2024 4F2 A HE R E LR February, 2024
$34% Ho2M CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 2

ThARGY , Eh2E g, 45 T 3 T 22 0 S0/ B 1 B SR D BE S AR B B S [ I ) S R A Y (D] I R R AR,
2024, 34(2) . 35-44, 153.

Ma LN, Ma K, Fan XD, et al. Progression of Tripterygium wilfordii polyglycoside in mice with premature ovarian insufficiency at
various time points [J]. Chin J Comp Med, 2024, 34(2) . 35-44, 153.

doi: 10.3969/].issn.1671-7856. 2024. 02. 005

T i 2 B U U M DN B T REAS B R )
AT B ] s a2 JE B 5
D', T 2T mw B LB FERNLK A

(LREREZ RS, KA 301617;2.9 E P ERABEVEAEERE , LA 100091
3. r B B2 B T At B g Rl BE A ST B, LA 100091)

[HE] B HIELREZTEREMEIHEIIEEAR 4 (POL) /) B AL XEHEFR 1925 , 5 SR T T it
RIRAERTRLE . 7735 8% 40 FUICR MM/ BUREHLAY %t BZE (A B C D #E#IZH 2 8 L, X ARAWE B 4liK 14 d
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[ Abstract] Objective Changes in relevant indexes in the mouse model of early-onset ovarian insufficiency caused
by Tripterygium wilfordii polyglycoside were analyzed, and the optimal time point for intervention was determined. Methods
Forty female ICR mice were randomly divided into control and A, B, C, and D model groups with eight mice in each
group. The control group was gavaged with purified water for 14 days (0.01 mL/10 g), and the remaining groups were
administered a Tripterygium wilfordii polyglycoside suspension (80 mg/kg, 0.01 mL/10 g) for 1 day (A model group) , 3
days (B model group), 7 days (C model group) , or 14 days (D model group) , and samples were collected. Body weight
and wet weights of the uterus and bilateral ovaries of mice were determined in each group. Serum FSH, LH, E2, P,
AMH, INH-B, and T contents were measured using enzyme-linked immunoassays. HE staining was used to observe the
number and developmental status of follicles and corpus luteum at all levels in mice of each group. TUNEL staining was
used to detect the apoptosis in the ovaries of mice in each group. THC detected expression of VEGFA, CD34, and EPO
proteins in the ovaries of mice in each group. mRNA expression of HIF-1ae, SDF-1, and CXCR4 in each group of mice was
detected by PCR. Results Compared with the control group, changes in indicators in model A mice did not meet the POI
modeling standard. The ovarian index, uterine index, and body weight of mice in the B model group were decreased
significantly ( P<0.01), the weight of the C model group was decreased significantly (P<0.01), and the ovarian index of
the D model group was decreased significantly (P<0.05). Serum contents of FSH and LH in B, C, and D model groups
were increased ( P<0.05, P<0.01), the E2, PROG, AMH, INH-B, and T contents were decreased (P<0.01). The
numbers of basal follicles, pre-sinus follicles, sinusoidal follicles, antral follicles, preovulatory follicles, and corpus luteum
were decreased significantly (P<0.05, P<0.01) and the number of atresia follicles was increased significantly (P<0.01)
in B, C, and D model groups. The apoptotic area of TUNEL staining in A, B, C, and D model groups was increased
significantly ( P<0.05, P<0.01). Expression of CD34, VEGFA, and EPO in B, C, and D model groups was decreased
significantly (P<0.05, P<0.01). mRNA expression of HIF-la, SDF-1, and CXCR4 in A and B model groups was
significantly increased (P<0.05, P<0.01). Compared with the B model group, the relevant indexes of C and D model
groups were changed significantly, indicating that C and D models were more serious and tended to develop POF.
Conclusions The B model group is the turning point of ovarian function from impaired POl to irreversible POF, suggesting
that 3 days of administrating Tripterygium wilfordii polyglycoside is optimal to induce a POI disease model for effective drug
intervention.

