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Effects of an Endocrine Disruptor (Bisphenol A)
on the Mouse Spermatogenesis
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2 oL WEA FAELL AARAN ZZE F A §FS 77 BB FFORE 44750 0L 7HA
25 AT F WY BHTE 29 AU TGP0 HHY 4 ek BFE WA FABRL A2ERA A
232 %A 9om, WEHA FN 229 S bisphenol A BPA)E ol i@ 4 AL 74 BAolth £ A7 BPATH
B AAGAAY) oW JFE WAEIE BAHTA, FES (AEE: 0 mpgkg, TEE: 200 mgkg) FUFAE
AN AT HAESHE FE L ARG7E R vs) A2 2lN BAHOR Fashe Age B,
AN 4 A|P<00)E YAk B FRHI HAW AR B WFANAY FRAT 24 PIE 32
Fo) 24 QU2 ARV A4S oF BoolHS) W] 245 A0E dei7 TGR-BANNE TGF-B10] L
£9) BPA FolA RANAAT, 1 99 JREsH £EA ) BUS BAEA Btk BEHOE THEC BPA kB L
SHAAAN 9T A 5 oM, o)k AW FAE UOA BUL AVY FE AT ROE BeAT,
Key words: 4471, W2A 2183, BPA, A, A4, TGF-4

ABSTRACT: Endocrine disruptors (EDs) are exogenous chemicals which interfere several aspects of natural hormone properties. EDs
with estrogenic activity have been recently reported to cause animal reproductive problems. This study was performed to investigate
the effects of bisphenol A (BPA) on the mouse spermatogenesis in vivo. Male ICR mice were orally injected on a daily basis with
low dose of BPA 20 mg/kg, high dose of BPA 200 mg/kg, or corn oil (vehicle control) for 7 days, and litter size and weights of
body, testis, and cauda epididymis were measured. The level of serum testosterone and the expression of TGF-3; mRNA were also
analyzed using RIA and RT-PCR, respectively. Also, morphological differences of testes after treatments were examined. Sperm
concentration and level of serum testosterone showed a decreasing tendency detected as untreated>corn oil>low>high dose BPA
treated mice, although there were no significant statistical differences. Interestingly, in mice treated with a high dose of BPA, partial
disappearance of spermatozoa in seminiferous tubular lumen and the expression of TGF-8; mRNA were observed. Spermatogenesis
was disrupted through TGF- 8 system in the seminiferous tubules, resulting in no development of germ cells. Similarly, the litter size
treated with a high dose of BPA was significantly different from that of untreated control group. In conclusion, these results that a
high dose of BPA (200 mg/kg) acts as an endocrine disruptor during spermatogenesis in male mice and that there are BPA-specific lesions
in the adult male reproductive tract might represent a permanently altered responsiveness to testosterone by BPA in the affected target tissue.
Key words: Mouse, Endocrine disruptor, BPA, Testis, Spermatogenesis, TGF- 5.
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THA A=A AAUAA HEu A JFE F7) o
Tol vgorr 475 oldg AL F X F -9
3 5% 29 AAde] 1 F&o] 2dE & Q. gy
T8 WENA BAERL J2EEDN FAELER ¢EA
es], & g7l ALEE bisphenol A= F2}2¥ 7HAA
S A ZBA, AFE FHAZ Bol AALHI e d2E
2 fFAMRE S dhe 42 €8A Qo Morrissey et al,
1989; Krishnan et al.,, 1993; Nicolas et al,, 1996). o] 2|3t &
ER FAHHELR A% £330 iy 92 A
A YEH NAE 23N F 9 Aok

LHY| A=Sol| 2] Leydig M ZolA A E = BI2E2H
£ (EikNes, 175)3 A ES) Z93 £ 04 348
e UREY ARARtE 29 54 AEY 243 $3)
o A 28-S 3l transforming growth factor- 8 (TGF- 8)=
BAARZAHE T2 9FE MXe ASE gEA Ao
(Gautier et al., 1997). TGF-f & ZH|ZolEgtAd =93
Leydig ME9 AZE Az, uds sixg 859
Leydig M| £ 4] human chorionic gonadotropin (hCG) & &
TE 22N, HAEAHE £58 Aty By
ST} (Avallet et al, 1987; Fauser & Hsueh, 1988). TGF- 8 &
A7rete Aol AZES A9 Mg 4PN H2EX
HEe] Ajd HIES
(steroidogenesis)ol] 3k-2 mjzlch

4% ol TGF-p 9 @d 2
HAEXE 9 A F33e 222 YA 9ok (Teerds
& Dorrington, 1993; Haisenleder et al., 1994; Le Magueresse
-Battistoni et al., 1995a, 1995b).

