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Mechanisms of Tongmai Yangxin Pills and Tongxinluo Capsules in Treating Myocardial

No-reflow Based on Treating Same Disease with Different Methods

LIU Siqi'?*, YANG Wenging', CHEN Ting"*, TANG Yan'®, WANG Ju', PENG Yaxuan', QIN Haoxue',
DENG Lanyue', GONG Jialu', XU Ning', ZHANG Shuying*, ZHANG Wei'", CHEN Ting"*"

(1. Key Laboratory of Hunan Province for Integrated Traditional Chinese and Western Medicine on
Prevention and Treatment of Cardio-Cerebral Diseases, Hunan University of Chinese Medicine, Changsha
410208, China; 2. School of Acupuncture, Massage and Rehabilitation, Hunan University of Chinese
Medicine, Changsha 410208, China; 3. National Key Laboratory Cultivation Base of Chinese Medicinal
Powder and Innovative Medicinal Jointly Established by Province and Ministry, Changsha 410208, China;
4. School of Clinical Medicine, Shanghai University of Medicine & Health Sciences, Shanghai 200237,

China; 5. State Key Laboratory of Component-based Chinese Medicine, Tianjin 301617, China)

[Abstract] Objective: To investigate the mechanisms of Tongmai Yangxin pills (TMYX) and Tongxinluo capsules (TXL)
in treating no-reflow (NR) after myocardial ischemia and reperfusion following the concept of treating the same disease with
different methods, based on integrative pharmacology and experimental validation. Methods: Eighty 8-week-old SPF-grade SD rats
were randomly assigned into four groups (n=20) : sham operation, NR, TMYX (4 g-kg"'), and TXL (2 mg-kg"). A rat model of
myocardial ischemia-reperfusion no-reflow was established by in-situ ligation of the left anterior descending coronary artery. Gastric
gavage was first performed 4 h after the operation, and samples were collected on day 7. Thioflavin S staining was used to observe
the NR area in rat myocardium. Echocardiography was performed to examine the cardiac function. Hematoxylin-ecosin (HE) staining
was conducted to observe the pathological changes of the myocardial tissue. An automatic biochemical analyzer was adopted to
measure myocardial enzyme activity. Then, integrated pharmacology was applied for Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis. Finally, Western blot was employed to quantify the protein levels of key targets in the myocardial
tissue, including soluble guanylyl cyclase (sGC) , cyclic guanosine monophosphate (¢cGMP)/dependent protein kinase (PKG) ,
phosphorylated phosphatidylinositol 3-kinase (p-PI3K) , phosphorylated protein kinase B (p-Akt), and hypoxia-inducible factor-1a
(HIF-1a). Results: Compared with the sham operation group, the NR group showed increased NR area of myocardium, decreased
left ventricular ejection fraction (EF), left ventricular fractional shortening (FS), left ventricular outflow tract peak velocity (LVOT
Peak) , and left ventricular stroke volume (LVSV) (P<0.01), fractured and disordered myocardial fibers as well as inflammatory
cell infiltration in the myocardial tissue, enhanced activities of creatine kinase (CK) , creatine kinase isoenzyme (CK-MB) , and
lactate dehydrogenase (LDH) in the myocardial tissue (P<0.01), and downregulated protein levels of sGC, PKG, phosphorylated
(p) -PI3K (Tyr458) , and p-Akt (Tyr315) in the myocardial tissue (P<0.05, P<0.01). The expression level of HIF-la protein
showed a downward trend. Compared with the NR group, the TMYX group and TXL group exhibited a decreasing trend in
myocardial NR area, EF, FS, and LVOT Peak significantly increased (P<0.05, P<0.01) , LVSV showed an upward trend,
ameliorated myocardial pathological morphology and inflammatory infiltration, reductions in CK, CK-MB, and LDH activities ( P<
0.05, P<0.01), and upregulated protein levels of sGC, PKG, p-PI3K (Tyr458) in myocardial tissue ( P<0.05, P<0.01), the protein
expressions of p-Akt (Tyr315) and HIF-la showed an upward trend. A comparison of the therapeutic effects between the two
compound prescriptions showed that TMYX tended to exert a better effect in restoring cardiac function and protecting cardiac
structure in NR rats, whereas TXL was more effective in reducing myocardial NR area and lowering myocardial enzyme activities in
NR rats. Integrative pharmacology analysis combined with experimental verification demonstrated that both TMYX and TXL could
alleviate NR through the following mechanisms: activating the cyclic cGMP/PKG signaling pathway to regulate vascular tone,
activating the PI3K/Akt signaling pathway to dilate blood vessels, and activating the HIF-1 signaling pathway to inhibit oxidative
stress. However, TMYX had an advantage in activating the cGMP/PKG pathway, while TXL was superior in activating the PI3K/
Akt pathway. The two compound prescriptions exerted comparable effects on the HIF-1 signaling pathway, which might serve as
their common therapeutic pathway. Conclusion: Both TMYX and TXL could alleviate NR damage. TMYX exerts its protective
effect against NR mainly by activating the cGMP/PKG signaling pathway, while TXL exerts its effect mainly through the PI3K/Akt
pathway. The HIF-1a signaling pathway may be a common pathway for the two compound prescriptions to exert their protective
effects against NR. This study reveals the similarities and differences between TMY X and TXL in the treatment effect and mechanism
for NR, providing an experimental basis and a theoretical basis for better clinical application of the two compound prescriptions.

