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[ ABSTRACT ] Aim To explore whether naringin ( NRG) protects H9¢2 cardiac cells against high glucose (HG)-
induced injury by inhibition of signal transducers and activators of transcription 3 (STAT3) pathway. Methods H9c2
cardiac cells were treated with 35 mmol/L glucose (HG) for 24 h to establish a model of HG-induced injury; Cell counter
kit-8 (CCK-8) was used to measure cell viability; Apoptotic cells were tested by Hoechst 33258 nuclear staining followed
by fluorescence imaging; Intracellular levels of reactive oxygen species (ROS) were detected by 2’ ,7’ -dichlorfluorescein-
diacetate (DCFH-DA) staining, followed by fluorescence imaging; Mitochondrial membrane potential (MMP) was meas-
ured by a fluorescent dye, rhodamine 123 (Rh123), followed by fluorescence imaging; The expression levels of STAT3
protein were detected by Western blot assay. Results Treatment of H9¢2 cardiac cells with HG for 24 h significantly
induced injuries, evidenced by a decrease in cell viability, increases in amount of apoptotic cells and intracellular ROS pro-
duction, as well as a loss of MMP; HG enhanced the expression of phosphorylated (p)-STAT3; Pretreatment with NRG
markedly inhibited the up-regulation of expression of p-STAT3 induced by HG; Pretreatment with NRG or AG490, an in-

hibitor of STAT3 pathway, attenuated the above HG-induced injuries, including cytotoxicity, apoptosis, increase in ROS
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production and a loss of MMP, in H9¢2 cardiac cells.
HG-induced injuries by inhibiting the STAT3 pathway.

Tl ¢ H (naringin , NRG ) & — MOS8 B 26 1A
Yy, FEAAE T A R A SR B SR S
SRR ISR A ROy, IEAE, NRG TR
TRy WA X = B (high glucose ,HG) 5 L4
Pirh BfE IS B2 195G, NRG B B fL Bt
RAE PUIT B M SO WU/ ) IRl
FEATIESE NRG Al 5@ o i p38 228306 LA i
fiff ( p38 mitogen-activated protein kinase , p38 MAPK )
3 0 A LA X e W 5 R s 5 R
NRG fE 7518 i W45 5 5 e 7 PG SRt 1 3 (sig-
nal transducer and activator of transcription 3 ,STAT3)
T XS R O JULAE LA s e A LR
LA, STAT3 38 [ 78 0 PR I & A (A PR s B
- RV B P 1 5S35 ) T ¥ /R L H £ 32 B
M, STAT3 42 Janus ¥ ( Janus kinase, JAK)-STAT3
FOTIE A — 0L, AR Y I REAR Tz . STAT3 7E
AL A ol PTG WU R R A
el il mEAVEN ., 1EHENREE K (streptozotocin,
STZ) W53 (A4 bR K B, v AR P 3 2ok 7% JAK/
STAT i %175 % M PR 3 {ELJL, STAT3 76 &
A S A O LR J 458 3 e ) A D B HCAE AL
A MR T, ML, AWFFE N 35 mmol/L 7%
BEALFE HOc2 (LA AL 24 h LA ST o i 5 B
FEBT: (1) SO WL B p-STAT3 ik M52
Wil 5 (2) STAT3 38 e £ =i B 405 O LT L PP B 1 5
(3)NRG fi 75 i i 4% STAT3 3 i 2 4.0 L 40 it
XS R A7, LR TRA BT NRG 190
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1.1 ##

NRG WA %K K& (2,7 -dichlorfluorescein-di-
acetate, DCFH-DA ) Hoechst 33258 . % #+ ¥ 123 (rho-
damine 123, Rh123) #1 AG490 1§ # % [ Sigma-
Aldrich 28] . 48§81 %18 7] & 8 (cell counter kit-8 ,
CCK-8) ¥ B H A& Dojindo Lab /A 5, DMEM-FI12 %5
= £ F 2 & Hyclone /A 8, £ % J& 4F i1 & ( fetal
bovine serum,FBS) 4 & % [E Gibco BRL A 3 , 7 p-
STAT3 ik #n 4 STAT3 Ji 141 & % [& Cell Signaling
technology /& . H9c2 & AL 48 A |l 7 1l & % 52 30 3
/N e

