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18B-Glycyrrhetinic acid inhibits oxLDL-induced apoptosis of
vascular endothelial cells through PGK1 glycolysis pathway
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Abstract ;: The molecular mechanism of 188-glycyrrhetinic acid (GA) inhibiting oxidative low-density lipoprotein-induced ap-
optosis of vascular endothelial cells was studied based on the phosphoglycerate kinase-1-mediated glycolysis pathway. oxLDL
(100 mg/L) injury was used to establish the human aortic endothelial cell injury model in vitro,and GA (10,20 and 40
pmol/L) and PGKI agonists were given different concentrations to intervene. The key glycolytic enzyme PGK1 , glucose trans-
porter 1 ( GLUT1) ,hexokinase 2 (HK2) and pyruvate kinase M2 were detected by Western blot. PKM2 and apoptosis-related
Bax,Bcl2, Caspase-3 and Caspase-9 protein expression levels were detected by colorimetric assay. The results showed that
compared with the control group, glucose consumption and lactate secretion of endothelial cells in oxLDL group were de-
creased ,and protein expression levels of PGK1,GLUT1 ,HK2 ,PKM2, Bax, cleaved Caspase-3 and cleaved Caspase-9 were in-
creased (P <0.05). Compared with oxLLDL group, glucose consumption and lactate secretion of endothelial cells in GA treat-
ment group (10,20 and 40 pmol/L) were increased, and protein expression levels of PGK1, GLUT1, HK2, PKM2, Bax,
Caspase-3 and Caspase-9 were decreased (P <0.05). The effect of GA on oxLDL-induced apoptosis of vascular endothelial
cells was reversed after addition of PGK1 agonist. These results indicated that GA inhibited OXLDL-induced apoptosis of vas-
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cular endothelial cells by inhibiting PGK1-mediated glycolysis pathway.

Key words; 183-glycyrrhetinic acid ; PGK1 ;human aortic endothelial cells ; Bax ; Bel2

ik K EEAT AL ( atherosclerosis, AS) 2.0 ML 5
¥7%5 ( cardiovascular disease, CVD) B F GG R R Z
—o NFEsHK WM K 40 # ( human aortic endothelial
cells, HAECs ) 15 AS JZ8 (19 7= A A 1 L b A, Bk
MR HAECs 1Y 59 I8 JG AN 1255 AS
R AT O L AR S 2R 1 (oxidized
low density lipoprotein , ox-LDL) 2335 3 A 3k 2
AN IIREIE B dE AS EJB Y C B N &,
W58 & BRI 22 5 B Ik RERE AT il F 22 1Y
gtz —"* . Sarrazy %55 B 53 % PR 3h bk oG AE
Ak /N BRI T A e s B 1 R GAKF, Al 4
T /I BT 2 W 00 B8 BOMA T A HE e Bl Bk sl A R A 1)
o Matsui 25 BF 5% % B s 90 40 965 280 -6
T O S 1 1 P U W T A P AT 10078 i A A )
(7K, T oA sl Dk sk RE A Ak /N BRI 4 405 , 5) —
TR DI i i 42 G fE B I PGKL 2 5 ox-LDL i
RN TSR R AR T LRI 4 S
W WE IV 2 AR TE 20 K s A R A L v 499 i o 2
.

188-H B YK ik (18B-glycyrrhetinic acid, GA ) J2&H
B OB AR TR ), B BURIE , B, Bt
i B MU S 2 R 2 SR T Kb Bt AR VE O
H W, 5 R b n] DU o A Y 5% A S5 5 F 3R
R E b S PR T . Wang %57 W58 & B GA
A UM 22 B (lipopolysaccharide , LPS ) 5 5 4
DK AL A0 P 4 11 A 3R -6 (interleukin-6, T1-6 ) 45 &
PELR AR 09 23 08 S R T AR RN GA AT LI
TP K AL RAE AP T IE4 GA BB i) A 15
il A A 0 ) P B A 6% R T T B 9 B0 ok AR Al
1k, B R R HRIE . AT 5L T PGK 4 1Y
WETRE A 23 AR AR GA I PN e 240 B A 12 1% 43 1L
i, A AS B BIA S AR 10 LR AR 2R
1 #EA7Ex
1.1 FEZEsRFnH

