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In September of 2012, the Panel agreed to reopen the safety assessment of retinol and retinyl palmitate to consider new data
(e.g., NTP photocarcinogenicity study results) and the possible addition of retinyl acetate, retinyl propionate, retinyl
linoleate, retinyl oleate, retinyl rice branate, retinyl soyate, and retinyl tallate.
A recap of the history of CIR’s review of retinol and retinyl palmitate indicates:
•
•

In 1987, a CIR final safety assessment concluding that retinyl palmitate and retinol are safe as cosmetic
ingredients in the present practices of use and concentration was published.
In 2005, CIR confirmed that conclusion and did not reopen the report. The Panel did note an ongoing National
Toxicology Program (NTP) photocarcinogenicity study on retinyl palmitate and agreed to review the findings
when completed.

When the decision was made last September to reopen this safety assessment, the Panel made the point that the draft report
should include a robust review of available photo co-mutagenicty and photo co-carcinogenicity data. Recognizing that
retinoic acid was tested in the NTP study and its similarity to retinol and retinyl palmitate, the CIR staff added retinoic acid
to this safety assessment. Revision of the safety assessment to include these data has been completed.
Included for your review is a copy of the draft report, the CIR report history, literature search strategy, ingredient data
profile, 2013 FDA VCRP data, and minutes from the September 2012 Panel meeting. The draft report includes current use
concentration data as well as the following data on retinyl propionate received from the Council:
•
•
•
•
•

HRIPT on a face cream,
28-day ophthalmologic and dermatologic study on a moisturizer,
EpiocularTM tissue equivalency assay on a face cream,
human phototoxicity test on a face cream, and
human photoallergy test on a face cream

These data are included in pdf files. Report comments (See pcpc1 pdf file) were also received from the Council.
After reviewing the available data, the Panel needs to determine whether a tentative report should be issued or whether
additional data are needed for completion of this safety assessment.
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Expert Panel Decision

CIR History of:
Retinol and Retinyl Palmitate

A final report on the safety assessment of retinol and retinyl palmitate with the following conclusion was published
in 1987: On the basis of the available animal and clinical data presented in this report, the CIR Expert Panel
concludes that retinyl palmitate and retinol are safe as cosmetic ingredients in the present practices of use and
concentration.
1st Re-review, Belsito and Marks Teams/Panel: June 13-14, 2005
The Panel confirmed its original conclusion and agreed that the final report on retinyl palmitate and retinol should
not be reopened. This decision, published in 2008, was based on a review of published and unpublished data that
became available after publication of the final report in 1987. The Panel stated its awareness of an ongoing National
Toxicology Program (NTP) photococarcinogenicity study on retinyl palmitate and interest in reviewing the results
upon study completion.
2nd Re-review, Belsito and Marks Teams/Panel: September 10-11, 2012
In response to a request from the Food and Drug Administration, a re-review document containing pertinent studies
that entered the published literature since the Expert Panel’s 2005 decision not to re-open the final report on retinol
and retinyl palmitate was prepared for the Panel’s review. Prior to development of this document, a letter from the
Environmental Working Group (EWG) to the National Toxicology Program on the need to expedite the NTP
photocarcinogenicity study on retinyl palmitate that was ongoing was made available by the Personal Care Products
Council. The same is true for 2 letters to the editor of Mutation Research (summarized in the report text) relating to
earlier published studies on the photogenotoxicity of retinyl palmitate. The letter from the EWG is being made
available as an attachment for the Panel’s review, along with comments on the completed NTP photocarcinogenicity
study on retinyl palmitate from the EWG and Personal Care Products Council.
The Expert Panel agreed that the final report on retinyl palmitate and retinol should be re-opened, and that the reopened safety assessment should include a robust review of available photo co-mutagenicty and photo cocarcinogenicity data.
3rd Review, Belsito and Marks Teams/Panel: June 10-11, 2013
The Draft Report has been revised to include current use concentration data as well as the following data on retinyl
propionate received from the Council: HRIPT on a face cream, 28-day ophthalmologic and dermatologic study on a
moisturizer, EpiocularTM tissue equivalency assay on a face cream, human phototoxicity test on a face cream, and
human photoallergy test on a face cream.
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Day 1 of the September 11-12, 2012 CIR Expert Panel Meeting – Dr. Belsito’s Team
Retinol and Retinyl Palmitate
DR. BELSITO: Anything else? So, retinol and retinyl palmitate. This is buff.
To review or not review, that is the question. So, we looked at these in the 1980s. We re-reviewed
in 2005, confirmed the original safety report. But we're aware of an ongoing NTP study for retinyl palmitate and
retinoic acid, which has been published, stating that retinoic acid enhanced photo-carcinogenicity to the activity of
UV, and of UVB; that retinyl palmitate enhanced photo-carcinogenic activity of UV and UVB.
And is that really true when you look at the data? And I gather that Curt and Paul were sent the
full reports. I sort of scanned it very briefly.
I guess that I wasn't overwhelmed by the NTP data. However, what struck me is that the use
concentration that we weren't given in the book, but it said under the "Cosmetic" section, that it was used up to 2.2
percent, which is a much higher level than we had looked at before. And that is -- someplace. "Use," "Cosmetic."
So, in Panel Book, 11, it says "In a survey of 29 consumer cosmetic skin products labeled to contain retinoids, most
products were found to contain either retinol or retinyl palmitate at concentrations of 2.2 percent." Whereas the data
we had before was that those levels were significantly lower.
DR. ANDERSEN: So, where is this?
MR. JOHNSON: Yes, that statement doesn't represent current use concentration
data from the industry, but it's from an earlier publication.
DR. BELSITO: I understand. But it -- the levels that you're giving us are much higher than the
levels that we've been told that these are used at.
So, I mean, I think -- I mean, I'm assuming that came from Reference No. 5?
MR. JOHNSON: Yes.
DR. BELSITO: That's a 2009 reference, Wilbur. And, you know, when we last looked at this, the
levels that we were looking at were a heck of a lot less. They were -DR. SNYDER: .3,.5.
DR. BELSITO: Yes.
DR. SNYDER: How come Table 1 doesn't have any use concentrations?
DR. BELSITO: I don't have a clue. You know, they -- we weren't provided with
current concentrations of use.
But, I mean, my point is that if, in fact, that report is correct, then regardless of what we think, we
have 29 products that are being used at levels higher than we previously said "at the current concentrations of use."
Having said that, I think that studies on the photo-carcinogenicity of these products in mice are
bogus, having spent three or four years doing mouse models of photo-carcinogenicity back in the early '90s, mouse
skin does not behave as human skin, and you get a lot of warty-like papillomas, you get fibrosarcomas, because it's
only two cell layers thick, and the light irradiates the muscle.
I mean, from a dermatologic standpoint, we treat people, particularly transplant patients with large
numbers of skin cancers with oral retinoids. So, you know, in humans, they seem to have an anti-carcinogenic effect
for skin cancers -- for UV-induced skin cancers. But, you guys read the full report.
DR. SNYDER: Yes, I would largely concur with your previous statement. I mean, I think that
there's a lot of issues with this study. I think they've all been addressed in various formats in the information that we
received.
I mean, we have a body of data that it has contradictory effects. Half the studies show either no
effect or a protective effect. The other studies show maybe a weak association or something.
So, I guess from a standpoint of this individual NTP study, there is an expert panel that has been
convened to review the data, independent panel, and they have not drafted their conclusion yet. So even considering
that data set, I think we would want to see what that panel concludes in regard to their interpretation. I think there's
12 or 15 scientists that have been brought together to review that data.
DR. LIEBLER: Is that the one listed in the Wave II? Is that the one that Ray Novak is chairing?
DR. SNYDER: Jim Vaughan.
DR. LIEBLER: Right, yes. So they have not even drafted -- that we know of.
DR. ANDERSEN: The expert review (inaudible) -DR. LORETZ: It's still being drafted.

1

DR. LIEBLER: Yes. It's a subcommittee of the Board of Scientific Counselors
for NTP.
DR. SNYDER: So there's that issue. I don't think that the data -- for me, personally, I don't think
the data -- I'm not impressed with the data that should make us change our opinion. (inaudible) Raised a different
issue this morning about this higher use concentration that I think is not insignificant. I think we need to see where
that's at.
But I guess, procedurally, we probably should -- we can proceed to try to get the
report from the expert panel, or from whatever -- what did you call it?
DR. LIEBLER: It's the Board of Scientific Counselors subcommittee.
I think that would be helpful to us. My feeling was that -- to reopen to add the other ingredients. I
didn't note the USE concentration increase, but even further supports my idea of reopening it.
DR. SNYDER: Procedurally reopen it.
DR. BELSITO: Okay.
DR. KLAASSEN: Where did you see this committee?
DR. SNYDER: It's in the -- it was in the NTP -- the full report for this thing is still draft form. And
a component of that is the special committee that's been convened. And it says in there that it -- they're still awaiting
their report. So -- and I went back in to NTP, and I still, I didn't see anything different about the availability of that
report.
But it lists all of the participants in that.
DR. KLAASSEN: Okay. I didn't see that.
DR. ANDERSEN: But the suggestion to reopen would be based on reviewing use concentrations?
DR. BELSITO: To add seven ingredients, and to look at use concentrations.
DR. KLAASSEN: And, I think, also to look at that NTP report, see what this other committee
(inaudible). Subcommittee.
DR. BELSITO: So, we're reopening -- or suggesting that we move the process to consider
reopening.
DR. KLAASSEN: Right. Correct.
DR. BELSITO: Hopefully, have the final committee, NTP committee report, clarify the current
concentrations of use, whether they've, in fact, increased to 2.2 percent, and to add these seven other -DR. SNYDER: Consider adding those additional.
DR. BELSITO: And –
DR. KLAASSEN: (inaudible) All these things (inaudible) tricky.
DR. BELSITO: They certainly are.
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Day 1 of the September 11-12, 2012 CIR Expert Panel Meeting – Dr. Marks’ Team
Retinol and Retinyl Palmitate
Next in the Buff Book is Retinol and retinyl palmitate.
So this is -- these ingredients are to be looked again and considered whether or not we're going to
open the document for review. In 1987, the CIR declared that these ingredients were safe. In 2005, it these were rereviewed as safe but then we noted in that re-review that there was an NTP study ongoing and when that occurred
and we had the results we would review those results and decide whether to reopen. So the first question is should
we reopen based on the National Toxicology Program Data, which we got a wave on that. And obviously, I'm going
to ask Tom about that. And then there is also the question of whether we should open to add seven more retinol
esters.
So there are two issues. One, is there concern about the photocarcinogenesis of these ingredients?
And based on the NTP study and reopen because of that? And is it a no- brainer to add -- reopen and add seven
retinol esters? So Tom, do you want to start with the interpretation?
DR. SLAGA: Yeah, I would reopen it on both accounts.
DR. SHANK: So would I.
DR. MARKS: Okay.
MS. BRESLAWEC: I just want to point out that this is not a final study. It's still a draft study. It
has not been issued in its final form.
DR. SLAGA: It's also the longest existing study in NTP's history.
MS. BRESLAWEC: Which could cause people to wonder why it hasn't been finalized. Just
pointing that out.
DR. SHANK: But we also received several studies on photomutagenicity which were positive.
DR. SLAGA: Right. Right.
DR. SHANK: So my concern causing me to suggest we reopen it isn't based only on the NTP
study but also the several photomutagenicity studies.
DR. SLAGA: And for clarification, it's really a photo co-carcinogenicity study, not a (inaudible).
DR. BERGFELD: Could you comment on the NTP study at all? The draft that you reviewed?
DR. SLAGA: Yeah, it's, actually, if Alan was here -- back in 2009, Alan Connie published a paper
on creams the SKH-1 mouse as a vehicle, and all the vehicles from industry that he tried -- I'm giving a pre to the
NTP. All of them increased UV or acted like a co- carcinogen to photocarcinogenicity. So there is a strong database
which we don't even mention in here. We need to pull Alan Connie's paper 2009. I believe the first author is Lu, LU.
MR. JOHNSON: Is it L-I-U?
DR. SLAGA: Because he did reformulate and took out a few things and made a cream that was
not photo co- carcinogenic. Related to the NTP studies that obviously one of the big questions is that the cream
control gave an enhancing effect but when they added the retinyl palmitate with it, it gave additional effects. And
you could argue that it's possible the cream did something to the retinyl palmitate that gave a further effect, but it
definitely, to me, there is a hint that there is something happening, and that is why I'd like to see, you know, more
discussion of this. As Ron brought out, there is other data that actually says there is effect here. So I have some
concerns.
DR. HILL: Do we know if any other those other retinol esters are in use? We don't -- we didn't try
to -MS. BRESLAWEC: We haven't looked..
DR. HILL: Okay.
DR. MARKS: So reopen. And the primary reason is to review the carcinogenicity of this
mutagenicity of these ingredients?
DR. SLAGA: Well, to re-review all data since we looked at it back in 2005, be it
photomutagenicity, photo co- carcinogenicity. It should be photo co-mutagenicity. To review because there is some
other data that suggests that UV can actually change the structure and lead to oxides with some of these compounds.
DR. MARKS: So, Tom, again, to review the photomutagenicity and the photo co-carcinogenicity?
DR. HILL: Do we have to reopen if we think we're missing key pieces of information? Or can we
actually table because we haven't done anything and find the additional data that we think we might not have
captured and make sure it gets considered? And then meanwhile, we can survey and find out are these other esters
being used. I mean, I don't know the rules of order here because I'm relatively new.
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DR. SLAGA: Well, based on all the criticism of this study, it can be another
year or two before all the dust settles before a peer review states precisely what happened.
DR. HILL: Because I know the environmental working group, you know, it's clear what their
stance is, this surgeon, and we need to work on it. But for me the science here is extremely complex partly because
these are endogenously present compounds and so we have binding proteins and endogenous processing and then
there's the issue of, okay, if a particular individual is taking a high dose supplementation of Vitamin A already and
then they add these on dermally, that might be a different circumstance than if they're not. So I was left with -- and I
know Peter Fu personally, actually. He's a first rate guy in some of the chemistry parts of this, but to me the
complexity was such that I couldn't reach a conclusion within the timeframe I had to do it and that's why I'm asking.
I agree that the NTP study suggests there's a signal here but, gee, you're getting positive results on an ingredient that
we looked at and saw no such before. It's a little strange.
DR. MARKS: So Ron, procedurally we can reopen, and after we review the data, decide we aren't
going to reopen it and just handle the discussion. So this would be considered a re-review, updated information, but
one in which we aren't reopening unless we decide to do it for the seven -- adding the seven retinol esters would
warrant reopening that alone. If we had these ingredients, we'd reopen.
And so going on, Panel Book page 1, it's the one on the back side of the initial memo, are there
any of these -- you notice Wilbur in red has put "no-brainer, add on; no- brainer, add on." So do these seven meet
the retinol acetate, the propionate, the linoleate, the oleate, the rice brand. So now we have rice. Rice branate, soyate,
which I assume is from soy but I'm not sure. And talate. Are these all no- brainers? Yes. Okay. So we would do
those.
So Ron Hill, from a procedural point of view we would reopen this and just add those seven.
DR. BERGFELD: Could I add something?
DR. SHANK: I think there's a potential here that we may change the conclusion;
therefore, that's why we should reopen. Adding on other ingredients is fine, but I think we really
need to look at our conclusion based on what is new now.
DR. BERGFELD: I'd like to add on a practical point, in dermatology and cosmetics for photo
aging and rejuvenation of skin, this group of chemicals are widely used in just over- the-counter products, not
prescription products. And growing, is it very effective? And retinol is in almost everything now.
DR. MARKS: Well, I was struck on retinyl palmitate, when you look at the current frequency and
concentration of use, there are over 2,000 uses. That's all on Panel Book 32.
MS. BRESLAWEC: A request that as part of the reopening it for re-review, that the CIR staff
attempt to determine whether NTP is, in fact, repeating the study as has been rumored. Or what the status is of the
draft.
DR. MARKS: Wilbur, did you hear that request?
MR. JOHNSON: I'm sorry.
DR. MARKS: Halyna, would you –
MS. BRESLAWEC: A request that the CIR staff determine, (1) when and if the
draft will be finalized; and (2) if, in fact NTP is planning on redoing the study.
DR. MARKS: So we not only have that but we'll capture as Ron Shank mentioned, there are some
photo mutagenicity.
DR. SHANK: There are several, and I think if only those studies were presented to the panel
without the NTP study, we would ask to look at those studies and then if we find -- if we agree with their results,
they are all positive for photomutagenicity, photo genotoxicity, we would then ask for a photocarcinogenicity study
and we already have that. It may be flawed but before us it is also positive. So I think we really need to look at this
very, very carefully.
DR. SLAGA: Just for a note, one of the reasons this study was extended so long is after Alan
Connie found his results, he talked to NTP because those studies were underway and they had some confusion. So
his cream showing an enhancing effect on photocarcinogenicity was one of the reasons. And NTP did not evaluate
histopathologically the controls which I don't understand why they didn't do that.
MS. BRESLAWEC: It is essentially a study where the control -- a flawed study. I agree it may be
the only study out there but it was significantly flawed.
DR. BERGFELD: I'd like to add that they did not read the dermatological literature before they
did this study and created their control because -DR. SLAGA: Alan Connie's study was published in 2009. This was started many years before
that.
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DR. BERGFELD: Well, I was just going to say anything that adds a lubricant to the top of the skin
does enhance the UV excitement. We do that with psoriasis all the time to enhance the phototherapy.
DR. MARKS: So I'm not sure there if your conclusion is that when you add the retinol that you
increase the carcinogenesis that indeed having a control showing some increase is expected. Now your end point is
is there an enhancement of that or not? And this would suggest there's potentially an enhancement with these
Retinols.
DR. SHANK: Well, there are. I have not read them myself but in our books, reference to studies
where the retinol or retinyl palmitate actually reduced the UV-induced finding dimmers, which is the usual
mechanism we think of inducing skin cancer by UV light. But, and that's a good thing. But the UV light also
produced oxidate -- reactive oxidate -- reactive oxygen species, et cetera, which were, they suggest, procarcinogenic and mutagenic. So I think we really need to look at this very carefully.
DR. MARKS: Any other comments? So presumably tomorrow I will second a motion to reopen
these ingredients to explore and clarify the more recent studies, including the NTP study on carcinogenicity of these
ingredients or mutagenicity or genotoxicity, all of that, along with adding seven retinol esters, which are a bit of an
aside. That's the lesser of the important issues.
DR. SHANK: Okay. Is this the time where we would ask for more data needs or do we wait until
it's officially reopened?
DR. MARKS: Why don't we get it for the record now and then Ron Shank, I'll ask you tomorrow
to note that.
DR. SHANK: Okay. I think if it's known, I'd like to know what the residual levels of retinol and
retinyl palmitate were in the epidermis? What were those levels in the NTP study? Did they look at that? It was the
UV -- the UV exposure was in the morning. The retinyl palmitate was applied in the afternoon. So if it's UV-induced
photocarcinogenicity, the retinyl palmitate applied in the afternoon would still have to be there in the next morning's
exposure. If they have any information on that, I would appreciate it.
And then I'd also like to know what are the normal levels of retinol in human epidermis. Is that
known? And how much does cosmetic use of these compounds change that?
DR. MARKS: Any other comments? Thanks, Ron.
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Day 2 of the September, 11-12, 2012 CIR Expert Panel Meeting – Full Panel
Retinol and Retinyl Palmitate
Then, looking at the retinol and retinyl palmatate re-review. Dr. Belsito?
DR. BELSITO: Yes, we looked at this data and there were a couple of things. We didn't really get
this usual table on the concentration of use. However, on Page 11 of the Panel Book under cosmetic, the -- one, two,
three, four -- fifth line down it says that most products were found to contain either retinol or retinyl palmitate at
concentrations of 2.2 percent weight/weight, which is certainly higher than the prior concentrations we had looked
at. So, if that is true, it alone would, I think, require that we re-open the document.
I think that other reasons to re-open it is certainly these two have received a large amount of
attention and there are potentially other retinol products that could be added. So, I would vote to re-open it, to find
out what the current concentrations of use are. Are they in fact up to 2 percent? And to add the other ingredients that
can be added.
DR. MARKS: We second that motion to re-open. We wanted to do a robust review of the
photomutogenicity of these compounds, the photocarcinogenicity, and the co- carcinogenicity. Tom, do you want to
comment on these? Go ahead, Tom Slaga. And the geno tox.
DR. SLAGA: Yeah, there's really a large amount of new data that we have to scrutinize. And the
way the photo co-mutogenicity and the photo co-carcinogenicity. And from the NTP report has a number of issues
in it, even though there's a concern about the controls were positive with the claims, there is a publication now from
Alan Connie's group that shows that a number of the creams used on humans actually increase the photo cocarcinogenicity alone, and so we need to really look at all of this in detail.
DR. MARKS: And certainly we agree to open -- to add the seven retinol esters. To alert industry,
we would like to see if there is data needs relevant to residual levels of retinol and retinyl palmitate in the epidermis,
would be helpful if there were actually -- we know the residual levels. And we'd also like to know what the normal
levels of retinyl palmitate are in the epidermis.
DR. BERGFELD: Any other additive comments? We're going to vote to re-open this group of ingredients.
Seeing none, I'll call the question. All those in favor of re- opening? Unanimous.
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INTRODUCTION
A Cosmetic Ingredient Review (CIR) Final Report with the following conclusion was published 1987: On the basis
of the available data presented in this report, the Expert Panel concludes that retinyl palmitate and retinol are safe as
cosmetic ingredients in the present practices of use and concentration.1
Subsequently, at the June 13-14, 2005 CIR Expert Panel meeting, the Panel confirmed its original conclusion and
agreed that the final report on retinyl palmitate and retinol should not be reopened. This decision, published in 2008, was
based on a review of published and unpublished data that became available after publication of the final report in 1987.2 In
the discussion section that established the basis for confirming the original conclusion, the Panel noted an ongoing National
Toxicology Program (NTP) photococarcinogenicity study on retinyl palmitate and expressed interest in reviewing the results
upon study completion.
Public concern about the effects of retinyl palmitate in sunscreens have arisen. The Environmental Working Group
(EWG)3 asserted that almost half of the sunscreens on the market contain retinyl palmitate (RP), and, based in the EWG’s
interpretation of National Toxicology Program (NTP) study findings, EWG suggested that a health warning regarding the
photocarcinogenic potential of sunscreens containing RP was appropriate. Media coverage has resulted in questions about
the safety of sunscreens. The dermatology community has continued to support the need to use sunscreens.4
Thus, at the September 2012 Expert Panel meeting, the Panel deliberated on a re-review document that contained a
summary of results from the 2011 NTP draft technical report on this study as well as other current data relating to the safety
of retinol and retinyl palmitate in cosmetic products. After reviewing these data, the Panel determined that its safety
assessment on retinol and retinyl palmitate should be reopened and also agreed that the new safety assessment should include
the following additional ingredients: retinyl acetate, retinyl propionate, retinyl linoleate, retinyl oleate, retinyl rice branate,
retinyl soyate, and retinyl tallate.
Recognizing that retinoic acid was tested in the NTP study and its similarity to retinol and retinyl palmitate, the
CIR staff subsequently agreed to add retinoic acid to this safety assessment. The NTP photocarcinogenicity study was
subsequently published in August of 2012, and the results are summarized in this safety assessment.
Physiological Role of Vitamin A and Metabolites
A review article updating the available information on the physiological role of vitamin A and its biologically active
metabolites in the skin is available.5 The pleiotropic effects of vitamin A are exerted mainly by one active metabolite, alltrans retinoic acid, which regulates the expression of a battery of target genes through several families of nuclear receptors,
polymorphic retinoic acid response elements, and multiple coregulators.6 They also involve extra nuclear and nontranscriptional effects, such as the activation of kinase cascades, that are integrated in the nucleus by means of
phosphorylation of of several factors of retinoic acid signaling.

