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This study aimed to evaluate the potential toxicity and safety of ethyl hydrogen adipate (EHA) by deter-

mining its effect on the reproductive function and development of Sprague-Dawley (SD) rats at dose lev-

els of 0 (control), 200, 400, and 800 mg/kg/day. One male and five females of the 800 mg/kg/day died.

Body weight loss was observed in the males of the 800 mg/kg/day and in females of the 400 and 800 mg/

kg/day. In addition, mating indices decreased and pre-implantation loss rates increased in parental animals

of the 400 and 800 mg/kg/day. The gestation index decreased in the male and female rats of the 800 mg/

kg/day. Moreover, the body weight of the pups from the 800 mg/kg/day group decreased on post-parturi-

tion day 4. These results indicated that the no-observed-adverse-effect level of EHA for parental males and

females was 400 mg/kg/day and 200 mg/kg/day, respectively, and that for pups was 400 mg/kg/day.
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INTRODUCTION

Ethyl hydrogen adipate (EHA) has many applications,

including in organic synthesis and as pharmaceutical inter-

mediate and solvent (1). EHA is used in synthetic resins,

oxidizing agents, adhesive and additives of fuel, pigment,

paint and ink. In the Republic of Korea, the production and

use volumes of EHA were 28 and 52 tons in 2010 (2).

Information on the toxicity of this chemical is limited;

therefore, the Organisation for Economic Co-operation and

Development (OECD) cooperative chemical assessment

program (CoCAP) conducted toxicity studies on EHA. In

this program, an acute toxicity test, repeated dose 28-day

oral toxicity study, skin irritation/corrosion test, eye irrita-

tion test, bacterial reverse mutation test, and in vitro mam-

malian chromosome aberration test were performed in

accordance with the OECD guidelines. The results of these

tests suggested that (data not published) the oral LD50 for

EHA was over 2,000 mg/kg for rats (2). In the repeated

dose 28-day oral toxicity study with rats at doses of 0, 200,

400, and 800 mg/kg/day, the no-observed-adverse-effect

level was considered to be 200 mg/kg/day since hyperkera-

tosis, epithelial hyperplasia, ulcer, and submucosal inflam-

mation occurred in the forestomach after the administration

of 400 and 800 mg/kg/day EHA (2). EHA caused eye irrita-

tion, but not skin irritation. It showed no mutagenicity in the

bacterial reverse mutation test and no potential chromo-

some aberrations in the in vitro chromosome aberration test

in Chinese hamster lung cells (2).

However, no information is available on the reproductive

and developmental toxicity of EHA. In this study, we con-

ducted reproductive and developmental toxicity screening

test of EHA in rats via the oral route to maximize system

exposure in accordance with OECD Guideline 421 (3). The

experimental design included examination of gonadal func-

tion, mating, conception, and parturition.

MATERIALS AND METHODS

All procedures were performed in accordance with the

OECD Guideline for Testing of Chemicals, 421, Reproduc-

tion/Developmental Toxicity Screening Test (Adopted: July
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27, 1995). The study was conducted in accordance with the

Good Laboratory Practice (GLP) Regulation for Toxic

Chemical Control Act (No.: 2013-1) issued by the Korean

National Institute of Environmental Research, Korea (Jan 9,

2013), and the Principles of Good Laboratory Practice

issued by the OECD (4).

Test substance and dose preparation. EHA (CAS

No.: 626-86-8) was purchased from Sigma-Aldrich (MO,

USA) EHA is a white solid, and its melting point, density,

and molecular weight are 28~29oC, 0.98 g/mL (at 25oC),

and 174.19 (5). The EHA (Lot No.: S09682V) used in this

study was 97.4% pure and was maintained at room tem-

perature. It was suspended in corn oil (Sigma-Aldrich), and

the dosing formulations were prepared daily without analy-

ses for homogeneity and stability.

