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Memorandum 

 
 
To:  CIR Expert Panel Members and Liaisons 
From:  Monice M. Fiume, Assistant Director/Senior Scientific Analyst,  

    for Christina L. Burnett, Senior Scientific Writer/Analyst 
Date:  August 18, 2014 
Subject:  Safety Assessment of 2-Amino-3-Hydroxypyridine as Used in Cosmetics 
 
 
 

Enclosed is the Draft Final Report on the Safety Assessment of 2-Amino-3-Hydroxypyridine as Used in 
Cosmetics.  (It is identified as 2a3pyr092014 4rep_final for posting in the pdf document.)  At the June meeting, 
the Panel issued a Tentative Report with the conclusion 2-amino-3-hydroxypyridine is safe in the present 
practices of use and concentration for use in oxidative hair dye formulations.  In the Discussion, the Panel stated 
that hair dyes with 2-amino-3-hydroxypyridine should be formulated to avoid the formation of N-nitroso-
pyridinium compounds. 

After the Tentative Report was issued, the Council submitted updated concentration of use data 
(2a3pyr092014data).  Although the maximum undiluted concentration has not changed, the new data indicate 
the actual “on-head” use concentration is 1%, not 0.6% as previously reported.  

Additionally, comments were received from a Council member that stated they thought it would be very 
unlikely that nitrosation at the nitrogen atom of the heterocycle occurs, especially for the 2,3-substituted 
pyridine derivative (2a3pyr092014PCPC_1), though no further explanation or supportive data were provided.  
This set of comments also included some wording changes, which we have adopted.  Please review this 
submission, and determine whether or not you agree with their opinion on the occurrence of nitrosation, as well 
as the other wording changes. 
 
Comments from the Council on the draft report (2a3pyr092014PCPC_2) and the tentative report (included in 
2a3pyr092014data) also were received and have been addressed.  
 
The Panel should be prepared to discuss the issue concerning possible nitrosation, and whether the use of the 
caveat is correct; if it is not correct, the Panel may want to issue a Revised Tentative Report.   If the caveat is 
correct, the Panel should determine whether the change in the “on-head” use concentration necessitates the 
issuance of a Revised Tentative Report, or, if because the maximum before-dilution concentration has not 
changed, whether the Final Report can be issued. 
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2-Amino-3-Hydroxypyridine History 
 
February 2014 – Scientific Literature Review announced. 
 
June 2014 – Draft Report:  Unpublished data and comments on the SLR were provided 
by the Council.  The Panel issued a Tentative Report with a conclusion of safe in the 
present practices of use and concentration for use in oxidative hair dye formulations.  In 
the Discussion, the Panel stated that hair dyes with 2-amino-3-hydroxypyridine should be 
formulated to avoid the formation of N-nitrosopyridinium compounds. 
 
Sept 2014 – draft Final Report:  Updated concentration of use data we received; the 
maximum undiluted concentration did not change, but the new data indicate the actual 
“on-head” use concentration is 1%, not 0.6% as previously reported.  Additionally, 
comments were received from a Council member that stated they thought it would be 
very unlikely that nitrosation at the nitrogen atom of the heterocycle occurs, especially 
for the 2,3-substituted pyridine derivative. 
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2-Amino-3-Hydroxypyridine Data Profile* – Sept  2014 – Writer, Christina Burnett 
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“X” indicates that data were available in the category for that ingredient 
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Search Strategy for 2-Amino-3-Hydroxypyridine 
 
 

December 2013/January 2014:  SCIFINDER search for 2-Amino-3-Hydroxypyridine (CAS No. 16867-03-1): 
- Initial search for “adverse effect, including toxicity” yielded 8 references. 

 
 
Search of TOXLINE (excluding PUBMED) yielded 3 references. 
 
 
Search of PUBMED yielded 6 references. 
 
4 references found relevant and downloaded/purchased. 
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2-Amino-3-Hydroxypyridine – Full Panel – June 10, 2014 
 

DR. BERGFELD:  All right.  Well thank you very much.  We're going to proceed then to the next ingredient, Dr. Marks.  
Hydroxypyridine. 

DR. MARKS:  So this is the first review of this cosmetic ingredient, 2-Amino-3-Hydroxypyridine.  It's a coupler for 
oxidative hair dyes and found in a 151 coloring formulations.  Our team felt that we should issue an insufficient data notice.  
We wanted a quantitative exposure data because it can be absorbed.  This ingredient is a teratogen, thank you, and a weak 
mutagen.  So we wanted to, as I mentioned, quantitative exposure data.  So I move an insufficient data notice be issued. 

DR. BERGFELD:  Comment, Don? 

DR. BELSITO:  Yes, we thought it was safe as used in oxidative hair dyes.  Our only discussion revolved around the 
geno-toxicity and actually wanted to hear from Tom about that.  I don't remember that we had any discussion about 
reproductive toxicity.  I thought that only occurred when the dams were affected, but I'm looking right now. 

DR. MARKS:  Ron Shank, you want to comment? 

DR. SHANK:  Yeah, I'm looking for it. 

DR. BELSITO:  The maternal and fetal NOEL was 45 milligrams per kilogram body weight, is, that's the only study that we 
have and it was based upon maternal affects.  We weren't concerned about the repro.  We were concerned about the mixed 
geno-toxicity and I think as I recall, our comments were, we wanted to hear from Tom about his feelings on that. 

DR. SLAGA:  Well, the most variable of all geno- toxicity is clastogenic compounds.  Clastogenic is so hard to define, that a 
lot of people ignore it.  If you look at the data, even with other in vivo approaches to mammalian geno-toxicity, it comes out 
negative.  So to me, the clastogenic was not a problem.  I would say overall, it's really not a good geno-toxic agent, is the 
conclusion.  So my initial was safe as use too. 

DR. LIEBLER:  So the term weak mutagen was just used -- 

DR. SLAGA:  To cover the clastogenic. 

DR. LIEBLER:  Yeah, and I noted that and I wanted to confirm with you Tom, that the clastogenic effect also in that test 
appeared to coincide with significant reductions in cell number cytotoxicity. 

DR. SLAGA:  Yes. 

DR. LIEBLER:  So that confounds that assay basically? 

DR. SLAGA:  Yes, that's right.  Absolutely. 

DR. LIEBLER:  Okay, that's what I thought.  So I tended to weigh that much less heavily than the negative aims at assays. 

DR. BERGFELD:  Ron Shank? 

DR. SLAGA:  I don't know about the teratogen. 

DR. LIEBLER:  Yes, the repro data, I interpreted it, generally when you have just the minor scaled of variations in the 
absence of other significant teratology findings and you have obviously that the dams were affected at the same level, that 
that is not a very strong indicator of teratogen.  And most people consider that not to be an indication, of being a teratogen, 
so. 

DR. SHANK:  I've often had that position, that if there's maternal toxicity, the test really is not valid.  But in talking to some 
reproductive toxicologists, they say it can't be ignored.  You can't just say, well, it's a bad study, never mind.  There is a 
warning or at least a caution, suggested by those studies.  Weak mutagen for sure, probably weak teratogen perhaps, but I 
don't think we can just throw that out, because the compound is absorbed, and we really don't have any data on what kind of 
exposure there might be systemically, to the use of this compound in the hair dye. 