CHEMISTRY
Definition and Structure
The definitions of the retinoids reviewed in this safety assessment are included in Table 1. Structural formulas are
included in Figure 1.
Photoreactivity
Retinol
Retinol and its esters have a broad absorption spectrum centered around an absorption maximum (≈ 325 nm) in the
UV spectral region.7 As a result, these retinoids can be efficiently photoexcited by sunlight in both the UVA and UVB
spectral regions.
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The exposure of retinol (in ethanol) to UVC light (at 254 nm) produced the following specific photoproducts:
retinal, 5,6-epoxyretinol, 5,8-epoxyretinol, 13,14-epoxyretinol, and cleavage products.8
Retinyl Palmitate
When retinyl palmitate (in methanol) was exposed to monochromatic UVA (365 nm), the photodegradation products
were as follows: anhydroretinol, palmitic acid, and 4,5-dihydro-5-methoxy-anhydroretinol.9,10 Palmitic acid, anhydroretinol,
and 2-butenyl palmitate are photooxidation products that resulted from the exposure of retinyl palmitate to UVC light (254
nm).8 According to another source, in the presence of UVA light, retinyl palmitate (RP) decomposes into multiple products,
including anhydroretinol (AR) and 5,6-epoxyretinyl palmitate (5,6-epoxy-RP).11
The photoirradiation of retinyl palmitate (RP) in ethanol using a UV lamp generating approximately equal levels of
UVA and UVB light yielded the following photodecomposition products: 4-keto-RP, 11-ethoxy-12-hydroxy-RP, 13-ethoxy14-hydroxy-RP, anhydroretinol (AR), and trans- and cis-15-ethoxy-AR.12
Retinoic Acid
In the presence of light from fluorescent lamps, the following products resulted from the photodegradation of
retinoic acid: 13-cis-retinoic acid, 11-cis-retinoic acid, 11,13-bis-cis-retinoic acid, 9-cis-retinoic acid, 9,11-bis-cis-retinoic
acid, all-trans-5,6-epoxyretinic acid, and 13-cis-5,6-epoxyretinoic acid.13,14,15

USE
Cosmetic
As given in the International Cosmetic Ingredient Dictionary and Handbook, all of the following retinoids reviewed
in this safety assessment function as skin conditioning agents in cosmetic products: retinyl palmitate, retinol, retinoic acid,
retinyl acetate, retinyl propionate, retinyl linoleate, retinyl oleate, retinyl rice branate, retinyl soyate, and retinyl tallate.16 In
addition to this function, retinoic acid also functions as an antiacne agent and retinyl rice branate functions as an antioxidant.
According to information supplied to the Food and Drug Administration (FDA) by industry as part of the Voluntary
Cosmetic Registration Program (VCRP) in 2013 (Table 1), the following ingredients were being used in cosmetic products:
retinyl palmitate, retinol, retinoic acid, retinyl acetate, retinyl propionate, retinyl linoleate, and retinyl tallate.17 The results
from a survey of ingredient use concentrations provided by the Personal Care Products Council in 2013, also included in
Table 2, indicate that the following ingredients are being used in cosmetic products: retinyl palmitate, retinol, retinyl acetate,
retinyl propionate, and retinyl linoleate.18 Of the use concentrations reported, the highest maximum use concentration in
leave-on or rinse-off products was reported for retinyl palmitate (1.97% in leave-on products; 1% in rinse-off products).
In an earlier survey of 29 consumer cosmetic skin products labeled to contain retinoids, most products were found
to contain either retinol or retinyl palmitate at concentrations of 2.2% (w/w), while few products contained both ingredients.
A number of products also contained cis isomers of retinol that could be quantitatively distinguished from the all-trans
compound.19
Cosmetic products containing the retinoids reviewed in this safety assessment may be applied to the skin, or,
incidentally, may come in contact with the eyes and mucous membranes. Products containing these ingredients may be
applied as frequently as several times per day and may come in contact with the skin for variable periods following
application. Daily or occasional use may extend over many years.
Retinyl palmitate is used in hair sprays (pump sprays), face powders, foundation sprays, and body and hand sprays,
and 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.20,21,22,23 Therefore, most droplets/particles incidentally inhaled from cosmetic sprays would
be deposited in the nasopharyngeal and bronchial regions and would not be respirable (i.e., they would not enter the lungs) to
any appreciable amount.20,21
Noncosmetic
The Food and Drug Administration (FDA) has included retinyl palmitate and retinyl acetate on its list of direct food
substances that are classified as generally recognized as safe (GRAS) (21 CFR: 184.1930).24 These 2 retinoids are also
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included on the FDA’s list of nutrients/dietary supplements that are classified as GRAS (21 CFR: 582.5933 and 582.5636).24
The FDA has also determined that available data on retinyl palmitate and retinyl acetate are inadequate to establish general
recognition of safety and effectiveness of these retinoids as active ingredients in over-the-counter (OTC) drug products (21
CFR: 310.545).25
In response to a request from the European Commission, the Panel on Additives and Products or Substance used in
Animal Feed (FEEDAP) was asked to provide a scientific opinion on the safety and efficacy of vitamin A (retinyl acetate,
retinyl palmitate, and retinyl propionate) as an additive to feed and water for drinking for all animal species.26 All consumer
exposure calculations showed that liver is the only food of animal origin for which consumption poses a risk to the adult
consmers. It was noted that this risk can be considerably reduced, but not eliminated, if the following levels proposed by the
European Food Safety Authority (EFSA) for reduction of the maximum vitamin A content in feeding stuffs would be
respected:
•
•
•
•
•

Pigs: piglets (weaned or suckling): 16,000 IU/kg complete feed, pigs for fattening: 6,500 IU/kg complete feed and
sows: 12,000 IU/kg complete feed.
Poultry: chickens (including all minor poultry species) in the first 14 days of life and turkeys in the first 28 days of
life: 20,000 IU/Kg complete feed. All poultry (for fattening, reared for laying, laying and breeding): 10,000 IU/kg
complete feed.
Milk replacers for all mammalian species: 25,000 IU/kg milk replacer
Calves for rearing in the first 4 months of life, lambs ad kids for rearing in the first 2 months of life: 16,000 IU/kg
complete feed. Cattle, sheep and goats for fattening: 10,000 IU/kg complete feed.
Dairy cows: 200,000 IU vitamin A/cow per day

The FEEDAP opinion also stated that retinyl acetate, retinyl palmitate, and retinyl propionate are irritants to the skin and
potential skin sensitizers. Additionally, it was noted that data on respiratory toxicity and on the levels of exposure of workers
that would cause systemic or respiratory toxicity are not available; however, inhalation exposure of workers from handling
certain formulations is likely. The FEEDAP recommended that protection measures against inhalation exposure for persons
handling the additive be taken.
In 1982, FDA approved Accutane (isotretinoin, or 13-cis-retinoic acid) for use in the treatment of severe, recalcitrant
nodular acne that is unresponsive to conventional therapy, including antibiotics.27 Accutane can, however, be associated with
serious adverse events, including birth defects. Following approval, it became evident that a formal risk management
program would be needed due to the drug’s harmful effects in pregnancy. In 2005, FDA approved a strengthened risk
management plan for Accutane and generic isotretinoin, to make sure that women do not become pregnant while taking this
medicine.28

TOXICOKINETICS
Based on the data presented below, it appears clear that the ingredients addressed in this safety assessment can
penetrate the skin and distribute to tissues throughout the body. Less clear is the metabolic fate of these ingredients.
Absorption and Distribution
Dermal
Retinol
Retinol absorption from cosmetic formulations has been measured through excised human skin in diffusion cell
studies.29 Absorption through skin into the receptor fluid was 0.3% of the applied dose from a gel vehicle and 1.3% from an
emulsion vehicle in 24-h studies.
The percutaneous absorption of retinol (vitamin A) from cosmetic formulations was studied to predict systemic
absorption and to understand the significance of the skin reservoir in in vitro absorption studies.30 Viable skin samples from
fuzzy rats or human subjects were assembled in flow-through diffusion cells for in vitro absorption studies. In vitro studies
using human skin and a gel or emulsion vehicle found 0.3% and 1.3% of the applied retinol, respectively, in the receptor fluid
at 24 h. Levels of absorption in the receptor fluid increased over 72 h with the gel and emulsion vehicles. Using the gel
vehicle, in vitro rat skin studies found 23% in skin and 6% in receptor fluid at 24 h, while 72-h studies found 18% in skin and
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13% in receptor fluid. Thus, significant amounts of retinol remained in rat skin at 24 h and these amounts decreased by
approximately 5% over 72 h, with proportional increases in the receptor fluid.
In vivo absorption studies using fuzzy rats were performed in glass metabolism cages for collection of urine, feces,
and body content. Retinol (0.3%) formulations (hydroalcoholic gel and oil-in-water emulsion) containing 3H-retinol were
applied and absorption was measured at 24 h or 72 h. Results were reported as % of applied dose. The in vivo rat studies
with the gel indicated 4% systemic absorption of retinol after 24 h, which did not increase at 72 h. Retinol remaining in rat
skin was 18% and 13% of the applied dermal dose after 24 h and 72 h, respectively. Similar results were obtained using the
oil-in-water vehicle.
The authors stated that the studies summarized above could be interpreted to indicate that retinol formed a reservoir
in rat skin both in vivo and in vitro. Little additional retinol was bioavailable from the gel or emulsion 24 h after application.
Comparison of the in vitro and in vivo results for rat skin indicates that the fraction of the applied retinol in the receptor fluid
after 24 h in vitro was comparable to the fraction absorbed systemically through the skin after 24 h in vivo. Therefore, the
authors concluded that the best single estimate of retinol systemic absorption from in vitro human skin studies is the 24-h
receptor fluid value. However, the authors stated that the receptor fluid value from the 72-h extended study may be used in
worst-case exposure estimates.30
Enhanced penetration of retinol was found from the dermal application of retinol in solid lipid nanoparticles
incorporated into an oil-in-water cream, when compared to a conventional formulation.31 Highest retinol concentrations were
found in the stratum corneum and the upper viable epidermal layer. The penetration of retinyl palmitate was influenced even
more by incorporation into the solid lipid nanoparticles.
A study was performed to deliver retinol topically and quantify the amount permeated in the stratum corneum and
underlying skin. A static Franz-type diffusion cell was used, and porcine skin was clamped between the donor and receptor
compartment. The stratum corneum faced the donor compartment, to which a 90% saturated solution of retinol in propylene
glycol (200 µl) was added. The permeation experiment was carried out in triplicate. Treated skin was removed for analysis
after 24 h. Retinol (10%) was retained in the stratum corneum and 90% permeated in the underlying skin.
Retinol and Retinyl Palmitate
The accumulation of retinyl palmitate and retinol was evaluated in the skin of SKH-1 mice (8 groups; 12
mice/sex/group) treated tropically with the following concentrations of retinyl palmitate (in cream) for 13 weeks (5
days/week): 0.1%, 0.5%, 1.0%, 5.0%, 10%, and 13%.32 Additionally, 2 groups were untreated and treated with control
cream, respectively. Because products containing retinyl palmitate are frequently applied to sun-exposed skin, and exposure
to sunlight and UV light can alter endogenous concentrations of retinoids in the skin, mice in this study were also exposed to
simulated solar light 5 days per week.
Retinyl palmitate diffused into the skin and was partially hydrolyzed to retinol. The levels of retinyl palmitate in
the skin of mice administered retinyl palmitate cream were greater than control values. The levels of both retinyl palmitate
and retinol increased with the application of higher concentrations of retinyl palmitate in the cream (statistically significant
linear dose trends). The levels of retinyl palmitate and retinol in the stratum corneum, epidermis, and dermis of the untreated
group, control cream-treated group, and 0.5% retinyl palmitate-treated group were determined. When compared to untreated
mice and mice treated with the control cream, the levels of retinyl palmitate and retinol in the 0.5% retinyl palmitate group
were substantially higher in all layers of the skin. In each of the 3 treatment groups, levels of both retinyl palmitate and
retinol were significantly higher in the epidermis, lowest in the dermis, and somewhat intermediate in the stratum corneum (P
< 0.05). The study results indicated that topically applied retinyl palmitate can elevate the concentrations of retinyl palmitate
and retinol in the skin of SKH-1 mice.32
To evaluate the potential use of solid nanoparticles (SLN) in dermatology and cosmetics, glyceryl behenate SLN
loaded with vitamin A (retinol and retinyl palmitate) and incorporated in a hydrogel and oil-in-water cream were tested for
their influence on the penetration of these substances into porcine skin.31 Conventional formulations served for comparison.
Excised full thickness skin was mounted in Franz diffusion cells and the formulations were applied for 6 h and 24 h. High
retinol concentrations were found in the upper skin layers following SLN preparations. The deeper regions showed only very
low vitamin A levels. Because of a polymorphic transition of the lipid carrier with subsequent drug expulsion following the
application to the skin, the drug localizing action appears to be limited for 6 h to 24 h. Best results were obtained with retinol
SLN incorporated in the oil-in-water cream retarding drug expulsion. The penetration of the occlusion-sensitive drug retinyl
palmitate was enhanced even more than that of retinol by SLN incorporation. In summary, enhanced absorption of retinol
was found from SLN incorporated into an oil-in-water cream, when compared to a conventional formulation. Highest retinol
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concentrations were found in the stratum corneum and the upper viable epidermal layer. The penetration of retinyl palmitate
was elevated even more than that of retinol by incorporation into the SLN.
Three experiments were performed to determine the time course for accumulation and disappearance of retinyl
palmitate and retinol in the stratified layers of skin from female SKH-1 mice that received single or repeated topical
applications of creams containing 0.5% or 2% retinyl palmitate.33 In the first experiment, 10-week old female SKH-1 mice
(3 per group) received topical application of 2% retinyl palmitate cream (~ 75 µl) to the dorsal skin area between the base of
the neck and the base of the tail. The cream was applied manually with a gloved finger to cover the entire dorsal region of
the animal. Each application achieved approximately 2 mg cream/cm2 of skin. Control animals received the vehicle cream
only. At 1, 2, 3, or 6 days after cream application, the animals were killed and skin samples collected. The design of the
second experiment was the same as that of the first, except that the animals (3 per group) received topical application of 0.5%
retinyl palmitate cream. The animals were killed at 1, 2, 3, or 6 days after cream application and skin samples collected. In
the third experiment, the protocol was similar to that of the first experiment, except that the mice received daily topical
application of 2% retinyl palmitate cream (~75 µL) to the dorsal skin area, base of the neck and anterior to the base of the tail
for 4 consecutive days. The animals were killed at 1, 3, 6, 11, or 18 days after the last cream application, and skin samples
were collected. In all 3 experiments, samples of skin were separated into the stratum corneum, epidermis, and dermis.
Retinyl palmitate diffused rapidly into the stratum corneum and epidermal skin layers within 24 h following
application of creams containing retinyl palmitate. Of the 3 skin layers, the highest level of retinyl palmitate and retinol per
weight unit (ng/ml) at all time points was found in the epidermis. Levels of retinyl palmiate and retinol were lowest in the
dermal layer and intermediate in the stratum corneum. The levels of retinyl palmitate and retinol in the separated skin layers
and in the intact skin decreased with time, but levels of retinyl palmitate remained higher than control values for a period of
up to 18 days. The application of retinyl palmitate to mouse skin elevated the normal physiological levels of retinyl palmitate
and retinol in the skin.33
Levels of retinyl palmitate and retinol in the skin of female SKH-1 mice were investigated in another study. The
animals received a standard HNIH-31 diet.34 Retinoid levels were evaluated at ages ranging from 10 weeks to 68 weeks of
age. The levels of retinyl palmitate and retinol were highest in the epidermis of 20-week-old mice, and decreased when the
age increased to 60 and 68 weeks. The total amount of retinyl palmitate at 20 weeks of age was found to be 1.52 ng/mg skin,
and decreased approximately 4-fold at 60 and 68 weeks of age. A similar trend was found for the effects of age on the levels
of retinol.
Retinoic Acid
The percutaneous absorption of all-trans-[10,11-3H 2 ]-retinoic acid was evaluated using 12 mature female virgin
outbred Golden Syrian hamsters [Lak(LVG):SYR].35 A single application of 17 µg/kg or 8.7 mg/kg (dissolved in acetone) to
shaved dorsal skin resulted in rapid absorption and dose-dependent rates of elimination. Unchanged all-trans retinoic acid
represented ≤ 4% of the total circulating radioactivity.
Airol® cream (0.05% tretinoin [all-trans retinoic acid]), plasma concentrations were compared after repeated dermal
applications of the maximum dose that could be applied reliably and after oral administration of the highest non-teratogenic
dose.36 The test preparation was applied dermally in 2 equal portions to rats and rabbits at 2 g/animal/day (equivalent to a
tretinoin dose of 3.7 mg/kg/day) and at 6 g/kg/day (equivalent to 3 mg tretinoin/kg/day), respectively. Following a single
oral dose of 2 mg/kg, C max and AUC for tretinoin in rat plasma were 285 ± 14.6 ng/ml and 595 ± 123 ng ·h/ml, respectively.
Corresponding values for the rabbit were 78.4 ± 16.9 ng/ml and 126 ± 25.4 ng · h/ml. In both species, plasma concentrations
of tretinoin after dermal application were consistently below the assay quantification limit (< 5 ng/ml and < 2 ng/ml for rat
and rabbit, respectively), despite marked irritation of the skin. Therefore, repeated topical application of the test preparation
produced plasma concentrations of tretinoin that were well below the plasma concentrations produced by a non-teratogenic
oral dose of 2 mg/kg in the rat and rabbit.
Oral
Retinoic Acid
During the early primitive streak stage of development, pregnant Syrian Golden hamsters were given a single oral
dose (35 µmol/kg) of [3H]-all-trans retinoic acid, [3H]-13-cis-retinoic acid, [3H]-all-trans-4-oxo-retinoic acid, [3H]-9-cisretinal, or all [3H]-trans-retinyl acetate.37 The following tissues were sampled for radioactivity: brain, bladder, uterus,
placenta, fetus, muscle, lung, heart, fat, adrenal, kidney and liver. The acidic retinoids-associated radioactivity was
distributed to all of the tissues sampled, including the placenta and fetus. The largest and least accumulation were associated
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with the liver (3.8 nmol eq./g tissue) and fat (0.9 nmol eq./g tissue), respectively. The other tissues sampled contained 2.5 to
3.0 nmol eq./g tissue. Retinal acetate- or 9-cis-retinal- radioactivity was concentrated in the liver and lung. In vivo, the alltrans retinoic acid was oxidized to all trans-4-oxo-retinoic acid and isomerized to 13-cis-retinoic acid; 13-cis-retinoic acid
was oxidized to 13-cis-4-oxo-retinoic acid and isomerized to all-trans retinoic acid. Neither parent 9-cis retinal nor retinyl
acetate was detected in maternal plasma. Maximum values for plasma concentrations of the parent retinoids were achieved
within 60 min, and then followed exponential decay. When compared to all of the retinoids evaluated in this study, 13-cis
retinoic acid covered the largest area under the plasma curve, had the slowest clearance, and the longest elimination of t1/2.
Total plasma radioactivity, consisting of unidentified metabolites, remained elevated at 4 days post-dosing. It was noted that
it was not possible to correlate maternal peak circulating concentrations of the parent retinoids, total radioactivity, plasma
pharmacokinetic parameters or the total concentrations of residual radioactivity in fetal tissues with the different teratogenic
potentices of the retinoids evaluated.
Retinyl Acetate
A study was performed to analyze the vitamin A content of liver and serum from 13 adult female African green
vervet monkeys (Chlorocebus aethiops).38 The monkeys were wild-caught and held in captivity for 2 years, during which
they consumed a standard primate diet. Monkeys were fed lab diet containing 45 nmol (43 IU) vitamin A/g dry food (as
retinyl acetate). Liver vitamin A concentration (mean ± 1 standard deviation) was 14.6 ± 2.3 µmol retinol/g liver. Retinyl
palmitate accounted for most of the hepatic vitamin A (59% ± 2.5%). The serum retinol concentration (0.93 ± 0.21 µM) was
not elevated.
Oral/Dermal
Human
Retinyl Palmitate and Retinol
Two groups of 14 female volunteers of child-bearing age were maintained on a vitamin A-poor diet and treated
topically for 21 days with creams containing 0.30% retinol or 0.55% retinyl palmitate on approximately 3000 cm2 of their
body surface area, amounting to a total of approximately 30,000 IU vitamin A/subject/day.39 Subsequently, after a 12-day
wash-out period, the study groups received single oral doses of 10,000 IU or 30,000 IU retinyl palmitate, corresponding to
the maximal European union (EU) allowance during pregnancy or three-times higher, respectively. Blood samples were
collected over 24 h on study days -3 (pre-study), 1, 21 (first and last days of topical treatment), and 34 (oral administration) at
0, 1, 2, 4, 6, 12, 14-16 h and 24 h after treatment for determination of plasma concentrations of retinol and retinyl palmitate.
On days 1 or 21 of topical treatment, no changes were measured in individual or group mean plasma C max , AUC 0-24 h , or
other pharmacokinetic parameters of retinol or retinyl palmitate relative to pre-study data. In contrast, single oral doses of
retinyl palmitate at 10,000 IU or 30,000 IU produced dose-related and sustained increases in Cmax and AUC 0-24 h values of
plasma retinyl palmitate. The results of this study provide evidence that human topical exposure to retinol- or cosmetic
creams containing retinyl palmitate at 30,000 IU/day and maximal use concentrations do not affect plasma levels of retinol or
retinyl palmitate, whereas, single oral doses at 10,000 IU or 30,000 IU produce significant increases in plasma retinyl
palmitate. Results relating to skin irritation and systemic toxicity are presented in the Skin irritation and Repeated Dose
Toxicity sections of this report.

