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B ik P Bk R, 97 48 2% % SOD . GSH-Px 7K F , ¥4 & 9P £ 20 22 % SDF-1,CXCR4 mRNA #) % ik #= Bcl-2 . SDF-1,CXCR4 & & %9
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Protective effect of cryptotanshinone on premature ovarian insufficiency rats by regulating the SDF-1/
CXCR4 axis

QU Zhun', MA Huirong®, FENG Dan', CHOU Dan',ZHANG Yu', LI Hongmei' (1. Dept. of Gynecology, Wuhan
Hospital of Traditional Chinese Medicine, Wuhan 430014, China; 2. Dept. of Traditional Chinese Medicine
Gynecology, Hebei University of Chinese Medicine, Shijiazhuang 050020, China)

ABSTRACT OBJECTIVE To investigate the protective effect of cryptotanshinone on premature ovarian insufficiency (POI) rats
and its potential mechanism based on stromal cell-derived factor-1 (SDF-1)/CXC subfamily receptor 4 (CXCR4) axis. METHODS
POI rat model was established by intraperitoneal injection of vinylcyclohexene (VCD). The successfully modeled rats were
randomly divided into model group, cryptotanshinone low-dose group (50 mg/kg), cryptotanshinone high-dose group (100 mg/kg),
and cryptotanshinone high-dose+AMD3100 group (100 mg/kg cryptotanshinone+2.5 mg/kg CXCR4 inhibitor AMD3100), with 10
rats in each group. Another 10 rats were injected with normal saline instead of VCD as the control group. Rats in each drug group
were given intragastrical or (and) intraperitoneal injection of the corresponding drug once a day for 4 weeks. The levels of estradiol
(E.) , luteinizing hormone (LH) and follicle-stimulating hormone (FSH) in serum and reactive oxygen species (ROS) ,
malondialdehyde (MDA) , superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in ovarian tissue were detected in
each group. The morphology of ovarian tissue was observed. The cell apoptosis of ovarian tissue, as well as the mRNA expressions
of SDF-1, CXCR4 and the protein expressions of caspase-3, B cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein (Bax), SDF-
1, CXCR4 were detected. RESULTS Compared with the control group, the ovarian atrophied, the number of primitive follicles
decreased, the number of atretic follicles increased, and the damage was obvious in the model group. Serum E. level, SOD and
GSH-Px levels in ovarian tissue, the mRNA expressions of SDF-1 and CXCR4, and the protein expressions of Bcl-2, SDF-1 and

CXCR4 in ovarian tissue were all significantly decreased or
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and MDA levels in ovarian tissue, the cell apoptosis rate, and
the protein expressions of caspase-3 and Bax in ovarian tissue
(P<<0.05).

Compared with model group, the ovarian tissue lesions of rats

were increased or upregulated significantly

in cryptotanshinone low-dose and high-dose groups were
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significantly improved, and each quantitative index was significantly improved (P<<0.05). AMD3100 could significantly reverse the

improvement effect of cryptotanshinone on the above indexes (P<<0.05). CONCLUSIONS Cryptotanshinone can reduce ovarian

cell apoptosis and oxidative stress in POI rats by activating the SDF-1/CXCR4 axis, regulating serum hormone levels, thereby

improving ovarian injury.

