
Final Report on the Safety Assessment of Acetyl Triethyl
Citrate, Acetyl Tributyl Citrate, Acetyl Trihexyl Citrate,
and Acetyl Trioctyl Citrate1

Acetyl Triethyl Citrate, Acetyl Tributyl Citrate, Acetyl Trihexyl
Citrate, and Acetyl Trioctyl Citrate all function as plasticizers in
cosmetics. Additionally, the Trihexyl and Trioctyl forms are de-
scribed as skin-conditioning agents—emollients, although there are
currently no reported uses of Acetyl Trihexyl Citrate or Acetyl Tri-
octyl Citrate. Acetyl Triethyl Citrate and Acetyl Tributyl Citrate
are used in nail products at concentrations up to 7%. Recognizing
that there are no reported uses of Acetyl Trihexyl or Trioctyl Cit-
rate, if they were to be used in the future, their concentration of use
is expected to be no higher than that reported for Acetyl Triethyl
and Tributyl Citrate. These ingredients were suf� ciently similar in
structure that safety test data on one were considered applicable to
all. Approximately 99% of orally administered Acetyl Tributyl Cit-
rate is excreted—intermediate metabolites include acetyl citrate,
monobutyl citrate, acetyl monobutyl citrate, dibutyl citrate, and
acetyl dibutyl citrate. In acute, short-term, subchronic, and chronic
feeding studies, these ingredients were relatively nontoxic. Differ-
ences from controls were either not statistically signi� cant or not
related to any organ toxicity. Ocular exposures produced moder-
ate reactions that cleared by 48 hours after instillation. Dermal
application was not toxic in rabbits. In a guinea pig maximiza-
tion test, Acetyl Triethyl Citrate was a sensitizer whereas Acetyl
Tributyl Citrate was not. Limited clinical testing of Acetyl Triethyl
Citrate and Acetyl Tributyl Citrate was negative for both skin irri-
tation and sensitization. These clinical data were considered more
relevant than the guinea pig maximization data, suggesting to the
Cosmetic Ingredient Review Expert Panel that none of these ingre-
dients would be a sensitizer. Physiologic effects noted with intra-
venous delivery of Acetyl Triethyl Citrate or Acetyl Tributyl Cit-
rate include dose-related decreases in blood pressure and intestinal
muscular spasms. These ingredients were not genotoxic in bacte-
rial or mammalian test systems. No signi� cant differences in tumor
induction (lymphomas) were noted in rats fed Acetyl Tributyl Cit-
rate for 2 year. Acetyl Tributyl Citrate was not a developmental or
reproductive toxicant in studies in mice and rats. Based on all the
available data, these ingredients were considered safe as used in
cosmetics.
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INTRODUCTION
The safety of Acetyl Triethyl Citrate, Acetyl Tributyl Citrate,

Acetyl Trihexyl Citrate, and Acetyl Trioctyl Citrate in cosmetics
is reviewed in this report. Reportedly, all four ingredients func-
tion as plasticizers in cosmetic products. Acetyl Trihexyl Citrate
and Acetyl Trioctyl Citrate also function as skin-conditioning
agents—emollients. Current frequency of use data submitted to
the Food and Drug Administration (FDA) indicate that of the
four ingredients being reviewed, only Acetyl Triethyl Citrate
and Acetyl Tributyl Citrate are being used in cosmetics.

CHEMISTRY

Chemical and Physical Properties
Properties of Acetyl Triethyl Citrate and Acetyl Tributyl Cit-

rate are included in Tables 1 and 2, and properties of Acetyl
Trihexyl Citrate are included in Table 2. Data from the pub-
lished literature and from chemical suppliers are summarized in
Tables 1 and 2, respectively.

Acetyl Triethyl Citrate (CAS No. 77-89-4) is the aliphatic
ester that conforms to the following formula (Wenninger et al.
2000):

It is described as a clear oily, essentially odorless liquid that
is soluble in common organic solvents (Nikitakis and McEwen
1990). Other names for this chemical are as follows:
2-(Acetyloxy)-1,2,3-Propanetricarboxyli c Acid, Triethyl Ester;
1,2,3-Propanetricarboxylic Acid, 2-(Acetyloxy)-, Triethyl Ester
(Wenninger et al. 2000), and ATEC; Citric Acid, Acetyl Triethyl
Ester; Tricarballylic Acid, Beta-Acetoxytributyl Ester; Triethyl
Acetylcitrate; and Triethyl Citrate, Acetate (Registry of Toxic
Effects of Chemical Substances [RTECS] 1998).
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TABLE 1
Properties of Acetyl Triethyl Citrate and Acetyl Tributyl Citrate

Properties Acetyl Triethyl Citrate Acetyl Tributyl Citrate References

Form Clear oily, essentially Colorless to white, oily liquid Nikitakis and McEwen 1990;
odorless liquid with faint odor MSDS-OHS 1998

Molecular weight 318.31 Da 402.49 Da HODOC 1998; MSDS-OHS 1998
Solubility Soluble in common organic Soluble in alcohol and ether Nikitakis and McEwen 1990;

solvents; slightly soluble and insoluble in H2O; slightly Lewis 1993; MSDS-OHS 1998;
in H2O soluble in chloroform HODOC 1998

Viscosity 53.7 cps at 25±C 42.7 cps at 25±C Lewis 1993
Density 1.135 g/cm3 at 25±C 1.046 g/cm2 at 25±C Lewis 1993
Speci� c gravity 1.135 to 1.39 at 25±/25±C 1.048 at 25±C (speci� c gravity Nikitakis and McEwen 1990;

of H2O D 1) MSDS-OHS 1998
Refractive index 1.4386 at 25±C 1.4408 at 25±C Lewis 1993
Vapor pressure — 1 mm Hg at 173±C HSDB 1998
Vapor density — 14.1 (vapor density of air D 1) MSDS-OHS 1998
Volatility — <0.1% MSDS-OHS 1998
Evaporation rate — <1 (evaporation rate of MSDS-OHS 1998

butyl acetate D 1)
Boiling point 131–132±C at 760 mm Hg 172–174±C at 1 mm Hg HODOC 1998
Distillation range 131–132±C at 1 mm Hg 172–174±C at 1 mm Hg Lewis 1993
Melting point ¡45±C ¡75±C Beilstein 1998
Freezing point — ¡80±C MSDS-OHS 1998
Pour point ¡47±C ¡60±C Lewis 1993
Flash point 370±F (187±C) 400±F (204±C) Lewis 1993
Combustibility Combustible Combustible Lewis 1993

TABLE 2
Properties of Acetyl Triethyl Citrate, Acetyl Tributyl Citrate, and Acetyl Trihexyl Citrate (Mor� ex, Inc. 1998; Soeler et al. 1998)

Properties Acetyl Triethyl Citrate Acetyl Tributyl Citrate Acetyl Trihexyl Citrate

Appearance Clear liquid Clear liquid colorless Clear liquid
Odor Essentially odorless Essentially odorless Essentially odorless
Molecular weight 318.3 Da 402.5 Da 486 Da
Water solubility 0.72 g/100 ml at 25±C <0.1 g/100 ml at 25±C; 0.002% <0.1 g/100 ml at 25±C
Acetone solubility 1 1 1
Ethanol solubility 1 1 1
Heptane solubility Insoluble 1 1
Isopropanol solubility 1 1 1
Toluene solubility 1 1 1
Viscosity 54 cps at 25±C 33 cps at 25±C 36 cps at 25±C
Speci� c gravity 1.135–1.139 at 25/25±C 1.045–1.055 at 25/25±C 1.003–1.007 at 25/25±C

(speci� cations)
Refractive index 1.432–1.441 at 25±C/D 1.4410–1.4425 at 25±C/D (Speci� cation); 1.445–1.449 at 25±C/D

1.4417 at 25±C
Vapor pressure 5.7 £ 10¡3 mm Hg at 20±C 5.2 £ 10¡2 mm Hg at 20±C —
Pour point ¡43±C ¡59±C ¡57±C
Flash point 188±C (closed cup) 204±C (closed cup) 240±C (closed cup)
Neutralization number 0.2 mg KOH/g max 0.2 mg KOH/g max 0.2 mg KOH/g max

(speci� cations)
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Acetyl Tributyl Citrate (CAS No. 77-90-7) is the aliphatic
ester that conforms to the following formula (Wenninger et al.
2000):

Other names for this chemical are as follows (Wenninger
et al. 2000): 2-(Acetyloxy)-1,2,3-Propanetricarboxylic Acid,
TributylEster; 1,2,3-Propanetricarboxylic Acid, 2-(Acetyloxy)-,
Tributyl Ester (Wenninger et al. 2000), and Acetyl Butyl Citrate;
Acetylcitric Acid, Tributyl Ester; Citric Acid, Tributyl Ester, Ac-
etate; Tributyl Acetylcitrate; Tributyl O-acetylcitrate; Tributyl
2-(acetyloxy)-1,2,3-Propanetricarboxylate; and Tributyl Citrate
Acetate (RTECS 1998).

Acetyl Trihexyl Citrate (CAS No. 24817-92-3) is the organic
compound that conforms to the following formula (Wenninger
et al. 2000):

Other names for this chemical include 2-(Acetyloxy)-1,2,3-
Propanetricarboxylic Acid, Trihexyl Ester and 1,2,3-
Propanetricarboxylic Acid, 2-(Acetyloxy)-, Trihexyl Ester
(Wenninger et al. 2000).

Acetyl Trioctyl Citrate (CAS No. 144-15-0) is the aliphatic
ester that conforms to the following formula (Wenninger et al.
2000):

Other names for this chemical are as follows: 2-(Acetyloxy)-
1,2,3-Propanetricarboxylic Acid, Tris(2-Ethylhexyl)Ester; 1,2,3-
Propanetricarboxylic Acid, 2-(Acetyloxy)-, Tris(2-Ethylhexyl)
Ester (Wenninger et al. 2000); and Tris(2-Ethylhexyl) 2-
(Acetyloxy)propane-1,2,3-Tricarboxylate (Chemical Identi� ca-
tion [ChemID°R ] 1998).

Methods of Production
Acetyl Triethyl Citrate is produced via the reaction of cit-

ric acid triethyl ester with acetic acid anhydride (80±C; H2SO4

catalyst) (Beilstein 1998) and Acetyl Tributyl Citrate is pro-
duced via the reaction of tri-n-butyl citrate with acetic anhy-
dride (acetylation) (Hazardous Substances Databank [HSDB]
1998). According to another source, Acetyl Triethyl Citrate and
Acetyl Tributyl Citrate are produced via the esteri� cation and
acetylation of citric acid (Lewis 1993).

