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#-MBax. Bcl-2. Cleaved caspase-3. Nox1. Nox4#=Txnip#) & i&; #| F & & 52 Bf £ £PCR(Real-
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EAOFEN R LR, Bel-2& @ F BB Y, ZAARROS = A3 4y SS-3176 77 5 he 9547 4] S 455544
HOC2%mfit ¢ B =, F #ABax. Cleaved caspase—3 Nox1. Nox4. Txnip&i&, EifBcl-24& & ik v
KALIRROSH) = . WA EAFR 2 RIRT, FLAALIKSS-3137H] 48 5549 K RS ILgm e 8 = 44 ) i
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Antioxidant Peptide SS-31 Inhibits High Glucose Induced
Cardiomyocyte Apoptosis
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Abstract The aim of this article was to investigate the effect of antioxidant peptide SS-31 on HG (high
glucose)-induced apoptosis in rat cardiomyocytes. /n vitro culture of rat cardiomyocytes (H9C2) were stimulated
with high glucose (30 mmol/L), and treated with antioxidant peptide SS-31. The protein expressions of Bax, Bcl-
2, Cleaved caspase-3, Nox1, Nox4 and Txnip were observed by Western blot. The mRNA expressions of Bax, Bcl-
2, Noxl1, Nox4 and Txnip were observed by Real-time PCR. The nick end labeling method (TUNEL) was used to
observe the apoptotic HOC2 cells situation. MitoSOX™ Red staining was used to detect the production of mito-
chondrial ROS in HIC2 cells. Compared with the normal control group, the apoptosis of HOC2 cells, was signifi-
cantly increased. The proteins expression of Bax, Cleaved caspase-3, Nox1, Nox4 and Txnip was up-regulated. The

expression of Bcl-2 protein was decreased, and the production of mitochondrial ROS was increased in high glucose
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stimulated H9C2 cells. Treatment with SS-31 could inhibit the apoptosis of HIC2 cells, down-regulating the ex-

pression of Bax, Cleaved caspase-3, Nox1, Nox4 and Txnip, up-regulating the expression of Bcl-2 and reduce the

production of mitochondrial ROS in high glucose induced H9C2 cells. Above mentioned results suggest that SS-31

inhibits HG-induced rat cardiomyocytes apoptosis and TXNIP/ROS production, indicating that antioxidant peptide

SS-31 may have a certain improvement effect on diabetic cardiomyopathy.
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SS-31(D-Arg-2’,6’-dimethyltyrosine-Lys-Phe-
NH2)/2& — 8t 2L g b B ) b S8 L Ik, o745
P A RS S IR R A, HAA T B AL AROS
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F, MW INATPRI = AP, Ak, SS-3 138 Al A2
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CRBOA SRR -, SS-310] LT i i &t
FACPIF T 000 22 0 M U T, g EL IR T Ay A Bk
I P FE A SRR A S AR B RO U BB AR Y. 5 b,
SS-313& 1] LAYk 8 &1 g X & 15 S 1B Hifs. SS-31
(73X eGR4 1 F 3 5 LT DLV B 2R R ROS A K
ROS /2 14 P 4 A S8 10 380 iR ~F- 487 2K 1 7= A2 1) s 2 7=
Y, 4 A ROS 3 B2 il £ ki 44 = A2, 1T £ FIROS
AT DA A0 2 b A4 B 1T 2 N 48 B 5T, 38 I P caspase
SRRV e % T B A R T i AEU B (thiore-
doxin, TRX) R4t 4 i 1 b I8 FUIRES .« B EUd
% [ A H{E F & M (thioredoxin-interacting protein ,
TXNIP)ZTRX P —#f A Y M 401 i) 2 1, TXNIPRE IE
I 5 TRXGE A7 S5 A 1 A0 TRX T 8 A RS
PE, SR RAROS =A™, H #i A W 5K 4,
SS-3 1R DL ] sl PR 85 T /N b R 2 B g T A
TXNIPHEE R IE. HZ, KT SS-31X b5 F 1O
FULET M35 T B AR AL RO 723 /0 WARIE . A S256
B 7E ML 52SS-3 11 Tx i 175 5 0 K BRL G JUL 4t B oA
T2 LK TXNIP/ROST= A FR 5

