- 244 . MREYESHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol23 NO.2 JAN.2023

doi: 10.13241/j.cnki.pmb.2023.02.008

ST PRSI R AT REZ AR caspase-3 15 5%
PR BRIV AR - i BLRIE 5 *

MR OE F SRR &R oK OF 2K
(1R PER LS PO BEBERRE Wb A& Ak 27780052 AL A G BEBERFARRE WL & SE 277800,
3 IR SLEBEREEL b & i d 250021)

BE B A THESREERID L Bfe R AR R 6 K8 3(caspase-3 )15 5 18 IAX T F ok I B 42 2 I 5 20 L 08 1 69 4F )
WU o FTiE i R 2 JAR AT S 4 e BEL-7402 347 £ IRAT 50 . A R BLRE T ok IR 422 BEL-7402 40 j0 )5 , R R i Aekvd 15 v R
vde (MTT ) iAol BT 5 20 B 69 38 4 0L, RAL R 4,6- =K Mg -2- 1|k = 3 8% & (DAPD) ik e & MR ety &, G 3 &%)
E o E N R X AR A BEL-7402 4a i e B T 0L, & F A TR A& 5k o 2 B £ B MAT UL K caspase-3 £
BEL-7402 #m feL P & 20 JeAZ i 45t 0L, & & SR WP i R IR T ok T R AT M e R A T AR A & G LR AERE T4 X & & \BEL-7402
mpeAe AR A TR R G RR N Y rn, SR Tk T RAL SRR a0 A K I 2R SRS e Bt AR B , TR R T
#-§ BEL-7402 4 fee % A A =, B 353 hn BEL-7402 40 68 8 = %, B ok B 2645 5345 1T 7% 4 RSk Ak o Ak o SR 2L 3R B R A0 AL
R % caspase-3 o-F it A5 | iz, Fok T B 5 caspase-3 48 ZAE A 4Rt caspase-3 &) fm Az M i A5, #l i caspase-3 Ao BEAR
Z AT KR T B (PARP-1) R A RER % & /R84 9(caspase-9) & & #9 £ A , #74] B 2o sk €% -2 L B/ (Bel-2) 89 & ik, 42 3t
TEEE B T (Apaf-1) 69 & ik 4Tt & BB a6 &% C(Cytochrome C), 87 caspase-3 &M, 4518 : F ok F B B A (L3I 5 40
BB TR AR R, AR AU T AR L5 A SR 4m L4k A AR 3h AR A iLUE caspase-3 125 I X,

ST . T ok B AT R 2 105 25 84K s caspase-3; B T

hE 422 :R-33;R735.7 XEAFRIRAD:A XEHS:1673-6273(2023)02-244-07

To Investigate the Mechanism of Ropivacaine Promoting Apoptosis of
Hepatocellular Carcinoma Cells Based on Mitochondrial Function

Impairment and Caspase-3 Signaling Pathway*
WANG Kan', CHENG Zht', LU Gang-fef, LIU Zhi-fef, ZHANG Lef', LIU Xing-ru'
(1 Department of Clinical Laboratory, Central Hospital of Zaozhuang Mining Group, Zaozhuang, Shandong, 277800, China;
2 Department of Hepatology, Central Hospital of Zaozhuang Mining Group, Zaozhuang, Shandong, 277800, China;
3 Department of Pathology, Shandong Provincial Hospital, Ji'nan, Shandong, 250021, China)

