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Effect of Vinclozolin on the Onset of Puberty in Immature Female Rats

Na Kyung An and Sung-Ho Lee'
Dept. of Life Science, Sangmyung University, Seoul 110-743, Korea

ABSTRACT : Vinclozolin(VCZ), a systemic dicarboximide fungicide, has been used in the control of diseases caused by
microorganism of some species in fruits, vegatables and ornamental plants. Although VCZ itself is a very weak antagonist
for androgen receptor binding, both melabolites M1 and M2 are effective antagonists. The present study was undertaken
to examine whether prepubertal exposure to VCZ affects on the onset of puberty and the associated reproductive
parameters such as hormone receptor expressions in female rats. VCZ(10 mg/kg/day) was administered daily from postnatal
day 21(PND 21) through the day when the first vaginal opening(V.O.) was observed. Gross anatomy and weight of re-
productive tissues were compared to test the VCZ's effects on the cell proliferation. Furthermore, histological studies were
performed to assess the structural alterations in the tissues. To determine the transcriptional changes in progesterone
receptor(PR), total RNAs were extracted and applied to the semi-quantitative reverse transcription polymerase chain re-
action(RT-PCR). As a result, delayed V.O. was shown in the VCZ group(PND 34.00+1.22) compared to the control
group(PND 38.20£1.92; p<0.01). VCZ treatment significantly decreased the wet weight of ovaries and uteri compared to
the control group(p<0.01). Graafian follicles and corpora lutea were observed only in the ovaries from the control animals,
while numerous primary, secondary follicles and small atretic follicles were observed in the ovaries from VCZ group.
Similarly, hypotrophy of luminal and glandular uterine epithelium was found in the VCZ group. In the semi-quantitative
RT-PCR studies, the transcriptional activity of PR in ovary(p<0.01) from VCZ group were significantly lower than those
from the control group while in uterus were similar compared with the control group. The present studies demonstrated
that the acute exposure to VCZ during the critical period of prepubertal stage could inactivate the reproductive system
resulting delayed puberty in female rats.
Key words : Vinclozolin(VCZ), Vaginal opening, Anti-androgenic, Progesterone receptor, Puberty onset.

£ ©F: DicarboximideZ] AtA191 vinclozolin(VCZ)& Y, ok, #48 AEA vlAE 93 == HES 54
sh=vl AHEE oSkt VCZel tiAbHE Sl MLFE M2 £8] B9, AE, If-Fol FEd7] Wi A3telA =22 71
Aol Atk VCZ7} zhe =AY B4 i F2 F30 g A7t ol FolHer, 4R AE7]9h A
H)XE GFE A7t wEe Aol mEb B AT VCZZF 4l 839 A7) ¢ olgh B A4 Ak Ee
Wl WA= anE A AF 219 5H vehicle(DMSO) = VCZ(10 mg/kg/day i.p.)E AHE7] 7HA19] A2
A 73 (vaginal opening, V.0.)°] dojuh= @714 FoAsiglnt. A o] Aot & oo AR F i) A7
o ojF 22 FAE FATA VCZ7t o] ZANAM Y X F2d nlA= 545 ARG, A3 #ES §
S-SR wist S AT Y, IR HSE S Fste] gid FEAAM ] A HEE ZARIT A
T A% AR ZEALHE FEAPR) B FE2 AFH Q] RT-PCRE FRIskint. 252, VCZ Foiof s A7
o] S ERASFSTHPND 34.00+1.22 in control
group vs PND 38.20+1.92 in VVCZ group, p<0.05). 121}

TTAAR: AEEHA F2T FAE 7, Audst Agsetay,  Ae WSkl A tlEws Veza 3 frefsh Aol ut
($) 110-743, (%) +82-2-2287-5139, () +82-2-2287-0070, E-mail: shlee ERA] gkt Aot Ao Z7)eh FAlE ozt
@smu.ac.kr Hlal VCZol A frofatA FF2dtsint. At el Do
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Vlnclozolln(VCZ)_ dicarboximide#] A EH, XE,
7}, ok, &, BAE A E, 7ol 91o]A Botrytis cinerea,
Sclerotinia sclerotiorum, Rhizoctonia solani o 2J3l] fdt5
= BEs Algsted AHEE ghom, g A AlA o
b A 48 A8 A x= AFEH Al ITtHRankin et al.,
1989). VCZ2] thARFEC] M13F M2+ &3] B9 45 ¥#
Toll A&, T gEH R =l F8A-w7H AL

