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Tributyltin Increases Adipogenesis and Apoptosis of Rat Testicular
Interstitial Cells

Yeonhwa Song, Jieun Jung, Hyun A Lee, Jihee Hong and Hyunwon Yang;r
Dept. of Bioenvironmental Technology, College of Natural Sciences, Seoul Women's University, Seoul 139-774, Korea

ABSTRACT : Tributyltin (TBT), an endocrine disrupting chemical, has been reported to decrease testicular function by
causing apoptosis in the testis, but this mechanism is not fully understood. Thus, in this study we examined whether TBT
induces adipogenesis of the Leydig cells to find out the correlation between adipogenesis and apoptosis in the testis. Three
week old SD male rats were orally administrated with sesame oil, 1 mg/kg of TBT, or 10 mg/kg of TBT daily for 1 week
and weighed after administration. The testes obtained on day 8 were weighed and stained with BODIPY and TUNEL kit.
Using total RNA extracted from the isolated Leydig cells, adipogenesis and apoptosis-related genes were analyzed by
real-time PCR. The testicular weights of the rats treated with 10 mg/kg TBT were significantly decreased compared to those
in the control rats treated with sesame oil. As a result of BODIPY staining, the number of Leydig cells stained with BODIPY
was increased in the rats treated with 10 mg/kg TBT compared with the control rats. Similar to BODIPY staining results,
the TUNEL assay showed that the apoptosis of Leydig cells was increased in TBT treated rats. The results of the gene
expression analysis in the Leydig cells showed that the expression of adipogenesis-related genes (PPAR 7, aP2, Perilipin, CD36)
and apoptosis-related genes (TNFRSF1A, TNFSF10) was increased after TBT administration. The present study demon-
strates that TBT induces the expression of adipogenesis-related and apoptosis-related genes in the Leydig cells leading to
adipogenesis and apoptosis in the testes. These results suggest that the dysfunction of Leydig cells by TBT exposure may
cause a loss in testicular function.
Key words : Adipogenesis, Apoptosis, Leydig cell, Testis, Tributyltin.

2 2 WEHaFEARE 417 Tributyltin(TBT)= AF] & W A2AZ} ZHEAME NEZAAALE oA G4
Ve S AAN7IE A0E B o, T 71 WEs] wraA A gtk mEd B AelMe Al HEAEE
FH 02 TBT 93] AWAHERZ Bt fFesle A& Gy, o2 st i U AzArAALeke] A4S golr izt
stk 353 ® 7 dF ) 42 TBT 1 mgd 10 mgkgday S 1579 5 AT+ F98 F 45 Bosle FAE A5
. 58 Jao] = ¥ dUS 759 BODIPYE AWAZE G489, dFE stetd 23S w59 TUNEL
AN S Fstdth UoA Jae Ha WAntS A AT & A A Aolol] EAlste HEANEE BEsAnh £2E 7
A ZAA total RNAE F%¢ Thi real-time PCR WHOE AWAE = FHAAED AZAAAL 34 FHAAES
AT i FAE g2l vas) TBT 10 ngS FoIdk Fol A 23 23k th BODIPY §4) 23}, TBT

10 mgs FoIgh o] THAM Eo A A A L] F7F F7FeES L, TUNEL 94 Ao M ® o 23} v]as] TBT &
St ol A ZHEA 2 W) A ZAAAY Sobele AS 3 AUt Real-time PCRE o] &3] 7HAM X W §714F 24
= v4% A3, Fo¥ TBTE F=7t 57H4S PPAR 7, aP2, PLIN, PGAR 5 AMAIE = 8259 o] S7t
93, ol¢k ¥ TNFRSFIA, TNFSF103} 22 M ZAAAL & f7xte] dd® Srtste RS AT 4 U
ool Axtell A 7 Uiy wFEFE 4% TBT
TEAAR AEA wAT B22F 12604, AgdAstm Aoz O =FE AF Ah o AAR AP X2 w87}
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Polychlorinated biphenyl(PCB), bisphenol A, Dichlorodiphe-
nyltrlchloroethane(DDT) 4 Tributyltin(TBT) 33& 50]

°LE%X% E} 1 F %7154 3gtEe] 9% TBT+= PVC St
A, 7 ZekaY A7, S S, ASA, AdAl, 5
A H+1ﬂ Soll de] AFEE T 9o, 53] Auo] A Eo] &

A Xt F she F& BAAR kg HAE 7t
0}0% AHE-3EAL O]E}(Appel 2004; Golub & Doherty, 2004).

