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JAK2/STAT3 Signaling Pathway Mediated YLSC Postconditioning-induced
Protection Against I/R Injury in Isolated Rat Hearts

QIN Fei-zhang' , HUANG Yuan-heng', CHEN Zhao-ni', WANG Jia-nong’, HUANG Ren-bin"'"
(1. Guangxi Medical University, Nanning 530021, China; 2. Guangxi Institute of Food and
Drug Control, Nanning 530021, China)

[ Abstract | Objective: To study the protective effect of 17-methoxyl-7-hydroxyl-benzofuran chalcone
(YLSC) postconditioning on myocardial ischemia reperfusion (I/R) injury in isolated rat hearts and investigate its
related signaling pathway. Method: Total 60 male SD rats were randomly divided into 5 groups: normal group,
model group, YLSC group (5 wmol-L™"), AG490 group (2 pmol-L™") and YLSC + inhibitor group ( YLSC
5 wmol-L ™" +AG490 2 wmol -L™"), n =12 in each group. The isolated rat hearts were subjected to 30 min
ischemia + 120 min reperfusion to establish the I/R model. AG490 or YLSC was given 10 min before reperfusion.
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The heart rate (HR) , the left ventricular end diastolic pressure ( LVEDP) and the maximum change rate of left
ventricular pressure ( +dp/di,, ) were recorded, and the level of lactic dehydrogenase ( LDH) in coronary effluent
was detected. The rats were sacrificed after reperfusion, and their infarct sizes were measured by
triphenyltetrazolium chloride ( TTC) staining. Phosphorylated janus kinase 2 ( JAK2 ), phosphorylated signal
transducer and activator of transcription 3 (STAT3), B-cell lymphoma-2 (Bel-2) and Bel-2 associated X protein
(Bax) protein expression levels in myocardium were measured by Western blot. Result; As compared with the
model group, YLSC postconditioning obviously ameliorated cardiac function, decreased myocardial infarct sizes and
LDH level, reduced apoptotic rate and Bax expression levels, and increased p-JAK2, p-STAT3 and Bcl-2 levels
(P<0.05, P<0.01). Combination of YLSC and AG490 could attenuate the hemodynamic improvement effect,
increase the infarct sizes, LDH level and Bax expression level, and down-regulate p-JAK2, p-STAT3 and Bcl-2
expression levels as compared with YLSC group (P <0.05, P <0.01). Conclusion; YLSC postconditioning

could effectively protect against myocardial I/R injury in isolated rat hearts, and its mechanism may be associated

with activation of JAK2/STAT3 signaling pathway.
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BRI C LYK 52000 3 I 420 T R A 1 R A, 25 4G
HE— D REIR B Z R A AN AT A, PR 2 R0 WL
MAFHE T (/R) #4335 4F R BF5E & B, Janus
(janus kinase, JAK) /{5 5 5% 5 FI 55 S5 34075 T ( signal
transducer and activator of transcription, STAT) /f & 4=
05 A I 7 38 9 {5 5 38 1% (survivor activating factor
enhancement ) 14 55 %2 21 B% &8 40, 76 R 37 B O LT
T 75 OC HEAE T . Huffman 25 F 58 #2056 ik
i T4k B A% O U #)  k O H TR  A S3 Ah — A
JIE , AT LAYE Ak 32 440 IR ) STAT3 Jf & #.0 LIR30 4
Hl. XIE 2550 B 5% % BL, f# FH AG490 K i JAK/
STAT i B J& , I/R /N B 0o JUL 48 B 0 T2 2503 2, 0
JULAS BE T FR A 36 fn . JAK/STAT RE fi% 41 i 7 T,
PO NLAE M, i JAK2/STAT3 J& JAK/STAT = il
RZ— 0N V/R S R L B AT RO AE R