ABSTRACT Objective: To explore the mechanism of ropivacaine promoting apoptosis of hepatoma carcinoma cell based on
mitochondrial dysfunction and caspase-3 signaling pathway. Methods: Human hepatoma carcinoma cell line BEL-7402 was used for
experimental study. After Bel-7402 cells were treated with different concentrations of ropivacaine, the proliferation of hepatoma
carcinoma cell was detected by MTT method, the cell morphology was observed by light microscopy and DAPI solution staining, the cell
viability was determined by trypan blue staining, the apoptosis of Bel-7402 cells was analyzed by flow cytometry, and the mitochondria
were observed under electron microscopy. The nuclear migration of caspase-3 in Bel-7402 cells was observed by laser confocal
microscopy, and the effects of ropivacaine on the expression of cytoplasmic apoptosis-related proteins, mitochondrial apoptosis-related
proteins, Bel-7402 cells and mitochondrial apoptosis-related proteins were evaluated by western blot assay. Results: Ropivacaine can
inhibit the growth of hepatoma carcinoma cell in a dose-dependent and time-dependent manner. The apoptosis of Bel-7402 cells was
induced by ropivacaine, and the apoptosis rate of Bel-7402 cells was significantly increased. Ropivacaine can injure mitochondrial
function of hepatoma carcinoma cells. Laser confocal microscopy showed the migration of caspase-3 molecules to the nucleus.
Ropivacaine interacts with caspase-3 to promote the migration of caspase-3 into the nucleus, stimulate the expression of caspase-3,
PARP-1 and caspase-9 proteins, inhibit the expression of Bcl-2, promote the expression of APAF-1, promote mitochondria to release
Cytochrome C and activate caspase-3 activity. Conclusion: Ropivacaine can promote the apoptosis of hepatoma carcinoma cell, and its
mechanism may be related to the destruction of mitochondrial function and activation of caspase-3 signaling pathway.
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4 20 A ST A AL I A BT (1:1) i@ g 60 min, SR 5 SR
AEESEA BT 60 min, A 5ATE 37 CHUR LT 24 h 45°CHE
FEHHET 24 h 60°CHERE LT 48 b, HIVER D) (0.1 uM)
IFEH TR N AR L REHLIEER 10 20 SR Soh A
1.7 B ARERNENLE

% BEL-7402 20 E 7 4% 2 RHEET, 5/ RBAR
SRR K 3(caspase-3 ) HLIAIFE 12 h, FEFHRTI
Z (FITC) BB IR oo/ RAERR B G W94k 2 h, K5
A 100 wL DAPI( 1 nG/mL )30 min,, 3% G R A: B i maz
4L
1.8 EARKINTRIE

B A EEE TP B WR R DR A B T A DG AR
BEL-7402 4 ifg f1 bR P T-AH G R IK 2 . 2.0
mmol/L k- [HiAYT BEL-7402 £Hji 48 h, 4 H T-AHCHE
i 1% fk caspase-3 % fb PARP-1
(cleaved-PARP-1) B 4fi i bk (98 -2 LR (Bel-2) 8 T B I
[AF(Apaf-1) .cleaved-caspase-9 FIZiffi {42 C(Cytochrome C)
TE BEL-7402 i 1 i) 3R35 R HIHE H S BRIl oA . 4
M S, BCA o e & & . RGEEARERS
A SDS-PAGE Stk , R, 5% M BRIk ] 2 h, TB-
ST WEHR 3 ¥R, A —HiiE R 17 (4°C), TBST PERE 3 1k, A
ZPiE 2 h(=R), TBST Y 3 ¥k, A Image] &3 Bk 4
XoF Pl v B S5y R TR 53T o
1.9 caspase-3 &S HT

BEL-7402 41 Jifg 4351 F 2 R X (2.0 mmol/L ) 5§, caspase-3
W7 (Z-DEVD-FMK)1.0 wmol/L #3448 h, %1 caspase-3
TEPEAR AT & O T T3 = RAEYH ARG RA FD Ul BT
FHOCEARERAE
1.10 SitZEA &

R SPSS22.0 Feit /3 riid . iHEBORR A% ik
22(xt $)FTR AT R 2R SR L RO 225087 . P<
0.05 AEFAGIFRE L,

2 R

2.1 Zik+RE gD ARl £
wnFE 1 PR, 5XTIE4 (0 mmol/L) Hriss, 7F 24 h 48 h .72 h

(cleaved caspase-3) .