7154 3 F4(Sn) fr71=l 371¢] 7271(CH:CH-
CH,CH)7} €2 3 ﬂ%iﬁ I 542 §71289 e %
A3 ol Sl f712F0] st T 5 wroh A A
o o FAo] An, 11 FlX & TBT7F 7 S 743 A
02 A ArkCraig, 1986). °|& 3 TBT &}3&-2 31%
A HOoE BER7, AAlTE, odF 5 75 A=A
ol I"J% ZHfstHA 5 A A2 &
| 7 S 2 B3} JtiBlaber, 1970; Gibbs &
Bryan, 1986). Tt TBT7F Zf-Foll =32 45 ofdFollA
o PR = ‘M]ﬂh o FAE oINZE T loH, 1
o] 7h A7 B MY 713 Tl A SAS Y= AoR
B33 9JtH(Ogata et al., 2001; Boyer, 1989). @A 7H4]
TBTY 54 &3 714 2 ¥ A UA LA aromatase
o 2 2HEOE SEF M 349 B MEZE
glob 71 ol B AE Wl AEHA vk A Yol
U= A28 A 9ItHHeidrich et al., 2001; Powers & Bea-
vis, 1991; Philbert et al., 2000).

F Lol Ak Ao AHAE W aromatase £40] 24
37} TBT® e o} g} & ] 328 4249 retinoid X re-
ceptor(RXR) H+ peroxisome proliferator-activated recep-
tor 7 (PPAR7)®] 2|7t ey = frrd & Qv+ 23
7F 2R E WA (Mu et al., 2001; Saitoh et al., 2001), TBT9}
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o3l AoZ dHA S th(Berger & Moller et al., 2002;
Michalik et al.,2006). 2, RXR3} PPAR y ¢ A3t= AU
AA L] F3tE FXAIHA HTE FEF 5 lon,
TBT7} ©]# 3 RXR-PPAR y &3¢ A& A3t A
o2 4#A 3th(le Maire et al., 2009). =3+ Ejo} T== 2
AobAl7] W TBTOl =W HE Ul PPARy 7} 84315
HA AEAEES] 37 FXE A, ok AE W AHo
ZH WA vahe] FEEE A0 7 B3t 9 thKirchner
et al., 2010). ALHE NEZFE o] &3 jn vitro A PN =
TBT+ PPAR 7y ¢ @438 B3l AH A2 AUAE

£ ZXA1# 2(Kanayama et al., 2005), in vivo ?‘fjoﬂi\i“ 7k
3 B F9]o AW 545 7 F tH(Griin et al., 2006).

g9, A5 7F BT 28 72+ A2 34 Aol o)l
ZH A G2 F7t Faske A0 R BSHL §10 ™ (Chen
et al., 2008), 3} Leydig A W) AB|20|= FA G 40]
& AT N EZARAAL e g e BHS 747
= A0 BIEY UtHKim et al., 2008). 53] TBTE
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RAOZ B JthMcVey & Cooke, 2003; Ohno et al.,
2005).
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718 5131t} TBT(Tributyltin acetate; Aldrich Chemical com-
pany. Inc, USA)E sesame oildl] =4 ARt oH, Fold
ok AT 1 mg(l ng/kg)Z 10 mg(10 mgke) F=Z 747
mjd 7+ F3l ek hZ 72O 2 sesame oil(Sigma, USA) T+

2.4z € 32 7 53
T 8YA N AFS AT v, IFE A
A Jrot & FHY WA ZE dof Z2te] FAE 34
A 2] 4*(gonad somatic index)= A4 FAE Al

