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Wenyang Tongmai decoction protects myocardial ischemia-reperfusion injury in rats
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[ ABSTRACT] Aim To explore whether Wenyang Tongmai decoction can regulate JAK2/STAT3 signal transduction
pathway and the expression of aquaporins( AQP) to protect myocardial ischemia-reperfusion tissue. Methods  Thirty
male SD rats were randomly divided into 5 groups, 6 in each group: sham operation group, ischemia-reperfusion group,
low-dose treatment group, middle-dose treatment group, high-dose treatment group.  After 14 days of intragastric adminis-
tration, the model of myocardial ischemia-reperfusion injury was established by ligation of the left anterior descending coro-
nary artery for 30 minutes and then releasing the ligated artery for 120 minutes.  The serum levels of creatine kinase
isoenzymes ( CK-MB) and lactate dehydrogenase (LDH) were detected by automatic biochemical analyzer. The ST-seg-

ment elevation of the rats was counted in the electrocardiogram.  Pathological changes in cardiac tissue were observed by
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HE staining.
The protein expressions of JAK2, p-JAK2, STAT3, p-STAT3, AQP1 and AQP4 were detected by Western blot method.
Results

The expressions of AQP1 and AQP4 in myocardial tissue were detected by immunohistochemical staining.

Compared with the sham group, the levels of CK-MB and LDH in the serum of the ischemia-reperfusion group
were significantly increased (P<0.01), and the ST-segments of the electrocardiogram were significantly elevated after is-
chemia for 30 minutes and reperfusion for 120 minutes( P<0.01). HE staining showed that the myocardial cells in the is-
chemia-reperfusion group were severely damaged. The expressions of AQP1 and AQP4 in immunohistochemistry was sig-
nificantly increased ( P<0.01). The results of Western blot showed that the expressions of JAK2, p-JAK2, STAT3, p-
STAT3, AQP1 and AQP4 were significantly increased (P<0.01).

serum levels of CK-MB and LDH were significantly decreased in the treated rats ( P<0.01), and the ST-segments were de-

Compared with the ischemia-reperfusion group, the

creased after 30 minutes ischemia and 120 minutes reperfusion ( P<0.01) , myocardial cells’ damage was alleviated to var-
ying degrees in HE staining, the protein expressions of AQP1 and AQP4 in immunohistochemistry were significantly re-
duced, the expressions of JAK2, p-JAK2, STAT3 and p-STAT3 were generally increased, especially the expressions of p-
JAK2 and p-STAT3 (P<0.01), AQPI and AQP4 expression levels were reduced to varying degrees( P<0.01). Con-
clusion The cardioprotective effect of Wenyang Tongmai decoction may be related to activation of JAK2/STAT3 signaling

pathway and down-regulation of AQP1 and AQP4 expression.
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AR ENE KA B 0.018, i & W Ik K& M
BB B A ARAB L A FEEE KN 6.48
g/ (kg d) , BEAKRLHANELT .4 TFBRFA
AR A KA, KA EBTAN 3.24 ¢/ (kg -
d),FFREBITHAAN 6.48 o/ (kg - d), H I E BT
K 12.96 ¢/ (kg + d) , FRARLHEHH—K—
R, R 2 mL,
1.4 ZhiEs Sl

BE R E 4 10% 547 38 5 ml/kg, B A BUREE
AEEETHRESG,EXEHE, EECEEF N, &
KRN ESHBEFOROBE, FHEFH?2
em QETNE T RBEAE, TAEKREHE T —
INBIENRE T EHEEEAN, UL 60 K/ 2% T AL
WER, BEOCHE, FHLETRDRATEL, O i
HS-TEHEHE, CINF WL TR, &m0 L6k
MR, T E, 30 mn AL L, i
WEEFE, A ST BB rZEE TR, 8 F#EE
R, 120 min FIEF0 B H, B ELE K, BFAR
AARREAELTHRBR, ERAFHAEL, EH
55K )G o B S BB L, B ot AR R R E
N REET 10% & /R G AEZE, Fl T HE o 6% 41
SPAFAN A HEHERECEH 2 -80 CHAEREN,
1.5 OiELENKRYEBREIEMNIBKESES
ER®

A2 K BB 7 2 B8 HL 3 000 t/min B L 10
min A3 4B fE 4% £ 1 mL EP & & T-20 C
AR, A v R AR R AR B 3 A L
(URIT-810) A | - o ifn 3% AL ER 3 B 6] T % ( creatine
kinase isoenzymes , CK-MB) 71 5L B i, 2 B (lactate de-
hydrogenase, LDH) By 4 & ,
1.6 DEBER

