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Effect of Salidroside on Proliferation, Migration, Invasion, and Apoptosis of HepG2 Cells
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[Abstract] Objective: Salidroside is the most abundant natural active compound in the famous Chinese
herbal medicine Rhodiolae Crenulatae Radix et Rhizoma. This study aims to explore the effect of salidroside on
the proliferation, migration, invasion, and apoptosis of human hepatoma (HepG2) cells. Method: The HepG2
cells without any treatment were selected as the blank group, and the HepG2 cells in the salidroside groups were

treated with salidroside at final concentrations of 20, 40, 80 wmol-L", respectively. A multifunctional cell
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analyzer, scratch assay, and Transwell assay were employed to determine the proliferation, migration, and
invasion of HepG2 cells, respectively. An inverted microscope was used to observe the morphology, and a
transmission electron microscope to observe the mitochondria of HepG2 cells. Flow cytometry was employed to
determine the apoptosis and cycle distribution of HepG2 cells. Real-time fluorescent quantitative polymerase
chain reaction ( Real-time PCR ) and Western blot were employed to determine the expression of apoptosis-
associated genes and migration-, invasion-, and apoptosis-associated proteins, respectively, in HepG2 cells.
Result: Compared with the blank group, salidroside (20, 40, 80 wmol-L") decreased the cell index and
increased the healing area in a time- and dose-dependent manner (P<0.05). Compared with that in the blank
group, the HepG2 cells that could pass through Matrigel reduced in the salidroside (20, 80 wmol-L") groups.
Compared with the blank group, salidroside (20, 40, 80 pmol-L") increased the total apoptosis rate in a dose
dependence manner and blocked the cells in the G,/M phase (P<0.05). Compared with the blank group,
salidroside up-regulated the expression of epithelial-cadherin (E-cadherin) in a dose-dependent manner (P<
0.05) and down-regulated that of nerve-cadherin (N-cadherin) in the 20 and 80 pmol-L" groups (P<0.05).
Compared with the blank group, salidroside (20, 40, 80 wmol-L") up-regulated the mRNA level of cysteine-
containing aspartate-specific protease -3 (Caspase-3) and the protein levels of B-cell lymphoma-2 (Bcl-2)
associated X protein (Bax), Caspase-3, and cysteine-containing aspartate-specific protease-9 (Caspase-9) in a
dose-dependent manner (P<0.05), while it down-regulated the protein levels of the actin-binding protein Girdin
and Bcl-2 in a dose-dependent manner (P<0.05). Conclusion: Salidroside inhibited the proliferation,
migration, and invasion and induced the apoptosis of HepG2 cells through the mitochondrial pathway. The

results suggest that salidroside can be used as a potential chemotherapy candidate for liver cancer.
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SH30022.01, AG29714104) , Jii 4= 1fiL 7 ( 3¢ [ BI 2
A, #t5 04-001-1ACS) , & -fE 55 & R U EG (L1
PR B S A LS 4 )k S110JV . S3100V) , 16 L AR
(3£ H Acea 24 ], It 5 G028201) , 96 FL #x (2 I



28 B 174
202249 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 17
Sep. ,2022

Servicebio 22wl , 5 IMC202111017), 100 mm ¥4 37
M.(J~JH Beaver 28 7], it 5 15T153001 ) , Transwell />
% Matrigel 2 it 2 ( 32 E Corning 2A &, fIt -5 435l A
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F o M0k B 80%~90% , FH 4 Mk i R 0,20 .40
80 wmol- L' A £L 5% K 1 4L ¥ HepG2 41 ] 48 h, Wi £
Zfl . F 1xLoding buffer 15 ¥ 40 M 2 ¥, il A AV 2t
WS wL Y 30 min, FEIA PIYL I S5 wL 47
ety 38 1F e e H 0 I 08 A0 iR, B s 3EAT AL
I3
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T F JC TR 09 6 FLAR I 0 A 5 SR A P R 5
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L, A 4 cCHE ) 75% £ B2 [ 2 4 i 2 h, 7 il
Y 1) PBS PR 2 UK, EE AN M, L 40 i
1x10°4~/mL, fil A Rnase A 4% 100 wL, % i 8% i
B 30 min, F 1A PI Y% W 400 pL, 4 °CHht LT FH
10 min, 3 525 J2 e H 0 ik 38 40 i 8, 55 i AT AL
43T