BB AR SR W B R L TR AR, AT
AR I 254, T T30 97 /0 LI AL B 3, BRAT i
13 DR D5 I B v KU G 4 o 17 -
7-¥2 Fe-2K Ff kg A /K i (17 -methoxyl-7-hydroxy-
benzene-furanchalcone ), faj #& £ BB < & /K Wi
(YLSC) J&E M B4 60% 2 B B b 43 15 75 5]
Fr R SR A R 2L 1Y i) I 9 E 95, YLSC
HAT PR A (T s SR TEE n  E F, X R B /R 45
Py L 40 ff sk 450/ 5 A B O A BB RY Of 4 AR
FEY L {H YLSC Hi0 L /R 5345 B9 BLHI % oK 58 40
# JAK2/STAT3 (55 WK 2625 T YLSC 54k ¥
XF R B0 U /R 453475 B9 PR 37 1 P i R DL T8 o AR 52
Bk AR BB 0 JE /R BEAY, 25 7 YLSC
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JAK2/STAT3 5 4 71 4l 7 -5 3-(3,4-F2 5L ) N-
WKL (AGA90) , WL JAK2/STAT3 {5 5 il
76 YLSC f 4 kit JIL P 89 4 1

1 w8

1.1 #h4Yy SPF Zilfi 't Sprague-Dawley (SD) KB,
AT 280 ~300 g, Hy ) PO BERF K5 S50 3 9 0 48
i, S A% UE~ SCXK(H:) 20140002, AWF5E T i K
(R 3 WA DG HRAE S HE ) PEERL R F S e B & 5 &%
e N BEAT (JEHES 2012011121)

L2 29950 ERSR AR IS, &7
Hh B 245 BIF 5T B AR AT T 5T B S S WO AR R ) i
M & 5. Millettia pulchra var. laxior 3R . YLSC
JUVEBE R R A 2 BT B A R RS ik R
60% & W5 AT T80l i B £ B, A IOk 4 15 B TR &
BRAR AL, R I 2 AL E e B = 5 W e - WY B R 45
i T A YRR 2 35 2 6 a6 i AT 24k A5 3] YLSC
Bk, HPLC # W 4f FBF Sl 98% 5 AG490 ( 2 [
Sigma A #] L, it 5 167342-31-6) ;2,3 ,5-5 4k = K K&
PURE M (TTC, g 5t B8 248 JE AR YRR BRA 7L it
520160013 ) 5 4 J i T J5t A A DU 3K R & (7R
Roche 23 7], 4t 5 89539 A ) 5 FL R i &0 Al (LDH ) Il 12X
WA & (a4 Y TR R, it S
20160524 ) ; L WEfR AL Janus R 2 (p-JAK2) £ 50
EBUA , BT BE TR AL AR 5 5 S N S BHE 1 3 (p-
STAT3) Z sikEHi A, BBt B ik L 40 Ml -2 ( Bel-2)
Z S BEHUAR, BT Bel-2 AHE X 2 1 (Bax) £ wg St
A T -3 -l 2 It % ( GAPDH ) B 5 B it 1k ( 3
[ Santa Cruz Biotechnology 7% ], it 5 43 5l &
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$7021, T5625, 3165J, 5329X, 6742N ) ; IgG-HRP,
Immobilon-P {5l & ( 32 [E Pierce 24 A, #it 5 53 51 N
MN877532,]S542678) ,,

1.3 {XEF  722s AT UL 43 06 00 B 1 (VRS %
Bl AU g8 A BR 2N 71 ) 5 MPA2000 7 8 44 .0 I 98 97 52
WRSG (Ll RRKBFEYR A RAA);
MS4000U-1C #UAE Y {5 5 & sk #r &2 48 (7 M
i KRB A R A W) ) 5 ALC-BS AUE i 52 (| g
BORFHR AW R A RS R ) s HH. ST1-Ni2 £ g 4
TR KA (db KRR T ) 5 CX41-12C02
TR BRBR 2 307 ' 27 1 Sl BE ( Olympus 23 w] ) 5 PAC1000
T HE Yk A, Trans-Blot cell % & 4% , ChemiDoc XRS #l
BEE AR 7 48 (3£ 1 Bio-Rad A7) o