Conclusion NRG may protect H9¢2 cardiac cells against the

1.2 ZRAEEEsR 5 LG54

H9c2 o 40 f R IR T K BROIE g 0 JIE 4 41, 3%
#TF 4 10% fb 4 f1 % 49 DMEM-F12 3 % % & F
5%CO, 37°CHRM T, LKk 6 4. Ox B4,
T 9 75 2L AL IR 24 h; Q41 :35 mmol/L &
B8 4032 24 h;BONRG + & HE 41 :80 wmol/L NRG £
H9c2 & L 48 i 2 h, # %, I PBS 3% 2 X, # % 35
mmol/L # % # 15 Fl 24 h; @ AG490 + & 4 41, 10
wmol/L AG490 1£ JH H9¢2 & AL 48 iE 30 min, $it &,
J PBS %2 X, % 35 mmol/L # A 4 1E A 24 h; ®
NRG 41:80 pmol/L NRG 1E A H9c2 w2 AL 40 J 2 h;
©AG490 41 .10 wmol/L AG490 1E A HOc2 1 AL 4 A
30 min,
1.3 4RRafEEERNE

H# HOC2 o BL2E fe #E A T 96 FLEE SR H, 0 AL
g K B EERILE R KA 80% B, F ik & L
AETRENAERZE G, THILFMA 10 pL CCK-
8 7190 wL DMEM-F12,% 4% 37°C# & 2.5 h, A B
FEBL(N =450 nm) 38 5 & FL b & (absorbance , A)
BSAAMENFHAR, L THAX T EDEATE
FoaRAEE(%) =4 BA A/ H A AE x
100% , EHEL 3 K,
1.4 Hoechst 33258 #Z BN E HE T

A H9c2 & L4 B A T 24 I RN P, E
MAKE FHERILERAL 80% B, Ek & L84
AFEMAEERF G, FEHERE PBS Wik 3 XK,
RIGH 4% % T B BT 4°C I+ [E & 10 min, PBS
PR3 K, MmN 4A S mg/L Hoechst 33258 i 7|, T
37°C iR 45 9% F 30 min, $k & Al PBS W 7k 3 5k, K
Sk ® 4 4 (TE-2000 # | B A& Nikon A7) T4 fr, %
BB A A g R A TR A O
EEFRONEE, WA ERE BFRNHR
R RGNS e o RN D P e | o
HAERLEWMATER
1.5 ZHREPEERE

A H9c2 W& AL4n B A T 24 LR F, Y 4
MEKEFERILERAL 80% B, LA L LHHAZR
B4 F & B, PBS %k 3 &k, A 10 wmol/L
DCFH-DA %% T 37°C & 48 & 30 min, % & A
PBS Wit 3 K, AR B ME THINLRS M E
B X%k, A Image] 1.41 225 MLE & &K
K A, A AL AR RS AT R AT
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1.6 ZAEBERARNE

Rh123 & — A f 4 i S R 4R AT BOUR By 70 %
B Gk ht AR ) Ok TR B R AL, RiE
7 58 JE W] DA 1B #E R 4 b A £ ( mitochondrial
membrane potential, MMP) By & 1%, 4 H9¢2 & Al 41
MEMT24AERRT, YEREKBFERLTR
KA 80%H, FARXETHANLZFEMLERE G,
PBS # ¥ 3 %k, 4 10 pg/L Rh123 T i v ¥ %
HETF37CREH FIEE 45 min, # 5 FH PBS w it 3
Ko ERAEWATHNAERS MFELEXE R,
20 M A% B KB 5 8 B A I T Rh123 &R
&, A Image] 1.41 B 241 5 A0 B 4% & 70 L 58
BT B A AR AR BT R AT T
1.7 Western blot jE#ill] STAT3 EHBIRIAKF

