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[Abstract]  Objective: To elucidate the underlying mechanism through which Zhuluan decoction suppresses excessive

autophagy in human ovarian granulosa cells (KGN) and ameliorates premature ovarian insufficiency (POI) via the
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR) signaling pathway.
Methods: The optimal concentration of cyclophosphamide for inducing a POI model in KGN cells was identified via the cell
counting kit-8 (CCK-8) assay. Subsequently, the impacts of varying concentrations of Zhuluan decoction-containing serum on the
viability of the KGN cell model were assessed. After the optimal drug concentration was determined, KGN cells were categorized
into the following groups: blank control (20% blank serum) , model (20% blank serum + 5 pmol-L" cyclophosphamide) ,
Zhuluan decoction-containing serum (20% Zhuluan decoction-containing serum + 5 pmol-L" cyclophosphamide) , autophagy
inhibitor (20% blank serum + 5 pmol-L" cyclophosphamide + 20 pmol-L" chloroquine phosphate) , autophagy inhibitor +
Zhuluan decoction-containing serum (20% Zhuluan decoction-containing serum + 5 wmol-L" cyclophosphamide + 20 pmol-L"
chloroquine phosphate) , and estradiol valerate (20% estradiol valerate-containing serum + 5 pmol-L" cyclophosphamide).
Following 48 hours of incubation, flow cytometry was utilized to measure the apoptosis rate of KGN cells in each group. Western
blotting was employed to quantify the protein levels of PI3K, phosphorylated (p)-Akt, Akt, p-mTOR, and mTOR, along with the
expression levels of autophagy-related proteins such as Beclinl, autophagy-related 5 homolog (ATG5) , and microtubule-
associated protein 1 light chain 3 (LC3), in each group. Additionally, monodansylcadaverine (MDC) staining was performed to
evaluate the extent of autophagy in each group. Results: Incubation of KGN cells with 5 wmol-L" cyclophosphamide for 48 h
successfully established a POI model, marked by a significant inhibition of KGN cell proliferation. Notably, the inhibitory effect of
cyclophosphamide on KGN cell proliferation exhibited a positive correlation with its concentration. Zhuluan decoction-containing
serum at 20% and 30% promoted cell proliferation and mitigated the inhibitory effect of cyclophosphamide on KGN cell
proliferation, with comparable therapeutic efficacy observed at both concentrations. Compared with the blank control group, the
model group displayed an elevated apoptosis rate (P<0.01) , reduced protein levels of PI3K, p-Akt, and p-mTOR (P<0.01) ,
increased protein levels of Beclinl, LC3, and ATG5 (P<0.01), no significant alterations in the protein levels of Akt and mTOR,
and an enhanced MDC autophagy fluorescence intensity (P<0.01). In comparison to that the model group, the apoptosis rates in the
blank control group, model group, Zhuluan decoction-containing serum group, autophagy inhibitor group, autophagy inhibitor +
Zhuluan decoction-containing serum group, and estradiol valerate group all reduced (P<0.05, P<0.01), with the most pronounced
reduction observed in the autophagy inhibitor + Zhuluan decoction-containing serum group. The protein levels of PI3K, p-Akt, and
p-mTOR were higher in other groups than in the model group (P<0.05, P<0.01), being the highest in the autophagy inhibitor +
Zhuluan decoctio-containing serum group (P<0.01). The protein levels of Beclinl and ATG5 were lower in other groups than in the
model group (P<0.05, P<0.01). The expression level of LC3 declined in the Zhuluan decoction-containing serum group and the
estradiol valerate group (P<0.05, P<0.01), while it decreased without statistical significance in the autophagy inhibitor group and
the autophagy inhibitor + Zhuluan decoction-containing serum group. Conclusion: Zhuluan decoction may activate the PI3K/Akt/
mTOR pathway to inhibit excessive autophagy and counteract the detrimental effects of cyclophosphamide on the KGN cell model,
thus managing POI.
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serum on KGN cell model(x+s,n=3)

