BENZYL ACETATE
Data were last reviewed in IARC (1986) and the compound was classified in IARC
Monographs Supplement 7 (1987).

1.

Exposure Data

1.1
Chemical and physical data
1.1.1
Nomenclature
Chem. Abstr. Services Reg. No.: 140-11-4
Systematic name: Acetic acid, phenylmethyl ester
1.1.2

Structural and molecular formulae and relative molecular mass
O
H3 C

C

O

CH2

C9H10O2
1.1.3
(a)
(b)
(c)

Relative molecular mass: 150.18

Physical properties (for details, see IARC, 1986)
Boiling-point: 215.5° C
Melting-point: –51.3°C
Conversion factor: mg/m3 = 6.14 × ppm

1.2

Occurrence, use and human exposure
Benzyl acetate has been identified in several fruits, such as bael fruit (from the
Aegle marmelos tree) and quince (Cydonia vulgaris), and in a mushroom (Agaricus
species). It is a major volatile constituent of the flowers of a number of plants, including
jasmine (Jasminium grandiflorum L.), hyacinth (Hyacinthus orientalis), gardenia (Gardenia jasminoides), ylang-ylang (Cananga odorata), alfalfa (Medicago sativa L.) and
others. It has been used as a food additive in fruit flavours and as a component of perfumes since the early 1990s and is widely used as a fragrance in soaps, detergents and
incense. There is widespread human exposure to benzyl acetate by ingestion, skin application and inhalation.
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2.

Studies of Cancer in Humans

No data were available to the Working Group.

3.

Studies of Cancer in Experimental Animals

Benzyl acetate was tested for carcinogenicity by gavage in one experiment in mice
of both sexes and in one experiment in rats of both sexes. In the study in mice, increased
incidences of liver adenomas and of combined liver adenomas and carcinomas were
observed in animals of each sex; the incidence of carcinomas of the liver alone was not
significantly increased in animals of either sex. An increased incidence of forestomach
tumours was observed in mice of each sex. An increased incidence of acinar-cell adenomas of the pancreas was observed in male rats (IARC, 1986).
3.1
Oral administration
3.1.1
Mouse
Groups of 60 male and 60 female B6C3F1 mice, six weeks of age, were administered
benzyl acetate (purity, > 98%) in the diet at concentrations of 0, 330, 1000 or 3000 mg/kg
diet (ppm) for two years. High-dose females had prolonged survival. The mean body
weights of the two high-dose groups of both sexes were reduced. No increase in neoplasms was found in exposed mice (United States National Toxicology Program, 1993).
3.1.2
Rat
Groups of 49 or 38 male Fischer 344 rats, four weeks of age, were administered
benzyl acetate [purity not specified] in the diet at 0 or 0.8%, respectively, for two years.
Benzyl acetate had no significant adverse effect on growth or survival. The incidence of
pancreatic adenomas was 10/49 (20%) in controls and 8/38 (21%) in the exposed group.
Carcinoma in situ was found in 3/38 rats (p = 0.0428, chi-square test) compared to 0/49
controls [no other tissue was reported] (Longnecker et al., 1990).
Groups of 60 male and 60 female Fischer 344/N rats, six weeks of age, were administered benzyl acetate (purity, > 98%) in the diet at concentrations of 0, 3000, 6000 or
12 000 mg/kg diet (ppm) for two years. The mean body weights of both sexes given the
high dose were slightly reduced. No increase in neoplasms was found in exposed rats
(United States National Toxicology Program, 1993).
3.2

