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[ Abstract |
ischemia-reperfusion injury ( MIRI) by regulating the phosphoinositide 3-kinase ( PI3K)/protein kinase B ( Akt) signaling pathway

This study aimed to investigate the therapeutic effect and underlying mechanism of Guizhi Tongluo Tablets in myocardial

and inhibiting inflammatory response. Sixty healthy SPF-grade male C57BL/6] mice were randomly divided into sham group, model
group, low-dose Guizhi Tongluo Tablets group, medium-dose Guizhi Tongluo Tablets group, high-dose Guizhi Tongluo Tablets group,
and nicorandil group. The MIRI model was established by ligating the left anterior descending coronary artery for 30 min followed by
reperfusion. Beginning on day 1 after the operation, the mice in the low-, medium-, and high-dose Guizhi Tongluo Tablets groups
received 0.51, 1.03, and 2. 06 g-kg ' -d™' by gavage, respectively. Mice in the nicorandil group were administered 2. 28 mg-kg ™"+
d™" by gavage. Mice in the sham group and the model group received an equal volume of normal saline once daily by gavage for four
consecutive weeks. Cardiac function was assessed via echocardiography. Laser speckle contrast analysis (LASCA) was used to evaluate
the microvascular reperfusion in each group. Hematoxylin-eosin ( HE) staining was used to observe pathological changes in cardiac
tissue, while TUNEL staining was used to detect the apoptosis of cardiomyocytes. The expression levels of inflammatory cytokines
interleukin-18 (1L-18) , interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a) in the myocardium were measured by qPCR and
enzyme-linked immunosorbent assay ( ELISA). Transcriptomic sequencing was conducted to identify differentially expressed genes, and
Kyoto Encyclopedia of Genes and Genomes ( KEGG) pathway enrichment analysis was used to determine the related pathways. The
protein expression levels of PI3K, phosphorylated PI3K (p-PI3K), Akt, and phosphorylated Akt (p-Akt) were analyzed using the
Jess automated protein analysis system. The results showed that compared with the sham group, the model group exhibited significantly
reduced left ventricular ejection fraction ( LVEF) and left ventricular fractional shortening ( LVFS), increased infiltration of
inflammatory cells in the heart tissue, disorganized cardiomyocyte arrangement, and significantly increased cardiomyocyte apoptosis.
Expression levels of IL-18, IL-6, and TNF-o were markedly upregulated, while the ratios of p-PI3K/PI3K and p-Akt/Akt were
significantly decreased. Compared with the model group, mice in the Guizhi Tongluo Tablets groups showed significantly improved
cardiac function, reduced inflammatory cell infiltration, partially restored cardiac structure, significantly decreased cardiomyocyte
apoptosis and levels of IL-18, IL-6, and TNF-a, along with significantly increased p-PI3K/PI3K and p-Akt/ Akt levels. These findings
suggest that Guizhi Tongluo Tablets can effectively prevent and treat MIRI, possibly by activating the PI3K/ Akt signaling pathway and
alleviating cardiac inflammation.
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HE staining of heart tissue of mice in each group
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Fig. 2 TUNEL staining of heart tissue of mice in each group (x200)
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Table 4  Apoptosis rate of cardiac cardiomyocytes of mice in

each group (xxs, n=10)

415 it/ g kg LA LR 15/ %
RFAR - 1.54+0. 18
BT - 18.07+1. 10%
HEAG 45 0.51 14.22+0. 77%
1.03 10. 5720. 62°
2.06 6. 61+0. 54
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Table 5 mRNA expression levels of cardiac inflammatory fac-

tors of mice in each group (xts, n=10)

a3 A mRNA X}k

/g-kg! IL-18 IL-6 TNF-a
RFAR - 1.00£0.35  1.00£0.17  1.00+0.29
i - 2.13£0.27%  2.930.35%  6.80+0.70%
5 0.51 1.8420.17 2.35£0.197 4.11x0. 46"
W4 R 1.03 1.44+0.18” 1.850.15% 2.63x0.39%

