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Evaluating the Antimalarial, Analgesic, and Hepatoprotective Effects of Justicia carnea Leaf Extract in Wistar Mice: A Comprehensive Biomedical Assessment
 ABSTRACT
Background: Malaria is caused by the parasite Plasmodium. The greatest impact of malaria is felt in sub-Saharan Africa, with 90% of the estimated 212 million worldwide cases occurring in Africa. Although malaria is a curable disease, early diagnosis is important in obtaining treatment. However, drug resistance has drastically increased in recent years, especially for Plasmodium falciparum infections. 
Aim: This study was designed to investigate the antimalarial and analgesic activities of aqueous extract of Justicia carnea on Wistar mice models.
Methods: Twenty-four Wistar mice were obtained, and twenty of these were inoculated with 0.2ml of blood infected with 1×107 Plasmodium berghei (NK 65 strain). Infection was confirmed on day 3 prior to treatment with 500mg/kg b.wt and 1000mg/kg b.wt of the plant extract. The tail flick method using radiant heat was used for determining analgesic properties. In the protocol, twenty(20) Wistar mice were divided into 5 groups of 4 mice each. Pain was induced with infrared heat. Three days post treatment, the animals were anaesthetized and blood obtained by cardiac puncture for haematological and biochemical investigation. Data were analysed with Statistical Packages for Social Science (SPSS version 20). Values are reported as Mean ± Standard Error of Mean (mean ± SEM). Using analysis of variance (ANOVA) and the Tukey-Kramer post-Hoc test for multiple comparisons.
Results: Justicia carnea extract showed a significant parasitemia reduction at both tested doses. The extract-treated groups showed a significant(p<0.05) decrease in the activities of AST, ALT and ALP. The level of total protein and albumin of the treated groups was lowered compared to the negative control. The PCV level, haemoglobin concentration, and RBC count of the extract-treated groups were significantly (p<0.05) elevated compared to the parasitised-only group. The ESR of the parasitised group was significantly(p<0.05) elevated. The tail flick test for analgesic property for the group treated with 1000mg/kg b.wt of the plant extract had a peak reaction at 150 and 180 minutes. 
Conclusion: The findings of this study suggest that although the aqueous leaf extract of Justicia carnea demonstrated a relatively high anti-malarial property, it did not elicit any significant analgesic action.
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INTRODUCTION
Malaria is a serious disease caused by the protozoan parasite Plasmodium and transmitted by the female Anopheles mosquito as a vector.  P. falciparum is the gravest infection for all other species, P. ovale, P. vivax, P. Malariae and P. knowlesi in terms of morbidity or mortality, which is why most research has focused on P. falciparum. The disease affects about 300-500 million people, mostly in the tropics (Alsulami, 2021). As we know that it is caused by the parasite, plasmodium Its transmission is through an infected Anopheles mosquito bite [1]. The greatest impact of malaria is felt in sub-Saharan Africa, with 90% of the estimated 212 million worldwide cases occurring in Africa [2,3]. The ever-increasing cases and mortality due to malaria remain one of the most important public health threats, especially in sub-Saharan Africa, where this burden is considerably high. In 2020, sub-Saharan Africa accounted for about 95% of all cases and 96% of all malaria deaths, with about 80% of these deaths reported in children under the age of 5 (Oladipo et al., 2022; Leal Filho et al., 2023). Although countries in the Middle East, Asia and parts of Europe are also affected, children in Africa below five years of age and pregnant women are the most prone to the disease. An estimated 1 million children die every year from malaria [3,4]. Pregnant women tend to lose acquired immunity due to immune suppression, which occurs during pregnancy [5]. The disease poses a threat to both the domestic and national economy. It has been projected that a further increase in this disease will slow down the growth of the gross domestic product (GDP) of African countries by 0.41% [6]. Although malaria is a curable disease, early diagnosis is important in obtaining treatment. However, drug resistance has drastically increased in recent years, especially for Plasmodium falciparum infections [7]. World Health Organisation’s (WHO) recommended multifaceted approach to prevention and management of the disease includes the use of treated nets, insecticides, as well as the periodic use of effective anti-malarial treatment to reduce the burden of malaria [8,9]. Malaria is not only a health hazard for these regions, but it also has an impact on their economic growth and development, labour productivity and earnings, healthcare costs, and economic stability and instability in malaria-prone regions, using economic theories, facts, and evidence provided by public health professionals and policy advocates (Andrade et al., 2022). 
According to the International Association for the Study of Pain (IASP), pain is an uncomfortable sensation felt due to actual or potential injury to tissues [10]. Depending on the duration, pain may be acute or chronic. Chronic pain always has a long-lasting sensation and may be of no identifiable cause. Acute pain usually has an identifiable origin [11]. Disease conditions leading to pain are a major healthcare problem worldwide. There are different disease conditions which are associated with acute or chronic pain. Many researchers have reported some of these conditions, including arthritis, cancer, inflammatory bowel disease (IBD), fibromyalgia, and endometriosis, among others [12-19]. Incidents of pain-related issues have been on the increase worldwide. Although several synthetic agents are available in the treatment of pain disorders, long-term usage has been reported to potentially lead to undesired effects [20].
Justicia carnea belongs to the family Acanthaceae. It is a flowering plant native to Brazil and other South American countries. It functions mostly as an ornamental plant with orange flowers thatbloom all through the summer [21]. The ethnopharmacological properties of several species of Justicia have been reported. These include its application in the treatment of respiratory and gastrointestinal disorders, inflammation, rheumatism, arthritis, headache and fever [21,22]. Onyeabo et al [23] had earlier reported the haematological and lipid modulatory effect of aqueous and ethanolic extract of Justicia carnea.
This study was designed to investigate the antimalarial and analgesic activities of aqueous extract of Justicia carnea on Wistar mice.

