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Myocardial Ischemia-reperfusion Injury
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[Abstract] Objective: To reveal the effect of Wenxin prescription on mitochondrial energy metabolism
and silent information regulator 1 (SIRT1 )/peroxisome proliferator-activated receptor-y coactivator-la. (PGC-
la)/recombinant estrogen-related receptor o (ERRa) signaling pathway in rats with myocardial ischemia-

reperfusion injury. Method: Totally 90 male Wistar rats of SPF grade were randomly assigned into a sham
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operation group, a model group, and low-, medium-, and high-dose Wenxin prescription groups, with 18 rats
in each group. The rats in low-, medium-, and high-dose Wenxin prescription groups were administrated with
0.99, 1.98, and 3.96 g-kg' granules by gavage, respectively, and those in the sham operation group and model
group with the same amount of normal saline. Twenty-one days after pre-administration, the rat model of
myocardial ischemia-reperfusion injury was established by ligation of the left anterior descending coronary artery
for 30 min and reperfusion for 2 h, and the rats in the sham operation group were only threaded without ligation.
Myocardial infarction area was observed through 2, 3, 5-triphenyl-2h-tetrazolium chloride (TTC) staining, and
the myocardial histopathology through hematoxylin-eosin (HE) staining. The levels of creatine kinase-MB
(CK-MB) and lactate dehydrogenase (LDH) in serum, cytochrome C oxidase (CCO) and succinate
dehydrogenase (SDH) in mitochondrion, and ATP in myocardial tissue were detected according to kit
instructions. The mRNA and protein levels of SIRT1, PGC-1a, ERRa, and mitochondrial transcription factor A
(TFAM) in myocardial tissue were determined by Real-time fluorescence quantitative polymerase chain reaction
(Real-time PCR) and Western blot, respectively. Result: Compared with the sham operation group, the model
group showed broken and disordered myocardial fibers, cytoplasmic edema, and pyknosis and deviation of
nuclei. Moreover, the modeling increased the levels of CK-MB and LDH (P<0.05, P<0.01), lowered the levels
of ATP, CCO, and SDH (P<0.05, P<0.01), and down-regulated the mRNA and protein levels of SIRT1, PGC-
la, ERRa, and TFAM in myocardial tissue (P<0.05, P<0.01). Compared with the model group, Wenxin
prescription reduced the myocardial infarction area (especially in the high-dose group, P<0.01), restored the
pathological changes, lowered the levels of CK-MB and LDH (P<0.05, P<0.01), increased the levels of ATP,
CCO, and SDH (especially in the high-dose group, P<0.01), and up-regulated the mRNA and protein levels of
SIRT1, PGC-la, ERRa, and TFAM in myocardial tissue ( P<0.05, P<0.01). Conclusion: Wenxin prescription
can protect rats from myocardial ischemia-reperfusion injury by regulating myocardial mitochondrial energy
metabolism via the SIRT1/PGC-1a/ERRa signaling pathway.

[Keywords]  Wenxin prescription; myocardial ischemia-reperfusion injury; mitochondrial energy

metabolism ; peroxisome proliferator-activated receptor-y coactivator-lao (PGC-1a)
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v I L Al RO B 5 9T S 5 3 ) 40 B 2R B s oA (it
S IBTCMCACMS21-2105-03)
1.2 Y RaAH WO T AYHAB N NS 10 g &
A10g . HE10g RFE15g M 15g. K H9g.
JIE 15 g ARAT 15 g AL 10 g %, 500 80 JB0ks 51, i
A6 0 R A A 2500 A BRA R AR 77, I [ b 5t R 25 K
AR H T BE B g B URL 25 B (N 2L 5 21006762,
A A5 21032531, E# L5 21013571, JRZEH#L S
20033431, # A it 5 20020261, 3% F H it 5
21032861, )1l =4t 5 21043611, 5 Aj 4L 5 21042911,
FERLHE 5 21037791) o Al 2 18 7K K 25 W v ik, 53
SIS AR 25 0.1.0.2.0.4 g mL ! VA

