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Abstract: Malaria and leishmaniasis are two highly detrimental parasitic diseases with a global impact. 

Attempts to eradicate malaria and control leishmaniasis are generally unsuccessful due to the rapidly 

developing resistance to currently used drug therapy. The pyrazole ring is a key moiety reported to have 

a variety of biological activities. The current study aimed to design, synthesize and evaluate an array of 

pyrazole derivatives for potential antimalarial antileishmanial activity. The scheme for the synthesis of 

the pyrazole derivatives is presented. The antimalarial activity was assessed in-vivo on P. berghei 

ANKA infected mice to determine % parasitemia and mean survival time. The antileishmanial activity 

was assessed in-vitro, and IC50 for each compound was calculated. In-vivo acute toxicity and molecular 

docking on putative antimalarial and antileishmanial drug targets were performed using the most active 

compounds. All the derivatives exhibited significant antimalarial activity, the highest being 95% 

suppression of parasitemia with compounds 9a and 9b. The mean survival time of mice treated with 

these two compounds was also the highest (16-17 days) but was lower than chloroquine,  the standard 

agent. Compounds 9a and 9b exhibited superior antileishmanial activity as compared to miltefosine. 

However, they were less potent than amphotericin. The compounds were safe and well-tolerated at 

toxic, oral and intraperitoneal, doses of 150mg/kg and 75mg/kg, respectively. Molecular docking of 

compound 9a revealed a good fitting pose with plasmodial Pf-DHFR enzyme and Lm-PTR1 enzyme, 

which explains the biological activity noted with this compound. Pyrazole derivatives 9a and 9b 

exhibited substantial dual antimalarial antileishmanial activity and may be a  valuable scaffold for the 

design of further derivatives with antiprotozoal potential. 

Keywords: pyrazole; antimalarial; antileishmanial; plasmodial Pf-DHFR enzyme and Lm-PTR1 
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1. Introduction 

Malaria and leishmaniasis are detrimental protozoal diseases posing a great burden to 

many countries in Africa, Asia, South America, and Europe [1,2]. Four species of the genus 

Plasmodium cause malaria; however, most infections are caused by Plasmodium falciparum 

and Plasmodium vivax. Leishmaniasis is considered one of the neglected tropical diseases 

(NTDs) and is caused by over twenty species of the genus Leishmania, with symptoms varying 

from the more common cutaneous lesions to fatal visceral disease [3].  
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Despite the many interventions implemented to control the spread of these diseases, 

malaria accounted for 229 million cases globally in twenty-nine countries in the year 2019, 

with almost 50% of the cases reported within the African continent [1].  Additionally, almost 

700,000 to one million Leishmania infections are estimated globally every year2. 

The rapidly developing resistance to the currently available treatment regimens and the 

adverse effects associated with antimalarial therapy are obstacles to eradicating malaria [3-6]. 

Furthermore, the chemotherapeutic options for leishmaniasis are associated with high cost, 

lengthy regimens with high side effects, and declining therapeutic efficacy [3,7-9]. Thus, the 

search for new effective antimalarial and antileishmanial agents is becoming necessary to 

control these diseases and retard their health, social and economic burdens.  

Despite multiple mutations, the dihydrofolate reductase (DHFR) enzyme continues to 

be a putative target of new antimalarial agents due to its ability to prevent DNA synthesis and 

cell proliferation, thereby resulting in the death of the protozoal cell [10-13]. In Leishmania 

species, a target enzyme is the pteridine reductase enzyme (PTR1), which protects the parasite 

against oxidative stress and its critical role in cell growth by reducing folate and biopterin to 

tetrahydrofolate and tetrahydrobiopterin, respectively [14-17]. The pyrazole ring is a structure 

of key importance due to its reported antibacterial, antiviral, antitubercular, anti-inflammatory, 

analgesic, anticancer and antileishmanial activities [18-25].  This study aims to design, 

synthesize, and evaluate a number of pyrazole derivatives as potential antimalarial 

antileishmanial agents. Acute toxicity of active compounds and molecular docking within 

putative targets; DHFR and PTR1 enzymes are also explored. 

2. Materials and Methods 

2.1. Chemistry. 

Reactions for the synthesis of intermediate and target compounds were performed as 

illustrated in Figure 1. 3-aryl-1-phenyl-1H-pyrazole-4-carboxaldehyde 1a,b was condensed 

with hydroxylamine hydrochloride in ethanol containing anhydrous sodium acetate, resulting 

in a good yield of the intermediates 1-Aryl-3-phenyl-1H-pyrazole-4-aldoxime 2a,b.  The 

oximes 2a,b were dehydrated with acetic anhydride giving rise to the cyano derivatives 3a,b, 

which underwent cyclization with cysteamine hydrochloride in the presence of sodium 

hydroxide leading to the formation of the thiazolidine derivatives 4a,b. Aldehydes 1a,b were 

condensed with 4-fluorobenzylamine, which led to the formation of Schiff's bases 5a,b, which 

further reacted with thioglycolic acid in the presence of anhydrous zinc chloride, to give 

thiazolidinone derivatives 6a,b. The pyrazole carboxaldehyde 1a,b was reacted with L-

cysteine, in the presence of DCC/HOBt,  followed by N-protection using (Boc)2O, thus 

resulting in compounds 7a,b. Compounds, 7a,b, were subsequently subjected to either of two 

reactions; the first being  N-deprotection using 4N HCl/dioxane, leading to the formation of 

thiazolidine carboxylic acid derivatives 10a,b. Alternatively, compounds 7a,b were reacted 

with NH4OH in the presence of DCC/HOBt, resulting in the corresponding carboxamide 

derivatives 8a,b, which were subjected to  N-deprotection, to form carboxamide derivatives 

9a,b.  
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Figure 1. Synthesis of the target compounds. 