[Keywords] Tongmai Yangxin pills; Tongxinluo; treating the same disease with different methods; no-reflow after

myocardial ischemia and reperfusion; integrative pharmacology
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PRF 0.5%CMC-Na i Wi VE oy X B I Ath 20 ) i 47
HEHIRIT . HIRA YN S 4 h, 37 do
2.2 NRFHR A A & 515k 6% M =R S
DAl mL-kg' 552K RUR B ae kb o SRR S
Ji 1 min, #E47 LAD B A 4540 o BOR O AR, 40 8 242
A0 i B A7 05 R AT 0 % AR -80 °C 1 {IK I B 45
TR 10 mine K220 5] 43 R S B o Bl S AL
WU ZLY) ol AR B 3 8 Ry 37 CCI R FRA N . 58
AR R IR, 7R B K N 365 nm 56 TR T MK TE
IR o 5 X I X, JE 98 X & NR X, il
Image-Pro Plus 6.0 7154 X UMW M L. B NR=.0> L
T A NR/C I ST X 100% -
2.3 NR K BUCBESE M FISh eI E 38 i #E 5 O
Bl B KRR 0 UE Y T BB RN 45 4, 4R Sk AR Dy
12 MHz., JiR B 5 8 K BB 2 78 K Rk b, 2 88
T, IR Sk VR A IR AT A A Sk T A
5500 2 300/ AR JE K M OB RE L Gl T (]
B RN 2 28 S B L A5 3 MOBLRE 70 SR . T R AR
5 7 & 1 43 B (EF) | A2 % i il 46 4 % (FS) It i1
g H W (LVOT Peak) | 72 0> %5 & i iy 11
(LVSV).
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7 :A.Sham 41 ;B.NR 4 ; C.TMY X 241 ; D.TXL 4 (&l 2-1& 5 [q])
E1 TMYXFITXLX NRKRKBREEROANERNM
Fig. 1 Effect of TMYX and TXL on NR myocardial area in NR rats

Ze L, B A A D K i RIRSE . 5

NR 21 b, TMYX 240 5 TXL 44 B B 2% 1% 7 .0 LR
15, 8 3 BEAR T AL X 383 BB, K i B 5 02 {30

Fz2 TMYXFITXLX NRARORBEESHFIIEEMNFNE (x+s,n=6)

®1 TMYXHTXL NRARNROMEREI I (x+s,n=5)
Table 1 Effect of TMYX and TXL on NR myocardial area in NR

rats (x+s,n=5)

251 F /g kg NR 1 /%
NR 2 27.87£12.41
TMYX 4 4 23.85+6.08
TXL 41 0.002 21.82+9.75

S FI| DV 98 RE 40 B I R 20 B T K B 5 2 A 2
A5 I RE 20 B, O AL A0 B &5 R PR AR B S A, 0 LA
LR OIS o 25 AR R, TMY X FI TXL fig
fig k3t NR K BUO LA LR Atk . WL 2,
3.4 TMYX HI TXL % NR & FLO WU 5 2 A9 52 i
5 Sham 41 H. % ,NR 41 CK .CK-MB F1 LDH ] %
PR, 2R A 50 F R L (P<0.01); 5 NR4A
Fbd, TMYX 41 Al TXL 41 CK .CK-MB .LDH i 1 B
i FEIR(P<0.05,P<0.01), Z¢ 245 EH , TMYX Al
TXL fEFEAR NR K B0 UEGIE M. W33,

Table 2 Effect of TMYX and TXL on cardiac structure and function in NR rats (x+s,n=6)

20 5 Fl /g kg EF/% FS/% LVOT peak/mm-s’ LVSV/mm-pL"
Sham 4 82.89+6.17 50.86+7.83 1 048.29+122.89 157.16£4.91
NR 21 39.48+18.88” 20.35+11.17% 837.02+103.27” 111.71+18.46>
TMYX 41 4 71.86+8.49% 37.81+£5.56" 994.34+111.50% 149.92+28.65
TXL 41 0.002 70.37+7.67% 37.24+6.45" 984.15+144.45% 136.29+27.85