MATERIALS AND METHODS
Study Design
The Wistar mice were purchased from the Department of Biochemistry animal house, Faculty of Science, University of Port Harcourt, Rivers State, Nigeria. They were housed in different cages by groups with renewable bedding, and were fed with standard rat feed and clean water, allowing them to acclimatise for seven days under normal temperature, humidity and light-dark cycle.
Rane’s curative test was used to evaluate the anti-plasmodial activity of aqueous extract of Justicia carnea as described by Ryley and Peters [24]. Twenty-four (24) Wistar mice were obtained, and twenty (20) of these were induced with 0.2ml of blood infected with 1x107 Plasmodium berghei (NK 65 strain) on day 1. The infection was established on day 3 by microscopic viewing following Giemsa staining. The mice were thereafter treated following the protocol below
List 1 : Experimental Groups and Treatments
Groups	    	Description			Dose
1		Normal control		: Distilled water only
2		Negative control		: Plasmodium berghei only
3		Extract low dose		500mg/kg Ext + MP
4		Extract high dose		1000mg/kg Ext + MP
5		Positive control is		50mg/kg chloroquine + MP
6		Positive control ii		200mg/kg Artesunate +MP
Percentage parasitemia was calculated as follows:
% Parasitemia =       No of parasitized RBC x 100 
		                   No of total RBC
The average percentage parasite inhibition was obtained using the formula:
Av % inhibition = Av parasitemia in negative control – Av parasitemia in treated group     
		  	            Av parasitemia in negative control
The tail flick method using radiant heat for determining analgesic property, as described by D’ D'Amour and Smith [25], was adopted. Twenty (20) Wistar mice were divided into five (5) groups of four (4) mice each. Pain was induced with radiant heat with infra-red (IR) intensity set at 20. The treatment protocol is shown in the table below
List 2 Treatment Groups and Dosages

