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Improvement Effect and Its Mechanism of Active Components of Averrhoa carambola on High Glucose-
induced Injury of H9¢2 Myocardial Cell

GAO Yutong', WU Yani', CHEN Ming', ZHANG Xiaolin', WEI Xiusha', WEI Xiaojie’, HUANG Renbin' (1.
School of Pharmacy, Guangxi Medical University, Nanning 530021, China; 2.College of Basic Medicine,
Guangxi University of Chinese Medicine, Nanning 530299, China)

ABSTRACT OBIJECTIVE: To study the improvement effects of 2-dodecyl-6-methoxycyclohexa-2, 5-diene-1, 4-dione (DMDD)
from Averrhoa carambola on H9c2 myocardial cell injury induced by high glucose and its mechanism. METHODS: H9c2
myocardial cells were divided into normal group, high glucose group, osmotic pressure control group, DMDD high, medium and
low concentration groups (8, 4, 2 umol/L). Normal group and high glucose group were treated with low glucose DMEM medium
(containing 5.5 mmol/L glucose, similarly hereinafter) and high glucose DMEM medium (containing 33.3 mmol/L glucose,
similarly hereinafter) for 48 h, respectively. The cells in osmotic pressure control group were cultured in low glucose DMEM
medium containing 27.5 mmol/L mannitol for 48 h. In DMDD groups, cells were cultured in high glucose DMEM medium for 24
h, and then in high glucose DMEM medium -containing
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HOBEVEE 2 A BT BEGE I BB R 25 s supernatant were detected by using related kits. ELISA assay
BRI Z . HLIG:0771-5339805, E-mail : huangrenbin518@163.com was used to detect the levels of TNF-o and IL-6 in cell

corresponding concentration of DMDD for 24 h. At the end of
cell culture, MTT method was used to detect the cell survival

rate. The activities of ROS, GSH-Px and LDH in cell
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supernatant. Cell apoptosis was detected by acridine orange/ethidium bromide (AO/EB) staining. Western blot assay was used to
detect the expression of apoptosis related proteins (cleaved caspase-3, Bcl-2, Bax) and the phosphorylation level of nuclear factor kB
(NF-«xB)/NF-kB suppressor protein o (IkBa) signaling pathway related proteins (NF-kB p65, IxBa). RESULTS: Compared with
the normal group, survival rate, the activity of GSH-Px and protein expression of Bcl-2 in high glucose groups were decreased
significantly (P<<0.01); the activities of ROS and LDH, the levels of TNF-a and IL-6, the protein expression of Bax and cleaved
caspase-3, and the phosphorylation level of NF-xB p65 and IxkBa were increased significantly (P<<0.01); the cells showed orange
yellow fluorescence, and the number of cells with fuzzy morphology increased significantly, showing an obvious apoptotic state.
There was no statistical significance in above indexes of osmotic pressure control group compared with normal group. Compared
with high glucose group, the activities or levels of above indexes (except for cell survival rate an LDH activity in low
concentration group) were reversed significantly in DMDD groups (P<<0.05 or P<<0.01) ; the orange yellow fluorescence in the
cells decreased significantly, and the cell morphology was relatively complete. CONCLUSIONS: DMDD can significantly improve
H9¢2 myocardial cell injury induced by high glucose; the mechanism of which may be associated with suppressing oxidative stress
and inflammatory response, regulating the expression of apoptosis related protein and NF-kB/IkBa pathway related protein.

KEYWORDS 2-dodecyl-6-methoxycyclohexa-2, 5-diene-1, 4-dione; Diabetic cardiomyopathy; H9c2 myocardial cell; Apoptosis;

NF-kB/IkBa signaling pathway
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1.1 FE{EE

AWFFE R AL E A 311 B CO, 4 Jf 5% F= 44
Micro CL17R %Y &5 3 ¥& ¥k 2 0> ML ( 3% [E Thermo Fisher
Scientific /A Al ) , 1450 B AE Pl 5 (IR Ak 25 A B
2Nl CKX-41 BY 5 A5 & 308 ( H 48 Olympus 2
), SpectraMaxPlus384 %! 2 T RERFAR Y (Fr 5 73U A%
B R A ), Odysse Clx X A8 21 7052 6 iR 13 (58
Li-COR /3 7] ) , Mini PROTEAN®Tetra Cell %Y i vk A ( 35
Bio- Rad /A 7)) .