2.9 Real-time PCRAGIIAH X mRNA ik AWK
J& 4 0.20.40,80 wmol- L [ 4T 5 K 4 b H HepG2
4}l 48 h, ffi H TRIzol 3 71 #2 MU &L RNA, If 38 i 96
Bt 7B 4 M cDNA, 308 5% 5% 45 1« 42 °C [ B
15 min PLiE P4, 95 °C & 1 3 min LA K, LA cDNA
R M, 5 KRS RS Y, G ik PCR Y Y
Caspase-3, 9 1 5514 : 95 °«CTZE ¥4 3 min; 95 °CAR
10 s.55 °CiB & 30 s.72 °C#E 1 30 s, $ 31 40 1§
W N B i 2 HEAT b L B O U B — e ek
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Table 1 Primer sequences

EEY| JFHI(5"-3") K J¥ /bp
Caspase-3 |- f AGCAAACCTCAGGGAAA 149
F ¥ GGCTCAGAAGCACACAA
GAPDH -3l CCCATCACCATCTTCC 142

Fif TGACCCTTTTGGCTCC

.78.

2.10  FE [ %0 B vk (Western blot) K6 il AH 5% &
268 LW E 4 0.20,80 wmol- L' AU 4L 5 K
b B HepG2 4l Jfl 48 h, ffi FH i &5 RIPA 2L fift W 4 I
SR, 8 i BCA G i ik HE 4T 42 i, >R H Western
blot £ il E-cadherin .N-cadherin(1:500)#H > i £ &
114 A 6 22 35 7K -, 3% F GAPDH(1:8 000) fE N
WS, HZUWE R 0.20.40.80 wmol- L' £ 5t K
1 4k B HepG2 4l g 48 h J& , fifi Fi /=5 21 RIPA 24 it WX
B E A, Ik BCA € Bk E R, R
Western blot £ Il Girdin(1: 1 000)#H 3¢ = 28 4 14 1)
AH X 2% 3K 7K °F- , Bax . Bcl-2 | Casepase-3 , Casepase-9
(1:1000) FH 5 9 T2 & 11 19 AH X 2R 357K F | IF 3 H
B-actin(1:5 000)1E NS, LLH B E A KEE/NS
KB 2R B AR R A i

211 GEit2# 8t N SPSS 22.0 Fi 4 X 45 3 i
TG 2E 0 KB DA x + s %om . AR L3R
FH B[R &K )7 2243 B, P<0.05 % /R 22 5% BA 4832
3 #7

3.0 KX HepG2 i A e 55 H
ZH H AL, 21 5 R AF (20,40 .80 wmol- L) £ Hh A 41 i
FE B W R (P<0.05) , L 5% 15 8] 55 50 2 14 4K
P o 7E 48 h, £1 5 K 17 41 (20,40, 80 pmol-L") X
HepG2 4f ifd i) 14 58 E A7 B & i 30 il 7E F (P<0.05) .
PR, 5 20 S 36 FH 24k B2 R 20,40 .80 pmol - L' 21
SR HepG2 4 it 48 h, W32,

R2 ASREN HepG2 HAISEMIF N (¥+s,n=3)

Table 2 Effect of salidroside on cell index in HepG2 cells (x+s,
n=3)

219 B 24 h 48 h 72 h
1
/pmol-L

75 H 4l
5 RIT A 20

40 2.109+0.018" 2.746+0.008" 2.805+0.020"

3.140+0.017 3.689+0.010 3.406+0.034

2.639+0.016" 3.225+0.005" 3.234+0.036"

80 1.806+0.006" 2.309+0.006" 2.556+0.006"

W S HAL I P<0.05( £ 3-% 9 T[]

32 R KX HepG2 MR E I m 5
25 AL B, 41 5 K 41(20.40 .80 pmol- L) @ &
AT AL 34 B A 184 i (P<0.05 ), L 52 Hof [i) T e J2 A4 f 4
LT R 3.

