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Lumefantrine on Plasmodium Berghei Infected Mice 
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b Department of Pharmacology and Toxicology, Faculty of Pharmacy, Niger Delta University, Bayelsa State, Nigeria 

ABSTRACT 
Introduction: The development of new antimalarial drugs is time-consuming and costly, thus repurposing of drugs with initial 

indications for possible antimalarial indication is imperative. This study assessed the antiplasmodial effect of ketotifen (KT) in 

combination with artemether/lumefantrine (A/L) in Plasmodium bergei infected mice. 

 Materials and Methods: Adult mice (25-30g) were parasitized with Plasmodium berghei, grouped and treated per oral (p.o) 

with KT (0.1mg/kg), A/L (2.3/13.7mg/kg) and KT/A/L daily in curative, suppressive and prophylactic studies. The negative 

control (NC) and the positive control (PC) were treated daily p.o with normal saline (0.2mL) and chloroquine (CQ) (10mg/kg) 

for 4 days respectively. After treatment, blood samples were collected and assessed for percentage parasitemia level, 

hematological and lipid parameters. 

Results: The curative, suppressive and prophylactic studies showed significant decreases in percentage parasitemia levels at 

KT (0.1mg/kg) (p<0.01), A/L (2.3/13.7 mg/kg) (p<0.001) and KT/A/L (p<0.0001) when compared to negative control. 

Significant increases in mean survival times occurred at KT (0.1 mg/kg) (p<0.01), A/L (2.3/13.7mg/kg) (p<0.001) and A/L/T 

(p<0.0001) when compared to negative control. Significant increases in pack cell volume, red blood cells, hemoglobin, high 

density lipoprotein cholesterol levels with significant decreases in total cholesterol, white blood cells, low density lipoprotein 

cholesterol  and triglyceride levels at KT (28.6 mg/kg) (p<0.05), A/L (2.3/13.7mg/kg) (p<0.01) and KT/A/L (p<0.001) when 

compared to negative control.  

Conclusion: KT may be repurposed in combination with A/L for malaria treatment. 
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INTRODUCTION

Malaria is among the ailments ravaging the human race 

and its manifestations could be severe and life-threatening. 

Its major impact is most experienced in developing 

countries [1].  In 20018, malaria infection was 228 million 

which accounted for over 405000 deaths with most in 

developing nations. The impact of malaria and its 

consequence is predominant in children below the age of 

five and pregnant women which poses significant health 

challenge [2]. Efforts to eradicate malaria have 

experienced setbacks due to challenges including the 

emergence of insecticide-resistant mosquitoes, drug-

resistant parasites and lack of drugs or vaccines to block 

parasite transmission [3]. Drug resistance has remarkably 

increased causing changes in malaria treatment from 

chloroquine (CQ) to artemisinin-based combination 

therapies (ACTs), which are currently preferred for ma-

laria treatment. Despite the antimalarial impact of ACTs, 

setbacks due to cost and emergence of resistant parasites 

herald the need for newer antimalaria drugs with mode of 

action and different structural features [4].   

One of the strategies to discover new atimalarial is to 

reposition, or repurpose drugs that are already used for 

other indications [5].This approach, as compared to the “de 

novo” drug discovery process has advantages such as 

reduced cost and short time of drug development [5]. 

Repurposed drugs have well-documented toxicity, 

pharmacology and drug-drug interaction profile. Drug 

repurposing is based on the principle of 

polypharmacology; a paradigm in drug discovery where a 

drug with multiple targets and off-target effects may have 
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multiple mechanisms of action [6].  The repositioning of 

drugs with good safety profiles will gain quick approval 

for newer indications using the same route of 

administration [7].  . It is encouraging that drug regulatory 

associations in Europe and USA have launched drug 

repurposing programs to identify new uses for existing 

medications [8].   