Experimental animals and housing conditions. Specific

pathogen-free Sprague-Dawley (Crl:CD (SD)) rats were used

in this study. SD rats are commonly used in general and

reproductive toxicity studies and have a large historical con-

trol database. For the study, 9-week-old males and 8-week-

old females were purchased from ORIENTBIO INC.

(Seongnam, Korea) and acclimated for 2 weeks before drug

administration. The animals were randomly allocated to one

control group and three treatment groups, each consisting of

12 males and 12 females.

The animals were housed in a GLP facility with con-

trolled temperature (22 ± 3oC), humidity (30~70%), ventila-

tion (10~15 times/hr), light (12 : 12 hr, light : dark cycle),

and illumination (150~300 lux). Feed (pelleted rodent chow;

Harlan Laboratories, Inc., IN, USA) and sterilized tap water

were provided ad libitum. The rats were housed individu-

ally in stainless steel cages, except for mating and postpar-

tum periods. From the late stage of pregnancy to the day the

animals were killed, individual dams and/or litters were

reared using wood chips as bedding (SANI-CHIPS; Harlan

Laboratories, Inc., IN, USA) for parturition and lactation.

This study was reviewed and approved by the Institu-

tional Animal Care and Use Committees (IACUC) based on

the Animal Protection Act (Approval No.: 130829).

Dose administration. An individual dose was calcu-

lated for each animal on the basis of the most recently

recorded body weight data at a dose volume of 5 mL/kg.

Rats were dosed once daily by gastric intubation with EHA

at a dose of 0, 200, 400, or 800 mg/kg/day. Control rats were

administered corn oil. The treatment dose was determined

based on a previous 1-week repeated oral toxicity study. The

body weight gain and food consumption of males adminis-

tered 1,000 mg/kg/day EHA decreased during the 1-week

treatment period (data not shown). Males were dosed once

daily for 42 days from 2 weeks before mating to 2 weeks

after mating. Females were dosed once daily from 2 weeks

before mating to 4 days after delivery. Further, females show-

ing no evidence of copulation or those in which mating was

confirmed, but no signs of pregnancy were noted, were

dosed once daily up to 26 days after the last day of the mat-

ing period. In females, dosing solutions were administered

for 41~54 days (Fig. 1).

Observations. All animals were observed daily for clin-

ical signs throughout the study. Body weights of males were

recorded on the first day of dosing (before dosing), once a

week throughout the dosing period and on the day of nec-

ropsy. Body weights of females were recorded on the first

day of dosing (before dosing), once a week throughout the

dosing period (except mating period), on days 0, 7, 14, and

20 of gestation, on days 0 and 4 of postpartum, and on the day

of necropsy. Food consumptions were measured once a week

during the dosing period for males, and once a week and on days

0 and 3 of postpartum for females (except the mating period).

Male and female rats were mated at a ratio of 1 : 1 until

copulation occurred or 2 weeks had elapsed. All females

were examined for the presence of a vaginal plug (or a vagi-

nal smear) twice a day (morning and afternoon) for confir-

mation of mating. The day of positive confirmation was

defined as day 0 of gestation.

Body weights of pups were recorded on days 0 and 4 of

postpartum. On postpartum day 0, each litter was examined

for number and sex of pups and the presence of gross abnor-

malities. Pups were euthanized with CO2 after the comple-

tion of external examination on postpartum day 4.

Fig. 1. Schematic of the study design.
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Male animals were necropsied at week 2 after the mating

period, and female animals were necropsied on day 5 of

postpartum by exsanguination under isoflurane anesthesia

after they were fasted for 18 hr. Females without confirmed

mating were necropsied on day 27 after the mating period.

At necropsy, the organs and tissues with gross abnormali-

ties were harvested in 10% neutral buffered formalin except

for the testes and epididymides, which were fixed in Bouin’s

solution, and then stored in 10% neutral buffered formalin.

The ovaries, testes, epididymides and other organs and tis-

sues with gross abnormalities were subjected to histopatho-

logical examination.

