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Re-Review of the Safety Assessment of Acetyl Alkyl Citrates

The CIR Expert Panel first published the safety assessment of Acetyl Trialkyl Citrates in 2002. The Panel concluded that
Acetyl Triethyl Citrate, Acetyl Tributyl Citrate, Acetyl Trioctyl Citrate (now known as Acetyl Triethylhexyl Citrate), and
Acetyl Trihexyl Citrate are safe as used in cosmetics, as described in that report (identified as acetyl062019orig in the pdf).
Minutes from the deliberations of the original review are also available (identified as acetyl062019min).
Because it has been at least 15 years since the first report was published, in accord with CIR Procedures, the Panel should
consider whether the safety assessment of Acetyl Trialkyl Citrates should be re-opened. An exhaustive search of the
world’s literature was performed for studies dated 1996 forward. A synopsis of the relevant data is enclosed
(acetyl062019new data).
Also included for your review are current and historical use data (acetyl042019use tbl). The current data indicate that only
Acetyl Triethyl Citrate and Acetyl Tributyl Citrate are used in cosmetic products. The frequency of use has increased for
both ingredients since the final report was issued. According to VCRP data, Acetyl Triethyl Citrate and Acetyl Tributyl
Citrate were reported to be used in 9 and 27 formulations, respectively, in 1998. In 2019, the VCRP data indicate that
Acetyl Triethyl Citrate is used in 22 formulations, and Acetyl Tributyl Citrate is used in 438 formulations
(acetyl062019FDA). There were no reported uses of Acetyl Trihexyl Citrate or Acetyl Triethylhexyl Citrate (formerly
Acetyl Trioctyl Citrate) in 1998 or in 2019. For Acetyl Triethyl Citrate, the maximum concentration of use was 7% in nail
products in 1999; however, according to a recent survey provided by the Council, current use concentration data on this
ingredient were not submitted. For Acetyl Tributyl Citrate, the maximum concentrations of use have increased slightly
since the original report was issued. In 1999, Acetyl Tributyl Citrate was used at up to 7% in nail products and up to 3% in
products (i.e., eyeliners) that resulted in dermal contact; data collected in 2018 indicate that the maximum concentrations of
use are 8.9% in nail products and 7% in eye products that result in dermal contact (acetyl042019conc1 and
acetyl042019conc2).
A data profile is included; data in the original (2002) report, as well as new data, are identified therein (acetyl062019prof).
New data that were not included in the original report include: animal dermal irritation and sensitization data on Acetyl
Triethylhexyl Citrate; animal ocular irritation data on Acetyl Triethylhexyl Citrate; animal carcinogenicity data on triethyl
citrate for Acetyl Triethylhexyl Citrate read-across; and other potentially relevant studies on Acetyl Triethyl Citrate, Acetyl
Tributyl Citrate, and Acetyl Trihexyl Citrate. Also included are the FDA VCRP data (acetyl062019FDA) and the
concentration of use data that were submitted in response to a Council survey (acetyl062019conc1 and
acetyl062019conc2).
If, upon review of the new studies and updated use data, the Panel determines that a re-review is warranted, a full draft
amended report will be presented at an upcoming meeting.

__________________________________________________________________________________________
1620 L Street, NW, Suite 1200, Washington, DC 20036
(Main) 202-331-0651 (Fax) 202-331-0088
(Email) cirinfo@cir-safety.org (Website) www.cir-safety.org
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Acetyl Trialkyl Citrates Data Profile* – June 6-7, 2019 Panel – Wilbur Johnson
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[Acetyl Trialkyl Citrates (years 1996 forward) – 3/26-27/2019]
Ingredient

CAS #

InfoBase SciFinder PubMed

TOXNET

FDA

EU

ECHA

IUCLID

SIDS

HPVIS

NICNAS

NTIS

NTP

WHO

FAO

ECET
-OC

Acetyl Triethyl Citrate

77-89-4

Yes

41/0

5/0

5/0

Yes

No

Yes

No

No

No

No

No

No

No

No

No

77-90-7

Yes

149/7

52/7

66/3

Yes

No

Yes

No

No

No

No

No

No

Yes

No

No

Acetyl Triethylhexyl Citrate
(Acetyl Trioctyl Citrate)
Acetyl Trihexyl Citrate

126-40-9
144-15-0
24817-92-3

Yes

192/0
135/0
205/0

1/0

0/0
1/0
1/0

Yes

No

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Acetyl Tributyl Citrate

Yes

1/0

Search Strategy
[document search strategy used for SciFinder, PubMed, and Toxnet]
[identify total # of hits /# hits that were useful or examined for usefulness]

