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[ Abstract] Objective: To investigate the effect of Guizhi Fulingwan on ovulation dysfunction in rats
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with polycystic ovary syndrome with insulin resistance (PCOS-IR) induced by letrazole combined with high fat
emulsion. Method: A total of 72 female SD rats were randomly divided into control group, model group,
metformin group and Guizhi Fulingwan low, medium and high dose groups, with 12 rats in each group. Except
for control group, rats were given letrozole 0.001g-kg"' combined with high-fat emulsion 15 mL-kg" for 21
consecutive days to establish model of PCOS-IR. Guizhi Fulingwan low, medium and high-dose groups were
administrated with Guizhi Fulingwan 0.31, 0.62, 1.24 g-kg' respectively, metformin group was administrated
with metformin 0.27 g-kg", control group and model group were administrated with 12 mL-kg" of normal saline
daily for 30 days. Hematoxylin-eosin (HE) staining was used to observe ovarian tissue pathology morphology,
and enzyme-linked immunoassay method (ELISA) was used to detect serum follicle stimulating hormone
(FSH) , luteinizing hormone (LH) , testosterone (T), fasting insulin (FINS) level, and LH/FSH and insulin
resistance index (HOMA-IR) were calculated. Western blot was used to detect the expression levels of
autophagy key molecular Atg6 yeast homologue (Beclin-1) , autophagy related gene 5 (Atg5) , microtubule
associated protein light chain 3 (LC3) II proteins in the phosphatidylinositol 3-kinase/protein kinase B/
rapamycin target protein (PI3K/Akt/mTOR) signaling pathway and autophagy related indicators in rat ovarian
tissue. Beclin-1 and LC3 Il protein expressions were detected by immunohistochemistry (IHC). Result:
Compared with control group, the thickness of follicles and follicular granulosa cells in the ovary of the model
group also decreased, and the number of corpus luteum significantly decreased, while the white membrane
thickness of the ovary increased, and the number of atresia follicles and cystic dilatation follicles increased
significantly. Serum T, LH, LH/FSH, FINS, FINS, HOMA-IR were significantly increased (P<0.01).
Phosphorylated (p) -PI3K, p-Akt, and p-mTOR proteins in ovarian tissue were all decreased (P<0.05, P<0.01).
The relative expression levels of autophagy-related protein LC3 Il and Beclin-1 were significantly increased (P<
0.05, P<0.01). Compared with model group, the number of follicles in the low, medium and high dose Guizhi
Fulingwan group and the metformin group decreased, the number of follicles in atresia and atresia increased,
and the follicular granulosa cell layer thickness increased. Serum T, LH, LH/FSH, FINS and HOMA-IR of
Guizhi Fulingwan group were significantly decreased (P<0.05, P<0.01), and serum FINS and HOMA-IR of
metformin group were significantly decreased (P<0.01). The expressions of p-PI3K, p-Akt, and p-mTOR
proteins were increased (P<0.05, P<0.01). The expression levels of LC3 II , Atg5 and Beclin-1 in the medium
and high dose groups were significantly decreased (P<0.01). Conclusion: Guizhi Fulingwan can activate the
PI3K/Akt/mTOR signaling pathway of granular cells, inhibit excessive autophagy of granular cells, improve
ovarian function and insulin resistance, and restore ovulation, and the effect is better with high dose.
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Fig. 1 Effect of Guizhi Fulingwan on pathological changes of
ovarian tissue of PCOS-IR rats (HE, x100)
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Table 1 Effect of Guizhi Fulingwan on number of ovarian follicles and corpus luteum in PCOS-IR rats (x+s) A
Eig]| n HMiE/g kg BB H BRI R H HREH
ZH 7 6.70+£2.54 5.10+1.79 8.70+£2.21
R 10 3.00£1.94" 13.10+2.28? 4.00+1.702
R AR L 8 0.31 5.20+2.44 9.40+2.68% 5.20+1.40
9 0.62 10.40+2.3149 8.80+2.49% 9.40+2.95%9
10 1.24 13.80+3.1249 8.20+2.97% 11.80+2.35%9
= HUIR 7 0.27 11.60+2.59%9 9.50+2.01% 9.60+1.27+9