5 A IR, 205 K 41(20.80 wmol-L™)
HepG2 4l g ' E-cadherin & (1 3 i5 Bl & T+ & (P<
0.05) , N-cadherin 45 [ 7K ~F- ] & B fIL (P<0.05) . UL
&l2.3% 4,
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A B c D
AL A 4L B~D. 405 K441 (20.40 .80 pmol- L) (& 4-FA 7[7])
1 XRERHRNIZREFX HepG2 BT R 68 RO R0 (8] B W HBE, x40)
Fig. 1 Effect of salidroside on migration in HepG2 cells (inverted microscope, x40)
F3 ASXEXN HepG2 @AM EEMAFI (X+s5,n=3)
Table 3 Effect of salidroside on healing area in HepG2 cells (x£s,n=3) mm?
21 57 e )i /wmol - L 0h 12h 24 h 48 h
Sk 513.674+0.088 415.674+0.058 272.988+0.066 112.736+0.062
ZLRCRAT AL 20 506.533+0.110 473.041+0.197" 364.910+0.037" 321.231+0.021"
40 508.713+0.123 483.521+0.139" 427.066+0.062" 373.483+0.052"
80 513.137+0.052 500.824+0.086" 459.295+0.094" 409.805+0.060"

E-cadherin * ! w ' 120 kDa
L T B L3
o -

carpr (N GEND [ JE

A B C
HrA S4B .Co AR 41(20.80 pmol- L) (E 3[[])
2 EXEFER HepG2 i E-cadherin,N-cadherin & B B ik

Fig. 2 Electrophoresis of salidroside on E-cadherin and

N-cadherin proteins in HepG2 cells

33 A m KX HepG2 R BRE ST 5
2 R, 40 5 KA 41 (20,80 pmol- L") HHRE S
23 Matrigel 3 5 6 (19 Hep G2 4i g B 52 ¥k S5 4 #t
PR D, W 3. S5 AL, 40 K4l (20.,
40,80 wmol-L™") #I il HepG2 4 il th Girdin £ 4 %
ik(P<0.05). WK 4,35,

T4 LTE=XEF HepG2 4 il E-cadherin #1 N-cadherin & B &%
G850 (X+s,n=3)
Table 4 Effect of salidroside on E-cadherin and N-cadherin

proteins expression in HepG2 cells (x+5,n=3)

15 e E-cadherin N-cadherin
/pmol- L™ /GAPDH /GAPDH
sk 0.018+0.002 0.220+0.014
A RAT 4 20 0.105+0.015" 0.178+0.013"
80 0.169+0.007" 0.094+0.008"

3 AS=XEFX HepG2 M E R RITM (] & 55, x400)

Fig. 3 Effect of salidroside on invasion in HepG2 cells (inverted

microscope, x400)
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p-actin < W @@ e 42 kDa

A B C D
4 LEXREFERHepG2 M Girdin T B Rk
Fig. 4 Electrophoresis of salidroside on Girdin protein in HepG2

cells

£5 ABXEX HepG2 M Girdin EARKMFIE (F+s5,n=3)
Table 5 Effect of salidroside on expression of Girdin protein in

HepG2 cells (x+s,n=3)

215 )% /wmol - L Girdin/B-actin
sk 0.766+0.009
LR AL 20 0.966+0.029"

40 0.760+0.021"
80 0.562+0.044"

3.4 B RHFIESF HepG2 M T- MY fEA
TN TE LB IR AL BE 2R, Hep G2 41 il 11 IE
SEAKRR, AN 5 T 48 h, 215 R4
(20,40 .80 wmol-L")HepG2 4fl jfg & i & ML I,
I J A8 RN 04 U T 20 M, LU T 20 ) B S
FEAR RS I, DLIEl 5.

TEANT YN E 2B SRR Z T, HepG2
Y1 Y 2R R S B I R L Rl . 5
25 4 L8R, 40 5 K 1 4H (20,40, 80 wmol-L7)
HepG2 £ Jfl (1) 2 b 44 B55 345t 30 AN [ A8 B8 1 ik 461
DLE 6.

MAMMEEE R E R, 58 HA LK, 5K
24 (20.40.80 pmol- L") & i T K B & T 5 (P<
0.05), H 2 Wk kM. k6.
3.5 LI KX HepG2 4B A W 4 A e 5
ZHA L, 45K (20.40,80 pmol-L") 4

A B

C D
BE5 gOFXERH HepG2 AMFT (& HMHT, x200)
Fig. 5 Salidroside promoted apoptosis of HepG2 cells (inverted

microscope, x200 )

F6 AF=REX HepG2HMBTHIFM (X+s5,n=3)
Table 6 Effect of salidroside on apoptosis in HepG2 cells (x=s,
n=3)

