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HE. (BB RSB A k253 542 i F A2 H P X I LB i A K oA B F 9(GDF9) & £ & A T 69 A 3 4
[ FE] HERBER R R AF(FG k) f B G377 ey R K R iy (B2 if), s HI (COH) X
RAEER, KEFEF ML, THhy>ASHA: Tahkm, 4% ks, 42 ks SB203580 [p38 £ 2 R iELE & # i
(p38MAPK) 4941 #1128, 4 25 f 75 +PDTC [#i 2% F B F «B(NF-xB) 374 7120, 4 2 fo 3% +SB203580+PDTC 4L, K A %0 & &
B A Bk B R (qRT-PCR) k44 p38MAPK | B4 &8 2(CK2) . 4t & BT «B47% B F a(IkBa) . NF-kB, GDF9 mRNA
FAEKF, &G L IE T (Western Blot) ik 4l GDF9 & & £ ik K-F, BLEAA NS I 0L K 9% 3545 BE A 09 B 0 A sp ARiT &
(TUNEL)# | 97 £ Bits oA = [ R] 253545 425 f if K COH X R 9P S 945 21 L 49 p38MAPK #= NF-kB mRNA &
i, JF & CK2 A [kBa mRNA & ik, %% GDF9 mRNA Ao & & 09 £ A K-F, BARIP Rz an iy 8 o= %, 4% A A p38MAPK
Fp %) 7 SB203580 L5 3 4k i Am NF—kB 47 4) 7] PDTC 34 A48 # GDFO mRNA Fo 35 & & ik | MAKIP £ ¥ikam e — & [ E18] 54
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Regulatory Mechanism of Drug—Containing Serum of Jinghou Zengzhi
Prescription on GDF9 Expression and Apoptosis of Ovarian Granulosa

Cells in Rats with Controlled Ovarian Hyperstimulation
YANG Zhen', CHEN Xiao—-Yan’, JIANG Shao—Ru', YE Shu-Zhu',
FANG Xiao—Hong', DENG Wei—Min’, GUO Xin-Yu’
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Guangzhou 510010 Guangdong, China; 3. Foresea Life Insurance Guangzhou General Hospital ,
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Abstract: Objective To observe the regulatory mechanism of drug— containing serum of Jinghou Zengzhi
Prescription based on ¢i and blood replenishing method on the expression of growth and differentiation factor 9
(GDF9) and apoptosis of ovarian granulosa cells in rats with controlled ovarian hyperstimulation (COH ). Methods
Serum of COH rats (blank serum) and serum of COH rats gavaged by the Jinghou Zengzhi Prescription were
prepared. A COH rat model was established and ovarian granulosa cells were collected. The experiment was divided
into 5 groups: blank serum group, drug—containing serum group, drug—containing serum +SB203580 [p38 mitogen—
activated protein kinase (p38MAPK) inhibitor] group, drug— containing serum + PDTC [nuclear transcription
factor kB (NF—kB) inhibitor] group, drug—containing serum + SB203580 + PDTC group. The mRNA expression
levels of p38MAPK, casein kinase 2 (CK2), nuclear transcription factor kB inhibitor o (IkBa) , NF—kB and
GDF9 were detected by real— time quantitative polymerase chain reaction (qRT—PCR) , and GDF9 protein
expression level was detected by Western Blot, and ovarian granulosa cell apoptosis was detected by terminal—
deoxynucleoitidyl transferase mediated nick end labeling (TUNEL). Results The drug— containing serum of
Jinghou Zengzhi Prescription decreased the mRNA expressions of p38MAPK and NF-kB, elevated the mRNA
expressions of CK2 and IkBa, increased the mRNA and protein expression levels of GDF9, and decreased the
apoptosis rate of ovarian granulosa cells in COH rats. The addition of p38MAPK inhibitor SB203580 alone and the
addition of NF-kB inhibitor PDTC alone both promoted the mRNA and protein expressions of GDF9 and reduced
the apoptosis rate of granulosa cells. Conclusion The drug—containing serum of Jinghou Zengzhi Prescription based
on gi and blood replenishing method can promote the expression of GDF9 and inhibit the apoptosis of ovarian
granulosa cells in rats with COH, and its mechanism may be related to the regulation of the expression of genes of
the dual signaling pathways of p38MAPK and NF-«kB.
Keywords: ¢i and blood replenishing method; Jinghou Zengzhi Prescription; controlled ovarian hyperstimulation
(COH) ; apoptosis; growth differentiation factor 9 (GDF9) ; p38 mitogen— activated protein kinase
(p38MAPK) ;nuclear transcription factor kB (NF-kB); granulosa cells
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B2 W — ML, RE & Ok 2 Fhil
R AERET LARSZA, I8 DRk X% 50
AR ES; R A T T R, Rl
I A, AR IVE-ET J& b i OGRSy,
il VRSN (COH) RN, fefl—A> A 2 )
I Z A I R A E . BABEIEIESE, 1R
COH Hh Jir (i 1T 14 i 1 it 38 3 88 il 8k 3% 38 5l 57
(GnRHa) . fEMENRIEER (Gn) 55, FTRLIR R 40 i
YRR ENE, AR B R 2B, A
1117410 ) B0 ) e R, AR i o A Uk
RO TR, ey B v B A S Vi i — L
HEFE DR GURBI BT ST T 2 — o ZET I, AR5
FOUIE Ao 240 S S AR A Lk 22 M T 24 0
T X I O R B B0 SR AU 40 ) SR L, DAY
HE— 2 5835 £ MIE N T IVF-ET /9 S K3,
R EROI PR S iSIER/ I