AL JAlshe aFo] e k== 7 (antiandrogen)©]
o} M2& Eete 24 29 hydroxyflutamide s} AHSH T
Z9 7155 Zte v, 8 dARRES] M1 242 ] 4

AT 2 FEE EAGEE SRS PUA=2AE 53

£ Uehdth VCZ9 tAMIEES St 84 o A%
3l7] $13) Bl2~E2HE E+ dihydrotestosterone(DHT) S}
A3 (Kelce et al., 1994), StEg2 A% F-A4 L33}
AAA dhs oA g th(Kelce et al., 1997). 37 Elo}o]
VCZd =2 7%, A% 2 (vaginal pouch), &% 3g ¥}
H5F AA(nipple retention) =, H--A34]7]17F 2] (anogeni-
tal distance, AGD) 74, A FA 7, Biet R84
A A8 A7 % Wl e Eth(Hellwig et
al.,, 2000; Hotchkiss et al., 2003). =3, 15 =2 =FF 7
T, QAIEE oju] &) AT FTHE, A9 A7) B AlFol A
HtHGray et al., 1999; Hellwig et al., 2000). A}57] o] A
(peripubertal)ell VCZo =2¥ 3 F = A7) A1
A A, A F&d3 7449 4% A99S UERY ™ (Monosson
et al., 1999), T F=(H ) 400 mg/kg/day) =EA FAE
FAG SA A T FAY A, AR v, B3
2 AMZO Apdo] vEbtar, B3 AAZE HUAS w P
o A7} 47} 7+28HTHYu et al., 2004).

VCZ A2 Ao &g dFe Ui 73 v A4S
o s ¢ ASE, Ao A g A7 7HEHAE

4% w3} 41

2} Y (Graafian follicle)2} H417F #2E| 9o}, VCZ7-9] dAio e w43t
gho] v #AH U Ao B e W 29
< =8 AYSHA 2 oded Ao A AEjek 3 ERld o SUPF #EEHAOY, VCZH M E EE AESE
ﬂl%ﬂ&} RT-PCR 23}, @4(p<0.01)91412] PR mRNA $F& VCZ Fojol| 23] #2)3 &d

ATFE ARE7] NA A EAA 716 @713 VCZ Fodol &l oAl 31 AAA &4
A AFEHH,

53] }% ] WAl e At =3] F kst Aot
AFAEL VCZ8 FABH t=2A G945 Yeh
W 1741 Ao &2 91 di(2-ethyl hexyl)phthalate(DEHP)]
g A AH AE7] AT AAES Ak up Sl
(Lee & Lee, 2006). ¥ A= vVCzZrt DEHPS’Jr AR ¥
S Hojglgte 7HYsk] A4 VCZ =& A3og oA
A AsEE ddste] 43 879 A7) i Pl
5 ZARE Aotk o]& H3l, A-&7H10 mg/kg/day)2]
VCZE Hlud @7)71 AE7] o] H(AF 219)dlA A+
7hgol dod w7hA] Wi Fojahs REls Agsigint. A
o] A Wil A 7R Hs Aes B,
A2 73] 4 A4 BEE Z2A2HE 584 (PR)

o I He ZARIHL
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1. A4d8%5=
At APFE ARSAIA YT L2 BT
(18~22T; 123 21, 123t &%F), Holet & A7 &

2% el (ad libitum)ol X} AH53 Sprague-Dawley(SD)
strain FFE AHE3ITE A% 219(35~40 g B.W.)E ]
A<= 9k 379 VCZ(10 mg/kg/day; Sigma, USA)Z mj
B2 Ak, R 2 DMSO(200 /< L/animal; Duk-
san, Korea)E FARITE 5552 vl 24 1049l FA
T ATE S AT Y ARE Sl 27 A
ol dojd A, AEAETFE AR A (vaginal
smear) 0.5 FefolEo| EXg A FAEE A E s el
5“310}3’- Q% 5Ao] BAAATE A & FA] A FAE
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7] $)3ke] paraformaldehyde(4%)°ll 143 %2< ethanol
Z 958 g5 oo 2uf $5~7 pm FAE A% A4
& Atk 2% FHEL hematoxylin-eosin .2 o 44
ato] 338+ W] 7 (Olympus) 0.2 #2313t

