
 

1 

 

Chemotherapeutic Interaction of Vernonia amygdalina (delile) Leaf Extract with 

Artesunate and Amodiaquine in Murine Malaria Model 

 

ABSTRACT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords: Chemotherapeutic Interaction; Murine Malaria Model; Vernonia amygdalina,; Artesunate;  

 

 

1. INTRODUCTION  

 

World Malaria Report (2018) documented that malaria is most prevalent in tropical countries 

involving over 219 million cases and 435,000 estimated deaths, with high vulnerability being among 

children under five and pregnant women [1]. The sub-Saharan African Region bears the bulk of morbidity 

and mortality from malaria, with West African countries accounting for a larger percentage of malaria 

cases and deaths [1].The advocacy for Artemisinin-Based Combination Therapies (ACTs) such as 

artesunate-amodiaquine as the standard practice in malaria chemotherapy, has globally reduced 

estimates of malaria cases and related deaths [2]. However, recently, the detection of resistance of P. 

falciparum to artemisinin in Southeast Asia, is threatening the gains recorded in combating 

Aim of the study: Conventional antimalarial drugs are used concurrently with herbal remedies in 

malarial endemic developing countries.Vernonia amygdalina is one of such popular herbs used in 

the treatment of malaria. This study aimed at investigating the antimalarial chemotherapeutic 

interaction of Vernonia amygdalina (VA) when combined with Amodiaquine (AQ) and/or 

Artesunate (AS) in a murine Plasmodium berghei malaria model. 

Methodology: Various doses of aqueous VA leaf extract (100-500 mg/kg/day), AQ (2-10 

mg/kg/day) and AS (0.8-4 mg/kg/day) wereadministered orally to P berghei.-infected Swiss albino 

mice to determine their sub-therapeutic doses. These doses were subsequently used to 

investigate the chemotherapeutic interactions of VA with AQ and/or AS in both early and 

established malaria infection test models. The survival of animals with established infections that 

received different drug/herb treatments were determined using their mean survival time (days) and 

Kaplan-Meier survival curves (percentage). Using GraphPad Instat (version 3.10) and Prism
R
 

(version 5.01) the data obtained were subjected to One-way ANOVA, followed by Student-

Newman-Keuls test. P< .05 was considered statistically significant. 

Results: The sub-therapeutic doses of VA, AQ and AS were found to be 100 mg/kg, 2 mg/kg and 

2.4 mg/kg, respectively. The chemosuppressive effect of AQ or AS was significantly increased (p< 

0.05) when administered in combination with the VA extract. Similarly, combination of VA extract 

with AQ or AS resulted in significant (P < .05) parasite clearance when compared to the effects of 

the herb or the conventional drugs administered separately. The mean survival period ofanimals 

with established infection was also significantly enhanced by the VA alone or with AQ(or AS) 

compared to placebo.  

Conclusion: This study concluded that the concurrent administration of VA extract with either AQ 

and/or AS resulted in enhancement of the antimalarial efficacy of the conventional drugs. 

 



 

 

malaria[1].This worrisome emergence of P. falciparum resistance at the Cambodia-Thailand border has 

raised the possibility that malaria parasites strains that are resistant to ACTs and other combination 

therapies may have evolved [3]. The reported incidence of decrease in malaria parasite sensitivity to the 

ACT drugs is of great concern and this could be devastating for malaria global control. Thus, the need to 

explore novel antimalarial drugs has become a necessity due to the alarming rate at which P. falciparum 

has developed resistance to old antimalarial drugs as well as other newer synthetic antimalarial drugs [4]. 

Historically, plants as major source of drugs have produced two important antimalarial drugs, 

namely quinine and artemisinin, both of which are chemical leads to several synthetic antimalarial drugs 

[5]. Herbal products are increasingly being employed as a class of agents used in malaria chemotherapy. 

Although several factors such as clinical efficacy and safety, preparations, dosages and consensus 

among traditional healers are still not fully documented, theavailability, accessibility and affordability of 

several herbal antimalarial products have led to their wide usage in treating malaria [6].Vernonia 

amygdalina (Delile), (commonly called bitter leaf) belongs to the Asteraceae family and itgrows 

throughout tropical Africa [7]. The antimalarial effects of Vernonia amygdalina have been extensively 

reported by several authors [8, 9, 10, 11]. Vernonia amygdalina was also listed as one of the herbal 

antimalarial with proven efficacy in an overview of herbal antimalarial products that have undergone some 

form of clinical trials [12].  

