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Tributyltin increases the expression of apoptosis- 
and adipogenesis-related genes in rat ovaries
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Objective: Tributyltin (TBT), an endocrine disrupting chemical, has been reported to decrease ovarian function by causing apoptosis in the ova-
ry, but the mechanism is not fully understood. Therefore, we examined whether TBT increases the expression of adipogenesis-related genes in 
the ovary and the increased expression of these genes is associated with apoptosis induction.
Methods: Three-week-old Sprague-Dawley rats were orally administered TBT (1 or 10 mg/kg body weight) or sesame oil as a control for 7 days. 
The ovaries were obtained and weighed on day 8, and then they were fixed for terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) or frozen for RNA extraction. Using the total RNA of the ovaries, adipogenesis- and apoptosis-related genes were analyzed by real-time 
polymerase chain reaction (PCR). 
Results: The ovarian weight was significantly decreased in rats administered 10 mg/kg TBT compared to that in control rats. As determined by 
the TUNEL assay, the number of apoptotic follicles in ovary was significantly increased in rats administered 10 mg/kg TBT. The real-time PCR re-
sults showed that the expression of adipogenesis-related genes such as PPARγ, aP2, CD36, and PEPCK was increased after TBT administration. In 
addition, apoptosis-related genes such as TNFα and TNFR1 were expressed more in the TBT-administered rats compared with the control rats.
Conclusion: The present study demonstrates that TBT induces the expression of adipogenesis- and apoptosis-related genes in the ovary lead-
ing to apoptosis in the ovarian follicles. These results suggest that the increased expression of adipogenesis-related genes in the ovary by TBT 
exposure might induce apoptosis resulting in a loss of ovarian function.
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Introduction

The endocrine disruptors known as environmental hormones are 
the chemicals that interfere with the normal endocrine functions. 
They are discharged into the environment and remain to be intro-
duced into organisms and act as hormones [1]. Nowadays, more than 
100 species of endocrine disruptors including dioxin, polychlorinated 

biphenyl (PCB), bisphenol A, dichlorodiphenyltrichloroethane (DDT), 
and tributyltin (TBT) compounds have been reported. TBT, one of the 
organotin compounds is widely used in polyvinyl chloride (PVC) sta-
bilizers, various plastic additives, industrial catalysts, insecticides, dis-
infectants, wood preservatives, and especially, as a biocide in anti-
fouling coatings to prevent the attachment of organisms on under-
water structures, ships, and other watercraft [2]. 

It has been reported that TBT is one of the main causes of marine 
pollution resulting in the abnormal development of reproductive or-
gans in gastropods, mollusks, and fish [3]. In addition, TBT is known 
to be severely toxic to the liver and the nervous and immune systems 
when exposed in large quantities [4,5]. To date, it is known that TBT 
inhibits the reproductive functions by inactivating steroidogenic reg-
ulatory enzymes, causing the malfunctioning of mitochondria, and 
inducing cellular stress in ovarian cells. The exact mechanism, how-
ever, is largely unknown [6-8]. 
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With the reports that the aromatase in human ovarian granulosa 
cells is inactivated by ligands for retinoid X receptor (RXR), a nuclear 
hormone receptor, and for peroxisome proliferator-activated receptor 
γ (PPARγ) as well as TBT, studies on the interactions of TBT and PPARγ 
are actively underway [9,10]. PPARγ, a nuclear receptor protein which 
forms a complex with RXR, acts as a transcription regulator of the tar-
get gene by binding on a specific DNA region. Specifically, PPARγ is 
involved in the gene transcription for adipocyte differentiation [11,12]. 
Recently, it has been reported that TBT induces obesity by promoting 
the differentiation of adipocytes in the body while stimulating the ac-
tivity of RXR-PPARγ complex [13]. Furthermore, when a fetus or neo-
nate is exposed to TBT, the differentiation of adipocytes is promoted 
by stimulating cellular PPARγ activity and obesity is induced with the 
accumulation of lipids in the cells [14]. The expression of PPARγ in the 
ovarian granulosa cells is involved in the regulation of cellular differ-
entiation, glucose homeostasis, and inflammatory reaction [15]. On 
the other hand, it has been reported that the dysfunction of ovarian 
follicular growth and ovulation is associated with PPARγ mutation 
[16,17]. PPARγ also has a direct effect on ovarian function by regulat-
ing the expression of progesterone receptor in the ovaries [18].

Considering the above studies, it can be postulated that TBT stimu-
lates the expression of the PPARγ gene in the ovaries while inducing 
the differentiation of adipocytes resulting in the increase of apopto-
sis by suppressing steroidogenesis. Therefore, we investigated the re-
lationship between the apoptosis increase and the expression of apop-
tosis- and adipogenesis-related genes in rat ovaries after TBT admin-
istration to prove this hypothesis.

