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[ Abstract ] Objective; To study the role of anti-mullerian hormone ( AMH) in immune premature
ovarian failure (POF), investigate the effects of Zuogui Wan (ZGW ), which is the kidney tonifying recipe, on
AMH and its signal transduction pathway AMH/ALK2/Smadl in POF mice, and explore the mechanism of ZGW on
treating immune POF. Method: The 8 weeks old Balb/c female mice were randomly divided into normal group,
model group, Estradiol valerate (trade name; progynova) group and ZGW group. POF animal models were
established by zona pellucida 3 polypeptides and then were treated with ZGW or positive control medicine of

progynova. The levels of AMH and follicule-stimulating hormone ( FSH) in serum of mice were detected by
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electrochemical luminescence method. The follicle growth rate of the mice was detected by optical microscope. The
expression levels of AMH, ALK2 and Smadl in mouse ovary were detected by immunohistochemistry and Western
blot assay. Result: As compared with the normal group, the AMH level was decreased and FSH level was
increased in serum of model group mice (P <0.05). As compared with the model group, the AMH level was
increased and FSH level was decreased in serum of ZGW group (P <0.05). As compared with the normal group,
follicle growth rate was significantly decreased in model group mice (P <0.01). As compared with the model
group, follicle growth rate was increased in ZGW group (P <0.05). As compared with the normal group, the
protein expression levels of AMH, ALK2 and Smadl were decreased in mice ovarian of model group (P <0.05).
As compared with the model group, the protein expression levels of AMH were increased in mice ovarian of ZGW
group (P <0.05) ; the expression levels of ALK2 and Smadl were increased in the immunohistochemistry method,
but the difference was not significant; the expression levels of both ALK2 and Smadl were significantly increased in
Western blot assay (P <0.05). Conclusion: The occurrence of POF was related to the insufficient secretion of
AMH and poor expression of ovarian AMH protein. It affected the primordial follicle recruitment by affecting AMH/
ALK2/Smadl signal transduction, leading to fast follicle consumption, premature ovarian failure, and ovarian
aging. ZGW can promote the secretion of AMH in POF mice, up-regulate AMH protein expression in ovary, inhibit

the rapid collection and consumption of primordial follicles and improve ovarian function by affecting AMH/ALK2/

Smad] signal transduction.
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2 A& 3.2 X} POF /NERBPHEA KN MEZm  HiEWA

2.1 Jrd 40 Hahig AW AR R 8 J Kk Balb/c M
PE/IN BB AL S A E 3 2 BB 2 HME SR A A A R
M, A 10 H,
2.2 EME ZHICERLT DK 2 mg ZP3 By RIE TS
mL = 7&K, T ) ST R B 0. 4 g+ LT VR
3 0 5 A Y 90 TG 58 AR (CFA) |, 3l RN 58 A
R CTFA ) B ) 78 A 928 350 | A g s Ak atsn) o 4 H/h
U XU B3 ik Keoip S P25 0. 15 mL (H
CFA:0.075 mL,ZP3:0.03 mg) , & 14 K, 754
(7] B 132 2 748 A7 25 B /0N B A f 92 5 A 5] 0. 15
mL( H A IFA 0. 075 mL,ZP3:0. 03 mg) , & 35
RIEATHE 2 YO o 1E 5 /N T XU % ik
M ip 0.15 mL A= FEER K .
2.3 42y fR/PRCS AN Z R 2550 i Sk Ay
BB R B AME AR 1 mg- (60 kg-d) ~', 22 A
HL18 g+ (60 kg-d) =", H /N B R E 20 g 15, 0
N R AMESR 0.15 mg-kg ™' od T A I 2.7 g
kg ™' d Tt FZR AR K A S0 VA 2 0 AR R
Vi FEE 845 VA TR R B O AMIE AR 0. 01 g- L7 21
F0.18 g-m].f1 LR/ ig BN 0.3 mL, #R
IR EHHN g FREEMK, B H g 1R, 14
Ji LT b 6 d AR B T do
2.4 FEAMINLE AERZ HE, BRI 8 M
Ao A7 WO/ BB T I Y A B vk R S O 2 0 R T W
S R 21
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BHB R, B ROCIER I L AMH, FSH [
KT 3K B2 (HE ) e 3 3 25 5 B
B S8 A K BRI DL 5 f 9 4H Ak v M AR 1 BT e 94 B
(Western blot ) 3%y illl BB & 2 21 AMH, ALK2,
Smadl B K ik, R HAL AN AMH, ALK2,
Smadl f H BR3P WOEHEE 14,
2.6 ZEilsortr SRA SPSS 17.0 Geit ki i 4y
Begit, it W R L x +s Fon,2 HLL F4HME
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F Bonferroni ¥ #t 17 Jr 22 43 #5 O7 22 A 5F R
Dunnett T3 /5, LA P <0.05 2 7B & it 2
=98
3 #R]
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FOAE, AR 2 /)N BRI 55 2R R BRI L R IR T B (P <
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B B HE R B T (P < 0.05) o SAMESRA
B, Ze AL/ BUAE R e R T (22 R R gt
FEX, WERLEL