2.06 1.30+0.18% 1.50+0.12% 1.80+0.05%

Table 6 Expression levels of cardiac inflammatory factor of mice in each group(x+s, n=10)

251 /g kg™ IL-18/ng-mL™" IL-6/ng-mL™"' TNF-a/ng-mlL™"
RFAR - 77.12+16. 4 38.86+10. 55 8.97+3. 64
LAY - 275. 92+36. 067 789. 83+106. 00” 88. 65+15. 06”
R H 0.51 236. 17+26. 93 526. 47+47. 83 68.19+12. 30"

1.03 158. 51£36. 95 282.45+53. 25" 45.619.10%
2.06 118. 37+26. 05”) 123. 57+40. 86 16.92+1. 93

3.6 FETHSRA DY o MR ACE 2% iR T MIRT
AR UFIIE B U TR 2 R B A R R 2%
e R 2 /N B I A 2 S 42 PP 23 A, Venn (]
AL P LR PR A S 5 1 RERRI A L, 3 2 1) A B 363

5254

A2 22 5 BT KEGG 38 1% & 44T,
RIXLEIE B S5 T Janus EG(JAK) /15556
S S N7 (STAT) {5538 % A% A -k B (NF-
kB) (553 PI3K/ Akt {55 WK% WLE 3,



SRS LA R 2 7 IO PI3K/ Akt 38 U O JIE SR AT A5 /0 Bl o JUL e L P T 4503 0 FH B AL 5

3 KEGG i i 4r
Fig.3 KEGG pathway analysis

3.7  AEAE 4 A MIRT /) B E24H 4L PI3KS/
Akt BEERIFZM FIH Jess & H I EH RGN
PI3K/ Akt i 8 [ B F ik K F, 5T R4 i,
B2 /I8 O 2 p-PI3K/PI3K J% p-Akt/ Akt
(9 AR A S R R, IER MIRT &4 )5, PI3K/ Akt 3 (%
B A AR TRV FERGE 2% AR R = TS
INEUO LS p-PI3K/PI3K J% p-Akt/Akt f H(E
ANTEIRRE T &, UE A A ASCIE 4% 7 B A% TS MIRL J5
PI3K/ Akt 3 [, ULIE 4 % 7,

B4 KH/PNEUE p-PI3K/PI3K J p-Akt/ Akt FZE [ 5%
Fig. 4  Protein band of p-PI3K/PI3K and p-Akt/Akt in the

hearts of mice in each group

4 g

T R SR 0B 0 U B8 1) SC R YT SR, SR 1
FHTHE VAT PF: B 1% ot P 41 405 2 O LA AR
R R O AR O ) R0 A RO LR BE (8 3

F7 HE/NBULIE p-PIBK/PI3K K p-Aki/ Akt B 57K
(xxs, n=10)
Table 7  Expression levels of p-PI3K/PI3K and p-Akt/Akt in

the hearts of mice in each group (x+s, n=10)

4 FHE/ g kg™ p-PI3K/PI3K p-Akt/ Akt
FEN - 1. 000. 22 1. 0020. 19
i - 0.32+0. 14" 0.23+0.01?
FERGE L 0.51 0. 370. 08 0. 36+0. 027

1.03 0. 48+0. 09V 0.45+0. 01
2.06 0. 62x0. 04" 0.77+0. 12>

RAEKMARFHHERELREE" ) MIRT ¥ K&
Z R R | e rp SRORE N A & A R i)
A5, MIRL &R, A2 R B A2/ 15 03 440 0 i K o
SRIEN T, W1 TL-18 116 S5 i=2H 1 E 047 , 36
IR 5 2 ) S i B AR, B 3 R JOE R i O L
f = EE A SR, H RIS MIRT (9367
FBeA 4347 B, Ho B = 38 1 8 35 48 08 S5 ok ik 3
MIRT #2587

