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ABSTRACT OBJECTIVE To explore the impact of placental polypeptide on the Runt-related transcription factor 3 (RUNX3)/
Notch signaling pathway in rats with cyclophosphamide-induced premature ovarian failure (POF) , and its effects on ovarian
function and oxidative stress. METHODS A POF rat model was induced by intraperitoneal injection of cyclophosphamide. Sixty
POF rats of the model were randomly assigned to model group, low-dose (1 mg/kg) and high-dose (2 mg/kg) placental
polypeptide groups, placental polypeptide plus empty vector group [placental polypeptide (2 mg/kg), empty vector (1 pg)], and
placental polypeptide plus RUNX3 silencing group [placental polypeptide (2 mg/kg), RUNXS3 small interfering RNA (1 pg)],
with 12 rats in each group. Additionally, 12 healthy rats were selected as a control group. The intervention lasted for 4 weeks for
all groups. After the final administration, the levels of sex hormones [estradiol (E.), anti-Miillerian hormone (AMH) , follicle-
stimulating hormone (FSH)] in rat serum and oxidative stress indicators [malondialdehyde (MDA), superoxide dismutase (SOD),

catalase (CAT), reactive oxygen species (ROS)] in ovarian tissue were measured. The pathology of rat ovarian tissue and apoptosis

ABSTE S ME T GEZER 2 A4 T H No of ovarian granulosa cells were examined; the expression of
A8 ™ B L .
2zwijkj2020-1-148) apoptosis-related proteins [caspase-3, cleaved-caspase-3, B-
* E—EE W AR, AL, BRI B R R I AT
JHLHl . E-mail: jinjuanjuyan937@sina.com . . o
EEEE AR WL BT R R A FTRL and RUNX3/Notch signaling pathway-related proteins in rat
E-mail : myyl2004@163.com ovarian tissue were detected. RESULTS Compared with the

cell lymphoma-2 (Bcl-2) , Bcl-2 associated X protein (Bax)]

WPEZG 2024485 35455 21 China Pharmacy 2024 Vol. 35 No. 21 - 2609 -



model group, the low and high doses of placental polypeptide groups showed an increase in the number of normal follicles and a
marked decrease in the number of atretic follicles, with significant increases in the serum levels of E. and AMH, the ovarian tissue
levels of SOD and CAT, as well as the expression levels of Bcl-2, RUNX3 and Notchl proteins, and significant decreases in the
serum FSH levels, the ovarian granulosa cell apoptosis rate, and the ovarian tissue levels of MDA and ROS, as well as the
expression levels of cleaved-caspase-3, caspase-3 and Bax proteins (P<<0.05) ; the changes in the high-dose group were
significantly more pronounced (P<<0.05). Compared with the high-dose placental polypeptide group and the placental polypeptide
plus empty vector group, the placental polypeptide plus RUNXS silencing group showed a decrease in the number of normal
follicles and a significant reversal of the above indicators (P<<0.05). CONCLUSIONS Placental polypeptide may alleviate the
symptoms of rats with POF by upregulating the RUNX3/Notch signaling pathway, improving sex hormone secretion, oxidative
stress, ovarian granulosa cell apoptosis and ovarian function.
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1.1 FENEE

ASHIESE T FEEAL AL HE WX-SYI6A TR (F
MRS E Y H AR B ) . DM3000 %Y 5 58 (12
Leica /A ] ) . ChemoLum 8300 #Y % i il 1% & &5 (ff
CMVC 2],

1.2 FEARBSRAF

Jife £ 22 K A (I 25 0“7 H20046260, 41t 5
20230427, JUA% 4 mL) W [ SN FRFRA Byl S AT BRA ] 5
TEGT R I (1] 24 4k 7 H32026196 , it 5 20230317,
FikE 0.5 g) WA 1 VT3 ity = 245 e A7 PR B 5 28 4000k
RUNX3 /)T #t RNA (small interfering RNA, siRNA) Jit
KL I ANE - 41 (hematoxylin-eosin, HE ) %% 6,35 1] & |
TUNEL % 5387 & | RIPA 2L b~ 2O (=
43910 BP52401 . BP28595 BP29111,BP48921 . BP57920 ,
BP38189) 414 A A5 (5 M) A= W R A BRA Wl 5 %
(estradiol, Ex) 7t K 1 4 1% & (anti-Miillerian hormone,
AMH) | B0 ]38 2% (follicle-stimulating hormone , FSH) |
P — % (malondialdehyde , MDA ) . 4 48 1k ¥y 15 1k i
(superoxide dismutase, SOD) . i %8 1k & i (catalase,
CAT) .ROS P Hx 5232 1 B I & (enzyme-linked immuno-
sorbent assay , ELISA )il & Fl BCA i 7 & (#1t5- 73 1)
SAHYM26100,.YM49202 . YM52275.YM40200,.YM49916 .
YM58290, YMA7103 ., YM39197) HJ 0 (5 ™ JH 117 2% i 4=
PR PR vl 5 SR DE K 26 1 3 (caspase-3) JE fLHY
caspase-3 (cleaved-caspase-3) . B 40 Jifd itk I /8 2 (B-cell
lymphoma-2, Bcl-2)  Bel-2 #H ¢ X £ [ (Bcl-2 associated
X protein, Bax) .8-JJL 8} £ H (B-actin) ,RUNX3 . Notch1 ,
7 -3- 1 R A & ¥ ( glyceraldehyde-3-phosphate de-
hydrogenase , GAPDH ) Fi. 5 [ Ht 44 R 1o 480 Ak ) il
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1.3 KIEEIY