TEHA, B A7 904 I 2EZA BPAZ Aol
SNA, HAE2HE X9 W3} Hd3) TGF- 9 @
& ZAEL, B4 2AYY A 4 2 RS 53
TYTFOEH BPATF Ahd nlXe S 9323} AA)
3ok

|
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1. SN3E

B Ao A" SEZE= [CREE 0] L3197, °]E 7))
lo =

sEET 3
AgA QoA F-& JEE 28 ¥ 55749 £3¢& AF.
EE &%

M2 $R5d 2 4974 saad AgasT: B2 47
49 WAL S 87 Astel AR (ful-sib)e) A
g Mgy

Al A EAL 2R 2242C, Y A7 12L:12DE &

PEERE

AL, AAE AR [(FIFPHNE €3 3 ARH4
AR

2. BPA X2l U A|2xHZ|

PE2FE HRAEH BAF FA2LR UrY, A
< AFEQ0mg kg) FHLF 2FE(Q200 mgkg) FHFEo
E Wtk HElEE AFS $istd 44 WA R BPA
(Sigma Co., USA)E R LSAA dgd JoE Az &7
A7 774 FAAT FALE F A g A ¢
2 20l 9 IO o A4 2 AN RE BEeg
Snj, o Ry FHE B

3. ZESERA
329 32 QRE Bouin's £AA 1247 St 74
AlA AAFAARE Az Z, 70%, 80%, 90%, 95%, 100% ethanol

oA Z+ N ¢31H 22 E4E AAISH T Ethanol#
xyleneg& 3:1,1:1,1:3 9 "] &= ©Eo] Zz} A7 K
ZRom, o] ¥ 100% xylened 14174 33) W8 X738},
xylene : paraffin wax= 3:1, 1:1, 1:32) H]&oA Zro} Hxg
813, 100% paraffin wax® 1AM 33] wbEsix] Zoja)
o A8 F DA 5me) 2712 Bis}ed, hema-
toxylin-eosin# PAS ¥4 & u|ZAelA ZAHEE BY
Epii=g

4. i+ 53

22} A| W] 5-& Hanks' balanced salt solution (HBSS) | ml
of Aaste ¥, 37CAA SEZ Mg 42 100
(E 400 pf9] HBSS7F Eolle AZ & tubeo]] ¥ 213
THE 5 hemocytometerS o431 Hu| Aol #2
N B5E AT e 2L Yoz Aten.

SM/TW (g)=[ASH X SF (5) X HF (104) X DF (5)]1/TW (g)
SM, sperm number; TW, tissue weight; ASH, average count
of sperm heads from five chambers; SF, square factor; HF,

hemocytometer factor; DF, dilution factor

5. RNA £2|

dH AL HAF AAo)A Chomzynskist Sacchi
(1987)ll <Js] B H guanidine thiocyanate W8 & viddlo

S5 7ol AR BAZH (% 0.1 92 4 M guanidine
thiocyanate £9 [25 mM sodium citrate (pH 7.0), 0.5%
sarcosyl, 0.1 M f-mercaptoethanol] 1 ml &o|A FA A7)
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3, 60 10] 2 M sodium acetate (pH 4.0)<} 600 10 water-saturated
phenol, 28} 37 120 pf chloroformz} 283 &dsigch £
Y LA 4CHAM 587 FXT & 17,000 xgol A 1027}
AAE-ET & RNAE F38l9 229 isoprophanols} -2
0CelX 2087 AAANA UL 2 AAE RNAE 75%
9| ethanolg AMg-3ted M H8tR Y, DEPC M & E& AHS
3le] RNA A ES =2 & -70CA 2381k RNAY
FEY £EE F317] Y8 UV-spectrometerS AR31 Agso 250
< 39

6. Complementary DNA (cDNA) &4

¢DNA+ 250 mM Tris-HCI (pH 8.3), 375 mMKCl, 15 mM
MgCl,, 50 mM DTT, 1 mM dNTP, RNasin 10U, RTase 20U7}
E§s o] 9= AccuPower™ RT Premix (Bioneer Co., Korea)
£ AMR3Eld Ao o] &34 RNA (1 # g% random
primer (0.3 pg)9] W& 42°CoA 6087 S Fo2H T
e 0}9\11—4'-