Statistical analysis. The data were statistically ana-

lyzed using SAS program (Version 9.3; SAS Institute Inc.,

Cary, NC, USA). Body weights, food consumption, mating

period, gestation period, pre- and post-implantation loss

rates, live birth index, viability index on postpartum days 0

and 4, and organ weight data were analyzed using Bartlett

test for homogeneity of variance (significance level: 0.05).

One-way analysis of variance (ANOVA) test was used for

homogeneity; if the values were significant (significance

level: 0.05), Dunnett’s t-test was applied for multiple com-

parisons (significance level: 0.05 and 0.01, two-tailed).

Kruskal-Wallis test was used for heterogeneous data; if

these data were significant (significance level: 0.05), Steel’s

test was applied for multiple comparisons (significance level:

0.05 and 0.01, two-tailed). Mating, male and female fertil-

ity index data, and data associated with gestation were ana-

lyzed using Fischer’s exact text (significance levels: 0.05

and 0.01).

RESULTS AND DISCUSSION

Clinical signs. The clinical signs in rats administered

EHA are shown in Table 1. One male rat of the 800 mg/kg/

day group died on dosing day 26. The animal exhibited sev-

eral clinical signs such as salivation, irregular respiration,

nasal hemorrhage, mucous stool, and diarrhea or abdomi-

nal distention from dosing day 19. Five female rats of the

800 mg/kg/day group died on day 4, day 11 (no-mating),

days 13 and 18 after the mating period, and on mating day

5. These animals had irregular respiration (audible respira-

tion), mucous stool, diarrhea, staining around the mouth,

dirty nose, soiled perineal region, or hypothermia.

One female rat of the 800 mg/kg/day group had irregular

respiration after parturition. One female of the 400 mg/kg/

day group had mucous stool and irregular respiration from

day 15 after the mating period.

Two female rats of the 400 mg/kg/day group had irregu-

lar respiration (audible respiration), deep respiration, stain-

ing around the mouth, dirty nose, or nasal hemorrhage; one

of the females died, and the other one was moribund.

Owing to the nature of the test substance, gavage-related

reflux is known to occur more often than expected, and is

mediated by increased viscosity, irritancy, and/or stability

problems (e.g., high lipophilicity and acids) (6); thus, the

death might be attributed to the gavage-related reflux con-

sidering the clinical signs and time of death.

One female rat of the 200 mg/kg/day group gave birth to

a stillborn with clinical signs such as irregular respiration

and vaginal bleeding. The female found dead on the day

after parturition had two dead fetuses in the uterus. Because

no clinical signs were observed before parturition, the death

was not considered to be associated with the administration

of the test substance, but was considered to be an incidental

finding owing to dystocia.

Table 1. Summary of clinical signs

Signs

Group G1 G2 G3 G4

Dose (mg/kg/day) 0 200 400 800

No. of animals 12 12 12 12

Sex: male

Abdominal distention 01

Diarrhea 01

Irregular respiration 01

Mucous stool 01

Nasal hemorrhage 01

Salivation 12

Death 01

Sex: female

Premating and mating period

Abdominal distention 1

Deep respiration 1

Dirty nose 1 01

Dyspnea 2

Hypothermia 01

Irregular respiration 2 02

Mucous stool 02

Nasal hemorrhage 1 01

Salivation 12

Soiled perineal region 01

Staining around mouth 02

Moribund 1

Death 1 01

Gestation period

Abdominal distention 01

Diarrhea 01

Dirty nose 01

Irregular respiration 1 04

Mucous stool 1

Salivation 05

Staining around mouth 01

Death 04

Postpartum period

Irregular respiration 1 01

Salivation 01

Vaginal bleeding 1

Death 1
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Body weight and food consumption. The body weight

changes in rats administered EHA are shown in Figs. 2 and

3. Body weight of male rats of the 800 mg/kg/day group

decreased significantly on dosing day 21 compared to that

of the control group (p < 0.05). For the remaining dosing

periods, the body weights of rats of this dosing group

showed a decreasing tendency (approximately 4.4~8.0%

lower than those of the controls). Although the body weight

Fig. 2. Mean body weights of male rats. *Significantly different
from the control, p≤ 0.05.