Groups		Description			Dose
1		Normal control		1ml Distilled water only
2		Extract low dose		500mg/kg Extract
3		Extract high dose		1000mg/kg Extract
4		Positive control is		200mg/kg Celecoxib
5		Positive control ii		75mg/kg Aspirin
The percentage pain inhibition was calculated using the formula:
Percentage pain inhibition = Reaction time of the treated group – Reaction time of the control
				                   Reaction time of the control

Plant collection and identification
Fresh leaves of Justicia carnea were harvested from Obinze and Obiti communities in Owerri-West and Ohaji Local Government Area, Imo State, Nigeria. The plant sample was identified by Dr Ekeke Chimezie at the Herbarium unit of the Department of Plant Science and Biotechnology (PSB), University of Port Harcourt. The specimen was registered with voucher number UPH/PSB/2017/055
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Fig1: Leaves of Justicia carnea plant in its natural habitat. 
Source: Researcher
Plant Extraction
The leaves were properly washed in running tap water and allowed to air dry, and blended into a powdery form. 25g of the powder was macerated in 100ml of deionised water for 48 hours under mechanical agitation at room temperature. The suspension was filtered using Whatman filter paper and dried in a water bath at approximately 55°C. The crude extract was obtained and stored at 4°C.
Quantitative Phytochemical Screening of Justicia carnea
The phytochemical analysis was performed on a Buck M910 Gas Chromatography equipped with an HP-5MS column (30m in length x 250µm in diameter x 0.25µm in thickness of film). Alkaloids, saponins, tannins, phytosterols, glycosides, terpenes, flavonoids, oxalate, phytate and phenolic compounds were extracted and quantified using gas chromatography [26-29].
Biochemical Assays
Total Bilirubin
The colourimetric method, as described by Jendrassik and Grof [30], was used to estimate total bilirubin
Aspartate transaminase (AST)
The colourimetric method was used for the determination of AST in plasma [31]
Alanine transaminase (ALT)
ALT was estimated by the method described by Reitman and Frankel [31]
Alkaline phosphatase (ALP)
ALP activity was determined by the method of Reitman and Frankel [31]
Total protein
The method adopted for the estimation of total protein was by Reitman and Frankel [31]
Albumin 
Determination of plasma albumin concentration was by the method of Reitman and Frankel [31].
Hematological Analysis
Total WBC
Method: improved Neubauer ruled chamber
Packed cell volume (PCV)
Method: Haematocrit method
Leukocyte differential count
Method: Microscopic method, following Leishman staining [33]
Hemoglobin concentration
Method: Colourimetric method
Erythrocyte sedimentation rate
ESR was estimated following the method described by Osim et al [32]

Data analysis
Data were analysed with Statistical Packages for Social Science ( SPSS version 20). Values are reported as Mean ± Standard Error of Mean (mean ± SEM). Using analysis of variance ( ANOVA) and the Tukey post-Hoc test for multiple comparisons.
RESULT AND DISCUSSION
Table 1: Phytochemical content of the leaves of Justicia carnea
Phytochemical				concentration (mg/100g)
Alkaloids				1.01 x 10-1
Terpenoids				8.55 x 10-1 
Saponin				449.43
Sterol					30.58
Phenolic acids				38.73
Glycoside				39.27
Flavonoids				430.24
Tannin					744.24
Table 1 shows that the phytochemical composition of Justicia carnea leaves includes alkaloids, terpenoids, saponins, sterols, phenolic acids, glycosides, flavonoids and tannins. The highest in concentration was tannic acid at 744.24mg/100g.





Table 2: Curative Effect of Aqueous Leaf Extract of Justicia carnea in Plasmodium berghei-infected Mice before and after Treatment.
	
