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ABSTRACT : In the present study, we employed Hershberger assay to determine possible androgenic or antiandrogenic ac-

tivities of three di-2-ethylhexyl phthalate (DEHP) substitute candidates. The assay was carried out using immature castrated 

Sprague–Dawley male rats. After 7 days of the surgery, testosterone propionate (TP, 0.4 mg/kg/day) and test materials (low 

dose, 40 mg/kg/day; high dose, 400 mg/kg/day) were administered for 10 consecutive days by subcutaneous (s.c.) injection 

and oral gavage, respectively. Test materials were DEHP, 2-ethylhexyl oleate (IOO), 2-ethylhexyl stearate (IOS) and triethyl 

2-acetylcitrate (ATEC). The rats were necropsied, and then the weights of five androgen-dependent tissues [ventral prostate, 

seminal vesicle, coagulating glands, levator ani-bulbocavernosus (LABC) muscle, paired Cowper’s glands, and glans penis] 

and four androgen-insensitive tissues (kidney, adrenal glands, spleen and liver) were measured. All test materials including 

DEHP did not exhibit any androgenic activity in the assay. On the contrary, antiandrogen-like activities were found in all test 

groups, and the order of the intensity was ATEC < DEHP < ISO < IOO in the five androgen-sensitive tissues. There was no 

statistical difference between low dose treatment and high dose treatment of all replacement candidate groups. In DEHP 

groups, high dose treatment exhibited significant weight gains in LABC and Glan Penis. There was no statistical difference in 

androgen-insensitive tissue measurements. Since the effects of ATEC treatment on the accessory sex organs were much less or 

not present at all when compared to those of DEHP, ATEC could be a strong candidate to replace DEHP. IOO treatment 

brought most severe weight reduction in all of androgen-sensitive tissues, so this material should be excluded for further 

screening of DEHP substitute selection. 
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Phthalates or phthalate esters, are esters of phthalic acid, 

and they are mainly used as plasticizers, i.e., substances 

added to plastics to increase their flexibility, transparency, 

durability, and longevity (Cao, 2009). Since the plasticized 

materials are indispensable in everyday lives, the majority 

of people in modernized nations are exposed to some level 

of phthalates (Meeker et al., 2008). For example, multiple 

phthalates metabolites were detected in human urine from 

several Asian countries including South Korea (Guo et al., 

2011).  
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Di-2-ethylhexyl phthalate (DEHP) is the most common 

member of the phthalates family, and along with other 

phthalates, DEHP is known to cause endocrine disrup-

tion. Indeed, numerous studies have demonstrated a po-

tential for DEHP to adversely impact the male and female 

reproductive systems such are abnormal reproductive 

tract formation, lower fertility, pregnancy loss, abnormal 

puberty onset, endometriosis, and abnormal breast devel-

opment (Gray et al., 2000; Lyche et al., 2009; Martino-

Andrade & Chahoud, 2010; Huang et al., 2012; Kay et 

al., 2013). 

Due to many detrimental effects of DEHP, particularly 

on the fetus and newborn, the task making plastic products 

with DEHP alternatives becomes much more urgent. Al-

though there are some biological alternatives on the mar-

ket, the common problem is that they are typically expen-

sive and not compatible as a primary plasticizer. Concur-

rently, the potential negative effects of the candidates 

should be accurately and efficiently screened. Previously we 

evaluated the two bisphenol-A (BPA) substitute candidates 

whether they have androgenic or antiandrogenic activity us-

ing Hershberger assay, and found isosorbide could be a 

safer candidate while cyclohexanedimethanol exerted more 

detrimental effects (Kim et al., 2017). In the present study, 

we employed the identical in vivo animal model system to 

determine possible androgenic or antiandrogenic activities 

of three DEHP substitute candidates.  