52 FALEE DP<0.05,2P<0.01; 58I A HE AL 9 P<0.05,9P<0.01 5 5 HE AR 2 FUAR ) 41 HE 45 9 P<0.05,9P<0.01( % 2,4 [ ) .

3.3 X} PCOS-IR X fl I3 T, FSH, LH, LH/FSH,
FINS /K K Bl S P s ) 525 (4] b s, # A

it (P<0.05, P<0.01) , — H W AK 41 if 35 FINS,
HOMA-IR H & f& 1% (P<0.05) ,T,LH,LH/FSH, FSH

H K B T,LH, LH/FSH, FINS, HOMA-IR i}
FHE (P<0.01) ; S AT L4, #E RS U457 = 41
KM% T, LH, LH/FSH, FINS, HOMA-IR B i [%

SRS S SO T ISE T N
PR % AL 7 ) B 41 HOMA-IR W 85 % 1% (P<0.05) .
W2,

xR2 HEHEFEZANPCOS-IRARME T,FSH,LH,LH/FSH, FINS 7k £ % HOMA-IR B &1 (x+s)
Table 2 Effect of Guizhi Fulingwan on serum T, FSH, LH, LH/FSH, FINS, FINS and HOMA-IR in PCOS-IR rats (x+s)

215 n o /g kg! T/ng-L"! FSH/U-L"! LH/U-L" LH/FSH FINS/mU-L"! HOMA-IR

2 H 7 165.56+28.65 22.27+5.84 31.78+6.14 1.4240.32 25.70+5.60 5.37+0.69
H 10 306.46+69.41% 26.19+3.38 54.78+10.532 2.19+0.482 48.03+7.349 14.4142.112
HEAL AR A L 8 0.31 227.43+40.729 30.7148.19 38.12+2.83% 1.32+0.35% 32.7146.19% 9.21+1.56%
9 0.62 220.34+45.529 28.51+4.22 42.33+6.419 1.50£0.24% 29.92+7.15% 7.74+1.219
10 1.24 218.54+54.58% 30.31+4.89 42.54+4.149 1.43+0.25% 31.81+4.09% 6.91+1.04+

= HBUIR 7 0.27 185.54+27.38 28.44+9.59 50.66+12.89 1.85+0.41 31.93+6.80% 8.01+1.44%

3.4 X PCOS-IR X R OF &8 9 %7 40 ffg PI3K, Akt,

mTOR & 1 S MR Ak K P sgm 525 4l b

B, B A K BLBR SE 4H 41 p-PI3K, p-Akt, p-mTOR & PIK s @t @HNS e anus e  35kDa
1128 35 B 5 {15 (P<0.05, P<0.01) ; 15 10 %0 4 4%

FERAR 2 AUAE b 0 A 2 & SR A p-Akt,

p-mTOR %& ['1 % ik 5 ¥ W] & 7 725 (P<0.05, P<0.01) , Akt - -— . e .. 2kDa
FERARZE LA | 39 4 K — XU 4 p-PI3K 2K
B iR E TR (P<0.01) 5 5 HBUAR A FUAR ) 4 20
PEH, B B pR % Uk | f) 41 p-PIBK, p-Akt, TOR - G G — —— )30 LD;
p-mTOR #& F & 35 W i F+ & (P<0.05,P<0.01) ; 5 FE

BOAR %5 v 390 & 4 e A, AR R AR B AL ) i 4 GAPDH D WS P SIS SIS S /5 kD2
mTOR & [ &5 W] i Th 5 (P<0.05) . WE2,%3, A B C D E F

3.5 X} PCOS-IR K Bl UP 55 0087 40 it Beclin-1, Atg5, 2 PCOS-IR Xk FR UP & %1 #1 4 f2 p-PI3K, PI3K, p-Akt, Akt,
LO3 I B I REMH I S UL R s, g PO mIORERRERK