WA AR LA R Fol 30 min B RE
VEUE 120 min &8 0 B E, I A 1T 5 B A B Z)
N ST B EE AL,
1.7 DAARRERSFENE

W EET 10% 18 /R DAk B 2R F 8 LA A
B, ZRFEEAFTALERAKER A EHE,
KRB HNTT F AL 1% 4 um B A FHATY
FEMARARBENZWRT WX, 78BN
MBEA, AR FaoKERE 6T HE A,
Gl R N
1.8 REALLEFZRMOINABALAKBEEES 1
FKBEER4 RIE

BEERET 6T CHRAFRR2h, KB
WM ERENKE R ERNTREEEZE W R F

Z# 10 min, A5 RENREELANDE, 10% L
F o H 37 °C 30 min, —HEH[ AEEEA ]
(aquaporin, AQP1)1 : 800, /K # # & & 4 (aquaporin,
AQP4)1:1300] ,4 CkAHEH, AHEE - HEH
30 min(1 :2000), 4 E¥4T DAB 46 A 452
THRAKRE R 4 min, &5 KK A B kA% 3
BREMML MK RERE, DA T WE A
BEEN, REBRAKZEA K,
1.9 Western blot % #: /0 AlLZH 28 H JAK2/STAT3
EEEBREARKBEEANRIE

W41 8N -80 C k4 H B, FREL 100 mg 41 4
4% fm X RIPA buffer 500 wL JF 57 &2 #F BF | ok b #
B30 min FHAE P HM, AE 4 CHREFQ
(12 000 r/min B 30 min) , B _E 3%, # H BCA
EE E A A E, A AR R RO R AR VE B
AR, RNMEFERAREN4 /L, B4 HEAK
AR R 95 °C & # 10 min, T-20 °C k45 1%
o 1% SDS-PAGE %t it 3 B2 ] i 7 & o V4 1 45
B BT 5 IR B o R R IR G R, 1 S e N R
AR, LL90 V B E B FE& E 9 B ik, B UL 110
V H,5 90 min, #A 5 DUE I 300 A,90 min ¥ & H %
Z PVDF ., F 5% BSA % [ 120 min, TBST % %t
PVDF J& J7 32 0 78 4 B2 By — JL R F ,4 C R i
W, KR EHIH PVDF £ —H i &, £ iR # K 120
min, %% /J& ECL 8%, 0¥ X R & R 580 %,
B % R Tmage J 47
1.10 FHIrFESHAZE

Bl SPSS 21. 0 %k 4 f 52 I %% 48 ¥ 47 A it
Mo ZEFH XA x+s £, YL One-Way ANOVA
FAU T EHATAB LR R RFENESKE T £
S, B EF N A LSD E i, B H £ LT A
Dunnett’s T3 3% 32 ,P<0.05 % = R H R HFE X,

2 & B

2.1 MiBEABEHEETIENABKEESENSE
SIRFAREM L BRI K Bl E 1 CK-MB Al
LDH 1 &8 BE EFH(P<0.01) ; SHERI A AT, 245
R BRI AT AL PR R YT 4L R R IR T
il CK-MB 1 LDH () & & i F K (P<
0.01) ; S EAYTT AUAH L, il 38 7 4 = )
HIAIT 4 K B CK-MB #1 LDH & 1 i 3 [ A%
(P<0.05) ; 5ol r A, ml =R 4
CK-MB &t AR TR (22 R E g2 L (P
>0.05) , 1 LDH F& Al @ R (P<0.05) (£ 1),
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% 1. miEs CK-MB 71 LDH &8 (n=6)
Table 1. Serum CK-MB and LDH levels(n=6)

oy 4 CK-MB(U/L) LDH(U/L)
T TFARA 584.0+67.6 246.3+37.2
LRI 1881.3+82.9* 818.2+33.7°
RAIRIBITH 1218.4476.0" 470.2+32.7"
PRIEIGITH 1031.7+118. 27 415.3+35. 4"
FERIEAITA 1016, 8+65. 9™ 358. 4447, 5"

a i P<0.01, 5P ARLALH ;b P<0.01, SHIRIL L # ;¢  P<
0.05,d } P<0. 01, 5 EIGIF A L3 ;e S P<0.05, 5 &k
TR,

2.2 KEWBE ST BEHMEE

SR F AR, B 30 min 5 120
min JE AR ZH K RO HL R ST BEX i & #68 (P<
0.01) ; SR AH L, Bl 30 min 5 3 120
min J5 25 25K BURF =36 7 41 Rl 20 7 4R s
FIRRIT AL O H P ST B3 2 41 (P<0.01) ,
B 30 min J5 , S EIRIT AU, PR EIR T
AR IR YT AR B ST B3 B E AR (P<
0.01); SRl IA YT ALAH L, & R IR YT 410 ST
B AR TRRAR (A 22 S RG24 L (P>0.05)
FRETE 120 min 5, SOGAE AT AM H, il E R
7R R IR YT AR B ST B3y i 3 R AIK ( P<
0.05) ; SRl IG YT ALAH L, & R IR YT 4L ST
Bt 8 FE AR (P<0.05) (£ 2 I 1),
2.3 BAKBROAL HE LBER