 

1. Chemicals 

Testosterone propionate (TP), bis(2-ethylhexyl) phtha-

late (DEHP, CAS number 117-81-7), triethyl 2-acetylci-

trate (ATEC, CAS number 77-89-4) and corn oil were pur-

chased from Sigma Chemical Co. (St. Louis, MO, USA). 

2-ethylhexyl oleate (IOO, CAS number 26399-02-0) and 

2-ethylhexyl stearate (IOS, CAS number 22047-49-0) were 

donated from SFC Co. (Seoul, Korea). All substances were 

stored in glass containers at room temperature (Table 1).  

  

2. Animals and ethics approval 

Male Sprague-Dawley rats (28 days old) were obtained 

from DBL (Chungcheongbuk-do, Korea) and reared in Sang-

myung University animal facility under specific pathogen 

free (SPF)-conditions of 12-h light/dark cycle (lights on at 

07:00 h) and constant temperature of 22±1℃. Rats had 

free access to normal chow (Purina, Seoul, Korea) and tap 

water ad libitum. All procedures used were approved by 

the Animal Care and Use Committee (2017-02-03) at 

Sangmyung University. All the animals were handled in 

accordance with the guidelines for animal experiments of 

the Association for Assessment and Accreditation of La-

boratory Animal Care (AAALAC). 

 

3. Surgery and test substance administrations 

Rats were castrated (ORX) on postnatal day (PND) 42 

under anesthesia by placing an incision in the scrotum and 

removing both testes and epididymides with a ligation of 

the blood vessels and seminal ducts. The animals were 

allowed to recover from castration for 7 days, and then 

animals were randomly assigned to different groups in 

terms of their body weights on PND 49 (n=6). TP was dai-

ly administered for 10 consecutive days by subcutaneous 

(s.c.) injection at a dose of 0.4 mg/kg bw/day (dissolved in 

0.5 mL corn oil). The route of administration for the test 

substances (low dose, 40 mg/5 mL/kg bw; high dose, 400 

mg/5 mL/kg bw) was via oral gavage.  

For the androgenic activity test, the vehicle group (ORX) 

was the negative control, and the TP-treated group (ORX+ 

TP) was the positive control. The weights of the tissues 

were compared to the controls for statistically significant 

changes. Two dose groups of the test substance plus posi-

tive and vehicle (negative) controls were normally suffi-

cient to determine if a chemical is an androgen agonist, 

and this design was therefore preferred for animal welfare 

reasons (EPA, 2011). 
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4. Sample collections 

Approximately 24 hours after the final administration of 

the test substance, the rats were necropsied according to 

standard laboratory procedures. As critical indices, the 

weights of five androgen-dependent tissues [ventral pros-

tate, seminal vesicle, coagulating glands, levator ani-

bulbocavernosus (LABC) muscle, paired Cowper’s glands, 

and glans penis] were measured. The weights of optional 

tissues (kidney, adrenal glands, spleen and liver) were also 

measured. 

 

5. Statistical analysis 

All values are expressed as mean S.E. (n=6). Absolute 

tissues weights were analyzed using analysis of covariance 

(ANOVA) or Student’s t-test. Data were expressed as 

mean±SE, and p-value<0.05 denoted the statistically sig-

Table 1. Chemical structure of DEHP and its substitute candidates 

Component CAS number Chemical structure 

DEHP  

(bis(2-ethylhexyl) phthalate) 
117-81-7 

 

IOO  

(2-ethylhexyl oleate) 
26399-02-0 

 

IOS 

 (2-ethylhexyl stearate) 
22047-49-0 

 

ATEC  

(triethyl 2-acetylcitrate) 
77-89-4 
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nificant difference. 

 

No abnormal clinical wounds or body weight changes were 

observed in the rats administered with the test chemicals. 

 

1. Effects on androgen-dependent tissues 

The effects of DEHP and replacement candidates on 

changes in body weights and androgen-dependent tissues 

(seminal vesicles, ventral prostate, LABC, paired Cow-

per’s glands, and glans penis) weights in castrated male 

rats are shown in Tables 2. In all organs, the most severe 

weight loss was commonly found in IOO group. 

