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Abstract

Background: Myocardial ischemia-reperfusion injury (MIRI) exacerbates thrombosis and platelet hyperactivation post-
revascularization, with limited therapeutic efficacy of existing antiplatelet agents. Agkistrodon halys venom platelet inhibitor 
(AHVPI) shows uncharacterized antithrombotic potential. This study evaluates AHVPI’s mechanistic regulation of key platelet 
biomarkers and hemostatic parameters in a rat MIRI model.
Objectives: To explore the antithrombic mechanisms of AHVPI in a rat model of MIRI.
Materials and Methods: Thirty male Sprague-Dawley rats were randomized to the sham operation (n = 6), MIRI (n = 6), and 
AHVPI groups (n = 18). The left anterior descending coronary artery was ligated to form the MIRI model. The AHVPI group 
included three subgroups (low-dose, medium-dose, and high-dose groups), which were sublingually administered AHVPI at doses 
of 0.05, 0.1, and 0.2 mg/kg body weight, respectively (six rats per subgroup). Electrocardiographic changes were monitored via 
the RM6240 biological signal acquisition system. An enzyme-linked immunosorbent assay was used to measure the plasma levels 
of platelet membrane glycoprotein VI (GPVI) and P-selectin. Thromboelastography (TEG® 5000) was used to assess the clot 
formation time (K), coagulation time (R), α angle (A), and maximum amplitude (MA) in the rat blood. Whole-blood and plasma 
viscosity was measured using a cone-plate viscometer, whereas turbidimetry was used to determine the platelet aggregation rate.
Results: Compared with those in the MIRI group, A and MA values (p < .05), blood viscosity, aggregation amplitude, platelet 
aggregation rate (p < .05), and the GPVI and P-selectin expression levels (p < .05) were prominently lower, and both the 
K and R values were markedly greater in the medium-dose and high-dose AHVPI groups.
Conclusion: AHVPI considerably inhibits platelet activity, alleviates MIRI-associated hemorheological properties, and miti-
gates the adverse effects of MIRI in the MIRI rat model.
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Introduction

Myocardial ischemia-reperfusion injury (MIRI) is an intri-
cate procedure that occurs when ischemic myocardial tissue 
is reperfused with blood flow, leading to arrhythmias, myo-
cardial stunning, and microvascular dysfunction (Wang, Liu, 
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Liu, et al., 2023; Xing et al., 2022). The no-reflow phenome-
non, which is an aberrant condition in which the ischemic 
area does not achieve adequate reperfusion despite the resto-
ration of blood flow, is one of the manifestations of ischemia-
reperfusion injury (IRI). The no-reflow phenomenon occurs 
closely related to endothelial cell damage, hemorheological 
alterations, and changes in blood properties. In particular, 
platelet activation, followed by adhesion, aggregation, and 
release responses, are key factors regulating the no-reflow 
phenomenon (Aggarwal et al., 2021; Caiazzo et al., 2020). 
Therefore, antiplatelet therapy is a key therapeutic regimen 
for the treatment and prevention of thrombotic cardiovascular 
and cerebrovascular diseases, as well as for mitigating MIRI 
(Alpert, 2023; Schanze et al., 2023; Stewart et al., 2019).

Platelet membrane glycoproteins (GPs) mediate platelet 
adhesion and aggregation, playing a critical role in the initial 
hemostatic response, the adhesion of platelets with the extra-
cellular matrix, as well as the aggregation of platelets. The 
molecular structure, type, content, distribution, and function 
of activated GPs are highly different from those of resting, 
non-activated GPs. These molecular markers can be used to 
predict ischemic incidence and evaluate the efficacy of thera-
pies pointed at averting reperfusion injury (Schirone et al., 
2022; Schlesinger, 2018).