TOXICOLOGY
Acute Toxicity
Oral
Animal
Retinoic Acid
The teratogenicity of all-trans retinoic acid and retinyl acetate was evaluated using groups of 8 pregnant SpragueDawley rats.40 The animals were fed a standard diet containing 14.4 nmol retinyl palmitate/g diet. Single equimolar oral
doses (3.5 to 352 µmol/kg body weight) of the test substances were administered in corn oil (~ 250 µl) on day 8.5 of
pregnancy. Control animals were dosed with corn oil only. Dams and fetuses were killed on day 19. Results relating to
teratogenicity and fetal toxicity are included in the section on Reproductive and Developmental Toxicity. Oral dosing with
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352 µmol/kg all-trans retinoic acid caused hair loss and hair discoloration in dams. At doses of ≥113 µmol/kg all-trans
retinoic acid, the dams lost weight, but there were no overt signs of toxicity. No toxic effects of retinyl acetate on dams were
reported.
Repeated Dose Toxicity
Inhalation
Animal
Retinoic Acid
In a study involving 12 male Hartley guinea pigs, a nebulizer was used to create an aerosol (mass mean diameter =
2.9 µ, a particle size expected to be respirable) of all-trans retinoic acid in solution for short-term inhalation exposure.41 In
addition to all-trans retinoic acid, other components (vehicle) of the aerosol were as follows: 25% PEG-35 castor oil, 0.01%
butylated hydroxytoluene, and 10% phosphate-buffered saline. The animals received an estimated average all-trans retinoic
acid dose of either 0.32 mg/kg (low dose, 1.4 mM), or 0.62 mg/kg (medium dose, 2.8 mM), or 1.26 mg/kg (high dose, 5.6
mM). Doses were administered for 6 consecutive days (20 min/day). Exposure resulted in an increase in all-trans retinoic
acid levels in the lung, but not in the liver or plasma. Cellular lung levels of retinol, retinyl palmitate, and retinyl stearate
appeared to have been unaffected (245.6 ± 1.7, 47.4 ± 3.4, and 132.8 ± 7.7 ng/g wet weight, respectively). Aerosol exposure
also induced a dose-dependent protein expression of the cellular retinol-binding protein 1 (CRBP-1) in the lung.
Additionally, aerosol exposure did not cause toxic side effects or tachyphylaxis throughout the study.
Oral
Animal
Retinol
Subclinical hypervitaminosis A in rats causes fragile bones. A study was performed to investigate possible
mechanisms for vitamin A action.42 Three groups of 15 mature female Sprague-Dawley rats were fed the following,
respectively, for 12 weeks: standard diet containing 12 IU vitamin A per g pellet (control, C), or a standard diet
supplemented with 120 IU (10 x C), or 600 IU (50 x C) vitamin A/g pellet. At the conclusion of the study, the concentrations
of serum retinyl esters were elevated 4- and 20-fold in rats fed the supplemented diets. Although neither average food intake
nor final body weights were significantly different among the groups, a dose-dependent reduction in serum levels of vitamins
D and E, but not K, was found. In the 50 x C group, the length of the humerus was the same as in controls, but the diameter
was reduced (- 4.1%, p < 0.05). Peripheral quantitative computed tomography (pQCT) at the diaphysis showed that bone
mineral density (BMD) was unchanged and that periosteal circumference was decreased significantly (- 3.7%, p < 0.05).
However, ash weight of the humerus was not affected. Because bone volume decreased, volumetric BMD, as measured by
the bone ash method, increased (+ 2.5%, p < 0.05). It was concluded that vitamin A interference with other fat-soluble
vitamins is a possible indirect mechanism of vitamin A action. Moreover, BMD measurements did not reveal early adverse
skeletal changes induced by moderate excess vitamin A ingestion in rats.

Retinyl Palmitate
The consequences of acute and chronic vitamin A (retinyl palmitate) supplementation at therapeutic and excessive
doses on the redox state of submitochondrial particles (SMP), isolated from adult rat cerebral cortex and cerebellum, were
studied.43 Groups of 5 adult male Wistar rats were used. The animals were treated once a day during 3 different periods:
acutely (3 days or 7 days) or chronically (28 days). The 5 groups of animals were gavaged daily with one of the following:
vehicle (0.15 M NaCl), and retinyl palmitate at 1000 IU/kg, 2500 IU/kg, 4500 IU/kg, and 9000 IU/kg. The lower 2 doses
were described as therapeutic and, the other 2, excessive. All doses induced lipid peroxidation, protein carbonylation, and
oxidation of protein thiol groups in cerebral cortex and cerebellum SMP. Furthermore, retinyl palmitate supplementation
induced an increase in the superoxide (O 2 •– ) anion production, indicating an uncoupling in the electron transfer chain. In
addition, locomotory and exploratory activity, which are associated with the cerebral cortex and cerebellum, were reduced by
both acute and chronic retinyl palmitate supplementation. Retinyl palmitate induced a decrease in both locomotory and
exploratory behavior. Together, these results show that vitamin A could be toxic at the subcellular level, inducing
mitochondrial dysfunction and altering cerebral cortex and/or cerebellum-dependent behavior.
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The effect of short-term vitamin A (retinyl palmitate) supplementation on the rat liver was studied using groups of 6
to 7 male Wistar rats (90 days old).44 Groups were dosed orally (gavage; dose volume = 0.8 ml maximum) with one of the
following: 0.15 M saline (control); 1,000 IU/kg/day; 2,500 IU/kg/day; 4,500 IU/kg/day; and 9,000 IU/kg/day. The animals
were dosed once per day for 3 or 7 days. The animals were killed 24 h after the last dose; the liver was removed and
homogenized, and liver mitochondria were isolated and studied. Increased liver peroxidation was observed in the liver of rats
that received retinyl palmitate supplementation at 2,500; 4,500; or 9,000 IU/kg/day for 3 days (1.4- to 1.7-fold; p < 0.01).
However, hepatic lipid peroxidation levels did not change after vitamin A supplementation for 7 days.
Increased (1.3- to 1.6-fold; p < 0.01) O 2 –• production in hepatic SMP of the rats that were treated with retinyl
palmitate at 2,500; 4,500; or 9,000 IU/kg/day for 3 days was observed. Retinyl palmitate supplementation at any dose tested
induced a 1.3- to 1.7-fold increase in O 2 –• production in hepatic SMP isolated from rats that were treated for 7 days (p <
0.01). Mitochondria that were isolated from the liver of rats that received vitamin A supplementation at 2,500; 4,500; or
9,000 IU/kg for 3 days presented higher lipid peroxidation levels when incubated for 10 minutes with buffer (p < 0.05).
CaCl 2 (75 µM) induced a 2.5- to 2.9-fold increase of lipid peroxidation in liver mitochondria from animals that received
retinyl palmitate supplementation at 2,500; 4,500; or 9,000 IU/kg for 3 days, when compared with mitochondria isolated
from the liver of animals that received saline for 3 days (p < 0.01). Overall, the results of this study showed that
mitochondria are a target of vitamin A-associated toxicity in vivo.44
A study was performed to compare electron flux and oxidative/nitrosative stress parameters on the heart among rats
supplemented with vitamin A.45 Adult male rats (strain not stated; 90 days old) were grouped (7 per group) and treated (by
gavage; total volume = 0.8 ml) as follows for 28 days: vehicle (0.9% saline solution), and 1000, 2500, 4500, and 9000 IU
retinyl palmitate (in saline)/kg/day. The heart was removed for analysis after 28 days. Electron flux and
oxidative/nitrosative stress parameters were evaluated and statistics were conducted using Anova one-way, followed by
Dunnet’s post hoc test of significance. Retinyl palmitate supplementation induced an increase in the oxidation of lipids and
proteins, and mitochondrial 3-nitrotyrosine content, an enzymatic imbalance (indicated by the increased superoxide
dismutase (SOD)/catalase (CAT) ratio), and a decrease in electron transfer between respiratory chain complexes. These
results suggest that vitamin A induces oxidative/nitrosative stress and mitochondrial impairment in the heart.
Retinyl Acetate
Groups of 25 female Sprague-Daweley rats (35 days old) were fed diets supplemented with (per kg diet) 125 or 250
mg retinyl acetate.46 A third group was fed a basal diet only. Feeding was continued throughout the 180-day study. Dosing
with 125 mg did not induce gross hepatotoxicity. However, dosing with 250 mg induced a low incidence of hepatic fibrosis
in rats examined after 120 and 180 days of feeding.
The hemorrhagic toxicity of retinol acetate was evaluated using groups of 6 male Jcl:SD rats (4 weeks old). The
animals were fed a laboratory ration for 1 week and then given an experimental diet containing 0.5% retinyl acetate for 7
days.47 Control rats were fed basal diet. Retinyl acetate was classified as very toxic. Both food consumption and body
weights were decreased throughout the experiment, which may have resulted from appetite depression. The following signs
were observed: slight protrusion of the eyeballs, thinner pale body, rough hair, blepharoptosis, unsteady gait, epistaxis, and
death. The pooling of abdominal fluid, diarrhea, and expansion of the intestine were reported at necropsy. Prothrombin and
kaolin-activated partial thromboplastin time indices were reduced to 60% and 30%, respectively. A dietary level of 0.5%
retinyl acetate appeared to have been too high for observation of a hemorrhagic effect, in that other toxic syndromes occurred
and food intake was decreased.
A study was performed to analyze the vitamin A content of liver and serum from 13 adult female African green
vervet monkeys (Chlorocebus aethiops).38 The monkeys were wild-caught and held in captivity for 2 years, during which
they consumed a standard primate diet. Monkeys were fed lab diet containing 45 nmol (43 IU) vitamin A/g dry food (as
retinyl acetate). Results relating to distribution after feeding are included in the section on Toxicokinetics. Hypertrophy and
hyperplasia of hepatic stellate cells were observed, which, in conjunction with elevated hepatic vitamin A, are evidence of
toxicity.
Oral
Human
Retinyl Palmitate
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One hundred and twenty-nine participants with severely sun-damaged skin on their lateral forearms were
randomized to receive placebo or 25,000; 50,000; or 75,000 IU/day retinyl palmitate for 12 months.48 While the primary
study end points were clinical and laboratory safety of vitamin A (retinyl palmitate), toxicity information was reported. The
measurement end points included quantitative karyometric image analysis and assessment of retinoid and rexinoid receptors
in sun-damaged skin. There were no significant differences in expected clinical or blood toxicities between the groups of all
participants randomized to placebo, 25,000 IU/day, 50,000 IU/day, and 75,000 IU/day. There was no evidence of a dose
response for any of the following toxicities: alopecia, cheilitis, conjunctivitis, dry skin, peeling, epistaxis, headache, muscle
stiffness, dysuria, exanthema, serum liver function tests (i.e., aspartate aminotransferase, alanine aminotransferase, and serum
alkaline phosphatase and triglycerides). Because liver scans were only to be repeated in participants who experienced severe
clinical or other signs of toxicity, there were no participants who underwent repeat liver scans during this clinical trial.
Karyometric features were computed from the basal cell layer of skin biopsies, and a total of 22,600 nuclei from 113
participants were examined, showing statistically significant, dose-response effects for retinyl palmitate at the 25,000 and
50,000 IU/day doses. These karyometric changes were associated with increases in retinoic acid receptors αand β, and
retinoid X receptor α at the 50,000 IU/day retinyl palmitate dose. It was concluded that the the retinyl palmitate doses of
50,000 and 75,000 IU/day for 1 year proved to be safe and more efficacious than the 25,000 IU/day dose and can be
recommended for future skin chemoprevention studies.48
Oral/Dermal
Human
Retinyl Palmitate and Retinol
Two groups of 14 female volunteers of child-bearing age were maintained on a vitamin A-poor diet and treated
topically for 21 days with creams containing 0.30% retinol or 0.55% retinyl palmitate on approximately 3000 cm2 of their
body surface area, amounting to a total of approximately 30,000 IU vitamin A/subject/day.39 Subsequently, after a 12-day
wash-out period, the study groups received single oral doses of 10,000 IU or 30,000 IU retinyl palmitate. No objective
adverse effects or individual complaints were recorded after the oral administration of retinyl palmitate at 10,000 IU or
30,000 IU. Additionally, no adverse systemic effects were observed. Results relating to skin irritation are included in that
section of this report.
Ocular Irritation
Retinyl Propionate
Thirty-three subjects (18 to 55 years old) participated in a 28-day ophthalmologic and dermatologic safety
evaluation of a facial moisturizer product containing 0.3% retinyl propionate (test product).49 The subjects were instructed
to apply the product twice daily throughout the duration of the study. For all ophthalmologic evaluations, average scores
relating to the following indicated little to no change from baseline: eyelid swelling, palpebral conjunctiva, and bulbar
conjunctiva. It was concluded that, overall, the test moisturizer was well-tolerated by the subjects. Results relating to skin
irritation are included in that section below.
The EpiOcularTM human cell construct was used to assess the potential ocular irritancy of a face cream containing
0.3% retinyl propionate.50 The MTT (3[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) conversion assay was
used to assess cellular metabolism after exposure to the test substance for various exposure times. This assay measures the
NAD(P)H-dependent microsomal enzyme reduction of MTT to a blue formazan precipitate. The duration of exposure
resulting in a 50% decrease in MTT conversion in EpiOcularTM human cell constructs treated with the test substance (t 50 ),
relative to controls, was determined. The face cream was not observed to reduce MTT directly in the absence of viable
tissue, and a t 50 of > 24 h was reported. The t 50 for the positive control (0.3% Triton®-X-100) was 31 minutes.
Skin Irritation
Animal
Retinoic Acid
The effects of daily topical application of a therapeutic concentration of all-trans retinoic acid on epidermal
thickness and dermal collagen and glycosaminoglycan (GAG) biosynthesis rates were studied during a period of 40 days.51
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Each morning, approximately 0.1 ml all-trans retinoic acid (0.05% in ethanol) was applied by rubbing a cotton-soaked swab
to the dorsal side of both ears of guinea pigs (number not stated). Control animals were treated with water. Beginning at 5 to
6 days, skin treated with all-trans retinoic acid became erythematous and scaly, both of which persisted throughout the
experiment. The epidermis became thickened and hyperplastic, with marked psoriasiform histologic features.
A cream formulation containing all-trans retinoic acid (3.34 mM [0.1% all-trans retinoic acid] or 16.5 mM [0.5%
all-trans retinoic acid]) was applied to dorsal skin of 6 castrated male pigs daily for 24 weeks.52 Eight 2 x 2 cm test patch
areas were established dorsally. Four patch areas were situated both to the left and right of the spine, with a 1.5-cm space
interval. The designated cream was applied by rubbing an aliquot (0.005 to 0.01 g/cm2) onto the patch area. The test
protocol included a no-treatment placebo. Redness and scabbing were observed in areas treated with the all-trans retinoic
acid creams. All areas treated with 0.1% or 0.5% all-trans retinoic acid creams appeared inflamed and sensitive.
Human
Retinyl Palmitate and Retinol
Two groups of 14 female volunteers of child-bearing age were maintained on a vitamin A-poor diet and treated
topically for 21 days with creams containing 0.30% retinol or 0.55% retinyl palmitate on approximately 3000 cm2 of their
body surface area, amounting to a total of approximately 30,000 IU vitamin A/subject/day.39 Subsequently, after a 12-day
wash-out period, the study groups received single oral doses of 10,000 IU or 30,000 IU retinyl palmitate, corresponding to
the maximal EU allowance during pregnancy or three-times the allowance, respectively. Transient mild (retinyl palmitate
group) to moderate (retinol group) local irritation reactions on treatment sites were noted. After approximately 1 week of
topical application, 13 of 28 study subjects had skin reactions (rash, itching) on treated sites.
In the retinol treatment group, skin reactions were observed in 9 or 14 subjects. For 1 subject with moderate to
severe reactions, treatment was discontinued for 4 days. Although 2 of 14 subjects in the retinyl palmitate treatment group
experienced itching, treatment was continued as scheduled. In all subjects, skin reactions stabilized and/or subsided after
approximately 10 to 12 treatment days. One-hundred nine (total) adverse events in 25 subjects were reported. The severity
of adverse events was rated by the medical investigator to be mild for 70 events, moderate for 37 events, and severe for 2
cases. For 44 adverse events, a possible or probable relationship to the treatment was considered, including itch, rash, or
other dermal manifestations at the treatment sites. Additional study results are included at the end of the preceding section on
Repeated Dose Toxicity.39
Retinol and Retinoic Acid
A randomized, double-blind study comparing topical retinol, retinoic acid, and a vehicle alone was performed.53
Each retinoid or the vehicle was applied to buttock skin, and biopsies were taken at 0 h, 6 h, 24 h, and 96 h. When compared
to the results for retinol (no or trace erythema), retinoic acid induced significant erythema. Retinoic acid also caused
epidermal thickening when compared to retinol.
A prospective, 2-year multicenter study (double-blind, randomized, placebo-controlled) was performed to evaluate
the safety and efficacy of tretinoin emollient cream 0.05% for the treatment of moderate to severe facial photodamage.54
The study involved 204 subjects who applied the tretinoin emollient cream or a vehicle emollient cream (placebo) to the
entire face once per day for up to 2 years. When compared to the placebo, application of the tretinoin cream resulted in
significantly greater (p < 0.05) improvement in the following: clinical signs of photodamage (fine and coarse wrinkling,
mottled hyperpigmentation, lentigines, and sallowness), overall photodamage severity, and the investigator’s global
assessment of clinical response . The results at histologic evaluation following application of tretinoin cream were as
follows: no increase in keratinocytic or melanocytic atypia, dermal elastosis, or untoward effects on stratum corneum. Also,
when compared to the placebo cream, there was a significant increase in facial procollagen 1C terminal, a marker for
procollagen synthesis, at month 12 (p = 0.0074). This finding relating to facial procollagen synthesis resulted from
immunohistochemistry studies conducted at 3 study centers.
The results from a study of 2 safety trials on isotretinoin (13-cis-retinoic acid) indicated that the most common
adverse mucocutaneous side effects that patients complained about were: cheilitis, chapped lips, dry skin, redness or rash,
peeling, dermatitis, itching, epistaxis, mucosal dryness, and dry or irritated eyes.55
Retinyl Propionate
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The clinical and histological effects of retinyl propionate cream (0.15% retinyl propionate) on extrinsic skin photoaging in man was assessed in a double-blind, randomized placebo-controlled study involving 80 subjects (mean age = 50
years; 11men, 69 women).56 The subjects were randomly allocated to receive either retinyl propionate cream or its placebo
base. The study period initially lasted 24 weeks (weeks 0 to 24), but was extended to 48 weeks (weeks 24 to 48) for those
who agreed to continue. Subjects were instructed to apply a pea-sized amount of the cream, twice daily, to the face and dorsa
of both forearms and hands. Of the 80 subjects, 75 completed the initial 24-week study period. Two of the 5 subjects who
withdrew did so because of adverse cutaneous reactions (dermatitis of the face and forearms) to the retinyl propionate cream.
One subject who withdrew also developed new actinic keratosis-like lesions on the forearm. The remaining 3 of 5 subjects
who withdrew did so for reasons unrelated to application of the placebo or retinyl propionate cream. During the first 12week treatment period, 10 subjects reacted to the placebo, and the reactions observed consisted of irritation, redness, and
dryness or flaking of the face. These reactions, sometimes observed on the forearm as well, were also observed in 8 subjects
tested with the retinyl propionate cream. Two of the 8 subjects withdrew from the study due to these reactioins to the retinyl
propionate creram. Sixty subjects agreed to participate in the study for an additional 24weeks, and only 1 subject withdrew
due to skin irritation. The authors noted that the overall findings in this study suggest that it is relatively unlikely that the
retinyl propionate cream has an important influence on photoaging, but mild clinical improvements seem possible.
A facial moisturizer containing 0.5% retinyl propionate was evaluated in a 21-day cumulative irritation study
involving 26 healthy subjects (18 to 65 years old).57 The product (0.2 ml) was applied to a 2-cm x 2-cm occlusive patch,
secured with hypoallergenic tape, for approximately 24 h per day. The distilled water negative control (0.2 ml) and the
sodium lauryl sulfate (SLS, 0.2 ml) positive control were similarly applied. There was no evidence of significant irritation
after 21-days of application of the moisturizer or distilled water. SLS was moderately irritating.
Thirty-three subjects (18 to 55 years old) participated in a 28-day ophthalmologic and dermatologic safety
evaluation of a facial moisturizer product containing 0.3% retinyl propionate (test product).49 The subjects were instructed
to apply the product twice daily throughout the duration of the study. Two subjects had adverse reactions during the study.
One subject had mild erythema and pruritus in the right temple area, lateral upper eyelid, and malar cheek after using the
moisturizer for one week. The other subject experienced a severe sinus infection. Dermatological grades were indicative of
little to no change in facial or neck skin (irritation and dryness) under the conditions of the test. It was concluded that,
overall, the test moisturizer was well-tolerated by the subjects. Results relating to ocular irritation are included in that section
above.
Phototoxicity and Photoallergenicity
Human
Retinoic Acid
Four prospective, randomized, and controlled trials involved healthy volunteers (≥ 18 years old) at 2 independent
research facilities.58 The 4 groups were described as follows: Trial A - (16 subjects: 13 females, 3 males), Trial B - (35
subjects: 20 females, 15 males). Trial C - (15 subjects: 12 females, 3 males), and Trial D - (53 subjects: 40 females, 13
males).
In each trial, the minimal erythema dose (MED) was determined using timed exposures to a fixed dose of full
spectrum UVA + UVB energy (1 Med/h = 5.6 x 10-6 effective W/cm2). In the phototoxicity trials (A and B), tretinoin 0.05%
gel was applied under occlusion for 24 h using duplicate locations. The skin was examined for contact dermatitis at the end
of the application period, after which the test article was reapplied. One of each pair of sites was exposed to ultraviolet
radiation (Trial A: 10 x MED for UVA, followed by 0.5 MED for UVA + UVB; Trial B: 0.5 MED for UVA + UVB,
followed by 10J/cm2 of UVA), together with one control site. Skin sites were examined for phototoxic reactions at 24, 48,
and 72 h (Trial A) and at 24 and 48 h (Trial B).
Trials C and D were photoallergenicity trials. In Trial C, the test article, tretinoin 0.05% gel, was applied in
duplicate under occlusion for 24 h. Application was repeated twice weekly for 3 weeks (6 applications total) during the
induction phase. The subjects returned to the testing center for patch removal, irradiation, and reaction evaluation. One of
each pair of test article sites and an untreated control site were exposed to 10 x MED for UVA, followed by 0.5 x MED for
UVA + UVB. In Trial D, sites were exposed to 3 x MED for UVA + UVB. Following a 14-day (Trial C) or 9- to 14-day
non-treatment period, paired patches with test articles were applied to new sites for 24 h. During the challenge phase, 10 x
MED for UVA was applied, followed by 0.5 MED of UVA + UVB (Trial C) , or 0.5 MED of UVA + UVB , followed by 10
J/cm2 of UVA (Trial D). One of each pair of sites plus an untreated control site were irradiated (Trials C and D). Trial D did
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not use a non-irradiated control site. Study results indicated that neither phototoxic nor photoallergic reactions occurred with
tretinoin 0.05% in a gel formulation.
Retinyl Propionate
The phototoxicity of a face cream containing 0.4% retinyl propionate was evaluated using 10 healthy adult subjects
(4 women, 6 men; 18 to 31 years old).59 The subjects were fair-skinned individuals with Fitzpatrick skin types I, II, or III.
The test procedure was described as a one-time 24-h semi-occlusive application of the product to duplicate sites on the lower
back area, followed by exposure to UV radiation. Approximately 0.2 ml of the product was added to a semi-occlusive patch
(2 x 2 cm) that remained in place for approximately 24 h. Patch removal was followed by immediate exposure to UVA (10
J/cm2) and 0.5 MED of solar simulated radiation (SSR). The duplicate patch served as an unirradiated control. An adjacent
skin site that was not treated was also exposed to UVA + SSR and served as an irradiated untreated control. Reactions were
scored at 10 minutes post-irradiation and 24 h and 48 h later. No adverse experiences or unanticipated reactions were
encountered or reported by any of the panelists. There also were no reactions that were suggestive of phototoxicity in any of
the subjects. It was concluded that the face cream does not possess a detectable phototoxic potential in human skin.
The photoallergenicity of a face cream containing 0.4% retinyl propionate was evaluated using 28 healthy adult
subjects (14 men, 14 women; 18 to 27 years old).60 The subjects were fair-skinned individuals with Fitzpatrick skin types I,
II, or III. The test protocol was described as a repeat insult patch test in which the test substance and ultraviolet radiation
(solar simulated radiation) were administered to the same designated test sites on the mid or lower back area repeatedly over
a 3-week period (6 induction exposures total). During induction, approximately 0.2 g of the product was added to each
semi-occlusive patch (2 x 2 cm; patches in duplicate) that remained in place for 24 h. Patch removal was followed by
exposure to 3 MED’s from the xenon arc solar simulator. The site remained uncovered for 48 h post-exposure, after which
the semi-occlusive patch was reapplied to the same site for 24 h. Patch removal was then followed by re-exposure to 3
MED’s of solar simulated radiation. The challenge phase was initiated after a non-treatment period of 17 days. The product
(0.2 g on semi-occlusive patch) was applied in duplicate to new designated skin sites (2 x 2 cm) on the opposite side of the
lower back for 24 h. One of the sites was then irradiated with ½ an MED of SSR + UVA (4 J/cm2). The duplicate patch
remained unirradiated and served as a control treated site. An additional untreated normal skin site was also exposed to ½
MED + UVA (4 J/cm2) and served as an irradiated, untreated control. Test sites were examined for reactions at 24 h, 48 h,
and 72 h after UV exposure. No adverse experiences or unanticipated reactions were encountered or reported by any of the
panelists. Following the challenge phase, no reactions were observed in any of the panelists at 24 h, 48 h, or 72 h postexposure. It was concluded that the face cream does not possess a detectable photocontact-sensitizing potential in human
skin.
Skin Sensitization
Human
Retinyl Propionate
The skin sensitization potential of a face cream containing 0.4% retinyl propionate was evaluated in a repeated
insult patch test involving 102 normal subjects (between 18 and 74 years old).61 Semi-occlusive patches (2 cm x 2 cm)
containing the product were applied to the infrascapular area of the back (to right or left of midline) or to the upper arm. The
patches were secured with hypoallergenic tape. The induction phased consisted of 9 consecutive 24 h applications of the
product. The challenge phase was initiated after a 10- to 15-day non-treatment period. Challenge patches were applied to
previously untreated sites for 24 h, after which reactions were scored at 24 h and 48 h post-removal. There was no evidence
of sensitization reactions to the face cream in this study.
Modification of Allergic Sensitization/Immune Responses
Animal
Retinyl Palmitate
The role of vitamin A I n the diet on allergic sensitization during lactation and after weaning was investigated using
an in vivo system for postnatal allergic sensitization in Balb/c mice.62 Different diets (basal/vitamin A (as retinol
equivalents); elimination/vitamin A (as retinyl palmitate supplemented) were fed to the dams throughout lactation and
directly to the pups after weaning. The diets were defined as follows: basal diet (4.5 mg vitamin A [i.e., 4500 retinol
equivalents]), VA-elimination diet (i.e., prepared using a vitamin A-free 'vitamin mix']), and vitamin A supplemented diet
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(122,000 retinol equivalents as retinyl palmitate [i.e., 216 mg of retinyl palmitate/kg diet supplemented]). Allergic
sensitization was induced with a single peritoneal ovalbumin (OVA) injection at day 28 after weaning. The phenotype of
lymphocytes was analyzed by flow cytometry and functional data were obtained by analysis of IL-4/IFN-γ cytokine
production and antibody production (OVA-specific IgG1 and IgE) in the offspring.
Vitamin A/retinyl palmitate supplementation during lactation and after weaning decreased CD3+, CD4+, CD8+,
and B220+ populations in splenic lymphocytes and significantly enhanced IL-4 production and OVA-specific IgE measured
after sensitization. In contrast, mice fed the vitamin A-elimination diet displayed no significant alteration of lymphocyte
numbers and a slightly increased IL-4 production after sensitization. Thus, a single allergen injection during postnatal
development induced allergic sensitization, the degree of which depended on the vitamin A content of the maternal diet
during lactation and the diet of the pups after weaning. The authors suggested that these findings support a view that dietary
vitamin A levels can play an important role determining the severity of the allergic sensitization.62
Retinol, Retinoic Acid, and Retinol Acetate
To determine whether retinoic acid could prevent inhibition of the mixed lymphocyte response (bovine
lymphocytes) by the tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA), cultures were incubated with TPA (10-8
M) and retinoic acid (0.1, 1.0, or 10 µM).63 TPA alone depressed the mixed lymphocyte response, and addition of retinoic
acid did not reverse this inhibition over the range of concentrations tested. However, retinoic acid alone (10 µM) inhibited
the mixed lymphocyte response by ~75%. It also appeared that the combination of retinoic and TPA was more inhibitory
than TPA alone. In other experiments, neither retinol (up to 100 µM) nor retinol acetate (up to 10 µM) reversed the
inhibitory effects of TPA on the bovine mixed lymphocyte culture, and retinol alone was slightly inhibitory. Because retinoic
acid alone depressed proliferation in the mixed lymphocyte response, the effects of retinoic acid on lymphocyte mitogenesis
in response to the lectin phytohemagglutinin (PHA) were evaluated. At an optimal concentration of 0.1%, PHA caused an
increase in [3H]thymidine incorporation that amounted to 50 to 100-fold over the unstimulated cells. Over a concentration
range of 0.1 to 10 µM, retinoic acid had little effect on this response. The effect of retinoic acid on DNA synthesis is
summarized in the Genotoxicity section of this report.
A study was peformed to clarify the actioin of vitamin A on mucosal immunity associated with interleukin-5 (IL-5).
The effects of retinyl acetate on mucosal IgA levels in IL-5 receptor α-chain knockout (IL-5Rα-/-) mice was examined.64
Daily supplementation of retinyl acetate (1 mg/mouse) increased Th2 cytokine levels and a number of their positive cells in
the small intestinal mucosa of IL-5Rα-/- mice, as observed in wild-type or IL-5Rα+/- mice. Wild type and heterozygous mice
increased the IgA level and a number of IgA-containing cells in the mucosa in response to the vitamin A treatment, but not in
IL-5Rα-/- mice. Retinyl acetate increased anti-cholera toxin (CT) IgA levels in the mucosa of wild-type mice, improving their
survival rate after exposure to 0.4 mg CT. However, retinyl acetate failed to induce resistance to CT toxicity in IL-5Rα-/mice. The results of this study suggest that IL-5may play an important role in an action of vitamin A on the mucosal IgA
system.
Human
Retinyl Palmitate
A study comparing the effect of vitamin A on cytokine secretion by mononuclear cells of adults and preterm
newborns was performed.65 Mononuclear cells (MC) from individuals of the 2 age groups were incubated with retinyl
palmitate (0.5 to 50 µM) in the presence of phytohemagglutinin for assessing IL-2 and IFNγ production or LPS for assessing
IL-1β, IL-1ra, IL-6, and IL-10 secretion. ELISA was used to test the level of cytokines in the supernatants. Retinyl palmitate
in vitro inhibited the production of the anti-inflammatory cytokine IL-1ra by MC of preterm newborns and adults, but did not
affect the secretion of the pro-inflammatory cytokines IL-1β, IL-6, and IL-10. Retinyl palmitate inhibited IL-10 secretion by
cells from adults, but it did not significantly affect this function in cells from newborns, except when a supraphysiological
concentration (50 µM) was tested. Additionally, retinyl palmitate stimulated the secretion of IL-2 by cells isolated from
adults, but had no effect on those derived from premature neonates. The authors suggested that retinyl palmitate may affect
the immune function of premature infants via inhibition of IL-1ra secretion.
A study was conducted to determine how retinol supplementation modified associations between gut-cytokine
immune responses and the resolution of different diarrheal pathogen infections.66 Stools were collected from 127 children (5
to 15 months old) enrolled in a randomized, placebo-controlled vitamin A supplementation trial. The children were screened
for enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC), and Giardia lamblia. Fecal concentrations of the
following were measured using an enzyme-linked immunosorbent assay: interleukin (IL)-6, IL-8, IL-4, IL-5, IL-10,
monocyte chemoattractant protein 1 (MCP-1), tumor necrosis factor-α (TNF-α), and interferon-γ (IFN-γ). Retinol13