Administration with known carcinogens
Rat: Groups of four to five weanling male Lewis or Fischer 344 rats were administered daily 500 mg/kg bw benzyl acetate [purity unspecified] by gavage on five days
per week or 0.9% in the diet for four months alone or following injection with 30 mg/kg
bw azaserine at 14 days of age to initiate pancreatic carcinogenesis. Benzyl acetate alone
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induced no pancreatic foci. When given after azaserine, no increase in pancreatic foci
was produced (Longnecker et al., 1986).
Groups of 20 male Fischer 344 rats [age unspecified] were administered benzyl acetate
[purity unspecified] at 0, 0.4 or 0.8% in the diet for 6–12 months either alone or following
injection with azaserine to initiate pancreatic carcinogenesis. At six months, there were
fewer pancreatic acidophilic foci in the groups fed benzyl acetate than in controls, but their
mean diameter was increased. No effect on basophilic foci was found. In the groups
observed for up to 12 months, survival was decreased in those given benzyl acetate.
However, the incidence of carcinomas of the pancreas was decreased in a dose-related
manner, i.e. 12% in controls, 8% in low-dose and 0% in high-dose rats (Longnecker et al.,
1990).

4.

Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms

4.1

Absorption, distribution, metabolism and excretion
The metabolism of benzyl acetate involves very rapid hydrolysis to acetate and
benzyl alcohol. The latter is subsequently mainly oxidized to benzaldehyde and benzoic
acid. A small part of the benzyl alcohol may be conjugated with sulfate, leading,
ultimately, to formation of a glutathione conjugate that is excreted as mercapturate in
urine. The benzoic acid is excreted mainly as hippurate and, to a lesser extent, as acyl
glucuronide (see Figure 1).
4.1.1
Humans
No recent data on humans are available, except for some very limited data on rate of
skin penetration in vitro (see Section 4.1.2).
4.1.2
Experimental systems
Benzyl acetate is quite soluble in lipids and therefore readily absorbed from the
gastrointestinal tract and lung, as well as through the skin, in the species investigated. The
absorption after oral administration in the rat was delayed if it was administered in corn
oil or propylene glycol as compared to neat [methylene-14C]benzyl acetate (Chidgey &
Caldwell, 1986): the peak plasma concentration of benzyl acetate-derived radioactivity
occurred later (Tmax after 1 h versus 4–6 h) and was lower at a 500 mg/kg benzyl acetate
dose; at 5 mg/kg benzyl acetate, there was no difference. The urinary excretion of the
metabolites was also delayed by corn oil, but the extent of absorption seemed not to be
affected: more than 80% was absorbed and excreted within 24 h, mainly in urine and,
ultimately, less than 5% in faeces. In plasma and urine, no intact benzyl acetate was
detected at any time; only its metabolites were present (Chidgey & Caldwell, 1986).
Benzyl acetate is rapidly hydrolysed by esterases to benzyl alcohol and acetate (Yuan
et al., 1995). These esterases are present in plasma and probably also in the tissues; it is
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Figure 1. Metabolism of benzyl acetate
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possible that during absorption benzyl acetate is already hydrolysed, so that little if any of
the intact compound reaches the general circulation (Hotchkiss et al., 1992). The peak
plasma levels of the metabolite benzoic acid in rats and mice fed benzyl acetate in the diet
were much lower than after gavage of roughly the same dose, whereas the levels of hippurate were very similar (Yuan et al., 1995). The explanation may be that glycine conjugation of benzoic acid becomes saturated after the high, acute gavage dose, while during
feeding the dose is more slowly taken up. Yuan et al. (1995) provide a pharmacokinetic
model of benzyl acetate in rats and mice. Extensive absorption after dermal application of
100–500 mg/kg to rats was observed: 35–55% of the dose was recovered as metabolites
in urine within 24 h (Chidgey et al., 1987). The metabolic profile was the same as after
oral or intravenous administration. Some data on organ distribution of radioactivity were
provided. This percutaneous absorption was confirmed in vitro with rat and human skin
(Hotchkiss et al., 1990, 1992; Garnett et al., 1994). Dimethylsulfoxide had a minor enhancing effect on skin absorption. The absorption rate through rat skin was approximately
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six-fold that through human skin. The identity of the absorbed radioactivity was not determined, but most likely represented benzyl acetate metabolites.
No unchanged benzyl acetate was detected in rat or mouse plasma. The plasma
concentrations of metabolites after intravenous administration of 5 mg/kg bw benzyl
acetate (McMahon et al., 1989) showed only minor changes with age (3–4, 9 and 25
months) in Fischer 344 rats and B6C3F1 or C57BL/6N mice. In urine, by far the major
metabolite is the hippurate at all doses and in all species (Abdo et al., 1985; Chidgey &
Caldwell, 1986; McMahon et al., 1989). The acyl glucuronide of benzoic acid comprised
from 2 to 12% of the urinary metabolites (low versus high dose) and benzyl mercapturate
1–2% of the dose (Chidgey & Caldwell, 1986). This mercapturate is probably formed
from benzyl alcohol through its (reactive) sulfate ester, since prevention of oxidation by
pyrazole increases the mercapturate from 1.1 to 12% of the dose, while the sulfation inhibitor pentachlorophenol subsequently decreases it again to 2% (Chidgey et al., 1986).
4.1.3
Comparison of human and rodent data
Since no data are available on humans except for skin penetration data in vitro, no
direct comparison can be made. Because in humans most of the dose seems to be excreted
as hippurate (IARC, 1986) and because the metabolism of the primary hydrolysis product
of benzyl acetate, benzyl alcohol, is very similar in rodents and humans (see, e.g., the
monograph on toluene (this volume)), it is to be expected that the fate of benzyl acetate
in humans is very similar to that in rodents.
4.2
Toxic effects
4.2.1
Humans
No data were available to the Working Group.
4.2.2
Experimental systems
In a study in male and female mice, the survival of the animals was not decreased at
any dose level (IARC, 1986).
4.3

