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= Abstract =
Effect of genistein on the sexual maturation in immature female rats
Woocheol Lee*, Sung-Ho Lee, Ph.D.", Ryun-Sup Ahn, Ph.D." and Mi Jung Park, m.D.F

Department of Life Science”, Sangmyung University, Seoul, Korea.
Graduate School of Complementary and A]temamve Med]cme Pochon CHA Medical University, Seoul, Korea.
Department of Ped1atncs College of Medicine, Inje University. Seoul, Korea

Puopose : Exposure to dietary phytoestrogens such as genistein during early childhood is a growing public health concern.
We examined the effect of early exposure to genistein on sexual maturation in immature rats.

Methods : Weaning Gwkold) Sprague-Dawley female rats were assigned to three groups =6 for each): fed by high dose
of genistein 100 mg/kg/d), low dose of genistein 10 mg/kg/d) and control group. First vaginal opening (VO) day was ob-
served. Structural alterations in the ovary and uterus were assessed by histologically. Expression of genes of ERx , ERG ,
and progesterone receptor (PR) in the ovary and uterus were investigated by RTPCR

Results : High genistein group had earlier VO than control and low genistein group. Graafian follicles and corpora lutea were
observed from the ovary of genistein-treated groups, while primary, secondary follicles and small atretic follicles were ob-
served in the control group. Hypertrophy of luminal and glandular uterine epithelia were found in the genistein-treated groups
while poor development of gland and fewer myometrial cell layers were evident in control group. In ovary, the transcriptional
activities of ERe and ERS were higher in high genistein group than in controls. In uterus, the transcriptional activities of
FRx , ER8 and PR were higher in low genistein group than in controls.

Conclusion : Acute exposure to genistein during the prepubertal period could activate the reproductive endocrine system
resulting in the early onset of puberty in female rats. Further clinical investigation on the effect of genistein on the sexual
maturation in children is warranted. (Korean J Pediatr 2009:52:111-118)
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W 3 glehY

7HA] genistein®] YA SF 2 A2 Ao v X &= -2 vl
theksl Aztz Bauwtch AAdF e genistein (1 mg/kg/day)
det FAHgE mao A= A7) Ao mae] ¢
14U €] Al Yo} 7|74A] genistein (15 mg/kg/day) S A+ F
o g RElo A= ALET] /\]ZL/\V]‘% A2 F=71 9] o] & WA E A
Fga' fAbetAl mAle] YAl 15URE A AT 119744
genisteing 74T Fo g ‘j‘“ﬂ/ﬂ“ AREZ17F e el Z 35
e YR g wh, 9217] 169914 209744 genistein (5
mg/kg) S FoIg A 9ol dlZzatel] vls) zh=e] A el 9
82 AdEAthis vk glo] dxd Asik sk,

A 83 o] A7) Al A= 53
5 dolry] 918, Fhol A5 A T AF L 7Rk A
249 F%(10 mg? 100 mg/keg body weight, B.W.)"¢]
genisteing AFE7] Al AZ 21 ARE AF 2] A sfHto] Lo
g u7hx] v A Fojsts BdS Agste], A v)Re s
FElE ZAbelH | mSh AREY] JlAISE B A 2HROIE B2
B FEA f1x 2dtke] AHAlE 241817] 913, genistein
off o3 AbE7] A7 wekE FEjellA] T} Apgo] o 2ER
A FEA(ER e ¢t ER )9 Z2A2~HE 84 (PR)2] mRNA

B
FIJ

B o= genistein©] ¢

mfll‘

GEe 2AESI,
Chat 2 e
1. ygss

= oA 18-22C=Z dAsH TrZ]E]
T} gk FF)(12417F 29, 12412 &%) 182
fra A g ”E]’Eﬂ(ad libitum) il 4] /*}mr?}
Sprague-Dawley (SD) strain 3# & AF8-3}3ith