 

1) Body weights 

No significant changes in body weight were observed in 

all DEHP treatment groups except DEHP-40 group when 

compared to their negative (ORX) and positive group (ORX+ 

TP), respectively. However, all of the IOO groups shown 

significant decreases when compared to their DEHP nega-

tive (DEHP-40 and DEHP-400) and positive group groups 

(DEHP-40+TP and DEHP-400+TP), respectively. In IOS 

groups, significant changes were found in TP groups (IOS-

40+TP and IOS-400+TP) compared to their DEHP nega-

tive and positive groups, respectively. There were no sig-

nificant changes in ATEC groups compared to control 

groups. 

 

2) Weights of LABC 

Like body weight changes, no significant changes in 

LABC weight were observed in all DEHP treatment groups 

except DEHP-40 group. In DEHP groups, high dose treat-

ment exhibited significant weight gains compared to the 

low dose treatment. Significant decreases in LABC weight 

were observed in all IOO treatment groups and all IOS 

treatment groups except IOS-400 group compared to 

DEHP control groups. In ATEC groups, significant de-

creases were observed in TP cotreated groups (ATEC-

40+TP and ATEC-400+TP). 

 

3) Weights of glans penis 

Significant decreases in glans penis weight were ob-

served in low dose DEHP treatment groups (DEHP-40 and 

DEHP-40+TP) when compared to their control groups. In 

DEHP groups, high dose treatment exhibited significant 

weight gains compared to the low dose treatment. All re-

placement candidate groups exerted significant decreases 

compared to their DEHP negative and positive groups, 

respectively. 

 

4) Weights of paired Cowper’s glands 

No significant decrease in Cowper’s gland weight was 

observed in all DEHP groups except DEHP-40 group 

which exerted significant decrement. There was no signifi-

cant change in all replacement candidate groups when 

compared to their DEHP negative and positive groups.  

 

5) Weights of seminal vesicle 

No significant change was observed in DEHP groups. 

There were significant decreases in IOO-40 and IOO-400 

groups when compared to their DEHP negative groups. 

There were significant decreases in IOS+TP cotreated groups 

and IOS-400 group when compared to their DEHP positive 

groups and DEHP negative group, respectively. All ATEC 

group shown no significant change.  

 

6) Weights of ventral prostate 

No significant change in ventral prostate weight was ob-

served in all the DEHP groups except DEHP-40 group 

when compared to the control groups. No significant change 

in ventral prostate weight was observed in all the IOO 

groups except IOO-400+TP group when compared to the 

DEHP positive groups and DEHP negative group, respec-

tively. There were significant decreases in IOS with TP 

cotreated groups when compared to the DEHP positive  
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Table 2. Effects of orally administered di-2-ethylhexyl phthalate (DEHP), 2-ethylhexyl oleate (IOO), 2-ethylhexyl 

stearate (IOS) and acetyl triethyl citrate (ATEC) and subcutaneously administered testosterone propionate 

(TP) on body and androgen-sensitive organ weights of castrated rats 

Treatmenta 
Body 

Weight (g) 

LABC 

(mg) 

Penis 

(mg) 

Cowper’s 

glands (mg) 

S.V. 