In malaria endemic regions, the common practice of co-administration of orthodox malaria 

medicines with herbs, is usually accompanied by a variety of therapeutic implications [11].  A prevalence 

study carried out in Nigeria, revealed that this practice of concurrent use of conventional antimalarial 

drugs with antimalarial herbal therapies was not only done by the poor and illiterate but also by the rich 

and highly educated people [13]. Additive, synergistic, and/or antagonistic 

pharmacodynamic/pharmacokinetic interactions may result from co-administration of herbal products with 

conventional drugs.It is therefore important to evaluate the interaction between common herbs used in 

the management of malaria and some of the conventional antimalarial drugs.Given the facts that 

Vernonia amygdalina is a commonly used antimalarial herb with a verified and reported clinical efficacy, it 

was found necessary to investigate the therapeutic outcome of concurrent administration of the herb with 

some commonly used orthodox antimalarial drugs.  The present study, therefore, evaluated the in vivo 

antimalarial activities of aqueous leaf extract of Vernonia amygdalina when administered alone or in 

combination with amodiaquine and/or artesunate in a murine Plasmodium berghei malaria model. 

 

2. MATERIAL AND METHODS  

 

2.1 Experimental Animals and Parasite 

Animals used in this study were adult male and female wistar mice (18-22 g) obtained from the 

animal house, Department of Pharmacology, Faculty of Pharmacy, Obafemi Awolowo University, Nigeria. 

The animals were kept in cages (MEDIWISE, India), which were housed in a well-ventilated animal 

houseand were allowed to acclimatize for 7 days prior to the commencement of the experiment. They 

were allowed access to commercial food pellets (Premier Feed Mills, Nigeria) and waterad libitum 

throughout the duration of the experiment. The “Principle of Laboratory Animal Care” (NIH publication No 



 

 

85-23) guidelines and procedures were followed in the study [14].Donor mice obtained from the Institute 

of Advanced Medical Research and Training (IAMRAT), University of Ibadan, Nigeria, were produced by 

inoculating fresh mice with0.2 ml of un-quantified  chloroquine-sensitive (Plasmodium Berghei 

NK65)parasitized blood, and the animalswere allowed to develop parasitaemia. The presence of 

parasitemia was established by microscopic examination of a thin blood film. Each Experimental mouse 

was then injected with infected blood suspension (0.2 ml) containing about 1x10
7
 suspension of P. 

berghei parasitised red blood cells.  

 

2.2 Drugs 

The antimalarial drugused was Camoquin plus
® (

Pfizer, Nigeria) which contains separate packs of 

Amodiaquine Suspension and Artesunate Powder, and this was purchased from a reputable local 

Pharmacy. 

 

2.3Collection, Preparation and Extraction of Vernonia amygdalina Leaf  

Fresh leaves of V. amygdalina (Asteraceae) were collected, botanically identified and 

authenticated in the Department of Pharmacognosy, Faculty of Pharmacy of Obafemi Awolowo 

University, Nigeria. The voucher specimen with the number FPI 2229 (FPI included in the online edition of 

Index HerbariorumObafemi Awolowo University, Nigeria) was deposited in the herbarium of the same 

Department of Pharmacognosy of the University. The leaves were air dried for seven days and 

pulverised, after which five hundred grams (500 g) of the powder was macerated in 2 L of distilled water 

for 72 hours. The filtrate was freeze-dried using a freeze dryer (Edward Pirani 10 lyophiliser, UK) for 3 

days and the freeze dried extract was stored in sterile bottles at 4
0
C. This was subsequently reconstituted 

with normal saline to designated doses before use. 

 

2.4 Determination of Sub-therapeutic Doses of V. Amygdalina, Amodiaquine and 

Artesunate 

 

The four-day Peter’s chemosuppressive test, as modified by Anagu et al. [15] was employed. 

Briefly stated, all the mice tested received, by intraperitoneal (I.P) route, standard inoculum sizes of 1 x 

10
7
 chloroquine-sensitive Plasmodium berghei infected erythrocytes at the commencement of the 

experiment. Single oral doses of the test drugs or extract were administered to the animals 3 hours after 

each inoculum for four consecutive days. A range of five oral doses of V. amygdalina leaf extract (100, 

200, 300, 400 and 500 mg/kg/day), Amodiaquine suspension (2, 4, 6, 8 and 10 mg/kg/day) and 

Artesunate solution (0.8, 1.6, 2.4, 3.2 and 4 mg/kg/day) were given separately to fifteen groups 

(n=5/group. Five groups for each drug/herb). For the negative control, a separate group (n=5) received 

normal saline (10 µL/g body weight/day). Thin blood smears were made from the tail of each mouse on 

days 4 and 7 following drug administration to evaluate the parasite density in each test mouse. The 

parasite density/µL for each test mouse was estimated by counting 200 white blood cells/µL and the 

number of parasitised red blood cells against the white blood cells counted was noted and multiplied by 

the median standard total white blood cells count in mice (6500) [16]. 