Methods

1. Experimental animals and TBT administration
Three-week-old female Sprague-Dawley rats were purchased from 

Samtako (Ohsan, Korea) and divided into three groups that included 
nine animals per group in the Animal Care Room of Seoul Women’s 
University. Tributyltin acetate (TBT; Sigma, St. Louis, MO, USA) dissolved 
in sesame oil was orally administered at a concentration of 1 to 10 
mg/kg body weight for seven days. The controls received sesame oil 
(Sigma) only for seven days [19]. This study was undertaken after the 
approval of the Institutional Review Board and all the experimental 
procedures were undertaken according to the terms of use and care 
for experimental animals.

2. Ovarian and body weight measurements
At eight days, the rats were sacrificed and the weights of the body 

and ovaries were measured. The gonad somatic indexes were calcu-
lated by dividing the ovarian weight by the body weight and multi-
plying by 100.

3. TUNEL staining
The apoptosis of the ovarian cells induced by TBT were identified 

by the terminal deoxynucleotidyl transferase-mediated dUTP-digoxi-
genin nick end-labeling (TUNEL) method. Ovarian paraffin sections 
were placed in xylene for 3 minutes and in 100%, 95%, and 80% of 
ethanol for 3 minutes, and then washed twice with phosphate buff-
ered saline (PBS). The TUNEL reaction mixture (In Situ Cell Death De-
tection Kit, Fluorescein; Roche, Basel, Switzerland) was dropped onto 
the ovarian sections and incubated for 1 hour at 37°C under the para-
film cover. The sections were counter-stained with 4’,6-diamidino-2-
phenylindole (DAPI) after washing with PBS and mounted with fluo-
rescence mounting solution. TUNEL positive cells were analyzed un-
der a fluorescence microscope. 

4. Analyses of gene expression using real-time polymerase 
chain reaction (PCR)

The ovaries were homogenized with a tissue homogenizer in 300 
μL of Tri reagent (RNA isoplus; Takara Bio Inc., Shiga, Japan). The ho-
mogenized tissues were left to stand for 5 minutes at room tempera-
ture. After centrifugation (14,000 rpm, 4°C, 20 minutes), the superna-
tants were moved into new test tubes. Then, 60 μL of chloroform (Sig-
ma) was added and left to stand for 10 minutes at room temperature, 
and centrifuged. The supernatant was collected in a tube and after 
the addition of 150 μL of isopropanol, the tube was left to stand for 
10 minutes at room temperature and centrifuged. After removing 
the supernatant, 1 mL of ethanol (Sigma) was added in a pellet, mixed, 
and centrifuged. The ethanol remaining in the tube was removed 
and replaced with DEPC (Takara Bio Inc., Shiga, Japan) water. Com-
plementary DNA (cDNA) was synthesized with 3 μg of total RNA. The 
expressions of specific genes using cDNAs synthesized from the tem-
plate DNAs were analyzed by a Light Cycler 480 (Roche) with each 
specific primer and SYBR green I (Roche). Using 18S DNA as an inter-
nal control, the relative expression levels were compared and calcu-
lated. The gene specific primer sequences were as follows: 

18S Forward(F) 5’-GTCTSTGATGCCCTTAGATG-3’; Reverse(R) 5’-AGCT-
TATGACCCGCACTTAC; PPARγ F 5’-ACAAGACTACCCTTTACTGAAATTAC-
CAT-3’; R 5’-TGCGAGTGGTCTTCCATCAC-3’; aP2 F 5’-GCGTGGAATTC-
GATGAAATCA-3’; R 5’-CCCGCCATCTAGGGTTATGA-3’; CD36 F 5’-CCTG-
CAAATGTCAGAGGAAA-3’; R 5’-GCGACATGATTAATGGCACA-3’; PEPCK 
F 5’-AACTGTTGGCTGGCTCTC-3’; R 5’-GAACCTGGCGTTGAATGC-3’; 
TNFα F 5’-AGGGTCTGGGCCATAGAACT-3’; R 5’-CCACCACGCTCTTCT-
GTCTAC-3’; Resistin F 5’-CTTCCCTCTGGAGGAGACTG-3’; R 5’-TGAAGC-
CATCGACAAGAAGA-3’; TNFR1 F 5’-ATGGATGTATCCCCATCAGC-3’; R 
5‘-ATTGGGGGAGTGAGAGGC-3’; FasL F 5’-TTAAATGGGCCACACTCCTC-3’; 
R 5’-ACTCCGTGAGTTCACCAACC-3’.
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5. Statistical analyses
Nine rats per experimental group were used; the weights and the 

expression levels of all genes were represented as mean ± SE. Statisti-
cal significance was analyzed using the Student’s t-test and one-way 
analysis of variance with Tukey test. By comparing the experimental 
values to the controls, it was considered significant when p was less 
than 0.05.