x1 EFAX POF /NRIPEERIVEH M (2 +5,n=10)

Table 1  Effect of Zuogui Wan on ovarian follicles in POF mice

(x£s,n=10)
4151 /g kg ™! A K B I B3R %
EH - 0. 645 +0. 063
F - 0.310 +0.095"
AMESR 0.15x107? 0.398 +0.014%
VAP 2.7 0.431 +0. 0227

HHIEMRAILE P <0.01; SHEAH L P <0.05,

A IEFH B BRI C AEIHILH D AMESRA (2 /)
B 1 ZFAA3 POF /INRIIE £ IEHF MM (HE, x200)
Fig.1 Effect of Zuogui Wan on ovarian follicles in POF mice

(HE, x200)

3.3 Xt POF /NELILTE AMH, FSH /K 5em 5
I A LA AR A /N BRI T AMH 7K SF- B f B I
FSH 7K-F-B] B TH i (P <0.05) 5 SR RLAH LT, 72 7
UL B T /N B S AMH K F  #ME R4 A A
FUZH ) B B RGN UM 7 FSH K- (P <0.05) , #b
FER /N RS AMH KF BA TR, H 22 R 48
TFeE R o 5 AME SR A g, 2 VA LA /N RO
AMH ZK5F-B B FF 8 (P <0.05) . WL 2,

3.4 AL POF /NG AMH J HAR 516 5
EH ALK2,Smadl & [k 5200

3.4.1 G AR AMH K HAF 54 FE
F1 ALK2, Smadl 2 [ 35 76 B 60 507 40 At f % 3 3k .
5IEH A R AL /N LR 2 AMH, ALK2 , Smadl
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%2 AVFAAI POF /R IME AMH,FSH /K ER S M (x +s,n =
10)

Table 2 Effect of Zuogui Wan on AMH and FSH levels in serum of
POF mice(x +5,n=10)

AH FE/gkg ! AMH/pg-L ™! FSH/U-L"!
IEH - 8.328 +1.304 2.710 0. 865
(i) - 4.150 £1. 144" 12.492 +1.793"

AMELR 0.15 x10 73 5.439 +1.510 10. 532 +2.374%

A 2.7 7.527 £1.878%%  7.989 +2.766%

W SIER ALY P <0.05; 5 #IAL AL A P <0. 05 55 Fh fE
IR P <0.05(£ 3,4 ),

AW AR (P <0.05) ; SRIAIA L, #ME R
H ZEHAAHY B A S /DRI E AMH (P <
0.05) , #h 4 5k 41 B W T & /D B BP B Smadl &
(P <0.05)  #MESRA A2 A FL4 B B T 3 /0 BB
B ALK2 A MG %25, WE3 E 2,