KEYWORDS cryptotanshinone; premature ovarian insufficiency; oxidative stress; hormone; SDF-1/CXCR4 axis
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SDF-1) J& F 4k I+ 5 , AT 3 o 0 4 AL N+ CXC
W J% % K 4 (CXC subfamily receptor 4, CXCR4) K¢
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AW 5T BT 32 B AR A1 35 Multiskan FC Y i by {2
( 3% [E Thermo Fisher Scientific 22 &) ) . ABI 7500 %I & &
fifg 4 X s W (PCR)AY (SE 18] ABIZA A] ) . VMMA4200 7 i
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MCE A 7 ; ZJ5 33 2 i (vinyleyclohexene, VCD ; 41t
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5 H3526a, 4l i =99%) W4 H 1165 BAL2A AR AR
A 5 M — % (estradiol, E.) | ¥ {& 4 i} % (luteinizing hor-
mone, LH) . U 72 ] ## % (follicle-stimulating hormone,
FSH) . 1% ¥ %4 (reactive oxygen species, ROS) . A i
(malondialdehyde, MDA ) . it %A 1k 4 157 £k i (superoxide
dismutase, SOD) . & Bt H ik i & 1k ¥ 1§ (glutathione
peroxidase, GSH-Px) i 7] & (4t 5 73 51|y EY-01H675
EY-01H483. EY-01H261. EY-01H1728. EY-01H2424,
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Bax) .SDF-1,CXCR4 8-/l 8} # [ (B-actin) HL {4 X FHAR
i AR IC B L AT R S B BR R 1 G b (it 4
5k ab145046 .ab141423 .ab32503 ,ab155090,ab181020
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SRR N, RS ROK . ARBFSE R 4RI
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fit, g5 b BSMS 31 (48 ) £ 2023-04-237A 5.
2 Ak
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A, RS2 A SR, R LR 2R 14 d, LIS
POTARAY  yE AR ), A A7 BHAE b Rz JBd 7% 4n B v A
Ry, WA HL sl 5 JE I AR A% O, 5 JC 78 Ak ol JE 191 B i
FER, R GE AR, AAF 78 36 7 KRR AR G I
Ay 43 R . SRR A K R BB 40
H O MR RS ERAG R A RS e )
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40 B PF SR ) +AMD3100 20, 440 10 B, BG4
KEL10 2, DIAEFRER KA VCD T:5, /X B4

Fa P e 7R 20 K B 43 5019 1 50,100 mg/kg
F B2 0 (LA B 6 0 R i 70, 370 5 % 4 5 S
RO I 0 5 5 AMD3100 25 AR 1 A= B ER K 5 Ba gt
S )+ AMD3100 41K B H 100 mg/kg BIBST2
Tl - e v 2.5 mg/kg A AMID3100( LK 51, 7
S AR SCHR™) , 6] REZE RIS 7R 20 R R AR ) =G
IR s T B AR R R A BRER K BER 1R 224 A
2.2 HAFRE
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Je B BRI , W7 Sk Ab BT BRCHL IR SZH 20, 45301
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ASCRG I 1fiL 375 7 B, JFSH  LH 7K
2.4 BPELALAHROS MDA .SOD GSH-Px 7k F &Il

HR“2.27 0N 45 4 K BN S A 4L o IR A
L4 000 r/min &5.0> 10 min, B35 W, $2 BEAH R A7) &
VB A, 2 R A 0 AR L 2
B R TG USRS 0 BE G I L B 5 2H 21
1 ROS MDA ,SOD .GSH-Px 7K -,

2.5 BPEARARSME

HLU2. 270N £ K BRUOP SR 2L i, DL 4% Z2 R H
P TR I 22 24 h BUES A3, bbb /K A i A0 B S
VIR, #-47 HE 4Lt (] b i IR L B SR 20 2 T
AL
2.6 DPEALMAT M

SKFH TUNEL B4 . BC“2.57 100 F 4% 20 K S8 [
(P SLLHZUE B, BRI SR A SIS YD R, %
PR A U 45 05 1 EAT TUNEL e 0, fd ) 3 B e
FEILYP L 20 M PR 1A DU T AR R T 4
T % =TUNEL FH M40 g (2 5240 ) %00 40 il % X
100%.

2.7 BPELHLAth SDF-1.CXCR4 mRNA &%

K QRT-PCR LA o HiL“2.27 35 4% 2H K B P 5L
HEUE &, IRIR A o HUER 43, LA Trizol 3 71 42 B &
RNA, Z40 5 kil 5 B RNA 35 5% 8 cDNA,
AT PCR Y4 o 2 A& R A FE cDNA AR 1.6 pL,2X
Ultra SYBR Mixture 10 wL, 1F . )2 [a] 5| ¥ 4% 0.8 L,
ddH.0 6.8 L. W Z5FanF : 95 °CHilAE M 30 5595 °C
P15 5,60 °CiB K /AE 30 s, 240 NMEFR, LA B-actin
HNZ R 27815 SDF-1,CXCR4 mRNA ()%}
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Fikit, AR DI AL S IRk 70— 1k 4b # . SDF-1
B IE 15 51 %) 4 5'-GAGCCAACGTCAAACATCTGAA-
3", J I 51 ¥~ 5'-TCCAGGTACTCTTGGATCCACT-
TTA-3" , 72 ¥ K/ g 142 bp; CXCR4 Y 1F [0 51 1 N
5'-AGTGACCCTCTGAGGCGTTTG-3' , & [f] 5| ¥ K
5'-GAAGCAGGGTTCCTTGTTGGAGT-3" , P2 k/N Ky
115 bp; B-actin [ 1E [1] 5| 4] 4 5’ -CCTCTATGCCAACA-
CAGTGC-3" , JZ [ 51 ¥}y 5'-GTCCTCCTGCTTGCT-
GATCC-3", P K /N 126 bp.,
2.8 B 4H 40 caspase-3,Bax.Bcl-2,SDF-1,CXCR4
EBERIEGN