IR R - (HE) Yo il £ 5 (RINTEGE R AW
BHECABRA AL 485 G1003),2,3, 5-G 4k = % JE Y
A M (TTC) e 8 W (2%) UL B2 3 Bl 7] T (CK-
MB ) it 15k £ 952 W BRI 5 ¥ (ELISA) K i 1257 & L 5L
1% 18 %0 (LDH ) 36 P A D700 6 L ATP &5 o A I 3
F & BE IR M ARG (SDH) K6 32 57 A L 2k A I
W BE S AR IV IE MR IR R & (AL R R R A
MRS &, 585 2 ) G3005 . SEKR-0059 ., BC0685 .
BC0305.BC0955.BC0945) ; PGC-1a , L Hi 1A 5 5% [H
T A(TFAM) UL B A5 B9 15 A 1 (SIRT1) L H il
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ab191838.ab252432 ,ab189494 .ab181602.ab6721) ;
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(M CST AT, %5 13826S) ; BCA & 14 He B i o2
A & (JE s R ERH A R A, 515 PC0020) ;
mRNA 3 % 5] & SE i 56 % e e A Bk R
i (Real-time PCR) I 7] & [ 35 1% 22 4% (b 50) A= 4%
ARA R 52553512 A6001,A6002 ] ; TRIzol i
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(35 [ Bio-Rad 23 7 ) .
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A F FE R BRI IR 3% T B L ) 4 R A 45 A
gy 2R R0 P AR L ) 2 G 0 45T 099,
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0.2 mV) . Z54L 30 min J5 57 W7 A A5 ff 45 11, T B
FEVEVE  FF2k 2 h, WIE] STEBOZE A 9% . JF s H %
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(CCO) BEFIMR i VB (SDH) I M AR 48 350 & it
B A5, ol ik A 0 BILA 2L ATP % 1 M0 L CCO
SDH i £ .

2.7 Real-time PCRA 0> ILZH 4L SIRT1 . PGC-1a,
ERRa.TFAM mRNA (%5 Bl & 45 4.0 LA
SUF RN A R, i A TRIzol BY % I 2 3¢, #2 B
O JJUZH 215 RNA, % 390 5% 53X 5] & U B 45 & il
cDNA, it & PCR W 1A R #4791 , & & PCR L
261 (95 CCHZE 1 100 5,95 °CZE 1 15 5,60 °CiE &
55 s, 42930 ), >R F 2k 15 H 0 JE R A X 2R 3k
o slYmAETAY TR BRGARA S
W, WA

x1 59F5

Table 1 Primer sequence

53 1 (ANOVA) Gi 1t , £ 4 8038 AN 15 & 1E 4 53 A 5
7 22 FE VRS I, >R HTHE S HOR 56 g it 2R 0

Br, P<0.05 KR EF A G IHEE L.

3 &8

3.1 X MIRLK RO UL AR 20 TTC 44

S5 R WoR RV 0 L BE T AR D (54.26+7.30) %,

Tk C 7 025 24 20 R RO URE 6 1o AR /b, HL SO T

oo R A 25 S B 480t o L (P<0.05, P<

0.01), W52 K1,

F2 ROAXMIRIKXROMBEIRERZMM (x+s,n=3)
Table 2 Effect of Wenxin prescription on myocardial infarction

area in MIRI rats (x+s,n=3)

519 5] K /bp

B-actin _FJif 5-“TGACAGGATGCAGAAGGAGATTAC-3' 128
i 5-“GAGCCACCAATCCACACAGA-3'

SIRT1 i 5~ATACTCGRCCACCTAACC-3' 176
Ui 5-TTGACCTCCTCATTGTTAT-3'

PGC-la i 5-ACAACCGCAGTCGCAACA-3' 162
T i 5-GGAGGAGTCGTGGGAGGAG-3'

ERRa  [-{i# 5-GGCCACTCTCTGTGATCTTT-3' 131
i 5'-CTCTGCAGTACTGACATCTGG-3'

TFAM i 5-ACTCATCCTTAGCCTCCTG-3' 134
i 5'-GACTACCCTCGCCTGTC-3'

251 F /g kg LB TR /%
R F A 0.00+0.00
B 54.26+7.30
Tk 0 77 IR ) 20 0.99 31.05+9.78
0 A 4 1.98 24.53+8.83"
0 R A4 3.96 14.85+0.95%

2.8 % BN ik (Western blot) A6 I .0y ILZH 21
SIRT1.PGC-la . ERRa .\ TFAM & £ AL BGE
A0 WAL, i A RIPA 2@ TR 20, vk E 413
JEErE 202,12 000 remin™ .0 10 min( &0
A2 75 mm) B VG R BCA YA K & vk &,
ARG G A 4 B i P 10 min ff AR AR
PO B AR 22 L Pk (80 V, 90 min) | I Bk IR
(250 mA, 60 min) .5% BSA £ [4] 2 h, 23 Bl A —t
SIRTI (1: 2 000) . PGC-1a (1: 1 000) , ERRa (1:
1000), TFAM(1:1000),GAPDH(1:10 000)4 °C i
H K 51% TBST YEKE 3 (44K 10 min) J5 A —
H(1:10 000) 2 I MEF 1 h, Ve 3 Y (457K 10 min)
J& . JHECL kG & 5% . L GAPDH I N S,
Image Lab 3 73 A7 25 (1 454 09 K BE(E, DL H /Y 28
FI/ 2 86 2R K BEAEAE Sy 2 A X 3R 3K 5