Web
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LINKS
InfoBase (self-reminder that this info has been accessed; not a public website) - http://www.personalcarecouncil.org/science-safety/line-infobase
ScfFinder (usually a combined search for all ingredients in report; list # of this/# useful) - https://scifinder.cas.org/scifinder
PubMed (usually a combined search for all ingredients in report; list # of this/# useful) - http://www.ncbi.nlm.nih.gov/pubmed
Toxnet databases (usually a combined search for all ingredients in report; list # of this/# useful) – https://toxnet.nlm.nih.gov/ (includes Toxline; HSDB; ChemIDPlus; DAR;
IRIS; CCRIS; CPDB; GENE-TOX)
FDA databases – http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm (CFR); then,
list of all databases: http://www.fda.gov/ForIndustry/FDABasicsforIndustry/ucm234631.htm; then,
http://www.accessdata.fda.gov/scripts/fcn/fcnnavigation.cfm?rpt=eafuslisting&displayall=true (EAFUS);
http://www.fda.gov/food/ingredientspackaginglabeling/gras/default.htm (GRAS);
http://www.fda.gov/food/ingredientspackaginglabeling/gras/scogs/ucm2006852.htm (SCOGS database);
http://www.accessdata.fda.gov/scripts/fdcc/?set=IndirectAdditives (indirect food additives list);
http://www.fda.gov/Drugs/InformationOnDrugs/default.htm (drug approvals and database);
http://www.fda.gov/downloads/AboutFDA/CentersOffices/CDER/UCM135688.pdf (OTC ingredient list);
http://www.accessdata.fda.gov/scripts/cder/iig/ (inactive ingredients approved for drugs)
EU (European Union); check CosIng (cosmetic ingredient database) for restrictions and SCCS (Scientific Committee for Consumer Safety) opinions http://ec.europa.eu/growth/tools-databases/cosing/
ECHA (European Chemicals Agency – REACH dossiers) – http://echa.europa.eu/information-on-chemicals;jsessionid=A978100B4E4CC39C78C93A851EB3E3C7.live1
IUCLID (International Uniform Chemical Information Database) - https://iuclid6.echa.europa.eu/search
OECD SIDS documents (Organisation for Economic Co-operation and Development Screening Info Data Sets)- http://webnet.oecd.org/hpv/ui/Search.aspx
HPVIS (EPA High-Production Volume Info Systems) - https://ofmext.epa.gov/hpvis/HPVISlogon
NICNAS (Australian National Industrial Chemical Notification and Assessment Scheme)- https://www.nicnas.gov.au/
NTIS (National Technical Information Service) - http://www.ntis.gov/
NTP (National Toxicology Program ) - https://ntp.niehs.nih.gov/
WHO (World Health Organization) technical reports - http://www.who.int/biologicals/technical_report_series/en/
FAO (Food and Agriculture Organization of the United Nations) - http://www.fao.org/food/food-safety-quality/scientific-advice/jecfa/jecfa-additives/en/ (FAO);
FEMA (Flavor & Extract Manufacturers Association) - http://www.femaflavor.org/search/apachesolr_search/
Web – perform general search; may find technical data sheets, published reports, etc
ECETOC (European Center for Ecotoxicology and Toxicology Database) - http://www.ecetoc.org/
Botanical Websites, if applicable
Dr. Duke’s https://phytochem.nal.usda.gov/phytochem/search
Taxonomy database - http://www.ncbi.nlm.nih.gov/taxonomy
GRIN (U.S. National Plant Germplasm System) - https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysimple.aspx
Sigma Aldrich plant profiler http://www.sigmaaldrich.com/life-science/nutrition-research/learning-center/plant-profiler.html
Fragrance Websites, if applicable
IFRA (International Fragrance Association) – http://www.ifraorg.org/
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RIFM (the Research Institute for Fragrance Materials) should be contacted
Qualifiers
Absorption
Acute
Allergy
Allergic
Allergenic
Cancer
Carcinogen
Chronic
Development
Developmental
Excretion
Genotoxic
Irritation
Metabolism
Mutagen
Mutagenic
Penetration
Percutaneous
Pharmacokinetic
Repeated dose
Reproduction
Reproductive
Sensitization
Skin
Subchronic
Teratogen
Teratogenic
Toxic
Toxicity
Toxicokinetic
Toxicology
Tumor
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March 3-4, 1999 CIR Expert Panel Meeting (70th)
Acetyl Triethyl Citrate, Acetyl Tributyl Citrate,
Acetyl Trihexyl Citrate, and Acetyl Trioctyl Citrate
Unpublished data that were received just prior to the Panel meeting will be incorporated into the Draft Report after
the Panel’s review.
The Teams issued the following informal data requests:
Dr. Schroeter’s Team
1. UV absorption spectrum
2. Reproductive and developmental toxicity study
Dr. Belsito’sTeam
1. UV absorption spectrum. If absorption occurs, then photosensitization data will be needed
2. If there is evidence of dermal absorption, then a reproductive and developmental toxicity study will be needed.
3. Irritation and sensitization data at use concentrations
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June 14-15, 1999 CIR Expert Panel Meeting (71st)
Acetyl Triethyl Citrate, Acetyl Tributyl Citrate,
Acetyl Trihexyl Citrate, and Acetyl Trioctyl Citrate