1.2 FEHRBSIEHA

AHIESE T F DMDD p AR 5256 % B 1l 468 AT
80% ; Ik Hi DMEM X% 3% 3¢ | il 25 (1 il (L5 43 51 4
8120459,2120539) 11 [{ 3 [ Gibeo A vl ; H i 5 R IR
AR IR 2 vl (PBS)  MTT i 7] (41543 %1
20190306 ,20200804 . 715F0527) ¥4 [ Jb 5 2 3 5 R4
7R W 5 G4 13 (5 AS8GO00T) I H 35 [ Gemini 23
F) s BCA 85 11 e BE A 350 5 (it P0010S) Iy {1
R RAEYFH ARG R A5 bt GAPDH £ i bEHi i
Pt cleaved caspase-3 Z FEEPLIA  Sobi Bax Z FeEPLIA |
Gt Bel-2 Z i Behi i bt IkBaZZ si b i (543 5]
k700083125 .,00077110,00089105 00093692 ,00091696 )
¥ F 3 [H Proteintech 23 Al ; e ht NF-xB p65 £ v T
P (k5 CN89330) 4 FH 7 1t LA AE R A PR 5
BRI NF-xB p65(p-NF-kB p65) £ 5 EHi ik  fudi
WL IkBo(p-IxBa) Z 7 FEHTIA . DyLight™ 800 2t
TC A L 290 G Ba 28 BR AR 1 Bt (A5 40 591 o4 30338,
2859S,5151) ¥l [ 3% [# Cell Signaling Technology %
) 3 MY BERS AR AL 2 5E (AO/EB) M5 e e (il 57 & (AL 5
0629A20) 1 FH Jb ot A Y E ARG BRA w5 /N ROS |
IL-6 . TNF-ofiff B¢ fa28 1 36 i) 6 (k5433112 Oct2019
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Oct2019.,0ct2019) 1 [ iz T 52V A BR 23 F] ; LDH A
MR & . GSH-Px Azl 377 £ (it5- 4351 24 20190910
20190905) #J14 [ F 5 g A W T RRAF 5T 5 LA
IR 5y B Al s SR 00 2 AL KRR 4K .
1.3 4pa

A ST i R B H9e2 O ILAH I B rf R B T
ARG AT L
2 FHiE
2.1 ZHAEEEST

W R R HOe2 0 ULAH L 5 77 T % 10% Jify 4 il 5 A
1% 15 558 Z T8 DMEM 1 3323 (4 5.5 mmol/L %45
Wi, DS, BT 37 C 5% CO BT h i 3 B A
K 70% ~80% I}, DA% 0.25% 2 — i Pd 2, 1% (EDTA) (1
R T T Ab AR ARG 7, O B8 A= < I 1 200 e A 1 7 ) 22
22 A BER5%Y

225 SCHR 91/ 7 3 B BRI HOe2 .0 JULA
153 S E A R 983 HO BR AL (L2552 vh st o |
L7555 He iR S 75 2 1 4N 454453 ) 1 DMDD i
TR EE2H (8 .4 .2 pmol/L , ¥ BE AR B AR R4 i S0 o2 2%
JE ) o I LR L AN 43 i AR b (S
33.3 mmol/L #j & H# , T [7]) DMEM 3% F# £ 5 3% 48 h; 18
75 %t BECZH 20 i A& 27.5 mmol/L H 2 B2 Y AI% b
DMEM 8535 55 35 48 h; DMDD 4% ¥ J3& 45 4 it 56 in A 5
B DMEM 55 5% 52 55 3% 24 h 5, F 00 A & 40 0 ok B
DMDD #4585 DMEM % 75 5L 4k 223555 24 h.,
2.3 H9c2:LALHBETEE RAHE T

IO AR HIc2 OO ILAH AL, A 5% 10" mL ™" (%5
JE Rl 96 FLAR H , 4L 100 pL, 4% <2.27 3 J5 B 43
W ERS R, SRR T SR B A Y s A,
WE3NE L. AR NG, BLIMAE 10%
MTT [ DMEM 853555 100 uL, 46225555 4 h; 7%
REFR3E A — B 37 A (DMSO0) 150 uL, #E 4R 15
min; 5% B BR A F 490 nm 3 KR ARG 0 AR £L WO
(OD)ME, I3t A B A7 6 A AN A6 58 (% ) = (S22
OD i — %5 141 OD {4 )/( 1E % 41 OD {f — %5 1 41 OD
{H)x100%].
2.4 H9c2:ALZHAE EiE & # ROS .GSH-Px f1 LDH i&
TR AT