AT 219 (38-44 g) o] =g &3 S A genistein (10 &
100 mg/kg B.W.; 4’, 5, 7-trihydroxyisoflavone, LC Labo-
ratories, USA)S 727 wid A7 T8y, dxzdozs
sesame oil (SESAME OIL, Sigma, USA)<S 704 9 200 ulL.A
AT FASAHIEF T n=6). WA TES F 1522 UF
252 Y 2 1041 AT A o & skl o, A
Aol Aol A AAAFE AL A= (vaginal
smear) 2.2 &Eto|=o XS F AU A EE dnslol A H
sto] AAF7] F estrus Al7lel YEbE 2 Al E(cornified
celD] &€& gRlstA o, Hx 100 mg FAw2 ET 7ol

QT AN BE OFS 5 Oﬂ | AT A &

LA, 2 0, FAe AEete] Zzte]

ATiel AYEE AR
==

Y

3
&

g oo

= dX= 4% paraformaldehyde (PFA; PARAFORMALD-
EHYDE, Merck, USA)Z 13 Ath e $F 152 BE 1F
o AT M A w7k YA 7|A] G HG AT 344

AR o AFE ST
2. Aot k2| XN B

iz} Aol A2 Ak g dAl A
ZAF8l7] $18ke] 49 PFAC 4T, 24417 143 =4
(70%, 80%, 90%, 95%, 100%)= &3 o} oa
S T $ 2FHEHE7I(HM350S, MICROM, GER)E °]&3) 4-
5um FAR A% AAS AAvh 24 HAHEL gelatin ZHE
Eetol=d ¥z & hematoxylin—eosinS. 2 tFE |Aste] 3
s+ 1) (BX51, Olympus, JPN) stollA #4235t

3. RNA F£1} Semi-quantitative RT-PCR

Z7)9] total RNAE guanidium thiocyanate—phenol-chlo-
roform extraction method®ell we} FZ&3Ath 1 ug?l total
RNAE F2o= 3131 05 ug2l dTy primerE X&3}= Cycle-
Script RT PreMix (AccuPower ™ CycleScript RT PreMix,
Bioneer, KOR)& AH&-3to]l J4AL 8kt PCR W82 1 ul9
HAA AHES FHOR dto] 4] dAMEC #]dEte primer
(Bioneer, KOR)E¥ Taq DNA polymerase (EX Taq, Takara,
JPN)E A8t om, HF vhg volumes 20 uLelUth Table
12 & AAdA AHE-H primerE®] 971497 annealing <%
£ XAIS Zlolth PCR 4HES A7|9sox ®e]shlal ethi-
dium bromide®Z HA ¥ Imagerll-1D main software
(Bioneer, KOR)® &3ttt A#FS 9139 internal control
PCR#=% GAPDHE S35}ttt

4. 84 A=

A3 Axte] EAH HEE SAS (version 8.2, SAS insti-
tute, Cary, NC, USA) Z213-& A}8-319 2, Kruskal-Wallis
ZAtell 9oJ&] o]FoyH o Pzl 005 HIRFS Fol3ttal #A S}
At

Table 1. Primer Sets for Quantitative RT-PCR Analyses

Gene Sequences of nucleic acid PerUCt %T
size (C)
ERe  F 5 -GTCGATTCCGCATGATGAAC .o o
R 5 -AATGTGCTGAAGTGGAGCTG P
ER  F 5-ACCACCGAATGCCAAGTTCT '\ o
R 5 -GCAGGCTCTAAGGATGTAAC P
PR F 5-CAGCATGTCGTCTGAGAAAG o o
R 5 -TATAGCATCTGTCCACTGAC P
GAPDH F 5'-CCATCACCATCTTCCAGGAG o+

R 5'-CCTGCTTCACCACCTTCTTG

Abbreviations : ER @, estrogen receptor alpha; ER 3, estrogen
receptor beta; PR, progesterone receptor; F, forward; R, reverse;
AT, annealing temperature
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Genisteinoll &3+ Zt Foe] AT WIE F2 3 A3 AF
219 5-E] 34U7MA] dF=7} genistein T 2] frol &<l
ztol= YERA] oM (Fig. 1), BF 349l zH7+e] 74
genistein 100 mgw® 9758570 g, genistein 10 mgv*
94 42+477 g, 183 QRS 95.60+14.72 g ©]ATHTable 2).

AH A7l AN ARE e ol &HE A9 N d&
gk A7 d)27(34.1713.31Y9) 2 genistein 10 mgw(32.29

95%) 0l H]E}] genistein 100 mgv(27.25E1.75%, P<0.01)
= FroatA A el X ATKFig. 2).
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Fig. 1. Changes in body weight during the 2-week of genistein
administration.

