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	Sonneratia alba (S. alba) is a mangrove plant that represents a promising natural source for potential antimalarial drug development. This study investigates the antimalarial effects of the ethanol extract derived from S. alba leaves in a mouse model. To assess the antimalarial activity of the extracts in vivo, mice were intraperitoneally injected with the Plasmodium berghei ANKA strain, followed by daily administration of the ethanol extract from S. alba leaves for four consecutive days. Parasitemia levels were monitored using light microscopy. The findings revealed a significant suppression of parasitemia in malaria-infected mice treated with the ethanol extract of S. alba leaves at a dose of 300 mg/kg BW, achieving a reduction of 77.34%. Mice administered with 150 mg/kg BW of the ethanol extract demonstrated a suppression rate of 62.35%, while those treated with 75 mg/kg BW displayed 43.53% suppression. This study underscores the potential antimalarial properties of the ethanol extract derived from S. alba leaves when administered in vivo.
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Introduction 
Malaria, a disease triggered by parasitic organisms belonging to the Plasmodium genus and spread through bites of female Anopheles mosquitoes, continues to pose a substantial health threat on a worldwide scale, especially in tropical and subtropical zones. In 2015 alone, approximately 214 million cases were reported, resulting in 438,000 deaths. The escalation of resistance to traditional medications presents a grave global challenge. Contemporary treatments for uncomplicated falciparum malaria commonly include artemisinin-based combination therapies (ACTs), which consist of a rapid-acting artemisinin derivative paired with a slower-acting adjunct medication.1,2 Despite being extensively utilized, the effectiveness of ACTs has been hindered by delayed clearance of parasites, resulting in treatment failures.1–6 In 2019, the World Health Organization (WHO) estimated 229 million new cases of malaria and 409,000 deaths, emphasizing the pressing necessity for alternative, improved antimalarial interventions.1,2,6,7–14 With vaccination efforts proving unsuccessful and resistance to existing drugs on the rise, researchers are actively seeking novel therapeutic options. In addition, Plasmodium falciparum is identified as the deadliest among the five species of Plasmodium responsible for human malaria, which also include Plasmodium vivax, Plasmodium malariae, Plasmodium ovale, and Plasmodium knowlesi. This particular species is responsible for the majority of fatalities associated with malaria.1,2,6,13–20
Enhancing malaria prevention and control efforts is imperative, given the escalating challenges posed by drug resistance and the gravity of the disease, particularly in cases caused by Plasmodium falciparum.
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Overcoming P. falciparum resistance to key antimalarial drugs like chloroquine, quinines, and amodiaquine is crucial to curtailing malaria transmission. Resistance typically emerges following prolonged use of specific antimalarials within endemic regions, exacerbating malaria-related mortality rates.1,2,6,21–28
The urgency to address infection severity and resistance in P. falciparum has prompted the development of novel antimalarial agents. Leveraging Indonesia’s rich biodiversity for scientific inquiry and medicinal plant exploration holds significant promise. Numerous antimalarial compounds, including quinines and artemisinin, have been sourced from botanicals. Harnessing plant-derived antimalarials presents a viable strategy for innovation, offering potential solutions to combat parasite resistance to existing drugs.1,2,29–34
Numerous pharmacotherapeutics originate from natural sources, serving as foundational compounds for the synthesis of antimalarial medications.35–40 Quinine, extracted from the bark of the cinchona tree, has been a longstanding treatment for malaria.2,35,36,37–41 This natural compound has served as a precursor for the development of more potent derivatives, such as chloroquine and primaquine.2,6,42–48 Similarly, artemisinin, isolated from Artemisia annua by Chinese researchers, has yielded a family of antimalarials including dihydroartemisinin, artemether, and artesunate. These derivatives exhibit enhanced efficacy against malaria parasites.2,14,27,34,49–52 The success of antimalarial drugs derived from natural plants underscores the potential of botanical ingredients for further pharmaceutical exploration.1,2,6,48,50–52 Consequently, plant materials continue to inspire the development of novel antimalarial therapeutics.
“Perepat,” interchangeably referred to as Sonneratia alba, denotes a species of mangrove plant that exhibits a widespread distribution, primarily thriving in temperate and tropical zones.6,48 The leaves of S. alba, known for their resilience, boast a myriad of therapeutic properties including anti-inflammatory, antioxidant, antispasmodic, antiparasitic, antipyretic, antibacterial, detoxifying, wound-healing, and antimicrobial attributes. Remarkably, the unrefined ethanol extract derived from S. alba leaves demonstrated remarkable effectiveness against malaria, possibly due to the existence of secondary bioactive metabolites in the plant foliage. To confirm these results, the current research utilized a mouse model to authenticate the antimalarial potency of the aforementioned extracts.
Materials and Methods
Plant sample collection and Identification
Fresh S. alba leaves were collected in the month of March 9, 2019 from a Mangrove forest in Muara Sabak (Tanjung Jabung Timur, Jambi) and identified by a taxonomist from Padjadjaran University's Department of Biology, Faculty of Mathematics and Natural Sciences, where a voucher specimen (No. 036/HB/05/2019) was deposited. To eliminate dirt and soil, the fresh leaves of S. alba were thoroughly washed. After that, the leaves were placed in the dry room. After drying, they were ground into small particles and stored in a sealed container at room temperature until further usage. The samples were rinsed with tap water and dried for three days at 60°C in a hot air oven (Memmert, Model; SFE600, Germany) before being powdered with a herb grinder (Jincheng, Model; SF, China). 
 
