J Toxicol Pathol 2019; 32: 205-212

Technical Report

A 13-week subchronic toxicity study of hexyl acetate in SD rats
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Abstract: Hexyl acetate (CAS No. 142-92-7) is a naturally occurring ester compound that has a fruity odor. Despite its frequent use as a
nature-identical flavoring agent, there are limited repeated dose toxicity data for hexyl acetate. Here we performed a 13-week subchron-
ic toxicity study of hexyl acetate in male and female Crl:CD(SD) rats under GLP regulations. Hexyl acetate was given orally by gavage
at doses of 0, 100, 300, or 1,000 mg/kg/day using corn oil as the vehicle. No significant toxicological changes in general condition,
body weights, food intake, ophthalmology, hematology, organ weights, and histopathological findings were observed in any groups.
Urinalysis revealed occult blood in two male animals treated with 1,000 mg/kg/day hexyl acetate, and one showed red blood cells in the
urine sediment. Furthermore, blood biochemistry showed a significant increase in inorganic phosphorus levels in males treated with
1,000 mg/kg/day hexyl acetate. These results indicated that the no-observed-adverse-effect level (NOAEL) of hexyl acetate was 300
mg/kg/day for males and more than 1,000 mg/kg/day for females. (DOI: 10.1293/t0x.2019-0002; J Toxicol Pathol 2019; 32: 205-212)
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Hexyl acetate (CAS No. 142-92-7) is a naturally occur-
ring ester compound that has a fruity odor and is widely
used as a nature-identical flavoring agent. It is officially reg-
istered on the list of designated additives in Japan and is
listed in the Code of Federal Regulations (CFR) as one of
the food additives permitted for direct addition to food for
human consumption (21 CFR 172.515) in the US.

The Joint FAO/WHO Expert Committee on Food Ad-
ditives (JECFA) evaluated hexyl acetate as a flavoring agent
categorized as an ester of aliphatic acyclic primary alcohols
with aliphatic linear saturated carboxylic acids!. Hexyl ac-
etate was assigned to Class I based on the structural class
of flavoring agents. The estimated intake levels of hexyl ac-
etate by humans in the US and Europe were 160 pg/person/
day and 3,200 pg/person/day, respectively, and the latter
was greater than the Class I threshold of 1,800 pg/person/
day. However, the hexyl acetate metabolites hexanoic acid
and acetic acid are both endogenously found in physiologi-
cal metabolisms and were not considered to exceed the
physiological range. Therefore, it was concluded that hexyl
acetate would not present safety concerns for normal use as
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a flavoring agent based on the structural class and metabo-
lism!.

As part of risk assessment, hexyl acetate was not mu-
tagenic in the Ames test2. Despite the use of hexyl acetate
as a flavoring agent, there are limited data concerning its
repeated dose toxicity2. Our laboratory has investigated the
toxicity of a number of food additives, including representa-
tive flavoring agents of each category, in rodent models3-6.
Here we conducted a 13-week subchronic toxicity study of
hexyl acetate orally administered to SD rats by gavage to
clarify the toxicological profile and establish a no-observed-
adverse-effect level (NOAEL).

Hexyl acetate (lot No. 8633223, purity 99.6%) produced
by Takata Koryo Co., Ltd. (Hyogo, Japan) was provided by
the Division of Standards and Evaluation, Department of
Food Safety, Ministry of Health, Labour and Welfare, Ja-
pan, with support of the Japan Flavor & Fragrance Materi-
als Association (Tokyo, Japan). Gavage with corn oil (lot
No. V3A0313; Nacalai Tesque, Kyoto, Japan) as the vehicle
was chosen as the route of administration because of the
insolubility in water and volatility of hexyl acetate. Hexyl
acetate solutions were freshly prepared every eight days and
kept refrigerated until use. After storage for 8 days at 4°C,
the residual ratio of hexyl acetate in the stock solution was
confirmed to be more than 90% (94.4-100.9%) by gas chro-
matography.

A total of 40 male and 40 female specific pathogen-free
rats (Crl:CD(SD), 4 weeks old) were purchased from Charles
River Laboratories Japan (Yokohama, Japan) and used after
acclimation for one week. The animals were individually
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housed in metallic cages in a room with a barrier system
controlled with respect to the light/dark cycle (12 h), venti-
lation (air-exchange rate of 15 times/h), temperature (23 +
2°C), and relative humidity (40—75%) during the study. The
cages were exchanged once a week. Each animal had free
access to tap water and basal diet (CE-2; CLEA Japan, To-
kyo, Japan). At the beginning of the experiment, the animals
were randomly allocated to four groups of 10 male and 10
female rats each, based on their body weights measured just
before starting the test chemical treatment.