2 FHiE

2.1 BROHE /R BRI S R 4 IR
SCHRL7 10975 1k 52 1 B M0 Ik /R RS, i s v
PG 20 (50 mg-kg ™) BRI K B, [ ek R g 7
JEZEH (500 U-kg™") Bk, 20 min J5 e FF g B
B E, ST 2T 4 C P R Krebs-Hensleit (K-H) &
(NaCl 118 mmol - L™",KCIl 4.7 mmol - L"~", KH, PO,
1.2 mmol - L™", MgSO, 1.2 mmol - L™', NaHCO,
25 mmol-L™", CaCl, 1.25 mmol - L'

11 mmol- L") v AR50 5% FE 00 Y, kv 5% 1L, = 3 fik
/%, [ % T Langendorff J# Jii & &, 17 IE 5 30 i 47
WETE L, HETE SR 80 em, HH 95% O,F1 5% CO,
223,37 C K-H WEF2edm . A oS H K-H
WS A5 20 min J5 K SEEG 4R 5 4, IE R AL B AR
D WEH K-H W22 HE R 150 ming BRI - 25 4400 B
{20 30 min FE¥EVE 120 min; YLSC 41 55400 I 2
#E 30 min, HEEERA T & 5 pmol - L' YLSC [ K-
H ¥ ¥ % 10 min, j5 H K-H % 8 % 3E 110 min;
YLSC + AG490 £ : &5 {40 I 45298 30 min, P38 7 /1
BTES pdmol-L_1 YLSC #1 2 pdmol-L_1 AG490 119
K-H % ¥ i 10 min, 5§ H K-H ¥ F£# 3 110 ming
AG490 41 : &5 140 E 45V 30 min, FEFTTA T &
2 pmol-L""AG490 1 K-H & #E Wi 10 min, 5 /1] K-H
W FRETE 110 min, Horp YLSC 45 24 71 & A 4l 7 52
as R E

2.2 i sh g1 K e bk i LDH i K A
il B 7K 3 DA 0 P A A2 D Bl 2 0 AT IR R R
(LVEDP) #5575 5 ~ 10 mmHg ( B{ 54t 1 mmHg =
0. 133 kPa) , 53 S 1fi /i A1 P53 3 60,120 min B0
% (HR),LVEDP, /£ & N J& d5 K b T 5 ( + dp/
de,, ) MAEZENEERKTFERE(-dp/de,, ) o PR

Glucose

b

5 KU LR R, T A e Ik 9 W LDH 7KSF-
2.3 OHUEESETE AR A I E FE S R BT R
FROOIE, B T - 80 C kA ¥ ¥R 10 min, B LA .0
E,DF T EWK O 6 (B RFY 2~
3 mm) YR E T 1% TTC BEEREh 22 v (37 C,
pH 7.4) g #E 30 min, J5 & F 10% (1) & b [ 2
TR o BEIEO A G 8 R K 1 A7 05 O WL 3L R %
g, B AP RS, R AT Tmage J 04 1150
JWURE ZE T8 A, O AU B T R = A5 88 0o LTS AR 2 /o0
WLE A Z A x 100% |
2.4 g RumARIC % (TUNEL) U % O JUUZR Bt 0 =
R i BRI U B A5 A I UL T B 0 A 1 43
MTEO . BB DIEARAYI N S B, & R BC10 A~
PEOLEF o TF B 20 M A St R €, BH MR OR T i i A R AR
B0 7 BB P A0 A A S A B LR AE R
I TR
2.5 EHRPEEEETE (Western blot) £l p-JAK2,
p-STAT3 ,Bel-2,Bax & [ ik PTG 4
SN, PR B DR, RGO AR BEN, L
Wroe i T REAE R, BUEAMEM 50 wg iMA L
FEAL , 28 SDS 3R 1 4 Bk i %€ ¢ HL 7K ( SDS-PAGE) g
UK R A R AR 9 & 4 B (PVDF) |, 5% i g 5
KB4 IS A R B R A B — BT (p-JAK2, p-
STAT3,Bel-2, Bax, GAPDH (#) ¥t {& & £ [ 4> 51 A
1:2000,1:500,1:400,1:2 000,1:500) ,4 Cif&,
MMM =P TERNEM 1 h, LR
846 I o 8 2 I A5t B 1 3R GK 7K SF, Quantity One
BRI B BT BRI A5 K EE . GAPDH fESR N 2,
TAFEARE RN E 3 K,
2.6 Hiiteesrtr SR SPSS 18.0 i 17 H il
Goit iR DL v £ s FROR AL LR F 7 2 0
Wi N R ¢ 836, P <0.05 2% R 412
3 #£R
3.1 YLSC XfIfiLii 8 15 iysg i 5 1E % 4 g,
I/R 4 ¥ J5 HR, + dp/de,, F1 - dp/de, AR, T
LVEDP F} & (P <0.05,P <0.01) ; 55 485 7 4 1 %5,
YLSC fig 11 & ok 3% 0 h R, B8 HR, + dp/de,,,
1 —dp/de, B0, T LVEDP [ (P <0.05,P <
0.01) ,AG490 fE B V& 55 YLSC A4 .0 LA 37 /6
(P<0.05,P<0.01), 5HAILH L, AGA90 Xf .0
DR TC I Bim, Wk 1,
3.2 YLSC x> LA ZE 18 A5 RN 5 ik U 11 LDH 7K
FRysZme SRR T, YLSC J Ak 3 i B 8
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£1 YLSCHBEOHEMFBHINZFHNEME(x+s, n=12)