PPI3K s s s S s s 54 kDa

p-Akt W S e s @ 60 kDa

p-mTOR - - ~‘ — e QZIOkDa

) Fig. 2 Electrophoresis of p-PI3K, PI3K, p-Akt, Akt, p-mTOR and
SEN TN VIR AT RSN S Py 4 S
Beclin-1,LC3 Il 1 B i A BL G ; S R4 LU ARG,

mTOR protein expression of ovarian granulosa cells in PCOS-IR

rats

<11 -



5527 B4 6 ) PEXEAFFZRE Vol. 27,No. 6
20214E3 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2021

R3 EREE A PCOS-IR X R U0 HH #4140 i H p-PI3K, p-Akt, p-mTOR E B RIZM M (3+s5)
Table 3 Effect of Guizhi Fulingwan on p-PI3K, p-Akt and p-mTOR protein expression of ovarian granulosa cells in PCOS-IR rats (x+s)

20 5 n /g kg! p-PI3K/GAPDH p-Akt/GAPDH p-mTOR/GAPDH
2 7 0.452+0.050 0.2720.047 0.366+0.049
H 10 0.188+0.064" 0.109+0.056" 0.110£0.0162
HER AR I 8 0.31 0.240+0.072 0.320+0.044 0.414+0.0514
9 0.62 0.543+0.117+9 0.579+0.04545) 0.637+0.04346)
10 1.24 0.758+0.09445) 0.716+0.03345) 0.784+0.062467
IR 7 0.27 0.628+0.07945) 0.733+0.10845) 0.599+0.037%

52 YL DP<0.05,2P<0.01 5 55 8 B2 L 45 YP<0.05,9P<0.01 ; 5 4 A %S LA 14 41 L 48 9P<0.05,9P<0.01 5 55 4 A% 1 % 51
4 L 7P<0.05,9P<0.01.

AR ZE AR P S = A e IR 4H Beclin-1,
LC3 I 2 [ 35 ik ¥ R 0 A R F2 B A A AIK . TR
3,4, Western blot 45 5 b/~ , 525 (4L L8, B A 241
LC3 II 5 Beclin-1 2 (1 % 15 ¥ B & 7+ /& (P<0.05, P<
0.01); SHEIRIZ L #5 , HEA RS ALK L ) 2 A
W AH 9 2 11 Beclin-1,AtgS 5 LC3 I A E IRk T 2
IR RAAR e A, o g 7 40 R A1 i Bk 2 (P<0.01) 0 2
TP AR R RS LA W U 25 2R
F A —3, B Western blot A& fft — F BT 4H Beclin-1,
Atg5, LC3 I &I RIA . WA 5, % 4,

B4 HEEBREZIITPCOS-IR X R 50 E Hki 40 LC3 I KXW
W (Fe P2 44K, x200)

Fig. 4 Effect of Guizhi Fulingwan on LC3 [l protein expression of
ovarian granulosa cells in PCOS-IR rats (IHC, x200)

| o
s 0

LOIL/ [ s s —
LC3I — ’ i 16/14 kDa

il DD S - - 2
A B C D E

B3 AEREKE A PCOS-IR X iR 5 £ B4 48 i Beclin-1 R % 5% B 5 &4 KR I Bk A Beclin-1,Atg5, LC3 Il & B Rk Bk
M (6 211k, x200) Fig. 5 Electrophoresis of Beclin-1, Atg5, LC3 Il protein expression

Fig. 3 Effect of Guizhi Fulingwan on Beclin-1 protein expression of ovarian granulosa cells in rats of each group

of ovarian granulosa cells in PCOS-IR rats (IHC, x200) Eﬁmﬁﬂ%ﬁﬁ,ffﬁﬂ@%ﬁﬂﬂﬁ*i{ﬁ%@% ,,ﬁ\:ﬁlﬂ
4 itig 55 R IR AL AT A 52 42 T B 2 A B 9 g3 8 A B 5
PCOSTENy — M HEONBE A SACH R AL WA sl H AT, IR EE 5 42 HE 9036 97 47 76 — 2 R AE
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R4 EREZAI PCOS-IR X R 0P & HA 40 A Beclin-1, AtgS, LC3 I EERIXH M (3+s)
Table 4 Effect of Guizhi Fulingwan on Beclin-1, Atg5 and LC3 Il protein expression of ovarian granulosa cells in PCOS-IR rats (x+s)