HE Gt ] WL, 5T A 28 K B0 UL 40 i HE 91
I VRHBA Y, HANEAZ R T, JCHEIR i, HES)
HFE U LA AR B 20 A 25 T 8 KN, A DL,
UL AN I AR 40 LA A A A B A b ik, 240
JHL L B e AN 5 AR /INAS — | HEF 2L, T AL
IRFE 10 RILZ L o 53 fve 1) 200 L A, 200 JE [ 1% ]

BRI, S EULET 4 ARSI ZE AL 1] B ok, ™ B B
ZIWEE, VA A] WA PR A i R, SRR
UL, 245 25 R BRI R P 4L PRl iR 4L
FRIERIRY T A A (R R JEE B9 RISt o L2 e K ik
T, A HE 5 B O B S, o MR 2 i 3R T D
SR LA A) LB R SRR R T ALAR L, R R
RS AR ER RRT  B SR R A (181 2) .

F 2. FEKXREM 30 min 5F#E 120 min (L EE ST B
T(n=6)
Table 2. ECG ST segment changes in 30 minutes of ischemia

and 120 minutes of reperfusion in each group(n=6)

| Bl 30 min(mV)  F#EE 120 min(mV)
FARA 00 00

BRI ZH 0.75%0.05" 0.4920.05"

R E R A 0.58x0.04™ 0.3720. 08"
TR 0.48+0.03"" 0.30+0.05™
FRIEIAITA 0.45+0.05™ 0.22+0. 04"

a N P<0.01, 5{EFARLAILH ;b P<0.01, SERIAH L ;e N P<
0.05,d & P<0. 01, 5K EIRGIT A L # ;e I P<0.05, 5 FI&EIR
JTH L,

a }i—;g—i*;{ — X+ % ':
BFRE ==t . S
st — % 1t T —

..
a
H-
ﬂ
.
L
o

L R NS NSNS NN
B 1. SHAXRBEEE 120 min FOBE ST ¥ (n=6)

Figure 1. ST segment changes in electrocardiogram after

120 minutes of reperfusion in each group of rats(n=6)

2. REXRROUHEL HE RBER

A NRTARE B AR, C WAGIIRYTA , D N HISRITH , E Sy miliinsrd,
Figure 2. HE staining results of myocardial tissue in each group



472

ISSN 1007-3949 Chin J Arterioscler, Vol 27 ,No 6,2019

2.4 BAXROANALHKBEEED 1 KEEE
H4 REARUFELELER

KEUONIEZ H AQP1 Fil AQP4 By BHME R IKTE
EIrh R A FR s R, S5IRTF AL L, A
KM AQP1 Fl AQP4 ik Il B Z 2R H I
FME(P<0.01) s SEAILAAR LG AR RIG YA )
R YT 4L IR YT AR B LA AQPT Al

BB W -

50um © e E0 T um

AQP4 ik i AR (P<0. 05) 3 45 25 41 41 ) be 4
SR SRR AT AUA He, R R IR T 4L R
AT EUY AQPT Fll AQP4 45 [ 2534 B i R A%
(P<0.05) ; 5o EIBIFAHM I, mA BRI 4K
FUC LAY AQPT Fll AQP4 ik BSR4 Fr B, (H 22
SRG2FE X (P>0.05) (K3 fMFE3),

50 um =780 um 280 'um

B 3. BEKRAQPI( LE)FI AQPA( TA) REBHAUFREBLER A WETFARLL,B WAL, C HEGHRIATTAL, D Ay &

ITAL,E min 4,

Figure 3. Immunohistochemical staining results of AQP1 (upper) and AQP4 (below) in each group