415 TRFR A H0/% T TH /%
ki 100.00+6.64
LR 4] 48.92+16.63%
W5z 2 245 13 21 10 56.84+11.70

20 82.18+10.69”
30 81.52+6.30%
40 72.24+14.86
50 64.60+10.80

T 52 B4l VP<0.05,7 P<0.01; 55 T 41 H 4% Y P<0.05,
YP<0.01(F 3-%617)

3.3 BhER X KGN 4Ll T S 2 525 H
L PE R, RRRYZH U T A 2 MR I (P<0.01) 5 5 A
T LG HC, B O 3 5 24 10035 2H 40 A o AR B S ek b
(P<0.05) , 11 Wit 410 i 55 25 40 B ) 02 32 W3 4 o /D> (P<
0.05) , F Wi 10 i 70 + By B9 37 5 245 ML 375 20 40 L 40 12

TE VRS pmol- L (K 4-3K 6 [])

3.4 BhOB % KGN 41 ig PI3K/Akt/mTOR {55 5 i %
EEMAWEARRERAERN S50,
B %1 2 PI3K . p-Akt. p-mTOR & |1 £ ik % T B
(P<0.01) , Beclinl f1 LC3 & 1 % ik & & Tt & (P<
0.01) , ATGS % H £ ik 8 & 7t /= (P<0.01) , Akt Al
mTORHE 1 RB T B A, SHEAAE, &2
IfiL 7 41 PI3K . p-Akt. p-mTOR %5 114 3 ik W] 2 T+ &5
(P<0.05),Beclinl \ATG5 Il LC3 #& 4 # ik B B T %
(P<0.05), Akt fl mTOR 7 (1 £ X AL & F LG i
2R S A W R 41 PI3K  p-Akt . p-mTOR & F
F 35 B TH 5 (P<0.05) ,Beclinl Al ATG5 & 1 6 3k
T B (P<0.05), Akt . mTOR Fll LC3 % |1 26 ik 78 {k 25
SETGETT 5 o A WA 50+ Bl 517 1 24 i 4
PI3K .p-Akt.p-mTOR % 1 % ik B & 7 & (P<0.01),
Beclinl Fl ATGS % [11 3% ik & 2 F % (P<0.01) ,LC3
EHE T AER LS5 X, Akt FlmTOR
2R A M 22 5% g it 2% 3 0, #hE SR 41 PIBK.
p-Akt, p-mTOR & 1 % ik B & J+ & (P<0.05) ,
Beclinl 1 LC3 # [ % ik i 2% T F% (P<0.01) , ATGS
Ak 8 F % (P<0.01), Akt f1 mTOR & H %
AR ER TG E L WE 1 #4 5R5,

3.5 BhERAXT KGN 400 [ me s s me 525 1
4 HR B4 MDC 988 B 1 3 14 in (P<0.01) .
SRRV R, B BB 7 % 24 1007 41 MDC 2t 5 i
BB T B (P<0.05), [ B0 1 58 41 MDC %¢ 5t 5% B
B S R B (P<0.05) , [ W40 i 700+ B B9 % & 24 1 v
41 MDC %¢ 6 5 B2 & 3 N B (P<0.01) , b Sk 41
MDC #¢ 5 Ji W 5 F [ (P<0.05) , [ W41 il 77 + )
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A B C D E F
T ALZS FE BB  C B IR & 25 LW 4 D. 1 W i
E. [ W b 500+ By B9 3 &5 245 13 4L 5 FAMEE SR 4L (] 2 1))
E1 &HHAPBK/Akt/mTORFESEREARABEBRIERIK
Fig. 1 Expression electrophoresis of PI3K/Akt/mTOR signaling