1 M5 7%

1.1 ¥ SPFZadfrtSD K27 H, Fliit6 ~ 84,
RIHEE 180 ~ 220 g, W [ R 7 EERLR S sy
O, LS AT IES . SCXK (#)2021-
0041, fFETHEFRFEBL) M A B 25 5 et
EbE, SER S HVERTUES . SYXK(#)2018-
0131, ZhYSLLe T 58 O RT3 FH T N R B B 16 2
R SHbE, HEMEGRS . 201903, S EERE (O
TERFLRNYNIEFEEW) (EFR AT S
[2006] 398 %5 ) . ARG, KE A KoK i
B, PR LRSI S, DR v A A
TR kA g R

1.2 &Y LRI (A %515 AR
12g, PRZE12g, HHE6g, BB 12g, HAJ12 g,
MH6g, NIE6g, HZT 15, BMFHE20g. f
15, BRI 10 g, N3 g), MORiF], 10 g/48,
H R — 5 25 PR w25, PR e B AR DX R R
Bede gt 45 . J2001003) 5 i AR % B Ak
(GnRHa, it ARIA", 5. S11775A) ;%4
I Ifi 5 12 Pk IR i &R (PMSG, b st R A R4
7=, i 601Q021) ;5 AGRERRE MM E (HCG,
ARERZG, Hit5: 201202),

1.3 RFAEMEF  M199 55 573 (£ [ Hyclone 23
H]); KA (3£ Hyclone A1) ) 3 p38 2221 5%
b 28 11 OB (MAPK) 477 il 71] SB203580 ( 3 [E MCE

NFL, RS HY-10256) 5 A% %% 5% [ F kappaB
(NF-«B) 1 il 57 PDTC ( 3€ [/l MCE A ], 185 .
HY-18738) ; i %% %55 & (35 [ Thermo 23 F] ) ;
P RE i A T AE I N (PCR) A& 77 £ (98 [
Genecopoeia A1l ) 5 BRI ALY (HRP) ARiC 1Y
GAPDHAEFINZ ( LIRRAY AT s RE b
A KA A F 9 (GDF9) Bt {4 (25 [ Abcam 23 H] ) ;
B3 % IeG (H+L) — %1 (3£ [# Southern Biotech 2y
F)); MR R (BCA ) VAR 1 7 s Al iR 65 (R
AR E])  WAEANERZ T TR i % B
S B O A S BRI 5 (TUNEL) 3R 7] & (98 [
Promega /A 1)) . 7500 %€ & PCRAX (3E[E ABIZA
) ) ; multiscan MK3 [ #1 /% ( & [E Thermo Fisher
Scientific A H) ) ; VE180 FE ELHLUKAE . VE186 44 %
FE VKA (i RAENE] ) 3 BG—Power 600i Y HE ik 1%
(bt @ s Al ) s CKX41 8186 Wi (H
7% Olympus 72 & ) ; DMI6000B 18] & % S i 19 45
(78 Leica N Fl) o