Agkistrodon halys venom platelet inhibitor (AHVPI) is an 
active protein isolated and purified from the crude venom of 
the natural A. halys from southern Anhui Province, China. 
The molecular weight of AHVPI is 31.0 kDa. Previous stud-
ies have demonstrated that AHVPI potently inhibits platelet 
aggregation and fibrinolysis (Huang et al., 2012; Na et al., 
2014). In this study, a model of MIRI in rats was constructed 
through a surgical ligature method to bind the left anterior 
descending coronary artery (LAD). We aimed to explore the 
effects of AHVPI on platelet activity and hemorheological 
properties and elucidate the underlying mechanisms. The 
findings of this study will provide direct scientific evidence 
for future clinical application studies.

Materials and Methods

Drugs and Reagents

AHVPI, a potent protein isolated from pit viper venom, was 
provided by the Snake Venom Research Institute of Wannan 
Medical College. The following reagents were obtained from 
different vendors: adenosine diphosphate (ADP) (Sigma, 
USA), phosphate-buffered saline (Beyotime Biotechnology, 
China), P-selectin ELISA kit (SolarBio Life Sciences, 
Shanghai, China), and GPVI ELISA kit (Bioss Biotechnology, 
Beijing, China).

Instruments

The following instruments were used in this study: Biological 
signal acquisition and processing system (RM6240, Chengdu 

Instrument Factory), thromboelastograph (TEG® 5000, 
Haemoscope, USA), platelet aggregometer (PA100, Chongqing 
Tianhai Medical Equipment Co., Ltd.), BECKMAN centri-
fuge (Beckman, USA), microplate reader (Model 680, Bio-
Rad, USA), and inverted phase contrast microscope (IX51, 
Olympus, Japan).

MIRI Rat Model Establishment and Drug 
Treatment

In accordance with the methods described in previous studies 
(Fu et al., 2019; Kim et al., 2012; Tong et al., 2022), the rats 
were anesthetized via the intraperitoneal injection of 0.2 
mL/100 g body weight of 1.5% pentobarbital sodium and 
immobilized. After the RM6240 biological signal acquisition 
system was set up, needle electrodes were subcutaneously 
inserted into the ankles of the rats. To record the electrocar-
diogram (ECG), electrodes were connected to the ECG leads 
as follows: right forelimb (green), right hindlimb (black), and 
left forelimb (red). A cervical incision was introduced to 
insert an endotracheal tube for mechanical ventilation. Access 
to the thoracic cavity of rats was achieved through the inci-
sion made on the left of the fourth intercostal space. Next, the 
pericardium was cut open to expose the myocardium. A circu-
lar non-invasive suture (6/0) was located 2 mm below the 
beginning of the LAD. After the artery was ligated for 
45 min, it was released, and reperfusion was performed for 
120 min. The MIRI model was successfully established when 
the ST segment of the ECG II lead exhibited an elevation of 
0.1 mV. Thirty healthy male Sprague-Dawley rats (aged 
8–9 weeks; body weight: 200–250 g) were purchased from 
Nanjing Pengsheng Biotechnology Co., Ltd. (License No.: 
SC-358791). All the rats were equally and randomly divided 
into five groups: the sham operation group (control), in which 
the left coronary artery was punctured but not ligated; the 
MIRI group, in which the left coronary artery was punctured 
and ligated; the low-dose AHVPI (AHVPI-low) group, in 
which the rats were administered AHVPI at a dose of 
0.05 mg/kg body weight before MIRI modeling; the medium-
dose AHVPI (AHVPI-medium) group, in which the rats were 
administered AHVPI at 0.1 mg/kg body weight before MIRI 
modeling; and the high-dose AHVPI (AHVPI-high) group, in 
which the rats were administered AHVPI at 0.2 mg/kg body 
weight before MIRI modeling. The number of rats in each 
experimental group was six during both the model develop-
ment and study period. All animal experiments were reviewed 
and approved by the Institutional Animal Ethics Committee 
of Wannan Medical College (IAEC Protocol Approval 
Number: Wannan Medical College/IAEC/LLSC-2022-267; 
approval date: January 20, 2022).

