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Effects of soy isoflavone on ovarian follicle development in adult rats CHEN Yi-gin, GUAN
Fang-yuan, SHEN Qi, GUO Yu-rou, XI Yi, WANG Wen-xiang (Department of Health Inspection and
Quarantine, School of Public Health, Fujian Medical University/Fujian Provincial Key Laboratory of
Environment and Health, Fuzhou, Fujian 350108, China)

Abstract:

[Background] Soy isoflavone has similar structure and function to endogenous estrogen and
is widely found in soy products. Previous studies have shown that soy isoflavone exposure at
different developmental stages has different effects on female reproductive system, but there are
no relevant reports on adult soy isoflavone exposure.

[Objective] This animal experiment explores the effects of adulthood soy isoflavone exposure on
ovarian follicle development in rats, aiming to provide a scientific basis for the rational use of soy
isoflavone in adulthood.

[Methods] Forty-four three-month-old clean female Wistar rats were randomly divided into
control group, and low-, medium-, and high-dose soy isoflavone groups (25, 50, and 100 mg/kg),
11 rats per group, and received intragastric administration once a day for six months. After that,
the ovary was weighed and organ coefficient was calculated; the histological changes of ovary
were observed and the follicle proportion was calculated; the anti-Muller hormone (AMH) level
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in serum was determined; the mRNA expression levels of AMH, estrogen receptor B (ERB), oocyte-specific linker histone (H1foo), stem
cell factor (SCF), and its receptor (c-Kit) in ovary were determined.

[Results] Compared with the control group, there was no significant difference in body weight, ovary weight, and its organ coefficient
in the three dose groups (P>0.05). Compared with the control group, the proportion of pre-antral follicles in the low-dose group was
increased (12.2% vs 8.6%); the proportion of antral follicles was increased (40.7% vs 30.3%), but the proportion of corpus luteum was
decreased (7.4% vs 19.1%) in the middle-dose group; the proportion of pre-antral follicles was decreased (3.4% vs 8.6%), while the
proportion of atresia follicles was increased (53.8% vs 42.0%) in the high-dose group; all the differences were statistically significant (P<
0.05). There was no significant difference in serum AMH levels (P>0.05) across all groups, but the expression levels of AMH mRNA were
decreased in the low- and medium-dose groups and increased in the high-dose group (control: 1.00+0.03; low-dose: 0.58+0.03; medium-
dose: 0.53+0.03; high-dose: 2.82+0.37; P<0.05). Compared with the control group (0.92+0.07), the expression levels of c-Kit mRNA were
up-regulated in the low-, medium-, and high-dose groups (1.19+0.01, 1.50+0.07, and 1.80+0.15, respectively, P<0.05), and the level of
SCF mRNA in the low-dose group and the levels of Hifoo and ERS mRNA in the high-dose group were also up-regulated [(2.08+0.06) vs
(1.19+0.29), (1.46+0.03) vs (1.03£0.13), and (1.29+0.26) vs (0.92+0.09), respectively, P<0.05].

[Conclusion] Exposure to soy isoflavone at 25 mg/kg and above in adult rats could affect ovarian follicle development through affecting

the expression of ovarian cytokines.

Keywords: Wistar rat; soy isoflavone; ovary; follicle; anti-Muller hormone

AEREFRRETERREY, BEERANLY.
TibhE Y RPREERE Y EEYFINEE, RELEHR
RES NI REMM—ENANFRXE, LH
ENFLEEBERZENTE NS H. K2 FEAE—HH
MER W TINY), ZRAEREIRAREE I EREIE
MNEEIEHAHEIR, MEMSREEY ; EMAES
AR, K2 B &HERESESERAMRRET, #H
FMINEIVELE" ; T SFH O MELEHRT,
Neh@EdAE AT EXERNREMNMERINES
Z, EKEEFFR. X—RIMAREEEFTKRER
HEAXT MR AR ONEINVE LA BRI R M K F R EXT
IIRm=EZNFEM, MRZAKERERXNERNGHIK
FHANE AL B EF MR, sk, BEFMAR
FEXFINEAZFEMRETINELEERHRESK
MmEmINELEEHE ™Y, BIFEINEL B FZ
KEEHRIRE, WEPI D2 BEFNTFHEERT
(stem cell factor, SCF) M EER(K (c-Kit) . MEBEEKE
B2 (anti-Muller hormone, AMH) . R4 2 4 EE A
% B (oocyte-specific linker histone, H1foo) 2 LA Kz it
R Z{KB (estrogen receptor B, ERB) BB 5INE .
BEiE, AMXTAERERENFX—FENARTE
Lo BFULMRRIVK, NAFRPIEL MR K FEAK
SRAMSENARIMNEIVEEKABREBEXS
WEFRIANEM, UEAARFIRAT RERZERN
VR SR RIRERIFEKIE,

