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B REE STAT3 EEXT KRB O BRI 5 E TR ZEFEXRIPIER
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(HWZE] HIY T E W E (gastrin, GS) Xf SD A RS 4400 JIE Sl i P78 3 453 40 19 DR 3 1 DA &
STAT3 R il PE R . Jiid BEHU SPF Zuif kiR SD KRR 48 H (fAJFiHE 250 ~300 g) , >k HFfL
BFFEWGE AR 4 A (no= 12, Hop gL 6 HEN 2.0 Y)E TTC Yoo o WL, 4 6 Kk
TUNEL } Western blot £ ) : 25 X BRZH (B 41) | B W R AL BT R AL (GS 41) ki PR i 4l (IR
2H) WA P 0 P A (GIR 4) o I Langendorff 2% 8 47 B4 EHE I . B A HF 2
Krebs-Henseleit (K-H) ZZ #1f 130 min, GS 2l 7EFF 2 E S A9 10 ~ 30 min B [A] LG T T B W %R
(10 "mol/L) AL ; IR £H K GIR 417 BT 400 3 13 Fi 7 3 30 min, BT 1 40 min Ji5 P 1 60 min,
Horp GIR £HAEBHITAT 20 min 257 B W & (10 "mol) WAL FE, A4 HBENL 6 R T FHMIHEIERTENZ(TO) ,
FEHETE 15(T1) (30 min (T2) (45 (T3) .60 min (T4 ) I} ic 5% /6 0> % &F 5K K B (LVEDP) | 8 % & Ji&
(LVDP) b Efk EFHER ( + dp/dt,,, ) 5 T TO T4 B8 e IR 52 37 W, I 5 LR I &0 ( LDH)) |
JULIR I T 7] T3 ( CK-MB ) ¥ B 5 R 45 5 BA OO IR AR A R 7 Ak = 2R L PO R s 72 (TTC) G gL 0
WU BETE A 5 B oy 6 HiF4T TUNEL 3y (275 820 LA L 0 T2 1% (0L A S Western blot £l STAT3 J¢
WER L STAT3 (p-STAT3 ) I FIEK . 85 B4lEH CS AIEIfstr s it2#2 5 (P >0.05) ; 57
PIZHAR EL IR 415 GIR M\ T1 ~ T4 Bif 8] &5 LVEDP 34 fiii, LVDP J% + dp/dt,,, B#AIK, /0 ULAE ZE 11 A4 K
LDH &5 CK-MB BEGin, T4 Mg i, p-STAT3 35 H 3Rk, 2 R A G2 L (P <0.05) ;5
IR 41 LL#, GIR ZH M\ T1 B [a] g5 4 2000 Z DI REAS W 38 A i E KA (P <0.05) , Lo LB SR TR B /L
LDH F1 CK-MB B Al FAIG, O UL T- 40 B BB 0k [ (19.2 £1.0)% ws (14.2 £1.0)% ,P <0.05], H.
p-STAT3 I FEBENAI[ (1.14 £0.10) vs (1.63 £0.10) ,P <0.05], &5 Bl STAT3 i&
TRAE SD KBRS 1RO I e ot P 3 4340 v R AR YE

[REiIR ] BHWER ;S FE 47 ; Langendorff R4E ;5% L3006 [+ 3
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Gastrin protects rats against myocardial ischemia/reperfusion through STAT3

pathway

Yang Xiaoli, Zhang Jun, Zhou Ping, Wang Xinquan, Luo Xiaoli, Wang Wei, Wang Xukai, Zeng Chunyu, Wang
Hongyong ( Department of Cardiology, Chongging Institute of Cardiovascular Diseases, Institute of Surgery Research,
Daping Hospital, Third Military Medical University, Chongqing, 400042, China)