Analytical Methods
Acetyl Triethyl Citrate has been analyzed by infrared spec-

troscopy and nuclear magnetic resonance (NMR) spectroscopy
(CRC Handbook of Data on Organic Compounds [HODOC]
1998), and mass spectroscopy (Pfannhauser, Eberhardt, and
Woidich 1982). Positive identi� cation of Acetyl Triethyl Citrate
is de� ned as a close match to a standard infrared (IR) spectrum
with no indication of foreign materials (Nikitakis and McEwen
1990). It has also been analyzed by thin-layer chromatogra-
phy (Thoma and Heckenmueller 1986), gas chromatography
(Gutierrez-Rocca and McGinity 1994), and high-performance
liquid chromatography (Bodmeier and Paeratakul 1997).

Acetyl Tributyl Citrate has been analyzed by IR spectroscopy
(Heath and Reilly 1981; HODOC 1998), NMR spectroscopy,
and mass spectroscopy (HODOC 1998). It has also been ana-
lyzed by gas chromatography, thin-layer chromatography
(Heath and Reilly 1981; Cosmetic, Toiletry, and Fragrance As-
sociation [CTFA] 1998a; Gutierrez-Rocca and McGinity 1994),
and high-performance liquid chromatography (Bodmeier and
Paeratakul 1997).

Impurities
Acetyl Triethyl Citrate

The composition of Acetyl Triethyl Citrate is de� ned as
follows: C14H22O8, empirical formula for Acetyl Triethyl Cit-
rate (99% minimum); acidity, as citric acid (0.02% maximum),
and moisture (0.3% maximum) (Nikitakis and McEwen 1990).
Volatiles account for 1.3% of the composition of Acetyl Triethyl
Citrate (Mor� ex, Inc. 1998).

The chemical speci� cations for Acetyl Triethyl Citrate are as
follows: ester content (99% minimum), identi� cation, IR (meets
test), color, American Public Health Association (APHA) (50
maximum), water (0.3% maximum), and heavy metals (10 ppm
maximum) (Mor� ex, Inc. 1998). Speci� cations for the speci� c
gravity and refractive index are included in Table 2.

Acetyl Tributyl Citrate
The purity of Acetyl Tributyl Citrate is >99% (CTFA 1998a),

and, reportedly, volatiles account for 0.2% of its composition
(Mor� ex, Inc. 1998). According to another source, the com-
ponents of Acetyl Tributyl Citrate are as follows: Acetyl Trib-
utyl Citrate (99.4%); ash (0%); moisture (0.14%); acidity, as
citric acid, before heating (0.003%); acidity, as citric acid, after
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heating (0.027%); heavy metals (3 ppm); and butyl acetate
(trace) (Soeler et al. 1998).

In an analysis reported by Castle et al. (1988), using NMR
spectroscopy, commercial Acetyl Tributyl Citrate accounted for
97% of the sample. Furthermore, no impurities were detectable
during gas chromatography analysis. Small amounts of tributyl
citrate and tributylpropene 1,2,3-tricarboxylate impurities, de-
tected by gas chromatography–mass spectrometry, resulted from
the production of [2H4] Acetyl Tributyl Citrate (deuterated com-
pound). Synthesis was based on initial deuterium exchange be-
tween 2H2O and citric acid during heating under basic condi-
tions. The deuterated citric acid was esteri� ed with n-butanol
and acetylated to produce [2H4] Acetyl Tributyl Citrate, accom-
panied by material that was incompletely deuterated. The [2H4]
Acetyl Tributyl Citrate produced (1.8 g) was 79% chemically
pure (13.5% yield from citric acid) (Castle et al. 1988).

The chemical speci� cations for Acetyl Tributyl Citrate are as
follows: ester content (99% minimum); identi� cation, IR (meets
test); color, APHA (30 maximum); water (0.25% maximum);
and heavy metals (10 ppm maximum) (Mor� ex, Inc. 1998).
Speci� cations for the speci� c gravity and refractive index are
included in Table 2.

According to another source, Acetyl Tributyl Citrate is
supplied according to the following purity requirements: Char-
acteristics (clear, oily liquid free of suspended solids or for-
eign matter; essentially odorless), assay (gas chromatography)
(>99.0%), acidity (as citric acid) (0.02%), color (30 APHA), tur-
bidity (5 NTU), speci� c gravity (d) 25±/25±C (1.045 to 1.055),
refractive index (n) 25±C (1.441 to 1.4425), water (0.25%), and
heavy metals (as Pb) (10 mg/kg) (CTFA 1999b).

Acetyl Trihexyl Citrate
Volatiles account for 1.4% of the composition of Acetyl Tri-

hexyl Citrate (Mor� ex, Inc. 1998). Chemical speci� cations for
this ingredient are as follows: ester content (99% minimum);
identi� cation, IR (meets test); color, APHA (100 maximum);
water (0.15% maximum); and heavy metals (5 ppm maximum)
(Mor� ex, Inc. 1998). Speci� cations for the speci� c gravity and
refractive index are included in Table 2.

Reactivity
Acetyl Tributyl Citrate is stable at normal temperatures and

pressure, and, also, will not polymerize. Reportedly, AcetylTrib-
utyl Citrate or Acetyl Triethyl Citrate in the presence of strong
oxidizers is considered a � re and explosion hazard. The Material
Safety Data Sheets–Occupational Health and Safety (MSDS-
OHS) states that the potential for an explosive reaction also ex-
ists for either ingredient in the presence of nitrates (MSDS-OHS
1998).

The saponi� cation of Acetyl Tributyl Citrate to 1-butanol
has been demonstrated (Heath and Reilly 1981). According to
another study, citric acid is the theoretical hydrolysis product of
Acetyl Tributyl Citrate (Hollingsworth 1975).

USE

Purpose in Cosmetics
Acetyl Triethyl Citrate, Acetyl Tributyl Citrate, Acetyl Tri-

hexyl Citrate, and Acetyl Trioctyl Citrate function as plasticizers
in cosmetic products. Acetyl Trihexyl Citrate and Acetyl Tri-
octyl Citrate also function as skin-conditioning agents—
emollients (Wenninger et al. 2000).

Scope and Extent of Use in Cosmetics
Frequency of use data submitted toFDA in 1998 are presented

in Table 3. Acetyl Triethyl Citrate and Acetyl Tributyl Citrate
were used in 9 and 27 cosmetic products, respectively. No uses
were reported for Acetyl Trihexyl Citrate or Acetyl Trioctyl
Citrate (FDA 1998).

Concentration of use values are no longer reported to FDA
by the cosmetics industry (FDA 1992). However, concentration
of use data received from CTFA are included in Table 3 (CTFA
1999a).

Cosmetic products containing Acetyl Triethyl Citrate and
Acetyl Tributyl Citrate are applied to the hair, nails, and eye
area, and could come in contact with ocular and nasal mucosae.
These products could be used on a daily basis and potentially
can be applied frequently over a period of several years.

The use of these ingredients in cosmetics is not restricted
in Japan (Japan Ministry of Health, Labor, and Welfare 2000).
None of these ingredients is restricted in any way under the rules
governing cosmetic products in the European Union (European
Commission 2002).

Noncosmetic Use
Acetyl Triethyl Citrate is used as a plasticizer for cellulosics,

particularly ethyl cellulose; Acetyl Tributyl Citrate is used as a
plasticizer for vinyls, adhesives, and coatings; and Acetyl Tri-
hexyl Citrate is used as a plasticizer in polymeric medical articles
(Lewis 1993).

Acetyl Triethyl Citrate and Acetyl Tributyl Citrate have been
approved for use as components of adhesives that can be safely
used as components of articles intended for use in packaging,
transporting, or holding food (21CFR175.105). Both ingredi-
ents also have been approved for use as components of resinous
and polymeric coatings (coatings for polyole� n � lms included)
that can be safely used as the food-contact surface of articles
intended for use in producing, manufacturing, packing, process-
ing, preparing, treating, packaging, transporting, or holding food
(21CFR175.300; 21CFR175.320). Acetyl Tributyl Citrate has
been approved by the FDA for use as a synthetic � avoring sub-
stance in food (21Code of Federal Regulations [CFR] 172.515).

Other indirect food additive uses of Acetyl Triethyl Citrate
and Acetyl Tributyl Citrate that have been approved by FDA
include components of surface lubricants used in the manu-
facture of metallic articles that contact food (21CFR178.3910)
and plasticizers that migrate from food-packaging material
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TABLE 3
Product formulation data on Acetyl Triethyl Citrate and Acetyl Tributyl Citrate

Total in category Total with ingredient Concentration of use
Product category (FDA 1998) (FDA 1998) (CTFA 1999a)

Acetyl Triethyl Citrate
Other hair preparations 276 1
Manicuring preparations—basecoats and undercoats 48 1 4%
Nail polish and enamel 80 6 4%–7%
Other manicuring preparations 61 1
1998 totals/ranges for Acetyl Triethyl Citrate 9 4%–7%

Acetyl Tributyl Citrate
Eyebrow pencil 99 — 0.8%
Eyeliner 514 2 3%
Mascara 187 — 1%
Other eye makeup preparations 120 1
Other hair preparations 276 1
Manicuring preparations—basecoats and undercoats 48 4 4%–6%
Nail polish and enamel 80 15 0.8%–7%
Nail polish and enamel removers 34 1
Other manicuring preparations 61 3
Paste masks (mud packs) 269 — 0.7%
1998 totals/ranges for Acetyl Tributyl Citrate 27 0.7%–7%

(21CFR181.27). Good manufacturing practice for food pack-
aging materials includes the restriction that the quantity of any
substance that becomes a component of food as a result of use in
food-packaging material shall not be intended to accomplish any
physical or technical effect in the food itself and shall be reduced
to the least amount reasonably possible (21CFR181.22).

BIOLOGICAL PROPERTIES

Absorption, Metabolism, and Excretion
Acetyl Tributyl Citrate

The metabolism of Acetyl Tributyl Citrate was evaluated us-
ing groups of male rats (number of animals, weights, and strain
not stated). Each animal received a single oral dose of 14C-Acetyl
Tributyl Citrate (dose not stated). At 48 hours post dosing, ap-
proximately 99% of the administered dose had been excreted
either in the urine (59% to 70%), feces (25% to 36%), or in the
expired air (2%). Only 0.36% to 1.26% of the dose remained in
the tissues or carcass. Both the absorption and metabolism of
14C-Acetyl Tributyl Citrate proceeded rapidly, and the follow-
ing metabolites were identi� ed: acetyl citrate, monobutyl cit-
rate, acetyl monobutyl citrate, dibutyl citrate, and acetyl dibutyl
citrate. The data on metabolites were not quanti� ed (CTFA
1998a).

Acetyl Trihexyl Citrate
Fouda (1982) hydrolyzed Acetyl Trihexyl Citrate during in-

cubation with rat serum, liver, or intestinal enzyme preparations.

With rat serum, at a concentration of 50 nmol/ml of serum, the
half-life for hydrolysis of Acetyl Trihexyl Citrate was 0.02 hour.
Hexanol was a product of this process. In another experiment,
the preincubation of rat serum with hexanol (50 nmol/ml) for
30 minutes had no effect on the rate of hydrolysis of Acetyl
Trihexyl Citrate.

