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ABSTRACT 

Background:  Sporozoites and merozoites use their surface-bound thrombospondin-related proteins (TRPs) to attach to host-cell hepato-

cytes and erythrocytes. Blocking these attachments will prevent hepatocytes and erythrocytes from being infected by sporozoites and mero-

zoites, respectively. Pregabalin is approved for the treatment of epilepsy, and it demonstrates antiepileptic effects by blocking neuronal 

thrombospondin on the α2ɗ1 receptor. The evidence showed that TRPs and neuronal thrombospondin share similar structural characteris-

tics. Thus, pregabalin may potentially block TRPs. This study compared the antimalarial activity of pregabalin with artesunate and suggested 

its mechanism of action. 

Methods: The curative and suppressive activities were evaluated by administering artesunate, and 12.5, 25, 50 mg/kg of pregabalin (P12.5, 

P25, P50) to mice infected with ANKA-strain Plasmodium berghei. Parasitemia was determined, and the percentage of chemo-inhibition or 

chemo-suppression was calculated. Mice were monitored for 28 days to determine the mean survival time. Literature was reviewed to sug-

gest the antimalarial action of pregabalin.  

Results: In the curative test, artesunate demonstrated a 97.0±1.4%, while P12.5, P25, and P50 showed 88.0±1.7%, 100.0±0.0%, and 

100.0±0.0% chemo-inhibition, respectively. Pregabalin demonstrated 100.0±0.0% chemo-suppression at all doses in the suppressive test, 

compared to 95.7±1.7% shown by artesunate. In the curative study, P25- and P50-treated mice survived for 28±0.0 days, while those treated 

with P12.5 and artesunate lived for 23.0±0.4 and 26.6±0.7 days, respectively. All mice in the pregabalin-suppressive study survived for 

28±0.0 days, compared to 27.0±0.5 days observed in artesunate-treated mice. 

Conclusion: Pregabalin demonstrated higher antimalarial activities than artesunate, and blockade of Plasmodium thrombospondin-related 

proteins could be responsible for its antimalarial action. 
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1.0 INTRODUCTION 

Malaria is a significant infectious disease in the tropics, 

and the recently approved malaria vaccines are expected 

to reduce its burden substantially. In 2022, an estimated 

249 million malaria cases occurred in 85 malaria-

endemic countries, reflecting an increase of 5 million cas-

es compared to 2021 [1]. The WHO African Region ac-

counted for about 94% of these cases, with Nigeria re-

sponsible for 27% [1]. Nigeria alone contributed over 1.3 

million cases to the increase from 2021 to 2022 [1]. For 

more than a decade, malaria parasites have developed 

resistance to nearly all available antimalarials, including 

artemisinin-based combination therapies (ACT) [2]. In 

view of this, our thoughts were directed at searching for 

an ideal agent that can achieve the desired therapeutic 

success regarding the treatment and transmission-

blocking of clinically relevant Plasmodium species by 

targeting the exo-erythrocytic and erythrocytic stages of 

the parasite lifecycle. This article focuses on significant 

parasite characteristics involved in transmitting the para-

sites from mosquito to man and vice versa. Our insights 

were drawn from experimental malaria and a review of 

relevant literature. 

Artemisinins, derived from the plant Artemisia annua [3], 

are highly effective in clearing malaria parasites [4]. The 

WHO recommends artemisinin-based combination thera-

pies (ACTs) as the primary and secondary treatments for 

uncomplicated P. falciparum malaria [5]. Artemisinin 

derivatives used in these therapies include artesunate, 

artemether, arteether, and dihydroartemisinin [6]. These 

compounds are paired with partner drugs to rapidly re-

duce parasite load and achieve a cure within the shortest 

possible time [4]. This combination therapy approach 

aims to cure malaria quickly while minimizing the risk of 

parasite drug resistance [4]. However, the progress in 

combating malaria has been threatened by the develop-

ment of resistance to both artemisinin [2] and its partner 

drugs [7]. Therefore, without novel therapeutic interven-

tions, resistance to both artemisinin and partner drugs 

could lead to high failure rates in malaria treatment. 

