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Abstract  
Background:This study assessed changes in blood chemistry associated with co-administration of chloroquine with antiplasmodial fraction of 

crude methanol extract of Moringa oleifera leaves. 

Methods: Partial phytochemical profiling of antiplasmodial extract was done using standard methods. Using Rane’s test, 60 male albino mice 

were randomized into 10 groups of six mice each. Nine groups were inoculated with quinine resistant strains of Plasmodium berghei and treated 

with tween 80,10mg/kg chloroquine (CQ), 10mg/kg CQ co-administered with graded concentrations of fractions of Moringa oleifera leaves, and 

standard artemisinin combination therapy (ACT) drug, Artemether lumefantrin at a dose of 1.14/6.85mg/kg, while the tenth group which was 

uninfected was treated with tween 80. Aside from percentage parasitaemia suppression, changes in liver and kidney function parameters and 

lipid profile were determined from blood collected by ocular puncture using standard methods.  

Result: The Flavonoid rich antiplasmodial fraction co-administration with 10mg/kg CQ significantly (p < 0.05) dose and time dependently 

suppressed parasitaemia in the treated groups with total parasite clearance observed in the ACT and CQ-fraction treated groups by day 9. The 

chloroquine- fraction treatment decreased hepatic function enzyme activities significantly (p < 0.05), but not mean plasma bilirubin (p > 0.05). 

The changes in mean plasma urea, uric acid, triacylglycerols, cholesterol and lipoproteins concentrations were not significant (p > 0.05) when 

compared to the ACT treated controls.  

Conclusion: The antiplasmodial fraction of the leaf extract of Moringa oleifera enhanced the antiplasmodial activity of CQ in the rodent malaria 

pathogenesis 
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Background 
 
Malaria has been adjudged to be by far the world’s most important 

tropical disease second only to HIV/AIDS in sub-Saharan Africa [1]. 

It is responsible for more than 200 million clinical cases and is the 

cause of death of millions especially women and children under the 

age of five [1]. It is caused by parasites belonging to the genus 

plasmodium of which P. falciparum, P. vivax, P. malariae, P. ovale, 

and recently P. knowlesi are known to infect humans [2]. Malaria 

disease is transmitted by the bite of a female anopheles mosquito 

[3].  

The current gold standard treatment is the fixed dose 

artemisinin combination therapy (ACT) which is made up of 

chemical derivatives of the natural product artemisinin obtained 

from the Chinese plant Artemisia annua, and a longer acting 

partner (an arylaminoalcohol or 4-amino quinoline), which 

ultimately traces its ancestry back to the natural product quinine 

[4]. Decline in the efficacy of most antimalarials as a result of 

development of resistance to antimalaria drugs which targets the 

blood stage of infection of the parasite has become widespread. 

Most antimalaria drugs have lost their efficacy to the prevalence of 

drug resistance to the drugs that used to be effective in clearing 

parasitaemia and even the ACTs have began to lose their efficacy 

to drug and cross resistance [5]. The management of malaria 

involving the use of artemisinin derivatives with other antimalarial 

agents is currently having problems with implementation in 

developing countries due to affordability and accessibility 

constraints [6]. The rising cost of prescription drugs in the 

maintenance of personal health has led to increased interest in the 

use of medicinal plants as a re-emerging health aid leading to re-

awakened interest in the exploration of medicinal plants for the 

management of malaria [7, 8, 9]. Moringa oleifera (Family: 

Moringaceae) is a tree cultivated for different purposes such as 

medicine, vegetable, spice, for cooking and cosmetic oil among 

other things. Previous studies have indicated effective 

antiplasmodial activity and low level toxicity of Moringa oleifera 

leaves extracts in in vitro and invivo studies [10,11]. Potentiation of 

the antimalarial activity of conventional antimalaria drugs by 

antiplasmodial plant extracts with a view to overcome drug 

resistance in malaria infection has aroused scientific interest [7, 12, 

13]. As usual, such assessment requires non human models at this 

stage. Since we were more particular about drug resistant specie 

this was done using quinine resistant parasite Plasmodium berghei 

due majorly to the unavailability of the ANKA chloroquine resistant 

strain. We assessed the herb drug interactions and changes in 

blood chemistry associated with co-administration of chloroquine 

and antiplasmodial extract of Moringa oleifera leaves in rodent 

model in this study. 

 

 

Methods 
 
Collection and treatment of plant material 

 

The plant material for this study (fresh leaves of M. oleifera) was 

collected randomly from trees from Afikpo community between 

February and May 2014 and authenticated by the plant taxonomist 

at Bioresources Diversity and Conservation Programme (BDCP), 

Nsukka, Enugu State, Nigeria.  It was shade dried for three weeks, 

ground to powder and stored in air tight plastic container until used. 