[ Abstract | Objective To determine the role of gastrin in the protection of myocardial ischemic/
reperfusion (I/R) injury in isolated Sprague-Dawley (SD) rat hearts and the role of STAT3 in the process.
Methods Forty-eight healthy adult male SD rats of SPF grade, weighing 250 to 300 g were randomly divided
into 4 groups (n =12 for each group, 6 SD rats were subjected to measure left ventricular function, infarct size
and myocardial enzymes, and the others were used to perform TUNEL assay and Western blotting) , that is,
blank group, gastrin pretreatment group ( gastrin group ), I/R injury group (IR group), and gastrin
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pretreatment and I/R injury group ( GIR group). Isolated rat hearts were perfused with a Langendorff device.
Blank group were infused with Krebs-Henseleit ( K-H) buffer continuously for 130 min. For gastrin group,
gastrin (10~ mol/L) was added in 10 to 30 min after the K-H buffer perfusion. For IR group and GIR group,
the K-H buffer perfusion was stopped after 30 minutes’ perfusion, and then the hearts experienced 40
minutes’ non-perfusion and 60 minutes’ reperfusion. For GIR group specially, gastrin (10~° mol/L) was
infused for 20 min after 10 minutes’ K-H buffer perfusion. Left ventricular end diastolic pressure (LVEDP) ,
left ventricular developed pressure ( LVDP) and maximal rate of rise of left ventricular pressure ( +dp/dt,,. )
were measured at time points immediately before the perfusion blocking (TO), 15 min-reperfusion (T1), 30
min-reperfusion (T2), 45 min-reperfusion (T3) and 60 min-reperfusion (T4). The eluate of coronary sinus
was collected at TO and T4 respectively to measure the contents of lactate dehydrogenase (LDH) and creatine
kinase isoenzyme ( CK-MB). After the experiment, the hearts were subjected to TTC staining for infarct size.
TUNEL assay was used to detect cell apoptosis for the myocardiocytes, and Western blotting for STAT3 and
phosphp-STAT3 assessment. Results There were no differences in all the following indexes between the blank
and gastrin groups (P >0.05). In IR group and GIR group, LVEDP was increased, while LVDP and + dp/dt

were decreased at the time points from T1 to T4, the infarct size was exaggerated, the contents of LDH and

max

CK-MB were elevated, cell apoptosis was enhanced and the expression of p-STAT3 was increased when
compared with blank and gastrin groups (P <0.05). Gastrin pretreatment resulted in improved LVEDP, LVDP
and +dp/dt,, from T1 to T4 time points (P <0.05), reduced infarct size (P <0.05), lower contents of LDH
and CK-MB (P <0.05), ameliorated cell apoptosis [ (19.2 £1.0)% vs (14.2 +1.0)% , P <0.05] and
enhanced STAT3 phosphorylation compared with IR group (1. 14 +0. 10 »s 1. 63 £0. 10, P < 0. 05).

Conclusion
[ Key words |

Gastrin protects the myocardial injury against ischemia and reperfusion through STAT3 pathway.
gastrin; ischemia reperfusion injury; Langendorff system; STAT3
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O JUUARE BE 75 % [ A 26 A1 135 19 2R 05 258 R 46
&, T L4 Bk 0L T 13 45 45 (ischemia reperfusion
injury , TRT) 7] JiI .0 JULZE F) A3 L) R RS, 2 54 1
CWUERERIT BB mEEREY . BT #E10]
B O WU ML PR U EA T T R A il R e
PRIFSE , 57 T 3% J0E 2o WA 5% ek 42k R L ke
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10 ~20 £ . BEAERFTEIN A B 0 25 BAT 14 50 40 i doke 4
itz AR T AR IR 4 B RS S T
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27 FRTHATEE, B, A 25008 i a2 8 R 75
SD R B Ao U Bt L P90 T PP B S, ] B 8 R T
Ak R JFE A L PR AR 5 O ARV P R BL

1 #MREFE

XA 5 A
B (gastin 1) .2.5% %L 24 AL =2

1.1

FEPYE M (TTC) Pt Tropomyosin HL A ( Sigma, 3£ [H ) ;
STAT3 R {k STAT3 ( p-STAT3 ) . GAPDH i /& ( Santa
Cruz,3E [® ) ; TUNEL &3 £ ( Roche Applied Bio Sci-
ences , {5 [E ) ; PowerLab Z23/ 8 4= B 54X ( AD Instru-
ments , K FW.) 5 5¢5% @ 5 BE (TOKYO, HA) ; K-H
22 P A0 %5 (mmol /L) 1118 NaCl,4. 8 KC1,1.2 MgSO, ,
1.2 CaCl,,25 NaHCO,, 1.2 KH, PO, Ll } 11 Glucose
(pH =7.4) il T8 40 M sl 7™ i
1.2 ZRshhhoa