Sample Collection and Measurement of Indicators

Blood samples (8 mL per rat) from the carotid artery of all the 
rats were collected and well preserved in centrifuge tubes 
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containing an anticoagulant (3.8% sodium citrate). The expres-
sion levels of platelet membrane GPVI and P-selectin in the 
rats were measured using enzyme-linked immunosorbent assay 
(ELISA). A cone-plate viscometer was used to determine the 
high-shear, medium-shear, and low-shear viscosities of whole 
blood samples, as well as plasma viscosity. Platelet-rich plasma 
was separated via centrifugation at 1,000 g for 10 min. 
Meanwhile, platelet-poor plasma was acquired via further cen-
trifugation at 3,000 g for 10 min. Aggregation of platelets was 
induced using ADP (20 µL, 10 µmol/L) and measured using 
turbidimetry to determine the aggregation rates at 1 min (A1), 
3 min (A3), and 5 min (A5), and the aggregation amplitude 
(Song et al., 2005). Thromboelastography was performed to 
measure clot formation time (K), clotting time (R), α angle (A), 
and maximum amplitude (MA) with kaolin (a type of clay) as 
the activator (Whitton & Healy, 2023). The content of P-selectin 
was also measured using a double-antibody sandwich ELISA. 
At the conclusion of the experiment, cardiac tissues from each 
group of rats were harvested and fixed in 10% neutral buffered 
formalin overnight. The tissues were subsequently dehydrated, 
embedded in paraffin, and sectioned into 5 μm thick slices for 
hematoxylin and eosin (HE) staining. Following staining, the 
myocardial tissue sections were examined under a light micro-
scope at 200× magnification, and pathological morphological 
analysis was conducted.

Statistical Analysis

Normally distributed data were indicated by mean ± standard 
deviation (x̅ ± s). Means across different groups were exam-
ined using a one-way analysis of variance and the Student–
Newman–Keuls (SNK-q) test. Statistical analyses were 
calculated by SPSS (version 20.0), and a p value of less than 
.05 was considered significant.

Results

Effects of AHVPI on Blood Viscosity in Rats

The low-shear, medium-shear, and high-shear viscosities of 
whole blood and plasma viscosity in the control group were 
far less than those of the MIRI group (p < .05). Compared 

with those in the MIRI group, the low-shear, medium-shear, 
and high-shear viscosities of whole blood and plasma viscos-
ity were also remarkably lower in the AHVPI-medium and 
AHVPI-high groups (p < .05), but in the control group, there 
were no significant differences (p > .05). The AHVPI-low 
and MIRI groups presented no substantial differences in vis-
cosity, as did the AHVPI-medium and AHVPI-high groups 
(p > .05; Table 1 and Figure 1). These results suggest that 
AHVPI effectively decreased blood viscosity in the MIRI rat 
model.

Effects of AHVPI on Platelet Aggregation in Rats

Compared with those in the MIRI group, the A1, A3, and A5 
values and the aggregation amplitude were much lower in the 
AHVPI-medium and AHVPI-high groups (p < .05). However, 
these parameters did not differ prominently among the sham 
operation, AHVPI-medium, and AHVPI-high groups (p > 
.05; see Table 2 and Figure 2). These findings indicate that 
AHVPI significantly reduces platelet activity in rats.

Effects of AHVPI on GPVI and P-selectin 
Expression in Plasma of Rats

In comparison to the control group, P-selectin and GPVI lev-
els were considerably increased in the MIRI group (p < .05). 
Moreover, P-selectin and GPVI in the AHVPI-medium and 
AHVPI-high groups were prominently lower than those in 
the MIRI group (p < .05). Nevertheless, the expression levels 
of P-selectin and GPVI did not substantially differ among the 
control, AHVPI-medium, and AHVPI-high groups (p > .05; 
Table 3 and Figure 3).

Effects of AHVPI on Myocardial Tissue in Rats

Histopathological examination of myocardial tissue was per-
formed via HE staining. As shown in Figures 4B and 4C, sig-
nificant myocardial swelling and nuclear condensation were 
observed in the MIRI and AHVPI-low groups. In contrast, the 
sham operation, AHVPI-medium, and AHVPI-high groups 
presented well-preserved myocardial cell morphology with 
clear cell boundaries (Figure 4A, 4D, and 4E). Furthermore, 

Table 1. Effect of AHVPI on Blood Viscosity in Rats.