 

 

Parasites 

 

Quinine resistant P. berghei Q (N1923) strain obtained from the 

MR4/American type culture collection (ATCC), Manassas, USA 

maintained by serial passage in mice was used for the study. 

Preparation of inoculum was from donor mouse with P. berghei 

parasitaemia established by microscopic examination of thin blood 

film under oil immersion at x100 magnification and measured as 

percentage erythrocytes [13]. Each mouse was infected with a 

standard inoculum of approximately 10
7  

 parasitized erythrocytes 

suspension in normal saline (0.2 mL) from donor mouse. 

 

Animals 

 

In bred male Swiss albino mice weighing between 20.5 g and 29.5 

g (mean 25.0 g) obtained from the animal house of the department 

of Veterinary Medicine, University of Nigeria, Nsukka were used for 

the study. The animals were kept in well ventilated rodent cubicles 

under 12 hours light/ dark cycle and fed with mice mash (Top 

feeds, Nigeria) and water ad libitum. The caring and experimental 

uses of the mice were according to the guidelines of National 

Institute of Health guidelines for care of laboratory animals. 

 

 Drugs 

The monotherapeutic drug administered for the control and 

treatment groups were chloroquine (200 mg) (CLARION, Nigeria) 

and the ACT drug administered was Lokmal
®  

a brand of 

artemether lumefantrin (20/120 mg) (EMZOR, Nigeria). These were 

purchased from registered pharmacy in Afikpo Ebonyi state, 

Nigeria and were dissolved in 7% ethanolic tween 80 [14] to obtain 

fixed dose of 10 mg/kg and 1.14/6.85 mg/kg respectively used in 

the assay. The contents of the dosage forms were however not 

verified before use. 

 

 Extraction and column fractionation of plant materials [15, 16] 

 

One hundred and fifty grams of dried ground sample of M. oleifera 

leaves were macerated with two litres analytical grade methanol for 

72 hours with occasional stirring using a magnetic stirrer. The 

extract was then filtered with Whatman No 1 filter paper and 

concentrated by gentle warming in a water bath at 40
o
C. The 

concentrated crude extract was fractionated by means of column 

chromatography using silica gel (60–120 mesh) and eluted with 

chloroform at first then subsequently with chloroform containing 

increasing concentrations of methanol (80:20, 60:40,40:60 and 

20:80). Fractions were monitored with thin layer chromatography at 

the end of which seven fractions were obtained. The fractions 2, 5 

and 7 observed to show significant chemo suppression in the 

activity guided study reported elsewhere [16] were combined into a 

single fraction used for the study. 

 

Quantitative phytochemical analysis of fraction 

 

The bioactive fraction were quantitatively analyzed for the 

presence of alkaloids, tannins, flavonoids, terpenoids, saponins 

and glycosides the methods described by Sofowora [17], Trease 

and Evans [18] and Harborne [19]. 

 

Antimalaria assay of the bioactive fraction 

 

The seven-day curative method (Rane’s test) according to 

Iwalokun [13] was used with modifications. The animals were 

divided into 10 Groups of 6 mice each. Each mouse was 

intraperitoneally infected with 1.0 x 10
7
 parasitized erythrocytes in 
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0.2 mL physiological saline suspension. Treatments commenced 

on day 3 (4
th
 day after inoculation) and continued to day 7 via oral 

route using a cannula. Blood films prepared from tail of the infected 

animals were fixed in methanol, stained with Giemsa and 

examined microscopically under oil immersion (X100) on day 3 

(just before treatment commenced), day 6 and 9 post inoculation.  

Density of the parasite and percentage reduction in parasitaemia 

with respect to standard drugs (control) was assessed on group by 

group basis. 

 

Experimental design 

 

Sixty (60) Swiss male albino mice were randomized into 10 Groups 

of six mice each.  

 

 NCTRL: infected control group treated with 0.2 mL of 7% 

methanolic Tween 80 solution. 

 CQCTRL:  positive control group consisting of 

Plasmodium passaged mice treated with chloroquine at a 

dose of 10mg/kg body weight/24 hr.  

 CQFL: Plasmodium passaged mice treated with CQ (10 

mg/kg body weight) combined with 100 mg/kg bw/24hr of 

bioactive fraction of M. oleifera leaves. 

 CQFM: Plasmodium passaged mice treated with CQ (10 

mg/kg body weight) combined with (150 mg/kg bw /24hr of 

bioactive fraction of M. oleifera leaves. 

 CQFH: Plasmodium passaged mice treated with CQ 

(10mg/kg body weight) combined with 200 mg/kg bw/24hr 

of bioactive fraction of M. oleifera leaves. 

 FL: Plasmodium passaged mice treated with 100mg/kg 

bw/24 hr of bioactive fraction of M. oleifera leaves. 

