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deoxynucleotidyl transferase-mediated dU TP nick-end labeling, TUNEL) #& i <& WL 4@ e 8 = Hr U ; B 3% % 9% R M X 3% (Cenzyme-
linked immunosorbent assay s ELISA) 44| X & o7& 7§ & % -1(endothelin-1,ET-1) , s 4& % A2(thromboxane A2, TXA2) =3[ ) 21
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MIR X $ s USR5 89 By 47 28 2 (P<<0.05), #5i8  Sal 7T it % #& ERK/MAPK 4% 5 i@ %38 45 .5 L 4m Je 8 == . 3 i 5 & g MIR 3]
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myocardial ischemia-reperfusion via the extracellular signal-regulated kinase/
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LI Ruifang', NIU Yanyun®, JIA Yan'

1. Department of Clinical Pharmacy, Handan Traditional Chinese Medicine Hospital ( The Affiliated Hospital of Hebei University of
Chinese Medicine) , Handan 056001, China; 2. Department of Cardiovascular Medicine, Handan Traditional Chinese Medicine Hospital
('The Affiliated Hospital of Hebei University of Chinese Medicine) , Handan 056001, China

Abstract: Objective To explore the intervention effect of salidroside (Sal) on vascular endothelial injury in rats with myocardial
ischemia-reperfusion (MIR) and its relationship with the extracellular signal-regulated kinase (ERK)/mitogen-activated protein
kinase (MAPK) signaling pathway. Methods 50 rats were allocated into 5 groups: Sham group, model group, low-dose salidroside
(Sal-1.) group, high-dose salidroside (Sal-H) group, and Sal-H-+PD98059 [MAPK kinase 1 and 2 (MEK1/2) inhibitor] group,
with 10 rats in each group. MIR models were induced by coronary artery occlusion in all groups except the sham group. After
30 minutes of ischemia, the rats received intraperitoneal injections of saline, 100 mgekg ' Sal, 200 mgkg ' Sal, or 200 mg-kg '

Sal combined with 10 mg+kg™' PD98059. respectively. The myocardial infarction area was assessed by 2, 3, 5-triphenyltetrazolium
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chloride (TTC) staining. Hematoxylin-eosin (HE) and terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling
(TUNEL) staining were used to examine myocardial pathology and apoptosis, respectively. The serum levels of endothelin-1 (ET-
1), thromboxane A2 (TXA2), and prostaglandin 12 (PGI2) were measured by enzyme-linked immunosorbent assay (ELISA).
Western blotting analysis was performed to determine the protein expression levels of apoptosis-related factors and components of the
ERK/MAPK pathway. Results Compared with the sham group, the model group exhibited ruptured myocardial fibers, deformed
cardiomyocytes, and inflammatory cell infiltration. The myocardial infarction area, apoptosis rate, serum levels of TXAZ2 and ET-1,
and myocardial protein expression of cleaved caspase-3 and B-cell lymphoma-2 (Bcl-2) associated X protein (Bax) were significantly
increased (P<C0.05). Conversely, the serum PGI2, myocardial Bcl-2, and the ratios of phosphorylated p-Raf/Raf, p-MEK1/2/
MEK1/2, and p-ERK1/2/ERK1/2 were decreased (P<C0.05). Compared with the model group, Sal-I. and Sal-H treatments
attenuated myocardial damage, reduced the infarction area and apoptosis rate, decreased the serum levels of TXA2 and ET-1, and
downregulated myocardial caspase-3 and Bax expression (P<C0.05), while increasing the serum levels of PGI2 and myocardial Bcl-
2, p-Raf/Raf, p-MEK1/2/MEK1/2, and p-ERK1/2/ERK1/2 (P<C0.05). Co-treatment with PD98059 reversed the protective
effects of Sal-H on MIR rats (P<C0.05). Conclusion Sal may regulate apoptosis by activating the ERK/MAPK signaling pathway ,
thereby alleviating endothelial damage induced by MIR.

Key words: salidroside; myocardial ischemia-reperfusion; cell apoptosis; extracellular signal-regulated kinase (ERK)/mitogen-

activated protein kinase (MAPK) signaling pathway ; vascular endothelial injury
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F O E 0T, 4L I L R FH Tukey #2568 . P<< R (P<<0. 05) ; 5 Model 41 [ #% , Sal-L 2 . Sal-

0.05 AEFHFIT¥E XL, H 2l < By O JULAE 2 T AR 2 i 250/ (P<<0. 05) 3 5
3 &£R Sal-H 4H [t %5, Sal-H-+PD98059 2H K &R % .0 L A% BE
3.1 Salx MIR Xk & & WUAZ 58 @ 2 89 3% v A A (P<<0.05), WLE 1.3 1.