DR. BERGFELD:  So -- 

DR. SHANK:  So if industry could give us a reasonable estimate as to what the exposure would be in using this product, I 
think that would strengthen our case. 

DR. BERGFELD:  Paul, any further comments? 

DR. SNYDER:  Yes, I was involved in an EPA panel and looking at some teratogens, and so there was an expert there, a 
reproductive toxicologist that actually presented some very nice data and some publications regarding this very exact 
scenario, where you have these minor skeletal anomalies, in the absence of other significant teratogenic findings, and you 
have maternal, so I can provide that reference that was cited in that panel, and maybe that would give you a little bit more 
confidence that, I don't believe this is a significant teratogen.  I mean, I don't think it's a teratogen, to be honest, certainly not 
at the levels that were tested here, so. 

DR. SHANK:  It's in the report and it has to be handled I think. 
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DR. BELSITO:  But 45 milligrams per kilogram is a high dose, considering that it's used as a hair dye, oxidative hair dye. 

DR. SNYDER:  And that's the NOEL, and the next dose was a thousand. 

DR. HILL:  Yes, then we talked about the skin penetration data.  It was suggested it would be modest and even assuming 
maximal exposure where somebody did it this way instead of what they're supposed to do, but then it was also pointed out 
that the scalp has lots of follicles and is more absorptive than normal skin soap. 

DR. SHANK:  So we need to have good discussion. 

DR. BERGFELD:  So the recommendation now is insufficient.  That motion has not been seconded.  But there is discussion 
now about the discussion, and what it should contain, and is it still remaining insufficient or can that be solved with some 
added data from industry? 

DR. SLAGA:  One other thing related to the mutagenicity.  Clastogenic compounds generally are more like tumor promoters.  
The fact that this was non-irritating would suggest to me that that part can be ignored because, the clastogenic effect, because 
of number one, there was other mutagenic effects in vivo, in mammalian systems and number two, it's non-irritating and so 
most tumor promoters bring about clastogenic effect and if it's non-irritating, I have a degree of safety there too.  That could 
be put in the discussion. 

DR. SHANK:  Yes.  And there's also the in vivo experiment. 

DR. BERGFELD:  That answers the mutagenic.  How about the reproductive?  Would that answer that question, or would 
your paper answer that question?  Paul? 

DR. SNYDER:  Yes, I think we'll just have to draft a discussion and see if Ron's comfortable with it. 

DR. BERGFELD:  Okay. 

DR. MARKS:  So, I'll withdraw my motion and we'll move that we issue a tentative report with a safe conclusion and 
obviously what we've just discussed will be in the discussion, explaining the concerns about being a weak teratogen and a 
weak mutagen. 

DR. BERGFELD:  Is there a second? 

DR. BELSITO:  I'm not sure that it's a weak teratogen and you know I think what I've heard is that it's not a weak mutagen 
either.  The results are conflicting and it's based upon an assay that is rocked with problems and that there was significant cell 
death in that assay that confounds the interpretation, so you know, I think that the NOEL for reproductive toxicity was 45 
milligrams per kilogram which is what, and this compound is well below the threshold of toxicological concern given that 
value, and I just think it -- a discussion that says we acknowledge it's a weak mutagen and a weak teratogen gives the wrong 
impression, because I don't acknowledge that it's a weak mutagen based upon what I've heard and you know, anything can be 
a teratogen if you put it at a high enough concentration.  And so I mean, do we want to label vitamin A sold on the shelves as 
a weak teratogen?  It is.  It causes significant reproductive toxicity if you take too much of it. 

DR. LIEBLER:  But if we're seconding, we'd be seconding a conclusion, not the discussion. 

DR. BERGFELD:  Correct. 

DR. BELSITO:  Right, correct. 

DR. LIEBLER:  So the discussion I think, we're going to get a chance to see this, go over it all, read it, think about it, get 
more comfortable with the data, so I don't think we need to get hung up on that. 

DR. BELSITO:  Okay, so safe as used and (inaudible). 

DR. LIEBLER:  Yeah, I think we're close to consensus. 

DR. BERGFELD:  So it's a second. 

DR. LIEBLER:  Yes.  Thank you. 

DR. BERGFELD:  All right.  Any other discussion from the panel?  All right, we're going to move the question then.  All 
those in favor?  Please in favor, raise of your hand, with the understanding that the discussion will be massaged a little bit. 

 

 

Belsito Team – June 9, 2014 
. BELSITOOkay.  So now we're going to 2-Amino-3-hydroxypyridine.  This is the first time we're going to look at it.  It's 
used in 103 hair dyes and colors, 48 hair tints, 151 uses in hair coloring formulations, maximum of up to 1.2 percent in hair 
dyes, which is the concentration before it's diluted, so when it's diluted it's at 0.6 percent.  And we've got some data on this. 

Let me save citrus before I close it and lose everything I put in it. 
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So this is under hydroxypyridine.  Edit.  Find.  View.  Comments. 

My only concern with this was the genotoxicity data, so I'm going to shove this over to you guys because if you're okay with 
it, then I think it's safe as used in hair dyes. 

DR. SNYDER:  I flagged it for Tom also (inaudible) plus or minus.  So, I mean, I think the repro data is okay.  The NOEL 
was based on the rudimentary RIP thing and that was not very predictive when that's the only finding without other findings.  
So I struggle a little bit with the genotox there. 

DR. KLAASSEN:  It was a mix, but I guess it's not only the in vitro data but also the in vivo data and the in vivo data 
considered it was not mutagenic.  So I think it's okay but I want to hear what the other group says. 

DR. LIEBLER:  Yeah, I'd point out that the Chinese hamster V79 cell assay, which was the third paragraph under genotox -- 

DR. KLAASSEN:  In vitro or in vivo? 

DR. LIEBLER:  In vitro.  Yeah.  Third paragraph under in vitro genotox is the hamster V79 cell assay.  They note a 
statistically significant increase in structural chromosome aberrations, but these are in doses where there's really significant 
toxicity to the cells.  And I think one of the confounders in all these in vitro genotox assays is separating out effects due to 
self-killing from effects due selective genotox.  And that tends to render such measurements ambiguous.  I don't know how, 
in the case of the Ames assays, I know that that's controlled for.  In the case of the V79, I'm not that familiar with that cell 
system.  Tom is, and he could respond to our question about this specific point.  But I would put up an asterisk on that in 
point of its significance.  I think that may not be possible to dissociate from the toxic effects. 

DR. BELSITO:  And were there other studies or just this study? 

DR. LIEBLER:  Well, there's another -- the fourth paragraph is another V79 cell assay where there was positive control 
yielded expected results, but the compound did not produce mutations at the HPRT.  So one is a chromosomal apparition 
study and one is a mutation study in the same cell model.  So I don't have a problem with this because I think the in vivo 
genotox data suggests that there isn't a problem.  If Tom had a concern, I'd be interested in hearing his thinking about it. 