1.4 COHEERSHMBFMHE K12 HfEtEX
SUBERL/ M 240 COH#Z . COH+H 2541, COH L
RISy BIIE YR B o 2 R A5 3 KR, COH
4. COH+H 2GR T8 H 17 9 I I 59
GnRHa 20 pg/kg, ZR25%JE 020 pg/mL, ZEZ7d,
W5 7 K A U B PMSG 400 TU/Kg, 45 25 1 Hy
400 TU/mL, 48 hJ5 4+ HCG 1 1U/g, 45253 E N
1 000 TU/mL. i 1) AT U I BROBUI B S A7 22 A 3
G, WIS R ST, PREE . COH MRS
1 K, COH+H 2yl KR H B 9B 345 7
LR IEAE T 4.5 ofkg (A S T 3 A% I PRAFRAGH 12t ) "
B, HZMRE0.33 g/ml, #LE9d; COHAIK A
TAERBUEHERKES . Rl ALK 9K,
SRR BV I = sh bk, 2508 EER, 56 °C
K, [ IMIERS) 0%, —80 CIRAF, A H.
1.5 ERRILmBEEHI&E 15 HOMEPE R L% 2L g
2SN I E . #ESr COH LAY, 7E v 4t
HCG J5 1.5 h SAMERL FA AL . ToR 2514 T Pt
KBS R, B A 37 C . 5%CO, 3 1R TR
M199 Bi i b, H6A% 2 i) i Ass T 37 “ClHEiRAR
e, M199 53R e 3 k. ME BANEE T, IR
TR IR W A OR e i BRI AR, (S B 3 P
(1) JURL 2 JfL R B B SR . A 0.1% 35 B ot iR
BRI, BT COJEAE T, 5 minJ5HGH, H
WA R R T LA BOCH SRS, A 10% 15
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A I3 35 SR A rh R s B B R i ) A R O T o ok 7
o Z—UckRy 200 B 48R0 085, LA 1 000 1/min
(B 02E4816 cm) B0 5 min, FEFFFM . M199
BRFRWTE 2 K, FRUCOIAGE & 19 M199 15 57 1 i &
TURLAN L, %W a8 e el W el o A it A .
BRI, IS > 85%, FAINAS
M199 F: 7RI E 1 X 10°7~/mL,

1.6 RS RO AN RELA A S 5E
JH0.05% L-2 B IR S iRkt i 6 fLAR Bl
MLAr RS54l SHIMEA . F4MFEL . F251m
TH+SB203580 4] . FZYIMLiE+PDTC AL . &2y MLk +
SB203580+PDTC 2, %#FfL2.5 mL, 7% M199#55%
W B9%WART, T —HER 2 WL 1%, KR MG
10% TR 3R 45 20 73 BT R A 25 1L (COH 20
KEUMTE) . 25 105% (COH+ 2540 K B ) .
o 2 MLV +p38MAPK 111 il 571 SB203580 (4% 156 43
1:1 000 BT, BIVKFE 10 pmol/mL, SB2035801x
I FE 10 mol/L, WAL 2.5 wL) o & 25 1ML +
NF-kB I #58 PDTC (FZUEHI 45 1:1 000 Fi ke iz, R
e 10 wmol/mL, PDTCRFIH & 10 mmol/mL, ¥
AL 2.5 wL) . % 251075 +SB203580+PDTC (3 il
We B AR )], F COMAR i 4k L85 5% 24 h
Je, WO SUR A0 T S SR