 

 

The calculation of the parasite densities was done using the equation (1) below: 

 

  (1) 

 

AveragePercentage Chemosuppression was calculated using the equation (2) below:    

                                                             (2) 

 

Where A is the Average Parasite Density of the Negative Control Group; B is the Average Parasite 

Density of the Test Group. 

The minimum doses of V. amygdalina leaf extracts, artesunate and amodiaquine that caused at 

least a 30% reduction in parasite density on days 4 post-infection were regarded as the sub-therapeutic 

doses.  

Disposal of dead mice was by incineration at a waste disposal site.No in vivo toxicity was 

determined for the herbal extract as this was not part of the objectives of this study 

 

2.5 Assessment of Effects of V. amygdalina extract and its Combination with 

Artesunate and/or Amodiaquine on parasite density in Early Infection 

 

The determined sub-therapeutic doses were combined to assess their antimalarial effects on 

parasite density using the four-day Peter’s chemosuppressive test as earlier described. Infected mice 

were separated into eight groups (n=5/group) and treatments were administered as follows;  

Groups I, II and III: Received the sub-therapeutic doses of V. amygdalina (VA), amodiaquine (AQ) 

 and artesunate (AS) respectively;  

Group IV: Received the sub-therapeutic dose of V. amygdalina (VA) in combination with the sub-

therapeutic dose of AQ;  

Group V: The sub-therapeutic dose of V. amygdalina (VA) was combined with sub-therapeutic  

dose of AS;  

Group VI: The sub-therapeutic dose of V. amygdalina (VA) in combination withsub-therapeutic 

doses of AQ+AS; 

 Group VII:  Sub-therapeutic doses of AQ+AS only; 

 Group VIII: Received normal saline which served as the negative control group. 

The sub-therapeutic doses of VA, AQ and AS were earlier found to be 100 mg/kg, 2 mg/kg and 2.4 

mg/kg, respectively. 

 

 Parasite densities and average percentage chemosuppression were calculated.  

 

2.6 Assessment of Effects of V. amygdalina and its Combination with Artesunate 

and/or Amodiaquine on parasite density in Established Infection 

 

Parasite density /µL =      Parasite counted 
 
 WBCs counted 

X 6500 

A – B 
   A 

X 100 



 

 

The Curative test was carried out according to the method described by Ryley and Peters 

[17].Each mouse was inoculated with 1x10
7
Plasmodium berghei infected erythrocytes on the first day of 

the experiment (Day 1).The mice were not treated until the parasitaemia was developed and established. 

On day 4 (72 hours after inoculation), the mice were treated orally with the extract and the drug, singly 

and in combinations.All the animals were treated daily for five days. Eight groups (n=5) of infected mice, 

as described for the early malaria infection test were also used. Thin blood smears from each mouse tail 

were made daily for 5 days (D4-D8) post-infection to monitor the parasite density of each test mouse. The 

parasite density was then calculated using the equation described earlier.  

The average percentage curative effects of each treatment group was calculated using the 

equation (3) below.  

                                                                                                             (3) 

 

Where A is the Average Parasite density of the negative control group; B is the average Parasite 

density of the test group. 

 

2.7 SurvivalPeriod Determination 

 

After the five days of drug and/or herbal extract administrations, the animals were monitored for 

28 days and the number of deaths and survival for each group during this period were recorded. The 

mean survival time for each group was determined. Also, Kaplan-Meier survival curves were plotted so as 

to estimate percentage survival of the animals for each group. 

 

2.8 Statistical Analysis 

 

The data were analysed using GraphPadInstat (version 3.10) and Prism
R
 (version 5.01). The 

One-way analysis of variance (ANOVA), followed by Student-Newman-Keuls tests were used to compare 

data, and a value of P< .05 was considered statistically significant. 

 

 

3. RESULTS  

 

3.1 Determination of Sub-therapeutic Doses of V. amygdalina, Amodiaquine and 

Artesunate. 