Extraction procedure
A total of 3 kg of dried S. alba leaves were utilized for the extraction process sequentially. The leaves were either ground or chopped into smaller pieces to facilitate optimal and efficient extraction, leveraging the increased surface area for enhanced extraction kinetics. Extraction was performed three times using 30 L of ethanol through maceration techniques at room temperature (24 hours per cycle). Ethanol was chosen as the solvent due to its safety, non-toxic nature, and ability to dissolve phytochemical compounds effectively, thereby facilitating the extraction process by attracting these compounds. Employing multiple extraction cycles ensured maximal extraction of secondary metabolites. Ethanol was selected as the solvent owing to its polarity, enabling the filtration or extraction of polar, semi-polar, and non-polar compounds. Additionally, ethanol is non-toxic and miscible with water, further contributing to its suitability for this purpose. Following extraction, the macerate underwent concentration, evaporation, and drying under reduced pressure at a temperature of 60°C utilizing a rotary evaporator (Buchi Rotavapor R-205). The resulting output was recorded at 16.5% (w/w). The extract was preserved at a temperature of 4°C in a refrigerated storage unit until required for further analysis or experimentation.
 
Phytochemical screening
Standard protocols were employed to conduct qualitative phytochemical screening of the ethanol leaf extract, identifying the predominant classes of compounds present, including saponins, flavonoids, phenols, glycosides, steroids, terpenoids, tannins, and alkaloids.4,6,48 
 
Plasmodium and animal models
The Plasmodium test utilized the P. berghei ANKA strain acquired from the Eijkman Institute for Molecular Biology in Jakarta. BALB/c mice (20–30 g; 6 to 8 weeks old) sourced from the Center for Life Sciences, Bandung Institute of Technology, served as the in vivo test subjects for antiplasmodial activity assessment. Approval for all experimental procedures concerning animals was granted by the Ethical Committee of Padjadjaran University (Approval No. 1244/UN6.KEP/EC/2019). The animals were housed in a controlled environment with adequate climate conditions, were provided ad libitum access to food, and underwent a minimum one-week acclimatization period before the commencement of the study.
 