IO A KA Y HOe2 L LA, L 5x10" mL ™ %85
JE Rl T 96 FLAR H , 4L 100 pL, 4% <2.27 3 F Jy #e43
H GER G2 A E 3N E L. SAgEE FRaE R
Ja MR RR TR, T4 C AT LA 3 000 r/min 5.0 10
min; BV, 38 AH N R0 6 U BH B O R L SRR
FARGEARIL S 91T 450,412,450 nm PR, K040 i
#H ROS .GSH-Px .LDH 754k
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K H ELISA VAT o BOW B4R R A ) H9e2 .0
LA, DA 5> 10" mL ™" A %% B 200 F 96 fLAR 1, B fL
100 pL, 4% “2.2" W F /32l Gl 54525, AR E 3R
Lo ARG R IR R, T4 CAEHT
P43 000 r/min B0 10 min; B F 3, Fe A0 7 &
B 7 AR SR AR A T 450 nm BT, A6 0 240 i
3 TNF-a i IL-6 A /K .
2.6 HO9c2 AL B T 1R B A&

K AO/EB Y (o 3 AT Rl o BOX 50 K i
HOc2.0r LI AL, D 1x10° mL ™" (%5 B 4500 T 6 fLAR
FRFL L mL, 322,270 F ko dl R S 48 2, A 3
NS S MR TR ARG, Heal R G vt Ay
PYe 5 min, SR 5 R 2 I U WL A5 20 A i ) O
TG0 (AO RES 1 1E 5 4 I A 4 LA, DAY i A 200 A%
{65 200 i SR 2 €, 5 s EB X BE 75 1o A7 458 441 FEL 11 41 JH B, DA
T A A A (o 20 A 2T ) o
2.7 HI9c2: LA HAT 1 X E B RIAFANF-kB/IkBa
1 R HH X 3 A BEER L K SE RGN

K FH Western blot 3 JEA7AG I o 5 %3 B4 K I 1Y
H9c2 /L JILAN I, B AP 2 ELA% R 70 mm (K5 FR AP, £R 40
WA 2 Rl E TR 80% B, 442,27 WU Jy ik 4 1 b
54525, KM TR R, 552G, LA PBS Ut
B3, AR T VK B T4y Z4 /R A0 15 minJ5 , T
4 CEAFF LA 12 000 r/min 2.0 15 min; & FIH W, K
FHBCA B8 1 e B A N 3aA0) 4 0 e 2 vk . R &8
PEAN BRI | SEAT T e L R M - 2R TR 47 Tk M 5 e P Tk
(SDS-PAGE) , ¥ i ; LA TBST 28 #7518 5 minx3 ¥, Al
A cleaved caspase-3,Bax ,Bcl-2 NF-xkB p65.p-NF-«B p65 .
IkBo.p-IkBa .GAPDH ) —4T (B REH A 1:1 000) , F
4 CEMFIEE S ; LA TBST BEi4 5 minx3 I, IIA —
PUFRREEE A 1:5 000) , FIRMFE 1 h, BT WM
BACH A& o oK A Image J 1.8.0 3k {4 217 43 47, DA
p-NF-kB p65 5 NF-kB p65 185 1K HAE  p-TxBa 5
IxB oY 25 K BEAE HAE 53 71 2275 NF-kB p65 . IkBad ]
RO BR 1k 7K -, DA Bel-2, Bax , cleaved caspase-3 5 P £
GADPH I 8 [ K {8 HAE 2R 3 FhaR (110 1k K F- .
SCEGE A 3K,

2.8 FitFEFIE

K HI SPSS 17.0 FRAF X E I HEA TG 1T 007, 45 R LA
x s, UL HLECR FHEL R 2R 25 534 , 28 18] PR 7
FLACR I LSD A5 . #5357k Ea=0.05.

3 #HR
3.1 DMDD 3t 5 #&i% S8 HI2 O AL 40 B 752 78 R 1Y
=210

IR WL O, e WAL A0 A 3 R R R AR (P<
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0.01) , B & X A 4l A 15 R 22 7 R #E X
(P>0.05) ; 5 e Hli 20 HL 45, DMDD i i J45 20 40 i 77
TR T (P<0.01), FERLE 1,

1 JBAMAREEEMNUESER(xxts,n=3)

Tab 1 Survival rate of cells in each group(x*s,n=3)

it M=, % A5 MAFER, %
F#4 100.00£0.00 DMDD Fik 4l 7453+ 1.60°
Al 5196387 DMDD k4 66.75+4.85%
BN B 97474362 DMDD {4 53481816