2.9 Gt 4rHr SR FH SPSS 23.0 B 4E ST i,
TR R DL ks o, 2 4] L AR B N 2 7 22

o 5RO Y P<0.05,7 P<0.01

X AL X
X X ¥ N
- @ € O
- O @ @ o
- X-X X

AR TFARYLBAKRILL; CR O 5 I 5 415 DL i C 7 v 7
2 B O T e R A (P 2 AR 3 )
B 1 R0 73 MIRIK RO ALEZE R

Fig. 1 Effect of Wenxin prescription on myocardial infarction in

MIRI rats

3.2 X MIRTR RO MUA SR BE S m RTAR
éﬁlbﬂﬂéﬂ&%ﬁﬁﬁtﬁﬂ o3 A B SE O WUZR D 45 4
SERE U S IR R R A0 LET 4 W ¢, HES 2L
20 M Mg 7J<HEP,2H3H@1‘?EH$)LI?I% s #% , 73 % ¥
fifp I K SRR AL FE B, TR0 T T4 24 210 WLET 4k
HEB BB S, M0 IROK il 5 B AT BT ok o, M A B Ol o
B Hoh R e e M . WA 2.
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B2 BOAKRONEARREERERI(HE, <400)

Fig.2 Effect of Wenxin prescription on pathological structure of myocardial tissue in rats (HE, x400)

3.3 X MIRI K fLCK-MB .LDH G PR 51|
TR b B, BB 40 CK-MB I P ] B T 5 (P<
0.05), LDH ¥ 1 1 2 71 & (P<0.01) ; S5 BCA 20 LA,
T T R i 41 CK-MB 3 1 B & [ % (P<0.05) ,
PO J7 L R R 2 LDH I M 3 AR (P<0.01) .
&3,

*3 BOAX MIRIAR CK-MB.LDH & HI 8 H (3+s,1=6)

Table 3  Effect of Wenxin prescription on CK-MB and LDH

activities in MIRI rats (Xx+s5,n=6)

P<0.01), W#5,

R®5 BOFMMIRIKFRSDH.CCOFEMHEIE (x+s,n=6)

Table 5

Effect of Wenxin prescription on SDH and CCO

activities in MIRI rats (X+s,n=6) U-g'
4151 /g kg SDH CcCo

R FAH 703.70+89.57 703.36+73.42

R 2] 275.13+62.78”  487.22+56.16"

O AR A 0.99
O 7 A 1.98
O I R R A A 3.96

296.30+60.05
544.97+88.06"
624.34+33.46"

547.67£57.53
677.72+43.63%
723.51+68.40%

21 5 Fl4t/g-kg' CK-MB/png-L' LDH/U-mL"
BT AR 20 0.83+0.23 36.47+1.85
LRI 24 3.59+0.70" 54.65+1.72%
i 0 I A5 o 21 0.99 2.20+0.38 51.40+1.58
Ty R 2R 1.98 1.98+0.47 48.22+1.207
L I e ) A 3.96 1.10£0.05% 44.77+1.54%

G TR 4 RV P<0.05, P P<0.01; 5 45 B 2 Mg P<
0.05,YP<0.01(F 5 FFE 7))

3.4 X MIRI K B0 L2 ATP & 805 m 51
FARA L&, BRI H O WLAE L T ATP & & B F W0
(P<0.01) ; 5B b A, W0 7 & 7 5 41 ATP &
RO P<0.01), W4,

K4 BOAXIMIRIXROMARATP EEHNFM (X+s,1=6)

Table 4 Effect of Wenxin prescription on ATP content in MIRI

rats (x£s,n=6)

21 51 il /g ke ATP/pmol- g™
BT AR 4 181.03+2.23
LRI L] 89.08+9.36"
TR0 7 I & 21 0.99 116.38+5.78
077 T a2 1.98 127.87+4.11
TR0 77 i ) 2 3.96 168.10+6.20%

TSR T ARA R P<0.01; SHB A L5 Y P<0.01

3.5 XFMIRI KL SDH.CCOEMmMEm SEF

AR, BRI 4] SDH % 1 W 3 % (P<0.01) ,

CCO % 7E W W B A% (P<0.05) ; 5 45 8 21 b, 0

77 i A 2H SDH L CCO i 14 B 2 48 Jin (P<0.05,
. 56 .