Four-day suppressive test
Schizonticidal activity was assessed using Peters’ four-day suppression test technique.3 Mice were randomly assigned to six groups, each comprising five individuals. Group I acted as a negative control, receiving a solution containing 1% Pulvis Gummi Arabicum (PGA) and 3% ethanol in distilled water, that functioned as the carrier for the crude extracts and medication. Group II, which served as a negative control, got a comparable PGA and ethanol solution in distilled water. Group III acted as the positive control, receiving 36.4 mg/kg BW artesunate. Groups IV, V, and VI were treated with an ethanol extract of S. alba leaves at dosages of 75, 150, and 300 mg/kg BW, respectively. The extracts were given orally to each group by gavage. Mice were injected intraperitoneally with 1 × 106 P. berghei-infected red blood cells to cause malaria infection. The initiation of test extract administration began three hours after infection (referred to as D0) and persisted daily for three consecutive days (at 24-hour intervals post-infection: 24-, 48-, and 72-hours). Blood samples were collected from the tail vein on the fourth day to prepare thin films. Subsequently, the films underwent staining with a 10% Giemsa solution and were observed under a light microscope (Olympus, Model: CX-31, Japan). The count of infected red blood cells (iRBCs) was conducted in three distinct fields, each encompassing approximately 300 red blood cells. The mean of these counts was employed to calculate the percentage of parasitemia using the formula outlined below.
 
 (1)
 
The level of suppression of parasitemia was determined using the formula provided below.
 
(2)
 
In the equation, A signifies the mean percentage of parasitemia detected in the negative control group, whereas B represents the mean percentage of parasitemia observed in the group receiving treatment with the extract.
 
Statistical analysis
The experimental findings, collected from three independent replicates, were expressed as mean values accompanied by standard error (SEM). Statistical evaluation was performed using analysis of variance (ANOVA) in the SPSS software, with significance defined as p < 0.05.
 
Results and Discussion
The examination of the ethanol extract obtained from S. alba leaves revealed the existence of a diverse array of secondary metabolites. These include quinones, flavonoids, steroids, saponins, glycosides, phenolics, terpenoids, alkaloids, and tannins (refer to Table 1). The presence of these phytochemical constituents is integral in recognizing and comprehensively elucidating the extensive therapeutic potential inherent within the extract. It is plausible that these chemical compounds contribute, at least in part, to the observed antimalarial and antiplasmodial activities.
 
Antimalarial activity
The evaluation of the antimalarial efficacy of ethanol extracts sourced from S. alba leaves was conducted through a 4-day suppressive test regimen. Each experimental group received daily oral administrations of the plant extracts at varying concentrations (75, 150, and 300 mg/kg BW). Notably, the outcomes illustrated a marked suppression of Plasmodium parasites induced by the S. alba leaf extracts compared to the negative control group, particularly at higher dosage levels.
 
Table 1: Phytochemical analysis of the ethanolic extract derived from S. alba leaves
 