20 51 n /g kg! Beclin-1/GAPDH Atg5/GAPDH LC3 11 /GAPDH
2 H 7 0.340+0.047 0.796+0.105 0.481+0.070
[l 10 0.714+0.0532 0.921+0.051 0.668+0.054"
AR AR % L 8 0.31 0.627+0.052 0.713+0.053 0.265+0.070%
9 0.62 0.328+0.04146 0.526+0.046% 0.225+0.037%
10 1.24 0.347+0.06846) 0.356=0.100*% 0.128+0.034%

H,ZE20mHARR L B W E R, M
s 2 WEIER YT PCOS J7 R0 Y1 [R] s B4 1 AH X 4
AN B RFA R i JC PCOS i 44 10 3,
THERERATHE FhEAHadb" " AgE
W7 &7 ORI . O TR R P B2
FEU N RN 58 I %% D) AH G o CPHZ D i - R AR ) v
P RPN, R LR, R WA AR
1) B AR 9 BIL Ok 998 9 L2, T A AR ORI 25 A
LR R T ()R BT REZIR,
Mg 2R THM, MEFZIRTEN, EKNY,
5 0 e Sk S ) B S HEAT T A A
4 PCOS B A IIHL YL S HRE . BURE KA K
I DA 98 9% BEL HF LB 7 IR L PCOSS , [ B K Uil 1] A
B H UK PCOS 8744 8 i v i I 2 S i 0
DIRBLP BEIRIT RO . AR T EA s E
S, 25 PCOS 32 L HL A “ 8 B 45
i3 W AT B AR AL IR 9T Kk . BERL IR L
F 4 B 2 - 40 NG WR 9 B UE IF 3R ), 7 P R AR IR
BH AL A0 LL Bl i AT, AR 25 4 I T A 8 08, 1 AT S5 I
T R AL, 4k B 39 i B DA AR, Bk A 3 Ak s AT
L, 2R G L2 AR BRI AL Z 5

His ¢ HE BN B TG HEBR , v bR ILAE L IR J2 PCOS
W G R R . A B 5T R B O B 21 2005 #2521
7R, PCOS 15 AU 4 = 2 L ZE R B9 vt > 3, J00R 41 Jif
SRR A GO i K B AR B H W > s
20 ; L7 T, LH, FINS /K ¥ 2 HOMA-IR & # F & ,
IS B K P 43 5 E IE B PCOS-TR #5270 44 # A% ) .
BT REBARZ LT WS, 45 R R AR AR % L |
e 0 B 2 A O v R v AR R E 1S £ S0k 2 2
B T HLHE 5 5 SR 096 B 5 I 5 i T
T,LH,FINS 7K ¥ &% HOMA-IR i % AR | L) kE A 1
& U ) A BOR T Ry 5  Ud W R A A AR
KA A K R E s MR KO K&
i 5 B B, Pk 52 IR S HEBR T BE