Results

1. Changes of body and ovarian weights after TBT administration
The body weight was measured before and after the treatment of 

TBT for 7 days. It was slightly increased in the TBT-treated experimen-
tal group, but there was no significance when compared to the sesa-
me oil-treated control (Figure 1A). At 8 days of TBT treatment, both 
the ovarian weight and the gonad somatic index were decreased in a 
dose-dependent manner in the TBT-treated group compared to the 
control (Figure 1B, C).

2. Increase in ovarian apoptosis after TBT administration
To identify the apoptotic ovarian follicles after TBT treatment, the 

ovarian sections were stained by TUNEL and observed under a fluo-
rescence microscope. In the ovaries treated with TBT, not in the sesa-
me oil control, the number of TUNEL-positive follicles was increased 
in a dose-dependent manner relative to TBT (Figure 2).

3. Increase in ovarian adipogenesis-related gene expression 
after TBT administration

The expression of adipogenesis-related genes in the ovaries was 
analyzed by real-time PCR. In the TBT-treated group, the expressions 
of mRNAs of adipogenesis-related genes including PPARγ, aP2, CD36, 
and PEPCK were increased. The expressions were increased in all TBT-

treated groups when compared to the control. However, it was noted 
that the expressions in the 1 mg/kg TBT treated group were higher 
than those in the 10 mg/kg TBT group (Figure 3).

4. Increase of ovarian adipokine gene expression after TBT 
administration

The expression of the representative adipokine genes, TNFα and re-

sistin was analyzed by real-time PCR. TNFα expression was increased 
in TBT-treated group similar to the pattern of adipocyte induction-re-
lated genes expression, whereas resistin was increased in a dose-de-
pendent manner (Figure 4). In addition, the expression of apoptosis-
related gene, TNFR1 was increased in a dose-dependent manner in 
the TBT-treated group relative to the control (Figure 4).

Discussion

It is well known that PPARγ plays an important role in the develop-
ment of adipocytes by inducing the differentiation of adipocytes and 
fatty acid metabolism [20,21]. On the other hand, it has been report-
ed that TBT, an endocrine disrupter, stimulates PPARγ action to pro-
mote the differentiation of adipocytes [14,22]. However, whether the 
differentiation of fat cells from the ovarian cells could be induced by 
TBT or if there is any relationship between adipocyte differentiation 
and the apoptosis of ovarian cells is largely unknown. Therefore, this 
study analyzed the changes of adipogenesis-related gene expression 
after TBT administration, and also investigated the effects of adipo-
cyte differentiation on apoptosis in rat ovaries. 

First, to assess the overall toxicity of TBT, changes in bodyweight 
were investigated after TBT treatment. The bodyweight for 7 days of 
administration was slightly increased in the TBT-treated group; how-
ever, there was no statistical significance when compared to the ses-
ame oil-treated control group. On the other hand, the ovarian weight 
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Figure 1. (A) The body weight of rats after tributyltin (TBT) administration. Three-week-old female rats were orally administered sesame oil, or 
1 mg/kg or 10 mg/kg of TBT, daily for 7 days (n = 9, each group). (B) The ovary weight of rats after TBT administration. The ovary weight was sig-
nificantly decreased in 10 mg/kg TBT-treated rats compared to the control rats treated with sesame oil. (C) The gonad somatic index of the rats 
treated with 10 mg/kg TBT was also decreased compared to that of the control rats treated with sesame oil. The data is represented as mean±SE. 
aIndicates a significant difference between the sesame oil- and TBT-treated rats (p < 0.05). 
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Figure 2. Detection of apoptotic cells in the ovary after tributyltin (TBT) administra-
tion (A-C). Paraffin sections of week-old rat ovaries were stained by using a terminal 
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay kit and counter-
stained with 4’,6-diamidino-2-phenylindole after TBT exposure for 7 days. Apoptotic 
cells stained by TUNEL show as green. × 200. (D) The percent of apoptotic follicles 
counted visibly increased in the ovary after TBT exposure.
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Figure 3. The expression levels of adipogenesis-related genes in the rat ovary after tributyltin (TBT) administration. The female rats (n = 9, each 
group) were orally administrated with 1 mg/kg, 10 mg/kg TBT, or sesame oil alone for 7 days. Following dissection, cDNA was prepared from 
ovaries for real-time polymerase chain reaction analysis. Expression levels were normalized to 18S. Data is represented as mean ± SE. aIndicates 
a significant difference between sesame oil- and TBT-treated rats (p < 0.05).
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showed a tendency to decrease after TBT administration, and gonad 
somatic indices in the experimental group were significantly lower 
than in the control. It may be that the reduction of the ovarian weight 
results from the inhibition of follicular growth which is induced by 
the decrease of the ovarian steroid hormones and various growth 
factors by exogenous TBT [23-25].