3. RNA %3 Semi-quantitative RT-PCR

Z2]9] total RNAT guanidium thiocyanate-phenol-chloro-
form extraction **(Chomczynski & Sacchi, 1987)°] w2}
%2319tk 1 g9 total RNAS 302 05 g9 dTx
primers} AccuPower™ RT PreMix(Bioneer)E AH&-3}o]
% vk3 volume 20 xLZE GAASIAY. PCR ¥H8-2 1
©L8 FHAL S FHOR sto] 42k ARl ST
3= primer£3 Tagq DNA polymerase(Takara) S A1-8-31 %
o} Table 12 £ AgA ARE-H primers<] @714 E%
annealing 255 ¥ A5}t PCR AHE-& M7 5oz &
28}, ethidium bromide® %415 Imagerl-1D main
software(Bioneer) 2 &3 Ath F#HS $13) internal con-
trol PCRoA= GAPDH primerS A3}t

4. &7 A

A9 Aol A A= Student's t-testol] o3 o] F-o]
Hon Pvalue 0.05 o|at2 EA|H o7 Sojsitia BAd}
Stk

4 3

A% 21U 5E FALE A8t g 259 A7) A
ARZ de] A EHTE AT o] ot &8 2R A4,
Z FAMYSE thZ27(14.00+1.223])0l) HI8] VCZ7(17.20
1.923])91 A frofshAl 57kt AtH(p<0.01, Fig. 1). A 2
T g e ZHz A% 34.00+1.22% (%) 7 38.20+1.92
AVCZ)olAtt. AT A, FAF 717 St 27} VCZ

Table 1. Primer sets for semi-quantitative RT-PCR analysis
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Table. 2. Initial(PND 21) and final(PND 34) body weights and
reproductive parameters in the peripubertal female rats

treated with VCZ

CTL VCz

Vaginal opening 34.00:122  38.20+192%
day (day)

IanlaI body PND 21  35.71+3.96 34.90+2.11
weight(g)

Final

m_a body PND 34 99.30+4.13 92.64+5.57
weight(g)

Ovarian weight

relative ratio PND 34  0.38+0.06 0.24+0.02**
(mg/g B.W.)

Uterine weight

relative ratio PND 34  1.45+0.34 0.52+0.12**
(mg/g B.W.)

Values are expressed as mean+S.E.(n=5).
**Significantly different from control group, p<0.01.

Injection days for V.O.

I
Q

o0 o CTIL
rzzzza VCf,

0

. 1. Delayed vaginal opening(V.O.) in immature female rats

treated with VCZ CTL, control group; VCZ, VCZ-treated
group(10 mg/kg/day i.p.). Bars are meanS.E.(n=5 per
group). **Significantly different from control group, p<

0.01.

Gene Nucleic acid sequences Product size AT.(T)
F 5-CAGCATGTCGTCTGAGAAAG
PR R 5-TATAGCATCTGTCCACTGAC 472 bp 62
F 5-CCATCACCATCTTCCAGGAG
GAPDH 576 bp 50

R 5-CCTGCTTCACCACCTTCTTG

PR: progesterone receptor, F: forward, R: reverse, A.T.: annealing temperature.
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Fig 4. Comparison of shape and weight of the organs between
control and VCZ-treated rats at PND 34. Enlarged ovaries
(A) and uteri(B) are shown in control group. (C) The ovari-
an weights in control(CTL) and VCZ-treated rats(VCZ). (D)
The uterine weights in control and VVCZ-treated rats. Values
are expressed as meantS.E.(n=5 per group), ** Signifi-
cantly different from control group, p<0.01.