K FH Western blot VARG o HC“2.77 50 | 25 41 K BB
AL ARG, DR A S 1R IR A, g i
S A AR . BV R Pk i, ST bR
B - SR TN A T P 5 PG L K 85 B 22 B Al — IR L R
b, DA RS W34 2 3 B A 2 h BRRR S L I A caspase-3.
Bax.Bcl-2,SDF-1,CXCR4 B-actin —$i (i B b 15144
1:1500), T4 °C IR B BERE S , I AAE R, — 4t (F
FRLLBIoN 1:5000), F 37 °C R 2 h; M5 , LLECL
WA . )5 , 8 H Image J 8420 M7 & (A B9 A Xt
Fikit (45 H 8 H 5 NS 1 B-actin B 451 K EE(H
BB o
29 HFitFEFH*

K Ffl GraphPad Prism 8.0.1 B4 X %540 247 48 110
Bro Bl Ll x +£5 Ron , Z 4 0] FUECR S IN 207 2257
Bt iE— 25 PO L 55 OR O SNK-g K 50 o A 50 7K i
a=0.05,

3 #£R
3.1 FEASEKRMES E. . FSH . LH 7K FERI 20
55X} BB 2 bl g, AR 2H R BRI T HP B /KT I 3

fIX,FSH .LH 7K P34 i 2 T8 (P<<0.05) s SHEAYZH LU AR,
Bl Z A i 0] e R B T H B KT 38 B E T
FSH . LH /K -2 B 3 FEAK (P<<0.05) . 5 EESHS 7
AL R, B S 0 m  E+AMD3100 41 K BRUMLE H E.
K-l 2 REAIG , FSH  LH KP4t 2 7 i (P<<0.05) . 45
UL

xR1 BHAKXRMFEFE. FSH LHKELLE (xts,n=

10)
415 Ey/(nmol/L) FSH/(TUL) LH/(TUL)
TR UL 1784162 6231057
A 10341124 3247295 15874136
RASMITH A 14874168 27504248 41£115
RASHRNEA 1956217 NH4ELIT 874082
VSR +AMD3 1004 1361 %146 28394275 1367£124

a: 55X LS, P<<0.05;b: SEIAIL] L4, P<0.05;c: S5kaf1Z
il g ) L8, P<<0.05.,
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32 BEASERXT KRN EHELA R ROS.MDA,SOD,
GSH-Px 7Kk F Ry 220

5 X B2 LA, A2 K DN S 4H 41 SOD . GSH-
Px 7K -1 i A% , ROS . MDA /K-35 i 2 T+ 55 (P<
0.05) ; SRIRIZH LA, B P S EI | 5 30 i 2 R RO SR 2
41 SOD . GSH-Px /K1 2 3 T 5 , ROS \MDA /K-
AR (P<0.05) . SRRFHSEE gl i, Bt
Z: P 55 57 F:+AMD3 100 21 K FRUBR S 40 21 b SOD . GSH-
Px 7K V-] 2 35 %A% , ROS \MDA /K -1 i & T (P<
0.05), Z5HR W2,
F2 FHEKXRIPELHEL F ROS MDA, SOD, GSH-Px

KFEEEE (x +5,n=10)