1 #MRlF7EE
11w

HOC2 2 Jfa e v [ I 2 R} 2 e FE Rl 2= 27 4t 72
. D-HIEHE. SS-31F1 MitoSOX™ 711 H 56
Sigma/A . %Pt Nox 11 Nox4ly H 32 [ Proteintech
NHEl. RPTBax. Txnip. Bel-2% wEHIIARN ECLYE

antioxidant peptide SS-31; high glucose; H9C2 cells; ROS; apoptosis

A5 R 6 B 3 95 E Abcam A F] . Cleaved
caspase-3J14 H 3£ [F Cell signaling’/A &) . TUNELRF
T SRS Real-time PCRAATT &0 H 36 [
Promega/A 7). BRARMEARIC L 2EHT e 1gGlE B Ak 5t
KEMAEMEAR AT . B LI (polyvinyli-
dene fluorid, PVDF)I4 H 3£ [E Milipore A 7] o

1.2 7%

12.1 @3 fife ikl 5% HOC2ANMIZEMCHET
DMEM e 28 779 (AR 70 4001 iR/ F L% . 105 UL
T #. 100 mg/LEES ) 77 K HOC241 1
SRS IEEBEXTIE (5.5 mmol/L glucose, NG)- 7
BXTHEA (5.5 mmol/L glucose+ 24.5 mmol/L mannitol,
M). EiFE4 (30 mmol/L glucose, HG). =it 2H +7 7]
XFHEZH (30 mmol/L glucose+DMSO, HG+DMSO) ;4
+SS-3144 (30 mmol/L glucose+10 mmo/L SS-31, HG+
SS-31). TRIPHA48 hiF US4, BEAT LR HLER

122 RmMEMF RS BENFdUTPS O 47k
(TUNEL)#®  gHfadiefh T oLk, AT 4
PN LA S B A R e ) o ) A FH i B AT
Y0tz Rkt E NP, AEFL 2D 30014
Ji9, T FH A S L .

1.2.3 K A% Z 2 PCR(Real-time PCR)4& N
mRNAF A K TrizoliAFEHUS RNA, BHT FE
Ko PRIGSEN E B PCRAK 20 pL MK 2910 L
SYBR Premix Ex Taqg™ II(2x). 0.4 uL ROX Refer-
ence Dye(50%) 2 pLF 5%, 6 pL ddH,0 % I
FUESI (IR E N1 ng/mL) % 0.8 uL. w24
Nz 95 °CHRAZ 430 s; 95 °CAEMES s, 55 °CiB K30 s,
72 °CIEAH30 s, IL40MEI . AR ¥ LRI AL A
FIBFXT &, SR A 2 MO F I R 2R IR AR XS A
BG4k S Bl A TR A A R AR SR,
Fro L.

1.2.4 Western blot#a | 0 L FH KA A B R IK
Yo, I EARI, UK 2% 40 min, 4 °C,
14 000 r/min .0 20 min, Lowry il 52 Fi& k& (1
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Table 1 Primer sequences used for Real-time PCR analysis

A FWETIG—3") TSI 3"

Genes Forward primer (5'—3") Reverse primer (5'—3")