Fig. 3. Mean body weights of female rats.

Fig. 4. Mean food consumptions in male rats. **Significantly
different from the control, p≤ 0.01.

Fig. 5. Mean food consumptions in female rats.

Table 2. Summary of Mating and gestation results

Group/

Dose

(mg/kg/day)

No. of females

placed with

males

No. of

females

mated

No. of

females

pregnant

Mating

index

(%)

Male

fertility

index (%)

Female

fertility

index (%)

Mating

period

(day)

Gestation

period (day)

G1

0

12 12 12 100.0 100.0 100.0 Mean

S.D.

N

04.8

04.3

12.0

22.4

00.5

12.0

G2

200

12 12 12 100.0 100.0 100.0 Mean

S.D.

N

06.3

04.8

12.0

22.2

00.6

11.0

G3

400

10 08 08 080.0 100.0 100.0 Mean

S.D.

N

04.3

03.9

08.0

22.6

00.5

07.0

G4

800

11 09 06 081.8 075.0 075.0 Mean

S.D.

N

04.4

04.2

09.0

22.3

00.5

04.0

Mating index (%) = (No. of females mated/no. of females placed with males) × 100.
Male fertility index (%) = (No. of males impregnating a female/no. of males with confirmed mating) × 100.
Female fertility index (%) = (No. of females pregnant/no. of females with confirmed mating) × 100.
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in female rats of the 400 and 800 mg/kg/day groups did not

decrease significantly, it tended to decrease during the ges-

tation period (approximately 4.1~8.4% lower than those of

the controls).

The food consumption rates in rats administered EHA are

shown in Figs. 4 and 5. Food consumption in male rats of

the 800 mg/kg/day group decreased significantly on dosing

day 8 compared to that of the control group (p < 0.01).

However, there were no significant changes in food con-

sumption during the other dosing periods.

Reproduction function and pups’ examination. Table

2 shows the reproductive function of rats administered

EHA. Mating indices of the 400 and 800 mg/kg/day groups

and fertility index of the 800 mg/kg/day group decreased

markedly compared to those of the control group. EHA had

no effects on the mating and gestation period.

The developmental toxicity effects of EHA in rats are

shown in Table 3. Pre-implantation loss rates in the 400 and

800 mg/kg/day groups increased and gestation index in the

800 mg/kg/day group decreased compared to those of the

control group. Some adipic acid ethers have been shown to

increase the resorption rates in studies conducted on embry-

onic-fetal toxicity (7). The increase in the post-implanta-

tion loss rate in the 200 and 400 mg/kg/day groups was

considered to be incidental, because one maternal animal

per group was pregnant with only one dead pup in the

uterus; this might have increased the mean post-implanta-

tion loss rates. Although gestation indices in the 200 and

400 mg/kg/day groups were 83.3% (number of females

with live pups: 10/12) and 87.5% (number of females with

live pups: 7/8), respectively, the index in the 400 mg/kg/day

group was within the historical data range (97.3 ± 10.26%)

(8). The decreased index in the 200 mg/kg/day group was

not considered to be related to the test substance, because

the change was less significant and the index was slightly

lower than the historical data range.

The body weights of the F1 generation are shown in Figs.

6 and 7. There were no differences in the body weights of

pups on postpartum day (PPD) 0. However, the body weights

of pups of the 800 mg/kg/day group on PPD 4 decreased by

15.5% in males and by 11.4% in females compared to those

of the control group, although these were not statistically

significant.

In all the test groups, there were no changes in the exter-

nal morphology of the pups.