Dr. Belsito noted that his Team issued the following informal data request on this group of ingredients at the
March 3-4, 1999 Panel meeting:
(1) UV absorption spectrum. If absorption occurs, then photosensitization data will be needed
(2) If there is evidence of dermal absorption, then a reproductive and
developmental toxicity study will be needed.
(3) Irritation and sensitization data at use concentrations
He also recalled that a large submission of unpublished data on these ingredients was received, including, chemical
characterization, concentration of use, metabolism, acute oral and dermal toxicity, short-term dermal toxicity,
chronic oral toxicity, ocular irritation, skin irritation and sensitization (animals and humans), mutagenicity, and
carcinogenicity. Dr. Belsito said that, based on these data, his Team determined that it could be concluded that these
ingredients are safe as used. He also noted, however, that his Team expressed concern over the observation that a
large number of the references included in the Draft Report were incomplete (without dates or journal names), and
requested verification of these references. Dr. Belsito emphasized that his Team’s safe as used conclusion is
contingent on the ability of the CIR staff to verify these references.
Dr. Schroeter said that his Team concurs with the Belsito Team’s proposal. He also said that it is his
understanding that UV absorption data will be submitted.
The Panel voted unanimously in favor of issuing a Tentative Report with a safe as used conclusion on Acetyl
Triethyl Citrate, Acetyl Tributyl Citrate, Acetyl Trihexyl Citrate, and Acetyl Trioctyl Citrate.
Dr. Andersen asked Dr. Belsito to explain exactly what he meant by verification of references.
Dr. Belsito said that he was referring to the ability of the staff to obtain dates and sources for the incomplete
references that are cited in text.
Dr. Andersen concurred with Dr. Bergfeld’s suggestion that the date on which unpublished data were
received, clearly identified as the actual date on which data were received, should be used when the actual date on
which the study was conducted is not included.
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December 20-21, 1999 CIR Expert Panel Meeting (73rd)
Acetyl Triethyl Citrate, Acetyl Tributyl Citrate,
Acetyl Trihexyl Citrate, and Acetyl Trioctyl Citrate
Dr. Schroeter stated that his Team had expressed concern over the sensitization potential of Acetyl Triethyl
Citrate based on positive results in the guinea pig maximization test, but can now conclude, based on the negative
human skin sensitization test data on Acetyl Triethyl Citrate and Acetyl Tributyl Citrate and other data in the Final
Report, that all four ingredients are safe as used.
Dr. Belsito said that it should be stated in the report discussion that the human sensitization test data are on
100% Acetyl Triethyl Citrate, but that this ingredient is used at concentrations of 4 to 7% primarily in hair and nail
products. Dr. Belsito also noted that while it is assumed that the test concentration in the human study is 100%, no
specific test concentration is stated. He asked for clarification of the test concentration of Acetyl Triethyl Citrate
that was applied so that this information can be incorporated into the Final Report.
Dr. Bergfeld wanted to know whether the possibility that the actual test concentration will not be provided
will have any impact on the proposed safe as used conclusion.
Dr. Belsito said that it would be nice to have the information, but, without it, no change in the safe as used
conclusion is necessary.
The Panel concluded that Acetyl Triethyl Citrate, Acetyl Tributyl Citrate, Acetyl Trihexyl Citrate, and Acetyl
Trioctyl Citrate are safe as used in cosmetic formulations and voted unanimously in favor of issuing a Final Report.
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Table 1. Current and historical frequency and concentration of use of Acetyl Trialkyl Citrates according to duration and exposure.
# of Uses
Max Conc of Use (%)
# of Uses
Max Conc of Use (%)
Acetyl Triethyl Citrate
Acetyl Tributyl Citrate
20191
19981
20182
19991
20193
19981
20182
19991
Totals*
22
9
NR
4-7
438
27
0.09-8.9
0.8-7
Duration of Use
Leave-On
21
9
NR
4-7
437
26
6-8.9
0.8-7
Rinse-Off
1
NR
NR
NR
1
1
NR
NR
Diluted for (Bath) Use
NR
NR
NR
NR
NR
NR
NR
NR
Exposure Type
Eye Area
NR
NR
NR
NR
5
3
7.5
3
Incidental Ingestion
NR
NR
NR
NR
NR
NR
NR
NR
Incidental Inhalation-Spray
10
NR
NR
NR
1
NR
0.0015 - 0.09
NR
Incidental Inhalation-Powder
NR
NR
NR
NR
NR
NR
NR
NR
Dermal Contact
NR
NR
NR
NR
5
3
0.0015 – 7.5
3
Deodorant (underarm)
NR
NR
NR
NR
NR
NR
NR
NR
Hair - Non-Coloring
11
1
NR
NR
3
1
0.09
NR
Hair-Coloring
NR
NR
NR
NR
NR
NR
NR
NR
Nail
11
8
NR
4-7
428
23
6-8.9
0.8-7
Mucous Membrane
NR
NR
NR
NR
NR
NR
NR
NR
Baby Products
NR
NR
NR
NR
NR
NR
NR
NR
*Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total
uses.
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New Data – Acetyl Trialkyl Citrates

