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ABSTRACT
Aims: This study aims to evaluate the antimalarial efficacy and safety of a combined aqueous and ethanolic extract of Sarcocephalus latifolius and Parquetina nigrescens, two medicinal plants traditionally used in African ethnomedicine for malaria treatment, in view of increasing resistance to conventional antimalarial drugs.
Study Design: An experimental, in vivo study involving Plasmodium berghei-infected albino mice was conducted to assess the dose-dependent antimalarial activity and safety profile of the combined plant extract compared to a standard antimalarial drug.
[bookmark: _GoBack]Place and Duration of Study: The study was conducted in a laboratory setting equipped for phytochemical, toxicity, and parasitological analyses. The duration encompassed the time taken for extract preparation, toxicity testing, antimalarial evaluation, and histological analysis; specific dates were not provided.
Methodology: Phytochemical screening identified bioactive compounds, including alkaloids, Saponins, steroids, tannins, and triterpenes. Acute toxicity was assessed in mice to determine the median lethal dose (LD₅₀) of the combined extract. Albino mice infected with Plasmodium berghei were divided into six groups: three receiving different doses of the extract (100, 200, and 400 mg/kg), a chloroquine-treated standard control, an infected untreated control, and a healthy control. Chemosuppressive activity was measured by the percentage suppression of parasitemia. FTIR spectroscopy analyzed the functional groups in the extract. Histological examination of liver tissues from treated and control mice was performed to assess pathological changes.
Results: Phytochemical analysis confirmed the presence of key antiplasmodial compounds. Acute toxicity testing showed an LD₅₀ of 3873 mg/kg, indicating relative safety. The extract exhibited dose-dependent Chemosuppressive effects with 68.8%, 79.5%, and 91.7% suppression at 100, 200, and 400 mg/kg doses, respectively; chloroquine achieved 100% suppression. FTIR spectroscopy revealed hydroxyl, carbonyl, amine, and aromatic functional groups supporting the phytochemical findings. Histological evaluations showed that liver tissues from extract-treated groups had reduced pathological damage compared to untreated infected controls.
Conclusion: The combined aqueous and ethanolic extracts of Sarcocephalus latifolius and Parquetina nigrescens demonstrated potent, dose-dependent antimalarial activity and a favorable safety profile in vivo, supporting their traditional use for malaria treatment. These findings suggest that the extract has potential as a source of new antimalarial agents. Further research should focus on isolating, purifying, and characterizing the active constituents and evaluating their clinical efficacy and safety in humans.
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INTRODUCTION
Malaria remains a significant global health concern, causing an estimated 241 million cases and 627,000 deaths worldwide in 2020 (WHO, 2021). The development of resistance to conventional antimalarial drugs has necessitated the search for new, more effective, and affordable therapeutic options. Traditional medicinal plants have emerged as a promising source of novel antimalarial compounds in this context.
Research is now focusing on plants as potential sources of antimalarial remedies for several key reasons. The emergence of drug resistance has diminished the effectiveness of conventional antimalarial drugs, creating an urgent need to discover new compounds with different mechanisms of action (WHO, 2021). Many plant-based medicines are more accessible and affordable, especially in resource-limited regions heavily burdened by malaria, making them an attractive option for populations with limited access to conventional pharmaceutical interventions.
Plants contain a vast array of secondary metabolites and phytochemicals that exhibit diverse biological activities, including antimalarial properties (Ntie-Kang et al., 2013). Exploring this natural chemical diversity can lead to the identification of novel antimalarial lead compounds. Traditional medicine practices in many malaria-endemic regions have long utilized certain plants to treat malaria and related symptoms, and investigating these traditional remedies can provide valuable insights and starting points for modern antimalarial drug discovery (Balogun & Ashafa, 2019; Njan et al., 2008).
Combinations of plant extracts or their active compounds may exhibit synergistic antimalarial effects, potentially enhancing efficacy and overcoming resistance compared to individual components (Okokon et al., 2017). Furthermore, plant-derived antimalarials may have lower toxicity profiles compared to synthetic drugs, making them safer alternatives, especially for long-term use (Akanbi et al., 2019).
By exploring the antimalarial potential of medicinal plants, researchers aim to discover new, effective, and affordable treatment options to combat the global burden of malaria, especially in the face of growing drug resistance.
Sarcocephalus latifolius and Parquetina nigrescens are two medicinal plants that have been used in traditional African medicine to treat malaria and related symptoms (Balogun & Ashafa, 2019; Njan et al., 2008). Sarcocephalus latifolius, also known as the African peach, is a shrub or small tree native to West and Central Africa. Its root, bark, and leaf extracts have been reported to exhibit antimalarial, antiplasmodial, and antipyretic activities (Akanbi et al., 2019; Njan et al., 2008). Parquetina nigrescens, a climbing shrub commonly found in tropical Africa, has been traditionally used to manage malaria, fever, and other inflammatory conditions (Balogun & Ashafa, 2019; Okokon et al., 2017).
Previous studies have investigated the antimalarial potential of individual extracts from these plants. However, the combined effect of Sarcocephalus latifolius and Parquetina nigrescens extracts has not been extensively explored. Evaluating the antimalarial properties of combined extracts may reveal synergistic interactions and enhance the overall therapeutic efficacy against malaria parasites.
This research aims to investigate the antimalarial activity of the combined aqueous and ethanolic extracts of Sarcocephalus latifolius and Parquetina nigrescens, providing a scientific basis for the traditional use of these plants in managing malaria.