B H9C2 & L 48 A #E F T 35 mm BRI P 3
FESO% i, AL AL T ARANAERZ ),
JH B4t PBS W63 0k, i N E R ,4°C # E 30 min,
12000 r/min % 10 min, B %, 48 5 & A BCA #*
HAEOEE, LEHET - RERBRHNERE
Bt fi% X P, 7K (sodium dodecyl sulfate polyacrylamide
gel electrophoresis, SDS-PAGE) 4 & J& , # # 2| — &,
LAt Fig ( polyvinylidene fluoride, PVDF) fi£ £ H 5%
JtFlg 975 % 2 1A 60 min, B & 2 5l e N0 p-STAT3 1t
R (1:1000) 47t STAT3 FL R (1:1000) ,4°C 77, %4
J& i TBST %6 3 %X, 4% 5 min, ¥ PVDF J& f & X%
KA ECL B & , B EFBbLE X &4 £, BB &% R
KA ER,
1.8 Zit=4biE

SC 36 B AE  SPSS 16. 0 #3147 484 404, A
HER Vx£s Fom, AR B R AL EEF £ 047
( One-way ANOVA) , Al LSD-t #4734 %t 2 [a] ty Hh %,
P<0.05 A ZRAHITFEN,

2 # R

2.1 EHEEMOALZRE STAT3 BEER1L K F
I FH 35 mmol/ L [ i e B2 48 4 (HG ) 4351 Ab
FHHOC2 O LAEHEL 3 ~24 h J5, WESH X STAT3 B
FRAb IR, o> HG AR LG ILAEAE 6
h,STAT3 W kK- FF 4 BH .35 2, HG 7E L AL
ZH 12 h,STAT3 BRI KRR i (P <0.01)
YEHMI 24 h I, STAT3 BB AL AKF-A BT BEAR, 1H 5 %5
HRAL L, 22 S8R B35 (P <0.05) (K 1)
2.2 MEEMGISEXT STAT3 BBk EiAER
% 35 mmol/L G M AL B 12 h AT .00 ULZH

fifl STAT3 B2 Ak /K-8 & Tk (P <0.01) , {H)E,
TE HG Kb PO LA ML AT, 82 H] 80 pumol /L Al Bz
AbBE 2 h AT HE R0 HG bR STAT3 B R 1k i 1
M, Sebd i, 25 BA 5= L (P <0.
01), Bt 80 wmol/L NRG 434 HO2 L>ULAHNML 2 h
St STAT3 iR L 3L 3 14K 7 JE I A0 (P >
0.05) (1&2),
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Figure 1. High glucose up-regulates the expression of p-
STAT3 in H9¢2 cardiac cells(n =3)
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NRG 41, a >l P <0.01, 5 IRALLLE b Ky P <0.01, S mblidl ik
Figure 2. Naringin attenuates high glucose-induced upregula-

tion of expression of p-STAT3 in H9¢2 cardiac cells (n=3)
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2.3 HEZFEFN STAT3 #FIFIHD$I S 455 A O AL
MAmSH

35 mmol/L #jZg AL FE HOc2 .0 JULZH i 24 h AT
77 A WY S ) 4 L A 8 40 ML AE TR R AR
48.5% +1.1% , ST LK, 2R A HIT+E
M (P<0.01), 1B, 7 HG &350 JLA0 AT, i H]
80 pwmol/L NRG FiiALBH 2 h A B B FHWT HG 5 )
YRR, AN AT RN A 70.5% £1.4% ,5
A S, A B E 2R (P <0.01), 5 NRG H#L
AN FEVEVE AR, 10 wmol/L AG490 ( STAT3 411
) FALHE 30 min HHERA WA H HG 513 /Y 40 i 7
P {55 40 A7 0 RGN & 75. 6% +0.9% (P <0.
01), 2 NRG 85 AG490 i 4b BHAS B A 5 | i 40 Jfd
BPE(E3)

120+
100+

80 b

60

Cell viability(% control)

404

201

A B Cc D E F

B 3. i EF STAT3 MHEFIx =g O S
%(n=6) A JXEIBL B N EE4L, C i NRG + B4, D N
AG490 + =HE4L,E i NRG 41, F - AG490 41, a iy P <0.01, 5%}
WRALHHE ;b A P <0.01, S i .