Pregabalin and gabapentin are gabapentinoids approved 

for the treatment of neuropathic pain, epilepsy, fibrom-

yalgia, and generalized anxiety disorder [8]. A previous 

study reported the antimalarial activities of these drugs, 

with pregabalin found to be more potent than gabapentin 

[9]. Considering these findings, the present study focused 

on pregabalin, comparing its activities with artesunate 

and proposing a potential mechanism behind its antima-

larial action. In contrast to Ayankunle et al. [9], which 

used chloroquine-sensitive parasites, this study evaluated 

the activity of pregabalin against chloroquine-resistant 

strains.. 

Gabapentinoids act as antiepileptics by binding antago-

nistically to the α2δ1 subunit of voltage-gated calcium 

channels, thus reducing calcium influx into the brain syn-

apses [10]. Eroglu et al. [11] identified that the α2δ1 sub-

unit is a receptor for gabapentin and neuronal thrombos-

pondin. Neuronal thrombospondin, an endogenous ligand 

secreted by astrocytes in the brain [12], promotes excita-

tory synapse formation upon binding to α2δ1 [11]. 

Gabapentin [11] and pregabalin [13] therapeutically an-

tagonize this binding to inhibit new synapse formation. 

The circumsporozoite protein (CSP), the main target of 

the newly approved malaria vaccines (RTS, S/AS01 and 

R21/Matrix-M) [1], and neuronal thrombospondin are 

characterized as thrombospondin-1 [12, 14]. CSP ex-

pressed by sporozoite binds to heparin sulfate proteogly-

cans (HSPGs) on the hepatocyte surface, leading to liver 

invasion and infection [15]. Considering the structural 

similarities between CSP and neuronal thrombospondin 

[12, 14], competitive antagonism of CSP binding on 

hepatocyte surface is possible for pregabalin. Previous 

studies have shown the activity of pregabalin against 

chloroquine-sensitive parasites [9], suggesting its activity 

against chloroquine-resistant strains is feasible. Hence, 

this study compared pregabalin's antimalarial activity 

with artesunate in mice infected with chloroquine-

resistant Plasmodium berghei. 

 

2.0 METHODOLOGY 

2.1 Study location and duration  

The research, data collection, and analysis were conduct-

ed at the Malaria Research Laboratory, Department of 

Pharmacology & Therapeutics, Ladoke Akintola Univer-

sity of Technology, Osogbo Campus, Osun State, from 

January to June 2018. 

2.2. Ethical considerations 

All experimental procedures adhered to the guidelines on 

using laboratory animals [16]. Ethical approval was ob-

tained from Ladoke Akintola University of Technology 

with a reference number: LAU/FBMS/ETHICS/2019/06. 

2.3. Drugs and chemicals 

Artesunate (Neros Pharmaceuticals), chloroquine (May & 
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Baker), pregabalin (Pfizer Pharmaceuticals), normal sa-

line (Fidson Pharmaceuticals), GIEMSA stain (Sigma-

Aldrich), immersion oil (Sigma-Aldrich), and methanol 

(Sigma-Aldrich). 

2.4. Animal subjects 

Swiss albino mice weighing 14–18 g of both sexes were 

procured from the Animal House, Department of Pharma-

cology & Therapeutics, Ladoke Akintola University of 

Technology, Osogbo Campus, Osun State. The mice were 

acclimatized for two weeks, receiving standard mouse 

chow and having access to food and water ad libitum. 

This study arranged five mice into each experimental 

group (n = 5). 

2.5. Malaria parasite 

Plasmodium berghei clones from the Institute for Ad-

vanced Medical Research and Training (IMRAT), Uni-

versity College Hospital, Ibadan, Oyo State, Nigeria, were 

used. The chloroquine-resistant ANKA strain was main-

tained through serial passaging. 

2.5.1. Parasite density determination and inoculum 

preparation 

Donor mice were injected with chloroquine-resistant 

(ANKA) strains, and parasitemia was allowed to build up 

for three days. Blood smears were taken, and a standard 

inoculum containing 107 parasitized erythrocytes was 

prepared from donor mouse blood. 

2.5.2. Estimation of parasitemia 

Each mouse was infected with the standard inoculum, and 

parasitemia was determined by examining thin blood 

films under an oil immersion lens (magnification, 

x100) of a microscope. The percentage parasitemia (%

parasitemia) was calculated as a percentage of infected 

erythrocytes using the formula:  

2.6. Comparison of antimalarial activities of pregaba-

lin and artesunate 

2.6.1. Rane's curative test 

The curative potential of pregabalin was evaluated using 

the modified method [17]. The standard inoculum of 107 

infected erythrocytes was inoculated intraperitoneally in 

mice. Seventy-two hours later, the mice were randomly 

divided into their respective groups (n = 5) and received 

oral normal saline (2mL/kg), artesunate (10 mg/kg), chlo-

roquine (10 mg/kg), and pregabalin (12.5, 25, and 50 mg/

kg) once daily for three (3) days. A Giemsa-stained thin 

blood film was prepared from the tail blood of each 

mouse on the fourth day and viewed under the micro-

scope to determine the %parasitemia.  