2 5 Sham 41 14 V' P<0.05,2P<0.01; 5 NR 41 [ 48 ¥ P<0.05,YP<0.01($ 3-%£ 6 7))

X100

X400 £

B2 TMYXHTXLX NRAROAFEBEZULHZME (HE)

Fig.2 Effect of TMYX and TXL on myocardial pathological changes in NR rats (HE)

3.5 TMYX fl TXL 2k 3% NR () KEGG il % & % 77
Bro Zad '\ &b, S T 182 4 TMYX-NR A
KM KEGG & 538 % , 40 e i 22 A% R A7 T 4
F, IR 3 T 29 4% i O G HE Y AR E I T LU
S I S T ) | = S o e B
cGMP/PKG i [ . ¥ Jou A i 2 | 22 24 )5 0 Ak 3
W (MAPK) {5 538 % 40 [ W4 PI3K/AKt {5

530 % K pS3 15T B AE . TXL-NR A9 L [F] 410 5 78
KEGG & 72 i & W5 M2 141 4> 55 423 i, #% IR W 3%
KT DA R AR HES P 5 5 BUHT 29 T, W6 5 1 OC
STl e S A & S W O (R T AW i
T \MAPK {5 514 T & 1% \PI3K/Akt {5 53 [ A% %
S F-kB(NF-«B) i 5% 18 & 42 \Rapl {5 53 5
Ui H AR T 5 A2 AR A BEAE R AE . 8 TMY X-NR Al
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%3 TMYX# TXL X NR X R0 A& (CK.CK-MB.LDH) i& 1§
B0 (x+s,n=10)

Table 3 Effect of TMYX and TXL on activity of myocardial
enzymes (CK, CK-MB, LDH) in NR rats (x+s,n=10) U-L!
451 ?ﬂ]%_] CK CK-MB LDH
/g kg
Sham 2 389.09+148.09  962.77+235.22  859.46+236.28
NR 4 710.91+130.12% 1 722.46+376.98% 1 728.00+333.20”
TMYX 4 4 443.55+162.1571 315.77+172.88%" 1 362.54+170.16>
TXLZ  0.002 454.00+145.67" 1 244.08+443.56" 1 095.77+354.12"
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Fig. 3  Electrophoresis of sGC and PKG protein expression in
myocardial cGMP/PKG pathway of NR rats
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Table 4 Effect of TMYX and TXL on expression of sGC and
PKG protein in myocardial cGMP/PKG pathway of NR rats (x=+s,
n=3)

205 il /g ke sGC/GAPDH PKG/GAPDH
Sham £ 0.93+0.06 0.88+0.06
NR 41 0.37+0.05> 0.62+0.05
TMYX 41 4 0.94+0.04" 0.83+0.05"
TXL 41 0.002 0.78+0.07" 0.79+0.04"

3.7 TMYX 5 TXL *f p-PI3K (Tyr458) il p-Akt
(Tyr315) B R A M FE N 5 Sham 41 L # , NR 4
p-PI3K (Tyr458) Fl p-Akt(Tyr315) 7K (1 & i5 B 2 (%
& (P<0.05, P<0.01) ; 5 NR 4 [t & , TMYX 21 #il
TXL 41 p-PI3K (Tyr458) & H £ i& ] & F+ & (P<
0.05),p-Akt(Tyr315) & b AHH#H 25 LA ==
X WE4.FS,
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Fig. 4 Electrophoresis of p-PI3K (Tyr458) and p-Akt (Tyr315)
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Table 5 Effect of TMYX and TXL on expression of p-PI3K
(Tyr458) and p-Akt(Tyr315) protein in myocardial of NR rats

(x+s,n=3)

My FH/g-kg!  p-PI3K(Tyr458)/PI3K  p-Akt(Tyr315)/Akt

Sham 41 2.2140.03 1.24+0.01
NR 2] 1.19+0.01% 1.10+0.03"
TMYX4l 4 2.81+0.17% 1.19+0.01
TXL 24 0.002 3.45+0.29" 1.3940.10
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Fig. 5 Electrophoresis of HIF1- « protein expression in

myocardial of NR rats
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Table 6 Effect of TMYX and TXL on expression of protein in
myocardial HIF1-a Signaling pathway of NR rats (x+s,n=3)

215 F 4k /g kg HIF-1a/GAPDH
Sham 41 1.27+0.30
NR 2 0.79+0.32
TMYX 41 4 1.27+0.41
TXL 41 0.002 1.10+0.49
4 iTig
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