1 ME5HEE
1.1 SEIEEhY)
44 3 3 B8 TE S R4 wistar KR, 1RE (220t

16) g, REBERERNAELR YL, FaIES :
SCXK (77) 2012-0002, LW EBEER AKFENYE
BZasitE, TREFRBLRYEEIER "
1T,
1.2 FERAFISNE

RF  KERER (BNREEEHYREER
NE, FE), AARRRR CCEEMEABRAE,
RE), FARR (EEEsX, FE), BENERAS]
M(EBETEYTIRE, FE), mRNAFERE R
&K E 2 PCRIRAF (KIE TakaRa, F[E) , ELISA izt 7
2 (BONEERR, FE)., TENE8 : RM2245 F H
aETI AL (LEICA, EE), BM-V I EW AR B8
M (ZRERHRIVERNEZERAE, FE), OLYSIA-
BioReport Bl R R R 4% (Olympus, HZS), 5430R &
R E2EE O] (Eppendorf, EE) , BEEL &N
Y (Thermo Labsystems, 55=), SEBYZZ B = PCRIX
(Applied Biosystems, E[E) o
1.3 SIDHASFEE A *
131 SLIENYS5HME 44 R wistar KRB %
BAR—ARE, BEERY 2 HXTBAME. . 57
24, 8811 B, ZEF2E5RANSHES 18,
ESE 6 NHo SLIoHAE), s BHIKHE, SMR3d
FR—RIKE,
132 FIEWEXE RERGRIEMEITFNH, oh¥)
LRFERITEEUAFBANEN 10 B HEKIE. B
ETEERBREEARAZSEZERAE (2013/R), XK=
FEROMYRESEANEN 120mg/d, BMAE S 50kg
HRAKRESHEHRATUSH 24mg/ g FIERE, H
10159 24 mg/kg (£99 25 mg/kg) , BANIR LA B EARH

www.jeom.org



814 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2019, 36(9)

RAM AR 100mg/kgF1200mg/kg REREHRRE
RIS ORER = A R R0 ), BT Uk, AFRRIEZFELL
100mg/kg NIBREFIE, L 25mg/kg AEFIE, FHLA
50mg/kg NPFIZIRBEAREREIFIEH (AZEMK
BCHl) , LAZIBK TR,
1.3.3 JIEAFZSEANSHLANE FMEERFEMAK
BRsHEER, o) FoniEERRTHEEARBKEN L,
[EXR AR AT, BUONRIFEHITEEZER
., 1M NEALHNININER 4% FEAREE, M
ERRKEIE, BHAAE-FL (hematoxylin-eosin,
HE) 8, XFERBE TURINEINEL BB RH
TTEIVAEMMLL (BRINEE/ SINEE, %). T&
IUBF AR EMT ¢ SERIIE, SIERRINENA]
oA, RBIENEERFEIN AR EENINE
g5y, DN ABRRIZATE, (FPRITER ; 7
EKIVBANBREILFEHE BRI EERINELE
1, BIERT, TINVER. BEINa, ZE i
EENINESE, HIINER. MitE. &&, ol
AHINEERNATREXR EaMENRN D BAMR
Ao ABIERE, NI ERA, ZE%E,
AR SR RIE R, SOEPAHH . RAK, SRR
MO SEINERE, SONERRAM AT A, 2Bl
i
1.3.4  ELISA 75415 M55 AMH 7K $§BEBKEX 1 %
B 1h/E, LL3000xg F4°CE 015 min H W E ME,
&R A ELsA IXFIENE M5 AMH & £,
1.3.5 RHEEPCRNEINEL BHEXERRIAKTFE
URELZA40 A 1 mL RNAiso Plus BREEHI A A 3 H 2 5 RNA
1R BN BA P12 VEIR BV RNA ; [ /5 3% BB PrimeScript
RT Reagent 13,75 B PG H1E ¥ R /9 cDNA ; &Rl E
FA SYBR Green | 227t 445U A0 ABI7500 2 E & PCR
X ITSEBY R EE PCRo RIS & 95°CTNET 1%
305>95°CTN T 14 55>60°CiB N FFFEfH 345, L0
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AMH : 1E 6], 5'-AAGGGGA CAGGGACAGATG-3',
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Table 1 Effects of soy isoflavone on ovary weight and organ
coefficient in adult rats