 

The antimalarial effectsof different doses of V. amygdalina (VA), amodiaquine (AQ) and artesunate (AS) 

on parasite density on days 4 and 7 post-treatment arepresented in Tables 1, 2 and 3, respectively. Dose 

dependent chemosuppression was observed for each of the treatments. The combination ofAQ and AS 

resultedin 100% Chemo-SuppressionEffect (CSE) on day 7. The sub-therapeutic doses of VA, AQ and 

AS were found to be 100 mg/kg, 2 mg/kg and 2.4 mg/kg, respectively. These sub-therapeutic doses were 

A – B 
   A 

X 100 



 

 

used to assess the chemotherapeutic interaction of V. amygdalinawith the conventional antimalarial drugs 

in subsequent combination treatments. 

TABLE 1:Antimalarial activities of extract of V. amygdalina (VA) leaf extract at different 
doses in an early malarial infection in mice 

Dose of V. amygdalina  
(mg/kg/day) 

Average % CSE ± SEM (Day 
4) 

Average % CSE ± SEM (Day 
7) 

100 34.14 ± 6.6
a,b,c,d

 
 

51.84 ± 5.0
a,b,c

 
 

200 39.25 ± 8.2
e
 

 
61.49 ± 5.7

d 

 

300 47.57 ± 6.2
a 

 
64.95 ± 4.7

a
 

 

400 51.11 ± 7.6
b 

 
68.63 ± 5.0

b
 

500 53.96 ± 6.8
c,e

 
 

70.87 ± 5.7
c
 

 

Normal saline 0.00  
 

0.00  
 

 

Values with the same superscript letters on days 4 and 7 respectively are significantly different (P < .05) while 

values with different superscript letters are not significantly different (P > .05) 

 

 

 

 

TABLE 2:Antimalarial activities of Amodiaquine (AQ) at different doses in an early 
malarial infection in mice 

Dose of 

Amodiaquine(mg/kg/day) 

Average %  CSE ± SEM 

(Day 4) 

Average %  CSE ± SEM 

(Day 7) 

2 42.12 ± 5.4
a,b,c,d

 78.05 ± 2.0
a,b,c,

 

4 66.75 ± 3.4
d
 83.71± 2.1

d,f
 

6 69.95 ± 5.0
c
 89.86 ± 2.1

a,c,
 

8 72.15 ± 5.0
b
 99.01± 0.3

,c,d
 

10 74.42 ± 3.4
a
 100 ± 0.0

a,f
 



 

 

 

 

 

 

Values with the same superscript letters on days 4 and 7 respectively are significantly different (P < .05) 
while values with different superscript letters are not significantly different (P > .05)   
   

 
TABLE 3:Antimalarial activities of Artesunate (AS) at different doses in an early malarial 

infection in mice 
 

Dose of 

Artesunate(mg/kg/day) 

Average % CSE ± SEM 

(Day 4) 

Average % CSE ± SEM  

(Day 7) 

0.8 18.89 ± 4.9
a,b,c

 48.38 ± 2.0
a,b,c

 

1.6 22.92 ± 9.6
d,e

 63.69 ± 3.3
a,b,c

 

2.4 53.32 ± 6.6
a,b,d

 75.54 ± 2.8
b,c

 

3.2 80.47 ± 2.4
a,d

 99.01 ± 0.4
b
 

4 86.32 ± 1.6
b,e

 100 ± 0.0
c
 

Normal saline 0.00  0.00  

 

Values with the same superscript letters on days 4 and 7 respectively are significantly different (P < .05) 
while values with different superscript letters are not significantly different (P > .05) 
     

 
3.2 Effects of V. amygdalina and its Combination with Artesunate and/or 

Amodiaquine on parasite density in Early Infection 
 

The antimalarial effects of sub-therapeutic doses of V. amygdalina (VA), amodiaquine (AQ) and 

artesunate (AS) when administered individually and in combinations on parasite density in early malaria 

infection are shown in Table 4.Significant (P = .01) parasite reductions were observed with concurrent 

administrations of the sub-therapeutic doses of VA (100 mg/kg) with AQ (2 mg/kg) orwithAS (2.4 mg/kg) 

at day 4 post-infection in comparison with the effects of administering the extract or drug alone.For 

example, VA+AQ demonstrated 77.82% chemosuppressive effect (CSE) which was significantly (P =.01) 

higher when compared with the individual administrations of AQ (50.91%) or VA (36.15%). Similarly, the 

CSE of VA+AS (85.98%) was significantly (P =.01) higher compared to the effects of AS (61.64%) or VA 

alone. Significant differences (p<0.05) in the CSE values were also demonstrated on the day 7 post-

infection, however, the magnitude of differences was less than that observed at day-4. Both 

combinations, VA+AQ+AS and AQ+AS gave 100% chemosuppression. 