 FM: Plasmodium passaged mice treated with 150mg/kg 

bw/24 hr of bioactive fraction of M. oleifera leaves. 

 FH: Plasmodium passaged mice treated with 200mg/kg 

bw/24 hr of bioactive fraction of M. oleifera leaves. 

 ACTCTRL:  Plasmodium passaged  mice treated with 

1.14/6.85 mg/kg bw/24 hr of artemether lumefantrine  

 UIFCTRL: Uninfected control group treated with 0.2 mL 

7%  ethanolic Tween 80 solution. 

 

Biochemical assays  

 

Blood was collected on day 10 post inoculation by ocular puncture 

and the following biochemical parameters were assessed in serum 

and plasma samples: Liver function (aspartate aminotransferase 

(AST), alanine aminotransferase (ALT) by the method of [20], 

alkaline phosphatase (ALP) kidney function, plasma creatinine, 

urea [21] and uric acid by method described by Vijayalakshmi et 

al., [22]. Lipid profile (HDL, LDL, VLDL, triacylglycerols and total 

cholesterol were determined as described by Ayodele E and 

Oyedele [23]. 

 

Data analysis 

 

Data from phytochemical analysis of antiplasmodial fraction of the 

crude extract of leaves were expressed as mean + standard 

deviation of triplicate determinations while that from the antimalarial 

assays were expressed as mean + standard error of mean and 

analyzed for significance of disparity using a One-way analysis of 

variance (ANOVA). p < 0.05 was regarded as significant. 

 

 

 

Results 

 
Table 1 shows the phytochemical composition of the 

antiplasmodial fraction of M. oleifera leaves. The fraction wasfound 

to be high in flavonoids and terpenoids with significant amount of 

tannins and alkaloids. There were trace amounts of glycosides and 

saponins in the antiplasmodial fraction of Moringa oleifera leaves 

There were significant (p < 0.05) dose and time 

dependent increase in percentage chemosuppression in all the 

drug and extract treated groups (Table 2). Total parasite clearance 

was observed by day 9 in the ACT, CQ-extract and 200mg/kg 

extract treated groups while CQ treatment failed to clear 

parasitaemia by day 9. 

The changes in serum activity of liver function enzymes 

(ALT, AST and ALP) revealed that the CQ-fraction treatment 

decreased significantly (p < 0.05) the activity of these enzymes 

when compared to untreated and ACT treated controls. Mean 

serum total and direct bilirubin concentrations were non-

significantly decreased (p > 0.05) in the CQ- extract treated groups 

when compared with the ACT treated group but significantly 

decreased (p < 0.05) when compared to the infected group treated 

with Tween 80 (Table 3). 

CQ–fraction co-administration decreased significantly (p < 0.05) 

mean plasma urea, uric acid and creatinine concentrations when 

compared to the infected group treated with Tween 80 but the 

changes were not significant (p > 0.05) when compared to the ACT 

treated control group (Table 4). 

The CQ-fraction co-administration did not change the 

mean plasma triacylglycerols, total cholesterol, LDL and HDL-

cholesterol concentrations significantly (p > 0.05) when compared 

with the infected group treated with Tween 80 and ACT treatment 

controls (Table 5).  

 

Discussion 

 
This study determined the changes in blood chemistry associated 

with potentiation of chloroquine by antiplasmodial extract fraction of 

Moringa oleifera leaves. Changes in parasitaemia and percentage 

chemosuppression were observed to be dose and time dependent 

in all the treated groups. The parasitaemia increased significantly 

(p < 0.05) in the infected group treated with the 7% ethanolic tween 

80 vehicle while in the CQ control groups, the treatment with a 

fixed dose of the CQ (10mg/kg) failed to achieve total parasite 

clearance by day 9. This may not be unconnected with the drug 

resistant nature of the parasite used. In related antiplasmodial 

activity study of drug-extract combination using drug sensitive 

strains of P. berghei, Adegbolagun et al. [7] reported that 

artesunate and artesunate co-administered with extract of Telfairia 

occidentalis leaves at 100mg/kg cleared parasitaemia by day 7 

while the crude extract alone cleared parasitamia by day10. Ukwe 

et al. [12] reported total parasite clearance in animal groups treated 

with 5mg/kg of chloroquine combined with 100mg/kg of extract of 

Ageratum conyzoides leaves by day 14 while 2mg/kg of artesunate 

co-administered with 100mg/kg of A. conyzoides extract achieved 

total parasite clearance by day 7. The differences in the 

observations in this study may be due in part to the higher dose 

and multi-drug resistant nature of the parasite used in this study. 