Necropsy. The necropsy findings in rats administered

EHA are shown in Table 4. There were no abnormal find-

ings in the testes and epididymides of males and ovaries of

females in all the dosing groups. One dead male and five

dead female rats of the 800 mg/kg/day group had promi-

nent distention of the stomach and cecum and small spleen

and thymus. Focal forestomach thickening was observed in

the male rat. At the scheduled necropsy, the thymus of each

female rat of the 400 and 800 mg/kg/day groups was found

to be small.

Two dead fetuses were found in the right and left uterine

horns of a female rat of the 400 mg/kg/day group that died

on PPD 1. Enlargement of the spleen and adrenal gland,

small thymus, and black or white focal lesions in the glan-

dular stomach were observed in the female rat. In addition,

one dead fetus was found in the uterus of each female

showing no evidence of parturition in the 200 and 400 mg/

kg/day groups. These changes were considered to be inci-

dental findings.

Organ weights. The organ weights of rats adminis-

tered EHA are shown in Table 5. The weights of the testes

and epididymides of males of the treated groups did not

show any test substance-related changes compared to that

of control groups.

Histopathology. The histopathological findings in rats

administered EHA are shown in Table 6. In the 800 mg/kg/

day group, hyperkeratosis, squamous cell hyperplasia, and

Fig. 7. Mean body weight of female pups.Fig. 6. Mean body weight of male pups.
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ulcer in the forestomach were observed in one dead male rat

that was found dead. Squamous cell hyperplasia in the

forestomach and hemorrhage in the glandular stomach were

also observed in one dead female rat of the 800 mg/kg/day

group. The lesions of the forestomach might have been

induced by intake of acids (9). Lymphoid atrophy of the

thymus or spleen was observed in one dead male and five

dead female rats of the 800 mg/kg/day group.

Because these animals exhibited several clinical signs

such as body weight loss, irregular respiration, diarrhea, and

abdominal distention, the lymphoid atrophy in the thymus

and spleen was less likely to be caused by the toxicity

induced by the test chemical. The change was probably sec-

ondary to the clinical signs and stress.

Distention of the stomach and cecum was observed in the

animals found dead in the 800 mg/kg/day group. Histo-

pathological changes could not be observed in several ani-

mals that had died owing to postmortem autolysis. Even in

the remaining animals, histopathological changes associ-

ated with the distention were not observed.

Lymphoid atrophy in the thymus was observed in each

female having correlated clinical signs in the 400 and 800

mg/kg/day groups. It was also considered to be secondary

to the clinical signs and stress.

Necrosis in the spleen, epithelial necrosis in the glandu-

lar stomach, and luteal necrosis in the ovary were observed

in one dead female rat of the 200 mg/kg/day group. In addi-

tion, hemorrhage and inflammation were observed in the

Table 4. Summary of necropsy findings

Organ/Findings

Sex Male Female

Group G1 G2 G3 G4 G1 G2 G3 G4

Dose (mg/kg/day) 0 200 400 800 0 200 400 800

Survived animals

No. of examined 12 12 12 11 12 11 10 7

Remarkable findings 01 02 1

Thymus - Small 01 1

 Uterus - Presence, one dead fetus in lumen, left horn 01 01

Dead animals

No. of examined 01 01 02 5

Remarkable findings 01 01 5

Adrenal - Enlargement, bilateral 01 01 1

Cecum - Distension 01 5

Spleen - Enlargement 01

Stomach - Distension 01 5

- Focus, black/white, many, glandular stomach 01

- Focus, red, glandular stomach 1

- Thickening, forestomach, focal 01

Thymus - Small 01 01 5

Uterus - Presence, two dead fetus in lumen, bilateral 01

Table 5. Summary of absolute and relative organ weights (Sex: male)

Group/

Dose (mg/kg/day)
B.W.

 Testes (g) Epididymides (g) Testes (g) Epididymides (g)

Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.