In a preliminary 28-day study of hexyl acetate admin-
istered at doses of 0, 100, 300, and 1,000 mg/kg/day, no sig-
nificant toxicity was observed in any of the treated groups
(data not shown). Based on these results, we used these four
doses for both sexes of rats in the 13-week toxicity study of
hexyl acetate.

The study design was in accordance with the Guide-
lines for Designation for Food Additives and Revision of
Standards for Use of Food Additives of Japan (1996) and
approved by the Animal Care and Utilization Committee of
the National Institute of Health Sciences, Japan. The stabil-
ity test for hexyl acetate solution in corn oil and the 13-week
subchronic toxicity study were conducted in compliance
with GLP regulations at the Hatano Research Institute, Food
and Drug Safety Center, Japan.

General conditions and mortality were checked daily.
Body weights and the amounts of supplied and residual diet
were measured once a week during the experimental period.

Ophthalmologic examinations were carried out before
the start of the experiment and during the 12th week of hexyl
acetate administration. The anterior ocular segment, optic
media, and ocular fundus were examined using a binocular
indirect ophthalmoscope and a slit lamp after macroscopic
observation.

Urine samples for urinalysis were collected from 5 rats/
group using metabolic cages over periods of 4 and 24 h at
room temperature during the last week of administration.
The urine samples were tested for pH, protein, glucose, ke-
tone, bilirubin, occult blood, urobilinogen, color, turbidity,
urine sediments (red blood cells, white blood cells, casts,
crystals, and epithelial cells), volume, specific gravity, and
density and gross volume of electrolytes (Na, K, and CI).

All rats were fasted overnight at the completion of the
treatment, and blood samples for hematology and blood
biochemistry were collected from the abdominal vena cava
under deep anesthesia with pentobarbital sodium. The fol-
lowing hematological parameters were analyzed using XT-
20001V and CA-1000 automatic hematology analyzers (Sys-
mex, Kobe, Japan): red blood cell count (RBC), hemoglobin
concentration (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC),
platelet count (PLT), prothrombin time (PT), activated par-
tial thromboplastin time (APTT), white blood cell count
(WBC), differential leukocytes, and reticulocytes. Plasma
biochemical analysis was performed using a JCA-BM6010
clinical chemistry analyzer (JEOL, Tokyo, Japan) to assess

the following parameters: total protein (TP), albumin (Alb),
albumin/globulin ratio (A/G), glucose, total cholesterol (T-
Chol), triglyceride (TG), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), y-glutamyl transpeptidase
(y-GTP), urea nitrogen (BUN), creatinine (Cre), total biliru-
bin (Bil), alkaline phosphatase (ALP), inorganic phosphorus
(IP), calcium (Ca), sodium (Na), potassium (K), and chlo-
rine (Cl).

A complete necropsy was performed for all animals,
and the brain, thymus, heart, lung, liver, kidneys, spleen,
testes, ovaries, uterus, prostate (ventral lobe), submandibu-
lar glands, seminal vesicles, pituitary gland, thyroid glands,
and adrenal glands were weighed. These organs and tissues
from the spinal cord, eyes, harderian glad, optic nerve, na-
sal cavity, Zymbal gland, tongue, esophagus, trachea, aorta,
parathyroid glands, pancreas, stomach, small and large in-
testines, submandibular and mesenteric lymph nodes, vagi-
na, urinary bladder, femur and sternum with bone marrow,
skeletal muscle, sciatic nerve, skin, and mammary gland
were fixed in 10% neutral-buffered formalin, and paraffin-
embedded sections were prepared and stained with hema-
toxylin and eosin for histopathological examination. Testes
and epididymides were fixed in Bouin’s fixative solution.
Histopathological assessment was performed on all tissues
from animals in the control group and the group given the
highest dose, unless any treatment-related lesions were ob-
served.