pathway proteins and autophagy proteins in each group

Y 5 24 1ML 4L O0 R B f s, (H 4% T AL ) 2

Fx4 BIPHX KGN A PI3K/AKt/mTORES BB EA R

Tgit#E L., WK 2. %6,
4 itig

I 0 1 Ay 200 A4 45 R 2 8 A% 0 LR, A 1 A
FLah on Sk B SE A EER . — i, IE R
(A R A 1 5 T LT B 2 Tk BORE A A 4 0K 4 i
R B A 200 6 4 B A8 0 R BRI E R T
W, I B SR A 7 W5 L 3 bR R AR E ORI 4
5,08 /0 DNA 51405 LB 4 45 011 440 it A A e F
RS I S T Byl TINES TR L NI E N U ¢
T, 20 M W O T R e B B 2 A O e A B
L 2 VA AR R . B S B B 5E & B, POL
LR R B N SR AR 48 i LC3 1T /LC3 T # 4k % T+
B, F IR Y p62 F3k TR, $7R A WAL B W0
044 B9 SR AR 20 B L B W, AT LA R ALl AR O
B L (FSH) AR A A p 28 (LH) ZKSF-, 3 ik
TR (E,) ML A R (AMH) KCF s/ 51 i
PR, e 3 B LAt A T B

W& TG POLY 44 , A 415 I PR 28 B0 ) b L 05 s oy
“HZad /DRI GoK R W B R
& POT (A MR AN IR, 3 5 K o0 T e Ml 2 22 4 Ik I 2
L B0 SR K O B AT R S AR K. T
B # 2 2ead KW UE A6 POT AT AR B 5 F,
SRR R =N M= e NI 8- O ST Q1T
Z T UUR MG B0 i, 2k B K R 0P B Y e Y B
(7 Bl BR R T I B R AR R L vk g T B

M (X+s,n=3)

Table 4 Effect of Zhuluan decoction on protein expression of PI3K/Akt/mTOR signaling pathway in KGN cells (x+s,1n=3)

2090 R 80 % PI3K/B-actin p-Akt/B-actin Akt/B-actin  p-mTOR/B-actin mTOR/B-actin
B! 1.00+0.14 1.00+0.07 1.00+0.11 1.00+0.14 1.0040.16
TR 0.43+0.06’ 0.45+0.12% 0.98+0.10 0.47+0.07> 0.91+0.13
Bl OB & 24 135 4 20 0.76+0.11% 0.81+0.06" 0.96+0.19 0.77+0.10” 0.90+0.15
9 e 41 3 590 207 0.73+0.07> 0.81+0.06" 1.05+0.13 0.73+0.08 0.87+0.16
9 I 00 340 550+ B B 3 24 0t v A 207420 0.87+0.14" 0.91+0.06" 0.96+0.24 0.88+0.15% 0.84+0.18
MERAL 20 0.73+0.15Y 0.99+0.18 1.12+0.20 0.73+0.05 0.94+0.30

x5 BAYKGNAMABEXEQKERENEME (3+s5,0=3)

Table 5 Effect of Zhuluan decoction on expression of autophagy-related proteins in KGN cells (x+s,n=3)

21 5 B 5% Beclinl/B-actin ATG5/B-actin LC3/B-actin
24 1.00+0.14 1.00+0.19 1.00+0.25
AT 2] 2.49+0.36" 1.85+0.19” 3.44+0.31”
Bh 537 24 1 v 2 20 1.83+0.24” 1.34+0.16> 2.04+0.18>
W41 1] 550 20" 1.87+0.16> 1.30+0.20” 2.50+0.56
1 W41 11 790+ 0 B9 3 24 L 4 209+20 1.46+0.31" 1.09:0.18" 2.44+0.83
FMERA 20 1.69+0.17" 0.62+0.26" 1.58+0.86"

.94 -
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B2 BhOPiZY KGN MDC @3B BRI (FE7506,%x200)

Fig. 2 Effect of Zhuluan decoction on fluorescence intensity of MDC staining in KGN cells (IF, x200)

x6 BMAMNKGNAMBEERALBEENEUSTHZIE (325,
n=3)

Table 6 Effect of Zhuluan decoction on quantitative analysis of
autophagy fluorescence intensity detected by MDC method in
KGN cells (x£s,n=3)

21 5 BN EU% BT 9k %
R 1.00+£0.14
BRI 4 1.70+0.09%
Bly 513 & 245 10035 41 20 1.13+0.14Y
19 e 410 14 59 20% 1.08+0.19"
B BB A 2 4L 207420 0.78+0.07"
FME SR 20 0.97+0.03%