Ketotifen (KT), a tricyclic benzocycloheptathiophene 

derivate, is broadly used for allergy, asthma, and 

inflammatory disorders. It blocks H1 receptors, stabilizes 

mast cells, and inhibits eosinophil accumulation and 

degranulation that results in the further stabilization of the 

cell membrane [9]. It is well absorbed after oral 

administration, with peak plasma drug concentrations 

within 2 to 4 h [10]. In a recent study both KT and its 

metabolite norketotifen were shown to be active against 

schizonts and liver-stage P. berghei parasites [11].   KT 

and other antihistamines have been shown to be effective 

in reversing CQ resistance in P. falciparum [12,13] and P. 

yoelii nigeriensis [14].   It shows higher potency in 

blocking oocyst formation in mice, which suggests that KT 

may act more effectively on mosquito stages of 

fertilization. KT affects gamete production by decreasing 

P. falciparum gametocytes and greatly reduced the 

numbers of exflagellation centers [3]. Study shows the 

possible role of KT in the treatment of P. falciparum 

associated malaria in combination with CQ [15].   This 

study, assessed the antiplasmodial activity of KT in 

combination with artemether/ lumefantrine (A/L) in P. 

berghei infected mice. 

MATERIALS AND METHODS 
 

Experimental Animals and Malaria Parasite. 

Wistar mice weighing 25- 30g were used. The mice were 

bought from the animal house of the Department of 

Pharmacology, University of Port-Harcourt, Nigeria The 

mice were kept in cages and allowed to acclimatize for 2 

weeks before the study began. The mice were fed with 

food and water ad libitum.  P. berghei was gotten from 

Malaria Research Laboratory, Centre for Malaria Research 

and Phytomedicine, University of Port-Harcourt, Nigeria. 

The directive (2010/63/EU) of the European Union 

Parliament and the Council on the handling of laboratory 

animals for scientific purposes was used for this study. 
 

Drugs. 

Ketotifen (KT) (Sun Pharm Industries Ltd, India), 

artemether/lumefantrine (A/L) (IPCA Laboratories Ltd), 

and Chloroquine (CQ) (Evans Medical Nigeria Plc) were 

used for this study. A/L (2.3/13.7 mg/kg) [16], Ketotifen 

(0.1 mg/kg) [17] and CQ (10mg/kg) [18] were used. 
 

Parasite Inoculation. 

Blood samples from mice were first screened to ascertain 

that they were parasite free. Stock inoculum of 1 x 107P. 

berghei infected erythrocytes in 0.2 mL was prepared by 

diluting portions of the blood infected with  P. berghei 

with 0.9% normal saline. This was inoculated into each 

mouse via intra-peritoneal route of administration. 
 

Curative Test. 

The method proposed by Ryley and Peters (1970) [19] was 

used for this study. Thirty mice (Groups I-VI) were used. 

Groups 11-VI were inoculated with 1 x 107P. berghei 

parasitized erythrocytes intraperitoneally (i.p). After 72 

hours (3 days), the mice were treated as follows. Group I 

(Non-parasitized) (Normal control), and group 11 

(Negative control) were treated with normal saline 

(0.2mL) respectively. Group III (Positive control) was 

treated with CQ (10mg/kg) whereas groups IV – V1 were 

treated with KT (0.1 mg/kg), A/L (1.1/4.6mg/kg) and 

KT/A/L for 4 days respectively. On day 5, tail blood 

samples were collected and thin blood films were made on 

microscope slides. The films were fixed with methanol and 

stained with 10% Geimsa stain for 30 minutes. The stained 

thin blood films were viewed under oil immersion x100 

magnification and the number of parasitized red blood 

cells were counted against the total number of red blood 

cells in a field and percentage parasitemia calculated using 

the formula shown below.  
 

Suppressive Test. 

This test was conducted for four days as reported by 

Knight and Peters (1980) [20]. The mice were inoculated 

i.p with blood sample (0.2mL) containing 1 x 107 

P.berghei. Afterward, the mice were randomized into 5 

groups of five mice. After 3 hours, the mice were treated. 

