


Antiplasmodial and Hematolipid Restorative Effects of Azadiracta indica Leaf Extract in Plasmodium berghei -infected Wistar Mice



ABSTRACT
Malaria remains a major public health burden in tropical and subtropical regions, with persistent challenges of drug resistance and associated hematological and metabolic complications. This study investigated the antiplasmodial and hematolipid restorative effects of hydroethanolic leaf extract of Azadirachta indica (neem) in Plasmodium berghei -infected Wistar mice. Ninety adult male mice were randomized into six groups (n=15): normal control, infected untreated, standard drug (Lonart, 4 mg/kg), and three extract-treated groups (100, 200, and 400 mg/kg). Malaria was induced with P. berghei (Anka strain), and treatment was administered orally for five consecutive days. Parasitemia, hematological indices, and lipid profile parameters were assessed using standard methods. The extract exhibited a dose-dependent reduction in parasitemia, with the 200 mg/kg and 400 mg/kg doses showing significant inhibition comparable to Lonart. Infected untreated mice displayed marked increases in total cholesterol, triglycerides, and low-density lipoprotein (LDL-C) levels, with a decrease in high-density lipoprotein (HDL-C). Treatment with A. indica extract reversed these lipid disturbances, restoring values toward normal. Hematological analysis revealed that infection slightly reduced hemoglobin (Hb), packed cell volume (PCV), and red blood cell (RBC) counts, while the extract significantly improved these parameters, especially at higher doses. White blood cell (WBC) counts were also enhanced, indicating possible immunomodulatory effects. The findings suggest that A. indica leaf extract possesses potent antiplasmodial properties and ameliorates malaria-induced hematological and lipid derangements. The therapeutic efficacy may be attributed to the synergistic actions of bioactive phytochemicals such as azadirachtin, flavonoids, and tannins, which exhibit antioxidant, anti-inflammatory, and antiparasitic properties. In conclusion, A. indica demonstrates promising dual efficacy in parasite suppression and biochemical restoration, supporting its potential as an adjunct or alternative therapy in malaria management. 	Comment by BUKKY pc: ABSTRACT IS MORE THAN 250 WORDS, FIND A WAY TO REDUCE IT
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INTRODUCTION
Malaria remains a major global public-health challenge, with persistent morbidity and mortality concentrated in low and middle-income countries despite decades of control efforts. Animal models, especially rodent infections with Plasmodium berghei  remain central to preclinical evaluation of novel antimalarial compounds and to mechanistic studies of host–parasite interactions because they allow controlled assessment of parasitemia, host inflammatory responses and pathophysiological sequelae that cannot be ethically or practically studied in humans. Rodent Plasmodium models therefore provide an essential translational bridge for early efficacy and safety screening of phytomedicines and new candidate drugs (Li et al., 2025).
Clinically significant malaria complications include profound hematological disturbances (notably anemia and thrombocytopenia) and metabolic alterations including dyslipidemia. Hematological abnormalities arise from multiple, partly overlapping mechanisms: parasite‐mediated hemolysis, immune-mediated destruction of uninfected erythrocytes, bone-marrow suppression and altered erythropoiesis; these changes contribute directly to morbidity and influence the host’s capacity to clear infection (Anyanwu et al., 2023). Likewise, malaria and other systemic infections produce characteristic alterations in circulating lipids; changes in total cholesterol, high density lipoproteins (HDL), low density lipoproteins (LDL) and triglycerides; driven by acute phase responses, parasite lipid scavenging and chronic inflammation; such lipid shifts have both diagnostic and pathogenetic significance and may influence host immune function and drug pharmacokinetics (Oladejo et al., 2021b). Recent cohort and mechanistic studies reinforce that lipid perturbations are a reproducible feature of malaria and that some lipid changes resolve after parasite clearance (Gayoso-Cantero et al., 2025).
