests according to the protocols of FHSLA and DOT as well as that stated 
previously for PEG-2 Stearate. The PII scores were reported as 0.00, 0.00, and 
0.04/8.00, respectively. All scoring was according to the Draize standards.(28,3g’ 

Eye irritation 

The Draize rabbit eye irritation procedure was used to evaluate the ocular 
irritancy of undiluted PEG-20 Stearate in two studies. The maximum average 
scores were 2.0, 0.0, and 0.01110 for unrinsed eyes, eyes rinsed 2 set, and eyes 
rinsed 4 set, respectively, with no cornea1 involvement.(3g) In the second study, 
all scores were zero.‘28) 

PEG-32 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-32 Stearate in corn oil was administered orally 
to five groups of five rats each up to a maximum dose of 10 g/kg. There were no 
deaths during the 14-day observation period. Normal body-weight gains and no 
gross lesions were reported.‘281 

Primary skin irritation 

The PII was determined for PEG-32 Stearate using the procedure described 
previously for PEG-2 Stearate. The PII in rabbits was ‘calculated to be 
0.32/8.00.‘2s’ 
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Eye irritation 

The Draize eye irritation procedure was used to evaluate undiluted PEG-32 
Stearate in rabbits. The maximum average score was 2.0/l 10 with no cornea1 in- 
volvement.‘28) 

PEG-40 Stearate 

Animal Toxicology 

General studies 

Acute Oral: A 50% w/v suspension of PEG-40 Stearate was given orally to six 
groups of five rats each. The LD50 was estimated to be 32 g/kg.‘3g’ 

Twenty rats were given 34.8 g/kg of undiluted PEG-40 Stearate by gastric in- 
tubation. The LD50 was reported as >34.8 g/kg.‘33) 

Subchronic and Chronic Oral: Several PEG-40 Stearate feeding studies were 
conducted in rats and monkeys (Table 3).(33) 

Acute Injection Studies: Five ml of 5% PEG-40 Stearate was injected into the 
lumen of the jejunem of a dog. There was no effect on blood pressure. In the 
same day, an intravenous injection produced a prolonged hypotensive response. 
It was stated that this response is a “characteristic reaction” of the dog to a variety 
of polyoxyethylene compounds.(“) 

Primary Skin Irritation: Plls in the rabbit were determined for PEG-40 
Stearate according to the protocol used for PEG-2 Stearate. In two tests, the 
scores were reported as 0.09 and 0.0/8.0.‘33.3g) 

In skin tests on the guinea pig, PEG-40 Stearate was applied to intact, shaven 
sites on the back. The PII scores ranged from 0.0 to 1.39/8.00 for the various 
batches tested.‘40) 

Skin Sensitization: Guinea pigs (unspecified number) received induction and 
challenge intradermal injections of 0.1 ml of a 0.1% PEG-40 Stearate solution in 
saline. No evidence of sensitization was reported.(33) 

Eye Irritation: The Draize procedure was used to evaluate the ocular irri- 
tancy in the rabbit of undiluted PEG-40 Stearate. In two stwdies, the maximum 
average scores for eyes not rinsed following instillation were 2.7 and 1.331110. 

TABLE 3. PEG-40 Stearate Feeding Studies. 

Duration Species 
Diet 

I%) Results 

24 h 

9 Weeks 

9 Weeks 

8 Weeks 

2 Years 

Rat Entire diet No toxic signs 

for one day 

(2.4 g/rat) 

Rat 2 No effect on growth, no lesions 

Rat 4 No effect on growth, no lesions 

Monkey 1 g/day No effect on growth, no lesions 

Rat 2 No effect on growth or mortality rate, no lesions 

and hematologic value normal 

Data from Ref. 33. 
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For eyes rinsed at 2 or 4 set after instillation, all scores were 0.0/l 10 in both 
tests (33.38) 

In another series of tests, 0.1 ml of the ingredient was instilled in rabbit eyes 
without subsequent washout. The maximum average scores ranged from 0.0 to 
2.01110 for the various batches tested.(40) 

Special studies 

Multiple Generation: Rats were fed diets containing 5%, lo%, or 20% 
PEG-40 Stearate in a three-generation study. For all groups including control, an 
average of seven out of 10 matings were successful. The lactation and reproduc- 
tion responses for the 5% group were the same as for the control group. Survival 
of the newborn was slightly diminished for the 20% group. In the same group, 
there was an impairment of lactation. Similar lactation and survival responses 
were found for the two succeeding generations.‘34’ 

Clinical Studies 

Skin irritation/sensitization 

Schwartz prophetic patch tests on 60% and 30% PEG-40 Stearate were con- 
ducted on 50 and 10 volunteers, respectively. The test consisted of a 72 h oc- 
cluded patch, scoring of skin site, seven-day nontreatment period, a second 72 h 
patch at the same site, and scoring the site again. There were no reactors follow- 
ing either exposure for both concentrations used. It was concluded that PEG-40 
Stearate is “neither a primary irritant to human skin nor a skin sensitizer.“(33) 

Undiluted PEG-40 Stearate was evaluated in 147 subjects in a single insult, 
24 h occlusive patch test. There were 4, 2, and 2 reactions graded as l/2, 1, and 
2, respectively. All other scores were zero. (40) When 10% PEG-40 Stearate in 5% 
glycine/95% water vehicle was similarly tested on 60 subjects, all skin irritation 
scores were zero.(40) 

PEG-50 Stearate 

Animal toxicology 

Acute oral 

A 50% w/v aqueous solution of PEG-50 Stearate was given orally to 20 rats. 
There were no deaths at doses up to 25 g/kg.c4’) 

Subchronic oral 

A diet containing 4% PEG-50 Stearate was fed to 10 rats for nine weeks. No 
deleterious effects were reported.(41) 

Acute intraperitoneal 

Ten rats were injected intraperitoneally with 2.5 g/kg of PEG-50 Stearate. No 
signs of toxicity were noted throughout the five-day observation period.(4’) 

Eye irritation 

The Draize procedure was used to evaluate the ocular irritancy of a 50% w/v 
aqueous solution of PEG-50 Stearate. The maximum average scores were 0.67 
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and 0.33/l 10 at 1 and 24 h, respectively, and zero thereafter for eyes unrinsed. 
All scores were zero for eyes washed two seconds after exposure.(41) 

Clinical Studies 

Skin irritation/sensitization 

The Schwartz patch test on 50% PEG-50 Stearate was conducted on 50 in- 
dividuals, There was no irritation or sensitization. A 30% solution was similarly 
tested but with 48 h patches on 10 subjects resulting in identical findings.‘42’ 

PEG-100 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v aqueous suspension of PEG-100 Stearate was given orally to 20 
rats. The LD50 was reported to be in excess of 25.1 g/kg.‘42’ 

Dosages of 2.5 g/kg of a 25% aqueous dispersion of PEG-100 Stearate or 
10.0 g/kg of a 50% aqueous dispersion of the ingredient were given to two groups 
of 10 rats each. There were no deaths or signs of intoxication.(42) 

Subchronic and chronic oral 

Two groups of 10 rats each were fed diets containing either 2% or 5% 

PEG-100 Stearate for eight weeks. There were no differences from control with 
respect to mortality, growth, hematologic values and histopathologic observa- 
tions.(42) 

Thirty rats were fed diets containing 2% PEG-l 00 Stearate for over two years. 
There were no differences from control with respect to growth, mortality, 
histopathologic observations, and hematologic values.(42) 

Acute intraperitoneal 

Ten rats were injected intraperitoneally with 2.5 g of PEG-100 Stearate. No 
signs of toxicity were observed during the subsequent S-day period.(42) 

Subchronic and chronic dermal 

A 28-day abraded skin study and a 91-day intact skin percutaneous toxicity 
study were conducted on a skin conditioner containing l%-3% PEG-100 
Stearate. A dose of 2 ml/kg/day of undiluted product was applied topically to the 
shaven backs of rabbits. In both studies, mild to moderate skin erythema 
developed. Necropsy and histopathologic observations were unremarkable.‘2’ 

Clinical Studies 

Skin irritation/sensitization 

Undiluted PEG-100 Stearate was patch-tested on 10 individuals. Two 48 h 
patches were applied with one week between applications. There were no reac- 
tions following either exposure.‘*) 

A repeated insult patch test on a skin conditioner containing lo/o-3% 
PEG-100 Stearate (without fragrance) was conducted on 188 individuals. The in- 
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duction phase was followed by a 24 h challenge patch. There were O/188 reac- 
tors to the challenge.(2) 

Phototoxicity 

A skin conditioner containing 1 ‘/o-3% PEG-100 Stearate was phototested on 
humans. Exposure sites were irradiated with UV light with no adverse effects.(2) 

PEG-150 Stearate 

Animal Toxicology 

Acute oral 

A 50% w/v suspension of PEG-l 50 Stearate in corn oil was given orally to five 
groups of five rats each. The LD50 was reported to be > 10 g/kg. Body weight 
gains were normal and necropsy findings were negative.‘2B) 

Skin irritation 

The Pll was determined for PEG-150 Stearate using the protocol described 
for PEG-2 Stearate. The value reported was 0.34/8.0.(28) 

Eye irritation 

The Draize procedure was used to evaluate the ocular irritancy in rabbits of 
undiluted PEG-150 Stearate. A maximum average score of 2.01110 was reported 
for eyes that were unrinsed following instillation of sample.(2B’ 

SUMMARY 

The PEG Stearates are the polyethylene glycol esters of stearic acid. The iden- 
tifying number of each PEG Stearate corresponds to the average number of 
ethylene oxide monomers in the polyether chain. These nonionic surfactants are 
used mainly in cosmetic products as surfactants and emollients at concentrations 
up to 25%. 

The PEG Stearates, whose average number of ethylene oxide monomers 
range from 2 to 150, were nonlethal to test animals up to 10 g/kg. They gave 
evidence of only low-level skin irritation and minimal eye irritation when tested 
at 100% concentrations in experimental test animals. 

-. 

PEG-8, -40, and -100 Stearates produced no significant changes in growth, 
mortality rates, histopathologic observations, or hematologic values in long-term 
feeding studies. Multiple generation studies of PEG-8 and -40 Stearates were 
negative for effects on reproduction; the presence or absence of a carcinogenic 
effect was not reported in these long-term studies. 

Clinical studies on PEG-2, -8, -40, -50, and -100 Stearates indicated that these 
ingredients are neither irritants nor sensitizers at concentrations of L 25 percent. 
There was no evidence of phototoxicity or photosensitization of PEG-2 or -8 
Stearate, nor in a formulation containing 1 O/O-3% PEG-100 Stearate. 
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DISCUSSION 

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

CONCLUSION 

On the basis of the available information presented in this report, the Panel 
concludes that PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 Stearates are 
safe as cosmetic ingredients in the present practices of concentration and use. 
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PEG-2, -3, -4, -5, -6,-6-32,-7,-8, -9,-10,-12,-14,-15, 
-18, -20, -23, -25, -30, -32, -35, -36, -40, -45, -50, -55, 
-75,-90,-100,-120, AND -150 STEARATES 

A safety assessment of PEG-2, -6, -8, -12, -20, -32, -40, -50,. 
-100, and -150 Stem·ates was published in 1983 with the con
clusion "safe as cosmetic ingredients in the present practices of 

concentration and use" (Elder 1983). Studies available since that 
safety assessment was completed, along with updated informa
tion regarding use concentrations, were considered by the CIR 
Expert Panel. The Panel determined not to reopen this safety 
assessment. 

In 1979, PEG Stem·ates were used in 374 cosmetic prod
ucts, typically at concentrations ranging from >0.1% to 10%. 
Currently, there are uses reported in 1459 products, typically at 
concentrations <4%. Table 18 presents the available use infor
mation. 
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TABLE 18 
Historical ~nd current cosmetic product uses and concentrations for PEG Stem·ates 

Product type 

Bath preparations (other) 
Eye makeup (other) 
Sachets 
Fragrance preparations 
Shampoos (noncoloring) 
Hair tonics, dressings, etc. 
Hair preparations (other noncoloring) 
Hair-coloring preparations (other) 
Foundations 
Makeup bases 
Makeup (other) 
Manicuring preparations (other) 
Personal cleanliness products (other) 
Aftershave lotion 
Shaving preparations (other) 
Skin-cleansing creams, lotions, liquids, and pads 
Face and neck skin care preparations 
Body and hand skin care preparations 
Moisturizers 
Night skin care preparations 
Paste masks/mud packs 
Skin care preparations (other) 
Suntan gels, creams, and liquids 
Indoor tanning preparations 
Suntan preparations (other) 

Total uses/ranges for PEG-2 Stearate 
Body and hand skin care preparations 

1976 uses 
(Elder 1983) 

PEG-2 Stearate 
1 

11 

4 

16 

6 

* 

20 

62 

2002 uses 
(FDA 2002) 

2 

4 

3 

6 

7 
13 
9 
4 
8 
2 
1 
1 

64 
5 

1976 use 
concentrations 
(Elder 1983) 

(%) 

>0.1-1 

>0.1-1 

>0.1-10 
>0.1-1 

>0.1-10 
> 1-5 

>0.1-1 

>0.1-1 

* -

>0.1-10 
>1-5 

>0.1-10 

2002 use 
concentrations 
(CTFA 2002) 

(%) 

2 

0.2-1 

2 

0.4 

2 

2 

0.2-2 

(Continued on next page) 
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TABLE 18 
Historical and current cosmetic product uses and concentrations for PEG Stearates (Continued) 

Product type 

Other skin care preparations 
Suntan gels, creams, and liquids 

Total uses/ranges for PEG-8 Stearate 

Shampoos (noncoloring) 
Skin-cleansing creams, lotions, liquids, and pads 
Total uses/ranges for PEG-10 Stearate 

Eye makeup (other) 
Shaving cream 
Skin-cleansing creams, lotions, liquids, and pads 
Face and neck skin care preparations 
Body and hand skin care preparations 
Suntan gels, creams, and liquids 
Total uses/ranges for PEG-12 Stearate 

Bath preparations (other) 
Eye makeup remover 
Eye makeup (other) 
Fragrance preparations (other) 
Hair conditioners 
Hair preparations (other noncoloring) 
Hair-coloring preparations (other) 
Foundations 
Makeup (other) 
Personal cleanliness products (other) 
Aftershave lotions 
Shaving preparations (other) 
Skin-cleansing creams, lotions, liquids, and pads 
Face and neck skin care preparations 
Body and hand skin care preparations 
Moisturizers 
Night skin care preparations 
Paste masks/mud packs 
Suntan gels, creams, and liquids 
Total uses/ranges for PEG-20 Stearate 

Moisturizers 
Night skin care preparations 

Total uses/ranges for PEG-30 Stearate 

Eye makeup preparations (other) 
Personal cleanliness products (other) 
Shaving preparation products (other) 
Skin-cleansing creams, lotions, liquids and pads 
Face and neck skin care preparations 

4 
4 2 

2 
8 

3 
3 3 

2 1 
6 
2 
6 
8 
1 
3 

10 4 
35 42 

PEG-30 Stearate 

1 

2 

PEG-32 Stearate 
3 

1976 use 
concentrations 
(Elder 1983) 

(%) 

>0.1-5 
>1-5 

>0.1-5 

>0.1-1 

-* 

>0.1-1 

>0.1-10 
>1-5 

>0.1-25 
>1-5 

>0.1-1 
>0.1-5 

>1-5 

>0.1-5 
>0.1-10 

>5-10 
>5-10 
>1-5 

2002 use 
concentrations 
(CTFA 2002) 

(%), 

0.5-3 

2 
0.5-2 
0.2-4 

4 
3 

0.2-4 

1 
3 

(Continued on next page) 
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TABLE 18 
Historical and current cosmetic product uses and concentrations for PEG Stearates (Continued) 

1976 use 2002 use 
concentrations concentrations 

1976 uses 2002 uses (Elder 1983) (CTFA 2002) 
Product type (Elder 1983) (FDA 2002) (%) (%) 

Body and hand skin care preparations - * 2 
Moisturizers 5 6 
Paste masks (mud packs) 1 3 
Skin care preparations (other) 4 > 1-10 

Total uses/ranges for PEG-32 Stearate 9 11 >1-10 1-6 

PEG-40 Stearate 
Bath preparations (other) 1 >5-10 4 
Eyebrow pencil 5 
Eye shadow 2 
Eye lotion 1-2 
Eye makeup remover 0.8-2 
Mascara 3 
Eye makeup (other) 4 2 > 1-10 3-4 
Perfumes 8 
Fragrance preparations (other) 9 4 > 1-10 2 
Hair conditioners 4 0.5-2 
Hair straighteners 2 
Hair tonics, dressings, etc. 2 
Hair preparations (other noncoloring) 5 >5-10 
Hair lighteners with color 0.07 
Hair bleaches 
Hair-coloring preparations (other) -
Blushers (all types) 2 
Foundations 6 2-3 
Lipstick 2 
Makeup bases 2-3 
Makeup (other) 42 > 1-10 3 
Manicuring preparations (other) 2 >5-10 3 
Bath soaps and detergents 0.01 
Underarm deodorants 3 
Personal cleanliness products (other) 11 3 >5-10 
Aftershave lotion 15 
Shaving cream 
Shaving preparations (other) 2 2 > 1-10 3 
Skin-cleansing creams, lotions, liquids, and pads 9 0.8-7 
Face and neck skin care preparations 8 0.8-3 
Body and hand skin care preparations - * 27 - * 0.8-5 
Foot powders and sprays 
Moisturizers 34 2-3 
Night skin care preparations 6 2-3 
Paste masks (mud packs) 7 0.8 
Skin care preparations (other) 19 15 >1-10 1-2 
Suntan gels, creams, and liquids 5 1 >5-10 0.5-2 
Indoor tanning preparations 3 2 
Suntan preparations (other) 1 2 

Total uses/ranges for PEG-40 Stearate 100 170 >1-10 0.07-7 
(Continued on next page) 
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TABLE .18 
Historical and yunent cosmetic product uses and concentrations for PEG Stearates (Continued) 

Product type 

Eye makeup preparations (other) 
Hair preparations (other) 
Manicuring preparations (other) 
Aftershave lotion 
Face and neck skin care preparations 
Moisturizers 
Night skin care preparations 
Skin care preparations (other) 
Total uses/ranges for PEG-50 Stearate 

Eyeliner 
Total uses/ranges for PEG-55 Stearate 

Face and neck skin care preparations 
Body and hand skin care preparations 
Moisturizers 
Night skin care preparations 
Skin care preparations (other) 

Total uses/ranges for PEG-75 Stearate 

Paste masks/mud packs 
Total uses/ranges for PEG-90 Stearate 

Baby lotions, oils, powders, and creams 
Baby products (other) 
Bath preparations (other) 
Eyebrow pencil 
Eyeliner 
Eye Lotion 
Mascara 
Eye makeup (other) 
Perfumes 
Fragrance preparations (other) 
Hair conditioners 
Rinses (noncoloring) 
Hair tonics, dressings, etc. 
Hair preparations (other noncoloring) 
Hair dyes and colors 
Hair tints 
Hair color sprays (aerosol) 
Hair lighteners with color 
Hair bleaches 
Hair-coloring preparations (other) 
Foundations 
Lipstick 

1976 uses 
(Elder 1983) 

2002 uses 
(FDA 2002) 

PEG-50 Stearate 
13 

3 
17 

PEG-55 Stearate 

PEG-75 Stearate 

* 

PEG-90 Stearate 

PEG-100 Stearate 

7 

I 
8 

11 

1 

2 
1 

I 
1 

6 

1 
1 

5 

I 
2 
3 
8 
5 
1 

14 
30 
2 
2 
5 
2 

2 
2 
6 

1976 use 
concentrations 
(Elder 1983) 

(%) 

>5-10 
>1-5 

>5-10 
>1-10 

-* 

>1-10 

2002 use 
concentrations 
(CTFA 2002) 

(%) 
I 

9 

9 

3 

0.5---4 
2-3 
1-3 
3 

0.2---4 
0.6 

3 

0.5-2 
0.3-5 

(Continued on next page) 
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TABLE 18 
Historical and current cosmetic product uses and concentrations for PEG Stearates (Continued) 

1976 use 2002 use 
concentrations concentrations 

1976 uses 2002 uses (Elder 1983) (CTFA 2002) 
Product type (Elder 1983) (FDA 2002) (%) (%) 

Makeup bases 
Makeup fixatives 
Makeup (other) 4 
Cuticle softeners 2 3 
Nail creams and lotions 
Bath soaps and detergents 0.8 
Underarm deodorants 3 0.5-25 
Personal cleanliness products (other) 2 24 >5-25 2 
Aftershave lotion 0.8-2 
Shaving preparations (other) I 0.8 
Skin-cleansing creams, lotions, liquids, and pads 38 1-5 
Face and neck skin care preparations - * 25 - * 0.3-5 
Body and hand skin care preparations· 34 3 
Foot powders and sprays I 
Moisturizers 85 1-3 
Night skin care preparations 20 0.01-3 
Paste masks/mud packs 22 2-6 
Skin fresheners 2 
Skin care preparations (other) 38 0.9-3 
Suntan gels, creams, and liquids 14 3 
Indoor tanning preparations 18 2--4 

Total uses/ranges for PEG-100 Stearate 9 431 >1-25 0.01-25 

PEG-150 Stearate 
Eyeliner 3 
Eye lotion 
Eye makeup remover 2 
Fragrance preparations (other) 1 
Hair conditioners 3 
Hair straighteners 2 
Shampoos (noncoloring) 3 0.2 
Hair preparations (other noncoloring) >0.1-1 0.4 
Blushers (all types) 1 
Rouges 0.6 
Makeup (other) 3 
Manicuring preparations (other) 
Bath soaps and detergents 0.5 
Skin-cleansing creams, lotions, liquids, and pads 2-3 
Face and neck skin care preparations 2 
Body and hand skin care preparations - * 3 - * 0.8 
Foot powders and sprays 
Moisturizers 4 0.8-1 
Night skin care preparations 2 0.5-1 
Paste masks/mud packs 
Skin fresheners 
Skin care preparations (other) 2 >5-10 6 

Total uses/ranges for PEG-150 Stearate 3 23 >0.1-10 0.2-6 

*These categories were combined when the original safety assessment was performed and are now two separate categories. 
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POLYAMINO SUGAR CONDENSATE 
A safety assessment of Polyamino Sugar Condensate was 

published in 1982 (Elder 1982). New studies since then (listed at 
the end of this review), along with the updated information below 
regarding types and concentrations of use, were considered by 
the CIR Expert Panel. The Panel determined not to reopen this 
safety assessment. 

In 1976 Po1yamino Sugar Condensate was reported to be 
used in 111 cosmetic preparations with the largest single use 
occurring in moisturizers at concentrations of ::::0.1% to 1 %. As 
reported to the FDA (FDA 2001 ), Polyamino Sugar Condensate 
is currently used in 25 cosmetic preparations; however, accord
ing to an industry survey (CTFA 2001), Polyamino Sugar Con
densate is not currently used in cosmetic preparations. Table 19 
presents the available use information. 

A study by Peterson et al. ( 1986) demonstrated that Polyamino 
Sugar Condensate was absorbed into the stratum corneum and 
epidermis of athymic nude mice grafted with human skin. Al
though this information was new, the Expert Panel noted that 
Polyamino Sugar Condensate is a sugar-amino acid expected 
to be metabolized to sugars and amino acids. Because the origi
nal safety assessment fully discussed the potential production of 
nitrosamines during the manufacture of Polyamino Sugar Con
densate, no further discussion was wan-anted. 

REFERENCES 
CTFA. 2002. Product use concentration information for Poly amino Sugar Con

densate; memorandum dated January 22. Unpublished data.20 

Baker, C. G., R. D. Berg, and E. S. Curtis. 1987. Formulating with NMF (normal 
moisturizing factor). Drug Cosmet. Ind. 140:32-39. 

Elder, R. L., ed., 1982. Final report on the safety assessment ofPolyamino Sugar 
Condensate. J. Am. Col. Toxicol. I :25-32. 

20 Available from the Director, Cosmetic Ingredient Review, 1101 
17th Street NW, Suite 310, Washington, DC 20036, USA. 
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ABSTRACT  

The safety of Polyethylene Glycols (PEGs) as used in cosmetics was reviewed.  In general, PEGs 

are not oral toxicants, exhibit little ocular irritation, and have minimal dermal irritation and sensitization.   

PEGs are not genotoxic or carcinogenic.  PEGs are not reproductive or developmental toxicants.  Use of 

antimicrobial creams with a PEG vehicle was associated with renal toxicity when applied to burned skin, but 

studies of extensively tape stripped skin demonstrated that the levels of PEGs that could penetrate in a worst 

case analysis are >100 times less than the renal toxicity no observable effect level, providing a margin of 

safety.  Triethylene Glycol and PEGs ≥ 4 are considered safe for use in cosmetics in the present practices of 

use and concentration. 

 

INTRODUCTION 

 

Polyethylene Glycols (PEGs) are condensation polymers of ethylene oxide used for a wide range of purposes in cosmetics 

depending on molecular weight (see Table 1).  The Cosmetic Ingredient Review (CIR) Expert Panel previously evaluated (Andersen 

1993) the safety of Polyethylene Glycol (PEGs) -6, -8, -32, -75, -150, -14M and -20M, concluding that these ingredients are safe for use 

in cosmetics at the use concentrations and in the product categories included in the report, except that the Expert Panel stated that 

cosmetic formulations containing these PEGs should not be used on damaged skin.  The CIR Expert Panel also reviewed the safety of 

Triethylene Glycol and PEG-4, concluded that these two ingredients are safe as cosmetic ingredients in the practices of use and 

concentration described in the safety assessment.  Additional data have been evaluated that address the ―damaged skin‖ caveat.   

 

In addition, other PEGs now listed as cosmetic ingredients have been added to the group.  Ingredients in this safety assessment 

include: Triethylene Glycol and Polyethylene Glycols (PEGs) -4, -6, -7, -8, -9, -10, -12, -14, -16, -18, -20, -32, -33, -40, -45, -55, -60, -75, 

-80, -90, -100, -135, -150, -180, -200, -220, -240, -350, -400, -450, -500, -800, -2M, -5M, -7M, -9M, -14M, -20M, -23M, -25M, -45M, -

65M, -90M, -115M, -160M and -180M and any PEG ≥ 4 that may be used as a cosmetic ingredient in the future. 

 

There is a mixture of terminology for PEGs because Triethylene Glycol is a specific chain length polymer (three ethylene oxide 

units only, no PEG-2, PEG-4, etc.), whereas, for example, PEG-4 is a mixture where the average chain length of polymers is four, but 

which can contain polymers ranging from two to eight repeated units.  

 

PEG derivatives previously have been reviewed by the CIR Expert panel, with following conclusions: 

 

 PEG-30, -33, -35, -and -40 Castor Oils are safe for use in cosmetics at concentrations up to 50% 

and PEG-30 and -40 Hydrogenated Castor Oil are safe for use at concentrations up to 100%  as cosmetic ingredients in the 

present practices of concentration and use (Andersen 1999a).  

 The available data are insufficient to support the safety of PEG-2, -3, -5, -10, -15, and -20 Cocamine for use in cosmetic 

products (Andersen 1999b), except that the Expert Panel stated that cosmetic formulations containing these PEGs should not 

be used on damaged skin.  

 PEG-2, -4, -6, -8, -12, -20, -32, -75, and -150 Dilaurate and PEG-2, -4, -6, -8, -9, -10, -12, -14, -20, -32, -75, -150, and -200 

Laurate are safe for use in cosmetics at concentrations up to 25% (Andersen 2000a), except that the Expert Panel expressed 

concern regarding sensitization and toxicity when applied to damaged skin.   

 PEG-2, -3, -6, -8, -9, -12, -20, -32, -50, -75, -120, -150 and -175 Distearate are safe for use in cosmetic formulations under the 

present practices of use (Andersen 1999c), except that the Expert Panel stated that cosmetic formulations containing these 

PEGs should not be used on damaged skin. 

 PEG-7, -30, -40, -78, and -80 Glyceryl Cocoate  are safe as used in rinse-off products and safe up to 10% in leave-on products 

(Andersen 1999d), except that the Expert Panel stated that cosmetic formulations containing these PEGs should not be used on 

damaged skin. 

 PEG-20, -27, -30, -40, -50, -60, -75, and -85 Lanolin are safe as presently used in cosmetic products (Elder 1982).   

 PEG-5, -10, -24, -25, -35, -55, -100, and -150 Lanolin; PEG-5, -10, -20, -24, -30, and -70 Hydrogenated Lanolin; PEG-75 

Lanolin Oil; and PEG-75 Lanolin Wax (Andersen 1999e) are safe for use in cosmetic products under the present practices of 

use , except that the Expert Panel expressed concern regarding sensitization and toxicity when applied to damaged skin.   

 PEG-10 Propylene Glcol; PEG-8 Propylene Glycol Cocoate; PEG-55 PropyleneGlycol Oleate; and PEG-25, -75, and -120 

Propylene Glycol Stearate are safe as used in cosmetic products (Andersen 2001a), except that the Expert Panel stated that 

cosmetic formulations containing these PEGs should not be used on damaged skin.  

 PEG-20 Sorbitan Cocoate, PEG-40 Sorbitan Diisostearate, PEG-2, -5, -20 Sorbitan Isostearate, PEG-40 and -75 Sorbitan 

Lanolate, PEG-10, -40, -44, -75, and -80 Sorbitan Laurate, PEG-3 and -6 Sorbitan Oleate, PEG-80 Sorbitan Palmitate, PEG-

40 Sorbitan Perisostearate, PEG-40 Sorbitan Peroleate, PEG-3, -6, -40, and -60 Sorbitan Stearate, PEG-20, -30, -40, and -60 

Sorbitan Tetraoleate, PEG-60 Sorbitan Tetrastearate, PEG-20 and -160 Sorbitan Triisostearate, PEG-18 Sorbitan Trioleate, 

PEG-40 and -50 Sorbitan Hexaoleate, PEG-30 Sorbitol Tetraoleate Laurate, and PEG-60 Sorbitol Tetrastearate are safe for 

use under the present practices of use (Andersen 2000b), except that the Expert Panel stated that cosmetic formulations 

containing these PEGs should not be used on damaged skin.  
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 PEG-5, -10, -16, -25, -30, and -40 Soy Sterol are safe as used in cosmetic products (Andersen 2004), except that the cosmetic 

industry is advised to avoid using PEGs Soy Sterol in cosmetic formulations that may be used on damaged skin. 

 PEG-2, -6, -8, -12, -20, -32, -40, -50, -100, and -150 Stearates are safe as cosmetic ingredients in the present practices of 

concentration and use (Elder 1983).  

 Sorbeth-6, -8, and -20 Beeswax (formerly PEG-6, -8, and -20 Sorbitan Beeswax) are safe for use as cosmetic ingredients under 

the present practices of use (Andersen 2001b), but the Expert Panel recommends that cosmetic formulations containing the 

PEG-6, PEG-20, and PEG-75 not be used on damaged skin. 

 

The ―damaged skin‖ caveat from the original safety assessment of PEGs was carried over to the safety assessments of PEG 

esters in which it appeared in either the discussion or the conclusion, including:  

 PEG-2, -3, -5, -10, -15, and -20 Cocamine;  

 PEG-2, -4, -6, -8, -12, -20, -32, -75, and -150 Dilaurate and PEG-2, -4, -6, -8, -9, -10, -12, -14, -20, -32, -75, -150, and -

200 Laurate;  

 PEG-2, -3, -6, -8, -9, -12, -20, -32, -50, -75, -120, -150 and -175 Distearate;  

 PEG-7, -30, -40, -78, and -80 Glyceryl Cocoate;  

 PEG-5, -10, -24, -25, -35, -55, -100, and -150 Lanolin; PEG-5, -10, -20, -24, -30, and -70 Hydrogenated Lanolin; PEG-75 

Lanolin Oil; and PEG-75 Lanolin Wax;  

 PEG-10 Propylene Glycol; PEG-8 Propylene Glycol Cocoate; PEG-55 PropyleneGlycol Oleate; and PEG-25, -75, and -

120 Propylene Glycol Stearate;  

 PEG-20 Sorbitan Cocoate, PEG-40 Sorbitan Diisostearate, PEG-2, -5, -20 Sorbitan Isostearate, PEG-40 and -75 Sorbitan 

Lanolate, PEG-10, -40, -44, -75, and -80 Sorbitan Laurate, PEG-3 and -6 Sorbitan Oleate, PEG-80 Sorbitan Palmitate, 

PEG-40 Sorbitan Perisostearate, PEG-40 Sorbitan Peroleate, PEG-3, -6, -40, and -60 Sorbitan Stearate, PEG-20, -30, -40, 

and -60 Sorbitan Tetraoleate, PEG-60 Sorbitan Tetrastearate, PEG-20 and -160 Sorbitan Triisostearate, PEG-18 Sorbitan 

Trioleate, PEG-40 and -50 Sorbitan Hexaoleate, PEG-30 Sorbitol Tetraoleate Laurate, and PEG-60 Sorbitol Tetrastearate;  

 PEG-5, -10, -16, -25, -30, and -40 Soy Sterol; and  

 PEG-6, -8, and -20 Sorbitan Beeswax 

Based on the amended conclusion for this safety assessment, conforming changes in each of these safety assessments will be made to 

remove the ―damaged skin‖ caveat. 

 

CHEMISTRY 

DEFINITION AND STRUCTURE 

Table 1 summarizes the CAS numbers, definitions, functions and synonyms for PEGs included in this safety assessment. 

As two different naming conventions are commonly used for these ingredients, the potential exists for some confusion. The 

official name for each ingredient is that given in the International Cosmetic Ingredient Dictionary and Handbook, the INCI name (e.g. 

PEG-4), but it is also common to use the molecular weight name (e.g. PEG 200) for the same ingredient. Table 2 gives the official 

INCI name, the molecular weight name, and the corresponding molecular weight. All INCI names include dashes and the numbers 

represent the average number of moles of ethylene oxide. When the PEG name does not include a dash, the number is the average 

molecular weight. 

 

PHYSICAL AND CHEMICAL PROPERTIES 

PEGs with a molecular weight below 700 are clear to slightly hazy, colorless liquids that are slightly hygroscopic. PEGs 

between 700 and 900 are semisolids, and PEGs over 1000 are white waxy solids, flakes, or free-flowing powders (FAO 1983). The 

properties of several individual PEGs are listed in Tables 3 and 4. ACarbowax@ 1500 is a solid blend of equal weights of PEG-6 and 

PEG-32 (Smyth et al. 1950).

Tensile data show a maximum in extensibility at a polyethylene glycol (PEG) molecular weight of 1450, while ultimate 

strength increases with increasing segment length (Silver et al. 1994). When the PEGs are hydrated, there is a significant drop in the 

modulus, ultimate stress and ultimate elongation. Dynamic contact angle measurements show that surface hydrophobicity decreases as 

the soft segment molecular weight increases. Using electron spectroscopy for chemical analysis (ESCA) to determine the surface 

composition, it was found that the hard segment content at the surface increases as the polyol block length decreases. 

With increasing molecular weight, PEGs can have some degree of branching (Webster et al. 2007).  

 

METHODS OF MANUFACTURE 

PEGs are the condensation products of ethylene oxide and water, with the chain length controlled by number of moles of 

ethylene oxide that are polymerized (Hunting 1983). Triethylene Glycol is prepared from ethylene oxide and ethylene. It is 

manufactured by forming a ether-ester of HOCH2COOH with glycol and then hydrogenating (Budavari 1989). 
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ANALYTICAL METHODS 

Solid PEGs can be quantitatively determined in biological materials using gravimetric and calorimetric methods based upon 

the reaction of the PEGs with silicotungstic acid and phosphomolybdic acid (Shaffer and Critchfield 1947a). 

According to Robinson et al. (2006), the combination of high-field asymmetric waveform ion mobility spectrometry 

(FAIMS) with Fourier transform ion cyclotron resonance mass spectrometry (FTICR-MS) can be used in the analysis of PEG samples 

of low molecular weight. The high ion transmission obtained using FAIMS combined with the high sensitivity of FTICR-MS 

detection make possible separation of multiple gas-phase conformers of PEG molecular cations that have low abundance (less than 

0.2% relative abundance) and that have not been detected previously. 

 

PEG-4 
Triethylene Glycol and PEG-4 may be analyzed using gas chromatography-mass spectrometry (Kawai et al. 1978) and gas-

liquid chromatography (Sigma-Adldrich 2001a, b). Triethylene Glycol has been measured in rat and rabbit urine using vapor phase 

chromatography and colorimetry (McKennis et al. 1962). PEG-4 has been identified from a mixture of low molecular weight PEGs 

using thin-layer and gel permutation chromatography (Sloan et al. 1983).  

 

PEG-8 

PEG-8 can be extracted from biological fluids and analyzed by liquid chromatography (Delahunty and Hollander 1986) and 

gas-liquid chromatography (Chadwick et al. 1977). 

 

PEG-12 

A high-performance liquid chromatographic (HPLC) method has been developed for the determination of PEG-12 in human 

urine, which includes a pre-column dibenzoate derivatisation step. The dibenzoate derivatives of PEG-12 can be quantitatively 

prepared, and this, coupled with ultraviolet detection at 230 nm, has greatly improved the limit of detection for the determination of 

PEGs by HPLC. A suitable extraction procedure has also been developed which enabled PEG levels in urine to be monitored with 

much greater sensitivity than any previously reported method (Kinahan and Smyth 1991). 

 

IMPURITIES 

Silverstein et al. (1984) reported that PEG-6 may contain small amounts of ethylene oxide monomer and dimers. The 

amounts were not quantified.  

Peroxides, formed as a result of autoxidation, are found in PEG-32 and PEG-75 (Hamburger et al. 1975). The amount of 

peroxide in PEGs is dependent upon the molecular weight of the PEG and its age. The older the compound, the greater the 

concentration of peroxides. In a colorimetric assay used to determine the peroxide concentrations in several production lots of PEGs, 

PEG-6 and PEG-8 were each added to acidified potassium iodide solution, and the iodine liberated was titrated against a standard 

thiosulfate solution. PEG-6 had peroxide concentrations ranging from 1.4 to 9.3 Eq thiosuIfate/mI glycol. PEG-8 had concentrations 

ranging from 3.24 to 5.7 Eq thiosulfate/ml glycol. The specific peroxides present in the PEGs were not determined, but they were 

thought to be organic peroxides rather than hydrogen peroxide (McGinity et al. 1975). 

PEGs may contain trace amounts of 1,4-dioxane, a by-product of ethoxylation (Robinson and Ciurczak 1980). 1,4-Dioxane is 

a known animal carcinogen (Kociba et al. 1974). Commercial grade Triethylene Glycol has been found to contain < 1 ppm dioxane 

(Union Carbide 1990a). The cosmetic industry reported that it is aware that 1,4-dioxane may be an impurity in PEGs and, thus, uses 

additional purification steps to remove it from the ingredient before blending into cosmetic formulations (Elder 1983).  

USE 

COSMETIC 

Functions in cosmetics of Triethylene Glycol and other PEGs are shown in Table 1. 

The CIR Expert Panel recognized that certain ingredients in this group are reportedly used in a given product category, but 

the concentration of use was not available. For other ingredients in this group, information regarding use concentration for specific 

product categories was provided, but the number of such products was unknown. In still other cases, an ingredient was not in current 

use, but may be used in the future.  The information available on the types of products and at what concentration indicate a pattern of 

use, within which some of these ingredients likely would be used.   

Table 5 presents the available product use information provided by manufacturers to the Food and Drug Administration 

(FDA) under the Voluntary Cosmetic Registration Program (VCRP) for the various PEGs (FDA 2008), along with recent information 

on the concentration of use provided to the Personal Care Products Council (Council  2009). There are gaps in the available data. For 

example, 2 uses of PEG-45M were reported in the VCRP in the other baby products category, but no use concentration data were 

available. Also, use concentrations were provided for PEG-180M in non-coloring hair products, but no uses were reported in the 

VCRP.  The following are reported to be in use: Triethylene Glycol and PEGs -4, -6, -8, -9, -10, -12, -14, -20, -32, -40, -75, -90, -150, 
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-180, -220, -240, -350, -400, -450, -2M, -5M, -7M, -14M, -23M, -45M, -90M, and -180M, with the highest reported use concentration 

of 85% in a non-coloring hair product for PEG-8. 

The ingredients in this safety assessment are not restricted in Japan (Ministry of Health, Labor and Welfare (MHLW) 2001a, 

b). These ingredients are not restricted in any way under the rules governing cosmetic products in the European Union (European 

Commission 2002).  

 

NON-COSMETIC 

PEGs are used in pharmaceuticals as vehicles for water soluble drugs (Bartoli Klugmann et al. 1986), as ointment bases, and 

in suppositories (Silverstein et al.1984). They also are used in metal and rubber processing, as additives to food and animal feed, and 

as laboratory reagents (Hawley 1971). PEG-150 is used in water paints, paper coatings, polishes, and in the ceramics industry 

(Windholz 1983). 

PEGs have been used as laboratory tools to induce cell fusion of plant protoplasts, bacterial protoplasts, plant protoplasts with 

animal cells, and animal cells in culture (Blow et al. 1978). 

Triethylene Glycol is used in various plastics to increase pliability; in air disinfectants; as a solvent and plasticizer in vinyl, 

polyester, and polyurethane resins; in dehydration of natural gas; as a humectant in printing inks; as an extraction solvent; and as a 

fungicide and solvent for nitrocellulose (NTP 2001b). Triethylene Glycol has also been identified as a main ingredient (99.9% 

Triethylene Glycol) in a brake fluid (Vassiliadis et al. 1999). 

The largest industrial use (about 50%) of PEG-4 is in oil refineries as part of a process of aromatic extraction from refined 

products. The second largest use (about 40 %) of PEG-4 is in the production of plasticizers (Union Carbide 1989). PEG-4 is also used 

as a water-soluble lubricant for rubber molds, textile fabrics, and metal-forming operations; in food and food packaging; as a chemical 

intermediate; in the manufacture of plasticizers, softeners and ointments; in water-based paints; in paper coatings; in polishes; in 

ceramics; and in pharmaceuticals (NTP 2001a). 

PEG 3350 is an approved OTC laxative (Miralax, GlycoLax) (Cerner Multum 2008). 

 

GENERAL BIOLOGY 

ABSORPTION, DISTRIBUTION, METABOLISM, EXCRETION 

In a report on burn patients treated with a PEG-based antimicrobial cream (described later in this report), Aappreciable@ 
amounts of monomeric ethylene glycol were found in the serum of the patients. The authors noted that high concentrations of PEG 

were probably absorbed through the damaged skin, since only 0.01% ethylene glycol was present in the burn cream (Bruns et al. 

1982).  In reported cases of renal tubular necrosis resulting in the the death of burn patients treated with topical ointments containing 

PEGs, PEG and its metabolites were present in the serum of these patients (Sturgill et al. 1982). Additional data relevant to dermal 

penetration of PEGs through damaged skin is provided in the Clinical Assessment Safety section. 

 

Triethylene Glycol 

McKennis et al. (1962) gave two female New Zealand White rabbits 200 or 2000 mg/kg Triethylene glycol by stomach tube. 

Urine from the dosed animals was subsequently collected for 24 hours. Rabbits dosed with 200 or 2000 mg/kg triethylene glycol 

respectively excreted 34.3 or 28 % of the dose amount as unchanged Triethylene Glycol. The urine of one rabbit contained 35.2 % of 

the administered dose as a hydroxyacid form of Triethylene Glycol. 

These same authors also gave four male albino rats weighing 112 to 145 g a single oral dose of 22.5 mg randomly 

radiolabeled Triethylene Glycol-C14. The rats were then placed in a metabolic chamber in which urine, feces, and expired air were 

collected over a period of five days. The radioactivity recovered (in percent of the administered dose) amounted to 0.8 to 1.2 % in 

expired air, 2.0 to 5.3 % in feces, and 86.1 to 94.0 % in urine. The total recovery of radioactivity was 90.6 to 98.3 % of the 

administered dose (McKennis et al. 1962).  

Triethylene Glycol is believed to be metabolized in mammals by alcohol dehydrogenase to acidic products causing metabolic 

acidosis. Triethylene Glycol metabolism by alcohol dehydrogenase can be inhibited by 4-methyl pyrazole or ethanol (Borron et al. 

1997; Vassiliadis 1999). 

 

PEG-6 and PEG-8 

Shaffer et al. (1950) studied the intestinal absorption of PEG-8 in the rat. PEG-8 was administered by stomach tube. For a 

25% solution of PEG-8, approximately 62% of the dose was absorbed into the intestines in 5 h.  

Metabolic fate of PEG-8 in the dog was also demonstrated by Shaffer et al. (1950). Three dogs were intravenously infused at 

a constant rate with a 5% solution of PEG-8 in saline, and the rate of excretion was compared with the rate of infusion. For every 100 

mg of PEG-8 infused, 75-88 mg was excreted.  The authors stated that ethylene glycol was not a metabolite of PEG-8.  

Krugliak et al. (1989) stated that PEG-8 was absorbed by rat intestinal epithelium by both passive diffusion and solvent drag 

(bulk transport). 
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In a study using PEG-8 to determine the intestinal permeability in humans, Chadwick et al. (1977) evaluated the absorption, 

metabolic fate, and excretion of PEG-8. Five normal human subjects (males or postmenopausal women) ingested 1, 5, or 15 g of PEG-

8 in a liquid randomly on three different occasions. Urine and feces were collected regularly for 48 h after each dose. Gas-liquid 

chromatography indicated that the amount of PEG-8 recovered in the wastes was directly proportional to the ingested dose. Most of 

the dose was excreted rapidly in the urine; 55.6% was eliminated in 48 h, and, of this, 94.4% was eliminated within 24 h. In a separate 

study, four individuals ingested 10 g PEG-8 mixed with 500 ml water in a liquid concoction. The mean recovery of PEG-8 in the urine 

and feces after 4 days was 92.8% (58.5% in the urine and 34.3% in the feces). The authors suggested that PEG-8 was not metabolized 

after absorption. 

This suggestion was further investigated in vitro by incubating 1g of PEG-8 with 20g aliquots of human feces, or with pure 

cultures of Pseudomonas aeruginosa for 1 wk periods. The mean recovery of PEG-8 in these studies was 96.2% and the percentage 

composition of PEG-8 was not changed, supporting the suggestion that PEG-8 was not degraded by intestinal bacteria (Chadwick et 

al. 1977). 

The elimination of PEG-8 after oral administration was studied in the rabbit. Two groups of three rabbits were given either 

5.7 g or 8.5 g of PEG-8 by stomach tube. Urine and feces were collected and gravimetric methods were used to analyze the amount of 

PEG-8. The low-dose rabbits eliminated approximately 9% of the dose in their feces, and 20% in their urine after 4 days. The majority 

of the PEG-8 found in the urine was eliminated within the first 24 h. The same trend was observed in the high-dose rabbits; an average 

of 36% of the initial PEG dose was eliminated in the urine, and 18% in the feces (Shaffer et al. 1950). 

Further investigation was done on renal excretion using intravenous administration of PEG-8. Two groups of three rabbits 

were given intravenous injections of 0.4g or 0.75g PEG-8, and urine was collected for 24 h. The groups eliminated an average of 47% 

and 67% of the total dose, respectively. The disposition of the remaining dose was unknown (Shaffer et al. 1950). 

Urinary excretion of PEG-8 was studied using human subjects. Three subjects given intravenous injections of 1g PEG-8 in 20 

ml of saline solution eliminated an average of 77% of the dose in 12 h. Two subjects injected with 10 g PEG-8 eliminated an average 

of 47%, and one individual given 5 g eliminated 40% of the dose in 24 h (Shaffer et al.1950). 

Carpenter and Shaffer (1952) later demonstrated with rats that subcutaneous and intramuscular injections (2 ml/kg) of PEG-6 

and PEG-8 were rapidly removed from the sites of injection and eliminated in the urine. An average of 85% or more of the PEGs was 

eliminated within 24 h. 

 

PEG-6, PEG-12, and PEG-20 

The dependence of permeability on molecular weight (MW) in acetone-disrupted female hairless mouse (strain SKH1-hr) 

skin in contrast to normal skin was investigated (Tsai et al. 2001). The number of animals used was not provided. Penetration of PEG-

6, PEG-12, and PEG-20 over 12 h was measured using diffusion cells. High-performance liquid chromatographic methods with 

refractive index detection were used to separate and quantitate the individual oligomeric species in the PEG samples. Percutaneous 

penetration of PEGs exhibited slightly steeper MW dependency at a transepidermal water loss (TEWL) of 30-41 g/m2 per h in 

comparison with TEWLs of 0-10 (control skin), 10-20, and 20-30 g/m2 per h, with a higher percentage of smaller oligomer PEGs 

penetrating than larger ones. Increasing the TEWL of the skin increased the penetration of all the PEG oligomers, and the degree of 

the enhancement relative to penetration through control skin increased with MW and was maximal for oligomers with a MW ranging 

from 326 to 414 Da. Within the limit of quantitation of the assay, the MW cut-off for PEG penetration across mouse skin with TEWLs 

of 0-10, 10-20, and 20-30 g/m2 per h was 414, 590, and 942 Da, respectively, while all the measurable oligomers up to MW 1,074 Da 

were able to penetrate skin with TEWLs in the range 30-41 g/m2 per h. There was no mention of a change in absorption rate or percent 

PEG absorbed after damage by the study authors.  

The dependence of permeability on MW with different forms of barrier disruption was investigated in female hairless mice 

(strain SKH1-hr) using a series of PEGs ranging in MW from near 300 to over 1000 Da (Tsai et al. 2003). The number of animals 

used was not provided. PEGs were used to determine the effects of tape stripping and sodium dodecyl sulfate (SDS) treatment on the 

MW permeability profiles of mouse skin in vitro. The 12-h percutaneous penetration of all the PEG-6, PEG-12, and PEG-20 generally 

increased as a function of transepidermal water loss (TEWL) of the skin, either tape-stripped or SDS-treated. In addition, the total 

penetration of PEG oligomers across control skin, and skin tape-stripped and SDS-treated to different degrees of barrier disruption 

progressively decreased with increasing MW. There were no significant differences in the percutaneous penetration of the PEG 

oligomers between skin tape-stripped and SDS-treated to the same degree of barrier disruption. The penetration enhancement relative 

to control skin was more prominent with larger molecules. The MW cutoff for skin penetration increased with the degree of barrier 

disruption irrespective of the treatment applied, and was 986 Da (tape stripping) and 766 Da (SDS treatment) at TEWL levels in the 

range 10-20 g/m(2) per h in comparison with 414 Da for control skin. There was no mention of a change in absorption rate or percent 

PEG absorbed after damage by the study authors. In accordance with previous findings in acetone-treated mouse skin, the results 

strongly suggest that, irrespective of the form of barrier disruption applied, not only higher amounts but also more varieties of 

chemicals (larger molecules) may penetrate skin with a compromised barrier than normal skin. 

According to Moolenar et al. (1981), a rectal solution using PEG-12 as a solvent produced a slow, but continuous absorption 

(of PEG-12) over at least 8 hours in humans. 
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PEG-32, PEG-75, PEG-150  
The extent of gastrointestinal absorption of solid PEGs was studied in the rat. Groups of 30 rats were given 25% solutions of 

PEGs -32, -75, and -150, and were killed at hourly intervals up to 5 h after dosing. Gravimetric methods were used to determine the 

amount of PEG absorbed. Less than 2% of PEG-32 was absorbed in 5 h. There was no evidence that PEG-75 or PEG-150 was 

absorbed, since the initial dose was recovered from the gastrointestinal tract at each time interval (Shaffer and Critchfield 1947b). 

The route of PEG-75 excretion after intravenous injection was studied in rats using 14C-PEG-75. Ten rats were given 10 mg 

(approx. 70 mg/kg) intravenous injections of 14C-PEG-75. After 7 days, the mean cumulative recovery of radioactivity was 81%: 61% 

was recovered in the urine, and 20% in the feces (the disposition of the remaining dose is unknown. Most of the radioactivity was 

excreted in the urine within 24 h (Carpenter et al. 1971). 

Shaffer and Critchfield (1947b) also reported that PEG-150 was not absorbed from the gastrointestinal tract of humans. Six 

men ingested 10 g PEG-150 dissolved in 150 ml water, and urine samples were taken at hourly intervals for 4 h after ingestion, and 

then at longer intervals up to 24 h. The presence of PEG-150 was not detected in the urine at any time. 

In a study with dogs, PEG-150 had an identical rate of excretion to creatinine, which indicated that this PEG was excreted by 

the same mechanism as creatinine:glomerular filtration without tubular participation (Shaffer et al. 1948). 

In a study of the excretion of PEG-150, six men were injected intravenously with 20 ml of 5% PEG-150, and urine samples 

were collected from them at timed intervals for 12 h. Approximately 63% of the injected dose was found in the urine after 1 h, and 

96% was recovered after 12 h. The authors found that a PEG of lower molecular weight (PEG-20) was excreted at a slower rate and in 

smaller quantities. They attributed this observation to the lower molecular weight polymer=s ability to diffuse more quickly through 

tissues (Shaffer and Critchfield 1947b).  

 

HEMATOLOGIC EFFECTS 

PEG-8  

Since PEGs are used as vehicles for intravenous drug administration, studies were conducted to determine their hemolytic 

potential. Reed and Yalkowsky (1985) reported that the EC50 value for lysis of human erythrocytes by PEG-8 was 30.0% (total 

volume percent of cosolvent in whole blood).  Others have reported that the hemolytic potential of PEG-8 was reduced when 

combined with various combinations of ethanol, polypropylene glycol, water, and/or saline (Fort et al. 1984; Smith and Cadwaller 

1967). 

 

PEG-12 

PEG-12 at 1% was thrombogenic in an ex vivo canine blood-contacting model (Silver et al. 1994).  

 

PEG-75 and PEG-150 

PEG-75 caused crenation and clumping of erythrocytes of rabbits at concentrations of 10% or greater. This observation was 

tested in vivo by administering intravenous infusions of 10% PEG-75 to rabbits. Blood from animals that died from pulmonary 

hemorrhages contained numerous clumps of cellular elements. Animals tested with 5% PEG-150 solutions did not have this reaction 

(Smyth et al. 1947). 

 

RADIOPROTECTION 

PEG-4, PEG-8, PEG-12, PEG-20, PEG-80, and PEG-450  

PEG of molecular weights 200 (PEG-4), 400 (PEG-8), and 600 (PEG-12) afforded significant levels of radioprotection 

against x-rays; PEG of molecular weights 1000 (PEG-20), 1450, 4000 (PEG-80), and 20,000 (PEG-450) when given at maximum 

tolerated doses (approximately 0.5 LD50) did not (Shaeffer and Schellenberg 1984). The degree of radioprotection by PEG-4 given 20 

min before irradiation increased with dose up to the maximum tolerated dose of 6.4 g/Kg.  

 

USE AS DRUG VEHICLE 

PEG-6 and PEG-8  
The biochemical effects of a series of commonly used drug carrier vehicles, including PEG-6, were investigated in the rat 

using 1H NMR spectroscopic and pattern recognition based metabonomic analysis (Beckwith-Hall et al. 2002). PEG-6 induced 

changes in the biochemical composition of urine including increased concentrations of dicarboxylic acids, creatinine, taurine, and 

sugars. The authors concluded that PEG-6 was bioactive in its own right and that this might confound interpretation of biochemical 

effects of weakly toxic drugs dosed in this carrier. 

 

 

ANTICONVULSANT PROPERTIES 

PEG-8 and PEG-75  
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PEG-8 and PEG-75 were tested for anticonvulsant properties using mice in the electroshock, pentetrazole, and strychnine 

tests. Data from the later two tests indicated that intraperitoneal injection of PEG-8 had slight anticonvulsant activity, and PEG-75 had 

even more pronounced anticonvulsant activity at dosages considered inert (6.84 and 3.42 g/kg PEG-8; and 6.03 and 3.01 g/kg PEG-

75). Neither solvent was active in the electroshock test. Oral administration of the PEGs did not alter the time of seizure onset or death 

(Bartoli Klugmann et al. 1986). 

Lockard and Levy (1978) demonstrated in several studies with monkeys that PEG-8 had anticonvulsant properties. In one 

study, four chronically epileptic rhesus monkeys were given intravenous infusions of 60% PEG-8 in water solution for 4 wks (1 

mI/hr). Prior to and after this treatment, the monkeys were administered saline (1 mI/hr) for 3 wks in order to establish baseline 

seizure frequency. During PEG-8 administration, a significant decrease in seizure frequency was observed compared to baseline 

periods. 

In another group of eight monkeys given the same treatment, 5 of the animals had statistically significant decreases in seizure 

frequency. The 3 other monkeys were removed from the study because of signs of toxicity. Follow-up studies confirmed that at 

concentrations between 35% and 60% PEG-8 had anticonvulsant activity (Lockard and Levy 1978; Lockard et al. 1979). 

 

ANIMAL TOXICOLOGY 

ACUTE TOXICITY 

Oral  

 Acute oral toxicity LD50 values for Triethylene Glycol and PEGs are summarized in Table 6, with values ranging from 6.4 

g/kg in the mouse to >50 g/kg in rats. 

 

PEG-75 

Smyth et al. (1942) also determined that 31.6 g/kg was the smallest single oral dose of PEG-75 to cause microscopic renal or 

hepatic lesions in rats. Since it appeared that only very large single doses affected the liver and kidneys, the authors conducted another 

large dose study using rabbits. A dose of 50 g/kg PEG-75 greatly increased blood urea concentration and caused slight hepatic cell 

swelling. Since the intestines were unobstructed, the authors suggested that the increase in urea concentration was due to the direct 

action of PEG-75 on the kidneys.  

 

Parenteral   

 

Triethylene Glycol 

Lauter and Vrla (1940) administered adult albino rats (body weights = 120 - 145 g) a single intramuscular injection of 5.6, 

8.4, or 11.3 g/kg Triethylene Glycol (n = 5 animals per group; sex unspecified). Animals in the 5.6 g/kg dose showed only mild signs 

of toxicity, but all were normal 48 hours after the injection. All animals of the 8.4 g/kg group showed signs of toxicity, three died 

within 36 hours, and the two surviving animals in this group recovered three days after the injection. All animals of the 11.3 g/kg dose 

group died with 16 to 36 hours after dosing. 