HEE BN Ry, MIRT R AS 2 A 52 1 &5, PH
PR =ML TELBH T i 24 RE S 2
ZIRFRVE AT MIRL RAE SN 1 Z A B 1Y, A
S LT 8 JE B B I, A P ot o JULAL 201
R 2 A TR 2 R 0 fok | T It AR A 40 R 56
75, BRTE AR T AR A EIF A I, AR B
25 M 3 BR TP 2GR, Horp A R IR R 4
Jik s AT MR, WCH, % i bk 5 I T fh L
gt 3 WRZGAGIAR R, JE R IR 2l Dk TR AL =2 8K
T UIIIG ACRN S Atk AFF 5T & B0, AR B30 2% 1 BE A8 3 %
RS BRI RERE AL /N B A A R F (7K B R B A
WY R BRI AT T BE S BT R A2

Rt — 2 SRR A 45 R I A R, AR5 AR
R4 5%t MIRT A9 57 5 FHLH , ASBF 52 F49 8 MIRI
INEUBERY AN [R) ) A A 46 T, & B MIRI
INEVDIIRE TR, O IF L1209 PRGN I 38 i, O
LFAEHESIZEAL , O WL IR TR KA 4 T Rk T
o 5 RS, 3 2% | W5 BE A% i 3% MIRT /) B )
fiE, U2 MIRT 38 B LA 1 O LA B ) T B 5%
i SV, & B AR B8 4% R BB 5 A5 AL ) MIRI J5 R
JiE SN Y & AR R T ks MIRIL,

MIRI 1) &R LI S 245538 B, 4 PI3K/
Akt {55 B% JAK/STAT 15 51 % F1 4% H 7 E2 AH

5255



202549 H | 5550 B

3 L+
18 1] @ THFHESL

Vol. 50, No. 18 | September, 2025

FPHF(Nif2) /NF-kB {5 53 Jg &7 ARWF5e 0t 22

ALY KEGG 3 % 73 B 5 1t — 2, Hr PI3K/

Akt {5538 OB B B A5 1 15 5 MIRT JE A

3 ¥- 38 % 2 18] B9 A0 B T, AT BE =BT 1936 U7 40

AU AW FEAE B, 78 MIRT /DN RUBE RS A 3503

PI3K/Akt 3@ %, b8 p-PI3K il p-Akt (235, BEM%

TP ZH ST TL-6 IL-18 F1 TNF-o HRR I E 1 s 5%

OMERAE , [RIFREAS ] B 4 bk LR -2 85 50 -

2 MK X HEH (Bax) F2 K A & R E M -3

(caspase—3) F) 22 35 T s O LA i i oo AR

WFFEEs R FEBGE 45 7+ HUR , MIRT /) UG i

6] p-PBK/PBK FeAE & p-Akt/ Akt FLIETHE , PI3K/

Ak {55 T8 I BIROS  UE W EE S 46 R ] g 2 1l

PI3K/ Akt {55388 % 5 #5400 ) O JUE 5 A 1o L 200 D

AT HETT A MIRT AP,

gi b AW R HEAGE 2% RE A I 3 R
MIRI /)N B DI BE, P 52 010457 P8 O I3, i o L
éﬂiﬂ@ﬂ’avﬁt AL AT BB 1 B PISK/ Akt (55

T S DR A o I R L S 7, A A Sl 24 A 4D i PR L P

St T —5E BORb A M , (B AL ) S A 4%

Fr A RBOS I 1 — BRI

[ &% k]

[ 1] HANSON I D, RUSIA A, PALOMO A, et al. Treatment of

acute myocardial infarction and cardiogenic shock: outcomes of

the RECOVER Il postapproval study by society of cardiovascular
angiography and interventions shock stage [ J]. J Am Heart
Assoc,2024,13(3) :e31803.

(2] XUBIE (it e ar, 4. (v 0o o 8 g B 5 5 i
2023) BEEE (L MAFPRIAT A ALSFIRDL) [T]. P EA
AL 2E 243 ,2024,32(10) :541.

[ 3] LAWTON J S, TAMIS-HOLLAND J E, BANGALORE S, et al.
2021 ACC/AHA/SCAI  guideline for coronary artery
revascularization ; a report of the american college of cardiology/
american heart association joint committee on clinical practice
guidelines[ J]. J Am Coll Cardiol ,2022,79(2) :e21.

