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Objective: To investigate the effects of di-n-hexyl phthalate (DHP) and dicyclohexyl phthalate (DCHP) on hypophysis/thy-
roid axis in utero, pregnant rats were exposed to DHP or DCHP at doses of 0, 20, 100, and 500 mg/kg bw/d, by gavage,
on gestational days (GD) 6-19.

Materials and Methods: The rats were allowed to grow up until adult (PD 90) stages. Body weights were recorded weekly.
After treatment period, hormone analysis was determined in serum samples. Histopathological examinations revealed histo-
pathological changes in thyroid gland on rats that received DHP or DCHP.

Results: There were no significant differences in body weights of male adult rats among groups. However, in female rats,
final body weights were statistically decreased in 100 mg/kg/d DHP group but increased in DCHP treated rats at dose of
100 and 500 mg/kg/d in dose-response experiment. There was a decrease of TSH level in DHP 100 mg/kg/d and DCHP
500 mg/kg/d groups in male and female rats. T4 levels were increased in DCHP 20 and 100 mg/kg/d groups. In male rats,
an increase of TSH level was found in DCHP 20 and 100 mg/kg/d treatment groups. Similarly, an increase of T3 level was
found in DCHP 100 and 500 mg/kg/d groups. Also, in thyroid tissue, increase of adipose tissue, colloidal degeneration, and
follicular degeneration was observed in all treatment groups.

Conclusions: The results of this study suggest that DHP and DCHP, which was applied in pregnancy period, cause changes
to T3, T4, and TSH hormone levels and thyroid histology in adult rats.

Keywords: Di-n-hexyl phthalate, dicyclohexyl phthalate, endocrine system, male and female rats, toxicity

Phthalates are a class of widely used industrial compounds known technically as di-alkyl or alkyl aryl esters of
1,2-benzenedicarboxylic acid and are used mainly as a specialty plasticizer for nitrocellulose, polyvinyl acetate,
and polyvinyl chloride, a lubricant for aerosol valves, an antifoaming agent, a skin emollient, and plasticizer in nail
polish, fingernail elongates, and hair spray (1, 2). There are many phthalates with many uses, and just as many
toxicological properties. Exposure to environmental phthalates, liberated from polyvinyl chloride (PVC) materials,
has recently been associated with the development of some serious problems in human health (3).

Di-n-hexyl phthalate (DHP) and dicyclohexyl phthalate (DCHP) belong to the family of phthalic acid di-esters,
which are produced in large quantities, and are primarily used as softeners and plasticizers in commonly used
plastics; they are found in a wide variety of media ranging from drinking water to infant formulae (4). DHP and
DCHP were found in food and in indoor environments (5). DCHP was measured at a concentration of 0.07 p/m?3
in samples of indoor air from houses in Japan (6), and its monoester metabolite was found in the urine of adults of
the U.S. general population (7). DCHP had the most potent estrogenic activity among phthalate esters examined,
but its estrogenic potency was 1,700,000 times less than that of 17b-estradiol (8).

Human exposure to some industrial compounds may result in adverse health outcomes mediated through the neu-
roendocrine axis. These chemicals may affect the synthesis, secretion, transport, binding, action, or elimination
of natural hormones in the human body that are responsible for maintaining homeostasis, reproduction, develop-
ment, and/or behavior. Thyroid hormones play an important role in many physiologic systems, and alterations in
thyroid hormone levels can lead to a myriad of adverse clinical conditions (9). Although much is still unknown about
mechanisms and consequences involved with the relationship between environmental exposures and changes in
thyroid hormone levels, phthalates and other environmental chemicals may bind to thyroid receptors and influence
thyroid hormone signaling (10).
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Gayathri et al. (11) reported an increase in serum T3 and T4 in
adult female rats receiving a low DEHP dose (750 1g/100 g bw)
(12). A dose-dependent inverse association between DBP and both
triiodothyronine (T3) and tetraiodothyronine (T4) has also been
reported in male rats (12). In animal study, rats with diets contami-
nated with DEHP were found to have thyroid alterations compared
with controls (13). They found that DEHP and di-n-octyl phthal-
ate (DNOP) at 5000 ppm caused mild histological changes in the
thyroid consisting of reduced follicle size and colloid density. Study
of adult men for the first time shows an association between high-
er urinary levels of the metabolite mono (2-ethylhexyl) phthalate
(MEHP) and reduced free T4 and/or total T3 levels in blood serum
(14). Also, Boas et al. (15) indicated that phthalate metabolites of
di«(2-ethylhexyl) phthalate and diisononyl phthalate, which were
detected in all urine samples, negatively associated with thyroid
hormones and have thyroid disrupting properties in children.