18s RNA ACA CGG ACA GGA TTG ACA GA GGA CAT CTA AGG GCA TCA CAG

Bax CCA GGA TGC GTC CAC CAA AAG TAG AAG AGG GCAACCAC

Bcl-2 GCT ACC GTC GTGACT TCG C TCC CAG CCT CCG TTATCC

Nox1 TCA CTAACG TGT GGG TCA GC GCT CTC ATG TTG CCA AAG CC

Nox4 CCT CTG TCT GCT TGT TTG GC TCC TAG GCC CAA CAT CTG GT

Txnip CCG TTA GGA TCC TGG CTT GC GGC GCCTTG TACTCATAT TTG TTT C

WP . BN SR AR 1 50 ng, &+ ki dE RN —
SR Mt iz (SDS-PAGE) &t i FLUK 5 FL 4% # 22 PVDF
JIES 5 5% g WK 35 P PVDEFE 2 h, 43 51 il A\ Bax .
Bcl-2. Cleaved caspase-3. Noxl. Nox4 % Txnip$t
&, 4 °CIEA, Welss Ja AR A B AR 12 S Bt
/N B AT (1:10 00048 ), 37 °CHEF 1.5 h; BE/E
JE IMECL 7, FIODYSSEY I 21 4 A 4,58 e % %
45 (L1.COR Gene Company, USA)Z. 5 . FImagel 1.48
S HT RS AE(NIH, USA)X} Western blot4f 7 iE47 2
SERHT. LLH RIS A B-actin 2k AX 20 6 26 FE
P AR A e 28 5 5

1.2.5 MitoSOX™ Red# & AZFh T-6fLIR H,
HHEAT o . B SR 50 A0 PR A 150 BH 15 3
17o FLeica™ TCS SP8ILE £ BB RERIL , H
Image] 1.4841H1 RSx4 (NIH, USA)YRTEUZ 4T
SR, LAVRYT 405 1E 7 B ) R 2~ 48 ' o FE A
PO AR i 2 5 5

1.2.6 %itzae SO0 K HE DA xts R on , R H
SPSS 21.04e M AT Givt, I LR F R =
75 5, P<0.056 giit2 75 .

2 H#R

2.1 SS-313THGIHESHIC2 LA ET- RIS
ENGHMMAM U, mbEfIH48 h)5, HG

HA HG+DMSOZL T2 41 fl i 5. 1 £ | HG4L A1

HG+DMSOZH HOC2 41 i I T~ /1 43 bb B I B % 7+

5 HG+DMSOZ AL, SS-319697 A M 1= 43 kb

W1 T (A
2.2 SS-31%THGIE SHIC2 4 Bt E -0 X mRNA
REBFRIEHIFN

ENGHAMMAALL , ShERIE 48 hf5, HGA.
FHG+DMSO%H Bax mRNAFIE (9K A1, Bel-2

mRNAFIEE H FIEK /D, Cleaved caspase-3#E H K IA
1, HGALA HG+DMSOZH 2 7] 21k 6 i 3% 2%
7. S5 HG+DMSOZ AL, SS-3175 77 441+ Bax
mRNAFIE [ R iE IR/, Bel-2 mRNAFIE [ %k
i1, Cleaved caspase-3 £ [ 31 B E I (F2) .
2.3 SS-31XTHGIESHIC2 4L K {AROSHI 2N
ENGHMMAALL, =bEilE48 hig, HGZAN
HG+DMSOZHHIC241 fa 4 i AR OS ™ A= 3 i, HGZH.
A HG+DMSOZH 41 ffs £k K A& ROS/KFTC B & 2 7 .
5 HG+DMSO4LAH L, SS-3 1477 ZH A £k Rk ROS

P2 AR (K13).
2.4 SS-31XHGIESHIC2ZABANox1FINox4 3R IA
SEA!

ENGHMMALAALL, ShEilE48 hig, HGAA!
HG+DMSO%H Nox 1 F1 Nox4 ) mRNA & (4 15 %)
140, HGZHA HG+DMSOZH 2 A £k T i % 2 7 .
5 HG+DMSO4LAH L, SS-3 17477 4L 4 i b Nox 1 Fl
Nox4 [ JmRNAFI & H KB L (El4).

