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[ Abstract] Objective: To investigate the protective effect and regulatory mechanism of berberine
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(BBR) against the senescence of ovarian granulosa cells. Method: A cell senescence model in the human
ovarian granulosa-like tumor (KGN) cell line was induced by H,O,. A control group, a model group, and high-
dose (1 wmol-L™") and low-dose (0.5 pwmol-L") BBR groups were set up. The cells in the model group and the
BBR groups were incubated with 10 wmol-L" H,0, for 40 min. The effect of BBR on KGN cell proliferation was
detected by cell counting kit-8 (CCK-8) assay. The effect of BBR on the senescence of KGN cells was detected
by B-galactosidase staining. The effects of BBR on the apoptosis and ROS content of KGN cells were detected by
flow cytometry. The effects of BBR on the mRNA expression of B-cell lymphoma-2 (Bcl-2)/Bcl-2-associated X
protein (Bax), cysteinyl aspartate-specific protease-3 (Caspase-3), forkhead transcription factor O1 (FoxO1),
and catalase (CAT) was detected by Real-time fluorescence quantitative polymerase chain reaction (Real-time
PCR). Western blot was used to detect the effects of BBR on protein expression of silent information regulator]
(SIRT1) , superoxide dismutase 2 (SOD2), c-Jun N-terminal kinase (JNK) , FoxOl, autophagy-associated
protein microtubule-associated protein light chain 3 [ (LC3B Il ), mammalian ortholog of yeast Atgé (Beclin-1) , and
ubiquitin-binding protein p62. Result: After H,O, induction for 40 min, the cell proliferation rate of the model
group decreased compared with that of the control group (P<0.01), and the cell proliferation rates of the BBR
groups increased compared with that of the model group (P<0.05). The results of B -galactosidase staining
showed that the cells of the model group showed significant senescence compared with those of the control group
(P<0.01), and the cellular senescence in the BBR groups was reduced compared with that of the model group
(P<0.01). As revealed by flow cytometry, compared with the control group, the model group showed increased
apoptosis rate (P<0.01), and compared with the model group, BBR groups showed decreased apoptosis rates
(P<0.05). Meanwhile, the ROS content in the model group increased compared with that in the control group
(P<0.01), and compared with the model group, the BBR groups showed reduced cellular ROS content ( P<
0.01). The Real-time PCR results showed that compared with the control group, the model group showed
decreased mRNA expression of CAT and Bcl-2/Bax in KGN cells and increased mRNA expression of Caspase-3
and FoxO1 (P<0.05) , and compared with the model group, the BBR groups showed increased mRNA
expression of CAT and Bcl-2/Bax (P<0.05) and reduced mRNA expression of Caspase-3 and FoxO1 in KGN
cells (P<0.05). As revealed by Western blot results, SIRT1, SOD2, and p62 protein levels decreased in the
model group compared with those in the control group (P<0.01), and JNK FoxO1l, LC3B Il , and Beclin-1
protein levels increased (P<0.05). After BBR intervention, SIRT1, SOD2, and p62 protein levels increased (P<
0.01), and JNK, FoxO1l, LC3B I , and Beclin-1 protein levels decreased compared with those in the model
group (P<0.05). Conclusion: BBR has an inhibitory effect on ovarian granulosa cell senescence, and the
mechanism is related to the inhibition of apoptosis and autophagy mediated by the SIRT1/FoxO1 pathway.
[Keywords] berberine; ovarian granulosa cells; oxidative damage; apoptosis; autophagy; silent

information regulatorl (SIRT1)/forkhead transcription factor O1 (FoxO1) signaling pathway
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Table 1 Primer sequence
Elk7] LUEFHI(57-3") TUEFAI(57-3") KB /bp

Bcl-2 CCGCGACTCCTGATTCATTG ACTTCCTCTGTGATGTTGTATTTTT 160
Bax ACCATCTTTGTGGCGGGAG AAAAACACAGTCCAAGGCAGC 89
Caspase-3 GATTATCCTGAGATGGGTTTATGTA AATGTTTCCCTGAGGTTTGC 116
FoxO1 AAACACCAGTTTGAATTCACCC TCGACTTATTGTCCTGAAGTGT 113
CAT GAGCACAGCATCCAATATTCTG CTCATTCAGCACGTTCACATAG 102
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA 138