5 Sham 4 L%, Model 2H ¢ B A9 .0 JULASE FE 18] FR

Sham#f Model#H Sal-L£H Sal-H#H Sal-H+PD980592H
E1 SAMIRKBROMNALTCCEBIFER

Fig. 1 TCC staining results of myocardial tissue of MIR rats in each group

F1 SEAMIRXRONEERERMLE (x£s, n=5) 3.2 Salx MIR K R & ML R % I A 69 % h
Tab. 1 Comparison of myocardial infarction area of MIR rats in Sham 41 K B O WAL F 4 HEM 25 E 7, O
cach group (-1, n7=5) UL 20 AT 200 L 45 5, 00 M o o (5349 57, 6
43 L ABESE R T B 43 s Model 2K UG ILET 4 Hk 51 5L %
o o o b L4 0 WILB e B 5 A 0 s L I
Sal-Lzﬁ 37:75%;3104%1) AL R B S E A0 M iR L R A B s Sal- LA
Sal-H 4l 53 40% 1. 849" Sal-H 2H KB b R0 WU B0 45 1 45 3 B 8 2403
Sal-H+PD98059 4 52.42% +4.58%" Sal-H+PDIS05Y LA L0 LB #2242 T Model

¥ : 5 Sham 41 W48 ,*P<<0.05; 15 Model 41 F 8¢ ,"P<C0.05; M EDFET Sal-LAMSal-HAL, WL 2.

5 Sal-HA % ,°P<<0.05,

- 100 pim

7 o

Sal-H1 " Sal-H+PD980594]

Shaméil Modeli
B2 HFAMIRKEOAEALHE EEFR
Fig. 2 HE staining results of myocardial tissue of MIR rats in each group
3.3 Sal*fMIR KRB A Z B4 A8X EF 69 m 0.05) ;5 Model 41 Fe#5% , Sal-L #H | Sal-H £H < §Li% 1fi
5 Sham 20 I # , Model 41 K BB IfiL 7 TXAZ2, i TXA2.ET-1 & &% B EREIK,PGI2 & &1 &
ET-1 & &8 E I &, PGI2 & & i F KK p< Tk (P<<0.05) ; 5 Sal-H 4 H #¢ , Sal-H+PD98059
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AR EMINE TXA2 ET-1 & B8 275, PGI2

SHRBFERINP<0.05, WE2,

®2 THAMIRKRME TXA2.ET-1MPGI27K FHILLE (¥Es, n=5)
Tab. 2 Comparison of the serum levels of TXA2, ET-1, and PGI2 in the MIR rats among the groups (x=+s, n=5)

24 5] TXA2/(ng-L ") ET-1/(ng-L ") PGI2/(ng-L ")
Sham 20 125. 50+ 23. 97 25.77+2.63 216.04+29.73
Model £ 220. 654-28. 05" 88.2145.93" 97.5249. 92
Sal-L 41 152.47+15. 42 52.4342. 35 154.704£17.59"
Sal-H 142.4010. 48" 36.7342. 90" 179.56+18. 85"
Sal-H+PD98059 £ 180.34+12. 88 59.1545.17° 139.30+8. 58

1 . 5 Sham 4 L% ,*P<C0.05; 5 Model 40 L #5 ,"P<C0.05; 45 Sal-H £ H 4% ,°P<<0.05.

3.4 Salsr MIR X & & Wm0 T 64 %R
Y5 Sham 4H k%58 , Model 20 K S0 UL 2H 25 240 Jie 4
T 2 5 (P<<0. 05) ;5 Model 41 [ 4%, Sal-1 4 .

TUNEL

50 um

DAPI

50 um

Merged

50 um " . . 50 pim

Sham#{ Model£f

Sal-L£H Sal-H#H

Sal-H #H KBGO UL ZR.40 it 5 7~ 3 34 | 3 BRI (P<<
0.05);5 Sal-H4l It %, Sal-H+PD98059 4H A B 1#) L
WL LN I TR & T = (P<<0. 05). WLIEI 3.3 3.

50 pm 50 um S0 pm

S0 um S0 pum

S0 um 50 wm

Sal-H+PD980594H

3 TUNEL F ¥ EEMZH MIR KR OUALRMIEEETIER

Fig. 3 TUNEL fluorescence staining detection of cardiomyocyte apoptosis in MIR rats in each group

®3 FHEMIRKRONARBRATEHLLE (xLs, n=5)
Tab. 3 Comparison of cardiomyocyte apoptosis rate of MIR

rats in each group (%5, n=5)

4 I 8 1

Sham 2 5.32%+0.66%
Model 41 56.57% +6.06%"
Sal-L 21 27.46%4+3.59%"
Sal-H# 20.22%+1.60%"
Sal-H+PD98059 £ 36.17% +4.71%"