The phytochemical analysis of Sarcocephalus latifolius has revealed the presence of various bioactive compounds, which may contribute to its antimalarial activity. These include alkaloids such as indole alkaloids and quinoline alkaloids, terpenoids including monoterpenoids and sesquiterpenoids, and phenolic compounds like flavonoids, tannins, and phenolic acids (Isah et al., 2023; Akanbi et al., 2019; Ntie-Kang et al., 2013).
Similarly, the phytochemical investigation of Parquetina nigrescens has identified the presence of alkaloids, including indole alkaloids and quinoline alkaloids, terpenoids such as monoterpenoids and sesquiterpenoids, as well as phenolic compounds including flavonoids, tannins, and other phenolics acids. These bioactive constituents have been associated with the plant's antimalarial, anti-inflammatory, and antioxidant activities (Balogun & Ashafa, 2019; Okokon et al., 2017).
The presence of these phytochemical constituents, especially alkaloids, terpenoids, and phenolic compounds, in Sarcocephalus latifolius and Parquetina nigrescens provides a scientific basis for their traditional use in treating malaria and highlights their potential as sources of new antimalarial drug candidates (Akanbi et al., 2019; Balogun & Ashafa, 2019; Okokon et al., 2017; Ntie-Kang et al., 2013).
MATERIALS AND METHODS 
Sample Collection and Preparations: The plant Samples were collected from the Adavi Local Government Area, Kogi State, Nigeria. They were stored in a polythene bag and taken to the Herbarium of Federal University Lokoja for authentication. The stem bark of Sarcocephalus latifolia and the aerial parts of Paquetina negrescens were washed with distilled water and cut into smaller pieces. These were air-dried in the shade in the laboratory for five (5) weeks. The dried samples were pulverized using a wooden mortar and a pestle. The pulverized samples were then stored in an air-tight polythene bag container and kept away until it was needed for analysis. 
Extraction of plant material: The Paquetina negrescens (whole aerial plant) and the leaves of Sarcocephalus latifolia were dried separately in the laboratory at room temperature. This was grounded using a mortar and pestle to make it into a powdered form.  The powdered samples (250 g) of Paquetina negrescens (whole aerial plant) and the bark of Sarcocephalus latifolia were extracted by cold maceration for 72 hours using 500 ml of Ethanol separately and then filtered. The filtrate was concentrated to dryness using the rotary evaporator, respectively. The residue was collected and allowed to dry completely. Equal volume of the two extracts was measured and mixed to form the combined extract of Paquetina negrescens (whole plant) and the bark of Sarcocephalus latifolia.  
Phytochemical Screening: Standard methods [Harbone, 1973; Trease 1989, Sofowora 1993] were employed in the phytochemical screening of the plant extract. 
Fourier Transform Infra-Red Spectroscopy (FT-IR) Analysis: The extract of the sample (combined sample) was subjected to FT-IR spectroscopic analysis to determine the functional groups present. 
2.3. Methodology 
2.3.1. Bioassay 
Assessment of Acute Toxicity: Determination of Oral LD50 in Mice
The acute oral toxicity of a combined plant extract was evaluated by determining the median lethal dose (LD50) in mice, following the protocol outlined by [Alaribe et al]. Twenty-four-hour fasted mice (n=4 per group, weighing 16-18g) were administered the extract orally in 20% Tween-80 at escalating doses: 500, 1,000, 2,000, 3,000, and 4,000 mg/kg body weight. A control group received only the 20% Tween-80 vehicle. Post-administration, all animals were continuously monitored for signs of toxicity and mortality for 72 hours. The LD50 value was subsequently calculated based on observed mortalities using the equation described by Lorke 1983.
LD50√𝑎𝑏 
Where: 
a=Least tolerable dose 
b=Maximum tolerable dose 
Procurement and Maintenance of Experimental Components
Plasmodium berghei NK65-infected mice were acquired from a reputable research Institute and maintained through continuous passage. Uninfected mice utilized in this study were sourced from the Biological Department, Federal University Lokoja, Kogi State, Nigeria. Animals were housed under controlled conditions (12-hour light/dark cycle, ad libitum access to standard chow and water) and acclimatized for one week before experimentation. Standard chloroquine was used as the reference drug.
Experimental design and administration of extract: Thirty-six (36) albino mice weighing between 17-20 g were divided into six (6) groups: S1, S2, S3, A, B, and C, with six (6) mice in each group. The groups are labeled S1, S2, S3, and control groups A, B, and C. Groups S1, S2, and S3 were treated for 6 consecutive days with 100, 200, and 400 mg doses of the the combined extract of Paquetina negrescens (whole plant) and the bark of Sarcocephalus latifolia kg-1 b.wt. orally. Control group A was infested with the parasite and treated with 5 mg chloroquine kg-1 b.wt. orally, while control group C was neither infested with the parasite nor treated with the extract. The mice infected with Plasmodium berghei were sacrificed after six days, having been observed to show clinical symptoms of malaria. The mice were anesthetized in a glass jar containing cotton wool soaked with chloroform. The sacrificed mice's blood was collected by cardiac puncture using sterile syringes and needles. This blood was diluted with normal saline in the ratio of 1:10, i.e., 1 mL of blood in 10 mL of normal saline. The parasitized erythrocyte in 0.3 mL was used to infest each of the experimental mice intraperitoneally for six (6) days before treatment occurred [Okpok et al, 2014]. 
Determination of baseline parasitemia: Before the administration of the combined extract, baseline parasitemia was established by collecting blood samples from the tail veins of each mouse in all experimental groups. This blood, drawn six days post-inoculation with the parasite, was used to prepare both thin and thick blood smears. Parasitemia levels were quantified microscopically by enumerating the number of parasitized erythrocytes among 200 erythrocytes observed in randomly selected fields. The percentage of parasitemia and, subsequently, the average percentage of parasitemia, were then calculated according to a standardized formula [Kundu et al, 2010].
 𝑃𝑃=𝑇𝑜𝑡𝑎𝑙 𝑁𝑜 𝑜𝑓 𝑃𝑅𝐵𝐶 / 𝑇𝑜𝑡𝑎𝑙 𝑁𝑜 𝑜𝑓 𝑅𝐵𝐶 𝑋 100 
Where: 
PP = Percentage parasitemia 
PRBC = Parasitized red blood cells 
RBC = Red blood cells 
The average percentage of parasitemia 