DR. BELSITO:  Okay.  So assuming that Tom and the Marks' team are not concerned about the genotoxicity, are you 
comfortable going with safe as used in hair dyes? 

DR. LIEBLER:  Yes. 

DR. BELSITO:  Okay. 

DR. KLAASSEN:  I'd also like to point out that, you know, the most common assay is a salmonella, which is the Ames test, 
and it was negative in that.  So while there is some plus and some minus -- 

DR. BERGFELD:  I didn't think that one was so reliable. 

DR. KLAASSEN:  It's as reliable as any. 

DR. BERGFELD:  Okay. 

DR. LIEBLER:  None of them are perfect.  The good thing about the Ames assay is you can do this in multiple bacterial 
strains, and as they did here in one, two, three, four, five, six strains, and that reduces the chance that you'll get chance 
findings, whereas the cell assays, you've just got the one cell and you take what you get. 

DR. BELSITO:  ChristinA, on page 12 of the document there under irritation, nonhuman, the second line, I think something 
is missing there.  It says, "Approximately 0.5 grams of the undiluted test substance moistened with 0.5 milliliters millieu 
water."  What is "millieu water"? 

MS. BURNETT:  It's whatever they used.  I don't know what that is either. 

DR. LIEBLER:  It's probably slang.  They probably used one of the milliport products to purify their water in the laboratory.  
It shouldn't have made it into a manuscript that way, but -- 

MS. BURNETT:  I can -- 

DR. LIEBLER:  Because there's a common system called milli Q, and I've had to scrub that out of my students' and 
post-docs' papers in the past referring to milli Q water.  Lab slang. 

MS. BURNETT:  So purebred water, essentially? 

DR. LIEBLER:  Probably. 

MS. BURNETT:  Or distilled?  Okay.  I will -- 

DR. LIEBLER:  That's probably what they're referring to. 

MS. BURNETT:  I will look it up and see if I can fix that real easy. 

DR. BELSITO:  Ms. Weintraub? 
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MS. WEINTRAUB:  Dr. Belsito, I want to go back to page 10 for a moment. 

DR. BELSITO:  Okay. 

MS. WEINTRAUB:  I have two comments.  One, I wanted to know the panel's view about the seizure-like symptoms in the 
high-dose animals.  This was in the oral, nonhuman repeated dose toxicity.  Whether that was a concern. 

And then second, in reproductive and developmental toxicity it said that clinical signs of toxicity were observed daily, and 
wanted to know if those -- if that raised a concern as well. 

MS. BURNETT:  That means clinical signs were observed for daily, I think. 

MS. WEINTRAUB:  Oh, it doesn't mean --  

DR. SNYDER:  They made clinical obs.  Yeah, clinical observations.  They look once a day. 

MS. WEINTRAUB:  Oh, okay. 

DR. SNYDER:  They looked at them.  That doesn't mean they had any -- 

MS. WEINTRAUB:  Oh, okay.  The sentence doesn't necessarily -- 

DR. KLAASSEN:  Lab slang. 

DR. LIEBLER:  Lab slang.  Bad English. 

DR. SNYDER:  I think the seizures, that was acute LD50 studies, so those were at the high doses a gram.  So I don't think 
there's any concern about that. 

DR. BELSITO:  Yeah.  I thought that the dose is very high.  It's not relevant.  We're using it at 0.6 percent in essentially a 
washout product. 

Anything else?  So over -- 

DR. BERGFELD:  Are you going to have a discussion? 

DR. KLAASSEN:  I'd just like to point out that in teratology studies, what you're really concerned about is a chemical that 
does produce teratology at doses that do not produce toxicity to the mother, and that's not happening here.  So that is one of 
the reasons also, plus the amount that they are going to get from the skin is so small.  So you can see here on that last 
sentence, in essence, it's the same dose that produces, you know, that produces toxicity in the mother as well as the fetus.  In 
that porter, you're not so concerned.  It's when it's much more toxic in the fetus than the mother that really raises one's 
concern. 

DR. BERGFELD:  Are you going to have a discussion?  I'm sorry. 

DR. BELSITO:  Yes.  So the discussion will be the usual hair dye boilerplate discussion.  And in this case, assuming that 
we're going with the safe as used -- 

DR. BERGFELD:  And the genotox? 

DR. BELSITO:  -- then we'll have to have Tom Slaga's explanation of why we're not concerned about the mixed genotox 
results. 

DR. SNYDER:  Jim presents that, so that should be -- it will be very telling. 

DR. BELSITO:  Yes. 

SPEAKER:  I'd be surprised if they had a concern. 

DR. BERGFELD:  Have we added nonsensitizing to the hair dye boilerplate conclusion? 

DR. BELSITO:  No, because it doesn't matter whether they sensitize or not.  They're exempt.  Right? 

DR. BERGFELD:  Well, that's true, but I was wondering -- 

DR. BELSITO:  The only issue that we've been discussing is whether, you know, as opposed -- the Europeans are 
vehemently -- increasingly vehemently against having that warning or notice or whatever you want to call it on the label 
about doing self-patch testing.  So I think in terms of if we're going to change anything, we need to continue to monitor that 
issue.  And, but, I mean, sensitization is not an issue.  I mean, it's just safe as used.  And what I can't remember is with the 
hair dyes, in hair dyes or just safe as used since it's only used as a hair dye? 

MS. BURNETT:  I think I usually say hair dyes.  In hair dye, since it's -- I think the title of the report is -- no, it says used in 
cosmetics, but in the past when I've written up hair dyes I always say in hair dyes.  So. 

DR. BELSITO:  Can we just verify that? 

MS. BURNETT:  I guess it says -- no, I guess it says used in cosmetics.  Let me check the conclusion. 
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The last one I wrote was 6-hydroxyindole, and it says safe in present practices, use in concentration for use in oxidative hair 
dye formulations. 

Let me check the discussion on that.  We had -- in that report we had a small discussion point about nitrosamine content, and 
then just the standard hair dye language with coal tar hair dye products.  Hair dye epidemiology and use of oxidative hair 
dyes as precursors and couplers.  And there is a little genotox discussion on that one as well.  So. 

DR. BELSITO:  So then the conclusion on this will be that, assuming the Marks team has no objection, that 
2- amino-3-hydroxypiridine is safe as used in hair dyes? 

MS. BURNETT:  Right, in oxidative. 

DR. BELSITO:  In oxidative hair dyes.  Do we specify whether it's oxidative or nonoxidative? 

DR. EISENMANN:  We did on that one, so. 

DR. BELSITO:  Okay.  Is this used only in -- yes, it is.  In oxidative hair dyes.  Okay. 

Anything else with this?  Okay.   

 

 

Marks Team – June 9, 2014 
DR. MARKS:  Safety assessment on 2-Amino- 3Hydroxypyridine.  This is the first review of this cosmetic ingredient which 
is used as a coupler for oxidative hair dyes, so you don't have to worry cross reading and all that, we've got one ingredient. 