[ Keywords] premature ovarian insufficiency; Tripterygium wilfordii polyglycoside; granule cells; angiogenesis;
pathological hypoxia
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ORI, A S LI Ho £ B BB ARk
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7 AT LA TR B g B 2490 R POL J& —Fil B 512

RE VT Y 1R AP , A S S B3 W) & Jie Sy B £
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H AR T Lo A= B 2 0 1 BIF 5 DR A2 BR T i K
R BREBCE R R, 2R s W B AL 1T AL
TR, H k24 2 Bl W an /0 BRUPR A0 A AR L 2 1)
I 5 AL 2E AR B Y A POT sh i A
v . A R POL /N BRUAR AL L1k
JT 25 W n 5/ A B £ 1 ( Tripterygium  wilfordii
polyglycoside , TWP ) ¥ B i A5 o 3=, {H 38 1 W %8 &
B, H5 POF %5 0P )58 5245 1/ RS WA BUA 7 7
AL RN PR AR AR R0 ELAS [R)ASE 70 L R ) 7 A
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o H A PR k75 2024 4F 2 A5 34 #2455 2 ] Chin J Comp Med, February 2024, Vol. 34 No. 2 37

PIRIE RN 32, 51 S A5 R0 R A 5 1) PP A A
HERA] 25 24719 i G 38 S5 2 2R 81 I AL, 3o B 5
POI AR N2 FHIATT POT Bl A RURIT 254+
I AH . ARG 22 0d AT S B AT ST ST TWP 2L
/B POT A A ™) HEE 52T 30 | A A v 42 2 A A
SRBLA , 5 T 1 X A i A R AN ] s ] /s B B
SEINRESEATAIN , LYY 38 A X P S iR R A AR )
FEPRASAG I, 4R 520/ RS L DR IR H.
WA PRI BE T B AT 1 B AE IR T 25 WX POT /B
BT R AR Y7 I B) A, =R POT S 4 7
S TT I TS HRAE AT S AR S fr

1 #RFnrE

1.1 W

ICR /N 50 H, it 6 JAl %, /K E 18 ~20 ¢,
SPF &, 3406 B 1 DUAR (dE50) AW AR A BR A A
[ SCXK(%%)2019-0010 ], 4l 5% T v [ o B2 B
VU2 B2 58 3l 4 S 96 Fp 0 [ SYXK ((50) 2023 -0053 ],
TSR AR IR 24 CC LA R (45+5) %, G IR AN
45 12 h SR HEAT , KOKASER , H o pr v 5
RifRR, SCIS ISR B3R JE I, L5 T R4
I ] P B R A B VY B R B B 2 AR P D1 S A AL
3T (2021X1LCO55-2)
L2 FERKFSME

WAL R (IERELEA T2 RA
Al LS 742021212) 5/ B ELISA K7 & . 42 o
MR (5 INS-20239) | fiE B KR (45 INS-
21468) M —FE (L5 INS-J20231) (ZEfH (#HES INS-
J20231) 52l (41t 5 INS-J20320)  HL B #h4T M =
(#it% INS-20514) i3 B (k5 INS-20808) 1414
H B A T SR A MR A IR ) 5 3 G Wi A
GROW (T RZREEDREARA A, M-S
G1020) ; RNA & B (#it 5 G3013) | JC B /K
(G4700) ¥ F I FE 4 /R AE MR A R R —
Bi B ¥L VEGF (it 5 GB13034 ). CD34 (4t 5
GB13584) . EPO (#it 5 GB11323 ), HRP ( it 5
GB23303) H F I P4 /R AE W RHE A IR AR =
AWML (A5 10006818) | 5 NI (5 80109218) |
JorK (LS 10009218 ) 2491 T [ 2 4 H 4k 2 ik
FIA R H]

AR ( 3€[H Bio-rad 237, BIO-RAD68O0) ; &5 3¢
= R O HL (R ER R R B A R A A,
Heraeus MultifugeX3R) ; i 1 5% ( JE BE A A8 A BR 2

A, E100) 5 B B 203 i (VL5 T 28 S0 g A1 A FR
NS 80302-2101) 5 HL T K- (RS Rl
{UERA FRA F], FA2204B ) ; 98 Y6 5E 5 PCR 1Y ( Bio-
rad, CFX Connect)
1.3 XWHE
1.3.1 Ziffile