H : 5 Sham 4 L% ,°P<<0.05; 5 Model 4 Ll %, "P<<0.05;
5 Sal-H 4 I 44 ,“P<<0.05,
3.5 SalxMIR X A S UL R A 48 % & G 0 % »
5 Sham 41 b 3, Model 41 K B 9 0 L 41 2L
cleaved caspase-3.Bax & [ AH X Rk 1 0 % T
Bel-2 8 FU M R A B F PR (P<<0. 05); 5 Model
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ZH M #, Sal-L 2H . Sal-H 2H K B O JLZH 21 cleaved
caspase-3 . Bax £ [ A X 3% 35 & 35 B F AL, Bel-2 4
F AR XS 3k 5 1 18 3% T & (P<<0. 05) 5 5 Sal-H A b
i, Sal-H+PD98059 4 K R A9 0> WL 2H 21 cleaved
caspase-3 ., Bax £ H A X} ik &3 B F FH &, Bel-2 88
AR R 26 ik B B 3 AR (P<<0. 05) . WLIFl 4. k4.
3.6 Salx MIR k & & ML2 22 ERK/MAPK 45 % i@
¥t % v

5 Sham 41 H %, Model 4 K B AY 0 HIL 41 21 p-
Raf/Raf.p-MEK1/2/MEK1/2.p-ERK1/2/ERK2
W2 Ak LM 1 1 35 IR (P<<0. 05) ; 5 Model 41 H %5,
Sal-L 41 . Sal-H 21 K U9 0 WLAH 20 1 3R 3l % 2 (1
M2 1k 7K SF ¥ W 25 T (P<<0.05) 5 5 Sal-H 4 L #%,
Sal-H+PD98059 21 K B Ay 0> WLZH 2 | 3R 3 % 2 11
B AR AL K 24 8 3 IR (P<<0. 05) . WLIF 5 .55,
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cleaved caspase-3

Bcel-2

jeed

dx

GAPDH

Sham2H Model#H Sal-L#{ Sal-H#H Sal-H+PD980594H
B4 £HHMIR KR OALEAL cleaved caspase-3.Bcl-2 1 Bax & H RIZHBE kT
Fig. 4 Protein expression electrophoretic bands of cleaved caspase-3, Bel-2, and Bax in myocardial tissue of the MIR rats in each group
x4 ZHMIRKROAALA cleaved caspase-3.Bcl-2 1 Bax & AR EKFEHLLE (¥*s, n=5)
Tab. 4 Comparison of the expression levels of cleaved caspase-3, Bcl-2, and Bax protein in myocardial tissue of the MIR rats among

the groups (x+s, n=5)

21 5 cleaved caspase-3 Bel-2 Bax

Sham 41 0.1840.02 0.5640.05 0.5240.03
Model 20 1.26+0.12° 0.1240.01* 0.974+0.11°
Sal-L 4 0.8240. 04" 0.36+0.05" 0.3940.01"
Sal-H 41 0.4540.02" 0.584+0.07" 0.2140.03"
Sal-H+PD98059 £ 1.07£0. 13° 0.4040. 03¢ 0.7640.08°

10 45 Sham 41 HL 3¢ ,°P<C0.05; 55 Model 41 He 35, P<C0.05; 55 Sal-H 41 I 4%, °P<C0.05,

p-Raf

Raf

p-MEK1/2

MEK1/2

p-ERK1/2

ERK2

GAPDH

Shamz#H Model#H Sal-L#{ Sal-H#H Sal-H+PD98059%H
E5 &2 MIRXROIEZR p-Raf Raf, p-MEK1/2 MEK1/2,.p-ERK1/2 . ERK2 & A R A B k&5
Fig. 5 Protein expression electrophoretic bands of p-Raf, Raf, p-MEK1/2, MEK1/2, p-ERK1/2, and ERK2 in myocardial tissue of
the MIR rats in each group
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x5 HBHAMIRKXROAALR p-Raf/Raf, p-MEK1/2/MEK1/2.p-ERK1/2/ERK2 & 5 R iAKFRI L% (x£s, n=5)
Tab. 5 Comparison of the expression levels of p-Raf/Raf, p-MEK1/2/MEK1/2, and p-ERK1/2/ERK2 protein in myocardial tissue

in the MIR rats in each group (x+s, n=5)

151 p-Raf/Raf p-MEK1/2/MEK1/2 p-ERK1/2/ERK2
Sham 41 1.07-+0.10 1.08-+0.18 2.02+0.09
Model 41 0.38-0. 04° 0.14-+0.02° 0.66-0.07°
Sal-L 41 1.05+0. 06" 0.87+0.07" 1.99+0. 31"
Sal-H 4 1.28-0. 06" 1.3240.14" 2.4840.17"
Sal-H+PD98059 £ 1.0340.12° 0.7740. 05° 1.78-+0.18

7. 5 Sham 41 H 48 ,"P<<0.05; 5 Model 4 F 458 ,"P<<0.05; 5 Sal-H 41 Ft 48 ,°P<C0.05,

4 Wit
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