supplemented children with fecal MCP-1 or IL-8 concentrations less than the median of detectable concentrations and IL-10
concentrations of at least median concentrations had longer durations of EPEC infection than did children in the placebo
group. In supplemented children, detectable fecal TNF-α or IL-6 concentrations were associated with shorter ETEC infection
durations, whereas, MCP-1 concentrations of at least the median were associated with longer infection durations. Children in
this group who had Il-4, IL-5, or IFN-γ concentrations of at least median detectable concentrations had shorter durations of
G. lamblia infections. It was concluded that the effect of supplementation on association between fecal cytokine
concentrations and pathogen infection resolution depends on the role of inflammatory immune responses in resolving specific
pathogen infections.
Arthritic Effect
Retinyl Acetate
Female C3H-Avy mice (103 animals total) were used in a study evaluating retinyl acetate-induced arthritis.67 The
following groups were fed retinyl acetate in the diet daily: 83 mg/kg diet (29 mice), 41.5 mg/kg diet (31 mice), and 21.25
mg/kg diet (19 mice). Placebo beadlets were fed to the control group (24 mice). Each dose group was divided into
subgroups, in which dosing was begun at the time of conception, at weaning (1 month), or at 3 months of age. The mice
consumed a mean of 25 g of diet/week, corresponding to a daily retinyl acetate intake of approximately 300 µg, 150 µg, or 75
µg. The animals were killed after 3 to 16 months. Whole-body radiographs and histologic section of the hindlimbs were
scored for the presence and severity of arthritis. When compared to placebo-treated mice, mice of all dose groups had a
significantly higher incidence of arthritis. Histologic evidence of enthesopathic disease closely paralleled the radiographic
changes, and ranged from small enthesophytes at tendinous and capsular insertions to complete periarticular bony bridging.
Articular cartilage was not grossly affected. Both the incidence and severity of arthritis were significantly correlated with the
total dose of retinyl acetate administered. Bony metaplasia was also observed.
Effect on Procollagen Expression
Retinoic Acid
All-trans retinoic acid (0.01%, 0.25%, or 0.05%) or its vehicle (70% ethanol, 30% polyethylene glycol, and 0.05%
butylated hydroxytoluene) was applied to the buttock skin of elderly male subjects (mean age = 76 years).68 Applications,
under continuous occlusion, were made 3 times per week for 8 weeks. Biopsy specimens were obtained every 2 weeks and
immunohistochemical analysis was performed to determine the levels of type I procollagen expression and inflammatory cell
infiltration. Regardless of the concentration applied, topical all-trans retinoic acid increased type I procollagen expression in
human skin after 2 weeks. Only 0.01% all-trans retinoic acid continuously increased type I procollagen expression for up to
8 weeks. Following 4 weeks of application, significant infiltrations of macrophages and neutrophils were observed in
0.025% and 0.05% all-trans retinoic acid-treated skin. Additionally, procollagen expression had returned to baseline after 4
weeks of application. It was concluded that excessive all-trans retinoic acid -induced inflammation might prevent collagen
accumulation in aged skin despite the positive effect of all-trans retinoic acid on collagen production.
Case Reports
Retinol
A 25-year-old male patient had a history of increased vitamin A intake from a natural source, in addition to a high
dose of vitamin A supplements.69 He had supplemented his food intake with high doses of vitamin A (220,000 IU/day) and
consumed steroidal anabolic drugs. The patient was diagnosed with chronic liver disease (attributed to increased vitamin A
intake) with severe fibrosis, signs of portal hypertension, and marked hyperplasia of Ito cells. It was noted that chronic
vitamin A toxicity may produce severe liver damage. The authors also noted that additional toxicity produced by anabolic
intake could not be ruled out.
A 60-year-old male presented with symptoms of muscle soreness, alopecia, nail dystrophy, and ascites.70 His
clinical history revealed ingestion of large doses of vitamin A. He had been taking 500,000 units of vitamin A daily for 4
months, then 100,000 units monthly for 6 months. The patient continued to deteriorate with the development of refractory
ascites, renal insufficiency, encephalopathy, and failure to thrive. Liver biopsy revealed the presence of Ito cells and
vacuolated Kupffer cells, without the presence of cirrhosis.
Facial dermatitis developed in a 54-yer-old female, who had no history of allergy nor atopy, after using an
antiwrinkle cream.71 A use self-test of the product resulted in development of itchy erythema. Subsequent avoidance of the
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product resulted in completely normal skin. Results of a repeated open application test (ROAT) of the cream indicated a
positive reaction after 2 days (i.e., 5 applications). Test results for one of the ingredients, retinyl palmitate (in
polycaprolactone [PCL]) were strongly positive (++ reaction). Subsequent patch tests yielded a + reaction for 5% retinyl
palmitate in petrolatum, negative results for 5% PCL in petrolatum, and a ++ reaction for retinyl palmitate in PCL. When
the patient performed an ROAT on 5% retinyl palmitate in petrolatum, a strongly infiltrated and itchy reaction (spreading to
the forearm), appeared within 2 days (3 applications). Retinyl palmitate in PCL and 5% retinyl palmitate in petrolatum were
both tested in consecutive controls. Retinyl palmitate in PCL yielded a doubtful reaction (+?) on day 3 in 1 of 25 control
patients. Retinyl palmitate (5% in petrolatum) yielded a doubtful reaction (+?) on day 3 in 3 of 27 patients. All were
negative on day 7.
In the following case report, intrahepatic cholestasis was caused by vitamin A intoxication. A 46-year-old patient
consumed a shake and 2 multivitamin tablets for 12 years.72 This equated to more than the recommended daily allowance for
vitamin A consumption. Deranged liver function tests were consistent with a cholestatic process. Liver biopsy revealed
features that were pathognomonic of vitamin A toxicity, without the usual fibrosis. When administration of the supplements
ceased, both the jaundice and alkaline phosphatase levels normalized completely.
A case of acute hypervitaminosis A was reported.73 An 18-year-old female presented with complaints of headache,
vomiting, back pain, and diplopia after ingesting a high-dose vitamin A capsule (~ 10 million international units). The
following signs were reported: bilateral papilloedema, slightly dilated pupils symmetrically (reaction to light noted), visual
acuity of 6/60 (left eye) and 6/18 (right eye), and bilateral 6th cranial nerve palsy (more marked on the left side). MRI of
brain and orbits were normal.
Retinoic Acid
Sudden redness and itching at application sites were reported for 3 patients after 1, 7, and 14 weeks of daily
treatment with retinoic acid cream (0.05% retinoic acid), and patch tests were performed.74 Test results were read after 72 h.
The control groups were as follows: retinoic acid cream (25 subjects), retinoic acid (0.05%) in absolute alcohol (12 subjects),
retinoic acid (0.005%) in absolute alcohol (10 subjects), retinoic acid (0.05%, without occlusion) in absolute alcohol (10
subjects), and absolute alcohol (10 subjects). Patch testing with the cream and with 0.05% retinoic acid in absolute alcohol
caused strongly positive reactions in the patients, but only slight erythema in 3 control subjects. In that patch testing with
0.005% retinoic acid in absolute alcohol did not induce reactions in control subjects, but induced positive reactions in 3
patients, the authors noted the probability that these later reactions were due to contact allergy. At microsocpic examination
of sites with positive reactions, intact epidermis and dense infiltration by mononuclear cells were reported.
Gangrenous cheilitis was associated with all-trans retinoic acid therapy for acute promyelocytic leukemia in a 67year-old female patient.75 The patient was started on induction treatment with all-trans retinoic acid (45 mg/m2), which was
discontinued on day 20. After treatment resumed on day 29, the gangrenous chelitis developed into black, painful eschars.
Retinyl Acetate
A 44-year-old male developed eczema while employed in industrial product ion of vitamins.76 The job involved
drying, sieving, and packing vitamin A (as retinyl acetate), and the eczema cleared after the patient changed jobs. Patch
testing at concentrations (in petrolatum) of 0.1% to 10% revealed reactions ranging from + to ++ on days 2 and 3. Only ++
reactions were observed at concentrations ranging from 1% to 10%.

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

Animal
Oral
Retinol
Female Ibm RORO (spf) rats (20 rats [test] and 10 controls; 12 weeks old) were used to investigate whether high
oral doses of vitamin A (retinol) caused fetal malformations and the extent at which retinyl esters are transferred from the
mother to the fetuses.77 Prior to mating, the control group was fed a basal diet that contained 4.5 x 103 RE/kg (1 retinol
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equivalent [RE] = 1 µg retinol), and this diet was enriched with dry vitamin A palmitate type 500 (stabilized food industry
product) containing 150.2 x 103 RE/g. Rats of both control and experimental groups had free access to food. In the
experimental group, dietary vitamin A was stepwise increased to obtain retinyl ester concentrations of > 1525 nmol/ liter
plasma before mating. Over an 8-month period prior to mating, vitamin A dosages of 15.2 x 103 RE/kg diet were fed for 40
days, 22.7 x 103 RE/kg diet were fed for 50 days, and the dose was increased to 45.5 x 103 RE for another 40 days and to 52.5
x 103 RE for 90 days. The mean body weights of experimental and control rats were not significantly different. All-trans,
13-cis, 4-oxo-all-trans, and 5,6-epoxy-all-trans retinoic acid vitamin A metabolites were determined in maternal and fetal
plasma. Following high vitamin A intake, 4-oxo- and 5,6-epoxy retinoic acid concentrations were significantly higher in in
the fetuses than in their mothers. Though high vitamin A intake by rat dams resulted in high maternal and fetal plasma
concentrations of vitamin A and its metabolites, fetal malformations were not observed. The authors noted that this finding
may be due to the fact that circulating retinyl esters are not teratogenic and that, after crossing the placental barrier, they are
stored mainly in fetal liver.
Retinyl Palmitate
The effects of retinyl palmitate ingestion on sexual maturation and mammary gland development were determined in
the context of a human food-based diet (whole food diet).78 Female adolescent Sprague-Dawley rats randomized into 3
dietary groups (6 rats per group) were used. At 20 days of age (postnatal day 20 [p20]), female rats received either a wholefood diet with adequate levels of vitamin A, a diet with a 5.5-fold increase in vitamin A from fruits and vegetables (S diet), or
a diet with a 6.2-fold increase in vitamin A provided as retinyl palmitate (RP diet). To determine the effect of dietary
intervention on pubertal mammary gland development, rats were fed the experimental diets from p21 to p63 and had free
access to food and distilled water. All rats were killed at p63.
To evaluate the effects of diet on early estrous cycles, defined as cycles within the first 2 weeks of sexual
maturation, 12 rats per group received vaginal lavages daily from p43 through p50. To evaluate estrous cycles in more
mature rats, 24 rats per dietary group were evaluated from p51 to p58. All rats were killed at p63.
The onset of vaginal opening was evaluated as a marker for sexual maturation. The age of vaginal opening onset
was significantly delayed in rats fed the S diet (p < 0.001), when compared to those fed the adequate diet and the RP diet.
The authors concluded that the S diet suppressed the onset of sexual maturation. The S diet also inhibited markers of
mammary alveologenesis more than the RP diet. Furthermore, the authors concluded that these data demonstrate that the
amount and source of vitamin A consumed by adolescent female rats can influence the onset of puberty and mammary gland
alveolar development. Effects on mammary carcinogenesis included in this study are found in the Carcinogenicity section of
this report.78
A study was performed to evaluate the effects of defined doses of retinyl palmitate at the critical time of limb
morphogenesis in Swiss Webster albino mouse embryos.79 Pregnant Swiss albino mice were administered retinyl palmitate
(10,000 or 15,000 IU/kg, i.p.) on different days of pregnancy. The higher dose produced malformations in the forelimbs, by
day 10, in 28.6% of mice and in the hindlimbs, by day 11, in 20.6% of the mice. Limb abnormalities (at both doses) were as
follows: unilateral or bilateral micromelia (abnormally short) in the forelimbs and hindlimbs, shorter unilateral anterior and
posterior limbs, limb malrotation, absence or malformation of fingers or toes, and an increased cleft between the metacarpal
or metatarsal bones. Furthermore, 2 injections in one day with the lower dose resulted in more teratogenic effects than a
single 15,000 IU/kg injection. Two injections of either dose on day 10 caused a greater incidence of embryo absorption.
The effects of retinyl palmitate supplementation, during gestation and lactation, on oxidative stress parameters of
maternal and offspring tissues of female Wistar rats was studied.80 Each group of pregnant female rats (except for one group
of 7 rats), contained 6 animals. The respective groups received retinyl palmitate during pregnancy and lactation (21 days of
gestation and 21 days of lactation) at oral (gavage) doses of 2500, 12,500, or 25,000 IU/kg/day. The maximum dose volume
was 0.5 ml. The control group was dosed with saline. An increase in oxidative-damage markers in the reproductive tissues
and plasma of dams was observed. In uteri, lipid peroxidation was increased at all doses (p < 0.0001). Also, the liver and
kidney had significant alterations in glutathione-S-transferase (GST) activity. It was increased in the liver of dams and
decreased in the kidneys of mothers and offspring. In pups, supplementation decreased the total antioxidant potential of the
liver, along with decreased superoxide dismutase/catalase activity ratio in the kidney. The levels of lipoperoxidation were
increased in male offspring, but decreased in female pups. Collectively, the results suggest that excessive vitamin A intake
during gestation and lactation, at oral doses sufficient to produce signs of maternal toxicity, may cause adverse effects in the
developing offspring.
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A study was performed to investigate the effects of vitamin A supplementation in pregnant and nursing rats on
maternal and offspring striatum and hippocampus.81 Female Wistar rats (7 per group) were orally supplemented with retinyl
palmitate (2500; 12,500; and 25,000 IU/kg/day) or saline (control) throughout pregnancy and nursing. A homing test was
performed on offspring on postnatal days (PND) 5 and 10, and an open field test (OFT) was carried out on dams and
offspring on PND 19 and 20. Redox parameters were evaluated at PND 21 for both dams and offspring. Supplementing
Vitamin A during pregnancy and nursing increased the ratio of superoxide dismutase/catalase (SOD/CAT) ratio and
oxidative damage in maternal and offspring striatum and hippocampus. Additionally, these effects were accompanied by
behavioral alterations observed through the homing and OFT tests.
Retinol and Retinoic Acid
The teratogenicity of retinol, all-trans-retinoic acid, and 13-cis-retinoic acid (each in corn oil) was evaluated using
groups of mature Wistar rats.82 After mating, groups of pregnant females received the following single oral doses on
gestation day 10: retinol (50-500 mg/kg; 5-10 rats/group), all trans-retinoic acid (20-100 mg/kg; 8-9 rats/group, and 13-cisretinoic acid (50-1000 mg/kg; 6-8 rats/group). Twenty rats served as controls. A single oral dose of all-trans retinoic acid
on day 10 post coitum produced consistently smaller fetuses, with a dose-dependent decrease in fetal weight and length.
Dosing with all-trans retinoic acid did not cause an obvious effect on placental weight. A distinct dose-dependent increase in
the percentage of fetuses with major defects was observed after dosing with all-trans retinoic acid. Most of the litters had
similar defects, especially at high doses. The majority of defects at low doses (20and 30 mg/kg) were in the craniofacial
region, and there was a high incidence of spina bifida and talipes (club foot) after dosing with 100 mg/kg. The average
number of defects increased from one per fetus at the low dose (20 mg/kg) to approximately 8 malformations per fetus at the
100 mg/kg dose.
Dosing with 13-cis-retinoic acid produced similar defects, though a considerably higher dose was necessary to
produce a significant incidence. There were no dose-related changes in fetal length or weight, even at the highest dose (1000
mg/kg). However, the number of malformations per fetus was increased at 1000 mg/kg. Dosing with retinol produced
malformations that were similar to those produced after dosing with all-trans-retinoic acid or 13-cis-retinoic acid. However,
at the 2 highest doses (200 and 500 mg/kg) the incidence pattern was different from that of all-trans-retinoic acid. Retinol
produced a clear dose-dependent increase in the number of malformations per fetus. On day 10 in another experiment, alltrans-retinoic acid was administered intraperitoneally to female Wistar rats (after mating) at single doses of 5 mg/kg (2 rats),
25 mg/kg (5 rats) and 50 mg/kg (5 rats). The same 20 rats in the oral dosing experiment served as controls. Results indicated
a range of malformations similar to those observed after oral dosing.82
In the same study, mated female New Zealand White rabbits received a single dose (10, 20, and 30 mg/kg; n= 6 per
group) of all-trans-retinoic acid on gestation day 10. When compared to the 6 controls dosed with corn oil, neither dose
produced a significant incidence of either external malformations or resorptions. A single oral dose of 13-cis-retinoic acid
(10 or 20 mg/kg; n = 6 and 2, respectively) also did not produce external malformations.82
Retinyl Acetate and Retinoic Acid
Weanling male and female rats (number and strain not stated) were maintained on a vitamin A deficient diet, but
supplemented daily with 5 µg retinoic acid or 1 µg retinyl acetate for 10 to 12 weeks.83 The reproductive performance of
these animals was then evaluated. The litters of rats fed the acid were stillborn, whereas, those of rats fed retinyl acetate were
viable. When the same male and female rats were continued on their respective dietary regimen for a further period of 8 to 10
weeks, and mated, the female rats did not conceive after mating with males fed retinoic acid. However, the mating of
females fed retinoic acid with males fed retinuyl acetate resulted in gestation resorption. Furthermore, both male and female
rats initially made deficient in vitamin A and then given retinoic acid or retinyl acetate for 10 to 12 weeks were sterile.
Female rats fed retinoic acid in the diet had a normal estrous cycle, but the testes of males treated similarly were reduced in
size and had a considerable reduction in spermatozoal counts.
The effects of maternal administration of retinyl acetate on pup development and behavior were evaluated using
groups of 14 pregnant nulliparous female Sprague-Dawley rats (≈ 13 weeks old)84. On gestation days 6 to 19, retinyl acetate
was administered by oral gavage at doses of 25,000, 50,000, or 100,000 international units (IU)/kg/day. Significantly
reduced live birth index, but few external abnormalities, were observed in male and female pups from dams dosed with
100,000 I.U./kg/day. Both 24- h and 48-h survival indices were also significantly reduced. The mean pup body weight gain
at 100,000 I.U./kg/day was significantly reduced at days 1 to 3, 3 to 7, and 21 to 42. Pinna detachment and eye opening were
significantly delayed in all male pups and in female pups from the 50,000 and 100,000 I.U./kg/day groups. Incisor eruption
was significantly delayed in male and female pups from the 25,000 and 50,000 I.U./kg/day groups. The absence of
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treatment-related effects was associated with the following: dam mean weight change, length of gestation, total litter size,
surface righting, cliff avoidance, negative geotaxis, swimming development, open field activity, and discriminatory learning.
Both retinoic acid and retinyl acetate were evaluated for teratogenic activity in a study involving black-hooded rats
(substrain of Long-Evans) and A/Jax mice (numbers of animals not stated).85 Each test substance was administered orally on
2 or 3 days of gestation. Retinoic acid was administered to mice at doses of 1 mg, 2 mg, and 4 mg, and retinyl acetate was
administered to mice at doses of 10 mg, 20 mg, and 40 mg. Retinoic acid was administered to rats at doses of 5 mg, 10 mg,
and 20 mg, and retinyl acetate was administered to rats at a dose of 60 mg. The administration of retinoic acid (4 mg) on day
8, 9, or 10 of gestation was highly toxic to the fetuses. All but 1 of a total of 88 implantation sites resorbed in response to
dosing with retinoic acid (4 mg), and the one that survived was severely malformed. The survivor had a shortened trunk, and
extreme exophthalmos. The dose of retinyl acetate (administered on day 9) that had a comparable lethal effect on the fetuses
was in the range of 40 mg, and this dose was toxic to the pregnant female as well.
Retinoic acid (2 mg), administered only on gestation day 9, was also highly teratogenic in mice, but did not have an
extreme toxic effect on the fetuses. The resorption rate in this group was 70%. Seven animals in the first group of mice
treated with retinoic acid (2 mg) on day 9 yielded 15 living fetuses with the following severe malformations: markedly
shortened trunk, extreme exophthalmia, microcephalia, astomia, rudimentary or missing mandible, tail stump, no genital
opening, malformed sternum and ribs, missing vertebrae, and some degree of agenesis of the hind limb. Spina bifida occulta
in the sacral region was observed in 9 of 15 fetuses. The second group of mice (resorption rate = 32%) treated with retinoic
acid (2 mg) on day 9 yielded 25 living fetuses. Of the 25 living fetuses, 11 (or 44%) had abnormalities such as cleft palate
and some rib malformations. The dose of retinyl acetate (20 mg, administered on day 8 or 9) that produced a comparable
pattern of malformations was also toxic to the mother, i.e., 4 of 14 treated females died. Dosing with retinyl acetate (20 mg)
on day 9 produced 36% resorption, and 24 of 51 live fetuses had various malformations. A resorption rate of 24% was
associated with the 1 mg dose of retinoic acid on day 8, compared to 16% on day 9. Cleft palate was the major abnormality
observed after dosing with 1 mg retinoic acid, having occurred in 13 of 14 fetuses on day 8 ad 10 of 13 fetuses on day 9.85
Retinoic Acid was also a potent teratogen in the rat. Of 19 implants, 1 live fetus (severely malformed) was observed
following dosing with 5 mg on days 9, 10, and 11. After daily dosing with 10 mg retinoic acid, 12 fetuses out of 112
implants survived. Twelve of the surviving fetuses had sacral spina bifida, 1 had exencephaly and spina bifida, and 1 had
sirenomelia. When these results were compared with those for retinyl acetate administered over a similar treatment period, a
60 mg retinyl acetate dose caused a resorption rate of 54%, and 80% of the survivors had the following malformations:
exencephaly (15%), cleft palate (80%), and ocular malformations (58%). After retinoic acid was administered daily on days
10 through 12, there was less lethality and similar teratogenicity (except for lower dose) when compared to the days 9 to 11
dosing period. At the lower daily dose of 5 mg, only 1 (marked exophthalmos) of 19 living fetuses was malformed.
Following daily dosing with 10 mg retinoic acid, 3 of 37 implants were resorbed and the remaining 34 were malformed
(many with cleft palate). Daily dosing of one female with 20 mg retinoic acid resulted in 7 of 10 implants resorbed.
Collectively, the 3 survivors had exophthalmia, spina bifida, micrognathia, gastroschisis, and agnathia. Treatment with
retinyl acetate (60 mg daily) on days 10, 11, and 12 produced a resorption rate of 22%, and 83% of the survivors had cleft
palate and ocular malformations. The authors noted that the results of this study indicate that retinoic acid is teratogenic at
doses much smaller than those that would be essential for retinyl acetate to produce malformations.85
The teratogenicity of all-trans retinoic acid and retinyl acetate was evaluated using groups of 8 pregnant SpragueDawley rats.40 The animals were fed a standard diet containing 14.4 nmol retinyl palmitate/g diet. Single equimolar oral
doses (3.5 to 352 µmol/kg body weight) of the test substances were administered in corn oil (~ 250 µl) on day 8.5 of
pregnancy. It was noted that the dams dosed with 3.5 µmol/kg of either all-trans-retinoic acid or retinyl acetate were
significantly younger and smaller than other animals used in the study. Control animals were dosed with corn oil only.
Dams and fetuses were killed on day 19. Regarding the relative teratogenicity and embryolethality of the test substances, alltrans retinoic acid was more potent than retinyl acetate. The no-effect-levels were 3.5 µmol/kg body weight and 35 µmol/kg
body weight for all-trans retinoic acid and retinyl acetate, respectively. All-trans retinoic acid caused 100% resorption, which
decreased in a dose-dependent manner to 3.6% at 3.5 µmol/kg. All doses of retinyl acetate yielded similar resorption rates of
~ 4%.
Dosing with all-trans retinoic acid caused a significant increase in terata (p ≤ 0.0001) at 113 µmol/kg. The terata
were described as follows: exencephaly (75%), abdominal protrusion (17%), microcephaly (8%), and bulging crown (8%).
At a dose of 352 µmol/kg retinyl acetate, terata were apparent and included eye abnormalities (25%) and bulging crowns
(75%). Retinyl acetate also induced terata at a dose of 113 µmol/kg, primarily, slight cranial bulges. Terata were not
observed at all-trans retinoic acid or retinyl acetate doses ≤ 35 µmol/kg. When skeletal changes were compared with the
control group, all-trans retinoic acid was found to cause significant differences in the following: length of the mandible, rib,
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radius, ulna, femur, and tibia bones. Dosing with retinyl acetate caused a slight change in length of the mandible.
relating to acute oral toxicity in this study are included in that section of this report.40