Structures

Acetyl Triethyl Citrate

Acetyl Trihexyl Citrate

Acetyl Tributyl Citrate

Acetyl Triethylhexyl Citrate
(previously known as Acetyl Trioctyl Citrate)
Figure 1. Acetyl Trialkyl Citrates

Subchronic Oral Toxicity
Acetyl Tributyl Citrate
Prior to a subchronic toxicity evaluation, groups of 50 Wistar rats (25 males, 25 females per group) were dosed continuously
(in diet) with Acetyl Tributyl Citrate at target doses of 0, 100, 300, and 1000 mg/kg/day.1,2 The animals were dosed for 4
weeks before pairing and then throughout mating. F 0 males were killed after mating. Dosing of the F 0 females was continued
throughout gestation, littering, and lactation until they were killed (postnatal day 21). The F 1 offspring were exposed in utero
and from birth until initiation of the 13-week study. In the subchronic (13-week) study, the F 1 animals (20 males, 20 females
per group) were fed Acetyl Tributyl Citrate (in diet) at same target doses of 0,100, 300, and 1000 mg/kg/day. Ten F 1 males
and 10 F 1 females were assigned to the control and high dose group for a 4-week recovery period, after the 13-week dosing
period. Dosing with 1000 mg/kg/day caused a slight reduction in body weight gain in both sexes (F 1 ). Liver weights (absolute
or relative, not specified) were increased, and hepatic hypertrophy occurred at 1000 mg/kg/day in both sexes (F 1 ). Hepatic
hypertrophy resulting from an induction of metabolizing enzymes as an adaptive response to treatment is a common finding
following administration of high doses of xenobiotics (according to the study authors), and is not considered to be
toxicologically significant. Weak peroxisome proliferation, recognized as a rodent-specific effect, was measured in males of
the 300 mg/kg/day group and in both sexes dosed with 1000 mg/kg/day. Slight variations in urinary composition and in
plasma electrolyte concentrations suggested an effect on renal function at doses of 300 and 1000 mg/kg/day. These changes
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were all shown to be reversible and within normal historical control ranges, and there were no histopathological changes in the
kidneys. The authors considered this possible effect on the kidneys to be due to adaptation to the excretion of high levels of
Acetyl Tributyl Citrate and/or metabolites, and agreed that it is not a toxicologically significant finding. The no-observedadverse-effect-level (NOAEL) for Acetyl Tributyl Citrate systemic toxicity were considered to be 100 mg/kg/day (males) and
300 mg/kg/day (females). Results relating to reproductive toxicity in this study are summarized under the Developmental and
Reproductive Toxicity heading below.
Relative to the finding of increased liver weight above, it should be noted that the US Consumer Product Safety Commission
has stated that the increased liver weight is most likely an adaptive change occurring as a consequence of metabolic load.3,4
Furthermore, it was noted that the increased relative organ weights are not adverse and that they might be related to enzyme
induction, possibly with a contribution from the slight decrease in body weight.
Developmental and Reproductive Toxicity
Animal
Acetyl Tributyl Citrate
A study was performed to evaluate the effects of Acetyl Tributyl Citrate exposures on female reproduction using groups of 7 to
8 adult female CD-1 mice.7 Two groups were dosed orally (pipette tip placed in check pouch) with Acetyl Tributyl Citrate (in
tocopherol-stripped corn oil) at doses of 5 mg/kg/day and 10 mg/kg/day, respectively, for 15 days. The control group was
dosed orally with vehicle only. The female mice were then bred with a proven breeder male. Acetyl Tributyl Citrate exposure
prior to mating did not alter body weights, estrous cyclicity, or gestational and litter parameters. Relative spleen weights were
slightly increased in the 5 mg/kg/day group. Dosing with 10 mg/kg/day targeted ovarian follicles and decreased the number of
primordial, primary, and secondary follicles present in the ovary. The authors noted that these findings suggest that low levels
of Acetyl Tributyl Citrate may be detrimental to ovarian function.
In a two-generation reproductive toxicity study, groups of 50 Wistar rats (25 males, 25 females per group) were dosed
continuously (in diet) with Acetyl Tributyl Citrate at target doses of 0, 100, 300, and 1000 mg/kg/day.1,2 The animals were
dosed for 4 weeks before pairing and then throughout mating. F 0 males were killed after mating. Dosing of the F 0 females
was continued throughout gestation, littering, and lactation until they were killed (postnatal day 21). The F 1 offspring were
exposed in utero and from birth until initiation of the 13-week study. The F 1 animals (20 males, 20 females per group) were
then fed Acetyl Tributyl Citrate (in diet) at same target doses of 0,100, 300, and 1000 mg/kg/day for 13 weeks (as described
earlier in the Subchronic Oral Toxicity section). In parental animals, the following parameters were unaffected by treatment:
estrous cycles, mating performance, fertility, gestation length, and parturition. At a dose of 1000 mg/kg/day, litter size and
numbers of implantations were lower than in controls, but were within the laboratory’s historical control values. Litter size,