Table 2. Reproductive Parameters and Common Organ Weights
in the Immature Rats Treated with Genistein (n=6 per group)

Control 10 mg GS 100 mg GS

BW (g) at 34-day age 95.60=4.72 9442+477 97.58+570

Vaginal opening day 34174331 3229+395 2725+ 1757

Tissue weights (mg/g BW)
Combined ovaries 0.31+0.05 035+006 0.40+0.08
Combined uterus 069+041 0771027 1444032
Spleen 4055130 4631120 4.48+0.95
Thymus 3264072 26510547 203+061F
Combined adrenals 0.31£0.08 0.36+0.14 0.39+0.13
Combined kidneys 12.01£0.32 1223+1.13 1341+1.29°
Liver 42.01+2.39 4478+770 41.95+3.99

Values are expressed as mean=S.E.
Abbreviations; BW, body weight, GS, genistein
P<O 05 compared to control

P<0 01 compared to control

P<0 001 compared to control

& ffect af genivtein an the asexual m atunation in im m atune fem ale nate

WAoo} 2ol AlF ] FAE SA3 27} genistein 100
mg-< thEtol HlE) H%42(0.40£0.08 mg/g vs 0.31£0.05 mg/
g, P<0.05)9 #A2(1.44%0.32 mg/g vs 06917041 mg/g, P<
0.01) 2% 934 =th(Fig. 3A & B). & XWHAMW%
T AlgRte] fog AgE BH=dl(Table 2) 49 A%
R genistein FATAA diZEate vlste] foshAl Wk
(genistein 100 mg+, 2.03+£0.61 mg/g, P<0.001; genistein 10
mg+, 2652054 mg/g, P<0.01 vs &, 3.26£0.72 mg/g),
A 7ol 7 9-+ genistein 100 mgwoll A%t 2] &HA = 9kvh(13.41
+1.29 mg/g vs WZE& 12.01+0.32 mg/g, P<0.05).
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Fig. 2. Dates of vaginal opening (expressed as a percentage
of total number of animals per experimental group) in the
immature rats treated with genistein.
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Fig. 3. Microphotographs of ovaries from controls and genistein-
treated animals when vaginal opening was occurred in 100 mg
group genistein (at PND 28 days). Stained with hematoxylin and
eosin. A and B, ovaries from treated with vehicle and 100 mg GS
(X40); C, primary and secondary follicles in control group (X<400);
D and E, Graafian follicles in 100 mg genistein group (D, X400; E,
x200); F, corpus luteum in 100 mg genistein group. Abbreviations:
PF, primordial follicle; TH, theca cell; GC, granulosa cell; OC,
oocyte; GF, graafian follicle; LC, lutein cell.

ZA A AT Ao A tjzate] Gae Zha vAd &gk 13}
9} 23} ¥ Eo] 2 AEE Ao ]3] genistein 100 mg-oll Al
= WA AsY Nt He ek e} A7) o 3R
I (Fig. 3), A& 4% genistein Folwtollde WS Ay
(luminal epithelium), W53 254&ES S8 JyuZ7tx] 2 &
23 7} A (hypertrophy) el et $HA &84 9] S o
Elgto g gzt BE AES T Eajd ] whdo] wjekst A
B A TH(Fig. 4).

A A 35 WA Ax7 F= ERe, ERB, 183 PR
mRNA FF& ZARE 243 W49 49 ERae & B+ genistein
Foltell A el vla) FoJshAl E2ka(10 mg, P<0.01; 100
mg, P<0.01), ER A+ 100 mgv(P<0.05)4A F2JskA =%ke
™ PR+ genistein 10 mgv 2 100 mgv EF 28kl =3kt
(Z+2y P<0.01). Ag-9] A9+ ERe (10 mg, P<0.01; 100 mg,
P<0.05)¢ PR (10 mg, P<0.05; 100 mg, P<0.01)< == geni-
stein FToNA o3 T7HE 93 ERA S 4% GS 10 mg
o ARk FoJEAl = RTHP<0.01, Fig. 5).