To evaluate the cause of the inhibition of follicular development ac-
cording to TBT treatment, the degree of the ovarian adipocyte differ-
entiation was analyzed. In order to assess the ovarian adipocyte dif-
ferentiation degree after TBT treatment, the expression of the adipo-
genesis-related genes including PPARγ, aP2, CD36, and PEPCK was 
analyzed by real-time PCR. It has been reported that adipocyte fatty 
acid binding protein (aP2) plays an important role in the adipocyte 
differentiation processes by being involved in lipid metabolism and 
intracellular fatty acid transport [26]. The expression of aP2 in fat cells 
is increased rapidly by treatment with TBT and this aP2 expression is 
regulated by PPARγ [27,28]. CD36, a scavenger receptor expressed on 
adipocytes, removes the oxidized LDL and functions to transport the 
fatty acid into the adipocytes [29]. It is known that CD36 expression, 
like aP2, is regulated by PPARγ during the differentiation of fat cells 
[30]. Phosphoenol-pyruvate carboxykinase, an enzyme that is involved 
in the gluconeogenesis pathway, is abundant in adipocytes as well 
as the kidney and liver [31].

In this study, adipogenesis-related genes in the TBT-treated group 
were increased when compared to sesame oil-treated controls. It 
may be concluded that TBT has a direct effect on the ovary to pro-
mote the expression of adipogenesis-related genes such as PPARγ by 
which the ovarian cells are changed into adipocytes resulting in the 
ovarian dysfunction. On the other hand, these genes showed the 
maximum expression in group treated with 1 mg/kg TBT and slightly 
decreased in the 10 mg/kg TBT group. It is thought that the main cause 
of the decrease in gene expression with the high dose of TBT treat-
ment was the cytotoxicity of TBT that resulted in the death of the ovar-
ian cells, and hence the gene expression did not happen.

Meanwhile, it is well known that the fat cells secrete adipokines in-

cluding leptin, adiponectin, TNFα, IL-1β, and resistin influencing the 
metabolism of the surrounding cells and tissues [32]. It was shown, 
in this study, that the expression of TNFα and resistin genes was high-
er in the TBT-treated group than the control. It is thought that the in-
crease of adipogenesis-related genes expression in the ovaries by 
TBT causes the differentiation of adipocytes by which adipokine syn-
thesis is increased in the ovaries. Therefore, it can be postulated that 
resistin and TNFα increased in the ovaries induces apoptosis and dys-
function in steroidogenesis of the ovarian cells including the granu-
losa cells, which results in abnormality in follicular development [33].

It is well known that ovarian apoptosis is increased by TBT. The pres-
ent study also demonstrated that the number of apoptotic follicles 
detected by TUNEL was increased in a dose-dependent manner after 
TBT administration. The mechanism of ovarian apoptosis induced by 
TBT has not yet been clearly demonstrated. To verify this, the expres-
sion of TNFR1, an apoptosis-related gene, was investigated in the ovar-
ian tissues after TBT treatment.

It is well known that TNFR1 in the various tissues binds to TNFα to 
activate cellular TNF receptor-associated death domain and caspases 
promoting apoptosis [34-36]. In this study, the expression of TNFR1 
was significantly increased in rats treated with TBT. These results indi-
cate that the high concentration of TBT promotes directly ovarian 
apoptosis, which leads to ovarian dysfunction.

In conclusion, the present study demonstrates that TBT exposure 
can promote adipokine gene expression with an increase in adipo-
genesis-related gene expression in the rat ovary. It also suggests that 
the adipokines stimulate apoptosis-related gene expression and hence 
induce apoptosis in the ovary. These results are postulated to show 
that the chronic exposure to TBT causes the accumulation of endo-
crine disruptors in the body, resulting in ovarian dysfunction.
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Figure 4. Real-time polymerase chain reaction (PCR) analysis of adipokine- and apoptosis-related genes. The female rats (n = 9, each group) 
were orally administrated with 1 mg/kg, 10 mg/kg tributyltin (TBT), or sesame oil alone for 7 days. Following dissection, cDNA was prepared 
from ovaries for real-time PCR analysis. Expression levels were normalized to 18S. Data is represented as mean ± SE. aIndicates a significant dif-
ference between sesame oil- and TBT-treated rats (p < 0.05).
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