Additive interactions between the components of the fraction and 

CQ may be directly or remotely responsible for the enhanced 

antiplasmodial activity observed in this study. The modulation or 

inhibition of the drug transporter by components of the CQ-fraction 
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combination and the ACT, artemether lumefantrin may be 

responsible for the total parasite clearance observed in those 

groups. Parasitaemia clearance by day 9 of the fraction at 

200mg/kg suggests the presence of synergy of more than one 

active principle in the fraction. The findings of this study 

corroborate other reports of herb-drug interactions that showed 

potentiating effect of herbs on the antimalarial action of some 

standard drugs [7,12,13].  

The potential of drug-extract interaction of CQ and antiplasmodial 

extract to clear parasitaemia in drug resistant infection was 

evaluated in this study. The higher antiplasmodial activity of the 

extract-drug combination may be due to the additive interactions of 

the drug and the partially characterized components of the fraction. 

Flavonoids, a major constituent of the fraction are believed to exert 

antiplasmodial activity by inhibiting the fatty acid biosynthesis 

(FASII) of the parasite [23]. 

  The result of the ALT, AST and ALP activities suggests 

an amelioration of hepatic damage due to the degeneration and 

necrosis of parasitized hepatocytes. Increased activities of the 

transaminases have been associated with untreated malaria 

infection in studies involving human subjects and in rodent models 

[24]. Dose related decreased in the activities of these enzymes 

suggest that the ameliorative effect on liver function is attributable 

to the additive interaction of the bioactive components and CQ- 

fraction. The reason for the higher activities of these enzymes in 

the ACT treated group may not be unconnected with the free 

radical mediated mechanism of action of the artemisinins. 

The increase in the total and direct bilirubin 

concentrations in the untreated control group when compared to 

the treated groups indicating ameliorative impact of the various 

treatments on plasmodium induced dimunition of hepatobilliary 

function of the liver. The CQ-extract treatment was found to be 

associated with increased bilirubin concentration relative to CQ 

treatment suggestive of a negative interaction of the CQ and the 

extract. The dose related mean plasma bilirubin concentration 

observed in the CQ-extract  treatment was observed not to be 

significantly different from the values obtained for the ACT 

treatment indicating that the ACT had no therapeutic advantage 

over the CQ-extract treatment in this regard. Rapid haemolysis or 

red blood cells break down has been suggested to lead to 

increased plasma bilirubin levels in addition to the failure of the 

hepatic cells to excrete the bilirubin as rapidly as it is formed 

[25,26]. The mechanism by which the drug-extract interactions 

decreased the bilirubin levels is unclear but may not be 

unconnected with the plasmocidal activity of the treatment which 

reduced the parasite presence and parasite induced 

hyperbilirunaemia.  

Dose dependent decreases in plasma urea and uric acid 

concentration in the group treated with CQ fraction combination 

observed in this study suggests that the treatments were 

associated with improved excretory function of the kidney. 

Impairment of renal function during malaria infection has been 

reported and it is an important life-threatening complication of the 

disease [27]. Changes in mean plasma concentration of creatinine, 

a relatively diet independent indicator of renal function suggests 

that the CQ–fraction treatment ameliorated impairment of kidney 

function occasioned by malaria parasite infection.   

 Changes in mean plasma TAG and total cholesterol 

suggest that possible synergistic interactions of the drug and 

fraction components elevated the parasite induced hypolipidaemia. 

Relationship between serum cholesterol levels in man/animals and 

parasitic infections has drawn the attention of several authors [28, 

29].  

Positive drug –extract interaction of the CQ-extract 

treatment was not observed to be associated with significant 

difference (p>0.05) in mean plasma HDL and LDL concentration 

when compared to the CQ and ACT treatments.  The pathogenesis 

of malaria infection is characterized by oxidation of low density 

lipoprotein [29] which has been observed to promote endothelial 

expression of adhesion molecules in malaria infected patients and 

is a critical stage in the progression of the disease [30] The CQ, 

ACT and CQ-extract treatments in this study was not associated 

significant difference in these lipoproteins when compared to the 

infected untreated treated with Tween 80.  Lipoproteins for 

example chylomicrons, very low-density lipoproteins (VLDL), low-

density lipoproteins (LDL), high-density lipoproteins (HDL) and free 

fatty acids (FFA) are major lipid macromolecules that originate from 

the liver [31] and thus depends on cellular integrity and functionality 

of the hepatocytes which in malaria pathogenesis had been 

compromised.  

 

Table 1. Quantitative phytochemical composition of the fraction. 

 
    Phytochemicals Composition(mg/100g) 

Alkaloids 53.65 ± 0.002 

Terpenoids 130.59 ± 0.010 

Flavonoids 172.60 ± 0.004 

Tannins 93.99 ± 1.341 

Saponins 0.66 ± 0.020 

Glycosides   1.53 ± 0.056 

Values are mean ± standard deviation of triplicate determinations 
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Table 2. The mean percentage parasitaemia and chemosuppression in the different Groups.  