aAE BRRE JREE FrEEs 2 ¥R
i=bll (g) (8 (mg) (mg/g)
Group Initial body Final body Ovarian Organ
weight weight weight coefficient
JHBZ
PR 220.00+11.76 339.75+36.73 89.83+30.15  0.27+0.01
Control group
|24
5784 219.36+17.51 335.91+35.48 89.33+24.23  0.27+0.07
Low-dose group
| &4
EP%J;‘E 220.15+18.17 328.00+44.09 75.84+30.09  0.23%0.09
Medium-dose group
=it
'EJ?HE_E 220.00+18.50 325.08+27.66 67.79+25.64 0.21+0.09
High-dose group
F 0.01 0.41 1.78 1.12
P 0.999 0.744 0.166 0.350
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[Note] <zindicates pre-antral follicles; Oindicates antral follicles;* indicates
atresia follicles; Oindicates corpus luteum. A: In the control group,
there are obvious atresia follicles and antral follicles in the cortical
area; B: In the low-dose group, pre-antral follicles and corpus
luteum are seen; C: In the medium-dose group, more antral
follicles are observed; D: In the high-dose group, a large number
of atresia follicles are found.

E1 AT SEERERA RN AR
(HE %8, x100)
Figure 1 Effects of soy isoflavone on the proportion of ovarian
follicles in adult rats (HE staining, x100)

R2 KGREMXEFLAARIPEINEMARLLEIRIE (%)
Table 2 Effects of soy isoflavone on the proportion of ovarian
follicles in adult rats

EFIIVE  BRERINE ABImNE &K

A3 =3
43 Pre-antral Antral Atresia Corpus =it
Group ) ) ) Total
follicle follicle follicle luteum
JHEBZ
IR 8.6 30.3 42.0 19.1 100.0
Control group
|| &4
{59 AR 12.2" 34.6 37.6 15.6 100.0
Low-dose group
|| &4
EP%J.E—H 9.2 40.7" 42.7 7.4 100.0
Medium-dose group
= || 24|
BiEa 3.4" 27.4 53.8" 15.4 100.0

High-dose group

DE] = : 534884848LL, P<0.050
[Note] *: Compared with the control group, P<0.05.

2.3 FHEHARIMMEAMH KERIIEAMH mRNA
HyFRIX

MEKIFR, STNEHMPBEAMHKFEES TS
I E X (P>0.05) ; 1B 40 8] mRNA FRIA K FE R [E
(F=179.43, P<0.001), 53FERAELL, K. FF 24
AMH mRNA RIAKFETFE, MsFIELH AMH mRNA R
KKFELEH, ZRYAEBRITFERENX (39P<0.05),

R3 KERHEEANHERRARMDE AMH K& EPE AMH mRNA
RIXBIRMA (xts, n=11)
Table 3 Effects of soy isoflavones on serum AMH and its mRNA
expression in ovary in adult rats

[=] =

o o coneamronen, AW RN
SFERH (Control group) 10.36%1.81 1.00+0.03
{524 (Low-dose group) 10.30£1.61 0.58+0.03"
7 &E4H (Medium-dose group) 9.04+1.09 0.53+0.03"
=FIE4E (High-dose group) 9.51+1.48 2.8240.37"
F 1.97 179.43
P 0.134 0.000

U] = : 533884A48LL, P<0.05,
[Note] *: Compared with the control group, P<0.05.

2.4 FEHAARONE SCF. c-Kit. H1foo Bz ERB mRNA
AIFRIX

B 8 SCF. c-Kit. H1foo X ERB mRNA R IA K F 1@
MERNFKL, ERREZFEDNAI, EFEAH
SCF. c-Kit. Hifoo Xz ERB mRNA KA KT E B H 4
IHEE X (P<0.0018]P<0.05) ; SXTEBHMELL, 1K
FIEH SCF mRNA FRIAKTE, . . SFIELHM c-Kit
MRNA A IKFE K S FIE4H Hifoo. ERB mRNA FRiA K
b i (P<0.05)

R4 KEREMWKEIVE SCF. c-Kit. HIfoo & ERB
MRNA FRABIFM (x£s, n=11)
Table 4 Effects of soy isoflavone on SCF, c-Kit, H1foo, and ERB
mMRNA expressions in ovary in adult rats

45
45 SCF mRNA c-Kit mRNA  H1foo mRNA  ERB mRNA
Group
XJER4H
1.19+0.29 0.92+0.07 1.03£0.13 0.92+0.09
Control group
=2
R 2.08+0.06" 1.19+0.01" 1.04£0.05 0.88+0.20
Low-dose group
=8
EP?”,E’E 1.310.03 1.50£0.07" 1.09+0.05 1.23+0.43
Medium-dose group
= x| 24
'E.’?HE’H 1.46:0.06 1.80+0.15"  1.46:0.03"  1.29:0.26"
High-dose group
F 26.49 62.50 43.39 3.25
P 0.000 0.000 0.000 0.046
[F] * : 533884A48L, P<0.05,

[Note] *: Compared with the control group, P<0.05.
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