12 ~ 15 JAl i SPF ¢t SD R B ({45 & 250 ~
300 )48 H, B8 =P8 K KT = e BF AR AP RHIF 52
Frscsnsh Yo it SR BEPLECFE R H
4 2 (n =12, HAREPL 6 HAI A L E D) fig [TTC e fa
LGS B4y 6 HEfT TUNEL & Western blot 45
M) 28 FI4H(B 4) , #52E K-H Z b e 130 ming B
WERWALHEZ (GS 21) , K-H w1 10 min, B {4k
O EBkShA B R IR 44T B I E (10 mol/L) T
AEFR 20 min, 45T K-H 22 i #E 73 100 min g e 1 £
WL (IR ) , 4O BEBTE 1 A 45 7 K-H 22 oh e
30 min, FHWTHE I 40 min J5 25 7 K-H 22 phl o 7
60 min; it i PR B WA 2R WAL B4 (GIR 41) ,K-H %%
PVRVETE 10 min J5 457 B W R HLb 3 20 min, SR )5 BH KT
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AUV, BT 40 min 5457 K-H Z2 i 60 min,
1.3 Langendorff 34k i iz 454 69 2 5

SD RE 45 T2 (300 U) I8 JFE v S 18, 20 min
JE 2. 5% G 240 (50 me/ke) HE RS BRI . RIS
25 Y I PO 5T GO E, A 4 °C K-H ZZ vpif
o HEAS DN BRI, TRGE F% 2 Langendorff 228 |, D)
95% 0, ~5% CO,iRA MM AN K-H i (pH
{H7.35~7.40) 7E1E IR (37 C) EHFR (12 mL/min) &
P HE: o TENH Bl Bk (B Ak B — /N 1, A 5 ko 4 v
AR o B FZ0.0 B R 1 42 A I e S8 10 % 3K
PR, T — i 2 A B SR, O = 3K
NG P T I AR R K A 22 0 F A IROR e AR F
165 ~ 10 mmHg, 10 min J5 .0 JE 3 30 3% 352 2 R 28
FRREESS S BUR ORI - 80 CUKFEIRAE R o
1.4 O adaAamR

RARENLIE E 6 H SD KB AT 250 D REM & .
BOE O RS L FTRP 202 TO, FE#E T 15 (T1) (30(T2) |
45(T3) .60 min(T4) ., | PowerLab 3@ 164 F{= 5%
ERAE IR ZR G 3 A SR 45 A I 20 1Y) A2 28 &Y 3K OR e (LV-
EDP) 72 % & JEH (LVDP) feb% N ik B 3
( +dp/dt,,) BBIE KA H
1.5 S B AN Z

TN E 6 H SD K #FT TTC Jeta,
HARG DI E T -80 CIUKFER TR 2 h, K
BURIG OO BN JE AT VI 0. 2 em J2
W6 R, A 1% TTC %W (pH 7. 4) th 37 C i %
15 min Je 8, 7735 190 WURE 8 4 41 6, A8 X0 UL
EREAM, ] Image J B IHr 15800 IS SE I
FUE 73 b o VB BE T AR = 880 WL TR AR/ S0 L T
FH x100% ) .