 
 
n=6.  Mean values + SEM. a=significant at p < 0.05 when compared to untreated control NCTRL, b=significant at p < 0.05 when compared to CQ 
treated control CQCTRL, c=significant at p < 0.05 when compared to ACT treated control ACTCTRL in the same column. CQFL, CQFM, CQFH 
are groups treated with 10mg/kg CQ combined with 100,150,200 mg/kg dose extract while FL, FM and FH Groups treated with 100, 150, 
200mg/kg dose of fraction and UIFCTRL, uninfected control group treated with Tween 80. 
 
 
Table 3. The mean serum liver function enzymes activity and bilirubin concentrations for the different groups  
 
 

 
n=6.  Mean values + SEM . a=significant at p < 0.05 when compared to untreated control NCTRL, b=significant at p < 0.05 when compared to 

CQ treated control CQCTRL, c=significant at p < 0.05 when compared to ACT treated control ACTCTRL in the same column. CQFL, CQFM, 

CQFH are groups treated with 10mg/kg CQ combined with 100,150,200 mg/kg dose extract while FL, FM and FH groups treated with 100, 150, 

200mg/kg dose of fraction and UIFCTRL, uninfected control group treated with Tween 80. 

 
 
Table 4. The mean plasma concentrations kidney function parameters for the different Groups  
 

GROUPS DRUGS DOSE KIDNEY FUNCTION PARAMETERS 

CREATININE UREA  URIC ACID 

mg/Kgbw    (mg/dl)      (mg/dl)       (mg/dl) 

NCTRL TWEEN 80 0.2 mL 26.62±3.15 5.17±0.36 1.23±0.18 

CQTRL CQ 10 20.00±1.00
a
 5.58±0.22

c
 0.61±0.10

a
 

CQFL CQ+FL 10+100 16.07±1.52 5.88±0.26 0.58±0.06 
CQFM CQ+FL 10+150 15.88±1.08 5.82±0.42 0.84±0.04 
CQFH CQ+FL 10+200 15.58±0.41

abc
 5.57±0.53

a
 0.61±0.03

ac
 

FL FRACTION 100 17.15±2.75 5.56±0.35 0.85±0.02 
FM FRACTION 150 18.85±3.41 6.62±0.25 0.80±0.07 
FH FRACTION 200 19.98±2.13

a
 5.28±0.31

c
 0.55±0.03

ac
 

ACTCTRL ACT 1.14/6.85 19.55±0.25
a
 6.32±0.38

ab
 0.92±0.02

a
 

UICTRL TWEEN 80 0.2 ml 19.14±0.57 4.58±0.23 0.70±0.06 

 
n=6.  Mean values + SEM . a=significant at p < 0.05 when compared to untreated control NCTRL, b=significant at p < 0.05 when compared to 
CQ treated control CQCTRL, c=significant at p < 0.05 when compared to ACT treated control ACTCTRL in the same column. CQFL, CQFM, 
CQFH are groups treated with 10mg/kg CQ combined with 100,150,200 mg/kg dose extract while FL, FM and FH Groups treated with 100, 150, 
200mg/kg dose of fraction and UIFCTRL, uninfected control group  treated with Tween 80. 

 
 

GROUPS DRUGS 
 

% PARASITAEMIA 
 

%CHEMOSUPPRESSION 

mg/Kg bw DAY 3 DAY 6 DAY 9 DAY 3 DAY 6 DAY 9 

NCTRL TWEEN 80 0.2 mL 16.67±2.10 25.33±1.66 32.00±2.24 - - - 
CQTRL CQ 10 16.00±1.78 8.20±1.03

a
 10.76±2.21

a
 - 48.33±6.22

a
 65.50±3.80 

CQFL CQ+FL 10+100 18.33±0.84
a
 10.33±1.22 0.00±0.00 - 44.50±11.81 100.00±0.00 

CQFM CQ+FL 10+150 16.67±2.17 8.00±1.36 0.00±0.00 - 50.50±2.22 100.00±0.00 
CQFH CQ+FL 10+200 20.00±1.46

abc
 9.33±0.66

a
 0.00±0.00 - 55.67±5.87 100.00±0.00 

FL FRACTION 100 20.66±1.90 11.66±0.66 3.67±1.67
ab

 - 44.17±5.29 82.5±4.33 
FM FRACTION 150 19.66±1.97 9.54±1.33 1.67±0.00

ab
 - 51.67±4.42 93.10±0.21 

FH FRACTION 200 19.33±1.22
ab

 8.66±0.86
a
 0.00±0.00 - 55.00±2.24

a
 100.00±0.00 

ACTCTRL ACT 1.14/6.85 16.66±2.40 10.00±1.36 0.00±0.00 - 39.67±3.97 100.00±0.00 
UICTRL TWEEN 80 0.2 mL - - - - - - 

GROUPS DRUGS   LIVER FUNTION PARAMETERS  

 ALT AST ALP TBIL DBIL 

mg/Kgbw (U/L) (U/L) (U/L) (mg/dl ) (mg/dl ) 