2.5 SS-31XTHGIHESHIC24APITxnipFRiEAY 2 MH

ENGHFIMA ALY, =il H]E48 h)m, HGZ M
HG+DMSO4 Txnip mRNAFIE [ & iA N, HG4
A HG+DMSO4L 2 7] Txnip mRNAFIZE [ %A T &
ExER, SHG+DMSOAIAHLL, SS-317A )T 441
Txnip mRNAMNIHE FH Rk 30> (#]5).

3 i

198 B 0 WILIPG 725 2 4 0 PR B 1 R 10 L
PR, TR S IR . IR B I R A B A
CIE S SRARRE P8 SRS O VU A8 2 7E B R 1 35
LM I A5 9 28 P L B B A UL IS A AR
BE, W5 R — RIILIN B R IGR R . HH5
L], —FhAIRE ST T TS S T
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NG M HG HG+DMSO HG+SS-31
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NG M HG DMSO SS-31
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Apoptotic cell /%
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Merge

100 pum| 100 um * 100 pm 0 | 100 um
- == 1 . ——r— =

A: TUNEL S (R 2 ZHHOC2 40 A I T-AE 19L; B 258 543 BT & HHOC2 4 I I T2 8B 15 0. **P<0.01 vs NG; "P<0.05 vs HG+DMSO.
A: TUNEL staining was used to detect the apoptosis of HOC2 cells in each group; B: semi-quantitative analysis of the expression of HOC2 cells in each
group. **P<0.01 vs NG; "P<0.05 vs HG+DMSO.

E1l SS-313fHGIFESHIHIC2 AR T A 20
Fig.1 Effects of SS-31 on HG-induced apoptosis of HIC2 cells

(A) (B)
12 - — Bax
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< - B2 g4 == Cleaved caspases-3
o Z c.a § 0.9 - s E
o S g
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53 S5 0.6
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HG
NG M HG DMSO SS-31 kDa

BaX e e o S e O]

BCl2 | i — — 26

Cleaved Faaat 119
R - |

caspase-3 a4 ! !! 17

B-actin M 42

A: Real-time PCRAS I % ZHHOC241 il H BaxFl Bcl-2 mRNAI#R1XL; B: - € 7 43 HT % 2HH9C241 il ' Bax . Bel-2F1Cleaved caspase-3 113 IA & ; C:
Western blotf il #%-2HHOC241 iy ' Bax. Bel-2F1Cleaved caspase-3 25 [ IR IEE L.  **P<0.01 vs NG; *P<0.05 vs HG+DMSO.

A: Real-time PCR detection of Bax and Bcl-2 mRNA expression in H9C2 cells of each group; B: semi-quantitative analysis of the expression of Bax,
Bcl-2 and Cleared caspase-3 in HIC2 cells of each grou; C: Western blot detection of Bax, Bcl-2 and Cleared caspase-3 protein expression in H9C2
cells of each group. **P<0.01 vs NG; “P<0.05 vs HG+DMSO.

E2 SS-31XEHEIFSAIHIC24AF Bax. Bel-2F1Cleaved caspase-33%iA Y520
Fig.2 Effects of SS-31 on expression of Bax, Bcl-2 and Cleaved caspase-3 in HG-induced H9C2 cells

AL RE, ERLIIREMA I EEIAYS, SO0E R RIS R AR
PRI R RO D RE R VIR R . DRI, 5RO SS-317& — it Al & 3% 4 P A AL, 2 KL AR
PRI VRS R O MLAE R T R E— 8 SS-3UR I mT DALR 47 O B AR FH L Ath 2 R4k B
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(A) NG

HG+DMSO HG+SS-31

A: MitoSOX™ Red 4y tfiJ: k6 Il % 2H HOC241 g ROS7# AL 1530 ; B2
HG-+DMSO.