Group n
Whole-blood High-shear 

Viscosity ((150 S−1)/mPa s)
Whole-blood Medium-shear 

Viscosity ((60 S−1)/mPa s)
Whole-blood Low-shear 
Viscosity ((5 S−1)/mPa s)

Plasma Viscosity 
((100 S−1)/mPa s)

Control 6 3.78 ± 0.40* 3.27 ± 0.72* 5.48 ± 0.93* 1.21 ± 0.07*

MIRI 6 5.71 ± 0.53# 6.91 ± 0.93# 9.06 ± 0.80# 1.88 ± 0.06#

AHVPI-low 6 5.58 ± 0.66# 6.78 ± 0.53# 8.78 ± 0.67# 1.76 ± 0.10#

AHVPI-medium 6 4.07 ± 0.56* 4.01 ± 0.62* 6.14 ± 0.65* 1.34 ± 0.13*

AHVPI-high 6 3.89 ± 0.49* 3.69 ± 0.69* 5.83 ± 0.79* 1.29 ± 0.14*

Notes: AHVPI: Agkistrodon halys venom platelet inhibitor; MIRI: Myocardial ischemia-reperfusion injury. Superscripts with the same symbol (* or #) indicate 
a p value of more than .05 between groups. A p value of less than .05 between groups is indicated by superscripts with different symbols.
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Figure 1. Effects of AHVPI on Blood Viscosity in Rats. (A) Comparison of Whole-blood High-shear Viscosity Among the Different 
Groups; (B) Comparison of Whole-blood Medium-shear Viscosity Among the Different Groups; (C) Comparison of Whole-blood Low-
shear Viscosity Among the Different Groups; (D) Comparison of Plasma Viscosity in Different Groups.

Note: AHVPI: Agkistrodon halys venom platelet inhibitor; MIRI: Myocardial ischemia-reperfusion injury.

Table 2. Effect of AHVPI on Platelet Aggregation in Rats.

Group n A1 (%) A3 (%) A5 (%) Aggregation Amplitude (%)

Control 6 34.33 ± 8.73* 47.83 ± 11.55* 51.50 ± 10.31* 50.50 ± 13.75*

MIRI 6 50.34 ± 10.84# 82.84 ± 8.78# 85.83 ± 6.11# 88.83 ± 5.31#

AHVPI-low 6 50.83 ± 9.52# 83.17 ± 7.63# 88.17 ± 5.53# 89.17 ± 3.97#

AHVPI-medium 6 38.67 ± 5.28* 51.83 ± 6.65* 56.67 ± 10.01* 58.17 ± 12.84*

AHVPI-high 6 36.50 ± 5.40* 49.67 ± 11.06* 53.50 ± 9.40* 55.67 ± 12.71*

Notes: AHVPI: Agkistrodon halys venom platelet inhibitor; A1, Aggregation rate of platelets at 1 min; A3: Aggregation rate of platelets at 3 min; A5: 
Aggregation rate of platelets at 5 min; MIRI: Myocardial ischemia-reperfusion injury. Superscripts with the same symbol (* or #) indicate a p value of more 
than .05 between groups. A p value of less than .05 between groups is indicated by superscripts with different symbols.
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Figure 2. Effects of AHVPI on Platelet Aggregation in Rats. (A) Comparison of Platelet Aggregation at 1 min (A1) in Different Groups; 
(B) Comparison of Platelet Aggregation at 3 min (A3) in Different Groups; (C) Comparison of Platelet Aggregation at 5 min (A5) in 
Different Groups; (D) Comparison of Platelet Aggregation Amplitudes in Different Groups.

Note: AHVPI: Agkistrodon halys venom platelet inhibitor; MIRI: Myocardial ischemia-reperfusion injury.

Table 3. Expression Levels of GPVI and P-selectin.