2190 e BF /wmol - L™ BT R %

2 HH 6.52+0.29
LR HH 20 19.18+0.23"
40 27.2240.51"
80 34.48+0.35"

G,/M 9 114 44t B b 3] DA o J3E A0l 1 1 O = 35 38
5 R BE G/G 3 04 4 B E 491 DA e 5 A0 1 1 =
G B AR (P<0.05) . WL 7,

3.6 £ 5 K iF X} HepG2 4l Jifd Caspase-3 mRNA 7K
Fsgm 528 FA R, 405 R 141 (20,40,
80 pwmol- L") % % 7717 5 8 111 1) Caspase-3 mRNA
IR B R BE AL T i (P<0.05) 0 WL 8

3.7 405 KA X HepG2 4 M A T- M G K A R A 1Y
Mo 5| AR, 4R R 4 (20, 40,

Bl6 FREFRH HepG2 M P &M AGEREMBG (B4 HHL, <8 000)
Fig. 6 Salidroside promoted damage of mitochondrial membrane in HepG2 cells (TEM, x8 000)
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KT ASREN HepG2 M EHBI RN (X+s,n=3)
Table 7 Effect of salidroside on cycle in HepG2 cells (x+s,n=3) %

3573

£ 51 fwmol-L" G,/G, S G,/M
ek 84.68+0.18  10.00+0.18 5.3240.09
LR AT AL 20 71.02+0.27"  22.90+0.15"  6.08+0.13"

40 60.57£0.17"  25.08+0.07" 14.35+0.15"

80 49.51+0.14"  31.69+0.16" 18.80+0.14"

R8 A=XEHX HepG2 4R Caspase-3 mRNA K FER I (x+s,
n=3)
Table 8 Effect of salidroside on Caspase-3 mRNA in HepG2 cells

(x+s,n=3)
2090 e ¥ /wmol - L7 Caspase-3
2314 1.000+0.000
LR AL 20 1.053+0.166"
40 1.200+0.022"
80 1.285+0.120"

80 wmol- L") Bel-2 £ [ & A 52 i B 4 1k B Ik (P<
0.05) , Bax.Bax/Bcl-2 . Caspase-3 . Caspase-9 & [ 3
R R R RO T R (P<0.05) . LK 7 3R 9.

Bax ..'nkDa

- - - - 32 kDa
e
G - — * 35 kDa

Caspase-3

Caspase-9

e - - - -

A B C D
7 a2 XEH1EH HepG2 41 Al Bax.Bcl-2, Caspase-3, Caspase-9
=1 B3
Fig. 7 Electrophoresis of salidroside on Bax, Bcl-2, Caspase-3
and Caspase-9 proteins in HepG2 cells

R9 LASXREX HepG2 41l Bax.Bel-2.Caspase-3,Caspase-9 EHRIEM M (¥+s5,n=3)
Table 9 Effect of salidroside on expression of Bax, Bcl-2, Caspase-3 and Caspase-9 proteins in HepG2 cells (x+s,n=3)

21 5| e /wmol - L™ Bax/B-actin Bcl-2/B-actin Bax/Bcl-2 Caspase-3/B-actin Caspase-9/B-actin
S H4 0.505+0.005 1.27140.014 0.397+0.007 0.124+0.004 0.077+0.005
FAR= N | 20 0.788+0.009" 1.175+0.013" 0.672+0.029" 0.267+0.011" 0.131+0.010"
40 1.321+0.024" 1.020+0.026" 1.296+0.053" 0.583+0.044" 0.238+0.084"
80 1.439+0.048" 0.775+0.070" 1.864+0.012" 0.703+0.020" 0.347+0.010"
4 itig MDA-MB-231 4l il (9 55 B e J) o 4% % = 55 T 5%

JHF 9 2 4 3K i i L ) Sk R 2 — LA DG 1Y
R TRl T HEA 5 %% 222y R,
T b Bz 185 AL (EMT) (0 & A= i 3] &8 6 T3
AR o EMT i 72 v 32 28 3 7 b i A0 455 48 Jf 25 B
AH & HE A E-cadherin | [B] I 41 Jfd 47 75 9 N-cadherin &
Girdin % [1 . E-cadherin il N-cadherin #F J& T 45 %h
B 2 K% , E-cadherin 43 F 22 [H] 38 &3 4 Jfd 5 ) 50 28
BREE (145 M BN AR B IR E S R N « B
3R 5 WUSh & 1 ny B 2R % DT A 48 B 1] B B AR
FE (945 fil , Bt E-cadherin 2 117K - 19 0] DL
S0 MR Zh B 7' . N-cadherin 1] DL v IR
E-cadherin 41 3 (1) 20 i 1] 2= [# (% 25 BRE I 52 )1 Bz 44
L) 2 AT Ry, 5 S L 1w ] B 5 Ak, B A 0
Jed 4 B %) 32 30 o8 g 4 L 2 S B R T P R R R
R, A I N-cadherin 2& (4 7K F /9 °F B AT 1L 61 40 i
A TR) 5 5 AR o 1R T R S I 9 2 B, AR I 3K BB
i F 1 E-cadherin 2 35 #1 T 4 N-cadherin ik , f11
MDA-MB-231 4fi Jitd () EMT %% 7% | )i B A% L I 9