Z08 UFE 3ol 100 F3te] A=3ke

)
¥

3. HAa U ZHEIME &2
Ao wauts 348 A A% F 15 nl tubeo] DMEM
kel 10 meot 3 ol 2417 ek wHb) 9ol EEy &
Eo] FULh A4 & G2l At #e2E AEEe] =
SHel wi ok S A EE tubedl &7 F AAEBHATH(1,450
pm, 4C, 10%). A7} BUH J5dL Ml wg
[e]

4. Real-time PCR2 0|2%t S8} dsl M

Y53k 7HAAM E Tri reagent(RNA isoplus, TaKaRa,
Japan) 300 (5 A7Isted 22 EH 718 o &3t 3t
o B 232 Ao A sE7F wA skl 94 EE](14,000
pm, 4C, 201) 3 T, d5ds A Al A AT o714
chloroform(Sigma, USA) 60 plE #7kste] 1527+ 4 %
oA 1087 A o, 4R 8 tH(14,000 rpm,
47C, 15%). 3545 uhA A} A1l &7 F isopropanol
(Sigma, USA) 150 plE 7183 9] ol 2 ZA 26
T3 O, Aol 1087 WA T Y4E e
(14,000 rpm, 4°C, 102). A5HE AL, 75% etha-
nol(Sigma, USA) 1 méE H7tste] 41 & A4 E2 8
(14,000 rpm, 4C, 5&). Tubedl] Ho}
713} DEPC(TaKaRa, Japan) &< Yol& AE 2 o 187}
HE T YF BAsHh FE3 total RNAS - Nano-

drop(Thermo Fisher Scientific Inc., USA)S ©|43}e] &4
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3tk Total RNA 3pgs ©]&3ted cDNAS 3 5ith
Z, Total RNA 3 pg3 Oligo dT 2.5 & ¥ 3 DEPC &2
Z THE 10 pl FHE thE, 70CTAA 587 A
HHSA171 AJF9) 10X RT buffer 7 1, ANTP 2 wf, mixture 1
08k DEPC & 10 0 ¥ T, 37CAA 147 whg &
72CoA 158 WAz Tk A% cDNAE template DNA
2 39 7z} 54 primer®}t SYBR Green I (Roche, Switzer-
land)S ¥ Light Cycler 480(Roche, Switzerland)©. 2 &
A fraze] B s BAG AT R fdAEE 18s £
AE ARSI, 18sE VIFOE OE At AtA
FAFE AT A2 5014 primer A ¥ ther3
721}, 18s Forward(F) 5-GTCTSTGATGCCCTTA GATG-
3"; Reverse(R) 5'-AGCTTATGACCCGCACTTAC; PPAR
v F 5-ACAAGACTACCCTTTACTGAAATTACC AT-3
R 5-TGCGAGTGGTCTTCCATCAC-3"; aP2 F 5'-GCGTGG
AATTCGATGAAATCA-3'; R 5'-CCCGCCATCTAGGGTT
ATGA-3"; Perilipin F 5'-GACACCACCTGCA TGGCT-3";
R 5-TGAAGCAGGGCCACTCT C-3"; CD36 F 5'-CCTGC
AAATGTCAGAGGAAA-3"; R 5-GCGACATGATTAAT
GGCACA-3"; TNFRSF1A F 5'-ATGGATGTA TCCCCAT
CAGC-3'; R 5-ATTGGGGGAGTGAGAGGC-3'; TNFSF10
F 5-TGGAGTCCCAGAAATCCTCA-3"; R 5'-T CACCAA
CGAGATGAAGCAG-3".

5. BODIPY A

TBTel| o]t ZHAM 2] AWM R ] F31E5 Eele] 9
& BODIPY(Invitrogen, USA) &S S8 3ttt 4
W HAHE 4% paraformaldehyde(Sigma, USA)E 5
JAAF|A, PBSE A& & 537+ W8tk PBSE 3]4 %
BODIPY(1:5000) &<o] 1537+ v-S-A1Zith. PBSE 31 A
A&t & DAPI(Invitrogen, USA)E 587+ GAA AL S/
2 A3 ¥ 33 mounting £ 9(fluorescent mounting me-
dia, Dako, Denmark) .2 5] 3+ $ &4 #v]7(Axioskop2+,
Carl Zeiss, USA) 3ol A AWAHEE &213t%