Karel et al. (1947) reported an intraperitoneal LD50 of 8.15 g/kg in female mice (strain not provided). Toxic effects observed 

in Triethylene Glycol-treated mice included damage to the spleen, thymus, renal tubules and glomeruli, as well as high white blood 

cell counts, pulmonary congestion, and atelectasis (collapse or incomplete expansion of the lung). Animals surviving five to seven 

days had signs of regeneration of splenic and lymphoid tissues. 

Budavari (1989) stated that the intravenous LD50 value for Triethylene Glycol in rats is in the range from 7.3 to 9.5 g/kg . 

 

PEG-6  
The acute intraperitoneal toxicity of 50% PEG-6 for rats was reported to be 17.0 g/kg (Smyth et al. 1950).  

Carpenter and Shaffer (1952) determined that the intravenous LD50 for undiluted PEG-6 in rats was 7.1 ml/kg. This dosage 

was based upon mortality during a 14-day period. Undiluted PEG-6 was injected into Sherman strain albino rats either subcutaneously 

in the abdominal region or intramuscularly into the multifidus muscle in the right lumbo-sacral region. Groups of 6 rats received 

subcutaneous injections of 2.5, 5, and 10 ml/kg PEG-6. Tissue reactions were monitored, and necropsy was performed on 2 rats from 

each group on days 2,4 (or 7), and 14. All dosages caused the skin to blanch and scabs to form on the overlying dermis within 2 days. 

Increased vascularization and fibroblastic repair tissue were present after 4 days, the extent of which was reduced after 14 days. 

Two groups of 6 rats were intramuscularly injected with 0.5 and 2 ml/kg PEG-6, and the same observation schedule was used 

as in the subcutaneous study. Both dosages caused ischemic necrosis of the muscle fibers when the PEG-6 was deposited within the 

muscle bundles. When PEG-6 was placed subcutaneously, increased vascularization and fibroblastic proliferation were observed. 

These responses were transient; no evidence of injury was found after 14 days (Carpenter and Shaffer 1952).   

 

PEG-8, PEG-32, PEG-75, PEG-150 
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In an acute intraperitoneal toxicity study using rats, 8% or less PEG-8 did not cause any deaths, but the weight of the kidneys 

of treated rats was less than that of control rats (Smyth et al. 1950).  

Bartsch et al. (1976) administered PEG-8 in 0.9% NaCl solution intraperitoneally (10 ml/kg) to SPF-NMRI strain mice and 

SPF-Sprague-Dawley rats. The median lethal dose was 12.9 ml/kg and 13.1 ml/kg for mice and rats, respectively. 

No deaths occurred when 10 rats were administered 16.0 g/kg PEG-32 (melted in a water bath) subcutaneously. Erythema 

and edema were evident, but no signs of toxicity were observed. At necropsy, two animals had red or mottled lungs, and the stomach 

and intestines of one rat were filled with a gray-green liquid (Bushy Run Research Center 1987). 

The LD50 values for 50% aqueous solutions of PEGs -32, -75, and -150 administered by intraperitoneal injection to male 

Wistar albino rats were 15.39, 11.55, and 6.79 g/kg, respectively. Eighty-percent of the rats that died did so within 30 h of the dose. 

The remaining rats were observed for 14 days. At necropsy, a few of the rats had swollen livers (Smyth et al. 1947). 

In a follow-up study, the toxicity of a different production lot of PEG-75 was tested in rats. The LD50 for a 50% solution was 

13.0 g/kg. Eighty-percent of the deaths occurred within 30 h of the injection, and the surviving rats were observed for 14 days. No 

PEG-75 remained in the peritoneal cavity at the end of this period (Smyth et al. 1950). 

Groups of 2 rabbits received 5% solutions of PEGs -32, -75, and -150 by slow intravenous injection (10 g/kg) via the ear 

vein. The infusion rate was 2.5 mI/min. All animals survived to termination (day 14). One rabbit given PEG-150 had renal tubular cell 

swelling (Smyth et al. 1947). 

 

Dermal  

 

Triethylene Glycol 

Union Carbide (1990c) dosed five male and five female rabbits with a single percutaneous dose of 16 mg/kg Triethylene 

Glycol. No signs of dermal irritation were observed, but one female was emaciated on the fourth day after dosing. Two females 

showed abdominal distention four and 14 days after dosing, and one of them died. Necropsy of the dead rabbit showed a gas-filled 

intestine. Necropsy on day 14 revealed slight skin vascularization of the treated skin in one male. In one surviving female the lungs 

were tan, and the stomach was filled with liquid. 

 

PEG-6 and PEG-8 

The acute dermal toxicity of undiluted PEG-6 and PEG-8 was tested on New Zealand white rabbits using modified FDA cuff 

testing. Six rabbits had 20 ml/kg of either PEG applied to their skin. No deaths resulted from this treatment (Smyth et al. 1945). 

 

PEG-75 and PEG-20M 
Two groups of 4 male, albino, New Zealand rabbits had 20.0 ml/kg of 40% PEG-75 or 40% PEG-20M applied to their skin 

for 24 h. No deaths occurred during the 14-day observation period (Mellon institute of Industrial Research 1956). 

 

Intratracheal 

 

PEG-75 

The pulmonary effects of PEG-75 on rats following endotracheal injection was investigated. Five male and five female 

Sprague-Dawley rats were lightly anesthetized and 1.0 g/kg of 50% PEG-75 (the highest nonlethal dose determined during initial 

tests) was injected endotracheally into their lungs. A positive control group was administered kerosine, and a negative control group 

was administered saline. Rats of each sex were killed on days 1, 2, and 3, and the remaining survivors were killed on day 14. No 

treatment-related deaths occurred during the study. A clear to light red discharge from the nose was observed 10-30 min following 

administration in the male rats only. The rats experienced an initial decrease in weight, but weight gain increased after 3 or 7 days. 

The absolute lung weights of both male and female rats were statistically increased. The lung weights relative to the body weights 

were increased for the females only. The only significant histologic change was alveolar histiocytosis in male rats. However, 

microscopic lesions in the rats killed on day 14 were not statistically different from the negative control group (Bushy Run Research 

Center 1988a). 

In another study, groups of 10 male and female Sprague-Dawley rats were slightly anesthetized and had 2.0 ml/kg of 7.5% 

(w/v) PEG-75 (0.15 g/kg PEG-75) injected into their lungs endotracheally. A control group of rats was treated with 2.0 ml/kg of 

saline. The rats were monitored regularly for toxic effects. Two rats per gender were killed on days 1, 2, and 3, and the remaining 

survivors were killed on day 14. Necropsies were performed on all of the animals. There were no treatment-related deaths or signs of 

toxicity during the study. The rats experienced an initial decrease in body weights, but gained weight steadily after day 3. The lung 

weights of the treated animals (in terms of both absolute weight and weight relative to body weight) were normal. A few of the lungs 

had a change in color, which was not observed in the control rats, but the incidence of these changes was not statistically significant. A 
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few of the rats also had interstitial pneumonitis, but the incidence was not statistically significant compared to the controls (Bushy Run 

Research Center 1988b). 

 

SHORT-TERM TOXICITY 

Oral 

 

Triethylene Glycol  

Lauter and Vrla (1940) reported a study in which albino rats received daily doses of Triethylene Glycol via stomach tube for 

30 consecutive days. The dosing groups were 0.1 mg/kg of a 5% aqueous solution, 3.0 mg/kg of a 30 % aqueous solution, 10.0 mg/kg 

of undiluted Triethylene Glycol, and 20.0 mg/kg of undiluted Triethylene Glycol (n = five rats per group; sex unspecified). Animals in 

the lower two dose groups had normal weight gains and no signs of toxicity. Animals in the 10 mg/kg dose group had decreased 

weight gains, hair loss and diarrhea. Of the animals in the 20 mg/kg dose group, three died within the first 24 hours after the first dose, 

and the remaining two died before the third day of the study.  

In another study, mature albino rats received drinking water containing 5 or 10% by volume of Triethylene Glycol for 30 

days (n = 5 rats per group; sex unspecified). All animals in the 5% dose group had signs of severe toxicity, and one animal died on day 

8, 21, and 28. The remaining two animals in the group survived to study completion and recovered after exposure ended. All animals 

in the 10% dose group had signs of toxicity and died by day 12.  

In the last study, young (3-week-old) rats were exposed to drinking water containing 3 or 5% by volume of Triethylene 

Glycol for 30 days (n = 5 rats per group; sex unspecified). All animals in the 3% dose group survived to study completion without 

signs of toxicity. Animals in the 5% dose group had signs of toxicity in the first two weeks of exposure but showed improvement 

thereafter. Body weight gains were decreased, but weights returned to normal after the exposure period ended. One animal in the 5% 

dose group died on day 25 (Lauter and Vrla 1940).  

Preliminary to a subchronic exposure reported later in this report,  Van Miller and Ballantyne (2001) conducted a probe 14-d 

study using rats given dietary concentrations of 0 ppm (control), 10,000, 20,000 or 50,000 ppm Triethylene Glycol daily. Triethylene 

Glycol consumptions were determined to be  1132, 2311 or 5916 mg/kg with males, and 1177, 2411 or 6209 mg/kg with females for 

the treatment groups, respectively.  There were no mortalities or adverse clinical signs, and no effects on body weight, hematology, 

serum chemistry, organ weights, and gross or microscopic pathology. Feed consumption was increased at the high dosage. Urinalysis 

showed increased urine volume and decreased pH with high dose males and females, and increased volume with mid-dose males.  

 

PEG-4 

Union Carbide Corp. (1994) exposed male Fischer 344 rats to 0, 5000, 25,000, or 50,000 ppm PEG-4 (as tetraethylene 

glycol) in drinking water for five consecutive days in a Dominant Lethal Assay. The respective daily consumption levels of PEG-4 

were 425  45, 2441  328, and 5699  1341 mg/kg. Males were observed for clinical toxicity, and urine was collected on the fifth 

day of PEG-4 exposure. At the end of the five-day exposure period, the PEG-4 drinking water was replaced with regular water. The 

males were then mated with ten naive females  (reproductive results of the dominant lethal assay are described in the Genotoxicity 

section later in this report). Ten weeks after the end of dosing the males were killed and necropsied. Males in the 50,000 ppm group 

had decreased body weights on the fifth day of treatment, but at one week after removal of PEG-4 body weights were similar to 

controls. Water consumption was increased in males of the 25,000 and 50,000 ppm groups during the treatment period, and urinalysis 

indicated increased urine volume and decreased urine pH in all PEG-4 dose groups. Males of the 50,000 ppm group also had 

decreased urine osmolarity. Necropsy of the males revealed no treatment-related gross or histological effects. 

Schladt et al. (1998) dosed Wistar rats at 0, 220, 660, or 2000 mg/kg/day PEG-4 (as tetraethylene glycol) (n = 10/sex/dose) 

by oral gavage for 33 days. The dosing volume was 5 ml/kg. Animals were observed daily for clinical signs of toxicity. Body weights, 

feed and water consumption were recorded weekly. Blood was collected for hematology and clinical chemistry at week 4. Urine was 

collected for urinalysis at weeks 2 and 5. Urine was collected for determination of oxalic acid on days 2 and 25 of dosing. Animals 

were killed for necropsy and histology at the end of the dosing period. There were no treatment-related effects on clinical signs, 

mortality, feed and water consumption, body weights, hematology parameters, gross necropsy, or histopathology. There were no 

toxicologically relevant effects on serum chemistry. Urine pH was decreased and urine osmolarity was increased in the 660 mg/kg 

males and 2000 mg/kg females, however, these findings were considered not toxicologically relevant. The content of urine oxalic acid 

was not affected by the PEG-4 doses tested. The NOAEL of PEG-4 in this study was the highest oral dose, 2000 mg/kg/day. 

 

PEG-75 

A 5-week study of the effects of PEG-75 on the kidneys of rabbits was conducted (Smyth et al. 1942). Groups of five rabbits 

were given 5, 10, or 20 g/kg PEG-75 by stomach tube 6 days per week. Blood urea concentrations monitored throughout the study 

were normal, and at necropsy and microscopic examination, no abnormalities were found in the kidneys. Slightly retarded growth was 
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reported in the animals receiving 20 g/kg, but the authors attributed this to appetite reduction as a result of the large volume of inert 

material in the stomach. 

 

Inhalation 

 

Triethylene Glycol 

Union Carbide (1992) exposed Sprague-Dawley rats to Triethylene Glycol by aerosol inhalation for six hours a day for nine 

days over a two-week period. The target Triethylene Glycol exposure levels were 0 (filtered air control), 500, 2000, and 5000 mg/m3. 

The actual Triethylene Glycol exposure levels were 494, 2011, and 4842 mg/m3 (n = 10/sex/group). Five additional rats were added to 

the control and 5000 mg/m3 group for planned postexposure recovery observations. The mean particle size for aerosolized Triethylene 

Glycol was 2.48 microns. All rats in the 5000 mg/m3 dose group died or were euthanized moribund on or before exposure day 5. Prior 

to their deaths, clinical observations of the animals in this group included ataxia, prostration, unkempt fur, labored respiration (males 

only), ocular discharge, swollen periocular tissue, perinasal and perioral encrustation, blepharospasm, and reduced body weights. 

Necropsies of the high-dose animals revealed hyperinflation of the lungs (failure of the lungs to collapse when the chest 

cavity was opened), ocular opacity, congestion and hemorrhage of many organs and tissues (pituitary gland, brain, nasal mucosa, 

kidney, thymus and lungs).  Rats exposed to 2011 or 494 mg/m3 Triethylene Glycol survived to the study=s completion, and the only 

clinical observations noted were swollen periocular tissue and perinasal encrustation. After the fifth exposure the males in the 2011 

mg/m3 group had decreased body weights. Feed (females only) and water consumption were increased in the mid- and low-dose 

groups. Hematological analysis showed increased erythrocyte counts (females only), decreased red corpuscle volume, increased 

albumin aminotransferase activity, increased alkaline phosphatase activity, and increased blood urea nitrogen in rats of the 2011 and 

494 mg/m3 groups. Analysis of the urine revealed increased urine volume, decreased urine osmolarity and pH, and decreased N-

acetyl-β-D-glucoseaminidase activity in the 2011mg/m3 group.  

At necropsy the mid-dose rats had increased relative and absolute liver and kidney weights. The only remarkable microscopic 

finding was minimal to mild alveolar histiocytosis. The authors stated that these findings indicate impaired liver function without 

morphological evidence of organ injury. The threshold exposure concentration for hepatotoxicity from inhalation of aerosol 

Triethylene Glycol was approximately 494 mg/m3. There were no consistent findings to suggest renal injury. Because exposed 

animals ingested (preened) Triethylene Glycol from wet fur, contributing (unknown quantity) to the total dose received by the 

animals, a nose-only study was conducted. Male and female CR rats (n=10/sex/group) were exposed to aerosols of Triethylene Glycol 

for 6 hours/day for 9 days over an 11-day period by nose-only exposure. Mean exposure concentrations were 0, 102, 517, or 1036 

mg/m3. No exposure-related clinical signs were observed. Non-statistically significant decreases in female body weight gains were 

reported in the mid and high concentration groups. The apparent decrease in the mid dose group was determined to be due to the 

inclusion of an outlier in the control group with a much higher weight. When this animal was excluded, no decrease in weight gains 

was observed for the mid dose group. No changes in feed and water consumption were noted. No clinical pathology findings were 

related to Triethylene Glycol exposure, and no exposure-related organ weight changes were noted in any group (Union Carbide 1992).  

 

Intravenous 

 

PEG-6, PEG-8, PEG-32, PEG-75 and PEG-150 
Three of eight chronically epileptic monkeys given intravenous infusions of 60% PEG-8 in water (1 ml/h) for 3 weeks had 

decreased appetites, a greasy texture to their lower extremities, edema of their genitals and legs, and deteriorating infusion sites 

(Lockard and Levy 1978). Similar reactions occurred in other epileptic monkeys and normal monkeys treated with 60% and 65% 

PEG-8 (Lockard and Levy 1978; Lockard et al. 1979). 

Smyth et al. (1947) studied the effects of intravenous injections of PEGs -6, -8, -32, -75, and -150 in rabbits. The animals 

were given 1 g injections via the ear vein of 5% PEG solutions in 0.85% sodium chloride 6 days a week for 5 weeks. The average dose 

was 350 mg/kg/day. No deaths occurred in the groups receiving PEG-6 and PEG-32, but 1 of 5 rabbits died in the PEG-8 group, 1 of 9 

died in the PEG-75 group, and 1 of 5 died in the PEG-150 group. One PEG-8 rabbit and four PEG-75 rabbits had hepatic cell and 

renal tubular cell swelling. 

 

Dermal 
Groups of 8 male albino rabbits had 0.4 or 0.8 g/kg PEG-75 or PEG-20M applied to their clipped abdomens for 1 h a day for 

30 days. A control group of rabbits was treated with distilled water. All of the rabbits were weighed weekly and observed for signs of 

toxicity. No treatment-related deaths occurred. Mean body weight gains were greater in treatment groups receiving 0.8 g/kg (735.1 g 

for PEG-75; 701.0 g for PEG-20M) than in the control group (671.8 g). Mild, transient erythema was observed at the application sites 

(Mellon Institute of Industrial Research 1956). 
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Herold et al. (1982) developed an animal model to study the potential toxicity of repeated applications of a PEG-based 

antimicrobial cream to burn patients. The hair of New Zealand white rabbits was removed, and 2 paravertebral skin excisions (2.5 x 15 

cm) were made on their backs. The experimental rabbits had either the antimicrobial cream or the PEG-vehicle (63% PEG-6, 5% 

PEG-20, and 32% PEG-75) alone applied to their lesions. The dressings of all the rabbits were changed every 12 h for 7 days. In the 

control group only the bandaging procedures were used. 

Seven of the 8 rabbits treated with the antimicrobial cream and 3 of the 4 rabbits treated with the PEG-vehicle died during the 

study. They had increased total serum calcium, increased osmolality gap, high anion gap metabolic acidosis, and renal failure. These 

alterations were consistent with that seen in burn patients treated with the antimicrobial cream. All six of the control animals survived. 

The authors suggested that the syndrome observed in the experimental animals was a form of systemic toxicity as a result of the 

absorption of the PEGs, which were metabolized into nephrotoxic compounds, acid alcohols, and diacids (Herold et al.1982). 

 

SUBCHRONIC TOXICITY 

Oral Studies 

 

Triethylene Glycol 

Van Miller and Ballantyne (2001) studied the potential for Triethylene Glycol to produce nephrotoxicity, or other 

organ/tissue injury, in a subchronic (90-d) study conducted by continuous inclusion of Triethylene Glycol in the diet of Fischer 344 

rats (20 males and 20 females).  The dietary concentrations were 0 ppm (control), 10,000, 20,000 or 50,000 ppm Triethylene Glycol, 

daily. Triethylene Glycol consumption was determined to be 748, 1522 or 3849 mg/kg (males), and 848, 1699 or 4360 mg/kg 

(females).  

There was neither mortality nor signs of toxicity, and no dose-response effects in serum chemistry, gross and microscopic 

pathology. Body weights were decreased during the dosing period with both males and females at the high dose. Body weight gains 

were decreased at all dosages with males and females. No hematological effects were seen with females, but males of the mid- and 

high-dose groups had slightly decreased erythrocyte counts and hematocrits, and high-dose males had decreased hemoglobin 

concentration with increased mean corpuscular volumes. These were considered to reflect a mild hemodilution related to the 

absorption of large Triethylene Glycol doses. Urinalysis showed dosage-related decreased pH, and increased urine volume mainly at 

the high dose. These were probably related to the renal excretion of absorbed Triethylene Glycol and/or metabolites. Kidney weights 

were increased for high-dose females, and increased relative (to body) weight of kidneys for males and females from the mid- and 

high-dose groups were observed, probably related to the renal excretion of the absorbed Triethylene Glycol and/or its metabolites. 

These findings indicate that the subchronic continuous oral dosing of Triethylene Glycol to rats does not result in local or systemic 

specific organ or tissue toxicity. These findings contrast with the known repeated oral toxicity, notably nephrotoxicity, produced by 

ethylene and diethylene glycols. Therefore, Triethylene Glycol had significantly lesser potential for systemic toxicity by the oral route 

than its lower molecular weight homologues (Van Miller and Ballantyne 2001). 

 

PEG-6 and PEG-8 

Groups of 5 male albino rats received either PEG-6 or PEG-8 in their drinking water at concentrations of 0.06, 0.25, 1, 4, and 

16 g/100 ml for 90 days. Ten control rats received untreated water. The rats were observed for 90 days. All animals drinking 4% 

solutions (5.4 g/kg/day PEG-6 and 4.8 g/kg/day PEG-8) or less survived to termination. 

The rats given 16% solutions (20.5 g/kg/day PEG-6 and 16.4 g/kg/day PEG-8) drank 25-75% less than the control rats. Three 

rats died from both treatment groups before termination; the rats drinking PEG-6 died within 9 days, and the rats consuming PEG-8 

died in 80-84 days. At necropsy, swollen livers were found in all of the PEG-6 treated rats, and microscopic examination showed 

dilated renal glomeruli, which the authors attributed to low water intake. Animals that died before termination of the study (from both 

treatment groups) also had necrosis of epithelial cells of the convoluted renal tubules. No organ abnormalities were reported in the 

PEG-8 rats surviving to termination (Smyth et al. 1945). A similar study confirmed these results (Smyth et al. 1950). 

Hermansky et al. (1995) studied the effects of PEG-8 following 13 weeks (65 doses) of gavage treatment in Fischer 344 rats 

(10/group/sex) at doses of 1.0, 2.5 or 5.0 ml/kg (1.1, 2.8 and 5.6 g/kg, respectively) body weight/day for 5 days/week. The control 

animals received water by gavage (5.0 ml/kg b.w./treatment day). An additional 10 rats/sex/group were assigned to the control and 

high-dose groups for a 6-week recovery period. Potential renal toxicity was evaluated; there was no mortality or changes in 

hematology or clinical chemistry measurements attributed to PEG-8 toxicity. 

Loose feces in the mid- and/or high-dose group of both sexes were attributed to bulk cathartic effects of PEG-8. Slight 

decreases in feed consumption and body weights in the mid- and/or high-dose group of male and female rats were attributed to the 

physical presence of PEG-8 in the intestinal tract. The authors noted, however, that a direct effect of PEG-8 on the intestinal tract was 

not ruled out. Increased water consumption occurred as a result of a possible increase in serum osmolality due to the absorption of the 

PEG-8 or a reflection of the water dosing received by the control animals. Increased urinary concentration and decreased urinary pH 

were at least partially attributed to absorption, possible metabolism, and urinary excretion of PEG-8. 
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Small increases in absolute and/or relative kidney weights, observed in various dose groups, were attributed to the osmotic 

effect of the test substance and/or metabolites in the urine. The significance of a slight increase in relative kidney weights in female 

rats following the recovery period was unknown. Although no microscopic changes were observed in the kidneys or urinary bladder, a 

slight, reversible renal toxicity may have resulted in male rats treated by gavage with 2.5 ml/kg/day and rats of both sexes treated by 

gavage with 5.0 ml PEG-8 kg/day (Hermansky et al. 1995).  

 

PEG-6, PEG-8, PEG-32, PEG-75, and PEG-150 

Smyth et al. (1942) conducted a 90-day oral toxicity study of PEG-6, PEG-32 and PEG-75. Groups of five rats were given 1-

16%  (0.88-22.9 g/kg/day) PEG-6, PEG-32 or 0.05-16% (0.04-19.0 g/kg/day) PEG-75 in their drinking water. No deaths were caused 

by any of the dosages, and blood cytology and hemoglobin were normal. The animals drinking PEG-6 and PEG-32 grew normally, 

and at necropsy the only abnormality found was in the kidneys. Microscopically, the Bowman=s capsule was dilated in one rat in each 

of the following PEG-6 dosage groups: 4.05, 8.1, and 22.9 g/kg/day. Lower doses did not cause such changes. The growth of rats 

drinking 7.0 and 19.0 g/kg/day PEG-75 was reduced 25% compared to controls. A PEG-75 dose of 19.0 g/kg/day caused renal lesions, 

such as distension of the Bowman=s capsule, granular detritus, secretion of albuminoid, and cloudy swelling of the convoluted tubules. 

Smyth et al. (1950) reported that 0.04 g/kg/day PEG-75 in drinking water could be administered to rats without causing 

adverse effects.  These authors noted that the safe oral dose of PEG-75 for rats was 1.6 g/kg. The authors noted that the PEG-75 used 

in the study was from a later year of production, and explained that the discrepancy in results was probably due to better 

manufacturing methods. 

Smyth et al. (1955) investigated the relationship between the molecular weight of PEGs and subacute toxicity. Groups of 10 

rats (5 of each sex) were given 2, 4, 8, 16, and 24% PEGs ranging in molecular weight from 200 to 6000 (which includes PEGs -6, -8, 

-32, -75, and -150) in drinking water for 90 days. For PEGs -6, -8, -32, and -75, toxicity was dose dependent. The rats had reduced 

body weight gain and increased renal and hepatic weights. In the group receiving PEG-150, only the rats fed a concentration of 24% 

had signs of toxicity. For PEGs ranging from 200 to 4000 in molecular weight, there was no relationship between molecular weight 

and toxicity. PEG-150 was distinctly less toxic than the lower molecular weight PEGs. 

 

PEG-20M 

PEG-20M was tested for toxicity in a 90-day study using CT-Wistar albino rats. Groups of 10 rats were fed PEG-20M as 0.5, 

1.0, 2.0, 4.0, and 10.0% of their diets. A control group of rats was fed the diet alone. The rats were weighed weekly, and their kidneys 

and livers were weighed at necropsy. No treatment-related deaths occurred. The only sign of toxicity caused by the diet of 10.0% 

PEG-20M was decreased liver weights. No signs of toxicity were observed in the 4.0% PEG-20M treatment group. In the lower-dose 

groups, scattered, barely significant differences in body weight gain, appetite, and organ weights were associated, but not correlated, 

with dose (Mellon Institute of Industrial Research 1956). 

 

Intravenous 

 

PEG-75 

Three groups of 9 Beagle dogs were given intravenous injections of 10% PEG-75 in 0.85% aqueous sodium chloride at 

dosages of 10, 30, and 90 mg/kg/day. A corresponding group of dogs, injected with the sodium chloride vehicle alone, served as a 

control. Two dogs from each group were killed after 43 daily injections, and another two dogs were killed after 99 daily injections. 

The remaining dogs were killed after 178 injections. During the course of the study, no changes were observed in the general 

behavior, appetite, body weight, or bodily functions of the dogs. At necropsy, none of the dogs had gross lesions or microscopic 

changes in any of their tissues or organs that could be attributed to PEG-75. No statistically significant differences were found 

between the experimental and control animals either in the organ weights or biochemical tests (Carpenter et al. 1971). 

 

Dermal Studies 

 

PEG-6, PEG-8, PEG-20, PEG-32, PEG-75, PEG-150, and PEG-20M 

Fifteen female Sprague-Dawley rats received 886 mg/kg of a formulation containing 3% PEG-8 applied to the shaved skin of 

their backs for 13 weeks. The treatment site was 10 - 15% of the total surface area, and the site was shaved once a week throughout 

the study. Daily applications were made 5 times a week. All of the animals survived the test period, and no changes in body weight 

gains, appearance, or behavior were observed. Most of the animals had moderate irritation and a brown discoloration of the skin at the 

treatment site, and hyperkeratosis and parakeratosis was found upon histopathologic examination. Serum chemistry, hematology, and 

urinalysis parameters taken during the study were similar to those seen in the untreated control group, or fell between the range of 

normal values established in this laboratory for the Sprague-Dawley rat. At necropsy, no gross abnormalities or changes in organ 
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weights were found. The rats had a pulmonary infection, but this was not considered treatment-related since the formulation was not 

volatile (CTFA 1981). 

In another study, Sprague-Dawley rats (number unspecified) were given daily dermal applications (2400 mg/kg) of a 

formulation containing 5% PEG-8 for 13 weeks. All of the animals survived to the end of the study and no change in their behavior 

was noted. There was a significant decrease in body weight gains of the treated rats compared to the untreated controls, and minimal 

irritation and desquamation and scabbing were observed at the application sites. There were statistically significant changes in the 

various hematology parameters investigated. However, the authors noted that these changes were within the historical limits for 

untreated control rats. The only toxicologically significant changes were an increased neutrophiI/lymphocyte ratio for male rats, and 

increased activities of serum glutamic pyruvic transaminase (SGPT), serum alkaline phosphatase (SAP), and serum glutamic 

oxaloacetic transaminase (SGOT) for male rats, and SGPT and SGOT for female rats. 

At necropsy, both male and female rats had hyperemia of the stomach and small and large intestines, and an apparent 

smoothing of the gastric mucosa. The relative weights of the brain, heart, and testes of the male rats were increased, and the absolute 

weights of the spleens from male rats was decreased. Histopathologic alterations included acanthosis, hyperkeratosis, sebaceous gland 

hyperplasia, and chronic inflammation in the dermis; all were indicative of dermal irritation. Submucosal edema and inflammation, 

and mucosal hyperemia were observed, but these changes were also present in the female rats of the control group. The presence of a 

black material subsequently determined to be iron, was detected in the connective tissue of the denuded tips of the villi of the small 

intestine of the experimental male rats. 

The authors suggested that the decreased body weights of the treated animals and the increased neutrophil to lymphocyte 

ratios in male rats were related to the skin changes, since there were no significant gross or microscopic changes in the brain, heart, 

testes, or spleen. The changes in their weight were not considered to be evidence of toxicity. Similarly, the livers had no microscopic 

lesions to indicate that the increased enzyme activities were treatment related. The changes in the gastrointestinal tract were thought to 

be related to the ingestion of the formulation, since the applications were not made under occlusive patches. The authors concluded 

that the formulation containing 5% PEG-8 did not produce cumulative systemic toxic effects (CTFA 1985a). 

An 18-week toxicity study of skin absorption conducted by Smyth et al. (1945), two groups of six albino white rabbits 

received dermal applications (2 ml/kg/day) of PEG-6 or PEG-8 on their clipped abdomens 5 days a week. All animals survived to 

termination, and no evidence of toxicity was observed during the study or at necropsy. 

Undiluted PEG-6, PEG-32 and 50% aqueous PEG-75 also were nontoxic when applied to the skin for prolonged periods of 

time. Dosages of 10 g/kg of the ACarbowax@ compounds 1500 and 4000 (the latter in the form of a 50% aqueous solution), placed on 

thin cotton pads, were applied to the abdominal skin of rabbits 5 days a week for 13 weeks. Control animals were given applications 

of petrolatum or water. Very little or none of the experimental compounds was absorbed, and no interference with renal function or 

microscopic renal changes were observed (Smyth et al. 1942). 

Tusing et al. (1954) evaluated the dermal toxicity of PEGs -6, -8, -75, and -150 using albino white rabbits. Groups of 10 

rabbits were given the following treatments for 12-13 weeks: two groups had 2.0 ml/kg PEG-6 and PEG-8 bound to the skin of their 

clipped abdomens 5 times a week; and two groups had 10 g/kg PEG-75 and PEG-150 applied to their abdominal skin for 5 

consecutive days. Two groups of 5 animals served as controls, and were subjected to the bandaging procedures without the PEGs. No 

significant skin reactions or evidence of systemic toxicity were caused by any of the PEGs. Although 14 test animals died before study 

termination and all of the control animals survived, the authors noted that the deaths appeared to be due to an incidental coccidial 

infection. A parasitic infection was also found among the control and surviving test animals.  

CHRONIC TOXICITY 

Oral  

 

Triethylene Glycol 

Fitzhugh and Nelson (1946) fed Osborne-Mendel rats diet (ground commercial rat biscuits with 1 % added cod liver oil) 

containing 0, 1, 2, or 4 % Triethylene Glycol for two years (n = 12/group). Body weights and feed consumption were measured 

weekly. There were no toxic effects observed in the Triethylene Glycol group. Feed consumption, growth rate, mortality, incidence of 

bladder stones, incidence of bladder tumors, and incidence of kidney and liver damage were all similar between the Triethylene 

Glycol and control groups. The same doses of diethylene glycol produced dose-dependent toxicity in all parameters noted above. 

 

PEG-6, PEG-8, PEG-32, and PEG-75 
A 2-year oral toxicity study of PEG-6 and PEG-32 and PEG-75 was conducted using Wistar albino rats (Smyth et al. 1947). 

Four groups of 16 rats (8 of each gender) were given solutions of PEG-6 or PEG-32 in place of their water supply at concentrations of 

0.02, 0.08, 0.4, and 2%. An identical set of rats was given 0.00125, 0.005, 0.02, and 0.08% solutions of PEG-75. The control group of 

rats were given untreated water. The animals were monitored for adverse behavioral or physiological changes throughout the study, 

and were killed and examined at the end of 2 years. 
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The weighted mean dosages during the study were calculated to be 0.015, 0.059, 0.27, and 1.69 g/kg/day for PEG-6 and 

PEG-32, and 0.00085, 0.0036, 0.017, and 0.062 g/kg/day for PEG-75. Fifty-five percent of the rats died before termination of the 

study. The only sign of toxicity was a decreased rate of growth in the animals given the two highest doses of PEG-6 and PEG-32 (1.69 

and 0.27 g/kg/day), and the high dose of PEG-75 (0.062 g/kg/day). After 1 year, a 9% difference was found between the weights of 

the treated animals and that of the controls (including the animals given smaller doses of the PEG). At necropsy, the treated rats had 

several neoplasms and soft aggregates of protein in the urinary bladder, but these changes were also found in the control rats and were 

considered typical manifestations of aging (Smyth et al. 1947). 

The results of this study were reinterpreted by Smyth et al. (1950), who pointed out that only one untreated control rat 

survived the 1947 experiment, so a synthetic control group consisting of this rat and the rats receiving the lowest dosages was 

established for comparative purposes. They compared the weights of the dosed rats with untreated animals and noted a trend of effect 

associated with dosage; however, they could find no direct indication that PEGs caused a decrease in growth. The authors concluded 

that the greatest doses of PEG-6 and PEG-32 (1.69 g/kg/day) and PEG-75 (0.062 g/kg/day) did not cause any toxic effects in rats 

(Smyth et al. 1950). 

 

Smyth et al. (1955) conducted 2 year toxicity studies of PEGs -8, -32, and -75. Groups of Wistar-derived rats (20 of each 

gender) were administered 0, 1, 2, 4, and 8% PEG-8, or 0, 0.5, 1, 2, 4, and 8% PEG-75 in their feed. PEG-32 was administered to 

Sherman strain rats (35 of each sex) in their feed at concentrations of 0, 0.02, 0.08, 0.4, 2, 4, and 8%. Evidence of toxicity was minor. 

PEG-8 at concentrations of 4% and 8% caused a slight reduction in the growth rate of male rats, and rats of both sexes fed 8% PEG-75 

grew slightly less than control rats. PEG-32 administered at 8% slightly increased the incidence of renal cell swelling (Smyth et al. 

1955). 

The chronic toxicity of these PEGs was also investigated using dogs. Groups of 4 dogs were given 2% dietary concentrations 

of PEG-8, PEG-32, and PEG-75 for 1 year. Body weight, blood cytology, bromsulfalein retention, and prothrombin time were 

evaluated throughout the study. There was no significant difference between these measurements in treated dogs and those of controls; 

at necropsy, no abnormalities or microscopic lesions were observed in any of the major organs (Smyth et al. 1955). 

 

OCULAR  IRRITATION 

Triethylene Glycol 

 Union Carbide (1990c) reported that ocular exposure to 0.1 ml Triethylene Glycol in six rabbits did not produce corneal 

injury, however all rabbits displayed acute iritis and minor transient conjunctival irritation. The affected tissues returned to normal 

within 24 hours after exposure.  

 

PEG-6, PEG-8, PEG-32, PEG-75  

Smyth et al. (1945) reported that 20% PEG-6 and undiluted PEG-8 were slightly more or equally irritating to the conjunctiva 

of rabbits than a 10% solution of glycerine in saline. An investigation of corneal necrosis produced by contact with undiluted PEG-6 

or PEG-8 was also conducted. The PEGs (amount not specified) were instilled into the conjunctival sac of rabbits, and 18-24 h later 

fluorescein staining was used to determine corneal changes. Traces of diffuse corneal necrosis were found in one to two of the five 

eyes tested for each ingredient. No corneal necrosis was observed when 15% solutions of either PEG were administered (Smyth et al. 

1945). 

Carpenter and Smyth (1946) reported that 0.5 ml undiluted PEG-6, PEG-8, PEG-32, and PEG-75 did not cause corneal 

injuries to the eyes of rabbits 24 h after application. A 35% solution of PEG-8 (0.1 ml) was instilled into the conjunctival sac of four 

albino rabbits 1, 3, 6, 7, and 13 times over 2, 4, 7, 26, and 50 h. The eyes were monitored for corneal and conjunctival edema, serum 

extravasion in conjunctivae, and blood/aqueous humor barrier disruption. PEG-8 caused little or no irritation to the eyes (Laillier et al. 

1975). 

Guillot et al. (1982) conducted ocular tolerance tests of PEG-8 following official French methods (Journal Officiel de la 

Republique, Francaise 1973). Two different production lots of PEG-8 were tested using the eyes of rabbits. Evaluations were made 1 h 

after administration, after 24 h, and on days 2, 3, 4, and 7. Fluorescein staining was used to detect corneal ulceration. The ocular 

irritation indices were 8.50 and 9.83, and no corneal opacity was observed. PEG-8 was not an ocular irritant. 

Laillier et al. (1976) instilled a 35% solution of PEG-8 (0.1 ml) into the conjunctival sac of four albino rabbits 1, 3, 6, 7, and 

13 times over 2, 4, 7, 26, and 50 h. The eyes were monitored for corneal and conjunctival edema, serum extravasion in conjunctivae, 

and blood/aqueous humor barrier disruption. PEG-8 caused little or no irritation to the eyes. 

When 0.1 ml PEG-32 (melted in a water bath) was instilled into the conjunctival sac of six rabbits, mild conjunctival 

irritation was observed in all of the eyes and iritis was observed in three rabbits. All signs of irritation disappeared by 48 h (Bushy Run 

Research Center 1987). 

A 2% solution of PEG-75 caused congestion of the lower eye lid of rabbits for 5 min. The length of irritation increased with 

concentration. Solutions of 28% and 42% caused congestion for 30 min and 60 min, respectively. It was reported that a 10% solution 
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of PEG-75 was as irritating as 2% glycerol, 2% boric acid, or 5% ethyl alcohol. The irritancy of a 50% solution was equal to 5% 

sodium chloride. The authors attributed the irritancy to hypotonicity (Smyth et al. 1942). 

 

DERMAL IRRITATION/SENSITIZATION 

Triethylene Glycol 

Triethylene Glycol did not produce any erythema, edema, or other dermal reactions in six rabbits that had been exposed to 

0.5 ml Triethylene Glycol for four hours in an occluded patch test (Union Carbide 1990c).  

 

PEG-6, PEG-8, PEG-32, PEG-75, and PEG-20M  

When undiluted PEG-6 and PEG-8 (amount not specified) were applied to the clipped abdomens of albino rabbits (six rabbits 

for each PEG) for 4 h, no signs of irritation were found in 24 h (Smyth et al. 1945). 

No irritation was observed during the acute dermal toxicity study (described earlier in this report), in which 20 ml/kg of 

undiluted PEG-6 and PEG-8 were applied to the skin of six rabbits (Smyth et al. 1945). 

Cutaneous tolerance tests of PEG-8 were conducted by Guillot et al. (1982) following official French methods (Journal 

Officiel de la Republique Francaise 1980). Two different production lots of PEG-8 were tested using rabbits and occlusive patch 

testing. The primary irritation indices were 0.04 and 0 for the two lots, respectively.  These authors also reported that PEG-8 was 

nonirritating to rabbits during a 6 -week cutaneous study. The mean maximum cutaneous index for both production lots of PEG-8 was 

0.67. No significant lesions were found during macroscopic and microscopic. 

Smyth et al. (1942) applied 3 g PEG-6 and PEG-32 or 6 ml 50% PEG-75 to the clipped abdomens of guinea pigs (10 animals 

per treatment group) for 4 days. The PEGs did not irritate the skin. In the 13 week dermal toxicity study described earlier in this 

report, the investigators reported that repeated applications (5 days per week) of 20 g undiluted PEG-6 and PEG-32 was irritating to 

the abdominal skin of rabbits, but was less irritating than petrolatum. Fifty percent PEG-75 (40 ml) caused no irritation. 

Six rabbits had 0.5 ml of PEG-32 (melted in a water bath) applied under occlusive patch to their skin for 4 h. No irritation 

was observed during the 7 day observation period (Bushy Run Research Center 1987). 

In a 30 day dermal toxicity study (described earlier in this report), PEG-75 and PEG-20M at doses of 0.4 and 0.8 g/kg/day 

caused mild erythema. All signs of irritation disappeared by the last application (Mellon Institute of Industrial Research 1956). 

Carpenter et al. (1971) used a modified Landsteiner intradermal sensitization test to determine the parenteral sensitization 

potential of PEG-75. Twenty male albino guinea pigs were given eight doses (0.1 ml) of 0.1% PEG-75 in 0.85% NaCl on alternate 

days (3 per week). A challenge of 0.05 ml was administered after 3 weeks of no treatment. None of the animals were sensitized. 

 

INHALATION TOXICITY 

Triethylene Glycol  

Robertson et al. (1947) placed 24 male and 12 female rats in a chamber containing supersaturated Triethylene Glycol vapor. 

Four male and two female control rats were kept in a separate chamber containing normal air. Animals remained in the respective 

chambers for six to 13 months. Triethylene Glycol exposure by inhalation of saturated vapor in 24 hours was 0.004 cc/kg/day. The 

growth rates of adult and offspring rats in the Triethylene Glycol inhalation group was similar to growth in the control group. General 

health of the rats were not affected by the Triethylene Glycol as vapor. Hematology was likewise similar between control and treated 

animals. Necropsies showed no treatment-related lesions. 

Five male and five female Sprague-Dawley rats were exposed to a single 6-hour inhalation treatment of saturated Triethylene 

Glycol vapor at 21C. None of the rats died or had any signs of toxicity as a result of the treatment (Union Carbide 1986a).  

Union Carbide (1990b) exposed four groups of Sprague-Dawley rats, five of each sex per group, to an aerosol atmosphere of 

Triethylene Glycol for four hours. The aerosol concentrations were 2.6, 3.9, 5.0, and 6.7 mg/L Triethylene Glycol. The median aerosol 

particle diameters per group ranged from 4.4 to 9.3 m.  Animals were observed for signs of toxicity after exposure and for several 

days following. Immediately after exposure, all rats had wet/oily fur and perinasal and periocular encrustation. In the 6.7 and 5.0 mg/L 

groups clinical signs included bright red discoloration of the eyes, ears, and feet, blepharospasm, and an absence of toe and tail pinch 

reflexes. Audible respiration and decreased motor activity were observed in the 5.0 mg/L group on post-exposure day 1. For the first 2  

to 5 days after exposure periocular and perinasal encrustation and discolored and unkempt fur were observed. In the 5.0 mg/L group 

three females died on the second day after exposure, and two females died on the third day. The cause of death for these rats could not 

be determined upon necropsy and microscopic examinations. The treatment of 5.0 mg/L Triethylene Glycol exposure was repeated in 

five additional female rats. While these additional rats exhibited the same clinical signs observed in the other exposure conditions, 

none died prematurely. The only treatment-related gross lesions found in necropsy were brown discoloration of the kidneys (two 

males in the 5.0 mg/L group) and discoloration of the caudate lobe of the liver (1 female in the 3.9 mg/L group). The authors 

determined that the LC50 for Triethylene Glycol aerosol in Sprague-Dawley rats is greater than 3.9 mg/L.  

 

PEG-75 
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Groups of 10 male and 10 female Fischer 344 rats were exposed to aerosols of PEG-75 (20% w:w in water) at 0, 109, 567, or 

1008 mg/m3 for 6 h five times per week for 2 weeks (total of nine exposures) (Klonne et al. 1989). The approximate mass median 

aerodynamic diameters of the particles for each of the treatment groups were 6.1, 5.0, and 3.8 m, respectively. The rats were 

necropsied after nine exposures. Separate groups of control rats and high-dose rats were necropsied after a 2-week recovery period.  

All of the rats survived to termination of the study. Parameters of ophthalmology, serum chemistry, urinalysis, and gross 

lesions of the experimental rats were comparable to those of the control animals. Male rats exposed to 567 or 1008 mg/m3 PEG-75 had 

decreased body weight gains, and the latter group also had a 50% increase in neutrophil counts. These changes did not occur in the 

male rats killed after a 2 week recovery period or in any of the female rats killed at either interval. For both sexes, there was a 10% 

and 18% increase in absolute weights of the lungs for the 567 and 1008 mg/m3 groups, respectively. The only microscopic changes 

were in the lungs. There was a concentration-dependent increase in the number of macrophages in the alveoli of rats of both treatment 

schedules (Klonne et al. 1989). 

 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 

In a special report on the reproductive and developmental toxicity of ethylene glycol and its ethers, the CIR Expert Panel 

noted that metabolites of ethylene glycol monoalkyl ethers, such as methoxyethanol and ethoxyethanol (but not butoxyethanol) are 

reproductive and developmental toxicants, but not ethylene glycol monoalkyl ethers  themselves (Andersen 1999c).  NTP (2004) 

concluded that ethylene glycol itself was not a reproductive/developmental toxicant. 

 

Triethylene Glycol 

Triethylene glycol and two of its derivatives were evaluated for reproductive toxicity in a continuous breeding protocol with 

Swiss CD-1 mice (Bossert et al. 1992). Triethylene Glycol (0, 0.3, 1.5, and 3%) was administered in drinking water to breeding pairs 

(20 pairs per treatment group, 40 control pairs) during a 98-day cohabitation period. Reproductive function was assessed by the 

number of litters per pair, live pups per litter, proportion of pups born alive, and pup weights. There were no apparent effects on 

reproductive function in the animals receiving Triethylene Glycol at doses up to 3% in the drinking water. However, some 

developmental toxicity was demonstrated for Triethylene Glycol. Continuous exposure of dams to 1.5 or 3% Triethylene Glycol 

significantly decreased live pup weights at birth compared to control and 0.3% Triethylene Glycol.  Reproductive toxicity was not 

demonstrated in mice receiving Triethylene Glycol at doses up to 6.78 g/kg. 

Union Carbide (1990d) dosed pregnant CD-1 mice with Triethylene Glycol by oral gavage daily on gestation days 6 through 

15. The Triethylene Glycol doses were 0, 0.5, 5, or 10 ml/kg/day (n = 30 mice per group). The Triethylene Glycol doses were of neat 

undiluted Triethylene Glycol, calculated based on most recent body weight measurements, and the negative control dose was 10 

ml/kg/day deionized water. Feed and water consumption as well as body weights and clinical observations were recorded throughout 

the study. Dams were killed on gestation day 18. At this time uteri containing fetuses were removed for evaluation, and the dams 

underwent gross necropsy and microscopic evaluation of certain tissues. Measures of pregnancy outcome were evaluated. Live fetuses 

were counted, sexed, and weighed before being fixed and stained for evaluations of visceral and skeletal morphology. Half of the live 

fetuses were examined by serial sections for soft-tissue craniofacial malformations.  There were no treatment-related maternal deaths, 

and no dams aborted.  Maternal body weights and body weight gains were similar between all dose groups. There were no affects of 

treatment on feed or water consumption. 

Maternal toxicity observed in the 10 ml/kg/day group included hyperactivity with audible and rapid respiration. Necropsy 

revealed no differences between the treated and control groups, except that relative (but not absolute) kidney weights were increased 

in the high dose group. Pregnancy outcomes (number of corpora lutea, viable and non-viable implantations, and sex ratio) were not 

affected by Triethylene Glycol treatment. The sum of fetal body weights per litter were significantly decreased in the 5 and 10 

ml/kg/day groups. There were no treatment related malformations noted in the external or visceral examinations.  

The lowest observable effect level for skeletal abnormalities seen at gestation day 18 (cervical centra #1, #2, #3, or #4 poorly 

ossified; reduced number of caudal segments; unossifed proximal phlalanges of hindlimb; and poorly ossified proximal phlalanges of 

hindlimb) was 10 ml/kg/day and for poorly ossified frontal and supraoccipital bones was 5 ml/kg/day.  

The authors concluded that Triethylene Glycol exposure during organogenesis resulted in evidence of slight maternal toxicity 

at 10 ml/kg/day and consistent evidence of developmental delay at 5 and 10 ml/kg/day (Union Carbide 1990d).  

Union Carbide (1991) dosed pregnant Sprague-Dawley rats with Triethylene Glycol by oral gavage on gestation days 6 

through 15. The doses were 0, 1, 5, or 10 ml/kg/day (n = 55 rats per group). The Triethylene Glycol doses were of neat undiluted 

Triethylene Glycol, calculated based on most recent body weight measurements, and the negative control dose was 10 ml/kg/day 

deionized water. Feed and water consumption as well as body weights and clinical observations were recorded throughout the study. 

Dams were killed on gestation day 21. At this time uteri containing fetuses were removed for evaluation, and the dams underwent 

gross necropsy and microscopic evaluation of certain tissues. Measures of pregnancy outcome were evaluated. Live fetuses were 

counted, sexed, and weighed before being fixed and stained for evaluations of visceral and skeletal morphology. Half of the live 

fetuses were examined by serial sections for soft-tissue craniofacial malformations.   
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There were no maternal deaths and no aborted pregnancies. In the 10 ml/kg/day group maternal body weights were decreased 

on gestation days 9 through 18, feed consumption was decreased on gestation days 6 through 15, and water consumption was 

increased on gestation days 6 through 18. Clinical observations in the 10 mg/kg/day group included audible respiration, urine stains, 

periocular encrustation, and perioral wetness. Dams in the 5 ml/kg/day group had decreased body weights on gestation day 18, 

decreased feed consumption on gestation days 6 through 9, and increased water consumption on gestation days 6-15. Animals treated 

with 1 ml/kg/day had no observations different from controls. At necropsy maternal body weights (adjusted for gravid uterine weight) 

were decreased and relative (but not absolute) kidney weights were increased in the high-dose group compared to controls. There were 

no treatment-related effects on pregnancy outcome with the exception of a decrease in the sum of fetal body weights per litter in the 

10 ml/kg/day. There were no significant increases in the incidence of external, visceral or skeletal malformations. There was an 

increase in the incidence of one skeletal variation (bilobed thoracic centrum # 10) in the high-dose group. While there was some 

evidence of maternal toxicity, no biologically significant embryotoxiciy or teratogenicity was observed at the doses administered in 

this study (Union Carbide 1991).  

 

PEG-6, PEG-32, and PEG-75 

Smyth et al. (1947) investigated the reproductive toxicity of PEG-6, PEG-32 and PEG-75 during the 2-year oral toxicity 

studies (described earlier in this report). The animals at each dose (0.015, 0.059, 0.27, and 1.69 g/kg/day PEG-6, PEG-32; and 

0.00085, 0.0036,  0.017, and 0.062 g/kg/day PEG-75) were allowed to breed during the study and records were kept of the F1 and F2 

generations. No changes or adverse responses to either compound occurred in the three generations. 

In the 90-day oral toxicity study conducted by Smyth et al. (1942) described earlier, the authors reported that rats drinking 

dosages of 0.23 g/kg/day or more of PEG-75 had testicular tubule degeneration and scant or degenerated sperm. They noted that 

although none of their control rats had these conditions, historical control rats have had such changes. 

 

GENOTOXICITY 

Triethylene Glycol 

Union Carbide (1986b) evaluated Triethylene Glycol in a bacterial mutagenicity assay using Salmonella typhimurium strains 

TA98, TA100, TA1535, TA1537, and TA1538.  Triethylene Glycol at concentrations of 1 to 112.6 mg/plate was not mutagenic in any 

of the strains tested with or without the presence of S9 microsomal activation. 

Triethylene Glycol at doses of up to 50 mg/ml tested negative for genotoxicity in the Chinese Hamster Ovary Mutation 

(Union Carbide, 1986c) and Sister Chromatid Exchange (Union Carbide 1986d) assays in CHO cells. 

 

PEG-4 

Mortelmans et al. (1986) reported that PEG-4 (concentrations up to 10000 g/plate) was negative for mutagenicity in 

Salmonella typhimurium strains TA100, TA 1535, TA 1537, and TA 98 with and without S9 rat or hamster liver microsome 

activation. 

Union Carbide Corp. (1988) used an in vivo bone marrow chromosome aberration assay was used to evaluate the clastogenic 

(chromosome breaking) potential of PEG-4. Sprague-Dawley rats received a single 10 ml/kg oral dose of 0, 1250, 2500, or 5000 

mg/kg PEG-4 (n = 5/sex/group) diluted in water. The dose levels were selected based on a preliminary test in which PEG-4 was non-

toxic up to 5000 mg/kg. A positive control group received an i.p. injection of 30 mg/kg cyclophosphamide to demonstrate the 

responsiveness of the animals to a recognized clastogenic agent. Animals were killed at 12, 24, or 48 hours after dosing. Bone marrow 

tissue from the femur of each rat was isolated and prepared for staining of the chromosomes of mitotic cells on slides. Cells were 

evaluated for chromosome number, specific type of chromosome- or chromatid-type aberrations, and further classified for deletions 

and exchanges.  

None of the three dose levels of PEG-4 tested produced statistically significant or dose-related increases in relative numbers 

of chromosome aberrations compared to negative control values. Simple chromatid breaks and fragments were observed, but the 

frequencies were within the range of spontaneous incidence for the test system. The positive control (cyclophosphamide) group 

exhibited significant increases in the numbers and types of chromosomal damage in both male and female rats, demonstrating the 

effectiveness of the test system in detecting clastogenic agents (Union Carbide Corp. 1988). 

Union Carbide Corp. (1994) exposed male Fischer 344 rats (n = 20 rats per group) to 0, 5000, 25,000, or 50,000 ppm PEG-4 

in drinking water for five consecutive days in a dominant lethal assay. The respective daily consumption levels of the three doses of 

PEG-4 were 425  45, 2441  328, and 5699  1341 mg/kg. At the end of the five-day dosing period, the PEG-4 drinking water was 

replaced with regular water. Beginning 24 hours after the last PEG-4 exposure, the males were mated with two naive (nontreated) 

virgin females. When those females showed evidence of copulation, they were replaced with two more females, until each male had 

mated with ten females or until ten weeks had passed. At the end of the tenth week after PEG-4 exposure, males were killed for 

necropsy (observations of male toxicity are described in the Short-Term Toxicity section earlier in this report). The females were 
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observed and killed on gestation day 15, at which time corpora lutea and implantation sites (resorptions and live embryos) were 

counted. 

Reproductive parameters, including number of fertile males and number of gravid females with viable implants, were not 

affected by PEG-4 treatment. There were no significant preimplantation losses or dominant lethal effects observed. A concurrent 

positive control group of males receiving an i.p. injection of 0.5 mg/kg triethylenemelamine (TEM) were bred with naive females in a 

similar manner described above. The TEM group showed increased pre- and postimplantation loss, increased early resorptions, and 

significant dominant lethal effects, verifying the validity of the test system (Union Carbide Corp. 1994).  

 

PEG-8  

CHO cells were incubated with PEG-8 at concentrations ranging from 1.0 to 0.0625% (by volume) for  5 h without metabolic 

activation, or for 2 h using S9 metabolic activation. EMS was used as a positive control. In the absence of metabolic activation, no 

statistically significant increases occurred in the SCE frequency at any of the doses of PEG-8. In the presence of a metabolic activation 

system, the only SCE value that was statistically significant from the solvent control group occurred at the 0.5% dose level. However, 

there was no indication of a correlation between dose and SCE induction (Bushy Run Research Center 1980). 

Rat hepatocytes were treated with PEG-8 in DMSO at concentrations ranging from 0.0001% to 0.1% (by volume) for 2 h in a 

culture medium containing [3H]thymidine and hydroxyurea. UDS activity was determined by analyzing radioactive incorporation into 

isolated hepatocyte nuclei or in precipitated DNA. The positive controls used were DMN and 4-nitroquinoline oxide. While there was 

a trend to elevated levels of UDS measured in the nuclei and DNA of the hepatocytes, the only statistically significant increase in 

radioactive thymidine incorporation was measured in the precipitated DNA of the cells treated with the highest concentration.  No 

dose-response relationship was apparent in the precipitated DNA measurement and there was no significant elevation of UDS levels 

measured in the nuclei (Bushy Run Research Center 1980). 

 

PEG-150 

PEG-150 was tested in the mouse lymphoma TK+/-+TK-/- forward mutation assay without metabolic activation at 

concentrations of 50.1, 75.2, 100.0, 125.0, and 150.0 m/l. The mutation frequencies (mutants/106 surviving cells) at these 

concentrations were 46, 65, 61, 60, and 126, respectively. Two control cultures had mutation frequencies of 51 and 60. The mutation 

index (mutation frequency of treated culture/average mutation frequency of control cultures) ranged from 0.8 to 2.3 (Wangenheim and 

Bolcsfoldi 1988). 

CARCINOGENICITY 

PEG-8  

The following carcinogenicity data on PEG-8 were obtained from experiments testing the carcinogenicity of other materials, 

in which PEG-8 was used as a solvent control. Twenty Swiss male mice fed 0.30 ml PEG-8 weekly for 30 weeks did not have tumors 

(Berenblum and Haran 1955). 

PEG-8 (0.05 ml) was injected into the ventral wall of the gastric antrum of 12 guinea pigs. The animals were killed for 

necropsy after 8 months. No gastric lesions were found (Zaldivar 1963). 

Male CB stock rats were injected intraperitoneally with 0.25 ml PEG-8 once a week for 6 months. Among the 24 animals, 

one case of hepatoma was reported (Boyland et al. 1968). 

Twenty Chester Beatty Stock mice were given weekly subcutaneous injections of PEG-8 (0.2 ml) for 1 year. No neoplasms 

developed in these animals (Roe et al. 1966). 

Subcutaneous injections of PEG-8 (0.25 ml) were administered weekly to 20 male and 20 female Sprague-Dawley rats for 20 

weeks. The mice were killed for necropsy after 106 weeks. No sarcomas or fibromas developed in the subcutaneous tissues. Mammary 

fibroadenomas and carcinomas were observed. However, the incidence of these neoplasms did not differ significantly from that of the 

untreated control rats (Carter 1969). 