EALZG L E 140 mL ZEK FPERANO. 1 g FR W AELT
HEZ 4N .0. 125 mL i3 80, Bl S MIA 1600 mg &2
ML FIFERE 50 mL, M3 B R, 4
mg/mL TWP IR, & T -4 CKFE R LR & H .
1.3.2 SEEshPordl

¥ 50 26 A, 18~20 g TCR M1 /IN BLIE B 1
ISR 3 d JE A H R 1 9:00 17 BHIE TR A, Wil 20 1
WI,LLS d A L ASEIIEIR . 10 d J5 5B 3h 1% JE
AL/ 10 H AT 40 HUNRUR FHBEYL > 415
Ay X HRL A MR B ARAIZ C BRI D A
A8 H,
1.3.3  ShE AL 28 R HOR

2 FET ) S 0 Bl o) e AT S 2% O v, T R
9:00 FREE 5 AT i A 25 24, X HRAH . 5 HHE
4fi7k 0.01 mL/10 g; A B . C. D BRI . & H LA 80
mg/kg HEH TWP IR EW . A /NRIERSS 1 d ¥
B A AN K IR 2 H BAF 8:00 1T HRHE
Je K AA SR I, 78500 J K ML 775 1 — 80 °C vk AR R AT
23 T FREUNE 2% S5 i 5, 5 /0N B A B9 143 31) B
HUECA 10% H 1 W [ 22 11— 80 C vKFE VR AR A7, B
R 1,
1.3.4  Kuill$ads

(1) PR /) Eﬁ‘{ziii/g, TEREE=TERRE/
mgX 100/ 1K 5/ g; B 5 Z % = UM B 5% B/ mg x
100/ 1A/ ¢g;

(2) I35 48 Ao A I . o FR 3 50 6 Ud W 5 DA i
B RE TR K I A% 2 /0N BRI 37 HP AR B 9 3 R (follicle-
stimulating hormone , FSH) MEEARAE L ( luteinizing
hormone, LH ) | M — P& ( estradiol, E, ). 2% [
(progesterone , PROG) . $T 2 §% # Z (anti-Miillerian
hormone , AMH) #Ifl] & B (inhibin B,INH-B) . S
(testosterone , T) ¥ FE 7K,

(3) OIS B4 L5 K /)N BB B0 A H i
T E A ZRE K G A5 A0 S B HE YT e, 9 95 KK
XPHGe BRI 6 KT R 7EX200 £G4 @AM
BEXT R R ARE 5 AT, X 4G FEOR I | ST N
T SRR OP | HE IR T B0 HE DS R e | AR
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ORI TR H Ge it IEH /N BUOP SRR 0T B T 4
FEJ TR AT 5 AU 200 i )2 5 e L HE 21 98 5 5 & OB
ASIEH UP RN O 22 4 A% T I 47 ; AR i /D 5
Too VA SR A —TURAE A 5 BRI

(4) TUNEL 4 {0, . X5 B0 S5 i) Jlg iy HR 5 A7 o
2 PBS IRV AN BT FLJS A Nasel SOV, 3
VRS REOGI A DAPT H MR & W, B 555 48 h INTE
PO W T LIMUL I 450 ~ 500 nm , & 55K
515~565 nm FEATIEEAM . BRAIEE 6 4> P 5l
F BRI 7EX 200 A% B2 T BEALIARE 5 DILEF,
Mt BT L% B (integrated optical density, I0D) &
Yt [X 3 0 1 AL ((Area ), 15 OF 3 0% 8%
(average optical density, AOD)= 10D/ Area,

(5) GsE ARG T . s O 5361 1A W5 90 1 O 3k
PR pE At s e 52, 2 )5 4T N IR PR S A

T RELT s AN —He A 700 7 8, PBS VRIS i — bt
AT I T  E 3R VRIS N DAB W (A L H
koK s JE HEAT A Y K s IR B U0 R I Uik
ARG TCoK B8 I T B R oK, BT )5
i, BHER 6 ASUPEH A, Bk CD34 (EPO
RE ALY E X400 A5 N REDLINEE 3 08T, 4
ik VEGF G 2l Ab Y F 78 x200 @545 T BEdLIAHE 3
ASPREET 4G 45 B T B