	BEFORE
	AFTER

	Group
	Parasitized Cell
	Total RBC
	% Parasitemia
	Parasitized Cell
	Total RBC
	% Parasitemia

	GROUP 1
	0.00±  0.00a
	103.00±1.47a
	0.00± 0.00a
	0.00±  0.00a
	103.0± 1.47a
	0.00± 0.00a

	GROUP 2 
	21.75± 2.53bx
	99.75± 5.12bx
	21.46± 1.84bx
	31.75± 1.89bx
	84.50± 0.96bx
	37.66± 1.85bx

	GROUP 3
	17.25± 2.10bx
	91.75± 5.11bx
	18.75± 1.23bx
	10.75± 3.64bx
	114.25± 3.12bx
	9.06± 3.00bx

	GROUP 4
	42.25± 6.41bx
	116.75±2.66rr
	36.43± 5.35bx
	8.00± 1.83bx
	116.50± 6.06bx
	7.34± 1.01bx

	GROUP 5
	33.00± 3.65e
	116.50±6.06e
	28.05± 2.16e
	7.25± 0.48e
	127.25± 3.12e
	5.76± 0.50e

	GROUP 6
	29.75± 1.03e
	114.50±1.50e
	24.93± 0.10e
	2.20± 1.39e
	128.25± 4.13e
	1.80± 1.07e



Data are reported as mean ± standard error of mean (M ± SEM), n=4. Values with different superscripts down the column are significantly different at p<0.05.
Table 2 shows that the parasitemia density for the negative control (group 2) increased progressively for the three-day period. Treatment with different doses of extracts- 500mg/kg b.wt (group 3), 1000mg/kg b.wt (group 4) showed a significant parasitemia reduction (p<0.05) when compared to the negative control.

Fig 2: Effect of Aqueous Extract of Justicia carnea on Liver Enzymes of Plasmodium berghei-infected Mice 
Figure 2 reveals that the treated groups showed a significant decrease (p<0.05) in the activities of AST, ALT and ALP



Fig 3: Effect of Aqueous Extract of Justicia carnea on Some Liver Function Markers of Plasmodium berghei-infected Mice.
Fig 3 shows the concentration of total protein for the normal and negative control was 47.00±2.04g/L and 73.02 ±10.50g/L. The oral administration of graded doses of the extract showed a significant decrease (p<0.05) in the concentration of albumin in the treated groups relative to the negative control. The concentration of total bilirubin for the normal and negative control was 11.05±0.04mmol/L and 24.80±8.36mmol/L, respectively.













Table 3: Effect of aqueous leaf extract of Justicia carnea on some haematological parameters of Plasmodium berghei infected mice after treatment
	Group
	PCV
 (%)
	Hb 
(g/dl) 
	RBC
(X 1012/L)
	ESR 
(mm/hr)
	Platelet
 (X 109/L)
	WBC (X 109/L)
	N
	L
	E
	M

	Normal Control 
(1ml distilled water)
	36.00 ± 0.0.00a
	12.00± 0.00a
	5.00 ± 0.00a
	2.25 ± 0.25a
	240.00± 14.72a
	5.20 ± 0.00a
	20.75 ± 1.65a
	77.75 ± 1.03a
	1.50 ± 1.00
	0.50 ± 0.58a

	Negative control 
(MP only)
	24.25 ± 1.31d
	8.10 ±0.43d
	3.33 ±0.07e
	3.00 ± 0.00r
	280.00± 0.00e
	4.68 ±0.63e
	32.00 ± 0.00ac
	65.00 ± 0.00ac
	3.00 ± 0.00e
	0.00 ± 0.00d

	500mg/kg Aqueous Extract + MP
	28.75 ± 1.11ac
	9.53 ± 0.34dx
	3.90±0.12 dx
	3.00 ± 0.41dx
	300.00± 8.16e
	4.98 ± 0.37d
	26.50 ± 1.71ac
	71.75 ± 1.18ac
	1.50 ± 0.50ac
	0.50 ± 0.58ac