SPEAKER:  I'm fine with this -- 

DR. MARKS:  We can't escape coming to some sort of conclusion.  So Ron and Tom do you have any needs for this hair dye 
ingredient? 

DR. SHANK:  I have a need that's difficult to fill -- fulfill, there are some serious toxicological concerns with this chemical, 
and we need some really solid assurance that the exposure in the use as an oxidative hair dye is really very, very low. 

DR. SLAGA:  (off mic) 

DR. SHANK:  Yeah, that isn't in the document.  If industry can provide the quantitative estimate or something like that, it is 
absorbed.  Some (inaudible) to the average daily, weekly but still, and so I would need -- 

DR. MARKS:  But that would mean it's -- 

DR. SHANK:  -- some kind of assurance that when this is used as an oxidative hair dye, very little, whatever that means, you 
know, penetrates the scalp. 

DR. MARKS:  You need -- 

DR. SHANK:  And I don't have -- 

DR. MARKS:  -- data.   

DR. SHANK:  -- exposure data. 

DR. MARKS:  Exposure. 

DR. SHANK:  Quantitative exposure analysis. 

DR. MARKS:  Data.   

MS. BURNETT:  Perhaps I was going to state that Dr. Belsito was going to ask your feelings -- 

DR. SHANK:  Why is that? 

MS. BURNETT:  -- on the genotox data, they were going to look for -- 

DR. SHANK:  Okay.  Well the way that we -- 

MS. BURNETT:  -- because they saw it as mixed -- they saw -- 

DR. SHANK:  -- so we had (inaudible) it's a weak mutagen. 

MS. BURNETT:  Mm-hmm. 

DR. MARKS:  So repeating -- so it's, where we are at is an insufficient data notice. 

DR. SHANK:  Yes. 

DR. MARKS:  And we need the quantitative exposure data because of your concerns.  Will you restate those again, Ron?  
There were -- there were several concerns. 
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DR. SHANK:  The mutagenicity, well one, that it can be absorbed across skin, it's a weak mutagen and it's a teratogen, so 
you need to be assured that in the use of this compound as an oxidative hair dye component the exposure is below that of 
toxicological concern. 

DR. MARKS:  Yeah.  So that's heavy -- 

DR. SHANK:  That's hard. 

DR. MARKS:  -- do we -- do we have a NOEL on this chemical, for those concerns.  We can see where it leads, that's for 
sure; because that's what you're really asking for, as much, Ron. 

MS. BURNETT:  The maternal fetal, it bursts, that bubble, it's 45 milligrams per kilogram in one study, I don't know if that's 
the only study. 

DR. SHANK:  Yeah.  Not too hopeful. 

MS. BURNETT:  And the NOEL for a repeated dose was milligrams to kilogram, and it was (inaudible). 

DR. SHANK:  On what page it's set up, 13? 

MS. BURNETT:  I'm sorry I'm not looking at the PDF. 

DR. SHANK:  Oh. 

MS. BURNETT:  I can find it real quick. 

SPEAKER:  PDF page 10. 

DR. SHANK:  Ten? 

SPEAKER:  And 11. 

DR. SHANK:  Eleven? 

MS. BURNETT:  Ten and 11. 

DR. HILL:  All right then, so their dermal penetration indicates this is somehow -- 

DR. SHANK:  It was a pig skin -- 

DR. HILL:  Yeah, it's pretty small.  At 1.26 micrograms per square centimeter, after 48 hours, and what's -- and the applied 
concentration was 1 percent, which is 0.6 percent is the concentration use. 

DR. SHANK:  But the scalp has a lot of hair follicles. 

DR. HILL:  Yep. 

DR. SHANK:  It's a good site for absorption across the skin. 

DR. MARKS:  Okay.  So we want to need -- we want to need -- we need a quantitative exposure data because it's absorbed 
and it's a teratogen, and a weak mutagen.  Any other needs? 

DR. SHANK:  I think we have an oxidative hair dye ingredient a couple years ago, where they actually calculated -- made a 
quantitative estimate -- 

DR. MARKS:  Mm-hmm. 

DR. SHANK:  -- as to how fast it was used in the oxidation process, and what the residual concentration was and the 
potential for absorption.  I don't remember the ingredient now, I couldn't find it. 

DR. HILL:  Well actually there were a range of -- there were a number of those ingredients that were studied in that one 
presentation that we saw, but I can't remember if this was one of them or not, and I did not fish out -- or we didn't have the 
one long presentation.  We didn't have that slide set. 

SPEAKER:  Mm-hmm.  I see. 

DR. HILL:  We had the short version one. 

DR. MARKS:  Do you mean the one that was presented by -- 

DR. SHANK:  Skare? 

DR. HILL:  Yeah. 

DR. SHANK:  Skare, I think. 

DR. MARKS:  Skarei. 

DR. HILL:  Yeah. 
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DR. MARKS:  Uptakes the epidemiologic or not updates for this, and talk about how each oxidative hair dye was a little bit 
different. 

DR. HILL:  Yeah.  And there were kinetics data in the one presentation we saw, but I can't remember if that particular 
ingredient was covered in that. 

DR. MARKS:  Okay.  Well, we can certainly set down an insufficient data notice and we will see, I thought the sensitization 
and irritation, of course it's covered by the FDA regulation on testing, there was a level of lymph node assay that it was okay, 
interestingly SSCP, it says it's okay at 1 percent, so I don't know what they know in terms of whether they are concerned 
about the absorption, whether it's used up at that concentration.  Okay. 

DR. LORETZ:  The Hair-Coloring Technical Committee won't respond to that request. 

DR. MARKS:  Right.  Okay. 

SPEAKER:  Thank you. 

DR. MARKS:  Any other comments about this?  So somehow we all knew that an insufficient data notice with a quantitative 
exposure to be provided.  Any other questions -- not questions -- any other comments?   
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ABSTRACT 
The Cosmetic Ingredient Review Expert Panel (Panel) reviewed the safety of 2-amino-3-hydroxypyridine, which functions as 
an oxidative hair dye ingredient.  The Panel reviewed relevant animal and human data provided in this safety assessment, 
and concluded that 2-amino-3-hydroxypyridine is safe in the present practices of use and concentration for use in oxidative 
hair dye formulations. 

 

INTRODUCTION 
This report addresses the safety of 2-amino-3-hydroxypyridine.  This cosmetic ingredient is used as a component in hair dyes. 

CHEMISTRY 
2-Amino-3-hydroxypyridine is the heterocyclic aromatic compound that conforms to the structure in Figure 1.1  Physical and 
chemical properties of 2-amino-3-hydroxypyridine are found in Table 1.   

 

 
Figure 1. 2-amino-3-hydroxypyridine 

 

2-Amino-3-hydroxypyridine is commonly used as a component of oxidative hair dyes.2  This ingredient acts as a “coupler” 
and reacts with a “precursor.”  In a typical formulation, a precursor is activated via an oxidant, such as peroxide.  The result-
ant activated precursor proceeds to couple with a coupler such as 2-amino-3-hydroxypyridine to form an in-situ coupled 
product that is purported to be the actual dye that colors hair in these types of oxidative hair dyes. 