 

TUMOR GROWTH INHIBITION 

PEG-75 
Hartveit (1969a) reported that oral administration of PEG-75 significantly decreased subcutaneous tumor growth in female 

mice. Thirteen mice were injected with Ehrlich=s ascites carcinoma and given drinking water containing 20% PEG-75 for 8 days. 

Control animals were given untreated water after injection. The treated rats had a marked reduction in the inflammatory response 

around the tumor transplants, and tumor growth was reduced by 84%. These tumors were not infiltrative. Lymph node hypertrophy 

and splenic atrophy also occurred. Female control animals had inflammatory responses and tumor growth was infiltrative. Since in 

vitro studies indicated that PEG-75 was not directly toxic to these tumor cells (Hartveit 1967), the author suggested that PEG-75 A. . 
.upset the immunological balance in host-tumor relationship and that subsequent changes in response may be ultimately responsible 

for the difference in the subcutaneous growth of the tumor transplants.@ 
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In similar studies using male rats, 20% PEG-75 reduced subcutaneous tumor growth by 48% compared to that seen in 

untreated controls. However, the tumor growth in male mice treated with 10% PEG-75 was not inhibited and was similar to that seen 

in the control rats (Hartveit 1969a). 

 

PEG-150 

lntraperitoneal injection (1 ml) of 10% PEG-75 in physiological saline inhibited the growth of Ehrlich=s ascites carcinoma 

transplants in female mice. The mean tumor diameter was reduced by 15% in short-term studies (9-12 days), and by 30% in studies of 

greater duration (3-7 weeks) compared to untreated control mice (Hartveit 1969a). 

In vitro studies of PEG-150 indicated that PEG-150 augmented the generation of antitumor cytotoxicity by MOPC-315 

tumor-bearer splenic cells (Mokyr et al. 1982), and potentiated mitogen-induced lymphocyte stimulation (Bessler et al. 1977). PEG-

150 also enhanced the murine T-cell proliferative response against autologous non-T stimulator cells (Ponzio 1980). 

 

CLINICAL ASSESSMENT OF SAFETY 

 

Hammer et al. (1989) reported that PEG ingestion induces diarrhea in normal human volunteers. 

 

DERMAL IRRITATION AND SENSITIZATION 

 

PEG-6, PEG-8, PEG-20, PEG-32, PEG-75, and PEG-150 

In a Draize test, one of 200 individuals was sensitized to an experimental bar of soap. PEG-6 (3% in petrolatum) was 

determined to be the component in the soap causing this reaction. Challenges with 1% and 3% PEG-75 and PEG-150 also produced 

positive results. However, the individual was not sensitive to an open test with 3% PEG-6 (Maibach 1975). 

The irritation potential of a formulation containing 3.0% PEG-8 was determined using 10 volunteers. Each of the panelists 

had two 0.3 ml samples of the formulation applied to their back under an occlusive patch for 23 h, the sites were scored at 24 h, and 

new patches were applied to the same sites. Applications were made daily for 3 weeks. The 3.0% PEG-8 formulation caused evidence 

of a moderate potential for mild cumulative irritation. Composite scores for this panel were 208 and 411 out of a maximum possible 

score of 630, and the average end point day (the day patching was discontinued because of maximum irritation) was 14.90 and 8.80, 

respectively, for the two samples tested (Hill Top Research, Inc. 1979). 

In a number of repeat insult patch tests, PEG-8 did not exhibit a potential for inducing allergic contact dermatitis. These 

studies, completed on products containing PEG-8, are detailed in Table 7. In general, the following procedures were used: a 

formulation containing PEG-8 was applied under an occlusive patch to the backs of the panelists for 24 h every Monday, Wednesday, 

and Friday for 3 weeks. The sites were scored 48 or 72 h after application, and new samples were applied to the same site. After a 3 

week non-treatment period, a challenge patch was applied to a previously untreated site for 24 h. The sites were scored 24 and 48 h 

after the patch removal (CTFA 1980, 1982a, b, c, d, 1983b, c, 1984, 1985b). 

Smyth et al. (1942) applied undiluted PEG-6 and PEG-32 and 50% aqueous PEG-75 to the backs of 100 men for 7 days. 

After 10 days, the patients were reapplied with the PEGs for 2 days. Three cases of irritation occurred during the initial 7 day 

exposure. The authors attributed these reactions to previous hypersensitivity or to direct irritation of the compound. During the 2 day 

re-application period, PEG-6 and PEG-32 caused 3 sensitization reactions, and PEG-75 caused four reactions. All reactions were mild. 

Smyth et al. (1945) reported that undiluted PEG-6 and PEG-8 caused mild sensitization reactions. Using the same method as 

above, PEG-6 and PEG-8 were applied to the backs of 23 men. PEG-6 and PEG-8 caused erythema in 9% and 4% of the subjects, 

respectively. 

Later production lots of PEG-8 and PEG-75 were also tested using patch tests and human subjects. No reactions occurred in 

the 100 male and 100 female subjects tested (Smyth et al. 1950). 

Hannuksela et al. (1975) tested 1,556 eczema patients with PEG-8 using the chamber test method. Testing was done 

throughout the year. PEG-8 was applied for 20-24 h and readings were made 1, 2, and 4-5 days later. Positive reactions occurred in 

0.3% of the patients. 

When 92 dermatologic patients were tested with PEG-6, 4% had positive reactions. Of 12 sensitized patients, five reacted to 

PEG-8, and only one reacted to PEG-6, PEG-32 and PEG-150. The author concluded that group sensitization of the PEGs only 

occurred with polymers of similar molecular weight (Braun 1969). 

A human repeat insult patch test with challenge of masque containing 66% PEG-8 was conducted in 54 subjects (44 males 

and 19 females; 18-65 years of age) (TKL Research, Inc. 2007). During the induction phase, the test material was applied to 1 side of 

the infrascapular area of the back.  The application sites were assessed for erythema, edema and other signs of cutaneous irritation.  

Following induction, subjects had a 2-week rest period, after which they entered the challenge phase that consisted of one 48-h patch 

application to the original site and a naive site on the opposite side of the back. Observations at the naive site during challenge and the 
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patterns of reactivity during the induction period were analyzed for contact allergic response. Under the conditions of this study, there 

was no evidence of sensitization or significant irritation.  

A cytotoxicity study was performed on an Episkin reconstructed human epidermis model (MTT conversion assay) on a 

mask containing 66% PEG-8 (Episkin SNC 2007). The negative control in the study was the untreated epidermis, solvent control was 

150 L of water used to dilute the products, and the positive control was 150 L of an aqueous solution of sodium dodecyl sulfate at a 

concentration of 20 mg/mL. Based on the the conditions of this study, it was concluded that on a reconstructed human epidermis 

model, the product was a non-irritant. 

A cutaneous study was conducted using a purifying mask (containing 66% PEG-8) following a single dermal application 

(Peritesco 2007). Fifty female subjects (19 - 67 years of age) participated in the study. No signs of irritation were observed in any of 

the subjects. The authors concluded that this product was non-irritating. 

 

RENAL TOXICITY 

PEG-6, PEG-20, and PEG-75  

Sturgill et al. (1982) reported cases of renal tubular necrosis resulting in the death of burn patients treated with topical 

ointments containing PEGs. Over a 2-year period, 40 patients with burns over 20-70% of their bodies were treated with a PEG-based 

antimicrobial cream. The active ingredient in the dressing was 0.2% nitrofurazone, and the PEG-base consisted of 63% PEG-6, 5% 

PEG-20, and 32% PEG-75. Nine patients died from a syndrome of renal failure, metabolic acidosis, and osmolal gaps. The ointment 

was identified as the toxic agent. PEG and its metabolites were present in the serum of the patients and, at autopsy, six of the patients 

had extremely swollen kidneys, with hydropic degeneration and necrosis of proximal tubules. Two individuals had oxalate crystals. 

Such changes were not present in 14 comparable burn patients not treated with the PEG-based ointment. The investigators noted that 

the renal changes were similar to that seen in ethylene glycol poisoning. 

The same syndrome as described in the patients above occurred in three other burn patients who died from renal failure after 

being treated with the same antimicrobial cream. These patients also had a markedly decreased ratio of ionized calcium to total 

calcium in their serum. These changes were linked to the presence of PEGs and their metabolites in the circulation (Bruns et al. 1982).  

These data formed the basis for the ―damaged skin‖ caveat discussed in the introduction.  The nephrotoxicity seen in burn 

patients presumably resulted because no intact skin barrier remained to prevent the entry of PEGs into the circulation.  The question 

remained about the degree of dermal penetration of PEGs (and concern regarding nephrotoxicity)  with less severely damaged skin. 

 

DERMAL PENETRATION OF PEGs 

Raabe and Norman (2009) at the Institute for In Vitro Sciences developed an in vitro model of damaged skin representative 

of the degree of damage that would be seen in the consumer population.   Levels of skin damage and disease states from published 

studies were correlated with increases in transepidermal water loss (TEWL).  Increases in TEWL of 3.5 to 6.5 were determined to 

reflect moderate skin damage. 

A clinical study was performed to determine the degree of skin damage (as measured using TEWL) from either sodium lauryl 

sulfate (SLS) at 1, 5, and 10% or 1, 20 or 30 successive tape-strippings.  Tape-stripping produced more reproducible results and more 

of a defined dose-response.   SLS again was compared to tape-stripping in a pilot study of cadaver skin using 3H2O penetration to 

assess barrier function disruption.   The use of 20 successive tape-strips was chosen as indicative of moderate skin damage and clear 

disruption of barrier function in a reproducible manner. 

PEG-4 was selected as the test article because its low molecular weight range (120-210) would maximize dermal penetration 

and because [14 C] PEG-4 was readily available.  A rinse-off (surfactant based) and a leave-on (water in oil emulsion) formulation 

were used as vehicles in which PEG-4 was tested using cadaver skin mounted in flow-through diffusion cells and samples of receptor 

fluid taken each 1.5 h.  For the rinse-off formulation, exposure was 5 min followed by rinsing.  For leave-on formulations, the material 

was left on the skin sample for 24 h.  Three cadaver skin donors were used, with two minimum replicate tissues from each donor per 

group.  The integrity of the skin samples was determined using 3H2O.   

Absorption of PEG-4 from the rinse-off formulation was 0.37 ± 0.22% in intact skin and 2.30 ± 4.21% for skin that had been 

tape-stripped 20 times. The absorption of PEG-4 from the leave-on formulation was 8.42 ± 1.56% for intact skin and 33.72 ± 20.11% 

for skin that had been tape-stripped 20 times.  Study results are summarized in Table 8.  These data were used in a risk assessment for 

PEG renal toxicity.   

 

RENAL TOXICITY RISK ASSESSMENT 

The Personal Care Products Council (2009b) provided a risk assessment for Kidney Effects of PEGs.  In addition, the 

Council (2009c) summarized the data from the Raabe and Norman study above.   

The Council stated that the best available oral NOEL for renal toxicity for PEGs is 1.1 g/kg (Hermansky et al. 1995).  

 

Highest Exposure from a Leave-On Product  
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Of the reported uses of PEGs, the product type potentially applied to the largest body surface at the highest concentration 

contains 12% PEG-6 in the Abody and hand creams, lotions and powders@ category. Assuming this is a whole body product (resulting 

in higher exposure than a hand-only product), the amount of product used per day from Loretz et al. (2005) is 7.63 g (50th percentile 

body lotion use) or 14.39 g (90th percentile body lotion use). 

Using data from the dermal penetration study by Raabe and Norman (2009), the average total absorption of PEG-4 from a 

leave-on formulation in a) intact and b) damaged skin, with exposure expressed as a percentage of the applied dose using data from all 

acceptable trials, is a) 8.42% and b) 33.72%, respectively. Resulting exposure from the leave-on product (amount of cosmetic applied 

x concentration of PEG-6 x units conversion factor x PEG-4 penetration percent ÷ body weight) would be: 

 50% percentile: 
Intact skin: 7.63 g/day x 0.12 x 1000 mg/g x 0.0842 ÷ 60 kg = 1.3 mg/kg/day 

Damaged skin: 7.63 g/day x 0.12 x 1000 mg/g x 0.3372 ÷ 60 kg = 5.1 mg/kg/day 

 90% percentile: 
Intact skin: 14.39 g/day x 0.12 x 1000 mg/g x 0.0842 ÷ 60 kg = 2.4 mg/kg/day 

Damaged skin: 14.39 g/day x 0.12 x 1000 mg/g x 0.3372 ÷ 60 kg = 9.7 mg/kg/day 

 

Highest Exposure from a Rinse-off Product 

Of the reported uses of PEGs, the rinse-off product type with potentially the highest exposure is a shampoo (noncoloring) 

containing 62% PEG-8. The amount of product used per day from Loretz et al. (2006) is 10.75 g (50 th percentile shampoo use) or 

23.63 (90th percentile shampoo use). 

The average total absorption of PEG-4 from a rinse-off formulation in a) intact and b) damaged skin was a) 0.37% and b) 

2.30%, respectively (Raabe and Norman 2009),. Resulting exposure from the rinse-off product would be: 

 50% percentile: 

Intact skin: 10.75 g/day x 0.62 x 1000 mg/g x 0.0037 ÷ 60 kg = 0.41 mg/kg/day 

Damaged skin: 10.75 g/day x 0.62 x 1000 mg/g x 0.023 ÷ 60 kg = 2.6 mg/kg/day 

 90% percentile: 

Intact skin: 23.63 g/day x 0.62 x 1000 mg/g x 0.0037 ÷ 60 kg = 0.90 mg/kg/day 

Damaged skin: 23.63 g/day x 0.62 x 1000 mg/g x 0.023 ÷ 60 kg = 5.4 mg/kg/day 

 

The Council noted that these calculations overestimate exposure because 1) PEG-4 was used in the dermal penetration 

studies but PEG-6 and PEG-8 were used in the reported products; due to their larger size, penetration of PEG-6 and PEG-8 is likely to 

be lower than PEG-4; and 2) for damaged skin, 100% of exposed skin is assumed to be damaged. 

 

Comparison of Exposure to NOEL (Margin of Safety) 

 

Leave-on, 50th percentile: 
Assuming PEG-6 is 100% metabolized to ethylene glycol, comparison of the highest exposure product in intact (1.3 

mg/kg/day) and damaged (5.1 mg/kg/day) skin to the NOEL for kidney toxicity (1.1 g/kg/day) results is Margins of Safety of 846 and 

216, respectively. 

 

Leave-on, 90th percentile: 
Assuming PEG-6 is 100% metabolized to ethylene glycol, comparison of the highest exposure product in intact (2.4 

mg/kg/day) and damaged (9.7 mg/kg/day) skin to the NOEL for kidney toxicity (1.1 g/kg/day) results is Margins of Safety of 458 and 

113, respectively. 

 

Rinse-off, 50th percentile: 

Assuming PEG-8 is 100% metabolized to ethylene glycol, comparison of the highest exposure product in intact (0.41 

mg/kg/day) and damaged (2.6 mg/kg/day) skin to the NOEL for kidney toxicity (1.1 g/kg/day) results is Margins of Safety of 2,683 

and 423, respectively. 

 

Rinse-off, 90th percentile: 

Assuming PEG-8 is 100% metabolized to ethylene glycol, comparison of the highest exposure product in intact (0.90 

mg/kg/day) and damaged (5.4 mg/kg/day) skin to the NOEL for kidney toxicity (1.1 g/kg/day) results is Margins of Safety of 1,222 

and 204, respectively.  

The Council noted that these calculations underestimate the MOS because 1) it is assumed that 100% of PEG is metabolized 

to ethylene glycol; and 2) exposure is overestimated. 
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CASE REPORTS 

PEG-6, PEG-8, PEG-20, and PEG-75 

A commercial solution for treatment of tinea infection of the toe webs containing PEG-8 as a solvent caused immediate 

urticaria in a 50-year-old man. A similar product also containing PEG-8 also caused the same symptoms. The two solutions and PEG-

8 caused contact urticaria within 15 min when tested for immediate reactions on the patient=s forearms. Five control subjects treated 

with PEG-8 did not have this reaction. The irritation was not a result of delayed type hypersensitivity, since patch test results after 48 

h for both products and PEG-8 were negative (Fisher 1977). 

Two cases of delayed allergic eczematous contact dermatitis caused by PEGs used in a soluble dressing to treat patients with 

second-degree burns was reported (Fisher 1978). The dressing contained the active ingredient nitrofurazone in a base composed of 

PEGs -6, -20, and -75. In one case, a woman treating burns on her leg suffered from erythema and edema 48 h after application. After 

a patch test, she had strong reactions to the dressing, PEG-6, and PEG-8. No reactions occurred in six control patients. PEG-20 and 

PEG-75 were negative for sensitization in patch tests.  In another case, a man receiving treatment for burns on his chest suffered 

severe, edematous, vesicular, and crusted contact dermatitis on his burns. Patch tests of the dressing, PEG-6, and PEG-8 were strongly 

positive. PEG-20 and PEG-75 did not cause any reactions.   

Another case of immediate urticarial reaction was linked to PEG-6 in an ear medication. Patch tests of the medication and 

PEG-6 were negative, but when they were tested for immediate reactions on this patient=s forearms urticarial reaction occurred within 

20 min. Five control patients did not have this reaction (Fisher 1978). 

 

SUMMARY 

Polyethylene Glycols (PEGs) are condensation polymers of ethylene oxide that perform a wide variety of functions in 

cosmetics depending on molecular weight. Ingredients in this safety assessment include: Triethylene Glycol and Polyethylene Glycols 

(PEGs) -4, -6, -7, -8, -9, -10, -12, -14, -16, -18, -20, -32, -33, -40, -45, -55, -60, -75, -80, -90, -100,  

-135, -150, -180, -200, -220, -240, -350, -400, -450, -500, -800, -2M, -5M, -7M, -9M, -14M, -20M, -23M, -25M, -45M, -65M, -90M, -

115M, -160M and -180M and any PEG ≥ 4 that may become a cosmetic ingredient in the future. 

The physical and biological properties of the individual PEGs are dependent on their molecular weight. PEGs may also 

contain trace amounts of 1,4-dioxane, a by-product of ethoxylation and small quantities of ethylene oxide. 

In metabolism studies with rats, rabbits, dogs, and humans, the lower molecular weight PEGs were absorbed by the digestive 

tract and excreted in the urine and feces. The greater molecular weight PEGs were absorbed more slowly or not at all.  For example, 

PEG-8 is rapidly absorbed by the GI tracts of several mammalian species and excreted primarily in the urine with less excretion in the 

feces and PEG-150 in water was not absorbed from the gastrointestinal tract of humans. 

PEGs are used in the pharmaceutical industry as vehicles for drugs and as ointment bases. 

The following are reported to be in use to the FDA’s VCRP or reported in an industry survey of use concentrations: 

Triethylene Glycol and PEGs -4, -6, -8, -9, -10, -12, -14, -20, -32, -40, -75, -90, -150, -180, -220, -240, -350, -400, -450, -2M, -5M, -

7M, -14M, -23M, -45M, -90M, and -180M, with the highest reported use (299) in PEG-8 at concentrations up to 85%.   

Several studies reported effects of minimal toxicological significance, including crenation and clumping of rabbit 

erythrocytes.  In a study of PEGs radioprotection, low molecular weight were effective, while PEG-20 and above were not.  In a study 

of the biochemical effects of a series of commonly used drug carrier vehicles, PEG-6 was bioactive in its own right, increasing urine  

concentrations of dicarboxylic acids, creatinine, taurine, and sugars. 

In general, PEGs had low acute oral toxicity. The higher-molecular-weight PEGs appeared to be less toxic than the lower 

PEGs in oral studies.  Oral LD50 values in rodents ranged from 15 to 22 g/kg, and the intravenous LD50 in rodents ranged from 7.3 to 

9.5 g/kg. The LC50 of aerosolized Triethylene Glycol in rats was greater than 3.9 mg/L.   

PEG-8 administered for 13 weeks of gavage treatment in Fischer 344 rats at doses of  1.1, 2.8 and 5.6 g/kg/day for resulted in 

no mortality or changes in hematology or clinical chemistry measurements attributed to PEG-8 toxicity.   

Dermal exposure to PEGs was not irritating in rabbits in several studies.  Overall, PEGs were not irritating to the skin of 

rabbits and guinea pigs. PEG-75 was not a sensitizer in guinea pigs. 

Ocular exposure to Triethylene Glycol in rabbits produced no corneal injury, however all rabbits displayed acute iritis and 

minor transient conjunctival irritation.  Overall, PEGs cause mild, transient ocular irritation in rabbits. 

Inhalation of aerosolized PEG-75 at concentrations up to 1008 mg/m3 caused little or no toxicity in rats. 

In reproductive and developmental toxicity studies in rats and mice, PEGs did not produce biologically significant 

embryotoxicity or teratogenicity.  

PEGs were not mutagenic or genotoxic in the Ames assay, a Chinese Hamster ovary cell mutation assay, an in vivo bone 

marrow assay,  a dominant lethal assay, the mouse TK+/-+TK-/- forward mutation assay, or a sister chromosome exchange assay.  

PEG-8 was not carcinogenic when administered orally, intraperitoneally, or subcutaneously to various test animals. 
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In clinical studies, PEG-6 and PEG-8 caused mild cases of immediate hypersensitivity. Extensive clinical studies of patients 

with normal skin demonstrate that PEG-8 was not a sensitizer and one large study in patients with eczematous skin, only 0.3% 

positive reactions were seen to PEG-8.  Cases of delayed allergic contact dermatitis have been reported in burn patients treated with 

antimicrobial creams with a PEG vehicle.   

Use of antimicrobial creams with a PEG vehicle have been associated with renal toxicity when applied to burned skin.  

Measured values for dermal penetration of PEG-4 as a function of number of tape strippings demonstrated that tape stripping can 

increase dermal penetration.  Exposure estimates that combined type and use quantity of cosmetic product, concentration of PEGs, and 

dermal penetration were used to determine exposures to skin in which tape stripping had removed the stratum corneum.  These 

exposures were used with the renal toxicity NOEL to develop a margin of safety calculation, with values ranging from 113 to over 

2,600.  

 

DISCUSSION 

The available acute, short-term, and chronic toxicity data support the safety of PEGs at the concentrations used in cosmetic 

products.  Likewise, these ingredients are not genotoxic or carcinogenic, nor are they reproductive or developmental toxicants.  While 

there is some suggestion of minor ocular irritation, these ingredients are not dermal irritants or sensitizers in individuals with normal 

skin.  While there are case reports of allergic contact dermatitis in burn patients treated with an antimicrobial agent in a PEG vehicle, 

there also one clinical study of over 1,500 patients with eczematous skin in which positive reactions were seen in less than one-third of 

one percent of individuals, suggesting that sensitization is not a significant concern for individuals with damaged skin. 

The CIR Expert Panel has further considered one issue of concern --- that PEGs use on severely damaged skin, as in burned 

skin, can be associated with renal toxicity.  Clearly, the available data demonstrate an absence of renal toxicity when PEGs are applied 

to normal skin.  The Panel then considered the newly available dermal penetration data for normal skin and for skin in which the 

stratum corneum substantially has been removed.  These data demonstrated that the dermal penetration of lower molecular weight 

PEGs is increased when the stratum corneum barrier is removed.  The question the Panel then addressed was the significance of that 

finding.  Using assumptions that would maximize the risk (e.g., whole body use of a hand lotion containing 12% PEG-6), a margin of 

safety of over 100 was maintained between the renal toxicity no observable effect level (the level at which no adverse effects are seen) 

and the exposure that could result from use of leave-on cosmetics.  Even higher margins of safety were found for rinse-off cosmetics, 

suggesting no reason for concern for PEGs use in rinse-off products in the current practices of use and concentration. 

The CIR Expert Panel further reasoned that the almost total removal of the stratum corneum was not unlike the damaged skin 

seen in certain skin diseases such as atopic dermatitis.  Were a user to have such a condition and use a cosmetic product containing 

PEGs (e.g. the hand lotion containing 12% PEGs noted above), even at the 90th percentile of use quantities, the Panel was reassured 

that there is a large margin of safety between exposure to PEGs from use of leave-on cosmetics and any concern about adverse effects. 

The Panel did note that, were the stratum corneum and the epidermis both absent (as in partial and full thickness burns), then 

penetration of PEGs into the dermis is likely, leading to systemic exposure and possible renal toxicity as seen with burn patients.  The 

Expert Panel strongly asserted that it is inappropriate to apply cosmetic products containing  high concentrations of PEGs to 

individuals exhibiting barrier skin disruption through both the stratum corneum and the epidermis, or greater.

The Expert Panel also expressed concern regarding the possible presence of ethylene oxide and trace amounts of 1,4-dioxane 

as impurities. They stressed that the cosmetic industry should continue to use the necessary purification procedures to remove these 

impurities from the ingredient before blending it into cosmetic formulations.  

The potential adverse effects of inhaled aerosols depend on the specific chemical species, the concentration and the duration of 

the exposure and their site of deposition within the respiratory system.  In practice, aerosols should have at least 99% of their particle 

diameters in the 10 B 110 m range and the mean particle diameter in a typical aerosol spray has been reported as ~38 m.  Particles 

with an aerodynamic diameter of  10m are respirable.  In addition to inhalation toxicity data, the panel determined that PEGs can be 

used safely in hair sprays, because the product particle size is not respirable.   

The CIR Expert Panel also acknowledged that the ―damaged skin‖ caveat from the original safety assessment of PEGs was 

carried over to safety assessments of PEGs and PEG esters in which it appeared in either the discussion or the conclusion, including:  

 PEG-2, -3, -5, -10, -15, and -20 Cocamine;  

 PEG-2, -4, -6, -8, -12, -20, -32, -75, and -150 Dilaurate and PEG-2, -4, -6, -8, -9, -10, -12, -14, -20, -32, -75, -150, and -

200 Laurate;  

 PEG-2, -3, -6, -8, -9, -12, -20, -32, -50, -75, -120, -150 and -175 Distearate;  

 PEG-7, -30, -40, -78, and -80 Glyceryl Cocoate;  

 PEG-5, -10, -24, -25, -35, -55, -100, and -150 Lanolin; PEG-5, -10, -20, -24, -30, and -70 Hydrogenated Lanolin; PEG-75 

Lanolin Oil; and PEG-75 Lanolin Wax;  

 PEG-10 Propylene Glycol; PEG-8 Propylene Glycol Cocoate; PEG-55 PropyleneGlycol Oleate; and PEG-25, -75, and -

120 Propylene Glycol Stearate;  
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 PEG-20 Sorbitan Cocoate, PEG-40 Sorbitan Diisostearate, PEG-2, -5, -20 Sorbitan Isostearate, PEG-40 and -75 Sorbitan 

Lanolate, PEG-10, -40, -44, -75, and -80 Sorbitan Laurate, PEG-3 and -6 Sorbitan Oleate, PEG-80 Sorbitan Palmitate, 

PEG-40 Sorbitan Perisostearate, PEG-40 Sorbitan Peroleate, PEG-3, -6, -40, and -60 Sorbitan Stearate, PEG-20, -30, -40, 

and -60 Sorbitan Tetraoleate, PEG-60 Sorbitan Tetrastearate, PEG-20 and -160 Sorbitan Triisostearate, PEG-18 Sorbitan 

Trioleate, PEG-40 and -50 Sorbitan Hexaoleate, PEG-30 Sorbitol Tetraoleate Laurate, and PEG-60 Sorbitol Tetrastearate;  

 PEG-5, -10, -16, -25, -30, and -40 Soy Sterol; and  

 PEG-6, -8, and -20 Sorbitan Beeswax 

Accordingly, conforming changes in each of these safety assessments are made to remove the ―damaged skin‖ caveat from each of 

them. 

 

CONCLUSION 

 On the basis of the data presented in this report, the CIR Expert Panel concluded that Triethylene Glycol and Polyethylene 

Glycols (PEGs) )-4, -6, -7, -8, -9, -10, -12, -14, -16, -18, -20, -32, -33, -40, -45, -55, -60, -75, -80, -90, -100, -135, -150, -180, 

-200, -220, -240, -350, -400, -450, -500, -800, -2M, -5M, -7M, -9M, -14M, -20M, -23M, -25M, -45M, -65M, -90M, -115M,  

-160M and -180M and any PEG ≥ 4 are safe in the present practices of use and concentration.1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Were ingredients in this group not in current use to be used in the future, the expectation is that they would be used in product categories and at concentrations 

comparable to others in the group.  This conclusion effectively amends the safety assessments of PEG derivatives and removes the caveat regarding use on damaged 

skin for those ingredients as listed in the discussion.
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Table 1. CAS numbers, cosmetic ingredient definitions and functions, and technical/other names as given in the International 

Cosmetic Ingredient Dictionary and Handbook (Gottschalck and Bailey 2008) for Triethylene Glycol (1a) and Polyethylene 

Glycols (1b)  

 

Table 1a     

Ingredient CAS No. Definition - aliphatic 

alcohola 

 

Function Technical/Other Names 

Triethylene 

Glycol 

112-27-6 n equals 3 fragrance ingredient;  

viscosity decreasing agent 

2,2’-[1,2-ethanediylbis(oxy)] bisethanol  

ethanol, 2,2’-[1,2-ethanediylbis(oxy)] bis 

     

     

Table 1b     

Ingredient  Polymers of ethylene 

oxide where n has an 

average valuea  

Function Technical/Other Namesc 

PEG-4 112-60-7 average value of 4 humectant; solvent 2,2’-[oxybis(2,1-ethanediyloxy)] bisethanol 

    ethanol, 2,2’-[oxybis(2,1-ethanediyloxy)] bis 

    polyethylene glycol 200 

    polyoxyethylene (4) 

    tetraethylene glycol 

PEG-6 2615-15-8 average value of 6 humectant; solvent 3,6,9,12,15-pentaoxaheptadecane-1,17-diol 

    polyethylene glycol 300 

    polyoxyethylene (6) 

    hexaethylene glycol 

PEG-7 25322-68-3b average value of 7 humectant; solvent polyethylene glycol (7) 

    polyoxyethylene (7) 

PEG-8 5117-19-1 average value of 8 humectant; solvent 3,6,9,12,15,18,21-heptaoxatricosane-1,23-diol 

    octaethylene glycol 

    polyethylene glycol 400 

    polyoxyethylene (8) 

PEG-9 - b average value of 9  humectant; solvent 3,6,9,12,15,18,21,24-octaoxahexacosane-1,26-diol 

    nonaethylene glycol 

    polyoxyethylene (9) 

PEG-10 5579-66-8 average value of 10  humectant; solvent decaethylene glycol 

    3,6,9,12,18,21,24-nonaoxahexacosane-1,29-diol 

    polyoxyethylene (10) 

PEG-12 6790-09-6 average value of 12  humectant; solvent dodecaethylene glycol 

    3,6,9,12,15,18,21,24,27,30,33-undecaoxapentatriacontane-1,35-diol 

    3,6,9,12,15,18,21,24,27,30,33-undecaoxapentatricontane-1,35-diol 

    polyethylene glycol (12) 

    polyethylene glycol 600 

PEG-14 - b average value of 14  humectant; solvent polyoxyethylene (14) 

    polyethylene glycol (14) 

PEG-16 - b average value of 16 humectant; solvent polyethylene glycol (16) 

    polyoxyethylene (16) 

PEG-18 - b average value of 18 humectant; solvent polyethylene glycol (18) 

    polyoxyethylene (18) 

PEG-20 - b average value of 20 humectant; solvent polyethylene glycol 1000 

    polyoxyethylene (20) 

PEG-32 - b average value of 32 binder; humectant; solvent polyethylene glycol 1540 

   polyoxyethylene (32) 

PEG-33 -b average value of 33 binder; humectant; solvent polyoxyethylene (33) 

  polyethylene glycol (33) 

PEG-40 - b average value of 40 binder; humectant; solvent polyethylene glycol 2000 

   polyoxyethylene (40) 

PEG-45 - b average value of 45 binder; humectant; solvent polyethylene glycol (45) 

   polyoxyethylene (45) 

PEG-55 - b average value of 55 binder; humectant; solvent polyethylene glycol (55) 

   polyoxyethylene (55) 

PEG-60 - b average value of 60 binder; humectant; solvent polyethylene glycol 3000 

   polyoxyethylene (60) 

     

PEG-75 - b average value of 75 binder; humectant; solvent polyethylene glycol 4000 

   polyoxyethylene (75) 

PEG-80 - b average value of 80 binder; humectant; solvent polyethylene glycol 4000 
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   polyoxyethylene (80) 

    polyethylene glycol (80) 

PEG-90 - b average value of 90 binder; humectant; solvent polyoxyethylene (90) 

   polyethylene glycol (90) 

PEG-100 - b average value of 100 binder; humectant; solvent polyoxyethylene (100)  

polyethylene glycol (100) 

PEG-135 - b average value of 135 binder; humectant; solvent polyoxyethylene (135) 

   polyethylene glycol (135) 

PEG-150 - b average value of 150 binder; humectant; solvent polyoxyethylene (150) 

   polyethylene glycol 6000 

PEG-180 - b average value of 180 binder; humectant; solvent polyoxyethylene (180)  

polyethylene glycol (180) 

PEG-200 - b average value of 200 binder; humectant; solvent polyoxyethylene (200) 

    polyethylene glycol 9000 

PEG-220 - b average value of 220 binder; humectant; solvent polyoxyethylene (220) 

    polyethylene glycol (220) 

PEG-240 - b average value of 240 binder; humectant; solvent polyoxyethylene (240) 

    polyethylene glycol (240) 

    polyethylene glycol 11000 

PEG-350 - b average value of 350 binder; emulsion stabilizer; 

solvent 

polyoxyethylene (350)  

polyethylene glycol 20000 

PEG-400 - b average value of 400 binder; emulsion stabilizer; 

solvent 

polyoxyethylene (400)  

polyethylene glycol (400) 

PEG-450 - b average value of 450 binder; emulsion stabilizer; 

solvent 

polyoxyethylene (450)  

polyethylene glycol 20000 

PEG-500 - b average value of 500 binder; emulsion stabilizer; 

solvent 

polyoxyethylene (500)  

polyethylene glycol (500) 

PEG-800 - b average value of 800 anticaking agent; binder; 

humectant; plasticizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (800)  

polyethylene glycol (800) 

PEG-2M - b average value of 2000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (2000)  

polyethylene glycol (2000)  

PEG-2000 

PEG-5M - b average value of 5000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (5000)  

polyethylene glycol (5000)  

PEG-5000 

PEG-7M - b average value of 7000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (7000)  

polyethylene glycol (7000)  

PEG-7000 

PEG-9M - b average value of 9000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (9000)  

polyethylene glycol (9000)  

PEG-9000 

PEG-14M - b average value of 14000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (14000)  

polyethylene glycol (14000)  

PEG-14000 

PEG-20M - b average value of 20000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (20000)  

polyethylene glycol (20000)  

PEG-20000 

PEG-23M - b average value of 23000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (23000)  

polyethylene glycol (23000)  

PEG-23000 

PEG-25M - b average value of 25000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (25000)  

polyethylene glycol (25000)  

PEG-25000 

PEG-45M - b average value of 45000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (45000)  

polyethylene glycol (45000)  

PEG-45000 

PEG-65M - b average value of 65000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (65000)  

polyethylene glycol (65000)  

PEG-65000 

PEG-90M - b average value of 90000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (90000)  

polyethylene glycol (90000)  

PEG-90000 

PEG-115M - b average value of 115000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyoxyethylene (115000)  

polyethylene glycol (115000)  

PEG-115000 

PEG-160M - b average value of 160000 binder; emulsion stabilizer; polyoxyethylene (160000)  
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viscosity increasing agent-

aqueous 

polyethylene glycol (160000) 

PEG-180M - b average value of 180000 binder; emulsion stabilizer; 

viscosity increasing agent-

aqueous 

polyethylene glycol (180000) 

 

a The formula for all PEGs is:  H(OCH2CH2)nOH.  This column gives the value/average value for ―n.‖ 

b The generic CAS No. for PEGs is 25322-68-3. 

c The International Nonproprietary Names for Pharmaceutical Substances for PEGs is macrogol. 
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Table 2. Ingredient names, molecular weight names as given in the International Cosmetic Ingredient Dictionary and Handbook 

(Gottschalck  and Bailey 2008) and corresponding average molecular weights (Personal Care Products Council 2009).  

Ingredient name Molecular weight name Calculated average molecular weight ((n x 44) +18) 

Triethylene Glycol  150 

PEG-4 polyethylene glycol 200 194 

PEG-6 polyethylene glycol 300 282 

PEG-7  326 

PEG-8 polyethylene glycol 400 370 

PEG-9  414 

PEG-10  polyethylene glycol 500 458 

PEG-12 polyethylene glycol 600 546 

PEG-14  634 

PEG-16  722 

PEG-18  810 

PEG-20 polyethylene glycol 1000 898 

PEG-32 polyethylene glycol 1540 1426 

PEG-33  1470 

PEG-40 polyethylene glycol 2000 1778 

PEG-45  1998 

PEG-55  2438 

PEG-60 polyethylene glycol 3000 2658 

PEG-75  3318 

PEG-80 polyethylene glycol 4000 3538 

PEG-90  4068 

PEG-100  4418 

PEG-135  5958 

PEG-150 polyethylene glycol 6000 6618 

PEG-180 polyethylene glycol 8000 7938 

PEG-200 polyethylene glycol 9000 8818 

PEG-220  9698 

PEG-240 polyethylene glycol 11000 10578 

PEG-350 polyethylene glycol 20000 15418 

PEG-400  17618 

PEG-450 polyethylene glycol 20000 19818 

PEG-500  22018 

PEG-800  35218 

PEG-2M (2000)  88018 

PEG-5M (5000)  220018 
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Ingredient name Molecular weight name Calculated average molecular weight ((n x 44) +18) 

PEG-7M (7000)  308018 

PEG-9M (9000)  396018 

PEG-14M (14000)  616018 

PEG-20M (20000)  880018 

PEG-23M (23000)  1012018 

PEG-25M (25000)  1100018 

PEG-45M (45000)  1980018 

PEG-65M (65000)  2860018 

PEG-90M (90000)  3960018 

PEG-115M (115000)  5060018 

PEG-160M (160000)  7040018 

PEG-180M (180000)  7920018 

 

Table 3. Chemical and Physical Properties of PEGs -6, -8, -32, -75, -150, -14M, and -20M (Patty 1963, Sax 1979, FAO 1983, Hunting 

1983, Windholz 1983, Silverstein et al. 1984). 

Property PEG-6 PEG-8 PEG-32 PEG-75 PEG-150 PEG-14M PEG-20M 

Physical Description Colorless, odorless, 

hygroscopic liquid 

Viscous, slightly 

hygroscopic liquid 

with a slight odor 

Odorless solid White, free-flowing 

powder, or creamy 

white flakes 

White, waxy solid, 

powder, or creamy, 

white flakes 

White 

powder 

Solid 

Soluble in: Water Water - - Water Water - 

Molecular Weight  260 - 315 285 - 420 1,300 - 1,600 3,000 - 4,800 6,000 - 9,000 600,000 - 

Melting Point - - - - 58 - 62 C 65 C - 

Flash Point 385 - 415 F 435 - 460 F, 471 F 510 F 515 - 520 F 515 - 520 F - - 

Freezing Point -15 to -6 C 4 - 10 C 43 - 46 C 53 - 58 C 56 - 63 C - - 

Viscosity at 210 F  - 7.3a - 76 – 110a 470 – 900a - - 

a centistokes 

 

Table 4. Chemical and physical properties of Triethylene Glycol and PEG-4 (Budavari 1989, Union Carbide 1990a, Ashford 1994, 

NTP 2001a). 

Property Triethylene Glycol (Reference) PEG-4 (Reference) 

Molecular Weight 150.17  190 - 210 

Relative Density 1.1274   1.127   

Specific Gravity 1.126    1.125   

Freezing Point -4.3 C      

Boiling Point 285 C  (283 C @ 760 mmHg) 327 C   

Flash Point 330 to 342 F   171.1 to 182.2 C   

Refractive Index  1.4578 @ 15 C   1.459 @ 25 C   

Viscosity 47.8 cp @ 20 C   4.3 centistrokes @ 210 C   

Vapor Pressure < 0.01 mmHg @ 20 C   low 

Vapor Density (air = 1) 5.2     
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Table 5.  Frequency of use and use concentration for Triethylene Glycol and PEGs -4, -6, -8, -9, -10, -12, -14, -20, -32, -40, -75, -90, -

150, -180, -220, -240, -350, -400, -450, -2M, -5M, -7M, -14M, -20M, -23M, -45M, -90M, and -180M as a function of cosmetic 

product category.  

Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

  

Triethylene Glycol 

 

Shaving Products   

Aftershave lotions - 0.2% 

Shaving creams 3 - 

Skin Care Products   

Cleansers  - 0.0006% 

Face and neck creams, lotions, powders and sprays - 0.03% 

Body and hand creams, lotions powders and sprays - 0.2% 

Bath Products   

Oils, tablets and salts 1 - 

Bubble baths 1 - 

Others 4 - 

Noncoloring Hair Products   

Conditioners 1 - 

Hair Products (coloring)   

Tints 1 - 

Bath Products   

Soaps and detergents 1 - 

Personal Hygiene Products   

Others 19 - 

Total uses/ranges for Triethylene Glycol 31 0.0006 - 0.2%  

   

 PEG-4  

Bath products   

Oils, tablets, and salts - 67% 

Soaps and detergents 2 0.2 - 2% 

Others  1  -  

Eye makeup   

Eye shadows 2 3 - 5% 

Eye lotions  - 0.1% 

Eye makeup removers 1 0.2 - 2% 

Fragrance products   

Others 3 - 

Noncoloring hair care products   

Conditioners 6 - 

Shampoos 2 5% 

Tonics, dressings, etc. 2 - 

Wave sets - 0.5 - 2% 

Makeup   

Blushers - 7 

Foundations  3 - 

Lipsticks  - 0.3% 

Nail care products   

Cuticle softeners  - 20% 

Others - 0.3% 

Oral hygiene products   

Dentifrices  - 1 - 8% 

Personal hygiene products   

Underarm deodorants  3 20% 

Shaving products   

Aftershave lotions 6 1% 

Preshave lotions 1 - 

Shaving creams - 0.03 - 17% 

Others 2 -  

Skin care products   

Cleansers 4 1 - 8% 

Face and  neck creams, lotions, powders and sprays 1 2 - 3% 

Body and hand creams, lotions, powders and sprays 21 3 - 4% 

Moisturizers  8 4 - 5% 

Night creams, lotions, powders and sprays 1 5% 

Skin fresheners 1 5% 

Others 2 - 

Suntan products   

Suntan gels, creams, liquids and sprays - 0.01% 

Indoor tanning preparations - 6% 

Others - 2% 
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Total uses/ranges for PEG-4 72 0.01 - 67%  

   

 PEG-6  

Baby products   

Others 1 - 

Bath products   

Oils, tablets, and salts  11% 

Soaps and detergents 18 0.01 - 23% 

Bubble baths 1  

Others 1  1% 

Eye makeup   

Eyeliners    - 3% 

Mascara - 0.03% 

Eye lotions  1 0.2% 

Eye makeup removers 1 - 

Othersa - 0.2 - 0.6% 

Fragrance products   

Colognes and toilet waters - 2 - 3% 

Others    1 - 

Nail care products   

Nail creams and lotions - 1% 

Noncoloring hair care products   

Shampoos  - 2% 

Conditioners 1 3 - 4% 

Hair sprays (aerosol fixatives) - 0.2% 

Tonics, dressings, etc.    1 1 - 51% 

Others    1  - 

Makeup   

Face powders - 4% 

Foundations - 0.8 - 2% 

Makeup bases - 3% 

Makeup fixatives 2 - 

Others 3 - 

Shaving products   

Aftershave lotions   1 0.8 - 2% 

Shaving creams - 0.5% 

Othersb - 5% 

Oral hygiene products   

Dentifrices - 3% 

Personal hygiene products   

Underarm deodorants    1 2% 

Feminine hygiene products - 0.2% 

Others  2  - 

Skin care products   

Cleansers 26 5 - 10% 

Face and neck creams, lotions, powders and sprays 20 3 - 45%j 

Body and hand creams, lotions, powder and sprays 5 2 - 12% 

Moisturizers  32 2 - 14% 

Night creams, lotions, powders and sprays 1 2% 

Paste masks/mud packs 2 6 - 10% 

Skin fresheners 1 - 

Foot powders and sprays - 1% 

Others 9 - 

Suntan products   

Suntan gels, creams, liquids and sprays 5 2% 

Indoor tanning preparations 2 - 

Others 1 - 

 Total uses/ranges for PEG-6 140 0.01 - 51% 

   

 PEG-8  

Baby products   

Baby lotions, oils, powders and creams - 5% 

Others 1 - 

Bath products   

Oils, tablets, and salts 1 - 

Soaps and detergents 5 2 - 15% 

Others       4  30% 

Fragrance products   

Colognes and toilet waters - 2 - 10% 

Eye makeup   

Eyebrow pencils 1 - 

Eye shadows 2 0.5% 

Eye lotions - 0.1 - 3% 
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Eye makeup removers 4 3% 

Others 1 1% 

Noncoloring hair care products  - 

Conditioners 12 3 - 12% 

Rinses - 10% 

Shampoos 1 62% 

Tonics, dressings, etc. 6 0.0002 - 62% 

Others 2  10 - 85% 

Makeup   

Blushers 1 - 

Face powders - 8% 

Foundations  14 0.03 - 10% 

Lipsticks  16 0.1% 

Makeup bases 56 - 

Others 9 0.1% 

Oral hygiene products   

Dentifrices  3 3% 

Personal hygiene products   

Underarm deodorants  14 2 - 13% 

Others  2 4 - 46% 

Shaving products   

Aftershave lotions 4 2 - 5% 

Shaving creams  2 - 

Othersc 1  10% 

Skin care products   

Cleansers 41 0.5 - 66% 

Face and  neck creams, lotions, powders and sprays 14 0.002 - 10%k 

Body and hand creams, lotions, powders and sprays i 26 0.3 - 6%l 

Moisturizers      17 2 - 6% 

Depilatories - 0.9% 

Foot powders and sprays - 20% 

Night creams, lotions, powders and sprays 7 0.01 - 6% 

Paste masks/mud packs 10 0.003 - 59% 

Skin fresheners 5 - 

Othersd - 0.01 - 46% 

Suntan products  1 - 5% 

Indoor tanning preparations 1 - 

Suntan gels, creams and liquids - 0.5 - 5% 

Others 16 - 

 Total uses/ranges for PEG-8 288  0.0002 - 85% 

   

 PEG-9  

Noncoloring Hair Products   

Conditioners 10 - 

Others  - 0.9% 

Makeup Products   

Foundations 2 0.04% 

Makeup bases - 0.02% 

 Total uses/ranges for PEG-9 12 0.02% - 0.9%  

   

 PEG-10  

Makeup Products   

Foundations - 0.2% 

Lipsticks - 0.1% 

Suntan Products   

Suntan gels, creams and liquids - 0.2% 

 Total uses/ranges for PEG-10 - 0.1 - 0.2%  

   

 PEG-12  

Makeup Products   

Mascara  4% 

Foundations     8% 

Eye Makeup Products   

Eye makeup removers 4 - 

Fragrance Products   

Colognes and toilet waters  - 4% 

Others 1 - 

Noncoloring Hair Products   

Tonics, dressings, etc.  3 4% 

Others      1 9 - 56% 

Oral Hygiene Products   

Dentifrices 2  

Bath Products   
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Soaps and detergents 12 - 

Personal Hygiene Products   

Others 1 - 

Skin Care Products   

Face and  neck creams, lotions, powders and sprays 1 - 

Moisturizers 5  

Foot powders and sprays  30% 

Others 1 0.04% 

Suntan Products   

Indoor tanning preparations 1 - 

 Total uses/ranges for PEG-12 32 0.04 - 56%  

   

 PEG-14  

Bath Products   

Bubble baths - 0.3% 

Others - 2% 

Fragrance Products   

Perfumes - 2% 

Others 2 - 

Eye Makeup Products   

Others 1 - 

Noncoloring Hair Products   

Shampoos  1 0.3% 

Shaving Products   

Shaving creams 1 - 

Bath Products   

Bath oils, tablets and salts 1 - 

Skin Care Products - - 

Cleansers  - 0.3% 

Face and neck creams, lotions, powders and sprays 1 - 

Body and hand creams, lotions, powders and sprays - 0.1 - 2%m 

Moisturizers 1 - 

Night creams, lotions, powders and sprays 1 - 

 Total uses/ranges for PEG-14 10 0.1 - 2%  

   

 PEG-20  

Bath products   

Soaps and detergents    - 0.02 - 2% 

Eye makeup   

Eyeliners   - 1 - 18% 

Eye lotions  - 2% 

Eye makeup removers - 2% 

Noncoloring hair care products   

Tonics, dressings, etc. - 18% 

Others -  27% 

Makeup   

Blushers - 2% 

Foundations  - 2% 

Makeup bases - 2% 

Personal hygiene products   

Underarm deodorants  - 0.8% 

Shaving products   

Aftershave lotions - 20% 

Skin care products   

Face and  neck creams, lotions, powders and sprays - 4 - 8% 

Body and hand creams, lotions, powders and sprays - 2% 

Moisturizers  - 5% 

Night creams, lotions, powders and sprays - 3% 

Paste masks/mud packs - 6% 

Othersf - 0.4 - 8% 

Suntan products   

Suntan gels, creams, liquids and sprays    - 3 - 4% 

 Total uses/ranges for PEG-20 - 0.02 - 27%  

   

 PEG-32  

Baby products   

Shampoos 1 - 

Bath products   

Oils, tablets, and salts  11% 

Soaps and detergents 4 11% 

Bubble baths 1 - 

Eye makeup   

Eyeliners 1 - 
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Eye lotions  1 1 - 4% 

Eye makeup removers 1 2 - 3% 

Mascara 2 0.03 - 2% 

Fragrance products   

Colognes and toilet waters - 2% 

Others 1 - 

Noncoloring hair care products   

Shampoos - 2% 

Hair conditioners - 3% 

Hair sprays (aerosol fixatives) - 0.2% 

Tonics, dressings, etc. 3 2% 

Others 1  15% 

Makeup   

Face powders - 4% 

Foundations     2 2% 

Makeup bases - 3% 

Makeup fixatives 2 - 

Others 1 - 

Nail care products   

Cuticle softeners - 2% 

Nail creams and lotions - 1% 

Others       1 - 

Shaving products   

Aftershave lotions - 0.8% 

Shaving creams - 0.1% 

Othersb - 5% 

Oral Hygiene products   

Dentifrices - 2% 

Skin care products   

Cleansers  35 0.8 - 11% 

Face and  neck creams, lotions, powders and sprays 17 0.5 - 12% 

Body and hand creams, lotions, powders and sprays 4 2 - 12% 

Moisturizers  31 0.5 - 14% 

Night creams, lotions, powders and sprays 2 0.5 - 10% 

Paste masks/mud packs 4 2 - 6% 

Skin fresheners - 0.5 - 4% 

Others 10 0.5 - 1% 

Suntan products   

Indoor tanning preparations 1 - 

Suntan gels, creams and liquids - 2% 

Others 1 - 

 Total uses/ranges for PEG-32 127 0.03 - 15%  

   

 PEG-40  

Noncoloring hair care products   

Conditioners 1 - 

Tonics, dressings, etc. 3 - 

Others 21  - 

Makeup   

Foundations  - 0.2% 

Oral hygiene products   

Dentifrices     - 6% 

Mouthwashes and breath freshener sprays 1 - 

Shaving products   

Aftershave lotions 1 - 

Skin care products   

Cleansers  - 0.001 - 6% 

Face and  neck creams, lotions, powders and sprays - 3% 

Body and hand creams, lotions, powders and sprays - 3% 

Moisturizers  1 - 

Night creams, lotions, powders and sprays - 0.001 - 3% 

Paste masks/mud packs - 0.001 - 3% 

Skin fresheners - 0.6% 

Others - 0.005% 

 Total uses/ranges for PEG-40 28 0.001 - 6% 

   

 PEG-75  

Bath products   

Oils, tablets, and salts   1 - 

Soaps and detergents - 2 - 5% 

Makeup products   

Foundations - 7% 

Eye makeup   
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Eyeliners 4 11% 

Mascara 10 - 

Others 1 - 

Noncoloring hair care products   

Tonics, dressings, etc.     1 2 - 16% 

Rinses - 3% 

Others     1  29% 

Personal hygiene products   

Underarm deodorants  - 0.5 - 0.8% 

Shaving products   

Aftershave lotions - 6% 

Shaving creams  - 3% 

Others 1  - 

Skin care products   

Cleansers  4 0.5 - 7% 

Face and  neck creams, lotions, powders and sprays 2 0.4 - 4% 

Body and hand creams, lotions, powders and sprays 1 0.2 - 36% 

Foot powders and sprays - 0.5 - 7% 

Moisturizers    6 4 - 7% 

Night creams, lotions, powders and sprays 1 - 

Paste masks/mud packs 8 3% 

Skin fresheners 1 - 

Other 7 0.4% 

 Total uses/ranges for PEG-75 49 0.2 - 36%  

   

 PEG-90  

Bath Products   

Soaps and detergents 6 - 

Others - 0.05% 

Noncoloring Hair Products   

Tonics, dressings, etc.   1 0.2% 

Others     - 21% 

Personal Hygiene Products   

Underarm deodorants 7 - 

Shaving Products   

Aftershave lotions - 0.2% 

Skin Care Products   

Face and neck creams, lotions, powders and sprays 5 - 

Body and hand creams, lotions, powders and sprays 5 - 

Paste masks 1 - 

 Total uses/ranges for PEG-90 25 0.05 - 21%  

   

 PEG-150  

Bath products   

Oils, tablets, and salts  9 2 - 5% 

Soaps and detergents - 1% 

Bubble baths - 2% 

Capsules 1 - 

Others 1  1 - 4% 

Eye makeup   

Eye lotions  1 - 

Noncoloring hair care products   

Conditioners 2 1% 

Hair sprays (aerosol fixatives) - 0.3% 

Rinses  - 0.5% 

Tonics, dressings, etc. 3 0.5% 

Others 1  - 

Makeup   

Makeup bases 1 2% 

Foundations - 0.0009 - 2% 

Lipsticks - 1% 

Personal hygiene products   

Underarm deodorants  3 - 

Others 2 - 

Nail Products   

Nail creams and lotions - 1% 

Skin care products   

Cleansers  - 0.03 - 3% 

Face and  neck creams, lotions, powders and sprays 5 0.009 - 6% 

Body and hand creams, lotions, powders and sprays 1 2% 

Foot powders and sprays 1 - 

Moisturizers  5 0.009 - 6% 

Night creams, lotions, powders and sprays 1 - 
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Paste masks/mud packs 1 1% 

Skin fresheners 1 - 

Others 4 0.009 - 3% 

Suntan products   

Suntan gels, creams and liquids - 2% 

Total uses/ranges for PEG-150 43  0.0009 - 6% 

   

 PEG-180  

Baby Products    

Shampoos - 2% 

Bath Products   

Oils, tablets, and salts - 4% 

Others - 6 

Eye Makeup Products   

Eyeliners - 4% 

Noncoloring Hair Products   

Conditioners - 0.5 - 3% 

Tonics, dressings and other hair grooming aids - 1% 

Others - 5% 

Makeup Products   

Lipsticks - 4% 

Nail Products   

Nail cream and lotions - 2% 

Shaving Products   

Shaving creams - 0.05% 

Skin Care Products   

Cleansers - 5% 

Face and neck creams, lotions, powders and sprays - 1 - 2% 

Skin fresheners - 0.5% 

 Total uses/ranges for PEG-180 - 0.05 - 5%  

   

 PEG-220  

Bath Products   

Others 1 - 

Personal Hygiene Products   

Othersg - 0.4% 

Skin Care Products   

Cleansers - 0.3% 

 Total uses/ranges for PEG-220 - 0.3 - 0.4%  

   

 PEG-240  

Makeup Products   

Face powders      - 10% 

Bath Products   

Soaps and detergents - 5% 

Skin Care Products   

Face and neck creams, lotions, powders and sprays - 4% 

Moisturizers  1  

 Total uses/ranges for PEG-240 1 4 - 10%  

   

 PEG-350  

Makeup Products   

Foundations   - 1% 

Eye makeup products - - 

Eye lotions 1 - 

Skin Care Products   

Face and neck creams, lotions, powders and sprays 3 1% 

Body and hand creams, lotions, powders and sprays 2 1% 

Moisturizers 2 - 

Night creams, lotions, powders and sprays 1 - 

Skin fresheners 1 - 

 Total uses/ranges for PEG-350 10 1%  

   

 PEG-400  

Makeup Products   

Foundations - 1% 

Makeup bases - 3% 

Eye Makeup Products   

Eye lotions 3 - 

Bath Products   

Soaps and detergents - 2% 

Shaving Products   
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Aftershave lotions - 3% 

Skin Care Products   

Face and neck creams, lotions, powders and sprays 2 3% 

Body and hand creams, lotions, powders and sprays - 3% 

Moisturizers 1 2% 

Paste masks - 2% 

Suntan Products   

Suntan gels, creams and liquids - 2% 

 Total uses/ranges for PEG-400 6 1 - 3%  

   

 PEG-450  

Noncoloring Hair Products   

Others 1 - 

Skin Care Products   

Face and neck creams, lotions, powders and sprays - 1% 

Body and hand creams, lotions, powders and sprays 2 1% 

Moisturizers 2 1% 

 Total uses/ranges for PEG-450 5 1%  

   

 PEG-2M  

Fragrance Products   

Others   1 - 

Noncoloring Hair Products   

Conditioners 3 0.5% 

Tonics, dressings, etc. 3 - 

Skin Care Products   

Others 1 - 

 Total uses/ranges for PEG-2M 8 0.5%  

   

 PEG-5M  

Noncoloring Hair Products   

Conditioners - 0.01% 

Tonics, dressings, etc. 1 0.01% 

Skin Care Products   

Cleansers 1 - 

 Total uses/ranges for PEG-5M 2 0.01%  

   

 PEG-7M  

Bath Products   

Oils, Tablets and salts 2 0.5% 

Noncoloring Hair Products   

Conditioners 1 - 

Shampoos 41 - 

Others - 0.2% 

Shaving Products   

Shaving creams 1 0.2 - 0.5% 

Shaving soaps 1 - 

Skin Care Products   

Moisturizers 1 0.05 - 0.1% 

Face and neck creams, lotions, powders and sprays - 0.1% 

 Total uses/ranges for PEG-7M 47 0.05 - 0.5%  

   

 PEG-14M  

Baby products   

Shampoos 1 0.1% 

Lotions, oils, powders, and creams  - 0.05% 

Others 5 - 

Bath products   

Oils, tablets, and salts - 0.1% 

Soaps and detergents 8 0.05 - 0.5% 

Bubble baths - 0.1% 

Others  2  0.1% 

Noncoloring hair care products   

Conditioners 6 0.2% 

Shampoos 10 0.03% 

Tonics, dressings, etc. 3 0.5% 

Others 2 -  

Hair coloring products   

Shampoos 1 - 

Bleaches 1 - 

Makeup   

Makeup bases - 0.2% 
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Shaving products   

Shaving creams  6 0.2 - 0.3% 

Otherse 13  0.1% 

Skin care products   

Cleansers 13 0.05 - 0.5% 

Face and  neck creams, lotions, powder and sprays - 0.05% 

Body and hand creams, lotions, powder and sprays - 0.1% 

Skin fresheners 1 - 

Others 3 - 

 Total uses/ranges for PEG-14M 75 0.05 - 0.5%  

   

 PEG-20M  

Noncoloring hair care products   

Conditioners - 1% 

Makeup   

Face powders  - 3% 

Personal hygiene products   

Underarm deodorants  - 0.4% 

Skin care products   

Cleansers  - 0.4% 

 Total uses/ranges for PEG-20M - 0.4 - 3%  

   

 PEG-23M  

Eye Makeup Products   

Others 1 - 

Noncoloring Hair Products   

Shampoos 1 0.05% 

Tonics, dressings, etc. 1 - 

Shaving Products   

Others 13 - 

 Total uses/ranges for PEG-23M 16 0.05%  

   

 PEG-45M  

Baby Products   

Others 2  

Noncoloring Hair Products   

Conditioners       1 0.03 - 0.3% 

Shampoos 2 0.05% 

Tonics, dressing, etc. 3 0.1 - 0.3% 

Bath Products   

Soaps and detergents 1 0.05 - 0.08% 

Personal Hygiene Products   

Others 3 - 

Shaving Products   

Shaving creams 1 0.2% 

Shaving soaps 1 - 

Skin Care Products   

Body and hand creams, lotions, powders and sprays - 0.1% 

 Total uses/ranges for PEG-45M 14 0.03 - 0.3%  

   

PEG-90M   

Noncoloring Hair Products   

Conditioners 4 0.05 - 0.1% 

Shampoos 3 0.0002% 

Rinses - 0.08% 

Tonics, dressings, etc. 22 0.3 - 1% 

Others 19 - 

Hair Products (Coloring)   

Hair dyes and colors - 0.5% 

Othersh - 0.02 - 0.05% 

Makeup Products   

Foundations - 0.01% 

Bath Products   

Soaps and detergents 14 0.05% 

Personal Hygiene Products   

Others - 0.3% 

Shaving Products   

Shaving creams 2 0.01 - 0.2% 

Shaving soaps 1 2% 

Others 24 - 

Skin Care Products   

Cleansers  - 0.05% 

Face and neck creams, lotions, powders and sprays 3 0.1% 
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Product Category Number of uses reported under the Voluntary 

Cosmetic Registration Program (FDA 2008) 

Concentration of use (%) 

(Personal Care Products Council 

2009a) 

Moisturizers 2 - 

 Total uses/ranges for PEG-90M 94 0.0002 - 0.3%  

   

 PEG-180M  

Noncoloring Hair Products   

Conditioners       - 0.05% 

Shampoos - 0.08% 

 Total uses/ranges for PEG-180M -  0.05 - 0.08% 
a 0.2% in an eye gel, 0.6% in an eye mask 
b 5% in a shaving gel 
c 10% in a shaving gel 
d 10% in a foot/leg massage gel, 40% in a body peel 
e 0.1% in a shaving gel 
f 0.4% in a bronzer 
g 0.4% in a body scrub 
h 0.02% in a hair color remover 
i a prototype body and hand product containing 20% PEG-8 is not currently on the market 
j includes a face and neck spray at 3% 
k includes a face and neck spray at 0.002% 
l includes body and hand sprays in the 1 - 3% range 
m includes a body and hand spray at 2% 

 

Table 6.  Acute Oral LD50 values for Triethylene Glycol and PEGs.  