Fig. 4. Microphotographs of uteri from controls and genistein-
treated animals when vaginal opening was occurred in 100 mg
group genistein (at PND 28 days). Stained with hematoxylin and
eosin. A and B, uteri from treated with vehicle and 100 mg
genistein (X40); C and D, uterine lumen in control and 100 mg
genistein group; E and F, myometrium layer in control and 100
mg genistein group; G and H, uterine glands in control and 100
mg genistein group. Abbreviations: LE, luminal epithelium; MT,
myometrium; UG, uterine gland.

il &

B A AE WEuA FelER sk o ~EZATe] B
A P20 FAMT o 2ERA FEA e ARAs s} mol
genisteing =EZ7le] 717+ A]H QD AFE7] o] el AF 21
AR FEER Folate] A7) A W HE ek} 1o
A8 4 A% AR A4S Wetdds A ol 204
7] FURE yRu A AejEASe] A4 URuAEe 1=
JFgso] de dArse] gom? P 2= Se A4
o ®ato} A% pEE AFSo] wol Falww gk ¥
N, Ardd B2, Folrnst A7) Folubd sl g Sl et

o,
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Fig. 5. Effects of prepubertal genistein administration on the expression of estrogen receptor
a, estrogen receptor /3, and progesterone receptor when vaginal opening was occurred in 100
mg group. Genistein in the rat ovaries and uteri. A & B, The relative ratio of estrogen receptor
a transcript levels in ovary and uterus of each groups, respectively; C & D, The relative ratio
of estrogen receptor B transcript levels in ovary and uterus of each groups, respectively; E
& F, The relative ratio of progesterone receptor transcript levels in ovary and uterus of each
groups, respectively. Semi-quantitative RT-PCR was carried out as described in 'Materials

and Methods'.

Bars are mean®=S.E. (n=6).*, Significantly different from control group, P<

0.05;%*, Significantly different from control group, P<0.01; M, marker; CTL, control (vehicle);
10 mg, 10 mg/kg/day; 100 mg, 100 mg/kg/day.
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genistein T ANA W9} 2po] A Frkel & FgE =
(Table 2), ol 49 Ao MxERZE F712 transforming
growth factor @ (TGF @)Y epidermal growth factor (EGF)
2s AAE ARdte Aow FEHATh o R AF 16, 18,

2099 3lF ol genistein (500 mg/kg BW.)S Fo& 4§ =
& AU A EES] I}=AH hypertrophy)©] WERFL EGFS 1
T84 Bdo] T, TGFe+w #AS old Bl dX|s)
M Ak genistein Folell o8] $F fAelA e TGFa
st EGF 484 2do] Z7gto] nag up gof”. B Ay
A8 24 AitelA ”7]5} AEEE £ ZHAE geni-
stein o] A Aol S, WS Au a8 oS A4
Y AlEZFo] FEHAR L -Er‘ﬂ]’}_sﬂ A Z FAS F7F Eolw
om i w3 aetER ¥ S0 ALy AP A7) T
A AHFig. 3, 4). ©o]+7] A% genistein®] ©7] =& 93
AZAE T2 FXH3H JA TGF ¢ ¢ EGF Ao 93|
WrhE ThsAde] e ACRE AlmETh

z7] e & O 7 WAast AFolre] A 2E

FolE TEE F84 Hg Fukali=gP 9aly] =i

s\

)

0{1104
2

el Tl

e x

2
¥ o
o] 11¥%-E] 2047FA] genistein (1-100 mg/kg BW)<S 3130
FolglE wl 944 209 A Bole] Ag) Aol A e PR
dol Ay 57AA FE EHOR FrHEel RuHUT.
2 AFA7} ES genistein FlwrelA ERZ PRe] f-2l3HA
7kt =), ERY o}32 ER e 9 ERB o] mXe FaF
> x4 EO]”O] Ao Z BRItKFig. 5). & ¥ AT daelA
g 85 Al paraventncular nucleus
(PVN)9] 9+ genistein —r°5| o JOH ERB TdL2 F7I8HA
AP, w3 2 Ao
A wAie] ER Wwd °ob‘c]'% 10 ngJr 100 mg*®l genistein ¥4
of o fFoJstA S7FFA 3 PR 8 EE genistein el
Al frelet 7 AR e, Ag o] A= SolHoR AE=el
10 mg genistein F1°l 93] ER¥ PRo]l #<92¢ T71& B
Oj‘jr(Fig 5). HepG2M2E o83 in vitrorl Bl genistein