	1000mg/kg Aqueous Extract + MP
	27.75 ± 1.03ac
	9.18 ± 0.35r
	4.13 ± 0.18dx
	3.00 ± 0.00dx
	275.00± 2.04dx
	4.95 ± 0.31d
	22.75 ± 0.63 ac
	62.00 ± 0.00ac
	2.25 ± 0.75d
	0.00 ± 0.00d

	Chloroquine 50mg/kg + MP
	31.00 ± 0.00ac
	4.50 ± 0.00ac
	4.50 ± 0.00d
	2.00 ± 0.00ac
	289.93± 0.00ac
	4.80 ± 0.00d
	17.00 ± 0.00ac
	65.00 ± 0.00d
	2.00 ± 0.00d
	0.00 ± 0.00ac

	Artesunate 200mg/kg + MP
	21.00 ± 0.00cac
	3.00 ±0.00ac
	3.00 ± 0.00d
	3.00 ± 0.00dx
	293.00 ± 0.53ac
	3.00 ± 0.00d
	15.00 ± 0.00ac
	60.00 ± 0.00d
	0.00 ± 0.00d
	0.00 ± 0.00ac


Data are reported as mean ± standard error of mean (M ± SEM), n = 4. Values with different superscript letters down the column  indicate a statistically significant difference at (p < 0.05). 

The effect of different concentrations of aqueous extract of J. carnea on PCV showed a significant increase (p<0.05) for the treated groups when compared to the negative control. Comparing the haemoglobin concentration of the treated groups to the negative control revealed a significant increase (p<0.05). The ESR for the normal and negative control were 2.25±0.25mm/hr and 3.00±0.00mm/hr, respectively. The white blood cell count for the treated groups, when compared to the negative control, showed an increase which was not statistically significant (p>0.05).
Table 4: Analgesic Effect of Aqueous Leaf Extract of Justicia carnea on Infra-red Pain Induced in Mice
	[bookmark: _Hlk186716301]Group
	0
(Min)
	30
(Mins)
	60
(Mins)
	90
(Mins)
	120
(Mins)
	150
(Mins)
	180
(Mins)

	Control 
(1ml distilled water)
	8.22± 0.68a
	8.37±0.87a
	8.78± 0.23a
	8.92±0.21a
	9.49± 0.27a
	9.78±0.95a
	10.18± 0.45a

	500mg/kg Aqueous Extract
	4.43± 0.95bc
	4.56±1.83b
	4.73± 0.40b
	4.85± 0.55b
	4.95± 0.23b
	5.12± 0.50b
	5.35± 0.86b

	1000mg/kg Aqueous Extract
	5.23± 0.09c
	5.37±1.50ab
	5.61± 0.23ab
	5.79±0.44ab
	5.89± 1.28ab
	5.99±0.60ab
	6.10± 0.32ab

	200mg/kg Celecoxib
	7.03± 0.28r
	8.57±0.27r
	8.77± 0.95r
	8.97±0.95r
	9.13± 1.01r
	9.77± 0.47r
	9.87± 0.50r

	75mg/kg Aspirin
	7.97±0.36r
	8.36±0.78r
	8.93± 1.11r
	9.55±0.12r
	10.09 ± 0.44r
	10.60±0.67r
	10.89± 0.23r


Data are reported as mean ± standard error of mean (M ± SEM), n = 4. Values with different superscript letters down the column are statistically different at p<0.05. 
	