Results

The effect of 13-cis-retinoic acid and retinyl acetate on spermatogenesis was evaluated using groups of 30 adult
male gerbils (Gerbillus cheesemani).86 Animals of group 1 were injected i.p. with 13-cis-retinoic acid (6 mg) dissolved in 0.2
ml olive oil per 50 g body weight. Injections were made 3 times per week for 6 weeks. Group 2 animals were injected with
retinyl acetate (6 mg) dissolved in 0.2 ml olive oil per 50 g body weight. A third group was injected with olive oil only and
there was also an untreated control group. 13-cis-Retinoic acid induced almost complete cessation of spermatogenesis and
produced alterations in the cytoplasm of Leydig cells. When compared to controls, no differences were observed in the testes
of animals injected with retinyl acetate. However, retinyl acetate produced noticeable ultrastrucural changes in Leydig cells.
At 12 weeks after the cessation of dosing, the changes observed were reversed.
Retinoic Acid
Oral dosing of 2 groups of 6 time-pregnant female Sprague-Dawley rats (100 and 250 mg/kg body weight all-trans
retinoic acid [in corn oil], respectively) on gestation day 12 did not increase the malformation frequency or produce
significant maternal or fetal toxic effects.87 However, in the 100 g/kg group, one litter had a high frequency of neural tube
and skeletal defects.
The teratogenicity of 13-cis retinoic acid was evaluated using groups of 10 mated female New Zealand White
rabbits.88 The groups were dosed orally (once daily) with 0, 3, or 15 mg/kg of the test substance on gestation days 8 to 11.
Neither treatment-related embryotoxic nor teratogenic effects were observed at the 3 mg/kg/day dose level. However,
treatment with 15 mg/kg/day significantly increased the rate of fetal resorptions (22%), and 13 of 68 surviving fetuses (16%)
were malformed.
Both the embryotoxic and teratogenic potential of all-trans retinoic acid and 13-cis retinoic acid (both suspended in
rapeseed oil) were evaluated using groups of Swiss hare rabbits.89 The dose groups were described as follows: all-trans
retinoic acid at doses of 0.7 mg/kg/day (12 rabbits), 2 mg/kg/day (13 rabbits), and 6 mg/kg/day (13 rabbits); 13-cis retinoic
acid at doses of 3 mg/kg/day (13 rabbits), 7.5 mg/kg/day (12 rabbits), and 10 mg/kg/day (14 rabbits). The untreated control
groups consisted of 11 rabbits (all-trans retinoic acid) and 2 groups of 11 and 12 rabbits, respectively (13-cis retinoic acid).
The daily doses were administered orally on gestation days 6 to 18. There were no test substance-related signs of maternal
toxicity in any all-trans retinoic acid dose group. At the 6 mg/kg daily dose, the resorption rate was significantly increased,
and this was due mainly to 2 animals with complete resorption of all implants. Furthermore, teratogenicity was elicited,
having affected 8.6% of the recovered specimen, when compared to the lower dose levels. Developmental effects were
described as follows: visceral ectopia, skin erosions, acuadia, torsion of hindlimbs, and omphalocele. The incidence of
skeletal findings was not sifgnificantly different from the norm. For all-trans retinoic acid, a dose of 6 mg/kg/day was
considered the lowest teratogenic and embryotoxic dose detected in this study.
The lowest embryotoxic dose of 13-cis retinoic acid was determimed to be 7.5 mg/kg/day. A borderline effect was
apparent at a dose of 3 mg/kg/day, due to 3 litters with an uncommonly high rate of resorption. The percentage of malformed
fetuses (13.5%) and of litters with malformed specimen (50%) was significantly increased at a dose of 10/mg/kg/day.
Teratogenicity was also observed at doses of 3 mg/kg/day (10% of examined fetuses) and 7.5 mg/kg/day (7.1% of examined
fetuses). The pattern of defects was heterogeneous across the groups and included: anasarca, exencephaly, limb defects,
brachycaudia, visceral ectopia, omphalocele, an umbilical knot, cleft palate, fusion of sternal elements, hemivertebra, and
other minor skeletal anomalies.89
Transplacental pharmacokinetics of all-trans- and 13-cis retinoic were also studied. Pregnant rabbits were treated
once daily on gestation days 7 to 12, and plasma and embryo samples were collected for HPLC analysis at various time
intervals after the final dose. The main plasma metabolites of all-trans- and 13-cis-retinoic acid were all-trans-β-glucuronide
and 13-cis -4-oxo-retinoic acid, respectively. The elimination of 13-cis retinoic acid and its metabolites from maternal
plasma were much slower than of all-trans retinoic acid, resulting in accumulation of the 13-cis-isomers in plasma. All-trans
retinoic acid and all-trans-oxo-retinoic acid were efficiently transferred to the rabbit embryo, reaching concentrations similar
to the plasma levels. However, the 13-cis isomers reached the embryo to a lesser extent.89
Groups of 5 or 6 pregnant Jcl:ICR rats were dosed orally with all-trans-retinoic acid (in corn oil; doses ranging
from 0.08 to 80 mg/kg) once on gestation day 10.5, 11.5, or 12.5 (vaginal plug = day 0).90 Corn oil was administerd to
control mice. The dams were killed on day 18.5 of gestation, and the fetuses were dissected. Fetal palates were observed
under a dissecting microscope. The pattern alterations (defined as abnormalities) that were rare in control fetuses were
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described as follows: shortness, fusion, maldirection, trirugal malalignment, modified cross, and cross. Though missing
palatal ruga-8 was a common pattern alteration in vehicle controls, the incidence of this finding increased in a dosedependent manner. Cleft palate was observed at doses ≥ 20 mg/kg. On each day of treatment, the total incidence of
abnormal rugae increased from the dose of 0.3 or 0.6 mg/kg in a dose-dependent manner. Following dosing on day 11.5 or
12.5 of gestation, the incidence of supernumerary posterior to palatal ruga-3 increased in a dose-dependent manner. This
increase was not observed on day 10.5. The authors noted that the results of this study indicate that the abnormalities of
palatal ruga, missing ruga-8, and supernumerary posterior to ruga 3 are very sensitive indicators of all-trans-retinoic acid
teratogenicity.
Retinyl Acetate
Pregnant female C57BL/6J mice (number not stated) were exposed to variable doses of retinyl acetate on gestation
day 9, and the embryos were evaluated for changes in developing pharyngeal arch and pouch morphology, neural crest cell
migration, and marker gene expression.91 High (100 mg/kg) and moderate (50 and 25 mg/kg) doses of retinyl acetate caused
significant craniofacial, cardiac outflow tract, and thymic abnormalities. Low doses of retinyl acetate (10 mg/kg) resulted in
craniofacial and thymic abnormalities that were mild and of low penetrance. Exposed embryos had morphologic changes in
the 2nd ad 3rd pharyngeal arches and pouches, changes in neural crest migration, abnormalities in cranial ganglia, and altered
expression of the Hoxa3 gene.
The teratogenicity of retinyl acetate was evaluated using groups of 12 to 15 female specific pathogen-free domestic
cats (short-hair queens, 1 to 4 years old).92 The female cats were given diets containing retinyl acetate concentrations of
6000, 306000, or 606000 retinol equivalents (RE)/kg diet (control, 306K, or 606K groups, respectively) for approximately 3
years. One retinol equivalent was defined as equal to 1 µg retinol = 3.3 international units (IU). Following mating, a total of
396 kittens was born in 97 litters. The pregnancy rate, number of kittens per gestation, and gestations per year were not
significantly different among the treatment groups. Malformations occurred in the control (2 kittens), 306K (5 kittens), and
606K (11) dietary groups and included the following: cleft palate, cranioschisis, foreshortened mandible, stenotic colon,
enlarged heart, and agenesis of the spinal cord and small intestine. The authors noted that the results of this study
demonstrated that retinyl acetate at a concentration of 306000 retinol equivalents/kg diet has the potential for causing birth
defects in kittens.
Ethanol was found to increase the incidence of cleft palate in random-bred Swiss white mice given retinyl acetate
(3,400 or 5,100 IU) by stomach tube on day 12, when compared to retinyl-acetate mice given water.93
Dermal
Retinoic Acid
All-trans retinoic acid was administered topically to clipped interscapular skin (4 cm2) of 48 virgin female hamsters.
Three consecutive doses of 10.5 g/kg/day were administered during a critical stage of organogenesis (days 7, 8, and 9 of
pregnancy).35 Topical treatment with all-trans retinoic acid was associated with epidermal erythema and slight hyperplasia at
the application site, but a significant teratogenic response was not observed.
Both the maternal and embryonic effects of all-trans retinoic acid after dermal administration to time-pregnant
female Sprague-Dawley rats were evaluated.87 One group of 7 rats and the remaining 2 groups of 6 rats received dermal
applications of 25, 100, or 250 mg/kg body weight all-trans retinoic acid (in DMSO) on gestation days 11 through 14.
Positive and negative control groups were dosed with ethylenethiourea (ETU) and DMSO, respectively. Beginning on day
15, the dams treated with all-trans retinoic acid had dermal lesions at the application site.
Significant maternal toxicity was reported. Most of the dams had vaginal bleeding and approximately 20% did not
survive to day 19. When compared to the DMSO control group, maternal weight gain in animals treated with 25 mg/kg alltrans retinoic acid decreased by approximately 50%, and there was essentially no weight gain in the other 2 dose groups.
The decrease in average fetal weight was significant in these 2 dose groups (100 and 200 mg/kg), but the resorption
and malformation frequencies were not significantly increased when compared to the control group Dermal application of
the positive control significantly increased the frequency of skeletal anomalies, primarily tail defects. 87
Parenteral
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Retinoic Acid
The teratogenicity of all-trans retinoic acid was evaluated using groups of 10 pregnant female Wistar rats. All-trans
retinoic acid (in corn oil) was administered i.p. at a dose of 50 mg/kg body weight from gestation day 8 to 10.94 An
untreated group and the group dosed i.p. with corn oil (vehicle) served as controls. Maternal deaths were not observed and
there were no differences in food or water consumption between all-trans retinoic acid treated animals and controls.
Additionally, maternal body weight gain during gestation was similar. Exposure to all-trans retinoic acid did not
significantly alter the number of implantations or live fetuses per litter. The mean number of resorptions after dosing with
all-trans retinoic acid was 2.5 ± 4.09, compared to 0.8 ± 1.32 (untreated control) and 0.4 ± 0.52 (vehicle control). Nonsignificant decreases in mean fetal body weight and length were also reported after dosing with all-trans retinoic acid. There
were also no significant differences in placental weight and length. All-trans retinoic acid induced external, skeletal, and
visceral malformations. The following malformations were observed: exencephaly, anophthalmia, tongue protrusion,
exophthalmia, cleft palate, and cleft lip. The skeletal abnormalities induced by all-trans retinoic acid included acrania,
micrognathia, extra ribs, reduced ossification of the skull, extralumbar vertebrae, and fusion of the lumbosacral vertebral
arches. Visceral malformations included hydroureter and hydronephrosis.
Human
Oral
Retinol
A study examining the effects of vitamin A or beta carotene supplementation on pregnancy-related mortality and
infant mortality in rural Bangladesh was performed.95 The study involved pregnant women (13 to 45 years old) and their
live-born infants to 12 weeks (84 days) postpartum. Five-hundred ninety-six community clusters (study sectors) were
randomized for pregnant women to receive 7000 µg retinol equivalents (as retinyl palmitate), 42 mg of all-trans beta
carotene, or placebo from the first trimester through 12 weeks postpartum. Married women (n = 125,257 total; 32,180 to
32,719 per group) underwent surveillance for pregnancy, ascertained by a history of amenorrhea and confirmed by a urine
test. Groups were comparable across risk factors.
For the maternal mortality, neither of the supplemental groups was significantly different from the placebo groups.
The numbers and all-cause, pregnancy-related mortality rates (per 100,000 pregnancies) were: 41 and 206 (95% confidence
interval [CI] = 140-273) in the placebo group, 47 and 237 (95% CI = 166-309) in the vitamin A group, and 50 and 250 (95%
CI = 177-323) in the beta carotene group. Relative risks of maternal mortality in the vitamin A and beta carotene groups
were not statistically significantly different from controls (1.15; 95% CI = 0.75-1.76 and 1.21; 95% CI = 0.81-1.81 for the
vitamin A and beta carotene groups, respectively).
There were 703 stillbirths in the placebo group, 665 in the vitamin A group, and 766 in the beta carotene group.
Rates of stillbirths per 1000 births were: 47.9 (95% CI = 44.3 -51.5 [placebo]), 45.6 (95% CI = 42.1-49.2) [vitamin A]), and
51.8 (95% CI = 48.0-55.6 [beta carotene]). Relative risks of infants being still born were not statistically significantly
different in the supplemented groups, compared to the placebo group (0.95; 95% CI = 0.85 -1.06 for the vitamin A group and
1.08; 95% CI = 0.97 to 1.21 for the beta carotene group). Infant mortality rates per 1000 births were: 68.1 (95% CI = 63.772.5 [placebo]), 65.0 (95% CI = 60.7-69.4 [vitamin A]), and 69.8 (95% CI = 65.4-72.3 [beta carotene]). It was concluded
that, compared to the placebo, weekly vitamin A or beta carotene supplementation in pregnant women in Bangladesh did not
reduce all-cause maternal, fetal, or infant mortality.95
Retinoic Acid
A large population-based study of pregnancies to women who were taking isotretinoin (13-cis-retinoic acid) during a
28-year period found that 84% of the patients that became pregnant elected to terminate the pregnancy. Of those pregnancies
that were not electively terminated, estimates of spontaneous abortions ranged from 3% to 20%.96,97 When children were
followed for 7 years after birth, there was no incidence of further abnormalities.97 Of those pregnancies that result in live
births, approximately 48% to 82% of the children are healthy at birth.98
In Vitro
Retinoic Acid
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The effects of retinoic acid on melanocytes from their generation through maturation were studied using a
melanocyte differentiation inducement system of mouse embryonic stem cells (C57BL/6-derived).99 Embryonic stem cells
are pluripotent stem cells that are derived from the inner cell mass of early embryos, and these cells can differentiate into a
variety of cell lines. The stem cells were seeded on ST2 cells and cultured to differentiate into melanocytes using a
differentiation-inducing medium. Retinoic acid was added to the cultures at a final concentration of 1 to 100 nM. Study
results indicated that retinoic acid had significantly different effects, depending on the stage of differentiation. Specifically,
retinoic acid promoted differentiation in earlier stages, whereby embryonic stem cells become melanoblasts via neural crest
cells. Retinoic acid inhibited differentiation in later stages, whereby melanoblasts become melanocytes.
Risk Assessment for Topical Application
Retinoic Acid
A risk assessment100 of topical all-trans-retinoic acid was developed, and is stated as follows: If a daily dose of 20 g
of 0.05% preparation (10 mg of all-trans retinoic acid) is applied to human skin for therapeutic or cosmetic purposes and a
systemic bioavailability of 10% is assumed (probably overestimated), then 1 mg of all-trans-retinoic acid is expected to reach
the central circulation daily. Assuming a body weight of 65 kg, the daily absorbed dose would be 0.015 mg/kg.
The author goes on to suggest that recent studies in the monkey have shown that all-trans-retinoic acid is a less
potent teratogen when compared to 13-cis-retinoic acid. For example, while 5 mg/kg/day of 13-cis-retinoic acid were
sufficient to yield a teratogenic response, daily doses of 10 mg/kg all-trans-retinoic acid had to be administered orally in this
species to produce retinoic-specific defects.101,102 The lower potency of the trans-isomer may find its explanation in its
relatively rapid elimination rate: In all species examined, including the human, the elimination half-life of the trans-isomer
was below 1 h. In contrast, the 13-cis-isomer is excreted much slower, and half-lives in the human as well as in larger
animals, such as the monkey and rabbit, range from 10 to 30 h. Thus, the exposure to the 13-cis-retinoic acid and
metabolites is much prolonged when compared to the all-trans-isomer. If these considerations hold true for the human, then
the lowest teratogenic dose of all-trans retinoic acid in the human, which is not known today, would be expected to be more
than 60-fold higher than the dose absorbed from daily administration of topical all-trans-retinoic acid.
In Vitro Study
Retinol
The developmental toxicity of retinol (in DMSO) was evaluated in the embryonic stem (ES)-D3 cell differentiation
assay of the embryonic stem cell test.103 The murine ES-D3 cell line was used, and this assay was performed to determine
the test concentrations affecting ES-D3 cell differentiation into contracting cardiomyocytes. Exposure to the test substance,
added from a 400-times concentrated stock solution in DMSO to culture medium, started at day 1 and lasted for 10 days. A
test was considered valid when at least 21 out of 24 wells of the blank (non-exposed) cells and the solvent control plate
contained contracting cardiomyocytes. Retinol caused a concentration-dependent decrease in ES-D3 cell differentiation in
the 102 to 104 nM concentration range.