Table 1 Effect of YLSC on hemodynamic parameters in isolated rat hearts (x +s, n=12)

i ik 7 HR/beats - min ~' LVEDP/mmHg

a1 L FEAETE 60 min  FEMEYE 120 min L FEAETE 60 min  FERMEYE 120 min
% - 265.6 +21.3 273.7 +25.4 262.3 +28.4 7.320.6 7.6 0.6 7.2+0.5
Y - 272.9 £23. 4 241.2 £17.0"  236.5 £18.9" 7.0£0.8 18.9 +0. 8% 18.5 +0. 6%
YLSC 5 269.0 +26.6 253.1£19.6"  260.5 £13.4° 6.8+0.5 13.2 0. 4% % 13.5+0.5% %
YLSC +AG490 5 +2 260.7 +11.3 248.4 £21.5"  253.4£15.3% 7.0£0.9 17.5 +0.5% ¢ 18.0 +0. 6> ¢
AG490 2 268.4 +15.2 233.7 £20.0"°  245.9 £27.3°) 7.2 £0.7 19.3+0.7% ¢ 19.2 +0.92 ¢

) Wi i +dp/de,, /mmHg-s ™! —dp/de,,, /mmHg-s !

i /pmol - L™ e i 7 FEWETE 60 min  HHEVE 120 min e i 7 FEVE 60 min  HRMEVE 120 min
% - 2 610 £209 2653 +184 2 627 £252 1924 £176 1998 £192 1972 £177
F5E A - 2539 £176 1 874 +242% 1 852 +2662 2 005 +190 1 209 +235% 1 324 £168?%
YLSC 5 2 580 148 2317 2264 2145+186"% 1972 +243 1764 207" % 1813 £185%
YLSC + AG490 5 +2 2 579 +295 1960 18123 1985 +247% 2 123 £191 1154 £21529 1207 £181% %
AG490 2 2 631 +182 1945 £235%% 1873 +£230>% 1930 +184 1237 +165%% 1214 +189% %

. S5ERHLEYP<0.05,2P<0.01; 5B %D P <0.05,YP<0.01;5 YLSC 4 4> P <0.05,9P<0.01(F£2~4[d).,

/N WILAE BE TR AR, 92> LDH BE it (P <0.01), 5
YLSC 2l %, YLSC + AG 410> U 5 1 A A 4 34
LDH Bjihg 22 (P <0.01) . SEIAYA HLAL, AG490 Xf
O WA BE T AL AT LDH ZKSF-JGBH g, L3 2.
Fz2 YLSC XDAEIEEFRFAE KR H % LDH K EM M (x =5,
n=6)

Table 2 Effect of YLSC on myocardial infarct sizes and LDH level

(x+s,n=6)

20 31 W/ wmol - L™ 48 6 1 AL/ % LDH/U-L"'
EH - 4.80 £0.61 170. 36 +21.48
B - 48.39 £4.75%  490.58 +34. 627
YLSC 5 25.73 £3.52% % 250.49 +31.45" %
YLSC + AG490 542 44.69 £5.19% % 460. 86 +39.26> ¢
AG490 2 46.38 £5.44% 9 500.24 +42.17%©