7. PCR 4A|

A E cDNAA TGF-8:9 238L <187 A Choung
(1999)0] &R 3t primer (sense primer: 5-CAG CTC CAC AGA
GAA GAA CTG C-3'; antisense primer: 5-CGG GTT GTG
TTG GTT TGT AGA GG-3)E AMLsld ZZ A} (1 cycle:
94°C 5% 35 cycle: 94°C 30%, 65C 30%, 72°C 1% final
cycle: 72C 78). mRNA9] integrityE® ¢olE 7] 3t
internal control gene¢! A -acting 10 mM Tris-HCI (pH 9.0), 40
mM KCl, 1.5 mM MgCl,, 1U DNA polymerase, | mM dNTP7}
E3He]o] 9l AccuPower " PCR Premix (Bioneer Co., Korea)
o] Z+Zt 10 pmole primer (sense primer; 5-TGG AAT CCT
GTG GCA TCC ATG AAA C-3'; antisense primer: 5-TAA
AAC GCA GCT CAG TAA CAG TCC G-3)E ¥& & =%
AT (1 cycle: 94°C 585 35 cycle: 94°C 303, 63°C 30%, 7
2C 1%, final cycle: 72C 7%).
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8. Testosterone &4

YA 9] testosterone< radioimmunoassay (RIA)S £3) &
ZRME 39 om, RIA kit (Coat-A-Count. Diagonstic Products
Corporation, USAYE A}L-3}e) ZF3ALA AAH Agw
We 2494 24990

9. AIAz2

S A A )= Statistical Analysis System (SAS, 1995) £4 =
2IYE o3t iz My AFEst 2 s
)3 testosterone®] ¥TE one-way ANOVAY] g3t
Dunean 3ol oJ3) Ael2y f94 AL ANHG

4

1. HE & HAFA

Zt A FAM AFH FA A WstE AR A3E
Table 19] A A}t A4 f Fo 273 BPA ASE &
oAz A vAE R FAV AsE A BET,
LEX FOTAME Y A HPE Holz Yoy
AR FAAL AU T8 Fig 1S Aol that Ahe A
WA FAE el Aoz 7 AddE EAFY f94
o] $AHA = FUT

2. YXeQ AxpR
239 AASE 249 2A2 Fdete] Yl AL
A A4 FA (@ U vl OM RAaAHA 9 2 (mg)oﬂ
g W&ol A9 A A JElith I % BPA
FAFAA 7T B2 A% °M FAAQ f3= U
BA Q9T (Table 2). 22} 2442 248 A5 wg
o ol vis) F5 BPA F9ZAM $-947 (P<001)
22 Fadglen, dadf Fo 42 A% T BPA £
A= AEZH v FTE YT (Fig 2).

Table 1. Changes in initial and terminal body weight (BW) and testis weight (TW) between control (none, oil) and BPA (low, high dose)-treated

groups.
Treatments
reatmen None Low dose High dose

Items
Initial BW (g) 26.24+091 26.03+1.06 26.20-0.99 26.04%0.70
Terminal BW (g) 34.381+3.03 31.63+£262 31.134+2.93 32.79+2.58
Gain of BW (g) 824+3.14 5711321 4861340 664282
TW (mg) 108.19£11.73 100.05+13.47 98.22+11.74 105.43+10.39

Results are shown as mean=+SD.
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Table 2. Sperm concentration (SC) per cauda epididymis weight (CEW) and testis weight (TW) between control (none, oil) and BPA (low,

high dose)-treated groups

Treatments

None Low dose High dose
Items
SCICEW (X 108) 4324323 3.32£3.51 3.0612.65 1.72+0.89
SC/TW (X 10) 3.141+2.62 2.82+2.89 2.57+2.59 1.39+0.79
Results are shown as Mean+SD.
e ab
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Fig. 1. Gonadal index between control (none, oil) and BPA (low,
high dose)-treated groups. Data represent mean+SD.,

3. Serum Testosterone =A1

v 27 vls] AR Fo =273 A%E BPA
FoF, LFE BPA FoAZAN £XH Z2E B0y
MAwoele] o EFHUA (SD)gte] A Vel oZHN &
ARA FoI4-E A (Table 3). ¥IFA th2E3 v 23}
o IFE BPA FoZoA HAEXHE] 7HE 3A &4
Hol FFHUE, oA HAFM et o

A S VR dlTh

4 MA EXISEEE 2M

3 Hl 5o i (Fig.
Atol9] Leydig M X7t 124 BE3Q7,
HAIZY e FHQ o4& HoRA
A AR E7E AP 2 e A
Fo 2 (Fig 3B)# AEE BPA §

[re
rr o

b

243

oftt

A9 ¢ AR

Sertoli XU A
oul, A7
o] F&HAUT HAF
Z (Fig 30)¢] B4

Fig. 2. Comparison of litter sizes. The female was co-housed with
the male for 4 days. Means with different letters are significantly
different (P<0.01).