Traditional medicinal plants remain a rich source of antiplasmodial compounds and adjuvant therapies (Moneme et al., 2024). Azadirachta indica (neem) is a tree widely used across Africa and Asia in traditional medicine; extracts from its leaves, seeds and bark contain a complex mixture of bioactive phytochemicals (including terpenoids such as azadirachtin, flavonoids, tannins and alkaloids) that have been credited with antimicrobial (Oladejo et al 2021b), anti-inflammatory (Onwubuya and Oladejo, 2022), immunomodulatory (Ndumka and Oladejo, 2025) and antioxidant actions (Idama et al., 2023; Onwubuya and Oladejo, 2022). Several in-vivo and in-vitro investigations report antiplasmodial activity of neem extracts or isolated constituents, with dose-dependent reductions in parasitemia in rodent models. Moreover, some studies have documented beneficial effects of neem preparations on hematological and biochemical indices in animal disease models, suggesting a potential for concurrent amelioration of malaria-induced blood and metabolic disturbances. These dual actions; direct antiparasitic effects plus modulation or restoration of host hematological and lipid parameters make A. indica a promising candidate for integrated antimalarial research (Chuljerm et al., 2021; Njewa et al., 2024).
In addition, recent investigations into A. indica demonstrate favorable effects on lipid profiles and hematological parameters in non-malarial disease models: for example, administration of neem gum extract in diabetic rats produced significant decreases in total cholesterol, triglycerides and LDL-cholesterol and an increase in HDL-cholesterol (Aiki et al., 2024). Another study found that aqueous neem leaf extract in streptozotocin-induced diabetic rats significantly increased hemoglobin concentration, packed cell volume, red blood cell count and platelet count, while reducing LDL, triglycerides and very low density lipoproteins (VLDL) and elevating HDL-c (Ezeigwe et al., 2020). The metabolic-pathway review of neem in diabetic animal models also highlights its antioxidant and anti-inflammatory modulation of lipid and hematologic homeostasis (Yarmohammadi et al., 2021). These findings underscore the plausibility of neem extract offering hematolipid restorative potential in the context of infectious disease as well as metabolic disease models.
Despite these encouraging findings, several important gaps remain. First, many published antiplasmodial studies using neem are limited to parasitemia and survival endpoints; integrated reporting of hematological (complete blood count components) and lipid profile (total cholesterol, HDL, LDL, triglycerides) outcomes in the same experimental design is uncommon. Second, the mechanisms by which neem extracts might protect or restore hematological homeostasis and lipid balance during malaria are not well defined; for example, whether effects reflect reduction in parasite burden, direct cytoprotective actions on erythropoiesis, anti-inflammatory modulation, antioxidant properties, or a combination of these pathways. Third, reported experimental protocols differ widely (plant part used, solvent/extraction method, dosing regimen and timing relative to infection), making it difficult to compare results across studies and to identify reproducible treatment windows and dose ranges. Addressing these gaps requires a controlled in-vivo study that simultaneously measures parasitological, hematological and lipid endpoints under a standardized neem-extract regimen in a validated rodent malaria model.
Accordingly, the present study uses the Plasmodium berghei –Wistar rat model to evaluate whether standardized Azadirachta indica leaf extract: (1) reduces parasitemia; (2) prevents or reverses malaria-associated hematological derangements (including anemia, leukocyte perturbations and thrombocytopenia); and (3) normalizes lipid profile disturbances induced by infection. By measuring parasitological and host biomarkers in parallel, and comparing treated animals with infected-untreated and standard-drug controls, this integrated approach tests both antiplasmodial efficacy and the hypothesis that neem extract delivers hematolipid restorative benefits that exceed those achieved by parasite suppression alone.