1.6 & UBgETEAR]

T TO T4 B (A s e e PR 52 3k 1 &, SR ] ELISA
1223 ARG I G v 2L 1R 56 4=t ( LDH) Bz LR J8 it [v] T
it} (CK-MB, Bg 5t 8 5l A ) TREFFE R ) MR BE o
1.7 TUNEL X7 &4m A =

FRLHBELEE 6 H SD K17 TUNEL 27 £ 46
W o 4% 2258 FE (i1 5 190 FILEH 100 R0 A I B 3
OV Y) [, 2 s K S bt i g & fs, 1t
tropomyosin HLARGL .0 LN, ] TUNEL 2057 & i
A0 LA AR A 8 T G 45, DAPL 3L (40 i, 2¢O i il
Bi A, gt it TUNEL B4 A 4% ( TUNEL FHPEZH
M% S A0 R AR x 100% ) o
1.8 Western blot #-] STAT3 & p-STAT3 & & & ik

TR FEPLIEE 6 SO IEFR A 2H 2R R 1 HE
JrERIBCEE 1,25 e 85 H k4T SDS-PAGE HLyk 77

B LUK AL TR E R L, 5% WA 0 s il
P4 90 min, 43 5I0% & STAT3 {4 (1:800) ,p-STAT3 i
&(1:800) ,4 C i B, TBST P 3 ¥k, A 1:15 000
RO Pt = IEEEERF 7 90 min, TBST %% 3 1K,
DAY (LI-COR,, SE[H ) SRAEAF 5, Quantity One
BBt B AE
1.9 %itsam

K SPSS 16. 0 Gt B AF A7 70 M , 7 K L
xxs Fon, AE] EAT BRI R TT 2200, N 22 57 T
BATE R BRI T 22008

2 HR

2.1 SD KA BRCIEALS T4

W1 FroR 78 TO Iy 2 18] A2 0 28 T RE AL s o 5e
2R (P>0.05), 76 T1, T2 T3 T4 i} [a] £, B 41
5 GS YA LEIReKgit#25(P>0.05),5B
ZHF GS 4 b#, IR 415 GIR 4] LVEDP F} &, LVDP
5 +dp/dt FRE,AGRIFEER(P<0.05); 5 IR 4Lk
&5 GIR 41 LVEDP FF§&, i LVDP 5 + dp/dt 7+ &, A
Giite R (P <0.05),

F1 BRAXBRTRMBEREZOCENRELR(n=6, x£5)

LVEDP( mmHg)
2151
T0 Tl iV T3 T4
B4l 7.2+0.4 7.7+0.2 8.4+0.3 8.9+0.3 9.6+0.3
GS4l 7.4%0.5 7.5+0.4 7.7+0.6 8.5+0.5 9.1£0.3
R4 7.8+0.4 88.3+6.0°  75.324.0% 64.3£3.3P 567222
GIR4 7.0+0.3 424510 32.5+3.1% 30,6 +3.7%c 255 £3. 55
LVDP(mmHg)
25
T0 Tl i) T3 T4
B4l 92.5+3.4 91.8+3.3 89.4+3.1 87.5+2.7 85.1+2.3
GS4l 93.0+4.3 91.7 +4.0 90.9 +4.1 89.7 3.9 87.8 +3.4
IR4] 91.9+4.0 7.2+2.2°  14.0+2.3  18.2+2.4® 20.8+2.1%
GIR4] 90.1+0.9 18.2£2.7%  37.6+6.5% 49,7 +5.8%c 56,2 +5. 5%
+dp/dt,, (mmHg/s)
205
Tl iV T3 T4

B4 3675.6+218.53580.3+192.5 3492.3+190.8 3381.0+166.9 3219.8+183.8
GS#H 3832.8+132.0360.2+143.6 3514.5+145.5 3453.7+133.8 3280.4+140.1
R4 3768.0+12.5 22.3+24.4% 272.9+41.9%  414.1 +91.72 540.8 +88.5%

GIR 413 818.6 +248.7  450.9 +80.9% 626.3 £131.8%¢1 016.8 +163.62> 1 334.2 +173.03b¢
a:P<0.05,%5 B #at45;b:P<0.05,%5 GS A% ;c: P <
0.05,5 IR 2a3b4%

2.2 WAL EmAREGE R

BZH(1.7+0.4)% 5 GS 44 (1.8 +0.5) % AH1T
Bl A3, TTC B4 €0 JUURE FE T AR 40 8] Te 58 127 25
F(P>0.05), 5 B4 GS HEHH,IR 40 (36.3 =
3.0) 5 GIR 4H(16.5 +0.9) .0 WLEEZE 1 AU I, A 58
2R (P <0.05) ., 5 IR 4 H4e, GIR 4.0 LA b
AR, B Giit 225 (P <0.05,4 1),
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FUN £ B A RS IR RS JR B S R
Bl fAAROIMEFRERAGHSNE
3 JLES LDH .CK-MB #&34 &