Variances in the data for body weights during the ex-
perimental period as well as for food intake, urinalysis,
hematology, blood biochemistry, and organ weights were
checked for homogeneity by Bartlett’s test. When the data
were homogeneous, one-way analysis of variance was con-
ducted. For heterogeneous data, the Kruskal-Wallis test was
applied. When statistically significant differences were in-
dicated, the Dunnett’s multiple comparison test was used
to compare the control and treatment groups. Comparisons
of histopathological findings, incidences, and grades were
analyzed by the Fisher’s exact probability test and Mann-
Whitney’s U test, respectively. P values of <0.05 were con-
sidered to be statistically significant.

No significant clinical signs were noted throughout
the experimental period, and all animals survived until the
scheduled necropsy. There were no significant differences
in body weights and daily food intake for either sex (Fig. 1).
No ophthalmic lesions indicative of toxicity were observed
in any of the treatment groups (data not shown).

Urinalysis data are summarized in Table 1. Occult
blood was detected in two males treated with 1,000 mg/kg/
day hexyl acetate, and one had red blood cells in the urine
sediment.

Hematology and blood biochemistry data are shown
in Tables 2 and 3, respectively. A significant decrease in
MCH was detected in female rats given 1,000 mg/kg/day
hexyl acetate (Table 2). In blood biochemistry, a significant
increase in IP was noted in males in the 1,000 mg/kg/day
group (Table 3). Significant decreases in CI were observed
in males in the 300 mg/kg/day group and in both sexes in the
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Table 1. Urinalysis Data for SD Rats Treated with Hexyl Acetate for 13 Weeks
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Group 0 mg/kg/day 100 mg/kg/day 300 mg/kg/day 1,000 mg/kg/day
No. of animals examined 5 5 5 5
Males
pH (6.5/7.0/7.5/8.0/8.5) 0/1/3/1/0 0/0/0/2/3 2/0/1/11 2/0/2/1/0
Protein (& /+/++/+++/++++) 0/2/2/0/1 0/3/2/0/0 1/2/2/0/0 1/3/1/0/0
Glucose (-) 5 5 5 5
Ketone (—/ + /+) 0/1/4 1/2/2 1/2/2 2/21
Bilirubin (-) 5 5 5 5
Occult blood (—/ £ /++) 5/0/0 5/0/0 5/0/0 3/1/1
Urobilinogen ( % /+/++) 2/3/0 4/1/0 3/1/1 4/1/0
Color (light yellow/yellow) 3/2 4/1 3/2 5/0
Turbidity (—/+/++) 3/1/1 5/0/0 4/1/0 5/0/0
Red blood cells (—/+) 5/0 5/0 5/0 4/1
White blood cells (—) 5 5 5 5
Casts (-) 5 5 5 5
Crystals (/%) 0/5 0/5 0/5 1/4
Epithelial cells (-) 5 5 5 5
Urine volume (mL/24 h) 19.5+3.1 129+2.5 176 £ 6.6 22.4+9.0
Specific gravity 1.041 +£0.008 1.062 £ 0.014 1.054 £ 0.017 1.047 £ 0.020
Electrolyte, density
Na (mEqg/L) 81.2+14.2 117.0 £ 494 90.8 £10.4 85.4+277
K (mEq/L) 185.6 +29.8 266.4 +57.2 232.9+£65.6 203.3 +81.5
Cl (mEq/L) 944+129 138.1 £49.5 108.3 +18.5 104.1+35.3
Electrolyte, gross volume
Na (mEq/24 h) 1.56 +0.19 1.43 £0.42 1.57 £0.51 1.72£0.08
K (mEq/24 h) 3.56 £0.21 3.32+0.25 3.77 £0.49 3.97 £ 0.59
Cl (mEq/24 h) 1.82+0.17 1.70 = 0.39 1.81 £ 0.42 2.08+0.15
Females
pH (6.0/6.5/7.0/7.5/8.0) 3/1/0/1/0 2/1/0/1/1 3/2/0/0/0 3/1/1/0/0
Protein (—/ £ /+) 2/1/2 0/2/3 0/1/4 1/0/4
Glucose (-) 5 5 5 5
Ketone (—/ + /+) 2/1/2 1/2/2 0/4/1 0/3/2
Bilirubin (-) 5 5 5 5
Occult blood (-) 5 5 5 5
Urobilinogen ( £ /+) 4/1 5/0 5/0 411
Color (light yellow/yellow) 4/1 5/0 5/0 4/1
Turbidity (—) 5 5 5 5
Red blood cells (-) 5 5 5 5
White blood cells (-) 5 5 5 5
Casts (-) 5 5 5 5
Crystals (/) 4/1 32 4/1 3/2
Epithelial cells (-/ £) 5/0 5/0 4/1 5/0
Urine volume (mL/24 h) 10.6 +4.3 70+2.4 105+ 1.8 89+18
Specific gravity 1.055£0.018 1.071 £ 0.008 1.058 £ 0.006 1.062 £ 0.009
Electrolyte, density
Na (mEq/L) 118.1 £28.2 136.5+34.9 1170+ 16.3 109.7 £17.3
K (mEq/L) 252.4+88.8 299.5 +87.9 270.0 £39.2 290.7 £ 57.6
Cl (mEq/L) 150.0 £ 51.0 163.5£51.1 149.6 £ 20.1 159.7 £ 19.6
Electrolyte, gross volume
Na (mEq/24 h) 1.16 £0.23 0.94+£0.32 1.22+0.27 0.95+0.09
K (mEqg/24 h) 2.45+0.58 2.14 +£0.96 2.83+0.70 2.52+0.40
Cl (mEq/24 h) 1.45+£0.28 1.15+0.47 1.58 £0.43 1.40+0.19