Nitrosamine content was not found for 2-amino-3-hydroxypyridine.  2-Amino-3-hydroxypyridine bears a primary aryl amine.  
While many secondary amines and amides are readily nitrosated to form isolatable nitrosamines and nitrosamides, primary 
alkyl and aryl amines ultimately yield diazonium salts, instead of nitrosamines.  The nitrogen atom of the pyridine core, how-
ever, has been shown to be susceptible to nitrosation.3 Of concern in cosmetics is the conversion (nitrosation) of nitrogen 
bearing ingredients into N-nitroso chemicals that may be carcinogenic.  Of the approximately 209 nitrosamines tested, 85% 
have been shown to produce cancer in laboratory animals.4 Nitrosation can occur under physiologic conditions.5 Depending 
on the nitrosating agent and the substrate, nitrosation can occur under acidic, neutral, or alkaline conditions.  Atmospheric 
NO2 may also participate in nitrosation in aqueous solution.6 Accordingly, hair dyes with 2-amino-3-hydroxypyridine should 
be formulated to avoid the formation of N-nitrosopyridinium compounds. 

Impurities 
Potential impurities in 2-amino-3-hydroxypyridine may include 2,3-dihydroxypyridine and 3-hydroxy-2-pyridone.7  Heavy 
metal content was described as < 20 ppm Pb, < 10 ppm Sb and Ni, < 5 ppm As and Cd, and 1 ppm Hg.  

USE 
Cosmetic 

According to information supplied to the Food and Drug Administration (FDA) by industry as part of the Voluntary Cosmet-
ic Registration Program (VCRP), 2-amino-3-hydroxypyridine is used in 103 hair dyes and colors and 48 hair tints for a total 
of 151 uses in hair coloring formulations.8 A survey of use concentrations has reported that 2-amino-3-hydroxypyridine is 
used at a maximum concentration range of 0.1% to 1.2% in hair dyes and colors; the1.2% the concentration before dilution.9 
The maximum concentration as applied to the hair is 1.0%. 

Europe’s Scientific Committee on Consumer Products (SCCP) concluded that 2-amino-3-hydroxypyridine would not pose a 
health risk to the consumer when used as an ingredient in oxidative hair dye formulations, as long as the maximum concen-
tration applied to hair does not exceed 1.0%.7  The European Commission has added 2-amino-3-hydroxypyridine to Annex 
III List of Substances Which Cosmetic Products Must Not Contain Except Subject to the Restrictions Laid Down; according-
ly, after mixing under oxidative conditions, the maximum concentration applied to hair must not exceed 1.0% .10  
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Hair Dye Caution Statement - FDA labeling  
This ingredient is considered a coal tar hair dye for which regulations require caution statements and instructions regarding 
patch tests in order to be exempt from certain adulteration and color additive provisions of the United States Federal Food, 
Drug, and Cosmetic Act.  In order to be exempt, the following caution statement must be displayed on all coal tar hair dye 
products: 

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

Product labels shall also bear a caution statement and patch test instructions for determining whether the product causes skin 
irritation.  The CIR Expert Panel recommends that an open patch test be applied and evaluated by the beautician and/or con-
sumer for sensitization 48 hours after application of the test material and prior to the use of a hair dye formulation.  

In 2012, Thyssen et al. published a report regarding such self-testing for contact sensitization to hair dyes.11 These authors 
concluded that, in its present form, the hair dye self-test has severe limitations.  The authors issued the warning that, if the use 
of a hair dye self-test to predict contact sensitization becomes widespread, there is severe risk that a tool has been marketed 
that may cause morbidity in European consumers.  In an accompanying editorial, An Goossens,  on behalf of the European 
Society of Contact Dermatitis (ESCD), asserted that industry is focusing on predicting the risks from exposure to hair dyes by 
having millions of European consumers perform a self-test prior to each hair dying and stated that it is the opinion of the 
ESCD that attention must be given to reducing the risks of serious allergic reactions by improving the safety of the products 
themselves.12  

TOXICOKINETICS 
Absorption, Distribution, Metabolism, and Excretion 

Dermal/Percutaneous 
In an in vitro percutaneous absorption study, [14C] 2-amino-3-hydroxypyridine at 1.04% as part of an oxidative hair dye 
cream formulation with hydrogen peroxide was applied to clipped, dermatomed pig skin.13 The integrity of the skin was test-
ed by measuring trans-epidermal electrical resistance prior to test material application.  The test substance (20 mg/cm2) was 
applied to the skin samples in 2.54 cm2 glass diffusion cells for 30 minutes and then rinsed off with a detergent solution.   
Measurements for radioactivity in the receptor fluid were made at 0.5, 1, 2, 4, 6, 24, 29, and 48 h after application.  At exper-
iment end, the skin was tape stripped to determine distribution of the test substance through the skin.  Most of the test materi-
al was found in the rinsing solution (93.7%) at 0.5 h.  After 0.5 h, 0.011% (0.024 μg/cm2) had penetrated the skin, and after 
48 h, the amount increased to 0.306% (0.638 μg/cm2).    Most of the penetration occurred during the first hour, with a pene-
tration rate of 0.161 μg/cm2/h.  After 6 h, the penetration rate remained relatively constant at 0.006 μg/cm2/h. The penetration 
rate over the 0-48 h period was 0.012 μg/cm2/h.  Approximately 0.152% (0.316 μg/cm2) of the applied dose was recovered 
from the stratum corneum, while 0.300% (0.625 μg/cm2) remained in the epidermis/dermis after tape stripping.    The total 
amount of radiolabeled 2-amino-3-hydroxypyridine that was biologically available was 0.606% (1.26 μg/cm2).  