415 ROS/(UmL) ~ MDA/(nmolimL) ~ SOD/(ngmL) ~ GSH-Px/(UmmL)
AL 65321614 3654038 4761048 867495
g 12754298 184073 L4E02¢ 351346
RASHITH A 10673857 637£0.56° 3064032 53382524
RASEREA 82461738 4831047 3041041 TL65E68T
BASHRAEAMDII0E 110894926 679071 28E02T 890475

a: S RTHRL AR, P<<0.053b: SRUBZ HAE , P<0.055¢: SRS
il e 7R T U, P<<0.05,
3.3 BRASIXARIPEHAATSETUHZIT

Xof B2 AR BR DN S AT 8T S5 s 55 0] IR A L A, Y
ZH KBRS 45 , O 5L R o v i 0 D vt 4t Bt ik />
A BB 0 BUIRAE , P DR v gl 1 2, Ok 2 HES )
FAHL, SRR LA, B PFS A | e 7)o 4 R BRL O B
LR RN AR A W G 5 5 P S e R R A L
B, B F B v )+ AMD3 100 2H K B 520 215 BR A5
il E N, 25 1,

AXSIRE
Sk « AT 5 25 - I

B.HIRIZH

Bl BAXRIVEHR

C. BRG] 4

34 FBFSERIT K R UP S H 4740 R T RO RN

BN IEZH(1.43 £0.16) %] b4 TR 2H A LR L4
AU T 2, T3 [(8.57 £ 0.83) %] B EHTHE (P<
0.05) ; SR LA, BB EA | o 3R ALK RO 2
SV T i X B D E T & [(6.24£0.59)% |
(3.78 +0.36) %3 B F FF K (P<<0.05) . HEJHS00 5
F AL LLEC , B PES 1 i 5 i+ AMD 3100 2H K RN S0
AT 22, TR [(6.85 £ 0.72) % B T (P<
0.05), Z5RULIE 2,
35 MBS XRDIPEHELRF SDF-1. CXCR4
mRNA RiEHI 0T

5501 HR A e # , B 4 K R B S 4 41 b SDF-1,
CXCR4 mRNA P AHX Feik 3 B F AL (P<0.05); 5
BB N ORI (N B = e N M BB i (=L o
ETHE (P<0.05) . BP0 R 4L R, RS
i 55 77 S +AMD3 100 2H K FR B S 20 21 rf SDF-1 . CXCR4
mRNA {1 # X 3 35 7 35 i 3% B AL (P<<0.05) . 45 3
W23,
3.6 FEASENARINHEAAFEXZEARIENEIN

55T HE 2 P, BB A 40 K BR B £ 2H 41 caspase-3 .
Bax 5 1 1Y Al X 3 3k & ¥ W 3 F+ &, Bel-2., SDF-1,
CXCR4 & [ B AT 2635 5 2 2 AR (P<<0.05) 5 S5
RUZH LA, B PSS | o 77 2 4 R RN B 41 41 cas-
pase-3 . Bax £ [ A AH X 3R 35 1 14 i 25 41K, Bel-2 . SDF-
1 .CXCR4 & H AR ik 2 3 78 (P<<0.05) . 5
BRS04 H R, B S 5 77 S +AMD3100 41
K EBP HL 4 21 caspase-3 . Bax 25 [ U AH X ik w44
ZTHE , Bel-2 .SDF-1 . CXCR4 25 1 AR R 214 1 44 1 3%
FEAIG(P<<0.05), Z5HEILIEI3 4,

D. [ S ) i 4 E. Bf S 7 i+AMD3100 41

SR BERIE(HE $£8)

50 pm

AL B. A4 C.RJ+=

ik T4

50 um 50 pm

PR 2 D. K2 ) 2 E. 20w i+ AMD3100 41

B2 HEAXRIPEARMEATH BHE(TUNELEE)
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*3 HHAKXRIPEAL D SDF-1.CXCR4 mRNA HIFH
MRIFELRE (x+s,n=10)

45 SDF-1 mRNA CXCR4 mRNA
He 1044007 1.08£0.09
i 037004 029£0.03*
RSB A 054£0.04° 048+0.03°
R SER A 078007 0.72£0.06"
WIS E+AMD3100 4 049£0.05° 0434004

a: S0 HRAL LA, P<<0.05;b: SHIRIZ LA, P<0.05;c: 5F1=

i R 2 1L A%, P<<0.05,
caspasc-3 e SN SR s S 35 kDa
Bax — S A e g | kD

Bel-y N — — — w0 Da
SHEIIE I —_T
CXCRI W S— S— W w— kD2

paciin M. G SN AN AN D
1 I 1 v v
T X R s T B s T B PSRRIV« B2
F2 s V 2 BPS S ] i+ AMD31004
B3 HAEXRRIPEARDIEXEARIEFEIKE
F4 BHAEKXRMEAR[ADHEXBEENENRIEZZE