JERISE 0 AR AN R IR AR T b R 4
b g DR G AN T PR A A R

M, Z 25 M, g s ik, o 2 Al 7
I BB, 4 S AR L 2 4 R 5 Al RN B RN
IR, A EAT AR AR BEREA M, 4t
A7 4 5 B 2 3%, AR RS PR, 5 38 T S R 23S
OB BR[OS R A A SRR E R R, =
L AETE IS 2 8 S0 s A A AT BRIR 2 A @i%l\ﬁﬁ
N I SR s I R | BTl el O oy I o
JELRR B BR SLFR I 2 8 I RS R B Bh B
A 3 B AIC POT AR 5 1ML 78 FSH /K F, 7+ & AMH K
S, I B0 o SRS R v A0 DR AL R A Y R
B, Bh R 37 AT L0 POTAR A4 K R BP 55 4 40 p PI3K .
Akt J¢ mTOR & [1 3£ ik , [F] B B AR LC3B & 1K F,

%fﬂT'JEﬂ%%ﬁ*iémE@LFﬁﬂﬁkﬁz AT 336 6 2 T
i 3 A0 R BR O B4 A D RS2 e . SR, H ET B
B1 37 410 i) B L JURL 4 P o ﬁﬂzE’J(ﬁﬁRﬁ%T
%&WJ%EE B = 0 A R K oy F B RIE, HL
Bl 91 7 Z2 41 43 Wiy 5] ) 2 0 AL o4 AN T 2 L AR 5T
K I KGN émﬂ@ﬁﬁﬁi%%ﬂé, =R TN REA
A5 22 2 VR SR A0 W A 4 T 4 R
W R 257597 POT4R HEER AR Bl 22K 9

KGN 4 fits & /& KGN Jifr 98 ke U5 1) 7k A= 1k 40 i
VB S B S5 0% F B S 4, O B IE O 5L 0L 240 i
f) A ) 2 R (B FSH 32 R 3258 3% % & Al g
B WE PR P AL ), BE BB 52w O S5 AR 5E 5 N 4y
WIRE LR ST S R R R B
S WF 5% POL YR B AL i K 25 ) 1 990 ) BEARL T2 220
EL A WF 5T & PR B L e XF KGN 40 i A7 R i T4
AT R R B Ik i ) KGN 41 Y POT AR 0 1207
BHAE WA FFiE— PR E . AR R ER,
5 wmol- L™ B8k Bk i 58 BH 2 70 i KGN 40 At 3% 5 , #61
K SR 20 ) R, PR e X KGN 41 i 33 5
BY 0 B8 71 5 P B I I TR B IE AR G, 5 wmol- L7 4k
P KGN 41 i 48 h AT DL g 57 A P & ik KGN 41 g
POISE Y T TR 5 M8 11 Ay s Ity A 1 ¢ 1), 3 2o 410 il
VES T A XS 1 /NS T I L SR AR 1w A R AT
A WF 5T AR B, S 225 ) 1 B A5 )& — FP 44 O PPTI
f) T , PPT1 BE 8 ¥ mTOR M 1 52 W [ wg >,
mTORC1 J& [ Wi i O B 45 X, 24 98 5% 78 L I,
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mTORC1 8% B , 0 A W 5 48 F7 6k = 5 ig i A
S, mTORCT B 40 il , [ W s o PI3KY
Akt/mTOR {55 5 i % /& 4 Ml Ny 5 2 19 15 5 1% 258
.2 5q A K WA A7 AR S AR B
7% % W] PI3K/Akt/mTOR {55 5 38 [ 2 5 J50 ki 4t Jfd A
G Bk A0 M W Y A A, PISK G i i1 Akt 32F 17 906
mTOR, 41 i UKL 40 i W 1) 2 A2 FE AR 9T &
P, B IR 5 S 0 KGN 41 i POT A 24 v PI3K
p-Akt.p-mTOR {9 & ik 8 #0117 Bl BR % % 245 1M ¥
L A 0 R S M R X — s H A
A EMEAE A, Bk /D T P8 I e 6 KGN 20 i i) 454
155, B KGN 40 g i9 98 1% . Beclinl 3@ i3 5 M 2%
PI3K(Vps34)J¥ 52 A 4, IRI46 Y et i 4% S 1) B A%
S R B A A R P TR R R Y Y ATGS S
Wit (A B 5 IR e i) G s P AT &, Ho iR ik is i 2 B
W R Y S B A5 TR LC3 it M LC3 T #i ik
LC3 I & fir T A W A4 BE, I 43 A1 Sk A2 Ak 2 s
FOWE TG PR OGBS BRDT AR B 5T b B A 41 h
Beclinl \ATG5 & LC3 2 Bl & R iAW 4, vl 9 78
KGN 4 itd POTAE AL rpr |7 W5 Bk 3k J32 0%, B B0 ¥ 5 24
I8 A B 5 B R 4 v Tl DL R IS Beclinl |
ATG5 M LC3 [ 323k, 0 il KGN 4f ffd () & B 1 Wit
R G SORL 28 i ) g i AR E R . Lk L MDC B
o A5 I B W b S BT Bl R B 24 0T RT D ek
PR E 175 5 1 KGN 21 il POTAR A o B 13 s & A