Percentage chemo-inhibition was calculated using this 

formula: 

 

 

n = percentage parasitemia in the negative group, t = per-

centage parasitemia in the treated group. 

In this study, curative activities were expressed as per-

centage chemo-inhibition (%chemo-inhibition) since the 

infection had already been established before the com-

mencement of the treatment. 

The mice were observed for 28 days (day 0 – day 28) to 

determine the mean survival time (MST), starting from 

the day treatments were commenced (day 0). 

2.6.2. Peters' 4-day suppressive test 

The method described by Peters et al. [18] was used to 

evaluate the suppressive activity of pregabalin on 

P. berghei infection in mice. The infected mice were ran-

domly divided into their respective groups (n = 5) and, 

after 2 hours, treated orally with artesunate (10 mg/kg), 

chloroquine (10 mg/kg), and pregabalin (12.5, 25, and 50 

mg/kg) once daily for four (4) days (day 0 – day 3). On 

day 4, a thin blood film was obtained to determine the 

parasitemia and percentage chemo-suppression. The sup-

pressive activities were expressed as percentage chemo-

suppression (%chemo-suppression) since the treatment 

was administered (two hours post-inoculation) to suppress 

the establishment of infection. 

Percentage chemo-suppression was calculated using this 

formula: 

 

n = percentage parasitemia in the negative group, t = per-

centage parasitemia in the treated group. 

In addition, each mouse was observed for 28 days (day 0 

– day 28) to determine the mean survival time, starting 

from the day treatment commenced (day 0). 

2.7. Statistical analysis 

The results were analyzed using GraphPad Prism 8.0 

(GraphPad Software Inc., La Jolla, CA, USA) software. 

The results were reported as Mean ± Standard Error of 

Mean (SEM). A one-way analysis of variance evaluated 
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the differences among the groups, followed by the New-

man-Keuls test. The results with p<0.05 are considered 

statistically significant. 

 

3.0 RESULTS   

3.1 Activities of oral pregabalin on percentage chemo-

inhibition 

Figure 1 shows the curative activities of oral pregabalin in 

mice infected with chloroquine-resistant P. berghei 

clones. Artesunate (ART) demonstrated a 97.0±1.4%, 

while P12.5, P25, and P50 showed 88.0±1.7%, 

100.0±0.0%, and 100.0±0.0% chemo-inhibition, respec-

tively. There was a significant difference in %chemo-

inhibition when P12.5 was compared to P25 or P50 

(p<0.05). No significant difference in %chemo-inhibition 

was demonstrated by each pregabalin dose relative to ar-

tesunate.  

3.1.1. Mean survival time of curative study mice 

As shown in Figure 2, the P25 and P50 groups had an 

MST of 28.0±0.0 days, while the P12.5, ART, and chloro-

quine (CQ) animals survived for 23.0±0.4, 26.6±0.7, and 

6.6±0.6, respectively. Each ART and pregabalin group 

had significantly higher MST than CQ or negative control 

mice (p=0.000). Mice in the P25, P50, and ART groups 

had significantly prolonged survival time compared to 

P12.5 animals (p=0.000). 

3.2. Activities of oral pregabalin on percentage chemo-

suppression 

Figure 3 shows the effect of oral pregabalin on %chemo-

suppression in mice infected with chloroquine-resistant P. 

berghei clones. Although pregabalin demonstrated 

100.0±0.0% chemo-suppression at all doses, compared to 

artesunate's 95.7±1.7% activity, there was no statistically 

significant difference in the %chemo-suppression in the 

pregabalin-treated groups relative to artesunate-treated 

mice (p=0.902). There was a significant difference in the 

%chemo-suppression observed in the artesunate-treated 

and pregabalin-treated groups compared to the chloro-

quine-treated mice or negative control (p=0.000).  