6. TUNEL HM

TBT Fof & A4 W AIZANAE &<18}7] 9lete] termi-
nal deoxynucleotidyl transferase(TdT)-mediated dUTP-di-
goxigenin nick end-labeling(TUNEL) %S AHE-31%
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29 s HHE xylenedl 3E7F Yol FAT} 100% &
& Gollol] 387k gol F thE 95% ¥AZ, 80% LI E
zkzt 384 AFE 2 wheA)7) 7 PBSE 21 AlFe) F3ich A
% ¥ 9]oll TUNEL reaction mixture(/n Situ Cell Death De-
tection Kit, Fluorescein,, Roche, Switzerland)E 30 1 Eo]
L)Y Parafilm® 2 22 o 37TAA 1417 whGAIZ T
PBSE 21 A& e ¥ DAPIZ 23 d41-& A3 3l9ith PBS
2 2H Al#Hd & &4 mounting $Y O 7 B & P
QRS AEADATL Dol AES A

AHE AHEstl e, s B

13 AT MeantSEME A8t EA 8
o1’ 7% student r-test®t one-way ANOVA, Tukey
test WH= ARSI T, 2w AdaS Hlwst] p gtol

solana Bat
4

1. TBT E0{ &
TBT Folo u& 33

HE A gao 7 #zt

o] H3lE YolR 7] TBTE Fos}

7l Aol AFe AN, olF 747 Wl ST A,
TBTS Foj g Ag2olA o7ke) AZol 378 nylow,
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Fig. 1. The body weights of rats after TBT exposure. 3 week-
old male rats were orally administrated with sesame oil,
1 mg/kg of TBT, and 10 mg/kg of TBT for 7 days daily.
Data are represented as Mean+SEM.
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sesame oil %t Fof 3 T2 3 W WA 27 Apo]& Kol
A %9kvHFig. 1). B TBT/F F4 4 Aol FAo o
Y= MAEA Lotiy] fste] Fof F 8dA HE
SRAA Aadt AL A dof FAS SASAT F
Ao A FAE 2L s TBTE Fol g 2ol
A Bof¥ TBT 55 922402 =713 thFig 2A). ¥,
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Fig. 2. The weights of rat testes and epidydimal fat after TBT
exposure. (A) The epidydimal fat weights were signifi-
cantly increased in 10 mg/kg TBT treated rats compared
to sesame oil treated rats. (B) The gonadsomatic index
(GSI) of the rats treated with 10 mg’kg TBT was signifi-
cantly decreased compared to the weights of testes in the
control rats treated with sesame oil. Data are represented
as MeantSEM. *, P<0.05 versus control (sesame oil).
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AR Aoz BAE vehle A AAF(GSI) E3
2ol vl TBT A2jtolA 5= JEH 22 Fos
723 th(Fig. 2B)

2. ZHEMIZ W XIZAZE 23 | 2 It
oA e E ZHEA A AEAIE E3F A
< real-time PCR W' o 2 &ols) ¥ Az TBT Fof+
o A A A 2 25} A Tl PPAR 7, aP2, Perilipin,
CD36% mRNA ¥&o] TBT T& &80 2 Fot =7}
£ HEAtHFig 3).

3. TBT £0{ = F4 L X|HA|z= =2l

TBT 5o & Aol A A 2 2317 doiteAE &l
&t7] $13te] BODIPYE A4 A S d4 sttt BODIPY
of ol AME AE W A P33 dArlstell A Wk
g5 Yebd th(Fig. 4). BODIPY 94 23}, sesame oil 3
S Fold gix7o M= BODIPY o3 HAE AlE
233}

o
==
=1 . -
HAT F AW (Fig. 4a, 4¢c), TBT 10 ngS Fo g o
PPARY aP2
< 16 *® B0 *
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E
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o
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Fig. 3. The expression levels of adipogenesis-related genes in the
Leydig cells of rat testes after TBT exposure. The male
rats (five animals per treatment) were dosed with TBT 1
mg/kg, 10 mg/kg or vehicle (sesame oil alone) daily for 7
days by oral administration. cDNA was prepared from
testis for real-time PCR analysis. Expression levels were
normalized to 18s. Data are represented as Mean+SEM.
* P<0.05 versus control (sesame oil).
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Sesame oil

TBT 10myg/kg

Fig. 4. Adipocyte increase in the rat testes after TBT exposure.
Paraffin sections of 3-week-old rat testes were stained
with BODIPY (red) and counterstained with DAPI (blue)
after TBT exposure for 7 days. Original magnification,
a, b; 200x., ¢, d; 400x.