2HHE MES] hzzd YeHoz vsadn. 18
U, ZEE BPA Relzel A9k AR AxoA U7
AANEIE A Ro| BREQEY, ol AHB FA
A Uik Ro] ohd F$AY el (Fig. 3D)

5. RT-PCR

BPA:= internal control gene® 2 AFL-H f-actin W)=
Qg JehiA 4t (Fig. 4A). TGF-8,& I E BPA
FAZAA W] HI YA, RFQ vFq 7 A%
£ BPA FoqZA e ddo] HA ¥R, BAF FoT
M oFF FleratA LA H T (Fig 4B). L&y, TGF- 5 A
g 7A8E & TGF-42, 83 7+= 9 2491 TARIFH
TARIIE & AEoA ¢S #28 4 23U (data not
shown).

Table 3. Concentration of the serum testosterone between control (none, oil) and BPA (low, high dose)-treated groups

Treatments
None
Items

Oil Low dose

High dose

Testosterone (ng/dL) 223.151+294.82

178.55£241.36

165.431258.38 88.36191.90

Results are shown as MeanXSD.
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X100 X400

Fig. 3. Histological assay of mouse testis. A: None-treatment, X100,
X400. B: Corn oil treatment, X100, x400. C: Low dose BPA
treatment X 100, X400. D: high dose BPA treatment, X100, X400. L,
Leydig cell; S, Sertoli cell; P, peritubular myoid cell; Sp, spermatozoa.

LIS

AF 9 Lo BPAZF o|EA 9EE WAE7HE
A3, BAret 3 HAEXHE T R
¥ o HAHF FALH Agk, Ak BPA F429 &4
2 FAFY 24 A4S Jehliith BPAE dl2E2A &
ALRHES &= EZolA T (Nicolas et al, 1996; Roy et al.,
1997; Ashby et al., 1999), diethylstilbestrol (DES)3} 722 oA
EZA fARE E2FE 9 ad o3 54 vl
= RA02 284 921 (Brotons et al, 1995), AH o=
Az FEAAE HUE 98] gle 222 BIHT 9
T} (Ashby et al,, 1998). B A3 ] AFME VT BPA &
ool A 9] BPA B3Vt AFE BPA FHFHRT H Bol 1
Ehes S BT lojA] Ashby (1998) £9 Hy s}t 7
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Fig. 4. Messenger RNA expression of S -actin (A) and TGF- 8, (B)
in the mouse testes. Arrows indicate its specific expression,
respectively. Lane 1, size marke (1kb ladder); lanes 2~3,
non-treatments; lanes 4~5, corn oil treatments; lanes 6~7, low dose
BPA treatment; lanes 8~9, high dose BPA treatment.

o] AgkoMe Ao FAFPAAR & TS A
9 Aoz Algdd.
A AL YR AN s AdsH-oA
AMZEEAFIEE (GrRH)e] LHe} FSHY| 18
E2 AA9) Leydig M| X9} Sertoli 4] Eol] F3F
A "ol H2ZEZHEY AH ZAFAHHA A #A g,
o]FA APE HEEZHE FE F71E 79, aomatase]
Lo oA AAEZASZ HIE O] negative feedback O
E A B HekeA A %2 XA Eg
(Wilson et al., 1983; Charles et al,, 1993; Randall et al., 1997).
oj21d BFAY WEHA AN A2ERA ARZE
Eol9} JAERAR e ALS 4oz, d93Q
negative feedback-2 A7) A E o} Leydig Al Eol| A 9] e~
E2HE 40 A%, o] A AW 2R g
AL 7AA 2 Rolth Wekd & 49 AT Yeid
ZEXHES 22 AFE BPAY A 2ERA AR S|
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Aol AFEE T

