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Protective Mechanism of Zhuluan Decoction in Rats with Premature Ovarian Insufficiency
Based on PI3K/Akt/mTOR Pathway

TANG Li, MU Zhenni, SHEN Sinan, LEI Lei’
(College of Integrated Traditional Chinese and Western Medicine, Hunan University of Chinese Medicine,
Changsha 410208, China)

[Abstract] Objective: To observe the effect of Zhuluan decoction on the ovarian reserve function of
rats with cyclophosphamide-induced premature ovarian insufficiency, and explore the protective mechanism of
Zhuluan decoction in the rat model of premature ovarian insufficiency based on the phosphatidylinositol-3-
kinases/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR ) signaling pathway. Method: Sixty

female SD rats were randomly divided into normal group (#=10) and model group (#=50). The model group
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was given intraperitoneal injection of cyclophosphamide (50 mg-kg" loading dose on the 1% day+8 mg-kg" low-
dose maintenance on the 2™ - 15" days). After successfully modeling, the rats were randomly divided into model
group, positive drug (progynova) group (0.1 mg-kg'-d"'), and low-, medium-, and high-dose Zhuluan
decoction groups (14, 28, 56 g-kg'-d"' ), with 10 rats in each group. The model group and the normal group
were given equal volume of distilled water by gavage, once a day, continuous administration for 21 d. The
estrous cycle and body weight of rats in each group were detected, and the ovarian organ index and uterine organ
index were calculated. The ovarian tissue pathology and ovarian follicle counts at all levels were determined by
hematoxylin-ecosin (HE) staining. The content of the serum antimullerian hormone (AMH) , follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and inhibin-B (INH-B) of rats was determined by enzyme-linked
immunosorbent assay (ELISA ), and the protein expression levels of PI3K, Akt, mTOR in the rat ovarian tissue
were determined by Western blot. The microtubule-associated protein 1 light chain 3B (LC3B) protein
expression in the rat ovarian tissue was determined by immunohistochemistry. Result: As compared with the
blank group, the estrous cycle of rats in the model group was disordered, the body weight, ovarian organ index,
and uterine organ index decreased, the number of primordial follicles decreased, and the number of secondary
follicles and atretic follicles increased. In the model group, FSH increased (P<0.01), LH increased (P<0.05),
AMH level decreased (P<0.05) ,

decreased (P<0.01), and the protein expression level of LC3B increased significantly (P<0.01). As compared

the protein expression levels of PI3K, Akt, and mTOR in the ovarian tissue

with the model group, the above indexes were improved in the progynova group and different doses of Zhuluan
decoction groups, the content of AMH increased (P<0.05), and FSH decreased (P<0.05). In the progynova
group and different doses of Zhuluan decoction groups, the protein expression level of LC3B decreased
obviously (P<0.01), and the protein expression levels of PI3K, Akt, and mTOR all showed an increasing trend.
Moreover, there was a statistically significant difference in the progynova group and low- and medium-dose
Zhuluan decoction groups (P<0.05). Conclusion: Zhuluan decoction may inhibit the occurrence of excessive
autophagy in ovarian granulosa cells by activating the PI3K/Akt/mTOR pathway, thereby reversing the effect of
modeling on ovarian reserve in rats.

[Keywords] premature ovarian insufficiency; Zhuluan decoction; Bingshan theory; phosphatidylinositol-

3-kinases/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR ) signaling pathway; autophagy
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Table 1 Effect of Zhuluan decoction on body weight, uterine

index and ovarian index of rats of POI (X+s5,1n=5)
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KH GEE B0 L OBk A0 M 45 A R AR A I IR
WL,
3.3.2  BiOE X POL K BRLBR 85 & 90 B9 i %k H 1Y 5%
W 5 OE R A A B A A R GG B v A B 2 e D
(P<0.01), YK 9% BP0 K P41 B B 70 4k B 2 35 38 £ (P<
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[ 4% (P<0.05) ,FSH 5 LH /K ¥ ¥ 8] & 7t & (P<0.05,
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Fig. 1
structure of POI rats (HE, x40)