APP = 𝐴𝑃𝑃𝐶−𝐴𝑃𝑃𝑇 / 𝐴𝑃𝑃𝐶 X 100 
Where: 
APP = Average percentage parasitemia 
APPC = Average percentage parasitemia in the control 
APPT = Average percentage parasitaemia in the test group 
Determination of percentage average suppression: The chemotherapeutic suppression percentage was determined according to the methodology outlined in reference [Godwin et al 2012]. This calculation involved subtracting the average percentage parasitemia observed in the treated group from the average percentage parasitemia observed in control group B (the infected, untreated group). The resulting difference was then expressed as a percentage of the average percentage parasitemia in control group B, thereby quantifying the treatment's efficacy.
AS = 𝐴𝑃𝐶−𝐴𝑃𝑇𝐴𝑃𝐶 𝑋 100 
Where: 
AS =Average Suppression 
APC = Average Parasitaemia in the control 
APT = Average Parasitaemia in the test group 
Histological Studies: Histological analysis was conducted on liver tissue extracted from Plasmodium-infected mice treated with a 400 mg/kg body weight dose of extract S3. Following hematoxylin and eosin staining, these liver samples were compared to those of uninfected, untreated control mice (Group C) using a 400x magnification microscope objective. The purpose of this examination was to identify and characterize any structural or pathological differences between the two groups.
RESULTS AND DISCUSSIONS 
Phytochemical Screening: The preliminary phytochemical analyses of the extract from Paquetina negrescens revealed the presence of alkaloids, steroids, saponins, Tannins, carbohydrates, while flavonoids, cardiac glycosides, and terpenoids were absent. While the extract from the stem bark of Sarcocephalus latifolius revealed the presence of carbohydrates, anthraquinones, cardiac glycosides, saponins, steroids, triterpenes, tannins, flavonoids, and alkaloids, glycosides were absent (Table 2). The presence of these compounds was reported by Isah et al, 2010, Isah et al 2023 and 2023. These metabolites are of great pharmacological importance. Some triterpenes and their aglycone have been reported to have various uses as anti-inflammatory, antipyretic, and analgesic (Ndukwe et al 2005) tannins were also said to have healing properties, as a protective agent against toxins, and as an antiviral agent (Harbone et al; 1993). Several studies have shown that many secondary plant metabolites, such as alkaloids, flavonoids, and triterpenes, have antiplasmodial activity, which has the potential of being developed into antimalarial drugs. These components may have a synergistic effect on the treatment of malaria. 
Table 1: Phytochemical composition of Sarcocephalus latifolius and Parquetina nigrescens
	Phytochemical components
	Sarcocephalus latifolius (Stem bark)
	Parquetina nigrescens (aerial part)