Reproductive and developmental effects
No data were available to the Working Group.

4.4
Genetic and related effects
4.4.1
Humans
No data were available to the Working Group.
4.4.2
Experimental systems (see Table 1 for references)
Benzyl acetate gave negative results in the Bacillus subtilis rec assay. It was not mutagenic to Salmonella typhimurium in the presence or absence of exogenous metabolic
activation nor did it induce sex-linked recessive lethal mutations in Drosophila melanogaster following exposure by injection.
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Table 1. Genetic and related effects of benzyl acetate
Test system

Doseb
(LED or HID)

Reference

Without
exogenous
metabolic
activation

With
exogenous
metabolic
activation

–
–
–
–
–
–
–
–
–
–

NT
–
–
–
–
–
–
–
–

21
450
1667
450
1667
450
500
450
5000
20000 inj

+

NT

900

Oda et al. (1978)
Florin et al. (1980)
Mortelmans et al. (1986)
Florin et al. (1980)
Mortelmans et al. (1986)
Florin et al. (1980)
Mortelmans et al. (1986)
Florin et al. (1980)
Mortelmans et al. (1986)
US National Toxicology
Program (1993)
McGregor et al. (1988)

–

+

750

Caspary et al. (1988)

–

–

5000

Galloway et al. (1987)

–

–

5000

Galloway et al. (1987)

–

–

300

Matsuoka et al. (1996)

–
–

–

300
1500 ip × 1

Matsuoka et al. (1996)
Longnecker et al. (1990)

1000 po × 1

Mirsalis et al. (1989)

–
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BSD, Bacillus subtilis rec, differential toxicity
SA0, Salmonella typhimurium TA100, reverse mutation
SA0, Salmonella typhimurium TA100, reverse mutation
SA5, Salmonella typhimurium TA1535, reverse mutation
SA5, Salmonella typhimurium TA1535, reverse mutation
SA7, Salmonella typhimurium TA1537, reverse mutation
SA7, Salmonella typhimurium TA1537, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
DMX, Drosophila melanogaster, sex-linked recessive lethal
mutations
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus
in vitro
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus
in vitro
SIC, Sister chromatid exchange, Chinese hamster ovary CHO
cells in vitro
CIC, Chromosomal aberrations, Chinese hamster ovary CHO
cells in vitro
CIC, Chromosomal aberrations, Chinese hamster lung CHL
fibroblasts in vitro
AIA, Aneuploidy, Chinese hamster lung CHL fibroblasts in vitro
DNA strand breaks and related damage (alkaline elution assay) in
rat pancreas in vivo
UPR, Unscheduled DNA synthesis, Fischer 344 rat hepatocytes
in vivo