Pathological effects of Zhuluan decoction on ovary
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Table 2 Effect of Zhuluan decoction on number of follicles at all levels in POI rats (x+s,n=5) A~
41 5 Fl /g ke JE IR O 3 LIERG WY LA G L P41 B 76
ER A 6.80+1.48 1.40+1.14 7.60+2.07 0.80+0.45 2.40+1.14
R 4] 2.20+0.84” 1.20+1.20 11.80+2.17% 0.40+0.55 8.40+2.07%
AMER A 0.000 1 5.20+1.92% 1.20+0.84 8.00+2.24% 0.20+0.45 4.40+1.14Y
Wl 5 7 A 5 5 21 14 5.20£0.84" 2.60+2.07 13.80+2.59 0.40+0.55 4.60+1.14"
Bl 51 v 4L 28 6.20+1.64" 1.80+0.84 12.00+2.83 0.40+0.55 2.60+1.14"
W5 7 i 70 20 56 8.80:1.92% 1.40+1.67 10.00+1.58 0.60+0.55 2.60+1.14"
#3 BIUPiH3T POIKRRMME AMH.FSH.LH.INH-BEESEMF MM (Xx+s,n=10)
Table 3 Effect of Zhuluan decoction on serum AMH, FSH, LH and INH-B hormone levels in POI rats (x£s,n=10)
20 51 Fl 4t /g kg AMH/ng-L" FSH/U-L" LH/U-L" INH-B/ng- L'
EH 4 3 403.28+81.10 8.78+0.20 41.90+1.02 36.23+2.45
TR 4] 2 676.40+29.33" 11.45+0.18% 54.32+1.75" 35.46+3.10
AMER AL 0.000 1 3260.34+22.96" 8.99+0.09" 43.19+0.83% 34.72+2.43
Bl 5137 A7) 2 20 14 3175.18+68.89% 8.95+0.05 44.05+0.64 34.38+3.60
W gz vh ) a2 28 3239.05+45.62Y 8.84+0.11" 42.30+0.96 34.14+2.84
W 5137 e ) 21 56 3190.39+51.88" 9.25+0.09" 46.31+1.70 34.07+2.93
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2 POIKRIPEALAPIBK.Akt.mTOR F 5 FiA Bk
Fig. 2 Electrophoresis of protein expressions of PI3K, Akt and

mTOR in ovarian tissue of POI rats

F4 BNFMNSARRINEHARPI3K Akt.mTOREARIENF
i (x+s,n=3)
Table 4 Effect of Zhuluan decoction on expression of PI3K, Akt,

mTOR proteins in ovarian tissues of rats in each group (x+s,n=3)

a1 BlETS PI3K Akt mTOR
/g-kg' /GAPDH  /GAPDH  /GAPDH
EH A 0.80£0.06  1.06+0.08  1.15x0.01
H 700 24 0.39£0.15%  0.66+0.13*  0.73+0.03%
AMER AL 0.000 1 1.10+0.05Y 1.17+0.06" 1.27+0.26"

BRI 14 0.83+0.23Y  0.97+0.08" 1.16+0.14%
B g R Al 28

Bhop A R AL 56

0.73+£0.09"  0.98+0.06" 0.79+0.19

0.42+0.04 0.78+0.14 0.72+0.08

El3 BhENE POIKRIPEMALALCIBEAREHIHM (FrEdl
£, %200)

Fig. 3 Effect of Zhuluan decoction on expression of LC3B protein
in ovarian tissue of POI rats (IHC, x200)

x5 BWNZWMPOIXRRMEALALCIBEAREMNFM (f+s,
n=6)
Table 5 [Effect of Zhuluan decoction on expression of LC3B

protein in ovarian tissue of POI rats (x+s,n=6)

25 5 il /g kg LC3B
I 0.09+0.01
AL 4] 0.23+0.02”
AMER A 0.000 1 0.13+0.02%
5 7 A1 5 5 20 14 0.15+0.01"
gz v 20 28 0.13+0.03"
W51 373 i ) k20 56 0.110.02*
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