)

~
~

B o))

(folds of NG)

S}

*k *k

#

oo L]

Mitochondrial superoxide

1

d\

NG M HG DMSO SS-31

HG

FHHIC24H L ROS= A HF B . **P<0.01 vs NG; “P<0.05 vs

A: MitoSOX™ Red staining method was used to detect the ROS production of HOC2 cells in each group; B: semi-quantitative analysis of ROS produc-

tion of HIC2 cells in each group. **P<0.01 vs NG; "P<0.05 vs HG+DMSO.

B3 SS-313THG iFSAHIC2 LML KL A P ROS =4 US40
Fig.3 Effects of SS-31 on mitochondria ROS production in HG-induced HIC2 cells

(A)

4 - == NoxI
a.5<z1: . EEN  Noxd
AR
L =
2.8
55 27
2 g
x = ﬂﬂ

0

\2\&0& L @ @
S o
& <
HG
©

NG M HG DMSO SS-31 kDa

NoxI (WS e e A —

|

B-actin

A: Real-time PCRAG M %-2HHOC24M ig ' Nox I FlINox4 mRNAFIFKIE; B: - 5E
W% ZHHIC240 i 1 Nox 1 FINox4 H H IFIFIE L. **P<0.01 vs NG; “P<0.05 vs HG+DMSO,

1

Nox1 and Nox4

|

Relative expression of

sk Kk

© @QV@&O@QO © S &O&Q
& «39 ) Q»O

T & LHHOC241 i ' Nox 1 FINox4 [ F 15 1 ; C: Western blotfy

A: Real-time PCR detection of Nox/ and Nox4 mRNA expression in H9C2 cells of each group; B: semi-quantitative analysis of Nox1 and Nox4 ex-
pression in HOC2 cells of each group; C: Western blot detection of Nox1 and Nox4 protein expression in H9C2 cells of each group. **P<0.01 vs NG;

*P<0.05 vs HG+DMSO.

El4 SS-3131=HEH SHIHIC240AE R Nox1 FINox4 FIX AT
Fig.4 Effects of SS-31 on expression of Nox1 and Nox4 in HG-induced H9C2 cells
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1.0
% 3k *3%
= 0.8 =
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o 0.4
B
S 024
(=2

0

NG M HG DMSO SS-31

HG

A: Real-time PCRAEG I #-ZHHIC241 it/ Txnip mRNARIZRIA; B: 252 | 0 AT 2 4LHOC241 i 1 Txnip I 1k 545, C: Western blot: il % 2HHOC241

M Txnip 8 (1 RIETE WL **¥P<0.01 vs NG; *P<0.05 vs HG+DMSO.

A: Real-time PCR detection of 7xnip mRNA expression in HOC2 cells of each group; B: semi-quantitative analysis of Txnip expression in HOC2 cells
of each group; C: Western blot to detect the expression of Txnip protein in H9C2 cells in each group. **P<0.01 vs NG; “P<0.05 vs HG+DMSO.
Bl5 SS-3131=HEi% S ATHIC240 A -F TxnipRIX K F2 NG
Fig.5 Effects of SS-31 on expression of Txnip in HG-induced H9C2 cells

B 32 E AR, X L LRAE F v] R SS-3 141 Sk
RROSF=44 ¢, 73 4MSS-31 1] DL 4 & Fdbi 4 51
ML RAR BT 2 2 B I, SS-3 1AM AT PAZEFREZR
KR S50 2%, T HAEHI A B B2 Ao i
S O e u e e e R = S L P E s ]
KT SS3LARIT LB R MWL A HiE. SS-317h
J7 O LR I P FEE T KRR, AT LA 0D i AR, B
R M ERE L, H2SS-313A 97 B IR O
WU BIE A ANTE 2 . FRATI Se50 45 R 7R, HGRE
5155 T K RO LG A T, _E RO LAH i Bax Al
Cleaved caspase-345 [ 3R IA, [FN R iABcl-285 F 1)
Fik, SS-31IGYT I v] LAY e B 5| A 1 X e AR 4k
IXHRIR, SS-31 AT e I8 el 0o JTLAH 6 05 T 0
PRIGOIVRAR . FRATH) S50 45 R 5 2 1 Bt 7t 25 1
— B, SS-31 A LU I fR 47 SOk A& Dy Be, B B/
B /NI AT Bz 4 0 T gk 2 R B 4 L 9 T AN T
TSR R 5 AL S T e ek df L P E VE L )
28 5 O A B T, HRE PR D BRUE NE E RA
O 00, G 55 SR IA 5 W, SS-31AE 40 1) 4 )
AR R AR B Y Re, (BB AR E LS
H—LH .