G1 Mean 511.1 01.79 01.78 00.73 00.76 00.35 00.35 00.15 00.15

0 S.D. 026.4 00.14 00.14 00.04 00.06 00.03 00.03 00.01 00.01

N 012 12 12 12 12 12 12 12 12

G2 Mean 499.2 01.71 01.73 00.71 00.73 00.35 00.35 00.14 00.15

200 S.D. 039.7 00.12 00.11 00.06 00.04 00.03 00.03 00.01 00.01

N 012 12 12 12 12 12 12 12 12

G3 Mean 506.1 01.75 01.76 00.72 00.75 00.35 00.35 00.14 00.15

400 S.D. 037.3 00.18 00.21 00.04 00.06 00.05 00.05 00.01 00.02

N 012 12 12 12 12 12 12 12 12

G4 Mean 482.3 01.79 01.80 00.72 00.74 00.37 00.38 00.15 00.15

800 S.D. 031.2 00.13 00.13 00.07 00.04 00.04 00.04 00.02 00.01

N 011 11 11 11 11 11 11 11 11
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muscular layer of the uterus wherein dead fetuses were

found. This was considered to be an incidental death due to

dystocia.

Other sporadic changes were not considered to be related

to the administration of the test substance.

Seminiferous tubule atrophy and inhibited spermiation in

the testes and increased cell debris in the epididymal ducts

of the epididymides were observed in one male rat of the

400 mg/kg/day group. However, the changes were consid-

ered to be congenital and were incidentally observed only

once. Hemorrhage and inflammation were observed in the

muscular layer of the uterus of the female with a dead fetus.

Because the changes were caused by septicemia induced by

dystocia, they were considered to be incidental findings.

Table 6. Summary of histopathological findings

Organ/Findings

Sex Male Female

Group G1 G2 G3 G4 G1 G2 G3 G4

Dose (mg/kg/day) 0 200 400 800 0 200 400 800

Survived animals

Epididymides No. of examined 12 12 12 11

- Increased, cell debris, epididymal duct +++ 01

Ovary No. of examined 12 11 10 7

- Cyst, luteal <+> 01 1

Testes No. of examined 12 12 12 11

- Atrophy, seminiferous tubule ± 01

+ 01

- Inhibited spermiation ++ 01

Thymus No. of examined 01 1

- Atrophy, lymphoid + 1

+++ 01

Dead animals

Adrenal No. of examined 01 01 5

- Congestion + 01 1

- Necrosis, cortical + 01

++ 1

Cecum No. of examined 01 01 5

- Autolysis <+> 01 2

Ovary No. of examined 01 02 5

- Necrosis, luteal + 01

Spleen No. of examined 01 01 4

- Atrophy, lymphoid ++ 3

+++ 01 1

- Pigmentation, brown, macrophage ± 01

+ 3

++ 1

- Necrosis, lymphocytes, diffuse, with bacterial colony ++ 01

Stomach No. of examined 01 01 5

- Autolysis <+> 2

- Hemorrhage, mucosal, glandular stomach +++ 1

- Hyperkeratosis, forestomach + 01

- Hyperplasia, squamous cell, forestomach ± 1

+ 01

- Necrosis, mucosal, glandular stomach, with bacterial colony +++ 01

- Ulcer, forestomach ± 01

Thymus No. of examined 01 01 5

- Atrophy, lymphoid ++ 1

+++ 01 01 4

Uterus No. of examined 01

- Hemorrhage, muscular layer + 01

- Inflammation, muscular layer ++ 01

Grade; ±: minimal, +: mild, ++: moderate, +++: marked. <+>: Presence in “presence or not” basis.
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Other incidental findings were not considered to be related

to the administration of the test substance.

In conclusion, it was concluded that no observed adverse

effect level (NOAEL) for parental male animals was con-

sidered to be 400 mg/kg/day based on the mortality at 800

mg/kg. The NOAEL for parental female animals was con-

sidered to be 200 mg/kg/day based on the mortality at 800

mg/kg/day, decreases of gestation and mating indexes, and

implantation loss rates at 400 and 800 mg/kg/day. In addi-

tion, the NOAEL for pups was considered to be 400 mg/kg/

day based on a decrease of pups’ body weights at 800 mg/

kg/day.
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