KL, BRAE R D7 & 25 1 B 1 1 8 E-cadherin
2 35 A1 ] N-cadherin 9 32 35 , 0 i lovo 48 B (1
EMT %725 | M B A lovo 20 JfL (4 1= 28 1 F3Z 2 Rg
J1 o AWEFE o K] IR S g B, £ 5 K 1 e 3
HepG2 4 Jl (9 # . H 38 o 25 1 A s B kb % 19 445
WL, a5 K] L of [ U8 E-cadherin B 3£ ik
F1N i N-cadherin B9 2 35 , 35 7 48 A 0% 26 B, 490 61 45
FRE AW EA N EES: EMT (19 & 4, iX 5 3C
MR AGE A AT . Girdin F2 2005 4F 430 51 i H AR 38K A
7 S ] A 2 35 AR Ak 45 A ok STk B O G B — A
LBl A A 22 B B AR 1, B RE 08 SR AR DR R &G R 4
A0 N B 22, B PR A A 28 G RS Bl A A
FUIRE . JIANG %7098 & BE 3 i 4% 5 Pk RNA 37
il MDA-MB-231., HeLa 1 A431 40 Jifg tf Py J5 1
Girdin 235 , 40 M 9 F 8 M (= 28 e 0 B 35 T F%
Tl B 3k 26 R 41 M AE R AN G 8 ) AT B AR 28 R
% % Girdin i 2 5 . CHENG %57 #f 58 & # ,
Stellettin B fig 18 1 #1 il Akt/Girdin {5 5 18 % I Vegf
. 81 .
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TE 15 J5T B 4 0 96 4 B v e 4 0 4= 28 R I 45 A= B
YER o ABETE A B, 20 50 K REAE 2% HepG2 4i /i 1Y
228 77, [l ik 2055 K AF AT LUK 98 Girdin 25 11 19 %3k

U i B 2 H IS o 1 40 1 98 20 I S O OF
A 3 98 200 L0 T TR A R 0 R O T A 42 i
Wikt Zz —. #E—L W5 kB, A JLRNE B a)
DL i R AR R AR R 1 S AU T . Bax J& — Fl i
JAT- LM Bel-2 & —F gt A T-E H, P 2R
R = 28 ki A B B A1 1 24 Bax Al Bel-2 DA R IKE)
TE 245 G i, 50 23 52 ) 2R 1A JRE 1) 3 35 P >k i 1 4
Ji €8 2% C Y R, I3 R W AR s Y Apaf-1 5
Caspase-9 4% A . 1fii Caspase-3 1 A Caspase-9 1Y
T B D%, AT LK fiff 158 48042 0 A% 1% Tl 41 1 5% (ICAD)
AT CAD , I 38 o 5o ik A4 A% 9, 51
RA% ) DNA B il A0 B 2800 28 e S A,
I 2L T AR S T UG i 2 T RE 4
JHL 53 BT AW %€ B 21 5% K1 BE 0 1l HepG2 41 il 1 14
BH o 38 g A AH MR & B, 20 50 K 1 BB 1S 5 HepG2
4 M T, I BH A A I T Gy/M T, B G B e s
3Rk 0 45 SR i — 2D SR 21 5 K AT LA F i Bel-2
E HAY 35, [ 78 Bax, Caspase-3 Fl Caspase-9 5 H
MRk

ZF I, 40 5 KR X HepG2 40 A% 14 58 i B8 I
R B A MEEN, B &K g Ris S
HepG2 4L 1= iR 5250 hy i g dF — AL AT 41
§= 0 N E 1 o2 G VA 2 5 e ) i 7 A E 3 ]
SR o TRV s Sk T £ R IR YT e IR i R
BE R TR WIS B 5L A
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