TOXICOLOGICAL STUDIES 
Acute Toxicity 

Oral – Non-Human 
The acute oral toxicity of 2-amino-3-hydroxypyridine in propylene glycol was tested in Wistar rats.14 Three females and 3 
males received a single gavage dose of the test substance at 300 mg/kg body weight and 3 females received a single dose at 
1000 mg/kg.  The rats were observed daily for mortalities and clinical signs of toxicity for 14 days.  All 3 rats of the 1000 
mg/kg dose group and 1 female in the 300 mg/kg dose group died immediately after dosing.  Clinical signs in the 1000 mg/kg 
dose group included tremor, cramped posture, hunched posture, abnormal gait, salivation and chromodacryorrhea.  Females 
in the 300 mg/kg were observed with the following clinical signs: restless, lethargy, tremor, hunched posture, uncoordinated 
movements, flat gait, quacking breathing, labored respiration, rales, shallow respiration, piloerection, salivation, chro-
modacryorrhea, pale, and ptosis.  No clinical signs were observed in the 300 mg/kg dose group males.  Surviving animals 
recovered from the symptoms between days 2 and 7, except for one female experiencing chromodacryorrhea and rales that 
recovered by day 15.  No abnormal weight gain was observed in the males and slight weight loss or reduced body weight 
gain between days 8 and 15 in the females was not considered significant.  At necropsy, the animals that died after the 1000 
mg/kg dose had enlarged lungs with many dark red foci.  In the female that died following the 300 mg/kg dose, reddish dis-
coloration of stomach mucosa was observed.  Enlarged mandibular lymph nodes were noted in the males.  In this acute oral 
toxicity study, the median oral LD50 was greater than 300 mg/kg body weight in male Wistar rats and less than 1000 mg/kg 
body weight in female Wistar rats. 
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Repeated Dose Toxicity 
Oral – Non-Human 
The potential for oral toxicity to 2-amino-3-hydroxypyridine in deionized water was investigated in Wistar rats.15 Dose 
groups consisted of 20 animals of each sex and received 0, 30, 60, or 120 mg/kg body weight of the test material at a dose 
volume of 10 ml/kg body weight.  The test material was administered by oral gavage once daily for 91 days in males and 92 
days in females.  An additional 2 groups of 5 males and 5 females received either 0 or 120 mg/kg body weight and were kept 
for 28 days longer without treatment to observe reversibility of any clinical signs of toxicity or persistence of test substance 
induced lesions.  Mortalities were observed daily, and detailed clinical observations, feed consumption, and body weights 
were recorded weekly.  Ophthalmoscopic exams were performed before treatment and on day 85 in all animals.  At the end of 
the treatment period, complete hematology and clinical biochemistry investigations were performed.  All animals were killed 
at the end of the treatment period.  Major organs, including reproductive organs, were weighed and a detailed necropsy was 
performed in all animals. Histopathological examinations were performed on the organs and tissues, including the reproduc-
tive organs, of the high dose group and the negative control group and on any lesions discovered during gross examination.  

During the treatment period, 2 low dose animals died due to non-test material related circumstances.  The death of 2 high 
dose females was attributed to the test material: edema of the lungs and subcutis were noted at necropsy with these animals.  
In high dose animals of both sexes, “seizure”-like abnormalities, clonic convulsions, vocalization, and salivation was ob-
served.  Chromadacryorrhea were noted in the mid and high dose groups.  No irregularities were observed during the oph-
thalmoscopic exams.  Body weights were significantly decreased in both sexes in the high dose group.  Feed consumption of 
mid and high dose females were also decreased.  Statistically significant differences in mean corpuscular hemoglobin and 
mean cell volume were observed, but these were not dose-dependent.  In clinical biochemistry, potassium, protein, and ala-
nine aminotransferase levels were increased in the high dose males and aspartate aminotransferase was increased and choles-
terol was decreased in the high dose females.   

Statistically significant differences in kidney and liver weights in high dose males and high dose females, respectively, were 
observed.  One mid dose and 1 high dose male and 3 high dose females were noted to have focal hepatic necrosis, which was 
thought to be a secondary effect due to an unidentified primary lesion.  No other statistically significant differences between 
treated and control animals were observed during the histopathological examination. In this repeated dose study, the authors 
concluded that the no observed effect level (NOEL) was 30 mg/kg body weight/day.15 

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY 
In a teratogenicity study, mated female Crl:(WI)BR rats received 2-amino-3-hydroxypyridine by gavage on days 6-15 of ges-
tation.16 The doses used were based on the results of a range finding study in rats tested with up to 480 mg/kg body weight 2-
amino-3-hydroxypyridine.17  In the main study, groups of 24 rats received 0, 15, 45, or 135 mg/kg body weight/day of the test 
material in distilled water.  Clinical signs for toxicity were observed daily.  Body weights were recorded on gestation days 0, 
6, 11, 16, and 20, and feed consumption was measured on gestation days 0-6, 6-11, 11-16, and 16-20.  Dams were killed on 
gestation day 20.  Complete necropsy and macroscopic examination of the abdominal and thoracic organs was performed.  
Fetuses were removed, sexed, weighed, and examined externally.  Number of corpora lutea, implantation sites, resorption 
sites, and fetuses were recorded. The fetuses were examined for anomalies.   

Two mortalities were observed in the dams within the first 2 days of dosing of the high dose group, so the dose used was 
lowered to 90 mg/kg body weight on day 11.  Severe convulsions and hypersalivation preceded these deaths.  Hypersaliva-
tion was also observed immediately after administration in some of the remaining animals in this group.  Statistically signifi-
cant decreased feed consumption and body weight gain were observed in the dams when compared to controls.  At necropsy, 
no test substance-related effects were observed in the dams.  In the fetuses of the high dose group, statistically significant 
increases in skeletal variations and rudimentary lumbar ribs were observed when compared to the controls.  No test sub-
stance-related effects were observed in dams or fetuses in the 15 or 45 mg/kg dose group. The maternal and fetal NOAEL 
was 45 mg/kg body weight in this rat teratology study.16 

GENOTOXICITY 
In Vitro 

The potential of 2-amino-3-hydroxypyridine to induce gene mutation was studied in Salmonella  typhimurium strains TA 98, 
TA 100, TA 102, TA 1535, and TA 1537 using the reverse mutation assay.18 The assay was performed with and without S9 
metabolic activation at concentrations of 0, 33, 100, 333, 1000, 2500, or 5000 μg/plate.  Normal background growth was ob-
served in all strains up to the maximum concentration tested, with and without metabolic activation.  No toxic effects, sub-
stantial increases in revertant colony numbers, or higher mutation rates associated with increasing concentrations were ob-
served with any test strain at any dose level, with or without metabolic activation.  Positive controls yielded expected results.  
It was concluded that 2-amino-3-hydroxypyridine was not mutagenic with and without metabolic activation in the S. typhi-
murium strains tested. 
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2-Amino-3-hydroxypyridine in deionized water was studied for cell mutation in mouse lymphoma L5178Y TK+/- cells in 1 
experiment with 2 parallel cultures each.19 Concentrations tested were 150, 300, 600, 900, and 1200 µg/ml, and the experi-
ment was performed with and without S9 metabolic activation.  Cultures were incubated with the test material for 4 h. A sub-
stantial and reproducible dose-dependent increase in mutant colony numbers was observed the in cultures without metabolic 
activation.  In both parallel cultures of the 1200 µg/ml dose cultures without S9, the threshold of two-times the corresponding 
solvent control was reached and exceeded, and the historical range and negative and solvent controls was exceeded in one 
culture.   The ratio of small versus large colonies was shifted towards small colonies, indicating clastogenic effects.  No rele-
vant increase of mutation frequency was observed in the cultures with metabolic activation.  Positive controls yielded ex-
pected results.  It was concluded that 2-amino-3-hydroxypyridine without metabolic activation was mutagenic in this assay.   