	Carbohydrate 
	+ 
	+

	Glycoside 
	- 
	-

	Anthraquinones 
	+ 
	

	Cardiac glycoside 
	+ 
	-

	Saponins 
	+ 
	+

	Steroids and triterpenes 
	+ 
	+

	Flavonoids 
	+ 
	-

	Tannins 
	+ 
	+

	Alkaloids  
	+ 
	+


Keys: + = Present    - = Absent 

FTIR Analysis: 
The FTIR spectrum of Sarcocephalus latifolia aqueous bark extract gave absorption peaks visible in the spectrum which are assigned as shown in table below. 
Table 2: FTIR Spectral Analysis of Sarcocephalus latifolia Aqueous Bark Extract
	Wavenumber (cm⁻¹)
	Band Intensity
	Functional Group
	Vibration Type
	Possible Phytochemical Class

	~3350 – 3400
	Broad, strong
	O–H (hydroxyl) stretch
	H-bonded stretching
	Alcohols, phenols, flavonoids

	~2920 – 2940
	Medium
	C–H (alkyl) stretch
	Asymmetric CH₂ stretching
	Alkanes, fatty acids

	~1600 – 1640
	Medium to strong
	C=O / C=C
	Stretching vibrations
	Conjugated ketones, aromatic rings

	~1510 – 1530
	Medium
	N–O (nitro) or aromatic C=C
	Stretching
	Aromatic compounds, flavonoids

	~1400 – 1420
	Weak to medium
	C–H bend (methyl)
	Scissoring
	Alkyl groups

	~1260 – 1310
	Medium
	C–O stretch / O–H bending
	Phenols, ethers
	Glycosides, esters, polyphenols

	~1030 – 1080
	Strong
	C–O stretch (alcohols/ethers)
	C–O–C stretching
	Carbohydrates, glycosides