Group n GPVI (ng/mL) P-selectin (µg/L)

Control 6 1.14 ± 0.32* 1.44 ± 0.21*

MIRI 6 3.35 ± 1.45# 2.32 ± 0.24#

AHVPI-low 6 3.23 ± 1.49# 2.28 ± 0.16#

AHVPI-medium 6 1.92 ± 0.60* 1.74 ± 0.33*

AHVPI-high 6 1.51 ± 0.39* 1.58 ± 0.46*

Notes: AHVPI: Agkistrodon halys venom platelet inhibitor; GPVI: Glycoprotein VI; MIRI: Myocardial ischemia-reperfusion injury. 
Superscripts with the same symbol (* or #) indicate a p value of more than .05 between groups. A p value of less than .05 between 
groups is indicated by superscripts with different symbols.
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the AHVPI-high and AHVPI-medium groups exhibited less 
pronounced myocardial cell swelling and nuclear condensa-
tion compared to the MIRI and AHVPI-low groups, with cer-
tain regions showing no significant signs of either.

The Thromboelastograms of Different Rat Groups

In contrast to those in the MIRI and AHVPI-low groups 
(Figure 5B and 5C), the values of K and R were markedly 
greater (Figure 5G and 5F), and the values of MA and A were 
much lower in the AHVPI-medium and AHVPI-high groups 
(Figure 5I, 5H, 5D, and 5E) (p < .05). Thus, treatment with 
AHVPI at medium and high doses effectively mitigated the 
enhanced coagulation status in the MIRI model (Figure 5A–5I 
and Table 4). Additionally, optimal dosing of AHVPI can 
considerably suppress elevated blood coagulation states.

Discussion

The specific pathophysiological mechanisms underlying IRI 
have not been elucidated. Although advances in treatment 
methods for myocardial ischemia have contributed to func-
tional recovery and damage repair of tissues or organs through 
the restoration of blood flow, ischemia-reperfusion may 
sometimes exacerbate functional impairment and structural 
damage instead of restoring organ function. Thus, MIRI is a 
major challenge for clinicians in treating patients with isch-
emic heart disease (Sagris et al., 2024). The current consen-
sus in the medical field suggests that MIRI is closely 

associated with endothelial cell damage, changes in blood 
properties, and alterations in blood rheology. Additionally, 
platelet activation plays a significant role in MIRI pathogen-
esis. Platelets, which are in a quiescent state in the circula-
tion, are activated in response to thrombin, ADP, or contact 
with damaged endothelial cells and collagen. Platelet activa-
tion results in the adhesion, aggregation, and release of plate-
let procedures, regulating the hemostatic process. Although 
platelet activation is a physiological response, its dysregula-
tion can contribute to the occurrence and progression of MIRI 
(Parodi et al., 2011; Wang, Liu, Tian, et al., 2023). 
Uncontrolled platelet activation or regulatory dysfunction 
can lead to secondary thrombus formation, resulting in dis-
eases including myocardial infarction or ischemic stroke 
(Chatterjee et al., 2020; Nieswandt et al., 2011). Previous 
studies have reported that patients with MIRI exhibit a hyper-
coagulable state with high proportions and activities of acti-
vated platelets. Thus, platelets are major risk factors for 
MIRI. This study examined the effects of AHVPI on platelet 
activity in the MIRI rat model. Importantly, pretreatment with 
appropriate doses of AHVPI improved platelet function, 
blood properties, and overall state, attenuating the pathologi-
cal process of MIRI. These findings suggest that AHVPI 
exerts effective protective effects in the MIRI model, although 
further studies into its safety profile are warranted.

Platelet membrane GPs, including GPVI, are crucial fac-
tors for platelet activation, adhesion, and aggregation, directly 
influencing platelet status and function (Nuyttens et al., 2011; 
Yang et al., 2019). Consequently, GPs are considered molecu-
lar markers of activated platelets. Clinical studies in acute 

Figure 3. Effects of AHVPI on GPVI and P-selectin Expression in Plasma of Rats. (A) Comparison of GPVI Expression Levels in Different 
Groups; (B) Comparison of P-selectin Expression Levels in Different Groups.

