


Immunomodulatory Effects of Annona muricata Leaf Extract in Isoproterenol-induced Acute Myocardial Infarction


ABSTRACT

Background: Acute myocardial infarction (AMI) triggers systemic inflammation and hematological disturbances that worsen cardiac outcomes. Annona muricata (soursop) leaves possess antioxidant and anti-inflammatory properties, but their immunomodulatory effects in AMI remain incompletely defined.
[bookmark: _GoBack]Objective: This study investigated the effects of hydroethanolic A. muricata leaf extract on hematological parameters and blood pressure in Wistar rats with isoproterenol (ISO)-induced AMI.
Methods: Thirty Wistar albino rats were randomized into five groups (n=6). Groups A–C received A. muricata extract (100, 200, 400 mg/kg), Group D received lisinopril (10 mg/kg), and Group E received distilled water for 14 days, followed by ISO induction (150 mg/kg, s.c.) on days 15 and 16. Blood pressure and heart rate were measured on day 17. Hematological parameters were analyzed from blood samples collected post-sacrifice. Data were expressed as mean ± SEM and analyzed using ANOVA at p<0.05.
Results: ISO significantly elevated mean arterial blood pressure and heart rate, which were attenuated by A. muricata extract in a dose-dependent manner, comparable to lisinopril. Extract pre-treatment reduced total white blood cell counts, neutrophils, monocytes, and platelets while increasing lymphocyte proportions. Furthermore, red blood cell indices (RBC, HGB, HCT, MCV, MCH) were improved in extract-treated groups relative to ISO control, indicating protection against oxidative and inflammatory hematological disruptions.
Conclusion: Annona muricata leaf extract demonstrated significant immunomodulatory and cardioprotective effects in ISO-induced AMI by normalizing hematological parameters and improving hemodynamic stability. These findings support its therapeutic potential as an adjunct in the management of myocardial infarction.
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INTRODUCTION
Acute myocardial infarction (AMI) remains a major global cause of morbidity and mortality despite advances in reperfusion and pharmacotherapy (Oladejo et al., 2024). Beyond the immediate ischemic insult to cardiomyocytes, AMI provokes a rapid and sustained systemic inflammatory response that strongly influences infarct expansion, adverse remodeling and short- and long-term outcomes (Yong et al., 2025). Circulating leukocytes and platelets participate in early sterile inflammation, microvascular obstruction and thrombo-inflammatory cascades; concurrently, oxidative stress and cytokine release amplify tissue injury and alter bone-marrow hematopoiesis. Because these processes produce measurable and prognostically important shifts in routine hematological indices, complete blood count (CBC), for example neutrophil-to-lymphocyte ratio [NLR], platelet-to-lymphocyte ratio [PLR], absolute neutrophil, lymphocyte and platelet counts have emerged as inexpensive, widely available biomarkers in ischemic heart disease (Joshi et al., 2023). 
Experimental rodent models, most commonly isoproterenol (ISO)-induced myocardial injury or coronary artery ligation reproduce key pathophysiologic elements of AMI, including oxidative stress, inflammatory cell infiltration and the hematologic responses observed clinically (Onwubuya and Oladejo, 2022). ISO administration produces myocardial necrosis through catecholamine-mediated cardiomyocyte overstimulation, calcium overload and free radical generation, and it reliably elicits systemic inflammatory and hematological perturbations that make the model well suited for testing potential cardioprotective and immunomodulatory interventions (Ganapathy et al., 2020). Characterizing the temporal pattern of hematological change in such models provides both mechanistic insight and practical end points for evaluating therapies that target inflammation and oxidative damage. 
Natural products with antioxidant and anti-inflammatory properties are attractive candidates for adjunctive cardioprotection because they can target multiple, overlapping pathogenic pathways (González-Candia et al., 2022). Annona muricata L. (soursop, graviola) is widely used in traditional medicine and is increasingly the subject of preclinical pharmacological research. Phytochemical analyses have identified acetogenins, alkaloids, phenolic compounds and flavonoids among the principal constituents of A. muricata leaves; these compounds are associated with antioxidant, anti-inflammatory, cytotoxic and immunomodulatory activities in vitro and in vivo (Onwubuya et al., 2023). Systematic reviews and recent experimental studies have documented diverse biological effects of leaf extracts, ranging from antimicrobial and anti-tumor to cardioprotective and nephroprotective actions (Kalu et al., 2024); supporting biological plausibility for benefit in ischemic cardiac injury. 