Group I (Negative control) was treated daily with normal 

saline (0.2mL) whereas group II (Positive control) was 

treated with CQ (10mg/kg) for 4 days.  Groups III - V were 

treated daily with KT (0.1 mg/kg), A/L (1.1/4.6mg/kg) and 

KT/A/L for 4 days respectively. On day 5, blood samples 

were collected, films were prepared and percentage 

parasitemia determined using the formula below 
 

Prophylactic Test. 

This was evaluated according to Peters (1965) [21]. 

Twenty five mice were randomized into 5 groups of five 

mice each.  Group I (Negative control) and group II 

(Positive control) were administered daily with normal 

saline (0.2mL) and CQ (10mg/kg) respectively. Groups III 

– V were administered daily with KT (0.1 mg/kg), A/L 

(1.1/4.6mg/kg) and KT/A/L respectively. On day 4, the 

mice were infected i.p. with 1 x 107P. berghei parasitized 

erythrocytes and treatment continues for 4 days. Blood 

samples were collected from the tail on day 5 and day 7 

and percentage parasitemia determined using the formula 

below : 

% Parasitemia = 
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑖𝑧𝑒𝑑 𝑅𝐵𝐶

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝐵𝐶
× 100 

 

% Inhibition = 

(𝑀𝑒𝑎𝑛 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑚𝑖𝑎 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
−𝑀𝑒𝑎𝑛 𝑝𝑎𝑟𝑎𝑠𝑖𝑠𝑡𝑒𝑚𝑖𝑎 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑔𝑟𝑜𝑢𝑝𝑠)

𝑀𝑒𝑎𝑛 𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑒𝑚𝑖𝑎 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 

 

 

Determination of Mean Survival. 

During the study, the mice were observed for mortality 

which was determined as mean (MST) in days using the 

formula below 

MST = 
𝑆𝑢𝑚 𝑜𝑓 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑡𝑖𝑚𝑒 (𝑑𝑎𝑦𝑠)𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑚𝑖𝑐𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑐𝑒 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑔𝑟𝑜𝑢𝑝
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Evaluation of hematological and lipid parameters. 

Blood samples from the curative test were evaluated for  

Red blood cell (RBC), hemoglobin (HB), pack cell volume 

(PCV), high density lipoprotein cholesterol (HDL-C), 

white blood cell (WBC), triglyceride (TG), total 

cholesterol (CHOL) and high density lipoprotein 

cholesterol (LDL-C)  levels using an auto analyzer 
 

Data Analysis. 

Data was analyzed using GraphPad prism 6.0 statistical 

software. Data was presented as Mean±SEM. Significant 

difference was considered using one-way analysis of 

variance (ANOVA) followed by Tukey’s post-hoc test. 

Significance was considered at p<0.05; p<0.01 and 

p<0.001. 

 

RESULTS 
 

Curative test 

Curative test shows significant decreases in percentage 

parasitemia at p<0.01 and p<0.001 in mice treated with 

individual doses of KT and A/L respectively when 

compared to negative control. However, most significant 

reduction in percentage parasitemia level at p<0.0001 

occurred in mice treated with KT/A/L when compared to 

negative control. The observed decrease in percentage 

parasitamia in KT/A/L treated mice differ (p<0.05) when 

compared to CQ-treated mice (Table 1). Percentage 

parasitemia inhibition were 62.5% and 73.7 % in rats 

treated with individual doses of KT and A/L with observed 

significance at p<0.01 and p<0.001 respectively when 

compared to negative control. On the other hand, 90.0 % 

parasitemia inhibition was observed in KT/A/L treated 

mice which differ at p<0.0001 when compared to negative 

control (Table 1). Treatment with KT, AL, KT/A/L 

significantly increased MST at p<0.05, p<0.01, and 

p<0.001 respectively when compared to negative control 

(Table 1). 
 

Suppressive Test. 

In the suppression test, individual doses of KT and A/L 

produced significant reductions in percentage parasitemia 

levels at p<0.01 and p<0.001 respectively when compared 

to negative control. On the hand, KT/A/L produced most 

significant reduction in percentage parasitemia level at 

p<0.0001 when compared to negative control. 