	Secondary Metabolites
	Results

	Alkaloids
	+

	Flavonoids
	+

	Terpenoids
	+

	Phenolics
	+

	Steroids
	-

	Tannins
	+

	Saponins
	+

	Quinones
	+

	Glycosides
	+


Notes: “+” = presence; “−” = absence.
Furthermore, a discernible dose-dependent reduction in parasite counts was observed following treatment with the ethanol extract of S. alba leaves. Nevertheless, complete parasite eradication was not attained in any of the groups administered with the S. alba leaf extracts. Conversely, the positive control group, treated with 36.4 mg/kg BW of artesunate, exhibited parasite suppression exceeding 95%. A comprehensive overview of the percentages of parasitemia and suppression observed is depicted in Figure 2.
The effective dose (ED50) of the ethanol extract of S. alba leaves, necessary to inhibit 50% of parasite growth, was determined using the AAT Bioquest application. The results of the analysis and calculation of ED50 are presented in Figure 1.
Based on the graphical findings, the calculated ED50 value for the ethanol extract derived from S. alba leaves is determined to be 95.28 mg/kg BW. The classification of in vivo antiplasmodial activity is commonly delineated into three distinct categories: moderate (250–300 mg/kg BW), good (100–250 mg/kg BW), and very good (< 100 mg/kg BW).2 In light of the ED50 value obtained, the ethanol extract sourced from S. alba leaves unequivocally falls within the classification of very good for in vivo antiplasmodial activity.
The efficacy of the ethanol extract of S. alba leaves against Plasmodium parasites is ascribed to the rich presence of diverse secondary metabolites encompassing terpenoids, phenolics, saponins, glycosides, flavonoids, tannins, alkaloids, and quinones within the extract. Among these secondary metabolites, quinones stand out for their noteworthy capacity to impede parasite growth, exemplifying their significant contribution to the antiplasmodial activity observed.48
Figure 2a vividly portrays the findings regarding the antiplasmodial activity of the ethanol extract sourced from S. alba leaves. After a duration of 4 days of treatment, a discernible trend emerges wherein the parasitemia percentage is notably diminished in the group receiving 300 mg/kg BW of the extract, signifying a clear dose-dependent correlation. Nonetheless, the parasitemia percentage in the positive control group registers significantly lower compared to the group subjected to the highest dosage of the extract (p ≤ 0.05), thereby accentuating the distinction between the two treatment groups.
In Figure 2b, discernible trends emerge with higher doses of ethanol extracts sourced from S. alba leaves administered to test animals (mice), manifesting in a notable reduction in the percentage of parasitemia relative to the negative control group (Plasmodium berghei). Notably, the lowest percentage of parasitemia on day 4 was recorded at a dosage of 300 mg/kg BW, yielding an average parasitemia percentage of 4.61%. Furthermore, at a dosage of 150 mg/kg BW, the average percentage of parasitemia on day 4 stood at 6.41%, while at 75 mg/kg BW, it reached 8.76%. Moreover, the percentage of parasitemia for artesunate at a dosage of 36.4 mg/kg BW (positive control) on day 4 exhibited an average parasitemia percentage of 0.15%. These findings on the percentage of parasitemia facilitate the computation of the percentage of parasite growth inhibited by ethanol extracts of S. alba leaves and artesunate medications. Notably, the results of the percentage of parasite growth induced by ethanol extracts of S. alba leaves and artesunate at a dosage of 36.4 mg/kg BW (positive control) are visually depicted in Figure 2b.
The analysis from Figure 2b reveals a clear association between higher doses of ethanol extracts derived from S. alba leaves administered to test animals and diminished percentages of parasite growth within the host organisms. Notably, the administration of ethanol extracts of S. alba leaves at a dose of 300 mg/kg BW yielded the lowest percentage of parasite growth, with an average of 0.72%. Conversely, at doses of 150 mg/kg BW and 75 mg/kg BW, the average percentages of parasite growth were recorded at 1.19% and 1.78%, respectively. Noteworthy, these values surpassed the percentage of parasite growth observed with artesunate at a dose of 36.4 mg/kg BW (positive control), which exhibited an average parasite growth percentage of 0%. Additionally, after a 4-day treatment period, it becomes apparent that the percentage of parasite growth was significantly reduced in the group administered with 300 mg/kg BW of the extract compared to other dosage groups, thus indicating a dose-dependent correlation. However, the percentage of parasite growth was notably lower in the positive control group compared to the group treated with the highest extract dosage (p ≤ 0.05).
 