3.4.2 Western blot L ARK I 5 1E % 4 K, AR
HIZH /NEL BN 1 AMH , ALK2 | Smadl %5 [ (19 3 35 1 8]
BREAR(P <0.05) ; 5HEAIA] A, #ME SR AL 22
ALA /NP AMH, ALK2, Smadl £ [ 3R 5 B 3%
FHRE (P <0.05), S54MESRA L, AT ILH /MR
G S AMH , Smadl & 1R IAH B ETHE (P <0.05),

®3 AFAX POF/NRIPHEAR AMH,ALK2,Smadl EERIA (IA) R (2 £5,n=10)
Table 3 Effect of Zuogui Wan on AMH, ALK2 and Smadl protein expression in ovarian tissue of POF mice(x +s,n =10)

2 53 F /g kg ™! AMH ALK2 Smadl

E% - 0. 045 +0. 006 0. 050 = 0. 008 0. 028 +0. 003
T - 0. 029 +0. 007" 0.034 0. 005" 0.016 0. 004"
HMESR 0.15 %103 0.044 0. 005% 0.036 +0. 005 0. 027 £0. 005%

LA ER 2.7 0. 045 £0. 008%

0.041 £0. 006 0.025 £0. 005

. - - - -
h - - - -
A B C D

B2 ®REAKKNEAPOF/NRIVEAL AMH,ALK2,Smadl B QMR (GRRE41L, x200)
Fig.2 AMH, ALK2 and Smadl protein expression in ovarian tissue of POF mice by immunohistochemical (THC, x200)
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&4 EFAX POF/MRIPEALA D AMH,ALK2,Smadl EH KA

JEIE (x £5,n=10)

Table 4 Effects of Zuogui Wan on AMH, ALK2 and Smadl protein expression in ovarian tissue of POF mice(x +s,n =10)

i H /g kg ! AMH/GAPDH ALK2/GAPDH Smadl/GAPDH

iEH - 1.031 £0. 026 0.710 £0. 020 1.169 0. 061

e - 0. 178 +0. 066" 0.273 +0.034" 0.375 +0.013"

AMER 0.15x10? 0.477 +0. 020% 0.553 +0.023% 0.698 +0.0187%

=B 2.7 0.647 +0.031% 0.477 +0.039%Y 0.769 +0.0112»
GAPDI|  — — —— 1 AMHR T %5 55 85 R AL TG 1-Smads , W3S
AMH i — — — Y5 Smad4 255 WY S A YIRS 0 R, 0
ALK — — — DR B O T e
Smad - I — ABFFE DT AMH K H {5 5 § 2 11 ALK,

AL IEHH B AR Co AMESRYL D, BRI

E 3 Western blot # Il & ¢4 POF /AR I & 4A 40 ff AMH, ALK2,
Smadl EAKFIE

Fig.3 AMH, ALK2 and Smadl protein expression in ovarian tissue

of POF mice by Western blot
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FEU L 4 AMH Bz i, B 5 1 B A K B I L R
B 00 1) 7 Ak hn i 5 35 4 B v 50 A /b, B Y
i RFRME . AHEST R W POF BRI BLIM 7S AMH
KA K OB S AMH [ 3R B 8OE AW B R B,
M3 FSH ZKSF- 4 1E % 241 B i 5 A= 4 0 i He SR B
WEAL, $£78 POF /NEL AMH, FSH 7K °F &b F 5% %

WP L & F ) G R AR K B
(TGF-B) M K 1 /Smads {5 5 F R4, AMH N
TGF-B8 IR 2 — , Smads & [ 324 W 1k M —
BRI TCF-B SZ AR VE B IS . AMH B 5 45
RN, BN BB g R W] AMH & (A 1E LS
T 0L L Yk S B I L5 IR B U ) 0k 40 i
hi Rk, B AMH A EREAD IS AL bR
TR i [ BRI 1S 0 A AT, A ) BT e Y 3% 8 0 B R 0
AT G SR L A AMH & (AT R A 0 & B K O
B rpl fE I AEH . AMH A= ) S350 1) &
VR 5 1 25 UL Z0 R 96 40 i g AMHR 1 45 57
Wa &, B MR & KRS AMHR |
(ALK2,ALK3 Fi1 ALK6) , ffd i N Smad & 215 fb
AMHR [ 9 B 380 04> T, &5 15 AL (9 AMHR 1 4% 5
P BEBR 1k % R-Smad (Smadl/Smad5/Smad8) , M i
G5 Smadd 55 ME G, HBEINZN, 5HX
(¥) DNA TG4 45 A, {1 i 0 35 DR £ 9 53 3 3K 5 453

.08 .