(‘narmn wl(mg)

Fig. 2. Changes in body weight during the VCZ administration.
Values are expressed as mean+S.E.(n=5 per group).

of Hlg| A3 wpEEoZ A waE GxEo] X3,
Az GA gzToA o ded JeE EATHFg. 4 A
B). &9} Ao FA GA] Rt HlF VCZ
Toll A BF FoJshA HAskGiTh(Fig. 4 C, D). Z28H2<
AT, dzTe] dae A5 AR/t He 1oz ¢x
g} A7} o BAFH oY VeZEAAE Fal vjA%e
1219} 221 FEEF 8591 W (atretic follicle)E©] +2
HFEAH(Fig. 5 A, B). &2 Az W3S 43 (lu-

Fig. 3. Comparison of V.O. status and smeared vaginal cells bet- minal epithelium), W53 2952 &8 9= 4157}
ween control and VCZ-treated rats. (A) V.O. is evident in 2] A& k) Ao A Ao A 220 Z7}7} Vbt
control rats sacrificed on PND 34. (B) V.O. is not occurred .
in VCZ-treated rats sacrificed on same day. (C) Smeared o VCZw e AZANE B AETH EHlde] gl
vaginal epithelial cells from control rats. The cornified vkt 238l (hypotrophy) Sith(Fig. 5 C, D). 314 Z&d]
feature of cells represents estrus status. (D) Vaginal epi- dojA A A< A AHI) HE ZEAAHE F£8&
thelial cells are not available in VCZ-treated rats. A9 mMRNA $F<& 2ARE 23, dAdA VCZTo] gz

ol B8l frol kA woton, Ao txrd veze
oA frol@ Aol7k QlATHFig. 2). el A7 W o) wi2g 2302 YehdthFig. 6 A, B).

ol AT 3ol Axwyos A JIAEE gRlgt 43,

fzFME BAF70A estrus A1719S Yehle 22 7 o2

A| 3 E(cornified cells)o] WE}s UK (Fig. 3 A, C), 2+ 7K

o] JojubA] o2 VCZi2 oA ZE QAT + stk A AAH SR de] AREEE ATAIQ] VCZe RIER

=
(Fig. 3 B, D). &4 9|9 &M, hxa9 dibe VCZT A AL s YEHA4 Ao EHo|ng A =0
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Fig. 5. Microphotographs of ovaries and uteri from control and
VCZ-treated rats at PND 34. Note several Graafian follicles
and corpora lutea in ovary from control rat. (A) Only a
small follicle and some atretic follicles are apparent in
the ovary from VCZ-treated rat. (B) Hyportrophy of both
luminal and glandular uterine epithelium is evident in the
uterus from VVCZ-treated rat(D) compared to the control
uterus(C). Hematoxylin and eosin staining, <40.

A B

' VL

— T
10 e VCE

Arbitrary Unit (A.U.)
Arbitrary Unit (A.L.)

Fg. 6. Effects of prepubertal VCZ administration on the expression
of PR in the ovaries(A) and uteri(B) in rats sacrificed on
PND 34. Animals were sacrificed on the day after V.O.
of control rats. Semi-quantitative RT-PCR was carried out
as described in 'Materials and Methods'. Values are express-
ed as meanzS.E.(n=5 per group). **Significantly different
from control group, p<0.01.

et A7 FE TR S GAS Qo E GiEs) o] Fo
ZTHColbert et al., 2005; Gray et al., 1999; Hrelia et al.,
1996). HI= Aol Bla] A o2 m|oFetA ARt k=2 Al
A A AR A T A S | 2ERAY AT
EA24 7)%31= 2 (Palacios, 2007), VCZ| =24 <A
X A S AAA wdo] Yed Ao FAHT
Atk B AFE VCZo =&¥ 33 A A o

N

ok Ay
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A2 FAdo) A g AZWERIA] AEke] nighe] ofs) 5]
T AREZ] WA Aol dojgs BoFQinh BAAQ) AR
717F defur] faixe AAA UElus GnRH-A 44
SZEE-A ZHR0ER FAE A2 E F9 B4}
7b dojupr] Aol Bkt T3 B TR AAEY Y =
Zo] dgsjti(Pawson et al., 2003). Ejo}7]el| AldeE=
GnRHY| UAIHQ] #HIE AZst=d], 7] 44 A+
6~107)€ 74 +-E childhood quiescencegt &2 4137
@54 GnRH A J(GnRH pulse generator)o] <F
(Plant & Baker-Gibb, 2004). o]&{gt F2]7] & 444 Ao
doju}7] Al W54 GnRH 2157} ThA] AA = H, o] uf
GnRH W= g 95 dh= A& GPR549 1 2|3t
¢l KiSS-1°]tHPlant & Barker-Gibb, 2004; Seminara et al.,
2003). gutE oz 7 3 F(Sprague-Dawley strain)2] 73
< P AT Y-S 31.6~35.190]H(Blasberg, 1998),
A A S 1 F2RE o 59 ojyd dojdtia Bl
521 tH(Urbanski & Ojeda, 1985). ¥ Ao 4% 2143
E] VCZ (10 mg/kg/day)E Folg+ A3, Fof ¥ 38.20+£1.92
ol AT Jho]l doltem(Fig. 1), ol Ad+= VCZ
o SJalA A AF ) Wi AT NEYol frofatA A AE
< vt A2EZAE GH AR A5 AT
WA QoA - Fad S st A 2EZA 243
& e EAES AT S S, o 2ER2 Y
24 &4 2HEolE A 9FE A =4