1.7 qRT-PCR &+ P 5 B 40 A H p38MAPK
BEAHE2(CK2), ZEF«BHFHER a(lkBa).
NF-kB. GDF9 mRNA BRiE % qPCR L5 & 1t
IR TEAE . IR LIS TRA R A
Al AR, SIS L #E 1. PCR IR 414 H
95 °C. 10 min FiZEPE; 95 °C. 10siBk, 55 °C,
20 sk, 72 °C. 35 sIEAf, 40MEFR, JEIRLE R
Ja 55 CH R E95 CHRBUA Mtk . A GAPDH
AT M, N 27 % iF 5 p38MAPK., CK2,
IkBa. NF-kB. GDF9 mRNA HyAHNFiAH

1.8 Western Blot i #& il Bifi 40 M GDFO BB E)
Rik  PEBUBRI NN SR T, ERRHT R (BCA)
S DER - 7 W ol DR s = ) ) = N i S 8.
it 2 M — SR VR s T P JE L Uk (SDS-PAGE) , #[
Ji 3R A 9 M (PVDF) B b 3% J5 3 i fe 22 v P&
GDF9—$i(1:5 000 i BB ) M I £ 41 % [gG (H+L)
THu(1:20 000 TR BEEE ), SINE G, B,
Image] #R AL B1 22 48 43 H H #9851 & N2 GAPDH
JREE(H

1.9 TUNEL XN O EBAMAATE TUNEL

%1 oRT-PCR5|#F3l
Table 1 gRT-PCR primer sequences
A 519F5I(5°-3") P IGKE bp
GAPDH li#: GCAAGGATACTGAGAGCAAGAG 98
FiiE: GGATGGAATTGTGAGGGAGATG

p38MAPK  EJif: CCAGCTAAGAAAGCTGCAAAC 101
TH##: GGCTGTGTCTAATGACCCTATT

CK2 Ei: CCGCGGACATAAAGATGAGTAG 98
P GTCTTCATCCACCTCACAGAAG

IkBa Eif: CCTTCCTCAACTTCCAGAACAA 105
FWi: GATCACAGCCAGCTTTCAGA

NF-B ;. CATGCGTTTCCGTTACAAGTG 111
THE: CCCGTGTAGCCATTGATCTT

GDF9 B GTTCTCTCTGATAGGCGAAGTG 127

T GGTGACTTCTGCTGGGTTTA

For 45 AR R & U B AT, OB T WEE,
Hok L BEHLEIE 54 200 5 HLEFFA R, ] Image]
AR AL PR ZR S8 53 BT SR 20 R T

1.10 it AE R SPSS 26.0 BAF AT 48 #
M, BRI RL £ ARELE (v £ ) TR,
FEMERE I K Levene 15, Z4H 0] LR LN &
T 225 0. AP LR F LSD R 3. LA P <
0.05 H 2R A G EE L.

2 &R

2.1 FAKXRIVEFMIMAEp3I8SMAPK, CK2, IkBa,
NF-kBHImRNA RIELLE &2 MG 4HAY) p38MAPK
FRKF BT AIIELL(P<0.05); 251035
2 NF-kB mRNA SRk AR T 25 (g 4, {32
BTG E L (P>0.05); & 25107 4 IkBa.
CK2 mRNA 357K -2 8 3 5 F 45 (i 41 (3
P<0.05). W32,

2.2 HBAKXRIPEFHLM GDFI mRNA FIE B
FRiELE®R A4 GDF9 mRNA IZFAKF: &b
T > 2 IS4 > & 25 1M03E +PDTC 41 > % 25 1Ml
I +SB203580 41 > 5 24 IfiL 1 +SB203580+PDTC 41 .
Hirpe S 245195 +SB203580 4 155 24 If 15 +PDTC 21
Fb#, 25 VS 4L & 25 175 +PDTC 4 L, 25
S TG X (P>0.05); HAAKHNE L,
ERWEGIT#E L (P<0.05), %4 GDF9 &
MFIRIKT . A IMIE4 > & 25 7 +PDTC 41 >
A ULHE+SB203580 2H > 75 AL 2H > & 24 L7 +
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x2 FWAKRIPEBH MM p38BMAPK, CK2, IkBa, NF-«kB mRNA #83¢RiEKF L4
Table 2 Comparison of mMRNA relative expressions of p88MAPK, CK2, IkBa and NF—«B in ovarian

granulosa cells between the two groups of rats (x+5)
45 BAEUN p38MAPK CK2 IkBa NF-«kB
25 M E A 3 1.000 + 0.053 1.003 + 0.101 1.000 + 0.035 1.003 + 0.140
R RGN 3 0.777 + 0.075" 1.993 + 0.369" 1.920 + 0.266" 0.817 £ 0.031
fH 4.212 -4.482 -5.934 2.249
P 0.014 0.011 0.004 0.088