2.6 TE M REEI R (Western blot) A% ] 21 fitd $it &
A S HAL T30 i G B R K KGN 48 g 42 4 T
6 Lk , 73 4 .25 %) 1 T B H,0,4F H i #2 [7] 1.6 3 .
TN B 1240 W vk b A 20 i, B R B 1 O R AT
BCA # H & &7 , 10% 43 5 i SDS-PAGE HL Ik , ffi JH]
PVDF AT 5%, ik 01 1.5 b, 23 50 ARG B e
B SIRTI1 (1: 1 000) , SOD2 (1: 10 000) , JNK
(1:3000),FoxO1(1:1000),LC3BI (1:300),p62
(1: 10 000) , Beclin-1 (1: 2 000) #l GAPDH
(1:20 000) 470 14 5% 7 52 15, Pk LI o A% 1o — 4t 9t
H 1 h, B R . SR Image JHMI 2 H A 44
5 N2 B-actin JKFEAE I K Fo Al .

2.7 G LW g2 4k SPSS
26.0 FEAT AL IR, FH e K 50, BT AT BHE DL xks ROR PR
K 2 5 2% 50 BT (ANOVA) i#f 17 43 #7 , P<0.05 3R R 25

FAGIFE X
3 &BR

30 X EEZE KGN 3R 24 h)5,
525 [ 2 LA, 5 AU 20 4 i B B R W IR (P<
0.01) ; 5B A4 Fb 4, i BBR ¥ J32 48 w2 240 it 184 7 oK
Y10 8 75 (P<0.05) , 7€ BBR # & 4 1 wmol- L™ i
Ik B B, Ak BBR A R R Mk B
4 1 pmol-L' 5 0.5 pmol-L"BBR #E17 F — 4 3¢
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32 X EZKGNAMEZRENFm 5250
2HLb B, BB ZH R gL Y O 2 Al i B E B o (P<
0.01); b4 THEAIZH , BBR T 1 4H i 4 1Y 5 % 40 ity
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%2 BBRX ¥ ZKGNAMIMEHEM B (vis,n=3)
Table 2 Effect of BBR on proliferation of senescent KGN cells (x+

§,n=3)

41571 )% /pumol - L HO1E /%
R 100.00+3.36
AL 59.18+4.47"
BBR 5 67.07+4.5212

1 72.79+2.594
0.5 67.76+5.29"2
0.1 60.58+8.13
0.05 69.38+7.72

5 IE 4 H B U P<0.05; 5 B B 4 Y P<0.05 (% 2-K 8
")

BEEAR(P<0.01), H BA R SR8, 4558 %
BBR 7] DA 2% fi# H,0, 1% Wi i KGN 4 il . W 3
FAE 1,

#3 BBRIRZKGNHMTEZREHFM (r+s,n=3)
Table 3 Effect of BBR on senescence state of senescent KGN cells

(X+s5,n=3)
21 5 He i /wmol - L TEE AN /%
2 6.42+2.20
T 70 2 33.95+3.54%
BBR 41 1 12.77+2.00"?
0.5 19.87+8.04'%

3.3 XEEZKGNANMMA TR R S H4lt
B, BT 21 A0 O T I I (P<0.01) o A
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Fig. 1 pB-galactosidase staining to detect cellular senescence

/b, BBR TS, 08 T 40 A B B 0 2> (P<

0.05), ¥4,

D

*4 BBRYFEKGNEMBATHEE (i+s,n=3)

Table 4 Effect of BBR on apoptosis of senescent KGN cells (x+s,

#5 BBRXZEZKGNZMEROSEZEM M (x+s,n=3)
Table 5 Effect of BBR on ROS content of senescent KGN cells

(X£s,n=3)

4151 e ¥ /wmol - L™ ROS H 4+ /%
Sk 0.53+0.22
241 42.13+7.79”
BBR 41 1 3.45£0.97"%

0.5 6.88+1.82"%

Bax mRNA % ik i F+ 5 (P<0.05) . 5 HA L
B, A2 Caspase-3 5 FoxO1 mRNA ik i i F+
= (P<0.05) ; SR ZH HE ¢, BBR 1 il J5 Caspase-3
5 FoxOl mRNA #% ik B] & & ik (P<0.05) .
W& 6.

% 6 BBR X} %= # KGN 44 il th Bel-2/Bax. Caspase-3.FoxO1.CAT
mRNA R (v+s5,n=3)

Table 6 Effect of BBR on Bcl-2/Bax, Caspase-3, FoxO1, CAT

mRNA expression in senescent KGN cells (x+s5,7=3)

215 R r Bcl-2/Bax Caspase-3 FoxOl
/pmol+L

2 H4 1.00+0.07 1.0040.09 1.00+0.06

[T RE 0.47+0.05  1.53+0.03%  1.29+0.29”

BBR 1 0.68+0.01""  0.54+0.08" 0.96+0.01"?