The growth percentage findings serve as a foundation for computing the percentage of parasite growth inhibition induced by the ethanol extracts of S. alba leaves. Figure 2c elucidates the outcomes regarding the percentage of parasite growth inhibition by the ethanol extracts of S. alba leaves alongside artesunate at a dosage of 36.4 mg/kg BW (positive control), offering comprehensive insights into the comparative efficacy of these interventions.
Figure 2c elucidates a compelling relationship between the dosage of the ethanol extract of S. alba leaves administered to test animals and the subsequent percentages of inhibition of parasite growth observed within their bodies. Notably, the highest percentage of parasite growth inhibition induced by the ethanol extract of S. alba leaves was achieved at a dose of 300 mg/kg BW, manifesting an average percentage of parasite growth inhibition reaching 77.34%. Meanwhile, at dosages of 150 mg/kg BW and 75 mg/kg BW, the average percentages of parasite growth inhibition stood at 62.35% and 43.53%, respectively. However, despite these notable inhibitory effects, they were outstripped by the potent inhibitory prowess of artesunate at a dosage of 36.4 mg/kg BW (positive control), exhibiting an average percentage of parasite growth inhibition of 100%. Upon a 4-day treatment regimen, it becomes evident that the percentage of parasite growth inhibition was markedly higher in the group administered with 300 mg/kg BW of the extract compared to other dosage groups, thereby underscoring a discernible dose-dependent correlation. However, the percentage of parasite growth inhibition was notably higher in the positive control group compared to the group treated with the highest extract dosage (p ≤ 0.05), indicating a substantial disparity in efficacy.
Parasites infecting red blood cells induce several changes, including enlarged red blood cell size, paleness of red blood cell color (decolorization), and the appearance of spots on certain stains.30 There were observable differences in parasite morphology between all test groups and the normal controls over a 4-day observation period. The morphological variations observed across the test groups receiving the ethanol extract of S. alba leaves, in comparison to the normal controls (non-infected red blood cells with Plasmodium berghei), are distinguishable through distinctive alterations in parasite shape and the coloration of infected red blood cells. This comparison is visually depicted in the detailed illustrations presented in Figure 3 below.
The graph provided in Figure 2c portrays the percentage of parasite inhibition, delineating a notable disparity in effectiveness across different dosage regimens of the ethanol extract of S. alba leaves. Specifically, it highlights that the administration of the ethanol extract at a dosage of 300 mg/kg BW elicited the most substantial percentage of inhibition in contrast to dosages of 75 mg/kg BW and 150 mg/kg BW. On the fourth day of extract administration, it demonstrated an inhibition percentage of 77.34%. Additionally, the graph in Figure 2b above shows that the ethanol extract of S. alba leaves at all therapeutic doses, along with artesunate at a dose of 36.4 mg/kg BW (positive control), exhibited antiplasmodial activity against Plasmodium berghei. This activity involves inhibiting the growth of parasites on red blood cells. The assessment of the effective dose required to impede 50% of parasite development (ED50) induced by the ethanol extract of S. alba leaves was conducted using the AAT Bioquest software. 
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Figure 1: The growth inhibition of P. berghei with the addition of ethanolic extract of S. alba leaves
The findings, along with the calculated ED50, are comprehensively depicted in Figure 1, providing invaluable insights into the dosage threshold crucial for inhibiting parasite proliferation. The investigation of antiplasmodial activity can involve assessing the suppression of the Plasmodium life cycle. Malaria’s pathophysiology is primarily linked to the blood stage, where sporozoites transmitted through mosquito bites infect hepatocytes and proliferate through the circulatory system.2,6,48 As a result of its morphology, the early trophozoite stage is commonly referred to as the “ring form.” Following a 24-hour interval, blood specimens were procured and subjected to Giemsa staining to scrutinize the impact of the extract on the life cycle of parasitized Plasmodium. The administration of the S. alba leaf extract showcased a notable inhibition of the transition from the ring stage to the schizont stage, as visually represented in Figure 3, shedding light on its efficacy in impeding crucial stages of the parasite’s life cycle. At a concentration of 300 μg/mL of extract, no schizont stage production was observed, indicating disruption of the Plasmodium’s life cycle as the schizonts were eliminated.
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Figure 2:                (a) The percentage of parasitemia determined by an erythrocytic-antiplasmodial assay of S. alba leaf ethanolic extracts; (b) The impact of ethanolic extracts derived from S. alba leaves on the percentage of parasite growth following a 4-day treatment period; (c) the impact of ethanolic extracts obtained from S. alba leaves on the percentage inhibition of parasite growth after 4 days of treatment.