The hydrolysis of Acetyl Trihexyl Citrate during incubation
with rat intestinal cytosolic fraction was also evaluated. Com-
pared to the preceding experiment (incubation with rat serum),
the hydrolysis of Acetyl Trihexyl Citrate by rat intestinal en-
zymes proceeded at a slower rate.

In another experiment, Acetyl Trihexyl Citrate was incubated
with rat liver cytosolic fraction. At test concentrations of 50
and 1000 nmol/ml, the half-life for ester hydrolysis was 6 and
11 hours, respectively, and the half-life for hexanol (hydrolysis
product) input was 0.4 and 5.6 hours, respectively. Thus, ester
hydrolysis rates and hexanol input were concentration depen-
dent. Intermediate products were also identi� ed. Acetyl diethyl
citrate was formed after 1 and 24 hours of incubation of rat liver
cytosolic fraction with 1000 nmols Acetyl Triethyl Citrate/ml.
Dihexyl citrate was detected only after 24 hours of incubation
(Fouda 1982).

Percutaneous Absorption
Data on the percutaneous absorption of Acetyl Triethyl

Citrate, Acetyl Tributyl Citrate, Acetyl Trihexyl Citrate, or
Acetyl Trioctyl Citrate were not found in the published
literature.



6 COSMETIC INGREDIENT REVIEW

TOXICOLOGY

Acute Oral Toxicity
Acetyl Triethyl Citrate

The acute oral toxicity of Acetyl Triethyl Citrate was evalu-
ated using 63 rats (species and weights not stated). The number
of animals tested per dose group (total of eight groups) ranged
from 1 to 20, and doses ranged from 5 to 15 cc/kg. The fol-
lowing signs were noted after dosing: weakness, depression,
ataxia, hyperexcitability, unrest, urinary dribbling, and irregu-
lar and labored respiration. In the advanced stage of poisoning,
convulsions were observed in some of the animals. Absorption
of the test substance was described as rapid, with signs appear-
ing within a few minutes of dosing. The LD50 for Acetyl Tri-
ethyl Citrate was approximately 7 cc/kg (Finklestein and Gold
1959).

The acute oral toxicity of Acetyl Triethyl Citrate was also
evaluated using 22 cats (weights not stated). The number of an-
imals tested per dose group (total of seven groups) ranged from
two to four, and doses ranged from 1 to 9.55 cc/kg. The fol-
lowing signs were noted after dosing: nausea, vomiting, ataxia,
weakness, muscle twitching, tremors, re� ex hyperexcitability,
lowering of body temperature, a gasping and shallow respiration,
prostration, convulsions, respiratory failure, and death. The ab-
sorption of the test substance was described as rapid, with signs
appearing within minutes of dosing. The LD50 for Acetyl Tri-
ethyl Citrate was approximately 7 cc/kg (same value reported
for Acetyl Triethyl Citrate in rats). At gross examination, abnor-
malities in organs that could have accounted for the observed
toxic effects were not found. At hematological examination (one
cat dosed with 5 cc/kg and evaluated over a 2-month period),
no effects on blood count, blood sugar, or blood nitrogen were
noted (Finklestein and Gold 1959).

In another experiment, Acetyl Triethyl Citrate was admin-
istered by stomach tube to three cats (weights not stated) at
doses of 6, 9, and 12 cc/kg, respectively. An electrocardiogram
was performed on each animal, and blood pressure recordings
were taken from the carotid artery. Results indicated that Acetyl
Triethyl Citrate caused progressive lowering of the blood pres-
sure, which led to the development of shock. Frequently, blood
pressure was <100 mm Hg for 1 or 2 hours before death. Elec-
trocardiogram results were progressive slowing of the heart rate
from 200 beats per minute or greater (controls) to rates approach-
ing 150 beats per minute. The effect of Acetyl Triethyl Citrate
on neuromuscular conduction also was evaluated in three cats.
The responses to stimulation of the phrenic and sciatic nerves
indicated the absence of any material interference with neuro-
muscular transmission after dosing with Acetyl Triethyl Citrate
(Finklestein and Gold 1959).

Acetyl Tributyl Citrate
The acute oral toxicity of Acetyl Tributyl Citrate was evalu-

ated using � ve rats (strain and weights not stated). The test sub-
stance was administered at doses ranging from 10 to 30 cc/kg,

and animals were observed for 3 weeks. Signs of systemic tox-
icity were not observed, and none of the animals died; how-
ever, transient sluggishness was reported. The LD50 was not
achieved at doses up to 30 cc/kg (Gold, Modell, and Finkelstein
1998).

Mortality was not observed in groups of mice or rats (males
and females) dosed intragastrically (25,000 mg/kg body weight)
withundiluted AcetylTributylCitrate (Larionov and Cherkasova
1998).

A single dose of Acetyl Tributyl Citrate (30 to 50 cc/kg)
was administered by stomach tube to each of four fasted cats
(weights not stated), and animals were observed for 2 months.
Two additional cats served as controls. Signs of nausea were
observed in test animals, and, within a few hours of dosing, diar-
rhea (oozing of oily material) was noted. The diarrhea subsided
within 24 hours of dosing. The behavior and general appear-
ance of animals indicated systemic toxicity. Two cats dosed with
50 cc/kg were used for hematological evaluations and no effects
on the following blood parameters were found: blood cell counts,
hemoglobin, sugar, nonprotein nitrogen, or creatinine. Results
from urinalyses indicated no abnormalities in speci� c gravity, al-
bumin, sugar, pH, or microscopic formed elements (Finklestein
and Gold 1959).

Acute Dermal Toxicity
The acute dermal toxicity of Acetyl Trihexyl Citrate was eval-

uated using � ve male and � ve female albino rabbits. The ani-
mals were divided equally into two groups (intact and abraded
test sites, respectively) and a single dose (2 g/kg) of undiluted
test substance was applied topically to each animal. The mean
body weight was 2.29 kg for one group of rabbits (intact sites)
and 2.81 kg (abraded sites) for the other group. Test sites were
covered with an occlusive dressing for 24 hours. The animals
were killed at the end of a 14-day observation period. Acetyl
Trihexyl Citrate induced neither clinical signs of systemic tox-
icity nor mortality during the observation period. At necropsy,
no test substance–related gross changes were observed in any of
the animals tested. Acetyl Trihexyl Citrate was not toxic when
administered dermally to rabbits (LD50 > 2 g/kg). Results con-
cerning the skin irritation potential of Acetyl Trihexyl Citrate
in this study are included in “Skin Irritation” later in the text of
this report (CTFA 1982a).

Acute Intraperitoneal Toxicity
The acute intraperitoneal (IP) toxicity of Acetyl Triethyl Cit-

rate and Acetyl Tributyl Citrate (each in 3% acacia) was eval-
uated using Swiss albino mice (number not stated; weights be-
tween 16 and 20 g). All deaths that resulted from dosing with
Acetyl Triethyl Citrate occurred within the � rst hour after dos-
ing (LD50 D 1150 § 185 mg/kg). Death was attributed to cir-
culatory collapse and postictal depression (Meyers, Autian, and
Guess 1964).
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An acute IP LD50 of >4000 mg/kg was reported for Acetyl
Tributyl Citrate and the cause of death was the same. All deaths
did not occur within the � rst hour after dosing, and a 72-hour
observation period was required (Meyers, Autian, and Guess
1964). Behavioral studies on Acetyl Triethyl Citrate and Acetyl
Tributyl Citrate are summarized below.

Following the IP administration of graded doses of Acetyl
Triethyl Citrate (in 3% acacia) to Swiss albino mice (number
and weights not stated), doses slightly greater than 400 mg/kg
induced a very rapid loss of righting re� ex (without loss of con-
sciousness). The animals usually regained their posture within
15 minutes. A marked increase in respiratory rate and frequent
clonic convulsions also were observed (Meyers, Autian, and
Guess 1964). Rapid loss of righting re� ex (short duration) also
was observed in Wistar rats at IP doses of Acetyl Triethyl Cit-
rate slightly greater than 400 mg/kg. The number of animals as
well as animal weights were not indicated (Meyers, Autian, and
Guess 1964).

In the same study (same dosing procedure), Acetyl Tributyl
Citrate in 3% acacia failed to induce rapid loss of the righting
re� ex in mice, but did cause an increase in respiratory rate.
Frequently, the increase in respiratory rate was accompanied
by clonic convulsions. Writhing was also observed during the
� rst 10 minutes post injection. Similar effects were observed in
Wistar rats dosed intraperitoneally with Acetyl Tributyl Citrate
(Meyers, Autian, and Guess 1964).

Mortality was not observed in groups of mice or rats (males
and females) dosed intraperitoneally (10,000 mg/kg body
weight) with undiluted Acetyl Tributyl Citrate (Larionov and
Cherkasova 1998).

Acute Intravenous Toxicity
The stimulatory effects of Acetyl Triethyl Citrate and Acetyl

Tributyl Citrate noted in the preceding acute IP toxicity stud-
ies were con� rmed in experiments in which each chemical was
administered intravenously to rabbits (number and weights not
stated). Doses of 100 mg/kg caused marked increases in motor
activity and respiration (Meyers, Autian, and Guess 1964).

Short-Term Oral Toxicity
The short-term oral toxicity of Acetyl Triethyl Citrate and

Acetyl Tributyl Citrate was evaluated using rats and cats in a
series of experiments (Finklestein and Gold 1959). Study results
are summarized below.

The short-term oral toxicity of Acetyl Triethyl Citrate was
evaluated using groups of 21-day-old rats (males and females;
»8/group) with an average weight of approximately 85 g. It is
important to note that an epidemic of pneumonia within the rat
colony during the experiment resulted in a number of deaths in
control and test groups, thereby reducing the number to »5 rats
per group. Three groups were fed 0.5%, 1.0%, and 2.0%
Acetyl Triethyl Citrate in the diet, respectively, for 6 weeks.
In the early part of the experiment, the three diets (0.5%, 1.0%,

and 2.0%) represented an approximate daily consumption of 1,
2, and 4 g/kg, respectively. A fourth group was fed a control diet.
None of the three test concentrations of Acetyl Triethyl Citrate
had any effect on growth and the test substance did not induce
toxicity. Ingestion of Acetyl Triethyl Citrate also had no effect on
red blood cell count, white blood cell count, or differential blood
count. Complete blood counts were taken at the beginning of the
experiment and 4 and 8 weeks later (Finklestein and Gold 1959).