Resultsa

Table 1 (contd)
Test system

Resultsa

Reference

US National Toxicology
Program (1993)
US National Toxicology
Program (1993)
US National Toxicology
Program (1993)
US National Toxicology
Program (1993)

With
exogenous
metabolic
activation

SVA, Sister chromatid exchange, B6C3F1 mouse bone marrow
in vivo
MVM, Micronucleus test, B6C3F1 mouse bone marrow in vivo

–

1700 ip × 1

–

1250 ip × 3

MVM, Micronucleus test, B6C3F1 mouse peripheral blood
lymphocytes in vivo
CBA, Chromosomal aberrations, B6C3F1 mouse bone marrow
in vivo

–

6000 feed 13 wk

–

1700 ip × 1

BENZYL ACETATE

Without
exogenous
metabolic
activation

Doseb
(LED or HID)

a

+, positive; –, negative; NT, not tested
LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, μg/mL; in-vivo tests, mg/kg bw/day; inj, injection; ip, intraperitoneal;
po, oral
b
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Benzyl acetate did not induce unscheduled DNA synthesis in rat primary hepatocytes
in vitro in a single study, as reported in an abstract (Mirsalis et al., 1983). It was mutagenic
in mouse lymphoma L5178Y cells at the tk locus with or without the addition of exogenous
metabolic activation. It did not induce sister chromatid exchanges or chromosomal aberrations in Chinese hamster ovary cells nor chromosomal aberrations or aneuploidy in Chinese
hamster lung fibroblasts in the presence or absence of exogenous metabolic activation.
Benzyl acetate did not induce unscheduled DNA synthesis in hepatocytes of rats
following gavage treatment and a single intraperitoneal dose did not induce DNA
damage in the pancreas of rats. It did not increase the frequency of sister chromatid
exchanges, chromosomal aberrations or micronuclei in the bone marrow of B6C3F1 mice
in vivo, nor did it induce micronuclei in peripheral blood lymphocytes of mice given
benzyl acetate for 13 weeks in their diet.

5.

Summary of Data Reported and Evaluation

5.1

Exposure data
There is widespread human exposure to benzyl acetate by ingestion, skin application
and inhalation.
5.2

Human carcinogenicity data
No data were available to the Working Group.

5.3

Animal carcinogenicity data
Benzyl acetate was tested for carcinogenicity by gavage in one experiment in mice
and in one experiment in rats, and by administration in the diet in two studies in rats and
in one study in mice. In the gavage study in mice, increased incidences of liver adenomas
and of combined liver adenomas and carcinomas were oberved in animals of each sex. An
increased incidence of forestomach tumours was observed in mice of each sex. An
increased incidence of acinar-cell adenomas of the pancreas was observed in male rats
administered benzyl acetate by gavage. Benzyl acetate did not increase the incidence of
tumours in either mice or rats when administered in the diet. A low incidence of pancreatic
carcinomas in situ was reported in one study.
Benzyl acetate was tested in two studies for promotion of pancreatic carcinogenesis
in rats and was found to be inactive.
5.4

Other relevant data
Benzyl acetate is hydrolysed to benzoic acid and acetate. It is metabolized similarly
by humans and rodents. Except for one positive result in vitro, findings on genotoxicity
in vitro and in vivo were negative.
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5.5

Evaluation
No epidemiological data relevant to the carcinogenicity of benzyl acetate were
available.
There is limited evidence in experimental animals for the carcinogenicity of benzyl
acetate.
Overall evaluation
Benzyl acetate is not classifiable as to its carcinogenicity to humans (Group 3).

6.
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