Several preclinical reports indicate that A. muricata leaf extracts can mitigate biochemical and histological markers of tissue injury in models of organ toxicity and cardiovascular stress (Zubaidi et al., 2023). In rodents, leaf preparations have been shown to reduce oxidative markers, restore antioxidant enzyme activity, downregulate proinflammatory cytokines (such as TNF-α and IL-1β) and attenuate histopathological damage in challenged organs (Vun-Sang et al., 2022). More specific investigations in cardiovascular models, particularly ISO-induced myocardial injury have reported improvements in cardiac enzyme profiles, myocardial histology and systemic electrolyte balance following treatment with A. muricata leaf extracts (Belosludtseva et al., 2024; Chukwu et al., 2025).
Despite accumulating evidence for antioxidant and anti-inflammatory actions, the immuno-hematological effects of A. muricata in the setting of experimental AMI remain incompletely defined. Accordingly, the present study investigates the immunomodulatory effects of Annona muricata leaf extract in Wistar rats induced with acute myocardial infarction. 
MATERIALS AND METHODS 
Sample Collection and Preparation 
Fresh green leaves of Annona muricata leaves were collected from a farmland in Awka, Anambra State, Nigeria. Identification and authentication of the plant was carried out at the Department of Botany, Nnamdi Azikiwe University, Awka and a voucher specimen was deposited at the herbarium of the Department for future references. The plant material was shredded with a knife and air-dried under shade for 21 days. The dried leaf was pulverized using a laboratory blender and the fine powders obtained was weighed and stored in an air-tight container at room temperature for further use. 
Extraction of Plant Materials 
The weighed powdered sample (250 g) was then used for the extraction with solvent combination of ethanol and water (7:3) (2500 mL) for 48 hr via maceration. The mixture was decanted and filtered using sterile Whatman paper No. 1. The filtrate was thereafter evaporated to dryness with the aid of rotary evaporator to obtain crude ethanol extract which was carefully preserved for further analysis. The method of Nkafamiya et al. (2010) was used to calculate the yield (15.16 g) of the crude extract using the formula below:
Percentage yield =        × 100
Animal Studies 
Procurement of Experimental Animals 
Wistar albino rats (30) weighing approximately 180 g were purchased from Chris Farm Ltd Mgbakwu, Awka, Anambra State and were brought to the animal house of the Department of Applied Biochemistry, Nnamdi Azikiwe University, Awka. The rats were kept in standard cages with saw dust as bedding and standard housing conditions of 12:12 light: dark cycles and fed with standard rat pellets and water ad libitum. The animals were allowed to acclimatize to the new environment for seven days. 
Dose Preparation and Treatment 
The hydro-ethanolic leaf extract of Annona muricata was prepared with distilled water in three divided dose (100, 200, and 400) mg / kg, lisinopril (10 mg/kg) used as a reference drug and distilled water was used as vehicle for the untreated group. The animals were administered the extract and drug for fourteen consecutive days prior to induction with water per os and feed ad libitum. 
Experimental Design 
The animals were randomly grouped into five, with six animals in each group, and the treatment was as follows: Groups A, B and C animals were designated as A. muricata treatment group and were pre-treated with the ethanol leaf extract at 100 mg/kg, 200 mg/kg and 400 mg/kg, respectively, for 14 days and thereafter 0.2 mL isoproterenol (ISO) at 150 mg/kg was injected subcutaneously at an interval of 24 h on the 15th and 16th day. Group D animals were designated as isoproterenol control and were administered 0.2 mL of 10 mg lisinopril for 14 days and thereafter 0.2 mL isoproterenol (ISO) at 150 mg/kg was injected subcutaneously at an interval of 24 h on the 15th and 16th day while group E animals (designated as vehicle control group) were administered 0.2 mL distilled water for 14 days; and on the 15th and 16th day, 0.2 mL isoproterenol (ISO) at 150 mg/kg was injected subcutaneously at an interval of 24 h (Ojha et al. 2009). 