Acetyl Tributyl Citrate was fed to groups of four 21-day-old
rats (males and females; strain not stated) for 6 weeks. Two
groups were fed test substance concentrations of 5% and 10%,
respectively, for 6 weeks. A third group served as the control. No
deleterious effects on growth were noted following ingestion of
the 5% diet. Feeding of the 10% diet resulted in growth reduc-
tion, which could have resulted from the diarrhea (Finklestein
and Gold 1959). In a second feeding experiment using groups
of four rats (same dietary concentrations of Acetyl Tributyl Cit-
rate), complete blood counts were taken at the beginning of the
experiment and 4 and 8 weeks later. At the end of the 8-week
feeding period, the two groups of four animals were killed and
gross and microscopic examination of internal organs was per-
formed. Results indicated no conspicuous differences in red,
white, and differential blood counts between test and control
animals. No gross abnormalities were found in the thoracic or
abdominal organs. At microscopic examination, no signi� cant
differences were found in the tissues between control and test
animals (Finklestein and Gold 1959).

In another experiment, Acetyl Tributyl Citrate was adminis-
tered via stomach tube to � ve rats (weights not stated) at doses
ranging from 10 to 30 cc/kg. The animals were then observed
for changes in appearance and behavior over a period of 21 days.
Leakage of the test substance from the rectum was noted shortly
(exact time not stated) after dosing. Initially, the animals ap-
peared somewhat sluggish, but recovered promptly. No signs
suggestive of systemic toxicity were noted during the observa-
tion period (Finklestein and Gold 1959).

Acetyl Triethyl Citrate (0.55 cc/kg) was administered to six
cats (weights not stated) daily over a period of 2 months. Weak-
ness, ataxia, and depression were noted after the fourth or � fth
dose; however, all animals survived the 2-month treatment pe-
riod. Clear differences in the following results between test
and control animals were not demonstrated: weight, blood cell
counts, hemoglobin, blood sugar, blood nitrogen, and electro-
cardiogram. Abnormalities of the thoracic or abdominal organs
were not found at gross examination (Finklestein and Gold
1959).

In another experiment, Acetyl Tributyl Citrate was adminis-
tered daily (5 cc/kg via stomach tube) to two cats (weights not
stated) over a period of 2 months. Two additional cats served as
controls. No changes in appearance or behavior were reported
for treated animals; however, body weight was reduced by ap-
proximately 30%. The reduction in body weight could have been
related to diarrhea. No effects on urine, blood chemistry, or blood
cell counts were observed (Finklestein and Gold 1959).
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Short-Term Dermal Toxicity
The application of undiluted Acetyl Tributyl Citrate to the

skin of guinea pigs (number of animals and test procedure not
stated) did not induce pathological reactions. At the end of the
experiment, application of the test substance in fractions of 1/10
and 1/20 of the maximum 2,500 and 500 mg/kg dose and 1/10
and 1/20 of the threshold and permitted dose of 12,500 mg/kg
did not produce signi� cant effects. However, the periodic ap-
plication of Acetyl Tributyl Citrate (250 and 500 mg/kg doses)
during the experiment caused loss of body weight, a decrease in
cerebral perfusion pressure, and an increase in the liver weight
coef� cient. Details concerning the study results were not in-
cluded (Larionov and Cherkasova 1998).

Short-Term Intraperitoneal Toxicity
The short-term IP toxicity of Acetyl Triethyl Citrate and

Acetyl Tributyl Citrate (each in 3% acacia) was evaluated using
groups of 20 Swiss albino mice (weights D 16–20 g). Acetyl Tri-
ethyl Citrate (230 mg/kg) and Acetyl Tributyl Citrate (900 mg/
kg) were injected intraperitoneally daily for 14 days. The con-
trol group was dosed with 3% acacia according to the same
procedure. At the end of the study, two mice from each group
were killed and tissues prepared for microscopic examination.
Both chemicals reduced body weight gain (signi� cant within
95% con� dence limits at day 7). Reduction of body weight
gain was more pronounced after injection of Acetyl Tributyl
Citrate. Compared to controls, no signi� cant differences were
observed in the following parameters in mice dosed with Acetyl
Triethyl Citrate: erythrocyte counts, leucocyte counts, clotting
times, and hemoglobin concentration. However, Acetyl Trib-
utyl Citrate caused a signi� cant (95% con� dence) decrease in
the erythrocyte count and hemoglobin concentration. Patholog-
ical changes were not observed in the liver, lungs, or kidneys
(Meyers, Autian, and Guess 1964).

The remaining 18 mice in each of the three groups were in-
cluded in hexobarbital sleeping time experiments. No signi� cant
differences in sleeping time between test and control groups con-
� rmed the assumption that doses of Acetyl Triethyl Citrate or
Acetyl Tributyl Citrate over a period of 14 days did not impair
liver function (Meyers, Autian, and Guess 1964).

Based on the blood effects induced by Acetyl Tributyl Citrate
in this study, additional testing was done using albino rabbits.
Acetyl Tributyl Citrate was injected into two rabbits (IP dose D
450 mg/kg) daily for 14 days and into two other rabbits (IP
dose D 900 mg/kg) daily for 7 days. A decrease in red blood
cell count (ranging from 0.5 to 2.5 million) and a corresponding
decrease in hemoglobin concentration were noted in all animals.
Bone marrow smears indicated no evidence of aplastic anemia
(Meyers, Autian, and Guess 1964).

Subchronic Oral Toxicity
The subchronic oral toxicity of Acetyl Tributyl Citrate was

evaluated using three groups of male and female rats (number

of animals, weights, and strain not stated). The three groups
were fed 100, 300, and 1000 mg/kg body weight, respectively,
for 90 days. A fourth group served as the control. Isolated, sta-
tistically signi� cant differences between test and control groups
were noted. However, liver enlargement in rats (both sexes)of the
1000-mg/kg dose group and in male rats of the 300-mg/kg dose
group was the only treatment-related change that was considered
important. Liver enlargement was not accompanied by any evi-
dence of hepatic damage (i.e., biochemical or histopathological
changes), and was considered an adaptive response, rather than
a treatment-related toxicological effect (CTFA 1998a). Further-
more, based on the results of an oral feeding study (CTFA 1998a)
summarized in “Absorption, Metabolism, and Excretion,” the
liver enlargement was also considered a consequence of the in-
creased metabolic load that resulted from the rapid absorption
and metabolism of Acetyl Tributyl Citrate.

Chronic Oral Toxicity
Three groups of 1-month-old rats (Sherman strain, 20 rats/

group) were fed diets containing 200, 2000, and 20,000 ppm
Acetyl Tributyl Citrate, respectively, for 2 years. A fourth group
of 40 rats was fed a control diet. Necropsy was performed on
survivors of the 2-year study as well as animals that died spon-
taneously. Study results are summarized below (Soeler et al.
1998).

Compared to the control group, transient reduction of the
growth rate was noted in all three test groups during weeks 5
to 15 of the study; however, the difference was not statistically
signi� cant. The difference in mortality between test and control
groups also was not statistically signi� cant. Twelve test animals
and eight controls died spontaneously. Differences in behavior
between test and control animals were not observed and the
incidence of diarrhea in test animals was no greater than that
noted for controls. At necropsy, in� ammatory disease of the
lungs was the most frequent � nding. Pulmonary lesions ranged
from bronchitis to severe suppurative and infectious necrotizing
pneumonitis. Practically all rats (test and controls) had an appre-
ciable amount of passive congestion of the viscera; however, it
was assumed that these were agonal. The pathological � ndings
between test and control groups were not statistically signi� cant;
the endocrine organs were free of abnormalities. Information on
tumor incidence is included in “Carcinogenicity” later in the re-
port. It was concluded that Acetyl Tributyl Citrate did not induce
toxicity in the two-year study (Soeler et al. 1998).

Because transient depression of the growth rate was noted in
all three test groups during weeks 5 to 15 of the preceding study, a
second experiment was conducted using three additional groups
of rats. Two groups of rats (10/group) were fed diets contain-
ing 200 and 2000 ppm Acetyl Tributyl Citrate, respectively, for
1 year, and 20 rats served as controls. Reduction of the growth
rate was not observed in either of the two test groups. Additional
study results are summarized below (Soeler et al. 1998).

In another experiment in the same study, two dogs (»6 months
old)were fed a gelatin capsule containing Acetyl Tributyl Citrate
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(140 mg)daily for 2 years. Venous blood was drawn periodically
for hematological examination, and several urinalyses were also
performed. The animals were killed at the end of the 2-year study
and gross and microscopic examinations performed. No signif-
icant changes in the following hematological parameters were
found during the study: hemoglobin, hematocrit, sedimentation
rate, erythrocyte count, leucocyte count, and differential leu-
cocyte count. Platelet counts were also normal. Platelet counts
were not taken, but were studied using stained blood smears
that were made for differential white blood cell count deter-
minations. Urinalyses for protein and sugar were negative. At
microscopic examination of the urine sediment, no abnormali-
ties were found. Results of gross and microscopic examinations
were unremarkable. It was concluded that Acetyl Tributyl Cit-
rate did not induce toxicity in dogs in the 2-year study (Soeler
et al. 1998).

In another chronic study, the oral toxicity of Acetyl Trib-
utyl Citrate was evaluated using male and female mice and rats
(numbers, strain, ages, and weights not stated). The induction
of toxicity in animals (mice and rats) was achieved by intro-
ducing a milk solution of Acetyl Tributyl Citrate that was 1/10
and 1/20 of the acute reaction threshold (250 and 50 mg/kg,
respectively). Group 1 animals received 250 mg/kg doses and
group 2 animals received 50 mg/kg doses over a 1-year period.
Group 3 animals served as controls. (During the ninth month
of the study, the animals (rats and mice) were cross mated and
a new generation of animals bred. The reproductive toxicity of
Acetyl Tributyl Citrate was then evaluated. The results of this
evaluation are summarized “Reproductive and Developmental
Toxicity” later in this report.) The following dynamic factors of
the animals were studied: behavior and body weight, CPP (cere-
bral perfusion pressure) and CDA (acronym not de� ned) activ-
ity, morphological composition of the blood, content of blood
sulphydryl groups, catalytic activity, activity of cholinesterases,
and blood peroxidases. At the conclusion of the experiment,
secretory functions of the liver, and the weight coef� cient of
the organs and their pathomorphological changes were stud-
ied. Results of the 1-year chronic study are summarized below
(Larionov and Cherkasova 1998).

Changes in the dynamic factors studied were reported for
rats and mice in 250-mg/kg dose groups. However, toward the
end of the study, practically none of the factors studied in test
animals differed substantially from those of control animals. The
researchers stated that these changes attest to the compensatory-
adaptive reaction of rats to the effects of oral dosing with Acetyl
Tributyl Citrate. Dosing with 50 mg/kg Acetyl Tributyl Citrate
did not cause any changes in the parameters studied (Larionov
and Cherkasova 1998).