Figure 3. Naringin and STAT3 inhibitor alleviate the high

glucose-induced cytotoxicity in H9¢2 cardiac cells (n=6)

2.4 HHEFET STAT3 MFEFIRESESI RO
MAEE T

Hoechst 33258 {6145 5 87~ , W 35 mmol/
L AR FE HO 2 (O WLANAE 24 h (98 T 4i il I
W MMET- RN T7.3% +1. 1% (R4 B =
48.7% +0.6% (P <0.01), {H/Z& 7£ HG ZLFL L
AT, % FH 80 wmol/L NRG THALBHE 2 h 7] i 3 sk
% HG PBURATAER , (4TI TR L E 21. 0%
+1.5% , SEbEA LA, ZR BA G E L (P <

0.01), 5 NRG BFEHAHL, 10 pmol/L AG490 i
ALFR 30 min LA AHERE TR R 20.7% £1.3%
(P<0.01), BAjlt NRG 5§ AG490 il kb FEA B AN 5]
AT (E4) .,

Apoptotic rate(%)

A B C D E F

B 4. R E R STAT3 #PHI 7R 42 S #55] A0 AL AR
T=(n=6) AKX IRZE B N EBEZH, C O NRG + @S HE4H,D N
AGA490 + FIHEAL,E 8 NRG 41,F S AG490 41, #i3k Tt Wit ML
M, aky P<0.01, 5% A4 b oy P <0.01, bl s,

Figure 4. Naringin and STAT3 inhibitor ameliorate the

high glucose-induced apoptosis in H9¢2 cardiac cells (n=6)

2.5 HHMBZEFN STAT3 HDHIFIHD & 5 HE 5] &2 A0 AN
MpEERERIES

35 mmol/L #j 4G AL BE HOc2 /0> ILAH I 24 h 7]
i )y DCFH B9 F #5658 B ( mean fluorescence
intensity , MFT) [ MFT [B] 2 5 B 3% P4 480 ( reactive oxy-
gen species, ROS) /K] HH #6225 XFHRZH b, 2
SHAGHFE X (P <0.01), R, 76 HG kb3
L UAR B R, W FH 80 wmol/L NRG THALFE 2 h A ffi
LN ROS Az i da /b, MFT M\ 40. 4% +1.2% ( ik
H) AR 22.9% £1.0% (P <0.01), 5 NRG fy
VEFHARL, 10 pmol/L AG490 T4k B 30 min W HEfH
MFI FEAIRZE 22.7% £0.9% , SR bEd g, 2 5 B
AR (P <0.01), B NRG 5 AG490 i
ALFAS B XY ROS A R TEH B (15)
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5. #HEZEAN STAT3 HIHIF 0 & S ¥E 5] 2800 L4 F i
HREMIEBE (n=6) AWML B REIRALL C H NRG +
WAL D K AG490 + AL, E i NRG 41,F h AG490 4, a y P
<0.01, SXFRRAL LS b P <0.01, b i,

Figure 5. Naringin and STAT3 inhibitor antagonize high
glucose-induced increase in reactive oxygen species produc-

tion in H9¢2 cardiac cells(n =6)

2.6 HHMEFETN STATI MFEFRESHEIESHOM
40 B &% oL AR R FB A K 5k

35 mmol/L #j 4G ALFE HO2 /0> ULAT L 24 h 7]
fEHIN Rh123 B-F-3 28 i B ( MFI A2 S 2 pr
PR R RN FE AR ) AN 11.5% +0. 8% (X HR4H)
FEIRE 4.2% +0.5% , 53T A i, 25 HA 5
I2EE (P <0.01), SR, £ HG b 3.0 L4 i
T, % FH 80 wmol/L NRG FHALEE 2 h w] yl 8 £ ki 44
#1453, Rh123 f) MFI A= £ 9.2% +1.3% , 5 &b
AU FRELEF(P<0.01), 5 NRG A1EFIH
1,10 pmol/L AG490 THiAbHH 30 min tHLf Rh123 [
MFI /1% 8.3% +1.1% (P <0.01) ., .t NRG
o AG490 FAL A B X0 ILAH L Y MMP /NG
B (E6) .

