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Study on Improvement Effects of Total Ginsenosides on D-galactose Induced PC12 Cell Senescence and Its
Mechanism

QIAO Juhui, ZHAO Daging, LIU Meichen, SUI Bowen, LIU Ying, XING Xin (Institute of Ginseng Research,
Changchun University of TCM, Changchun 130117, China)

ABSTRACT OBIJECTIVE: To study the improvement effects of total ginsenosides on the senescence of PC12 cells induced by
D-galactose and its mechanism. METHODS: Rat pheochromocytoma (PC12) cells were treated with D-galactose to establish cell
senescence model. CCK-8 method was used to screen the D-galactose modeling concentration and total ginsenosides concentration.
Normal control group, model group, total ginsenosides low and high concentration groups were set up. Cell senescence, cell
apoptosis rate, apoptotic cycle and mitochondrial membrane potential (MMP) , cell adenosine triphosphate (ATP) and reactive
oxygen species (ROS) levels in each group were detected. The expression of apoptosis related proteins [B lymphoma 2 (Bcl-2) and
its related egg X protein (Bax), cytochrome C (Cyt-C)] and oxidative damage related proteins [nuclear factor 2 related factor 2
(Nrf2) , heme oxygenase 1 (HO-1)] were detected. In addition, positive drug group [5 mmol/L N-acetyl-L-cysteine (NAC)] and
positive control group [D-galactose+5 mmol/L NAC] were set up to compare the levels of oxidative damage related proteins.
RESULTS: D-galactose could significantly inhibit the survival rate of PC12 cells, with a critical concentration of 20 mg/mL. The
total ginsenosides could significantly increase the survival rate of D-galactose induced senescent cells with a median effective
concentration (ECs) of 65 pg/mL, and then the low and high concentrations of total ginsenosides were set at 55 and 65 pg/mL.
Compared with normal control group, the number of aging cells increased, the apoptotic rate and percentage of G, phase were

significantly increased in model group. the percentage of S phase, MMP and ATP contents, the protein expression of Bcl-2 and

] - - - Cyt-C in mitochondria were decreased significantly, while
AFERIUR  HRK ARRAEE ST (No.81703663) ; HH Ak

ROS content, the protein expression of Bax, Nrf2 and Cyt-C
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protein in endochylema were increased significantly (P<<0.05
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contents of MMP and ATP (except for low concentration group), protein expression of Bcl-2, Nrf2 and HO-1 as well as protein

expression of Cyt-C in mitochondria were increased significantly; ROS level (except for low concentration group) and Bax protein

as well as protein expression of Cyt-C were decreased significantly. The protein expression of Nrf2 and HO-1 were increased

significantly in positive control group (P<<0.05 or P<<0.01) , but it was lower than that of total ginsenosides groups.

CONCLUSIONS: Total ginsenosides can improve D-galactose induced senescence of P12 cells, the mechanism of which may be

related to activating Nrf2 antioxidant signal pathway to antagonize D-galactose induced oxidative stress and alleviating

mitochondrial dysfunction.

KEYWORDS Total ginsenosides; D-galactose; PC12 cells; Senescence; Mitochondria; Apoptosis related protein; Oxidative

damage related protein
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Tab 1 Effects of D-galactose on survival rate of PC12

cells(xts,n=3)

45 KR, mg/mL AR, %
IEF AR 96.71£8.03
euikil 5 96.96+2.07
10 86.53+447
2 66.65+12.52°
30 48301445
40 30594277
S IE R W A s, **P<<0.01

Note: vs. normal control group, **P<<0.01
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LA A G i e, I Y SVl 8 wg/mL J
DL BB, g ) g 25 S5 3890 e it 24 L (P<<0.01) , BRI
#2, NS EBITXTPCL2 ZEEANMIN) ECs ol 65 pg/mL,
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Z R TTR 2REE
R2 ASREFXNPCREZHAMGEERENHI(x £
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Tab 2 Effects of total ginsenosides on survival rate of
PC12 senescent cells(x +s,n=3)

bl Bl pg/ml MIBAERE, %
EF IR 100.00748
fiAIR $349£339"
Pl 1 1741795
2 BI+1052
4 79854651
8 §7.02£733"
16 §752£492"
k) 93.03+820"
64 96.95+813%

T IEE O RRAL R, P<<0.01; SRR R, P<<0.01
Note: vs. normal control group, ** P<<0.01; vs. model group,
#P<<0.01
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Fig 1 Micrographs of the effects of total ginsenosides

on the number of PC12 senescent cells (f$-galac-
tosidase staining, x200)
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Fig 2 Flow cytometries of the effects of total ginse-
nosides on apoptotic rate of PC12 senescent cells
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(x+s,n=3,%)
Tab 3 Effects of total ginsenosides on cell cycle distri-
bution of PC12 senescent cells(x = s,n=3, %)