In the Meeker’s study (14), phthalate metabolite concentrations
were measured in urine and thyroid hormones were measured in
serum from 408 men. MEHP (mono-2-ethylhexyl phthalate) was
inversely associated with free T4 and total T3 but was not associ-
ated with thyroid-stimulating hormone (TSH). Huang et al. (16)
reported an inverse association between MBP and both total and
free levels of T4 in 76 pregnant Taiwanese women. Unlike the
study among U.S. men, they did not find an inverse association
with MEHP, but there were considerable differences between the
designs of the two studies (16). In addition to having a smaller
study size and a vastly different study population, the Taiwanese
study also did not take into account concentrations of oxidative
DEHP metabolites, which served to strengthen the associations
between MEHP and thyroid hormones in the U.S. study. More
study is needed on the association between phthalate exposure and
thyroid function, which plays an important role in many human
systems including reproduction and fetal neurodevelopment.

In our previous studies, we showed that in-utero DHP and DCHP
exposures affected the development of male reproductive tract
at prepubertal, pubertal, and adult stages of life (17) and exerted
genotoxic effects to testicular cells of rats at all stages of develop-
ment, even at adulthood (18).

In-utero exposure is most sensitive for the elicitation of the adverse
effects in the animal systems (19-21). Thus, a higher sensitivity for
damage is present for in-utero exposure.

The aim of this study is to investigate the effects of in-utero di-n-
hexyl phthalate and dicyclohexyl phthalate exposures on the devel-
opment of male and female thyroid glands. Pregnant Wistar rats
were exposed to DHP and DCHP at doses of 0, 20, 100, and 500
mg/kg/day, by gavage, on gestational days (GD) 6-19, and the ef-
fects of these phthalates on hormonal and histopathologic changes
were observed at adult stages.

Di-n-hexyl phthalate (CAS No. 84-75-3) with purity of 97% and
dicyclohexyl phthalate (CAS No. 84-61-7) with purity of 99% were
supplied by Alfa Aesar and Aldrich Chemistry (Ankara, Turkey),
respectively, and dissolved in corn oil (vehicle). Thyroxin (T4), tri-
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iodothyronine (T3), and TSH ELISA Kkits for rats were purchased
from Calbiotech Inc. (Spring Valley, CA).

The animal experiment was approved under number 2005/46
by the Animal Experimentations Local Ethics Board of Hacettepe
University (Hacettepe, Turkey). Female Wistar albino rats were
purchased from the Experimental Animals Production Center,
Hacettepe University in Ankara (Ankara, Turkey). The animals
were allowed at least 1-week acclimation interval prior to study
start. Following the acclimation period, all animals were individu-
ally wire-mesh-cages suspended over cage board. The animal
room was maintained at a temperature of 22°C+2°C and relative
humidity 50+5 with a 12-hour light/dark cycle (06:00-18:00 h),
and given standard rat diet (Korkutelim Feed Factory, Afyon, Tur-
key) and water were provided ad libitum. The pregnant rats were
distributed on a random basis into control (vehicle) and treatment
groups (n=10) and housed individually.

The animals were paired for mating in the home cage of the male.
The female rats (two-month-old and 200-220 g weight) were
checked twice daily to confirm mating; all the females that pre-
sented a vaginal plug were considered pregnant. The pregnant rats
were distributed on a random basis into control (vehicle) and treat-
ment groups (n=10) and housed individually. Pregnant rats were
treated by gavage application at GDs 6-19. The groups in this
study were classified as follows: control, vehicle control (corn oil),
20, 100, 500 mg/kg/d DHP and 20, 100 and 500 mg/kg/d. The
authors decided to choose 20, 100, and 500 mg/kg/body weight
(bw)/d DHP and DCHP doses, without exceeding the acute oral
median lethal dose values of DHP and DCHP reported to be 29.6
and >40 g/kg bw in rats, respectively (22). The low-dose level was
chosen according to no observed adverse effect level reported by
Hoshino et al. (19). The high-dose level was also chosen according
to lowest-observed-adverse effect level of 500 mg/kg bw/d DCHP
reported by Lake et al. (23).

