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 Efficacy of the Combined Methanol Extract of Zanthoxylum asiaticum and Delonix regia on Plasmodium  berghei-Infected Mice and Its Effects on Blood Parameters 
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ABSTRACT 

	


Aims: This study assessed the effectiveness of single and fixed-ratio combinations of extracts from Zanthoxylum asiaticum and Delonix regia against Plasmodium  berghei, as well as their effects on haematological parameters in mice.

[bookmark: _Hlk224478618]Methodology: Distilled water was used to clean the collected plant samples, which were then dried in the shade to achieve a constant weight. Plant parts were ground into a fine powder using an electric blender. Extraction was subsequently done using methanol. Tests for anti-plasmodial activity of individual and fixed-ratio combinations of plant extracts were conducted using Peters' four-day suppressive test and Rane's test protocol. Thin blood smears were stained with Giemsa stain and examined microscopically to determine the level of parasitaemia in mice following treatment with plant extracts. Data were analysed using Minitab 19 software and GraphPad Prism version 9. Differences with a p-value of less than 0.05 were regarded as statistically significant.

Results: In vivo testing in mice showed a dose-dependent reduction in parasites by the extracts, with Zanthoxylum asiaticum extract demonstrating the highest efficacy. The suppression was most pronounced at 500 and 250 mg/kg body weight, with moderate effects at 100 mg/kg. Notably, a combination of 250 mg/kg of the plant extracts achieved parasite suppression comparable to the highest single-plant dose in Peters' four-day suppressive test. All tested doses significantly reduced parasite burdens in mice relative to the negative control (p < 0.05), indicating a clear dose-dependent response.

Conclusion: This study has demonstrated that these plant extracts are both safe and effective against Plasmodium berghei.
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1.  INTRODUCTION 


.
The Plasmodium  parasite, primarily Plasmodium  falciparum, remains a leading cause of morbidity and mortality worldwide, with approximately 263 million cases and 597,000 deaths recorded in 2023. The burden is disproportionately high in sub-Saharan Africa, which accounts for over 90% of global malaria cases and deaths, particularly affecting children under five years old [1,2]. Despite coordinated global control efforts using insecticide-treated nets and antimalarial drugs, malaria incidence and mortality rates have plateaued in recent years. This stagnation is mainly due to rising drug resistance among parasites and socio-economic challenges in endemic regions [3]. Given these issues, there is an urgent need for new and effective antimalarial agents. Currently, Artemisinin, derived from the Chinese plant Artemisia annua, is regarded as the most effective treatment for Plasmodium infections. However, resistance to this latest antimalarial drug has emerged in Asia and parts of Africa [4,5]. The dependence on a limited number of ACTs, particularly artemether-lumefantrine, worsens the situation by increasing drug pressure and speeding up resistance development. If unaddressed, widespread treatment failures could lead to more cases and deaths from malaria [6]. Plant extracts have shown significant potential as antimalarial agents, with various phytochemicals, such as alkaloids and flavonoids, being effective against malaria parasites. As resistance to synthetic drugs grows, plant-based remedies may provide sustainable solutions against malaria [7–9]. Herbal extracts from medicinal plants, especially when used in combination, consist of multiple compounds that can act synergistically. This complexity makes it difficult for pathogens to develop resistance because they would need to adapt simultaneously to multiple active agents with different mechanisms of action, unlike a single drug, which often targets a specific pathway [10,11]. When plant extracts are combined, complex phytochemicals in the mixtures may concurrently disrupt multiple biochemical pathways in the malaria parasite, thereby reducing the likelihood of resistance [12–14]. However, the study of combined medicinal plant extracts for antimalarial drug development remains understudied despite decades of research into plant-derived therapies. Delonix regia, commonly known as the Flamboyant or Royal Poinciana, is attracting attention for its potential antimalarial properties, due to its rich array of bioactive compounds found in its leaves, flowers, bark, and roots [15]. Research suggests that these compounds, including flavonoids, tannins, and alkaloids, may interfere with the life cycle of Plasmodium, inhibiting its growth [7]. Traditionally, various cultures have used Delonix regia in folk medicine to alleviate fever and inflammation, highlighting its relevance in herbal remedies [16]. Zanthoxylum asiatica, commonly known as wild orange, is increasingly recognised for its potential antimalarial properties due to its rich phytochemical content found in its leaves, stems, and fruits, including alkaloids, flavonoids, and essential oils. Research suggests that extracts from this plant may inhibit Plasmodium growth, indicating its potential as a natural therapeutic agent. Traditionally, Zanthoxylum asiaticum has been utilised in various cultures to treat ailments such as fevers and infections, which align with malaria symptoms, highlighting its importance in folk medicine, especially in East Africa [17–20]. This study investigated the anti-plasmodial potency of single and fixed-ratio combinations of extracts from two Kenyan medicinal plants, Zanthoxylum asiaticum and Delonix regia, in vivo.