Blood Pressure Measurement 
Measurement of blood pressure of all the experimental animals was carried out on the 17th day with the aid of a non-invasive tail cuff blood pressure monitor, the 6-channel CODA blood pressure monitor for rats and mice. Blood pressure parameters (the systolic, diastolic and mean arterial blood pressure) were all determined and recorded. 
Collection of Blood Sample and Assay of Hematological Parameters  
At the end of the experimental period, the animals were anaesthetized with chloroform vapor, and sacrificed. Sterile syringe with needle (5 mL) was used for blood collection through closed cardiac puncture and was used for bioassay studies. Collected blood sample were analyzed at WeCare diagnostic center, Zik Avenue, Awka, Anambra State using mindray hematology auto analyzer (BC 5300).
Data Analysis 
The results obtained in this research were expressed as Mean ± S.E.M of triplicate determinations. One way analysis of variance (ANOVA) was carried out on the results and significance was accepted at p<0.05.








RESULTS
Table 1: Effect of Ethanol leaf extract of Annona muricata on blood pressure and heart rate in isoproterenol-induced myocardial infarction in Wistar rats
	Group
	Treatment
	Mean arterial blood pressure (mmHg)
	Heart rate (beats/min)

	A
	Myocardial Infarction plus 100 mg/kg extract sample
	103.10d
	185d

	B
	Myocardial Infarction plus 200 mg/kg extract sample
	114.20c
			215c

	C
	Myocardial Infarction plus 400 mg/kg extract sample
	119.35c
	245b

	D
	Myocardial Infarction plus 10 mg/kg lisinopril
	101.25b
	191e

	E
	Myocardial Infarction plus distilled water
	130.15a
	325a


Values are Means± Standard Error of Mean of triplicate determination
Values on the same column with different alphabet superscript are significantly different at P<0.05












The results showing the effect of oral administration of Annona muricata leaf extract on white blood cells and its differentials is presented in table 2. Result showed a decrease in the total white blood cells of the extract treated groups when compared to the control group. 
This trend is similar for neutrophil, monocyte, eosinophil and basophil.  

Table 2: Effect of oral administration of Annona muricata leaf extract on White blood cell and its Differentials
	Group
	TWBC 
(×10^9/L)
	Neut 
(%)
	Lymp. 
(%)
	Mon. 
(%)
	Eos. 
(%)
	Bas. 
(%)
	PLT 
(×10^9/L)  

	A
	14.88±0.02b
	18.88±0.12a
	74.7±1.42d
	2.2±0.09b
	2.6±0.43a
	1.7±0.31a
	615±0.21b

	B
	12.5±0.00c
	16.90±0.42c
	76.2±0.62c
	1.7±0.43c
	1.9±0.54b
	1.4±0.12a
	356±0.42c

	C
	11.06±0.12d
	19.00±0.43a
	78.0±0.04b
	0.5±0.32d
	1.9±0.65b
	0.6±0.41b
	213±0.45d

	D
	15.75±0.23b
	17.60±0.13b
	79.3±0.15a
	0.6±0.12d
	1.6±0.75c
	0.9±0.43b
	736±0.87a

	E
	21.69±0.15a
	14.70±0.23d
	81.0±0.43a
	3.2±0.46a
	0.2±0.64d
	0.9±0.62b
	614±0.98b


Values are Mean ± Standard Error of Mean
Values on the same column with different alphabet superscript are significantly different at p<0.05










The results showing the effect of oral administration of Annona muricata leaf extract on red blood cells and its differentials is presented in table 3. Result showed an increase in the red blood cells of the extract-treated groups in a dose-dependent manner. This trend is similar for hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), and mean corpuscular hemoglobin (MCH).  
Table 3: Effect of Oral Administration of Annona muricata Leaf Extract on Red Blood Cell and its Differentials
	Group
	RBC 
(×10^9/L)
	HGB 
(g/dL)
	HCT (%)
	MCV (fL)
	MCH (pg)
	MCHC 
(g/dL)  


	A
	5.32±0.11b
	9.4±1.02d
	27.4±0.11e
	51.5±0.43d
	17.7±0.71d
	34.3±0.06a

	B
	5.45±0.82b
	10.05±0.09c
	29.44±0.12d
	54.67±0.54c
	18.43±0.57c
	33.57±0.08b

	C
	5.51±0.34b
	11.0±0.05b
	33.2±0.43b
	60.2±0.54a
	20.0±0.53a
	33.2±0.05b

	D
	5.77±0.43b
	10.2±0.04c
	30.3±0.21c
	52.5±0.52d
	17.6±0.54d
	33.5±0.03b

	E
	6.28±0.01a
	12.1±0.54a
	35.2±0.32a
	56.0±0.05b
	19.3±0.34b
	34.5±0.02a


Values are Mean ± Standard Error of Mean
Values on the same column with different alphabet superscript are significantly different at p<0.05