MATERIALS AND METHODS
Preparation of Plant Material
Azadirachta indica leaf were collected from the environment of Nnamdi Azikiwe University, Awka, Anambra State, and were identified at the Herbarium unit, Botany Department, NnamdiAzikiwe University, Awka, by Taxonomist, Mr. Iloka Finian, with herbarium number ‘NAUH-14B’. The plant material was washed with clean water, shredded with a knife and air-dried under shade for 15 days.	Comment by BUKKY pc: SPACE
Extraction of Plant Materials
The dried plant (leaves) was pulverized using a laboratory grinder and the fine powder obtained was stored in an air-tight container at room temperature until further use. Two hundred gram (200 g) of the powdered sample was weighed and steeped in 1000 ml of 70% ethanol (by maceration) for 48 hours. The solution was then filtered and the filtrate got was concentrated under vacuum in a rotary evaporator which yielded a gummy residue, as extracts of the leaves. The extracts were kept in a tightly closed bottle in a refrigerator until further used.
Procurement of Experimental Animals	Comment by BUKKY pc: DID YOU GET YOUR ETHICAL APPROVAL? THEN BE CONSISTENT, YOU MENTION WISTAR MICE IN THE TITTLE AND SWISS ALBINO IN M&M.
Mature male Swiss albino mice (90) free from infection and weighing between (25-35g) were obtained from Chris Farm Ltd Mgbakwu, Awka, Anambra State. They were sorted, housed in standard cages with housingconditions of 12:12 light: dark cycles. They were fed with standard grower’s mash pellets and water ad libitum.	Comment by BUKKY pc: SPACE
Inoculation and Treatment of Albino Mice
Malaria parasites (Plasmodium berghei , Anka strain) were obtained from Mr. Ike Chibueze, research Centre, University of Nigeria, Nsukka. The strains were maintained in the laboratory by serial blood passage from mouse to mouse. The success of the infection was done using the Giemsa and Leishman stain method for malaria parasite detection. Treatments commenced 72 hours after successful induction.
Dose Preparation and Treatment
The hydro-ethanolic leaf extract of Azadirachta indica was prepared with distilled water in three divided dose (100, 200, and 400) mg/kg, Lonart (4 mg/kg) was used as a reference drug, distilled water as untreated group. The animals were grouped into six different groups of fifteen (15) mice per group per cage and administered the extract and drug for five consecutive days with water per os and feed ad libitum as shown in table 1.	Comment by BUKKY pc: WRITE IN FULL
Collection of Blood Sample for Bioassay
At the end fifth day, the experimental animals were anaesthetized with chloroform vapor, and sacrificed. A 5 ml sterile syringe with needle was used for collection of blood via cardiac puncture and the sera obtained were used for bioassay studies.
Biochemical Assays
High density lipoproteins (HDL), Low density lipoproteins (LDL) and triglycerides (TG) assays were carried out using standard assay kits sourced from Randox Laboratories Ltd., BT29 4QY, United Kingdom with strict adherence to manufacturer’s instructions while hematological parameters were analyzed using MindRay auto analyzer (BC5000), using the method of Bergmeyer and Bernt, (1974).
Table 1: Grouping and Dose Administration of Experimental Animals
	Group
	Treatment