T HIEE 4R, P<0.01; 5 Ebi b4, #P<<0.01
Note: vs. normal group, * * P<<0.01; vs. high glucose group, “P<<
0.01

3.2 DMDD X EHEIFSH HI2 DAL EiF R T
ROS .GSH-Px #1 LDH ;& MR 2200

SIEF A, S 20 i W ROS \LDH i
PESA 2 TR, GSH-Px I M B R (P<<0.01) , i1
B X R 203 Wb B R AR AR TE R 22 RO g T
B (P>0.05) ; 5 b4l Fb 4, DMDD 45 #¢ B 4 4 i |
I ¥ ROS \LDH (I B2 41 BR AN ) 16 1 2 2 A% (P<
0.058 P<<0.01) , GSH-Px 1 k¥4 i 2 T (P<<0.01) , i
W2,
x2 KA EFRK S GSH-Px ROS # LDH iFHEH

MELR (x+5,n=3)

Tab 2 Activities of GSH-Px, ROS and LDH in super-

natant of cells in each group(x+s,n=3)

A5 GSH-PX, nmol/(min+mL) ROS, pg/mL LDH,U/L
R4 60.585.25 2046£0.19 8340£4.93
=1 | 21994399 102274451 137844719
BERM B 56.07+4.60 20674391 90,07+ 1061
DMDD k4] 54461354 26.18 1.8 98.5247.76*
DMDD k4 509843877 3108+ 1477 10542+ 1.39°
DMDD fE3 4 44.00+457% 7053+ 146" 124374886

FE: SIER AL, **P<0.01; 52 L% ,*P<<0.05,%P<<0.01
Note: vs. normal group, * * P<<0.01; vs. high glucose group, "P<<
0.05,%P<<0.01

3.3 DMDD X S H#EiFSH HIe2 DAL A EiF R
TNF-aF0 IL-6 7K FH 220

HIEW A, w40 A i W TNF-a i IL-6
K B T (P<<0.01) , B35 R IR ik HE 4Rk
22 RIS L (P>0.05) ; 5 B L #% , DMDD
- Vi I 2H A0 B b 37 U TNF-a il TIL-6 7K - 15 8 2 A1
(P<<0.01),TEILFE 3,
3.4 DMDD 3 SH#EiFE S HIe2 O ALZEAE T- B 0

T 2L 200 R 1 200 B TG 0, AN B A e A 5 B AL A
L 2 A 0 A ', HLUE ASASORT 1Y) 4 A 48 1 6 2H W Sk 3
Z R R A TR B0 O IR AL 240 i T B i
AT TIRZS s DMDD 44 2 20 4 6 o488 #5676 Y648 1
2 A S ek , HLAN O A oe s LA 1,
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®3 HEAMM EFRP TNF-of0 IL-6 7K FHE L
R(xts,n=3)
Tab 3 Levels of TNF-a and IL-6 in supernatant of

cells in each group(x*s,n=3)

il TNF-a -6
x4 20914538 S113+4.64
= 168.74+347° 17581 £ 106"
BB 25.735.18 58.32£8.09
DMDD i 47684091 84.03£ 12317
DMDD k4 75.98+16.58" 12076536
DMDD k4L 117.83 4,29 12596228

TE: SIERH IR, P<<0.01; 5 miflig 14, "P<<0.01
Note: vs. normal group, **P<<0.01; vs. high glucose group, "P<<
0.01

ST

C.BIE X IR

' F. MDD Hﬂl;%éﬂ
E1 DMDD XI5 #5556 H9e2 1O AILLH AR A TR M )
EME (AO/EB %, x200)
Fig 1 Micrographs of the effects of DMDD on the
apoptosis of H9¢2 myocardial cells induced by
high glucose( AO/EB staining, x200)

E. DMDD Hi5 41

3.5 DMDD 3 5 #&i% S8 HOc2 0 AL 40 B A T-4E 5
E H 70 NF-«xB/IxBoi# B H X EARIEHIZMN
SRR RS, b 2 A0 i b Bel-2 2 [ Rk K P
B EH AR (P<0.01), Bax . cleaved caspase-3 £ [1 3¢ 15 7K
F-HINF-kB p65 . IxBo & [ 1R LK T35 B T (P<
0.01) , 1% ok} B4 13 8 1 3 kKT sl i (LK 7
ZR G 2EE L (P>0.05) ; 5 E 4L L, DMDD 4%
VR 2 A0 i v Bel-2 2R 1 2R R KF- 1 B2 T (P<<0.05
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mf, P<<0.01) , Bax. cleaved caspase-3 % [1 %% ik 7K ¥
NF-kB p65 . IxBofk [ 2 fk /K - 35 2 3 B I (P<<0.05
2 P<0.01),3EILE 2 K 3. %4,