I*E*Eﬂiﬂ AT Ateldle A9 AaAAAL e

© 2 Winter 5 (1976)2 HI3 ¢t & AFLME HA
E_/:Eﬂ%Jr A7t THH o2 ZHAdeE g BAHA
=y, o]= BPA7} HIAEAH E3 A2} Ods}:_Q. m] %] 7.
A& Yeill= Z3olth 3 Jerry § (1997)2 BPAY] &
25HAS AL AAF7H A3E S HIsHEd, ol & 4
—T‘@PM ZEk BPA Fogda #&AE {4 AAF

a7t ol g "41}* Ao g AR S HPHeE F
é% T Aok oA B Hd¥9 2P EHS &
8 FEFolvnt FHEHA vFAF A LH" (Flg
3A)2 BAMEEC NP A9A e e, 2
BPA Foi o] A3 W7} (Fig. 3D)AM & HAAN E7} %—r
Aoz #AHA FUrh & A¥EAF= v vt &
RAAY =EHE 7|7o] AT, o]H3 X FA o
ol S7ts o] FARAAF Y AGAS 3 Bo] /2
2 F e FAFE Aok

39, BPA Foo] 2 TGF-AA 2¢d AFdM = TGF-
819 Edo] #AH o (Fig. 4B), 829 85 2 TARIF
TAR-TI = HHEEHA 23krh (data not shown). A A& o] At
T A4 9 TGF-A 28 Fx3 oz 248e Ao
2 BIFYEY (Mullaney & Skinner, 1993; Teerds &
Dorrington, 1993), & d7Z39 ZF5LE BPA FoFdA
TGF-g10] H&EE AL vEu A 714y Zxe sj4g
+ Ut} BPA7} AWt TGF- Al Y 2| 7+E 9t 449
& FEAs EA}oY TGF-4,& HEAY
A Wgog F2F £ 9tk R WxlE Whitlock (1999)0]
dioxin®] 7] AdA B3 A3} 7o), BPA7} TGF- 53,9 &4
A BEE 2108 F e HARIA (transcription factor)i*/ﬂ
g8t A& olF B¥ol JA o] glE TGF-4, #+4
A HEE 8 Aol B £ oloh T3, F wlxg spH e
eot7u ml g A 7)o Bdo] e TGF-B,0] A4Sl 5
WA o] AHE =, o] FSH £ 4] TGF-5 A9 27+
E 2¥o] 843 2ot AoE ¢ Ut} (Mullaney &
Skinner, 1993). ©|X@ FSH7} o] Bulg7] Alzat= AA
= A AFEEYH ASAE ARYAQARA FLdE
TGF-8 27=s] B8 o] FAtE A2 ARYAYFHAHNA
FL% ol ¥ 4 A} W, A Kol At F vy
o] A= ojok o= E-753, BPA7} feedback 7] A 2
&3t FSHe] & X @A77, 0|23t o|fZ TGF-5 9
Wy A AEo] AsEo TEE BPA o7 A TGF-4,
o do] vt = g FoE AIEHT

)\\_T7}'

N

AEH-T 4 ERER R

TGF-8 &

o] oy ]

IS RECEIS-PEERRPEETY
2H|ZolE Aate] =03 Leydig Al X o] 7433
AAZ4o] Aoy HIHT gty viAE A9} #FH Y
Leydig | o4 TGF-8 = hCG 449 +& 74N 77,
Leydig A X F4 3= F33HA cAMPS} HHAEXHE 5
< A3 0T (Avallet et al., 1987; Fauser & Hsueh, 1988).
of 89| Leydig A|XE Al &luf Fst= APNAM TGF-8 A
YA HAEXHES go] 2oAte AS ¢ F AsU=,
ol Ao XY LeZoEANS At AHA F
A & 4 v} (Gautier et al., 1997).

deu, & AFAe TGF-8.9 B 182 TAR-13%
e #ae #3285 At o] BPAYL o]F AR
T e 9F2 AAA XqGT A4 F ok wEA
7ot Qe £EA Atol] Al st TGF-8 A
Zgo] JEYR HolgE= AL 79k, BPAZF TGF-8
systeme]] WA ZE71A4 BsAME o B2 A7 B8
st @z ole] Wi AF7F A3 Fo sl

2 ATZ2HES T, BPAE LFZA Hidl B
23 o JIERANO R L5t HAEAHE AaEs
AN, AR E W BAANEE 24471, o]
AJE JAFE Z2NA IG5 A3E sl AL
E AREY. oldd 23 BPAY tig AAl faAle]
SIRALHHARAE A S HZ PEWA LA
of #3 A7t wfg wuE Ao, P di
4714 479 71ZAEE 848 F US Aotk
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