(mg) 

Ventral prostate 

(mg) 

INT 301.6±7.6 736.7±29.4 271.3±12.5 26.2±2.3 193.4±9.7 146.0±9.8 

ORX 281.3±7.7 301.4±52.3 158.3±11.1 5.4±0.9 28.0±3.8 29.3±9.9 

ORX+TP 313.2±6.3 671.5±49.0 266.2±12.8 18.2±0.8 170.3±12.5 91.5±9.7 

DEHP-40 276.2±6.1* 193.7±17.1 98.3±2.4*** 2.3±0.2*** 22.4±1.3 8.5±0.5* 

DEHP-40+TP 310.3±5.2 548.8±27.5 192.5±17.1
††

 16.6±1.1 163.9±8.0 75.6±4.1 

DEHP-400 302.8±8.7 245.1±10.5 153.4±7.5 5.9±1.2 28.5±4.0 21.3±4.7 

DEHP-400+TP 305.2±15.9 619.1±22.0 255.5±19.3 17.8±2.5 165.5±15.4 86.2±5.5 

IOO-40 252.3±7.1* 153.6±6.2z* 112.8±3.0** 2.6±0.2** 16.8±0.9** 7.8±0.5* 

IOO-40+TP 250.8±4.7
†††

 520.8±16.7
†

 218.6±2.9
††

 17.7±0.9 172.3±10.4 79.9±3.0 

IOO-400 216.6±17.9** 143.8±12.2* 111.3±3.2** 3.2±0.3* 17.7±1.0* 7.0±0.4 

IOO-400+TP 244.2±6.6
†††

 489.8±18.4
†

 199.2±7.3
††

 20.3±1.4 137.2±9.5 61.5±6.2
†

 

IOS-40 265.0±8.7 163.3±9.8* 116.9±5.0* 2.8±0.2** 20.4±1.6 8.4±0.7 

IOS-40+TP 281.8±7.0
††

 451.7±12.9
† 217.4±12.2

†
 18.1±0.9 121.6±5.3

††
 58.5±2.9*†† 

IOS-400 274.4±11.5 210.8±18.9 138.9±8.5** 4.7±0.7* 25.3±1.3*** 12.4±1.7 

IOS-400+TP 286.3±3.1
††

 460.0±22.8
††

 206.1±6.0
††

 17.7±1.8 138.3±6.9
†

 63.9±2.3
†

 

ATEC-40 287.5±5.7 209.3±10.1 123.0±4.5* 3.8±0.4 26.0±1.4 11.5±0.9 

ATEC-40+TP 313.9±10.8 539.2±21.2
†

 218.8±10.1
†

 17.1±0.8 159.6±9.2 80.4±2.2 

ATEC-400 287.9±9.1 192.4±6.9* 114.6±7.0** 2.2±0.2*** 22.7±1.8 10.9±1.2 

ATEC-400+TP 309.0±3.2 529.3±24.7
†

 209.7±13.0
†

 18.3±1.3
† 154.3±10.9 78.2±3.1 

a Immature castrated rats were administered with TP by subcutaneous injection for 10 days. One day after the final treat-

ment, the accessory sex organs were removed carefully and weighed separately.  

Symbols *, ** and *** meant significant different in comparison between ORX group and test material group. *p<0.05; 

**p<0.01; ***p<0.001.  

Symbols 
†, 

††
 and 

†††
 meant significant different in comparison between ORX+TP group and test material group. 

†
p<0.05; 

††
p<0.01; 

†††
p<0.001. 

INT, intact; LABC, levator ani-bulbocavernosus; S.V. seminal vesicle; ORX, orchidectomy. 
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groups. No significant changes were found in all ATEC 

groups.  

 

2. Effects on androgen-independent organs 

The effects of DEHP and replacement candidates on 

changes in optional organs (kidney, adrenal glands, spleen 

and liver) weights in castrated male rats are shown in Table 3.  

 

1) Kidney weights 

Significant increases in kidney weight were observed in 

DEHP 40 and DEHP 400 groups when compared to their 

negative controls (ORX group). However, comparison bet-

ween DEHP positive control groups (DEHP-40 and DEHP- 

400+TP, respectively) and IOO+TP cotreated groups ex-

erted significant decreases. Similarly, IOS+TP cotreated 

groups shown significant decreases compared to DEHP+ 

TP groups. Significant increases were observed in ATEC 

groups when compared to control (ORX group), as shown 

in DEHP groups. 