JEARN Bk A e 20 i (D0 1 28 R W R
5]) 5 GA (525 DGO172, Jii i 73 50 =98 % , iUk 1
BEAEWHARAAR LA ); oxLDL (57 5
CB82737214 " MMZETCEMA PR A ) 5 LR A ik
R & (5T A019-2-1, g 5t I | ) 5 4 4 A Aoz )
R & (175 S0201S) (CCK8 15 & (175 C0038) |
TUNEL 2 g 94 746 0 157 & (525 C1090) iy =38

22 J /N 7 PGKI (45 2 FOR70) . GLUTI ( 1% &
F4S61) (HK2 (455 C64G5) . PKM2 (152 D78A4)
Rabbit mAb #i {4 ) F 3£ [# Cell-Signaling /\ 7] ; Bax
175 14-6999-82 ) Mouse mAb ,Bcl2 ( 4575 13-8800)

Mouse mAb Caspase-3 ( $¢*5 700182 ) Rabbit mAb &
Caspase-9 (555 MA1-12562) Mouse mAb {4 F 3
[ Thermo Fisher A H] .
1.2 FEH

CO, TH I & 46 (MCO-15AC, SANYO A+, H
A) s 22 3y fiE Bl R /X ( FlexStation 3, Molecular De-
vices, ZE[H ) .
1.3 FERANEZRK A B HREEFF

it AR FE B0k N B 4 L FH 335 77 2 i R
I 1% HHETE R 1% JF AP B2 240 ML 7S 5] &
2% M4 MIEVE R 58 304k AN & R 4 UTH 78 i i)
WFRHEAE MR ARG 52 2 R 204k 6 h JR 1714524
VLI
1.4 SCIdMRasy4H

SR A3 1 % BB 2H ((control, Con ) | oxLDL #%%
H12 (model , Mod , 100 mg/L) .GA 767 41 (oxL.DL +
10 pmol/L, GA-10; oxLDL + 20 wmol/L, GA-20; ox-
LDL +40 wmol/L,GA-40) , Eorf oxLDL Ab 3 241 Jifd 24
h J5 , AR EER GA FRALEE 24 h, 257 PKG1 343
FN )54 M a5 1 % BE 2 (control , Con ) , oxLDL ## 7
2 (model ,Mod , 100 mg/L) , GA 3547 4H (oxLDL +40
wmol/L, GA-40) , PKG1 4 h7] (K RrmEms ) + GA +
oxLDL 1 (GA +TZ) , HrprEhime g Al GA 2 [ £
T4 24 h,
1.5 Western blot ;£#&iE HRIE

FHTR 1 PBS 15 Uk 24 4b 315 19 32 3h Ik 4 K2
YA 3 U, BEFLIMA 60 L RIPA 58 40, B T 0K
- %4# 30 min, 12 000 r/min WAL A L3, A 40
M bR 2 i, 100°C & 8k 5 min, SDS-PAGE /3%
EHCHEA%SE 2R NC B L, RIEY A & 1 h,
TPBS P& A% 3 ¥, 43 51 m A —4$it PGK1 (1:500) .
GLUTI(1:1000) .HK2(1:1 000) .PKM2 (1:500) .
Bax(1:500) .Bcl2 (1:300) . Caspase-3 (1:500)
Caspase-9(1:200) K B-actin(1:2 000) ,4°C iF & i
VRIS ZE IR E —H0(1:5000) 1 h, PR 5 H AL
BACES AR
1.6 TUNEL &4 £ 3hik A B2 40 B =