Values are means + SDs. Symbols: £, very slight; +, slight; ++, moderate; +++, marked; and ++++, severe.

1,000 mg/kg/day group.

Data for organ weights and histopathological findings
are summarized in Tables 4 and 5, respectively. In males,
absolute testes weights were significantly decreased in the
100 mg/kg/day group (Table 4). However, the lack of any
relationship with dose suggested that this difference was not
associated with exposure to the test substance. Although
several lesions in various organs were sporadically detect-

ed, no significant treatment-dependent alteration in the inci-
dence of these lesions was apparent (Table 5).

In the present 13-week subchronic toxicity study of
hexyl acetate, no toxicological changes in general condition,
body weights, food intake, ophthalmology, hematology, or-
gan weights, and histopathological analysis were observed.
Urinalysis demonstrated that 1,000 mg/kg/day hexyl acetate
induced occult blood and red blood cells in the urine sedi-
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Fig. 1. Body weight (a) and daily food intake (b) data for male (close symbols) and female (open symbols) SD rats treated with the indicated dose
of hexyl acetate for 13 weeks. Each group had 10 animals. The error bars represent the standard deviation for the experimental groups.

Table 2. Hematology Data for SD Rats Treated with Hexyl Acetate for 13 Weeks

Group 0 mg/kg/day 100 mg/kg/day 300 mg/kg/day 1,000 mg/kg/day
No. of animals examined 10 10 10 10
Males
RBC x104/uL 836 +42 851+ 50 853 +45 862 +48
HGB g/dL 14.8+0.5 151+£0.7 14.8 £0.8 15.0£0.7
HCT % 423+13 43.0+ 1.6 24+£21 43.0+1.9
MCV fL 50.7 +2.8 50.7+£2.0 498 +2.0 50.0 +3.1
MCH pg 17.7+0.8 177+£0.5 17.4 £ 0.6 174+ 0.9
MCHC g/dL 349+0.5 35.0£0.5 349+0.5 349+0.5
PLT x104/uL 1272 +15.3 1157+ 13.6 117.0 £ 13.5 120.0 £ 18.0
PT s 224+£50 19.4+49 199+43 20.8+4.2
APTT s 25727 255427 256+3.5 254+26
WBC x102/uL 93.6£25.3 89.0 +30.1 86.6 £ 21.8 101.5+23.3
Neutrophil % 19.9 £8.1 18.6+7.3 173+ 4.4 18.4+8.3
Eosinophil % 1.3+£04 1.5+0.6 1.4+£0.5 1.4+0.5
Basophil % 0.0+0.0 0.0+£0.0 0.0+0.0 0.0+0.1
Monocyte % 44+1.0 49+2.0 46+1.5 47+1.2
Lymphocyte % 74.5+8.8 75.1+9.1 76.7+5.8 75.5+92
Reticulocyte % 3.2+0.6 3.0+£04 33+£04 3.2+0.1
Females
RBC x104/uL 757 + 49 747 + 34 759 + 30 792 +£23
HGB g/dL 14.5+£0.6 141+£0.6 14.4£0.7 14.6+0.3
HCT % 41.2+13 40.8+1.8 414£2.1 41.8+13
MCV fL 545+24 547+ 1.6 545+2.3 527+1.5
MCH pg 19.2+0.6 19.0+04 19.0£0.6 18.4 + (.3%*
MCHC g/dL 352407 34.6+0.5 349+0.7 349+0.5
PLT x104/uL 1029+ 6.1 103.3+9.5 99.0+9.3 102.4+9.9
PT s 11.8+£0.5 11.9+£0.5 120+ 0.4 121+0.7
APTT s 199+ 1.6 19.8+ 1.6 19.6 +2.1 19.8+1.5
WBC x102/uL 53.6+27.2 577+ 12.1 55.7+10.2 492+ 173
Neutrophil % 16.2+5.5 142+5.0 13.2+3.3 13.1+47
Eosinophil % 1.4+£0.6 1.4+£0.5 1.5+04 1.8+£0.6
Basophil % 0.0+£0.0 0.0£0.0 0.0+£0.0 0.0£0.0
Monocyte % 27+038 2.8+0.6 3.0+ 1.0 28+0.5
Lymphocyte % 797 +£6.3 81.6+5.3 823+33 82.3+5.0
Reticulocyte % 2.8+0.5 29+0.5 27+£04 26+03