HE: OP<0.05, 525 LA LA

SB203580+PDTC 2H . H:Hr: % 24 1l 7 +SB203580
HE5EAIME+PDTC A A, ZRLGH2E S
(P>0.05); HAdm i, 298 E%H%E
X(P<0.05). WHE3. K1,

2.3 BAKXRIMVEFTRAMATRILE TUNEL
Pem, FOGEE T AN MAZ B GO R IE
i, BEIMEEEFICH T A, S HiE A
BTG ZE, 2 i 4 2 IR 00K

Fer A, AT I 2 AR 5O 1) 41 i
AR Z . KA RFR AT R, &2
MG 2H < & 2515 +PDTC 4 < & 24 1175 +SB203580
41 < & 25 M 75 +SB203580+PDTC 21 < 25 [ Il 14 4. .
Hrr, S 2513 +SB203580 41 15 24 1ML i +PDTC 41
i, ZRIGIT#E L (P>0.05); HAKN
I, ZRWASIEE L (P<0.05), k4,
2,

x3 FHAKXRIVETRLI GDFI mRNAFIE BT RIEKFE
Table 3 Comparison of mRNA and protein relative expressions of GDF9 in ovarian granulosa

cells among various groups of rats (x+5)
ZH 53] ZAHEuN GDF9 mRNA GDF9ZE
75 L 2H 3 1.010 £ 0.168 0.666 + 0.012
MG 3 1.987 + 0.304" 0.991 + 0.012"
I +SB203580 £H 3 0.573 + 0.067"% 0.690 = 0.008"™
S5 IME+PDTC 4 3 0.817 +0.126% 0.693 + 0.007"?
25 1M13E +SB203580+PDTC 4 3 0.257 +0.04772%% 0.333 + 0.006">%%
F{H 45.031 1789.369
PAH <0.001 <0.001

H: OP<0.05, S AMEHLE; @QP<0.05, S5FHIMEHILK; GOP<0.05, 5824107 +SB203580 41 45 ;

@P<0.05, 5EZIMLE+PDTC 4 Hof

GDF9

1 2 3 4 5

W LAHMEN; 20 &4 MEH; 3. 325 Mmig+
SB20358041; 4.5 Z4IMiE+PDTCAL; 5. 241MiE+SB203580+
PDTC 2H

E1 SHEKXRIPEFALA GDFI E B RIEM
Western Blot &
Figure 1 Western Blot bands of GDF9 protein
expression in ovarian granulosa cells in
each group of rats

F4 FBHXRIPEFRHEATELE
Table 4 Comparison of the apoptosis index of ovarian
granulosa cells among various groups of rats  (x + )

4151 AEUA TT-%/%

25 FLT 4L 5 42.818 + 1.290
MG 5 5.878 + 0.823"
24 & +SB203580 21 5 15.124 £ 0.328"2
S ME+PDTC 41 5 14.156 + 1.885"2
2 IS +SB203580+PDTC 41 5 23.842 + 1,075
FIH 691.419

PIH <0.001

H: OP<0.05, 5=HIMEHE; @P<0.05, 5
MGG A, P <0.05, 54 2411 +SB203580 41
A, @P<0.05, 5&25107E+PDTC 4 Fbik
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. 25135 +SB203580 41

a. 25 L4 b. F 24l
e SRR A WG 1 IR (= TR ® e iR I E O | :

d. 21 iE+PDTC 41 e. F24IE+SB203580+PDTC 4L

2 HEKRIPEBRMAEE T LB (DAPIYL (A, x200)
Figure 2 Comparison of ovarian granulosa cells apoptosis among various groups of rats (DAPI staining, %200)