3.3 YLSC X[ LM TR A5 Sl 30 min
FRHETE 120 min BB W] 0 38 fnoC LA B 08 1238 S5 A
RUZH L8, YLSC J5 4k B 6 B Sk 9 20 0o JL 400 o T2 2%
(P<0.01), 5 YLSC 41 kb3, YLSC + AG490 410> AL
M T B BB (P <0.01), 5 AR L&,
AGA90 XF.0o ILAR LA T JC B g . L3R 3,1 1
3.4 YLSC J5 A #XF.0 Il p-JAK2, p-STAT3, Bel-2,
Bax R R IA MM 5IEH A, KA p-
JAK2 ,p-STAT3,Bax ik N, Bel-2 ik > (P <
0.01) ; SH%I 40 %, YLSC 41 p-JAK2, p-STAT3 %
ikt — 25 G, Bax 3k Bl A Bel-2 ik £
(P<0.01);5 YLSC 4 H.%¢, YLSC + AG490 41 p-
- 156 -

®3 YLSCOHALAMBATEREBRM (v+s, n=6)

Table 3  Effect of YLSC on apoptotic rate in isolated rat hearts

(x+s,n=6)
26 51 ?/’f?f}?:‘/umol-L_l T2/ %
E% - 2.54 +£0.32
Y - 45.73 +£5.29%
YLSC 5 19.38 = 4. 46> ¥
YLSC + AG490 542 43.06 +6.05% %
AG490 2 41.27 +5.30% 9

A, IEHA B, L ;C. YLSC 4H;D. YLSC + AG490 41 ;E. AG490
H(E 2 )

1 YLSC 3tk B AlLo0 AL 4R BB B = 2 T 4 89 % Iig (TUNEL, x
400)

Fig. 1 Changes of apoptotic rate in each group (TUNEL, x400)

JAK2,p-STAT3, Bel-2 /K SEF&A% , Bax /K FETHE (P <
0.01) ; 5 K %1 41 [k %, AG490 fig I /> p-JAK2, p-
STAT3 ik (P <0.01) ,TMXf Bel-2 1 Bax 7K F-JCH]
B, k4K 2,
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£4 YLSC KR AALR p-JAK2,p-STAT3,Bcl-2 1 Bax EAREMHM (2 +5, n=3)
Table 4 Effect of YLSC on protein levels of p-JAK2, p-STAT3, Bcl-2 and Bax in myocardium(x +s, n=3)

2 5 e i/ wmol + L ™! p-JAK2/GAPDH p-STAT3/GAPDH Bel-2/GAPDH Bax/GAPDH
EH - 0.35 +0. 04 0.32 0. 03 0.43 +0.03 0.25 +0.01
TR - 0.83 +0.07% 0. 68 +0.04% 0.13 +0.01% 0.96 +0.07%
YLSC 5 1.16 0. 10> ¥ 0.93 +0. 06> ¥ 0.35+0.02" % 0.44 +0.03% %
YLSC + AG490 5+2 0.28 +0.01* ¢ 0.50 +0. 04" 0.14 +0.01% ¢ 0.87 +0.06% ¢
AG490 2 0.33 +0.02* 9 0.41 +0. 03" 0.15+0.01% ¢ 0.91 +0.05% ¢

-
o R -

A B C D E
B 2 YLSC 3t Al p-JAK2, p-STAT3, Bel-2 #1 Bax E 0 kA 11
#
Fig. 2 Expressions of protein p-JAK2, p-STAT3, Bcl-2 and Bax in

myocardium

4 tig

bE & R IME S 22 GENKIE R ST I
J& 0 WL T/R 5495 B8 i PR i DL 7 i B A Bk A 2
a2 /R 002 B ATt 9 . AR BRI 1Y A
WIRE 58 E 52, YLSC B4 B a1y 4 7.0 WLAE .
YLSC AJ i/ K B /R 45t 495 51 Ak 1 o0 OLASE 26 18 AR 1
T LT A RS T, [R] B o PI3K/ Akt {5 5 38 452 U
MO T 5 A . YLSC K ) 25 58 AT
DLW He g B 4 M R BRGS0 LIRS R 5,
BLHI AT BE 5 DR 4P N J 4t i, 92D PG 1 & 15 4 il
A3 HH AT YLSC R0 UL VE FHLH i ok 58
EIERE AT i — T