*3. BAKR AQPI 1 AQP4 EIFAHLLZE 10D &
Table 3. Results of immunohistochemical IOD values of
AQP1 and AQP4 in rats in each group

| n AQP1 AQP4
T ARH 6 0.027+0.001 0.036=0. 002
LT 20 6 0.095+0.002" 0.0730. 006"
RIREIAITH 6 0.036+0.005"  0.056+0.009"™
PRIEIRITA 6 0.032£0.001*  0.042+0.003""
FRIEIRITAL 6 0.029£0.004"  0.0410.004"

a } P<0.05,b } P<0.01, 5B FARALLE;c I P<0.05,d A P<
0.01, SHIRIL LT, e N P<0.05,f 4 P<0.01, 5K 716774
L,

2.5 Western blot XM E KR OAALRF JAK2/
STAT3 ESEBREARKEEEANREER
S8 F AR E A L, A 24K B A JAK2 Al p-
JAK2 FAHIH] B4 (P<0.01) ; SEIRIZH AR L, %
BRI T AR AR BRI AL JAK2 ok b 3%
FHE (P<0.01) S A SR IT 40 JAK2 RIBAF T

R (P<0.05) ; SR AH L AR IR 4L b 7l i
BRI LRI IR YT H KB L p-JAK2 A
FIHIN(P<0.01) (&4 F1k4),

SR T A A b, BRI ALK B STAT3 1 p-
STAT3 FEHW R L (P<0.01) ; SHAIH AL,
I EIRIT AL STAT3 FKab A I T R, &l 2R
J72H STAT3 KL EFm , ZRIAGIFE L (P
<0.01) , i 5 EIRYF 4L STAT3 Kk BTG 1T
2 X (P>0.05) ; p-STAT3 44 5F 7k | 55 4% AU 2H 4H
H AR R T AL R R T AR B LY p-
STAT3 KB4 E RN, = IR YT 4 B FRAIL, 22
SR G X (P<0.01) (K4 F1 4)

H5EFARLA L, BRI KA AQP1 1 AQP4
FORPI WL RN (P<0.01) ; SRR AR L, 0]
RITAL P AREIR T AL = R IR YT AL AQPT Al
AQP4 1 FRIRI B REAK (P<0.01) ; SARF &R
JPAH L, R R YT 4R B AQPT 336 I 25 F%
K(P<0.01), mAlEIBGTHER TR ENE (P>
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0.05) ; 5H5EIAS T AU L, m A T 4R B
UL AQP1 33Kk A BT 3 i, 25 5 A B FH M (P <
0.01) . SEFIEIRYTAMLL, P& IHr M &

FIRAATT KRR AQP4 AW Ik (P<0.01) ;
SRR AR L, R R R IR T A R R AQP4
RIS RFEIR(P<0.01) (4 F15k 4)

R4, FHKXR JAK2 p-JAK2 STAT3 p-STAT3 AQP1 1 AQP4 ELRILER
Table 4. Expression of JAK2, p-JAK2, STAT3, p-STAT3, AQP1 and AQP4 proteins in each group

a4 H n JAK2 p-JAK2 STAT3 p-STAT3 AQP1 AQP4

RFARA 6 0.70=0.03 0.61+0. 02 0.55+0. 02 0.710.01 0.47+0.01 0.86+0. 02
AL 6 0.83+0.03*  0.69+0.02*  0.80+0.03*  0.860.02°  0.95%0.02" 1.18+0. 02"
R #IRYT 2R 6 0.96+0.04™  1.06+0.03"  0.65+0.02°  0.94x0.02"  0.59+0.01" 1.12+0.01*
Hh AT 6 1.01+0.04*  0.95+0.01*"  0.79+0.03*"  1.06+0.02*"  0.48+0.01" 1.06+0.01*
IR 2R 6 0.75+0.04™  0.96+0.01°"  1.00+0.03** 0.81+0.01™" 0.59+0.02" 0.84+0. 00

1 2 3 4 5
JAK2(128 kDa) M. S-S S —
P-JAK2(128 kDa) 4 e A A S

STAT3(86 kDa) AEG—G——

p-STAT3(88 kDa) . S SN S S—
AQP1(45 kD2) e SR S S —

B-actin(43 kDz) (GG

B 4. £HKXR JAK2, p-JAK2 STAT3, p-STAT3 ,AQP1 #1
AQP4 EEARIELER (n=6) 1 WETARA,2 WML 3 K
GRERTT4H 4 b RIEIGITH 5 Rl T A,

Figure 4. Expression of JAK2, p-JAK2, STAT3, p-STAT3,
AQP1 and AQP4 proteins in each group(n=6)