1E TO B [A] 55, 454 LDH CK-MB ¥k J& ToHe 1127 2=
S (P>0.05), £ T4 Wi &, B 45 GS 48] LDH
CK-MB Jegiit2# 25 (P >0.05) ;5 B 4 A1 GS 4t
% IR 215 GIR 41 LDH .CK-MB # g & (P <
0.05) ;5 IR 4 H%%, GIR 4Hf%) LDH ,CK-MB BH I %
(P<0.05,%2),

GS 4

IR 4

GIR 4

2.3

TUNEL

tropomyosin

B 2

GS 4

IR 41

GIR 4

&2

— L
1 (i)ﬂP

®2 HHEKXRK T T4 tjE = #iE% LDH CK-MB 1)
SELB(U/L, n=6,x£s)

LDH CK-MB
205
TO T4 TO T4
B4 16.0 +3.5 50.8 7.1 2.7+0.3 5.9+0.4
GS 2 16.3+3.0 48.9 +6.0 2.4+0.6 6.4+0.9
IR 24 16.1£6.0 297.5+45.2" 2.7+0.4 76.8 £18.6"
GIR#H 18.0+3.3  151.6 +21.2% 3.1%0.2 28.7 £4.9%

a:P<0.05,5 B Z00E ;b.P <0.05,5 GS L bdk;c. P <
0.05,%5 IR 281k

2.4 R ARKFEERN IR TUNEL [a b2 e

RGP A TR, B AT GS 4R W T
TUNEL FHM:40 0, 76 IR 415 GIR £+ A] i, TUNEL FH
PEYIAE ;55 IR 2 e %, GIR 41 FH M4 B Bk 2. Seit
TUNEL BHM:400 BT &5 H %0, B 41(0.7 £0.3) 5 GS
ZHMA(0.6 £0.2) R THIT#EX(P>0.05);[[ B
SHFN GS 2 Hed, IR 4(19.2 £1.0) 5 GIR 41 (14.2 +
1.0) ¥ 275 (P <0.05) 5 [A] IR 41 bb4L, GIR 41 [
PRI FRE(P <0.05,/82),

DAPI

10

RARBETURZTHRRONMARKEESFEL
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2.5 Western blot #].s L STAT3 % & 5 2 p-STAT3

o Rk

O UL STAT3 35 1 5 H p-STAT3 5 1 3R ik s A48
Western blot #jll 25 5 7~ , B 20 p-STAT3 & [ F kK
SE-5 STAT3 ZEEAFIEKE HIE(0.65 £0.08) 5 GS 4
(0.76 £0.09) i) lb B 22 S L Ge 1T E L (P >0.05)
5 B ZHA GS A H#, IR 2 (1. 14 £0. 10) Fil GIR 4
(1.63 0. 10) ¥ (Gl ¥ER(P<0.05), 5IR4H
Fe#s, GIR 2H p-STAT3 5 [ 3Rk KF- B B Fh i (P <
0.05,83),

1 2 3 4
P-STAT3(80X10°)— messs s wmms  SE——

STAT3(80x10°)—

GAPDH(37x10°)—

1:B41;2.GS 28;3:1R 48;4.GIR 48
B 3 Western blot #&illl& 20 K R /Al STAT3 5 p-STAT3
FASESv

3 g

2O JUUAE BE J2 R I 28 2 i 1) i T2 B =2
— PR S AR B K ) I R YR T AR O LA
FE I BELAEAT R 5 1 o AR, RS 2% B JUL B 1ML /5 F)
FERETE VAT S E O WLAY 4 , 6 30 O JLAE 3 1 B
BN O IIRE B RS o O B PR
X T 2O WUREFE B 367 ROR L S PR 25 5 T2
=