- 246 - MREYESHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol23 NO.2 JAN.2023

=AW R B B S B R S Rk B (0.25 mmol/L 0.5 mmol/L .
1.0 mmol/L 2.0 mmol/L 1 4.0 mmol/L ) F{ 38111 , JT-Ja8 24 Jif 3% %

BT, HBERMRIAE K, 2 IR A 1.0 mmol/L 2.0

mmol/L 1 4.0 mmol/L " AT AR M FE Al 2, HL2E 54
AGI R (P<0.05), LIREREER B IR P REMS AT
TR A A, S 50 A P R TR O

#* | FURE*$ BEL-7402 1 HLE A4 K B340
Table 1 Effects of ropivacaine on the growth of BEL-7402 and hle cells

Hepatoma cell proliferation( % )

Groups
24 h 48 h 72h
Control group(0 mmol/L) 78.63% 3.30 91.52+ 3.64 12591+ 4.85
Ropivacaine 0.25 mmol/L 70.84+ 2.75 101.20% 5.71 131.05% 5.21
Ropivacaine 0.5 mmol/L 65.77+ 2.64 80.61+ 4.25* 105.61+ 4.46*
Ropivacaine 1.0 mmol/L 56.91% 2.51* 62.07+ 3.14* 71.56% 3.10*
Ropivacaine 2.0 mmol/L 54.82+ 2.57* 41.87+ 3.05* 18.94+ 2.10*
Ropivacaine 4.0 mmol/L 51.07+ 2.50* 23.06x 2.01* 11.52+ 1.52*
F value 2.674 56.397 81.063
P value 0.531 0.000 0.000

Note: Compared with the control group (0 mmol/L), *P<<0.05.
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T L (P<0.05), F2B B R (1.0 mmol/L 1 2.0 mmol/L)
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Fig.1 Effect of ropivacaine on apoptotic bodies of BEL-7402 cells
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Control group (0 mmol/L) Ropivacaine 0.5SmmolL  Ropivacaine 1.0mmol/L Ropivacaine 2.0mmol/L

Light
microscope

(Trypan blue
staining)
B 2 FUR-FE ¥ BEL-7402 AR 4RALA T 2200
Fig.2 Effect of ropivacaine on apoptosis of BEL-7402 cells
% 2 BIR-FERY BEL-7402 £ AR T R %0
Table 2 Effect of ropivacaine on apoptosis rate of BEL-7402 cells
Groups Apoptosis rate( % )
Control group(0 mmol/L) 3.05¢ 0.30
Ropivacaine 0.5 mmol/L 6.31% 0.50*
Ropivacaine 1.0 mmol/L 31.08+ 2.64*
Ropivacaine 2.0 mmol/L 56.72+ 3.57*
F value 52.064
P value 0.000

Note: Compared with the control group (0 mmol/L), *P<<0.05.

Normal express

-

Mitochondrial expression in BEL-7402 cells treated with 2.0mmol/l ropivacaine
i WQ’- 53'- on PN .-.._:E‘*“ w R Sk LY.

E)

- S “ ) . e AL LA
3 BIR-FEXT BEL-7402 4HREL AL AT 8E AR M0
Fig.3 Effect of ropivacaine on mitochondrial function of BEL-7402 cells

Note:*means apoptotic cell, red arrow means mitochondria.

tochrome C 3§ [ FRIAACET 8, ZRIAFITHE L (P<0.05),  FH, {2t caspase-3 1] 40 i #% i #% , il i caspase-3 Fll
gk 5 PR, 5% R4 (0 mmol/L) Lt #% , B WK< A 2.0 mmol/L. ~ PARP-1 ,caspase-9 £ A3k, #lifi] Bel-2 (93Rik , il Apaf-1
AbFR BEL-7402 4iiffl)5 , caspase-3 {EPEIIE L, ZRASIT RS, IR Cytochrome C, #{{if caspase-3 ik,
SR (P<0.05). FRGEFARRPIRFN S caspase-3 AHEAE MRS IEL BT T AR5 8 H R KA
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DAPI staining