survival, and growth were similar in all dose groups. In the offspring, anogenital distance and sexual maturation in both sexes,
and retention areolae in males, were unaffected by dosing with Acetyl Tributyl Citrate. There were no effects of Acetyl
Tributyl Citrate on sperm motility, counts, or morphology. There also were no effects of the test substance on any of the
reproductive endpoints. There were no findings at necropsy of parental animals or surplus offspring that were considered
treatment-related. The NOAELs for reproductive and developmental toxicity were considered to be 300 mg/kg/day for
parental animals and 1000 mg/kg/day for offspring.
Genotoxicity
In Vitro
Acetyl Tributyl Citrate
Ames test results were negative for Acetyl Tributyl Citrate at the following doses in Salmonella typhimurium strains: TA98,
TA100, TA1535, and TA1537 (50 to 5,000 µg/plate, with and without metabolic activation).8 Results were negative for Acetyl
Tributyl Citrate in the in vitro chromosomal aberrations assay: rat lymphocytes (4 to 400 µg/ml, with and without metabolic
activation).8 Results were negative for Acetyl Tributyl Citrate in the forward mutation assay: L5178Y (TK+/TK-) mouse
lymphoma cells (200 to 4580 µg/ml, with metabolic activation; 10 to 230 µg/ml, without metabolic activation).8 Results for
another forward mutation assay on Acetyl Tributyl Citrate were also negative: CHO/HGPRT (25 to 400 µg/ml, with and
without metabolic activation).8
Acetyl Triethyl Citrate
Ames test results were negative for Acetyl Triethyl Citrate. The following doses were tested using S. typhimurium strains:
TA98, TA100, TA1535, TA1537, and TA1538 (333 to 10,000 µg/plate, with and without metabolic activation).9
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In Vivo
Acetyl Tributyl Citrate
Results were negative for Acetyl Tributyl Citrate in the in vivo/in vitro unscheduled DNA synthesis assay. The assay involved
male rat primary cultures of hepatocytes obtained from Han-Wistar rats that received single oral doses of 800 or 2000 mg/kg.2,8
A chromosomal aberration assay on Acetyl Tributyl Citrate (in PEG 400) was performed using 10 Wistar rats that received a
single oral dose of 2000 mg/kg.10 A vehicle control group was also used. Bone marrow cells were collected and 100 wellspread metaphases/animal were scored for chromosomal aberrations. The mitotic index was slightly reduced after 24 h, but the
test substance did not induce chromosomal aberrations at any time point that was investigated.
Carcinogenicity
Acetyl Tributyl Citrate
Groups of up to 100 Wistar rats were dosed orally (via diet) with Acetyl Tributyl Citrate in a combined 2-year
chronic/carcinogenicity study.2,10 The intended daily intake in dosed groups was 0, 100, 300, and 1000 mg/kg/day. The
chronic toxicity evaluation (after 52 weeks of dosing) in this study involved groups of 40 rats (20 males, 20 females per group),
and the carcinogenicity evaluation (after 104 weeks of dosing) involved groups of 100 (50 males and 50 females per group). In
both the chronic and carcinogenicity evaluation, gross examination was performed on all animals, and histopathological
examination was performed on: control animals, animals of the highest dose group, all animals that died spontaneously or were
killed in extremis, and on all gross lesions from all animals. The following results were obtained after 52 weeks (for groups of
40 rats): Acetyl Tributyl Citrate induced slight reductions in body weight and food consumption. Changes in clinical
chemistry parameters were defined to various parameters indicating adaptive changes of metabolic activation, which were not
considered to be of primary toxicological relevance. The adaptive changes were expressed by few macroscopically discernible
liver changes, liver weight increase, and minimal hepatocellular hypertrophy in individual animals. Macroscopic findings were
restricted to the liver of the high dose group, and consisted of an accentuated lobular pattern in 5 males and enlargement of the
liver in 5 males and 5 females. At histopathologic examination (non-neoplastic), a minimal centrilobular hepatocellular
hypertrophy was diagnosed in 2 males and 1 female of the high dose group. The NOAEL was 300 mg/kg/day for males and
1000 mg/kg/day for females. The NOEL was defined to be at 100 mg/kg/day for males and 300 mg/kg/day for females.
After 104 weeks of dosing (groups of 100 rats), mean body weights and mean body weight gains reduction were observed in
males of the 300 and 1000 mg/kg/day dose groups, and in females of the 1000 mg/kg/day dose group. Absolute and relative
liver weight increased significantly in males and females dosed with 1000 mg/kg/day. An increased incidence of
hepatocellular hypertrophy was observed at 1000 mg/kg/day in males (5/50 males versus 0/50 in control). Dosing with 1000
mg/kg/day also caused minimal to moderate single cell necrosis of hepatocytes in males (7/50 versus 0/50 in control) and in
females (1/50 versus 0/50 in control). The authors noted that the relative liver weight increase, along with an increased
incidence of hepatocellular hypertrophy at 1000 mg/kg/day in males, was considered to be the morphologic expression of an
adaptive metabolic response rather than a toxic effect. However, they also noted that it is not possible to affirm and reject the