SPF 2 10 Ji iy EPE SD KR, (K HE 249~267 g, I
M B RN R 2E S s ol s AR VR TR S
SCXK (5)2023-0002, JIr 45 K F¥ 40 58 1) 32 78 4 5 57
B BN A5 0 S W B b R EE Ry (24 £ 2) °C, AR BE R
(55+5)%, %5 12 h IS 528 . A5 & 5 BT I 4 Ik
fe e RMF A B2 B 24, HEES 4 (2020-49) %5,
2 FHik
2.1 & HES5RY

B 64 H A BT TR 2 POF KRBT, 45 1 K, KR
I e A S PR IR B 60 mig/keg ( FH A= B8 7K T i) 1o i vk
N 6 mg/mL A9 25, LA 10 mL/kg (R RS ) s Bfi)5 , K
FRUE B 03 S PR IR A 10 myg/kg (P A= R 7K T i) o
He A 1 mg/mL 25U, LA 10 mL/kg (RFUE S ) , K 1
WK ESE14 do SR A 0K T B a] 3 HOK B9
SIS BRIE TR B, LOWEE K Rl A . KB BhiG
JEWIA BRI (B 17~21 h, ) B F e RE -
S AR, AT BEAERE /> A AL i) S (Fp829~15 h,
WA A RO i D bR i) B e
WI(RF2E 10~14 h, W A A B b 4ni  fafban i . (A
YA AT UL LSl [ (522 60~70 h, IRk A B LK
AN KD R AR ) o AR RS TR 3
LI AE e A R ) 457 B 7 — s 09 00 38 7 1 A R T
U A I Y POF K FRL60 ., BEAILA» A RILH i 5%
PR S 2 6 4 2 I v ) B 2 I 8 22 i+ 25 38 Bk
H R L IK+RUNXS ULERAH , R4 12 H o 5 HC12 Hd
SR B A0t B

I 25 22 KA. v 790 2K L0 ) R ek T B R 22
JRE B 1.2 mag/kg (P AR L /K FC i Rl o -2 46 52 43 1)
70.1.,0.2 mg/mL (Y i5 8 2 BRZ5 , L 10 mL/kg AR FRIE
SRR LU B 1822 k25 28 s 241 K B 8 ke 5
Jifs 25 22 IR VE S 2 mg/kg (FH A= 3R K T o) o o ot v
4 0.2 mg/mL [ i 8 22 IR 253, L 10 mL/kg AR 4,
B R 1Y) A2 TR 1 g GRS AR s LU B 5 150, 4
2 d ST 1R M 1% 2 IE-RUNXS UL BR4H K B 1k 1
SB35 22 IR TR S 2 mag/kg (A B /K HE 1) BT e v
J& 4 0.2 mg/mL %) it 28 2 IR 25U, LA 10 mL/kg fR B
S, 8K 1) FIRUNXS siRNA Fif 1 g (G A 4 H:
VLA P, B 2 d TG 1Yk s % HRA AU ZH K U
Ik A= 3R K 10 mL/kg, AT A R BUESEZA 25 4 %
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2.2 MFEEHERERNE

RIRABGEEH 24 0, B K R A 2Bt R , 2%
AEH R KM, T4 °CF L4 4 400 r/min #5.0> 14 min, B E
JE I3 , 4% AR, ELISA 32050 & d WA 45 07 454 , DABEAR
ARG BRI B, ., AMH . FSH /K F-
23 NEARHFEARRERH &

BN , £ 41K BBk AT, TR B B &1, Hoh 42
M BR SELH LUFE T — 70 °CH s A MBP SR LUVE T 4% £
R AW EE , DA RV BE 2 Fspef B WK i 8 A A
AU R AL KV B 4 U A 2 B e e ) R ML
LEYI R 19525 um JEHLUH R, 5 H .
2.4 UPELALRRIE TSNP £ F 240 AR T R R