The solutions were prepared fresh daily according to dams’ weights.
The dosing volume was 0.25 ml in all groups. The rats in the ve-
hicle control group received corn oil in equal amounts as in experi-
mental groups. Maternal weight was recorded weekly to pregnancy
period. After delivery, all pups were allowed to grow with dam for
one month. Then, pups were separated from dams. Female and
male pups were housed at four per cage and allowed to free access
for standard rat diet and tap water ad libitum. Food and water
intake was performed daily, and body weights for all groups were
recorded weekly during the experiment to exclude that the effects
of DHP and DCHP were result of a reduction in food and water
intake. The rats were allowed to grow up until adult (PD 90) stage.
At necropsy, the animals were weighed and sacrificed under ether
anesthesia followed by decapitation, and thyroid glands were ex-
cised immediately. The tissues were dissected and weighed in order
to calculate the organ/body weight ratios for each animal. The
organ weight was considered as absolute organ weight, whereas
organ/body weight ratio was considered as relative organ weight.
All experimental procedures and animal use were confirmed as the
Approval of Ethics Committee of Hacettepe University.
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At the end of the study, the animals were weighed and sacrificed under
ether anesthesia followed by decapitation. Blood was collected in tubes
that contained heparin. Plasma was separated after centrifugation at
3000 g for 30 min to pipette serum into silicon microcentrifuge tubes
and stored at -80°C until hormone analysis. T3 (the sensitivity of the
assay is 25 ng/mL), T4 (the sensitivity of the assay is 1 pg/dL), and
TSH (the sensitivity of the assay is 0.2 ng/mL of serum or plasma)
(Calbiotech Inc.), were measured by using commercially available ELI-
SA Kkits for rats according to the manufacturer’s instructions. The intra-
and interassay coefficients of variations were less than 9.1%.

For histopathological examination, thyroid (thyroid and parathyroid
were removed together) tissues were dissected out and weighed in
order to calculate the organ and relative organ weights for each
animal. Subsequently, the tissues were fixed in Bouin’s solution
for 8 hours and then processed in a series of graded ethanol, em-
bedded in paraffin, cut at 4 um thickness, and stained with Harris
hematoxylin and eosin. All slides were examined using Olympus
BX51 system light microscope. The photographs were captured
using Bs200prop software.

Prior to parametric tests, Kolmogorov-Smirnov tests were used,
respectively, to evaluate data for normality and homogeneity. All
values presented in the text are mean=standard error (S.E.). Sta-
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tistical analyses were performed using a Statistical Package for
the Social Sciences (SPSS) version (SPSS Inc.; Chicago, IL, USA).
Body and organ weights examined by means of univariate analysis
of variance using a one-way factorial design. Body, absolute, and
relative organ weights were examined by Hochberg’s GT2-meth-
od or Games—Howell, which is based on unequal sample sizes to
detect differences among groups. Incidences of histopathological
findings were analyzed by Fisher’s exact test. The value of p<0.05
was considered statistically significant.

Final body weight and absolute and relative (weight/body) thyroid
weight ratio of male and female rats in dose-response is shown
in Tables 1 and 2. There were no significant differences in body
weights of male adult rats among groups. However, in female rats,
final body weights were statistically decreased in 100 mg/kg/d
DHP group but increased in DCHP-treated rats at dose of 100
and 500 mg/kg/d in dose—response experiment. Compared with
the controls, the difference was statistically significant.