< ERa ¢ ERB el BT s% o&HQ 4&s veits
®3174 9. Ovariectomy (OVX) 2@l A genistein®] f41
o] PRY] @@ F7HAZIE Bt dem® oAl de A
16, 18, 20l genistein (500 mg/kg B.W.)S Folsld 21
doll AFoll A o] PR WH F7F ERae ¥d #4 ZL¥] 3 ERB
g F7h7h wEE Bofuh gl divkse] el ER B 9
PR genistein =& ] & F7HE WolAw ERe 9 7

L
il

BN

10

= dAgabsel wet At Aolattt WAl ER o}k
wd z2Ho 09)A genistein FEEE AoV YElYE AL
H B AFE bisphenol A == 93} biphasic &3¢}
S8k 712 o] 93 Ao 7 =AY,

2 AFdA dA9E 2 genistein 10 mg T A
ol ER¥} PR mRNA FF°] FsiA d53 AL
o] & HolA i 27 BolAHog HiE e HAF

0Q
@
2.
121
@
@
5

Ao R ¥ genistein® TEW &I} A S 31 A -
Z-Ag FollA e GnRH, LH, ERae % ERB & A7) 714l
! AT dEFE AT QAE Fe] AAE A dRl
g A7 2o RAom AlmEh
Genisteine d¥#  AAl(angiogenesis) A9} platelet-
derived growth factor (PDGF)%} EGFel ]3] f%5 & c-fos
g o] o4 5Pg 23 got 92 Jehfe, #1747 o]F oA
59 athEs, A8HA Aoy it B S dete 5 3
A gyt wrk 33, o} A olFol Al genistein? A7) &
%20 AT e BAS ATE vl $ = ARy B gy
Hel v As 2ol wig W3 AFET] oA A7
9] genistein =% FAAA EIE 2T Mol
Alste, 7] AlE7] AAE dod 7HsAd ol AW A
Al Faw ol e iy
ZH ROl s EE FE&A9 T
E9] genistein =& E3 A& &S =
AS F Utk B Ao AEE 3H e
A7l AN ZAA S 7170 Ab
A2 7L wref QIZb AR AEHTHA ARE7] o] 9] o R
5o AEA dzER 9% =
Z7) ARE7] JRA e A 2R 24
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77} Z 83, genistein®] N=ERZA fAEHRE 28310

27] A7) AAAE Fmdhs shelele] £ WAy Sl w
olal|7} o} BEEsluz AA A2 F oA 2E Az

Aol VAL % AL FF BaW Aoz And

ro

0
1o

5 H: oJdA|7] genistein® 22 AEA AEEZNY A
FAZF AL A BAAE diFHI dh 2 ATl A= o™ FHell
A genistein®] =%°] AME7] A 2 A2 7] W= FEF
< o} ngir},

Ht ¥ : o] /571 (3FH) 4A FHE &% genistein (10 mg/
kg/day), &% genistein (100 mg/kg/day), HZ Al 15
A 2% B n=6)0% Ui A dA A o] gl e o
A s R b7 AT Folatith A s Eeleta A
A 718 FAE A dask ATl ERe, ERB, PR
AZES] A Y EE RT-PCRE ©]83) vluwstds,

z7 ol g Elsty] Hal A8 EAE AAlETh

Z 1} : 187 genistein FATE ALHT 4
3 AT Ede] folEAl EX =T RT-PCR
ER B, PRe] HAIEA2 genisteindl =% FHEQ W9} As
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ol Al FreoletAl F7teksith 1Ekx el 3A|E= genistein 7
o] o] WadAnt WAy
GEET 2L mAs G =
9] AT YutE 29F 2 Ay Fo] AopdgdEid oy
ol BE AEEZI Eujxdo] woksiA vt
A B:A48H0FE A7l ol A7l vlaA ©r)iie]
genistein =ZFolgt i HAdE FA AF oA A U6 24
9 4 AEROE 2R F8H9 WY
o™ genistein® =Fo°] o}57] 44
gt

O g2 A7 28 e Atg
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