HLU2.37 T 2 R BRI L) IR A H R
JUR e, AN ] e B 2 P B Fd 7K O, AR R I 3 7] 5 10
B 07 843 9 3E4T HE \ TUNEL 44 €8, , {5 F S s g .
Horr, HE % €8 FH T 0042 B9 55 20 200 B kA8, O
Image J F A 1TEPA BBR 4k (PR B BR s A S 4544
R DI IEL , AN BT 6L R e 4 O I A A S 48 R Bl PN e
WA LR i) . TUNEL 4 (2 FH T U4 B 55 500k 41
%) R T 5 O ORI T A i s, IE R AN 2
WG, I8 Tmage J A {43143 01 SR 40 iR PR T2
BT SRR 200 LA T8 (% ) = I8 T B9 5 50K 4H i 450/ 52
SR 4 BB X 100%
2.5 UPEALRREN I HIEIRK TR

HU“2.37T0 R URAF- A 45 41K BRI S 41 408 B, iR
Je WFRE 50 2%, BB 43 2 2% F 4 °CF L 5 600 t/min 250>
15 min, BU_F V5, $ A0 W ELISA 3855 & v I 5 7 i 45
¥, LABEFRASURS 1 MDA .SOD ,CAT .ROS 7K,
2.6 BPEALAFFT-F1 RUNX3/Notch (5 S @ KA X E
BFRE&

K JH Western blot JE KGN . HL“2.57 TR 4% 20 el 43 1)
R ELZI5)9K 5 RIPA 24RRGR A, LA BCA LI H
FEHWE G Z WA, BUEER S &, 7+
ot S 1 M- SR VAT s T G 88 P Uk 8 e S 28 Al —
SRR I, L 3% A LT AR R WCFE 25 °C T A1
2 h; PEFE 5, N A cleaved-caspase-3 . caspase-3 ., Bel-2,
Bax 8-actin,RUNX3 Notchl .GAPDH —¥t (Fi B Lt i 45
H1:750),4 °CF W 12 h GBS, AR R — 4t (F&
FELLB Ry 1:3 400),25 °CRIER 2 h; PERRL )G , 21k 2%
R A, TEERER RS N &AL, KA Image J
AP F AT A SR A5 IR EEEL, LA cleaved-caspase-3 .
caspase-3 ., Bcl-2, Bax 5 [N 2 B-actin, RUNX3 , Notchl 5
N2 GAPDH I 2% JK B (E LUAE R 1R B i Rk
7K
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2.7 GEitF4bE

K FH SPSS 26.0 X B A T Ge it bt . Th e
BHA X +5 3R, Z 20 0] BRI R 07 26 007, i —
AP LR HT SNK-g K5 . A 40 7K E e =0.05,
3 #R
3.1 PAE LY} POF kR HZE KT HIR M0

57 B2 Pl , AR 2 KBRS H E. . AMH 7K P34
2 BEAI, FSH /K b 2 7 5 (P<<0.05) . SR [
B, 16 4 22 IRA | e 700 o 2 R BRI 3 P B, AMH K -3
TR FSH /K-35 b 2 B AR, HL v 0 21 i A2 A T
Wi (P<<0.05). SHGHZ Ik+28 UB0RL 4 b A G 2
JoA v 751 2H K B T Y E. . AMH  FSH /K- 25 3  C 45
TR X (P>0.05) . 5642 km R 4 flis £ 2
JoR+723 2 TURL A LA, iR 28 22 IR+RUNX3 DT8R4 K B
16 1 E. L AMH 7K P2 i 3 BEAIL, FSH /K P i 3 Tt i (P<
0.05), 4RI,

®1 J[AXRMBFEHRAFLEE (xLs,n=12)

ik Ey/(nglL) AMH/(pg/L) FSH/(UIL)
A 83.14£10.61 703+ 1.14 5124£822
| 48491643 351063 2415843246
ThE SRR =4 65.24£8.36° 5124095 1455941763
Thf ARG R4 7715956 6431102 (4.3319.55
=24 St e 768419.72 638£1.05 63984892
TA RS R+RUNXS %4 5104£621% 377H061* 23795£29.71%

a: SR IALLLLER , P<<0.05;b: SHUELLILES, P<0.055c: 5%
AR k4L He e , P<<0.053d: S5 i B KR R BT L, P<<0.053e: 5
i 8 22 k25 BTORLA H e, P<<0.05.,