0.5 0.61+0.02"%  0.60+0.09"% 1.00:£0.08'"%

n=3)
451 e /pmol - L JHT2 /%
ki 19.10£0.79
TR 2 30.00+1.14%
BBR 41 1 24.30+0.53"?
0.5 26.77+2.91"?

34 XTEZKGN4IEROS FEMEM 4588
AR5 A8 AR R 2 ROS A I 3 1 (P<
0.01);BBR T 1iiJ5 , S5 HI A4 L5, /N BE A 4% 7]t 41
ROS & & I & B % (P<0.01) , H A 7 & 4 #i 7% .
s,

3.5 XF 3 % KGN 4 il ' Bcl-2/Bax ., Caspase-3.,
FoxO1.CAT mRNA Rk M 5= ALK,
iR 2 CAT 5 Bcel-2/Bax mRNA 3£ ik &g 3 ik /D> (P<
0.01) ; 582 8 4 ¥ 4¢ , BBR T il J5 CAT 5 Becl-2/

%<7 BBRXI %% KGN 4 SIRT1.SOD2.JNK.Fox01 & B & ix

3.6 Xf 3 ¥ KGN 41 i SIRT1,SOD2 ,JNK FoxOl ,
LC3B Il .p62.Beclin-1 & FI /K52 45 F %
B, 525 Al H A, B4 SIRT1 5 SOD2 & /K-
i AL (P<0.01) ; BBR T #il J5 SIRT1 5 SOD2 &
FIKF- 8 2 TH R (P<0.01) o [, 528 1 4 A,
A2 INK 5 FoxO1 2K H /K F 8 % F+ i (P<0.01) ;5
M4 %5, BBR T Wi INK 5 FoxO1 2 1 /K F i
FHEAL(P<0.01), HEF SEARBME., S=H4A
i, B 4 LC3B 11 5 Beclin-1 3 35 B 3% fin (P<
0.05) , p62 & [ /K-l 2 [ AL (P<0.01) 5 5B AL 4 [
% ,BBR 20 LC3B Il 5 Beclin-1 3 ik B . J& A% (P<
0.05) , p62 £ 1 7K F f & 4 Jm (P<0.01) . WL & 2 il
7. K3IMES,

8N (X+5,n=3)

Table 7 Effect of BBR on expression of SIRT1, SOD2, JNK and FoxO1 proteins in senescent KGN cells (x+s,n=3)

4151 W ¥ /wmol - L SIRT1/GAPDH SOD2/GAPDH JNK/GAPDH FoxO1/GAPDH
= A 1.00+0.11 1.00+0.07 1.00+0.09 1.00+£0.06
H IR 2] 0.35+0.06 0.58+0.08 1.24+0.04” 1.63+0.07%
BBR 1 1.06+0.09"% 1.22+0.02" 0.59+0.10"% 0.53+0.07"%
0.5 0.74+0.31"% 1.05+0.17"% 0.79+0.26"% 0.85+0.14"%

.83.



5520 B4 6 1] FEXRAFFERE Vol. 29, No. 6
202343 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2023
SIRTI S == QP ==  85kDa SR 3 75 S 09 4 L BE T TT RE & POF & 1Y
FEHLH 22— ROS J& A Ak 0 475 5 72 o Az B Y
sop @D == @B 5. FEYZ - M 1 ROS B A S EUA AL
005 BE 5 S AT UE T2 . RO'S A4 P TR M Sk YA
INK wd QP e waw 48kDa ‘ \
Jirt R P i R PR RS A% TR B R (NADPH) A L i
FOXOl sy 8 woe wwmm 70 kDa EAHREEEHE T EBERER S . KEZHHE
GAPDH "D 4 - - 36 KDa %[ﬁ%%%ﬁﬁ%ﬂ:%&ﬂ:gﬁ2(SOD2)¢§’“§E‘E

A B C D
B 2 KGN i SIRT1.SOD2.JNK.FoxO1%E A& ik B ik
Fig. 2 Electrophoresis of SIRT1, SOD2, JNK, FoxO1 protein

expression in KGN cells
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expression in KGN cells
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Table 8 Effect of BBR on LC3 Il , p62, Beclin-1 protein

expression in senescent KGN cells (x+5,n=3)

415 % Beclin-1 p62 LC3 1
ZH !
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s 1.000.11 1.00+0.06 1.00+0.28
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0.5 1.10£0.15"%  1.08+0.05"* 1.03+0.16"%
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