3.6 X MIRIK B0 JLZH 21 SIRT1 . PGC-1a .ERRa,
TFAM mRNA Eik/KFEm  S5ERFARHALE,
iR 4] SIRT1,PGC-la. ERRa, TFAM mRNA # ik
KO ¥ 5 2 AR (P<0.01) ; SRR 4H Lo &8, 0
%5 #) & 2H SIRT1.PGC-1a . ERRae mRNA % ik /K
F- 5 0 19 i (P<0.05, P<0.01) , i 0 J7 K F) & 41
PGC-la mRNA &3k 7K V- B i 35 fin (P<0.05) , i L
75 7 4] TFAM mRNA 3% ik /K F 5 3% 39 n (P<
0.01). W36,
3.7 X MIRIK B0 LZH 21 SIRT1 . PGC-1a .ERRa,
TFAM H H R B SR FARH L, KR H
SIRT1,PGC-la,ERRa ., TFAM & H % ik W] i [ i
(P<0.05,P<0.01) ; S5HIAIL] HL 4, IR0 07 ¥ e 4
SIRT1 .PGC-la ERRa , TFAM & [ 3¢ 35 2 05 & 44 /i
(P<0.05) , i 0> 77 5 i 41 PGC-la . ERRa, TFAM
TE O E kR8I (P<0.05) , i O J5 K 7 &4
TFAM #1235 B B 3 I (P<0.05) . L3 7. 3,
4 i

MIRTH J& b Hp B i 300 7 B0 9 7 55 92
05 o A B WG ) v DL BH BB 5% 7 A O S
BL, BB T 320008 AS R A S Y s B M, R IR R
g A R I R 52 B AR AT, A0 BHAR 2 R
2 LA R Bk R I Sk 32 e B PR 3 K 4k FH
JE 5 1 8 LR A, 4R R RO B B iR R0 R
F I BH 25 0 3, A A AR 3R O R 0 O fR IR B 1
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®6 BOFMEEAKRROMALSIRTI PGC-1a . ERRa, TFAM mRNA Rk 7k FH M (x+s,n=6)
Table 6 Effect of Wenxin prescription on mRNA expressions of SIRT1, PGC-1a, ERRa and TFAM in myocardial tissue of rats in each

group (Xx£s,n=6)

21 51 Fl /g kg SIRT1 PGC-la ERRa TFAM
BFARH 1.00+0.05 1.00£0.04 1.00+0.09 1.01£0.12
IR 2 0.42+0.02" 0.49+0.05" 0.56+0.07" 0.48+0.05"
O 7 AR 4 0.99 0.43+0.04 0.59+0.07% 0.63+0.08 0.46+0.03
RO R 2 1.98 0.62+0.07 0.82+0.08" 0.79+0.11% 0.56%0.05
O 7 v ) 4 3.96 0.82+0.08" 0.93+0.06" 0.92+0.04% 0.85+0.08"

T ST ARA R Y P<0.01; S A Y P<0.05, P<0.01

x£7 BOAWMZAXRONALRSIRTI.PGC-1a . ERRa. TFAM & B R AKFEHEIN (x+s,n=4)
Table 7 Effect of Wenxin prescription on protein expressions of SIRT1, PGC-1a, ERRa, TFAM in myocardial tissue of rats in each group

(X+s,n=4)
415 H /g kg SIRT1/GAPDH PGC-1a/GAPDH ERRa/GAPDH TFAM/GAPDH
BF AL 0.99+0.10 0.90+0.08 0.21£0.07 0.79+0.23

BRI 0.13+0.05> 0.27+0.05" 0.06+0.03> 0.19+0.06>

L 7 AR5 2 0.99 0.65+0.03 0.59+0.16 0.17+0.06 0.71£0.11%

0 J7 o 1.98 0.90+0.18 0.84+0.21" 0.22+0.05" 0.97+0.10"

0 J7 e ) 3.96 1.1340.28" 0.76+0.17" 0.24+0.03" 1.050.16"
SR _110kDa I LTS G A(CoA) , LTk CoA T8 2 i filf 1) f12 1 1
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s ([ - 6 1 (SDH) AN (CCO) L fLis
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Fig. 3 Electrophoresis of SIRT1, PGC-la, ERRa, TFAM

protein expressions in myocardial tissue of rats in each group
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