3.2.1. Mean survival time of suppressive study mice 

Figure 4 shows the mean survival time of the suppressive 

study mice. All the pregabalin-treated mice survived for 

28.0±0.0 days, while the ART and CQ groups had an 

MST of 27.0±0.5 and 9.0±0.9 days, respectively.  

Figure 1. Curative activity of pregabalin. Values are presented as Mean ± 
Standard error of the mean of five animals per group. Pregabalin at 25 and 50 
mg/kg demonstrated higher chemo-inhibitory activity (100.0±0.0%) than 
artesunate (97.0±1.4% ).  

Figure 2. Curative test: mean survival time. Values are presented as Mean ± 
Standard error of the mean of five animals per group. Mice treated with 25 and 
50 mg/kg of pregabalin survived for a minimum of 28.0 days, while those 
treated with artesunate lived for 26.6±0.7 days. 

Figure 3. The chemo-suppressive activity of pregabalin. Values are presented as 
Mean ± Standard error of the mean of five animals per group. Pregabalin at all 
doses showed higher chemosuppressive activity (100.0±0.0%) when compared to 
artesunate (95.7±1.7%). 

Figure 4. Suppressive test: mean survival time. Values are presented as Mean ± 
Standard error of the mean of five animals per group. All pregabalin-treated mice 
survived for at least 28.0 days, while those treated with artesunate lived for 
27.0±0.5 days.  
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There was no significant difference in MST when ART 

was compared to any pregabalin group. Each ART and 

pregabalin group had significantly higher MST than CQ 

or negative control mice (p=0.000). In addition, no sig-

nificant difference was observed between the MST of 

CQ and the negative control groups.   

The trophozoite introduced into the experimental mouse 

developed into a schizont, which ruptured to release mer-

ozoites. Pregabalin administration surmounts merozoites’ 

attachment to erythrocytes by competitively antagonizing 

their surface-bound proteins, MTRAP and PTRAMP. 

The outcomes of this action are as shown in Figure 5.  

 

4.0 DISCUSSION 

4.1. Pregabalin and malaria 

Pregabalin is an approved drug typically used to treat 

generalized anxiety disorder, epilepsy, and neuropathic 

pain [19], while malaria is a parasitic infection transmit-

ted through mosquito bites [20]. At first glance, there 

appears to be no direct connection between pregabalin 

and malaria. However, pregabalin could potentially man-

age headaches and pain associated with malaria. Pregab-

alin has been found to have anti-inflammatory properties 

[21], which may make it a candidate for treating symp-

toms of diseases like malaria. The drug has been shown 

to reduce the production of cytokines [21], which are 

proteins that play a key role in the body's immune re-

sponse [22]. This reduction in cytokine production may 

help to reduce inflammation, which is responsible for 

common symptoms of malaria [23]. 

4.2 Comparison of antimalarial activities of pregaba-

lin and artesunate 

This study compared the antimalarial activities of 

pregabalin with those of artesunate using mice infected 

with chloroquine-resistant Plasmodium berghei parasites. 

The activities demonstrated by pregabalin in this study 

were similar to the previous report, when mice were in-

fected with chloroquine-sensitive Plasmodium berghei 

parasites [9]. In the curative study, three doses of pregab-

alin were administered serially, but the two higher dosag-

es (25 and 50 mg/kg) demonstrated more efficacy than 

artesunate. The mice treated with pregabalin at these dos-

es also lived longer than those treated with artesunate. In 

contrast to the curative study, the chemosuppressive ac-

tivity of pregabalin at all doses was higher than ar-

tesunate's. Additionally, all the mice treated with pregab-

alin in the suppressive study survived longer than those 

treated with artesunate. All doses that showed higher ef-

ficacy than artesunate demonstrated 100% malaria para-

site inhibition/suppression (Figures 1 and 3) and survived 

until the maximum time allowed (Figures 2 and 4). All 

the mice that survived until day 28 remained optimally 

active and tested negative when reexamined for para-

sitemia. The full efficacy demonstrated by pregabalin in 

both the earlier [9] and present studies highlights the 

broad-spectrum potential of the drug in combating multi-

drug-resistant malaria. The observed optimal activities 

and the survival of pregabalin-treated mice until the last 

day suggest the drug's safety at therapeutic doses. In line 

with this observation, the safety of pregabalin has been 

reported in mice (oral LD50 > 5000 mg/kg) [9], children 

[24], and adults [25]. However, the drug's short half-life 

[26], like that of artemisinins [27], may necessitate com-

bining it with a partner agent if its efficacy is re-

demonstrated in the clinical trials.  