Ingredient (concentration) Species (No.) LD50 

(g/kg) 

Reference 

Triethylene Glycol Rat 22.06 Smyth et al (1941) 

 Guinea pig 14.66 Smyth et al (1941) 

 Mouse 18.5 Smyth et al (1941) 

 Rat 15 - 22 Budavari (1989) 

 Rat >16 ml/kg Union Carbide (1990c) 

PEG-4 (100%) Mouse 6.4 Shaeffer and Schellenberg (1984) 

 Rat 32.77 Smyth et al. (1941) 

PEG-6 (100%) Albino Wistar rat 31.7 Smyth et al. (1945) 

 Rabbit 17.3 Smyth et al. (1950) 

PEG-6 (50%) White rat 45.6 Smyth et al. (1960) 

 White rat 38.9 Smyth et al. (1950) 

 White rat (10) 31.6 Smyth et al. (1941) 

 Albino rabbit 20.7 Smyth et al. (1945) 

 Guinea pig (10) 19.6 Smyth et al. (1941) 

PEG-8 (100%) Albino Wistar rat 32.8 Smyth et al. (1945) 

PEG-8 (50%) White rat 43.6 Smyth et al. (1950) 

 White rat (10) 37.4 Smyth et al. (1941) 

 Albino rabbit 26.8 Smyth et al. (1945) 

PEG-32 (50%) White rat 51.2 Smyth et al. (1950) 

 Rat >16 Bushy Run Research Center (1987) 

PEG-75 (100%) Rabbit 76 Smyth et al. (1950) 

PEG-75 (50%) White rat >50 Smyth et al. (1950) 

 White rat 59 Smyth et al. (1950) 

PEG-150 (50%) White rat >50 Smyth et al. (1950) 

PEG-20M (30%) Rat 31.6 Mellon Institute of Industrial Research (1956) 
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Table 7. Results of Human Repeat Insult Patch Tests with Formulas Containing PEG-8. 

No. of test 

subjects 

Dose delivery Results References 

90 Induction patches (0.1 ml of test 

material) 1 and 2 had 3.0% in 

formulation, and the rest of the 

patches contained a 50% aq. dilution 

of the formulation containing 3%  

Based on irritant reactions with the first two patches, the formulation was 

diluted for the remainder of the patches. Minimal to mild irritation was 

noted in over 75% of the panelists during induction. Twenty-two of the 

panelists had a response at the 24 h challenge reading. Some of these 

individuals also had reactions at the 48 h reading. The most severe reaction 

was mild erythema. 

CTFA 1980 

84 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Seventeen individuals had minimal to mild erythema at least once during the 

induction phase. One panelist had barely perceptible erythema at the 24 h 

challenge reading. No reactions were observed at 48 h. 

CTFA 1982a 

84 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Minimal to mild irritation was observed in 25 panelists at least once during 

induction. Minimal erythema was observed in one panelist during the 24 h 

challenge reading. No reactions were observed at 48 h. 

CTFA 1982b 

98 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Three subjects had minimal to mild reactions during the induction phase. No 

reactions were evoked during the challenge phase. 

CTFA 1982c 

109 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Four panelists had barely perceptible erythema at least once during 

induction. No sensitization reactions were observed. 

CTFA 1982d 

100 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Four panelists had minimal erythema once during induction. None of the 

panelists had reactions during the challenge phase. 

CTFA 1983a 

102 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Minimal irritation was observed in 18 panelists during induction. No 

reactions were evoked during the challenge phase. 

CTFA 1983b 

106 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Thirty-eight panelists had minimal erythema at least once during the 

induction phase. Only one case of mild erythema was observed at the 24 h 

challenge reading. In a follow-up study, this subject showed no signs of 

sensitization. 

CTFA 1984 

97 Induction patches (0.1 ml of test 

material) containing 1.0 % in 

formulation 

Twenty subjects had minimal to mild erythema during induction. Five 

subjects had minimal responses during the challenge phase.  Reactivity was 

not confirmed in three subjects tested in a follow-up study. 

CTFA 1985 

 

Table 8. Dermal penetration of PEG-4 in rinse-off and leave-on formulation for intact skin samples and skin samples tape-stripped 20 

times.  (Raabe and Norman 2009). 

Treatment Group Parameter Line 

Purge 

Upper 

stratum 

corneum 

Lower 

stratum 

corneum 

Epidermi

s 

Dermis Cumulative in 

Receptor Fluid 

(24h) 

Tissue 

Handling 

Residues 

Total 

Absorption 

PEG-4 in rinse-off 

formulation in intact 

skin 

% a Mean 0.00% 0.06% 0.01% 0.14% 0.09% 0.06% 0.01% 0.37% 

s.d. 0.00% 0.04% 0.01% 0.14% 0.16% 0.03% 0.01% 0.22% 

µg/cm2 Mean 0.00 0.15 0.03 0.35 0.23 0.14 0.02 0.93 

s.d. 0.01 0.10 0.03 0.35 0.41 0.07 0.02 0.55 
PEG-4 in rinse-off 

formulation in tape-

stripped skin 

% a Mean 0.00% ND b ND 0.18% 0.06% 2.03% 0.02% 2.30% 

s.d. 0.00% ND ND 0.13% 0.07% 4.26% 0.02% 4.21% 

µg/cm2 Mean 0.01 ND ND 0.45 0.16 5.07 0.05 5.74 

s.d. 0.01 ND ND 0.33 0.17 10.64 0.04 10.52 
PEG-4 in leave-on 

formulation in intact 

skin 

% a Mean 0.04% 3.02% 1.52% 1.80% 0.34% 1.44% 0.26% 8.42% 

s.d. 0.02% 0.96% 0.70% 0.69% 0.26% 0.54% 0.24% 1.56% 

µg/cm2 Mean 0.10 7.54 3.80 4.51 0.85 3.61 0.64 21.05 

s.d. 0.04 2.39 1.76 1.74 0.65 1.34 0.61 3.89 
PEG-4 in leave-on 

formulation in tape-

stripped skin 

% a Mean 0.45% ND ND 10.68% 1.27% 20.27% 1.06% 33.72% 

s.d. 0.43% ND ND 3.90% 0.84% 21.24% 0.42% 20.11% 

µg/cm2 Mean 1.12 ND ND 26.70 3.18 50.66 2.65 84.31 

s.d. 1.07 ND ND 9.75 2.10 53.10 1.05 50.29 
a % applied dose 
b not determined 
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ABSTRACT 

The Cosmetic Ingredient Review (CIR) Expert Panel (Panel) reviewed the safety of propylene glycol esters (PG esters) as 

used in cosmetics.  These ingredients mostly function as skin-conditioning agents-emollient and as surfactants – emulsifying 

agent.  The Panel reviewed relevant animal and human data related to these ingredients.  The similar structure, properties, 

functions and uses of these ingredients enabled grouping them and using the available toxicological data to assess the safety 

of the entire group.  The Panel mostly relied on data on the chemical components of these ingredients.  The Panel concluded 

that these propylene glycol esters were safe as cosmetic ingredients in the practices of use and concentration described in this 

safety assessment. 

 

INTRODUCTION 

This is a safety assessment of PG esters as used in cosmetics based on the relevant published scientific literature and 

unpublished data.  The PG esters in this report are listed in Table 1.  These ingredients mostly function as skin-conditioning 

agents-emollient and as surfactants – emulsifying agent.
1
 

This safety assessment is a re-review of several PG esters from previous reports.  In 1999, a safety assessment of 13 

PG esters was published by the CIR Panel with a conclusion of safe as used.
2
  These were: 

 
propylene glycol dicaprate   

propylene glycol dicaprylate   

propylene glycol dicaprylate/dicaprate   

propylene glycol dicocoate   

propylene glycol diisostearate   

propylene glycol dilaurate   

propylene glycol dioleate 

propylene glycol dipelargonate   

propylene glycol isostearate   

propylene glycol laurate  

propylene glycol myristate   

propylene glycol oleate   

propylene glycol oleate SE 

 

Three additional PG esters included in this safety assessment prevously have been reviewed by the Panel and were 

found to be safe as used:  

propylene glycol stearate 

propylene glycol stearate SE 

propylene glycol diisononanoate
3-6

   

 

Further, the Panel determined that it was appropriate to include the following 16 ingredients that had not yet been 

reviewed by the Panel in this safety assessment: 

 

propylene glycol behenate 

propylene glycol caprylate  

propylene glycol cocoate  

propylene glycol dicaproate   

propylene glycol diethylhexanoate   

propylene glycol diundecanoate 

propylene glycol heptanoate  

propylene glycol linoleate  

propylene glycol linolenate  

propylene glycol distearate 

propylene glycol soyate 

almond oil propylene glycol esters 

apricot kernel oil propylene glycol esters 

avocado oil propylene glycol esters 

olive oil propylene glycol esters 

soybean oil propylene glycol esters   

 

These 32 ingredients are grouped together in this safety assessment because of their chemical structures and 

functional similarities.  The similar physicochemical properties and concentrations used in cosmetics help to justify grouping 

these ingredients and extrapolating the available toxicological data to support the safety assessment of the entire group.  

Table 2 lists the previous CIR safety assessments of ingredients named in this report.  The summaries of these reports are 

provided below.   

Data obtained from studies using radiolabeled PG stearate showed that PG stearate can be converted to propylene 

glycol and fatty acid components at rates that depend on the fatty acid moiety and the exposure route.  Thus, the safety of the 

component moieties of the PG esters is relevant for assessing the safety of the PG esters.  The safety assessments of related 

ingredients (ie, the propylene glycol and the fatty acids from which the esters are the produced) are also listed in Table 2.  

The table presents the conclusions reported previously for the relevant propylene glycol and fatty acid ingredients, which are 

the starting materials for, and potential metabolites of the PG esters.  In summary, coconut acid, pelargonic (nonanoic) acid, 

isostearic acid, oleic acid, lauric acid, myristic acid, stearic acid, almond oil, apricot kernel oil, avocado oil, olive oil, and 

soybean oil were found to be safe as used.  Propylene glycol and alkyl ethylhexanoates were found to be safe as used when 

formulated to be non-irritating.  Behenic acid, capric acid, caproic acid, caprylic acid, diheptanoates, linoleic acid, 

undecanoic acid, and potassium oleate have not been reviewed by the Panel.  Heptanoic acid is not a cosmetic ingredient.  

Summary safety information on undecanoic acid and heptanoic acid are provided in Table 3 to provide additional information 

on the moieties of the PG esters that have not been reviewed by the Panel.  Because the data from the existing safety 
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assessments included in Table 2 have been published, only new data (and pertinent excerpts from previous reports) will be 

included in the body of this safety assessment. 

 

SUMMARIES OF REPORTS THAT INCLUDE PG ESTERS 

Propylene Glycol Esters and Diesters (1999) 

The limited information on chemical properties of Propylene Glycol esters and diesters indicates that, generally, 

these ingredients are soluble in most organic solvents.
2
  Methods of production that have been reported for some of the esters 

and diesters included in this review are as follows: Propylene Glycol Oleate is produced via the acylation of propylene 

glycol with oleic anhydride, and the dioleate is a product of the reaction of propylene glycol with oleic acid chloride. 

Propylene Glycol Dicaprate is a product of the reaction of decanoic acid with propane-1,3-diol.  Similarly, Propylene Glycol 

Dicaprylate is produced by reacting propane-1,2-diol and octanoyl chloride with pyridine.  Pyridine is also used in the 

production of Propylene Glycol Dipelargonate and Propylene Glycol Dilaurate. Propylene Glycol is a product of the 

reaction of nonanoyl chloride and C12H24O3 with pyridine, and, Propylene Glycol Dilaurate, a product of the reaction of 

lauroyl chloride and propylene glycol [in the presence of] pyridine. 

Cosmetic uses of Propylene Glycol esters and diesters include skin-conditioning agent-occlusive, viscosity 

increasing agent-nonaqueous, skin conditioning agent-emollients, and surfactant-emulsifying agents.  These ingredients are 

used widely in a variety of rinse-off and leave-on cosmetics products.  Data submitted to CIR by the cosmetics industry in 

1995 indicated that Propylene Glycol diesters were used at concentrations up to 51.7%, and Propylene Glycol esters at 

concentrations up to 22%.   

Propylene Glycol Dicaprylate/Dicaprate and Propylene Glycol Dipelargonate promoted the percutaneous 

penetration of drugs across excised human skin/hairless mouse skin in vitro.  Propylene Glycol Laurate was classified as 

practically nontoxic (LD50 > 34.6 g/kg) when administered orally to rats. 

In two skin irritation studies involving rabbits, Propylene Glycol Dicaprylate/Dicaprate and Propylene Glycol 

Laurate were classified as minimally irritating and slightly irritating, respectively.  Propylene Glycol Dicaprylate/Dicaprate 

was also classified as an insignificant comedogen in rabbits. 

Antitumor activity (in vivo) in ddY mice was observed following the intraperitoneal injection of Propylene Glycol 

Myristate, but not Propylene Glycol Oleate.  Skin irritation was not observed in either of the three subjects patch tested with 

a 95% ethanol:Propylene Glycol Dicaprylate/Dicaprate mixture (20:80). Patches were removed at 24 hours post 

application.  Similar results were reported for a fourth subject patch tested with a 95% ethanol:Propylene Glycol 

Dicaprylate/Dicaprate mixture (40:60). 

 

Propylene Glycol Stearate and Propylene Glycol Stearate SE (1983) 

Propylene Glycol Stearate (PGS) is a mixture of the mono- and diesters of triple-pressed stearic acid and propylene 

glycol.
4
  Propylene Glycol Stearate SE (PGS-SE) is a self-emulsifying grade of PGS that contains an additional 5%-6% 

potassium stearate and 7%-10% free stearic acid.  They are used in a wide variety of cosmetic products at concentrations of 

up to 25% for PGS and up to 10% for PGS-SE (1979 data).  PGS is also approved for a variety of pharmaceutical uses and 

is considered Generally Recognized as Safe (GRAS) for food use. 

Studies with 
14

C-labeled PGS show that it is readily metabolized following ingestion.  In rats, the acute oral LD50 

has been shown to be approximately 25.8 g/kg.  The raw ingredient produced no significant dermal toxicity, skin irritation, 

or eye irritation in acute tests with rabbits.  Subchronic animal studies produced no evidence of oral or dermal toxicity.  A 

chronic six-month feeding study showed no signs of toxicity when a mixture containing 17% propylene glycol monostearate 

was incorporated at 10% into the diets of rats and dogs.  Propylene glycol monostearate was negative in in vitro microbial 

assays for mutagenicity. 

Although PGS-SE has not been tested as extensively as PGS, it produced no apparent significantly different results 

in any of the animal tests.  The acute oral LD50 in rats is estimated to be greater than 32 g/kg.  The ingredient per se 

produced no significant skin or eye irritation in Draize rabbit irritation tests, and it was not a sensitizer in a guinea pig 

sensitization test. No other subchronic or chronic studies were available. 

In clinical studies, PGS produced no significant skin irritation at concentrations up to 55% in 24-hour single insult 

skin patch tests.  A 28-day controlled use test on a product containing 2.5% PGS demonstrated no cumulative irritation with 

normal product use but mild to moderate irritation with a challenge skin patch; the offending ingredient was not identified. 

Several skin sensitization tests on product formulations containing 1.5%-2.5% PGS showed no evidence of sensitization 

reactions in a total subject population of 4084.  Two photo-contact allergenicity tests on product formulations containing 

1.5% PGS were negative. 
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No clinical data were available for PGS-SE. However, the chemical components of PGS-SE that distinguish it from 

PGS have been considered previously to be safe, and the information generally applicable to PGS is considered applicable to 

PGS-SE. 

 

Propylene Glycol Myristate (2010) 

 Please note that the report on myristic acid and its salts and esters includes no specific data about propylene glycol 

myristate.
6
  The safe conclusion is based on data on butyl myristate and related salts and esters, coupled with the data on the 

related chemicals (ie, myristic acid, myristyl myristate, and isopropyl myristate). 

 

Propylene Glycol Diisononanoate (2011) 

It should be noted that information not relevant to propylene glycol diisononanoate has been removed from the 

following summary. 

Straight-chain pelargonic acid esters are likely hydrolyzed to component alcohols and pelargonic acid, which is 

further metabolized by β-oxidation.
5
   Iso-fatty acids and straight-chain fatty acids both are metabolized at the β-carbon to 

yield 2-carbon fractions [sic] by mitochondrial and microsomal fractions of rat liver homogenate.  Additionally, iso-fatty 

acids are oxidized at the ω carbon to ultimately form 3-carbon dicarboxylic acids.  The enzymes catalyzing the ω-

hydroxylation are present in the mitochondrial and microsomal fractions, whereas the enzymes catalyzing further oxidation 

into carboxylic acids are in the soluble fractions of rat liver homogenate.  With the exception of pelargonic acid and ethyl 

pelargonate, specific information relating to the metabolism of the remaining ingredients reviewed in this safety assessment 

was not identified in the published literature.  Branched-chain fatty acid metabolism involves initial α-oxidation, which is 

followed by the β-oxidation pathway. 

The skin penetration enhancement effect of pelargonic acid on other chemicals has been demonstrated in vitro using 

human stratum corneum and hairless rat skin.   

 

CHEMISTRY 

 The PG esters are the esters and diesters of propylene glycol and the corresponding acid or acids.  Propylene glycol 

dicaprylate/dicaprate, propylene glycol dipelargonate, propylene glycol laurate, propylene glycol oleate, and propylene glycol 

laurate are liquids at room temperature that are either clear or yellowish.
2
  Structures are provided in Table 1. 

 

Impurities 

 Impurity data were provided in the previous reports, and no new data were provided or discovered in the literature. 

 

USE 

Cosmetic 

The Food and Drug Administration (FDA) collects information from manufacturers on the use of individual 

ingredients in cosmetics as a function of cosmetic product category through the Voluntary Cosmetic Registration Program 

(VCRP).  A survey of industry was conducted of industry  by the Personal Care Products Council (Council) of the maximum 

use concentrations for ingredients in this group (Tables 4-6).
7,8

  Both historical and current use data are provided in Table 4. 

 In 2014, propylene glycol dicaprylate/dicaprate had the greatest number of uses reported to the VCRP in this 

ingredient group, 525, which is greater than 202 reported in 1995 (Table 4).
2,7

  This ingredient had reported uses in all use 

categories.  The reported frequency of use of propylene glycol dicaprate increased from 1 in 1995 to 102 in 2014; during the 

same interval, the use frequency of propylene glycol dicaprylate increased from 1 to 49.  Reported uses for propylene glycol 

stearate increased from 60 in 2002 to 168 in 2014.  The use frequencies of most of the other previously reviewed ingredients 

that had reported uses (ie, propylene glycol dipelargonate, propylene glycol isostearate, propylene glycol laurate, propylene 

glycol myristate, propylene glycol oleate, and propylene glycol stearate SE) decreased; these ingredients are reported to be 

used in products applied to the skin, around the eyes, and in lipsticks.  Of the ingredients being reviewed for the first time in 

this safety assessment, only propylene glycol diethylhexanoate had uses reported (28) to the VCRP (Table 5).
2,6,7,9

 

Propylene glycol dipelargonate was reported to be used at the highest concentration, 60% in perfumes, which is 

greater than the highest concentration of use reported in 1995 (33.796%) in hair preparations.  The use concentration of 

propylene glycol dicaprylate/dicaprate also increased, from a reported highest concentration of 45% (1995) to 51.8% (2014) 

in a blusher.  For the remaining ingredients, the 2014 survey indicated maximum concentrations of use of 15.8% or less.
2,6,8,9

  

PG esters with no reported uses by either the VCRP or the Council survey are listed in Table 6. 

 In some cases, reports of uses were not received by the VCRP, but concentrations of use data were available.  For 

example, propylene glycol dicaprylate/dicaprate was reported to be used in baby lotions, oils and creams at 2.5%, but there 

were no data reported for any baby products in the VCRP.  In other cases, use was reported in the VCRP, but a use 
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concentration was not provided in the industry survey.  For example, propylene glycol dicaprylate/dicaprate was reported to 

be used in a deodorant in the VCRP, but the industry survey did not report any concentrations of use in that category.
7,8

 

PG esters were reported to be used in hair sprays (propylene glycol dicaprylate/dicaprate up to 0.13%), in spray face 

and neck skin care products (propylene glycol diethylhexanoate up to 2%), and perfumes (propylene glycol dipelargonate up 

to 60%) and could possibly be inhaled.  Propylene glycol esters are also reported to be used in face powders (eg, propylene 

glycol dicaprylate/dicaprate up to 38%).  In practice, 95% to 99% of the droplets/particles released from cosmetic sprays 

have aerodynamic equivalent diameters >10 µm.
10-13

  Therefore, most droplets/particles incidentally inhaled from cosmetic 

sprays would be deposited in the nasopharyngeal and bronchial regions and would not be respirable (ie, they would not enter 

the lungs) to any appreciable amount.
10,13

 

 

Non-Cosmetic 

 The mono and diesters of propylene glycol are permitted as direct and secondary food additives (Table 7). 

[21CFR172.856, 21CFR173.340]  Propylene glycol esters are permitted as indirect food additives for use in adhesives and as 

components of coatings for packaging that comes in contact with food. [21CFR175.105, 21CFR175.300, 21CFR176.170, 

21CFR176.210, 21CFR177.2800] 

 

TOXICOKINETICS 

Penetration Enhancement 

In multiple in vitro experiments, several PG esters enhanced the penetration of drugs through human and animal 

skin (Table 8).  Propylene glycol caprylate increased the dermal penetration of diclofenac through rat abdominal skin.
14

  

Propylene glycol oleate, propylene glycol dioleate, propylene glycol linoleate, propylene glycol dilinoleate, propylene glycol 

linolenate, and propylene glycol dilinolenate (1%) enhanced the dermal penetration of lidocaine (1% in tetraglycol-distilled 

water 1:1 w/w) through pig ear skin, using Franz cells, by ratios of 1.91, 2.11, 1.68, 1.44, 1.70, and 1.37, respectively, 

compared to controls.
15

  Propylene glycol dipelargonate increased the dermal penetration of [
3
H(G)] heparin sodium salt, 

thiocolchicoside, and caffeine but not testosterone.
16-18

  A saturated solution of propylene glycol dipelargonate increased the 

dermal penetration of methyl nicotinate. 
19

  A mixture of propylene glycol dilaurate/propylene glycol laurate in combination 

with ethoxydiglycol (50:50) enhanced the dermal penetration of carbenoxolone.
20

  Propylene glycol dicaprylate did not 

increase the penetration of water-soluble drugs.
21

  Propylene glycol caprylate and propylene glycol laurate did not enhance 

the dermal penetration of loxoprofen.
22 

 Propylene glycol dipelargonate (estimated by CIR staff to be 0.8%), with 20 g of ethanol in an aqueous foam 

formulation, enhanced the dermal penetration of thiocolchicoside through fresh, clipped rat skin, using Franz cells.
23

   

 Propylene glycol caprylate increased the permeability of 5-fluorouracil (5-FU) in multiple transdermal formulations 

through fresh abdominal skin from male hairless HWY rats, using Franz cells.
24

  Adding propylene glycol caprylate (5%) to 

the hydrotropic formulations of sodium salicylate (30% w/v in water) and sodium benzoate (43% w/v in water) increased the 

enhancement factor from 3.85 and 2.74 to 1250 and 1115, respectively.  Adding propylene glycol caprylate (5%) to the co-

solvent formulations of ethanol (50% v/v in water) and propylene glycol (80% v/v in water) increased the enhancement factor 

from 2.65 and 0.58 to 273 and 441, respectively.  Adding propylene glycol caprylate (5%) to the mixed micelle formulation 

increased the enhancement factor from 3.15 to 13.  In this test, the mixed micelle formulation consisted of 2% Tween 

80/Span 83 (73:27) in water.  5-FU was added at a slight excess and agitated for 12 h, and then filtered. 

 

TOXICOLOGICAL STUDIES 

Acute Toxicity 

New data on acute toxicity of PG esters were not found in the published literature nor were unpublished data 

submitted. 

 

Repeated Dose Toxicity 

PROPYLENE GLYCOL DICAPRYLATE/DICAPRATE  

The oral administration of propylene glycol dicaprylate/dicaprate, up to 1000 mg/kg/d for 90 days, showed no 

adverse effects in male and female Wistar rats.
25

  The no observed adverse effects level (NOAEL) was concluded to be 1000 

mg/kg/d.  No evidence of adverse effects were found in clinical signs, mortality, body weight, feed consumption, 

ophthalmoscopic examination, hematology, clinical chemistry, gross pathology, organ weights, and histopathology.  In this 

study, the rats (n=10, 15/sex) were exposed  to propylene glycol dicaprylate/dicaprate (0, 100, 300, 1000 mg/kg/d in peanut 

oil) by gavage 5 days per week.  The control group and the high-dose groups were observed for an additional 34 days.   
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REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 

PROPYLENE GLYCOL DICAPRYLATE/DICAPRATE 

The oral administration of propylene glycol dicaprylate/dicaprate (0, 100, 300 or 1000 mg/kg/d in arachis oil) on 

days 6-15 of gestation, was not embryotoxic and yielded no effects in the Sprague-Dawley CD rat dams.
25

  The NOAEL was 

concluded to be to >1000 mg/kg/d.  There were no differences in number of implantations, number of live or dead fetuses, 

sex ratio, fetus body weights, number of litters, or fetus malformations between the treatment and control groups.  The dams 

were killed and necropsied on gestation day 20. 

 

GENOTOXICITY 

New data on the genotoxicity of PG esters were not found in the published literature nor were unpublished data 

provided. 

 

CARCINOGENICITY 

Studies 

New data on the carcinogenicity of PG esters were not found in the published literature nor were unpublished data 

provided. 

 

IRRITATION AND SENSITIZATION 

Irritation 

Dermal - Non-human 

PROPYLENE GLYCOL STEARATE, PROPYLENE GLYCOL OLEATE, PROPYLENE GLYCOL LINOLEATE 

 In a primary skin irritation test using male albino rabbits (n=3), dermal application of propylene glycol stearate (1% 

in tetraglycol:distilled water 1:1, with and without 1% lidocaine) did not cause signs of irritation; however, propylene glycol 

oleate (1% in tetraglycol:distilled water 1:1, with and without 1% lidocaine) and propylene glycol linoleate (1% in 

tetraglycol:distilled water 1:1, with and without 1% lidocaine) yielded mild erythema.
15

  No edema was observed during the 

7-day observation period after treatment with any of the 3 PG esters.  In this study, the test substances were applied to the 

clipped backs of the rabbits in adhesive plasters, and the diameter of the exposure area was 1.5 cm
2
.  The test sites were kept 

under occlusion, except when the dressing was removed on days 1, 3, 5, and 7, and only long enough for examination.  The 

used pads were replaced with sterile pads and the rabbits’ backs were re-occluded after each examination was completed. 

 

Dermal-Human 

PROPYLENE GLYCOL DICAPRYLATE/DICAPRATE 

There were no adverse effects reported, including irritation, in a skin test (n=5) of a sunless tanning preparation 

containing propylene glycol dicaprylate/dicaprate dermally applied to human subjects.
26

  The concentration was not 

specified, but propylene glycol dicaprylate/dicaprate was part of a blend (dimethylacrylamide/ethyltrimonium chloride 

methacrylate copolymer, propylene glycol dicaprylate/dicaprate, PPG-1 trideceth-6, and C10-11 isoparaffin) that was present 

in the product at 3%.  The test substance (0.1 g) was applied once to the volar forearms over a 50 cm
2
 area to yield a dose of 

2 mg/cm
2
.  The test sites were examined at 24, 48, and 120 h.   

 

Sensitization 

New data on the dermal sensitization of PG esters were not found in the published literature nor were unpublished 

data provided. 

 

Phototoxicity 

New data on the phototoxicity of PG esters were not found in the published literature nor were unpublished data 

provided. 

 

SUMMARY OF NEW DATA 

This is a safety assessment of PG esters, as used in cosmetics, based on the relevant scientific literature and available 

unpublished data.  The PG esters are the esters and diesters of propylene glycol and the corresponding acid or acids.  These 

ingredients mostly function as skin-conditioning agents-emollient and as surfactants – emulsifying agent.  A safety 

assessment of 13 of these PG esters was published by CIR in 1999 with a conclusion of safe as used.  Other safety 

assessments that included PG esters have also been published with conclusions of safe as used.  This re-review combines 
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previously reviewed and newly reviewed ingredients into one report as the PG ester ingredient group.  Since this is a re-

review of this group, only new data are summarized here. 

In 2014, propylene glycol dicaprylate/dicaprate was reported to have the greatest number of uses in this group 

reported to the VCRP (525), which is greater than the 202 uses reported in 1995.  Propylene glycol dicaprate increased from 

1 in 1995 to 102 in 2014; during the same interval, the use frequency of propylene glycol dicaprylate increased from 1 to 49.  

Reported uses for propylene glycol stearate increased from 60 in 2002 to 168 in 2014.  The use frequencies of most of the 

other previously reviewed ingredients that had reported uses have decreased in the number of reported uses.  The PG esters 

are mostly reported to be used in dermal products, around the eye, and in lipsticks.  Of the ingredients being reviewed for the 

first time in this safety assessment, only propylene glycol diethylhexanoate has uses reported to the VCRP. 

Propylene glycol dipelargonate was reported to be used at the highest maximum concentration of 60% in perfumes; 

this is an increase from a highest maximum concentration of use of 33.796% in hair preparations in 1995.  This was followed 

by a maximum use concentration of propylene glycol dicaprylate/dicaprate at 51.8% in blushers, an increase from 45%.  The 

rest of the ingredients with current reported concentrations of use were 15.8% or less. 

In multiple in vitro experiments, several PG esters enhanced the penetration of drugs through human and animal 

skin.  Propylene glycol caprylate increased the dermal penetration of diclofenac through rat abdominal skin.  Propylene 

glycol oleate, propylene glycol dioleate, propylene glycol linoleate, propylene glycol linolenate, and propylene glycol 

dilinolenate enhanced the dermal penetration of lidocaine through pig ear skin.  Propylene glycol dipelargonate increased the 

dermal penetration of [
3
H(G)] heparin sodium salt, thiocolchicoside, and caffeine, but not testosterone.  A saturated solution 

of propylene glycol dipelargonate increased the dermal penetration of methyl nicotinate.  A mixture of propylene glycol 

dilaurate/propylene glycol laurate in combination with diethylene glycol monoethyl ether enhanced the dermal penetration of 

carbenoxolone.  Propylene glycol dicaprylate did not increase the penetration of water-soluble drugs.  Propylene glycol 

caprylate and propylene glycol laurate did not enhance the dermal penetration of Loxoprofen. 

The oral administration of propylene glycol dicaprylate/dicaprate, up to 1000 mg/kg/d for 90 days, led to no adverse 

effects in male and female rats. 

The oral administration of propylene glycol dicaprylate/dicaprate, up to 1000 mg/kg/d, to pregnant rats on gestation 

days 6-15 was not embryotoxic and there were no effects observed in the dams. 

There were no adverse effects reported in a human skin test of a sunless tanning preparation containing propylene 

glycol dicaprylate/dicaprate. 

In a primary skin irritation test using rabbits, propylene glycol stearate at 1%, with and without lidocaine was not an 

irritant.  Administration of propylene glycol oleate at 1%, with and without 1% lidocaine, and propylene glycol linoleate at 

1%, with and without lidocaine, to the backs of rabbits produced mild erythema. 

 

DISCUSSION 

 This safety assessment is a re-review of several PG esters from previous reports.  In 1999, the Panel determined that 

13 PG esters were safe as used in cosmetic ingredients.  An additional 3 PG esters also have been found safe as used in 

cosmetics.  The Panel supported combining the 16 previously reviewed ingredients with an additional 16 PG ester ingredients 

reviewed for the first time in this report, thereby creating 1 report of 32 PG esters.  Although there are data gaps, the similar 

chemical structures, physicochemical properties, functions, and use concentrations in cosmetics allow grouping these 

ingredients and using the available toxicological data to support the safety of the ingredients in this group. 

 The Panel acknowledged that the 1999 safety assessment relied upon data based on the safety of chemical structure 

moieties of these ingredients (eg, propylene glycol and the acids of the esters).  The Panel agreed that this approach is 

acceptable for the PG esters in this safety assessment when coupled with the original data on propylene glycol stearate.  In 

addition, the available new repeated dose and reproductive toxicity data and irritation data for propylene glycol 

dicaprylate/dicaprate did not raise concern. 

 The Panel recognized that PG esters can enhance the penetration of other ingredients through the skin, as 

demonstrated through the penetration enhancement of other chemicals (eg, diclofenac, lidocaine, thiocolchicoside, and 

caffeine).  The Panel cautioned that care should be taken when formulating cosmetic products that may contain PG esters in 

combination with any ingredients whose safety was based on their lack of dermal absorption data, or when dermal absorption 

was a concern. 

Because some of the components of the PG esters are obtained from plant sources (eg, propylene glycol soyate and 

avocado oil propylene glycol esters), the Panel expressed concern about pesticide residues and heavy metals that may be 

present in botanical ingredients.  They stressed that the cosmetics industry should continue to use current good manufacturing 

practices (cGMPs) to limit impurities in the ingredient before blending into cosmetic formulations. 

The Panel discussed the issue of incidental inhalation exposure from the use of these ingredients in hair sprays, 

perfumes, and spray face and neck skin care products.  Propylene glycol esters are also reported to be used in face powders.  

There were no chronic inhalation toxicity data available.  However, the Panel believes that the sizes of a substantial majority 
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of the particles from these formulations are larger than the respirable range.  These ingredients are reportedly used at 

concentrations up to 60% in cosmetic products that may be aerosolized and up to 38% in loose powder products that may 

become airborne.  The Panel noted that 95%–99% of droplets/particles from sprays would not be respirable to any 

appreciable amount.  Coupled with the small actual exposure in the breathing zone and the use concentrations of the 

ingredients, the available information indicates that incidental inhalation would not be a significant route of exposure that 

might lead to local respiratory or systemic effects.  To evaluate incidental inhalation, the Panel considered other data 

available to characterize the potential for PG esters to cause systemic toxicity, irritation, sensitization, and genotoxicity in this 

and in previous safety assessments.  They noted the lack of systemic toxicity at high doses in several acute and subchronic 

oral and dermal exposure studies, little or no irritation or sensitization in multiple tests of dermal and ocular exposure, and the 

absence of genotoxicity in Ames tests.  A detailed discussion and summary of the Panel’s approach to evaluating incidental 

inhalation exposures to ingredients in cosmetic products is available at http://www.cir-safety.org/cir-findings. 
 

CONCLUSION 

 The CIR Expert Panel concluded that the following ingredients are safe in the present practices of use and 

concentration described in this safety assessment in cosmetics when formulated to be nonirritating: 

 

propylene glycol behenate* 

propylene glycol caprylate* 

propylene glycol cocoate* 

propylene glycol dicaprate   

propylene glycol dicaproate* 

propylene glycol dicaprylate   

propylene glycol dicaprylate/dicaprate   

propylene glycol dicocoate* 

propylene glycol diethylhexanoate   

propylene glycol diisononanoate* 

propylene glycol diisostearate*   

propylene glycol dilaurate* 

propylene glycol dioleate 

propylene glycol dipelargonate   

propylene glycol distearate* 

propylene glycol diundecanoate* 

propylene glycol heptanoate* 

propylene glycol isostearate  

propylene glycol laurate  

propylene glycol linoleate* 

propylene glycol linolenate* 

propylene glycol myristate   

propylene glycol oleate 

propylene glycol oleate SE* 

propylene glycol soyate * 

propylene glycol stearate 

propylene glycol stearate SE 

almond oil propylene glycol esters* 

apricot kernel oil propylene glycol esters* 

avocado oil propylene glycol esters* 

olive oil propylene glycol esters* 

soybean oil propylene glycol esters* 

  

 

*Were ingredients in this group not in current use to be used in the future, the expectation is that they would be used in 

product categories and at concentrations comparable to others in this group. 
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TABLES AND FIGURES 

 

Table 1.  Ingredient names, CAS nos., definitions, and functions of PG esters used in cosmetics.
1
 

Ingredient CAS No. Definition Function 

Propylene glycol behenate  
100214-87-7 

27923-61-1 

Propylene glycol behenate is the ester of propylene glycol and behenic 
acid. 

Skin-conditioning agent-
emollient; surfactant – 

emulsifying agent 

 
Propylene glycol caprylate  

31565-12-5 
68332-79-6 

Propylene glycol caprylate is the ester of caprylic acid and propylene 

glycol that conforms to the formula: 

Skin-conditioning agent-

emollient; surfactant – 
emulsifying agent 

 
Propylene glycol cocoate  

No CAS no. 

Propylene glycol cocoate is the ester of propylene glycol and coconut 

acid.   

Skin-conditioning agent-

emollient; surfactant – 

emulsifying agent 

 
Wherein RC(O) represents the fatty acid residues of coconut acid 

Propylene glycol dicaprate   

53824-77-4 
56519-72-3 

Propylene glycol dicaprate is the diester of propylene glycol and capric 

acid. 

Skin-conditioning agent-

occlusive; surfactant – 
emulsifying agent 

 
Propylene glycol dicaproate  

50343-36-7 

Propylene glycol dicaproate is the diester of propylene glycol and caproic 

acid. 

Skin-conditioning agent – 

occlusive; viscosity increasing 
agent – nonaqueous 

 
Propylene glycol dicaprylate   
7384-98-7 

Propylene glycol dicaprylate is the diester of propylene glycol and 
caprylic acid that conforms generally to the formula: 

 

Skin-conditioning agent – 
occlusive; viscosity increasing 

agent – nonaqueous 

 
Propylene glycol dicaprylate/ 
dicaprate   

58748-27-9 

68583-51-7 
68988-72-7 

Propylene glycol dicaprylate/dicaprate is a mixture of the propylene 
glycol diesters of caprylic and capric acids. 

Skin-conditioning agent - 
occlusive 

 
Wherein RC(O) represents the residues of caprylic and capric acids. 

Propylene glycol dicocoate   

68953-19-5 

Propylene glycol dicocoate is the diester of propylene glycol and coconut 

acid. It conforms to the formula: where RCO- represents the fatty acids 

derived from coconut oil. 

Skin-conditioning agent – 

occlusive; viscosity increasing 

agent – nonaqueous 
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Table 1.  Ingredient names, CAS nos., definitions, and functions of PG esters used in cosmetics.
1
 

Ingredient CAS No. Definition Function 

Propylene glycol diethylhexanoate  

93981-97-6 

Propylene glycol diethylhexanoate is the diester of propylene glycol and 

2-ethylhexanoic acid.  

Skin-conditioning agent – 

occlusive 

 
Propylene glycol diisononanoate   

125804-17-3 

Propylene glycol diisononanoate is the diester of propylene glycol and 

branched chain nonanoic acids. 

Skin-conditioning agent – 

occlusive; viscosity increasing 
agent – nonaqueous 

 
Propylene glycol diisostearate   

68958-54-3 

Propylene glycol diisostearate is the diester of propylene glycol and 

isostearic acid. 

Skin-conditioning agent – 

occlusive; viscosity increasing 

agent – nonaqueous 

 
Propylene glycol dilaurate   
22788-19-8 

Propylene glycol dilaurate is the diester of propylene glycol and lauric 
acid that conforms generally to the formula: 

Skin-conditioning agent – 
occlusive; viscosity increasing 

agent – nonaqueous 

 
Propylene glycol dioleate   
105-62-4 

Propylene glycol dioleate is the diester of propylene glycol and oleic 
acid. 

Skin-conditioning agent – 
occlusive; viscosity increasing 

agent – nonaqueous 

 
Propylene glycol dipelargonate   
41395-83-9 

Propylene glycol dipelargonate is the diester of propylene glycol and 
pelargonic acid that conforms generally to the formula: 

Skin-conditioning agent – 
occlusive; viscosity increasing 

agent – nonaqueous 

 
Propylene glycol distearate  

6182-11-2 

Propylene glycol distearate is the diester of propylene glycol and stearic 

acid. 

Opacifying agent; skin-

conditioning agent – occlusive; 
viscosity increasing agent – 

nonaqueous 

 
Propylene glycol diundecanoate   
68227-47-4 

Propylene glycol diundecanoate is the diester of propylene glycol and 
undecanoic acid. 

Skin-conditioning agent – 
occlusive; viscosity increasing 

agent – nonaqueous 

 
Propylene glycol heptanoate   

7249-54-9 

Propylene glycol heptanoate is the ester of propylene glycol and 

heptanoic acid that conforms to the formula: 

Skin-conditioning agent-

emollient; surfactant – 
emulsifying agent 
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Table 1.  Ingredient names, CAS nos., definitions, and functions of PG esters used in cosmetics.
1
 

Ingredient CAS No. Definition Function 

Propylene glycol isostearate   

63799-53-1 

68171-38-0 

Propylene glycol isostearate is the ester of propylene glycol and 

isostearic acid. 

Skin-conditioning agent-

emollient; surfactant – 

emulsifying agent 

 
Wherein RC(O) represents the fatty acid residues of isostearic acid. 

Propylene glycol laurate   

142-55-2 

199282-83-2 
27194-74-7 

37321-62-3 

Propylene glycol laurate is the ester of propylene glycol and lauric acid 

that conforms generally to the formula: 

Skin-conditioning agent-

emollient; surfactant – 

emulsifying agent 

 
Propylene glycol linoleate   
No CAS no. 

Propylene glycol linoleate is the ester of propylene glycol and linoleic 
acid that conforms to the formula: 

Skin-conditioning agent-
emollient; surfactant – 

emulsifying agent 

 
Propylene glycol linolenate   
No CAS no. 

Propylene glycol linolenate is the ester of propylene glycol and linolenic 
acid that conforms to the formula: 

Skin-conditioning agent-
emollient; surfactant – 

emulsifying agent 

 
Propylene glycol myristate   

29059-24-3 

Propylene glycol myristate is the ester of propylene glycol and myristic 

acid that conforms generally to the formula: 

Skin-conditioning agent-

emollient; surfactant – 

emulsifying agent 

 
Propylene glycol oleate   
1330-80-9 

Propylene glycol oleate is the ester of propylene glycol and oleic acid.  Skin-conditioning agent-
emollient; surfactant – 

emulsifying agent 

 
Propylene glycol oleate SE   

1330-80-9 

Propylene glycol oleate SE is a self-emulsifying grade of propylene 

glycol oleate that contains some sodium and/or potassium oleate. 

surfactant – emulsifying agent 

Propylene glycol soyate 

67784-79-6 

Propylene glycol soyate is the ester of propylene glycol and soy acid. Skin-conditioning agent-

emollient; surfactant – 
emulsifying agent 

Propylene glycol stearate   

1323-39-3 
142-75-6 

Propylene glycol stearate is the ester of propylene glycol and stearic acid 

that conforms generally to the formula: 

Fragrance ingredient; skin-

conditioning agent-emollient; 
surfactant – emulsifying agent 

 
Propylene glycol stearate SE   
1323-39-3 

Propylene glycol stearate SE is a self-emulsifying grade of propylene 
glycol stearate that contains some sodium and/or potassium stearate. 

Surfactant – emulsifying agent 

Almond oil propylene glycol esters 

No CAS no. 

The product obtained by the transesterification of prunus amygdalus 

dulcis  (sweet almond) oil and propylene glycol. 

Skin-conditioning agent-

emollient 
Apricot kernel oil propylene glycol 

esters 

No CAS no. 

The product obtained by the transesterification of prunus armeniaca 

(apricot) kernel oil with propylene glycol. 

Skin-conditioning agent-

miscellaneous 
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Table 1.  Ingredient names, CAS nos., definitions, and functions of PG esters used in cosmetics.
1
 

Ingredient CAS No. Definition Function 

Avocado oil propylene glycol 

esters 

No CAS no. 

The product obtained from the transesterification of persea gratissima 

(avocado) oil and propylene glycol. 

Skin-conditioning agent-

emollient; surfactant-emulsifying 

agent 
Olive oil propylene glycol esters 
 

The product obtained by the transesterification of olea europaea (olive) 
fruit oil 

Skin-conditioning agent-
emollient 

Soybean oil propylene glycol 

esters   
No CAS no. 

Soybean oil propylene glycol esters is the product obtained by the 

transesterification of glycine soja (soybean) oil with propylene glycol. 

Skin-conditioning agent-

emollient  

 
Wherein RC(O) represents the fatty acid residues of glycine soja 

(soybean) oil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Safety assessments by CIR of ingredients relevant to this safety assessment.  These include previous safety 

assessments of ingredients in this report as well as ingredients related to or moieties of ingredients in this report. 

Ingredient(s) Results 

Maximum concentration 

(%) Reference 

Previous safety assessments of ingredients 

Propylene glycol esters and diesters Safe as used. 51.730 2 

Propylene glycol stearate and propylene glycol 
stearate SE 

Safe as used. >10-25 3,4 

Propylene glycol diisononanoate, Pelargonic 

(nonanoic) acid and esters 

Safe as used. 74 5 

Propylene glycol myristate (salts and esters of 

myristic acid) 

Safe as used. 82 6 

Safety assessments of components 

Propylene glycol Safe as used when formulated to be non-

irritating. 

40; 99 in bath products 

diluted for the bath. 

27,28 

Caprylic/capric triglyceride Safe as used. >50 4,29 

Coconut acid, Cocos nucifera (coconut) oil and 
related ingredients 

Safe as used. 80 30,31 

Alkyl ethylhexanoates Safe as used when formulated to be non-

irritating. 

77.3 32 

Isostearic acid Safe as used. 26 3,33 

Oleic acid, lauric acid, myristic acid, and stearic 

acid  

Safe as used. 11 9,34 

Stearyl heptanoate and cetyl and alkyl esters Safe as used when formulated to be non-

irritating. 

78 35-37 

Sweet almond oil Safe as used. 100 3,38,39 

Prunus ameniaca (apricot) kernel oil Safe as used. 100 38 

Olea europaea (olive) fruit oil Safe as used. 100 38 

Glycine soja (soybean) oil Safe as used. 100 38 
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Table 3. Toxicity data for heptanoic acid and undecanoic acid, moieties of propylene glycol heptanoate and 

propylene glycol diundecanoate. 
Ingredient Study/assay Results Reference 

Dermal effects 

Undeconoic acid (0.16 M) Penetration 

enhancement on 

human subjects 
(n=35).  

Did not increase the dermal penetration of hexyl nicotinate measured 

by change in transdermal water loss (TEWL) and laser Doppler 

velocimetry (LDV). Hill-Top chambers in place for 3 h then 
measured 3 h later by both techniques. 

40 

Heptanoic acid (0.16 M in 

propylene glycol) 

Penetration 

enhancement  

Enhancement ratio of p-aminobenzoic acid (PABA)=1.6. Stratum 

corneum sheets were pretreated with test substance (300 µL) for 24 

h.  PABA (25 g/L in the test solution was placed in the donor cell for 
20 h. 

41 

Undecanoic acid (300 µL) Penetration 

enhancement 

Enhancement ratio= 25.1. Stratum corneum sheets were pretreated 

with test substance for 24 h.  PABA (25 g/L in the test solution was 
placed in the donor cell for 20 h. 

41 

Acute toxicity 

Heptanoic acid  IV in mice LD50 = 1200 ± 56 mg/kg   42 

Undecanoic acid  IV in mice LD50 = 140 ± 4.2 mg/kg   42 

Dermal irritation – in vitro 

Heptanoic acid EpiDerm assay Heptanoic acid had no effect on the tissue viability up to and 
including 0.5%. There was reduced cell viability to 38.5%, 13.9%, 

and 9.7% of control at 1%, 2% and 4%, respectively. 

Heptanoic acid also induced IL-1α release, more than the lactic acid. 
The lowest concentration of heptanoic acid, 0.1% induced a release 

of 76.3 pg/mL IL-1α, compared to 17.0 pg/mL for the PBS negative 

control. This release increased steadily as the concentration increased 
until 4%, where it decreased, likely due to rapid cell death. The 

NOAEL was 0.5%; the EC50 value was 0.85% for heptanoic acid in 

sesame oil. 

43 

Heptanoic acid (100%) SkinEthic-direct 

topical application test 

Predicted to be a dermal irritant due to cell viability score 

approximately 2 (MTT reduction assay, <50% viability); but not for 

IL-1α release, score approximately 5 (did not meet >30 pg/mL). 

44 

Heptanoic acid (100%) In vitro patch test Predicted to be a dermal irritant due to cell viability score 

approximately 5 (MTT reduction assay, criteria for irritation: <50% 

viability); IL-1α release score approximately 110 (criteria for 
irritation: >105 pg/mL); histological observation score approximately 

0 (criteria for irritation: score < 75). 

44 

Undecanoic acid (80 
µL/0.78 cm2) 

Artificial skin 
(fibroblast-populated 

collagen gel) 

Not predicted to be irritating. No morphology changes. No effect to 
IL-1α and IL-8 levels. 

40 

Dermal irritation – in vivo 

Undecanoic acid Patch test using Hill-

Top chamber. 0.16 M 

on the forearm (n=5). 
Control–propylene 

glycol 

Irritation index=approximately 1; enhancement ratio of 

TEWL=approximately 1. The test substance administered to the 

forearm for 3 h 

40 

Undecanoic acid (30% in 

ethanol) 

Modified Draize test 

using New Zealand 
White rabbits (n=4) 

Draize scores were: 2.12, 1.62, and 1.06; average 1.60.  The test 

substance was rated as mildly irritating. Contact maintained under 
occlusion for 24 h. Sites read at 30 min and 48 h. Study conducted 3 

times.   

45 

Undecanoic acid (30% in 
ethanol) 

Modified Draize test 
using human males 

(n=4) 

Draize scores were 0. Contact maintained under occlusion for 24 h. 
Sites read at 30 min, and 48 h.   

45 

Undecanoic acid (1%, 
10%, 20%, and 40% in 

ethanol; 0.2 mL) 

21-day continuous 
closed patch test using 

humans (n=2) 

Cumulative irritation index=0, 38.5, 50.5, and 69, respectively. 
Patches were left in place on the forearm for 23.5 h, removed, read at 

30 min, and then a new patch placed. 

45 

Undecanoic acid (10%, in 
ethanol; 0.2 mL) 

21-day continuous 
closed patch test using 

humans (n=8) 

Cumulative irritation index=0. Patches were left in place on the 
forearm for 23.5 h, removed, read at 30 min, and then a new patch 

placed. 

45 

Undecanoic acid (10%, 
20%, 40% and 60% in 

ethanol; 0.2 mL) 

21-day continuous 
open patch test (n=1 or 

2) 

Cumulative irritation index=0 for all concentrations. Patches were 
left in place on the forearm for 23.5 h, removed, read at 30 min, and 

then a new patch placed. 

45 

Other assessment 

Heptanoic acid Safety assessment for 

use as an additive in 

animal feed.   

Safe for all animal species at 5 mg/kg complete feed with a margin of 

safety between 1 and 120. No direct data, conclusion was based on 

read across from data on acetaldehyde, butanol, and octanol.  