Normal saline 0.00  

 

0.00  

 



 

 

 

 

TABLE 4:Chemosuppressive Effect of V. amygdalina (VA) and its Combination with 
Amodiaquine (AQ) and/or Artesunate (AS) in an early malarial infection in mice 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

a
VA+AQEffect is significantly higher (p<0.05) than that of AQ alone or VA alone 

 
b
VA+AS effect is significantly higher (p <0.05) thanthat of AS alone or VA alone 

 
 
 

3.3 Effect of V. amygdalina and its Combination with Artesunate and/or Amodiaquine on 
parasite density in Established Infection 
 

The results of the antimalarial effects of the separate and concurrent administrations of V. 

amygdalina (VA), amodiaquine (AQ) and artesunate (AS) in established infection are presented in Table 

5. Only the combination of VA+AQ showed a significant (P =.05) increase in the curative effectsat the 

days 4 and5of treatment when compared to the effects of treatment with VA or AQ alone. Also, VA 

enhanced the curative effect of AS at treatment days 4 and 5, but the enhancements were not significant. 

 
 
 
 
 
 
 
 

Dose of drugs 

(mg/kg/day) 

Average % CSE ± SEM  

(Day-4) 

Average % CSE ± SEM 

(Day 7) 

VA(100) 36.15 ± 7.8
a,b

 59.78 ± 5.4
a,b

 

AQ(2) 50.91± 6.1
a
 82.61 ± 2.8

a
 

AS(2.4) 61.64 ± 4.3
b
 87.21± 2.7

b
 

VA+AQ 77.82 ± 1.7
a
 97.53 ± 0.5

a
 

VA+AS 85.98 ± 1.4
b
 98.62 ± 0.3

b
 

VA+AQ+AS 100 ± 0.0 100 ± 0.0 

AQ+AS 98.13 ± 0.5 100 ± 0.0 

Normal saline   0.00  0.00  



 

 

 
 

Table 5: Curative Effect of V. amygdalina (VA) and its Combination with Amodiaquine 
(AQ) and/or Artesunate (AS) in Established Infection 

 

Dose 

(mg/kg/day) 

                Parasite Clearance (%)  

DAYS OF TREATMENT 

Day 2 Day 3 Day 4 Day 5 

VA(100) 14.11 ± 4.6 28.57 ± 3.4  38.92 ±  3.7
a
 49.62 ± 3.3

b
 

AQ(2) 29.55 ± 4.2 53.76 ± 2.7 67.73 ± 3.0
a
 78.44 ± 3.4

b
 

AS(2.4) 34.04 ± 6.2 66.25 ± 2.1 76.64 ± 1.3 86.88 ± 4.1 

VA+AQ 31.98±3.9 62.60 ± 5.4 79.26 ± 2.4
a
 90.03 ± 4.9

b
 

VA+AS 30.23 ± 4.1 61.71 ± 4.1 79.83 ± 3.0 91.85 ± 1.3  

VA+AQ+AS 60.47 ± 1.9 90.88 ± 1.4 98.54 ± 0.4 100 ± 0.0  

AQ+AS 58.77 ± 5.4 88.73 ± 1.8 97.39 ± 0.5 100 ± 0.0  

N. Saline  0.00  

 

0.00 

 

0.00 

 

0.00 

 

   
a
VA+AQeffect is significantly higher (p <0.05) than effect of VA or AQ alone at day-4 of treatment. 

 
b
VA+AQis significantly higher (p <0.05) than effect of VA or AQ alone at day-5 of treatment. 

 
 

 

In the experiment to determine the mean survival period of the animals with established infection, VA 

alone or with its different combinationssignificantly prolonged the survival of animals when compared with 

normal saline (Table 6).Combination of VA with the conventional antimalarial drugs did not result in 

enhancement of the duration of survival compared to the effect of the synthetic drugs alone. 

Figure 1 shows the survival percent observed in the various treatment groups. Thetreatment group of 

VA+AQ+AShad the highest survival rate and this was comparable to the effect of AQ+AS treatment.  