3 itk

W R 25 AEAR AN RS -G RS A (IVF-ET) J8] i
(R 7 FH ISR B A, 8 R ik 22 4 IR s A B AR
B . PEXARZEIIGIT Z LA . #MIF
B o AHIESE B B g8 SR B 248 )5 4 E
7, RBSBTABE (S AR KE L H
OB Y. A8 JIED LB RN e
T REMAFE . KA AR AR . 407 b as A
W BB, AT ANHE 2 R T R AR
Mo AN AT IG RAF ST A B0, AR5 REHE
RN ME R W K, R E, i
Jit B RV i SRR R0, AR DRI T e 1 22 Tt
WFSEUESE , £ I REHE =7 DY BE 20 i 53U GDF9 1Y
K, IFLERE Bim IRZRA /K, (ks 4 At e 33
A, AR T, DA HE B - IR RE A A AR
WERE , B s R HEER (COH) BI i FIR G T
BRI, FERTII BT SRS ., ARBFIE it —
AR 25 ML ARV T GDFO 430 e ks 240 i h =
iR AR FBILE

p38MAPK/NF-«B i 8% 7E A1 i A= 1< & & A 21 i
JHTo R AR B AT SRR, p38MAPK &
22 S FIE AL TR I (MAPKS) RGN R 2 —. A
5T AE DNA B A e b 2 30, 354k p38MAPK fE
P b 22 P S A7 mRNA 2835 5 1E, 70 40 it I
T BT T R SR L SR R R A A e A
KET . diffEr i s wme /e, 7
ARG, SEAUFION S A p38d LAY R
K", NF-kBJE B SR S K, S 500K
WMEHAT . AP, RENE . METEE
FhAY 2= DI RERY IR, FEARBE DT, S 50N
AR G & & G R 5P T AR OGS R Y Rk
FE 19 7 BF 59 76 DNA 545 10 240 it b & 8,
p38MAPK TG CK2, fff IkBa & A= W R 1k S
RIS NF- B,

GDF9 & i Ak A K I+ B (TGF-B) 8 2 % i
T, SEINREANM W A K T GDFO 4 5P 44
J ORI M R RS B L Ak, IR T IR RE AN B Y &
B HEON BB R, RO KRB S
WA AURPIRY], ZRIPELE G R I
JEFTOPHLH GDF9 Ay 2k B AR FIER L, v &
ORI L E S H . 1 GDFO W g A /N UG
FE Pt A LT AN Az sg ), {H 4f 5L B v T FE
P, FE L P4 AR GDFO 55 & M B L )y g
NEN IR

AW R TR, G a5 & 24 M3 T 41
75 COH K FLUP SLUR 40 il GDFO 143k, il 2
BH T p38MAPK Fll NF-B 18 B4 eI 55 1% /EF ,
GDF9 #Y kKT [, 1 [a] s B Bt p38MAPK #1
NF-«kB i i fif COH 7 f Bp 5 U 5155067 41 ig GDF9
=B v N v’ P N S E I 1 [ o = 14 s
p38MAPK 5k NF—«B i [ . 285 B3 7 7 245 1L 3 ]
i COH A FUUN S0k 20 A9 P T, p38MAPK 5§
NF-«B i [ ¥ BH W7 6B 55 %4 H . i COH K FLER
SLURLAH I R T3 10, T [ LT p38MAPK B
NF-«B 38 [ COH K 5B 5L 50k 4H i 7 7~ 3 ik —
AT, Haz s Tk BT p38MAPK 5 NF-«B i
B RN 35 S VE T GDF9 3 1k K Uk 24 it I
TR AL ] fiE 5 p38MAPK 1 % 5/ H1 NF-«B i %
AKX

ZE BT, 25 AU IR LI B 5 J7 % COH R B
OIS IR A L GDFO 2R3A8 FAR HEVE PRI 5P S50,
R T R EIER , AT RE S p38SMAPK i i 5/
T NF -k B 38 [ U5 538 [ 3 PR R TR A G
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