	~875 – 890
	Weak to medium
	C–H (aromatic out-of-plane)
	Bending
	Aromatic compounds

	~670 – 710
	Weak
	C–H (aromatic or alkene) bends
	Out-of-plane bending
	Aromatic derivatives



[image: ]
Fig 1: The FTIR spectrum of Sarcocephalus (Nauclea) aqueous bark extract
The Broad O–H stretch (~3350 cm⁻¹) Indicates strong hydrogen bonding, typical of polyphenols, tannins, and flavonoids. C–H stretches (~2920 cm⁻¹) Suggest presence of alkyl chains, common in terpenoids or fatty acids. C=O and C=C stretches (~1600–1640 cm⁻¹) Point to carbonyl groups and/or aromatic rings, which may be from flavonoids, coumarins, or alkaloids. C–O and C–O–C bands (~1030–1310 cm⁻¹) signify the presence of ether and alcohol functionalities, typical of glycosides or sugars. The Aromatic ring vibrations (~875–710 cm⁻¹) Support the presence of aromatic phytochemicals like phenols or alkaloids.
Based on the FTIR data, the aqueous extract likely contains Phenolic compounds (tannins, flavonoids) which is supported by O–H, C–O, and aromatic C=C stretches. Alkaloids indicated by aromatic bands and possible amine or imine stretches. Terpenoids due to alkyl C–H and possibly C=O stretches. Glycosides / Carbohydrates from strong C–O–C stretches. Fatty acids / lipophilic residues from C–H and carbonyl stretches. The FTIR spectrum of Sarcocephalus (Nauclea) aqueous bark extract reveals a diverse set of functional groups including hydroxyl, carbonyl, ether, aromatic, and aliphatic C–H stretches. This indicates the presence of a broad range of bioactive secondary metabolites such as Flavonoids, Phenols Alkaloids, Terpenes and Glycosides. These findings support its traditional medicinal applications and suggest potential for antimicrobial, antioxidant, and anti-inflammatory properties.
The FTIR spectrum of Parquetina nigrescens aqueous extract confirms the presence of Hydroxyl groups (broad O–H peak) from phenolics and flavonoids, Carbonyl groups (C=O stretch) indicating tannins or esters, Aromatic systems (C=C and C–H bending) typical of flavonoids, C–O stretches from glycosides and esters, Amide/N–H features possibly from alkaloids or trace proteins and Alkyl groups in saponins or triterpenoids.This fingerprint matches known phytochemicals in Parquetina nigrescens, affirming its richness in bioactive secondary metabolites.
Table 3: Functional Groups Identified in Parquetina nigrescens Aqueous Extract
	Functional Group
	Vibrational Band (cm⁻¹)
	Compound Type

	Hydroxyl (O–H)
	~3270
	Alcohols, phenols, flavonoids

	Alkyl (C–H, sp³)
	~2920
	Alkanes, saponins

	Carbonyl (C=O)
	~1700
	Tannins, flavonoids, carboxylic acids

	Aromatic C=C
	~1600
	Flavonoids, polyphenols

	Amide/Amine (N–H)
	~1545
	Alkaloids, proteins

	Methyl/Methylene (CH₃/CH₂)
	~1415, 1378
	Saponins, triterpenes

	Ether/Alcohol/Phenol (C–O)
	1244–1028
	Glycosides, sugars, flavonoids

	Aromatic C–H (oop bend)
	~878–773
	Substituted aromatic compounds
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Fig 2: FTIR Spectrum Aqueous Extract of Paquetina negrscens
Acute toxicity: The combined extract on the animals showed behavioral signs of toxicity such as slow physical activities, salivation, and dizziness at doses above 2000 mg kg-1 b.wt.). Death was noticed in mice administered with 3000 mg kg-1 b.wt. of the combined extract after 72 hr. of administration. The LD50 of the combined extract was calculated to be 3873 mg kg-1 b.wt (Table 4).  The plant extracts has no lethal toxicity since the lethal dose of the extracts is greater than 5000 mg/kg of which has no significance toxicity and hence the plant is relatively safe for use (Enegide et al; 2013). 
This is an indication that the combined extract was relatively safe and as such not toxic to the liver of the mice.  
Table 4: Acute toxicity (LD50) Of the Extract after 72 hr. 
	Group 

	No. of mice 

	Dosage (mg kg-1 b.wt.) 