R o O 7

TE = AL B HO 2 WO AILAH I AR 7R | A AfF 9 W 4%

15+
[s¢]
[9V)
<
o
5
T 51 2
=

0-
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& 6. #HEEF STAT3 HIHIF iR 2 5 #5815 S 0.0 I 40 B 4%
FERREBAIER (n=6) A WXL, B KR, C B NRG
+ B D 9 AG490 + 4 E O NRG 4H,F i AG490 41, a Ky
P <0.01, 53X MR LA b O P <0.01, SRRl L,

Figure 6. Naringin and STAT3 inhibitor reduce the high
glucose-induced mitochondrial membrane potential dissipa-

tion in H9¢2 cardiac cells(n =6)

S EPHET O LA B 2 07 Il e R
S 0 1 (0 4 B A T SR BRI ) B MR T B
AR (T MMP FEAIR) B AR AR08 (B ROS A=
L) X5 2 B AR N M — 5

HEE Y U, AR SCUE S5 (OB RE O O LAl i
STAT3 i %, STAT3 J& B AT H B 554 %77 ke
[ STAT ZEWR I — L, A Z R A Yr2# Dise, an
S5 e SR AT AR, A WE
6, L 0 56 40 P R A T A N Bk 4
JatoT B BE LTS STATS %, Ktk , 4545 A0F
FEMIEE S, FRATTHHEI 3 il B — A BE YIS STAT3 1Y
HE PR R o

R T FE— AR T STAT3 T8 B 7E b 5 R Y .0
JULAN B 451455 A A 98 IR T STAT3 3 [ 411
Tl AGA90 X i i 75 S A0 00 JUL 400 J 353 475 B4) 5 i
WFFTEE FEF , AG490 REID il o B 5 R 4.0 UL 4 A
PR, (0 0 B A7 5 2R T, R T 4 g f al
MMP Z KM ROS A Wiis /b, $27~ STAT3 i %
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S5 7 U LA B % 240 i R S B R T
LRRL R 105 B S AR R B fE . Banes 2500 236, 7F
STZ 5 S W HE PR K ERBE A, AG490 REFI | STAT3
BERR AL , FHU M PR B 5 A BIF ST 45 51 5 it — 2
A —J7 1, Zhang %5 " 35 L STAT3 3l #2540 g
1B 5 2R 2 10 &R VT RS B AR R R AR R 2
AU PRI o R AR A G, R, S IBE 5 STAT
BETREAFE A BAE T, 2 T /) STAT3 38 % fig
T35 | O JULEH L LB S 5 TR A2 (B A5 1 — 2D 9T

EAF B RIS /NGL T AFTESE NRG 7] 3
AR KA p38 MAPK 38 ) X7 e s | i
(LA 5 . ASBFSE 3 — 2B UESE, NRG n] 1]
S RSO LA p-STAT3 263519 FE1ER , 32
75 NRG Al #0 .0 WLAN S STAT3 3 B, 55— 5 i,
AT LS| NRG 16 W 5 30551 = b5 5 k2 9.0 L2
JROs 455, 68 200 A7 06 S T v, A O TR A, ROS
A s> e MMP R 4%, 3R NRG G ILER 3P
HUHI AT BEAE 2207 T Y, AP am A 8¢ B - P
PR 0 S 2 i AR AR 3 4 45 & STAT3 4110 Hfil 51
AG490 1] P A28 T NRG AL USRS VE T | $2 7R 18
TP STAT3 38 [ 1T e & NRG X4 bl 5 [ 20 AL
AL 5 ) — A EEEALHI, HE ,NRG X STAT3 i
PRI EUEE S0 (A R ) BT R A AR
fiu] fEAF4 J5 i — 25

[ &% k]

[1] Jagetia GC, Reddy TK. The grapefruit flavanone naringin
protects against the radiation-induced genomic instability in
the mice bone marrow: a micronucleus study[J]. Mutat
Res, 2002, 519(1-2) . 37-48.