FRdaAiiE LI5S, H PBS B2 phk g i, 4% £



480

KIRF=YIBE R 5T K

Vol. 36

FHEERE 15 min, $RJ5, ] TUNEL 57 78 37 C
WG TR 1 h, i 2% 30 min, f&J5, H
DAPL JuBlpric M MiA% . FEOGIERIMER R AEWHOL
FI WA (AR, HAR) $a4k. aasietE
TUNEL Fricd (AR iC 8 T 1915 5. TUNEL #ric
BB (£168) 5 8 DAPL ARic 8o (156 1
HAo AT
1.7 CCK-8 ;&E#&i A E3hBk P Bz 40 A i 14

AN F2 30k B 2 B A e 96 fLAR , BgfL
200 pL FEFRFIFFARIE A F Y GA R E AT 2y,
HigE 6 NPT AL MEH 24 h J5RALIMA 10 pL
CCK-8 A fEXG AT 92 1 h, Rl R B f5 H
L Y REFFTARE I ZE 450 nm K942 OD i,
1.8 LEERNANREREEENIIERIRE

EBR N FE KN B2 4035 50, 1 PBS 35 3k =
Wo ISR T 2400 )G, B0 B E VS 1E R 1 i
FE i, 3 B 6 10 B 5 E AT 4, 96 FL AR AL
200 WL YW, T 630 nm A1 530 nm K Ab 4 56
0557 285 0 R 2L WO s B AL
1.9 FithHix

ABFFER T SPSS 20. 0 BEAT R GE % 43T,
SR HIAME £ bRfi2s (v 25) Rom o PHAHBIEZ A1y
SR T Ke s #5 2 4 2Z (8 19 L3, 808 22 IR 25

A

Con Mod  GA-10 GA-20 GA-40

B

Con

S AREE R B 2 5 22 53 BT ( One-Way ANOVA) ,
P <0.05 HERAEAGIE L,
2 HR
2.1 GA X NEzNBKANEAEAEE R0
CCK-8 45578 GA ¥ 0,10 .20 .40 .80 ,160
pumol/ L b3 pA) Kz 248 BsF, 48 3% 1 ( OD B 4351 Ay
0.89+£0.07.0.87 £0.03.0.83 £0.05.0.85 £0.04
0.61 £0.04.0.52 0. 12, H A KT GA ¥ EF KT 80
pumol/ L Hf 4 i (4 3% PR REAIR (P < 0. 01) , Tiij vk 2 7E 10
~40 pumol/ L I X 4 e i) 7% A4 TS5 M (P >0.05)
I3 10,20 .40 mol/ L 43531 Sy 1G9 122 20, vh 571 &
ZH RN ) A TS
2.2 GA Xt oxIDL S ME M K ARE T B2 0m
5 Con #H I, Mod A 3 3l ik N £2 4H Bl Bax |
cleaved Caspase-3 | cleaved Caspase-9 % [ 3% 1A /K -
J¢ TUNEL 8 1-F5 %08 . 340, Bel2 & [ ik 7K F
W R (P <0.05) ;5 Mod #HLL , GA A Y72 (GA-
10 ,.GA-20 .GA40) N &z 4 ifi Bax . cleaved Caspase-3 .
cleaved Caspase-9 &[4 ik/K - M TUNEL JE T84
Wi FAIC, Bel2 2 R A KPR 3 in (P <0.01)
(W 1.2), VL ES5REH] GA AT LA oxLDL 35
SN FE SR K AR AT

Mod  GA-10 GA-20 GA-40

Bax r“ - - -”I

. ES &
-actin P-actin ! %
[ SN

Bax/f-actin

GA-20 GA-40

Con Mod
© Con  Mod GA-10 GA-20 GA-40

Caspase-3 |- — X 1 /]

Cleaved o (D SND e =
Caspase-3

Cleaved caspase-3/Caspase-3

1
Effect of GA on cell apoptosis in each group

Fig. 1
SR, © 7 P <0.01;

Bel2

Bel2/B-actin

D
Caspase-) | quuy D G NN N

Cleaved
Caspase-9

Cleaved caspase-9/Caspase-9
"~

Con Mod  GA-10_GA-20 GA-40

[T e
Mod  GA-10 GA-20 GA-40

Con

GA X} & A4 BE T B =20

SRERIHARL,#P <0.05,%P <0.01, Note:Compared with Con, * * P <0. 01 ; Compared with Mod,*P <

0.05,"P <0.01.