	A (Normal)
	Uninfected plus distilled water

	B (Malaria untreated)
	Infected plus distilled water

	C (Standard control)
	Infected plus 4 mg/kg standard drug (Lonart)

	D (Treatment)
	Infected plus 100 mg/kg A. indica leaf extract

	E (Treatment)
	Infected plus 200 mg/kg A. indica leaf extract

	F (Treatment)
	Infected plus 400 mg/kg A. indica leaf extract






DATA ANALYSIS
The results obtained in this research were expressed as Mean ± S.D of triplicate determinations. One way analysis of variance (ANOVA) was carried out on the results and significance was accepted at p<0.05. GraphPad Prism5 Program (GraphPad Software, SanDiego, CA, USA) was used for the graphical analyses of the results obtained.
RESULTS
Table 2 shows the results of the parasite load before and after treatment with A. indica leaf extract. The table gives an overview of the average number of malaria parasites seen before commencement of treatment, confirming a successful malaria induction, and the number of parasite seen after the experimental period.
Table 2: Malaria parasite loads before and after treatment with A. indica leaf extract
	Groups
	Average number of malaria parasites before treatment 
	Average number of malaria parasites after treatment

	Normal control
	0.00±0.00
	0.00±0.00

	Untreated
	12.40±1.43
	18.00±1.79

	Standard drug
	12.33±1.56
	1.83±0.91

	100mg/kg extract
	10.00±0.97
	14.00±1.69

	200mg/kg extract
	9.33±1.23
	3.50±0.43

	400mg/kg extract 
	10.67±1.14
	1.83±0.79







Figure 1: Effects of Azadiracta indica Leaf Extract in Plasmodium berghei -infected Wistar Mice on Body weight



Figure 2: Effects of Azadiracta indica Leaf Extract in Plasmodium berghei -infected Wistar Mice on total cholesterol levels




Figure 3: Effects of Azadiracta indica Leaf Extract in Plasmodium berghei -infected Wistar Mice on triglycerides levels



Figure 4: Effects of Azadiracta indica Leaf Extract in Plasmodium berghei -infected Wistar Mice on High density lipoproteins (HDL) levels







Figure 5: Effects of Azadiracta indica Leaf Extract in Plasmodium berghei -infected Wistar Mice on Low density lipoproteins (LDL) levels











Table 3: Effects of Azadiracta indica Leaf Extract in Plasmodium berghei -infected Wistar Mice on Hematological indices
	Parameters
	Normal control
	Untreated
	Standard drug (Lonart)
	100mg/kg extract
	200mg/kg extract
	400mg/kg extract

	Hb (g/dl)
	14.38±0.33
	14.13±0.55
	14.25±0.30
	13.58±0.38
	14.67±1.33
	14.40±0.42

	PCV (%)
	43.20±0.97
	42.50±1.65
	42.83±0.87
	40.83±1.17
	44.00±4.00
	43.33±1.20

	WBC (×103mm3)
	4.20±0.04
	4.32±0.03
	4.28±0.09
	4.20±0.04
	8.23±0.07
	8.10±0.00

	RBC (×1012mm3)
	4.66±0.19
	4.70±0.24
	4.82±0.17
	4.38±0.10
	5.43±0.67
	4.63±0.26

	Neutrophils (%)
	52.60±1.12
	53.17±0.48
	52.17±1.01
	52.17±0.65
	54.00±0.58
	51.67±1.67

	Lymphocytes (%)
	39.60±1.29
	39.50±0.96
	39.67±1.05
	37.83±0.65
	40.00±1.53
	38.33±1.67

	Eosinophils (%)
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	Monocytes (%)
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00

	Basophils(%)
	1.00±0.00
	1.00±0.00
	1.00±0.00
	1.00±0.00
	1.00±0.00
	1.00±0.00


Values are Mean ± Standard Deviation of triplicate determinations.