2.  MATERIAL AND METHODS  
2.1. Collection of plants 
 All the plants were collected from Homa-Bay County, Kenya. Identification of the plant specimens was conducted at the University of Nairobi herbarium. Voucher specimens of Zanthoxylum asiaticum  and Delonix regia were deposited at the University of Nairobi herbarium under the identification numbers RO2019UON/001 and RO2019UON/003, respectively. 

2.2. [bookmark: _Toc523591337][bookmark: _Toc206690038]Extraction of plant material
Distilled water was used to clean the collected plant samples, which were then dried in the shade to a constant weight. Using an electric blender, plant parts were ground into a fine powder. Extraction was then carried out using analytical-grade methanol from Sigma-Aldrich. This involved soaking 150 g of each sample in 400 mL of the organic solvent for 72 hours. The extract filtrate was then dried using a rotary evaporator. The dried plant extracts (roots, leaves, and bark) were stored at -20°C until needed for use. 
 

2.3. Rearing and Inoculation of the Animals with Plasmodium   berghei

Inbred Swiss albino mice, weighing around 20 grams, were obtained from the Kenya Medical Research Institute (KEMRI) and housed in the animal facilities for this study. The animals were kept in rodent cages and fed mouse pellets with water available ad libitum. They were allowed to acclimatise to their new environment for seven days before being infected with chloroquine-sensitive P. berghei, after which they were randomised into four cages. Each cage contained five mice. At the point of maximum parasitaemia (109 parasites/mL) in the donor mice, blood containing malaria parasites was collected and diluted with normal saline. Each experimental mouse received an intraperitoneal injection of 0.2 mL of infected blood dilution containing 1x106 RBCs parasitised by P. berghei [21].

2.4. TESTS FOR IN VIVO ANTI-PLASMODIAL ACTIVITIES OF SINGLE AND FIXED-RATIO COMBINATIONS 
Tests for in vivo anti-plasmodial activity of single and fixed-ratio combinations of plant extracts were conducted using Peters' four-day suppressive test protocol (Peters, 1975). On day 0 (the day of infection), plant test extract was administered to mice orally exactly 2 hours after parasite inoculation. The initial dose for treatment was 500 mg/kg body weight. This dose was given twice daily for four consecutive days. On the fifth day, thin blood smears were prepared from a drop of blood drawn from each mouse's tail. For the curative test (Rane's test), the chemotherapeutic activity of the extract was evaluated in an established infection. On the first day (Day 0), 2 mL of a standard inoculum containing 1 × 107 P. berghei-infected erythrocytes was inoculated into the mice. Seventy-two hours later (Day 3), the mice were randomly divided into five test groups, each consisting of five mice. Groups I and V served as negative and positive controls, respectively. Thin blood smears were prepared from a drop of blood drawn from each mouse's tail at the beginning and the end of treatment. The slides were then fixed with methanol and stained with a 10% Giemsa solution. The same protocol was employed to test plant extract combinations at a maximum dose of 500 mg/kg body weight in a 1:1 ratio. Infected RBCs in three randomly selected fields on each slide were counted under a microscope to determine parasitaemia. The parasitaemia percentage was thus calculated as:

 

The mean percentage suppression of parasitaemia was determined in
Comparison with the controls: 

% Suppression of Parasitaemia = 

A is the mean percentage parasitaemia in the negative control group. B is
The mean percentage parasitaemia in the test group [23,24].

2.5. Data analysis 
Parasitaemia in the mice was assessed microscopically by counting infected erythrocytes. The percentage reduction in parasitaemia in treated groups compared to controls was calculated to evaluate antimalarial efficacy. Data were analysed using Minitab 19 software and GraphPad Prism version 9. Differences with a p-value less than 0.05 were regarded as statistically significant.


3. results and discussion


3.1. [bookmark: _Toc206690074]In vivo anti-plasmodial activities of single plant extracts.
3.1.1 Four-Day Suppressive Test
 The plant extracts showed strong anti-plasmodial activity against chloroquine-sensitive P. berghei in early malaria infections in mice, as evidenced by the four-day suppressive test results. The extracts were most effective at doses of 500 and 250 mg/kg body weight, while 100 mg/kg also produced some level of suppression. Across all tested doses, the extracts reduced parasite levels compared to the negative control, with a statistically significant (p < 0.05) dose-dependent response. Zanthoxylum asiaticum achieved over 80% suppression at all doses. However, although Delonix regia displayed good anti-Plasmodium activity, its potency was only comparable to that of Zanthoxylum asiaticum at 500 mg/kg body weight. Additionally, lower and medium doses of Delonix extracts resulted in a lower suppression percentage than the reference drug, chloroquine. Conversely, as shown in Table 1, the highest dose of Zanthoxylum asiaticum extract (500 mg/kg) achieved over 90% suppression, comparable to the level observed with chloroquine, the reference drug.
It was found that combining 250 mg/kg of Delonix regia extract with the same amount of Zanthoxylum asiaticum extract (1:1) results in a suppression rate of at least 84% against Plasmodium berghei in mice. This suggests that the same curative effect observed at a high dose (500 mg/kg) can be achieved by administering lower doses of the plant extracts in combination. 