 
 
 
 
 
 
 
 
 



 

 

Table 6 Mean survival time of V. amygdalina (VA) and its Combination with Amodiaquine 
(AQ) and/or Artesunate (AS) in Established Infection 

 

Treatment (Dose) (mg/kg/day) Mean ± SEM of Survival Time 

(days) 

VA(100) 19 ± 1.3
b
 

AQ(2) 23 ± 2.7
 b

 

AS(2.4) 21.8 ± 2.9
 b

 

VA+AQ 22.2 ± 2.5
 b

 

VA+AS 20.8 ± 2.4
 b

 

VA+AQ+AS 26.4 ± 1.6 

AQ+AS 26.4 ± 1.6 

N. Saline  13 ± 1.4
a
 

Mean with different superscripts are significantly different from each other (P<0.05) 
 

 
Fig. 1. Percentage Survival of Animals in Established Infection using the Kaplan-Meier 

Survival Curve 

 

4. DISCUSSION 

 
The incidence of concurrent use of orthodox antimalarial drugs with herbs is on the rise [11, 13]. 

Therefore, the need to assess and verify the nature of herb-drug interaction [18] that could be emanating 



 

 

from this practice has become essential. In this study, it was considered necessary to investigate the 

effect of a possible antimalarial chemotherapeutic interaction of V. amygdalinaaqueous leaf extract 

because its antimalarial effects have been reported by several authors [8, 9, 10]. This is coupled with 

clinical trial report of positive intervention with V. amygdalina aqueous leaf extract in malaria treatment 

[11]. In the study [11], freshly made infusion of V. amygdalinaadministered daily for 7 days demonstrated 

that the herb seems to be safe and moderately clinically effective for malaria treatment.   

The level of parasite infection in this study was expressed as the number of parasites per 

microlitre of blood (parasite density), rather than the usual percentage parasitaemia as this approach 

appears to have gained a wider clinical application [11, 19]. Parasite density expresses the level of 

infection and response to treatment and is defined as the measure of asexual parasites per microliter of 

blood (parasites/µl).  

The highest dose per day of VA was set at 500 mg/kg based on previous studies [9, 11]. In the 

present study, the inability of VA to achieve complete chemosuppression (Table 1) even at the highest 

dose may suggest that a longer duration of administration is required.That the malaria chemotherapeutic 

efficacy of VA extractmay depend on its duration of administration was corroborated by Challand and 

Willcox [11] based on their observation of recrudescence in patients treated with VA for 7 Days.  This 

incomplete parasite suppression bythe aqueous extract of VA as observed in this study is also in 

agreement with the report ofAbosi and Raseroka where the antimalarial activity of ethanol leaf extract of 

VA at different doses (125, 250, 500 mg/kg) showed a dose dependent effect without complete parasite 

suppression/clearance [9].  

The Chemosuppressive effects (CSE) of the selected doses of AQ were dose dependent (Table 

2) and this is consistent with the observations reported by Adepitiet al. in which AQ was used in 

combination with a herbal antimalarial product -MAMA decoction[20]. It is not surprising that AQ (10 

mg/kg) and AS (4 mg/kg) exhibited 100% CSE on day 7 post-infection (Tables 2 and 3) since their 

antimalarial efficacies at these dosages are well documented [21]. In early malaria infection, the 

significantly higher CSE of AQ and AS when combined separately with VA suggests additive effect and 

this is in consonance with the results of a study which showed that the combination of VA and 

chloroquine resulted in a CSE that was higher than that of chloroquine alone [22].  

 In established malaria infection, the parasite clearance of AS when administered alone was not 

significantly (P >0.05) different from that of its combination with VA on all treatment days, confirming the 

rapid cure rate of AS in malaria infection [23]. On the other hand, the significantly increased parasite 

clearance effect of VA in combination with AQ also confirms the additive effect of VA when administered 

concurrently with AQ. 

Although VA administration,compared to treatment with placebo (normal saline)significantly prolonged the 

duration of survival of the animals with established infection (Table 6), the complete absence of any 

survival after 28 daysof monitoring suggests that the herbal extract should not be administered alone in 

malaria therapy especially for a short duration. This supports the suggestion by Challand and Willcox 

[11]of the need to study the antimalarial efficacy of VA extract for a longer duration.High survival rates of 

animals recorded in groups treated with VA+AQ+AS and AQ+AS, were not surprising as both 

combinations gave complete parasite clearance affirming the proven efficacy of the amodiaquine-



 