Ocular Irritation
Acetyl Triethyl Citrate

The ocular irritation potential of Acetyl Triethyl Citrate was
evaluated using three male albino rabbits. The test substance

(0.1 ml)was instilled into the left conjunctival sac of each animal.
Contralateral eyes served as controls. Reactions were scored at
20 miniutes and 3, 5, 24, 48, and 72 hours post instillation. Tran-
sient erythema (slight to moderate) of the palpebral conjunctivae
was observed in two of the three rabbits. After 24 hours, the ery-
thema was described as negligible (CTFA 1998b).

Acetyl Tributyl Citrate
The ocular irritation potential of Acetyl Tributyl Citrate was

also evaluated according to the procedure in the preceding para-
graph. Moderate erythema was observed in two of the three rab-
bits within 20 minutes post instillation. The erythema persisted
to 3 hours post instillation and subsided in one of the rabbits
after 5 hours. At 24 hours, the moderate erythema observed in
one rabbit was slightly increased, whereas the other two rabbits
were classi� ed as negative for ocular irritation. All eyes were
essentially negative at 48 and 72 hours post instillation (CTFA
1998b).

No in� ammation was observed after a single drop of Acetyl
Tributyl Citrate was instilled into the conjunctival sac of one
rabbit (Larionov and Cherkasova 1998).

Acetyl Trihexyl Citrate
The ocular irritation potential of undiluted Acetyl Trihexyl

Citrate was evaluated using six female albino rabbits. The test
substance (0.1 ml) was instilled into the conjunctival sac of the
left eye of each animal; eyes were not rinsed. Reactions were
scored up to 7 days post instillation. Slight reddening of the
palpebral conjunctivae was noted in four of six rabbits within
21=3 to 51=2 hours post instillation. In three of the rabbits with
reactions, the slight reddening persisted through 24 hours, but
had cleared by 48 hours. According to the investigators, a pos-
itive ocular irritation reaction was not observed in any of the
rabbits tested. Furthermore, none of the following changes was
observed: chemosis, discharge, iritis, or corneal opacity or de-
nudation. Acetyl Triethyl Citrate was not an ocular irritant. All
animals were alert and active throughout the study. Feed con-
sumption and body weight gain were normal. At necropsy on
day 7, no pathological changes were observed in any of the an-
imals (CTFA 1982a).

Skin Irritation
Acetyl Triethyl Citrate

The skin irritation potential of Acetyl Triethyl Citrate was
evaluated using three male albino rabbits. The test substance
(1 cc/kg body weight) was inuncted onto intact abdominal skin
that had been clipped free of hair. This procedure was repeated
daily for 4 days. The animals were observed daily for up to
36 hours after the last application. Acetyl Triethyl Citrate did
not induce skin irritation in any of the three rabbits tested (CTFA
1998b). In another experiment (same procedure), Acetyl Tri-
butyl Citrate did not induce skin irritation in three additional
rabbits (CTFA 1998b).
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In another study, AcetylTriethylCitrate (1 cc/kg body weight)
was inuncted onto intact abdominal skin of each of three male
albino rabbits for a total of 18 applications (6 days/week). The
animals were then observed over a period of 2 weeks. Body
weights were normal throughout the study. Skin irritation was
not observed in any of the animals (CTFA 1998b). In a second
experiment (same procedure), Acetyl Tributyl Citrate did not
induce skin irritation in three additional rabbits. Body weights
also remained normal throughout the study (CTFA 1998b).

When the preceding experimental procedure was repeated
using four male albino rabbits with abraded abdominal skin,
neither Acetyl Triethyl Citrate nor Acetyl Tributyl Citrate in-
duced skin irritation (CTFA 1998b).

Acetyl Trihexyl Citrate
AcetylTrihexyl Citrate induced skin irritation in rabbits tested

in the acute dermal toxicity study summarized is “Acute Dermal
Toxicity.” In the study, 10 albino rabbits were divided equally
into two groups (intact and abraded test sites, respectively) and
a single dose (2 g/kg) of undiluted test substance was applied
topically to each animal. Sites were then covered with an oc-
clusive dressing for 24 hours. No skin changes were apparent
after removal of the occlusive dressing at 24 hours. However, by
day 2, very slight erythema (score D 1) was noted in two animals
(abraded sites). By day 3, the erythema had subsided completely
in one animal, but persisted to the end of day 10 in the other. Ap-
parently, the persistence of erythema to day 10 was not related to
Acetyl Trihexyl Citrate application. Edema was not observed at
abraded sites, and neither erythema nor edema was observed at
intact test sites. Very slight to slight desquamation of the epider-
mis was observed in � ve rabbits (three abraded skin, two intact
skin). Desquamation was � rst observed at abraded sites on day
5 or 6 and had cleared by day 10. At intact sites, desquamation
was observed on day 6 or 7 only (CTFA 1982a).

In another experiment, the skin irritation potential of undi-
luted Acetyl Trihexyl Citrate was evaluated using six albino rab-
bits (three males, three females). Two occlusive patches, each
containing 0.5 ml of test material, were applied to one abraded
and one intact site per animal, respectively. The patches, se-
cured with an occlusive dressing, remained in contact with the
skin for 24 hours, and the animals were observed over a period
of 7 days after patch removal. Erythema (very slight to barely
perceptible, intact and abraded sites) was observed in one rabbit
at 24, 48, and 72 hours post application and only at 48 hours in
a second rabbit (intact and abraded site) and third rabbit (intact
site only). Reactions had cleared by 96 hours in the � rst rabbit,
and by 72 hours in the second and third rabbits. Edema was
not observed in any of the three rabbits. Very slight to slight
desquamation of the epidermis was observed at 6 to 7 of the
12 application sites (including 2 intact and 2 abraded sites in
which erythema had not been observed previously). A primary
irritation score of 0.17 was reported, indicating that Acetyl Tri-
hexyl Citrate caused negligible skin irritation and was not a

primary irritant. Throughout the study, all rabbits were alert and
active and feed consumption and weight gain were normal. At
necropsy at the end of the 7-day observation period, no patho-
logical changes were found (CTFA 1982a).

Skin Irritation and Sensitization
Acetyl Triethyl Citrate and Acetyl Tributyl Citrate

The skin sensitization potential of Acetyl Triethyl Citrate was
evaluated using 18 guinea pigs (10 test, 4 treated controls, and
4 untreated controls; strain not stated) according to a modi� ca-
tion of the Magnusson and Kligman guinea pig maximization
test. The six, 0.1-ml induction injections made in the shoulder
region (2 £ 4 cm) of each of the 10 test animals were de� ned
as follows: two injections of 2.5% Acetyl Triethyl Citrate in
0.01% Dobs/Saline (0.01% dodecyl benzene sulfonate in phys-
iological saline); two injections of 2.5% Acetyl Triethyl Citrate
in 50% complete Freund’s adjuvant (CFA); and two injections
of 50% CFA in saline. At day 7 after the last injection, an induc-
tion patch (� lter paper occluded with Blenderm and held in place
with Poroplast) saturated with 100% Acetyl Triethyl Citrate was
maintained in contact with the injection site for 48 hours. The
challenge phase was initiated 14 days after application of the
induction patch. An occlusive challenge patch containing 50%
Acetyl Triethyl Citrate in absolute ethanol was applied to the
� ank. The challenge patch consisted of � lter paper, saturated
with the test solution, in a patch test cup. The cup was main-
tained in contact with the skin with Peroplast (wound around the
trunk) for 24 hours. Reactions were scored at 24 and 48 hours
post removal according to the following scale: 0 (no reaction) to
CCC (intense erythema [deeppink] andedema). Reactions were
considered positive only if they were C or greater and if skin
irritation was not observed in control animals. The four treated
controls consisted of four guinea pigs that were tested according
to the preceding study protocol, with the exception that Acetyl
Triethyl Citrate was omitted only from the intradermal and cov-
ered patch induction procedures. The untreated control group
consisted of four previously untreated animals that were chal-
lenged with Acetyl Triethyl Citrate according to the procedure
described earlier. Maximization test results are summarized be-
low after the results for the preliminary dose range–� nding study
(Unilever Limited 1976).

In the preceding study, the 2.5% test concentration for in-
tradermal injection was selected based on the results of an in-
tradermal injection, preliminary irritation test using four male
guinea pigs. Test concentrations ranged from 0.05% to 1.25%
in 0.01% Dobs/Saline. The lowest concentration tested (0.05%)
induced faint, pink erythema in two animals and pale, pink ery-
thema in the remaining two. Faint, pink erythema was observed
in all four animals (edema in one animal) injected with the 1.0%
concentration, and the 1.25% concentration was classi� ed as
a slight irritant (individual reactions not included). The patch
test concentrations for induction (100% Acetyl Triethyl Cit-
rate) and challenge (50% Acetyl Triethyl Citrate) phases were
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selected based on the results of a covered patch, preliminary
irritation test using four additional male guinea pigs. Reactions
were scored at 24 and 48 hours after patch removal. At 24 hours,
the 50% concentration induced scattered, mild (faint pink) ery-
thema in one animal and the 75% concentration induced the
same reaction in three animals. Reactions were not observed at
48 hours. Acetyl Triethyl Citrate (25%)did not cause irritation at
24 or 48 hours. Maximization test results are summarized below
(Unilever Limited 1976).

At 24 and 48 hours post removal, challenge reactions of
CC or CCC to 50% Acetyl Triethyl Citrate predominated in 9
(5 males, 4 females) of the 10 guinea pigs tested. Only one
animal had a C reaction (24-hour reading). No reaction was
observed in the remaining male guinea pig at 24 or 48 hours.
Reactions also were not observed in treated or untreated control
groups. The results of a second challenge to evaluate the po-
tential cross-reactivity of Acetyl Triethyl Citrate with Triethyl
Citrate or Acetyl Tributyl Citrate indicated that Acetyl Triethyl
Citrate cross-reacts with Triethyl Citrate, but that there is very
little cross-reactivity of Acetyl Triethyl Citrate with Acetyl Trib-
utyl Citrate. It is important to note that all 10 guinea pigs had
sensitization reactions to Acetyl Triethyl Citrate at the second
challenge and that, compared to the � rst challenge, the reac-
tions were comparable in severity. Similar results were reported
for nine guinea pigs tested with Triethyl Citrate according to
the same procedure. Acetyl Triethyl Citrate and Triethyl Citrate
were classi� ed as strong sensitizers and were not considered
suitable for use in products that are applied to the skin or come
in contact with the skin during normal use (Unilever Limited
1976). The skin irritation/sensitization potential of Acetyl Trib-
utyl Citrate was also tested according to the same test procedures.
Study results are summarized below.

In the preliminary irritation test, the lowest test concentra-
tion of intradermally injected Acetyl Tributyl Citrate (0.05%)
induced faint, pink or pale, pink edema in two guinea pigs and
faint pink erythema with edema in the remaining two. Acetyl
Tributyl Citrate (1%) induced pale, pink erythema with edema
in three guinea pigs and faint, pink erythema with edema in
one, and 1.25% Acetyl Tributyl Citrate was classi� ed as not
very irritating to the skin (individual reactions not included). In
the covered patch preliminary irritation test, 100% Acetyl Trib-
utyl Citrate induced barely perceptible erythema in one of four
guinea pigs at 24 and 48 hours after patch removal. Reactions
were not observed at lower test concentrations. Maximization
test results for Acetyl Tributyl Citrate are summarized below
(Unilever Limited 1976).