AE AA T AlolAbo] ZHAM EE A Wk oz o
e AE FAT F AATHFig. 4b, 4d).

4. TBT £0{ & HA U MEXIQAL &0l

TBT 54 & A4 W M EZAAAZE ot NIXES &
°13}7] $3le] TUNEL o2 A4 HHS s & 83

Huj o2 #A39th TUNEL 94 A3, sesame oilTt
Fofgt gixdAe G AEES Fots & gliley
(Fig. 5a), TBTS Fo 3 A=

S gAY F AUATh ok GAE A xS FE F

d TBT 5k &4 02 S7hshs A2 EAth(Fig. 5b).

Sesame oil

Fig. 5. Detection of the apoptotic cells in the testes after TBT
exposure. Paraffin sections of rat testes were stained by
using TUNEL assay kit and counterstained with DAPI
after TBT exposure for 7 days. Apoptotic cells stained by
TUNEL show as green. Original magnification, 200x.
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Fig. 6. The expression levels of apoptosis-related genes in the
Leydig cells of rat testes after TBT exposure. The male
rats (five animals per treatment) were dosed with TBT
1 mg/kg, 10 mg/kg or vehicle (sesame oil alone) daily for
7 days by oral administration. cDNA was prepared from
testis for real-time PCR analysis. Expression levels were
normalized to 18s. Data are represented as Mean+SEM.
* P<0.05 versus control (sesame oil).

ZHENE W MIZEXIQIAL 21 QMR && 57}
TBT7} A4 ) ZHAA £ o) A £33} 04%01 At &
olB7] 95 B ¥ ZHAA FAA A EZAAAL BE FAA}
S real-time PCR WH O 2 Flsl3ith TNFRSFIAQ}
TNFSF10 3749 @& o] vl Hla] TBT Fof ol A
TE JAEHOE FUHS A AAT & AUAATHFig. 6).

= 0

HEAQ R4 WEn wd2dd TBTE AF H4

ZHZO|E 2R FAL AA A7) L A ZAAAE FubA
s

3
BoEH B2 7]

(Ohno et al., 2005). L3t
W

AsA 7= AoE & dHA Ut
TBTE PPAR7y 9 R A
AE 235 fristo] U 24 75 9% A F
A= 7)4\2?.. B8 I tk(Kirchner et al.,, 2010). L&}t
olg{g TBT7} AW the Alxl|A o} w7k &2 4 W 7F
ANEE ARAEE 23 FEAZ 5 A=A, B8 ol g
AA 220 F37F ZHEA E O] A ZAAASE A o] e
A 1 7130l el BarE wp gl mebA & Aol A
S I Ea s I ]E% Hges TBT"ﬂ 543} x]‘ﬂ“ﬂﬁ ke