possibility of a pathological effect. The origin of single cell necrosis in hepatocytes of males or females dosed with 1000
mg/kg/day remained unclear. The authors proposed a NOAEL of 300 mg/kg/day for males and 1000 mg/kg/day for females
based on effects on body weights at 1000 mg/kg/day in males and on the slight increase in liver weights and on centrilobular
hypertrophy in the liver at 1000 mg/kg/day in both sexes. Acetyl Tributyl Citrate did not induce test substance-related
neoplastic lesions in any of the dose groups.
Triethyl Citrate (potential read-across for Acetyl Triethylhexyl Citrate, as proposed in the ECHA dossier)
Rats (strain not specified; 15 males, 15 females) were fed triethyl citrate in the diet at a concentration of 3% (~ 1.5 g/kg/day)
for 2 year.11 Additional details relating to the test protocol are not included. There was no evidence of carcinogenic activity in
any of the animals tested.
Dermal Irritation and Sensitization
Irritation
Acetyl Tributyl Citrate
The skin irritation potential of Acetyl Tributyl Citrate was evaluated using albino rabbits (2 to 3 animals).8 The test substance
was applied to intact/abraded skin at a dose of 1000 mg/kg (1 ml/kg), repeatedly for 4 to 18 applications. The last application
was followed by a 36-h to 2-week observation period. Skin irritation was not observed.
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Acetyl Triethylhexyl Citrate
The skin irritation potential of Acetyl Triethylhexyl Citrate was evaluated using 3 male albino rats.11 Three semiocclusive
patches, each containing the test substance (0.5 ml), were applied to different regions of the back. Exposure durations initially
were 3 min and 1 h. The test substance was also applied (right side of back) for 4 h to 2 animals because reactions at 3 min and
1 h were negative. Reactions were scored at 1 h, 24 h, 48 h, and 72 h after the end of exposure. Very slight erythema was
observed in 1 animal after the 4-h exposure, but was fully reversible within 48 h. It was concluded that Acetyl Triethylhexyl
Citrate was non-irritating to the skin of rabbits.
Sensitization
Acetyl Triethylhexyl l Citrate
Acetyl Triethylhexyl Citrate was evaluated for skin sensitization in the maximization test, using 10 Pirbright white guinea pigs
(5 males, 5 females).11 The induction phased involved intradermal injection and dermal application of 5% Acetyl
Triethylhexyl Citrate. Induction was followed by a 2-week non-treatment period. The challenge phase involved a 24-h
application of the undiluted test substance (0.5 ml, under occlusive patch) to a 5 x 5 cm2 area on each flank. Reactions were
scored at 24 h and 48 h post-application. No reactions were observed during induction, and there was no evidence of allergic
skin reactions at 24 h or 48 h after challenge patch application. Acetyl Triethylhexyl Citrate was classified as a non-sensitizer.
Ocular Irritation
Acetyl Triethylhexyl Citrate
The ocular irritation potential of Acetyl Triethylhexyl Citrate was evaluated using 3 albino rabbits. 11 The test substance (0.1
ml) was instilled into the conjunctival sac (left eye). Untreated right eyes served as controls. Reactions were scored at 1 h,
24 h, 48 h, and 72 h post-instillation. Slight conjunctival redness and discharge were observed in all animals at 1 h postinstillation. In 1 animal, slight redness was also observed up to 48 h post-instillation. All ocular irritation reactions observed
were fully reversible within 72 h post-instillation. Acetyl Triethylhexyl Citrate was classified as non-irritating to the eyes of
rabbits.
Other Relevant Studies
Acetyl Tributyl Citrate, Acetyl Triethyl Citrate,
and Acetyl Trihexyl Citrate
The effect of Acetyl Tributyl Citrate on in vitro growth and viability of mouse ovarian antral follicles was evaluated.5 Antral
follicles were isolated from female CD-1 female mice (32 - 37 days old) and treated with Acetyl Tributyl Citrate (0.001 to
1000 µg/ml) for 24 to 72 h. Follicle diameter, ATP production, quantitative polymerase chain reaction (qPCR), and the
terminal deoxynucleotidyl transferase deoxyuridine triphosphate (dUTP) nick end labeling assay (TUNEL) were used to
measure follicle growth, viability, cell cycle and apoptosis gene expression, and cell death-associated DNA fragmentation,
respectively. Acetyl Tributyl Citrate increased (statistically significant) the number of nongrowing follicles at 0.01 μg/ml and
did not affect ATP production, but increased TUNEL positive area in treated follicles. Thus, Acetyl Tributyl Citrate exposure
resulted in dose-specific follicle growth inhibition
In a frog embryo teratogenesis assay-Xenopus (FETAX), the 96-h lowest observed effective concentrations (LOECs) for
survival, developmental abnormality, and growth effects on Xenopus laevis embryos (amphibian embryos) were: 5.3 mg/L
(Acetyl Tributyl Citrate), 90.9 mg/L (Acetyl Triethyl Citrate) and 14.9 mg/L (Acetyl Trihexyl Citrate).6 Embryos were
incubated with Acetyl Tributyl Citrate at concentrations ranging from 5.3 to 31.5 mg/L, and with Acetyl Triethyl Citrate at
concentrations ranging from 90.9 to 681.6 mg/L. Embryos were incubated with Acetyl Trihexyl Citrate at concentrations
ranging from 14.9 to 75.4 mg/L. These results suggest that the developmental toxicity of Acetyl Triethyl Citrate is low, when
compared to Acetyl Tributyl Citrate and Acetyl Trihexyl Citrate.