 

2) Adrenal glands weights 

There was no significant change in DEHP groups except 

DEHP-40+TP group which exerted significant decrease 

compared to control groups (ORX+TP). IOO+TP cotreated 

groups shown significant decreases compared to the DEHP 

positive groups, DEHP-40+TP and DEHP-400+TP, respec-

tively. There were no significant changes in IOS groups 

and ATEC groups, except IOS-400 and ATC-40+TP which 

shown significant decreases. 

 

3) Spleen weights 

No significant change in spleen weight was observed in 

all treatment groups except IOO-400 group. 

 

4) Liver weights 

No significant change in adrenal glands weight was ob-

served in all DEHP groups. There were significant de-

creases in IOO groups except IOO-400+TP group. In IOS 

groups, significant decrease was observed only in IOS-40 

group compared to control group. In ATEC groups, no sig-

nificant change was found. 

 

DEHP is well known to have potential hazards on ani-

mal and human health, such as reproductive and devel-

opmental toxicity via disruption of the endocrine system 

(Zarean et al., 2016). As a typical example, DEHP and 

some other phthalates act as anti-androgens and can cause 

cryptorchidism in rodents and probably in human. One 

plausible hypothesis for occurrence of this symptom is an 

exposure to a chemical (or a mixture of chemicals) with 

anti-androgenic or estrogenic properties before and dur-

ing the critical timing of external genital differentiation 

(Toppari et al., 2006). Indeed, maternal DEHP exposure 

could disrupt fetal testicular development (Shirota et al., 

2005) and testosterone production (Parks et al., 2000; 

Howdeshell et al., 2008), and these findings support the 

hypothesis.  

Since DEHP is the most common phthalate plasticizer in 

medical devices such as intravenous tubing and bags, spe-

cial concern has been expressed about leachates of DEHP 

transported into the patient, especially for those requiring 

extensive infusions or those who are at the highest risk of 

developmental abnormalities, e.g. neonates, premature ba-

bies, lactating and pregnant women (Tickner et al., 2001; 

Latini et al., 2010). Therefore, development of plastic 

products with DEHP alternatives which can ensure safety 

becomes an urgent issue. Several bio-based plasticizers 

have been and are being developed as alternatives to 

phthalates. Among them, a plasticizer based on vegetable 

oil which is compatible as a primary plasticizer has been 

developed and is a ready substitute for dioctyl phthalate 

(Privas et al., 2013). Isosorbide, a BPA replacement, is a 

non-toxic biodegradable diol derived from bio-based feed-

stock, and it can be used for preparing thermoplastic starch 
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Table 3. Effects of orally administered DEHP, IOO, IOS and ATEC and subcutaneously administered TP on an-

drogen-insensitive organ weights of castrated rats 

Treatmenta 
Kidney 

(mg) 

Adrenal glands 

(mg) 

Spleen 

(mg) 

Liver 

(g) 

INT 1,150.1±25.2 25.2±1.4 740.5±27.6 12.7±0.6 

ORX 931.8±19.5 28.4±1.9 699.5±33.5 12.0±0.7 

ORX+TP 1,169.8±13.8 28.2±1.3 822.8±56.5 12.1±0.8 

DEHP-40 1,037.9±19.0*** 25.7±0.7 715.8±54.7 11.1±0.4 

DEHP-40+TP 1,190.4±37.1 22.5±1.0
††

 765.4±23.1 14.0±0.7 

DEHP-400 1,178.6±19.1*** 31.6±1.2 671.6±50.6 11.9±1.4 

DEHP-400+TP 1,164.4±32.9 26.8±1.2 741.7±61.0 13.1±1.0 

IOO-40 923.7±51.7 24.8±0.6 726.8±19.2 10.4±0.2* 

IOO-40+TP 991.3±21.2
†††

 23.4±0.9
††

 747.8±49.2 10.1±0.3
†

 