ROS/KF 3 4 = A B B (4R B #4E, R
040 B T AR FEMH . ROSTE 28 % A4 S AL I 1Y i

EEA, T ENADHBEAT B %08, JEHNADPHES
THBR. BRERIARSL, L UL40 A FFROSIE 1] LLK I8 T
NADPHE L H . — AL A A B 5 AL AR
T S AL B SR F = B AT 7L R 9, Nox1
FINox4 /2 L 20 i v 3= 2R IANADPHAA AL, 7E
W0 WL R A AL R 0K T P AR, 2
H AT 04k 500 LA i S B BOKSF (1) F Bt
SS-317] LA B 4 M 28 07 44 A 72 A= R OS, AT 24
S AN G| R S P B . FRATT A5 R
N, PUEAIKSS-3 1RE A5/ = 5 175 5 14O JULAH i
Nox 1 FINox43R 1A, FHk/b L RAAROS 4. KT
AL IESS-31RT DL 5 =06 75 5 140 JUL 40 e A A
BORZS . LR ARROS= AE 38 fin ] LA fin 2 R 1 i
Ca? T8 B FF M, (515 40 i s im 2 V38 i, 4r it
OB 514 -0, H5 ik, FoA1HE KT, SS-31
LB R Co UL i 97 1 ] RESE 9 /b 2R REAAROS
S, HMEZ AR BAAEHARR, TITRE—
S B6364IF o

Txnip/& — P fim %038 25 1 AH BLAE A 85 F1, Txnip
MTRXAFE 25 Ji5 M Jo7 S8 A4 . 35T 52 Vi) 22 b &40 i A= 4
TN, WA, BRI g G TR,
7ETxnip/ T HPERNAFE G& (170 L 20 B, 48 i3 7
13 B, ROSF= Az ek /b, I 11 Il 5 i 454k S i A1
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MnSOD) FIEHE fin. BE4b, Txnip/h T HERNAFE G
AT LA AR 22 035 S A0 Co B 98 008, 7 D i
BRI OV REFEAG P R ELZEN . AR
B, e A SR R A gk /b 41 B A TRXCRN Txnip 2 (8] (¥ 4
EAREF, (53950 7 NLRP3 A1 Txnip [8] (KA ELAF ], iX
L P A T W A A IMtoQUA YT IR, LTI ey
SR, ARG, B T =BT BFIHIC244 i
R AT RE R AR R A . NSRRI R, AT
177 252, 850 R, Mgy InROS 4=
(1) [ B Txnip & 426 1 B 52 386 Jn, i 2L 04840 771SS-31
YEIT 5 D T RE S S O UL L AR Txnip R ik . H
HTAIT 78 28 W, Txnip E EbE 75 S 10 22 b i it 7 1 v #8
RIFBEZME, WA P 4. 5
AN B R AR AR, I SRR SRR, Txnip e 5 b
PRI Co VAR B8 T2 o] gt B R, (HR AR
TER R — A .

27 bR, PrAE A IR SS-3 130 i) kg S 0 K B
ORI T FIRT, A IRSS-3 14 b i &
(1)K B LR I Txnip/ROST= A2 o FRATTIIAE 7T &5 S
Peow, PrAMIKSS-3 IR PRI O IR AL BAA — 2 1
TRIVEFH, I PRAE PRI O LR AR IR T B — 52
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