46 

PBS=phosphate buffered saline; TEWL=transdermal water loss 
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Table 4.  Current and historical frequency and concentration of use of PG esters according to duration and exposure.
2,3,5-8

   

 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

 Propylene glycol dicaprate Propylene glycol dicaprylate 

 2014 1995 2014 1995 2014 1995 2014 1995 

Totals* 102 1 0.025-0.76 NR 49 1 0.0042-1.2 NR 

Duration of Use   

Leave-On 91 1 0.025-0.76 NR 48 1 0.0042-1.2 NR 

Rinse-Off 11 NR 0.11-0.16 NR 1 NR 0.084 NR 

Diluted for (Bath) Use NR NR NR NR NR NR NR NR 

Exposure Type*   

Eye Area 13 NR 0.3-0.55 NR 7 NR NR NR 

Incidental  Ingestion 3 NR 0.025-0.76 NR 9 NR NR NR 

Incidental Inhalation-Spray 47a; 18c 1a NR NR 25a 1b NR NR 

Incidental Inhalation-Powder 46b; 18c NR 55b NR 24b 1b 0.21-2b NR 

Dermal Contact 99 NR 0.1-0.55 NR 40 1 0.0042-1.2 NR 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring NR NR NR NR NR NR NR NR 

Hair-Coloring NR NR NR NR NR NR NR NR 

Nail NR NR NR NR NR NR NR NR 

Mucous Membrane 3 NR 0.25-0.76 NR 9 NR NR NR 

Baby Products NR NR NR NR NR NR NR NR 

 

 Propylene glycol dicaprylate/dicaprate Propylene glycol dioleate 

2014 1995 2014 1995 2014 1995** 2014 1995 

Totals 525 202 0.045-51.8 7-45 1 NR 15.8 NR 

Duration of Use   

Leave-On 417 183 0.1-51.8 7-45 NR NR NR NR 

Rinse-Off 106 19 0.045-14.4 NR 1 NR 15.8 NR 

Diluted for (Bath) Use 2 NR 0.045 NR NR NR NR NR 

Exposure Type      

Eye Area 32 14 1.5-41 7-19 NR NR NR NR 

Incidental  Ingestion 16 24 8-38 10 NR NR NR NR 

Incidental Inhalation-Spray 
180a; 108c 78a; 21c 0.13; 0.13-2b; 

1.8-8c  
16-24a 

NR NR NR NR 

Incidental Inhalation-Powder 126b; 108c 57b; 21c 0.1-38; 1.8-8c  16b NR NR NR NR 

Dermal Contact 371 174 0.045-51.8 7-45 1 NR 15.8 NR 

Deodorant (underarm) 1b NR NR NR NR NR NR NR 

Hair - Non-Coloring 120 NR 0.13-2 NR NR NR NR NR 

Hair-Coloring 11 NR 0.075-0.63 NR NR NR NR NR 

Nail 5 4 3.5-21.6 NR NR NR NR NR 

Mucous Membrane 39 24 0.045-38 10 NR NR NR NR 

Baby Products NR 1 2.5 NR NR NR NR NR 

 

 Propylene glycol dipelargonate Propylene glycol isostearate 

2014 1995 2014 1995 2014 1995 2014 1995 

Totals 42 82 0.71-60 1-33.796 19 22 0.3-15 1.4 

Duration of Use   

Leave-On 36 72 0.71-60 1-33.796 10 7 15 NR 

Rinse-Off 6 9 5-6 5 9 15 0.3-1 1.4 

Diluted for (Bath) Use NR 1 NR NR NR NR NR NR 

Exposure Type   

Eye Area 2 2 NR NR 1 1 NR NR 

Incidental  Ingestion 9 8 NR NR 1 1 NR NR 

Incidental Inhalation-Spray 6a; 14c 17c 60 1a; 4c 6c 2 NR NR 

Incidental Inhalation-Powder 6b; 14c 16c NR 1a; 4c 6c 1 NR NR 

Dermal Contact 33 74 0.71-60 1-9.3 18 21 1-15 1.4 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring NR NR NR NR NR NR NR NR 

Hair-Coloring NR NR NR 33.796 NR NR NR NR 

Nail NR NR 5 5 NR NR 0.3 NR 

Mucous Membrane 9 10 NR NR 1 1 NR NR 

Baby Products NR 1 NR NR NR NR NR NR 
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Table 4.  Current and historical frequency and concentration of use of PG esters according to duration and exposure.
2,3,5-8

   

 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

 Propylene glycol laurate Propylene glycol myristate 

 2014 1995 2014 1995 2014 2006 2014 2006 

Totals 67 87 0.005-5 1-22 5 15 4 4-6 

Duration of Use         

Leave-On 62 73 0.005-5 1-22 5 15 4 4-6 

Rinse-Off 5 13 0.05-2.3 1.25 NR NR NR NR 

Diluted for (Bath) Use NR NR NR NR NR NR NR NR 

Exposure Type         

Eye Area 12 6 0.005-5 1-1.3 1 1 NR NR 

Incidental  Ingestion 3 7 NR 9 1 2 4 5 

Incidental Inhalation-Spray 13a; 5c 22a; 9c NR 6a 3a 3a; 4c NR 4-6a; 4c 

Incidental Inhalation-Powder 12b; 5c 4b; 9c NR NR 1b 1b; 4c NR 4b 

Dermal Contact 54 69 0.005-5 1.3-6 4 13 NR 4-6 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring 1 7 2.3 1.25-22 NR NR NR NR 

Hair-Coloring NR NR NR NR NR NR NR NR 

Nail NR 1 NR NR NR NR NR NR 

Mucous Membrane 3 8 NR 9 1 2 4 5 

Baby Products NR NR NR NR NR NR NR NR 

 

 Propylene glycol oleate Propylene glycol stearate 

 2014 1996 2014 1995 2014 2002 2014 2002 

Totals NR 6 0.48-1 NR 168 60 0.0032-4 NR 

Duration of Use         

Leave-On NR 6 NR NR 124 59 0.01-4 NR 

Rinse-Off NR NR 0.48-1 NR 44 1 0.0032-3.5 NR 

Diluted for (Bath) Use NR NR NR NR NR NR 1.5 NR 

Exposure Type         

Eye Area NR 1 NR NR 16 5 10.01-3 NR 

Incidental  Ingestion NR NR NR NR NR 1 NR NR 

Incidental Inhalation-Spray NR 3c NR NR 28a; 53c 12a; 4c 0.5-1.5a NR 

Incidental Inhalation-Powder NR 3c NR NR 2; 26b; 53c 12b; 4c 0.053-4b NR 

Dermal Contact NR 6 1 NR 127 56 0.018-4 NR 

Deodorant (underarm) NR NR NR NR NR NR NR NR 

Hair - Non-Coloring NR NR 0.48 NR 5 NR 0.0032-0.5 NR 

Hair-Coloring NR NR NR NR 25 NR 0.005 NR 

Nail NR NR NR NR NR NR NR NR 

Mucous Membrane NR NR 1 NR 1 1 1.5-2 NR 

Baby Products NR NR NR NR NR NR NR NR 
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Table 4.  Current and historical frequency and concentration of use of PG esters according to duration and exposure.
2,3,5-8

   

 # of Uses Max Conc of Use (%) # of Uses Max Conc of Use (%) 

 Propylene glycol stearate SE  

 2014 2002 2014 2002     

Totals 34 60 1-1.4 NR     

Duration of Use         

Leave-On 33 59 1 NR     

Rinse-Off 1 1 1.4 NR     

Diluted for (Bath) Use NR NR NR NR     

Exposure Type         

Eye Area 14 5 1 NR     

Incidental  Ingestion NR 1 NR NR     

Incidental Inhalation-Spray 14a 12a; 4c NR NR     

Incidental Inhalation-Powder 14b 12b; 4c NR NR     

Dermal Contact 30 56 1 NR     

Deodorant (underarm) NR NR NR NR     

Hair - Non-Coloring NR NR NR NR     

Hair-Coloring NR NR 1.4 NR     

Nail NR NR NR NR     

Mucous Membrane NR 1 NR NR     

Baby Products NR NR NR NR     

NR=Not Reported; Totals=Rinse-off + Leave-on Product Uses. 

* Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses. 
a It is possible these products may be sprays, but it is not specified whether the reported uses are sprays. 
b It is possible these products may be powders, but it is not specified whether the reported uses are powders. 
c Not specified whether a powder or a spray, so this information is captured for both categories of incidental inhalation. 

 

 

 

Table 5. Frequency of use and 

concentration according to duration and 

exposure of PG esters not previously 

reviewed by CIR.
7,8

 

Use type Uses 

Maximum 

Concentration 

(%) 

 
Propylene glycol 

diethylhexanoate 

Total/range 28 0.000099-2 

Duration of use   

Leave-on 26 0.000099-2 

Rinse-off 2 NR 

Diluted for (bath) 
use 

NR NR 

Exposure typea   

Eye area 3 0.0008-0.5 
Incidental                                    

ingestion 
NR NR 

Incidental 
Inhalation-sprays 

9a; 9c 2; 0.0008a 

Incidental 

inhalation-powders 
6b; 9c 0.000099-2b 

Dermal contact 28 0.000099-2 

Deodorant      

(underarm) 
1a NR 

Hair-noncoloring NR NR 

Hair-coloring NR NR 

Nail NR NR 
Mucous Membrane 1 NR 

Baby NR NR 

 

NR=Not Reported; Totals=Rinse-off + Leave-on Product Uses. 

* Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not 

equal the sum of total uses. 
a It is possible these products may be sprays, but it is not specified whether the reported uses are sprays. 
b It is possible these products may be powders, but it is not specified whether the reported uses are powders. 
c Not specified whether a powder or a spray, so this information is captured for both categories of incidental inhalation. 
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Table 6.  There were no current reported uses or concentrations of use reported 

for these PG esters.
7,8,47

 
Propylene glycol behenate Propylene glycol heptanoate 

Propylene glycol caprylate Propylene glycol linoleate 

Propylene glycol cocoate Propylene glycol linolenate 

Propylene glycol dicaproate Propylene glycol oleate SE 

Propylene glycol dicocoate Propylene glycol soyate 

Propylene glycol diisononanote Almond oil propylene glycol esters 

Propylene glycol diisostearate Apricot kernel oil propylene glycol esters 

Propylene glycol dilaurate Avocado oil propylene glycol esters 

Propylene glycol distearate Olive oil propylene glycol esters 

Propylene glycol diundecanoate Soybean oil propylene glycol esters 

 

 

 

 

 

Table 7. Code of Federal Regulations that pertain to PG esters ingredients. 
Ingredient(s) Rule Citation 

Propylene glycol mono- and 

diesters of fats and fatty acids 

TITLE 21--FOOD AND DRUGS 

CHAPTER I--FOOD AND DRUG ADMINISTRATION 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

SUBCHAPTER B--FOOD FOR HUMAN CONSUMPTION 

PART 172 -- FOOD ADDITIVES PERMITTED FOR DIRECT ADDITION TO FOOD FOR 
HUMAN CONSUMPTION  

Subpart I--Multipurpose Additives  

Sec. 172.856 Propylene glycol mono- and diesters of fats and fatty acids. 
Propylene glycol mono- and diesters of fats and fatty acids may be safely used in food, subject to 

the following prescribed conditions: 

(a) They are produced from edible fats and/or fatty acids in compliance with 172.860 and/or oleic 
acid derived from tall oil fatty acids in compliance with 172.862. 

(b) They are used in food in amounts not in excess of that reasonably required to produce their 

intended effect. 

21CFR172.856 

Propylene glycol mono- and 

diesters of fats and fatty acids 

PART 173 -- SECONDARY DIRECT FOOD ADDITIVES PERMITTED IN FOOD FOR 

HUMAN CONSUMPTION  

Subpart D--Specific Usage Additives  
Sec. 173.340 Defoaming agents. 

Defoaming agents may be safely used in processing foods, in accordance with the following 

conditions: 
(a) They consist of one or more of the following: 

(1) Substances generally recognized by qualified experts as safe in food or covered by prior 

sanctions for the use prescribed by this section. 
(2) Substances listed in this paragraph (a)(2) of this section, subject to any limitations imposed: 

(3) Substances listed in this paragraph (a)(3), provided they are components of defoaming agents 

limited to use in processing beet sugar and yeast, and subject to any limitations imposed:  
Propylene glycol mono- and diesters of fats and fatty acids: As defined in 172.856 of this 

chapter. 

21CFR173.340 

Propylene glycol esters of 
coconut fatty acids, propylene 

glycol monolaurate, propylene 

glycol monostearate 

PART 175 -- INDIRECT FOOD ADDITIVES: ADHESIVES AND COMPONENTS OF 
COATINGS  

Subpart B--Substances for Use Only as Components of Adhesives  

Sec. 175.105 Adhesives. 
(a) Adhesives may be safely used as components of articles intended for use in packaging, 

transporting, or holding food in accordance with the following prescribed conditions: 

(1) The adhesive is prepared from one or more of the optional substances named in paragraph (c) 
of this section, subject to any prescribed limitations. 

21CFR175.105 

Propylene glycol esters PART 175 -- INDIRECT FOOD ADDITIVES: ADHESIVES AND COMPONENTS OF 

COATINGS  

Subpart C--Substances for Use as Components of Coatings  

Sec. 175.300 Resinous and polymeric coatings. 

Resinous and polymeric coatings may be safely used as the food-contact surface of articles 
intended for use in producing, manufacturing, packing, processing, preparing, treating, 

packaging, transporting, or holding food, in accordance with the following prescribed conditions: 

(a) The coating is applied as a continuous film or enamel over a metal substrate, or the coating is 
intended for repeated food-contact use and is applied to any suitable substrate as a continuous 

film or enamel that serves as a functional barrier between the food and the substrate. The coating 

is characterized by one or more of the following descriptions: 
(1) Coatings cured by oxidation. 

(2) Coatings cured by polymerization, condensation, and/or cross-linking without oxidation. 

(3) Coatings prepared from prepolymerized substances. 
(b) The coatings are formulated from optional substances that may include: 

(1) Substances generally recognized as safe in food. 

(2) Substances the use of which is permitted by regulations in this part or which are permitted by 

21CFR175.300 
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Table 7. Code of Federal Regulations that pertain to PG esters ingredients. 
Ingredient(s) Rule Citation 

prior sanction or approval and employed under the specific conditions, if any, of the prior 

sanction or approval. 

The oils may be raw, heat-bodied, or blown. They may be refined by filtration, degumming, acid 
or alkali washing, bleaching, distillation, partial dehydration, partial polymerization, or solvent 

extraction, or modified by combination with maleic anhydride. 

(ii) Reconstituted oils from triglycerides or fatty acids derived from the oils listed in paragraph 
(b)(3)(i) of this section to form esters with: 

Propylene glycol 

(vii) Polyester resins (including alkyd-type), as the basic polymers, formed as esters of acids 
listed in paragraph (b)(3)(vii) (a ) and (b ) of this section by reaction with alcohols in paragraph 

(b)(3)(vii) (c ) and (d) of this section. 

(c ) Polyhydric alcohols: Propylene glycol 
(xxii) Driers made by reaction of a metal from paragraph (b)(3)(xxii)(a) of this section with acid, 

to form the salt listed in paragraph (b)(3)(xxii)(b ) of this section: Propylene Glycol 

Propylene glycol mono- and 
diesters of fats and fatty acids 

PART 176 -- INDIRECT FOOD ADDITIVES: PAPER AND PAPERBOARD COMPONENTS  
Subpart B--Substances for Use Only as Components of Paper and Paperboard  

Sec. 176.170 Components of paper and paperboard in contact with aqueous and fatty foods.  

Substances identified in this section may be safely used as components of the uncoated or coated 
food-contact surface of paper and paperboard intended for use in producing, manufacturing, 

packaging, processing, preparing, treating, packing, transporting, or holding aqueous and fatty 

foods, subject to the provisions of this section. Components of paper and paperboard in contact 

with dry food of the type identified under Type VIII of table 1 in paragraph (c) of this section are 

subject to the provisions of 176.180. 

(a) Substances identified in paragraph (a) (1) through (5) of this section may be used as 
components of the food-contact surface of paper and paperboard. Paper and paperboard products 

shall be exempted from compliance with the extractives limitations prescribed in paragraph (c) of 

this section: Provided, That the components of the food-contact surface consist entirely of one or 
more of the substances identified in this paragraph: And provided further, That if the paper or 

paperboard when extracted under the conditions prescribed in paragraph (c) of this section 

exceeds the limitations on extractives contained in paragraph (c) of this section, information shall 
be available from manufacturing records from which it is possible to determine that only 

substances identified in this paragraph (a) are present in the food-contact surface of such paper or 

paperboard. 
(1) Substances generally recognized as safe in food. 

(2) Substances generally recognized as safe for their intended use in paper and paperboard 

products used in food packaging. 
(3) Substances used in accordance with a prior sanction or approval. 

(4) Substances that by regulation in parts 170 through 189 of this chapter may be safely used 

without extractives limitations as components of the uncoated or coated food-contact surface of 

paper and paperboard in contact with aqueous or fatty food, subject to the provisions of such 

regulation. 

21CFR176.170 

Propylene glycol esters PART 176 -- INDIRECT FOOD ADDITIVES: PAPER AND PAPERBOARD COMPONENTS  
Subpart B--Substances for Use Only as Components of Paper and Paperboard  

Sec. 176.210 Defoaming agents used in the manufacture of paper and paperboard. 

Defoaming agents may be safely used in the manufacture of paper and paperboard intended for 
use in packaging, transporting, or holding food in accordance with the following prescribed 

conditions: 

(a) The defoaming agents are prepared from one or more of the substances named in paragraph 
(d) of this section, subject to any prescribed limitations. 

(b) The defoaming agents are used to prevent or control the formation of foam during the 

manufacture of paper and paperboard prior to and during the sheet-forming process. 
(c) The quantity of defoaming agent or agents added during the manufacturing process shall not 

exceed the amount necessary to accomplish the intended technical effect. 

(d) Substances permitted to be used in the formulation of defoaming agents include substances 
subject to prior sanctions or approval for such use and employed subject to the conditions of such 

sanctions or approvals, substances generally recognized as safe for use in food, substances 

generally recognized as safe for use in paper and paperboard, and substances listed in this 
paragraph, subject to the limitations, if any, prescribed. 

(2) Fatty triglycerides, and marine oils, and the fatty acids and alcohols derived therefrom 

(paragraph (d)(1) of this section) reacted with one or more of the following, with or without 
dehydration, to form chemicals of the category indicated in parentheses: 

Propylene glycol (esters) 

21CFR176.210 

Propylene glycol esters PART 177 -- INDIRECT FOOD ADDITIVES: POLYMERS  
Subpart C--Substances for Use Only as Components of Articles Intended for Repeated Use  

Sec. 177.2800 Textiles and textile fibers. 

Textiles and textile fibers may safely be used as articles or components of articles intended for 
use in producing, manufacturing, packing, processing, preparing, treating, packaging, 

transporting, or holding food, subject to the provisions of this section. 

(a) The textiles and textile fibers are prepared from one or more of the fibers identified in 
paragraph (d) of this section and from certain other adjuvant substances required in the 

production of the textiles or textile fibers or added to impart desired properties. 

(b) The quantity of any adjuvant substance employed in the production of textiles or textile fibers 
does not exceed the amount reasonably required to accomplish the intended physical or technical 

effect or any limitation further provided. 

21CFR177.2800 
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Ingredient(s) Rule Citation 

(c) Any substance employed in the production of textiles or textile fibers that is the subject of a 

regulation in parts 174, 175, 176, 177, 178 and 179.45 of this chapter conforms with any 

specification in such regulation. 
(d) Substances employed in the production of or added to textiles and textile fibers may include: 

(1) Substances generally recognized as safe in food. 

(2) Substances subject to prior sanction or approval for use in textiles and textile fibers and used 
in accordance with such sanction or approval. 

(3) Substances generally recognized as safe for use in cotton and cotton fabrics used in dry-food 

packaging. 
(4) Substances that by regulation in this part may safely be used in the production of or as a 

component of textiles or textile fibers and subject to provisions of such regulation. 

(5) Substances identified in this paragraph (d)(5), subject to such limitations as are provided: 
Fats, oils, fatty acids, and fatty alcohols described in the preceding item reacted with one or more 

of the following substances: Propylene glycol 

Propylene glycol caprylate, 
propylene glycol caprate, and 

propylene glycol laurate 

TITLE 40—Protection of Environment 
CHAPTER I—ENVIRONMENTAL PROTECTION AGENCY 

SUBCHAPTER E—PESTICIDE PROGRAMS 

PART 180—TOLERANCES AND EXEMPTIONS FOR PESTICIDE CHEMICAL RESIDUES 
IN FOOD 

C8, C10, and C12 fatty acid monoesters of glycerol and propylene glycol; exemption from the 

requirement of a tolerance. 

The C8, C10, and C12 straight-chain fatty acid monoesters of glycerol (glycerol monocaprylate, 

glycerol monocaprate, and glycerol monolaurate) and propylene glycol (propylene glycol 

monocaprylate, propylene glycol monocaprate, and propylene glycol monolaurate) are exempt 
from the requirement of a tolerance in or on all food commodities when used in accordance with 

approved label rates and good agricultural practice. 

40CFR180.1250 

 

 

 

 

 

Table 8. Penetration enhancement studies of PG esters. 

Ingredient(s); concentration (%) Experiment/results Reference 

Propylene glycol caprylate (10) Did not increase the dermal penetration of Loxoprofen through guinea pig abdominal skin when 
added to a PSA using horizontal diffusion cells (effect area 3.14 cm2).  Samples were collected 

every 2 h for 24 h. 

22 

Propylene glycol caprylate (5, 10, 20, 40, 
60, 100) 

Increased the dermal penetration of diclofenac through rat abdominal skin using Franz cells 
(effective area 0.785 cm2). Samples were collected for 24 h. The permeability indexes were 

calculated to be 9.08±0.90, 9.82±1.85, 6.56±0.46, 4.34±0.86, 3.86±0.37, and 5.46±1.12 cm/h for 

5%, 10%, 20%, 40%, 60%, and 100% propylene glycol caprylate, respectively. 

14 

Propylene glycol dicaprylate (5) Increased the dermal penetration of diclofenac through rat abdominal skin using Franz cells 
(effective area 0.785 cm2). Samples were collected for 24 h. The permeability index was 

calculated to be 0.32±0.06 cm/h. 

14 

Propylene glycol caprylate (10) Increased the dermal penetration of diclofenac through the shaved skin of male Wistar rats (n=4). 
The area under the curve (AUC0-8) and maximum concentration (Cmax) were 65.0±8.0 µg h/mL 

and 10.5±1.5 µg/mL at 4.3±1.3 h (tmax) compared to 1.9±0.3 µg h/mL and 0.25±0.05 10.5±1.5 

µg/mL at 5.0±1.7 h for water. The test substance (1 g) was placed in a columnar cylinder (15 mm 
diameter) glued to the abdomen of the sedated rats.  Blood samples were taken from the jugular 

vein periodically for 8 h. 

14 

Propylene glycol dicaprylate 
(concentration not clear) 

Did not increase the dermal penetration of the water-soluble drugs levodopa, dopamine HCl, and 
isoproterenol HCl. 2.0 mL of drug in lactate buffer with and without propylene glycol dicaprylate 

in diffusion cells using abdominal skin of hairless mice.  Effective diffusion area 1.13 cm2. 

21 

Propylene glycol oleate, propylene glycol 
dioleate, propylene glycol linoleate, 

propylene glycol dilinoleate, propylene 

glycol linolenate, and propylene glycol 
dilinolenate;(1) 

Enhanced the dermal penetration of lidocaine (1% in tetraglycol-distilled water 1:1 w/w) through 
pig ear skin using a Franz cell by ratios of: propylene glycol oleate, 1.91; propylene glycol 

dioleate, 2.11; propylene glycol linoleate, 1.68: propylene glycol dilinoleate, 1.44; propylene 

glycol linolenate, 1.70; and propylene glycol dilinolenate, 1.37. However, there was no increase 
in penetration using propylene glycol mono-γ-linolenate and propylene glycol di-γ-linolenate.   

The skin from freshly killed pigs was trimmed of hair and frozen for less than 2 weeks before 

use. The lidocaine solution (200 µL) was placed in the donor cell (n≥4) with or without the test 
substance.  Samples (2 mL) were collected and replenished every hour from the receptor cell for 

8 h.  Samples were analyzed by high-performance liquid chromatography (HPLC). 

15 

Propylene glycol dipelargonate (5) Increased the dermal penetration of [3H(G)] heparin sodium salt (0.49 mCi/mg) through human 
skin using Franz cells, with an enhancement factor of 4.57, compared to controls. The skin was 

obtained from 3 different donors having breast reduction surgeries. The available surface area in 

the cells was 0.75 cm2. The gel was placed in the donor cell and the receptor cell was sampled 
periodically over 24 h. 

16  
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Table 8. Penetration enhancement studies of PG esters. 
Ingredient(s); concentration (%) Experiment/results Reference 

Propylene glycol dipelargonate (100 µL) When skin from the same source was pretreated with propylene glycol dipelargonate (100 µL) 

for 12 h, there was increase dermal penetration of [3H(G)] heparin sodium salt with an 

enhancement factor of 10.06.  The test substance was wiped off then the heparin sodium salt (400 
µL) was placed in the donor cell of the Franz cells.  The receptor cell was sampled periodically 

over 24 h 

16  

Propylene glycol dipelargonate (1%) Increased the dermal penetration of thiocolchicoside through human skin using Franz cells, with 

an enhancement factor of 3.20 compared to a thiogel ointment. The authors suggested that the 
enhanced flux of thiocolchicoside was probably due to propylene glycol dipelargonate’s very low 

polarity enabling the thiocolchicoside to penetrate into the stratum corneum and interact with the 

lipid bilayers, thus increasing their fluidity. The skin was obtained from breast reduction 
surgeries from 6 different donors.  Subcutaneous fat, stratum corneum, and epidermis were 

removed. The available surface area in the cells was 0.75 cm2. The gel (300 mg) was placed in 
the donor cell and the receptor cell, containing a water:ethanol solution (50: 50), was sampled 

periodically over 24 h.  Samples were analyzed by HPLC. 

17  

Propylene glycol dipelargonate 

(saturation) 

Increased dermal penetration of caffeine (hydrophilic) but not testosterone (lipophilic) through 

human skin from breast reduction surgeries using Franz cells.  Suspensions of caffeine or 
testosterone saturated with propylene glycol dipelargonate were administered to the skin.  Saline 

in the receptor cell was sampled periodically for 24 h. The flux values were 2.278±0.353 and 

0.079±0.080, respectively.  
The experiment was repeated with a 50:50 mix of propylene glycol dipelargonate and propylene 

glycol. The flux values were 2.193±0.174 and 1.226±0.121 µg/cm2/h, respectively. 

18 

Propylene glycol dipelargonate The concentration of propylene glycol dipelargonate with 20 g of ethanol in the foam test 
substance was estimated by staff to be 0.8% using the provided data (1 g added to the 

approximately 9.45 g base formulation; however, due to incomplete information, assumptions 

were made for density of the foam and how much test material was added). The aqueous foam 
formulation enhanced the dermal penetration of thiocolchicoside through fresh, clipped rat skin 

using Franz cell.  The enhancement factor was 3.58.  The dorsal hair of Sprague-Dawley rats was 

clipped.  The skin was excised and placed immediately into the Franz cells.  The test formulation 
(1 g) was placed in the donor cell and covered to prevent evaporation.  Samples were collected 

and the phosphate buffer in the receptor cell was replaced at 4, 7, 24, and 30 h.  Samples were 

analyzed by HPLC.  This experiment was repeated with a hydroalcoholic solution with the same 
amount of propylene glycol dipelargonate.  There was no difference in dermal penetration 

between the 2 tests. 

23 

Propylene glycol dilaurate/propylene 
glycol laurate (described as 45%-70% 

propylene glycol laurate and the rest as 

propylene glycol dilaurate) 

In a saturated solution of carbenoxolone, a mixture of propylene glycol dilaurate/propylene 
glycol laurate in combination with diethylene glycol monoethyl ether (50:50) enhanced the 

dermal penetration of carbenoxolone through human abdominal skin using Franz cells. The kp 

was 6.75.  The test substance was administered as infinite doses (1 mL) to the donor cell and 
permeation values were cumulative. Thawed, female, abdominal, full thickness skin was used. A 

similar test substance containing only propylene glycol laurate did not enhance dermal 

penetration of carbenoxolone (kp=1.23). 

20 

Propylene glycol Laurate (10) Did not increase the dermal penetration of Loxoprofen through guinea pig abdominal skin when 

added to a PSA using horizontal diffusion cells (effect area 3.14 cm2).  Samples were collected 

every 2 h for 24 h. 

22 

Propylene glycol laurate/propylene 

glycol dilaurate (50% in a saturated 

solution) 

Propylene glycol laurate/propylene glycol dilaurate (45%-70% propylene glycol laurate) in 

combination with diethylene glycol monoethyl ether (50:50) increased the dermal penetration of 

carbenoxolone through female abdominal full thickness cadaver skin using Franz cell. There 
were infinite doses of 1 mL over 48 h. 

20 

Propylene glycol dipelargonate (saturated 

solution) 

Increased the dermal penetration of methyl nicotinate through the abdominal skin of hairless rats 

using glass static diffusion cells (effective skin surface area 2.54 cm2). The steady-state flux was 
3.56. The test substance was 2 g propylene glycol dipelargonate containing 537 mg/g methyl 

nicotinate (120% of solubility saturation). Samples were taken for 4 h and analyzed by HPLC. 

19 

PSA – pressure sensitive adhesive 
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Final Report on the Safety 
Assessment of Oleic Acid, 
Laurie Acid, Palmitic Acid, 

Myristic Acid, and Stearic Acid 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are fatty acids with hydro- 
carbon chains ranging in length from 12 to 18 carbons with a terminal 
carboxyl group. These fatty acids are absorbed, digested, and transported in 
animals and humans. Little acute toxicity was observed when Oleic, Laurie, 
Palmitic, Myristic, or Stearic Acid or cosmetic formulations containing these 
fatty acids were given to rats orally at doses of 15-19 g/kg body weight. 
Feeding of 15% dietary Oleic Acid to rats in a chronic study resulted in normal 
growth and health, but reproductive capacity of female rats was impaired. 
Results from topical application of Oleic, Palmitic, and Stearic Acid to the skin 
of mice, rabbits, and guinea pigs produced little or no apparent toxicity. 
Studies using product formulations containing Oleic and Stearic acids indicate 
that neither is a sensitizer or photosensitizing agent. Animal studies also 
indicate that these fatty acids are not eye irritants. Laurie, Stearic, and Oleic 
Acids were noncarcinogenic in separate animal tests. In primary and cumula- 
tive irritation clinical studies, Oleic, Myristic, and Stearic Acids at high con- 
centrations were nonirritating. Cosmetic product formulations containing 
Oleic, Laurie, Palmitic, and Stearic Acids at concentrations ranging up to 13% 
were not primary or cumulative irritants, nor sensitizers. On the basis of 
available data from studies using animals and humans, it is concluded that 
Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are safe in present practices 
of use and concentration in cosmetics. 

INTRODUCTION 

0 leic, Laurie, Palmitic, Myristic, and Stearic Acids are long hydrocarbon 
chain carboxylic acids, known as fatty acids. They are usually produced 

by hydrolysis of common animal and vegetable fats and oils. Fatty acids are 
generally used as intermediates in the manufacture of their alkali salts, which 
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are in turn used as emulsifiers, emollients, and lubricants in a variety of 
cosmetic creams, cakes, soaps, and pastes. 

CHEMISTRY 

Structure and Nomenclature 

Laurie, Myristic, Palmitic, and Stearic Acids are saturated fatty acids of 12-, 
14-, 16-, and 18-carbon lengths. Oleic Acid is an 18-carbon cis-mono un- 
saturated fatty acid. These fatty acids consist of long hydrocarbon chains with 
a terminal carboxyl group. Synonyms for the fatty acids (Table 1) were 
obtained from the following sources: Windholz et al.,(l) Estrin et al.,(2) Morri- 
son and Boyd,t3) Lehninger,c4) and Os01.(~) Structural formulae are presented in 
Figure 1. A summary of some physicochemical properties appears in Table 2. 
Since the saturated fatty acids bear the carboxyl functional group and basically 

TABLE 1. Synonyms for the Fatty Acids 

fatty acid Synonyms 

Oleic Acid 

Laurie Acid 

Palmitic Acid 

Myristic Acid 

Stearic Acid 

cis-9-Octadecenoic acid 

cis-%9-Octadecenoic acid 

9-Octadecenoic acid 

Oleinic acid 

Elaic acid 

Red oil 

18.1%9 

n-Dodecanoic acid 

Dodecanoic acid 

Laurostearic acid 

Dodecoic acid 

12:o 

n-Hexadecanoic acid 

Hexadecanoic acid 

Hexadecoic acid 

Hexadecylrc acid 

Cetylic acid 

16.0 

n-Tetradecanoic acid 

Tetradecanoic acid 

Tetradecoic acid 

14:o 

n-Octadecanoic acid 

Octadecanoic acid 

Cetylacettc acid 

Stearophanic acid 

18:0 
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OLEIC ACID 

C18H3402 

LAURIC ACID 

C12H2402 

PALMITIC AC10 

C16H3202 

MYRISTIC ACID 

C14H2802 

STEARIC ACID 

C18H3602 

FIG. 1. Structural formulae of fatty acids. 

differ from each other by 2-6 methylene groups, their properties are similar. 
The cis double bond of Oleic Acid alters several physical properties relative to 
those of Stearic Acid.(4) 

Description and Source 

Fatty acids have been found in marine and freshwater organisms,@ 
bacteria,cJ) and vegetable oils and animal fats. c3) Although mammalian tissues 
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TABLE 2. Physicochemical Properties of the Fatty Acids 

Property Laurie Acid Myristic Acid Palmitic Acid Steak Acid Oleic- Acid 

CAS Registry No. 

Empirical formula” 

Molecular weight 

Density (g/ml, “C) 

Melting point (“C) 

Boiling point (“C, 

P in atm)d 

Solubility”, h,r’ 

Water 

Alcohol 

Chloroform 

Benzene 

Ether 

Viscosity (cp, 

OC), 

Iodine number” 

Acid value 

143-07-7 

C,,wA 
200.31a, 200.33' 

0.8679;" 

44.48' 

225 103 

Insol. Insol. Insol. lnsol. 

v. sol.-ethanol sol.-abs. ethanol v. sol.-ethanol + heat 51. sol.-1 g/21 ml 

propanol-1 g/ml v. sol.-methanol v. sol.-propanol ethanol 

sol. sol. v. sol. sol.-1 g/2 ml 

v. sol. v. sol. sol. 51. sol.-1 g/5 ml 

v. sol. sl. sol. v. sol. v. sol. 

7.350 5.0675 7.P 9.0475 

280.1' 

544-63-8 

C,,H& 
228.36', 228.38" 

o.a528,7Oa 

58.5d,58b, 54.4' 

250.5,, 

245.7' 

57-10-3 

CxH320, 
256.42a, 256.43b 

0.8527,h2b 

63-64' 

215,~ 

- 
218.0' 

57-11-4 112.80-l 

C 18H3602 C IRHMOL 
284.47a, 284.50' 282.45a, 282.47" 

0.847"" 0.895f;a 

69-70a,c,71.2b 16.3" 

383, 2861, 
(decomposes at 360,) 

Insol. 

v. sol.-ethanol 

v. sol. 

“. sol. 

“. sol. 

23.013' 

89.9 

197.2‘ 198.6" 

aRef. ‘I. 

bRef. 7. 

‘Ref. 6. 

dRef. a. 

Insol., insoluble; sl. sol., slightly soluble; sol., soluble; v. sol., very or freely soluble 

8 

; 

5 
2 
c, 
R 
0 
F! 
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io 
? 
ii 
s 

Distributed for comment only -- do not cite or quote 
 



ASSESSMENT: OLEIC ACID 325 

normally contain trace amounts of free fatty acids, conjugated forms can be 
found in several tissues. (4) 
and epidermal tissue.(‘,lO) 

Free fatty acids have been found in human sebum 

Oleic Acid, in esterified form, is found in many vegetable oils and animal 
fats, frequently constituting greater than 50% of the total fatty acid 
concentration. Oils rich in Oleic Acid include olive (80%), peanut (60%), 
teaseed (85%), and pecan (85%) oils; very few fats contain less than 10% Oleic 
Acid.@’ 

Pure Oleic Acid is a colorless to pale yellow, oily liquid at temperatures 
above 5-7°C. At 4’C, it solidifies to a crystalline mass. Upon exposure to 
oxygen, it darkens gradually, and it decomposes when heated to 80-100°C at 
atmospheric pressure. (‘J*“) Oleic Acid has a characteristic lardlike odor and 
taste.“,@ 

Laurie Acid is one of the three most widely distributed naturally occurring 
saturated fatty acids; the others are Palmitic and Stearic Acids. Its common 
name is derived from the laurel family, Lauraceae. The fatty acid content of 
the seeds is greater than 90% Laurie Acid. Sources of Laurie Acid include 
coconut and palm kernel oils, babassu butter (approximately 40%) and 
other vegetable oils, and milk fats (2-8%). Camphor seed oil has a high Laurie 
Acid content.(1,6,8) 

Laurie Acid occurs as a white or slightly yellow, somewhat glossy crystal- 
line solid or powder-(‘,‘) 
oil.(‘) 

or as a colorless solid(“) with a slight odor of bay 

The glyceryl ester of Palmitic Acid is widely distributed, being found in 
practically all vegetable oils and animal (including marine animal) fats at 
concentrations of at least 5%. Palmitic Acid is the major component of lard 
and tallow (25-30%), palm oil (30-50%), cocoa butter (25%), and other vege- 
table butters. Chinese vegetable tallow is reported to contain 60-70% Palmitic 
Acid.(‘sb) 

that 
Palmitic Acid occurs as a mixture of solid organic acids obtained from fats 
are primarily composed of Palmitic Acid with varying quantities of Stearic 

Acid. Its appearance ranges from a hard, white or faintly yellow, slightly glossy 
crystalline solid to a white or yellow-white powder,(8’ white crystalline scales,(‘) 
or colorless crystals.(“) 

Myristic Acid is a solid organic acid usually obtained from coconut oil, 
nutmeg butter (Myristica fragrans Houtt), palm seed oils, and milk fats.(‘,‘) 
Seed oils of the plant family, Myristaceae, contain the largest amounts of 
Myristic Acid (up to 80%), but small amounts have been measured in most 
animal fats and vegetable oils. 

Myristic Acid occurs as a hard, white or faintly yellow, glossy crystalline 
solid, as a white or yellow-white powder,(‘) or as colorless leaflets.(“) 

Stearic Acid is found primarily as a glyceride in animal fats and oils; lard 
and tallow contain approximately 10 and 20% Stearic Acid, respectively.(‘,@ 
Most vegetable oils contain l-5% Stearic Acid; cocoa butter contains about 
35%. 

Stearic Acid occurs as hard, white or faintly yellow, somewhat glossy 
crystals or leaflets or as an amorphous white or yellow-white powder.(1*5,8*12) It 
has a slight odor and taste resembling tallow.(‘~8) 
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Method of Manufacture and Impurities 

The fatty acids are usually produced by the hydrolysis of common animal 
and vegetable fats and oils followed by fractionation of the resulting fatty 
acids. Fatty acids that are used in foods, drugs, and cosmetics normally exist as 
mixtures of several fatty acids depending on the source and manufacturing 
process. 

Processing operations in the manufacture of fatty acids from fats are 
known to alter their chemical compositions. The processes (e.g., distillation, 
high temperature and pressure hydrolysis, and bleaching) may result in c&-tram 
isomerization, conjugation of polyunsaturates, polymerization, and dehy- 
dration.@) 

Cosmetic-grade Oleic, Laurie, Palmitic, Myristic, and Stearic Acids occur as 
mixtures of fatty acids depending on their method of manufacture and 
source. The individual fatty acids predominate in the mixture ranging from 
74% (Oleic Acid) to 95% (Myristic Acid). All contain varying amounts of 
unsaponifiable matter, and some grades also contain glyceryl monoesters of 
fatty acids. Butylated hydroxytoluene may be added to all five fatty acid 
preparations as an antioxidant. (13-17) In cosmetics containing unsaturated 
materials, the concentration range for butylated hydroxytoluene should be 
0.01 to 0.1%.(18) Butylated hydroxytoluene has been used in some lanolin 
products containing unsaturated fatty acids, alcohols, esters, sterols, and 
terpenols, at concentrations ranging from 200 to 500 ppm.(“) Data on the 
components, impurities, and additives of these cosmetic grade fatty acids are 
presented in Table 3. Comparisons of specifications for cosmetic, food, and 
drug grade fatty acids are presented in Tables 4, 5, 6, 7, and 8. Cosmetic grade 
specifications for fatty acid composition are presented in Table 9. 

Fourteen FAPC (Fatty Acid Producers Council of the Soap and Detergent 
Association) categories of fatty acids are contrasted by titer and iodine value. 
Typical fatty acid compositions are reported. @) FDA files contain some com- 
position data on Oleic and Stearic Acids, which were submitted with Food 
Additive Petitions (Notes from the composition data in CIR files). 

Oleic Acid is produced by the hydrolysis and fractionation (e.g., saponifi- 
cation and distillation) of animal or vegetable fats and oils.(1,5,11~16) Preparation 
of Oleic Acid from animal tallow and olive has been reported.“,‘) It is also 
obtained as a byproduct in the manufacture of solid Stearic and Palmitic 
Acids. Crude (unpurified, unbleached) Oleic Acid of commerce, or red oil, 
contains Stearic and Palmitic Acids in varying quantities.(5,20) 

Several commercial grades of Oleic Acid are available, distinguished by 
varying proportions of saturated fatty acids. The commercial grade contains 
7-12% saturated acids and some unsaturated acids and is usually derived from 
edible sources (internally administered Oleic Acid must be derived from 
edible sources(5)). Oleic Acid derived from tallow contains varying amounts of 
linolenic and Stearic Acids and small but significant quantities of elaidic 
(trans-9-octadecenoic) acid, some of which is generated from certain pro- 
cessin 

8 
operations (e.g., 

clays). ‘s’,~) 
distillation and high-temperature bleaching with 

Hawley(20) reported several technical grades of Oleic Acid: chick edema 
factor-free grade, U.S. Pharmacopeia (USP) grade, Food Chemicals Codex 
(FCC) grade, and purified technical grade Oleic Acid. The latter technical 
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TABLE 3. Components, Impurities, Additives in Cosmetic-Grade Fatty Acids(13-‘7) 

Cosmetic-grade 

fdtt)’ dcid Components in Mixture (%) Minor impurities (%) Additives 

OICIC Acrd 9-Octadecenoic acid (68-74)a Unsaponifiable material (1.5 max) Butylated 

9,12-Octadecadienoic acid (4-l 2) hydroxytolueneb 

9-Hexadecenoic acrd (7-11) 

Hexadecanoic acid (4) 

Tetradecanoic acid (3) 

9-Tetradecenoic acid (l-3) 

Heptadecanoic acrd (l-2) 

Pentadecanorc acid (0.5-2) 

Octadecanoic acid (1) 

Octadecatrienoic acid (1) 

Decanoic acrd 

Dodecanoic acid 

Laurie Acid Dodecanoic acrd (90 min) 

Tetradecanoic acid (6 max) 

Decanoic acid (5 max) 

Hexadecanoic acid (2 max) 

Palmitic Acid Hexadecanoic acid (80 min) 

Octadecanoic acid (11 max) 

Tetradecanoic acid (7 max) 

Heptadecanoic acid (4.5 max) 

Pentadecanoic acid (1 max) 

Myristic Acid Tetradecanoic acid (95 min) 

Hexadecanoic acid (4 max) 

Dodecanorc acid (3 max) 

Stearic Acid Octadecanoic acid (39-95)’ 

Hexadecanoic acid (5-50) 

Tetradecanoic acid (O-3) 

9-Octadecenoic acid (O-5) 

Heptadecanoic acid (O-2.5) 

Eicosanoic acid (O-2) 

Pentadecanoic acid (O-l) 

P-Y 

Unsaponifiable material (0.3 max) BHTb 

(mostly hydrocarbon) 

Glyceryl monolaurateb (0.07 max) 

Unsaponifiable material (0.3 max) BHTb 

(mostly hydrocarbon) 

Glyceryl monopalmitateb (0.07 max) 

Unsaponifiable material (0.2 max) BHTb 

(mostly hydrocarbon) 

Glyceryl monomyristateb (0.07 max) 

9-Hexadecenoic acid BHTb 

9,12-Octadecadienoic acid 

Unsaponifiable material (0.3 max) 

Glyceryl monostearate (0.07 max) 

aThese are concentration ranges of a typical analysis. 

bPresent in some grades. 

grade Oleic Acid contains 2 90% Oleic Acid and has a 4% maximum linoleic 
acid content and a 6% maximum saturated fatty acid content. 

Laurie Acid is produced by the hydrolysis, usually via saponification, of 
animal or vegetable fats and oils followed by fractional distillation.(11,22) Laurie 
Acid is commonly isolated from coconut oil,(l,l’) and several patents describe 
its chemical synthesis.“) 

Palmitic Acid is produced by the hydrolysis and fractionation of palm oil, 
tallow oil, coconut oil, Japan Wax, Chinese vegetable tallow, and spermaceti. 
Fractionation is usually by distillation or crystallization.(1,11,20) Palmitic Acid 
can also be obtained in the manufacturing process for Stearic Acid. 
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TABLE 4. Comparison of Specifications: Cosmetic and Food Grades 

Oleic Acid Cosmetics(2” Foods@ 

Iodine value 

Acid value 

Saponification value 

Unsaponifiable matter 

Arsenic 

Heavy metals (e.g., Pb) 

Rwdue on ignition 

Titer (solidification 

point) 

Water content 

83.0-99.0 

190.0-207.0 

198.0-207.0 

1 .O% max 

2-6°C 

83-I 03 

196-204 

196-206 

2% max 

3 max ppm 

10 max ppm 

0.01% max 

< 10°C 

0.4% max 

TABLE 5. Comparison of Specifications. Cosmetic and Food Grades 

Laurie Acid Foods’8’ 

Iodine value 

Acid value 

Saponification value 

Unsaponifiable matter 

Arsenic 

Heavy metals (e.g., Pb) 

Residue on ignition 

Titer (solidification 

point) 

Water content 

0.5 max 

273-283 

276-284 

0.3% max 

3a-44°C 

3.0 max 

252-287 

253-287 

0.3% max 

3 max ppm 

10 max ppm 

0.1% 

26-44’C 

0.2% max 

TABLE 6. Comparison of Specifications: Cosmetic and Food Grades 

Pahnilic Acid Foods’8’ 

Iodine value 

Acid value 

Ester value 

Saponification value 

Unsaponifiable matter 

Arsenic 

Heavy metals (e.g., Pb) 

Residue on ignition 

Titer (solidification 

point) 

Water content 

1 .O max 

213-221 

3.0 max 

216.5-220.5 

0.25% max 

59.4-60.4’C 

2.0 max 

204-220 

205-221 

1.5% max 

3 max ppm 

10 max ppm 

0.1% 

53.3-62°C 

0.2% max 

The following methods have been used in the preparation of Myristic 
Acid: isolation from tail-oil fatty acids from 9-ketotetradecanoic acid, by 
electrolysis of a mixture of methyl hydrogen adipate and decanoic acid, by 
Maurer oxidation of myristanol, and from cetanol.“) The most common means 
of preparation is by fractional distillation of hydrolyzed coconut oil, palm 
kernel oil,(20) or coconut acids.(“) 

Commercial Stearic Acid has several crystalline forms and contains varying 
relative concentrations of other fatty acids depending on the sources and 
processing methods used. c9) Commercial Stearic Acid is primarily a mixture of 
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TABLE 7. Comparison of Specifications: Cosmetic and Food Grades 

Myristic Acid Cosmerics(‘3, ‘+ Foods @’ 

Iodine value 0.5 max 1 .O max 

Acid value 243-249 242-249 

Saponification value 243-249 242-251 

Unsaponifiable matter 0.2% max 1% max 

Arsenic 3 ppm max 

Heavy metals (e.g., Pb) 10 ppm max 

Residue on ignition 0.1% max 

Titer (solidification 52-54°C 4a-55.5ac 

point) 

Water content 0.2% max 

TABLE 8. Comparison of Specifications: Cosmetic and Food Grades 

Cosmetics 
Stearic At/d “g~,~%“‘?l’ Foods’8’ 

Iodine value 1 .O max 7 max 

Acid value I%-21 1 

Ester value 3.0 max 

Saponification value 196 4-200.4 197-212 

Unsaponifiable matter 0.25% max 1.5% max 

Arsenic 3 ppm max 

Heavy metals (e.g., Pb) 10 ppm max 

Residue on ignition 0.1% max 

Titer (solidification 67.2-68.2’C 54.5-69°C 

point) 

Water content 0.2% max 

varying amounts of Stearic and Palmitic Acids. Palmitic Acid/Stearic Acid 
ratios in commercial preparations depend on several factors, such as source, 
geographical and climatic influences, genetic uniformity, and fat location site 
(in animals).(b) 

Methods of processing for Stearic Acid include hydrolysis of tallow or 
hydrogenation of unsaturated fatty acids (e.g., Oleic Acid) in cottonseed and 
other vegetable oils, followed by methods of isolation, such as fractional 
distillation or crystallization.(1~5,b,9J1,17) A successive series of pressing 
operations has been used to separate the liquid unsaturated fatty acids from 
the solid saturated fatty acids. (‘) The Palmitic Acid/Stearic Acid ratio obtained 
from tallow hydrolysis and triple-pressing or solvent crystallization is 55%/45%. 
Concentrations of Stearic Acid as high as 95-99%(‘s9) have been reported from 
the hydrogenation of unsaturated fatty acids. 

Both double-pressed (two successive pressings to expel unsaturated fatty 
acids) and triple-pressed Stearic Acid are used by the cosmetic industry.(b,9) 
Triple-pressed Stearic Acid is a product containing 1.5% 14C (14-carbon), 0.5% 
15C, 50% 16C, 1% 17C, and 47% 18C fatty acids, with less than 0.2% Oleic Acid. 
Double-pressed Stearic Acid typically contains about 2.5% 14C, 50% 16C, 1% 
17C, 40% 18C fatty acids, and 6% Oleic Acid.(‘) 
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TABLE 9. Cosmetic-grade Specifications for Fatty Acid Composition 

(Reported as maximal or minimal acceptable percentage in composition)r2’) 

Stearic Acid Stearic Acid Steak Acid 

Fatty acid chain hgth” Oleic Acid Laurie Acid Palmitic Acid Myristic Acid 37.5% 42.5% 95.0% 

8:0-12:0 

IO:0 

12:o 

14:o 

I 4 : .l 

15:o 

16:0 

16:l 

17:o 

18:0 

18:l 

18:2 

18:3 

16:0+18:0 

16:0+18:0+14:0 

20:o 

1 .O max 

5.0 max 

2.5 max 

7.5 max 

4.5-7.5 

1.5 max 

3.5 max 

70.0 min 

2.0-12.0 max 

2.2 max 

5 max 

90 min 1.3 max 

6 max 2.5 max 

Trace (< 0.05) 

0.6 max 

2 max 92.5-97.5 

0.4 max 

2.3 max 

5.0 max 

0.4 max 

97.5 min 

Trace (< 0.05) 

3 max 0.1 max 

95 min 4.3 max 

0.1 max 

0.6 max 

4 max 49.0-54.0 

0.3 max 

2.5 max 

35.0-40.0 

5.5 max 

89.0 min 

0.1 max 

0.1 max 

4.1 max 

0.1 max 

0.7 max 

49.0-54.0 

0.1 max 

2.7 max 

40.0-45.0 

0.6 max 

94.0 min 

0.1 max 

Trace (< 0.05) 

1.6 max 

Trace (< 0.05) 

0.8 max 

5.0 max 

Trace (< 0.05) 

2.0 max 

92.5-97.5 

0.6 max 

97.5 min 

Trace (i 0.05) 

aA form of shorthand notation was used to denote the length of the fatty acid carbon chain and the number of double bonds 

in the chain (e.g., Myristic Acid-14:O; Oleic Acid-18:l). Information on the position and configuration of double bonds in 

unsaturated fatty acids was not included (e.g., elaidic acid, the trans isomer of Oleic Acid, would also be denoted as 18:l). 
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ASSESSMENT: OLEIC ACID 331 

Three types of Stearic Acid distinguished by average Stearic Acid con- 
centration, their specifications, and infrared spectra are included in CTfA’s 
Compendium of Cosmetic Ingredient Cornposition. These Stearic Acids, 
37.5%, 42.5%, and 95.0%, have minimum Stearic plus Palmitic Acid 
concentrations of 89.0%, 94.0%, and 97.5%, respectively. Regular pharmaceuti- 
cal grade Stearic Acid specifies a 40.0% minimum of either Stearic or Palmitic 
Acid and a 90.0% minimum for their sum. (23) Purified pharmaceutical grade 
Stearic Acid specifies a 90.0% minimum Stearic Acid content and a 96.0% 
minimum for the sum.(23) A comparison of these Stearic Acids is presented in 
Table 9. 

Reactivity and Stability 

Chemical reactions of the fatty acids are typical of reactions of carboxylic 
acids and alkanes (or alkenes, in the case of Oleic Acid). Typical reactions of 
carboxylic acids include reduction to form aldehydes and alcohols, 
esterification, formation of metal salts, high-pressure hydrogenation, formation 
of amides and acid halides, alkoxylation, and pyrolysis. Reactions of alkanes 
and alkenes are dehydrogenation and hydrogenation, halogenation and 
hydration. (3,6) Halogenation across carbon-carbon double bonds is a useful 
method for the quantitative titration for relative unsaturation.(4) 

Insoluble stearates and oleates are formed in reactions of Stearic Acid and 
Oleic Acid with heavy metals and calcium. Oxidizing agents, such as nitric 
acid and potassium permanganate, added to Oleic Acid are known to produce 
various derivatives of this acid. c5) Other oxidation routes for fatty acids include 
oxidation via bacterial action, enzyme-catalyzed hydrolysis and oxidation, and 
autooxidation from atmospheric oxygen.@) 

A significant increase in lipid peroxide concentration has been observed 
after 18-h UVA-irradiation of Oleic Acid.(24) 

Analytical Methods 

Two basic methods for the analysis of the fatty acids have been reported 
by the cosmetic industry. Primarily, gas chromatography (CL) of fatty acid 
methyl esters, prepared by the boron trifluoride-methanol method, is used for 
the separation and relative identification of fatty acids in a mixture.(21,25) 
Infrared spectra of the fatty acids are used for fingerprinting, functional group 
identification, and impurity screening. (6,13-17~26) Determination of physico- 
chemical properties also aids in positive identification of a specific fatty 
acid,(6.25) 

Basic analysis of the fatty acids by GC (4,25) has evolved by technical 
advances in methylation procedures(23,27) and development of new derivati- 
zation reactants and techniques that allow easier detection of smaller 
quantities of fatty acids. 
has been reported.(29) 

(28) A method for the GC of nonmethylated fatty acids 

Flame ionization detection (FID) is usually coupled with the GC of fatty 
acid methyl esters. Mass spectrometry (MS) has also been used with GC for 
compound identification.(30) 
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332 COSMETIC INGREDIENT REVIEW 

Thin-layer chromatography”‘,“’ and high-performance liquid chro- 
matography (HPLC) are also used in fatty acid identification and quantitation. 
Precolumn chemical derivatization (e.g., forming benzyl, dansyl, phenacyl, and 
naphthacyl derivatives) of fatty acids is followed by reversed-phase HPLC. 
Methods of detection include ultraviolet and fluorescence spectroscopic and 
refractive index detection. The analysis of fatty acids by HPLC has been 
reviewed.(32,33) 

Mass spectrometry with temperature profiling of the chemical ionization 
source has been reported as a method for initial compound separation. Its 
coupling with a second MS allows direct analysis of complex lipid sources.(3” 

Other separation methods include centrifugal liquid and adsorption 
chromatography. c3’) Identification procedures range from methods, such as 
gravimetry(25’ and histochemical staining,‘3b’ to ultraviolet, infrared, and nuclear 
magnetic resonance spectroscopy.(6,37,38’ 

USE 

Cosmetic Use 

The fatty acids, Oleic, Laurie, Palmitic, Myristic, and Stearic Acids, are 
primarily used as intermediates in the manufacture of corresponding alkali 
salts, which are, in turn, used as emulsifiers, emollients, and lubricants in a 
variety of cosmetic creams, cakes, soaps, and pastes.(5~9~39-1’) They may also be 
used as base components (of the oil phase) of many cosmetic formulations.“8’ 

Emollient creams containing fatty acids are slightly alkaline, ranging in pH 
from 7.5 to 9.5. Other ingredients in these creams include sodium, potassium, 
and ammonium hydroxide, diethanolamine, triethanolamine, isopropano- 
lamines, amino glycol, and borax.(‘) 

Stearic Acid is contained in 2465 cosmetic products listed by the Food and 
Drug Administration (FDA) in the 1981 product formulation data table.(“” 
Oleic Acid is contained in 424, Myristic Acid in 36, Palmitic Acid in 29, and 
Laurie Acid in 22 cosmetic formulations in several product categories(4” (Table 
10). 

The reported concentrations of the fatty acids in cosmetic products 
primarily range from 0.1 to 25%. Stearic Acid is found in cosmetics in all 
product categories of the FDA table; most products appear in skin care, 
makeup, and shaving preparation categories. Oleic Acid is found primarily in 
hair coloring and eye makeup preparation product categories. Laurie, Palmitic, 
and Myristic Acids are contained in skin care, shaving, and noncoloring hair 
preparations and personal cleanliness products. 