However, even at lower concentrations, trophozoites and schizonts persisted with morphological defects. Treatment of blood samples with 300 μg/mL of the extract revealed that while some schizonts survived with defects, several were destroyed. The Plasmodium’s life cycle remained unaffected by lower concentrations of extract treatment on blood samples.
The phytochemical screening unveiled a diverse array of compounds within the ethanol extract acquired from S. alba leaves, encompassing saponins, glycosides, quinones, alkaloids, terpenoids, polyphenols, flavonoids, and tannins. These constituents, well-documented in plants, such as flavonoids, quinones, alkaloids, and triterpenoids, have been associated with antiplasmodial efficacy.2,6,35–39,43 This study postulates that the presence of these chemical entities within the extract and its fractions could contribute, at least in part, to the observed antimalarial and antiplasmodial properties. Furthermore, the methanol and ethanol extracts of S. alba leaves may exhibit a regulatory effect on protozoans, potentially acting as biological response modifiers akin to antimalarial agents.6 Consequently, S. alba emerges as a promising reservoir for natural antimalarial therapeutics, echoing its longstanding utilization in traditional medicine. The antimalarial potential of S. alba leaves may derive from the accumulation of phytochemical constituents capable of inducing red blood cell oxidation elevation or inhibiting protein synthesis, underpinning its therapeutic efficacy.2,26,43
In the progression of drug development sourced from natural origins, meticulous scrutiny involving both in vitro and in vivo assessments remains indispensable for gauging the potency and safety profile of a novel pharmaceutical agent.2,32,33,43 Previous investigations from our research team, focusing on in vitro evaluations, unveiled the compelling antimalarial efficacy of the ethanol extract originating from S. alba leaves against the P. berghei strain, a formidable adversary due to its resistance to chloroquine, with an IC50 value recorded at 30 μg/ml. This promising outcome instigated a comprehensive exploration into its in vivo antimalarial attributes, as elucidated in the present study. The establishment of an in vivo model serves as a pivotal platform for discerning potential prodrug effects, deciphering the intricate role of the immune system in combating infections, and ensuring the pharmacological safety profile of the drug candidate before progressing to clinical trials.2,4,6,33,43 In this investigation, our research employed ICR mice harboring wild-type P. berghei ANKA infections as the model organism to delve into antimalarial properties. The utilization of the P. berghei ANKA infection model stands as a well-established approach to induce malaria within a mouse setting, facilitating the execution of a 4-day suppressive test. This particular strain’s propensity to sequester within the microvasculature renders it invaluable for mimicking severe malaria manifestations, a characteristic pivotal for comprehensive drug assessment.2,32 Over the years, this strain has served as a cornerstone for evaluating a myriad of antimalarial agents, including halofantrine, mefloquine, chloroquine, and artemisinin derivatives.2,6,32,33,43 The adoption of the 4-day suppressive test methodology was dictated by its widespread use in appraising the antimalarial efficacy of novel therapeutics during the nascent stages of infection. Central to this evaluation is the computation of the suppression percentage of blood parasitemia, an indispensable metric guiding the assessment protocol.3,32
Prior investigations have underscored the multifaceted therapeutic potential of the ethanol extract and chemical constituents derived from S. alba leaves, exhibiting pronounced antioxidant, antimicrobial, anti-inflammatory, and hepatoprotective attributes.6,43,52 In an animal model setting, the dose-dependent antimalarial efficacy of the ethanol extract of S. alba leaves was corroborated, manifesting a notable 77.34% reduction in P. berghei parasitemia upon administration at a high dosage (300 mg/kg BW). The detection of terpenoids, steroids, saponins, flavonoids, alkaloids, glycosides, phenolics, tannins, and quinones within the ethanol extract substantiates congruent findings from extant literature.6,43,48 Consequently, quinones and flavonoids have emerged as pivotal contributors to the antimalarial potency of the ethanol extract of S. alba leaves. Recent scholarly discourse posits that these bioactive compounds exert their antimalarial effects by impeding the invasion of P. berghei into infected erythrocytes.2,6,43 Notably, quinones and flavonoids were identified as the predominant constituents within the ethanol extract of S. alba leaves.6
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Figure 3: The effect of ethanol extract of S. alba leaves (300 mg/kg BW) on the life cycle of Plasmodium (1000× Magnification).
Notes: S. alba leaves ethanol extract has activity in hindering the development of ring stage to the schizonts stage. The schizonts stage formation was not found at 300 mg/kg BW of extract which can be assumed that the life cycle of plasmodium has been affected since the schizonts has been destroyed.
 