	Mortality 


	1
	4
	1000 
	0

	2
	4
	2000 
	0

	3
	4
	3000 
	0  

	4
	4
	5000 
	100

	5
	4
	6000 
	100



LD50 of the extract (x) =√𝑎𝑏, Where a: Maximum dose with 0% mortality=3000, b=: Minimum dose with 100% mortality = 5000, x=√3000 𝑥 5000, √15, 000, 000 = 3873 mg kg-1 b.wt 
Determination of parasitemia and Chemosuppressive activities of the mice: 
Table 5: Baseline parasitemia and Chemo suppression 
 
	Group 
	Extract dosage (mg kg-1 
b.wt.) 
	Average parasitemia before administration of the extract (%) 
	Average suppression after administration of extract (%) 

	S1 
	Combined extract 
	100±6.25 
	68.8±1.62 

	S2 
	Combined extract 
	200±5.25 
	79.5±1.10 

	S3 
	Combined extract 
	400±4.0 
	91.7±1.62 

	A 
	Chloroquine 
	5±9.1 
	              100±2.90 

	B 
	- 
	6.2±0.4 
	                    - 

	C 
	- 
	- 
	                    - 


Values are Mean±SEM of n = 4 values significantly different (p<0.05) from control (Group B) 

 Chemosuppressive activities of the mice: The blood of the mice was collected six (6) days after the inoculation of the plasmodium berghei into the mice in the experimental groups for the determination of parasitemia. The baseline parasitemia result from the various experimental groups before the combined extract was administered ranged between 4.0-9.1% (Table 3). This shows that there was a very high parasitemia in the groups experimentally infected with the plasmodium berghei before the administration of the extracts.  
The average percentage of chemosuppression at the dose levels 100-, 200-, and 400 mg kg-1 b.wt. 
Were 68.8, 79.5, and 91.7% respectively (Table 5). One of the infected mice from group B was also sacrificed to obtain the liver and spleen for comparison with the same organs from the unparasitized control group C. Two organs of Parasitized mice from group B were observed to be dark in colour and enlarged twice the size of the organs of mice in group C, and were observed to be pinkish. 
The 5 mg kg-1 day-1 chloroquine (standard) produced 100% chemosuppression in the control group A. It was observed that there was an increase in the size of the liver and spleen of the infected mice when compared with the normal control. The combined extract was noticed to be tolerated by the mice to about a dose of 3000 mg kg-1 b.wt within 24- 72 hours. 
The result from this study shows that a maximum of 91.7% chemosuppression of P.berghei in mice is reported after administration of the combined extract at a level of 400 mg kg-1 b.wt. kind of chemosuppressive effect of plant extract [Omokaro et al 2018; Farombi et al, 2020 and Gbotosho et al, 2017]  
Chloroquine significantly (p<0.05) decreased the parasitemia in the infected mice by 100% more than the Ethanol stem-bark of Sarcocephalus latifolius extracts. It has been observed that there is suppression of parasitemia when a standard antimalarial drug is used in the management of P. berghei in mice [Kamei et al, 2000].   
Conclusion 
This result has shown the potency of the combined extract of Sarcocephalus latifolius and Parquetina nigrescens on chemosuppression of Plasmodium berghei and that the extracts of these plants possess antimalarial potency.  The use of these extracts could lead to a new way of developing new antimalarial drugs by going further to isolate and characterize possible antimalarial agents in the extract, and also derivatizing the possible antimalarial agents for higher potency.  
Recommendation 
The study recommends that further investigation should focus on the identification, separation, purification, and quantification of the most bioactive components present in the plants, Sarcocephalus latifolius and Parquetina nigrescens, to ascertain their usefulness in the pharmaceutical industry. In addition, more studies are needed on practical doses in animals and humans. 

Compliance with ethical standards 
This research has received ethical approval from the ethical committee of Federal University Lokoja, Kogi State, thereby adhering to the ethical guidelines and principles outlined by the University.  
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