HIEREEENEmEREZ—, 8 CCK KWK
BT 2 100, &4 17 88 34 MEIERIZIK, =
ZhE . TN G 4G B, ke h i
HE s, 282, MER—Fh & i
LB, HE Y DR R Ae i B R ™ 5 5
THIEFE . AN, DI R S W R SR R A K
T Up I E T, V50 @ A0 0 A 18 A4 LA R AR a0 I 15
KB, WS AR kR B2k
(CCK-AR .CCK-BR D fz CCK-CR) J& T G FHH{BHEZ
K SN E AP RBE S, B E IO
TSRS, 5 5 0 2 3 M 7 H 58 114 % 1k J& CCK-
BR'™ , 7EE I, B WK A CCK-BR @i 5 £ 1%
A AR ELAE R AR R BRI AR PR AR, AT 53 1 K
BULE" o FECHEH A BFFE & IS F R 3l bk 9 1
S P O 2 AT N S T e R 2 T RE
W E WE S0 MEREZ MRS BRR . A5
i Langendorff 8 4t 3 37 265 1420 JIE ke 1fi, P 1 5 195

BORY, B P A R R 5 [l ik GS 415 B 2
(R HL#E , AT HIAS ST B 10 " mol/ L () 8 36 R oK WL I
TR SRAE X S IR 45 R IC R ), AR SR ik — 2D
BT T B W RO WU L AR G P e . B
FEUE B < e 0P T 40000 s A O DI RE S 40, O LA A
TR, U LR JSC3 A o0 JUL 40 B 0 T3 o {BLAE
B FT25 T B W R WAL, a] & BBk LS 220 & )
REVR S W) 300 33 , o JOLARH A T AR I 35 k2D , o LI R T
SZFMH, [R]RE TUNEL 3% 68 % B0 LA A0 T B 0
D HETR B WA AT LAY /D U JULAE i o P v
A0 A T, T RO LR 45240, AR O D RE RIS

TEZPEC WU BE LA Ko JUL Bt P-4 0 453 45 v, 24
L9080 T o 2 ) A B e 2 — AL A
HAETE AL IR T 38 558 (survivor activating factor enhance-
ment, SAFE ) JR A% 2 A A8 & B DR 478 3, O 54K
FZIYA R SR TR, o STAT3 B
B R B AR k. STAT3 J2 AR R B2
FIRY AP ST 1 DR 1, e e i IRk 5 i 22 PR B i 1) Wl
FRACTI S )2 2 5 A BN 3 5 AN 5 2 i
W FERON o BRAEWTFE R B STAT3 2 5.0 JIE Bk if 151
PrAp, 10 STAT3 /1N BUIER] STAT3 FE Gk il F-#
PR BB AR T AR BT
#H] CCK-BR 5 STAT3 Z MIfF % IBE R, CCK-
BR uJ {2 it STAT3 Wi i Ak , 12 7 200 i 3% 5 | 200 JHa K it
5. HIMEREIEHN CCK-BR Z A, WA W5 & W
B 5 H CCK-BR Z K454 1T DLk STAT3 1) @
m Ak, 0 T A A PR T o TR AR WF 5T
Western blot £l 7 STAT3 1 [ Iz Wi b 25 F R ik
IR RS, FEBR LT 45 T B W R AL HLS p-STAT3
HE R FRIE A, 327 5 W P AL E STAT3 5
WERR AL

g5 EITR, B R X SD K B B 440 I Bk 1f FF
PETEAS BA DR AP PR T, AR AL AT R i ok fie 1k
STAT3 & HBERR AL, DO LAy A 56 3
A S A STAT3 it 51| BELIKT STAT3 iR AL , AR
2 AR AL B O M SR I PR A% ) R AR
ST X — IR AR AR, I RAFAE HAWAE T d %, H i
ARWIHA . AN, B RTER I PR 45 IR T R 2
15 TARK Ak e B =2 SMIEPE T30, 1 W R AR
PIRPEY) T, PTAEINAY 22 4Pk KA 850, s O L
FEBE AT s AR UG o [RS8 i BE 2 RHIE A D
X ACTEER A O P2 R, THE B - ORI 6

SE 3k
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