3 4t i

MIRI 19 % A= ML o0 52 2%, AL 48 S A0 0 3L B
AR RAER N AR T A RS R A B
=24 F 9 2 B 0T LA3E o AL ) H i A 2 8 S B R
MIRL, HEEIAN MIRL J& T B« B0/ T
BT IRE & R R G R P R
A FE BRI H ) R BELC KT AR, sk R R
(A BEEmg )y PR s < R KCH IO GE A &, BHA B 5%
BRSO , B LASR 3, 5 LA B e, 4 BH R 0 7E
R BT DM GO, DAHBsE M, P N TE%E
PORAOR LB, Ll IO o B RA
FE N B R e B SR R
KR & IR AR S22 1 RE R V7 g 108 38 i Z ML 2

RN i IS 2 B IR B 8 bk BE A%
18 3 R R PR AL B ( adenylate cyclase, AC) /R R
I (eyclic adenosine monophosphate , cAMP ) {553
SR 5 K T 3 A A R R P R I
JIL P FT! 38 5k 9 i Tk JULE-3-13 8 ( phosphati-
dylinositol 3-hydroxy kinase, PI3K )/% H ¥ B B
(protein kinase B, Akt)/ P B B — 48 AL & A 1 ( endo-
thelial nitric oxide synthase ,eNOS) {553 F41 il S Ak
IO, R AR PO E S RE Y 34 R A% U/ L Ak 2
ML ER C AR, BRI A e PRI R A IR E K
fi# 1 ( cysteinyl aspartate specific proteinase , caspase )3
F19 HTE LIS DL T

ASZIGWETE K I, 1 BH 3 kO e A% W RN 4
5K BUMTE ' CK-MB A1 LDH 7KF, FFAR JL 0 et
Hrlfil 30 min 5T 120 min J5 19 ST BHa 1%
B, I H HE B4 0] UL 25 245 A0 C JUL 2R it 452 40 %
BT ZH AN [ R BE DA%, 130 Pt B i Jk 75 B 0% 4 42
O WU SR T 88 AR dfe P8 0 JUL A B Y
it K 5E KB, JAK/STAT {553l B 7E A A
NS5 LR E B RO AL b JAK2/
STAT3 {553 £ ZAEOMERIEMEN A S0 8
Hr JAK2 (p-JAK2 (STAT3  p-STAT3 il i £ FH B fA 3R
R TR B, JU IR R R A K8 T, 32
7 it B8 ik 7 fE 88 BUTE JTAK2/STAT3 {55 4% 53
. AQP1 . AQP4 B9z 214k 2~ Fl Western blot 4%
RER, AR AQPT AQP4 /KT H A [F] 72
JEAR TR A | H 22 5% HA W25, 2 W1tk BH i ik
Jr e o 1Y B 4L B 1 R I AQPT & AQP4 1Y
Rik,

T SCIHR 2R B, JAK2/STAT3 {5538 S 42 SiE
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SN Y 2% LT B T 3 kR i Ak 22 8 N R $5E A
AR, anobs 5 A RS L 3 (glycogen synthase ki-
nase-3B,GSK3-B) . #% K F kB ( nuclear factor kappa-
B,NF-«kB) | F A% R & 1 ( mammalian target of ra-
pamycin, mTOR ) . eNOS DL J i 8 3K 3 H ¥ «
SEHOITAQP JRAFAE T UMM L AR 4T TE
AP AR I FLIE”  FaE K o3 7 A H R R 5
ANGY TR A G A B ) R S 2 A
WAMRZKPA , BRIt 2 Ah, AR R BIF 5T K B AQP 38
Z: 5 RE R IR Y, I RE 0% 52 i i dle i, | B il
o JUESS IR B A LA S5 0 1 R A R SRR
AQP AT LAY 4 L2 A% S I H2 240 5 o 91 45 A
KT 2 A LB 40 1 firb i 552 [, W] ef AQP i
REAS Vol P22 200 JE R B L 15 5 A% 5 L At R R 9 1 A 2
FIZEIRAE ) AT L AQP b ] 7 4 AE S5 AH SEHL il
ke 2 E AR

PR AW 52T, ik B 388 Dk 77 B 6% 19 A1 K B
13 o CK-MB I LDH 7K-F-, B IR ST Bedh @ 7K -,
Ul O UL 200 L8 475 5 3200 LR 47 4 T T e 5 00
JAK2/STAT3 {5538 . F 18 AQP1 Fll AQP4 (31K
A, HLIH &5 R B iR BH 38 K 75 v ) 2 e )
A PR AP RICR AR R 1 B A, T AR, Uk P 3 Bk 7
A REIE o AR SN AR DAL e HE AR T, 38 AR 4
UL XS 7K 1 140 368 3 A O AP JL AR L, A ik B fk
T3 W SAEAH A E FHRLT IR AR FE B T kA
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