Vol. 36

HRAEAESE - 18B- T IR ARIE 1S PCK1 AR AR i A2 7] oxLDL 755t L5 A B AR ML U4 5 481

DAPI

Con

Mod

GA-10

GA-20

GA-40

TUNEL

MERGE

B2 TUNEL ZEH&AE T K
Fig. 2 Apoptosis level was measured by TUNEL method
T OO R MR, 20658603 TUNEL, Note:Blue fluorescence represents cell nucleus,red fluorescence represents TUNEL.

2.3 GAXf oxLDL FH S AN Esh Rk N K 4 i b5 B
fREEERE PGKI,GLUT1 ,HK2 . PKM EH/KEH
Al

5 Con 1, Mod A FE BBk N Bz 41 ig PGK1 &
HRIAKFI 3 i (P <0.01) ;5 Mod #H 1, GA
JAYT 4 (GA-10 (GA-20 .GA-40) N £Z 4 fift PKG1 & [
TR R RE(P <0.01) , I H 5 5 5 4R 1
(W 3),
2.4 GAX oxLDL FERAEAEAEEE
PEEFEMZLER E R AR

etk g R R, 5 Con M, Mod A FBhK A
2 240 0 2 R R i 0 R I, LR 43 o W 1
Jn(P <0.01) ;5 Mod #HLL, GA 3@y 41 ( GA-10 ,GA-
20 GA-40) PN 2 4 it i 5 4 0 FE s WD Sl L o, SR

Sy R (P <0.01) , Jf H 2 5 AR (P
<0.01) (WK 4),
2.5 PGKl EBHMNFIHFHL M IEXT GA #IH oxLDL
FEMME N EHAMRAT/ERRRT

55 Con AH M, Mod A 3= 3 ik N Kz 40 Jiid Bax
cleaved Caspase-3 } cleaved Caspase-9 & [ 3R ik 7K
SR IG N, Bel2 # 1 FRAkAKCEB B AR (P < 0.
05) ;5 Mod #H I, GA R 47 2H (GA-40) N Bz 41 il
Bax . cleaved Caspase-3 & Cleaved Caspase-9 1 H
IRIKAV- B S FRAIG, Bel2 2R L RA /K- 248 m (P <
0.01) (WLEE5) BRI A PGKI 25 [ 3 a0 5 R hims
WeJm i LA GA 1y R PERT, 4278 GA i i 41 il
PGKT Fi- G [R5 A A s 2 11 4700 1) oxLDL 375 3 14 If.
BN AT



482

KR =it 9% 5 I & Vol. 36

Con  Mod GA-10 GA-20 GA-40

o o -....,., -

REARE

EA Con B2 Mod
B GA-10 D GA-20 GA-40
2.0

Protein expression

PGKI1 GLUTI HK2 PKM

B3 GA 3t oxLDL FSH AEZhEKN K HBEHEER A7 S E E PCK1 GLUT1 \HK2 PKM & B 7k FHIF5MT
Fig. 3 Effect of GA on the protein levels of PGK1,GLUT 1,HK2,and PKM,the key
glycolysis genes induced by oxLDL in human aortic endothelial cells
TE: 5 Con ML, " * P <0.01; 5 Mod #IH," P <0.01, Note: * * P <0.01 s Con,™P <0.01 vs Mod.

70 4 I T R AR
Glucose consumption (mmol/L)

Con  Mod GA-10 GA-20

Sk

FLERAE B
Lactic acid production (mmol/L)

=
Con  Mod GA-10 GA-20 GA-40

4 GA Xt oxLDL #5589 A E 0Bk P B2 4B A & 48 FE R 2L ER & R A 2T
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