IOO-400 880.5±43.0 26.1±1.4 561.4±95.7* 8.3±1.0** 

IOO-400+TP 986.6±20.4
†††

 19.5±1.1
†††

 737.1±53.1 11.3±0.3 

IOS-40 967.3±15.9 26.4±1.2 761.3±37.1 10.1±0.4* 

IOS-40+TP 1,064.5±22.7
†††

 27.4±0.7 821.0±28.3 11.2±0.3 

IOS-400 978.2±22.8 31.8±1.8* 673.8±35.6 10.7±0.6 

IOS-400+TP 1,080.7±28.3
††

 27.2±0.8 798.6±64.8 12.1±0.2 

ATEC-40 1,046.8±20.2*** 26.5±1.1 742.9±28.9 11.4±0.5 

ATEC-40+TP 1,158.7±31.8 21.7±1.2
††

 749.1±37.2 12.6±0.7 

ATEC-400 1,088.6±20.8*** 24.5±0.8 663.6±26.3 11.8±0.4 

ATEC-400+TP 1,206.8±10.5
†

 26.2±1.4 829.5±32.7 13.5±0.4 

a Immature castrated rats were administered with TP by subcutaneous injection for 10 days. One day after the final treat-

ment, the accessory sex organs were removed carefully and weighed separately.  

Symbols *, ** and *** meant significant different in comparison between ORX group and test material group. *p<0.05; 
**p<0.01; ***p<0.001.  

Symbols †, †† and ††† meant significant different in comparison between ORX group and test material group.  
†

p<0.05; 
††

p<0.01; 
†††

p<0.001. 

INT, intact; ORX, orchidectomy. 
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through a semi-industrial process of extrusion, allowing 

some technological advantages with respect to classical 

plasticizers (Battegazzore et al., 2015).  

Although there are some biological alternatives on the 

market, the problem is that they are typically expensive 

and not coISmpatible as a primary plasticizer. Further-

more, the potential negative effects of the candidates could 

not be screened accurately and efficiently. For example, 

there is ample of evidence on the adverse effects of bi-

sphenol-S (BPS), an alternative of BPA (Usman & Ahmad, 

2016; Rosenfeld, 2017). The Hershberger Bioassay is a 

short-term in vivo screening test using accessory tissues of 

the male reproductive tract to detect compounds with po-

tential to exert androgenic or antiandrogenic activities 

(EPA, 2011; OECD, 2008). This assay is relatively con-

venient and reliable because five androgen-dependent or-

gans, in castrated rats, sensitively respond to chemical with 

androgenic or antiandrogenic activities as an increase or 

decrease in absolute weights (Marty & O’Connor, 2014). 

We previously evaluated the two BPA substitute candidates 

whether they have androgenic or antiandrogenic activity 

using Hershberger assay, and found isosorbide could be a 

safer candidate while cyclohexanedimethanol exerted more 

detrimental effects (Kim et al., 2017). 

In the present study, we found that all test materials in-

cluding DEPC did not exhibit any androgenic activity in 

the Hershberger assay. Rather, antiandrogen-like activities 

were found in all test materials, and the order of the inten-

sity was ATEC < DEHP < ISO < IOO in 5 androgen-

sensitive organs. There is no available information on the 

action mechanism of the test materials (i.e. their receptors), 

so we tentatively concluded the weight reduction effects of 

these materials are derived from antiandrogen-like activi-

ties. Meanwhile, no androgenic or antiandrogenic activities 

of the test materials were found in the androgen-insensitive 

organs used in this study. Generally, the adverse effects of 

ATEC treatment on the accessory sex organs were much 

less or not present at all when compared to those of DEHP. 

So we concluded that ATEC could be a DEHP substitute. 

IOO treatment brought most severe weight reduction in all 

of androgen-sensitive organs, so this material should be 

excluded for further screening of DEHP substitute selec-

tion.  
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