Acetyl Tributyl Citrate (50%) induced barely perceptible ery-
thema at 24 and 48 hours after patch removal (one male guinea
pig), barely perceptible erythema at 24 hours and scattered, mild
erythema at 48 hours (one female guinea pig), and barely per-
ceptible erythema at 48 hours (one female guinea pig). Similar
reactions were observed following a second challenge. Reac-
tions were not observed in treated or untreated control groups.
The results of a third challenge to evaluate the potential cross-

reactivity of Acetyl Tributyl Citrate with Acetyl Triethyl Cit-
rate or Triethtyl Citrate indicated that Acetyl Tributyl Citrate
did not cross-react with Acetyl Triethyl Citrate or Triethyl Cit-
rate. Acetyl Tributyl Citrate was classi� ed as a nonsensitizer
(Unilever Limited 1976).

Neurotoxicity
Acetyl Triethyl Citrate and Acetyl Tributyl Citrate (both in

3% acacia, applied to sciatic nerve) induced complete, reversible
sciatic nerve block during electrical stimulation of the sciatic
nerve–anterior tibialis muscle in white rats. Complete block-
age of the contralateral re� ex was also demonstrated (Meyers,
Autian, and Guess 1964). These experiments were conducted
to identify effects on neuromuscular transmission, because neu-
rological effects were reported in behavioral studies on both
chemicals (see “Acute Intraperitoneal Toxicity”).

Three drops of a 5% suspension of Acetyl Triethyl Citrate in
a 3% gum acacia medium were instilled into the conjunctival
sac of the eye of a rabbit. Corneal re� ex action was temporarily
abolished (local anesthetic effect). Similar results were reported
following the instillation of Acetyl Tributyl Citrate according
to the same procedure; however, duration of the blockage was
longer (Meyers, Autian, and Guess 1964).

Cytotoxicity
The in vitro cytotoxicity of Acetyl Triethyl Citrate and Acetyl

Tributyl Citrate in HeLa cell cultures (human cancer cell line)
was evaluated using the metabolic inhibition test, supplemented
by microscopy of cells after 24 hours of incubation (the MIT-24
test system) (Ekwall 1980). Suspension cultures (in cups) con-
taining the test substance were sealed with liquid paraf� n and
plates incubated for 7 days. After 24 hours, cell viability was de-
termined by microscopy. Two endpoints of cytoinhibition (total
and partial inhibition) were estimated after 24 hours, based on
the absence or scarcity of spindle-shaped cells, and, after 7 days,
based on the different degrees of basic pH change of the phenol
red included in the cell medium. Cultures with 100% round cells
were considered totally inhibited. Cultures with fewer fusiform
cells, compared to normal reference cultures, were considered
partially inhibited. Study results are summarized below.

Minimal inhibitory concentrations of Acetyl Triethyl Citrate
were as follows: 4.9 mg/ml (for total inhibition at 24 hours),
2.2 mg/ml (for partial inhibition at 24 hours), and 4.9 mg/ml (for
total and partial inhibition at 7 days). The following values for
minimal inhibitory concentration were reported for Acetyl Trib-
utyl Citrate: 13 mg/ml (for total inhibition at 24 hours), 3.8 mg/
ml (for partial inhibition at 24 hours), and 5.7 mg/ml (for to-
tal and partial inhibition at 7 days). Acetyl Triethyl Citrate and
Acetyl Tributyl Citrate induced little toxicity in HeLa cell cul-
tures (Ekwall, Nordenstein, and Albanus 1982).

In another study, the in vitro cytotoxicity of Acetyl Trib-
utyl Citrate (in ethyl alcohol) was evaluated using human KB
cells (human epidermoid carcinoma cells), monkey Vero cells
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(monkey kidney cell line), and dog MDCK cells (dog kidney cell
line). Cultures were exposed to the test substance for 72 hours.
The ID50 (50% inhibitory dose to growth of cells) served as the
index of toxicity. Compared to controls, a dose-dependent de-
crease in growth was noted for all three cell types. ID50

values were as follows: 44.7 § 2.99 ¹g/ml (KB cells), 39.9 §
2.02 ¹g/ml (Vero cells), and 42.1 § 2.02 ¹g/ml (dog MDCK
cells) (Mochida, Gomyoda, and Fujita 1996).

Cardiovascular Effects
The intravenous administration of Acetyl Triethyl Citrate and

Acetyl Tributyl Citrate to cats and rabbits induced a dose-related
decrease in blood pressure. Both chemicals caused complete loss
of blood pressure when administered at toxic doses. The results
of experiments conducted on the isolated rabbit heart indicated
that this effect on blood pressure was due to cardiac inhibition
(Meyers, Autian, and Guess 1964). These experiments were con-
ducted to investigate the suspicion of cardiovascular collapse in
acute intraperitoneal toxicity experiments summarized earlier
(see “Acute Intraperitoneal Toxicity”).

Effects on Smooth Muscle
Acetyl Tributyl Citrate had a signi� cant, characteristic effect

on the isolated guinea pig ileum, characterized by rapid contrac-
tions and relaxations. The magnitude of the spasms induced was
concentration dependent at test concentrations ranging from 1
to 13.3 ¹g/ml. Test concentrations were added to the tissue bath
for 5 minutes at 8-minute intervals. Contractions were not re-
duced when Acetyl Tributyl Citrate (8 ¹g/ml) remained in the
tissue bath for 30 minutes. The addition of tetrodotoxin, selec-
tive blocker of nerve-mediated responses, had no effect on the
induction of spasms; however, contractions elicited by transmu-
ral electrical stimulation of the ileum were abolished in the pres-
ence of tetrodotoxin. Thus, the muscle spasms probably resulted
from a direct effect of Acetyl Tributyl Citrate on smooth muscle,
and were not induced via a neuronal mechanism (Hollingsworth
1975).

Acetyl Tributyl Citrate did not induce spasms in longitudinal
smooth strips of human small intestine and colon at test concen-
trations of 1 to 13.3 ¹g/ml (Hollingsworth 1975).

GENOTOXICITY
Acetyl Tributyl Citrate

The mutagenicity of Acetyl Tributyl Citrate was evaluated
using the Ames test (Ames, McCann, and Yamasaki 1975) and
the following Salmonella typhimurium strains: TA98, TA100,
TA1535, TA1537, and TA1538. Acetyl Tributyl Citrate
(29.71 mg/3 ml dimethylsulfoxide) solutions containing 9, 50,
99, and 495 ¹g were tested on all strains without metabolic
activation. Nitro� uorene served as the positive control. If the
number of induced revertants, compared to the spontaneous re-
version rate of a particular strain, was less than twofold, then

the response was classi� ed as negative. Acetyl Tributyl Citrate
was not mutagenic in any of the strains tested with or without
metabolic activation. The positive control was mutagenic (Heath
and Reilly 1981).

In another study, the mutagenicity of Acetyl Tributyl Cit-
rate (in DMSO) was evaluated using the same Salmonella ty-
phimurium strains indicated in the preceding study, TA98, TA
100, TA 1535, TA 1537, and TA 1538. Acetyl Tributyl Citrate
was tested in the standard plate test at concentrations of 333
to 10,000 ¹g/plate with and without metabolic activation. Two
different metabolic activation assays (rat liver S-9, hamster liver
S-9) were used per strain tested. Acetyl Tributyl Citrate was not
mutagenic to any strain tested with or without metabolic acti-
vation (Chemical Carcinogenesis Research Information System
[CCRIS] 1998).

The mutagenicity of Acetyl Tributyl Citrate was evaluated
using the L5178Y (TKC/TK¡) mouse lymphoma suspension/
plate assay. Acetyl Tributyl Citrate, in DMSO, was tested at con-
centrations of 10 to 230 ¹g/ml (without metabolic activation)
and 200 to 480 ¹g/ml (with metabolic activation). The test sub-
stance was not mutagenic with or without metabolic activation
(CCRIS 1998).

Acetyl Trihexyl Citrate
The mutagenicity of Acetyl Trihexyl Citrate was evaluated in

the Ames test using S. typhimurium strains TA1537, TA98, and
TA100. Acetyl Trihexyl Citrate was tested (without metabolic
activation) at concentrations ranging from 0.02 to 10 mg/plate.
The average number of colonies per plate in test cultures was
compared with the average number of spontaneous revertant
colonies per control plate. A positive response was de� ned as a
threefold increase over the control value. Sodium nitrite,
9-aminoacridine, and 2-nitro� uorene served as positive con-
trols. Acetyl Trihexyl Citrate did not induce signi� cant muta-
genic activity in any of the three bacterial strains tested with-
out metabolic activation. The positive controls were mutagenic
(CTFA 1982b).

The mutagenicity of Acetyl Trihexyl Citrate (without
metabolic activation) was also evaluated in the Ames test us-
ing the following S. typhimurium strains: TA 1535, TA 1537,
TA 98, and TA100. Assays were conducted using compound
control, metabolic activation, and metabolic activation control
plates. Mouse and rat liver S-9 fractions were used in two sepa-
rate experiments, respectively. Metabolic activation plates were
identical to metabolic activation control plates, except for the
inclusion of NADP. Acetyl Trihexyl Citrate was tested at con-
centrations ranging from 0.02 to 2 mg/plate. A positive response
in the presence of metabolic activation was de� ned as a dose-
related, reproducible threefold increase in the average number of
revertant colonies on activation plates, compared to their respec-
tive activation control plates. Positive controls were as follows:
sodium nitrite, 9-aminoacridine, 2-nitro� uorene, nitrofurantoin,
and 2-anthramine. Acetyl Trihexyl Citrate was not mutagenic to
any of the four bacterial strains tested with metabolic activation



ACETYL TRIETHYL, -BUTYL, -HEXYL, -OCTYL CITRATE 13

(rat or mouse liver S-9 fractions). The positive controls were
mutagenic (CTFA 1982b).

The presence of mutagenic excretory products resulting from
the oral administration of Acetyl Trihexyl Citrate was evalu-
ated. The test substance was administered orally to two sets of
groups of 14 male HaM/ICR mice (weights D 31–42 g) in doses
of 50, 500, and 1000 mg/kg. The animals were maintained in
metabolic cages for 18 hours post dosing. Positive controls were
as follows: sodium nitrate, 9-aminoacridine, 2-nitro� uorene, and
nitrofurantoin. The mutagenicity of pooled urine samples from
each group was then assayed using the following S. typhimurium
strains: TA1535, TA1537, TA98, and TA100. Compared to con-
trols, Acetyl Trihexyl Citrate did not cause signi� cant increases
in the number of revertant colonies per plate. The positive con-
trols were mutagenic (CTFA 1982b).