GENOTOXICITY
In Vitro-Bacterial Assays
Retinol, Retinoic Acid, and Retinyl Acetate
The genotoxicity of retinol, retinoic acid, and retinyl acetate were evaluated using the following Salmonella
typhimurium strains: TA98, TA100, TA102, and TA1535.104 Each retinoid was tested at doses ranging from 2.5 to 40
µg/plate both with and without metabolic activation. Neither of the 3 test substances induced toxicity, and there was no
increase in the mutation frequency in any of the strains tested with or without metabolic activation.
In Vivo-Mammalian Cell Assays
Retinyl Palmitate
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Positive photogenotoxic/photoclastogenic effects of retinyl palmitate in mouse lymphoma cells were reported in the
following 2 studies.
L5178/Tk+/- mouse lymphoma cells were treated with several concentrations of retinyl palmitate either alone or in
the presence of UVA light.105 The treatment of cells with retinyl palmitate alone at concentrations of 25 to 100 µg/ml did not
increase mutant frequencies over the negative control (i.e., no retinyl palmitate or UVA exposure). However, the treatment
of cells with retinyl palmitate at concentrations of 1 to 25 µg/ml in the presence of UVA light (82.8 mJ/cm2/min for 30 min)
caused a dose-dependent mutation induction. The mean induced mutant frequency for treatment with 25 µg/ml in the
presence of UVA light was approximately threefold higher than that for UVA alone (122 x 10-6), suggesting potentiation by
retinyl palmitate of the effects of UVA light exposure.
To elucidate the underlying mechanism of action, the mutants were examined for loss of heterozygosity (LOH) at 4
microsatellite loci spanning the entire chromosome 11, on which the Tk gene is located. The mutational spectrum for the RP
+ UVA treatment was significantly different from the negative control, but not significantly different from that of UVA
exposure alone. Ninety-four percent of the mutants from combined retinyl palmitate + UVA treatment lost the Tk+ allele, and
91% of the deleted sequences extended across more than 6 cM in chromosome length, indicating clastogenic events affecting
a large segment of the chromosome. These results suggest that retinyl palmitate is photomutagenic in combination with
UVA exposure in mouse lymphoma cells, with a clastogenic mode-of-action.105
In the presence of UVA light, retinyl palmitate (RP) decomposes into multiple products, including anhydroretinol
(AR) and 5,6-epoxyretinyl palmitate (5,6-epoxy-RP). The photomutagenicity of AR and 5,6-epoxy-RP in L5178Y/Tk+/mouse lymphoma cells was evaluated.11 The treatment of cells with AR or 5,6-epoxy-RP alone at 10 and 25 µg/ml for 4 h
did not yield a positive mutagenic response. However, because these concentrations did not induce a sufficient degree of
cytotoxicity for the mouse lymphoma assay, it was not possible to determine whether these 2 compounds are mutagenic at
concentrations approaching cytotoxic levels.
The treatment of cells with 1 to 25 µg/ml AR or 5,6-epoxy-RP in the presence of UVA light (315 to 400 nm) for 30
min (1.38 mW/cm2) caused a potentiated photomutagenic effect. At 10 µg/ml (37.3 µM) AR in the presence of UVA light,
the mutant frequency was approximately 3-fold higher than for UVA exposure alone. The mutant frequency for 5,6-epoxyRP at a concentration of 25 µg/ml (46.3 µM) in the presence of UVA light was approximately 2-fold higher than for UVA
exposure alone.11
To determine the underlying photomutagenic mechanism, the loss of heterozygosity (LOH) at 4 microsatellite loci
spanning the entire chromosome 11 was examined for mutants induced by UVA light and either AR or 5,6-epoxy-RP
exposure. Most mutants lost the 7k+ allele, and more than 70% of the chromosome damage extended across 38 cM of the
chromosome. AR + UVA induced approximately twice as many mutants, with all 4 microsatellite markers lost from the
chromosome 11 carrying the Tk+ allele, compared to retinyl palmitate + UVA or 5,6-epoxy-RP + UVA treatments. These
results suggest that 2 of retinyl palmitate’s photodecomposition products are photomutagenic in mouse lymphoma cells,
affecting a large segment of the chromosome. For detailed information on the photodecomposition of retinoids, 2 review
articles on this subject have been published. 7,106
In an earlier study, photoirradiation of anhydroretinol with UVA light in the presence of methyl linoleate generated
lipid peroxidation products (i.e., methyl linoleate hydroperoxides) in an exposure-dependent manner.107 In a subsequent
study, electron spin resonance (ESR) spin-trap techniques were employed to explore the mechanism of lipid peroxidation
initiation in such systems.108 Irradiation of anhydroretinol with UVA in the presence of 2,2,6,6,-tetramethylpiperidine
(TEMP), a specific probe for singlet oxygen, resulted in the formation of TEMP-O, demonstrating the formation of singlet
oxygen under these conditions. During photoirradiation in the presence of 5,5-dimethyl N-oxide pyrroline (DMPO), a
specific probe for superoxide, ESR signals for DMPO-OOH were formed, and these signals were quenched by superoxide
dismutase. The involvement of singlet oxygen in the induction of lipid peroxidation was also evidenced by the inhibition of
lipid peroxidation by sodium azide and the enhancement of lipid peroxidation by deuterium oxide. Overall, the results
indicate that irradiation of anhydroretinol with UVA light generates reactive oxygen species, including singlet oxygen and
superoxide, which mediate lipid peroxidation.
In another study, the same technique was used to determine whether or not irradiation of retinyl palmitate with
UVA light produces reactive oxygen species.109 Photoirradiation of retinyl palmitate in the presence of TEMP resulted in the
formation of TEMPO. Both DMPO and 5-tert-butoxycarbonyl 5-methyl-1-pyrroline N-oxide (BMPO) are specific probes for
superoxide. When photoirradiation of retinyl palmitate was performed in the presence of DMPO or BMPO, ESR signals for
DMPO–●OOH or BMPO DMPO–●OOH were obtained. These results unambiguously confirmed the formation of superoxide
radical anion. Consistent with free radical mechanism, there was a near complete and time-dependent photodecomposition of
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retinyl palmitate and its photodecomposition products. ESR studies on the photoirradiation of 5,6-epoxy-RP and AR indicate
that these compounds, as well as RP, can mediate free-radical formation and lipid peroxidation through the light-induced
breakdown of RP.
The photogenotoxicity of retinyl palmitate, anhydroretinol (AR), and 5,6-epoxyretinyl palmitate (5,6-epoxy-RP) in
human skin Jurkat T-cells was evaluated using the Comet assay.110 This assay was used to assess light-induced
fragmentation of cellular DNA, and was performed with and without UVA irradiation. Initially, a cell viability assay was
performed, whereby fluorescein diacetate was added to light-irradiated cell suspensions. Light irradiation for up to 60
minutes did not significantly affect the viability of T cells. The viability of T cells, with and without light irradiation, in the
presence of retinyl palmitate, AR, or 5,6-epoxy-RP at concentrations of 0, 50, 100, 150, and 200 µM was then determined.
Cell death caused by these compounds was described as low in the absence of light (AR > 5,6-epoxy-RP > retinyl palmitate).
With AR (100 µM) and 5,6-epoxy-RP (150 µM), 75% of the cells remained viable. With retinyl palmitate (200 µM), > 80%
of the cells remained viable.
Cell death (photocytotoxicity in the presence of retinyl palmitate, AR, or 5,6-epoxy-RP in human skin Jurkat Tcells exposed to UVA (3.5 J/cm2) and visible (6.3 J/cm2) was much higher than without UVA or visible light exposure. For
all 3 compounds, significant photocytotoxicity was observed for concentrations of 100 µM and greater. With 150 and 200
µM, the relative phototoxic potency of the retinoids conformed to the following order: retinyl palmitate = AR > 5,6-epoxyRP. When treated with 100 µM of retinyl palmitate, 5,6-epoxy-RP, or AR, cell death was 39%, 22%, and 45%, respectively.
These results indicate that retinyl palmitate, 5,6-epoxy-RP, and AR are photocytotoxic.
In the comet assasys for DNA fragmentation, the retinoid concentrations were 0 to 200 µM and the light exposure
was 3.5 J/cm2 (UVA light) or 6.13 J/cm2 (visible). Photoirradiation of retinyl palmitate, AR, or 5,6-epoxy-RP, in ethanol,
with UVA light produced UVA-induced DNA fragmentation in human skin Jurkat T-cells, but only when accompanied by
significant levels of photocytotoxicity. There was a dose-response relationship between the levels of DNA fragmentation and
the concentration (50, 100, 150, and 200 µM) of the retinoid used. In the presence of supercoiled ΦX174 phage DNA, retinyl
palmitate, AR, and 5,6-epoxy-RP at concentrations of 0.1 and 1.0 mM in 10% ethanol were irradiated with UVA light at light
doses of 7, 21, and 50 J/cm2. Single strand breaks in supercoiled ΦX174 plasmid DNA were observed. At 50 J/cm2, all 3
compounds yielded DNA-strand cleavage to significantly higher extents when compared to that of the control group. The
retinoids in decreasing order of DNA-strand cleavage observed were AR > 5,6-epoxy-RP > retinyl palmitate ≥ control. No
DNA cleavage was observed when either retinoid or light was absent. These results indicate that retinyl palmitate, AR, and
5,6-epoxy-RP can damage DNA in a cell free system and can be cytotoxic in cultured mammalian cells that are also exposed
to light.110
The genotoxicity and photogenotoxicity of retinyl palmitate was evaluated using Chinese hamster ovary (CHO) cells
in a standard chromosome-aberration test.111 The procedure involved pre-irradiation (UVA irradiation followed by treatment
with retinyl palmitate) or simultaneous irradiation (irradiation of cells in the presence of retinyl palmitate together). UVA
irradiation was 350 or 700 mJ/cm2, with the high UVA exposure (700 mJ/cm2) selected to produce a small increase in the
incidence of structural chromosome aberrations in cells in the absence of retinyl palmitate. Retinyl palmitate was tested up to
concentrations exceeding its limit of solubility in the culture medium (i.e., ranging from 20 to 40 µg/mL).
No overt cytotoxicity was found in the dark or following irradiation. Treatment of the cells with retinyl palmitate in
the dark as well as treatment under pre- or simultaneous irradiation conditions failed to produce biologically significant
increases in the incidence of structural chromosome aberrations. The positive control substances 4-nitroquinolone and 8methoxypsoralene caused significantly positive effects in the dark or under simultaneous irradiation, respectively. It was
concluded that, under standard conditions for evaluating photogenotoxicity, retinyl palmitate had no in vitro genotoxicity or
photogenotoxic potential and, therefore, that it is unlikely that retinyl palmitate would pose a local or systemic genotoxic or
photogenotoxic risk.111
A letter to the editor addressing the preceding genotoxicity/photogenotoxicity study stated:112
“Dufour et al. conclude that application of retinyl palmitate to human skin posed no local or systemic genotoxic or
photogenotoxic risk, based on a single in vitro genotoxicity test. This conclusion appears overstated; such a
conclusion requires a full battery of in vivo and in vitro genotoxicity tests and perhaps even human studies. The
authors inappropriately used results from one genotoxicity assay to refute results from various other genotoxicity
assays that measure different genotoxic endpoints with varying sensitivities. We feel that it is important to bring
these issues to the attention of the readers of Mutation Research.”
A response to the aforementioned letter states:113
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“In summary, our paper111 and the papers by Mei et al.11,105 exemplify the dilemmas facing genetic toxicologists in
the current age. Different results can be obtained under different conditions, in different cells and using different
culture media. This dilemma may be particularly relevant for in vitro photogenotoxicity tests. For example, a recent
concept paper by the European Medicines Agency stated that “oversensitivity and the occurrence of pseudo-effects
with in vitro models, in particular the mammalian cell test for photogenotoxicity, has become a major problem” and
no longer recommends these tests for regulatory purposes. Nobody wants to see humans exposed to dangerous
chemicals, but determining whether the positive results cause unnecessary alarm or whether the negative results
cause unjustified complacency will continue to exercise the minds of the scientific community.”
In a subsequent study involving many of the authors of the preceding study, results following the photoirradiation of
retinyl palmitate (RP) in ethanol using a UV lamp generating approximately equal levels of UVA and UVB light were as
follows:12 The photodecomposition products identified were: 4-keto-RP, 11-ethoxy-12-hydroxy-RP, 13-ethoxy-14-hydroxyRP, anhydroretinol (AR), and trans- and cis-15-ethoxy-AR. Photoirradiation of RP in the presence of a lipid, methyl
linoleate, resulted in induction of lipid peroxidation. Lipid peroxidation was inhibited when sodium azide was present during
photoirradiation, which suggests free radicals were formed. These results demonstrate that RP can mediate the UV lightinduced free radical formation and induction of lipid peroxidation through the light-induced breakdown of RP.
Retinol
The photocytotoxicity and photomutagenicity of retinol were investigated using L5178Y/Tk+/- mouse lymphoma
cells concomitantly exposed to retinol and UVA light.114 The cells were treated with retinol at concentrations of 5 or 10
µg/ml for 4 h without UVA exposure, or treated with retinol (0.25 to 4 µg/ml) for 4 h and UVA exposure at 2.48 J/cm2 during
the first 30 minutes of the 4 h incubation period. In cells treated with retinol alone at 5 or 10 µg/ml in the absence of light,
there was no increase in the mutant frequency (MF) in the Tk gene, and there was minimal cytotoxicity. However, treatment
of cells with 1 to 4 µg/ml retinol in the presence of UVA (1.38 mW/cm2 for 30 minutes) increased the MF in the Tk gene in a
concentration-responsive manner and increased cytotoxicity. To elucidate the underlying mechanism of action, the
mutational types of the Tk mutants were examined by determining their loss of heterozygosity (LOH) at four microsatellite
loci spanning the entire length of chromosome 11, on which the Tk gene is located. The mutational spectrum for the retinol
+ UVA treatment was significantly different from those of the control and UVA exposure alone. More than 93% of the
mutants in the retinol + UVA treated cells lost heterozygosity at the Tk1 locus, and the major types (58%) of mutations were
LOHs extending to D11Mit42, an alternation involving approximately 6 cM of the chromosome. The main types of
mutations in the control were non-LOH mutations. These results suggest that retinol is mutagenic in the presence of UVA
light in mouse lymphoma cells through a clastogenic mode-of-action.
Retinoic Acid
At concentrations greater than 10 µM, retinoic acid depressed DNA synthesis in bovine mixed lymphocyte cultures,
and the doses at which 50% inhibition occurred were 20, 35, 40, and 60 µM in 4 separate experiments.63
Retinyl Acetate
The genotoxicity of retinyl acetate was evaluated in a cytogenetic assay involving human (HE 2144) fibroblasts.
The test substance was evaluated at concentrations up to 0.0656 mg/ml.115 One control culture with solvent only was used
for each series of experiments. The frequency of sister chromatid exchanges was scored on the basis of 20 to 30 metaphase
spreads showing a different sister chromatid staining in all chromosomes. At the highest concentration tested, the value for
sister chromatid changes per cell (10.04/cell) was twice the control value, and the value for chromatid breaks per cell
0.13/cell) exceeded the highest control values of chromatid breaks per cell.
Retinol, Retinoic Acid, and Retinyl Acetate
The effect of the following retinoids on sister chromatid exchange in exponentially growing V79 Chinese hamster
cells was evaluated: all-trans retinol, all-trans retinoic acid, and all-trans retinyl acetate.116 Each retinoid was evaluated at
concentrations of 0.25 to 4 µg/ml, and there were no significant effects on sister chromatid exchange frequency when
compared to untreated controls.
In Vivo/In Vitro
Retinyl Palmitate and Retinol
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Retinyl palmitate, retinol, and retinoic acid, in oil-in-water creams at a concentration of 0.05%, were applied to the
backs of adult Skh:hr-1 albino hairless mice, once per day for 3 days.117 The application period was followed by exposure of
the treated sites to UVB. The animals were then killed and the epidermis was removed for biochemical analysis.
A431keratinocytes were incubated with retinol (2 µM) or retinyl palmitate (2 µM ) in 1% ethanol for 24 h. Cell cultures
were also incubated alone or in 1% ethanol only. At end of the 24-h incubation period, all cultures were exposed to UVB
light and then incubated for 24 h. The action of retinyl palmitate and retinol on UVB-induced DNA damage and apoptosis in
cultured A431 keratinocytes was analyzed. Topical retinol and retinyl palmitate significantly decreased (≈ 50%) the number
of apoptotic cells as well as the formation of thymine dimers in the epidermis of mice exposed to acute UVB. However,
neither of the 2 retinoids interfered with the apoptotic process in A431 keratinocytes exposed to UVB, whereas, DNA
photodamage was decreased slightly in these cells in the presence of retinoids. It was concluded that the decrease in the
numbers of UVB-induced apoptotic cells in hairless mouse epidermis following topical application of retinoids reflects a
protection of DNA, which is a primary target of UVB irradiation, by a mechanism that is independent of the activation of
retinoid nuclear receptors and does not involve the direct inhibition of apoptosis.
Modulation of Genotoxicity
Retinol, Retinoic Acid, and Retinyl Acetate
Retinol-, retinoic acid-, and retinyl acetate-induced alteration of mutation frequencies induced by carcinogens was
studied using Salmonella typhimurium strains TA98, TA100, TA102, and TA1535.104 Testing involved the following 7
carcinogens: aflatoxin B 1 (AFB), cyclophosphamide (CPP), 3-methylcholanthrene (MCA), benzo[a]pyrene (BP),
benz[a]anthracene (BA), 9,10-dimethyl-1,2-benz[a]anthracene (DMBA), and mitomycin C (MMC). Retinol was evaluated at
doses up to 40 µg/plate, and significantly reduced the number of His+ revertants induced by AFB. It also reduced mutations
induced by CPP or MCA, but not those induced by BP, BA, DMBA, or MMC. Additionally, the ability of retinol, retinoic
acid and retinyl acetate to inhibit mutations caused by AFB and BP were studied and compared. All 3 retinoids caused a
significant reduction in AFB-induced His+ revertants, in a dose-dependent manner. However, there was no effect on BPinduced revertants.
Irinotecan (CPT-11) is a common chemotherapeutic agent that can be genotoxic. A study was performed to evaluate
the modulating effect of vitamins A (retinol), C, and E on the genotoxic activity of CPT-11 and to analyze the efficacy of
DNA repair in lymphocytes (in vitro) of patients with diagnosed colorectal carcinoma and healthy individuals.118 In healthy
donors’ cells, CPT-11 did not exert a strong genotoxic effect in the presence or absence of the vitamins. In turn, a
statistically significant increase of DNA migration in the comet tails was noted in the patients’ lymphocytes exposed to CPT11. Vitamins A, C, and E in the incubation solutions acted synergistically to increase the level of DNA lesions in the cells
exposed to CPT-11 in vitro. Analysis of the efficacy of DNA repair, performed after 2 h of post-incubation, showed a
decrease in the percentage of DNA in the comet tails in all experimental samples.
Inhibition of DNA Synthesis
Retinyl Acetate
Female Sprague-Dawley rats were treated with either solvent (0.9% NaCl solution), 7,12-dimethylbenz(a)anthracene, or 1-methyl-1-nitrosourea at 50 days of age.119 The animals were also placed on either a placebo or retinyl
acetate (1 mmol/kg diet) diet at 57 days of age. The incorporation of [3H] thymidine into purified DNA isolated from
mammary parenchymal cells was determined. Mammary cell DNA synthesis in animals teated with 7,12dimethylbenz(a)anthracene or 1-methyl-1-nitrosourea was effectively inhibited by retinyl acetate.
The effect of retinyl acetate on DNA synthesis was studied using DNA from female Sprague-Dawley rat, mammary
parenchymal cells.119 The rats were injected i.v. with either solvent (saline), 7,12-dimethylbenz(α)anthracene (DMBA), or 1methyl-1-nitrosourea (MNU) at 50 days of age and placed on either a placebo or retinyl acetate (1 mol/kg diet) diet at 57
days of age. [3H]Thymidine incorporation into purified DNA was determined. Retinyl acetate effectively inhibited
mammary cell DNA synthesis in both MNU- and DMBA-treated rats. However, inhibition of DNA synthesis was not
observed in solvent-treated rats.