T3, T4, and TSH levels of adult male and female rats in control
and treatment groups are presented in Figures 1-6. In female rats,
there was a decrease of TSH level in DHP 20 and 100 mg/kg/d
and in male rats, a decrease was observed in 100 mg/kg/d DHP

Final body weight (g) and selected absolute (g) and relative organ weights (mg/g) of adult male rats following in-utero

exposure to DHP or DCHP at dose of 20, 100, or 500 mg/kg/d

DHP (mg/kg/day) DCHP (mg/kg/day)
Control 20 100 500 20 100 500
N 10 10 10 10 10 10 10
Final body weight(g) 253+12.3 256+7.4 26155 265+7.1 247+10.6 260+6.3 267+6.3

Thyroid absolute organ weights (g)
Thyroid relative organ weights (mg/q)

0.12+0.01 0.12+0.01 0.14+0.01 0.11+0.01 0.12+0.01 0.12+0.01 0.13+0.00
0.49+0.02 0.45+0.01 0.52+0.01 0.43+0.03 0.50+0.02 0.47+0.01 0.49+0.020

DHP: Di-n-hexyl Phthalate; DCHP: Di-Cyclohexyl Phthalate; N: number of rats; SE: standard error

Numbers represent mean+SE

Final body weight (g) and selected absolute (g) and relative organ weights (mg/g) of adult female rats following in-utero

exposure to DHP or DCHP at dose of 20, 100, or 500 mg/kg/d

DHP (mg/kg/day) DCHP (mg/kg/day)
Control 20 100 500 20 100 500
N 10 10 10 10 10 10 10
Final body weight (g) 189+7.0  195+3.6° 166+5.1**< 183+4.1  185+54 197+4.8° 198+4.5*

Thyroid absolute organ weights (g)
Thyroid relative organ weights (mg/q)

0.11+0.01 0.10+£0.01 0.10+0.01 0.11+0.01 0.10+0.01 0.10+0.01 0.11+0.01
0.60+£0.03 0.53+0.05 0.58+0.03 0.58+0.03 0.54+0.03 0.53+0.02 0.55+0.04

DHP: Di-n-hexyl Phthalate; DCHP: Di-Cyclohexyl Phthalate; N: number of rats; SE: standard error

Numbers represent mean+SE.

aStatistically different from control group (p<0.05)

bStatistically different from 20 mg/kg/day DHP group (p<0.05)
cStatistically different from 500 mg/kg/day DHP group (p<0.05)
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Figure 1. Serum TSH levels of male and female rats in control
and DHP exposed groups. 2p<0.05 significantly different from
the control group. ®p<0.05 significantly different from the
20 mg/kg bw/d DHP group. °p<0.05 significantly different
from the 100 mg/kg bw/d DHP group. 4p<0.05 significantly
different from the 500 mg/kg bw/d DHP group
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Figure 2. Serum TSH levels of male and female rats in control
and DCHP-exposed groups. *p<0.05 significantly different
from the control group. ®p<0.05 significantly different from
the 20 mg/kg bw/d DCHP group. °p<0.05 significantly
different from the 100 mg/kg bw/d DCHP group
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Figure 3. Serum T3 levels of male and female rats in control
and DHP-exposed groups. 2p<0.05 significantly different from
the control group. ®p<0.05 significantly different from the
20 mg/kg bw/d DHP group. °p<0.05 significantly different
from the 100 mg/kg bw/d DHP group. d p>0.05 significantly
different from the 500 mg/kg bw/d DHP group
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Figure 4. Serum T3 levels of male and female rats in control
and DCHP-exposed groups. ?p<0.05 significantly different
from the control group. ®°p<0.05 significantly different from
the 20 mg/kg bw/d DCHP group. °p<0.05 significantly
different from the 100 mg/kg bw/d DCHP group
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Figure 5. Serum T4 levels of male and female rats in control
and DHP-exposed groups. 2p<0.05 significantly different from
the control group. ®p<0.05 significantly different from the 20
mg/kg bw/d DHP group. °p<0.05 significantly different from
the 100 mg/kg bw/d DHP group
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Figure 6. Serum T4 levels of male and female rats in control
and DCHP-exposed groups. *p<0.05 significantly different
from the control group. ®p<0.05 significantly different from
the 20 mg/kg bw/d DCHP group. °p<0.05 significantly
different from the 100 mg/kg bw/d DCHP group. dp<0.05
significantly different from the 500 mg/kg bw/d DCHP group
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Figure 7. a-d. Photomicrograph of thyroid gland in control
group (H&E stain, x200) (a), photomicrograph of thyroid
gland in 500 mg/kg/d DCHP treatment group. Increase of
adipose tissue (—) and colloidal degeneration are shown (x)
(H&E stain, x200) (b), colloidal degeneration (—) in thyroid
gland in 100 mg/kg/d (c), follicular degeneration in 20 mg/
kg/d DCHP treatment group (—) are shown (H&E stain,
x200) (d)
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Figure 8. a-d. Photomicrograph of thyroid gland in control
group (H&E stain, x200) (a), photomicrograph of thyroid
gland in 500 mg/kg/d DHP treatment group. Increase of
adipose tissue (—) and follicular degeneration are shown (%)
(H&E stain, x200) (b), follicular degeneration (—) of thyroid
gland in 100 mg/kg/d (c), DHP 20 mg/kg/d treatment groups
are shown (H&E stain, x200) (d)