Values are means + SDs. **Significantly different from the control at P<0.01.
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Table 3. Blood Biochemistry Data for SD Rats Treated with Hexyl Acetate for 13 Weeks

Group 0 mg/kg/day 100 mg/kg/day 300 mg/kg/day 1,000 mg/kg/day
No. of animals examined 10 10 10 10
Males
TP (g/dL) 57+0.3 57+03 59+02 57+0.1
Alb (g/dL) 3.6+0.2 3.6+0.1 37+£0.2 3.6+0.2
A/G 1.7+£0.2 1.7+£0.2 1.7+£0.2 1.7+£0.2
Glucose (mg/dL) 136 + 12 144 + 14 142 £ 13 144 + 12
T-Chol (mg/dL) 53+9 53+12 58+8 53+6
TG (mg/dL) 62+13 71 +28 81 +28 81+26
AST (U/L) 68 £47 52+4 91 + 131 59+ 11
ALT (U/L) 33+25 26+3 43 £ 62 28 +4
v-GTP (U/L) 0+0 0+0 0+0 0+0
BUN (mg/dL) 12+1 13+1 12+1 13+1
Cre (mg/dL) 0.29 £ 0.04 0.32+0.04 0.30£0.05 0.29 £ 0.04
Bil (mg/dL) 0.06 £0.01 0.05+0.01 0.06 £ 0.02 0.05 +£0.01
ALP (U/L) 378 + 60 384+ 64 406 £ 114 437 + 66
1P (mg/dL) 5.5+0.2 57+£04 5704 6.2 £ 0.4%*
Ca (mg/dL) 9.5+0.3 95+03 97+0.3 9.8+0.3
Na (mEq/L) 146.0 £ 0.6 146.1 £ 1.1 1459 £ 1.1 146.2+1.1
K (mEq/L) 3.78 £0.15 3.85+0.19 3.80+0.24 383+0.11
Cl (mEq/L) 106.8 £ 1.1 106.0 + 0.9 105.3 + 0.8%* 105.1 £ 0.7%**
Females
TP (g/dL) 57+02 5.8+0.3 58+03 6.0+0.3
Alb (g/dL) 3.8+0.2 39+0.3 3.9+0.3 40+03
A/G 21+0.2 21£0.2 21£0.2 21£0.2
Glucose (mg/dL) 123 £ 11 121+9 125+ 10 129 + 12
T-Chol (mg/dL) 61+7 62+15 55+10 58+8
TG (mg/dL) 34+19 33+25 20+9 23+ 13
AST (U/L) 50+7 53+10 54+6 52+9
ALT (U/L) 24+6 2244 22+2 247
v-GTP (U/L) 0+0 0+0 0+0 0+0
BUN (mg/dL) 15+2 14+1 16+2 16+2
Cre (mg/dL) 0.35+0.05 0.36 +£0.05 0.36 £0.04 0.35+0.04
Bil (mg/dL) 0.07 £0.01 0.08 £0.02 0.08 £0.02 0.08 £0.01
ALP (U/L) 261 £ 96 214 + 57 245+ 92 259 + 58
1P (mg/dL) 4.0+0.6 42+04 43+04 41+0.5
Ca (mg/dL) 9.0+04 9.0+£04 9.0+0.3 9.1+£0.3
Na (mEq/L) 144.1 £ 1.1 1444+ 1.0 1435+ 1.1 1437 £ 0.6
K (mEq/L) 3.43+£0.14 3.57+0.23 3.55+0.27 3.53+0.21
Cl (mEq/L) 1083+ 1.5 108.0 £ 0.7 108.5+ 1.0 107.1 £ 0.8*