CARCINOGENICITY
Oral
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Retinol and Retinyl Palmitate
The effects of retinyl palmitate ingestion on carcinogenesis were determined. Female adolescent Sprague-Dawley
rats (total = 135), were randomized into 3 dietary groups (45 rats per group).78 From p21 to p63 (i.e., the period of adolescent
mammary-gland development), female rats received either a whole-food diet with adequate levels of vitamin A, a diet with a
5.5-fold increase in vitamin A from fruits and vegetables (S diet), or a diet with a 6.2-fold increase in vitamin A provided as
retinyl palmitate (RP diet). Rats were injected with 50 mg 1-methyl-1-nitrosourea/kg body weight on p66. The rats were
palpated twice per week for 6 months for the detection of mammary tumors. At 6 months post-carcinogen injection, latency
and incidence of mammary tumors did not differ among dietary groups. However, compared with adolescent rats that
consumed the adequate diet, consumption of S and RP diets reduced mammary cancer multiplicity (relative risk ~ 0.7, P ≤
0.002), and the reductions were associated with reductions in mammary gland alveolar development. More specifically,
tumor multiplicity was reduced in rats fed either the S (P = 0.0002) or RP (P = 0.002) diet during adolescence. The authors
concluded that these data demonstrate that the amount and source of vitamin A consumed by adolescent female rats can
influence breast cancer risk. Effects on sexual maturation and mammary-gland development included in this study are found
in the Reproductive and Developmental Toxicity section of this report.
Retinyl Acetate
Estrone- and progesterone-treated nulliparous and multiparous inbred GR/A female mice were fed retinyl acetate
(82 mg/kg ration) daily, beginning at the onset of hormone treatment and for the duration of the study (13 to 16 weeks).120
Control mice (65 mice) were fed gelatinized beadlets without retinyl acetate. A substantial increase in the incidence of
mammary carcinomas was reported. In the first experiment, the mammary carcinoma incidence in nulliparous control and
retinyl acetate-fed mice was 22/65 (34%) and 37/65 (57%) (P < 0.05), respectively. In the second experiment, these values
were 27/48 (56%) and 37/48 (77%) (P < 0.05), respectively. The mammary carcinoma incidence in multiparous control and
retinyl acetate-fed mice in experiment #1 was 13/30 (43%) and 23/30 (77%), respectively. In experiment #2, these values
were 19/19 (100%) and 19/19 (100%), respectively. The authors interpreted these findings as a striking increase in the
incidence of mammary carcinomas in hormonally treated GR/A female mice fed retinyl acetate.
The carcinogenicity of retinol acetate was evaluated using groups of 50 male and 50 female F344/DuCrj rats
(specific pathogen free; 8 weeks old). Retinol acetate (0.25% or 0.125%, as gelatinized beadlets in distilled water) was
administered in drinking water continuously for 104 weeks.121 Control groups were given 0.25% placebo beadlets. All
surviving animals were killed at 108 weeks. The survival rates were 72 to 84% and were sufficiently high for statistical
comparison of all groups. Inhibition of body weight gain was marked in females of the high-dose group. Higher incidences
of malignant pheochromocytomas, benign pheochromoctomas, and hyperplasias of the adrenal medulla were observed in the
retinol acetate-treated groups. The combined incidences of tumors of the adrenal medulla in males and females of the highdose groups and the incidence in females of the low-dose group were significantly higher than the incidence in the controls.
Conversely, statistically significant decreases were found in the incidences of the mammary gland tumors in males of the
high-dose group, of thyroid tumors in females of the high-dose group, and of clitoral gland tumors in females of both highand low-dose groups. The authors concluded that retinol acetate given orally possesses the potential for increasing the
incidence of pheochromocytomas in male and female F344 rats in a dose-related manner under the conditions of this
bioassay.
A study was performed to determine the effect of long-term feeding of retinyl acetate on the initiation of mammary
tumors induced by methylnitrosourea (MNU) or DMBA in female Sprague-Dawley rats (29 rats, 40 days old).122 Retinyl
acetate (328 g/kg) was added to the diet for 2 months (at which time supplementation was stopped) before administration of
the carcinogens. Another group of rats (30 rats, 40 days old) received retinoid vehicle in the diet before carcinogen
administration. This vehicle contained ethanol, trioctanoin, and dl-alpha-tocopherol. In the MNU model, a 50% increase in
the number of mammary adenocarcinomas was observed in rats pretreated with retinyl acetate. In the DMBA model,
pretreatment with retinyl acetate significantly increased the number of benign mammary tumors, but not mammary cancers.
Furthermore, in the MNU model, pretreatment with the retinoid vehicle resulted in a 57% incidence (considered a relatively
low incidence) of mammary cancers. In the DMBA model, pretreatment with the retinoid vehicle resulted in a 63%
incidence of mammary cancers.

Photocarcinogenicity
Retinoic Acid
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A cream containing a 0.3% mixture of retinoic acid was applied topically to the skin of mice, after which the
application site was exposed to UV light.123,124 The light source was a medium pressure mercury arc lamp that emitted UVB
(1.38 x 103 mJ/cm2) and some UVC. Albino hairless mice were irradiated with a strongly carcinogenic dose of UV radiation
(from mercury lamp) for 10 months. Each irradiation was followed by topical application of 0.3% retinoic acid. A greater
number of tumors developed in the retinoic acid treatment group when compared to animals exposed to UV light only.
Retinoic acid (0.3%) was classified as toxic, in that one-third of the animals died during the first 4 months of the study.
When compared to the preceding study, opposite results following treatment with retinoic acid were presented in a
subsequent study. Animals treated with 0.05% rertinoic acid had fewer tumors than untreated irradiated controls, and no
effect was observed at retinoic acid concentrations of 0.025 and 0.005%.125
Retinoic acid was applied (0.001% to 0.3%) to the skin of mice for 2 weeks and then exposed to UV light.126
Dosing resumed after UV light exposure. Enhancement of photcarcinogenicity was observed. In the same study, the topical
application of retinoic acid to the skin of Skh-1 and Fü-Alb mice greatly enhanced the photocarcinogenicity that was induced
by a moderate of simulated sunlight.126 The skin of albino hairless mice was pre-treated with retinoic acid (0.01% and
0.001%, in methanol) for 2 weeks, and treatment was followed by 28 weeks of UV radiation (from xenon solar simulator) at
mildly carcinogenic doses. Retinoic acid was applied after each irradiation. Exposure to UV light + each concentration of
retinoic acid resulted in enhanced tumor formation. It was concluded that retinoic acid was a promoter of UV carcinogenesis
In another study, mice were dosed with UV for 6 weeks prior to application of retinoic acid (0.001% to 0.3%).127
Enhancement of photocarcinogenicity was also observed in this study.
Hairless mice (lightly pigmented) were used in a phtocarcinogenicity study on retinoic acid.128 These animals
(hairless mice) were used instead of albino mice because, like humans, the hairless mice strain is capable of modest tanning.
According to the first protocol, a strongly carcinogenic dose of UV light (from FS-20 sunlamps) was given for 30 weeks.
Retinoic acid (0.001%) was applied after each irradiation, and was continued for an additional 15 weeks post-UV. In the
second protocol, tumors were induced via 20 weeks of irradiation. Irradiation was followed by treatment with retinoic acid
(0.01% and 0.001%). In both protocols, the UV dose used (~ 6 human MED) caused 100% tumor incidence in the UV
controls by week 35. Study results indicated that retinoic acid had no effect on the following parameters: (1) time of
appearance of the first tumors (latency); (2) total number of tumors; and (3) progression to larger tumors. Retinoic acid
(0.01%) applied after tumor induction caused a significantly higher rate of regression in treated mice when compared to
untreated controls.
Female Fü-Alb h/h mice were irradiated with simulated light (one-half erythemal dose per session), followed by
treatment with retinoic acid.129 Enhanced photocarcinogenicity in the presence of retinoic acid was found. Observations at
microscopic examination indicated that treatment with retinoic acid without UV light caused a mild epidermal response, with
slight epithelial hyperplasia in approximately 25% of mice treated with retinoic acid. Also, at microscopic examination,
epithelial hyperplasia was observed in the skin of all mice exposed to UV light. Proliferation of the connective tissues and
enlargement of the follicular cysts and fat cells were observed. The UV dose was delivered by a solar simulator, and was
reported to be equal to half an MED. Multiple tumors developed. There were also areas of scarring that resulted from
ulceration and dermal necrosis. At the end of the treatment period (week 28), groups dosed with retinoic acid (0.001% and
0.01%) showed a dose-dependent increase in the mean number of tumors of 53% and 104%, respectively. The authors noted
that topical retinoic acid induced epithelial hyperplasia in non-irradiated controls. They also suggested that the higher
incidence of macroscopic tumors in the retinoic acid-treated, UV-irradiated mice may have been related to the stimulation of
epidermal cell proliferation.
Pigmented mice were pre-irradiated with a low dose (~1/2 human MED) of UV light (Westinghouse FS-20
sunlamps; 280 to 390 nm, with a peak at 313 nm) for 6 weeks.130 Irradiation was followed by treatment with retinoic acid
(0.01% in methanol) 3 times per week for 14 weeks. After 58 weeks, the only tumors observed were two 1 mm papillomas in
the UV controls and three 1 mm papillomas in animlas treated with retinoic acid + UV. It was concluded that retinoic acid
did not promote UV-induced carcinogenesis in mice that are able to produce melanin.
The effect of retinoic acid on photocarcinogenicity was evaluated using 2 animal models, Cryotithrix (crh,
pigmented and albino) mice and sparsely haired albino fuzzy (fz) rats .131 According to both models, the animals were
exposed repeatedly to UV radiation (from long arc solar simulator) and retinoic acid (0.1 mg/mL in methanol) during a large
portion of the animal’s life. UV doses of 200 Robertson-Berger (RB) units were administered 3 times pre week for 40 weeks.
UV doses were expressed in RB units, where a dose of 400 RB units ≈ 1 human erythemal dose when the source spectrum
resembles sunlight. Some of the animals were not treated with retinoic acid. Retinoic significantly enhanced the
photocarcinogenesis response in mice and rats.
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A model of UV-induced skin carcinogenesis in Skh:HR-1 hairless albino mice and Skh:HR-2 hairless pigmented
mice has been established.132 Retinoic acid was applied at a concentration of 0.05%. The mice were initially exposed to 102
mJ/cm2 UVB and 2040 mJ/cm2 UVA per day, translated as 33% of the MED for these mouse strains with this light source.
For the first 4 weeks, the exposures were increased by 20% per week, and remained at this level for the duration of the
experiments. Irradiations were performed 5 days per week. Retinoic acid initially increased desquamation and caused mild
inflammation, which subsided after a few weeks of treatment. In the absence of UV light, retinoic acid induced a light tan in
the Skh:HR-2 mice, but not the Skh:HR-1 mice. A very dark tan developed in Skh:HR-2 mice treated with UV light and
retinoic acid. Retinoic acid alone was not carcinogenic, but enhanced photocarcinogenesis. The light tan of Skh:HR-2
mice did not provide any protection from carcinogenesis. However, the dark tan that developed in the presence of retinoic
acid + UV light provided some protection from carcinogenesis, but not enough to overcome the enhancing effect of retinoic
acid.
Retinyl Palmitate
In 2000, retinyl palmitate was nominated by the U.S. FDA’s Center for Food Safety and Applied Nutrition
(CFSAN) and selected by the National Toxicology Program (NTP) as a high priority compound for phototoxicity and
photocarcinogenicity studies at the National Center for Toxicological Research.133 Accordingly, the principal objective of
NTP’s 1-year photocarcinogenesis study was to investigate the effects of topically applied skin cream containing retinol or
retinyl palmitate on the photocarcinogenicity of simulated solar light or UV light in SkH-1 mice. While CIR normally
summarizes the findings using our own words, in this case, excerpts from the abstract of the NTP study are concise and are
quoted below in order to not add any interpretation to the NTP findings.134
“Groups of 36 male and 36 female Crl:SKH-1 (hr−/hr−) hairless mice were irradiated 5 days per week (Monday
through Friday) in the morning for 40 weeks with SSL at levels of 0.00, 6.85, or 13.70 mJ•CIE/cm2 that were
emitted from glass-filtered 6.5kW xenon arc lamps.134 The mice received topical applications of control creams or
creams containing 0.001% (w/w) retinoic acid or 0.1%, 0.5%, 1.0%, or 2.0% retinyl palmitate to the dorsal skin
region in the afternoon of the same days of irradiance exposures. Separate groups of 36 female Crl:SKH-1 (hr−/hr−)
hairless mice were irradiated with UV light emitted from fluorescent UVA or UVB lamps at a single level that was
equivalent to the amount of UVA or UVB generated by SSL at a level of 13.70 mJ•CIE/cm2 SSL, and received
topical application of control cream or creams containing 1.0% retinyl palmitate or 0.001% retinoic acid. A 12week observation period followed the 40-week treatment/exposure period. Additional groups of 36 male and 36
female mice received no cream and were exposed to 0.00, 6.85, 13.70, or 20.55 mJ•CIE/cm2 SSL or to a single level
of either UVA or UVB light (females only), equivalent to the amount of UVA or UVB generated by SSL at a level
of 13.70 mJ•CIE/cm2.”
“Mice that received no cream treatment and were exposed to increasing levels of SSL showed significant SSL
exposure-dependent decreases in survival, earlier in-life onset of skin lesions, and significant SSL exposuredependent increases in the incidences and multiplicities of in-life skin lesions, as well as in the incidences and
multiplicities of histopathology determined squamous cell nonneoplastic skin lesions (hyperplasia and focal atypical
hyperplasia) and neoplastic skin lesions (papilloma, carcinoma in situ, and/or carcinoma). Female mice that
received no cream treatment and were exposed to UVA showed significant increases in survival, later onset of inlife skin lesions, and significantly decreased incidences and multiplicities of in-life skin lesions, when compared to
female mice that received SSL at a level of 13.70 mJ•CIE/cm2. Female mice that received no cream treatment and
were exposed to UVB demonstrated significant decreases in survival and significant increases in the multiplicities of
in-life skin lesions, when compared to female mice that received SSL at a level of 13.70 mJ•CIE/cm2.”
“The control cream was composed of a base cream (85%, w/w) and diisopropyl adipate (15%, w/w). The topical
treatment of mice with the control cream imparted significant effects, when compared with comparable
measurements in mice that received no cream treatment and were exposed to the same level of SSL. Specifically,
the exposure of mice to control cream resulted in decreased survival rates, earlier times to the onset of skin lesions,
and increased incidences and multiplicities of in-life skin lesions and squamous cell neoplasms in both the absence
and presence of SSL exposure and increased incidences and multiplicities of in-life skin lesions in female mice
exposed to UVA.”
“The application of retinoic acid (0.001%, w/w) creams to mice significantly decreased survival, even in the absence
of SSL exposure in male mice, when compared to mice that received the control cream and the same level of SSL.
Significantly earlier in-life skin lesion onset and significantly increased multiplicities of skin lesions were observed
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at each SSL level, including 0.00 mJ•CIE/cm2, in male mice and in female mice exposed to 6.85 mJ•CIE/cm2 SSL,
UVA, or UVB. No histopathology was conducted on the retinoic acid cream-treated mice.”
“Significant dose trend effects and earlier in-life skin lesion onsets were observed in mice that received the retinyl
palmitate cream treatments in the presence of SSL, UVA, or UVB, compared with mice that received control cream
treatment and the same level of irradiation. In mice exposed to SSL, there were significantly increased multiplicities
of in-life skin lesions at retinyl palmitate doses of 0.1% to 1.0%. Significant dose-related trends were observed in
the incidences of squamous cell carcinoma and/or squamous cell carcinoma in situ in female mice exposed to 6.85
mJ•CIE/cm2 SSL. Significant retinyl palmitate dose-related increases were also observed in the multiplicities of
squamous cell papilloma and in the combination of all squamous cell neoplasms.”
The conclusions from this NTP study follow:
•

•
•

“Under the conditions of these studies, the topical treatment of SKH-1 mice with the control cream resulted in
earlier onsets of in-life skin lesions and higher incidences and multiplicities of in-life skin lesions in the absence and
presence of SSL or UVA, and higher incidences and multiplicities of squamous cell neoplasms, when compared to
untreated controls in the absence and presence of SSL.”
“Compared to the control cream, retinoic acid enhanced the photocarcinogenic activity of SSL and UVB in SKH-1
mice, based upon earlier onsets and increased multiplicities of in-life skin lesions.”
“Compared to the control cream, retinyl palmitate enhanced the photocarcinogenicity activity of SSL and UVB in
SKH-1 mice, based upon earlier onsets and increased multiplicities of in-life skin lesions and increased incidences
and multiplicities of squamous cell neoplasms.”134

It appears likely that the composition of the cream vehicles used in NTP study will be a critical factor in the evaluation
of the results. NTP used:
•
•
•

85% base cream plus 15% disiopropyl adipate to prepare the “control cream”
85% base cream plus 15% of a retinoic acid diisopropyl adipate solution to prepare a 0.01% retinoic acid “master
batch cream”
85% base cream plus 2% retinyl palmitate and 13% diisopropyl adipate to prepare the retinyl palmitate “master
batch cream”

The control and master batch creams were mixed together to prepare the “dose creams” to which the animals were
exposed, except that the 2% retinyl palmitate master batch cream was used as the 2% retinyl palmitate dose cream. The base
cream had the following composition:
•
•
•
•
•
•
•
•
•
•
•
•

70.02% deionized water
3.25% 96% glycerin
8.00% 2% Keltrol T solution
1.2% Veegum ultra
2.5% cetearyl alcohol
4.00% Eutanol G
0.80% dimethicone DC 200-100
2.40% Lipomulse 165
2.40% Brij 721 (Steareth-21)
4.00% Lipowax D
1.00% Germaben II
0.43% 10% solution of 85% phosphoric acid (q.s. pH to 3.5)

The NTP found that the control cream, alone, without any retinol or retinyl palmitate, caused substantial adverse effects
in the control mice exposed to simulated sunlight, UVA, or UVB, as indicated by markedly reduced survivability and in-life
skin lesion onset and elevated in-life skin lesion incidence and multiplicity. The already severe effects of the vehicle (control
cream) were further aggravated by the presence of retinoic acid or retinyl palmitate in the dose creams.
The results indicate that the NTP study was significantly confounded and, thereby, seriously compromised by the effects
of the “control cream” that was used as the vehicle. In contrast, no such vehicle effects were found in a similar NTP 1-year
photocarcinogenesis study on glycolic and salicylic acids. The composition of the base cream in the study was:
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•
•
•
•
•
•
•
•
•
•
•
•

59.65% deionized water
0.10% disodium EDTA
0.10% disodium EDTA
2.50% 96% glycerin
7.5% 2% Carbopol 981 solution
7.50% mineral oil 65/75
1.50% BRIJ 721
2.00% Stearic Acid XXX
0.25% cetearyl alcohol
2.50% octyl palmitate
1.00% Germaben II
0.50% 20% NaOH solution (q.s. pH to 7.0)