Acetyl Tributyl Citrate
Steroid and xenobiotic receptor (SXR) is activated by endogenous and exogenous chemicals. and is highly expressed in the
liver and intestine, where it regulates cytochrome P450 3A4 (CYP3A4), which in turn controls xenobiotic and endogenous
steroid hormone metabolism.12 To obtain in vivo evidence for the intestine-specific effects of Acetyl Tributyl Citrate, groups
of 3 Wistar rats were treated with Acetyl Tributyl Citrate (5 or 50 mg/kg) by intraperitoneal injection for three consecutive
days, and the animals were evaluated for the expression of CYP3A1 (which corresponds to human CYP3A4) in liver,
duodenum, and ileum using quantitative real-time reverse transcription polymerase chain reaction (qRTPCR). Acetyl Tributyl
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Citrate increased CYP3A1 expression in the duodenum and ileum of rats. However, Acetyl Tributyl Citrate did not induce
CYP3A1 in the liver. These results suggest that Acetyl Tributyl Citrate specifically induces CYP3A in the intestine by
activating SXR. The authors suggested that Acetyl Tributyl Citrate-containing products be used cautiously because they may
alter metabolism of endogenous steroid hormones.
To determine whether oral exposure of Acetyl Tributyl Citrate induces CYP3A1 gene induction, groups of 3 rats were treated
with Acetyl Tributyl Citrate (50 mg/kg) daily by gavage for 2 days.12 As seen in the intraperitoneal injection study, Acetyl
Tributyl Citrate did not induce CYP3A1 expression in the liver. Although CYP3A1 induction by Acetyl Tributyl Citrate was
not observed in the duodenum, significant CYP3A1 induction by ATBC was observed in the ileum, indicating that Acetyl
Tributyl Citrate is likely to be absorbed in the distal portion of the intestine (where Acetyl Tributyl Citrate induces CYP3A1
expression.) Taken together, these findings indicate that Acetyl Tributyl Citrate is an intestine-specific inducer of CYP3A.
A study was performed to establish optimal conditions for using human adrenal H295R cells to detect chemicals interfering
with the production of key adrenal steroids.13 The study was performed in accordance with Organization for Economic Cooperation and Development Test Guideline (OECD TG) 456. This validated test guideline, based on H295R cells, promotes
measurement of testosterone and estradiol production as read-out. H295R cells’ supernatants were characterized by liquid
chromatography–mass spectrometry (LC–MS)-based steroid profiling. Steroid profiles were determined before and after 48 h
of incubation with Acetyl Tributyl Citrate (10 mM). Exposure of H295R cells to Acetyl Tributyl Citrate tended to increase the
synthesis of the corticosteroids, corticosterone and aldosterone, and increased 11-deoxycorticosterone production. As seen with
torcetrapib, Acetyl Tributyl Citrate enhanced progesterone and 17α-hydroxyprogesterone levels. Hence, these results suggest
that Acetyl Tributyl Citrate increases mineralocorticoid production at a concentration of 10 mM, while none of these steroid
metabolites were altered at lower concentrations.
The effect of Acetyl Tributyl Citrate on the expression of key steroidogenic genes was also determined in this study.13 As the
positive control, torcetrapib led to a profound up regulation of the expression of CYP11B2 and 3β-HSD2 and a more moderate
induction of CYP11B1, CYP21A2, StAR, CYP11A1 and CYP17A1. The elevated expression of 3β-HSD2 explains the
increased production of progesterone and 17α-hydroxyprogesterone, whereas the enhanced CYP11B1, CYP11B2, and
CYP21A2 are responsible for the observed increase in aldosterone, cortisol, corticosterone and 11β-hydroxyandrostenedione.
At concentrations of 10 mM, Acetyl Tributyl Citrate increased CYP11B2, 3β-HSD2, and CYP21A2 expression. It also
increased, or tended to increase, CYP11B1 expression. Thus, Acetyl Tributyl Citrate resembled the steroid profile of
torcetrapib. The authors noted that this torcetrapib-like steroid pattern with increased corticosteroids could be explained by
elevated expression of CYP11B2 and 3β-HSD2 mRNA levels. Thus, Acetyl Tributyl Citrate does not directly modulate the
activity of these enzymes but rather alter their expression levels.
The estrogen receptor (ER) activity of Acetyl Tributyl Citrate was evaluated using HeLa9903 and VM7-Luc cell cultures.14
Both cell lines stably express ER-α gene containing a firefly luciferase gene as a reporter gene. Estrogenic and anti-estrogenic
activities were evaluated in accordance with OECD TG 455. In the test for estrogenic activity, HeLa 9903 cells were treated
for 24 h with Acetyl Tributyl Citrate concentrations ranging from 1 nM to 1 mM. Estrogenic activity was assessed by
increasing ER transcriptional activity of the test substance using 17-β-estradiol (E2)-enhanced ER transcriptional activity.
Antiestrogenic activity was assessed using VM7-luc cells treated for 24 h with 500 pM E2 and Acetyl Tributyl Citrate (9.7 nM
to 10 µM). Results indicated that Acetyl Tributyl Citrate had no estrogenic activity, but demonstrated anti-estrogenic activity.
Androgen receptor (AR) activity was also evaluated.14 The androgenic and anti-androgenic activities assessment used AREcoScreenTM cells, and the protocol was in accordance with OECD TG 458. These cells stably express an AR reporter gene
containing a firefly luciferase. AR-EcoScreenTM cells were treated for 24 h with Acetyl Tributyl Citrate (10 pM to 10 μM).
Androgenic activity was assessed by increasing AR transcriptional activity of the test substance using 5α-dihhydrotestosterone
(DHT)-enhanced AR transcriptional activity. Results indicated anti-androgenic activity.
A purely in silico study was performed evaluating the sex hormone binding globulin (SHBG) binding-potential of Acetyl
Tributyl Citrate.15 Results from a Schrodinger’s Induced Fit Docking (IFD) protocol predicted that that Acetyl Tributyl Citrate
would bind in the ligand binding pocket of SHBG.
Acetyl Triethyl Citrate and Acetyl Tributyl Citrate
The effects of Acetyl Triethyl Citrate and Acetyl Tributyl Citrate on steroid and xenobiotic receptor (SXR)-mediated
transcription in vitro was evaluated using a luciferase reporter, SXR-coactivator interaction, quantitative real-time PCR
analysis of CYP3A4 expression, CYP3A4 enzyme activity assays, and SXR knockdown.12 SXR is activated by endogenous
and exogenous chemicals including steroids, bile acids, and prescription drugs. SXR is highly expressed in the liver and
intestine, where it regulates cytochrome P450 3A4 (CYP3A4), which in turn controls xenobiotic and endogenous steroid
hormone metabolism. Acetyl Triethyl Citrate and Acetyl Tributyl Citrate activated SXR (i.e., increased SXR-mediated
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transcription) at concentrations of 1 µM and 10 µM, and Acetyl Tributyl Citrate was more potent at both concentrations.
Acetyl Triethyl Citrate (10 µM) and Acetyl Tributyl Citrate (10 µM) were both substantially more potent at this concentration
than at the 1 µM. Acetyl Tributyl Citrate dose-dependently activated SXR, producing a greater effect than the antibiotic
rifampicin, known to be a strong activator of SXR. Acetyl Tributyl Citrate did not stimulate the following nuclear receptors:
human estrogen receptor α and β, human PPARγ, human thyroid hormone receptor β, human progesterone receptor 1, and
human androgen receptor, or human glucocorticoid receptor-mediated transcription, as measured using these luciferase reporter
assays.
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2019 FDA VCRP Data
Acetyl Triethyl Citrate