[
Y orn
o

sibella et al., 2005; Kim et al., 2002). 22j=& 2 A3 2
= VCZY| =g At g | ~EgAl g A
= st ARE7I7F A9E RS Al

S A9 A=y Bt AT e AR HA Y
AA e GA A7l dAlE Ao 881do] 2 deA &
CHFrisch et al., 1980; Bates et al., 1982). 21719 Ao x
T3 E9lo] ZEe Agtolu A4 5 ) A5
ZaE Ao YEeRgo] HAaE It Warren et al., 1999). ©]
oF Bdste], 24 AFS} AUA Ak Fa AR &
2171 leptine] ARE7] A% @3ke mIxlo] B aiE {tHCun-
ningham et al., 1999; Idelli et al., 2002). %3}, Leptin £
Al ob/ob A3F 49 LH wHI¢} v 2 A FA Y St
7} Vbt al(Barash et al., 1996), ¢17+e] AgF7) Bt &
= LH9} leptin 4719] 2433471 Ha1E ] o (Teirmaa et
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al., 1998), 2+ leptin®] NMDA 5442 &84S Edlo] A}
F717F A S F2 379 LH #R1E FX13o] BRaEg]
THCarbone et al., 2005). SP|EAIE KiSS-1 wHol| leptin
TEAZE GAHE AA-thAL 7] B de o] AT
7Fe/3S HAFTH(Tena-Sempere, 2006). £ A-ollA] I+
21978tz AT o] dojue Y7 dxad
VCZ Tt Algs S 43, tixa3% VCZ T A
ol Al o3k xfol7F UehdA] eist=HI(Fig. 2), ©l= AF
7ol oA AREZI7E AAE Blo] opdE owjgit). 1H
ol A% 259 7F DEHPE 57 FAHH AdM e Fof 29
REE A Fo] 7HAagho] HuFle=H|(Lee & Lee, 2006), ©]
28 Apoli= VCZ7F DEHPEG tiAL 542 A7 §17] o
¢ ZAo® FAHHEY VCZ Fofol| ofsf A5 thnl FAs
Apg-o] F-A7} 2+2-3 AIKFig. 4, 5)= VCZd| 9J3F k=2
A Ag AR A EEZA AP AFHE ot g A
Jo] AAEN7] WEo 2 FAAT dal Z2A 2
A9 T 7Ha(Fig. 6)= AolA tiAbE VCZ tiAt
HES Q1 M1 M27} E= 27 -84 o] 23A = 2H8-5}7]
02 FHHAR AgMe T Favt #EEA 4=
HollM B g d57F Basital Aedd
VCZ= FHSIH AHeEe ApAlolER, oy HRE
Fote] Al keFE 7hsdo] AA, VCZ7} sk It
24 4 W] F2 FAA SdstA A7 HAa, o
ol QIZHAA mAl= G Wk A5t vimlgk Aol
o 7129 d7Ee] FHdHE Al EAs] Bl
ARl AEEE Fofste] £ E v & 5= Wistar
rato] 1 NOAEL(No-Observed-Adverse-Effect-Level) Z A
A 12 mg/kg/day(Nellemann et al., 2003) Ht} $+& 5%
olA FPH AT B A7 AI= NOAEL < olate] vCZ
2 YeME oAl 4R A7) AAAE AdEE B
AL ZA, AL F9 VCZ =EZE A7t APEEY A

A, 53 BRIE GFL 1A 5 9SS Ak

>t oX

¢

k

1> o

e 2
2 ATAEE BB AT AE AYE £ oS8T
A weke-e EF,
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