4.3 Proposed mechanism for the antimalarial action 

of pregabalin 

Vaccination can effectively control malaria parasite in-

fection at all developmental stages by modulating human 

anti-parasite immune responses. However, the develop-

ment of vaccines has appeared difficult because of the 

extraordinary immunological complexity of this parasite, 

which expresses unique sets of stage-specific antigenical-

ly diverse proteins [28]. Among these diverse antigens 

are four thrombospondin-related proteins (TRPs): throm-

bospondin-related adhesive protein (TRAP), circumspo-

rozoite protein (CSP), merozoite-specific thrombospon-

din-related anonymous protein (MTRAP), and Plasmodi-

um thrombospondin-related apical membrane protein 

(PTRAMP) [29]. Sporozoites express TRAP and CSP, 

while merozoites express MTRAP and PTRAMP.  

Ayankunle et al., Pan African Journal of Life Sciences (2025): 9(2): 547-554 
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The respective proteins aid the attachment of sporozoites 

and merozoites to the liver and red blood cells [29]. 

Moreover, TRAP, CSP, MTRAP, and PTRAMP share 

the characteristics of thrombospondin-1 [29]. Thrombos-

pondin-1, termed neuronal thrombospondin in the previ-

ous report  [11], has been identified as a key astrocyte-

secreted neurogenic factor that promotes synaptogenesis 

[12]. The antiepileptic mechanism of pregabalin involves 

competitive antagonism of neuronal thrombospondin at 

the α2δ1 subunit of voltage-gated calcium channels, re-

ducing calcium influx at brain synapses and thereby in-

hibiting synaptogenesis [10, 11]. This competitive block-

ade of binding of neuronal thrombospondin to α2δ1 [11, 

13] suggests potential inhibition of sporozoites and mero-

zoites binding to liver and red blood cells through their 

TRPs. Supporting this possibility are two lines of evi-

dence: the established antimalarial efficacy of gabapen-

tinoids [9] suggests that merozoites were prevented from 

attaching to uninfected erythrocytes, and the approval of 

the first malaria vaccines [1] established the prevention 

of  sporozoite attachment to the hepatocytes. The report 

of  Ayankunle et al. [9] was based on the fact that experi-

mental mice were inoculated with infected erythrocytes 

containing trophozoites at different maturation levels. 

Each trophozoite underwent asexual reproduction 

(schizogony) and developed into a schizont, which even-

tually ruptured to release merozoites [20]. The released 

merozoites were assumed to be prevented from attaching 

to free erythrocytes (uninfected) by competitive blockade 

of merozoite -MTRAP and -PTRAMP (Figure 5).  

The malaria vaccines target sporozoite-CSP, leading to 

antigen-antibody interaction that prevents sporozoites 

from invading the liver cells [30]. Sporozoite-TRAP is 

free from this interaction because the vaccine was devel-

oped explicitly for CSP, a major surface protein responsi-

ble for sporozoite attachment [31]. The free TRAP is 

most likely responsible for the reduction recorded in the 

efficacy of malaria vaccines [32].  

Malaria vaccines exert their effects through antigen-

antibody interactions [29]. In contrast, the proposed anti-

malarial mechanism of pregabalin involves interfering 

with the TRP-receptor interaction [15, 33] on host cells. 

This interference is assumed to be caused by competitive 

antagonism of TRPs, which could only be possible if 

TRPs and the drug share structural similarities. Evidence 

suggests structurally related ligands can bind to the same 

receptor as competitive antagonists [34]. The principle of 

competitive antagonism indicates a degree of similarity 

in the structural arrangements of pregabalin and throm-

bospondin-1. Moreover, previous reports have shown 

that thrombospondin-1 shares similar structural charac-

teristics with neuronal thrombospondin [11] and Plasmo-

dium TRPs [29]. In line with these reports [11, 29, 34], 

we hypothesize that the competitive antagonism of Plas-

modium TRPs on hepatocytes and erythrocytes is respon-

sible for the antimalarial activity of pregabalin. 

The increasing resistance to artemisinins poses a signifi-

cant challenge to current malaria control efforts. There-

fore, pregabalin's remarkable efficacy against the disease 

and its potential to block transmission by interacting with 

parasite thrombospondin-related proteins highlight it as a 

promising alternative to artemisinins and a potential ad-

junct to newly approved malaria vaccines. 
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