In this study, glycolic acid or salicylic acid was added to the base cream, which also served as the control cream, to produce
the dose creams; No diisopropyl adipate was used in this study. Otherwise, there were few differences in the protocol of this
NTP study compared to that of the retinoids.
Diisopropyl adipate is among the esters of dicarboxylic acids recently evaluated by the CIR Expert Panel and found
to be safe in the present practices of use and concentrations. Maximum use concentrations were up to 8% in leave-on
products in 2010. That assessment noted studies on human subjects showing that undiluted diisopropyl adipate was not
irritating in 4-h patch tests and only moderately irritating in a 21-day cumulative irritancy test patch test. Formulations
containing up to 20.75% diisopropyl adipate caused minimal to mild irritation but no sensitization in such tests. A
photopatch study demonstrated that formulations containing up to 17.0% diisopropyl adipate were not phototoxic, primary
irritants, or sensitizers.
These results indicate that the Crl:SKH-1 (hr−/hr−) hairless mice used in the NTP study of the retinoids are much
more sensitive to the potential phototoxicity of diisopropyl adipate than human subjects. The striking sensitivity of these
mice, compared to humans, indicates that the use of a vehicle containing 13% to 15% diisopropyl adipate in the NTP study
severely limits the usability of the results to support the assessment of safety and risks associated with dermal exposure to
retinol or retinyl palmitate in cosmetic products.
The overall conclusion in the NTP study is stated as follows: Treatment with the carrier cream increased the
incidence of skin tumors in hairless mice, both in the presence and absence of synthetic solar light. Inclusion of retinoic acid
or retinyl palmitate in the cream increased the number of tumors and decreased the time to appearance of tumors, compared
to animals given just the carrier cream.134
An analysis regarding the photocarcinogenic potential of retinyl palmitate included the following perspective:135
“A number of studies regarding retinyl palmitate has been published by the FDA. Of the 8 in vitro studies published
by the FDA from 2002-2009, 4 demonstrated the generation of reactive oxygen species by retinyl palmitate when
exposed to UVA radiation.108,109,12,107 The generation of free radicals and their subsequent mutagenic potential have
garnered understandable concern. However, when considered in the context of the antioxidant milieu found in
human skin, the relevance of these findings becomes questionable. The capacity to quench reactive oxygen species
is magnified by the complex network of antioxidants found in the normal human biochemical environment. In
conjunction with both enzymatic antioxidants (e.g., catalase, peroxidase, superoxide dismutase, and glutathione
reductase) and nonenzymatic antioxidants (e.g., vitamins C and E), vitamin A can neutralize harmful free radicals.
In the isolative environment of laboratory study, however, cooperative interactions among other antioxidants are
absent. As such, the protective properties of a single antioxidant are quickly depleted and may even become prooxidative when exposed to harmful stimuli. Furthermore, many antioxidants are inherently unstable if not properly
formulated, preventing the full spectrum of enzymatic and nonenzymatic antioxidants from acting to reduce the prooxidative effects observed in these in vitro experiments.”
“To assess the carcinogenic potential of retinyl palmitate, the National Toxicology Program (NTP) conducted a
large study using SKH-1 hairless mice. While the results from this study have not yet been published in a peerreviewed forum, the preliminary data are available for review online.136 In this study, SKH-1 hairless mice received
2 different concentrations of retinyl palmitate (0.1% and 0.5%), with controls receiving a vehicle control pH 7
cream. The animals were then irradiated with UV doses of 6.75 and 13.7 mJ/cm2 and subsequently assessed for
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photocarcinogenesis. In the groups irradiated with low-dose (6.75 mJ/cm2) UV radiation, retinyl palmitate induced
higher incidences of malignant lesions at concentrations of both 0.1% and 0.5%, when compared with the vehicle
control pH 7 cream. However, only the group exposed to retinyl palmitate at a concentration of 0.5% showed a
statistically significant increase. In the groups exposed to high-dose (13.5 mJ/cm2) UV radiation, no statistically
significant difference in the incidence of malignant lesions was observed between the vehicle control group and the
group exposed to either 0.1% or 0.5% retinyl palmitate. Therefore, the study failed to demonstrate conclusively that
the combination of retinyl palmitate and UV is photocarcinogenic. Of worthy note, the thinner epidermis of mice
used in these studies allows for increased penetrance of UV radiation. Additionally, these mice are known to have a
higher propensity to develop skin cancer. These intrinsic qualities suggest that data generated from these animal
studies should be examined in context and caution should be exercised in extrapolating the relevance of these
findings to humans.”
“While published data on the photocarcinogenic potential of retinyl palmiate in humans are lacking, evidence from
40 years of use in clinical medicine provides a powerful basis from which to question the notion that retinyl
palmitate in sunscreens is photocarcinogenic. Clinically, retinoids are used by dermatologists in two major areas of
therapy. First, oral retinoids have been used with great success to prevent skin cancers in populations who are at
high-risk, such as patients with xeroderma pigmentosum137 and immunosuppressed patients (e.g. organ
transplant)138. Second, dermatololgists commonly prescribe topical retinoids in the management of skin disorders
such as acne, psoriasis, photoaging, cutaneous T-cell lymphoma, and a variety of other skin conditions. Among
patients treated with topical or oral retinoids, no published data exist to date suggesting that these medications
increase the risk of skin cancer.”
“In conclusion, the available evidence from in vitro and animal studies fails to demonstrate convincing evidence
indicating that retinyl palmitate imparts an increased risk of skin cancer. Furthermore, while no human data
examining this relationship are available, decades of clinical observations support the notion that retinyl palmitate is
safe for use in topical applications such as sunscreens.”135
Co-carcinogenicity
Retinyl Acetate and Retinoic Acid
Male weanling hamsters were fed a commercial diet and received a series of 12 intatracheal instillations of 3 g
benzo(α)pyrene.139 Following the final instillation, the animals were randomly assigned to receive 100 µg (83 hamsters),
1600 µg (74 hamsters), or 3300 µg (later reduced to 2400 µg, 73 hamsters) retinyl acetate per week in divided intragastric
doses. Hamsters in the 2400-µg dose group had a significantly higher incidence of respiratory tract tumors than those in the
100 µg dose group. Liver vitamin A stores increased in groups given 160 and 2400 µg retinyl acetate and corresponded to
the oral administration of retinyl acetate.
The potential modifying effect of retinyl acetate on butylated hydroxylated anisole (BHA)-induced tumorigenesis
(rat forestomach) was evaluated using 9 groups of male F344/DuCrj rats (specific pathogen-free, 5 weeks old).99 Four
groups (Groups 4, 5, 6, and 8), consisted of 10 rats each and the remaining groups consisted of the following: Group 1 (15
rats), Group 2 (20 rats), Group 3 (18 rats), Group 7 (20 rats), and Group 9 (9 rats). The animals were maintained on a diet
containing 1% or 2% BHA by weight and, simultaneously, on drinking water supplemented with retinoic acid (0.05 to
0.25%) for 52 weeks. Marked hyperplastic changes of the forestomach epithelium were observed in all animals given 2%
BHA. The co-administration of 0.25% retinoic acid significantly (P < 0.05) increased the incidence of forestomach tumors
(squamous cell papilloma and carcinoma) to 60% (9/15; 2 rats with carcinoma), from 15% (3/20; 1 rat with carcinoma) in the
group given retinoic acid-free water. In rats given 1% BHA, retinoic acid co-administered at a dose of 0.05, 0.1,0.2, or
0.25%, there was a dose-dependent enhancing effect on the development of BHA-induced epithelial hyperplasia. Tumors, all
papillomas, were induced in 3 rats (17%) with 0.25% retinoic acid and in 1 rat (10%) with 0.05% retinoic acid coadministration. Retinoic acid alone did not induce hyperplastic changes in the forestomach. The authors suggested that these
findings indicate that retinoic acid acted as a co-carcinogen in the BHA forestomach carcinogenesis of the rat.
Anticarcinogenicity
Animal
Retinyl Acetate
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Male Syrian golden hamsters were fed a semisynthetic diet and given 12 weekly intratracheal instillations of
benzo(α)pyrene (3 mg).140 Intratracheal instillations were followed by intragastric administration of either 100, 1600, or
2400 µg retinyl acetate (each in 2 divided doses) per week. Half of the animals were housed conventionally and the other
half was housed in laminar flow units. The 3 dose groups were defined as follows: 100 µg dose (57 hamsters - conventional
housing; 52 hamsters - laminar-flow housing), 1600 µg dose (58 hamsters – conventional housing; 53 hamsters – laminarflow housing), and 2400 µg dose (58 hamsters – conventional housing; 49 hamsters – laminar-flow housing). In hamsters
housed conventionally, increased retinyl acetate intake was associated with an increased incidence of benign respiratory tract
tumors. In all groups of hamsters housed in laminar flow units, there was a longer period to death with respiratory tract
tumor than in conventionally housed hamsters. Additionally, increased retinyl acetate intake was associated with a somewhat
lower incidence of respiratory tract tumors. Squamous papillomas of the forestomach were significantly reduced in all
groups of hamsters that received high levels of retinyl acetate, regardless of housing.
The effect of feeding a pharmacological level of retinyl acetate on N-methyl-N-nitrosourea-induced mammary
carcinogenesis was studied using female Sprague-Dawley rats.141 At 50 days of age, the rats received N-methyl-Nnitrosourea (50 mg). At 7 days post-treatment with the carcinogen, groups of 25 rats were placed on laboratory chow diet
supplemented with placebo or retinyl acetate (300 mg). The rats were palpated for the detection of mammary tumors twice
per week, and the study was terminated 130 days after dosing with the carcinogen. When compared to the placebo group,
treatment with retinyl acetate reduced the tumor incidence, lessened the average number of tumors per rat, and prolonged
tumor latency.
The inhibition of mammary carcinogenesis following short-term dietary exposure to retinyl acetate was studied
using groups of 20 weanling, virgin female Lewis rats.142 The groups of rats were fed chow supplemented with 250 ppm
retinyl acetate according to the following schedule: -2 to +1 weeks; +1 to +30 weeks; +1 to +12 weeks; +12 to +30 weeks;
and -2 to +30 weeks. The control group received chow without retinyl acetate. Time 0 was the day of DMBA
administration, on which the rats were given 20 mg DMBA (in 1 ml sesame oil) intragastrically. When compared to nonretinyl acetate treated controls at 30 weeks, the following groups fed retinyl acetate in the diet at various periods of time had a
significant decrease in tumor multiplicity: -2 to +1 weeks; +1 to +30 weeks; +12 to +30 weeks; and -2 to +30 weeks. The
greatest decrease in tumor multiplicity was observed in the longest-duration treatment group (-2 to +30 weeks). A nearly
equal reduction was observed in the group subjected to short-term retinyl acetate exposure at the time of carciunogen
availability (-2 to +1 weeks). Tumor development was temporary in the +1 to +12 weeks group, and the tumor values
returned to control levels by week 30. The authors suggested that the results of this study indicate that retinyl acetate
inhibition of mammary cancer is not limited to the late stage of the disease, because the retinoid was almost equally effective
when administered for a short period of time during the time of carcinogen availability.
Groups of 55 virgin female C3H/He mice were fed a diet that included 0.1% N-4-(5-nitro-2-furyl)-2-thiazolyl
formamide (FANFT, urinary bladder carcinogen) and retinyl acetate.143 The first 4 groups received 300, 600, 1200, and 2400
IU of retinyl acetate per kg of feed plus FANFT, respectively. The fifth group served as the control and received 300 IU per
kg of feed without FANFT. Bladders were removed and inspected for neoplasms after 45 weeks. At all doses administered,
retinyl acetate significantly inhibited the formation of squamous cell tumors in the urinary bladder. It was noted that
cannibalism resulted in the loss of 19 of 55 mice in the 300 IU group, and that this finding may warrant a change in this
conclusion. Retinyl acetate also inhibited transitional cell carcinoma when administered in the amount of 600 IU per kg of
feed. Urinary bladder tumors were not found in the control group.
Retinyl acetate was evaluated in a study to determine its efficacy in preventing mammary tumorigenesis in C3HVy
mice. After mating (males and females from same litter), the female offspring were distributed in groups of 5.144 Each
group was subdivided into 3 groups, based on the age of mice when the retinyl acetate diet was started (3 months of age,
weaning age, or from the time of conception). For the diet started at the time of conception, mothers were fed retinyl acetate
from the time of mating. The mice were fed a stock diet supplemented with retinyl acetate beadlets at concentraions of 83,
41, and 21 mg/kg diet. A stock diet supplemented with placebo beadlets served as the control. The mice were killed and
necropsied after the first mammary tumor was observed or at 15 months of age (if no tumor development). There was no
significant difference in the incidence of mammary tumors between control mice and mice fed retinyl acetate. The tumor
incidence was 80% to 90% in all groups. The number of tumors per mouse and the tumor latency period were not influenced
by retinyl acetate in the diet. However the following 2 unexpected observations were made: (1) A 70% hepatoma incidence
was reported for control mice necropsied at 12 months of age or older; the incidences of this tumor were ≈ 11%, 17%, and
46% in mice fed 83, 41, and 21 mg retinyl acetate/kg diet, respectively. (2) Severe damage to most articulations was induced
by retinyl acetate, even at the dose (21 mg/kg diet) that failed to cause any other signs of toxicity. The authors interpreted the
results of this study to indicate that retinyl acetate was uanable to reduce the frequency or to retard the appearance of
mammary carcinomas.
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The cheek pouch epithelium of 65 Syrian golden hamsters was painted with 9,10-dimethyl 1,2-benzanthracene
(DMBA) and different concentrations of retinyl acetate (up to 2%), both singly and in combination with DMBA.145 A
significant delay in tumor induction was observed in hamsters treated with DMBA in combination with a higher
concentration (2%) of retinyl acetate. At lower concentrations (0.5% and 1%), neither inhibition nor a delay in tumor
induction was observed.
The feeding of retinyl acetate (0.2 mM) to female BD2F 1 mice previously treated with a series of gastric intubations
of DMBA did not significantly affect the incidence of mammary tumors.146 Seventy-five mice fed retinyl acetate developed
31 mammary adenocarcinomas and 19 mammary adenoacanthomas (50 mammary tumors total). The 75 control control mice
developed 22 mammary adenocarcinomas and 20 mammary adenoacanthomas. Treatment did not significantly affect body
weight gains or mortality rates. The authors suggested that these results provided evidence that carcinogen-induced mouse
mammary gland tumorigenesis in vivo is not influenced by hyperalimentation of a dietary retinoid.
The effects of retinyl acetate on the life span and the incidence of cryptogenic neoplasms in C3H/HeJ(+) male and
femal mice was evaluated.147 At 105 weeks, survival was reported as follows: untreated males (58%), untreated females
(28%), treated males (39%), and treated females (14%). In treated groups, the average weight was 10 to 15% lower. The
incidence of neoplasm-bearing mice and total neoplasms was 87% and 57%, respectively, in female controls. For treated
females, these values were 93% and 55%, respectively. These values were 57% and 39%, respectively, in male controls and
50% and 38%, respectively, in treated males. For the most common neoplasms, i.e., neoplasms of the mammary gland and
liver, there was no reduction of these neoplasms in treated mice. The numbers of ovarian neoplasms and lung adenomas
were slightly lower. The authors concluded that, at best, retinyl acetate exerted only a slight inhibitory effect on the
development of some types of cryptogenic neoplasms in mice.
Retinoic Acid
Available data suggest that the tumor-promotion stage of skin carcinogenesis involves at least 3 important steps:148
(1) the induction of embryonic-looking cells (dark cells) in the epidermis; (2) an increased production of epidermal
prostaglandins and polyamines; and (3) sustained proliferation of dark cells. Retinoic acid specifically inhibits step 2.
Albino hairless mice were irradiated with UV light (FS-20 bulbs; dose = 3 MED/exposure) 5 times per week for 4
weeks. Topical all-trans retinoic acid (≈ 0.001%, in acetone) was applied at 0, 1, 2, 3, and 4 h after each irradiation.149 When
compared to irradiated vehicle-treated controls, after 52 weeks, groups treated with retinoic acid were found to have fewer
mice with tumors, fewer tumors per mouse, smaller tumor diameters, and slower growing tumors. Though the low tumor
yields limited statistical evaluation, the reduction in tumor incidence was significant (p = 0.05).
Human
Retinyl Palmitate
A study was performed to determine whether retinyl palmitate alone or plus beta-carotene (BC) would be as
effective as and less toxic than low-dose 13-cis retinoic acid (13cRA) in treating oral premalignant lesions and reducing the
risk of oral cancer.150 Initially, patients (167; ≥ 18 years) were stratified by dysplasia versus hyperplasia and randomly
assigned to 13cRA (0.5 mg/kg/day orally for 1 year, followed by 0.25 mg/kg/day orally for 2 years) or beta-carotene (50
mg/kg/day orally) plus retinyl palmitate (25,000 U/day orally) for 3 years, and later (by protocol revision) to 13cRA or
retinyl palmitate alone (25,000 U/day orally). However, after other randomized trials suggested an adverse effect of betacarotene on lung cancer incidence/mortality, beta-carotene was dropped (i.e., the patients were randomly re-assigned to
13cRA or retinyl palmitate alone). The primary endpoint was oral premalignant clinical response at 3 months.
The 3-month clinical response rate of the combined BC plus retinyl palmitate and retinyl palmitate alone arm
(32.5%) was not statistically equivalent to that of 13cRA (48.1%). The clinical response rate of retinyl palmitate alone (20%)
was significantly lower than that of beta-carotene plus retinyl palmitate (42.9%; P = 0.03). Similar oral cancer-free survival
rates were observed across all arms. There was no significant association between 3-month oral premalignant lesions
response and subsequent oral cancer development (P = 0.11). Grades 2 and higher adverse events were more common in the
13cRA than other groups (P < 0.0001). It was concluded that this chemoprevention trial did not establish the equivalence of
retinyl palmitate plus beta-carotene or retinyl palmitate alone with low dose 13cRA in reducing the long-term risk of oral
cancer. Additionally, it was stated that 13cRA, beta-carotene plus retinyl palmitate, and retinyl palmitate alone cannot be
recommended for chemoprevention.150
In Vitro
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Retinal Acetate
The modulation of cell growth kitnetics and carcinogen-cellular interaction by β-retinyl acetate in mouse epidermal
cell cultures was evaluated.151 β-retinyl acetate was dissolved in DMSO as a 1 mg/ml solution. β-retinyl acetate altered the
course of differentiation of the mouse Balb/c epidermal cells in culture, which resulted in a reduced rate of cell death. The
extended life span of the cultures appeared to have been due to prolonged survival of cells and not an increased growth rate,
considering that β-retinyl acetate inhibited the rate of cellular proliferation. This inhibition was observed only after
completion of a full cell cycle in the presence of β-retinyl acetate. DNA repair in response to physical and chemical agents
was quantitatively unaffected in the presence of β-retinyl acetate. Slightly decreased constitutive aryl hydrocarbon
hydroxylase (AHH) activity was noted after exposure to β-retinyl acetate; however, the level of enzyme induced by
bena[a]anthracene was strongly reduced to 20% of the controls. The binding of 7,12-dimethylbenz[a]anthracene to epidermal
cell DNA was markedly decreased in the presence of β-retinyl acetate. Binding to cellular protein was significantly increased
by β-retinyl acetate. The authors noted that the results of this study indicate that β-retinyl acetate may interfere with a
number of cellular events that are believed to be involved in the process of chemical carcinogenesis. They also noted that the
suppression of DNA synthetic rate and the reduction of carcinogen metabolism and binding to DNA could possibly impede
the initiation steps of carcinogenesis.

SUMMARY
The safety of the following retinoids in cosmetics is reviewed in this safety assessmnent: retinyl palmiate, retinol,
retinoic acid, retinyl acetate, retinyl propionate, retinyl linoleate, retinyl oleate, retinyl rice branate, retinyl soyate, and retinyl
tallate. According to information supplied to the Food and Drug Administration (FDA) by industry as part of the Voluntary
Cosmetic Registration Program (VCRP) combined with the results of an industry survey of ingredient use concentrations
provided by the Personal Care Products Council, the majority of these ingredients were being used in cosmetic products. Of
the use concentrations reported, the highest maximum use concentration in leave-on or rinse-off products was reported for
retinyl palmitate (1.97% in leave-on products; 1% in rinse-off products). Retinyl palmitate and retinyl acetate are FDAapproved direct food additives that are generally recognized as safe.
Retinoids readily penetrate the skin. Repeated inhalation exposure to retinoic acid in guinea pigs did not induce
toxicity. However, repeated oral doses of retinol resulted in hypertrophy and hyperplasia of liver cells in monkeys, but no
adverse skeletal changes in rats. Repeated oral doses of retinyl palmitate in rats were potentially toxic at the subcellular
level. A facial moisturizer containing retinyl propionate did not induce significant ocular or skin irritation. There was no
evidence of sensitization in subjects tested with a face cream containing retinyl propionate.
Retinol and its esters have an absorption maximum in the UV spectral region at approximately 325 nm, but retinoids
were not found to be phototoxic or photoallergenic in human subjects. However, results were mixed regarding
photocarcinogenic potential in the presence of UV light in animal studies. Retinoids were found to be reproductive toxicants
in animal studies, and were also found to be anticarcinogenic as well as promoters of carcinogenicity/photocarcinogenicity.
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Figure 1: Strucutural formulas of some retinoids
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Ingredient, CAS No.
Retinyl Palmitate
[79-81-2]

Table 1. Definitions and functions of the ingredients in this safety assessment.16
Definition
Retinyl Palmitate is the ester of retinol and palmitic acid.

Retinol
[11103-57-4;68-26-8]

Retinol is the organic compound that conforms to the formula: in Table 3.

Retinoic Acid
[302-79-4]
Retinyl Acetate
[127-47-9]

Retinoic Acid is the organic compound that conforms to the formula in Table 3.

Retinyl Propionate
[7069-42-3]

Retinyl propionate is the ester of retinol and propionic acid.

Retinyl Linoleate
[631-89-0]

Retinyl linoleate is the ester of retinol and linoleic acid.

Retinyl Oleate
[631-88-9]]

Retinyl oleate is the ester of retinol and oleic acid.

Retinyl Rice Branate

Retinyl Rice Branate is the product obtained by the reaction of retinol with rice bran
acid.

Retinyl Soyate

Retinyl Soyate is the ester of retinol and soy acid.

Retinyl Tallate

Retinyl Tallate is the ester of retinol and tall oil acid.

Retinyl Acetate is the ester of retinol and acetic acid.
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Function
Skinconditioning
agentsmiscellaneous
Skinconditioning
agentsmiscellaneous
Antiacne
agents
Skinconditioning
agentsmiscellaneous
Skinconditioning
agentsmiscellaneous
Skinconditioning
agentsmiscellaneous
Skinconditioning
agentsmiscellaneous
Antioxidants;
skinconditioning
agentsmiscellaneous
Skinconditioning
agentsemollient;
Skinconditioning
agentsmiscellaneous
Skinconditioning
agentsmiscellaneous

Table 2. Current Frequency and Concentration of Use According to Duration and Type of Exposure Provided in 2013.17,18
Retinyl Palmitate
Retinol
Retinoic Acid
# of Uses
Conc. (%)
# of Uses
Conc. (%)
# of Uses
Conc. (%)
Exposure Type
Eye Area
182
0.01-0.5
18
0.0005-0.1
NR
NR
Incidental Ingestion
232
0.006-0.28
12
0.15
NR
NR
Incidental Inhalation- Sprays
85
0.0006-0.18
NR
NR
NR
NR
Incidental Inhalation- Powders
53
0.01-0.1
1
NR
NR
NR
0.0000002Dermal Contact
1609
1.97
169
0.0005-1
4
NR
Deodorant (underarm)
1
NR
NR
NR
NR
NR
Hair - Non-Coloring
264
0.0001-0.5
3
0.1
NR
NR
Hair-Coloring
6
0.0011-0.02
NR
NR
NR
NR
Nail
32
0.01-0.1
4
0.01
NR
NR
0.0000002Mucous Membrane
351
0.28
22
0.15
NR
NR
Baby Products
4
NR
1
NR
NR
NR
NR
NR
Duration of Use
Leave-On
1763
0.0001-1.97
173
0.0005-1
4
NR
0.0005Rinse off
383
0.00001-1
11
0.01
NR
NR
Diluted for (bath) Use
15
0.0000002
4
NR
NR
NR
0.00000022161
1.97
188
0.0005-1
4
NR
Totals/Conc. Range
Retinyl Acetate
Retinyl Propionate
Retinyl Linoleate
# of Uses
Conc. (%)
# of Uses
Conc. (%)
# of Uses
Conc. (%)
Exposure Type
Eye Area
Incidental Ingestion
Incidental Inhalation- Sprays
Incidental Inhalation- Powders
Dermal Contact
Deodorant (underarm)
Hair - Non-Coloring
Hair-Coloring
Nail
Mucous Membrane
Baby Products
Duration of Use
Leave-On
Rinse off
Diluted for (bath) Use
Totals/Conc. Range

5
1
NR
1
26
NR
NR
NR
NR
1
NR

0.11-0.12
0.06
NR
NR
0.001-0.12
NR
NR
NR
NR
0.001-0.06
NR

2
NR
NR
NR
10
NR
NR
NR
NR
NR
NR

0.1
NR
NR
NR
0.01-0.3
NR
NR
NR
NR
0.045
NR

6
NR
NR
NR
34
NR
NR
NR
NR
NR
NR

0.1-0.11
NR
NR
NR
0.01-0.3
NR
NR
NR
NR
NR
NR

27
0.05-0.12
NR
0.001-0.01
NR
NR
27
0.001-0.12
Retinyl Tallate
# of Uses
Conc. (%)

9
1
NR
10

0.01-0.3
0.045-0.1
NR
0.01-0.3

34
NR
NR
34

0.01-0.3
NR
NR
0.01-0.3

Exposure Type
Eye Area
Incidental Ingestion
Incidental Inhalation- Sprays
Incidental Inhalation- Powders
Dermal Contact
Deodorant (underarm)
Hair - Non-Coloring
Hair-Coloring
Nail
Mucous Membrane
Baby Products

1
NR
NR
NR
1
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

Duration of Use
Leave-On
Rinse off
Diluted for (bath) Use

1
NR
1

NR
NR
NR
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Totals/Conc. Range

2

NR
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2013 FDA VCRP Data
Retinol
01B - Baby Lotions, Oils, Powders, and Creams
02A - Bath Oils, Tablets, and Salts
03D - Eye Lotion
03G - Other Eye Makeup Preparations
05G - Tonics, Dressings, and Other Hair Grooming Aids
05I - Other Hair Preparations
07C - Foundations
07E - Lipstick
07F - Makeup Bases
07I - Other Makeup Preparations
08E - Nail Polish and Enamel
08G - Other Manicuring Preparations
10A - Bath Soaps and Detergents
12A - Cleansing
12C - Face and Neck (exc shave)
12D - Body and Hand (exc shave)
12F - Moisturizing
12G - Night
12H - Paste Masks (mud packs)
12I - Skin Fresheners
12J - Other Skin Care Preps
Total
Retinyl Palmitate
01B - Baby Lotions, Oils, Powders, and Creams
01C - Other Baby Products
02B - Bubble Baths
02D - Other Bath Preparations
03A - Eyebrow Pencil
03B - Eyeliner
03C - Eye Shadow
03D - Eye Lotion
03E - Eye Makeup Remover
03F - Mascara
03G - Other Eye Makeup Preparations
04A - Cologne and Toilet waters
04C - Powders (dusting and talcum, excluding aftershave
talc)
04E - Other Fragrance Preparation
05A - Hair Conditioner
05B - Hair Spray (aerosol fixatives)
05C - Hair Straighteners
05E - Rinses (non-coloring)
05F - Shampoos (non-coloring)
05G - Tonics, Dressings, and Other Hair Grooming Aids

1
4
10
8
2
1
2
12
1
3
3
1
6
3
36
15
21
17
2
6
34
188

3
1
12
3
12
15
39
49
2
18
47
4
1
12
69
15
2
1
70
74

05H - Wave Sets
05I - Other Hair Preparations
06B - Hair Tints
06C - Hair Rinses (coloring)
06D - Hair Shampoos (coloring)
06H - Other Hair Coloring Preparation
07A - Blushers (all types)
07B - Face Powders
07C - Foundations
07D - Leg and Body Paints
07E - Lipstick
07F - Makeup Bases
07G - Rouges
07H - Makeup Fixatives
07I - Other Makeup Preparations
08A - Basecoats and Undercoats
08B - Cuticle Softeners
08C - Nail Creams and Lotions
08E - Nail Polish and Enamel
08G - Other Manicuring Preparations
10A - Bath Soaps and Detergents
10B - Deodorants (underarm)
10D - Feminine Deodorants
10E - Other Personal Cleanliness Products
11A - Aftershave Lotion
11E - Shaving Cream
11G - Other Shaving Preparation Products
12A - Cleansing
12B - Depilatories
12C - Face and Neck (exc shave)
12D - Body and Hand (exc shave)
12E - Foot Powders and Sprays
12F - Moisturizing
12G - Night
12H - Paste Masks (mud packs)
12I - Skin Fresheners
12J - Other Skin Care Preps
13A - Suntan Gels, Creams, and Liquids
13B - Indoor Tanning Preparations
13C - Other Suntan Preparations
Total
Retinoic Acid
12F - Moisturizing
12J - Other Skin Care Preps
Total

1
32
1
1
2
2
43
49
79
2
232
13
3
2
63
4
9
5
5
9
68
1
1
35
26
4
6
83
5
200
144
1
333
71
31
7
88
3
40
8
2,161

1
3

4

2013 FDA VCRP Data
Retinyl Acetate
03D - Eye Lotion
07B - Face Powders
07E - Lipstick
07I - Other Makeup Preparations
12C - Face and Neck (exc shave)
12D - Body and Hand (exc shave)
12F - Moisturizing
12G - Night
Total

5
1
1
2
7
2
6
3
27

Retinyl Propionate
03D - Eye Lotion
03G - Other Eye Makeup Preparations
12A - Cleansing
12C - Face and Neck (exc shave)
12F - Moisturizing
12G - Night
Total

1
1
1
2
4
1
10

Retinyl Linoleate
03C - Eye Shadow
03D - Eye Lotion
03G - Other Eye Makeup Preparations
07A - Blushers (all types)
12C - Face and Neck (exc shave)
12D - Body and Hand (exc shave)
12F - Moisturizing
12G - Night
12I - Skin Fresheners
12J - Other Skin Care Preps
Total

2
2
2
1
9
3
3
5
1
6
34

Retinyl Tallate
03D - Eye Lotion
Total

1
1