P R — e 200 L P R A R AR, TR R KR A

Wik 1T LV o3 200 R PN 19 A 3 0 ST R AZ 4 400 L 4 R
0 B 1 1E K T RE 5 0T A2 38 2 R S, X LR IE E
AR AT RS ERHEENMEMN. AmAL
A W 5k B R AT S LR IR KL . PSRRI,
PCOS A5 78 A B 5 508 41 A 1 06 = 0t 2 T %o
417", Beclin-1 2 i FL 8l 9 v d5e 5 & I — A [ W
MIRE A, TS PISK Y AL A ok 8 45 HoAl
I I A P 07 2 A A A A R IR T T
PEHFGR RS A WIS v VIO . IR SRS E
S, PCOS [ 3 B 5241 2000 48 21 36 BR 1Y H W B 4,
Beclin-1,LC3 & LC3 1 /LC3 T 7E N F W i k% 00 7
I F 7€ PCOS BP 5 0%z 41 i vh T 52" . PI3K/AkY/
mTOR {5 53 [ 2 18 2 1 s (7% 7 22 3 ¢, S5 40 i B
W FE TS A 56, 13K PI3K, Akt, mTOR # 2 1k 7K
ST I AN E Y AR SR EE RGN T,
g8 8 2R 5 0k 20 RS 1 A R 0 R 2 AR SRS A
B 5 Rz R A SRR AL, OF SE 8 — AR R 2R
Y M (IRS) 5 PI3K 25 4, {ff H s It 7= A= o g UL
s 3-BE R (PIP3) , Akt 7E PIP3 /E ] F B 45 T 41 g fist
T e 2R N TR R T 9 G ) T 1 (PDK-1)
W IR 1k J5 5 L 15 16 A9 Akt i @ iR b TSC1/TSC2
TRl Rheb 5 = B 2 IR 1 /K it B (GTP) 45 4 ,
& i mTOR iy BB 5 1% 4k, 0 [ Wi AH OC 8 11 13
(Atgl3) f& BE B B2 Ak , BE AR L 5 2 98 51 K B i
(ULK) Wy &5 & 71, Bl 1E ULK, Atgl3 Fil L 32 & A
FIP200 25 & Bk [ W 3h &2 G 44, DUTTT0 B 1 119
FAPY S BRI, PCOS (B # WL 5 E 2k A 3 i
24k T B, S0l PI3K/Akt/mTOR 15 5 3 B% 5% S 2y ik
T FE, Atgl3, ULK % B 2 fk , ULK i 7f T 3% & |
ULK, Atg13 Fl FIP200 & £ K K i 4 il , 5 304 i &
A B WEY S AR S & A A 2 K LB S 0Ok
4fi Jfd T PI3K, Akt, mTOR & [ 5 JL 8% iR £k 7K °F- B i
WA , 3¢ B H: B9 55 2H 21 PI3K/AKt/mTOR 15 5 i i 2k
P SRR R RERAR S L P R A e
RO 2H 7] 5 35 14 25 p-PI3K, p-Akt Al p-mTOR 4 [
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Feak it H DUH AR 25 ML v R o Al RO B ol
3 78 FE A AR 25 LT A7 R B9 B 41 24U PI3K/AkY
mTOR {5 538 % . R 41k 25 F %R Beclin-1,LC3
11 E 2 F W 9 4% 0 9849 ] F PCOS-IR K BB 52
TR h Fe s R T, R AW R R
AR A A LL B A AR B AL 45 2541 LC3 1T 5 Beclin-1
4 BH 1 2 38 Bk 3 WK, A 1) 1 X B R 40 A 1 4
PAER . [F I Western blot 45 5t i 7%, #5 AY 41 1)
Beclin-1,LC3 [ By &k & B & & T2 HAH AR
ZEALH A AL A AL 4 Beclin-1, Atg5 5 LC3 1T
0 2 35 it 35 R AIS 26 IR B AR 2 AL AR 0 A 2803 1
PCOS-IR A B B 5 J00k7 40 At (4 1 B 1 s B 42 .

o 5T I 2 5 N I 12 0 Nl W A1
M PI3K, Akt, mTOR &5 [ Kz L il 2 1k K °F- , A &0
I PI3K/Akt/mTOR {55 % 38 % , P il 450k7 240 At () 8 B
W, 2 i3 PCOS P 40 W AR i, 42 a2 B9 3 11 1
WK EE SR IR O BRI LA
7 PCOS-IR HF 51 i it 42 (1L Bl 2 4R 45, 18 B, #1958 1
27 Wiz HVu s (0 =R 97 PCOS 3 HAK (1 43 1 HL
il Ko VE A S ATY A R 4 5 SR TR AR T o
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