W

\
g

(x*ts,n=10)
415 caspase-3 Bax Bel-2 SDE-| CXCR4
TR 0214003 0244002 0814007 1034009  094£008
| 0734006 076+007 0354003 046004 041004
RASMIGRA 0541005 057£006  048£005°  0.63+006° 0.54+005°
RASHRAEA 0381004 0431004 067006 0794007 0.73+004°
BFISHEAEAMDII00A 0594006 0624005  041£004  0.60£005 042003

a: SRR LS, P<<0.05;b: SEAIL] L4, P<0.05;c: S5kaftE
il e ) L8, P<<0.05.,

4 g

POL & & % WA 22 P (9 8 DL N 43 WA 0 , R 5
19%~2%", i PR32 Wor , POL ] 5] & — &R 53 K AE,
WA BE A5 2R O I I B TR | AR OR
S, HOH A0 M S A 3R YT T B, ™ U6 L A R
B S G 245 136 1 14y, vT R4 PCOS K BRI
PRI | B AR R S5 1 AN P S A 45 , i3 O L
TIRe" s [, 32 B o33 v 3 2 81 0 35 2% ok el %
PCOS K BT 5 PB4 N 40 A B e m] L, e
S AT TP KT U IR S D RE AT T

E. .FSH . LH EAT 45 B9 16 2 915 HE R i 191 1% )
fiE , I3 H E..FSH . LH 7K - i Sz AR P 8= K F, 24
POI &AL}, #2135 1 FSH  LH 7K -4 i 25 7HEs , 1 E.
K- W) S ARG, 1 17T 2 1) B9 S D 2 8 ) R K A A T
AE . AT AS S BN R A KRRl i Hh FSH L LH 7K
SR E TR B KO W R SRR AR, RS
il 4% 754 2H R BRUIMLYE H FSH L LH 7K -2 i 28 A%, a7k
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SRR E TR . PR i HE Y (o W HL 0§40 4O
BRI, GXFRAL F i B2 A R OS2 4 IR B i
B I Rk /D, B DR BRI 2 | TR S AT ol
POI K [ B SR AL U040 o X $R 7 i 40 v J 3 ol 3
POI K SR FLE S I, i L OP L4545

FALN R E & POLIN R 2 —, Hip ,ROS 1y
HRESWIRA LS, NSS40 T ; MDA 2 ik
it A =, B s WML Y AL B A R S 5 SOD S —
FhHT AL , EA U0 ROS FO4E T ; GSH-Px & — R 48
P, 7T 531 ROS, FEARAAR P ROS 7K, AHiF 58 25
JoR, 5% IR AL g, BRI 4 KRR DR S 1 20 ROS
MDA 7K V-1 5 T+ , SOD .GSH-Px 7K V- 34 i S5 F4AI%
$E7R POT K RAR A TE S AL D i 1 . S H
Bt P21 % 55 1 2 K BB SR 41 41 SOD . GSH-Px 7K
18 2 T 5 , ROS MDA 7K V-3 I ZZ FEAIG, 7 KRt
LR Ty BGR , AR A TR

Bel-2 HHTIAT-E A, Bax ML T8 A, B4 0l @
1 PG caspase-3 25 FRAE AR T ABFFTEE T
7N, 50 BREH A, AR 2 K R DR B 2H 4 caspase-3 .
Bax 5 H Y F AU TR B 2% FIE LTS, Bel-2
R A 2 R SR LR, B S R A i
ZH K SR B 40 2 caspase-3 . Bax 25 [ F & 15 01 41 it I
ORI TSR, Bel-2 B A28 % i,
PLRBES TS n] 0 POT A B BN S0 S AR T,

CXCRA4 /& SDF-1 [ 3z, HA5 5 S e T At #%
MR LA EEEH . WFoEdsH, #% SDF-1/
CXCRA il AT #4035 T 4B Hh 1% 4 5% 38 %, 41 1 1 41 g I
HHEER B AME M, #E— 2D 0 B Z A4, AR
HELHZUE S ; T4 SDF-1/CXCR4 Al yi /b POL K FLIH
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