Values are means + SDs. *Significantly different from the control at P<0.05. **Significantly different from the control at P<0.01.

ment of male rats. Although there were no histopathological
lesions in the kidney and urinary bladder, obvious hemor-
rhagic changes in the urinary system should be evaluated as
potential toxicologic effects. In males in the 1,000 mg/kg/
day group, a significant increase in IP levels was detected
in blood biochemistry, and this increase was considered to
be associated with the hexyl acetate treatment. Since there
were no changes in Ca levels and histopathological lesions
in related organs such as the thyroid gland, further inves-
tigation is required to clarify the detailed mechanisms in-
volved in this change.

A significant decrease in MCH was detected in females
in the 1,000 mg/kg/day group, and this was considered to
be incidental due to the lack of changes in other RBC pa-
rameters and related histopathological findings. Similarly,
decreases in Cl levels in males in the 300 and 1,000 mg/
kg/day groups and females in the 1,000 mg/kg/day group
were considered to have no toxicological significance, be-

cause there were no abnormalities in related parameters and
no significant histopathological changes were noted in the
kidney. Moreover, fluctuations in Cl levels were within the
range of background data for the facility (average + 2SD:
106.7 £ 3.2 mEq/L for males and 108.5 + 3.2 mEq/L for
females).

A 13-week subchronic toxicity study of octyl acetate
(CAS No. 112-14-1), a flavoring agent that has a structure
that is closely related to hexyl acetate, was previously per-
formed’. Male and female SD rats were given octyl acetate
by gavage (5 days per week) at doses of 0, 100, 500, or 1,000
mg/kg/day for 13 weeks. Reductions in body weight gain,
increased relative weights of the liver and kidney, and ne-
phropathy characterized by dilated tubules with granular
casts and regenerative tubules were observed with statisti-
cal significance in male rats treated with high-dose octyl
acetate. There were no significant toxicological changes in-
duced by octyl acetate in hematology and ophthalmological
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Table 4. Organ Weight Data for SD Rats Treated with Hexyl Acetate for 13 Weeks