Voluntary filing of product formulation data with FDA by cosmetic manu- 
facturers and formulators conforms to the tabular format listing preset 
ingredient concentration ranges and product categories in accordance with 
Title 21 section 720.4 of the Code of Federal Regulations.(“2) 

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 product; 
the actual concentration would be a fraction of that reported to the FDA. Data 
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TABLE 10. Product Formulation Data”‘) 

Produc-t c ategory 

Total no. of rot‘?/ no 

formulation5 containing 
No. of product formulations within each contentration range (s) 

in r ategory ingredient > 25-50 > lo-25 > 5-10 > /-5 >o.r-/ I 0. I 

Oleic Acid 

Baby shampoos 

Bdby lotions, oils, 

powders, and creams 

Other baby products 

Bath oils, tablets, and salts 

EyelIner 

Eyv shadow 

Eye makeup remover 

Mascara 

Other eyr makeup preparations 

Sachets 

Other fragrance preparations 

Blair conditioners 

Permanent waves 

Hair shampoos (noncoloring) 

Tonic 5, dressings, and 

other hair grooming aids 

Hair dye\ and colors 

(all types requiring caution 

statement and patch test) 

Hair tints 

Hair shampoos (coloring) 

Hair lighteners with color 

Hair kllraches 

Blushrrs (all types) 

Face powder5 

Makeup foundations 

Lipstick 

Makeup bases 

Other mdkeup preparations 

(not eye) 

35 

56 

15 

237 

396 

2582 

81 

397 

230 

119 

191 

478 

474 

909 

290 

2 

1 

'I 6 

5 

2 
4.1 

1 

4 - 

a 

‘I 1 

I 

9 
'1 

811 205 

15 14 - 

16 7 

2 1 
'I I I a 3 
819 10 

555 1 - 

740 20 
3319 1 

83.1 5 

530 ‘I 

1 

1 

‘I 

2 

150 

13 

3 
- 

- 

3 

1 

- 

23 

- 

- 

1 

'I 

1 

1 

7 

2 

2 
I I 

1 

2 

7 

49 

1 

6 

1 

1 

10 
- 

15 

2 

- 

a 

3 

7 

4 

6 

- - 

- 

.~ 

1 

‘I 

- 

- 

- 

1 
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TABLE 10. (Continued) 

Product category 

TOtd/ no. of Total no. 

formu/ations c-ontdining 
No. ofproduct formulations within each concentration range (%) 

in category ingredient > 25-50 > IO-25 > 5-10 > 1-5 >O.l-r s 0.1 

Nail basecoats and undercoats 44 1 1 

Bath and detergents soaps 148 5 .- 4 I 

Other personal cleanliness 227 3 I 2 

products 

Aftershave lotions 282 3 2 1 

Shaving cream (aerosol, 114 2 - 2 

brushless, and lather) 

Skin cleansing preparations 680 10 5 5 

(cold creams, lotions, 

liquids, and pads) 

Face, body, and hand 832 I I I I 2 7 

skin care preparations 

(excluding shaving 

preparations) 

Hormone skin care 10 1 - 1 

preparations 

Moisturizing skin care 747 14 4 ‘I 0 

preparations 

Other skin care preparations 349 2 I I 
Suntan gels, creams, and liquids ‘I 64 2 2 - - 

1981 TOTALS 424 4 176 28 142 70 4 

ldL/fiC Acid 

Hair shampoos (noncoloring) 909 3 1 2 

Tonics, dressings, and 290 3 3 ~ 

other hair grooming aids 

Deodorants (underarm) 239 5 4 1 

Other personal cleanliness 227 4 I 2 1 

products 
Shaving cream (aerosol, 114 3 - - 1 2 - 

brushless, and lather) 
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Skin clranslng preparations 

(cold creams, lotions, 

liquids, and pads) 

Moisturizing skin care 

preparations 

680 3 - - 3 

747 1 - 1 

1981 TOTALS 22 - 1 2 7 10 2 

Palm/tic Acid 

Eye shadow 

Hair shampoos (noncoloring) 

Makeup foundations 

Bath soaps and detergents 

Shaving cream (aerosol, 

brushless. and lather) 

Skin cleansing preparations 

(cold creams. lotions, 

liquids, and pads) 

Fact, body, and hand 

skin care preparations 

(excluding shaving 

preparations) 

Moistunzing skin care 

preparations 

Night skin tare preparations 

Other skin care preparations 

Suntan gels, creams, and liquids 

2582 

909 

740 

148 

.l 1 4 

680 8 1 1 6 

a32 

747 

219 

349 

164 

3 

1 - 

2 
- 1 ‘I 
- 1 - 
- 3 - I 

1 2 

- ‘I 2 - 

2 1 - 

1 

1 - 

1981 TOTALS 29 4 6 13 6 

Product category 

Totai no. of Total no. 
formulations containing 

No. of product formulations within each concentration range (%) 

in category ingredient > 50 z 25-50 > lo-25 > 5-10 LD I-5 > 0.1-I IO.1 

A4 yristic AC-id 

Mascara 397 2 - - 2 

Hair shampoos (noncoloring) 909 2 - - 2 

Bath and soaps detergents 148 3 - 1 2 - - - 

Other personal cleanliness 227 2 2 - 

products 
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TABLE 10. (Continued) 

Product category 

rOtd/nO. Of TOtd/ no. 

formulations containing 
No. of product formulations within each concentration range (%) 

in category ingredient > 50 > 25-50 2.10-25 > 5-10 > 1-5 > 0.7-l IO.1 

Beard softeners 4 2 2 - 

Shaving cream (aerosol, 114 16 ‘1 15 

brushless, and lather) 

Other shaving preparation 29 1 - .l 

products 

Skin cleansing preparations 680 5 - 1 3 1 - 

(cold creams, lotions, 

liquids, and pads) 

Face, body, and hand a32 2 - 1 'I 
skin care preparations 

(excluding shaving 

preparations) 

Moisturizing skin care 747 1 1 

preparations 

198’1 TOTALS 36 - 2 4 6 19 5 

Stearic Acid 

Baby lotions, oils, 

powders, and creams 

Other baby products 

Other bath preparations 

Eyebrow pencil 

Eyeliner 

Eye shadow 

Eye lotion 

Eye makeup remover 

Mascara 

Other eye makeup preparations 

Colognes and toilet waters 

Perfumes 

Sachets 

Other fragrance preparations 

56 9 - 2 5 2 

15 1 - 

132 3 - 

145 9 

3% 55 

2582 128 - 

13 1 - 

ai 1 - 

397 139 

230 26 - 

1120 3 

657 3 - 

119 32 

191 34 - 

1 

4 

5 6 
- 

5 5 
- 

- 
- 
5 

4 
- 
- 

- 
a 

3 

29 

111 

- 
a3 

20 

3 

3 

23 

27 

1 
- 

11 - 

17 - 
- 

1 

26 

4 
- 

1 

4 
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Hair conditioners 

Hair sprays (aerosol 

fixatives) 

Hair straighteners 

Hair shampoos (noncoloring) 

Tonics, dressings, and 

other hair grooming aids 

Hair dyes and colors 

(all types requiring caution 

statement and patch test) 

Hair bleaches 

Other hair coloring 

preparations 

Blushers (all types) 

Face powders 

Makeup foundations 

Lipstick 

Makeup bases 

Rouges 

Makeup fixatives 

Other makeup preparations 

(not eye) 

Cuticle softeners 

Nail creams and lotions 

Other manicuring preparations 

Bath soaps and detergents 

Deodorants (underarm) 

Other personal cleanliness 

products 

Aftershave lotions 

Shaving cream (aerosol, 

brushless, and lather) 

Shaving soap (cakes, 

sticks, etc.) 

Other shaving preparation 

products 

Skin cleansing preparations 

(cold creams, lotions, 

liquids, and pads) 

478 18 

265 1 

- 9 
- 1 

7 2 

64 6 - - 

909 17 - 1 

290 '1 8 1 - 1 

2 - 

9 4 
4 7 

811 76 - 76 

111 

49 

4 

a 
3 - 

- 

- 
- a 

a19 47 - 

555 2 - 

740 190 - 

3319 27 - 

831 263 - 

211 9 - 

22 1 - 

530 20 - 

2 44 

3 179 

14 

1 256 

'I 7 

- 1 

- ia 

1 

2 

6 - 

7 - 

5 - 

1 
- 

- 
2 

6 
- 1 

- - 

- 1 

32 10 - 

25 6 - 

50 2 - 

148 13 

239 a - 

227 8 - 

- 1 1 5 

- 6 

1 1 

1 3 

1 b 

7 

3 

9 

I 
- 1 

282 '5 - 

114 loo - 

3 2 

63 16 3 - 

1 - 

- - 
7 11 

1 - 

6 - 2 

173 - - ia 

29 

680 

- 4 

12 ii8 24 1 
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TABLE IO. (Continued) 

Product category 

Total no. of Total no. 

formulations containing 
No. of product formulatrons within each concentration range (‘Y,) 

in category ingredient > 50 > 25-50 > ‘lo-25 >5-70 > 1-5 > U.'/-I 5 0. 1 

Face, body, and hand a32 432 2 32 39 325 34 - 

skin t-are preparations 

(excluding shaving 

preparations) 
Hormone skin care 10 3 I 1 I - - 

preparations 
Moisturizing skin care 747 327 2 '1 '1 21 259 33 1 

preparations 

Night skin care preparations 

Paste masks (mud packs) 

Skin lrghteners 

Skrn fresheners 

Wrinkle smoothers (removers) 

Other skin care preparations 

Suntan gels, creams, and liquids 

indoor tanning preparations 

Other suntan preparations 

219 67 

‘171 15 

44 11 

260 4 

38 4 - 

349 55 

I 64 48 

I5 3 

28 13 

9 48 6 I 

5 9 

- a - 

- 
4 - 

8 3'1 3 

3 36 8 - 
3 

- 12 1 

1981 TOTALS 2465 1 22 .I 48 231 1826 231 6 
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ASSESSMENT: OLEIC ACID 339 

submitted within the framework of preset concentration ranges provide 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 2- to IO-fold error in the assumed ingredient 
concentration. 

Products containing these fatty acid ingredients may contact the skin, hair 
and eyes. Use of Oleic and Stearic Acids in lipstick and manicuring preparal 
tions may lead to ingestion of small quantities of these ingredients. Frequency 
of application of the fatty acids may range from once per week to several 
times per day, from less than 1 h to several hours, due to the variety of 
cosmetic products in which they are contained. 

Noncosmetic Use 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are used in foods as 

p~asthz;ng, lubricat;ng, binding, and defoaming agents and as reagents in the 
manufacture of other food-grade additives. (8,20,43) Myristic Acid is used as a 
flavoring agent in foods.(“) 

Straight-chain monobasic carboxylic acids from fats and oils derived from 
edible sources, such as the fatty acids, Oleic, Laurie, Palmitic, Myristic, and 
Stearic Acids, are accepted as safe for use in food and in the manufacture of 
food-grade additives providing they meet particular conditions and speci- 
fications.‘42’ The unsaponifiable matter in the fatty acid or fatty acid-derived 
food additive must not exceed 2%, the food additive must be free of chick- 
edema factor, and it must be produced and labeled in accordance with good 
manufacturing practice.(42) 

The fatty acids as a group are permitted as direct food additives.(42) Oleic 
Acid derived from tall oil and Oleic Acid meeting the specifications in Section 
172.860 are permitted as direct food additives. (42) Oleic Acid is also allowed as 
a food additive in preparations of Polysorbate 80 for which it was used as a 
reagent. 
base.(j2) 

(42) Stearic Acid is permitted as a direct food additive in chewing gum 

Particular salts of fatty acids are allowed as direct food additives.(42’ These 
salts are not reviewed in this report. 

There are no limitations other than the observance of current good 
manufacturing practice(42) on the use of Oleic and Stearic Acids as indirect 
food additives.(42) These two fatty acids are also listed as substances that are 
G RAS.(42’ 

Regulation of Oleic and Stearic Acids as GRAS substances is based on 
reviews and evaluation by the Select Committee on GRAS Substances 
(SCOGS). (44,45) 
able.(46)47) 

Monographs prepared for these evaluations also are avail- 
Several additional reports on fatty acid salts and various ester 

derivatives have been developed by SCOGS.(48) 

FDA files contain both published and unpublished data on the Oleic Acid 
Group fatty acids (and some of their salts) in the form of Flavor and Extract 
Manufacturers’ Association Monographs, Food Additive Safety Profiles, GRAS 
Monographs, GRAS Petitions, Food Additive Petitions, and Color Additive 
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340 COSMETIC INGREDIENT REVIEW 

Petitions.* The agency’s food safety evaluation of these fatty acids and their 
salts as direct and indirect food additives and as GRAS substances was based 
on reviews of these data (document dates range from 1928 to 1977). 

Unpublished data from industry submissions to FDA include a two- 
generation feeding and reproduction study in the rat using Oleic Acid derived 
from tall oil,(49) a 90-day subchronic oral toxicity study of food-grade Oleic 
Acid in rats,(50) a 52-day subchronic feeding study of rats using Steak Acid 

mixed with lactate salts,@‘) a l-month feeding study of control rats using 
Stearic Acid as a diet supplement,(52) and a 209-day chronic oral toxicity study 

of control rats fed a diet supplement of Stearic Acid.(53’ 
Fatty acids have pharmaceutical uses as lubricants in tablet formulations, 

in the manufacture of their salts for ointment base emulsifiers,‘5’ and as calorie 
sources in parenteral and enteral nutrition therapy.(54) Steak Acid is widely 
used in the pharmaceutical coating of enteric pills and bitter remedies and in 
the preparation of suppositories and ointments.(1,5) 

None of the five Oleic Acid Group fatty acids are currently on the 

Over-The-Counter (OTC) Ingredient list 01 substances currently be;ng re- 
viewed by OTC scientific panels. W) Several OTC advisory review panels have 

determined the level of efficacy of Stearic Acid in the (I) miscellaneous 
external drug product, (2) topical analgesic including antirheumatic, otic, burn, 
sunburn treatment, and prevention products, (3) antimicrobial II, and (4) 
contraceptive and other vaginal drug products categories. However, no 
determination of its safety was made. (56) Sodium Oleate is under review as a 
stimulant laxative by the OTC Panel for review of laxatives.(55) The ingredients, 
“fatty acid,” ” Oleic Acid,” and “Stearic Acid” are listed as “inactive ingredients 
for approved prescription drug products” that are not required in labeling of 
these products.(57) The “Inactive Ingredient” list also contains common 

mmes for the fatty acids, such as olive, peanut, cottonseed, nutmeg, tall, and 
coconut oils. 

Fatty acids are used in the manufacture of soaps, detergents, metal salts, 
driers, and rubber; they are used as solvents for water-insoluble compounds, 
in polishing compounds, lubricating oils, waterproofing, in candles, 
phonograph records, insulators, modeling compounds, and as intermediates in 
chemical synthesis.(‘J1,20,43) 

Recent clinical uses for fatty acids are their conjugation with antibodies to 
aid incorporation of the proteins into membranes(58’ and their conjugation 
with antigens for immune potentiation. (59) A derivative of Stearic Acid is 
commonly used as a paramagnetic probe in the measurement of membrane 
fluidity by electron spin resonance spectroscopy,(bO’ and radioactive Palmitic 
Acid is a diagnostic radiotracer in positron emission tomography.@‘) 

BIOLOGY 

Absorption, Distribution, Metabolism, Excretion 

and 
The digestion of dietary fatty acids, their absorption in micellar aggregates, 
their transport esterified to glycerol in chylomicrons and very low density 

*A listing of these documents was obtained through the Freedom of Information Act. Copies of and 

notes taken from originals have been placed in Cosmetic Ingredient Review (CIR) files. 

I 
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ASSESSMENT: OLEIC ACID 341 

lipoproteins has been reviewed. (62-65) Oleic, Palmitic, Myristic, and Stearic 
Acids are primarily transported via the lymphatic system, and Laurie Acid is 
transported by the lymphatic and (as a free fatty acid) portal systems.(b4) Fatty 
acids originating from adipose tissue stores are either bound to serum albumin 
or remain unesterified in the blood.(66,67) 

Absorption and distribution studies of some fatty acids were reported in 
GRAS evaluations and scientific literature reviews of Stearic(45,46) and Oleic 
Acids(44,“7’ and the sodium salts of oleate and palmitate.(68) Metabolizable 
energy values and digestibility coefficients were calculated for Oleic and 
Stearic Acids in rats, pigs, and chickens. Distribution of radioactivity into 
various lipid classes in lymph from the thoracic duct of rats was followed for 
Oleic and Palmitic Acids. 

Another monograph on Stearic Acid reviewed its digestion, absorption, 
and metabolism.@9) It was noted that several investigators found that in- 
creasing fatty acid chain length slightly decreased their digestibility; Stearic 
Acid was the most poorly absorbed of the common fatty acids.(“,“) 

Oleic Acid has been reported to penetrate the skin of rats.(72) On histo- 
logical examination, fluorescence from absorbed Oleic Acid was found in 
epidermal cell layers of skin removed from treated rats within 10 min of its 
application. The path of penetration was suggested to be via the hair 
follicles.(73) Only minute amounts of Oleic Acid were visualized in the blood 
vessels throughout the experiment. Skin permeability was shown to increase 
with the lipophilic nature of a cornpound. 

Radioactivity has been traced to the heart, liver, lung, spleen, kidney, 
muscle, intestine, adrenal, blood, and lymph, and adipose, mucosal, and 
dental tissues after administration of radioactive Oleic, Palmitic, and Stearic 
Acids.(69,75s76) The sites of the radioactive atoms (3H, 14C, 13’1) were not stated 
in these studies. Radioactive fatty acids were administered orally, intravenously, 
intraperitoneally, and intraduodenally into rats, dogs, sheep, chicks, frogs, and 
humans in various physiological states. Uptake and transport of fatty acids into 
the brain have been observed.(77’ 

Proposed mechanisms for fatty acid uptake by different tissues range from 
passive diffusion to facilitated diffusion or a combination of both.(78,79) Fatty 
acids taken up by the tissues can either be stored in the form of triglycerides 
(98% of which occurs in adipose tissue depots) or they can be oxidized for 
energy via the P-oxidation and tricarboxylic acid cycle pathways of 
catabolism.(80’ 

The P-oxidation of fatty acids occurs in most vertebrae tissues (except the 
brain) using an enzyme complex for the series of oxidation and hydration 
reactions resulting in the cleavage of acetate groups as acetyl-CoA (coenzyme 
A). An additional isomerization reaction is required for the complete catabo- 
lism of Oleic Acid.(b3) Alternate oxidation pathways can be found in the liver 
(w-oxidation) and in the brain ( cu-oxidation).@-83) 

Fatty acid biosynthesis from acetyl-CoA takes place primarily in the liver, 
adipose tissue, and mammary glands of higher animals. Successive reduction 
and dehydration reactions yield saturated fatty acids up to a 16-carbon chain 
length. Stearic Acid is synthesized by the condensation of palmitoyl-CoA and 
acetyl-CoA in the mitochondria, and Oleic Acid is formed via a mono- 
oxygenase system in the endoplasmic reticulum.(4s82) 
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Fatty acid metabolism has been extensively studied under various physio- 
logical conditions,(84-86) in mammalian development,(87,88) in various or- 
ganisms,(89) as affected by xenobiotics, such as ethanol(W,W) and drugs.(92) The 
regulation of fatty acid metabolism has been reviewed.(93-96) 

Simultaneous ingestion of trace amounts of 14C-triolein (10 PCi) and 
3H-Oleic Acid (20 PCi) in 42 g of carrier fat by patients with normal fecal fat 
excretion resulted in estimated fecal excretion of less than 10% of both 
substances.(97) Gastrointestinal transit times for 14C-triolein, 3H-Oleic Acid, 
and a nonabsorbable marker, “CrC13, did not differ significantly. 

Fatty acid metabolism has been studied in several tissues. Interest in the 
correlation between fatty acids, cholesterol, and coronary heart disease has 
spurred extensive research on myocardial fatty acid metabolism.(98-101) Fatty 
acid metabolism has also been studied in the liver,(102-104) the intestine and 
intestinal microflora,(105,106) the lungs,(““) the kidneys,(108-110) skeletal 
muscle,(lll) bone and cartilage,(l12) and oral mucosal epithelium.(l13) 

Maternal -Fetal Transfer 

Free fatty acids readily cross the placental barrier in rabbits, guinea pigs, 
rats, and humans.(114-118) A b o us of I-14C-Palmitic Acid was injected over 10 I 
set into the carotid artery of 4 pregnant guinea pigs ranging in gestational age 
from 48 to 65 days. (‘19) The fetal side of the placenta was perfused in situ. A 
rapid decline in maternal plasma radioactivity and a rapid appearance of 
radioactivity in the perfusate were observed. The disappearance profile of fetal 
radioactivity essentially paralleled that of maternal radioactivity after a lag 
time of 1.6 min. Other studies of maternal-fetal transfer of fatty acids were 
performed primarily with albumin-bound or lipoprotein-emulsified l-14C- 
Palmitic Acid.(119,120) 

Dietary Fat and Coronary Heart Disease 

The Select Committee on GRAS Substances stated its “concern over the 
role of saturated versus polyunsaturated fatty acids in the etiology of 
arteriosclerosis and associated vascular diseases” in their review of Stearic 
Acid.(45) The Committee noted a joint statement by the Food and Nutrition 
Board of the National Research Council and the Council on Foods and 
Nutrition of the American Medical Association that acknowledged the impor- 
tance of reducing the intake of saturated fatty acids and cholesterol.(12’) 
Cholesterol has been reviewed by Cosmetic Ingredient Review.(122) 

Current studies and reviews confirm the correlation between dietary 
saturated fatty acid intake and the incidence of atherosclerosis and thrombosis 
found in earlier studies and reports. (123.124) Research is now focused on the 
mechanism(s) of induction and the elucidation of the multifactorial influence 
of diet on coronary heart disease.(lOO,lO1) 
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TABLE 11. Antimicroblal Activity of Fatty Acids”*’ ‘26) 

343 

Oleic Acid Laurie Acid Palmitic Acid Myristic Acid Stearic Acid 

Organism Minimal Inhibitory Concentration (mM) 

Aspergillus niger 

Bacillus cereus 

Bacillus subtilis 

Candida a/b/cans 

Candida ulilis 

Micrococcus lysodeikticus 

Penicillium citrinum 

Pseudomonas aerugfnosa 

Streptococcus pneumoniae 

Saccharomyces cerevisiae 

Staphylococcus aureu~ 

Weprococcus Group A 

Strepptococcus /3-hemolytic 

type 

>4 

>2 

> 2.0.5” 

NI” 2.49 

4. 1” 

>2 

4 

NI NI 

NI 0 062 

>4 

NI 2.49 

1.77 0.124 

- 0 249 

- 

NI 4.37 NI 

- 
- 

0.48 0.218 NI 

NI 4.37 NI 

3.9 0.547 NI 

3.9 2.18 NI 

“NI. not inhibitory at concentrations tested (1.0 mg/ml or 3-6.0 mM). 

“1st value obtalned by agar dilution method, 2nd value obtained by broth dilution method. 

Antimicrobial Activity 

The antibacterial activities of Oleic, Laurie, Palmitic, Myristic, and Stearic 
Acids were studied by placing them in liquid broths containing different 
microorganisms. (I*‘) Minimal inhibitory concentrations at 37OC were deter- 
mined. Results of this study and of other studies on bacteria and fungi(12” are 
presented in Table 11. 

The effects of Oleic, Laurie, Palmitic, Myristic, and Stearic Acids on 
aflatoxin B, production and growth of the fungus Aspergillus parasiticus were 
studied.(127) Concentrations of 5 mM fatty acid were added to liquid medium 
containing “three drops of the emulsifier, Tween-80.” Myristic, Palmitic, and 
Stearic Acids stimulated and Oleic Acid inhibited toxin synthesis. Laurie Acid 
inhibited fungal growth. 

The antiviral activity of Oleic Acid and other unsaturated fatty acids was 
studied.(128) These fatty acids inactivated enveloped viruses, such as herpes, 
influenza, Sendai, and Sindbis viruses at concentrations from 5 to 50 pg/ml. 
“Naked” viruses, such as polio, SV40, and encephalomyocarditis viruses, were 
not affected, indicating a direct memebrane effect. Stearic Acid did not 
inactivate any of the viruses at the concentrations tested. 

TOXICOLOGY 

Reviews of the literature from 1933 to 1976 were prepared for the safety 
evaluations of Oleic and Stearic Acids as GRAS substances by FDA(44-47) and of 
Stearic Acid as a fragrance raw material by Research Institute for Fragrance 
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344 COSMETIC INGREDIENT REVIEW 

Materials (RI FM). (“) RIFM Reviews of Oleic and Myristic Acids have been 
prepared and are pending publication. A subchronic oral toxicity study of 
Palmitic Acid was presented in a GRAS monograph on sodium oleate and 
sodium palmitate.(68) 

Oral Toxicity Studies 

Acute Oral Toxicity 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids were tested for acute 
oral toxicity to rats (Table 12). 

Administration of doses up to 21.5 ml/kg of Oleic Acid and up to 10.0 
g/kg of Palmitic and Myristic Acids (commercial grades) by gavage to albino 
rats resulted in no deaths and no significant gross lesions at necropsy.(‘29,130) 
Doses of 10.0 g/kg of commercial grade Laurie Acid and of 25% (w/v) Stearic 
Acid in corn oil produced the deaths of 1 rat in each group. At necropsy of 
these rats, congested lungs and kidneys and advanced autolytic changes were 
observed. No significant gross lesions were found at necropsy of 2 rats of the 
0.464 and 4.64 g/kg triple-pressed Stearic Acid dose groups. Transient signs of 
toxicity were observed in rats of the higher dose groups of 10.0 and 21.5 
ml/kg Oleic Acid, 10.0 g/kg 25% Stearic Acid in corn oil, and the 4.64 and 10.0 
g/kg Laurie, Palmitic, Myristic, and triple-pressed Stearic Acids. Signs of 
toxicity included slight depression, depressed righting and placement reflexes, 
oily and unkempt fur, mucoid diarrhea, excessive salivation, and sero- 
sanguineous discharge from the muzzle and eyes. 

A cream formulation containing 5% Oleic Acid administered to rats at a 
dose of 5 ml/kg produced no mortalities. Signs of toxicity included transient 
weakness in the legs and colored urine and feces.(13’) 

Oral administration of a 5.0 g/kg dose of a product formulation containing 
8.7% Laurie Acid to rats produced slight toxicity and no deaths.(132) 

A shave cream formulation containing 2.2% Palmitic Acid administered to 
rats at a dose of 5 g/kg produced no deaths and was classified as “non- 
toxic,‘r(‘33) 

White rats were fed a diet containing 50% Stearic Acid.(144) Treated male 
rats died after an average of 8.2 days and female rats died after 10.2 days. 
Spasms and paralysis of the extremities of some rats and cardiac irregularities 
were observed immediately preceding death. With a lower concentration of 
15% Stearic Acid in the diet, the rats lived for a much longer period. 

In three studies, groups of 5 male albino rats received oral doses of 
0.464-10.0 g/kg “eutectic, triple-pressed” Stearic Acid and 25% (w/v) Stearic 
Acid in corn oil,(‘30) or approximately 16% Stearic Acid in ethylene oxide and 
water (65% solution in ethylene oxide diluted I:3 in water).(13”) There were 2 
deaths in the 4.64 g/kg dose group of the first study and 1 death in the 10.0 
g/kg dose groups of the second and third studies. 

A dose of 5 g/kg of a face cream formulation containing 13% Stearic Acid 
produced no deaths when administered to albino rats by gavage.(13’) Skin 
lotion formulations containing 2.8% Stearic Acid administered at doses of 15 
g/kg by gavage to groups of 10 albino rats resulted in 1 death in 1 group.(136,137) 
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At necropsy of the rat that died, fibrous tissue around the heart and reddish 
fluid throughout the thoracic cavity were observed. Normal behavior and 
appearance were observed, and there were no gross alterations in surviving 
rats. Slight dehydration and depression were observed in 1 rat. 

In other studies, testing for acute oral toxicity of skin lotion formulations 
8% Stearic Acid by administration of 5 ml/kg(1’0-143) and 5 

of the formulations resulted in few, if any, deaths. At 
necropsy of the rats that died, fibrous tissue encasing the heart and lungs was 
observed. 

Subchronic and Chronic Oral Toxicity 

Feeding of 5% Oleic Acid or 50% Stearic Acid diets to chicks for 4 weeks 
had no adverse effects (Table 13).(‘45~‘16) De creased clotting time, moderate 
hyperlipemia, and severe phlebothrombosis following initiation with an 
intravenous injection of lipopolysaccharide from Salmonella typhosa were 
observed in rats fed high-fat diets containing 5% Stearic Acid.(147,148) Rats fed 
diets containing 4.6 g/kg/day Palmitic Acid for 6 weeks developed hyperli- 
pemia. (lq8) A diet containing 50% Stearic Acid fed to rats for 8 weeks resulted 
in a microscopic “foreign body-type reaction” in adipose tissue.(‘49’ Rats fed 
high-fat diets containing 6% Stearic Acid for 9 weeks developed severe aortic 
atherosclerosis and thrombosis induced by 5. typhosa lipopolysaccharide; high 
mortality was also observed.(‘47) 

Feeding 15% Oleic Acid diets to rats for IO-16 weeks had no adverse 
effects on growth or general health. 
for 16 weeks, 

(150) Of 4 female weanling rats fed the diet 
“all 4 were able to become pregnant; however 2 died at 

parturition, a litter was eaten at birth, and the remaining litter died within 3 
days of birth.” Mating of 7 adult female rats fed the diet for 16 weeks resulted 
in production of 52 young, 44 of which survived 1 week and 11 of which 
survived 3 weeks. Mammary development was retarded, and a few rats had 
ovarian cysts. No lesions were found in other organs. 

A “foreign body-type reaction” in perigonadal fat and the reversible 
formation of lipogranulomas were observed in rats fed 50 g/kg/day Stearic 
Acid for 24 weeks.(“‘)Anorexia, severe pulmonary infection, and high mortality 
were observed in rats fed diets containing 3OCO ppm Stearic Acid for 30 
weeks.“52’ 

Dermal Toxicity Studies 

Acute Dermal Toxicity 

Oleic, Palmitic, and Stearic Acids were tested for acute dermal toxicity 
after topical application and intradermal administration to the skin of guinea 
pigs, rabbits, and mice (Table 14). 

In one study, application of commercial grade Oleic Acid to the skin of 
guinea pigs produced no deaths and no signs of toxicity. The number of 
applications was not stated. (‘53) Marked irritation characterized by crusting, 
ulceration, and thickening of the skin was observed following topical applica- 
tion of commercial grade Oleic Acid to the skin of rabbits, guinea pigs, and 
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TABLE 12. Acute Oral Toxicity Studies 

Fatty acid tested Dose 

Species 

(No. per group) Rf3UllS Reference 

Oleic Acid” 

Oleic Acid” 

5.0 g/kg 5 albino rats Range of BW after 7 days-235-273 g. No deaths. 129 

(bodyweight Signs of toxicity not reported. Oleic Acid 

‘193-217 g) classified “slightly toxic by ingestion” 

0.464, 1.00, 5 male albino rats LD,, > 2’1.5 ml/kg. Range rn avg. BW gains 65-99. No deaths 130 

2:15, 4.64, (BW 214-220 g) in any group 

10.0, 21.5 

ml/kg 
Oleic Acid-5.08 

in cream formulation 

No deaths. Transient leg weakness, colored urine and feces 

Laurie Acid” 

Laurie Acid--8.7% 

in product formulation 

0.464, 1 .oO, 5 male albino rats Range, avg. BW gain-73-99 g. One death in group 130 

2.15, 4.64, (BW 221-247 g) given 10.0 g/kg dose on 1 st postdosagc day 

10.0 g/kg 

5 albino rats BW range after 7 days-209-230 g. No deaths. 

-5~o-““------------------------------------------------------------~~~-- 

of product (BW 155-160 g) Signs of toxicity not reported. Laurie Acid classrfied 

“slightly toxic by ingestion” 

Palmrtic Acid” 

Palmitic Acid- 

2.2% in shave 

cream formulation 

0.464, 1 .oO, 5 male albino rats Range, avg. BW gain-65-92 g. No deaths 130 8 
2.15, 4.64, (BW 209-254 g) 

10.0 g/kg 

5 g/kg of > 10 albino rats Formulation classified “non-toxic,” No data or 133 
cream (BW 200-300 g) procedures (other than administration by gavage) reported; 

5 

reference for test method - 16 CFR 15003(b)(b)(i)(A) 2 
c, 

Myristic Acid” 0.464, 1 .CQ 5 male albino rats Range, avg. BW gain-75-95 g. No deaths 130 

2.15. 4.64, (BW 208-211 g) 

10.0 g/kg 

Straric- Acid (rutectic)” 0.464, 1 .CO, 5 male albino rats Range, avg. BW gain--71-I01 g. One death in 4.64 g/kg 130 

2.15, 4.64, (BW 213-223 g) dose group on day of dosage; one death in 4.64 g/kg dose 

10.0 g/kg group on final day of study 
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Stearic Acid-25% 

(w/v) in corn oil 

5 male albino rats 

(BW 216-225 g) 

Stearic Acid-65% 

in ethylene oxide, 

tlrluted I .3 in water 

0.464, 1.00, 

2:15, 4.64, 

10.0 g/kg 

5 and 10 g/kg 

Stearic- Acid-‘13% 5 g/kg face 

in fate cream formulation cream 

10 male young adult 

ARS/Sprague-Dawley 

albrno rats 

(BW 215-239 g) 

2 10 albino rats 

(BW 200-300 g) 

Stearic Acrd-2.8% 15 g/kg skin 10(5M, 5F)albino 

in skin lotion formulation lotion rats (BW 206-258 g) 

Stearrc Acid-2.8% 15 g/kg skin 10(5M, 5F)albino 

in skin lotion formulation lotion rats (BW 2.18254 g) 

Strarrc. Acid-2.8% 5 g/kg skin 10(5M, 5F)albino 

in skin lotion formulation lotion rats (BW 184-238 g) 

Stcaric Ar-id-2.8% 5 g/kg skin ‘10(5M, 5F)albino 

in skrn lotron formulation lotion rats (BW 202-264 g) 

Stearic Acid-2.8% 5.0 ml/kg 10 Sprague-Dawley 

in skin lotion formulation skin lotion rats (BW 200-254 g) 

Stearic Acid -2.8% 5.0 ml/kg 10 Sprague-Dawley 

in skin lotion formulation skin lotion rats (BW 174-200 g) 

Stearic Acid-2.8% 5.0 ml/kg 10 Sprague-Dawley 

in skin lotion formulation skin lotion rats (BW 175-189 g) 

Stearir Acid-2 8% 5 0 ml/kg 6 Sprague-Dawfey 

in skin lotion formulation skin lotion rats (BW 205-214 g) 

Stearic Acid 5 g/kg rat 

Range, avg. BW gain-90-‘104 g at lower doses, 77 g 

at 10.0 g/kg dose. One death in 10.0 g/kg on 

Day 7 of study 

Final avg. BW 5 g/kg group-317 g; ‘IO g/kg group-258 g. 

One death in 10 g/kg dose group on Day 5 followrng dosage 

No pharmacotoxical signs noted. No remarkable alteratrons at 

necropsy 

Formulation classified “non-toxic.” No procedures (other 

than administration by gavage) or data reported 

Reference for test method 21 CFR 1500.3(b)(b)(i)(A) 

Final BW range-228-378 g. One death on Day 2 

Final BW range-198414 g. No deaths 

Final BW range-174-386 g. Two deaths on Days 9 and 10 

Final BW range-210-430 g. One female rat died on Day 7 

postdosagc. All rats appeared normal throughout 

study. At necropsy, fibrous tissue was observed encasing 

heart and lungs of rat that died and no gross changes were 

observed in other rats 

Range in BW gain-75-127 g. No deaths. All rats appeared 

normal throughout study. At necropsy, thoracic and 

abdominal organs appeared normal 

Range in BW gain--85-118 g. No deaths. All rats appeared 

normal throughout study. At necropsy, thoracic and 

abdominal organs appeared normal 

Range in BW gain-42-.118 g. No deaths. 

All rats appeared normal throughout 

study. At necropsy, thoracic and 

abdominal organs appeared normal 

Range in BW gain--102-129 g. No deaths. All rats appeared 

normal throughout study. At nccropsy, thoracic and 

abdominal organs appeared normal 

No deaths 

130 > 

E 

3 

134 2 

5 

g 

135 E 

% 

136 5 

137 

138 

139 

140 

141 

142 

143 

45 

“Fatty acid commercially supplied. 

“These studies were cited in reviews for the safety assessment of particular fatty acids as they are used in foodsr”“-47, ‘a) and in fragrances.rh9r W 

3 
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TABLE 13. Subchronic and Chronic Oral Toxicity Studies’ 

Study type Fatty acid tested Species RPsults Reference 

Subchronic feeding study (4 weeks) Stearic Acid-50% 

in diet 

Subchronic feeding study (4 week\) Oleic Acid-S% in 

diet 

Subchronic feeding study (6 weeks) Stearic Acid-5% 

in high-fat diet 

Subs hronic feedIng study (6 weeks) Palmitic Acid-4.6 g/kg/day 

in diet 

Subchronic feeding study (8 weeks) Stearic Acid-SO% 

in diet 

SubchronIc feedlng study (9 weeks) Stearic Acid-6% 

in high-fat diet 

5ubchronlc feedIng study(10 weeks) Oleic Acid-15% 

in diet 

Chronic feeding study (16 weeks) Oleic Acid-IS% 

in diet 

Chronic feeding study (20 weeks) Oleic Acid-15% 

in diet 

Chronic feeding study (24 weeks) Stearic Acid-50 g/kg/day 

in diet 

Chronic feeding study (30 weeks) Stearic Acid-3000 ppm 

in diet 

Chick 

Chick 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

No adverse effects 

No adverse effects 

Decreased clotting time, moderate hyperlipemia, 

severe phlebothrombosis after initiation with 

5. typhosa lipopolysaccharide (LPS) 

Most hyperllpemic of all fatty acids tested 

(versus Laurie, Myristic, and Stearit Acids). 

Second to Stearic Acid in thrombogenic effect 

Microscopic foreign body type reaction in 

excised fat. No reaction in controls 

Severe aortic atherosclerosis, high mortality, 

severe thrombosis after 5. typhosa LPS 

initiation 

Normal appearance. Mammary gland underdeveloped, 

few rats with ovarian cysts. No lesions In non- 

reproductive organs. Production of 52 young by 

7 adult females-l l/52 survived by 3rd week 

No impairment of malps’ fertlllty. 4/4 females 

became pregnant; 2/4 deaths at parturition; 

1 litter died within 3 days of birth 

Normal growth observed 

4/5 rats had foreign body type reaction in 

perigonadal fat. Lipogranulomas observed. 

Reversible effects 

Anorexia, severe pulmonary infection, high 

mortality. No significant pathological lesions 

145, ‘146 

145 

‘147, ‘I 48 

148 

149 

147 

I 50 

150 8 

150 g 

75 

151 z 

i2 

152 g 

Z 
+ 

“These studies were cited in reviews for the safety assessment of particular fatty acids as they are used in foods(44-47, “) and In fragrances.‘hyl Fi 
< 
;; 
s 
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TABLE 14. Acute Dermal Toxicity Studiesd 

Species 

Fatty acid tested Dose (No. per group) Results Reference 

Oleic Acid’ 3.0 g/kg 6 guinea prgs No deaths. Oleic Acrd classified “non-toxic” 153 

Oleic Acid’ l-2 ml 5 rabbits Potent depilatory agent. Marked irritation, Microscopic hyper- 154” 

1 ml 2 guinea pigs keratosrs, acanthosrs. (Observations in all 3 species) 

0.3 ml 12 mice 

Olcic Acid-5O?A 1 ml 16 HRS/J mace Epidermal hyperplasra and hyperkeratosis 155 

rn mineral oil 

Olerc Acid-25, 50, 0.l ml 2 guinea pigs Local inflammation and necrosrs. No alterations in c-ontrols 156b 

75% In peanut 011 (intradermal) grven peanut oil 
--------------------____________________---------------------------------------- 

Palmitic Acid- 2 g/kg 2 10 rabbrts No deaths. Formulatron consrdered “non-toxic” I33 

2.2% in shave 

cream formulation 

Steanc Acid-IO- ‘IO-l00 mM guinea pigs Mild erythema and slight induration of skin 157” 

100 mM in olive oil (intradermal) rabbits 

“Methods of most studies involved topical application of fatty acids. Intradermal administration noted parenthetrcally. 

“Data from these studies were obtained from reviews for the safety assessment of particular fatty ac-ids in foods”b, ” ‘*) and 

fragrances.‘““’ 

’ Fatty acid as commercially supplied. 
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mice.(“‘) Microscopically hyperkeratosis, pronounced acanthosis follicular 
keratotic plugs, hyperplasia of sebaceous glands, and loss of hair shafts from 
follicles were observed. Treated skin returned to normal when treatment was 
discontinued. 

Local skin inflammation and necrosis were observed at sites on the backs 
of guinea pigs receiving 0.1 ml intradermal injections of 25, 50, and 75% Oleic 
Acid in peanut oil and Oleic Acid as commercially supplied. No alterations 
were observed at sites injected with peanut oil alone.(“@ 

Epidermal hyperplasia and hyperkeratosis were observed in the skin of 
mice after topical application of 50% Oleic Acid in mineral oil.(155) 

Application of a 2 g/kg dose of a shave cream formulation containing 2.2% 
Palmitic Acid was considered nontoxic to rabbits.(‘33,158) 

Concentrations from 10 to 100 mM Stearic Acid in olive oil applied to the 
skin of guinea pigs and rabbits produced mild erythema and slight 
induration.(‘5’) 

Short-Term Dermal Toxicity 

Follicular-keratogenic properties of Oleic, Laurie, Palmitic, Myristic, and 
Stearic Acids were studied after topical application to the skin of the external 
ear canal of 4 albino rabbits(ls9) (Table 15). A 5% (w/v) alcohol solution of 
Stearic Acid and alcohol solutions of the other fatty acids equimolar with the 
Stearic Acid solution were prepared [5% (w/v) Stearic Acid - 18 mmol% 
Stearic Acid]. A dose of 3 ml of each of the fatty acid solutions was applied 
once daily, 5 days per week, for 6 weeks. Controls in one group received 
similar treatment with absolute alcohol and those in another group received 
no treatment. Myristic and Palmitic Acids produced transient slight erythema 
and desquamation in the first 2 weeks of application. No clear alterations 
were observed after Stearic Acid treatment. One day after treatment with 
Oleic and Laurie Acids, erythema was observed. The intensity of the redness 
increased over the following few days and desquamation developed. Distinct 
follicular keratosis was observed within 1 month. After discontinuation of the 
applications, the erythema and scaling gradually disappeared, but the keratosis 
was discernible after 6 weeks. 

Follicular epidermal hyperplasia was produced after topical application of 
undiluted commercial grade Oleic Acid (unspecified dose) to the backs of 
white mice 6 times per week for 1 month.(l”) 

In a recent study, no adverse effects were 
topical application of Myristic Acid to rabbit skin. 

produced from subchronic 
(161) One-half milliliter of a 

30% preparation of Myristic Acid in ether and propylene glycol (solvents at a 
1 :I ratio in concentration) was massaged into the depilated skin of the flanks 
of 5 rabbits daily for 30 days. The opposite flank of the rabbits was depilated 
and treated with solvent only. No significant macroscopic changes were 
observed. Microscopic lesions included thinning of collagen fibers in the 
superficial layers of the dermis after 10 days and a loose dermal infiltrate of 
lymphomononuclear cells and histiocytes after 20 and 30 days. 

Stearic Acid application had little effect on the epidermis of rats.(72) Hair 
on the dorsa of albino or Long-Evans rats had been closely clipped before an 
unspecified dose of Stearic Acid was swabbed on the treatment sites once 
daily for 5 days to 2 weeks. 
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TABLE 15. Short-term Dermal Toxicity Studies 

Fatty acid tested Dose spec/es Mefhod Notesd Results Referrnc e 

Olwc Acid- 

- 18 mmol’!& 

in alcohol 

Oleic Acid 

Launc Acid- 

- 18 mmol’~ 0 

In alcohol 

3 ml 

3 ml 

4 rabbits External car canal, 6 weeks Erythema, desquamatlon, follic ular keratosis 

Mice Dorsa for 1 month Epidermal hyperplasia 

4 rabbits External car canal, 6 weeks Results similar to those after Oleic Acid 

application. Follicular keratosis persisted 

after treatment 

Palmitic Acid- 

- 18 mmol”b 

in alcohol 

Myristic Acid- 

- 18 mmol% 

in alcohol 

Myristic Acid- 

30% in 

ether : propylene- 

glycol 

Stearic Acid- 

50% (w/v, 

in alcohol 

Stearic Acid- 

20% in 

product 

formulation 

Stearic Acid- 

20% in 

product 

formulation 

-- 

3 ml 4 rabbits External ear canal, 6 weeks 

_____________------------~--------- 

3 ml 4 rabbits External ear canal, 6 weeks 

0.5 ml 5 rabbits Flank, 30 days 

_---------------------------------- 
3 ml 4 rabbits External ear canal, 6 weeks 

2 ml/kg 6 rabbits Abraded/intact sites on back, 

of product 4 weeks 

2 ml/kg 6 rabbits Abraded/intact sites on back, 

of product 4 weeks 

--. 

Slight lrritatlon for first 2 week\ 

Slight irritation for first 2 weeks 

Microscopic thinning of dermal collagen 

Cellular inflltration 

No alterations 

---------. 

No deaths. Slight edema, desquamation 

No deaths. Slight edema, desquamation 

--- 

159h 

I 60b 
----- 

159b 

159” 

159” 

161 

----- 

159b 

162 

163 

“All methods involved repeated topical application to noted sites. 

“Data from these studies were obtained from reviews for safety assessment of particular fatty acids in foods(46, 47,68) and fragrances.@9) 
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Stearic Acid, at a concentration of 2.0% in 2 cosmetic product formulations 
was tested for subchronic dermal toxicity using groups of 6 New Zealand 
strain albino rabbits.(162’163) Hair was clipped from the backs of the rabbits, and 
the skin was either abraded or left intact. Doses of 2 ml/kg of the product 
formulations were applied to the sites daily, 5 days per week, for a total of 20 
applications. The rabbits in the untreated control group had no signs of skin 
irritation. No mortalities were observed in the 2 groups of rabbits receiving 
applications of either formulation. 

In the first group, the mean percentage gain in body weight was 33%, and 
the skin of all 6 rabbits was slightly edematous; edema was observed in 3/6 
rabbits after the first week, l/6 rabbits during the third week, and 2/6 rabbits 
during the fourth week. The skin of 5 of the 6 rabbits remained edematous for 
the duration of the study. Two of the rabbits had slight local desquamation of 
the skin that was of irregular duration. The brown color of the product 
obscured scoring of treatment sites for erythema. Both abraded and intact skin 
had similar reactions to treatment with the product. Individual fluctuations in 
hematological values were noted in animals of all groups including controls. 
Slight differences in serum glutamic-pyruvic transaminase values were ob- 
served that were considered unrelated to treatment. At necropsy, organ 
weights of the treated group were comparable to those of controls, and the 
pulmonary hemorrhages observed in 1 male were considered unrelated to 
treatment and common in New Zealand strain rabbits. Discharge from the left 
eye of 1 male rabbit was noted. No significant microscopic lesions considered 
to be treatment-related were noted. 

In the second group of 6 NZW rabbits that received applications of a 
product formulation containing 2.0% Stearic Acid for 4 weeks, the mean body 
weight gain was 18%. The skin of all 6 rabbits was slightly edematous; edema 
was observed in l/6 rabbits during the first week, l/6 rabbits during the 
second week, and 4/6 rabbits during the fourth week. The edema observed in 
the skin of the first 2 rabbits disappeared after a few days, recurring in 1 
during the fourth week. One rabbit had slight atonia during the second week 
only. Four rabbits during the second week and 2 rabbits during the third week 
developed slight desquamation of the skin at treatment sites, which returned 
to normal. Slight scaling of the skin was observed for the duration of the 
study. The brown-colored product obscured scoring of treatment sites for 
erythema. Clinical signs of toxicity included nasal discharge in 2 male rabbits 
(on days 18-28 and on days 10 and 11) and scabs on the back of a female 
rabbit (on days 7-28). Both intact and abraded sites had similar reactions to 
the treatment. No distinct treatment-related effects were noted in hemato- 
logical, biochemical, or organ weight values. There were no significant gross 
or microscopic alterations. 

A facial skin care product formulation containing 5.0% Stearic Acid was 
applied to the shaved dorsal skin of 15 female rats of the Crl:COBS CD(SD)BR 
strain in a 13-week dermal toxicity study. (164) Daily doses of 4.0 ml/kg of the 
product were applied 5 days per week for a total of 65 applications. The 
treatment was estimated to provide a dose IOO-fold greater than the daily 
exposure to humans. Controls received no treatment. There were no deaths in 
the treatment group and one death in the control group. No major changes in 
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appearance or behavior were observed that were treatment-related, although 
minimal to moderate skin irritation was observed in all rabbits throughout the 
study. Statistically significant (p < 0.05) changes included decreased glucose 
and increased serum glutamic-pyruvic transaminase concentrations during the 
7th week, and decreased hemoglobin, hematocrit, mean corpuscular volume, 
and total erythrocyte count during the 13th week. Urinalysis values were 
within normal limits. At necropsy, increases in absolute weights of the liver, 
heart, kidneys, and adrenals and in liver/body weight ratios were statistically 
significant (p < 0.05). The apparent statistical significance between hemato- 
logical, biochemical, and organ weight values of treated and control groups 
was within normal limits. Subclinical bronchitis and “focal interstitial 
mononuclear cell infiltration into the kidneys, liver and heart” were noted in 
an unspecified number of rats. Grade 1 hyperkeratosis was observed in 5 of I5 
treated rats. 

A concealing cream product formulation containing 2.4% Stearic Acid was 
applied to the shaved dorsal skin of 15 female Sprague-Dawley rats in a 
13-week dermal toxicity study. (lb5) Daily doses of 227 mg/kg of the product 
were applied 5 days a week for a total of 65 applications. As in the preceding 
study, (lb4) the treatment was estimated to provide a dose 100 times greater 
than the typical human exposure. Controls received no treatment. There were 
no deaths or significant differences in growth rates. Sporadic and transient 
skin irritation was observed in the treatment group throughout the study. 
Statistically significant (p < 0.05) differences between treatment and control 
groups in mean hematology values (decreased hemoglobin during weeks 7 
and 13, decreased hematocrit during week 7, increased mean corpuscular 
volume during week 13, and decreased total erythrocyte count during weeks 7 
and 13) and mean serum chemistry values (decreased serum alkaline 
phosphatase during week 13) were within normal limits. Urinalysis values 
were considered normal. At necropsy, changes in mean absolute organ weight 
(brain) and mean relative organ weights (liver/body, spleen/body) were 
considered toxicologically insignificant. Minimal hyperkeratosis of the 
epidermis was observed in some rats. 

Administration of subcutaneous Oleic Acid injections at volumes increas- 
ing from 0.25 to 0.5 ml for 400 days had no adverse effects in the growth of 
albino mice. The life duration of mice of both sexes was lower than that 
expected for normal mice.(lbb) 

Primary Skin Irritation 

The fatty acids, Oleic, Laurie, Palmitic, Myristic, and Stearic Acid, were 
tested for primary skin irritation from topical application to the skin of rabbits 
(Table 16). 

In a single insult occlusive patch test (SIOPT) with 6 albino rabbits, 
administration of a 0.5 ml dose of Oleic Acid, as commercially supplied, 
resulted in a primary irritation index (PII) of 0.5 (max PII =8.0) and mild 
erythema 24 h after treatment. (130) In a Repeat Open Patch study with 6 rabbits 
(specific procedure not reported), application of commercial grade Oleic Acid 
produced mild to moderate erythema after 24 h, mild to marked erythema 
after 48 h, and moderate to marked erythema after 72 h. Slight to moderate 
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TABLE 16. Primary Skin Irritation Studies 

fatty acid tested Dose 
No. of 

Rabbits Method Results Reference 

Oleic Acid, as commer- 

cially supplied 

Olcic Acid, as commer- 

cially supplied 

0.5 ml b 

- 0.5 ml 6 

Oleic Acid-5.08% 

in product formulation 

Oleic Acid-5.08% 

in product formulation 

Oleic Acid-5 % in 

product formulation 

Laurie Acid, as commer- 

cially supplied 

Laurie Acid-8.7% 

in product formulation 

0.5 g of 6 

product 

0.5 g of 6 

product 

0.5 ml of 6 

product 

0.5 ml 6 

0.5% 6 

of product 

in water 

Palmitic Acid, as commer- 0.5 ml 6 

cially supplied 

Palmitic Acid-74% 0.5 g 6 

“plus other fatty acids” 

Palmitic Acid-4.4% 0.5 ml of 9 

in product formulation product 

Palmitic Acid-4.4% - 0.5 ml of 9 

in product formulation product 

Palmitic Acid-2.2% 0.5 g of 26 

in product formulation product 
---____~~-------------------~~~~ 

Myristic Acid, as commer- 0.5 ml 6 

cially supplied 

Myristic Acid, as commer- - 0.5 g 6 

cially supplied 
_____~~_------__-----------~~~~~ 

SIOPT,a I/Ah PII’ 0.50. Minimal erythema at 24 h 

Repeat Open Patch, Cumulative irritation increasing from mild 

24,48, 72 h patches erythema and no edema at 24 h to marked 

Modlfled Draize, 

3 open patches 

See preceding entry 

Daily, ‘I4 d 

SIOPT, I/A 

SIOPT, I/A 

erythema and moderate edema in some rabbits 

at 72 h 

Minimal erythema after 72 h 

Minimal erythema in 3 rabbits after 72 h 

PII 2.3. Slight irritation after 4-7 days 

PII 1.12. Minimal erythema after 24 h. 

Minimal edema at few A sites after 72 h 

PII 0. No irritation 

SIOPT, I/A PII 0. No irritation 

SIOPT, I/A 

4-h exposure 

SIOPT 

SIOPT 

PII 0.2. Very slight erythema at few I 

and at all A sites after 4 h 

PII ‘1.00. Mild erythema after 2 h. Minimal 

to mild erythema after 24 h 

PII 1 .CO. See preceding entry 

SIOPT, t/A “Non-irritating.” No other data or specific 

procedures reported 

.---. ----- 

‘l 30 

‘I 72 

173 

174 

133 

‘1 67 

‘169 

170 

131 

.l 30 

171 

SIOPT, I/A PII 0. No irritation ‘130 

Repeat Open Patch Cumulative irritation increasing from no to 175 

mild/moderate erythema from 24 to 72 h 
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Stearic Acid, as commer- 0.5 ml 6 

cially supplied 

Stearic- Acid (eutectic), 0.5 ml 6 

as commercially supplied 

Stearic Acid, as commer- 0.5 ml 9 

cially supplied 

Stearrc Acid-65% in 0.5 g 6 

ethylene oxide 

Stearic Acid-59% 0.5 g 6 

“plus other fatty acids” 

Stearic Acid-45% 05g 6 

“plus other fatty acids” 

Stearic Acrd-50% 0.5 ml 9 

in petrolatum 

SIOPT, I/A 

SIOPT, I/A 

SIOPT, 2-h exposure 

SIOPT, I/A 

SIOPT, I/A, 

4-h exposure 

SIOPT, I/A, 

4-h exposure 

SIOPT, 2-h exposure 

Stearic Acid-35% 

in water 

Steanc Acid-13% 

in product formulation 

Stearic- Acid-2.8% 

in product formulation 

Stcaric- Acid-2.8% 

in product formulation 

Stcaric Acid-2.8% 

in pr0duc.t formulation 

0.5 ml 9 

0.5 g of 26 

product 

0.5 ml of 6 

product 

0.5 ml of 6 

product 

0.5 g of 6 

product 

SIOPT, 2-h exposure 

SIOPT, I/A 

SIOPT, I/A 

SIOPT, I/A 

SIOPT, I/A 

Stearic Acid-2.8% 0.5 ml of 6 SIOPT, I/A 

in product formulation product 

Stearic Acid-2.8% 0.5 g of 4 SIOPT, I/A 

in product formulation product 

Stearic Acid-‘I .O% 0.5 ml of 6 SIOPT, I/A 

in product formulation product 

Stearic Acid- 1 .O% 0.5 ml of 6 SIOPT, I/A 

in product formulation product 

“SIOPT, single insult occlusive pate-h test, usually 24 h exposure period 

‘l/A, patches applied to intact and abraded skin sites. 

’ PII, primary irritation index (max = 8.00). 

PII 0. No irritation 130 

PII 0. No irritation 130 

PII 0.33. Few rabbits with barely pertep- 

tible erythema after 24 h 

PII 3.00. Defined erythema and slight 

edema after 24 and 72 h 

PII 0. No irritation 

176 

‘I 34 

‘172 

PII 0. No irritation 172 

PII 0.56. Few with mild erythema after 2 h; 

decreased to barely perceptible erythcma 

after 24 h 

I 77 

PII 0.33. Few with barely perceptible 

erythema after 2 h 

“Non-irritating.” No other data or 

procedures reported 

PII ‘I.00 Transrent minimal erythema after 

24 h 

178 

179 

‘I 38 

PII ‘1.05. Transrent irrrtation after 

24 h 

‘I 39 

PII 0.92. Very slight erythema after 24 and 

72 h, persisting at most A sites. Transient 

minimal edema 

I 40 

PII 1.45. Transient minimal to defined 

erythema and edema after 24 h. Dry skin noted 

PII 0.63. Transient very slight erythema 

after 24 h 

136 

143 

PII 2.2. Transient defined erythema and 

edema after 24 h 

‘I 80 

PII 2.0. Barely perceptible erythema, 

transient edema after 24 h 

.180 
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edema was observed after 72 h. (lb’) In Modified Draize tests,(lba) 3 repeated 
open patch topical applications of cream blush formulations containing 5.08% 
Oleic Acid produced mild erythema in 6 female NZW rabbits after 72 h. The 
formulations were not primary skin irritants. (1b9.170) In a 14-day study with 6 
NZW rabbits, the daily topical applications of a red cream formulation 
containing 5% Oleic Acid produced slight to well-defined erythema and slight 

In an SIOPT, commercial grade Laurie Acid applied to intact and abraded 
sites of the skin of 6 albino rabbits produced slight erythema at both sites after 
24 h, which subsided by 72 h, minimal edema after 72 h, and a PII of 1.12. 
Blanching and some coriaceous tissue were noted at a few abraded sites.(13’) 
In an SIOPT, a 5% aqueous preparation of a product formulation containing 
8.7% Laurie Acid applied to intact and abraded skin of 6 albino rabbits resulted 
in a PII of O.(“‘) 

A dose of 0.5 ml of commercial grade Palmitic Acid applied to intact and 
abraded sites on the skin of 6 albino rabbits in an SIOPT resulted in a PII of 
0.(‘30) Administration of product formulations containing 2.2-74% Palmitic 
Acid produced minimal erythema and no edema 2-24 h after application to 
the skin of albino rabbits.(133,172-174) 

In an SIOPT, commercial grade Myristic Acid was applied to intact and 
abraded sites on the skin of 6 albino rabbits, and the PII was 0.(13’) In a Repeat 
Open Patch test using commercial grade Myristic Acid, all 6 treated albino 
rabbits developed mild to moderate erythema from 24 to 72 h. One rabbit 
developed very slight edema after the 72-h scoring.(175) 

No irritation was observed at intact or abraded sites of the skin of albino 
rabbits in two SIOPT studies involving a commercial grade Stearic Acid.(13’) In 
an SIOPT of commercial grade Stearic Acid, transient minimal erythema and 
no edema were noted in 9 albino rabbits after a 2-h exposure period.(l”) 

A preparation of 65% Stearic Acid in ethylene oxide produced erythema 
and minimal edema 24 and 72 h after application to intact and abraded sites 
on the skin of 6 NZW rabbits. The PII for this SIOPT was 3.00.(134) No irritation 
was observed in SIOPT studies involving 4-h exposures of intact and abraded 
skin of 6 albino rabbits to 45 and 59% Stearic Acid in combination with “other 
fatty acids. “u’~) Two-hour exposures of the skin of 9 albino rabbits to 35.0% 
Stearic Acid in water and 50% Stearic Acid in petrolatum resulted in respective 
Plls of 0.33 and 0.56. Transient mild erythema and no edema were observed in 
both SIOPT studies.(177,178) 

SIOPT studies with lotion and cream formulations containing l.O-13% 
Stearic Acid resulted in Plls, ranging from 0.63 to 2.2, that were not directly 
related to Stearic Acid concentration. A face cream formulation containing 
13% Stearic Acid was determined “non-irritating” in a 24-h SIOPT of the fatty 
acid applied to intact and abraded sites on the skin of at least 6 albino rabbits. 
The use of a standard procedure was reported,(15Q and no additional data 
were recorded.(179) 

In a 24-h SIOPT of a skin lotion formulation containing 2.8% Stearic Acid, 
the PII was 1.00, and barely perceptible erythema and edema were observed at 
most intact and abraded sites of 6 NZW rabbits after 24 h. Irritation had 
subsided after 72 h.(13@ 
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Transient irritation was also observed in a 24-h SIOPT to intact and 
abraded sites of the skin of 6 NZW rabbits treated with a skin lotion 
formulation containing 2.8% Stearic Acid. Very slight to well-defined erythema 
was observed at both sites, and very slight edema was observed at some intact 
and all abraded sites after 24 h.(139) 

A skin lotion formulation containing 2.8% Stearic Acid produced very 
slight erythema at both intact and abraded treatment sites and transient 
minimal edema at a few sites 1 day after a 24-h SIOPT.(140) 

A skin lotion formulation containing 2.8% Stearic Acid produced minimal 
to well-defined erythema and edema at both intact and abraded sites of 6 
NZW rabbits 24 h after treatment. Very slight erythema was observed at some 
of the sites after 72 h.(13’) Dry skin was noted in all rabbits. 