415 G A Bl SN G f
AR 30.53£094 3447080 1380£1.53
fAH 39754110 2926£0.85° 1578£1.05
B BEHIREEA 35504075 3140£134 1668096
AB BRI 364940827 3IMELY 1728+ 111

5 UL R, * P<0.01; SAAIA i, "P<<0.05,"P<<0.01
Note: vs. blank group, **P<<0.01; vs. model group,"P<<0.05,"P<
0.01
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## T

100 .
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50

E X I BORL  AZ R AZ R

IeEal kRl
T HIER TR, * P<<0.05; SRR F A, “P<<0.01
Note: vs. normal control group, * P<<0.05; vs. model group, "P<<
0.01

3 ASEREHXPCI2 3 ¥4 MMP i % Iy
(n=3)

Fig 3 Effects of total ginsenosides on MMP of PC12
senescent cells(n=3)
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Note: vs. normal control group, **P<<0.01; vs. model group, “P<<
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Fig 4 Effects of total ginsenosides on ATP of PC12 se-
nescent cells(rn=3)
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0.01
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(n=3)
Fig 5 Effects of total ginsenosides on ROS content of
PC12 senescent cells(n=3)
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Fig 6 Electrophoresis diagrams of the effects of total
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ginsenosides on protein expression of Bcl-2,
Bax and Cyt-C in PC12 senescent cells

2.11 HRELRGHEXEARIER

¥ Fil Western blotting P56 o #¢“2.47 TR Jr k41
H R, W24 W5, H42.107 R Jy i HL B A i s
Flo RN 8 Al 0] e e vl B B4R U 8 A
K I AL 3005 R0 5626 1 Nrf2 \HO- 1 35, —HiRs B L 17i]
Sy 1:1 000, “HiRsFEHAI 1:10 000, %934 FHE 25140
AP XS R T g, BRI 204 A FE % 5 mmol/L
NAC 152 45 F2 MR35 1 h, PEA: T BB 41 40 i 56 4 5
mmol/L NAC [ 5¢ & 55 F2 W H5 4% 1 h, B & 20 mg/mL

China Pharmacy 2020 Vol. 31 No. 24 - 2997 -



F4 ASZREEWPCI2REZMMH Bel-2 Bax Cyt-C
EARIEMZM (xts,n=3)
Tab 4 Effects of total ginsenosides on protein expres-
sion of Bcl-2, Bax and Cyt-C in PC12 sene-
scent cells(x +s,n=3)

@3 Bel-2/GAPDH B:\x/,GAPDH Cyt-(}/ Cox IV Cyt-C/ (:;APDH
() (41H) (4hifk) (1)
FEMIRA 0.94£0.07 0.07£0.01 092£0.02 052+0.07
ikl 045£006  0.13£0.01" 0524003 0.84£0.04"
NBRBHIORES 0651007 0.06+0.01 0.73:+0.04” 0.52+0.08”
NBERHFEREL 0954003 0.07£0.01 0.85£0.04” 0.50£0.06"

s GIER R L#, * P<0.01; SHOTIL LS, "P<<0.05,"P<
0.01

Note: vs. normal control group, * * P<<0.01; vs. model group, ‘P<<
0.05,"P<<0.01
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Fig 7 Electrophoresis diagrams of the effects of total
ginsenosides on the protein expression of Nrf2
and HO-1 in PC12 senescent cells
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®5 ASBREHFIPCI2REMAH Nri2 HO-1EH
RIZHIRM (x +5,n=3)
Tab 5 Effects of total ginsenosides on the protein ex-
pression of Nrf2 and HO-1 in PC12 senescent
cells(xts,n=3)

A Nif2/Lamin BCAIEH) HO-1/GAPDH(#iJf)
IE IR 0.55+0.06 0.57£0.05
M 0.71£0.04 0.71£0.03

PR ERAL 1.01£0.03° 0.94+0.04°
f 0.79+0.04" 0.66£0.07

NS HRTHOREA 1.09+0.10" 123101574
ABREHRkEA LI5£0.15% 130400774

TE: SRR X RAL AR, " P<<0.05; SRR LHE,"P<<0.05,"P<
0.01; 5 FHHEXT ERAL AL, **P<<0.01

Note: vs. normal control group, *P<<0.05; vs. model group, ‘P<<
0.05,%P<<0.01; vs. positive control group, **P<<0.01
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