A 13-week Subchronic Toxicity Study of Hexyl Acetate in Rats

Group 0 mg/kg/day 100 mg/kg/day 300 mg/kg/day 1,000 mg/kg/day
No. of animals examined 10 10 10 10
Males
Body weight (2) 616.3 £45.6 611.2 +65.8 640.6 +49.7 621.7 £ 47.3
Brain (mg) 2,054.7+93.0 2,048.4 +46.2 2,088.8 + 74.7 2,117.6 £ 112.0
(mg/g) 3.349 £ 0.264 3.382 £0.319 3.278 £0.270 3.426 +0.338
Thymus (mg) 326.6 +£75.5 308.8 +73.7 338.5+73.3 268.7+45.4
(mg/g) 0.533 £0.127 0.508 +0.125 0.532+0.121 0.433 £0.071
Heart (mg) 1,689.8 + 147.0 1,589.5+£ 1544 1,701.6 + 110.3 1,665.7 = 126.3
(mg/g) 2748 +0.228 2.609 +0.184 2.661 £0.114 2.684 +0.168
Lung (mg) 1,521.5+93.8 1,470.3 £ 132.7 1,537.3 £ 110.0 1,600.1 + 101.6
(mg/g) 2.475+0.162 2421 +0.247 2.402 +0.089 2.592 +£0.319
Liver (mg) 17,834 + 1825 17,136 = 2529 18,628 £ 1,771 17,278 2,125
(mg/g) 28.907 + 1.516 27.975 +1.935 29.066 + 1.260 27748 £2.327
Kidneys (mg) 3,561.8 +£342.9 3,238.0 £ 313.7 3,657.1 £325.4 3,621.3 +310.5
(mg/g) 5778 £0.321 5.321 +£0.460 5.724 +0.496 5.834 +0.421
Spleen (mg) 896.1 +138.5 822.3+104.8 931.1£77.6 872.9+119.2
(mg/g) 1.456 = 0.206 1.345 +£0.092 1.455 £0.091 1.407 £0.182
Testes (mg) 3,577.9 £230.4 3,270.5 + 175.2* 3,590.1 +304.8 3,576.6 +360.2
(mg/g) 5.826 +0.460 5.387 £ 0.426 5.627 +0.552 5.784 +£0.720
Prostate, ventral (mg) 567.6 £ 121.5 615.5+117.8 587.1 +128.4 601.4 +90.9
(mg/g) 0.924 +0.207 1.015+£0.214 0.921 £ 0.207 0.979 £0.206
Submandibular glands (mg) 704.9 £78.9 741.1 £107.3 771.6 £97.9 7574 +102.1
(mg/g) 1.147 £ 0.122 1.218 £ 0.161 1.204 £0.109 1.219 +0.138
Seminal vesicles (mg) 1,673.8 +£245.4 1,663.5 + 192.0 1,733.6 £ 179.5 1,638.5 + 188.3
(mg/g) 2732 +0.464 2.746 £ 0.395 2713 £0.277 2.644 £ 0.302
Pituitary gland (mg) 11.5+£1.2 105+ 1.5 11.5+£2.1 107+ 1.7
(mg/g) 0.019 + 0.003 0.017 £+ 0.002 0.018 = 0.003 0.017 £ 0.003
Thyroid gland (mg) 207 +4.2 21.4+3.5 23.5+5.1 19.7 £4.1
(mg/g) 0.034 +0.006 0.035 +0.008 0.037 £ 0.008 0.032 +£0.006
Adrenal glands (mg) 50.0£3.3 50.3+£5.0 55.6+£9.5 549 +11.2
(mg/g) 0.082 +0.010 0.083 £ 0.011 0.087 +0.010 0.088 +0.013
Females
Body weight (2) 311.6 +£25.3 297.5+44.7 290.9 +24.8 297.5+494
Brain (mg) 1,880.1 = 79.0 1,839.7+70.4 1,890.9 + 74.2 1,848.6 = 60.1
(mg/g) 6.071 £ 0.586 6.281 £ 0.750 6.539 £ 0.573 6.357+0.976
Thymus (mg) 283.0£55.5 267.2 + 80.6 226.8 +39.5 228.4+435
(mg/g) 0.912 +£0.191 0.897 £0.234 0.785 +0.156 0.787 +0.195
Heart (mg) 913.6 =44.8 880.2 + 85.6 909.5 +109.5 924.8 +114.1
(mg/g) 2.942 +0.177 2.983 +0.218 3.130 £ 0.309 3.138 £0.277
Lung (mg) 1,077.8 £ 83.8 1,018.8 £ 97.2 1,044.3 £ 85.1 1,042.2 £ 109.1
(mg/g) 3.466 +0.237 3.461 +0.361 3.605 £ 0.342 3.547 +0.361
Liver (mg) 7,612.0 + 506.6 7,393.4+1,013.4 7,236.9 +765.3 7,305.7 £ 1,092.6
(mg/g) 24.461 +£0.771 24.922 +1.197 24.875 + 1.442 24.653 + 1.392
Kidneys (mg) 1,890.3 + 145.8 1,796.3 +205.7 1,814.3 £2114 1,829.7 + 184.5
(mg/g) 6.079 = 0.412 6.081 £0.512 6.251 £ 0.687 6.237+0.725
Spleen (mg) 587.8 £74.1 551.2+79.2 554.7+75.8 550.6 £ 96.2
(mg/g) 1.886 £ 0.167 1.864 +0.223 1.911 + 0.246 1.860 = 0.248
Ovaries (mg) 86.1 +11.6 80.0 £ 18.5 79.3+14.5 83.1+244
(mg/g) 0.277 +0.034 0.273 £0.073 0.272 +0.039 0.279 +0.078
Uterus (mg) 597.5+208.3 509.8 + 145.6 548.1 +£191.2 523.6 +117.9
(mg/g) 1.911 + 0.591 1.710 + 0.369 1.907 £ 0.739 1.777 £ 0.347
Submandibular glands (mg) 427.6 £39.2 432.2+484 451.0 +38.7 4238 +£45.5
(mg/g) 1.375 +£0.112 1.474 £0.221 1.558 £ 0.166 1.450 £ 0.217
Pituitary gland (mg) 147+£29 141+£2.5 145+3.1 143+3.6
(mg/g) 0.048 + 0.010 0.049 +0.012 0.050 = 0.013 0.048 +£0.010
Thyroid gland (mg) 146 +£3.2 142+42 148+2.4 15.8+2.6
(mg/g) 0.047 £ 0.011 0.047 +0.008 0.051 £ 0.009 0.054 +0.008
Adrenal glands (mg) 61.5+7.8 58.6 £4.9 61.9+8.7 63.2+13.3
(mg/g) 0.197 £ 0.019 0.200 + 0.027 0.214 +0.034 0.214 £ 0.037