The in vitro mutagenicity of Acetyl Trihexyl Citrate was
tested in the L5178Y/TK gene mutation assay. Three experi-
mental trials were included. Acetyl Trihexyl Citrate was tested
at concentrations ranging from 6 to 45 ¹g/ml (with and with-
out metabolic activation) using suspensions of L5178Y/TKC/¡
mouse lymphoma cells with and without metabolic activation.
Test and control cell cultures were plated with and without tri-
� urothymidine and incubated for 7 to 12 days. Mutation to the
TK¡/¡ or thymidine kinase–de� cient state confers stable resis-
tance to tri� uorothymidine (irreversible inhibitor of thymidylate
synthetase when phosphorylated). In the � rst experimental trial
(without metabolic activation), Acetyl Trihexyl Citrate was not
mutagenic. No conclusion on mutagenicity in the second trial
(with metabolic activation) was reached due to the lack of suf� -
cient toxicity. In the third trial (with metabolic activation), Acetyl
Triethyl Citrate was not mutagenic. The positive controls (ethyl
methanesulfonate and 3-methylcholanthrene) were mutagenic
(CTFA 1982b).

Cytogenetic assays (in vivo and in vitro) were also used to
evaluate the genotoxicity of Acetyl Trihexyl Citrate. In
in vivo experiments, groups of � ve CD-1 mice (6 to 8 weeks old;
weights D 30–40 g) received single oral doses of Acetyl Trihexyl
Citrate (1000 mg/kg) in distilled water and were killed at 6, 12,
or 24 hours post dosing. An additional � ve mice received daily
doses of 500 mg/kg/day for 5 days and were killed 6 hours af-
ter administration of the last dose. All animals were dosed with
colchicine 2 hours before they were killed. Bone marrow cel-
lular suspensions were prepared, and 50 metaphase � gures per
mouse were examined for chromosome damage. The results of
in vivo experiments indicated no evidence of test substance–

induced chromosome breakage over that observed in control
cellular suspensions (CTFA 1982b).

In in vitro experiments from the preceding study, cultured
human lymphocytes from normal subjects were used to deter-
mine the potential of Acetyl Trihexyl Citrate to induce chro-
mosome damage. The test substance was added to cultures at
concentrations of 10, 100, and 1000 ¹g/ml of culture medium,
respectively. Fifty metaphase � gures from each culture were ex-
amined for structural aberrations. Additionally, the frequency

of mitosis in each culture was determined using 100-cell sam-
ples. At test concentrations of 1000 ¹g/ml and below, no sta-
tistically signi� cant differences in chromosome breakage were
found between test cultures and concurrent or historical con-
trols. Furthermore, the observed variation in mitotic frequency
was within the range normally reported for the test system that
was used (CTFA 1982b).

CARCINOGENICITY
In a 2-year, chronic oral toxicity study, three groups of

1-month-old rats (Sherman strain, 20 rats/group) were fed diets
containing 200, 2000, and 20,000 ppm Acetyl Tributyl Citrate,
respectively, for 2 years. A fourth group of 40 rats was fed a
control diet. Necropsy was performed on survivors of the 2-year
study as well as animals that died spontaneously. Lymphomas
were observed in 3 of the 60 rats fed Acetyl Tributyl Citrate,
whereas, 4 of the 40 control rats had lymphomas (Soeler et al.
1998).

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY
Test results from a 2-year chronic oral toxicity study by

Larionov and Cherkasova (1998) (see “Chronic Oral Toxicity”)
that relate to the reproductive and developmental toxicity of
Acetyl Tributyl Citrate are summarized in this section. Group 1
mice and rats received oral doses of 250 mg/kg and group 2 mice
and rats received oral doses of 50 mg/kg. During the ninth month
of the 1-year study, animals of each group were cross-mated and
a new generation of animals bred. The reproductive toxicity of
Acetyl Tributyl Citrate was then evaluated. Acetyl Tributyl Cit-
rate did not cause any signi� cant effects on male gonads in mice
or rats of either treatment group. Additional study results are
summarized below (Larionov and Cherkasova 1998).

In group 1 rats and mice (250 mg/kg oral doses), the sper-
matogenesis index was equal to 2.92 (range D 2:83–3.01). A
spermatogenic index of 3.38 (range D 2:38–4.38) was reported
for control animals. Study results also indicated a difference in
desquamatosed spermatogenic epithelium between group 1 an-
imals (24.6; range D 22:2–26.6) and controls (11.25; range D
7.74–14.56). These values were based on measurements per
100 tubules (Larionov and Cherkasova 1998).

Early and late embryonic death served as indicators of em-
bryotoxicity. These indicators were determined by calculating
the numbers of yellow bodies, places of implantation, and the
number of normal, resorptive, and deformed tissues. The length
of newborns and the size and weight of the placenta were also
determined. Doses of 250 mg/kg Acetyl Tributyl Citrate caused
increases in body weight, size of progeny, and weight of the
placenta. Experimental progeny weighed 1.4 g (range D 1:3–

1.5 g) and were 24 mm (range D 23:2–24.8 mm) in length.
Control progeny weighed 0.89 g (range D 0:80–0.98 g) and
were 18 mm (range D 17:5–18.5 mm) in length (Larionov and
Cherkasova 1998).
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Differences in the fertility rate and the number of animals
born per pregnant female (rats and mice) were not noted when
test (mice and rats, both treatment groups) and control groups
were compared. Additionally, no difference in physiological
development of the progeny was noted between test and con-
trol groups of mice and rats (both treatment groups). For mice
and rats dosed orally with Acetyl Tributyl Citrate, it was con-
cluded that the test substance did not cause signi� cant effects
on male sexual cells, did not induce embryotoxicity, and did not
affect the growth and development of the progeny (Larionov and
Cherkasova 1998).

CLINICAL ASSESSMENT OF SAFETY

Skin Irritation and Sensitization
The skin irritation potential of Acetyl Triethyl Citrate and

Acetyl Tributyl Citrate was evaluated using 59 men and women
(age range D 21–60 years), all of whom had no history of di-
abetes, psoriasis, or active dermatoses. Two of the original 61
subjects withdrew from the study for personal reasons. Occlu-
sive patches (one per test substance)moistened with 0.4 ml of the
test solution were applied to the upper arms of each subject on
Mondays, Wednesdays, and Fridays for 3 consecutive weeks.
Each patch was removed at 24 hours post application. Induc-
tion reactions were scored prior to patch applications (second
through ninth visits) and at the time of the tenth visit. Duplicate
challenge applications of each test material were made after a
2-week nontreatment period. For each test substance, one chal-
lenge patch was applied to the original test site, and, another,
to an adjacent site. Challenge reactions were scored at 48 and
96 hours post application. Both Acetyl Triethyl Citrate and
Acetyl Tributyl Citrate were nonirritating to the skin, and re-
actions suggestive of contact sensitization were not observed
during the study (Hill Top Research 1978).

SUMMARY
The safety of the following aliphatic esters in cosmetics is

reviewed in this report: Acetyl Triethyl Citrate, Acetyl Tributyl
Citrate, Acetyl Trihexyl Citrate, and Acetyl Trioctyl Citrate. The
available information on methods of production indicates that
Acetyl Triethyl Citrate is produced via the reaction of citric
acid triethyl ester with acetic anhydride and that Acetyl Tributyl
Citrate is produced via the reaction of tri-n-butyl citrate with
acetic anhydride. Collectively, the purity of Acetyl Triethyl Cit-
rate, Acetyl Tributyl Citrate, and Acetyl Trihexyl Citrate ranges
from 97% to 99%, with impurities (such as heavy metals and
volatiles) accounting for a minor proportion of the composition
of each. In an impurities analysis of deuterated [2H4] Acetyl
Tributyl Citrate, small amounts of tributyl citrate and tributyl-
propene 1,2,3-tricarboxylate were detected. It is important to
note that, in this analysis, the production process yielded [2H4]
Acetyl Tributyl Citrate that was only 79% pure.

The four ingredients included in this review all function as
plasticizers in cosmetics. Acetyl Trihexyl Citrate and Acetyl
Trioctyl Citrate also function as skin-conditioning agents—
emollients. Frequency of use data submitted to FDA in 1998
indicated use of Acetyl Triethyl Citrate and Acetyl Tributyl Cit-
rate in 9 and 27 cosmetic products (mostly nail products), respec-
tively. No uses were reported for the remaining two ingredients.
Concentration of use data submitted to the CTFA in 1999 indi-
cate that Acetyl Triethyl Citrate and Acetyl Tributyl Citrate are
used in nail products at concentrations up to 7% and that Acetyl
Tributyl Citrate is used in eye area products at concentrations
up to 3%.

The following metabolites were identi� ed after oral admin-
istration of a single dose of Acetyl Tributyl Citrate to male
rats: acetyl citrate, monobutyl citrate, acetyl monobutyl citrate,
dibutyl citrate, and acetyl dibutyl citrate. At 48 hours post dosing,
approximately 99% of the administered dose had been excreted
either in the urine, feces, or expired air. In an in vitro study,
the hydrolysis of Acetyl Trihexyl Citrate to hexanol and acetyl
diethyl citrate was demonstrated. Citric acid has been identi� ed
as the theoretical hydrolysis product of Acetyl Tributyl Citrate.

Percutaneous absorption data on the ingredients included in
this review were not identi� ed in the published literature.

The acute oral LD50 for Acetyl Triethyl Citrate in cats and
rats was approximately 7 cc/kg (doses administered D 5–15 cc/
kg). In another acute oral toxicity study, Acetyl Triethyl Cit-
rate caused progressive lowering of blood pressure (resulting in
shock) and a progressive decrease in the heart rate, but no effect
on neuromuscular transmission.

In mice or rats, the acute oral LD50 for Acetyl Tributyl Citrate
was greater than 25 g/kg. In another experiment, single oral
doses of up to 30 cc/kg did not cause death in rats. The oral
dosing of cats with single doses of Acetyl Tributyl Citrate (30 to
50 cc/kg) did not cause systemic toxicity or any hematological
effects.

The acute dermal LD50 for Acetyl Trihexyl Citrate in albino
rabbits was >2 g/kg. None of the animals died and there was
no evidence of systemic toxicity. In a parenteral toxicity study
using albino mice, the acute IP LD50 for Acetyl Triethyl Citrate
and Acetyl Tributyl Citrate (both in 3% acacia) were 1150 mg/kg
and >4000 mg/kg, respectively. Both ingredients (in 3% acacia)
caused an increase in respiratory rate and clonic convulsions.
Increased respiration was also noted in rabbits, following acute
intravenous exposure to Acetyl Triethyl Citrate (100 mg/kg) and
Acetyl Tributyl Citrate (100 mg/kg).