DISCUSSION
The present study evaluated the immunomodulatory and hematological effects of Annona muricata (A. muricata) leaf extract in Wistar rats with isoproterenol (ISO)-induced acute myocardial infarction (AMI). The findings demonstrate that pre-treatment with the hydroethanolic extract significantly modulated blood pressure, white blood cell (WBC) differentials, and red blood cell (RBC) indices in a dose-dependent manner, suggesting a cardioprotective and immunoregulatory effect.
ISO-induced myocardial infarction is known to cause significant elevations in blood pressure and heart rate due to catecholamine-mediated sympathetic activation, calcium overload, and oxidative stress in cardiomyocytes. In this study, administration of A. muricata extract attenuated ISO-induced increases in mean arterial pressure and heart rate. Particularly, rats treated with 200–400 mg/kg extract displayed reductions comparable to the reference drug, lisinopril. These results are consistent with earlier reports that A. muricata leaf extract exerts hypotensive and vasorelaxant effects through modulation of nitric oxide release, inhibition of angiotensin-converting enzyme (ACE), and antioxidant actions (Sokpe et al., 2020; Kalu et al., 2024). Such hemodynamic stabilization is clinically relevant as uncontrolled post-infarction hypertension predisposes to adverse cardiac remodeling and reinfarction.
ISO administration markedly increased total WBC count, neutrophils, and monocytes, reflecting heightened systemic inflammation, whereas lymphocyte counts were reduced in untreated controls. These hematologic changes align with the established pro-inflammatory milieu following AMI, where neutrophil infiltration drives myocardial injury and neutrophil-to-lymphocyte ratio (NLR) correlates with worse outcomes (Chen et al., 2018). Pre-treatment with A. muricata extract significantly suppressed WBC and neutrophil counts, while enhancing lymphocyte percentages in a dose-dependent manner. This immunomodulatory trend suggests attenuation of innate inflammatory responses and restoration of adaptive immune balance, possibly via downregulation of pro-inflammatory cytokines such as TNF-α and IL-1β, as previously demonstrated in rodent models (Onwubuya et al., 2024; Ojha et al., 2009). These findings reinforce the potential role of A. muricata in reducing sterile inflammation and limiting infarct expansion.
AMI and ISO toxicity are associated with oxidative stress-mediated hemolysis, reduced hemoglobin (HGB), and altered RBC indices (HCT, MCV, MCH), which compromise oxygen delivery to ischemic myocardium (Kibel et al., 2020; Step, 2025). In this study, A. muricata extract improved RBC counts and restored HGB and hematocrit values toward normal in a dose-dependent manner. The observed normalization of MCV, MCH, and MCHC further indicates improved erythropoiesis and reduced oxidative damage to erythrocyte membranes. These results are in agreement with prior studies reporting hematopoietic-supporting properties of A. muricata due to its rich flavonoid and phenolic content, which enhance endogenous antioxidant defense and stabilize cellular membranes (Rady et al., 2018; Oladejo et al., 2024). It is worthy of note that the central pathological mechanism of AMI is the overproduction of reactive oxygen species (ROS) which consequently cause oxidative damage, and thereby compromising myocardial cell integrity and function. Thus, the plant extract could have directly neutralized these ROS; thereby preventing oxidative damage and maintain the structural integrity of the cardiomyocyte (Oladejo et al., 2024).
Platelet hyperactivity plays a critical role in thrombo-inflammation and post-infarction complications. In the current study, ISO challenge increased platelet counts in untreated controls, consistent with platelet activation and aggregation in AMI. A. muricata extract at higher doses reduced platelet counts compared to ISO-only rats, indicating potential antithrombotic activity. Since the balance between prothrombotic and antithrombotic factors determines cardiovascular homeostasis, the plant extract may plausibly have counteract these processes by inhibiting platelet activation, thus preventing fibrin formation and thereby reducing the risk of acute myocardial infarction. Previous evidence suggests that acetogenins and alkaloids in A. muricata possess anti-platelet aggregation properties (Gavamukulya et al., 2017; Mutakinet al., 2022; Zubaidi et al., 2023), which may contribute to the observed effect.
The collective hematological improvements observed in this study point to the dual antioxidant and anti-inflammatory actions of A. muricata. The phytoconstituents of the leaf extract, particularly flavonoids, acetogenins, and alkaloids are likely responsible for free radical scavenging, suppression of pro-inflammatory mediators, and stabilization of hematological indices. The dose-dependent nature of the effects further strengthens the evidence for its therapeutic potential in AMI management.
CONCLUSION
Pretreatment with Annona muricata leaf extract in ISO-induced AMI in rats significantly improved hemodynamic stability, modulated leukocyte differentials by lowering neutropil infiltration and raising lymphocyte proportions, restored erythrocyte parameters and reduced platelet counts. These effects appear dose-dependent and suggest that A. muricata confers cardioprotection through antioxidant, anti-inflammatory, and anti-thrombotic mechanisms. Further studies are necessary to elucidate the precise molecular pathways and explore translational potentials.
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