NCTRL TWEEN 80 0.2mL 63.83±1.40 79.50±2.54 155.33±3.17 3.08±0.14 1.34±0.12 
CQTRL CQ 10 36.67±0.33

ac
 48.67±1.12

a
 113.83±3.67

a
 1.58±0.97

a
 1.12±0.89 

CQFL CQ+FL 10+100 39.00±1.45 54.33±0.56 125.50±2.68 2.42±0.02 1.17±0.10 
CQFM CQ+FL 10+150 38.83±2.61 51.50±2.29 121.50±5.27 2.27±0.15 1.03±0.10 
CQFH CQ+FL 10+200 45.83±1.62

a
 46.00±3.48

ab
 138.50±10.37

bc
 2.02±0.12

ac
 0.96±0.09

ab
 

FL FRACTION 100 42.33±2.46 41.33±2.20 114.33±11.13 2.19±0.12 1.09±0.14 
FM FRACTION 150 40.17±2.32 49.50±1.93 123.33±17.35 2.08±0.15 1.02±0.14 
FH FRACTION 200 46.67±2.30

ac
 56.33±1.48 102.17±1.14

abc
 1.85±0.18

ac
 1.18±0.18 

ACTCTRL ACT 1.14/6.85 52.83±3.10 54.00±4.73
ab

 147.17±12.02
b
 2.30±0.16

ab
 1.01±0.15

a
 

UICTRL TWEEN 80 0.2 ml 27.33±1.26 46.33±2.58 50.00±11.51 1.06±0.05 0.77±0.86 
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Table 5. Changes in lipid profile for the different groups 

GROUPS DRUGS DOSE            LIPID ROFILE    

TAG T.CHOL HDL LDL VLDL 

mg/Kgbw (mmol/L )    (mmol/L) (mmol/L) ( mmol/L ) ( mmol/L) 

NCTRL TWEEN 80 0.2mL 1.10±0.98 2.95±0.17 1.56±0.11 1.46±0.16 0.97±0.17 
CQTRL CQ 10 1.08±0.01

c
 5.00±0.01

a
 1.35±0.19 1.21±0.20 0.67±0.08

a
 

CQFL CQ+FL 10+100 1.16±0.89 4.64±0.12 1.02±0.12
a
 1.60±0.10 0.68±0.44 

CQFM CQ+FL 10+150 1.22±0.62 4.16±0.37 1.23±0.07 1.72±0.13
abc

 0.61±0.03 
CQFH CQ+FL 10+200 1.15±0.39 2.92±0.10

bc
 1.52±0.12 1.45±0.05 0.57±0.02

ab
 

FL FRACTION 100 1.24±0.12 3.20±0.24 1.88±0.19 1.57±0.19
c
 0.61±0.06 

FM FRACTION 150 1.40±0.08 3.24±0.18 2.00±0.15 1.21±0.15 0.69±0.04 
FH FRACTION 200 1.54±0.14

b
 4.05±0.36

ab
 1.85±0.18 1.53±0.86 0.77±0.07

a
 

ACTCTRL ACT 1.14/6.85 1.48±0.08
b
 4.42±0.30 1.65±0.28 1.23±0.09

a
 0.74±0.04

a
 

UICTRL TWEEN 80 0.2 mL 0.97±0.07 5.14±0.41 1.22±0.13 1.06±043 0.47±0.07 

 
n=6.  Mean values + SEM. a=significant at p < 0.05 when compared to untreated control NCTRL, b=significant at p < 0.05 when compared to CQ 
treated control CQCTRL, c=significant at p < 0.05 when compared to ACT treated control ACTCTRL in the same column. CQFL, CQFM, CQFH 
aregroups treated with 10mg/kg CQ combined with 100,150,200 mg/kg dose extract while FL, FM and FH groups treated with 100, 150, 
200mg/kg dose of fraction and UIFCTRL, uninfected control group  treated with Tween 80. 
 
 
 

Conclusions 
 
This study demonstrated that extract-drug interactions of 

antiplasmodial fraction of Moringa oleifera leaves with CQ 

enhanced the antiplasmodial activity of the monotherapy resulting 

in total parasite clearance comparable to the ACT treatment.  

Changes in blood chemistry during the course of the co-

administration indicated a herb-drug interaction that apart from 

clearing parasiteamia by day 9 also ameliorated the Plasmodium 

induced liver, kidney damage and dislipidaermia in a manner not 

significantly different from the standard CQ and ACT treatments.  