2

ool - £48] - FAL PRE R

Ao S715 HY O sesame ol o3 ) 277} v
A fo st 2pol= HolA] gkt whH FA A 9o 2o

e Ao 7= 10 mg TBTE #
Stk ol 2|3 2 3= BTl &% Z]HJ A E U PPAR y
el S Aol s AR AlRHET AR B
AT Aol wh2H, wikE A WA Eo TBTE A
& 73 PPARy & RXR 47} dalo] S7hstd A A
Axze Bt £A 5= 202 B8l 92 H(Kanayama
et al,, 2005), T+ A2 7| EE o] &3 AFAAME
PR R AMA R 37t FREH L, AE U Ade] &
Ay A& BIEHHGriin et al., 2006). ©]g A5
< TBTel| k&g A5 A Aol FAEHA HRto g o]
od & A& 7FsA= A Stk
HA, TBT 7o § A4o] A= dashe
], A2 AAFGSHE ALt 2 @eroﬂ/ﬂlw:_ iz
TBT A2lell Al A7t FoshA 7o &
T AATE olH g A& FA Y Fae TBT Fod ©E 4
Ap o] vt FUAJNOE AZbE, 7]E] wRE =7
A AFE TBT =& ]e 735 A YA o1 oA B
F7t Aaste 208 HAE vl QItH(Chen et al., 2008). 3
&9 o] (Sebastiscus marmoratus)s ©]53+ Aol A TBTo]
=EAZ 7% Sertoli A1 W] y -glutamyl transpeptidase &
do] ZaslA Ak gAdo] AlEm, E BE 71H 0= Ser-
toli A1 W RXR9} PPAR y 2Halo] Z7}std A 212 23 (li-
pid droplet)°] 57}38l= AL Z B3} 9)tH(Zhang et al.,
2009). 01213 Sertoli A U] A2 225¢] Z74= Az 7]
T AAATIEA A FAd o) A "k
TBT7} 9ol A =& Sertoli 4%
IS AAEE F3AE T Sivke A 2 dEi
olE ZARE TBT 7ol & & W 7HEAZA AHAZ &
s} §-44 @S real-time PCR W o2 FAg
v ¥ olU g} aP2, Perilipin, CD36 5 AWA X &3} A §34
A=) ol F7kehe A g1 4 Utk TBT7F PPAR
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of TBTE A& 7-F aP2 ¥do] §43] Tkt Zlo] B
IHAS, o] H s aP2¢] HHE PPARy o] oJ3f A= A
o2 & A th(Carfi et al., 2008; Shao & Lazar, 1997). Pe-
rilipin AHMA| Z o} 2B 20| T 3 Al A SojHgoz w
e Qs AR FAAANE LFO0E Fese] o
™ (Londos et al., 1995), 2% 9]&A lipase} e A3
A-gsti A Auts] AeE st A0E A
(Egan et al., 1992). =3} Perilipin-> triglyceride®] #73} ]
Wi Abell A9l 240 WAL ) th(Mottagui-Tabar
et al., 2003; Tansey et al., 2003). CD36-> A HlA| Eoj| A
¥ 5= scavenger receptor® AH3tE LDLS Al 7 3} 1 (Feb-
braio et al., 2001), B3 APHS APRAE QO 2 FFdl=
71%0] Q&= A0 E B3y rhIbrahimi et al., 1996).
CD36 Ed> AA 2z F3ta Foll aP29t vp7HA
Z PPAR7y 9 9& 24 W= Zo® d#A Slth(Feng et
al. 2000) 1 4 AT 734-‘;—-% T3 & o, Fol¥ TBT
] A 2o Z-g-3ste] PPARy & B8 S F7A7]
ol% <l 0}04 A s} A @Al aP2, Perilipin
2 CD36 mRNA Zdo] Z7hsk Ao = Ah?;falt}
TBT 7o § 7H4x AA 23 &
#el 7= JB‘M 7F A EE -,—5}3}
golsr] st = A 5= BODIPY R %
A3} 41L6}91E} BODIPY 94 Z 3}, sesame oil
3 ) 2ol A= BODIPY®l 93] 948 HEES
o, TBTE FoAg ZollA= A #
HA xS0 8 AS IAT 4 ATk Ho £

o2 TBTE =3 A7+ A4 W Sertoli Al
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shta et al., 2007; Zhang et l, 2009). ©
7} Sertoli Al Z oA ] H)
A M A A %ﬂ% e =
o 5, & A 5o Foq4H TBT7F 4
o #-gate] AWME &
, o] 2 Qste] ZHAAE W AA Aol F7HE AR B
ek T %ol TBTOl o Ha W AExEe] AWAEE T3}
e A ZHEA 9] Al Sl(fibrosis) o o] Q& AL
1 o|w(Zhang et al., 2009), o] Z <13}l G4
T AT AR AlRHET

TBT &l Aol AZAAATE S7heathe 2 o
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toli Ao A FasL7} S = HA AN E7F A EAAAZ
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TNFSF10+= TNF-related apoptosis-inducing 11gand(TRAIL)
o] FAAE AEZAANE FEATE R dEA AT
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