Comparatively, reduction in percentage parasitemia 

produced by A/L/KF differ (p<0.05) from CQ (Table 2). 

Treatment with KT, A/L and KT/A/L produced 68.0%, 

75.0 % and 91. 9%  percentage parasitemia inhibitions 

respectively (Table 2). MST was significantly increased in 

mice treated with KT (p<0.05), A/L (p<0.01) and KT/A/L 

(p<0.001) when compared to negative control (Table 2). 

 

 

Prophylactic Test. 

Treatment individual doses of KT and A/L produced 

significant time-dependent reductions in percentage 

parasitemia levels on day 5 and  7 when compared to 

negative control. However, treatment with KT/A/L 

produced most significant time-dependent reductions in 

percentage parasitemia levels on day 5 and day 7 when 

compared to negative control (Table 3).  On day 7, 

individual doses of KT and A/L produced 84.4% and 89.4 

%  percentage parasitemia inhibition respectively, KT/A/L 

produced 99.3 percentage parasitemia inhibition whereas 

CQ (Positive control) produced 91.8 % percentage 

parasitemia inhibition (Table 3). MST was significantly 

increased in mice treated with KT (p<0.05), A/L (p<0.01) 

and KT/A/L (p<0.001) when compared to negative control 

(Table 2). 
 

Effects on Hematological and Lipid Parameters. 

The negative control shows significant decreases in RBC, 

HB, PCV and HDL levels with increases in WBC, TG, 

CHOL, LDL-C levels when compared to non-parasitized 

rats (normal control). In contrast, RBC, HB, PCV were 

significantly increased whereas WBC, TG, CHOL, LDL-

C were significantly decreased at p<0.01 and p<0.001 by 

KT and A/L respectively when compared to negative 

control (Tables 4 and 5). However, KT/A/L produced 

most significant increases in RBC, HB, PCV and  HDL-C 

levels with decreases in WBC, TG, CHOL, LDL-C levels 

(p<0.0001) when compared to negative control (Tables 4 

and 5). The observed effects produced by KT/A/L on 

RBC, HB, PCV, HDL-C, WBC, TG, CHOL, LDL-C 

levels differ (p<0.05) when compared to CQ (Tables 4 

and 5).   

Table 1: Curative Activity of Ketotifen and its Combination 

with artemether/ lumefantrine on Plasmodium Berghei-Infected 

Mice. 

Group Parasitemia (%) MST Inhibition (%) 

NC 22.8±0.59 7.75±0.85 - 

CQ 5.85±0.21a 25.0±2.03b 74.3 

KT 8.55±0.19b 20.5±2.29d 62.5 

A/L 6.00±0.22a 26.0±2.05b 73.7 

KT/A/L 2.28±0.25cd 31.0±1.92a 90.0 
With the folllowing referring to : 

NC: Negative Control; CQ: Chloroquine; KT: Ketotifen; A/L: Artemether 

/Lumefantrine; KT/A/L: Ketotifen/Artemether/Lumefantrine; MST: Mean 

Survival Time; n=5; Data expressed as mean ± SEM, a p<0.001 when 

compared to NC; b p<0.01 when compared to NC;  c p<0.0001 when 

compared to NC;  dp<0.05 when compared to CQ. 

 

Table 2: Suppressive Activity of Ketotifen and its Combination 

with Artemether/lumefantrine on Plasmodium Berghei-Infected 

Mice. 

With the following referring to : 

NC: Negative Control; CQ: Chloroquine; KT: Ketotifen; A/L: Artemether 

/Lumefantrine; KT/A/L: Ketotifen/Artemether/Lumefantrine; MST: Mean 

Survival Time; n=5; Data expressed as mean ± SEM, a p<0.001 when 

compared to NC; b p<0.01 when compared to NC; c p<0.0001 when 

compared to NC;  dp<0.05 when compared to CQ. 