 

Declaration 

 
Supporting data relating to this publication is available in the PhD 

thesis ‘Reversal of chloroquine and artesunate drug resistance by 

methanol leaf extract of Moringa oleifera lam. (March, 2016) 

University of Nigeria Nsukka. It can also be assessed on request 

from the corresponding author. 

 
Abbreviations 
 

ACT: artemisinin combination therapy; WHO WMR :World health 

organization world malaria report ; CQ : chloroquine;  NCTRL and 

CQCTRL are infected groups treated with vehicle tween 80 and 

10mg/kg CQ respectively while CQFL, CQFM, CQFH  are groups 

treated with 10mg/kg CQ combined with 100,150,200 mg/kg dose 

extract fraction;  FL, FM and FH are groups treated with 100, 150, 

200mg/kg dose of  fraction ; UIFCTRL, uninfected control group  

treated with vehicle Tween 80. 

 

Authors’ Contribution 
 

OSS conceived the concept and designed the study, OSS and 

SOT  participated in data gathering. OSS wrote the first draft, did 

data analysis and wrote the discussion and conception of the paper 

under the supervision of LUSE and PNU who also read through the 

manuscript. All authors read and approved the final article. 

 

 

Acknowledgments 
 

The authors wish to acknowledge MR4/American Type Culture 

Collection for providing the malaria parasite Plasmodium berghei 

Q: (N1923) MRA-410 contributed by Wallace Peters and Brian L. 

Robinson used in the study. The authors also acknowledge Mr  

Alfred Ozioko of Bioresources diversity and Consevation 

Programme, Nsukka for plant identification. 

 

Conflict of interest  
 

The authors declare that they have no competing interests. 

 

 

Article history:  

Received: 21 December 2018 

Received in revised form: 04 January 2019 

Accepted: 04 January 2019 

Available online: 04 January 2019 

 

 

References 
 

1. Girard MCP, Reed ZH, Friede M, Kieny MP. 2006. A Review Of 

Human Vaccine Research And Development: Malaria J., 2:1567-

1580. 

2. White NJ. 2008. The role of anti-malarial drugs in eliminating 

malaria:Malaria J. 7 (Suppl. 1), S8. 

3. Sharma P, Mohan L, and Srivastava CN. 2005. Larvicidal 

potential of  Nerium indicum and Thuja orientalis extracts against 

malaria and Japanese encephalitis Vector. J. Environ. Biol., , 26: 

657-660.  

4. Batista R, Silva Ade JJ, De Oliveira AB. 2010. Plants derived 

antimalaria agents: new leads and efficient phytomedicines. Part 

II None alkaloidal natural products. Molecules, 14(8):3037-3072 

5. Petersen I, Eastman R, Lanzer M. 2011. Drug resistant Malaria: 

molecular mechanisms and implications for public health. FEBS 

letters, 585 :1551-1562 

6. Jambou R, Legrand E, Niang M, Khim N, Lim P, Volney B, 

Ekala, M.T, Bouchier,C., Esterre P, Fandeur T, Mercereau-



Ogundapo et al. Investigational Medicinal Chemistry and Pharmacology 2019 2(1):22                                                                        Page 7 of 7 
 

Puijalon O. 2005. Resistance of Plasmodium falciparum field 

isolates to in-vitro artemether and point mutations of the 

SERCA-type PfATPase6. Lancet, 366: 1960–1963 

7. Adegbolagun OM, Emikpe BO, Woranola IO, Ogunremi, Y. 

2013. Synergistic effect of aqueous extract of Telfaria 

accidentalis on the biological activities of Artesunate in 

Plasmodium berghei infected mice. African Health Sciences, 13 

(14). 970-976 

8. Onwuliri FC and Wonang DL. 2005. Studies on the combined 

antibacterial action of ginger (Zingiber officinale, L.) and garlic 

(Allium sativum. L) on some bacteria. Nig. J. Botany, 18: 224 – 

228. 

9. Wheaton AG, Blank HM, Gizlice Z and Reyes M. 2000. 

Medicinal herb use in a population-based survey of adults: 

prevalence and frequency of use, reason for use and use among 

their children. Ann. Epidemiol., 15: 678 – 685. 

10. Singh RK, Singh A, Sureja AK. 2007. Sustainable use of 

ethnobotanical resources. Indian Journal of Traditional 

Knowledge, 6: 521-530.  

11. Patel JP,  Gami B and Patel K. 2010.  Evaluation of in vitro 

schizonticidal properties of acetone extract of some Indian 

medicinal plants. Advances in Biological Research, 4(5):253-

258.  

12. Ukwe CV, Ekwunife OI, Epueke EA,  Ubaka CM. 2010. Anti 

malaria activity of Ageratum conyzoides in combination with 

chloroquin and artesunate. Asian pacific Journal of Tropical 

Medicine, 943-947 

13. Iwalokun BA. 2008. Enhanced antimalarial effects of 

chloroquine by aqueous Vernonia amygdalina leaf extract in 

mice infected with chloroquine resistant and sensitive 

Plasmodium berghei strains. J. African Health Sci., 8(1): 25-35. 