group (Figure 1). In DCHP 500 mg/kg/d, groups TSH levels were
decreased in male and female rats. On the other hand, in male and
female rats, serum TSH values statistically significant increase were
observed in 20 and 100 mg/kg/d DCHP treatment dose groups
when compared to control values (Figure 2). There was no statisti-
cally significant difference in serum T3 levels of adult rats in control
and all DHP treatment groups (Figure 3), but an increase of serum
T3 levels was found in DCHP 100 of female rats and DCHP 100
and 500 mg/kg/d of male rats (Figure 4). Changes with statistically
significant difference included elevated serum T4 levels of female
rats in 20 and 100 mg/kg/d DCHP treatment groups increased,
but high-dose DCHP treatment groups was found to be not signifi-
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cant compared to control. Also, in male rats, serum T4 levels were
increased in 100 mg/kg/d DCHP treatment group but decreased
in high DHP and DCHP treatment groups compared with control
and other treatment dose groups (Figures 5 and 6).

Histopathology

The incidence of exposure-related histopathologic lesions of male
and female rats in the control and treatment groups are given in
Table 3 and light microscopic evaluation of the thyroid gland in
control and 20, 100, or 500 mg/kg/d DHP and DCHP treat-
ment groups are shown in Figures 7 and 8. The thyroid of control
rats showed normal structure with cubical follicular epithelial cells
and medium-sized colloid mass. In the adult male and female rats’
thyroid gland, the elevated incidences of follicular and colloidal de-
generation, increase in connective tissue, and adipose tissue be-
tween follicular tubules were observed (Figures 7 and 8) in all DHP
and DCHP treatment groups. There was evidence of in male and
female rats that had been exposed. Also, same follicles had been
damaged and joined together in thyroid gland of treatment groups.

DISCUSSION

The present study was investigated the effects of DHP and DCHP
on the thyroid gland of male and female rats in utero. Pregnant
rats were exposed to DHP and DCHP at doses of 0, 20, 100, and
500 mg/kg/d, by gavage, on gestational days (GD) 6-19, and the
effects of these phthalates on morphologic, hormonal, and histo-
pathologic changes were observed at adult (PD 90) stages.