JAK/STAT {538 B /& 1992 4E R PRIy — 4 &
N DN ERe e o i i VA O IR KR R 2
KB A HE P T R b e A D7 TR $5 O S AR
M. B, mEL S Yy B 4 Fh JAKs (44
JAKI1, JAK2, JAK3 FiI TYK2) Fil 7 Ff STATs ( {4 3%
STAT1, STAT2, STAT3,STAT4, STATSA, STAT5B Fil
STAT6) . #IF 5 & B, BV 18 %5 47 A ke il Bk 40, JAK/
STAT 1, fig 4 A0 B P30 , A7 T 400 b 65 22 1T /9 JAK B
BEIR AL, 1 MO 67 T ML BT ) STAT, STAT J& 1 [A]/
SRR R AN MO, %2 DNA LSS H AR K
B ML E Y S IEW] T STAT3 fy.0 JIE 4 7
YEH o STAT3 J [Al i B /Iy BBk I 1 h FEJE I 24 h

JE L U WIURE A6 T AR B b T i 3k STAT3
B IR0 L 1/ R 353403 R0 B 5 25 5 0 FLAES KT
2l B RO WL L/R 35340 A K e afin 9 A Bk 0 S Ab
B WURRL op  EE EEAEHY  A T
g% U WO JAK2/STAT3 Al i 2 0 WL 20 i
T2, Hattori 25" #2186 , I JAK/STAT 15 5 FH W7 %1
AGA490 RE BT Sl i J5 Ab BE 5] 2 9 Bel-2 T ) Bax
T, HETHBFGE 4R, STAT3 AALULETE T 20 s i
FAH ML A%, SRR A 4 A, STAT3 2 [ ] ik 2>
mPTP {7, 404 8 =100 . 4ok AR 80  f) STAT3
1T R T LORAR N 4% complex T 9 IF I T fig
W ROS [y A4 A Cyt C i Redic' ™ . Bolli 21
G R IR, STAT3 (1) 384015 XoF Ik 2 58 1T 52 {4 34 45 T 26
WA PR M TR R,

ARHFSE &% B, 5 Conrtol 2 AH It , /R J5 B 4K L
I R fL ) JAK2 , STAT3 % #1455 , W) Bk 1= A9
OB R 2, 5 /R 4, YLSC 4bh 3
J& p-JAK2,p-STAT3 ) % ik K Vit — 2 T+ i, 6] #)
WLEE B HT 8 T8 1 Bel-2 Rk MAAE M T E A
Bax £ ik />, FHMEER 10 min 455 JAK2 #0
#| AG490 J5 JAKs il STATs B35 1k ok 5 2 4 i1, 04
T A0 AL 40 250 H: o P 38 398 o, Bel-2 36 3k ok /b i
Bax FEikMN, 275 YLSC B0 WU S 4E FH 1T g 5
TS JAK2/STAT3 5 i, i — 20 1 0 ToAH G R A
23k, 080 WU I IR T 56 o [R] B 28 3 34 L 5%
F), B AR K B0 BE B 1 30 min, FEEE 120 min f5,
O JUE Wi 4 AT Sk T BE B B T R, LR B HR,
LVEDP Hl +dp/dt_ ¥FEA%, LVEDP F+ 585 . YLSC /&
Ab FERT B S A0 B T RE  TRD S O /0 o0 ULARE BB 1T L
i 56 ik it 3 W LDH KSR B, #2278 YLSC 5 4b 3 mp
DLk 2.0 L 5 o i i A AG490 J5, YLSC J5 4k 2
W I3 BN 0 2 AR F AR o0 URE B8 T AR
O LEE LDH 38 H 84, $2 78 JAK2/STST3 2 5 7
YLSC J5Ab# st L /R 330455 4 3 76 F

g LTk, YLSC J5 4b B AE 0% A 2 M 2 3% /R
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