 

artesunate combination[23].The mice that received normal saline only survived for a short time compared 

to those receiving drugs (Table 6) since normal saline serves as a negative control with no antimalarial 

activity.The low survival percentage observed in other treatment groups may have emanated from the 

recorded incomplete parasite clearance, which may have led to recrudescence and eventual death.A 

similar observation of a low percentage survival of infected animals despite sustained clearance of 

parasitemia by amodiaquine has been previously reported [24]. As observed in the present study, despite 

the 100% parasite clearance observed in animals treated with VA+AQ+AS and AQ+AS, the survival rate 

was less than 100%. A lower percentage survival relative to a 100% parasite clearance can be 

attributable to the fact that the virulence factors already released or tissue/organ damages already 

caused by parasites can still result in the death of some of the infected animals even after complete 

clearance of the parasites [25, 26]. It is reported that sequestration of red blood cells infected with the 

plasmodium parasite within microvasculature of organs including the brain is an important mechanism for 

malaria pathogenicity in humans and rodent malaria models[27]. Therefore, although the P. berghei 

rodent model is adjudged an adequate tool for research on malaria chemotherapy [27], studies in humans 

are still required to verify and confirm results from animal studies. 

 Overall, concurrent administrations of V. amygdalina with amodiaquine and/or Artesunate result in 

significant enhancement of the efficacies of these orthodox antimalarial drugs. This may be an approach 

towards overcoming development of resistance to malaria parasites by these drugs.  

 

 

5. CONCLUSION    

 
This study concluded that the co-administration of V. amygdalina aqueous leaf extract with either 

amodiaquine and/or artesunate is associated with significant enhancement of the antimalarial efficacy of 

the orthodox drugs. This study further demonstrates the potential benefits in combining conventional 

antimalarial drugs with herbal products.The reported efficacy of the amodiaquine-artesunate combination 

compared to the administration of the individual component drug alone was also underscored in this 

study. This investigation also buttresses the need for further exploration of antimalarial herb-drug co-

administration. 

 
Ethical Approval: 
 
As per international standard or university standard, ethical approval has been collected and preserved 
by the authors. 
 
 

REFERENCES 
 

1. World malaria report. World health organisation. Geneva. 2018. Accessed 5, May, 2019. 
Available at (http://www.who.int/malaria/publications/world-malaria-report-2018/en/)  

2. World Health Organization. Malaria parasite counting. World health organisation; 2016. 

3. Dondorp AM, Nosten F, Yi P, Das D, Phyo AP, Tarning J, et al. Artemisinin resistance 
in Plasmodium falciparum malaria. The New England Journal of Medicine. 2009; 361:455-467. 

http://www.who.int/malaria/publications/world-malaria-report-2018/en/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dondorp%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19641202


 

 

4. Bhat GP, Surolia N. In vitro antimalarial activity of extracts of three plants used in the traditional 
medicine of India. American Journal of Tropical Medicine and Hygiene, 2001; 65(4): 304-308. 
 

5. Sha A, Oguche S, Watila I, Ikpa T. In vitro antimalarial activity of the extracts of Vernonia 
amygdalina  commonly used in traditional medicine in Nigeria. Science World Journal, 2011;  
6(2), 5–9. 
 

6. Willcox ML, Bodeker G. Traditional herbal medicines for malaria. British Medical Journal. 2004; 
329(7475):1156-1159. https://doi.org/10.1136/bmj.329.7475.1156 
 

7. Ijeh I, Ejike C E C C. Current perspectives on the medicinal potentials of Vernonia 
amygdalinaDel. Journal of Medicinal Plants Research. 2011; 5(7):1051–1061.  

8. Masaba SC. The antimalarial activity of Vernonia amygdalina Del. (Compositae). Transactions 
Royal Society of Tropical Medicine and Hygiene. 2000; 94:694-695. 

9. Abosi AO, Raseroka BH. In vivo antimalarial activity of Vernonia amygdalina. British Journal of 
Biomedical Science. 2003; 60(2):89–91.  

10. Tona L, Cimanga RK, Mesia K, Musuamba CT, De Bruyne T, Apers S, Hernans N, Van Miert 
S, Pieters L, Totté J, Vlietinck AJ. In vitro antiplasmodial activity of extracts and fractions of seven 
medicinal plants used  in the Democratic Republic of Congo.Journal of Ethnopharmacology. 
2004; 93:27-32. 

11. Challand S, Willcox MA. Clinical Trial of the Traditional Medicine Vernonia amygdalina in the 
Treatment of Uncomplicated Malaria. The Journal of Alternative and Complementary Medicine. 
2009. 15(11):1231–1237.  

12. Onyeji CO, Igbinoba SI, Olayiwola G, Adehin A. Insight into clinically effective herbal antimalarial 
products: Effects on drug metabolizing enzymes and p-glycoprotein. African Journal of Pharmacy 
and Pharmacology. 2017; 12(48):591-613. 
 