Values are mean + SDs. *Significantly different from the control at P<0.05.
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Table 5. Histopathological Findings for SD Rats Treated with Hexyl Acetate for 13 Weeks

Male Female
Organs and findings Group (mg/kg/day) 0 1,000 0 1,000
No. of animals examined 10 10 10 10
Pituitary gland Cyst or cyst-like lesion 2 0 1 0
Harderian gland Cellular infiltration, lymphocyte, interstitial (+) 0 0 1 0
Nasal cavity Cellular infiltration, lymphocyte, paranasal cavity () 1 0 0 0
Intracytoplasmic eosinophilic body, olfactory epithelium (+, +) 9,1 9,0 9,1 8,2
Metaplasia, squamous cell, paranasal cavity (+) 1 0 0 0
Mineralization, ethmoturbinate, lamina propria (%) 10 9 4 7
Thyroid gland Ectopic thymic tissue 0 0 2 0
Ultimobranchial body 3 0 1 2
Thymus Granuloma, scarred (++) 0 1 0 0
Heart Cellular infiltration, inflammatory, focal (+) 2 1 0 0
Fibrosis, focal (¥) 0 2 0 0
Lung Accumulation, foamy cell (£, +) 1,0 0,0 2,0 1,1
Cellular infiltration, inflammatory, pleura (++) 0 1 0 0
Fibrosis, pleura, adhesive (+) 0 1 0 0
Granuloma, foreign body, focal (+) 0 0 1 0
Metaplasia, osseous, focal (+) 3 5 2 1
Mineralization, arterial wall () 4 4 2 1
Liver Fatty change, hepatocyte, periportal (+) 1 2 0 1
Focus, vacuolation, hepatocyte (+) 0 0 1 0
Microgranuloma (+) 1 4 5 4
Kidney Basophilic tubule, cortex (+, +) 3,1 4,0 1,0 4,0
Eosinophilic body (¥) 1 0 0 0
Cellular infiltration, lymphocyte, interstitial (+) 0 0 1 0
Mineralization, cortex/cortico-medullary junction (+) 2 2 0 0
Mineralization, cortico-medullary junction (£, +, ++) 0 0 3,50 4,3,1
Spleen Deposit, pigment, brown (£, +, +4) 1,7,2 0,3,7 0,2,8 0,0,10
Hematopoiesis, extramedullary (£, +, ++) 6,1,3 4,4,2 5,4,1 8,2,0
Pancreas Cellular infiltration, lymphocyte, interlobular (£) 1 0 0 0
Adrenal gland Accessory adrenocortical tissue 0 0 1 0
Hematopoiesis, extramedullary, zona reticularis (&) 0 0 2 0
Lymph node, submandibular Erythrophagocytosis, follicle, focal (x) 0 0 1 0
Prostate Cellular infiltration, lymphocyte, interstitial (+ , +) 3,2 1,1 - -
Ovary Decreased number, corpora lutea (+) - - 0 1
Uterus Dilatation, cystic, uterine gland, inflammatory (+) - - 1 0

Symbols: -, not evaluated; + , very slight; +, slight; and ++, moderate.

examination. No increases in IP or other parameters related
to renal disorders were detected in serum biochemistry, and
urinalysis was not performed’. The histopathological le-
sions observed in the kidney were related to a,,-globulin
nephropathy?, which is specific to male rats and thus not rel-
evant for human risk assessment8. The hemorrhagic changes
in the urinary system induced by hexyl acetate might be as-
sociated with other mechanisms rather than a,,-globulin ne-
phropathy, as there was no increase in eosinophilic droplets
in renal tubules, a characteristic change that reflects a,,-
globulin accumulation.

The present study demonstrated that toxicological
changes induced by oral administration of hexyl acetate
could be observed in urinalysis and blood biochemistry in
male SD rats given 1,000 mg/kg/day hexyl acetate. These
results indicated that the NOAEL of hexyl acetate is 300
mg/kg/day for males and more than 1,000 mg/kg/day for
females.
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