Smad1 #4176 B 360 00K 240 0 M ik, SIEH 4l
#,POF /N 52 AMH & (4 23k W Bk b, 5 5
B S 11 ALK2 , Smadl (93K IR o $27R S e 1k
B 5B 58N LT L AMH 2K [ 2 3K 08055 , I 3d i
M AMH/ALK2/Smadl 5 5 % T 9 4 5, S B0 i
BEAE SN, O Y6 G e KPR, B S R i R

H g 2N ORGSR AR B, S R 2SR L A
AR KUMLZAR FE Lt A 2 B AR ST e T TR
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LR AR T R A S D RE I S - R
5% - R A A B A O o ORGSR I AL RS
JE U 5 T A I AR T 2R R T R R B A P 4y
WA IE (0 L A 5 B R DUDKG 2, B0 SO REIR T .

B L T RE 1O IE W 5 S R R A L,
BKG 5 RE S POF KA M FEA ML 347 UM 15 451
Kbk ZEVAALH 8 WRZG W 4L, b B B O R
LG B T R AL 5 FE L L 2 8 5 T30 0l 2 b
35 A A TN 2R, I AE BT = 5 I b A S Rl
B A T P A 2 DAEORS A 19 2
BB, e B U 1 B ) RO I 5 A A% 22 1 IR PR 2
B, & RE A, B ARS8 B o BFAG 10 7 2 A B
SR Al A By T VR RS 4, A 1) A g 3 R B 3
JIR I N iy Ry N TR N = el SRS )
By I BE ST, AT A 30, R R 2 BT RN B i 2
o, R A5 RS FORS I AL I DAk, R SR
B E .

ZeVAFLBE T B e e M POF /N BLAM I i v e —
Bi(E,) &, W E FSH R T, 100 b i i 4
Pk (AZPAD) By 7= A1 5 [ {1 35 B 1t % T B POF
KB FSH,LH /K, Fh i i i B, K7, 2585
KR

ARFSE F W] & A2 A LR JF G POF /0 il 3
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AMH 7KF K B0 8 AMH i B %05 8 % Th e, I
FSH 7K B 2T B, AR A BRI He R B vy . R B
AEHIUTT B 3% POF /N B A BE 9 43 W6 7K 7 2 BB 3l
A58 N

ZEVAALZH /N BB S AMH 25 P 3R 3K A A 4 B
B LI HAESH S E A ALK2, Smadl 1 REIRAH
B I 0 (SR i 2 A ik B R Rk BT, H 22
A E ; Western blot I8 /8 HE X WA LT,
H2ES 8 %), RUIZRILAT L POF /)y BB &
AMH #E [ B 3£ i5, 3F 8 o 52 ) AMH/ALK2/Smadl
Bl S 0 B R TR AT ) 6 S D A e PR A TR
/DUy B B L B T FE , DRAF O S A, DT A HER T A
e N B R E R .

EF RO TELE RN e O R R AR
AMH 733 A BB S AMH 35 B3R5 A A 5%, IR iE
id AMH/ALK2/Smadl {55 ¥ S gt 47 W 4%, 3 206
BE RIS A PR, T AR 0, B T RE A B s, R
HBATERBRE . 2R POF /N AMH 43
e, bR GRS AMH 8 A R R, JF G 5 AMH/
ALK2/Smad1 {55 % 5 (4 9 22, 410 ) 4R ik OF 3 f9 i
HUBLAE Ak J R, 90 0 0 T e O L G
#HURE B ENR YT e e R R iR
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