3.2 BRESAX POF K RIPEALRRER M

Xt B2 R BUBR SLE S I, A AR R B B Bp
W, WL BB X B A Hg AR A A BRI B 4
U IE R PR, AT OP A o £ (P<0.05) 5 5
RERYL U A, i 48 22 JRATK | i 70 e 4 K LR B2 4 1 E
B OP AT TR N, PR A IR e 0 b, Hos R A
(A8 A B B (P<<0.05) o iR 48 22 0k s 70 2 21 R BB 8L
LA BREE S 5 6 5 2 IR+ 23 BRUTORL AL AR AR, P A B
WEA Y, 2R LG X (P>0.05), SiafZhk
o 7] 2k 2H R0 48 22 K+ 28 3 IOk 4 LA, iR A 2 IR+
RUNX3 {i 8R40 K BRL O 5520 21 rb DE 5 B i Fiomi 20>, 1A 4
B E E 2 (P<<0.05), Z5RILFE2 K1,

3.3 BafE SRkt POF X 5 OF & B 40 A - R S50

5% HR A LA, 15750 2 A BRI 55 4 40 b A 240 i
o2, P SUAUR A0 M TR 2 TR (P<<0.05) . 5
B2 LA, i 4 22 AV | o 7] 20 K B 0S4 A0 4 L
JHTA /b, O SRR 40 i 08 T SR B RIS, HL
Fil 20 0928 A0 BT R (P<<0.05) . 5 A 522 ik+25
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T2 BHEKFRIPEHLR 0N ALY | IP & B 4 e A
TRIEKR(xts,n=12)

a3 A SR A 20
poyiie) 2074045 1073232
fr 1186+239° 616441046
ThE AR =4 704+ 168 38.12£623

Thi BRI EA 3751084 1956357
ThA LIS BTk 381091 20474376
TARZRRUNXS %4 1022£2.15% 58.7349.35¢

a: X IRAL LA, P<<0.05;b: SBEHIZ [LAL, P<0.055c: St %
JIRAGGRI L LA, P<<0.05;d: 5 R 22 KRR AL LA, P<<0.055¢: 5
N2 2 BRTORE A LA, P<<0.05.

E. a2 i+ 25 TR 2
i S PRI,
Bl SHARMEALREZTUEMEHELE)

A H A TR 45 22 T v 7 e 4 K LD SR A B O TR
ER LG E X (P>0.05), 582 Ikm R4
G 522 IR+23 BRI 20 LA, G £ 2 IRHRUNX3 T R 21
K BB AU 4 I 06 T3 2, B9 SISO 4 I R T
T (P<0.05), Z5HW#E2 K2,
34 Ba# % BT POF X R OP & A A R L B isiok F 19
A

55X B2 F A, AR 4 K AL BP 5120 21 b MDA \ROS
JKF 2 5 2 TF L SOD. CAT /K F 1y i 3 F& A% (P<
0.05), SHRIRIL LA, G A% 22 BRI | s ) i 4 K RO R
ZH 20 MDA \ROS 7K F- 35 [ R AIX, SOD . CAT /K -

T2 2024457 35 BT 21



E A k2 T A ——
B2 SEAXRINEFHRMAMAEAT BME(TUNELRE)

T, Hm A A AL B B (P<<0.05) . SR
B 22 R +25 #OTURL A LA, Jif 28 22 e 7 2 KRR D R
20 4171 MDA ,SOD , CAT .ROS /K- ) 22 ¥ 48 1T
B (P>0.05), 52 Ikl a4 A G 5 2 ik+ 25
FRTCRLA HLAE R4 22 BR+RUNXS UL BRZH K LB 554141
i MDA \ROS 7K~ i 2 Ft 55 , SOD , CAT 7K1~ #4) 1k &
PR (P<<0.05), ZEH W3,

xR3 HAKXRIPEAL R MDA SOD, CAT ROS 7k

FEbE(xts,n=12)

4151 MDA/(nmol/mg) ~ SOD/(Uimg) ~ CAT/(Umg) ~ ROS/(Ulmg)
Boyied) 3194047 2683472 §T42E1152  3716%542

i 14274265 8SELIS 46184714 63.05£9.06°
[tEZ NN 043E136  1407£308  6135E80F  53.08+644°
geed il SS6E083% 19063405 74061982 4451£591™
TRA LIS BITRAL 547079 18.95+3.86 B9 43981572

TAAZRHRUNKS 94 13982485 Q141095 4797£695%  6174+0.14%

a: GUHIRLL AR, P<<0.05;b: SHE ML HA , P<0.05;¢: 5%

JIRARGF 21 %2, P<<0.05;d: 5 R B2 ki ) B4 U AE, P<<0.055e: 5
Jia A 22 R+28 4ok 20 LA, P<<0.05,
3.5 BRE LRSI POF KRIDEALR
ey 0p- A