The potential of 2-amino-3-hydroxypyridine to induce chromosomal aberrations was studied in Chinese hamster V79 cells.20 
The cells were treated with the test material at 0, 800, 1000, or 1100 μg/ml, with and without S9, for 4 h.  Harvest times were 
18 h after the start of treatment.  In each culture, 100 metaphase plates were scored.  With metabolic activation, the reduc-
tions in cell numbers were 34%, 32%, and 52% at 800, 1000, and 1100 μg/ml, respectively.  Without metabolic activation, 
the reductions in cell numbers were 14%, 32%, and 51% at 800, 1000, and 1100 μg/ml, respectively.  Statistically significant 
increases in the number of cells with structural chromosome aberrations were observed with all 3 concentrations, with and 
without metabolic activation.  These increases were at the same level or higher when compared to the positive control.  A 
non-statistically significant dose-dependent increase in polyploidy cells was observed with and without metabolic activation.  
Under the conditions of this study, 2-amino-3-hydroxypyridine was considered clastogenic. 

The potential of 2-amino-3-hydroxypyridine in deionized water to induce gene mutations at the HPRT locus was assessed 
using Chinese hamster V79 cells, with and without S9 metabolic activation.21 The assay was performed in 2 independent ex-
periments, with the cells exposed to the test material for 4 h in the first experiment with and without metabolic activation and 
for 24 h without metabolic activation in the second experiment. In the first experiment, test concentrations were 0, 75, 150, 
300, 600, or 1200 µg/ml with metabolic activation and 0, 75, 150, 300, 450, or 600 µg/ml without metabolic activation.  In 
the second experiment, test concentrations were 0, 37.5, 75, 150, 300, or 450 µg/ml. No relevant or dose-dependent increase 
of mutation frequency was observed in either experiment.  Positive controls yielded expected results.  Under the conditions of 
this assay, 2-amino-3-hydroxypyridine did not induce gene mutations at the HPRT locus in V79 cells and, thus, was not mu-
tagenic in this HPRT assay. 

In Vivo 
The genotoxic potential of 2-amino-3-hydroxypyridine formulated in 2.5% carboxymethylcellulose was studied in a micro-
nucleus test using NMRI mice.22  Groups of 5 mice of each sex received single doses of 12.5, 25, or 50 mg/kg body weight 2-
amino-3-hydroxypyridine intraperitoneally.  Bone marrow was collected at 24 or 48 h.  At least 2000 polychromatic erythro-
cytes (PCE) were scored for micronuclei. The mean number of PCE was not decreased after exposure to the test material 
when compared to the vehicle control, which indicated that 2-amino-3-hydroxypyridine was not cytotoxic to the bone mar-
row; however, the validity of the test was shown by chemical analysis of blood samples of the treated mice, indicating the 
bioavailability of the test item.  No statistically significant or biologically relevant increase in the incidence of micronucleat-
ed polychromatic cells was observed at any dose level or exposure time. The mean values of micronuclei in the treated 
groups were comparable with the values of the vehicle control group. Positive controls yielded expected results. Under the 
conditions of this study, 2-amino-3-hydroxypyridine was considered not mutagenic.    

IRRITATION AND SENSITIZATION 
Irritation 

Dermal – Non-Human 
The irritation potential of 2-amino-3-hydroxypyridine was assessed in 3 male New Zealand White rabbits.23   Approximately 
0.5 g of the undiluted test substance moistened with 0.5 ml purified water was applied to a clipped, intact area (6 cm2) of skin 
and then semi-occluded.  The patches were removed after 4 h and the remaining test substance was rinsed off with water and 
ethanol.  No skin reactions were observed in any of the rabbits up to 72 h after patch removal.  Brownish staining was ob-
served in the rabbits during the observation. It was concluded that 2-amino-3-hydroxypyridine was non-irritating to rabbit 
skin. 

Ocular – Non-Human 
The ocular irritation potential of undiluted 2-amino-3-hydroxypyridine was tested in 3 male New Zealand White rabbits.24  
The conjunctival sac of one eye of each rabbit was instilled with 0.1 ml of a 60 mg sample of the test material.  The untreated 
eye served as a control.  Both eyes were examined at 1, 24, 48, 72 h and 7 days post-treatment.  After 24 h, a solution of 2% 
fluorescein in water was instilled into both eyes in order to determine corneal epithelial damages.  Immediately after the fluo-
rescein examination, the eyes were rinsed with water.  Corneal injury consisting of opacity (max. grade 1) and epithelial 
damage (max. 50% of the corneal area) was observed: these resolved within 7 days in all animals.  Iridial irritation grade 1 
was observed in one animal within 1 h and 24 h of instillation.  Irritation of the conjunctivae consisting of redness, chemosis, 
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and discharge completely resolved within 14 days in all animals. There was no evidence of ocular corrosion.  Remnants of 
the test material were observed up to 48 h after instillation.  Under the conditions of this study, 2-amino-3-hydroxypyridine 
was considered irritating to the rabbit eye. 

Sensitization 
Dermal – Non-Human  
The contact hypersensitivity of 2-amino-3-hydroxypyridine was assessed in a local lymph node assay (LLNA).25  CBA fe-
male mice were divided into groups of 5 and received 0%, 5%, 25%, or 50% of the test material in ethanol:water (7:3, v/v) on 
the ear surface (25 µl/ear) once daily for 3 consecutive days.  Clinical signs of toxicity were assessed daily, body weights 
were measured on days 1 and 6, and on day 3, skin reactions were assessed.  On day 6, all animals were injected intravenous-
ly with 20µCi [3H] methyl thymidine and the proliferation of lymphocytes in the draining lymph nodes was measured.  The 
stimulation indices (SI) were calculated. 

No clinical signs of toxicity, deaths, or skin reactions occurred during the treatment period in any dose group.  Visual obser-
vations found the lymph nodes were all of equal size. The mean disintegrations per minute (DMP)/animal values for the each 
test group were 113, 332, 192, and 220 for the 0%, 5%, 25%, and 50% dose groups, respectively.  The SI were 2.9, 1.7, and 
1.9 for the 5%, 25%, and 50% dose groups, respectively. There was no indication that 2-amino-3-hydroxypyridine could elic-
it an SI greater than 3. It was concluded that 2-amino-3-hydroxypyridine was not a skin sensitizer in this LLNA.25   

QSAR 
A non-validated quantitative structure-activity relationship (QSAR) model was utilized to predict the sensitization potential 
of all hair dye ingredients registered in Europe (229 substances as of 2004).26  The model predicted 2-amino-3-hydroxy-
pyridine to be a moderate to strong sensitizer.  The QSAR analysis involved calculating TOPological Substructural MOlecu-
lar DEsign (TOPS-MODE) descriptors and correlating them to unspecified sensitization data from LLNAs that were availa-
ble in July 2003.   

CLINICAL USE 
Epidemiology 

2-Amino-3-hydroxypyridine is used as a precursor in oxidative hair dyes.  While the safety of individual hair dye ingredients 
are not addressed in epidemiology studies that seek to determine links, if any, between hair dye use and disease, such studies 
do provide broad information.  Currently available epidemiology studies provided insufficient evidence to support a causal 
association between personal hair dye use and a variety of tumors and cancers. 

A detailed summary of the available hair dye epidemiology data is available at http://www.cir-safety.org/cir-findings. 