 

Group Parasitemia (%) MST Inhibition (%) 

NC 12.5±1.73 8.00±1.08 - 

CQ  2.40±0.10a 28.0±3.22b 80.8 

KT 4.00±0.29b 22.7±1.11d 68.0 

A/L 3.12±0.19a 28.2±2.52b   75.0 

KT/A/L 1.01±0.21cd 35.0±3.68a   91.9 
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Table 3: Prophylactic Activity of ketotifen and its Combination with  

Artemether/ Lumefantrine on Plasmodium Berghei-infected Mice. 

 

Grp. 

Parasite-mia (%) 

Day 5 

Inhibi-tion (%) 

Day 5 

Parasite-mia (%) 

Day 7 

Inhibition (%) 

Day 7 

 

MST 

NC 9.80±0.93  16.5±1.07 -   8.00±0.47 

CQ 1.80±0.29a 81.6  1.35±0.14 a 91.8  30.7±2.33b 

KT 3.00±0.48b 69.3  2.58±0.24 b 84.4  22.9±2.91d 

A/L 2.20±0.61a 77.5  1.75±0.14 a 89.4 26.4±3.44b 

KT/A/L 0.21±0.50cd 95.9  0.10±0.16cd  99.3 34.5±2.18a 

With the following referrin to : NC: Negative Control; CQ: Chloroquine; KT: Ketotifen; A/L: Artemether /Lumefantrine; 

KT/A/L: Ketotifen/Artemether/Lumefantrine; MST: Mean Survival Time; n=5; Data expressed as mean ± SEM, a p<0.001 

when compared to NC; b p<0.01 when compared to NC; c p<0.0001 when compared to NC;  dp<0.05 when compared to CQ. 

 

Table 4: Effect of Ketotifen and its Combination with Artemether/lumefantrine  

on Lipid Profile of Plasmodium berghei-infected Mice. 

Trtmt. TG (mg/dL) CHOL (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) 

MC 114.1±7.03 156.3±9.21 56.1±2.91 2.21±0.30 

NC 300.5±11.2 371.1±14.2 23.9±1.26 6.98±0.48 

CQ   184.0±8.87a 228.2±12.2a 50.1±1.92a 3.70±0.33a 

KT 230.4±6.39b 270.0±11.0b 40.9±1.82b 4.77±0.15b 

AL 200.4±9.01a 247.7±10.1a  48.7±1.51a 3.50±0.21a 

KT/A/L 138.7±5.91cd 174.9±12.9cd   53.77±2.52a 2.32±0.36cd 

With the following referring to : MC: Normal control; NC: Negative control; CQ: Chloroquine; KT: Ketotifen 

A/L: Artemether/lumefantrine, KT/A/L: Ketotifen/Artemether/Lumefantrine; TG: Triglyceride; CHOL: Total 

cholesterol; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol; n=5; 

Values are expressed as M±SEM, a p<0.01 when compared to NC; b p<0.05 when compared to NC;  c p<0.001 

when compared to NC;  dp<0.01 when compared to CQ. 

 

Table 5:  Effect of ketotifen and its combination with artemether/lumefantrine on  

hematological parameters of Plasmodium berghei-infected Mice. 

Trmt. RBC(×106/µl) WBC(×103/µl) PCV (%) Hb(g/dl) 

MC     5.45±0.18      5.35±0.17      63.5±2.22     18.1±0.91 

NC 2.29±0.13 11.1±0.32 24.0±2.04 8.45±0.52 

CQ   4.45±0.19a 6.69±0.18a 55.2±3.32a 14.7±0.77a 

KT 3.29±0.17b 8.85±0.19b 41.0±3.43b 11.4±0.52b 

A/L 4.21±0.22a 6.80±0.21a 52.7±3.21a 14.1±0.59a 

KT/A/L 5.33±0.21cd 5.00±0.16cd 60.4±3.81cd 17.5±0.83cd 

With the folowing referring to : MC: Normal control; NC: Negative control; CQ: Chloroquine; KT: 

Ketotifen, A/L: Artemether/lumefantrine, KT/A/L: Ketotifen/Artemether/Lumefantrine; TG: Triglyceride; 

CHOL: Total cholesterol; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein 

cholesterol; n=5; Values are expressed as M±SEM, , a p<0.01 when compared to NC; b p<0.05 when 

compared to NC;  c p<0.001 when compared to NC;  dp<0.01 when compared to CQ.