Note: AHVPI: Agkistrodon halys venom platelet inhibitor; GPVI: Glycoprotein VI; MIRI: Myocardial ischemia-reperfusion injury.
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Figure 4. Effects of AHVPI on Myocardial Tissue in Rats. (A) Rat Myocardial Tissue from the Control Group was Stained with HE (Light 
Microscopy; Magnification ×200); (B) Myocardial Tissue from the MIRI Group was Stained with HE (Light Microscopy; Magnification 
×200); (C) Rat Myocardial Tissue from the AHVPI-low Group was Stained with HE (Light Microscopy; Magnification ×200); (D) Rat 
Myocardial Tissue from the AHVPI-medium Group was Stained with HE (Light Microscopy; Magnification ×200); (E) Rat Myocardial 
Tissue from the AHVPI-high Group was Stained with HE (Light Microscopy; Magnification ×200).

Note: AHVPI: Agkistrodon halys venom platelet inhibitor; AHVPI-high: Agkistrodon halys venom platelet inhibitor at a high-dose (0.2 mg/kg body weight); 
AHVPI-low: Agkistrodon halys venom platelet inhibitor at a low-dose (0.05 mg/kg body weight); AHVPI-medium: Agkistrodon halys venom platelet inhibitor 
at a medium dose (0.1 mg/kg body weight); HE: Hematoxylin and eosin; MIRI: Myocardial ischemia-reperfusion injury.
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myocardial infarction (AMI) sufferers have revealed that the 
probability of a lack of myocardial reflow following ischemic 
myocardial reperfusion therapy is closely related to GP 
expression levels. Thus, the effect of GPs on thrombosis has 
piqued clinicians’ interest (Senis et al., 2014; Slater et al., 
2024). GPVI, a collagen receptor expressed on the membrane 

of platelets, facilitates platelet activation and adhesion 
through its interaction with collagen. Prior research has indi-
cated that GPVI expression levels are largely upregulated in 
various vascular diseases, including cerebral apoplexy and 
AMI (Gawaz et al., 2014; Zahid et al., 2011). Therefore, 
GPVI is essential for thrombus formation and development 

Figure 5. The Thromboelastograms of Different Rat Groups. (A) Thromboelastogram of the Control Group; (B) Thromboelastogram 
of the MIRI Group; (C) Thromboelastogram of the AHVPI Low-dose (0.05 mg/kg body weight) Group; (D) Thromboelastogram 
of the AHVPI Medium-dose (0.1 mg/kg body weight) Group; (E) Thromboelastogram of the AHVPI High-dose (0.2 mg/kg body 
weight) Group; (F) Coagulation Time (R) Calculated from Thromboelastogram (TEG); (G) Clot Formation Time (K) Calculated from 
Thromboelastogram (TEG); (H) α Angle (A) Calculated from Thromboelastogram (TEG); (I) Maximum Amplitude Calculated from TEG.

Note: AHVPI: Agkistrodon halys venom platelet inhibitor; MIRI: Myocardial ischemia-reperfusion injury.
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(Borst & Gawaz, 2021). In view of this, elucidation of the 
micro-effect on platelet activation induced by GPVI is a 
major research focus (Stoll et al., 2024). Rat studies have 
demonstrated that the exposure of endothelial cells and sub-
endothelial tissues resulting from tissue damage impairs 
platelet aggregation due to the absence or inactivation of 
GPVI. Furthermore, other important surface receptors of the 
platelet membrane, for instance, GPIb-V-IX, cannot promote 
platelet aggregation and adhesion in the absence of active 
GPVI (Schulz et al., 2010). These findings confirm the vital 
importance of GPVI in both platelet activation and subse-
quent thrombosis. Our results indicate that optimal AHVPI 
pretreatment significantly downregulates GPVI expression in 
MIRI rats, attenuating GPVI-driven platelet activity and 
improving blood viscosity and hemorheology. This pathway 
may be one of the key mechanisms underlying the protective 
effects of AHVPI against MIRI. Notably, our findings align 
with previous studies demonstrating the critical role of GPVI 
in platelet activation and thrombosis during IRI (Veninga et 
al., 2022). For instance, GPVI has been shown to mediate 
collagen-induced platelet aggregation and thrombus forma-
tion, which are central to the pathogenesis of MIRI (Fuentes, 
2022). However, unlike earlier research focusing on GPVI 
inhibition through pharmacological agents or genetic modifi-
cations, our study highlights the unique ability of AHVPI, a 
natural protein derived from pit viper venom, to modulate 
GPVI expression and function. This novel approach not only 
provides a potential therapeutic strategy for MIRI but also 
offers new insights into the regulation of platelet-related 
pathways in cardiovascular diseases (Navarro et al., 2022).