A skin lotion formulation containing 2.8% Stearic Acid produced very 
slight to well-defined erythema and edema at intact and abraded sites of 6 
NZW rabbits 24 h after treatment. Very slight erythema was observed at a few 
sites, and there was no edema 48 h later. 
sites of all rabbits, 

(13’) Dry skin was noted at treatment 

Intact and abraded sites on the skin of 4 male albino rabbits were treated 
with a skin lotion formulation containing 2.8% Stearic Acid in a 24-h SIOPT 
study. Transient minimal erythema was observed after 24 h. One abraded site 
had very slight edema after 24 h.(143) 

Intact and abraded sites on the skin of 6 NZW rabbits were treated with 
lotion formulations containing 1 .O% Stearic Acid in two 24-h SIOPT studies.(180) 
Treatment with one formulation produced defined erythema and edema at 
both sites after 24 h, which had subsided by 72 h posttreatment. 

Skin Sensitization 

A cream blush formulation containing 5.08% Oleic Acid was tested for 
sensitization using a group of 24 female Hartley guinea pigs weighing 300- 
500 g. (18’) In a maximization test,(la2) single intradermal injections of 0.1 ml of 
5% Freund complete adjuvant in water, of a 5% solution of the formulation in 
water, and of a 5% solution of the formulation, water, and Freund adjuvant 
were administered in rows along the dorsal midline of the guinea pigs. Seven 
days after the injections, a 10% preparation of sodium lauryl sulfate in 
petrolatum was topically applied to the clipped dorsal area. Twenty-four hours 
later, 1 g of the undiluted formulation was applied to the treatment sites 
under an occlusive patch. The challenge patch, 1 g of the undiluted formulation 
in a Duhring chamber (aluminum disk with diameter of 18 mm and 2 mm 
elevated flange), was topically applied under an occlusive wrapping 14 days 
after topical induction (22 days after the intradermal injection). After a 24-h 
exposure, the challenge patch was removed. Sites were scored at patch 
removal and 48 h later. None of the guinea pigs had reactions to the challenge 
patches. Although no other data were reported, the formulation was consid- 
ered a weak, grade I, sensitizer. 

A suntan lotion formulation containing 1.0% Stearic Acid was tested for 
sensitization on 22 young adult female Hartley guinea pigs(lB3) using the same 
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procedure as in the preceding study. (la’) There was one sensitization reaction 
to the occlusive challenge patch of 1 g of the formulation in a Duhring 
chamber among the 22 treated guinea pigs. The formulation was considered a 
weak, grade I, sensitizer. 

In a maximization study,(la2) a cosmetic product formulation containing 
3.5% Stearic Acid was tested for allergic contact sensitization using a group of 
10 female guinea pigs. (184) lntradermal injections of 50% aqueous Freund 
complete adjuvant, 50% formulation in propylene glycol, and 50% formulation 
in 50% aqueous Freund adjuvant at each of three sites along the upper backs 
of the guinea pigs were followed 1 week later by a topical booster of a slightly 
irritating concentration of the formulation in petrolatum. A topical application 
of 10% sodium lauryl sulfate in petrolatum was made 24 h before the topical 
booster if the formulation was not sufficiently irritating. Guinea pigs in the 
control group received induction injections of 50% aqueous Freund complete 
adjuvant, propylene glycol, and a 1 :I preparation of propylene glycol and 50% 
aqueous Freund adjuvant along the upper back and topical booster applica- 
tions of petrolatum. Two weeks after the topical booster application, occlu- 
sive challenge patches containing 50 or 100% of the formulation were applied 
to control and treated guinea pigs. Sites were scored 48 and 72 h later. Five of 
10 treatment sites had minimal faint erythema, and 1 of 10 sites had mild 
erythema 48 h after challenge with the 100% concentration. There were 3 sites 
with minimal faint erythema after 72 h, 2 of which had signs of desquamation. 
Other treatment sites had no signs of sensitization. Challenge of the treatment 
sites with the 50% formulation preparation resulted in minimal faint erythema 
at 1 of 10 sites after 48 h, which was visible after 72 h. All other treatment sites 
challenged with the 50% concentration had no signs of sensitization. Two 
control guinea pigs died, and 4 of the remaining 8 sites challenged with the 
100% formulation patch had minimal faint erythema after 48 h. Two of 8 sites 
challenged with the 50% concentration had minimal faint erythema, and 
desquamation was observed at another site after 72 h. 

Photosensitization 

Two skin lotion formulations containing 2.8% Stearic Acid were tested for 
phototoxicity.(185*18b) A q u eous preparations of the formulations, 100, 75, 50, 
and 25%, were applied to four different sites on the backs of IO male Hartley 
albino guinea pigs weighing 324-486 gc’85) and 284-452 g.(18’) These sites were 
exposed to UVA radiation. Ten control guinea pigs weighing 268-434 g(ls5) 
and 344-464 g(18@ received the same topical applications but no UVA irra- 
diation. Sites were evaluated 1 and 24 h after treatment. Neither formulation 
was considered phototoxic to the guinea pigs under these conditions because 
the control group had signs of irritation that were comparable to the irradiated 
test group. One guinea pig in the control group of one study died.(185) The test 
groups’ reactions ranged from questionable to moderate erythema at 6 (50% 
preparation) to all 10 sites (75%, 100% preparations). The 25% preparations 
produced no signs of phototoxicity in either study. The control groups in both 
studies had questionable to moderate (50-100% sites,(‘85) 50-75% sitesnab)) or 
considerable erythema (100% site(18b) ). No irritation was observed at control 
sites treated with the 25% preparations. 
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Two skin lotion formulations containing 2.8% Stearic Acid were tested for 
photoallergy using 12 male Hartley albino guinea pigs weighing 378-516 g(186) 
and 330-404 g. (ls5) Each guinea pig received 10 topical induction applications 
of the undiluted formulations. Two weeks after the last application, challenge 
applications of 10, 20, and 100% (w/v) preparations were made to two 
separate sites, one of which was irradiated. Control groups of 12 male guinea 
pigs (360-440 g,(“‘) 358-492 g(‘%)) received no induction applications and 
were treated as test animals in the challenge phase. Induction sites were 
evaluated daily and challenge sites were evaluated 24 and 48 h after treat- 
ment. In one study, 1 test animal died during the induction phase and 2 
animals died during the challenge phase. (185) Neither formulation was 
considered photoallergenic to the guinea pigs under these conditions because 
the control group had signs of irritation comparable to the test group. 
Questionable to moderate erythema was observed at up to 11 of 12 sites by 
the second application of the induction phase. During the challenge phase, 
no irritation was observed at either irradiated or nonirradiated sites of guinea 
pigs in control and test groups at the 10 and 20% concentrations. Questionable 
to minimal erythema was observed at one or two nonirradiated sites and at 
five irradiated sites of the test group challenged with the undiluted 
formulation. In the control group, four to seven nonirradiated sites and five to 
six irradiated sites had questionable to minimal erythema after challenge with 
the undiluted formulation. 

Comedogenicity 

The comedogenicity of UVA-irradiated and nonirradiated Oleic Acid was 
evaluated.(24) A significant increase in lipid peroxide level of Oleic Acid was 
observed after 18 h of UVA irradiation. Daily applications of the nonirradiated 
Oleic Acid (approximately 2 ml of 99% Oleic Acid) for 2 weeks were made on 
the ventral surface of one ear of Japanese and New Zealand White rabbits. An 
equal volume of irradiated Oleic Acid was applied to the other ear. Both Oleic 
Acid and its peroxides induced fairly large comedones in both species of 
rabbit. The lipid peroxide concentration was positively correlated with the 
degree of comedo formation. 

Ocular Irritation Studies 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids were tested for ocular 
irritation (Table 17). 

No or minimal conjunctival irritation was produced in eyes of 6 albino 
rabbits treated with 0.1 ml of Oleic Acid as commercially supplied. Using the 
Draize Method,(‘68) the single instillation was not rinsed from the eyes. 
Untreated eyes served as controls.(‘30,187,188) I n other Draize studies, 0.1 ml of 
mascara and cream product formulations containing 2-5% Oleic Acid pro- 
duced no or slight conjunctival irritation in the eyes of rabbits within 2 days of 
treatment (131,191-192) N o irritation was observed in eyes that had been irrigated 
20 set after treatment with 20 ml lukewarm water.(190) No irritation was 
observed in rinsed and unrinsed eyes of rhesus monkeys treated with a 
mascara formulation containing 6% Oleic Acid.(189) 
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TABLE 17. Ocular irritation Studies 

Fatty acid tested 

Species 

(no. per group) Method? Results Reference 

Oleic Acid, as commer- 

cially supplied 

Oleic Acid, as commer- 

cially supplied 

Oleic Acid, as commer- 

cially supplied 

Oleic Acid-6% in 

mascara formulation 

Oleic Acid-5% in 

cream formulation 

Oleic Acid-3% in 

mascara formulation 

Oleic Acid-2% in 

mascara formulation 

Oleic Acid-2% in 

mascara formulation 

6 albino rabbits Draize Mean score 2 after 24 h; 1 after 48 

and 72 h (max = 110). Mild conjunctivitis 

3 albino rabbits Draize No irritation 

3 albino rabbits Draize Total mean score 1 after 1 and 2 days; 0 

after 3 days. Grade 2 conjunctival irritation 

3 rhesus monkeys Draize, k rinse No irritation in either group 

6 NZW rabbits 

3 albino rabbits 

3 albino rabbits 

6 albino rabbits 

14 daily instil- Intermittent slight conjunctivitis during 

lations, no rinse 1st week 

Draize, + rinse Grade 1 conjunctival erythema in unrinsed 

treated eyes clearing by 2nd day 

Draize, k rinse No irritation 

Draize Mean score 0.66 after 24 h; 0.33 after 

48 h. Grade 1 conjunctival erythema in 

1 rabbit only 
---------------------------- 

Laurie Acid, as commer- 

cially supplied 

Laurie Acid-8.7% in 

product formulation, 

8.0% aqueous dilution 

tested 

Laurie Acid-1.95% in 

soap formulation, 1% 

aqueous dilution tested 

-------------_-_ 

Palmitic Acid, as commer- 

cially supplied 

Palmitic Acid-19.4% 

in product formulation 

6 albino rabbits Draize 

6 albino rabbits Draize 

6 NZW rabbits 

(rinse group) 

3 NZW rabbits 

(no rinse group) 

Draize, + rinse 

-- -- ---------------------------- 

Mean score 35 after 24 h; 39 after 48 h; 

41 after 72 h. Persistent cornea1 opacity, 

mild conjunctivitis, iritis 

No irritation 

Max. mean score 0.3 for unrinsed eyes; 