BaX | quue c— c— cm— CE— S | )| kDa

Bol-2 | S a— --“ 26 kDa
g

cleaved caspase-3 T GRS CEEED e G S |79 (Da

CIEH4 @4 25/ DMDD  DMDD  DMDD
b0 53 W R e G R e N 1S Rl

E2 DMDD 3} &% S8 HIc2 10 48 A HE T 18 55
FEAREHMMAVEXE

Fig 2 Electrophoretogram of the effects of DMDD on

the expression of apoptosis related proteins in

H9¢2 myocardial cells

p-NF-xB p65 F a | 65 kDa
NF-kB p65 | 65 kDa
P-IKBOL | e — e — 40 kDa

b
IkBa 36 kDa
GAPDH 36 kDa

IEH#41  ®bE4l  $iE)K DMDD  DMDD  DMDD
XPARZHL AL R AR

3 DMDD Xt &5 #& % S #9 HIc2 10 AL ZH 2 H NF-kB/
IxBofs 518 B 1A X & B RiE RN HY R ik B
Fig 3 Electrophoretogram of the effects of DMDD on
the expression of NF-k B/l kB a signaling path-
way related proteins in H9¢2 myocardial cells

4 itig

ST I RN SR SR 3 s O L 7 A Ak
R G R 22 5 S PR I B Hh T ROSS At B8 AE B (=0 3
BRus /b, S EHLIA N B9 ROS A 1ok 381 5 2 PR A
Y ROS K i 5B, 23175 & DNA VB 1T IR i 554
WK A FA5 405, T 5 RS O RAE O JULHE &2 R 0 1l
THREAITAE , AT 75 S0 PR O UL 1) & 2107 Tt
FER BT, ROS W P A4 TH i 78 = BE75 5 19 HOe2 .0 JUL AN Y
P TRt R BAT S ZAE A, GSH-Px 2RI BR
R, REfr S B A A L R B B A, I
% ROS Y& B A5, LDH S AELE TA0M A , 2440
Z A, LDH 23 ks ZE 44, fnT £ by I e f 46345
FREE AR HRT . AT & 8L, DMDD AT § 3% P A 2 B 175
51 H9c2 .0 JULAH A 137 #& o ROS \LDH i 1 , F+ 7
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®4 BHEMMEFETHERXEBREKTEFNNF-«B/IkBa

BREXEABBUKTEINNESER (x L5,
n=3)

Tab 4 Protein expression of apoptosis related proteins

and phosphorylation level of NF-kB/IxBa path-

way related proteins in cells of each group (x +

s,n=3)
it Bax/GAPDH  Bck-2/GAPDH d”‘é‘;?;f;“'}/ ;;F“fé’izs p'll:]?;’/
il 110024 1314025 156%0.12 030+007  038+0.06
A 3084024 0631006 230£028 14810247 1364020"
BEEMBA 1255020 1142044 162016 033001 036%0.02
DMDDFKEEA 17040257 1.07£026%  185+0.09"  040£0.04"  056£0.16"
DMDDFEREAL  188£037%  092+023% 193016 051£0.06%  0.65+0.20%
DMDD{EEFEAL 22040557 074£013  194£026 0695003 0784017

T SRR S, " P<0.01; 5l tb g, "P<<0.05,7P<<0.01
Note: vs. normal group, ™ *P<<0.01; vs. high glucose group, "P<<
0.05,”P<<0.01

GSH-Px 75k . 3% 2% B DMDD X i #5175 5 (1) H9c2 >
LA A 3 R e R, AT RE S AR AR A SN A 5% o

ARSI S & PR, 42 4 IR TL-6 Al TNF-o i B i -
WL 1) e o ML) -t B E S A ™ 1 2 s fR
H RN TNF-o/K TR, a4 L R 5 51 2
REFNC LTI BE 5 24 TNF-asK - FEARET , AT 0 WL A
L LEF 4R B, JETi el O T g™ A iR &
B, 2505 PRI AL/ N BRAA P TL-6 7K S R AR RS, HO I
e ] AR 4EAR i, A SR & B, DMDD AT AR
A 1 HO2 O JILAN I E 35 W IL-6  TNF-a7KF-.
X B DMDD X {5 175 5 () H9c2 O LA BfLE0 477 1y el 5%
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