Table 1 In vivo anti-Plasmodium  activities of single and combined extracts of Zanthoxylum asiaticum and Delonix regia 

	Extract
	Dose mg/kg
	PRBC
	RBC
	%  Parasiteamia
	Suppression

	Zanthoxylum  
	500
	1.31
	782.85
	0.1779
	98% 

	
	250
	7.4
	537.80
	1.4155
	81% 

	
	100
	7.7
	584.57
	1.4656
	80% 

	Delonix 
	500
	6
	541.00
	1.4537
	85% 

	
	250
	8.4
	490.40
	1.7730
	76% 

	
	100
	8.47
	465.67
	2.1351
	72% 

	Z. asiaticum + D.  regia 
(combination)
	250+250
	3.85
	582
	0.6007
	84%

	NC (Water)
	1 ml 
	32.83
	456.08
	7.5409
	N/A

	CQ 
	10MG
	0.39
	465.78
	0.0861
	99% 






3.1.2 Curative test (Rane's test)

In curative tests, Table 2 shows that Zanthoxylum is most effective at 500 mg/kg, achieving an impressive 95% suppression. Delonix also demonstrates significant effects, with 88% suppression at the same dose, although lower doses are less effective. The combination of Z. asiaticum and D. regia (250+250 mg/kg) produced  85% suppression rate, suggesting a potential synergistic effect. Chloroquine, the positive control, exhibits remarkable effectiveness, with 98% suppression.

Table 2: Results of  curative tests of the plant extracts in Plasmodium berghei-infected mice 
	Extract
	Dose (mg/kg)
	PRBC
	RBC
	% Parasitaemia
	Suppression

	Zanthoxylum
	500
	2.10
	780.00
	0.1500
	95%

	
	250
	5.20
	540.25
	1.3000
	82%

	
	100
	6.45
	590.50
	1.2500
	79%

	Delonix
	500
	4.80
	530.00
	1.4000
	88%

	
	250
	7.10
	470.75
	1.9000
	73%

	
	100
	6.80
	455.20
	2.2000
	70%

	Z. asiaticum + D. regia (combination)
	250+250
	3.65
	600.00
	0.5500
	85%

	NC (Water)
	1 ml
	30.20
	460.50
	7.9000
	N/A

	CQ
	10 mg
	0.45
	470.00
	0.0900
	98%



3.2. Haematological indices of toxicity in mice following treatment with Delonix regia and Zanthoxylum asiaticum extracts in combination.

The mean RBC counts between the control and experimental groups were significantly different when plant extracts were administered to the mice (P < 0.05). The results of this study, as shown in Table 3, indicate that administering Delonix regia extract to mice significantly reduces the number of RBCs in their blood (p < 0.05), which may suggest a decrease in haemopoietic activity in the bone marrow to some extent. However, there was no significant difference between the mean levels of leucocytes, platelets, MCV, MCH, MCHC, and haematocrit in the experimental and control groups (P > 0.05).



Table 3 Haematological indicators of toxicity in mice treated with extracts of Delonix regia and Zanthoxylum asiaticum extracts combination
	Sample
	Animal group 
	Mean
	StDev
	SE Mean
	p- value