5 R Lh A, A5 40 2 KRR B 55 40 4 cleaved-
caspase-3 .caspase-3 . Bax & [13RiA /KP4 1 & T, Bel-2
I FRR KO B FRK (P<0.05) . SR AL, iR

BTHEXERR
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FLZ A 77 4 KRR S 2 cleaved-caspase-3 .
caspase-3 ., Bax £ [1 3R A K V-3 i 3 BEAIR , Bel-2 85 1%
IR KT 34 8 2 T, H e ) a2 A R T ] R (P<
0.05), 5 iadk 2 Ik+25 #BURLZH i, i 4 22 ik 7l i
21 K R DR 5 41 2 b cleaved-caspase-3 | caspase-3 . Bcl-2
Bax & [ &k K1 22 R B g it 7 X (P>0.05)
5516 28 22 e ) 2H G 6 2 I+ 2 TR A LU i
£ Z K +RUNX3 U1 8L 41 K BLON 5 4 48U b cleaved-
caspase-3 . caspase-3 .Bax £ 4 #1A /K -1 i 2 15, Bel-2

17 kDa

32 kDa

AR B AEAIYL; C IR S 2 MG 41 D R B 2 ik 7l i
4B Bt 2 R+ 28 2T0R 2 5 F : iR A2 IRPRUNX3 TR 4
B3 RAKRRINEAATFHTHEXEARIEZHEKE
T4 SHEXRIPHALATBATHIAZEERIEKELLE

(x*s,n=12)

Eibl cleaved-caspase-3/B-actin ~ caspase-3jB-actin  Bel-2/B-actin  Bax/B-actin
Bopieel 0.11£0.02 0.15£0.03 1374029 0134003

gl L14£0.13 1312029 018£003 1224024
ThAZIERI A 062£007° 0E00 0772002 0.69£013°
i d il 0182003 0231005 128£022%  0.19£004*
Tk B R ARl 0.19+0.04 02140.04 1254020 0202003

TAAZRHRUNKS 84 1.05+0.12% 1244025%  025+005%  112£021%

a: X HRAL LA, P<<0.05;b: SAEAA] AL, P<0.05:c: Gl 2

JRAR B4 e , P<<0.055 . S5 if B Iies A4 Lo, P<<0.055e: 55
3% 2 K+28 BTOR 4 LU #R, P<<0.05,
3.6 Rafk % RkXT POF X FR OP £ 46 41 th RUNX3/Notch
=S EREXEARIENZM

50T REZH L A, A5 70 41 K BB 81 20 21 rft RUNX3
Notchl £ R IE KP4 1 F R (P<0.05) . SR
FEB I 45 22 BRAIG | 391 K R SR 4H 20 RUNIX
Notch1 £ 23K KF- 1 i 25 7wy, HL sl i 4 A28 1 B
BB (P<0.05). SHG#ZIk+28 8 T0Rid] LR, i 2
Jok e 7)o 2 K RLBR BE 41 40 RUNXS  Notchl 25 4 #34
K22 BTG 24 L (P>0.05) . SHaEZ Ik
FI 1t 2H F G B 22 IR+ 23 2000k 2 P A, iR A 2 iR+
RUNX3 LR ZH A R OP S 41 41 RUNX3 Notch1 £ 13
PRI BB RAR (P<<0.05), 5B ILE 4 .35,
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RUNX3 .---.ﬂ 149 kDa

Notchl .“-..“ 71 kDa

T ——
A B c D E F

A XL B BRI ; C . 4 2 IR B4 5 D - i 8 22 ikt 70

B IR A2 IR+28 0B 41 F - JIR 2 IK-RUNXB LR 4

4 #&4AK R UPE A LA B RUNX3/Notch 15 51 B8 48
KEBRIEHEIKE

#x5 HAKXRIIEHELH RUNXS/Noteh 15 51 85 5
XEARIZKELRE (x£s,n=12)

ik RUNX3/GAPDH Notchl/GAPDH
ol 1334022 1294023
s 0.1240.03 0.10£002*
TR AR =4 0.78+0.09 0.63£0.06"
IR £ 122£0.17* 1144020~
AL B 126£0.19 1152021

Th B ZIK+RUNX3 T4 0.1740.03% 0.18£0,04%

a: 5XHIRAL 4, P<<0.05;b: S LA, P<0.05;c: 5%
AR k4L He e , P<<0.053d: S5 I B KRS R R4 L, P<<0.053¢: 5
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