05B - Hair Spray (aerosol fixatives)
05F - Shampoos (non-coloring)
08A - Basecoats and Undercoats
08E - Nail Polish and Enamel
Total

10
1
2
9
22

Acetyl Tributyl Citrate

03B - Eyeliner
03F - Mascara
03G - Other Eye Makeup Preparations
05B - Hair Spray (aerosol fixatives)
05I - Other Hair Preparations
07I - Other Makeup Preparations
08A - Basecoats and Undercoats
08C - Nail Creams and Lotions
08D - Nail Extenders
08E - Nail Polish and Enamel
08F - Nail Polish and Enamel Removers
08G - Other Manicuring Preparations
Total

1
2
2
1
2
2
44
6
1
343
1
33
438

Acetyl Triethylhexyl Citrate - No FDA Data
Acetyl Trihexyl Citrate - No FDA Data
1998 FDA VCRP Data
Acetyl Triethyl Citrate

05I - Other Hair Preparations
08A - Basecoats and Undercoats
08E - Nail Polish and Enamel
08G - Other Manicuring Preparations
Total

1
1
6
1
9

Acetyl Tributyl Citrate

03B - Eyeliner
03G - Other Eye Makeup Preparations
05I - Other Hair Preparations
08A - Basecoats and Undercoats
08E - Nail Polish and Enamel
08F - Nail Polish and Enamel Removers
08G - Other Manicuring Preparations
Total

2
1
1
4
15
1
3
27
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FROM:
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Personal Care Products Council
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January 8, 2019

SUBJECT:

Concentration of Use Information: Acetyl Trialkyl Citrates
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Concentration of Use – Acetyl Trialkyl Citrates*
Acetyl Tributyl Citrate
Acetyl Triethyl Citrate
Ingredient
Acetyl Tributyl Citrate
Acetyl Tributyl Citrate
Acetyl Tributyl Citrate

Acetyl Triethylhexyl Citrate
Acetyl Trihexyl Citrate
Product Category

Maximum
Concentration of Use
7.5%
0.0015%

Eye shadows (3C)
Perfumes (4B)
Hair sprays
Aerosol (5B)
0.09%
Acetyl Tributyl Citrate
Foundations (7C)
5.8%
Acetyl Tributyl Citrate
Basecoats and undercoats (manicuring
6.6-7%
preparations) (8A)
Acetyl Tributyl Citrate
Nail polish and enamel (8E)
7-7.9%
Acetyl Tributyl Citrate
Other manicuring preparations (8G)
6-8.9%
*Ingredients included in the title of the table but not found in the table were included in the
concentration of use survey, but no uses were reported.

Information collected in 2018
Table prepared January 7, 2019