(6) 7 it PCR AN . Fli 42 B 8 5 RNA J5 fiff
H Nanodrop 2000 ¥ RNA ¥ % K 46 i | E 25 & 20
wL, J 2 A 200 ng/ wL; 21 B0 J5 #E PCR X
b SERGE L S B0, 1 mL PCR W AR, B4 e 5k
FEYIBC ] 3 4 RIS S LB, T U0t i PCR
AL EHEATY 1S (32 2) , 30 3 HIF-1a, SDF-1,CXCR4
) mRNA ki R 2742 3Lkt 22 G 6

R1HEQHZHER LI ST REA 2/ RAURLIBOR 7] 5

Table 1 Time points when the mice model of premature ovarian insufficiency induced by Tripterygium wilfordii polyglycosides

was collected

415 THE W 27 5 o
Groups Type and dose of gavage
A BiRIZ HAMELAT 80 mg/ (kg - d)
A model group TWP 80 mg/ (kg - d)
B KA BERMEZAT 80 mg/ (kg - d)

B model group

C izl
C model group

TWP 80 mg/ (kg - d)
FAREZH 80 mg/ (kg - d)
TWP 80 mg/ (kg - d)

D 812 ALY 80 mg/ (kg - d)
TWP 80 mg/ (kg - d)
4fi’k 0.01 mL - 20 g/d

Water 0. 01 mL - 20 g/d

D model group

Xof HE2H
Control group

T B K Kokt
Frequency of gavage Material acquisition
1R R 2 K
1 time Day 2 of the model making period
3 A 4 R
3 times Day 4 of the model making period
7T BRI 8 K
7 times Day 8 of the model making period
14 % HERIIEE 15 K
14 times Day 15 of the model making period
14 % R 15 K
14 times Day 15 of the model making period

%2 qRT-PCR 519/%%
Table 2 qRT-PCR primer sequences

K (5 -3") UK B/ bp
Gene Sequence(5’-3") Product length/bp
APDH-1IE
¢ ﬂ:rﬂ CCTCGTCCCGTAGACAAAATG 133
GAPDH-positive
GAPDH-J [f]

TGAGGTCAATGAAGGGGTCGT

GAPDH-reverse

CXCR4(RZ)-1E[A]
CXCR4(RZ) -positive

CXCR4(RZ) -FzIfl

GCTAAGGAGCATGACGGACAA 232

CTGACTGTTGGTGGCGTGGA

CXCR4(RZ) -reverse

HiFlo—iE TTGCTTTGATGTGGATAGCGATA 23
HiFla-positive

HiFlo- 5[ CATACTTGGAGGGCTTGGAGAAT

HiFla-reverse

XCLI12-

CXCLI2-iE AGTGACGGTAAACCAGTCAGCC 116

CXCLI2-positive
CXCL12-J% [f]

AGGGCACAGTTTGGAGTGTTGA

CXCLI12-reverse
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1.4 FitFEHE

iz ] Image] 6. 0 3 {1155 TUNEL A 121X
SNG4k B 35 06 % A 32 SPSS 22..0
PARIATGET 30T s B DR R T 22 50 B A 7 20 ) P A
Fl e K5, P<0. 05 S22 A Geit2# 8 S0 DI %k+
WRiEZE (x+s) FTn,n=3,

2 #R

2.1 FBAMREBRIEHUREEILER

W 3 fin, 5% AL E, B AR R 41 B L4
B FERBONIAE B K (P<0.01) A C BIRY
LR W E PR (P<0. 01) , D B2 B S5 KB
TRE(P<0.05) , HApRTS it %(P>0.05), 5§
B BRI AH L, C A2 (R B AT D BT 1B FR 4k
& [ TH(P<0.05,P<0.01) , A LS ¥ = X (P
>0.05) ,
2.2 HBAMRMFBEENLIERELER