g5 LTI A SR 50 0E T Bl BP9 1 B IK KGN
4 Y 05 TR B0 PI3K/AKt/mTOR {5 538 %, [
I F W5 AH G2 11 Beclinl \ATGS J LC3 Ay 2k, il
Pl ot e 175 5 19 KGN 20 il POTASE AU 1) ok B2 19 Wt ,
ALy P 24 W 0k B SR 0K 20 i B4 547, 1k ) i 3 o
HA A DI RE I AE L O D4 A BE i — 20 TE B AE I
PR A %% 5 7 B BR 37 3R 97 PO ) nl BE ML Il 5 7% ¢
R

TEH A BLT A R T e A A R OGR4
JH W 3 Ao I R 5 0 R ) A I A B L Ol I
B B A G i AR A PR B DA R B R 4 48 i 1Y
YERD; AT R 4 2 e P SE T 1) R 2 — | SR A7 1
F ALy BB RLE L T RS SETA
V140 48 2L o8 3 #8235 40 i % foge R T Ak R
HAAE R, )R g A E T, 4R R A A TG sh 1Y
HRFHEATEY. SRIMA 1 2 W58 UE 52, WX 41 it 5
T B H A SR R A A W — E AR B A
PE LR 20 MO A 4 F L T A B ) R AR S A i
TP HEFE T, 48 15 40 08 1 1 & AR BRI Ik e
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i 3 41 ) PI3K/AKt {5 538 5 A0 30T, R/ Lo
F W A & A, DT AR 2F B9 55 200 AR A O T, S BER BE
REZ M . A5 I AE S BESE kB ABT-737 fig %
i 3 U S A0 R LR [ WY R (R B S
20 B W R T T R BUR VR kR
5% K A AL 4R AT RE 0GB A WY R AR B B
&S w R T T/ B OKS B 40 i & A A
T2, /N AR FE DI BE o AR BT v 3t X 40 B R R
W0 25 5 $ 7R P T e 305 A i 200 A 0 T 3 B S
Western blot 2 7~ 455 1 2 H W 40 5 85 5 Kk B B 7+
15, MIDC e ot 47 7 B0 20 [ I 2 e ek 1 i, %
& PR W I e T AE 3 5 410 il PI3K/Akt/mTOR {5 5 i
R G g e B A Sl e T (17 A
KGN 4 it [ PR T, B B9 37 vl % ik — B4, HL
W FH L s 0 R T R A B R e
LI 4100 7415710 5 B8 B0 32 1 30 FH T - A i 2 A < 7 -
e 8756 R, 0T AR E 0T 22 )2 IR B - T I 4
SCE Y Bl A . AR RIS N R AT A - T A
SUAT RS TR B AR AR IR YT B A R AR B
[(FlzEmze] ARG AAAFTH AT K.
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