[4] HEUSCH G. Myocardial

ischaemia-reperfusion injury and

cardioprotection in perspective [ J]. Nat Rev Cardiol, 2020, 17
(12) .773.

[ 5] GEX, MENG Q, WEI L, et al. Myocardial ischemia-reperfusion
induced cardiac extracellular vesicles harbour proinflammatory
features and aggravate heart injury [ J]. J Extracell Vesicles,

2021,10(4) :e12072.

[ 6] HAUSENLOY D J, YELLON D M. Myocardial ischemia-

reperfusion injury: a neglected therapeutic target [ J]. J Clin
Invest,2013,123(1) :92.
[7] DEL B M, MONTONE R A, CAMILLI M, et al. Coronary

microvascular dysfunction across the spectrum of cardiovascular

5256

[10]

[11]

[12]

[13]

[18]

[19]

[20]

diseases: JACC state-of-the-art review[ J|. J Am Coll Cardiol,
2021,78(13) :1352.
TIMMERS L, PASTERKAMP G, DE HOOG V

innate immune

C, et al. The
response  in myocardium [ J .

Cardiovasc Res,2012,94(2) :276.
PAN X, XU H, DING Z, et al.

reperfused

Guizhitongluo Tablet inhibits
atherosclerosis and foam cell formation through regulating Piezol/
NLRP3 mediated macrophage pyroptosis [ J].
2024,132:155827.

AT RR AR AT 47, BERCEAS Al i CD72hi B
Wk 2 M 22 i S B AEREAL IR R S LRI T [T ). I rh 2y
Z%i,2025,50(5) : 1298.

MA L, ZOU R, SHI W, et al.

Phytomedicine,,

SGLT2 inhibitor dapagliflozin
reduces endothelial dysfunction and microvascular damage during
cardiac ischemia/reperfusion injury through normalizing the XO-
SERCA2-CaMK II -coffilin pathways[ J]. Theranostics, 2022, 12
(11) :5034.

SAXENA A, RUSSO I, FRANGOGIANNIS N G. Inflammation
learning from

Transl Res,2016,167

as a therapeutic target in myocardial infarction .

past failures to meet future challenges[ J ] .

(1):152.
CAO Y, XU Y, AUCHOYBUR M L, et al. Regulatory role of
IKKa in myocardial ischemia/reperfusion injury by the

determination of M1 versus M2 polarization of macrophages[ J].

J Mol Cell Cardiol ,2018,123;1.

R, R, mRA, % RN 2O WU I T
i%éiﬁﬁﬁ*ﬂﬁmﬁﬁﬁm. S 25 247, 2015, 12(29) .
31.

FEPHIN , SRARE AR, A, R BN )RR X JUL B L -9 T
FAOIR BAAER AN T r s [ J]. P P R 2R B A
i5,2013,20( 1) :40.

R REYE. FAL BT DT SphK1/S1P/S1PRI {5518
BT WL L P T 5 R L LR AE RS2 [ 0] v 28387
255 PRZS 3, 2024, 11(35) :1698.
XING X, GUO S, ZHANG G, et al
against myocardial ischemia/reperfusion injury by regulating the
PTEN/PI3K/AKT signaling pathway[ J]. Braz J Med Biol Res,
2020,53(2) :€9106.

TANG F, WANG Y, HEMMINGS B A,

miR-26a-5p protects

et al. PKB/Akt-

dependent regulation of inflammation in cancer [ J ]. Semin
Cancer Biol,2018,48.62.

ZHAO C, YANG Y, AN Y, et al. Cardioprotective role of
phyllanthin against myocardial ischemia-reperfusion injury by
alleviating oxidative stress and inflammation with increased
adenosine triphosphate levels in the mice model [ J]. Environ
Toxicol ,2021,36( 1) :33.

YANG B, WANG J, ZHAO Y, et al. Attenuating ischemia/
reperfusion injury in rat cardiac transplantation by intracoronary
infusion with siRNA cocktail solution[ J]. Biosci Rep,2020,40
(8) :BSR20193937.

[RERE FR]