Table 4 shows the analgesic effect of aqueous extract of J.carnea on infrared pain in mice. Group 2 treated with 500mg/kg b.wt of aqueous extract of J.carnea showed reaction peak 4.95±0.23, 5.12±0.50 and 5.35±0.86 at 120, 150 and 180 minutes, which was significant at p<0.05. Group 3 treated with 1000mg/kg b.wt of the extract showed significant reaction peak, 5.89±1.28, 5.99±0.60, 6.10±0.32 at 120, 150 and 180 minutes when compared with the control group (9.47±0.27, 9.78±0.95 and 10.18±0.45 at 120, 150 and 180 mins).
[bookmark: _GoBack]DISCUSSION AND CONCLUSION
The harmful effects of malaria in households in the nation have risen to the point that alternative therapies are needed. Ethnomedicinal plants possess relevant antimalarial activities due to the various phytochemical constituents associated with such medicinal plants. Malaria has been treated and prevented using medicinal plants [34].
The results of this study reveal that the phytochemical constituents present in the leaves of Justicia carnea include alkaloids, terpenoids, saponins, sterols, phenolic acids, glycosides, flavonoids and tannins. Tannic acid was the secondary metabolite most abundant, and the least abundant was alkaloid. Abdulelah et al [35] had earlier reported the antimalarial activity of the methanolic extract of Piper betle. In this study, the phytochemical composition of Justicia carnea was revealed to have a similar phytochemical composition to Piper betle. Alkaloids and tannins have been reported to elicit analgesic properties [36]. Amir et al, [37] also reported that flavonoids are implicated in the inhibition of phospholipase A2, hence provoking analgesic action.
Oral administration of the aqueous extract of Justicia Carnea indicated decreasing parasitemia levels in the Plasmodium berghei-infected mice. Table 2 showed that inoculation with Plasmodium berghei caused a significant (p<0.05) increase in the parasitemia level of the inoculated groups, indicating infection with malaria. Post treatment, however, the groups treated with 500mg/kg b.wt and 1000mg/kg b.wt of the aqueous extract showed a significantly lowered parasitemia level when compared to the negative control group. The parasitemic-reduction witnessed for the negative control-treated groups were similar to that observed for the reference drugs, particularly the chloroquine-treated group (group 5). These are similar to the report of Muthaura et al [38] on the anti-malarial activity of some traditionally used plants in mice.
Figures 2-3 show the effect of aqueous leaf extract of J. carnea on liver function markers of Plasmodium berghei-infected mice. Inoculation with Plasmodium berghei significantly increased the serum levels of ALT, ALP, and AST. However, administration of 500mg/kg b.wt and 1000mg/kg b.wt of aqueous extract of J. carnea significantly decreased serum activities of ALT, ALP and AST, as well as the concentration of total bilirubin. These observations are in concordance with the findings of the study, Naudea latifolia aqueous leaf extract eliminates hepatic and cerebral Plasmodium berghei parasite in experimental mice [39]
Table 3 shows the effect of the leaf extract of J. carnea on the haematological parameters of Plasmodium berghei-infected mice. There was a significant decrease in PCV and Hb concentration in group 2. Infection with malaria causes a decline in the levels of PCV and concentration of haemoglobin due to anaemia following the breakdown of RBC in the blood [40]. Administration of the plant extract at 500mg/kg b.wt and 1000mg/kg b.wt significantly increased (p<0.05) the levels of PCV, RBC and Hb when compared to the negative control. These findings reflect the anti-anaemic property of the aqueous leaf extract of J. carnea, and agree with a similar report from Olusola et al; [41] on the prevalence of Plasmodium falciparum parasitemia and correlation with haematological parameters among HIV positive individuals in Nigeria. 
Table 4 shows the result of the effect of the plant extract on radiant heat-induced pain in mice. The peak increase in reaction time was observed at 180th minute interval for all treated groups. The plant extract at 500mg/kg b,wt and 1000mg/kg b.wt did not show a significant increase in the reaction time. The reference drugs celecoxib and aspirin demonstrated a sharp increase in the reaction time, which better than that demonstrated by the extract. Umar et al [42] explained that the ability of a plant extract to prolong the reaction time in thermally induced pain in mice within intervals of 30 and 60 minutes is indicative of a mild analgesic activity. Given these findings, the aqueous leaf extract of Justicia carnea could not have been said to elicit any significant analgesic activity. The findings of this study conclude that although the aqueous leaf extract of Justicia carnea demonstrated a relatively high anti-malarial property, it did not elicit any significant analgesic action.
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