Thyroid hormones are involved in numerous physiological pro-
cesses as regulators of metabolism. Maintenance of normal
thyroid function is essential for psychological and physiological
wellbeing. However, thyroid hormones are of special importance
in fetal development. During the first part of pregnancy, the fe-
tus relies entirely on transplacental transfer of maternal thyroid
hormones and thus on a normal maternal thyroid function, but
maternal thyroid homeostasis is also contributing substantially to
fetal development during the remaining part of pregnancy (15,
24). Thus far, only few studies in humans on thyroid disrupting
effects of phthalates have been carried out, whereas their adverse
effects on rat’s endocrine health are better investigated. In stud-
ies, urinary concentrations of phthalate metabolites are measured
as a proxy for phthalate exposure. In 76 pregnant women, a sig-
nificant negative association between the metabolite of DBP and
free and total T4 was found (16). Likewise, negative associations
between DEHP exposure and free T4 and total T3 have been
reported in adult men (14). Boas et al. (15) performed a large
cohort study of children, documenting that children are exposed
to similar amounts of phthalates as adults. Their exposure was
negatively associated with serum levels of T3 and height attain-
ment (15). Animal studies on thyroid-disrupting effects of phthal-
ates are also scarce. In rats, di-n-butyl phthalate (DBP) decreased
T3 and T4 in a dose-dependent manner (12), and several studies
have shown morphological changes in the thyroid after exposure
to phthalates (13, 25). In study of Howard et al. (26) the thyroids
of animals treated with either DEHP, DnHP, or a mixture of the
compounds showed evidence for hyperactivity, as indicated by a
reduction in follicular size and increase in the proportion of fol-
licular cells with a columnar appearance.
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Experimental studies suggest different mechanisms of action of
phthalate effects on the thyroid homeostasis. Some phthalates
(DBP, BBP) to inhibit T3 uptake in cells (27). Furthermore, phthal-
ates competitively bind to transthyretin (TTR) (28) and inhibit the
expression of the TR-beta gene (29). Intermediate results from an
ongoing prospective birth cohort (n=106) in Puerto Rico study-
ing urinary phthalate metabolites in relation to maternal serum
thyroid and sex hormone levels revealed significant inverse asso-
ciations between urinary phthalate metabolites and fT3 and T4
(30). Also, Meeker and Ferguson (31) explored the cross-sectional
relationship between urinary concentrations of metabolites of di(2-
ethylhexyl) phthalate, dibutyl phthalate, and BPA with a panel of
serum thyroid measures among a representative sample of U.S.
adults and adolescents, and they observed that significant inverse
relationships between urinary DEHP metabolites and total thyrox-
ine (T4), free T4, total triiodothyronine (T3), and thyroglobulin and
positive relationships with thyroid-stimulating hormone (TSH).

Follicular and colloidal degeneration and ligaments and fatty tissue
increase between follicles was detected in thyroid tissue. It has been
reported that phthalates adversely affect thyroid’s hormonal mecha-
nism. Exposure to high levels of phthalates changed (TSH, T3, and
T4) hormone levels. Increased levels of these hormones affect iodine
intake. Also, it may affect thyroidal function by changing colloid con-
tent. The two-generation key study reports an increased absolute
and relative thyroid weight and signs of increased thyroid activity
(hypertrophy of follicular cells) in the high-dose group (19). This was
not seen in our study and the study by Yamasaki et al. (20); however,
the period for dosing in the latter was only GD6 PND 20.

In this study, it can be concluded that histologic differences are
caused by changed thyroid hormones that had indirect exposure
to phthalates. The increases in plasma TSH levels and thyroid hy-
perplasia were consistent with a consequent stimulation of pituitary
cells. The elevated TSH levels resulting from a decreased negative
feedback contributed to the observed morphological alterations of
the thyroid. Our study found that serum TSH levels were significant-
ly and negatively associated with daily intake of DHP and DCHP.

It is not clear how much phthalates pass on and affect offspring
during pregnancy. However, with results at hand, it could be main-
tained that enough phthalate make its way through placenta bar-
rier. Also, a chemical such as this, that is abundantly used, that
has clear adverse effects for endocrine systems could very well
reversely affect human embryo. Increased usage of phthalates in
this century brings forth increased issues in sperm count, fertility,
and endocrine and hormone systems when compared to previous
century.

There are few data to understand the effects of DHP and DCHP on
endocrine system. Our previous and present studies indicate that
DHP and DCHP have anti-androgenic and weak estrogenic effects
at fetal period on reproductive systems in rats (17, 32).

Findings of this study demonstrate that DHP and DCHP, which
mimics the estrogen caused adverse effects on male and female
endocrine system at the fetal period and later phases of life. His-
topathological effects on thyroid gland, hormone levels, and mor-
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phological changes of male and female rats are quite important
for endocrine system. Although in the present study, the exact
amount of DHP and DCHP that passes from dam to pups is not
clear; our findings suggest that the amount of DHP and DCHP that
has passed through placental barrier is enough to adversely affect
male pups.

In summary, our findings of this study indicate that exposure of
DHP and DCHP at doses of 20, 100, or 500 mg/kg/d by gavage
during fetal life may cause adverse effects on endocrine system of
adult male and female Wistar albino rats. Further experimental re-
search is needed to clarify the mechanism and action of DHP and
DCHP in the body used in plastics.
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