14. Fidock DA, Rosenthal PJ, Croft SL, Brun R, Nwaka S. 2004. 

Antimalarial drug discovery: efficacy models for compound 

screening. Nat. Rev. Drug Discov. 3: 509-520. 

15. Dame ZT,  Petros B, Mekonnen Y. 2013. Evaluation of anti-

Plasmodium berghei activity of crude and column fractions of 

extracts from Withania somnifera. Turkish Journal of Biology, 37: 

147-150 

16. Ogundapo SS, Ezeanyika LUS, Uzoegwu PN, Soniran OT, 

Okoro DO, Okoronkwo I,     Okoro J A, Okochi P.C. 2015. 

Evaluation of Moringa oleifera as antimalarial agent in control of 

malaria. Nigerian Journal of Parasitology, 36: (1): 22-27 

17. Sofowora A. 1982. Medicinal plants and traditional medicine in 

Africa. (1
st
 edn).  John and Sons publisher, Chichester, New 

York., Pp 256 

18. Trease GE and Evans WC. 2002.  Pharmacognosy. 15
th
 Ed. 

Saunder Publishers, London, pp 42 -44, 221 -229, 246 – 249, 

404 -306, 331-332, 391-393. 

19. Harborne JB. 1973. Phytochemical Methods; A Guide to 

Modern Techniques of Plant  Analysis. Chapman and Hall Ltd, 

London, p 279.     

20. Reitman S and Frankel S. 1957. A colorimetric method for the 

determination of serum glutamic oxaloacetate and glutamic 

pyruvic transaminases. Am. J. Clin. Pathol. 28:56-62.  

21. Giugliani R, Dutra-Filho CS, Pereira MLS, and Enk V. 1985. 

Use of the urine uric acid to creatinine ratio for the detection of 

disorders of purine metabolism: normal values among 0 to 12 

year old children. Brazilian Journal of Genetics, 8(2): 421 – 425.  

22. Vijayalakshmi T, Muthulakshmi V, Sachdanandam P : Toxic 

studies on biochemical parameters carried out in rats with 

Serankottai nei, a siddha drug–milk extract of Semecarpus 

anacardium nut. Journal of Ethnopharmacology 2000,69: 9 – 15.  

23. Ayodele E and Oyedele T E. 2014. Estimation of stress 

induced malaria parasite infection and effect of anti malaria 

drugs on stress index, lipid profile in uncomplicated acute 

malaria. American Journal of Clinical Medicine Research, 2(5). 

87-98 

24. Freundlich JS, Anderson JW, Sarantakis D, Shieh HM, Yu M, 

Valderramos JC,Lucumi E, Kuo M, Jacobs WRJ, Fidock DA, 

Schiehser GA, Jacobus DP,Sacchettini JC. 2005. Synthesis, 

biological activity andX-ray crystal structural analysis of diaryl 

ether inhibitors of malarial enoyl acyl carrier protein reductase: 

part 1: 4′-substituted triclosan derivatives. Bioorg Med Chem 

Lett,15:5247–5252. 

25. Chikezie PC and Okpara RT. 2013. Serum lipid profile and 

hepatic dysfunction in moderate Plasmodium falciparum  

infection.Journal of Public Health and Epidemiology, 5(9): 379-

384 

26.  Burtis CA, Ashwood ER, 1996.  Tietz Fundamentals of clinical 

chemistry. W.B. Saunders, Philadelphia, 598-650.  

27. Guyton AC, Hall JE. 2001. Textbook of Medical Physiology. 

Tenth Edition. Harcourt International Edition. Published by W.B. 

Saunders Company, Philadelphia, Pennsylvania, pp. 377-455 

28.  Amet S, Zimner-Rapuch S, Launay-Vacher V, Janus N, Deray 

G. 2013. Malaria prophylaxis in patients with renal impairment: a 

review. Drug, 36:83–91 

29. Adekunle AS, Adekunle OC, Egbewale BE. 2007. Serum status 

of selected biochemical parameters in malaria: An animal model. 

Biomed. Res, 18(2):109-113. 

30. Durgut R, Dalkilin CD, Güze M. 2012. Evaluation of the serum 

lipid profiles in dogs with symptomatic Visceral Leishmaniasis. 

Kafkas University of Vetinary Fak Derg.,18(4).585-588. 

31.  Baptista JL, Vervoort T and Van der Stuyft P. 1996. Changes 

in plasma lipid levels as a function of Plasmodium falciparum 

infection in São Tomé. Parasite,3 (4):335-340. 

 
 

 

 