DISCUSSION  

The development of new drugs is a long and complex 

process with extremely high investment and small 

expectation of success. In recent years, there was a 

significant decline in the number of new drugs approved 

for clinical use.  This necessitates the repurposing of 

already approved drugs, for new indications other than 

their initial indications. This strategy reduces costs and 

research time considerably [22]. This study evaluates the 

possibility of repurposing KT as an antimalaria drug in 

combination with A/L on P. berghei infected mice. The 

rodent parasite; P. berghei has been used for studying the 

activity of antimalarial drug candidates in mice [23].  

Rodent models of antimalarial study have been validated 

through the identification of several conventional 

antimalarial drugs including quinine and more recently 

artemisinin derivatives [24].  The in vivo antiplasmodial 

activity of KT/A/L was evaluated using curative, 

suppressive and suppression test which are validated tests 

for the assessment of antimalaria drug candidates. Percent 

parasitemia inhibition and mean survival time were 

calculated from the curative, suppression, and prophylatic 

tests with reference to other studies [25, 26].  In this study, 

antiplasmodial evaluation of KT/A/L shows reductions in 

percentage parasitamia levels with increased percentage 

parasitemia inhibition in the suppressive and curative tests. 

In the prophylactic test, KT/A/L produced time-related 

reductions in percentage parasitemia levels and increased 

percentage parasitemia inhibitions. Malaria associated 

mortality is a challenge that is prevalent in malaria 

endemic regions primarily developing nations. MST is 

experimentally used to assess the ability of antimalarial 

candidate drugs to prevent or reduced mortality in 

plasmodium parasitized rodents [27]. In this study, 

KT/A/L increased MST in the suppressive, curative and 

prophylactic tests best than individual dose of KT and A/L. 

Anemia is a common malaria complication prevalent in 

children and pregnant women in malaria endemic regions 

[28].  P. berghei infected mice suffer from anemia because 

of erythrocyte destruction, either by parasite multiplication 

or by spleen reticuloendotelial cell action as the presence 

of many abnormal erythrocytes stimulates the spleen to 

produce many phagocytes [29].  The current study 

observed anemia in untreated parasitized mice (Negative 

control) characterized by decreased RBC, PCV, HB with 

increased WBC levels. However, KT/A/L produced 

reduction in anemia characterized by increased RBC, 

PCV, HB and decreased WBC levels. KT/A/L produced 
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the best effects on the aforementioned biochemical 

parameters than individual doses of KT and A/L. 

Emerging studies suggest that routine laboratory 

measurement of lipids could be a good and reliable adjunct 

in the early diagnosis of malaria especially in malaria 

endemic areas [30]. This study observed impaired lipid 

profile characterized by elevated TG, CHOL, and LDL-C 

and decreased HDL levels in negative control. This 

observation is consistent with altered lipid profile reported 

in previous findings [31]. However, lipid levels were 

restored in parasitized rats treated with KT/A/L. This study 

shows that KT may be repurposed in combination with 

A/L for the treatment of malaria. The observation in this 

study can be correlated with a study that reported 

improved antimalarial activity when KT was co-

administered with CQ [17]. The observation in this study 

can also be compared with increased antimalarial activity 

when KF was co-administered with CQ and 

sulphadoxine/pyrimethamine [15]. The precise 

mechanism by which KT produced antiplasmodial effect 

has not been elucidated. However, as an antihistamine, it 

blocks H1 receptors, stabilizes mast cells, and inhibits 

eosinophil accumulation and degranulation which further 

stabilizes cell membrane [9]. Conclusion: This study 

shows that KT may be repurposed in combination with 

A/L for the treatment of malaria 

CONCLUSION 

This study shows that A/L/T may be an effective 

treatment for malaria.  We recommend further studies in 

humans. 
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