13. Adibe MO. Prevalence of concurrent use of herbal and synthetic medicines among outpatients in 
a mission hospital in Nigeria. International Journal of Drug Development and Research; 2009; 
1(1): 60-66. 
 

14. NIH. Guidelines for the care and use of laboratory animals. National Academic Press, NIH 
Publication. 1996: 85: 23. 

15. Anagu OL, Attama AA, Okore VC, Gugu HT, Ngene AA, Esimone CO. Azadirachta indica extract-
artesunic acid combination produces an increased cure rate of Plasmodium berghei-infected 
mice. Pharmaceutical Biology. 2014; 52:883–889. 

16. O’Connell KE, Mikkola AM, Stepanek AM, Vernet A, Hall CD, Sun CC, Brown DE. Practical 
murine hematopathology: A comparative review and implications for research. Comparative 
Medicine. 2015; 65(2):96–113. 

17. Ryley JF, Peters W.The antimalarial activity of some quinoline esters. Annals of Tropical 
Medicine and Parasitology, 1970; vol. 64(2)  

18. Fasinu PS, Bouic PJ, Rosenkranz B. An overview of the evidence mechanisms of herb-drug 
interactions. Frontiers in Pharmacology. 2012; 3; 1–19.  

19. Mackinnon MJ, Gaffney DJ, Read AF. Virulence in rodent malaria: host genotype by parasite 
genotype interactions. Infection, Genetics and Evolution. 2002; (1):287-296 

20. Adepiti AO, Elujoba AA, Bolaji OO. Evaluation of herbal antimalarial MAMA decoction-
amodiaquine combination in murine malaria model. Pharmaceutical Biology. 2016; 0209 
(54:10):2298–2303. 

https://doi.org/10.1136/bmj.329.7475.1156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hernans%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15182900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Miert%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15182900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Miert%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15182900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pieters%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15182900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tott%C3%A9%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15182900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vlietinck%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=15182900


 

 

21. World Health Organization. Guidelines for the treatment of malaria. World Health Organization, 
Geneva, Switzerland. 2015. 

22. Iwalokun BA. Enhanced antimalarial effects of chloroquine by aqueous Vernonia amygdalina leaf 
extract in mice infected with chloroquine resistant and sensitive Plasmodium berghei strains. 
African Health Sciences. 2008; 8(1):25–35. 

23. Sirima SB, Gansané A. Artesunate–amodiaquine for the treatment of uncomplicated malaria. 
Expert Opinion on Investigational Drugs, 2007; 16(7): 1079-1085 

24. Oyindamola OA, Nekabari G, Grace OG. Lopinavir/ritonavir enhanced the antimalarial activity of 
amodiaquine and artesunate in a mouse model of Plasmodium berghei, Journal of 
Chemotherapy, 2016:  DOI: 10.1080/1120009X.2016.1139770 
 

25. de Oca M M., Engwerda C., Haque A. Plasmodium berghei ANKA (PbA)infection of C57BL/6J 
mice: a model of severe malaria. Methods Mol. Biol. 2013;103:203–213. 
 

26. Franke-Fayard B, J anse CJ, Cunha-Rodrigues M, Ramesar J, Büscher P, Que I, Löwik C, 
Voshol PJ, den Boer MA, van Duinen SG, Febbraio M, Mota MM, Waters AP. Murine malaria 
parasite sequestration: CD36 is the major receptor, but cerebral pathology is unlinked to 
sequestration. Proc. Natl Acad. Sci. USA 2005; 102: 11468–11473. 
 

27. De Niz M, Ullrich A, Heibert A, Soares AB, Pick C,  Lyck R, Keller D, Kaiser G, Prado M, 
Flemming S, del Portillo H,  Janse CJHeussler V,  Spielmann T. The machinery underlying 
malaria parasite 
virulence is conserved between rodent and human malaria parasites. Nature communications 
2016; 7:11659 ,  DOI: 10.1038 

 

 

 

 

 

 

 

 

 

 

 

https://www.tandfonline.com/toc/ieid20/current
https://www.tandfonline.com/toc/ieid20/current
https://www.tandfonline.com/toc/ieid20/current
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franke-Fayard%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janse%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cunha-Rodrigues%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramesar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%BCscher%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Que%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B6wik%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voshol%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=den%20Boer%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Duinen%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Febbraio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mota%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=16051702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waters%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=16051702