 
 
This condition arises from the intricate interplay of diverse phytochemical constituents, which potentially harbor antimalarial properties. These constituents are believed to play a pivotal role in driving the observed antiplasmodial activity. Distinctively, certain plant-derived compounds, including quinones, have garnered attention for their antioxidant capacities, which could augment schizonticidal activity by modulating intricate cellular signaling pathways.6 This phenomenon finds support in the literature, with compounds like kempferol-3-O-rhamnoside, quercetin, methyl gallate, and gallic acid being implicated in such activities.2,6,43,50 Elevated levels of free radicals, commonly associated with malaria pathogenesis, have been linked to severe malaria complications. Therefore, it is conceivable that the action of the extract involves the presence of antioxidant-active phenolics and quinones.2,6 Quinones, in particular, have been shown to possess antiplasmodial activity through mechanisms such as chelation with the parasite’s nucleic acid base pairing.2,6 The presence of quinone molecules in the plant extract could plausibly contribute to the plasmodial activity observed in the ethanol extract of S. alba leaves, shedding light on the underlying mechanism of the extract’s antiplasmodial effects.
Phytochemicals constitute vital constituents of medicinal plants and contribute to a diverse array of bioactivities. Antiplasmodial activity has been identified in numerous plants harboring a spectrum of phytochemicals as their bioactive agents.11–18 Although the mechanism of action of the leaf extract was not investigated in this study, several elements found in this study have been associated with antiplasmodial activity through various pathways. Alkaloids, flavonoids, and terpenoids prevalent in S. alba have been implicated in antiplasmodial action.2,6,40–45
Trophozoite growth involves metabolic processes, including the utilization of host cytoplasm. The exoerythrocytic schizogony, or schizont stage,2,6,43 marks the culmination of the trophic phase, characterized by multiple rounds of nuclear division without cytokinesis.2 Parasite growth is predominant during the ring stage at 0 hours. Beyond 24 hours, parasites progress into trophozoite and schizont stages; however, morphological abnormalities become evident, rendering the parasites appear as deceased cells upon microscopic examination (refer to Figure 3). A static ring stage was observed at extract concentrations exceeding 300 μg/ml, indicative of growth inhibition or detrimental effects. According to the findings, ethanol extracts of S. alba leaves exert activity on the Plasmodium’s life cycle.
The ethanol extracts derived from S. alba leaves demonstrate significant antiplasmodial activity, as indicated by notable reductions in parasitemia levels, percentage of inhibition, and inhibition of Plasmodium growth. The present study highlights the robust antimalarial potential exhibited by ethanol extracts derived from S. alba leaves.6,43 These findings align with previous research on this genus, which has unveiled a spectrum of biological actions exhibited by its crude extracts and compounds, including anticancer, antioxidant, antimicrobial, and anti-inflammatory properties.6,48 Moreover, accumulating evidence suggests that compounds extracted from S. alba possess antiplasmodial activity, thereby positioning it as a valuable and potent source of natural antimalarial agents.
 
Conclusion
This study revealed that ethanol extracts derived from S. alba leaves exhibited significant antiplasmodial efficacy, as evidenced by their ability to decrease parasitemia levels, induce a notable percentage of inhibition, and inhibit Plasmodium growth. Thus, S. alba leaves emerged as a promising natural reservoir of antimalarial agents in this study. Furthermore, the ethanol extract derived from S. alba leaves exhibited a diverse array of phytochemical constituents and underwent rigorous scientific validation to confirm its antiplasmodial efficacy.
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