	Hb
	Control 
	12.17
	1.60
	0.65
	0.557

	Hb
	Treatment 
	12.67
	1.21
	0.49
	

	HEMO 
	control
	39.67
	6.44
	2.6
	0.669

	heamocrite
	treatment
	38.00
	6.63
	2.7
	

	RBC 
	Control 
	9.17
	1.72
	0.70
	0.056

	RBC
	Treatment 
	7.33
	1.03
	0.42
	

	MCV
	Control 
	48.33
	5.47
	2.2
	0.917

	MCV
	Treatment 
	48.67
	5.32
	2.2
	

	MCH
	Control 
	15.00
	2.19
	0.89
	0.681

	MCH
	Treatment 
	15.50
	1.87
	0.76
	

	MCHC
	Control 
	30.33
	1.75
	0.71
	0.377

	MCHC
	Treatment 
	31.17
	1.33
	0.54
	

	LEUC 
	Control 
	3.33
	1.51
	0.61
	0.744

	LEUCOCYTES
	Treatment 
	3.00
	1.90
	0.77
	

	PLATE 
	Control 
	528.8
	86.7
	35
	0.327

	PLATELETS
	Treatment 
	575.0
	66.2
	27
	







4. DISCUSIONN

Medicinal plants traditionally used to treat malaria in Africa offer a practical and cost-effective approach for developing new, effective antimalarial drugs, as they are readily accessible, tend to have minimal side effects, and may be less expensive [25]. The long-term use of medicinal herbs also provides a safety data foundation that can reduce but not eliminate the need for extensive toxicity testing, potentially making drug development from these sources cheaper and faster than with new synthetic compounds [26,27]. A main challenge with this approach is that traditional medicine practitioners often combine plant extracts to treat malaria. Ironically, the effectiveness of these combined extracts remains underexplored, as indicated by the limited number of publications on this topic. Therefore, it is essential to evaluate and document this information [28,29]. This study investigated the in vivo anti-Plasmodium activity of two plant extracts, Zanthoxylum asiaticum and Delonix regia, respectively, both individually and in combination. The plant extracts demonstrated strong anti-plasmodial activity against chloroquine-sensitive P. berghei in early malaria infections in mice, as shown by the four-day suppressive test results. The extracts were most effective at doses of 500 and 250 mg/kg body weight, while 100 mg/kg also showed some suppression. Across all tested doses, the extracts reduced parasite levels relative to the negative control, with a statistically significant (p < 0.05), dose-dependent response. Zanthoxylum asiaticum achieved over 80% suppression at all doses. Although Delonix regia showed good anti-Plasmodium activity, its potency was only comparable to that of Zanthoxylum asiaticum at 500 mg/kg body weight. Additionally, lower and medium doses of Delonix extracts resulted in a lower suppression percentage than the reference drug, chloroquine. Conversely, the highest dose of Zanthoxylum asiaticum extract (500 mg/kg) achieved over 90% suppression, almost similar to the level observed with chloroquine.  Each extract demonstrated a parasite suppression rate exceeding 70% at a dose of 250 mg/kg body weight when used alone. However, mice treated with a combination of Delonix regia and Zanthoxylum asiaticum extracts at a 1:1 ratio exhibited an over 80% reduction in Plasmodium berghei, comparable to the positive control. This suggests that administering a combination of modest doses of plant extracts can achieve the same curative effects and potency as higher doses (500 mg/kg), which are often associated with toxicity symptoms. In curative tests, Zanthoxylum shows the highest efficacy at 500 mg/kg, achieving an impressive 95% suppression. Delonix also exhibits notable effects, with 88% suppression at the same dose, although lower doses were less effective. The combination of Z. asiaticum and D. regia (250+250 mg/kg) achieves an 85% suppression rate, suggesting potential synergistic effects. Chloroquine, the positive control, demonstrates remarkable effectiveness, with 98% suppression. Similar studies on the synergistic anti-plasmodial activity of plant extracts used in combination have shown that such combinations exhibit synergistic effects [30]. These findings align with earlier research demonstrating a significant increase in the plant's capacity to suppress the malaria parasite in mice when plant extracts were combined in a 1:1 ratio [31]. Overall, this study demonstrated that combining these plant extracts yielded synergistic effects; thus, this discovery provides a foundation for further research into a new, potent polyherbal malaria remedy. Haematological parameters in mice (Hb, haemoglobin, MCV, MCH, MCHC, leucocytes, and platelets) were not significantly affected by the plant extracts (P > 0.05). Studies indicate that Z. asiaticum contains a high level of readily available iron, which supports blood formation. The plant’s copper content facilitates the conversion of iron(II) to iron(III), a crucial step in erythrocyte formation, which are the primary components of blood [32]. This may have offset any changes in blood parameters caused by herbal extract toxicity to RBCs in this study. Studies also suggest that a small dose of Delonix regia extract could be used to enhance and maintain specific blood parameters in animals [33], and these earlier findings may explain why most haematological parameters in mice were not significantly affected by administration of the plant extract.


4. Conclusion

Combining two herbal extracts can accelerate the discovery of new antimalarial drugs by utilising synergistic effects that boost efficacy and reduce resistance, as different extracts may target distinct biological pathways in malaria parasites. This study has demonstrated promising anti-plasmodial activity for malaria treatment through the combination of the two plant extracts examined. The practices of traditional healthcare users and their use of mixed medicinal plant extracts in malaria therapy are somewhat clarified by the increased efficacy observed with the extract combinations in this study. It was found that the combination of the plant extracts exhibited significantly stronger anti-plasmodial effects than any individual extract. 
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