P-selectin, also known as CD62P, is predominantly found 
in Weibel–Palade bodies from vascular endothelial cells or in 
the membranes of alpha-granules within platelets. Upon 
platelet activation, CD62P is exposed to the surface of the 
platelet membrane and partially released into the bloodstream 
(Denorme & Campbell, 2022). The expression level of 
CD62P in the blood is significantly increased during IRI. 
Furthermore, CD62P expression is positively correlated with 
thrombotic events by enhancing platelet activation and 
thrombus formation (Alenazy & Thomas, 2021; McEver, 
2015). In contrast, our findings demonstrate that AHVPI 
effectively suppresses P-selectin expression, thereby 

disrupting the pathological cascade of platelet activation and 
leukocyte-endothelial interactions. This mechanism is consis-
tent with previous studies showing that modulation of 
P-selectin can attenuate IRI-induced tissue damage (Farmer 
et al., 2005). In addition to its effects on P-selectin, AHVPI 
may also target other platelet receptors, such as GPVI, which 
play a critical role in platelet adhesion and aggregation. This 
multi-target approach may enhance the therapeutic efficacy 
of AHVPI by simultaneously addressing multiple aspects of 
platelet dysfunction and endothelial activation, thereby offer-
ing a more comprehensive strategy for mitigating MIRI.

Conclusion

In summary, this study demonstrates that AHVPI effectively 
downregulated the expression of platelet activation markers, 
GPVI and CD62P, in a rat model of MIRI. At optimal doses, 
the robust efficacy of AHVPI in suppressing platelet activa-
tion and alleviating myocardial injury establishes an experi-
mental foundation for its further development as a clinical 
therapeutic for MIRI. However, two limitations should be 
noted: (a) whether AHVPI modulates GPVI/CD62P expres-
sion via GPVI-dependent signaling cascades requires further 
mechanistic investigation; (b) dynamic alterations in ejection 
fraction, fractional shortening, and MIRI lesion area across 
AHVPI-treated groups were not comprehensively assessed. If 
approved for further research, we will integrate cardiac func-
tion monitoring, molecular mechanism elucidation, and 
safety assessment to advance the clinical translation of 
AHVPI and the development of novel antithrombotic agents 
derived from snake venom.
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A: α angle; A1: The aggregation rates at 1 min; A3: The aggregation 
rates at 3 min; A5: The aggregation rates at 5 min; ADP: Adenosine 
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AHVPI-high: The high-dose AHVPI (0.2 mg/kg body weight); 
AHVPI-low: The low-dose AHVPI (0.05 mg/kg body weight); 
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Table 4. Effects of Viper Venom Platelet Inhibitory Factors on Thromboelastogram Parameters in Rats.

Group n R (min) K (min) α Angle (°) Maximum Amplitude (mm)

Control 6 4.17 ± 1.90* 3.29 ± 1.81* 60.09 ± 16.13* 63.58 ± 7.45*

MIRI 6 1.76 ± 1.05# 0.88 ± 0.23# 82.13 ± 2.67# 77.54 ± 4.52#
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AHVPI-high 6 3.78 ± 2.01* 2.95 ± 1.45* 52.58 ± 8.75* 56.42 ± 9.37*
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Superscripts with the same symbol (* or #) indicate a p value of more than .05 between groups. A p value of less than .05 between groups is indicated by 
superscripts with different symbols.
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membrane glycoproteins; GPVI: Platelet membrane glycoprotein 
VI; HE: Hematoxylin and eosin; IRI: Ischemia-reperfusion injury; 
K: Clot formation time; LAD: Left anterior descending coronary 
artery; MA: Maximum amplitude; MIRI: Myocardial ischemia-
reperfusion injury; R: Coagulation time; TEG: Thromboelastography.
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