Acetyl Triethyl Citrate did not induce toxicity or have any
effect on growth in groups of rats fed dietary concentrations
of up to 2.0% for 6 weeks. Additionally, no effect on red or
white blood cell count was noted. Similar results were reported
for groups of rats fed 5% and 10% Acetyl Tributyl Citrate for
6 weeks. At necropsy and microscopic examination of internal
organs, no test substance–related toxic effects were observed. In
another experiment, oral doses of Acetyl Tributyl Citrate (10 to
30 cc/kg) did not induce systemic toxicity in rats.
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None of the six cats dosed orally with Acetyl Triethyl Cit-
rate daily (5 cc/day) for 2 months died. No differences in body
weight, hematological test results, or electrocardiograms were
found between test and control groups. Following oral admin-
istration of Acetyl Tributyl Citrate to two cats for 2 months
(5 cc/kg/day), no differences in hematological test results or
urine samples were observed between test and control groups.
The reduction in body weight was attributed to diarrhea.

The application of pure Acetyl Tributyl Citrate to the skin of
guinea pigs did not result in anypathological reactions. However,
the periodic introduction of Acetyl Tributyl Citrate at doses of
250 and 500 mg/kg during the experiment caused what was
described as “authenticated deviation in the increase of body
weight, a decrease in cerebral perfusionpressure, and an increase
in the weight coef� cient of the liver.”

The short-term (14 days) IP toxicity of Acetyl Triethyl Citrate
(230 mg/kg/day) and Acetyl Tributyl Citrate (900 mg/kg/day) in
3% acacia was evaluated using groups of 20 Swiss albino mice.
Compared to controls, Acetyl Triethyl Citrate did not cause any
signi� cant hematological effects. Acetyl Tributyl Citrate caused
a signi� cant decrease in the erythrocyte count and hemoglobin
concentration. Microscopic changes were not observed in the
liver, lungs, or kidneys. A decrease in erythrocyte count and
hemoglobin concentration was also noted after IP administration
of Acetyl Tributyl Citrate to four albino rabbits for 14 days. Two
rabbits received 450 mg/kg/day and the remaining two rabbits
received daily doses of 900 mg/kg daily. However, based on
study of bone marrow smears, no indication of aplastic anemia
was found.

Liver enlargement was noted in rats dosed with Acetyl Trib-
utyl Citrate in a subchronic (90 days) oral toxicity study. Neither
biochemical nor histopathological changes indicative of liver
damage were observed. Thus, liver enlargement was consid-
ered an adaptive change, rather than an Acetyl Tributyl Citrate–

induced toxicological effect. It is important to note that, based
on the results of a metabolism study (oral feeding study) of
Acetyl Tributyl Citrate, the liver enlargement observed in the
subchronic study was considered a consequence of the increased
metabolic load that resulted from the rapid absorption and
metabolism of Acetyl Tributyl Citrate.

In a 2-year chronic oral toxicity study, in� ammatory disease
of the lungs (not statistically signi� cant) was the most common
� nding in groups of rats fed diets containing up to 20,000 ppm
Acetyl Tributyl Citrate. Effects on the endocrine system were
not evident. In the same study, no signi� cant hematological ef-
fects were observed in dogs fed a gelatin capsule containing
Acetyl Tributyl Citrate (140 mg) daily for 2 years. Urinalyses
for protein and sugar were negative and � ndings of both gross
and microscopic examination were unremarkable.

In another chronic oral toxicity study, groups of mice and rats
received 50 or 250 mg/kg doses of Acetyl Tributyl Citrate over
a 1-year period. Compared to controls, substantial changes in
certain dynamic factors evaluated (e.g., body weight, cerebral
perfusion pressure, and hematological parameters) were noted

early in the study in 250-mg/kg dose groups. However, toward
the end of the study, practically none of the differences between
test and control animals were considered substantial. Dosing
with 50 mg/kg did not result in remarkable changes in any of
the dynamic factors studied.

Acetyl Triethyl Citrate induced slight to moderate erythema
in the eyes of two of three albino rabbits; reactions had cleared
by 24 hours post instillation. Moderate erythema was observed
in two of three rabbits tested with Acetyl Tributyl Citrate. Re-
actions persisted through 24 hours post instillation and were
essentially negative at 48 and 72 hours post instillation. Acetyl
Trihexyl Citrate induced slight erythema in the eyes of four
of six albino rabbits; reactions had cleared by 48 hours post
instillation.

Acetyl Triethyl Citrate did not induce skin irritation when
inuncted (1 cc/kg body weight) onto intact abdominal skin of
six rabbits daily for 4 days. Similar results were reported for two
groups of three rabbits that received applications of Acetyl Tri-
ethyl Citrate and Acetyl Tributyl Citrate, respectively, and four
albino rabbits that received applications of either test substance
to abraded abdominal skin (same procedure) six days per week
for 3 weeks.

Very slight erythema, but no edema, was observed in two
of � ve albino rabbits 24 hours after a single dose of Acetyl
Trihexyl Citrate (2 g/kg) was applied topically to abraded skin.
Topical application was followed by application of an occlusive
dressing for 24 hours. Very slight to slight desquamation was
also noted in three of the � ve rabbits with abraded skin. Two of
� ve rabbits (second group) tested with Acetyl Trihexyl Citrate
at intact sites according to the same procedure had very slight
to slight desquamation, but no erythema or edema. Similarly,
Acetyl Trihexyl Citrate induced negligible skin irritation (not a
primary irritant) in another study. The test substance (0.5 ml)
was applied to an intact and abraded site on each of six albino
rabbits, and sites were then covered with an occlusive dressing
for 24 hours.

In the guinea pig maximization test, Acetyl Triethyl Citrate
was classi� ed as a strong sensitizer, whereas Acetyl Tributyl
Citrate was classi� ed as a nonsensitizer.

Acetyl Triethyl Citrate and Acetyl Tributyl Citrate (both in
3% acacia) induced complete, reversible sciatic nerve block dur-
ing electrical stimulation of the sciatic nerve–anterior tibialis
muscle in white rats. Complete blockage of the contralateral re-
� ex was also demonstrated. Acetyl Triethyl Citrate or Acetyl
Tributyl Citrate in 3% acacia also temporarily abolished corneal
re� ex action (local anesthetic effect), following instillation into
the conjunctival sac of the eye of one rabbit.

A low level of cytotoxicity was induced by Acetyl Triethyl
Citrate and Acetyl Tributyl Citrate in HeLa cell cultures (human
cancer cell line).

Intravenous administration of Acetyl Triethyl Citrate or
Acetyl Tributyl Citrate to cats and rabbits caused a dose-related
decrease in blood pressure. Toxic doses resulted in the complete
loss of blood pressure.
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AcetylTributyl Citrate induced concentration-dependent (1 to
13.3 ¹g/ml) muscular spasms in the isolated guinea pig ileum.
However, this effect was not noted when sections of human small
intestine and colon were exposed to the same test concentrations.

Ames test results for Acetyl Tributyl Citrate in DMSO were
negative (with or without metabolic activation) in the following
S. typhimurium strains: TA98, TA100, TA1535, TA1537, and
TA1538. Acetyl Tributyl Citrate also was not mutagenic with or
without metabolic activationwhen tested in the L5178Y/TKC/¡
mouse lymphoma suspension/plate assay.

Acetyl Trihexyl Citrate had negative Ames test results in the
following S. typhimurium strains (without metabolic activation):
TA98, TA100, TA1535, and TA1537. It also was not mutagenic
in the L5178Y/TKC/¡ mouse lymphoma assay with or without
metabolic activation.

In an in vivocytogenetic assay, AcetylTrihexylCitrate did not
induce chromosome breakage in cellular suspensions from CD-1
mice. The results of an in vitro cytogenetic assay on Acetyl
Trihexyl Citrate using cultured human lymphocytes indicated
no statistically signi� cant differences in chromosome breakage
between test and concurrent or historical controls.

Groups of 20, 1-month-old Sherman rats were fed Acetyl
Tributyl Citrate at concentrations up to 20 ppm in the diet for
2 years. Lymphomas were observed in three of the 60 test ani-
mals. However, similar neoplasms were observed in 4 of the 40
control rats.

Results concerning the reproductive and developmental toxi-
city of Acetyl Tributyl Citrate were included in a 2-year chronic
oral toxicity study. In this study, groups of male and female
mice and rats receiving oral doses of 50 or 250 mg/kg Acetyl
Tributyl Citrate were mated during the ninth month. No sig-
ni� cant, test substance–related effects on male gonads were
noted in rats or mice. However, an authenticated difference in
desquamatosed spermatogenic epithelium between 250-mg/kg
dose groups (mice and rats) and controls was observed. It was
also determined that both doses of Acetyl Tributyl Citrate did
not induce embryotoxicity or affect the growth or development
of the progeny.

Neither a test solution of Acetyl Triethyl Citrate nor Acetyl
Tributyl Citrate induced skin irritation or sensitization in 59 men
and women tested in a repeated insult patch test (occlusive
patches).

DISCUSSION
Acetyl Triethyl Citrate was classi� ed as a strong sensitizer

in the guinea pig maximization test, whereas Acetyl Tributyl
Citrate was classi� ed as a nonsensitizer. Both ingredients were
tested at a concentration of 50% during the challenge phase.
After reviewing these data and considering that Acetyl Triethyl
Citrate and Acetyl Tributyl Citrate are used mostly in nail prod-
ucts at concentrations up to 7%, the Panel concluded that is not
likely that either of the esters in this safety assessment, as used
in cosmetics, poses a risk for sensitization.

The Cosmetic Ingredient Review (CIR) Expert Panel was
aware of the absence of toxicity data on Acetyl Trioctyl Citrate.

However, it was determined that because of structural similar-
ities between the aliphatic esters included in this review, the
available toxicity data on Acetyl Triethyl Citrate, Acetyl Tributyl
Citrate, and Acetyl Trihexyl Citrate are suf� cient for evaluating
the safety of Acetyl Triocyl Citrate in cosmetics. Furthermore,
after considering these data along with current use concentra-
tion data (on Acetyl Triethyl Citrate and Acetyl Tributyl Citrate)
provided by the cosmetics industry, the Panel determined that
the available data do not warrant any restrictions on the use of
these ingredients in rinse-off or leave-on cosmetic products. The
Panel recognized that there are no reported uses of Acetyl Tri-
hexyl Citrate or Acetyl Trioctyl Citrate in cosmetics; were these
ingredients to be used in the future, their concentration of use is
expected to be similar to that reported for Acetyl Triethyl Citrate
and Acetyl Tributyl Citrate.

CONCLUSION
On the basis of the animal and clinical data included in this

report, the CIR Expert Panel concludes that Acetyl Triethyl Cit-
rate, Acetyl Tributyl Citrate, Acetyl Trihexyl Citrate, and Acetyl
Trioctyl Citrate are safe as used in cosmetics.
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