SUMMARY 
2-Amino-3-hydroxypyridine is used as a coupling agent in oxidative hair dyes.  2-Amino-3-hydroxypyridine is used in a total 
of 151 hair coloring formulations at a maximum concentration range of 0.1% to 1.2%; the maximum “on-head” use concen-
tration is 1%. 

In an in vitro percutaneous absorption study of 1.04% radiolabeled 2-amino-3-hydroxypyridine in formulation with hydrogen 
peroxide in pig skin, most of the test material was found in the rinsing solution (93.7%) at 0.5 h.  After 0.5 h, 0.011% (0.024 
μg/cm2) had penetrated the skin, and after 48 h, the amount increased to 0.306% (0.638 μg/cm2).    Most of the penetration 
occurred during the first hour, with a penetration rate of 0.161 μg/cm2/h.  The total amount of radiolabeled 2-amino-3-hy-
droxypyridine that was biologically available was 0.606% (1.26 μg/cm2).  

An acute oral toxicity study of 2-amino-3-hydroxypyridine in propylene glycol in rats determined the LD50 to be 500 mg/kg 
body weight. The NOEL for a 90-day oral study of 2-amino-3-hydroxypyridine in deionized water in rats was 30 mg/kg body 
weight/day. 

In a teratogenicity study where mated female rats received 2-amino-3-hydroxypyridine by gavage at doses of 0, 15, 45, or 
135 mg/kg body weight/day of the test material in distilled water, the maternal and fetal NOAEL was 45 mg/kg body weight.  
Dams in the high dose group experienced hypersalivation, decreased feed consumption, decreased body weight gain, and two 
deaths.  Fetuses of this high dose group had statistically significant increases in skeletal variations and rudimentary lumbar 
ribs were observed when compared to the controls, likely to be affected by the maternal toxicity found in the dams. 

2-Amino-3-hydroxypyridine was considered not mutagenic in a reverse mutation assay, an assay with the HPRT locus of 
Chinese hamster V79 cells, or an in vivo micronucleus test in mice.  However, this ingredient was considered clastogenic 
without metabolic activation in a mouse lymphoma study and clastogenic in a chromosomal aberration study in Chinese 
hamster V79 cells. 
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In a dermal irritation study, undiluted 2-amino-3-hydroxypyridine was non-irritating to rabbit skin.  Undiluted 2-amino-3-
hydroxypyridine was considered irritating to the rabbit eye.  A LLNA study concluded that 2-amino-3-hydroxypyridine test-
ed up to 50% in ethanol: water was not a skin sensitizer 

A non-validated QSAR model predicted that 2-amino-3-hydroxypyridine would be a moderate to strong sensitizer. 

The most recent CIR review of available epidemiology studies concluded that there is insufficient evidence to support a caus-
al association between personal hair dye use and a variety of tumors and cancers. 

DISCUSSION 
The CIR Expert Panel expressed concern over in vitro genotoxicity studies of 2-amino-3-hydroxypyridine that had clastogen-
ic results; however, the Panel noted that, in general, cytotoxicity of test materials tend to confound results in these types of 
studies.  Additionally, the Panel noted the skeletal effects of fetal rodents exposed to high concentrations of 2-amino-3-hy-
droxypyridine in a teratogenicity study.  Given that additional genotoxicity studies, including an in vivo study, were negative 
for mutagenicity, that the dams in the teratogenicity study also experienced adverse effects at high concentrations and the 
NOAELs for both dams and fetuses were much higher than the concentration used in hair dyes, and that dermal penetration is 
low, the Panel determined that none of these adverse effects would be likely at the maximum concentration of 0.6% that is 
applied to hair. 

Although the nitrosamine content of these hair dyes has not been reported, the Expert Panel noted this ingredient has a prima-
ry aryl amine.  While many secondary amines and amides are readily nitrosated to form isolatable nitrosamines and nitrosa-
mides, primary alkyl and aryl amines ultimately yield diazonium salts, instead of nitrosamines.  The nitrogen atom of the 
pyridine core, however, has been shown to be susceptible to nitrosation.  Accordingly, hair dyes with 2-amino-3-
hydroxypyridine should be formulated to avoid the formation of N-nitrosopyridinium compounds. 

The Expert Panel recognized that 2-amino-3-hydroxypyridine functions as a hair dye ingredient and that hair dyes containing 
this ingredient, as coal tar hair dye products, are exempt from certain adulteration and color additive provisions of the Federal 
Food, Drug, and Cosmetic Act, when the label bears a caution statement and patch test instructions for determining whether 
the product causes skin irritation.  The Expert Panel expects that following this procedure will identify prospective individu-
als who would have an irritation/sensitization reaction and allow them to avoid significant exposures.  The Panel considered 
concerns that such self-testing might induce sensitization, but agreed that there was not a sufficient basis for changing this 
advice to consumers at this time. 

In considering hair dye epidemiology data, the Panel concluded that the available epidemiology studies are insufficient to 
scientifically support a causal relationship between hair dye use and cancer or other toxicological endpoints, based on lack of 
strength of the associations and inconsistency of findings.   

The Panel noted that the use of oxidative hair dye formulations involves exposure to precursors and coupling agents as well 
as to their reaction products.  While reaction intermediates may be formed, human exposure is to the precursors and coupling 
agents and to reaction products, not to reaction intermediates.  The exposures to the precursors and couplers are low (they are 
consumed in the color forming reaction), and the exposures to reaction products are even lower (they are adsorbed onto the 
hair shaft itself and physically retained there).  Therefore, it was the consensus of the Panel that safety assessments of oxida-
tive hair dyes are primarily determined by the toxicological evaluation of the ingredients (i.e. precursors and coupling 
agents), rather than by the reaction intermediates or products formed during use. 

CONCLUSION 
The CIR Expert Panel concluded 2-amino-3-hydroxypyridine is safe in the present practices of use and concentration for use 
in oxidative hair dye formulations. 
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TABLES 
 

Table 1.  Physical and chemical properties of 2-amino-3-hydroxypyridine 
Property Value Reference 

 

Physical Form  White to light-grey amorphous powder or beige-greyish crystals 7 

Molecular Weight  g/mol 110.12   
7 

logP at 25 oC -0.258 (calculated) 27 

Solubility in water at 20 oC (g/100 ml) 10-100 7 

Solubility in ethanol at room temperature (g/l) 10-100 7 

Solubility in DMSO at room temperature (g/l) 50-200 7 

Melting point oC 166-171 7 

Boiling point oC at 760 torr 385.2 (calculated) 27 

pKa at 25 oC 5.15 most acidic, -9.36 most basic (calculated) 
27 
 

Vapor Pressure at 25 oC (mmHg) 1.75 E-6 (calculated) 27 

Density g/cm3 at 20 °C and 760 torr 1.32(calculated) 27 

Molar Volume cm3/mol at 20 °C and 760 torr 83.3 (calculated) 27 
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2014 FDA VCRP Raw Data 
06A - Hair Dyes and Colors (all 
types requiring caution statements 
and patch tests) 

2-AMINO-3-HYDROXYPYRIDINE 103 

06B - Hair Tints 2-AMINO-3-HYDROXYPYRIDINE 48 
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