DISCUSSION OF RESULTS
The present study evaluated the antiplasmodial and hematolipid restorative effects of hydroethanolic leaf extract of Azadirachta indica in Plasmodium berghei -infected Wistar mice. The findings demonstrated that the extract produced a dose-dependent reduction in parasitemia, improved hematological parameters, and restored lipid profile disturbances induced by malaria infection. These observations are consistent with earlier reports of the antiplasmodial and biochemical modulating effects of A. indica and other medicinal plants used in malaria therapy (Igwenyi et al., 2024; Moneme et al., 2024).
Treatment with A. indica extract at 200 mg/kg and 400 mg/kg significantly reduced parasitemia compared to the untreated control, showing comparable efficacy to the standard drug, Lonart. This indicates that phytochemicals present in neem, such as azadirachtin, nimbin, and quercetin, may possess strong antiplasmodial properties (Wylie and Merrell, 2022). The reduction in parasite load could result from interference with parasite protein synthesis, inhibition of heme polymerization, or generation of oxidative stress within the parasite cells (Pawłowska et al., 2023). Similar reductions in parasitemia have been reported by Igwenyi et al. (2024), who demonstrated significant inhibition of P. berghei proliferation following neem leaf extract administration in infected mice. These findings therefore corroborate the view that A. indica contains potent bioactive compounds capable of impairing parasite development and improving host recovery.
Body weight loss is a hallmark of malaria infection, resulting from reduced appetite, increased metabolic demand, and tissue catabolism (Oldenburg et al., 2018; Anyanwu et al., 2023). In this study, A. indica treatment, particularly at higher doses, mitigated weight loss in infected animals, suggesting improved metabolic balance and appetite restoration. The observation aligns with previous findings that plant extracts with antioxidant and anti-inflammatory properties reduce weight loss associated with parasitic infections by improving feed utilization and hepatic function (Kwak et al., 2021; Ezeigwe et al., 2022).
Malaria infection markedly alters lipid metabolism due to parasite utilization of host lipids for membrane synthesis and inflammatory responses (Kluck et al., 2019). The present findings showed that infection increased total cholesterol, triglycerides, and LDL-C levels while decreasing HDL-C. Administration of A. indica extract, especially at 200 mg/kg and 400 mg/kg, significantly reversed these trends, restoring lipid parameters toward normal values. This observation agrees with Aiki et al. (2024), who reported that neem gum extract reduced serum LDL and triglycerides while increasing HDL in diabetic rats. The lipid-corrective effects may be attributed to the presence of flavonoids and limonoids, which enhance lipid metabolism and reduce oxidative lipid peroxidation (Chen et al., 2025). These results suggest that A. indica not only suppresses parasitemia but also alleviates infection-induced dyslipidemia, thereby reducing potential cardiovascular risk associated with malaria.
Malaria-induced anemia results from destruction of infected and uninfected erythrocytes, impaired erythropoiesis, and splenic sequestration (Oladejo and Osukoya, 2021; Anyanwu et al., 2023). In the current study, untreated infected mice exhibited slight reductions in hemoglobin (Hb), packed cell volume (PCV), and red blood cell (RBC) counts, whereas treatment with A. indica extract significantly improved these parameters. The extract also caused a notable increase in white blood cell (WBC) count, particularly at higher doses, suggesting immunomodulatory enhancement of host defense mechanisms. This agrees with findings by Ndumka and Oladejo (2025), who reported immune cell modulation and leukocyte recovery following plant extract administration in animal models. Improvement in hematological indices may result from antioxidant flavonoids and tannins in A. indica, which protect erythrocyte membranes from oxidative damage (Idama et al., 2023). Similar hematoprotective effects were observed by Ezeigwe et al. (2020) and Moneme et al. (2024), who attributed improved hematopoiesis to the plant’s antioxidant and anti-inflammatory properties.
The comparable efficacy of the 400 mg/kg A. indica dose and Lonart treatment implies that the extract exerts both direct antiparasitic and host-restorative actions. Neem phytochemicals may act synergistically by inhibiting parasite growth while scavenging reactive oxygen species and enhancing hepatic detoxification pathways (Jamra et al., 2015; Venmathi et al., 2021). The simultaneous normalization of lipid and hematological parameters indicates a systemic improvement in host physiology beyond parasite clearance. The dose-dependent nature of these effects further underscores the pharmacological potential of A. indica and justifies continued efforts toward bioactive compound isolation and standardization for therapeutic use.
Conclusion 
Collectively, the findings of this study demonstrate that hydroethanolic extract of Azadirachta indica exhibits potent antiplasmodial activity while restoring hematological and lipid abnormalities associated with Plasmodium berghei  infection. The extract’s dual actions; parasite suppression and host biochemical restoration suggest that neem could serve as a valuable adjunct or alternative therapy in malaria management. Further studies involving purification of active constituents and toxicity profiling are warranted to advance its translational application.
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