0.7 for rinsed eyes. Grade 1 conjunctival 

erythema 

130 

187 

188 

189 

131 

190 

191 

192 

---- 

130 

I 93 

194 

~~~_________----------------~~--------------------------- 
6 albino rabbits Draize No irritation 130 

6 albino rabbits 3 instillations, Total mean score 3 after 1 and 2 days. No 195 
no rinse irritation after 3 days. Primarily conjunctrval 

irritation 
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Palmitic Acid-19.4% 

in product formulation, 

75”/0 solution in corn 

011 

Palmitic Acid-4.4% 

in product formulation 

Palmitic Acid-4.4% 

in product formulation 

Palmitic Acid-2.2”& 

in product formulation 

Myristic Acid, as commer- 

cially supplied 

Myristic Acid-50% 

in petrolatum 

Myristic Acid-l .5?& 

in product formulation 

Myristic Acid--1.5% 

in product formulation 

6 albino rabbits Draize 

-- 

6 albino rabbits Draire 

6 albino rabbits Drake 

6 albino rabbits Draize 

-____~--------------_ 

6 albino rabbits Draize 

3 albino rabbits Draize 

6 NZW rabbits 

(no rinse) 

3 NZW rabbits 

(rinse) 

See preceding 

entry 

Draire, f rinse 

Draize, &rinse 

Stearic Acid, as commer- 6 albino rabbits Draize 

cially supplied 

Stearic Acid (eutectic), 6 albino rabbits Draize 

as commercially supplied 

Stearic Acid-65% 6 NZW rabbits Draize 

in ethylene oxide 

Stearic Acid-50% 6 albino rabbits Draize 

in petrolatum 

Stearic Acid-35% 6 albino rabbits Draize 

in corn oil 

Stearic Acid--l 3% 6 albino rabbits Drake 

in product formulation 

Total mean score 1 after 1 day; 6 after 2 days; 

1 after 3 days. No irritation after 4 days. Mild 

irritation of cornea, iris, and conjunctivae 

No irritation 

No irritation 

No irritation 

196 

197 

198 

133 

-- 
Grade 1 conjunctival erythema in 3 rabbits 

after 24 h 

Total mean score 2 after 1 day; 1 after 2 

and 3 days; 0 after 4 days. Grade 2-4 

conjunctival irritation 

Max. mean score 1.3 for unrinsed; 0.7 

for rinsed treated eyes. Conjunctrval 

erythema up to 72 h later 

Max. mean score 0.7 for unrinsed; 1.3 

for rinsed treated eyes. Conjunrtival 

erythema 24-48 h later 
______~____~___~___________ 

No irritation 

Mild conjunctival erythema in 2 rabbits, 

subsiding by 72 h 

No irritation 

Total mean score 4 after 1 day. Conjunctival 

irritation subsided after 2 days 

Total mean score 1. Mild conjunctival 

irritation subsided after 2 days 

lritis in .l rabbit 

130 

‘I 99 

200 

201 

130 

130 

‘I 34 

202 

203 

I 79 
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TABLE 17. (Continued) 

Fdtty d(id tested 
Species 

(no per group) Methods’ Results Reference 

Stearic Acid-2 8% 

in product formulation 

Stearic Acid - 2.8% 

In product formulation 

Stearic Acid-2 8% 

in product formulation 

Stearic Acid-2.8% 

In product formulation 

Stcaric Acid-2.8% 

in product formulation 

Stearic Acid-~-2.8% 

In product formulation 

Stearlc A<-td--2.8% 

in product formulation 

Stcaric Acid-2.8% 

in product formulation 

Steanc Acid .- ‘1% 

in product formulation 

Stearlc Acid- 1% 

in product formulation 

6 NZW rabbits 

(no rinse) 

3 NZW rabbits 

(rinse) 

6 NZW rabbit\ 

3 NLW rabbits 

6 NZW rabbits 

(no rinse) 

3 NZW rabbits 

(rl nse) 

See preceding 

entry 

3 NZW rabbits 

3 NZW rabbits 

3 NLW rabbits 

4 albino rabbits 

6 albino rabbits 

Drair?, + rinse 

Draizp 

Dralze 

Draire, + rlnw 

Draize, i-rinse 

Draizr 

Draize 

Draize 

Drairr 

Draize 

Mean total score 0 7 for unrinsed treated 

eyes after 1 day; conjunctival erythema 

\ubsidPd after 2 days. No lrrltatlon in rinsed 

treated eyes 

No lrrltation 

Max. mean score 3 3; conjunctival irrlta- 

tion after 1 and 24 h, subsiding after 48 h 

Mean total score 0.7 after 48 h, 0 3 

after 72 h and 4 days for unrinsed eyes. 

Similar scores for rinsed eyes. Slight 

conjunctival erythcma 

Mean total score 0.7 after 24 h in both 

groups. 5light conjunctival erythema 

Max. mean score 6 0 after ‘I h. Conjuncm 

tival irritation in all rabbit\, wbsiding 

after 24 h 

Max. mean score 6.0 after 1 h. Conjunc- 

tival irritation persisting up to 24 h 

Max. mean score 4.0 after ‘I h. Slight 

conjunctival erythema persisting up to 24 h 

Max. mean score 6.0 after l h Slight 

conjunctival irritation, 2 rabbits had 

cornea1 irritation. Subsided by 24 h 

Max. mean score 2.83 after 1 h. Slight 

conjunctival irritation and irltk In 

l-3 rabbits 

‘138 

‘139 

‘I 40 

136 

137 

‘I 4 I 

132 

‘I 43 

204 

153 

- 

“Draize Method”“@ used in most studies: usually single instillation of 0.1 ml volume into ‘I eye (untreated eye = control). 

Variant methods (e g., “rinse” denoting rinsing of treated eyes or “krinsr” denoting that treated eyes of animals in ‘I group 

were rinsed, while those of animals in other group left unrinsed) are noted. 
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Instillation of commercial grade Laurie Acid into the eyes of 6 albino 
rabbits produced cornea1 opacity, mild conjunctivitis, and iritis throughout the 
72-h observation period. (130) An aqueous dilution of a product formulation 
containing 8.7% Laurie Acid produced no ocular irritation in 6 albino rabbits.(193) 
A 1% aqueous preparation of a soap formulation containing 1.95% Laurie Acid 
was not irritating to treated unrinsed eyes of rabbits. The preparation was 
minimally irritating to treated eyes that had been rinsed 30 set after instil- 
lation with 20 ml deionized water at room temperature.(194) 

Administration of commercial grade Palmitic Acid to the eyes of 6 albino 
rabbits produced no irritation. (13’) Mild to moderate ocular irritation was 
produced in rabbits by product formulations containing 19.4% Palmitic Acid. 
One of these formulations had been diluted to 75% with corn oil.(195,1%) 
Cosmetic product formulations containing 2.2 and 4.4% Palmitic Acid pro- 
duced no ocular irritation in 6 albino rabbits.(133,197*198) 

Slight conjunctival irritation was produced in the eyes of albino rabbits 1 
day after instillation of commercial grade Myristic Acid(13’) and 50% Myristic 
Acid in petrolatum. (199) Lotion formulations containing 1.5% Myristic Acid 
were minimally irritating to rinsed (20 ml ionized water at room temperature, 
30 set after instillation) and unrinsed treated eyes of rabbits.(200,201) 

No ocular irritation was produced in 6 albino rabbits by commercial grade 
Stearic Acid, whereas mild conjunctival erythema was produced in 3 of 6 
albino rabbits by commercial grade eutectic (triple-pressed) Stearic Acid.(13’) 
Treatment with 65% Stearic Acid in ethylene oxide resulted in no ocular 
irritation.(134’ Treatment with 35% Stearic Acid in corn oil and 50% Stearic Acid 
in petrolatum was “practically non-irritating,” primarily producing mild 
conjunctival erythema, which had subsided within 2 days.(202,203) 

lritis was observed in 1 of 6 albino rabbits treated with a face cream 
formulation containing 13% Stearic Acid.(179) No irritation(139) or mild conjunc- 
tival irritation after 1 and 24 h(13b-138,1J1-143,153,204) was observed in the unrinsed 
eyes of albino rabbits treated with lotion formulations containing 1 and 2.8% 
Stearic Acid. Mild iritis was also observed in one study.(153) Eyes of rabbits that 
had been irrigated with water after treatment with a skin lotion formulation 
containing 2.8% Stearic Acid had no signs of irritation(13@ or slight conjunctival 
erythema after 24 and 48 h.(136s137) 

MUTAGENICITY 

Oleic, Laurie, and Stearic Acids were assayed for their abilities to induce 
mitotic aneuploidy and crossing-over of chromosomes in the D, strain of 
Saccharomyces cerevisiae.(205) Concentrations of Oleic Acid from 100 to 500 
pg/ml and of Laurie Acid from 10 to 200 pg/ml increased aneuploidy, 
whereas Stearic Acid at concentrations up to 500 pg/ml was inactive. None of 
the fatty acids tested increased the frequency of mitotic crossing-over events; 
concentrations of Oleic and Laurie Acids up to 50 pg/ml and of Stearic Acid 
up to 500 pg/ml were used. 

Stearic Acid was tested for mutagenicity using the Ames test(20b) with 
Salmonella typhimurium strains TA98, TAIOO, TAI 535, TAI 537, and TAI 538.(207) 
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Spot tests were performed using 50 mg/ml Stearic Acid suspensions in 
distilled water (50 pg/plate) with and without microsomal activation from 
hepatic S9 fractions from rats induced with Aroclor 1254 (50 pg/plate). 
Positive controls were 2-aminoanthracene and &nitro-o-phenylenediamine in 
dimethyl sulfoxide, 9-aminoacridine in ethanol, and sodium azide in distilled 
water. Stearic Acid had no mutagenic activity over background in the strains 
tested with and without metabolic activation. 

The genotoxicity of Oleic Acid was studied using V79 Chinese hamster 
lung fibroblasts. c208) The three tested concentrations of Oleic Acid, 2.5, 5.0, 
and 10.0 pg/ml, produced a mean number of sister chromatid exchanges per 
metaphase that was similar to controls. Higher incidences of aneuploidy were 
observed in cultures at all three concentrations. The 2.5 pg/ml Oleic Acid- 
treated culture had a higher incidence of tetraploidy when compared to 
controls. 

Isomers of Oleic Acid, cis-12- and cis-13-octadecenoic acids, produced a 
greater increase in mitochondrial DNA mutation in S. cerevisiae than did 
Oleic Acid.‘209’ 

Inhibition of Mutagenesis 

Oleic, Laurie, Stearic, and Palmitic Acids were tested for their inhibitory 
action on the mutagenicity of several compounds using two bacterial systems, 
Escherichia co/i and Salmonella typhimurium. These studies and their results 
are summarized in Table 18. 

In the S. typhimurium system, a modified Ames test(20b) was used in- 
volving preincubation of a mixture containing the mutagen, dimethylsulfoxide 
(DMSO), fatty acid, S9, and bacteria before plating. A phosphate buffer at 
pH 6 was used for the preincubation mixture in the E. co/i system. A 
significant decrease in the number of revertants compared to negative controls 
in both tests was interpreted as inhibition by the fatty acid. Positive controls 
with mutagen alone were done to determine maximum numbers of revertants. 

Oleic Acid was toxic to S. typhimurium TA 100,(211) and Laurie Acid was 
toxic to E. co/i WP2 uvrA/pKMlOl in the absence of S9. In the presence of S9, 
Laurie Acid had a strong inhibitory effect on all N-nitrosodialkylamines 
tested.(212) 

Mechanisms for Oleic and Laurie Acid-inhibition of potent mutagens have 
been discussed, and results of several bacterial tests for fatty acid inhibition of 
mutagenesis have been reported.(214) 

CARCINOGENICITY 

Oleic, Laurie, Palmitic, and Stearic Acids have been tested for carcinogenic 
activity. The studies were reviewed in the safety assessment of particular fatty 
acids (and their salts) as they are used in foods(44-47,b8) and in fragrances.(b9) 
Data and results from these and additional studies are summarized in 
Table 19. 
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TABLE 18. Inhlbltlon of Mutagenicity by Fatty Acids 

fatty sod tested B~ctrri~l system used Metah/;<- act/vation Results KPfWwJf P 

OIrXi( Ac Ed Iwlated Salmone/la typhlmurium 

from f’?c di C’Xtrdc t TA98 

Olwc Acid Fschcrichid co/i 

WP2 try, her 

59 from livers of rats 

induced with poly- 

chlorinated biphenyl 

(PCB) 

59-~)h~not)art)ltaI- 

Induced rat liver 

Olric Atid 

Launc Acid 

Ldurlc Acid 

E CO/I WPZ uvrA/pkM 10’1 

S. typhimurium TAlCO 

F. c-o/r WP2 uvrA/pKM 10’1 

Palmitic Acid 5. t)‘~/7i,,JU~iW,J TA98 

Stearic Acid Isolated S. typhimurium TA98 

from fecal extract 

Stc,aric Acid E. co/i WP2 try, her 

59.phenobarbital- 

Induced hamster liver 

None reported 

S$mphcnobarbital- 

induced hamster liver 

59.PCBminduced rat 

liver 

S9-PCB-induced rat 

Ilver 

S9-PCB-Induced rat 

liver 

S9-phcnobarbital- 

induced rat liver 

I,?, amount of fatty acid needed to produce a percent inhibition. 

Inhibition of mutagenlclty of 3-amino-l,+ 

dimcthyl-it+pyrido[4,3-b]jndole; L-amino-h- 

methyl-dipyrido[l.2-a.3’,2’-dlimidarole; 

2-aminom9H-pyrido(2,3-blindole; L-amino- 

3-methyl-rmldazo[4,Sd]cluinoline; 

benro[a]pyrrne (amlno acid pyrolysis products) 

and aflatoxin B, 

Degree of inhibition Incredsed wth dpr rra\lng 

PH. 150, 0 02-0.08 mg; lql, 0.05- 

038mg 

Inhibition: ‘140 pmol N~nitrosodimcthylaminc 

(NDMA), 14 pmol N-nitrosodlethylamine (NDEA); 

4 pmol N-nitrosodibutylamine (NDBA); 35 pmol 

N-nitrosopyrrolidine (NPYR), 35 pmol N-nitroso- 

morpholine (NMOR). Dose-related inhibition 

obsrrwd 

No inhIbItion: 2 prnol N-methyl-N’-nitromN- 

nitrosoguanldln? (NMMG) 

Inhibition: NDMA 

InhIbition: sodium aride, 4-nitro-o-phenylenr- 

dlamine, N-amino-morpholine, ethylmcthanc- 

wlfonate 

InhIbition: NDMA, NDEA, NDBA, Nmnitroso- 

pipcridine, NMOR. Cytotoxic in N-methylnitroso- 

urea cultures 

Inhibition: bcnro[a]pyrene 

No inhibition: 2-aminoanthracene 

No inhibitjon: amino acid pyrolysis products, 

aflatoxin B, 

No inhIbItion. amino acid pyrolysis products, 

aflatoxin B, 

No inhIbItIon: NDMA 

210 

211 

2’1 2 

213 

2’1 2 

210 

210 

2’1 ‘I 
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TABLE 19. Carclnogenicity Studies on Fatty Ac1d5 

Fatty acid 

tested Dose Animal Method Results and r one lusions 

Olerc Ac Ed ,n 1-16.5 mg Mouse Repeated subcutaneous injec- Not carcinogenic 2’1 5 G’ 

tricdprylin (BALB/c, CFW) tions. Two experiments: 

(I) 0.l mg Oleic Acid In (I) ‘l/l5 mice alive at 18 months No subcutaneous 

0:l ml tncaprylln sarcomas 

3 injections/week, total 

of 10 injections 

(2) 0.5 mg Oleic Acid in (2) 4/‘16 mice alive at 18 months. No subcutaneous 

0.1 ml tricaprylin sarcomas, ‘1 breast carcinoma at 9 months 

2 Injections/week, total 

of 33 injections 

Olcic Acid 150-200 mg/ Mouse Feeding study-dietary 

with linoleic mouse/day of (T.M. strain) supplement. Several groups: 

acid in corn 1.5% fatty (1) Control-chow only (n = 623) 

011 in diet acids in (2) Refined corn oil supplement 

in refined (n = 375) 

corn oil 

(3) Refined corn oil + 1.5% 

free fatty acid 

supplement (oleic and 

linoleic acids) (n = 329) 

(1) Controls- < 20% total tumor incidence 

mainly lung tumors 

(2) Incidence of lung and brain nerve cell tumors, 

lymphosarcomas similar to Group 3. incidence 

gastric- tumors lower than Group 3. 1 heart 

tumor found 

(3) High incidence of lung (48.5%), stomach 

(27.4% forestomach papillomas. 12.5% 

pyloric tumors), and brain nerve cell 

(11%) tumors. Low incidence of mammary 

carcinomas, myomas, lymphosarcomas. 1 hpart 

tumor found 

2’1 6 

Oleic Acid 200 mg/mouse/day Mouse 

with linoleic of 1.5% 

acid in corn fatty acids 

oil in diet in refined 

corn oil 

Feeding study-dietary supple- Number of tumors 

ment. Several groups Groups: (1) (4 (3) (4) 217 

(1) Control-chow only (n = 195) Forestomach papillomas 

(2) Refined corn oil supplement 2 6 49 87 

(n=209) Squamous cell carcinomas 

(3) Crude corn oil supplement 1 1 6 10 

(n=196) Pyloric tumors 

0 2 9 41 

No intestinal polyps or adenocarcinomas 
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Oleic. Ac Ed lOgof 1.5% 

in corn 011 (w/W 
diet in c-orn oil 

in chow 

0le1( Acid Unspecified 

Mouse 

(C57BL/I 

strain) 

Mouse 

(4) Refined corn oil + free 

fatty acid supplement 

(olelc and linoleic acids) 

(n=328) 
Feeding study-dietary supple- 

ment. 2 groups 

(1) Control-chow only (n = 36) 

(2) Corn oil + Oleic Acid 

(n=55) 

Unspecified method-biweekly 

applications for 40 weeks. 

Series of experiments 

Launc Acid 25 and 50 mg Mouse Repeated subcutaneous injecm 

In tricapryhn (BALB/c; CFW) tlons. Two experiments: 

(1) 1 0 mg Laurie Acid in 01 ml 

tricaprylln. 

2 injections/week, total 25 

injections 

(2) 5.0 mg Laurie Acid in 0.l 

ml tricaprylin. 

3 injections/week, total 

10 injections 

(1) Incidence of tumorigenesis not reported for 218 3 

controls ? 

(2) Metastatic colon adenocarcinomas in 8% 
.-! 

of mice. Polycystic kidney in 1 mouse 

No corn oil In chow group (I.e., treated control) 
E 

C57BL/l strain reported to be generally 
6 

resistant to tumor formation b 

No malignant tumors. In 3 expenments: 219d 6 

O/l00 mice with tumors 

l/200 mice with benign tumor at week 35 

l/100 mice with benign tumor at week 15 

No c hange to malignancy 

Not carclnogenic 2’15” 

(1) 5/16 mice alive at 18 month\. 1 subcutaneous 

sarcoma, 1 pulmonary tumor, 2 Ieukemla- 

lymphomas (4, 5 months) 

(2) 8/15 mice alive at 18 month%. No subcutaneous 

sarcomas; 1 pulmonary tumor; 1 leukemia- 

lymphoma (23 months) 

Palmitic Acid 25 and 50 mg Mouse Repeated subcutaneous injec- 216” 

in tncaprylin (BALB/c; CFW) tions. Two experiments: 

(1) 1.0 mg Palmltic Acid in (1) 5/16 mice alive at 18 months. 1 subcutaneous 

0.1 ml tricaprylin. sarcoma (8 months); 2 breast carcinomas 

2 injections/week, total of (.18 months), ‘I leukemia-lymphoma (12 months) 

25 injections 

(2) 5.0 mg Palmitic Acid in (2) 6/16 mice alive at 18 months. ‘I subcutaneous 

0.1 ml tricaprylin sarcoma (19 months); 2 pulmonary tumors 

3 injections, total of 10 (19, 22 months), 1 breast carcinoma (22 months) 

injections 

Palmitic Acid 50 g/kg/day Rat Feeding study-dietary Lipogranulomas observed in fat associated with 151d 

in diet (Holtzman) supplement testis or ovary-reversible upon diet substitution 

Conclusion. effect due to dietary imbalance 
------------____----____________________-------------------------------------------------------- 

Distributed for comment only -- do not cite or quote 
 



TABLE 19. (Continued) 

Fatty ac-id 

tv,trd Dose Animal Method Results and conclusions Reference 

Stearic Acid Unspecified Mouse Single subcutaneous injection 220” 
in olive oil 

No sarcomas observed. Used as a control in study 

Stearic Acid 1.3-82 mg 

on cholesterol carcinogenicity 

Mouse Repeated subcutaneous injec- 7G90% of mice were alive at 18 months 215” 
in tncaprylrn (BALB/c and hens. Series of expts. using 

CFW Swiss 
(n = 10-16). Only 1 group (0.05 mg, 2x/week, .114 

0.05-1.0 mg Stearic Acid 

Webster) 

Injections) had subcutaneous sarcomas (4 in 4 

in 0.1 ml tricaprylrn. l-3 survivors). 1 adrenal carcinoma, 1 leukemia- 

injections per week, total lymphoma, 3 pulmonary tumors in total of 92 mice 

of ‘lo-114 injections per (in entire series) 

Stearic Acid 1.3-13 mg 

in tricaprylin 

study 

Mouse Repeated subcutaneous injec- l-3 deaths wrthin 6 months (n= 15-16). No 221” 
(ICR/Ha Swiss tions. Series of expts. using 

Millerton and 

sarcomas at injection site. No carcinogenic 

0.05 or 0.5 mg Stearic Acid activity 

CFW SWISS in 0.1 ml tricaprylin 

Webster) 1 injection per week, 26 weeks 

Stearic Acid 0.3% Rat Feeding study. Dietary 

in diet 

No carcinogenic activity ‘152” 

supplement for 209 days 
8 

Stearic Acid 50 g/kg/day Rat Feeding study-dietary 151” 
in diet 

Lipogranulomas observed in fat assocrated with 

(Holtzman) supplement testis or ovary-reversible upon diet substitu- 
g 

tion. Concluded that effect due to dietary 
5 

imbalance rather than Stearic Acid-related 2 

“These studies appeared in reviews for the safety assessment of particular fatty acids as they are used in food(““-47) and in fragrance.r69) 
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The carcinogenicity of Oleic, Laurie, Palmitic, and Stearic Acids was 
studied from 1964 to 1967 in a series of experiments with female BALB/c or 
Swiss-Webster mice.(*15) Subcutaneous injections were administered in the 
inguinal area 3 times per week for 4 weeks. Materials that were administered 
daily or for longer than 4 weeks were given in inguinal and axillary areas to 
prevent their accumulation into deposits of unabsorbed oil. The vehicle for 
the injections was tricaprylin, and the volume per injection was 0.1 ml. One 
group of control mice was administered tricaprylin alone; the other control 
group received no treatment. Mice were observed twice weekly for the 
appearance of subcutaneous neoplasms. Animals with neoplasms or those in 
poor condition were killed and necropsied. 

Oleic Acid was administered to 15 Swiss-Webster mice at a dose of 0.1 mg 
3 times per week for a total of 10 injections. c215) The total dose administered in 
the study was 1.0 mg Oleic Acid per 1 ml tricaprylin. Nine mice were alive 
after 12 months, and 1 was alive after 18 months. No neoplasms were 
observed after this treatment. Another group of 16 Swiss-Webster mice re- 
ceived 2 injections of 0.5 mg Oleic Acid per week for a total of 33 injections. 
The total dose administered was 11.5 mg per 2.3 ml tricaprylin. Eight mice 
were alive after 12 months, and 4 were alive after 18 months. One mammary 
gland carcinoma was found after 9 months, 

Laurie Acid was administered to 15 Swiss-Webster mice at a dose of 1.0 mg 
3 times per week for a total of 12 injections (total dose, 12 mg Laurie Acid/l.2 
ml tricaprylin). r215) Thirteen mice were alive after 12 months, and 8 mice were 
alive after 18 months. One pulmonary neoplasm and 1 “leukemia-lymphoma” 
were found after 23 months. Another group of 16 Swiss-Webster mice re- 
ceived 2 injections of 5.0 mg weekly for a total of 25 injections (total dose, 125 
mg Laurie Acid/2.5 ml tricaprylin). After 12 months, 8 mice were alive, and 
after 18 months, 5 were alive. One subcutaneous sarcoma and 1 pulmonary 
neoplasm were found after 18 months. Two “leukemia-1ymphomas” were 
found after the fourth and fifth months. 

Palmitic Acid was administered to 16 Swiss-Webster mice at a dose of 1.0 
mg 3 times per week for a total of 10 injections (total dose, 10 mg Palmitic 
Acid/l ml tricaprylin). c215) Eight mice were alive after 12 months, and 6 were 
alive after 18 months. One subcutaneous sarcoma was found after 19 months, 
2 pulmonary neoplasms were found after 19 and 22 months, and 1 breast 
carcinoma was found after 22 months. Another group of 16 Swiss-Webster 
mice received two injections of 5.0 mg weekly for a total of 25 injections (total 
dose, 125 mg Palmitic Acid/2.5 ml tricaprylin). Eight mice were alive after 12 
months, and 5 were alive after 18 months. A subcutaneous sarcoma was found 
after 8 months, 2 breast carcinomas were found after 18 months, and 1 
“leukemia-lymphoma” was found after 12 months. 

Stearic Acid was administered to groups of 16 Swiss-Webster mice at doses 
of 0.05 mg and 0.5 mg weekly for a total of 26 injections.(*15) After 18 months, 
10 mice were alive in the group given the lower dose, and 6 mice were alive in 
the group given the higher dose. A third group of 15 Swiss-Webster mice was 
given injections of 1.0 mg Stearic Acid 3 times per week for a total of 10 
injections. Eight mice were alive after 12 months, and 1 was alive after 18 
months. A fourth group of 10 BALB/c mice was given injections of 1.0 mg 
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Stearic Acid twice weekly for a total of 82 injections. Seven mice were alive 
after 18 months. No neoplasms were found in these four groups. 

Neoplasms were found in three other groups of BALB/c mice administered 
Stearic Acid.(215) The first group of 15 mice was injected with 0.05 mg Stearic 
Acid twice weekly for a total of 104 injections. Thirteen mice were alive after 
18 months, and 1 pulmonary neoplasm was found after 19 months. The 
second group of 10 mice received injections of 0.05 mg Stearic Acid twice 
weekly for a total of 114 injections. Four mice were alive after 18 months. Four 
subcutaneous sarcomas (1 after 6 months, 2 after 10 months, and 1 after 12 
months), 1 pulmonary neoplasm (after 19 months), and 1 “leu- 
kemia-lymphoma” (after 19 months) were found. The 10 mice in the third 
group received 0.5 mg Stearic Acid per injection twice weekly for a total of 
114 injections. Nine mice were alive after 18 months. After 21 months, 1 
pulmonary neoplasm and 1 adrenal carcinoma were found. 

In a study modeled after the Swern et al.(215) study, Van Duuren et al.(221) 
found Stearic Acid to be noncarcinogenic, confirming the previous study’s 
conclusion (see Table 14 for details of study). Investigators in both studies 
indicated that a compound’s carcinogenic activity was assessed by its ability to 
induce sarcomas at the injection site. 

Statistical techniques were used to determine possible associations 
between dietary faty acids in triglycerides and the incidence of spontaneous 
mammary tumors in C3H mice. (222) Eleven natural fats and oils and their 
mixtures were used to obtain 20 substances with varying concentrations of 
different fatty acids that were fed to mice. The saturated fatty acids, Laurie, 
Myristic, and Palmitic Acids, had little effect on tumor incidence or the time 
needed for a tumor to appear. The concentration of Stearic Acid was cal- 
culated to be inversely related to tumor incidence and directly related to the 
time for tumor appearance. Oleic Acid produced no significant effect on 
tumor incidence. 

The effects of free fatty acids fed as dietary supplement to mice of the 
T.M. strain were studied.(*‘@ Refined corn oil (free fatty acid content, ap- 
proximately 1.5%, removed during refining process) fed to the mice at a rate of 
150-200 mg/mouse/day contained 1.5% free fatty acids, Oleic and linoleic 
Acids. Feeding of the refined corn oil plus free fatty acid diet resulted in a 
high incidence of lung (48.5%), stomach (27.4% forestomach papillomas, 12.5% 
pyloric tumors), and brain nerve cell (11%) tumors and a low incidence of 
mammary carcinomas, myomas, and lymphosarcomas. Feeding of the refined 
corn oil diet resulted in a high incidence of lung and brain nerve cell tumors, 
lymphosarcomas, and a lower incidence of gastric tumors. One heart tumor 
was found in each treated group (n = 329 in refined corn oil plus free fatty 
acids group, n = 375 in refined corn oil group). Controls fed the standard diet 
(n = 623) had a total tumor incidence of less than 20%; tumors were mainly 
located in the lung. 

A later study was done to determine the types of gastrointestinal tumors 
induced in the T.M. strain mice fed a standard diet supplemented with refined 
corn oil, crude corn oil (contains 1.5% free fatty acids), or refined corn oil plus 
the fatty acids, Oleic Acid and linoleic acid, at concentrations up to 1.5%.(217) 
These corn oil supplements were given to the mice in daily amounts of 200 
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mg/mouse. Controls were fed the standard diet. Mice were killed when they 
began to lose weight rapidly. The average age of the control mice was 645 
days, and that of the treated mice was 454-540 days. In the group fed the 
refined corn oil plus fatty acid diet, 138 gastric tumors were found in 328 
treated mice. In the refined corn oil diet group, 9 gastric tumors were found in 
209 treated mice. The crude corn oil diet group had 63 gastric tumors in 196 
treated mice. Three gastric tumors were observed in the 195 control mice. No 
intestinal polyps or adenocarcinomas were observed in control or treated 

‘mice. The types of induced gastric tumors included papillomas and squamous 
ccl I carcinomas. 

The carcinogenic activity of a feed supplement of Oleic Acid in corn oil 
was studied using C57BL/l black strain mice that were “generally resistant to 
tumor formation.“(218) Control animals from a different supplier were fed 
chow alone, and the 55 treated mice were fed a diet consisting of IO g of a 
mixture of 1.5 g Oleic Acid/l00 g corn oil dispersed in 100 g of laboratory 
chow to which water was added. Throughout the study, randomly selected 
mice were killed and examined after 6, 12, 18, 21, and 24 months. Colon 
adenocarcinomas, which metastasized to the lung and muscle, were found in 
8% (3/36) of the treated mice. Lipid profiles of the livers and pituitary glands 
of the mice were obtained. Results for the 2 groups of mice were compared 
and discussed. 

Tumor-Promoting and Cocarcinogenic Activity 

skin 
In 1932, Twort and Bottomley reported that the induction of nonmalignant 

tumors by chrysene was increased in mice when Oleic Acid was used as 
the solvent compared to liquid paraffin or benzene. In a later study comparing 
the induction of skin tumors in mice by carcinogenic hydrocarbons dissolved 
in various solvents, chrysene induced more tumors when dissolved in Oleic 
Acid than in chloroform, but benzo(a)pyrene and fractions of synthetic tar 
induced fewer tumors when dissolved in Oleic Acid.(223) Also, in that study, 
induction of benign tumors, but not malignant tumors, increased when 
1,2,5,6-dibenzanthracene was dissolved in Oleic Acid, compared to liquid 
paraffin. Use of chloroform as the solvent increased the incidence of malig- 
nant tumors. 

Shubik(22’) tested Oleic Acid as a tumor promoter for 9,10-dimethyl-1,2- 
benzanthracene-initiated mouse skin. Oleic Acid was administered twice 
weekly for 20 weeks but did not promote tumors. Gwynn and Salaman(225) 
also reported negative results for the promotion of 9,10-dimethyl-1,2- 
benzanthracene-initiated mouse skin tumors when Oleic Acid was 
administered twice weekly for 12 weeks or weekly for 15 weeks. Holsti(226) 
demonstrated that more frequent administration of Oleic Acid could promote 
9,10-dimethyl-1,2-benzanthracene-initiated skin papillomas in mice; 2 of 40 
mice developed papillomas when undiluted Oleic Acid was administered 
twice weekly, but 27 of 44 mice developed such tumors when Oleic Acid was 
administered daily for 6 days a week. Oleic Acid or Laurie Acid, but neither 
Palmitic Acid nor Stearic Acid, dissolved in chloroform also stimulated the 
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formation of skin papillomas. No malignant tumors were seen in any of the 
mice treated with any of the fatty acids. 

Van Duuren and Goldschmidt (227) tested Oleic Acid and Stearic Acid as 
cocarcinogens in groups of 50 mice each. Benzo(a)pyrene, administered in 
acetone, induced 26 papillomas in 16 mice and squamous cell carcinomas in 
12 mice. Mice that received the benzo(a)pyrene and 25 mg of Oleic Acid 
in acetone 3 times a week for 440 days developed no skin tumors, benign or 
malignant. Benzo(a)pyrene and 4 mg of Stearic Acid, administered 3 times a 
week for 440 days, resulted in 38 papillomas in 25 mice, but only 7 mice had 
squamous cell carcinomas, fewer than the controls. The results were consid- 
ered inconclusive for Stearic Acid but supportive of the possibility that Oleic 
Acid is not a cocarcinogen. 

Hogan and Shamsuddin (228) studied the tumor-promoting properties of cis- 
and trans-Oleic Acid on the induction of intestinal cancer by azoxymethane. 
cis-Oleic Acid had no promoting effect; trans-Oleic Acid (elaidic acid) had a 
small promoting effect. Both cis- and trans-Oleic Acids increased the inci- 
dence of nephroblastomas and squamous ear duct tumors from 3/30 to 6/30 
rats. No tumors were seen in rats fed a diet containing 25% cis-Oleic Acid 
without azoxymethane for 20 weeks. 

Promotion of mammary gland carcinomas has been observed in mice and 
rats fed diets containing unsaturated fats, particularly polyunsaturated fats.(229) 

Several fats, oils, and fatty acids, including Laurie and Oleic Acids, pro- 
duced acanthosis in guinea pig skin. (230) The acanthosis gradually receded 
with continued topical application. Oleic Acid has been found to enhance 
proliferation of both normal and cancer cells in vitro.(231-233) Myristic, Palmitic, 
and Stearic Acids had an inhibitory effect on normal smooth muscle cell 
proliferation; ability to inhibit proliferation was observed to increase with 
increasing chain length.(234) Traul et al.(235) reported that Oleic Acid and Laurie 
Acid can enhance the transforming ability of 3-methylcholanthrene in Rauscher 
murine leukemia virus-infected rat embryo cells. 

Numerous mechanisms for the role of fatty acids in tumorigenesis have 
been studied and reviewed. Hypotheses include indirect effects on gene 
expression, the endocrine system, and the immune system and direct effects 
on tumor cells, such as alterations in cellular metabolism, membrane fatty acid 
composition, and intercellular cooperation.(236,237) 

Antitumorigenicity 

The antitumor activity of Oleic, Laurie, Myristic, Palmitic, and Stearic Acids 
was studied in vivo using Ehrlich ascites and solid carcinomas implanted into 
Swiss albino mice of strain ddY. (238) Suspensions of the fatty acids in Tween 80 
and distilled water were administered 24 h after tumor implantation and were 
continued daily for 5 consecutive days. Commercial fatty acid preparations 
used in the study were not purified, and no analysis of components was 
performed. Treated mice were killed 30 days after implantation and examined 
for tumors. Doses of 8 mg/mouse/day of Laurie and Myristic Acids were 
effective inhibitors against Ehrlich ascites tumor, more than doubling the 
survival time of treated versus control mice. Similar doses of Palmitic, Stearic, 
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and Oleic Acids were relatively ineffective against Erhlich ascites tumor. The 
mode of administration for these fatty acids was not stated. 

and 
Several modes of administration were tested using a 1 :I mixture of Oleic 
linoleic Acids in the same dosage regimen. (238) Linoleic acid alone was an 

effective ascites tumor inhibitor. lntraperitoneal administration of the mixture 
was the most effective against the ascites tumor, and subcutaneous ad- 
ministration inhibited as much as 60% of the weight gain of the solid tumor. 

Oleic Acid, at a concentration of 10 PM, inhibited the growth of rat 
neuroblastoma cells (cell line B104) in serum-free supplemented media.(239) At 
least a 50% decrease in cell number relative to controls was observed. 

The antitumor activity of palmitoleic (cis-9-hexadecanoic) acid was 
compared to that of Oleic Acid using Erhlich ascites tumors in female ICR 
strain mice.(2’o) The fatty acids were dissolved in a 0.15 M sodium chloride 
(NaCI) solution containing 0.2% Tween 80 and, 24 h after tumor inoculation, 
were injected intraperitoneally once daily for 10 consecutive days. The 
experiment was terminated on day 60 after tumor inoculation. Control mice 
received the same volume of the NaCl plus Tween 80 solution. Significant 
inhibition of tumor growth was observed in Oleic Acid-treated mice at doses 
ranging from 37.5 to 300 mg/kg/day when compared to control mice. Pal- 
mitoleic Acid was more effective than Oleic Acid, inducing complete regres- 
sion of the tumor in 5 of IO treated mice at a dose of 75 mg/kg/day. 

A diet supplement of Oleic Acid, at a daily dose of 1 mg per rat, failed to 
protect Sprague-Dawley rats from colon carcinoma caused by 1,2-dimethyl 
hydrazine (DMH). (24’) All rats (22 rats per group) were killed 22 weeks after the 
first subcutaneous DMH injection and were examined for colon tumors. 
Control rats fed chow alone and injected with 15 mg/kg DMH weekly for 16 
weeks developed 77 colon tumors, whereas those fed chow plus Oleic Acid 
before and during the DMH injections developed 90 colon tumors. 

TERATOCENICITY 

Food and fragrance safety evaluation reports on Oleic and Stearic Acids 
contained no data on their teratogenicity.(44,45,b9) Reviews of the scientific 
literature from 1920 to 1973 were used for the final food safety 
assessments.(46,47) 

Although placental transfer of fatty acids has been documented in several 
species and fetal lipid metabolism has been studied,@7s242) no studies on the 
teratogenicity of fatty acids were found. 

CLINICAL ASSESSMENT OF SAFETY 

A health hazard evaluation report was prepared by the National Institute 
for Occupational Safety and Health (NIOSH) after environmental and medical 
observations and examinations of 7 employees exposed to Laurie Acid.(243) 
Investigators found no significant decreases in pulmonary function, but inter- 
views with workers indicated that Laurie Acid exposure caused local 
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irritation of moist body surfaces (eye, nose, throat, sweaty skin). Severe 
irritation was reported by 1 worker after exposure of moist occluded skin areas 
to Laurie Acid. The suggested reason for the observed irritation was the acidity 
of Laurie Acid. 

Skin Irritation Studies 

In a single insult occlusive patch test (SIOPT), commercial grade Oleic 
Acid produced no irritation in 18 and minimal erythema in 2 of the 20 
panelists. The primary irritation index (PII) was 0.05 and Oleic Acid was 
considered “practically nonirritating”(244) (Table 20). 

A 30% preparation of Oleic Acid in water produced barely perceptible 
erythema in 2, mild erythema in 1, and moderate erythema in 1 of 21 panelists 
in an SIOPT. There were no signs of irritation in 17 panelists. The PII was 0.19 
and Oleic Acid was considered “practically nonirritating.“(245) 

In a soap chamber test, (251) 02 ml of a 50% solution of Oleic Acid in 
mineral oil was applied to the ventral skin of the forearm of 16 human 
subjects once daily for 5 days using the Duhring chamber, an aluminum cup 
with a 12 mm diameter, fitted with nonocclusive tape. The first exposure was 
usually 24 h long. Successive exposures to the same sites were for 6 h. The 
erythema score was 0.22 on a scale of 0 to 5. Oleic Acid was considered 
“non-irritating under conditions of this test.“(246) 

Several bar soap formulations with concentrations of Oleic Acid ranging 
from 2.53 to 92.7% were tested for skin irritation using 16 human subjects. A 
0.2 ml volume of 8% aqueous preparations was applied to the ventral skin of 
the forearm under occlusive patches once daily for 5 days using the Frosch 
and Kligman soap chamber test. (25’) The formulations were considered 
“slightly” to “moderately irritating.” The erythema scores ranged from 1.41 to 
3.21 on a scale of 0 to 5 and were not directly related to Oleic Acid 
concentrations in the formulations.(21’-249,271) 

In a cumulative irritation study, approximately 9.3 ml of each of 2 mascara 
formulations, a black cream and a brown cream, containing 6% Oleic Acid 
were applied to the backs of 14 female and 1 male panelist using closed 
patches. (250) The panelists removed the patches after 23 h and bathed. Reactions 
were scored 24 h after sample application. The samples were reapplied daily 
to the same test sites for 21 consecutive days or until irritation scores of 3, 
corresponding to erythema and papules, were observed.(252) Up to 7 panelists 
had minimum scores of 1 or slight erythema by the 5th application, and 3 to 4 
panelists had maximal scores of 3 and 4 for erythema, papules, or edema by 
the 14th application. The total irritation scores for the formulations, a sum- 
mation of the scores over the number of applications and panelists, were 212 
and 204 compared with a maximal score of 945. Mean scores were 14.1 and 
13.6 compared with a maximal score of 63. The positive control, an aerosol 
deodorant concentrate, had a total score of 828 and mean score of 55.2. The 
negative control, a clear liquid baby oil formulation, had a total score of 18 
and a mean score of 1.2. The formulations were considered “slightly irritating.” 

A red paste cosmetic product formulation containing 5% Oleic Acid was 
tested for cumulative irritation on the skin of 10 human subjects.(255) Each of 
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TABLE 20. Clrnrcal Skin lrritatron Studies 

tatty acid tested Concentration 

No. of 

subjects Methods Results Reference 

Oleic Acid As tommercially supplied 

30% 

0.2 ml of 50% in mrneral 

oil 

8% (92.7%)’ in 

bar soap formulation 

8% (2 53-4 I %) 

in 13 bar soap formulations 

20 

21 

16 

16 

16 

SIOPT” 

SIOPT 

Soap chamber test.’ 

5 daily occ Iusive 

patches 

See preceding entry 

See preceding entry 

6% in 2 mascara 

formulations 

‘I 5 2’lmday cumulatrvr 

irritation testd 

5% in product formula- 

tion 

2% in 3 mascara 

formulations 

10 See preceding entry 

13 See preceding entry 

Palmitic Acid 2.2% in shave cream 101 

formulation 

2.2% in shave cream 60 

formulation 

Single patches, open No irritation 

and occlusive 

4-week controlled use’ “Non-irritating” 

PII” 0.05. “Practically non-Irritating” 

PII 0.19. “Prd( titally non-rrritatrng” 

Erythcma score 0.22 “Non-irrrtatrng” 

244 

245 

246 

Erythema score 2.‘13. “Moderately 

rrrrtating” 

247 

Erythema 5~ ores ranged from I .41 to 3 21 

(slight to intense erythema) Scores not 

correlated with Oleic Acrd concentratron 

CIS’204 and 2’12 (max. 945). Mean irnta- 

tion score 14 (max. 63). 

“lrntdting” 

248,249 

250 

CIS 95 (max. 630). “Probably mild ” 255 

One faint erythemal rractron to 4th patch 

of ‘I formulation 

256 

_------ 

257 

250 

Myristic Acid As commercially supplied 

50% in mineral 011 

8% (‘I O-91 %) 

in 3 bar soap formulations 

5”& in cleanser lotion 

formulation 

20 

16 

16 

12 

SIOPT 

Soap chamber testc 

Soap chamber test’ 

21.day cumulative 

irritationd 

PII 0.2. “Practically non-irritating” 

Erythema score 0.48. “Non-irrrtating” 

Erythema scores ranged from 1.41 to 1.95 

(slight to moderate erythema) 

CIS 609 (max. 756). “Highly irritating” 

------- 

259 

260 

261-263 

264 
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TABLE 20. (Continued) 

Fatty dcid tmted Concentration 

No. of 

subjects Methods Results Reference 

Steanc Acid 40% in mineral oil 

13% in face cream 

formulation 

13% in face cream 

formulatron 

8% in shave cream 

formulation 

2.8% in liquid eyeliner 

formulation 

2.6% in 2 moisturizer 

formulations 

21 SIOPT 

101 Single patches, open 

and occlusive 

I 05 it-week controlled usef 

I 00 Single 48-h occlusive 

patch and 2-4 week 

daily home use 

‘I 3 2.1.day cumulative 

irritationd 

I 2 See preceding entry 

No irritation 

Mild erythema to occlusive patch in 4 

subjects. “Non-rrntating” 

“Non-rrritatrng” 

265 

266 

267 

No reactions to patch Complaints of minor 

pruritus from 2 subjects during home use 

unsubstantiated 

268 

Cl5 216 (max. 675). “Moderately irritatrng” 269 

Cl5 28 and 56 “Basically non-Irritating” 270 

“SIOPT, single insult occlusive patch test. 

“PII, primary irritation index; maximum possible value 8.00. 

’ In Soap Chamber Test(‘5’r volume of 0.2 ml usually applied; 8% aqueous preparations of bar soap formulations were tested and noted in 

Concentration column. Erythema scores reported-scale from O-5. 

“Ref. 252. Daily 23-h patches to same site. Some studies modified by Ref. 253. 

“CIS, cumulative irritation scores; maximum possible score noted in parenthesis following CIS. 

‘Ref. 254. 
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the 21 consecutive closed-patch applications remained in contact with the 
skin for 23 h. Scoring for irritation and reapplication to the same test site was 
done 24 h after the preceding application. (252,253) The total irritation score for 
all subjects for all 21 applications of the formulation was 95 of a maximal 
possible score of 630. The total scores for the negative and positive controls 
were 7 and 554, respectively. The formulation was considered “probably mild 
in normal use.” 

Three mascara formulations containing 2% Oleic Acid were tested for 
cumulative irritation on the skin of 13 human subjects.(256) The closed patches 
were applied for 21 days, but no applications were made on weekends.(253) 
One of the 13 subjects had a single equivocal erythema reaction (scored +) 
after the fourth application of one of the formulations. No other reactions 
were observed. 

Shave cream formulations containing 2.2% Palmitic Acid were considered 
“non-irritating” to the skin of 101 panelists treated with closed and open 
patch applications(257) and to facial skin of 60 panelists in a 4-week controlled- 
use study. (254,258) Although the former skin irritation study was part of a 
prophetic patch test (272) in which patches usually remain in place for 24 h, no 
specific procedure was outlined. 

In an SIOPT, commercial grade Myristic Acid produced no irritation in 17, 
mild erythema in 2, and moderate erythema in 1 of 20 panelists. The primary 
irritation index was 0.2, and Myristic Acid was considered “practically non- 
irritating.“(259) 

In a soap chamber test, (*‘I) 0 2 ml of a 50% solution of Myristic Acid in . 
mineral oil was applied to the ventral skin of the forearm of 16 human 
subjects once daily for 5 days. (260) The erythema score was 0.48 on a scale of 0 
to 5. Myristic Acid was considered “non-irritating under conditions of this 
test.” 

Several bar soap formulations with concentrations of Myristic Acid of 
10 (261) 22 1 (263) and 91 %W) were tested for skin irritation using 16 human 
subjects. A’0.2 ml volume of an 8% aqueous preparation was applied to the 
ventral skin of the forearm under occlusive patches once daily for 5 days using 
the Frosch-Kligman soap chamber test. (251) The formulations were considered “slightly”(261) to “moderately irritating, “(262) and erythema scores were 1.41, 
1.73, and 1.95 on a scale of 0 to 5 for the formulations containing 10, 22.1, and 
91% Myristic Acid, respectively. 

A white cleanser lotion formulation containing 5% Myristic Acid was 
tested for cumulative irritation on the skin of 12 human subjects using a 
21 -day consecutive closed-patch test. (252,253) The total irritation score for all 
subjects for all 21 applications of the formulation was 609 of a maximal 
possible score of 756. The formulation was considered “highly irritating.“(2b4) 

In an SIOPT, 40% Stearic Acid in mineral oil produced no irritation in 21 
panelists.(2b5) 

A face cream formulation containing 13% Stearic Acid was considered 
“non-irritating” to the skin of 101 panelists treated with single 24-h closed and 
open patch applications. Four of the 101 panelists had mild erythemal reactions 
to the closed patch application; no other reactions were observed.(26b) 
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A face cream formulation containing 13% Stearic Acid was tested for 
irritation of the facial skin of 105 panelists in a 4-week controlled-use study.(25”) 
Under these conditions, the formulation was considered “non-irritating.“(267) 

As part of a Modified Schwartz/Peck prophetic patch study,(272) a shave 
foam formulation containing 8% Stearic Acid was tested for irritation of the 
dorsal skin of 100 male subjects. (268) The formulation was applied to subjects’ 
backs for 48 h, then washed from the area. Subjects then used the formulation 
to shave at least once daily for 2-4 weeks. No irritation was observed after the 
48-h occlusive patch, and the complaints of minor pruritus by 2 subjects 
during the home-use part of the study were not recorded because no clinical 
signs of erythema or other evidence of itching were noted. 

A gray liquid eyeliner formulation containing 2.8% Stearic Acid was tested 
for cumulative irritation on the skin of 13 human subjects using a 21-day 
consecutive closed-patch test. (252,253) The total irritation score for all subjects 
for all 21 applications of the formulation was 216 of a maximal possible score 
of 675. The formulation was considered “moderately irritating.“(269) 

Two moisturizer product formulations containing 2.6% Stearic Acid were 
tested for cumulative irritation on the skin of 12 human subjects.(270) Occlu- 
sive patches were applied for 24 h to the skin of the scapular or interscapular 
area daily for 21 days. Scoring on a scale of 0 to 4 for erythema and edema was 
done after each patch was removed and before the next application. Markers 
of results after treatment with 0.5% and 2% sodium lauryl sulfate were used for 
comparison with sample treatment. Total irritation scores for the formulations 
from all 12 subjects for all 21 applications were 28 and 56, lower than the 
score of 67 obtained after treatment with 0.5% sodium lauryl sulfate. The 2% 
sodium lauryl sulfate score was 298. Both formulations were considered 
“basically non-irritating.” 

Skin Sensitization Studies 

The maximization test(182) was used to test a black cream mascara formu- 
lation containing 6% Oleic Acid for contact sensitization (Table 21).(273) 
Induction sites on the volar aspect of the 14 subjects’ forearms were pre- 
treated with single 24-h occlusive patches of 5% aqueous sodium lauryl sulfate 
(SLS). Five alternate-day 48-h occlusive induction patches were followed by a 
IO-14-day nontreatment period. After pretreatment of new sites with single 
30-min occlusive patches of 2% aqueous SLS, single 48-h occlusive challenge 
patches were applied. Results for the sites treated with the formulation were 
similar to those for control sites treated with petrolatum alone and petrolatum 
plus SLS, respectively. There was “no significant irritation or evidence of 
contact sensitization.” 

In a repeated insult patch test (RIPT), 200 human volunteers were tested 
for contact sensitization of a purple wax cosmetic formulation containing 5.0% 
Oleic Acid.(274) Nine 24-h closed induction patches containing 0.3 ml of the 
formulation were applied to sites on the volar forearm on Mondays, 
Wednesdays, and Fridays of 3 consecutive weeks during the induction phase 
of the study. Signs of irritation were scored 48 or 72 h after the application. 
After a IO-14 day nontreatment period, a single 48-h challenge patch was 

I I 
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made to a separate site, and the site was scored 48-h and 72-h to 96-h after 
application. Of the 200 subjects, 153 completed the study. Slight irritation was 
observed in 1 to 3 subjects during the induction phase, and 1 subject reacted 
slightly to the challenge patch after 48 h. “No contact sensitization” was 
produced by the formulation under the conditions of this study. 

A mascara formulation containing 3.0% Oleic Acid was tested for irritation 
and sensitization using an RIPT and 222 human subjects, 200 of whom 
completed the study. (275) Ten occlusive induction patches were applied for 24 
h to sites on the upper back on Mondays, Wednesdays, and Fridays. Sites were 
scored before application of the next induction patch. After a 2-week 
nontreatment period, 2 48-h challenge patches were applied 1 week apart. 
Challenge sites were scored after patch removal. Mild erythemal reactions to 
single induction patches were observed and considered toxicologically insig- 
nificant due to their transient nature. Three subjects reacted with mild 
erythema to the 2nd challenge patch after 48 h. Two different subjects with 
mild erythemal reactions 72 h after the 2nd challenge patch was applied were 
challenged again. One of the 2 had a mild reaction to this 3rd challenge patch. 
The formulation was considered “not irritating or allergenic.” 

A mascara formulation containing 2.0% Oleic Acid was tested for irritation 
and sensitization using an RIPT and 222 human subjects, 205 of whom 
completed the study. c2’~) The 10 semiocclusive induction patches, applied for 
24 h, and the 2-week nontreatment phases were followed by 2 48-h challenge 
patches applied to a new site, 1 week apart. No irritation or sensitization was 
observed. 

In a modified Draize RIPT(“) with 14 human subjects, there was “no 
evidence of allergic contact sensitization” produced by a mascara formulation 
containing 2.0% Oleic Acid. (277) The formulation had been applied to the skin 
of the upper arms or backs (unspecified) of subjects during the 9 occlusive 
patch induction phase (3 times weekly for 3 weeks) and after a 2-week 
nontreatment period during the single patch challenge phase. Induction and 
challenge patches remained in contact with the skin for 48 h or 72 h. One 
equivocal reaction to the challenge was observed. There was “no evidence of 
allergic contact sensitization.” 

In a modified Shelanski RIPT of a 1% aqueous dilution of a liquid soap 
formulation containing 1.95% Laurie Acid on intact and abraded skin of the 
backs of 52 human subjects, no primary or cumulative skin irritation and no 
sensitization were observed. (278) Approximately 0.2 ml of the preparation was 
applied to occlusive induction and challenge patches. A total of 12 24-h 
induction patches were were administered for 3 weeks, 4 times per week from 
Monday through Thursday. Sites were scored before application of the next 
patch. No patches were applied from Friday to Sunday of each week. A total 
of 4 24-h challenge patches were applied to a new site on the 4th week, after 
a 72-h nontreatment period, from Monday through Thursday. Of the 52 
subjects who began the study, 46 subjects were present for the completion of 
the study. 

In a prophetic patch test,(2’L) a shave cream formulation containing 2.2% 
Palmitic Acid was tested for irritation and sensitization of the skin of 101 
human subjects. (257) Two 24-h closed and open patches are usually applied to 
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TABLE 21. Clinical Skin Sensitization Studies 

(Product Formulation Data Only) 

Fatty acid 

tested 

No. of 

suhjrcts Methods Results Reference 

Olric Acid 6% in mascara 23 Maximization 

formulation 

5% in product 

formulation 

3% in mascara 

formulation 

2% in mascara 

formulation 

2% in mascara 

formulation 

I53 RIPTd 

200 RIPT 

205 RIPT 

14 RIPT 

Laurlc Acid 1 ?A (1.95%)h 46-48 

in liquid soap formulation 
____________----___------------- 

Palmitic Acid 2.2% In shave cream ‘I 01 

formulation 

2 2% in shave cream 52 

formulation 

Stearic Acid 13% in face cream 101 

formulation 

13% in face cream 52 

formulation 

10% in product .l 16 

formulation 

10% in mascara 206 

formulation 

8% in shave foam I 01 

formulation 

8% in shave foam 

formulation 

100 

RIPT, I/A’ No irritation or sensitization 278 

Prophrtic Patch, 

O/Cd 

RIPT, O/C 

- 

_____------- 
Prophetic Patch, 

o/c 
RIPT, O/C 

RIP7 

RIP7 

Prophetic Patch and 

In-Use Testing 

See preceding entry 

Similar results for treated and control sites. 

“No significant Irntation or evidence of 

contact sensitiratlon” 

273 

Faint reactions to induction in l-3 subjects. 

Slight reaction to challenge in 1 subject 

Isolated irritation reactions. Mild reactions 

to 2nd challenge patch 

No irritation or sensitization 

274 

275 

276 

Equivocal reac-tion to challenge In ‘I subject 277 

Erythema to closed challenge patch in 3 subjects 

No other reactIon\ 

No irntation or 5ensltiration 

Mild reactions to closed induction and challenge 

patch(es) in few subjrc t\ 

Mild reactions to closed induction patches in few 

subjects. No reactIons to challenge 

Mild to moderate erythema to 2 inductton patches 

in 1 subject. No reactlons to challenge 

Reactions to induction and 48-72 h after challenge. 

Cumulative irritation in 3 subjects 

Several reactions 48 h after Induction and 

challenge, fewer 72 h later No reactlons during 

In-Use phase 

No reactions to induction or challenge Complaints 

of minor pruritis from 2 subjects during In-Use 

phase 

257 

257 

266 

266 

279 

280 

22 

268 
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7.7%, in mascara 

formulation 

5% in mascara 

formulation 

4% in product 

formulatron 

2 8% in hand lotron 

formulation 

2.8% in 2 skin 

lotion formulations 

2.66% in eyeliner 

formulation 

2.6% rn moisturizer 

formulatron 

2.6% in moisturrzrr 

formulation 

2 6% in sun lotion 

formulations 

2.6% rn sun lotion 

formulations 

2.6”6 in sun block 

formulations 

1 .O% in hand lotron 

formulation 

I .O% rn hand lotion 

formulation 

1 .O% in suntan lotion 

formulatron 

1% (23%)b 

in bar soap formulation 

0 5% (25%) 

in product formulation 

101 RIPT 

205 

48 

RIPT, semiocclusive 

patches 

RIPT 

51 RIPT 

57 

200 

RIPT, 48-h patches 

RIPT 

204 RIPT 

203 RIPT 

208 

208 

208 

76 

RIPT, semrocclusivc 

patches 

RIPT, semrocclusrve 

patches 

RIPT, semrocclusive 

pate-hes 

RIPT 

76 RIPT 

184 RIPT 

25 Maximization 

99 RIPT 

1 subject had reaction to 8th induc-tron patch. 

No reactrons to challenge 

No Irritation or sensitization 

281 

282 

No rrritatron or sensitrzation 283 

Transient slight Induction reactions in 2 subjects. 284 

No reactions to challenge at orrginal or 

untreated site 

Reactions to induction in l-5 subjects. Slight 285 

reactrons 72 h after challenge 

Definite erythema to isolated induction patches 286 

in few subjects. No reactrons to challenge 

Mild to intense reactions to induction and 287 

challenge. “Mild irritant under or.cIusion patch” 

Isolated, mild erythema to inductron. Few Intense 288 

reactions to challenge but none to repatchrng 

No irritation or sensitization 289 

Few subjects with isolated reactions to induction 290 

and challenge 

Few subjects with isolated reactions to induction. 291 

No reactions to challenge 

Minimal to definite erythrma in few subjects to 292 

inductron and challenge at same site. No reactions 

to challenge at untreated site 

Minimal to moderate irritation to induction in 

few subjects. No reactions to challenge 

No reactions to induction or challenge 

No contact sensitization 

Equivocal induction reaction in 1 subject 

292 

293 

294 

295 

“RIPT, repeat insult patch test. 

“0.5 or l.O% aqueous dilutions of formulation containing percentage of fatty acid (percentage in parentheses) 

’ I/A, patches applied at intact and abraded sites. 

“O/C, 2 series of patches, open and closed, applied at separate sites. 

Distributed for comment only -- do not cite or quote 
 



382 COSMETIC INGREDIENT REVIEW 

the skin IO-14 days apart in the standard Schwartz-Peck procedure. There 
were 3 reactions of mild to intense erythema to the closed challenge patch 
and the formulation was considered “nonirritating and nonsensitizing.” 

A modified Shelanski RIPTc2%) in 52 human subjects involved 10 alternate- 
day 24-h induction patches, a 2- to 3-week nontreatment phase and a single 
48-h challenge patch. (257) Closed and open patches with the same shave cream 
formulation containing 2.2% Palmitic Acid were applied. No irritation or 
sensitization was observed. 

A face cream formulation containing 13% Stearic Acid was tested for 
photosensitization using a prophetic patch test(*‘*) in 101 subjects and a 
modified RIPT in 52 subjects. (266) There were mild reactions in a few subjects 
to closed induction and challenge patches, The formulation was considered 
“nonirritating and nonsensitizing.” 

Approximately 0.1 ml of a cosmetic product formulation containing 10% 
Stearic Acid was tested for irritation and sensitization of sites on the upper 
back of 116 human subjects with an RIPT involving 9 alternate-day 24-h 
occlusive induction patches, a 3-week nontreatment period, and a single 24-h 
challenge patch at a new site. (279) Moderate erythema was observed in 1 
subject after the 5th and 6th induction patches and the 7th induction patch at 
an adjacent site; the remaining 2 induction patches were eliminated. There 
were no other reactions to induction and no reactions to challenge. 

In a modified Draize-Shelanski RIPT,(1b8,29b) approximately 0.1 g of a 
mascara formulation containing 10% Stearic Acid produced mild to moderate 
irritation in a few subjects during induction. (280) Signs of erythema, edema, 
and induration or vesiculation were observed in 1 to 4 subjects 48 and 72 h 
after challenge application. The 206 subjects had received 10 alternate day 
24-h occlusive induction patches and single 48-h occlusive challenge patches 
following a 2-week nontreatment period. 

In a prophetic patch and in-use testing study, application of single 48-h 
occlusive induction patches was followed by a 4-week period of daily home 
use and single 48-h occlusive challenge patches of a shave foam formulation 
containing 8% Stearic Acid. c2”) There were no reactions to induction or 
challenge patches, and 2 of the 100 subjects complained of minor pruritus 
during the in-use part of the study. However, there was no erythema or 
itching. 

Several 1 + and a few 2 + reactions were observed 48 h after application 
of induction and challenge patches in another prophetic patch and in-use 
testing study. (22) Fewer reactions were noted after 72 h. No significant 
product-related reactions were reported during the in-use phase of the study. 

In a modified Draize RIPT,(“@ a mascara formulation containing 7.7% 
Stearic Acid was tested for irritation and sensitization in 101 human 
subjects.(*“) A pproximately 0.2 g was applied to upper arm sites with 24-h 
occlusive patches on Mondays, Wednesdays, and Fridays for 3 weeks during 
the induction phase and with single 48-h patches during the challenge phase, 
following a 2-week nontreatment period. One subject had minimal erythema 
after the 8th induction patch. There were no other reactions to induction and 
no reactions to challenge patches. 

No irritation and no sensitization were noted in RlPTs of cosmetic product 
formulations containing 4%(283) and 5%(282) Stearic Acid. The 4% formulation 
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was tested using the 10 alternate-day 24-h occlusive induction patches fol- 
lowed by a single 24-h occlusive challenge patch to a separate site. The 5% 
formulation involved 10 alternate-day 24-h semiocclusive induction patches 
and 2 48-h semiocclusive challenge patches 1 week apart. Both studies had a 
2-week nontreatment period between induction and challenge phases. 

Although slight transient reactions were observed, a hand lotion 
formulation containing 2.8% Stearic Acid was considered nonirritating and 
nonsensitizing.(284) In an RIPT, 0.2 ml of the formulation was applied to the 
skin of 57 human subjects via 10 alternate-day 24-h occlusive induction 
patches and single 24-h challenge patches to the same site and to a new site 
following a IO-14-day nontreatment period. 

In RlPTs of two skin lotion formulations containing 2.8% Stearic Acid, 9 
consecutive 48-h induction patches, followed by a single 48-h challenge patch 
after a 13-day nontreatment period, were applied to the skin of 57 human 
subjects. (285) One to five reactions of barely perceptible to mild erythema were 
observed throughout the induction phase. Application of one lotion produced 
erythema and minimal edema to the induction patch and 1 reaction to the 
challenge patch 72 h after its application in 1 subject. 

Several cosmetic product formulations containing 0.13% (0.5% aqueous 
dilution of formulation containing 25/o ’ (295)) to 2.66%(286) Stearic Acid were 
tested for irritation and sensitization in 76 to 208 human subjects. RlPTs 
involving 9 to 10 alternate-day 24-h occlusive (semiocclusive patches used in 1 
study(289)) induction a h p tc es, a 13-day to 2-week nontreatment period, and 
single 48-h challenge patches(286,292,294*295) or 2 48-h challenge patches 
administered 1 week apart(287-291,293,296) resulted in isolated 1 + irritation 
reactions in few subjects during the induction phase. These occasional 
reactions were considered nonspecific; no cumulative irritation was produced. 
There were no or very few reactions to challenge patches, and the formulations 
were considered nonsensitizing. 

No contact sensitization was produced in 25 human subjects tested with a 
1% aqueous dilution of a bar soap formulation containing 23% Stearic Acid in 
a maximization study. (182) Five 48-h occlusive induction patches applied to 
volar forearm sites were followed by a single 48-h occlusive challenge patch. 
Sodium Lauryl Sulfate was used at concentrations of 2% for pretreatment of 
induction sites and 10% for the l-h pretreatment of challenge sites. 

Photosensitization Studies 

Two makeup formulations containing 5.08%(298) and 1.5%(299) Oleic Acid 
were tested for photosensitization using the skin of the backs of 25 human 
subjects. A Xenon Arc Solar Simulator (150 W), which was filtered to produce 
a continuous emission spectrum in the ultraviolet region ranging from 290 to 
400 nm (UVA and UVB), was used. Individual minimal erythemal dose (MED) 
values were determined.(300) Six alternate-day induction patches were applied, 
each left in place for 24 h, scored, irradiated with 3 MED using the full source 
spectrum, and scored again 48 h after the application. After a IO-day 
nontreatment period, single 24-h occlusive challenge patches were applied to 
new sites. Sites were scored, irradiated for 3 min, using a Schott WG345 filter 
over the light source, then scored again 15 min and 24, 48, and 72 h after 
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irradiation. There were no “reactions” to either formulation recorded. The 
liquid makeup formulation was considered nonphotosensitizing(299) and the 
blusher formulation nonphotoallergenic.(298) No data were presented to 
distinguish between “phototoxic reactions” and “photoallergic reactions.” 

The phototoxicity of a shave cream formulation containing 2.2% Palmitic 
Acid was tested in 101 human subjects using single 24-h closed and open 
patches.(257) Sites were UV-irradiated (wavelength and dosage unspecified) 
after patch removal. Irritation was observed at 1 site tested with a closed 
patch. 

In a photosensitization study with 52 human subjects, sites under 4 
induction patches and 1 challenge patch containing the shave cream formu- 
lation with 2.2% Palmitic Acid were UV-irradiated (wavelength and dosage 
unspecified) after patch removal. (257) Both closed and open patches were 
used. There were no reactions during induction or challenge phases, and the 
formulation was considered “non-photosensitizing.” 

No phototoxicity was observed in 101 human subjects exposed to UVA 
irradiation and single closed or open patches with a face cream formulation 
containing 13% Stearic Acid.(266) 

Minimal to mild erythema was observed at a few sites after treatment with 
a lotion formulation containing 2.8% Stearic Acid or a 1% aqueous dilution of 
a bar soap formulation containing 23% Stearic Acid followed by UVA irra- 
diation.(301,302) Th e o Ion formulation was applied via 24-h occlusive patches I t’ 
to the forearm, and treatment sites were irradiated with UVA light for 15 min 
at a distance of approximately 10 cm, receiving a dose of 4400 pW/cm*. The 
bar soap formulation was applied via 24-h occlusive patches to the infra- 
scapular region of the back, and treatment sites were irradiated with UVA 
light from Xenon Arc Solar Simulator (150 W) with a Schott WG345 filter for 12 
min. Similar results were observed at control sites that had received UVA 
irradiation alone. 

A face cream formulation containing 13% Stearic Acid was tested for 
photosensitization using 52 human subjects and 4 induction patches and 1 
challenge patch. (266) Closed and open 24-h patches were applied, and treated 
sites were irradiated with the full Xenon UV light spectrum at 3 times the 
individuals’ predetermined MED after removal of each patch and 48 h later. 
After the 24-h challenge patch, treated sites were irradiated with UVA light 
(Xenon source plus Schott WG345 filter) for 3 min. There were no reactions 
observed at sites under closed or open patches at either induction or chal- 
lenge sites, 

No reactions were observed in 100 human subjects of a photosensitization 
study testing an eyeliner formulation containing 2.66% Stearic Acid.(286) In a 10 
induction, 1 challenge occlusive patch RIPT, treated sites were irradiated with 
UV light from a Hanovia Tanette Mark 1 light source for 1 min at a distance of 
1 foot after removal of the lst, 4th, 7th, and 10th induction patches and after 
the challenge patch. Approximately 50% of the subjects were designated as 
“sensitive subjects” because of past experiences of rash or irritation from the 
use of facial products or because of reaction to a previous patch test with a 
facial product. 

Most of the 30 human subjects tested with 2 lotion formulations had no 
photosensitization reactions. (303,304) Subjects had been treated with 10 24-h 

Distributed for comment only -- do not cite or quote 
 



ASSESSMENT: OLEIC ACID 385 

occlusive induction patches, each patch followed by UVA irradiation of the 
site for 15 min at a distance of 10 cm from the source for a dosage of 4400 
pW/cm2. The single 24-h challenge patch was also UVA irradiated. Nonirra- 
diated controls had isolated reactions of minimal erythema. 

No reactions were observed in similar photosensitization studies testing 
suntan lotion,(305,308) moisturizing lotion,(306) and facial lotion(307’ formulations 
containing 1% Stearic Acid in 20-27 human subjects. No other data were 
included in these studies. 

Table 22 summarizes clinical photosensitization studies. 

Ocular Irritation Studies 

To evaluate ocular irritation produced by eye area cosmetics in contact 
lens and noncontact lens wearers, female volunteers participated in a 3-week 
exaggerated-use study. After a brief medical history with emphasis on ocular 
details (e.g., history of eye diseases, use of contact lenses and eye area 
cosmetics) and an eye examination, each subject was instructed to use 
assigned kits of test cosmetics twice daily (morning and early evening) for 3 
weeks. The wearers of contact lenses were to handle, wear, and disinfect their 
contact lenses normally and to apply cosmetics after lens insertion into the 
eye. Examinations were performed on the 7th, 14th, and 21st days of the study. 
Eye area cosmetics in the test kits included mascaras containing 2-3% Oleic 
Acid and eye shadows.(309,310) 

There were no product-related findings of irritation in any of the 23 
subjects after daily use of a mascara formulation containing 2% Oleic Acid.(309’ 
Investigators considered the “risk of any significant eye area irritation and/or 
ocular damage minimal, if existent at all.” 

Similar results were obtained in another 3-week exaggerated use study, 
with 35 female subjects testing mascara formulations containing 2% and 3% 
Oleic Acid in combination with eye shadow formulations.(310) 

Other Studies 

Graded intraduodenal administration of 5-40 ml of Oleic Acid in humans 
inhibited pentagastrin-stimulated gastric acid secretion.(311,312) lntracolonic 
infusion of Oleic Acid (117 Cal., pH 7.4) into human subjects decreased 
pancreatic enzyme concentrations and bicarbonate ion output and inhibited 
biliary secretion.(313) 

SUMMARY 

Oleic, Laurie, Palmitic, Myristic, and Stearic Acids are fatty acids with 
hydrocarbon chains ranging in length from 12 to 18 carbons with a terminal 
carboxyl group. The saturated fatty acids, Lauric(l2C), Palmitic(lbC), 
Myristic(l4C), and Stearic(l8C) Acids, are solids and the c&9,10 mono- 
unsaturated Oleic Acid(l8C) is a liquid at standard temperature and pressure. 

The fatty acids are obtained by the hydrolysis of animal fats and vegetable 
oils. Cosmetic grade fatty acids occur as mixtures of several fatty acids, the 
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TABLE 22. Clmical Photosensitization Studies 

Fatty aud 

tested 

No. of 

subjects Study type Results Reference 

Oleic Acid 5.08% in blusher 25 

formulation 

I .5% in liquid 25 

makeup formulation 

Photosensitization No photoallergic reactions 

Photosensitization No indication of photosensitizatron 

Palmitic Acid 2.2”/, in shave cream 101 

formulation 

2.2% in shave cream 52 

formulation 

Phototoxir-ity Phototoxrc reaction to single closed patch in 

1 sub)rct 

Photosensitization No photosensitization reactrons to closed or open 

patches 

Stcaric Acid 13% in face cream 101 

formulation 

2.8% in lotion 10 

formulation 

I OS/, (23%)” ‘I 0 

in bar soap formulation 

13% In face cream 52 

formulation 

2.66”/, in eyeliner 200 

formulation 

2.8% in lotion 30 

formulation 

Phototoxic ity 

Phototoxicity 

Phototoxicity 

Photosensitization 

Photosensitization 

Photoallergy 

2.8% in skin 

lotion formulation 

1 0% in suntan 

lotion formulation 

1 .O% in moisturizing 

lotion formulation 

‘I .O% in facial 

lotion formulation 

1 .O% in suntan 

lotion formulation 

30 Photoallergy 

25 Photosensitization 

27 Photosensitization 

27 Photosensitization 

20 Photosensitization 

No phototoxic reactions to closed or open patches 266 

Minimal erythema after 48 h in 2 subjects similar 

to control group. No irritation after 1 week 

Mild erythema at all trradratrd sites-both 

treated and control 

301 

302 

No photosensitization rear tions to c-lewd or open 

patches 

No reactions 

266 

286 

No photoallergic reactions in most sublects. Non- 

irradiated control sites had Isolated minimal 

erythema reactions 

303 

Minimal erythema at irradiated and nonirradiated 304 

control sites in l-2 subjects 

No reactions. No other data included 305 

No reactions. No other data included 306 

No reactions. No other data included 307 

No reactions. No other data inc-luded 308 

298 

299 

257 

257 

’ 1.0% aqueous dilution of bar soap formulation containing 23% Stearic Acid tested. 
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content varying with method of manufacture and source. Fatty acid 
preparations may include up to 1.5% unsaponifiable matter, glyceryl monoes- 
ters of fatty acids, and butylated hydroxytoluene. Gas chromatography is the 
predominant analytical method for fatty acid identification. 

The fatty acids are primarily used as intermediates of fatty acid salts. These 
salts are used as emulsifiers, emollients, and lubricants in cosmetic creams, 
cakes, soaps, lotions, and pastes that are slightly alkaline, ranging in pH from 
7.5 to 9.5. In product formulation data voluntarily filed in 1981 with FDA by 
the cosmetic industry, 424 products contained Oleic Acid, 22 contained Laurie 
Acid, 29 contained Palmitic Acid, 36 contained Myristic Acid, and 2465 
contained Stearic Acid at concentrations ranging from 0.1 to 25%. 

Fatty acids are absorbed, digested, and transported in animals and humans. 
Radioactivity from labeled fatty acids administered orally, intravenously, 
intraperitoneally, and intraduodenally has been found in various tissues and in 
blood and lymph. P-Oxidation of the fatty acids involves serial oxidation and 
reduction reactions yielding acetyl-CoA. Although placental transfer of fatty 
acids has been documented in several species and fetal lipid metabolism has 
been studied, no studies on the teratogenicity of Oleic, Laurie, Palmitic, 
Myristic, or Stearic Acids were found. High intake of dietary saturated fatty 
acids has been associated with the incidence of atherosclerosis and thrombo- 
sis. 

Little acute toxicity was observed when Oleic, Laurie, Palmitic, Myristic, or 
Stearic Acid, or cosmetic formulations containing these fatty acids at con- 

centrations of 2.2-13% were given to rats orally at doses of 15-19 g/kg body 
weight. 

In subchronic oral toxicity studies, Oleic, Palmitic, and Stearic Acids were 
fed to rats in diets at doses ranging from 5 to 50%. Thrombosis, aortic 
atherosclerosis, anorexia, and mortality were observed. In a subchronic study, 
no signs of toxicity were observed in chicks fed 5% dietary Stearic and Oleic 
Acids. Feeding of 15% dietary Oleic Acid to rats in a chronic study resulted in 
normal growth and general health, but reproductive capacity of female rats 
was impaired. 

Results from topical application of Oleic Acid (at concentrations from 50% 
Oleic Acid to commercial grade Oleic Acid) to the skin of mice, rabbits, and 
guinea pigs ranged from no toxicity to signs of erythema, hyperkeratosis, and 
hyperplasia. lntradermal administration to guinea pigs of 25% Oleic Acid to 
commercial grade Oleic Acid resulted in local inflammation and necrosis. A 
formulation containing 2.2% Palmitic Acid was considered nontoxic to rabbits. 
A topically applied dose of 5 g/kg commercial grade Stearic Acid was not 
toxic to rabbits. lntradermal administration of IO-100 mM Stearic Acid to 
guinea pigs and rabbits resulted in mild erythema and slight induration. 

skin 
Eighteen mmol% concentrations of the fatty acids topically applied to the 

of the external ear canals of albino rabbits for 6 weeks produced a range 
of responses, varying from no irritation with Stearic Acid to slight irritation 
with Myristic and Palmitic Acids to defined erythema, desquamation, and 
persistent follicular keratosis with Oleic and Laurie Acids. Slight local edema 
and no deaths were observed among NZW rabbits after 4 weeks of topical 
administration of product formulations containing 2.0% Stearic Acid. 
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In 13-week dermal toxicity studies, 2 cosmetic product formulations 
containing, at most, 5% Stearic Acid produced moderate skin irritation in rats 
receiving 4.0 ml/kg and 227 mg/kg doses. All other physiological parameters 
were normal. 

In single insult occlusive patch tests for primary irritation, commercial 
grades of all 5 fatty acids, at doses of 35-65% in vehicles (Stearic Acid only) 
and at l-13% in cosmetic product formulations (other fatty acids), produced 
no to moderate erythema and slight, if any, edema in the skin of rabbits. Slight 
increases in irritation were observed in the short-term repeated patch tests 
(daily for 3-14 days) of Oleic and Myristic Acids, 

In maximization studies with 2 cosmetic product formulations containing 
5.08% Oleic Acid and 1.0% Stearic Acid, slight reactions were observed to 
challenge patches. These formulations were considered weak, grade I, sensi- 
tizers In another maximization study, after intradermal induction and booster 
injections of a formulation containing 3.5% Stearic Acid, reactions to topical 
challenge applications of the formulation were few and minimal in intensity. 

Skin lotion formulations containing 2.8% Stearic Acid were not photosen- 
sitizing to the skin of Hartley guinea pigs. 

Oleic Acid and its UVA-induced peroxides were associated with increased 
comedo formation on the treated ears of two species of rabbits. 

In ocular irritation studies, the fatty acids alone and at concentrations 
ranging from 1 to 19.4% in cosmetic product formulations produced no to 
minimal irritation after single and multiple (daily, 14-day) instillations into the 
eyes of albino rabbits. Irritation was primarily in the form of very slight 
conjunctival erythema. A single instillation of Laurie Acid also produced 
cornea1 opacity and iritis. 

Although Oleic and Laurie Acids induced mitotic aneuploidy in in vitro 
mutagenicity tests, both have been indicated as inhibitors of mutagenicity 
produced by positive controls, such as N-nitrosopyrrolidine and sodium azide, 
in other tests. Stearic Acid was inactive in aneuploidy induction tests and in 
the Ames test, and it did not inhibit mutagenicity, as did Oleic and Laurie 
Acids. No increase of mitotic crossing-over events was induced by Oleic, 
Laurie, or Stearic Acids. Oleic Acid did not increase the number of sister 
chromatid exchanges over background. 

In carcinogenicity studies, no malignant tumors were induced by repeated 
subcutaneous injections of 1-16.5 mg Oleic Acid in two species of mice. 
Intestinal and gastric tumors were found in mice receiving dietary Oleic Acid 
at daily concentrations up to 200 mg/mouse. Treatment of mice with re- 
peated subcutaneous injections of 25 and 50 mg Laurie Acid was not 
carcinogenic. Low incidences of carcinomas, sarcomas, and lymphomas were 
observed in mice receiving single or repeated subcutaneous injections of 25 
and 50 mg Palmitic and up to 82 mg Stearic Acid. Feeding of up to 50 
g/kg/day dietary Stearic Acid to mice was not carcinogenic. 

In clinical primary and cumulative irritation studies, Oleic, Myristic, and 
Stearic Acids at concentrations of 100% or 40-50% in mineral oil were 
nonirritating. Mild to intense erythema in single insult occlusive patch tests, 
soap chamber tests, and 21-day cumulative irritation studies were produced by 
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cosmetic product formulations containing 2-93% Oleic, Palmitic, Myristic, or 
Stearic Acid and were generally not related to the fatty acid concentrations in 
the formulations. 

In clinical repeated insult patch tests (open, occlusive, and semiocclusive), 
maximization tests, and prophetic patch tests with cosmetic product formu- 
lations containing Oleic, Laurie, Palmitic, and Stearic Acids at concentrations 
ranging from < 1 to 13%, no primary or cumulative irritation or sensitization 
was reported. A few subjects (< 5% of the approximate 4000 subjects tested) 
reacted to a few, isolated induction patches. Slight, if any, reactions were 
observed after challenge patching at original or adjacent sites on the upper 
backs or forearms of some subjects (- < 2%). Intensity of observed reactions 
to the formulations was not directly related to the concentrations of the fatty 
acid ingredients. 

Cosmetic product formulations containing l-13% Oleic, Palmitic, or Stearic 
Acid produced no photosensitization in human subjects. There were slight 
reactions to a few induction patches. 

There was no treatment-related ocular irritation in female subjects, some 
of whom were contact lens wearers, involved in two 3-week exaggerated-use 
studies of mascara formulations containing 2 and 3% Oleic Acid. These 
formulations were used in combination with other eye area cosmetics. 

DISCUSSION 

Although insufficient data were available for Myristic Acid, the Expert 
Panel included it in this safety assessment due to its structural similarity with 
the other fatty acids of this group. 

Applications of Laurie and Oleic Acids to the skin of rabbits resulted in 
follicular keratosis and/or formation of cornedones. These effects were 
considered by members of the Expert Panel in their safety assessment of the 
fatty acids reviewed in this report. 

CONCLUSION 

On the basis of available data from studies using animals and humans, the 
Expert Panel concludes that Oleic, Laurie, Palmitic, Myristic, and Stearic Acids 
are safe in present practices of use and concentration in cosmetics. 
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OLEIC ACID, LAURIC ACID, PALMITIC ACID, MYRISTIC 
ACID, AND STEARIC ACID 

A safety assessment of the Oleic Acid group was published in 
I 987 with a conclusion that these ingredients are safe in present 
practices of use and concentration in cosmetics New studies 
regarding these fatty acids available since then, along with up
dated information regarding uses and use concentrations, were 
considered by the CIR Expert Panel The Panel determined to 
not reopen this safety assessment 

Oleic Acid usage increased from 424 in 1981 to 1131 in 2002, 
based on industry voluntary reports provided to FDA (Elder 
I 987, FDA 2002) An industry survey in 2004 indicated that use 
concentrations range from 0 00004% to 20%, within the range 
reported in 1981 (Elder 1987) 

Lauric Acid usage increased from 22 in 1981 to 121 in 2002, 
based on industry voluntary reports provided to FDA (Elder 
1987, FDA 2002) An industry survey in 2004 indicated that use 
concentrations range from 0 00003% to 11%, within the range 
reported in 1981 (Elder 1987) 

Palmitic Acid usage increased from 29 in 1981 to 132 in 
2002, based on industry voluntary reports provided to FDA 
(Elder 1987, FDA 2002) An industry survey in 2004 indicated 
that use concentrations range from 0 00006% to 20%, within the 
range reported in 1981 (Elder 1987) 

Myristic Acid usage increased from 36 in 1981 to 73 in 2002, 
based on industry voluntary reports provided to FDA (Eldet 
1987, FDA 2002) An industry survey in 2004 indicated that use 
concentrations range from 0 00001% to 38%, within the range 
reported in 1981 (Elder 1987) 

Stearic Acid usage decteased from 2465 in 1981 to 2133 
in 2002, based on industty voluntary reports provided to FDA 
(Eldet 1987, FDA 2002) An industry survey in 2004 indicated 
that use concentrations range from 0 000002% to 43%, within 
the 1 ange reported in 1981 (Eldet 1987) 

The available use and concentration data me given in Ta
ble 14 The most tecent information now constitutes the present 
practices of use and concentration 

The newly available studies reported findings consistent with 
the data in the original safety assessment One area not covered 
in the otiginal report was reproductive and developmental toxi
city One new study was available that demonstrated little or no 
toxicity to sperm cells by Oleic Acid, Palmitic Acid, and Stearic 
Acid 

These fatty acids may be plant derived In such cases, estab
lished limits for pesticide and heavy metal residues should not 
be exceeded (lead::::: 10 ppm, arsenic :S3 ppm, mercury::::: 1 ppm, 
total PCB/pesticide :::::40 ppm, with :S 10 ppm for any specific 
pesticide residue) 

These fatty acids may also be derived from animal sources, 
including beef The Panel agrees with the Food and Drug Ad
ministration's position that tallow derivatives, including these 
fatty acids, would not present any risk of transmissible en
cephalopathies 
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TABLE 14 
Histotical and current cosmetic ptoduct uses and concentrations for Oleic Acid, Lauric Acid, Palmitic Acid, 

Myristic Acid, and Stearic Acid 

1981 uses 2002 uses 1981 concentrations 2004 concentrations 
Pt oduct category (Eldet 1987) (FDA 2002) (Elder 1987) % (CTFA 2005) % 

Oleic Acid 
Baby care 
Shampoos >10-25 
Lotions, oils, powdets, and creams >1-5 
Othet baby cat e 2 4 >1-25 2 
Bath 
Oils, tablets, and salts >5-10 
Soaps and detergents 5 20 > 1-10 0 000004-15 
Othet bath 10 
Eye makeup 
Eyelinets 16 10 >0 1-25 0 1-3 
Eye shadow 5 >0 1-5 04 
Eye makeup temovet 2 >1-5 
Mascara 41 38 >0 1-10 1-4 
Othet eye makeup >1-5 2-5 a 

Fragrances 
Colognes and toilet waters 0 001 
Sachets 4 2 >0 1-1 
Other fragrances 8 5 >0 1-5 
Noncoloring hair care 
Conditioners >25-50 
Petmanent waves 2 sOl 
Rinses 1 
Shampoos 9 5 >1-25 0 000007 
Tonics, dressings, etc I >0 1-1 06 
Other noncolming hair cate 20 b 

Hair coloring 
Dyes and colors 205 946 so 1-25 19 
Tints 14 9 >1-25 
Shampoos 7 >0 1-5 
Color sprays 
Lightenets with color I >1-5 
Bleaches 8 17 >1-50 
Makeup 
Blushers 10 2 >1-5 04 
Face powders 1 >0 1-1 0 0001 
Foundations 20 9 >0 1-5 04-2 
Lipsticks 1 5 >5-10 16 
Makeup bases 5 3 so 1-5 04 
Rouges 1 0 00005 
Other makeup 4 3 >0 1-25 2 
Nail care 
Basecoats and undercoats > 10-25 
Nail polish and enamels 00008 
Other nail care 

(Continued on next page) 
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TABLE 14 
Historical and current cosmetic product uses and concentrations for Oleic Acid, Lauric Acid, Palmitic Acid, 

Myristic Acid, and Stearic Acid (Continued) 

1981 uses 2002 uses 1981 concentrations 2004 concentlations 
Product category (Elder 1985) (FDA 2002) (Elder 1985) % (CTFA 2005) % 

Personal hygiene 
Underarm deodorants 0 0007-0 6 
Othet personal hygiene 3 4 >1-10 6e 

Shaving 
Aftershave lotions 3 :so 1-1 0 00008 
Shaving cream 2 3 >1-5 07-4 

Skin care 
Cleansing creams, lotions, etc 10 5 >0 1-5 0 00002-9 
Face and neck skin care llc >0 1-2SC 

2 
Body and hand skin care 2 02-04 
Moistmizers 14 7 >0 1-5 02-04 
Night skin care 05 
Other skin care 2 3 >0 1-5 
Hormone preparationsd NAd >1-5 NAd 

Suntan products 
Suntan gels, creams, liquids, and sprays 2 5 >1-5 002 
Indoor tanning preparations 1 
Total uses/ranges for Oleic Acid 424 1131 ~0 1-50 0 000004-20 

Lau1ic Acid 

Bath 
Soaps and detergents 16 0 1-8 

Other bath 20 2-11 
Noncoloring hair care 
Conditionets 0 000004-4 

Sprays 0 00002 

Shampoos 3 >1-25 02-0 5 
Tonics, dressings, etc 3 5 >0 1-1 0.00003 

Fragrances 
Colognes and toilet waters 0 001 

Perfumes 0 00002 

Hair coloring 
Dyes and colors 43 

Makeup 
Foundations 1 

Lipsticks 0 00003 
Personal hygiene 
Underarm deodorants 5 3 :so 1-1 03 
Other personal hygiene 4 3 :so 1-10 5' 
Shaving 
Aftershave lotions 00003 
Shaving cream 3 >1-10 0003 
Other shaving 0 28 

Skin care 
Cleansing creams, lotions, etc 3 25 >1-5 
Face and neck skin care c _c -
Body and hand skin cate 0 00006 
Moisturizers 2 >0 1-1 
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TABLE 14 
Histmical and current cosmetic product uses and concentrations for Oleic Acid, Lauric Acid, Palmitic Acid, 

Myristic Acid, and Stearic Acid (Continued) 

1981 uses 2002 uses 1981 concentrations 2004 concentrations 
Product category (Elder 1985) (FDA 2002) (Elder 1985) % (CTFA 2005) % 

Night skin care 0 00003-0 5 
Other skin care 2-3 
Suntan 
Suntan gels, creams and liquids I 
Total uses/ranges for Lauric Acid 22 121 <O 1-25 0 000004-11 

Palmitic Acid 
Bath 
Soaps and detergents 10 >5-10 0 3-10 
Other II 0 000006-2 
Eye makeup 
Eyeliners 0 1-0 7 
Eye shadow >5-10 0 006-0 3 
Eye lotion 0 05 
Mascara 002-4 
Other eye makeup 2 0003 
Fragrance 
Colognes and toilet waters 001-0 8 
Other fragrances 3 
Noncoloring hair care 
Conditioners 0 00002-04 
Shampoos 2 26 >1-5 0 001-3 
Tonics, dressings, etc 0 00003-2 
Other noncoloring hair care 3 
Hair coloring 
Other hair colming 
Makeup 
Blushers 0 008-0 2 
Face powders 0 01-1 
Foundations 2 10 >0 1-5 03-2 
Lipsticks 0 2-16 
Rouges 0 00005 
Makeup fixatives 
Other makeup 0 01-2 
Nail care 
Nail polishes and enamels 0 02-0 03 
Personal hygiene 
Underarm deodmants 009-3 
Other personal hygiene 03-4 
Shaving 
Aftershave lotions 0006 
Shaving cream 4 11 >0 1-10 2-20 
Shaving soap 04-8 
Other shaving 17 10 
Skin care 
Cleansing creams, lotions, etc 8 8 >1-25 003-7 
Depilatories 4 

(Continued on next page) 
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TABLE 14 
Historical and cunent cosmetic ptoduct uses and concentrations for Oleic Acid, Lauric Acid, Palmitic Acid, 

Myristic Acid, and Stearic Acid (Continued) 

1981 uses 2002 uses 1981 concentrations 2004 concentrations 
Product category (Eldet 1985) (FDA 2002) (Elder 1985) % (CTFA 2005) % 

Face and neck skin care 3c >0 1-SC 
0 2-3 

Body and hand skin care 3 0 05-7 
Foot powders and sprays l 
Moisturizets 3 8 >0 1-5 02-2 
Night skin care 3 >1-25 0 05-l 
Paste masks/mud packs 002 
Skin fresheners 
Other skin care 4 >1-5 0 2-2 
Suntan 
Suntan gels, creams, liquids, and sptays 5 > 10-25 0 0009-3 
Indoor tanning 
Other suntan l 
Total uses/ranges for Palmitic Acid 29 132 >0 1-25 0 000006-20 

Mvristic Acid 
Bath 
Soaps and detergents 3 7 >5-25 0 005-19 
Other bath 11 0 00001-14 
Eye makeup 
Mascara 2 >0 1-1 0 005-0 8 
Fragrances 
Colognes and toilet waters 0 001 
Other fragrances 
Noncoloring hair care 
Conditioners 
Shampoos 2 3 >1-5 0 00006-0 2 
Tonics, dressings, etc 0 00002-0 08 
Makeup 
Face powders 005 
Foundations 2 04 
Lipsticks I 
Rouges 0 00005 
Other makeup 0 00004 
Oral hygiene 
Dentifrices 00003 
Personal hygiene 
Underarm deodorants 
Other personal hygiene 2 >10-25 1-38! 
Shaving 
Aftershave lotions 0 00008 
Beard softeners 2 >25-50 
Shaving cream 16 13 >1-10 3-33 
Shaving soap 2 
Other shaving 3 >0 1-1 
Skin care 
Cleansing creams, lotions, etc 5 26 1-25 0 0005-12 
Depilatories 12 
Face and neck skin care 2c >01-SC 

14 
Body and hand skin care 0 5-10 
Moisturizers >0 1-1 0 0002-1 
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TABLE14 
Histmical and current cosmetic product uses and concentrations for Oleic Acid, Lauric Acid, Palmitic Acid, 

Myristic Acid, and Stearic Acid (Continued) 

1981 uses 2002 uses 1981 concentrations 2004 concentrations 
Product category (Elder 1985) (FDA 2002) (Elder 1985) % (CTFA 2005) % 

Night skin cme 00003 
Other skin cm e 1 0 003-15 
Total uses/ranges for Myristic Acid 36 73 >0 1-50 0 00001-38 

Stearic Acid 
Baby care 
Shampoos 2 
Lotions, oils, powders, and creams 9 11 >0 1-10 2-3 
Othet baby care 1 7 >10-25 0 1-2 
Bath 
Soaps and detergents 13 41 >1-25 0 2-19 
Bubble baths 1 1-2 
Other bath 3 13 >0 1-5 0 000007-7h 
Eye makeup 
Eyebrow pencils 9 12 >5-25 0 009-15 
Eyeliners 55 74 >0 1-50 07-22 
Eye shadow 128 4 >0 1-5 0 3-16 
Eye lotions 1 4 >1-5 005-3 
Eye makeup remover 1 3 >0 1-1 01-0 5 
Mascara 139 95 >0 1-50 1-21 
Other eye makeup 26 32 >0 1-10 1-14 
Fragrances 
Colognes and toilet waters 3 >1-5 
Perfumes 3 >0 1-10 
Sachets 32 4 >0 1-10 
Other fragrances 34 31 >0 1-10 16 
Noncoloring hair care 
Conditionets 18 7 :so 1-5 0 000002-0 5 
Sprays/aerosol fixatives 1 >1-5 
Straighteners 6 8 >0 1-10 
Shampoos 17 10 >0 1-25 0 000007-7 
Tonics, dressings, etc 18 4 ::;01->50 001-2 
Hair coloring 
Dyes and colors 76 132 >1-5 
Tints 
Rinses 
Color sprays 
Bleaches 4 >0 1-5 
Other hair coloring 8 2 >10-25 
Makeup 
Blushers 47 4 >0 1-10 0 8-3 
Face powders 2 6 >0 1-1 0 1-1 
Foundations 190 119 >0 1-25 1-5 
Lipsticks 27 40 >0 1-25 002-9 
Makeup bases 263 35 >0 1-25 2-3 
Rouges 9 >0 1-10 0 00005-0 1 
Makeup fixatives 1 4 >1-5 
Other makeup 20 22 >0 1-25 001-6 

(Continued on next page) 
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TABLE 14 
Histmical and cuuent cosmetic p10duct uses and concentlations f01 Oleic Acid, Lauric Acid, Palmitic Acid, 

Myristic Acid, and Steatic Acid (Continued) 

1981 uses 2002 uses 1981 concenttations 2004 concentrations 
Product category (Elder 1985) (FDA 2002) (Elder 1985)% (CTFA 2005)% 

Nail care 
Cuticle softeners 10 8 >0 1-25 1-4 
Cteams and lotions 6 5 >1-5 3-5 
Nail polishes and enamels 004 
Other nail cate 2 >1-10 0 05-4 
Personal hygiene 
Underarm deodorants 8 21 >1-25 0 2-9 
Other personal hygiene 8 6 >1-25 5-6e 

Shaving 
Aftetshave lotions 5 9 >0 1-5 0 5-2 
Shaving cream 100 100 >0 1-50 1-43 
Shaving soap 1 1 >25-50 04-2 
Other shaving 6 4 >1-25 0 5-8 
Skin care 
Cleansing cteams, lotions, etc 173 168 :::o 1-25 1-25 
Depilatories 7 
Face and neck skin care 84 3-7 
Body and hand skin caw 432c 320 

>0 1-soc 
0 1-16 

Foot powders and spt ays 5 4 
Moisturizets 327 356 :::1-50 0 3-10 
Night skin care 67 62 :::o 1-25 04-2 
Paste masks/mud packs 15 55 >1-25 04-8 
Skin fresheners 4 4 >10-25 
Skin 1ightenet sd 11 _d >1-25 _d 

Hormone preparationsd 3 - d >1-25 _d 

Wrinkle smoothetsd 4 - d >1-5 _d 

Othet skin care 55 133 >0 1-25 0 0005-5 
Suntan 
Suntan gels, creams, liquids, and sprays 48 42 >0 1-25 
Indoor tanning 3 9 >0 1-1 0 3-2 
Other suntan 13 13 >0 1-5 
Total uses/ranges for Stearic Acid 2465 2133 ~0 1->50 0 000007-43 

"The 5% concentration was fm a definer 
b A hair care protective oil 
'These categories were combined in 1981, but are now separate 
dNo longer considered as a cosmetic ingredient category 
e A hand wash product 
fThe highest concentration was for a hand wash product 
gThe 0 2% concentration was specifically reported in a shave lubricant product 
"The 7% concenttation was for a body scrub product 
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Tanojo H E Boelsma H E Junginger M Ponec et al 1999 In vivo hu 
man skin permeability enhancement by oleic acid: Laser Dopple1 velocimett y 
study J Colllrolled Release 58:97-104 

Tanojo H H E Junginger and H E Bodde 1997 In vivo human skin pe1 
meability enhancement by oleic acid: Transepidermal water loss and Fourier 
tiansform infrared spectroscopy studies J Controlled Release 47:31-39 

Ulloth 1 E C A Casiano and M De Leon 2003 Palmitic and stearic fatty 
acids induce caspase dependent and independent cell death in net ve growth 
factm ditferentiated PC 12 cells J Newvchem 84:655-668 

Velasquez 0 R A R Place P Tso and K D Crissinger 1994 Developing 
intestine is injured during absorption of oleic acid but not its ethyl ester J 

Clin Invest 93:479--485 

PANTHENOL AND PANTOTHENIC ACID 
A safety assessment of Panthenol and Pantothenic Acid was 

published in 1987 with the conclusion that these ingredients aJe 
safe as presently used in cosmetics (Elder 1987) Studies pub
lished since the last assessment, along with updated information 
conceming frequency of use and use concentrations, were con
sideJed by the CIR Expert Panel The Panel determined to not 
teopen the safety assessment 

The safety assessment applies to Panthenol in both the o and 
the DL fmm 

The available use and concentration information is provided 
in Table 15 The most tecent infmmation now constitutes the 
present use of these ingtedients 

Panthenol reported usage increased from 284 in 1981 to 1538 
in 2002, based on industry voluntary repotts provided to FDA 
(Elder 1987, FDA 2002) An industry survey in 2004 indicated 
that use concentrations range f10m 0 00005% to 6%, which is 
lowet than the maximum use concentration range reported in 
1981 (Elder 1987) 

Pantothenic Acid was not repottedly used in cosmetics in 
1981 (Eldet 1987), but industry voluntary reports provided to 
FDA in 2002 included three uses in eye makeup and skin care 
products (FDA 2002) An industry survey in 2004 indicated 
that use concentrations range from 0 00001% to 0 01% in those 
p10duct categories and in makeup and shaving preparations (cat
egories in which no uses were reported to FDA) 

REFERENCES 
Biro K D Thaci F R Ochsendorf R Kaufmann and W H Boehncke 2003 

Efficiency of dexpanthenol in skin protection against irritation: A double
blind, placebo-controlled study Contact De1matitis 49:80-84 

Cosmetic Toiletry, and Fragrance Association (CTFA) 2004 Concentration of 
use ofPanthenol and Pantothenic Acid in cosmetic formulations Unpublished 
data submitted by CTFA 3 pages 16 

16 Available for review Direct01, Cosmetic Ingredient Review, 110 I 
17th Street, NW Suite 412, Washington, DC 20036-4 702, USA 
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2016 VCRP Data for PEG Propylene Glycol Derivatives 

 

10B - Deodorants (underarm) PEG-25 PROPYLENE GLYCOL STEARATE 3 

 

 

05G - Tonics, Dressings, and Other Hair 
Grooming Aids 

PEG-8 PROPYLENE GLYCOL COCOATE 1 

07D - Leg and Body Paints PEG-8 PROPYLENE GLYCOL COCOATE 1 

  2 

 

 

05F - Shampoos (non-coloring) PEG-55 PROPYLENE GLYCOL OLEATE 77 
05I - Other Hair Preparations PEG-55 PROPYLENE GLYCOL OLEATE 1 
10A - Bath Soaps and Detergents PEG-55 PROPYLENE GLYCOL OLEATE 49 
10E - Other Personal Cleanliness 
Products 

PEG-55 PROPYLENE GLYCOL OLEATE 18 

12A - Cleansing PEG-55 PROPYLENE GLYCOL OLEATE 4 

  149 

 

 

There were no reported uses in the 2016 VCRP for: 

PEG-75 propylene glycol stearate 
PEG-120 Propylene Glycol Stearate 
PEG-10 Propylene Glycol 
PEG-6 Propylene Glycol Caprylate/Caprate 
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Personal Care Products Council 

Memorandum 

TO: Lillian Gill, D.P.A. 

Committed to Safety, 
Quality & Innovation 

Director- COSMETIC INGREDIENT REVIEW (CIR) 

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

DATE: June I, 2016 

SUBJECT: Comments on the Draft Amended Safety Assessment of PEG Propylene Glycol 
Esters as Used in Cosmetics (prepared for the June 6-7, 2016 meeting) 

Impurities- Was the impurities information provided on PEG-55 Propylene Glycol as stated? Or 
PEG-55 Propylene Glycol Oleate (the ingredient in the report)? 

The LD50 information needs to be deleted from the Impurities section (it is also in the 
Toxicological Studies section). 

Cosmetic Use - Please correct "PEG-25 Propylene glycol Oleate" to PEG-55 Propylene Glycol 
Oleate" 

Sensitization, Human - The information on lack of irritation in 20 subjects patch tested with an 
antiperspirant containing 2.0% PEG-25 Propylene Glycol Stearate should be in the 
Irritation rather than the Sensitization section. 

1620 LStreet, N.W., Suite 1200 I Washington, D.C. 20036,202.331.1770 I 202.331.1969 (fax) I www.personalcarecouncll.org 
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TO: 

Personal Care Products Council 
Committed to Safety, 
Quality & Innovation 

Memorandum 

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

FROM: Beth A. Lange, Ph.D. "':!~. CJ-:4. __ rJ_ 
Industry Liaison to the CIR Expert Panel ~~ 0 

DATE: 

SUBJECT: 

June 22,2016 

Comments on the Tentative Report: Amended Safety Assessment of PEG 
Propylene Glycol Esters as Used in Cosmetics (posted June 13, 2016) 

As there is one ether included in the report, perhaps the title of the report and referring to the 
compounds throughout the report as "PEG propylene glycol esters (and one ether)" 
should be changed to a more general term, e.g., compounds, ingredients. 

Summary- In the last sentence "Propylene Glycol Cocoate" needs to be corrected to PEG-8 
Propylene Glycol Cocoate. 

Discussion- Although there was an increase in use ofPEG-25 Propylene Glycol Oleate reported 
to the VCRP, it should not be described as "large". Based on the total number of 
products in the VCRP (48,265), PEG-25 Propylene Glycol Oleate is only used in 0.3% of 
the reported products. 

Table 3, PEG Diesters- As all of the studies in the Dermal Penetration section concern 
penetration enhancement. Therefore, this heading should be changed. The oral LD50 

should not be presented in the Dermal Penetration section. The repeat exposure 
inhalation study should not be presented in the oral toxicity section. 

Table 3, PEGs - The information in the Metabolism section concerns absorption and excretion. 
Therefore, this heading should be changed to reflect the information that is summarized. 
As no toxicity was observed, the word "toxicity" should be deleted (last word in the 
Repeated Dose Toxicity) subsection. The information that PEG-75 was not a sensitizer 
should not be presented under the Dermal Irritation heading. What was the duration of 
the inhalation study of PEG-75? Rather than a separate heading, this inhalation study 
should be presented under a duration subheading. Based on the information provided in 
the Reproductive/Developmental Toxicity section, the type of studies completed is not 
clear. The results (no embryotoxicity or teratogenicity) suggest a focus on development 
(exposure only during gestation), rather than also assessing effects on reproduction 
(include exposure before mating). It is not clear what the margin of safety values 
represent. 

1620 L Street. N.W., Suite 1200 I Washington, D.C. 200361 20 2.331.1770 I 202.331.1969 (fax) I www.personalcarecouncll.org 
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Table 3, Oleic and Stearic Acid - It is not clear why only information from the re-review 
summary is presented in this table. The format for the information on Oleic and Stearic 
Acid should be similar to the other ingredient groups and information from the 1987 
report should be added to Table 3. 

2 
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