W 4 s, SXIRAUM HE, A BIRIZH 458 bR G

A5 E (P>0.05) ,B.C. D BRI (fi 3%+ FSH . LH
W 8 3 TR (P<0. 05, P<0.01) ,E, PROG ¥ i
HRER(P<0.01) , 5 B BAIIAH L, C BERILL Il v
H FSH 2T (P<0. 01) , E, \PROG ¥k EEREAIK (P
<0.01),D HARIL 3% b FSH LH ¥ 7155 (P<
0.05,P<0.01) ,E, PROG #kJ¥[&{%(P<0.01),

e s o, SXF LA, A BERY A 13
AMH ¥ JF &K (P<0.01) ;B .C D BLEIZH 1l 175
H AMH \INH-B | T ¥ B F%{I% ( P<0. 05,P<0.01) , H
RIEGE# L (P>0.05) . 5 B BAILAHLL, C #E
RIZH I3 AMH T ¥ % F & (P<0.05,P <0.01) ;D
FERIZH i3 AMH INH-B | T ¥ 3 F&4I% ( P<0. 05, P<
0.01) , HAR TG E X (P>0.05) ,
2.3 FHHE/NRIPE HE FEMNER

WE R, 55 BA A, B C.D BRI /)N
B 55 L L O 36 S T 09 96 SR O 9 HE B i B
W R (P<0. 05, P<0.01) , SO £ (P<
0.01) , HARTGI2#E X (P>0.05), 5 BRI

R3 AU/NEPERAE A SARE L (n=8)

Table 3 Comparison of gonadal index and body weight of mice in each group

4151 I EAREL (mg/g) FEIRE (mg/g) /g
Groups Ovarian index Uterine index Weight
X R4
YHRAL 1.21+0. 13 7.69x1.31 29.27+0.92
Control group
A AR
Pl 1.05+0. 19 6.52+1.59 27.20+0.98 "
A model group
B B2
B 0.98+0.09 ™ 5.22+0.73™ 26.78+1.22™
B model group
(op: TiiE:E| -
1. 04+0. 24 6.18+2.36 A
C model group * * 28.46x1. 12
D BRI
> 1.00+0. 19" 7.51+2.83% 29.34x1.74%%

D model group

T S IALAILL, T P<0.05, ™ P<0.01; 5 B SR, ©P<0.05, 22 P<0.01,
Note. Compared with the control group, * P<0.05, ™ P<0.01. Compared with the B model group, 2P<0.05, 22 P<0.01.

£ 4 KA/NHUNTE FSH LH E, 1 PROG ¥ H# (n=6)
Table 4 Comparison of serum FSH, LH, E, and PROG concentrations in each group

2 3] Groups FSH/ (mIU/mL) LH/(mIU/mL) E,/(pg/mL) PROG/ (ng/mL)
X HRZH
. 32.4+£6.32 35.59+3.01 4119.31+284. 12 33.82+2. 14
Control group
A R
B4 40. 12+8. 31 33.78+3.28 3833.09+306. 9 31.52+2.2
A model group
B A : . . :
43.77+6. 44" 41.41+3.51° 3439.95+193.53 ™ 29.65£1.3™
B model group
C B - " - .
an o AN an
C model group 59.02+7 43.12£4.25 2697. 01+226. 08 22.49+1.82
D HEAIZH

N
D model group 60.72+12. 11

48.62+4.04 45

2187.03+244.76 44 20.7+1.74 44

X RALMILE, ©P<0.05, 7 P<0.01; 5 B BEAILLMILL, ©P<0.05, 24 P<0.01,
Note. Compared with the control group, * P<0.05, ** P<0.01. Compared with the B model group, “P<0.05, “*P<0.01.
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FHE, C R 2 0A B IR iR /D (P<0.05,P< 22 X (P>0.05), L& 2.,

0.01) , AIPIBRIE B EWE L2 (P<0.01) ;D AL GEE 2.4 TUNEL &4 28 /)5 BR U0 5 SR 40 i E =
BRI SE R R SR R B /D (P <0. 05, P< W 3 AR, 76 B SRS 0T R 10 A e R N 2 £
0.01) , AIGIONIE 1 3N (P<0.01) , HoAR g1t DO R FE 00 8 B R W ek (o 3Rk . H5XF

x5 KU/ AMH INH-B T ¥ A (n=6)