Control group
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Ropivacaine
2.0mmol/LL

caspase-3 (FITC staining)

Fusion image

B 4 HAHRERBRMITEWEE caspase-3 7£ BEL-7402 SR R AR IE R

Fig. 4 The nuclear migration of Caspase-3 in BEL-7402 cells observed by laser confocal microscopy
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Fig.5 Protein expression of caspase-3, cleaved caspase-3, PARP-1,

cleaved-PARP-1 and Bcl-2
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WFFELE R, DR P e 0 I R A i A A 4, I 2500
ARSI TS TR AR 1 , ELA#E 2 WR R PRk B = 1.0 mmol/L B A1
il T 9 A A MG T8 A S 2, 3B 1S i BEL-7402 ZHMIA PR 1228,
Vi B 2 R < P Tl e A0 i B 7, 5 5 R T R IRYT I
T TEZS Y

2R 4 1 AR K AR A W A I A A 4 AR AR L R
o ZRRHRINBEIR T ] S B MAE T B T, i AR RN R S

% 3 cleaved caspase-3.cleaved-PARP-1 #1 Bcl-2 B A RIAKE(xt )

Table 3 Protein expression levels of cleaved caspase-3, cleaved-PARP-1 and Bel-2(xt )

Groups cleaved caspase-3 cleaved-PARP-1 Bcl-2
Control group(0 mmol/L) 0.05+ 0.01 0.03+ 0.01 0.25+ 0.03
Ropivacaine 2.0 mmol/L 0.29+ 0.03 0.12+ 0.02 0.10£ 0.01
T value 98.251 72.064 88.205
P value 0.000 0.000 0.000
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HRERIIMH . Caspase-3 S et 4L T 25007, S 4

MR TR B BAT &, BA AT BN AE P, Caspase-3
FRZA " FET-PATRE RS ", BT IR AR RN 531, TEZRi A
AR TR AR T 2 W T E S R K B E S T
YR TERBLAR R, St A BT 35 P R AR WUR , S 2 b Ik P
FE U0 Cytochrome C 28 R AR B4 i, SIS Nl
caspase Z IR G AL BE BARVET, 5 R — R Y BHE SN
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(0 mmolVL)  2.0mmol/L
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6 Apaf-1,caspase-9 F1 Cytochrome C B H RI%E
Fig.6 Protein expression of Apaf-1, caspase-9 and Cytochrome C
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caspase-3 ,caspase-8 .caspase-9 5 PARP ZE5{ /31, fiEifk Bak
FIZLEE , T I Bel-x 5519335, 15 F4OR{E B Cytochrome C
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Table 4 Protein expression levels of Apaf-1, caspase-9 and Cytochrome C(x* s)

Groups Apaf-1 caspase-9 Cytochrome C
Control group(0 mmol/L) 1.00+ 0.01 1.00+ 0.01 0.25+ 0.01
Ropivacaine 2.0 mmol/L 1.25+ 0.01 1.62% 0.02 0.73% 0.01
T value 38.274 59.967 52.067
P value 0.000 0.000 0.000
% 5 Caspase-3 i&ME(%) & # 3L #k(References)
Table 5 Caspase-3 activity( %) (1] AR EARER TR RER A ESES B RAI RS 7
Groups caspase-3 HIE(2019 F ) [J]. F B 52 8 444 &, 2020, 40(2): 121-138
Control group(0 mmol/L) 100.00¢ 1.00 [2] A% % REHE, % P & ALAREE, 5. 20012017 4 8 2 R AP B 74T 9%

Ropivacaine 2.0 mmol/L 478.34% 14.05

Z-DEVD-FMK( 1.0 pmol/L) 25.84+ 2.68
F value 106.845
P value 0.000
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