[2] Kanno S, Shouji A, Hirata R, et al. Effects of naringin on
cytosine arabinoside ( Ara-C)-induced cytotoxicity and ap-
optosis in P388 cells [ J]. Life Sci, 2004, 75 (3):
353-365.

[3] Rajadurai M, Stanely Mainzen Prince P. Preventive effect
of naringin on cardiac markers electrocardiographic patterns
and lysosomal hydrolases in normal and isoproterenol-in-
duced myocardial infarction in Wistar rats[ J]. Toxicology,
2007, 230(2-3) : 178-188.

[4] Huang H, Wu K, You Q, et al. Naringin inhibits high glu-
cose-induced cardiomyocyte apoptosis by attenuating mito-
chondrial dysfunction and modulating the activation of the

p38 signaling pathway[ J]. Int J Mol Med, 2013, 32(2):

396-402.
Banes AK, Shaw S, Jenkins J, et al. Angiotensin II block-

—
W
[

ade prevents hyperglycemia-induced activation of JAK and
STAT proteins in diabetic rat kidney glomeruli[ J]. Am J
Physiol Renal Physiol, 2004, 286(4) . F653-F659.

[6] Zheng Z, Chen H, Zhao H, et al. Inhibition of JAK2/
STAT3-mediated VEGF upregulation under high glucose
conditions by PEDF through a mitochondrial ROS pathway
in vitro[ J]. Invest Ophthalmol Vis Sci, 2010, 51(1) ; 64-
71.

[7] Huang S. Regulation of metastases by signal transducer and
activator of transcription 3 signaling pathway: clinical im-
plications [ J ]. Clin Cancer Res, 2007, 13 (5): 1
362-366.

(8] Tk i, EAtak, BRAEW, 4% JAK/STAT i %) 55 97 51
SO LA AL AE ke /P i S BRI D). R R B
Iz, 2006, 8(2) : 145-147.

(9] XUALAS, 2R, KB ME. STAT3 AYTE AL XA &k el
AR TR AR R, P E BRI, 2002, 4(9)
969-971.

[10] Kumar G, Murugesan AG, Rajasekara Pandian M. Effect
of Helicteres isora bark extract on blood glucose and he-
patic enzymes in experimental diabetes[J]. Pharmazie,
2006, 61(4) . 353-355.

(1] ARG, PRAZEE, SRR, 45, ik 20 i 145 INK
PR S S 00 LA IR AL R ARG [T .
[ B BKEE LA, 2013, 21(1) : 1-5.

[12] Mahmoud AM, Ashour MB, Abdel-Moneim A, et al.
Hesperidin and naringin attenuate hyperglycemia-mediated
oxidative stress and proinflammatory cytokine production
in high fat fed/streptozotocin-induced type 2 diabetic rats
[J]. J Diabetes Complicat, 2012, 26(6) ; 483-490.

[13] Xu W, Wu W, Chen J, et al. Exogenous hydrogen sul-
fide protects H9¢2 cardiac cells against high glucose-in-
duced injury by inhibiting the activities of the p38MAPK
and ERK1/2 pathways[ J]. Int J Mol Med, 2013, 32
(4):917-925.

[14] Zhang Y, Zhou B, Zhang F, et al. Amyloid-B induces
hepatic insulin resistance by activating JAK2/STAT3/
SOCS-1 signaling pathway[ J]. Diabetes, 2012, 61(6) :
1 434-443.

[15] = B8, UF 35, BCEGIE, 5. Al ST AP0 L PPARY 3%
IS S 2 RO R MU R BB LB 3 1)
AL T EZBEAE R, 2012, 28(4) : 526-530.

(ST )