Table 5 Comparison of serum AMH, INH-B and T concentrations in each group

251 Groups AMH/ (pg/mL) INH-B/ ( pg/mL) T/ (ng/mL)
Xt R4
I 3809. 36+391. 48 40. 86+5. 59 21.60+1.76
Control group
A R
Bl 3044. 5+378.23 36.28+3.76 20.17+1. 87
A model group
B A2
# 2400. 88+102. 05 ** 30. 19+5. 06 ** 16.05+1. 42
B model group
C HRAIZ o -
AN o A
C model group 2056.9+261.93 27.42+1.96 14.45+1.02
D A4 e s
1595.6+501.19 2% 23.59+3.05 % 11.93£2.3 4%

D model group
T SR, 7 P<0. 0155 B BURALAILL, “ P<0.05, % P<0.01,
Note. Compared with the control group, ™ P<0.01. Compared with the B model group, 2P<0.05, 22 P<0.01.

pogice:] AR B HiA4H C A D HRH
Control group A model group B model group C model group D model group

TE 0 = MR IR R0 1 (0 = ﬁl’fm‘%ﬁuﬂﬂlﬂ,ﬁé FFTRFDRINL ; I OARR HETIRT B ; ot (b7 #1905 IS 5 o (0 = AR pm
N B = AR AT B L

1 A4/NEIPE HE G055 ]
Note. Green triangle marks the primordial follicles. Yellow triangle marking preaniral follicles. Red triangles indicate antral follicles. Gray marks
preovulatory follicles. Brown marks the postovulatory cystic cavity. Blue triangles indicate the corpus lute. Black triangles indicate atretic
follicles.

Figure 1 Pathological diagram of ovary HE staining in mice in each group
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Figure 2 Follicle count of mice in each group
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Figure 3 Pathological diagram of ovary HE staining in mice in each group
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Table 6 Average optical density of apoptosis in ovarian

granulosa cells of mice in each group

®7T AAUNEI R REAACIEIR LA (n=6,x45)
Table 7 Comparison of ovarian immunohistochemistry

indexes in each group

205 Groups AOD 24 ) Groups CD34 VEGFA EPO
opiiskd paileEs
HIRAL 24.46+3.48 T 0.49+0. 1 0.6+0. 07 0.6+0. 1
Control group Control group
A BRI A PRI
A 30.33+4.86" L 0.48+0.09 0.55+0.08 0.55+0.07
A model group A model group
B A HIZH B AR AIZH -
o 33.58+6.15" o 0.35£0.09°  0.38+0.07" 0.51£0.01"
B model group B model group
C A C A . .
o 38.64210. 12 o 0.2940. 1"  0.32£0.06™  0.47£0.02" 2%

C model group

C model group

D s - D B - - -
D model group 44.82+7. 83 D model group 0 24%0.05© 0.320.05 0.42+0.07
L SXTRAAA L, *P<0.05, ™ P<0.01;5 B EIEIG AL, 2P . SR, * P<0.05, ™ P<0.01; 5 B HIBI4{ M, 2P<

<0.05,
Note. Compared with the control group, “P < 0.05, ™ P <0.0l.
Compared with the B model group, “ P<0. 05.

0.05, #24P<0.01,
Note. Compared with the control group, “P < 0.05, ™ P <0.0l.
Compared with the B model group, “P<0.05, “* P<0.01.
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Figure 4 Results of ovarian CD34, VEGFA and EPO protein staining in mice (immunohistochemical staining)
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Table 8 Comparison of ovarian HIF-1a ,SDF-1 and
CXCR4mRNA expression in each group

2 Groups HIF-1a SDF-1 CXCR4
opiH
A 0.44+0.02  0.58+0.08 0. 31x0. 03
Control group
A B
Al 0.96+0.05™  1.3420.31" 0.39+0. 04"
A model group
B A2
i 1.0220.05™  1.94+0.26™  0.39x0.02"
B model group
o %k
Bl 1.0820.02*  1.02+0.37° 0.34x0.01%
C model group
D R4 -
A # AN A
D model group 0.92+0. 03 0. 88+0. 14 0.32+0.03
L SXBAMIL, " P<0.05, ™ P<0.01;5 B BAIHM L, 2 P<

0.05, “*P<0.01,
Note. Compared with the control group, “P <0.05, P <0.01.

Compared with the B model group, 2P<0.05, 22 P<0.01.
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