2.2. Biological screening. 

2.2.1. In-vivo antimalarial activity. 

The antimalarial activity of the synthesized compounds was tested in-vivo using a 

modified 4-day standard suppressive test as described by Fidok et al. [26]. This preliminary 

test assesses the efficacy of compounds by comparing the blood parasitemia levels and survival 

times in treated and untreated mice. 

Test mice were injected with 0.2 ml of 2 × 107 parasitized erythrocytes (P. berghei 

ANKA strain) intravenously on day 0. Two hours later, the infected mice were weighed and 

divided randomly into groups of six mice, with a total of ten groups. In groups 1–8, the 

synthesized compounds were administered orally at 50 μmol/kg dose levels, serving as 

treatment groups. Mice in group 9 received the vehicle (7% Tween 80, 3% ethanol in distilled 

water), serving as a negative control. Mice in group 10 received the standard agent chloroquine 

phosphate (CQ, Sigma-Aldrich, Deisenhofen, Germany) at the same dose level (50 μmol/kg), 

thus serving as a positive control. On the following days, 1 to 3, mice from the experimental 

groups were treated daily with the same dose and route of each synthesized compound. Blood 
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smears from all test mice were collected on day 4 and prepared using Giemsa stain. Parasitemia 

levels were determined microscopically by counting 4 fields, each containing approximately 

100 erythrocytes. Percent suppression of activity was calculated as the difference between the 

mean value for the negative control group (taken as 100%) and the experimental groups. 

% Parasitemia =
Number of infected RBCs

Total number of RBCs
𝑋 100  

% Suppression =
Parasitemia in negative control − Parasitemia in treatment group

Parasitemia in the negative control
𝑋 100  

The survival time for each test mouse was recorded, then the mean survival time was 

calculated in days. These times were then compared to those of the negative control group, as 

untreated mice typically die approximately one week after infection. Conversely, the survival 

time for chloroquine-treated mice was not recorded since they were completely cured of the 

parasite. 

2.2.2. In-vitro antileishmanial activity. 

A 3-day-old culture of Leishmania aethiopica promastigotes was used, with adjustment 

of promastigote count to 3 x 106/ml. 100 μL of the culture were introduced per weel of a 96-

well plate (Nunc, Denmark), and six different concentrations of the test compounds were then 

added in triplicates. Plates were incubated for 24 hours. Microscopic monitoring for viability 

and motility of parasitic cells was done by using Alamar blue colorimetric assay [27]. 

Miltefosine and amphotericin B deoxycholate were used as antileishmanial control drugs. 

Inhibitory concentration (IC50) of the test compounds and standard drugs in µg/ml was 

determined.  

2.2.3. In-vivo acute toxicity testing. 

Compounds showing promising antimalarial antileishmanial activity were selected for 

in-vivo acute toxicity testing. The male mice weighing 26-32g each were divided into groups 

of six, fasted overnight, and weighed before the test [28]. Suspensions of the test compounds 

in an aqueous vehicle containing 1% gum acacia were prepared. Doses of 25, 50, 100, and 

150mg/kg/day of the synthesized compounds were administered to the mice orally, while the 

control group received the vehicle at a maximum dose of 1ml/100g of body weight orally 

[29,30]. Acute parenteral toxicity of the test compounds was also assessed in groups of six 

mice, each as reported earlier. Intraperitoneal injection of either the compounds or the vehicle, 

propylene glycol (control), was done daily in doses of 10, 25, 50, and 75mg/kg. Mice were 

observed for any signs of acute toxicity for one week [31]. 

2.2.4. Molecular docking study. 

Molecular docking was performed using Molecular Operating Environment (MOE-

Dock 2008) software [32]. The protein data bank was used to download the structures of 

Plasmodium falciparum dihydrofolate reductase (Pf-DHFR) enzyme (PDB ID: 1J3I) and 

Leishmania major pteridine reductase (Lm-PTR1) enzyme (PDB ID: 2BFM). Target 

compounds were also constructed, and active sites were generated using the MOE-Alpha Site 

Finder. Test compounds with the highest biological activity were docked into the enzyme's 

active site, and the conformer with the highest score was selected for each compound.   
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3. Results and Discussion 

Derivatives of the pyrazole ring were synthesized and biologically evaluated for 

antimalarial and antileishmanial activity. The target derivatives synthesized in Figure 1 were 

obtained in sufficient yield and purity following the procedure of Fargaly et al. [33].  The 

chemical structures of the synthesized compounds were confirmed by IR, NMR, and 

microanalyses. It is worthy of mention that all attempts to separate diastereomers of compounds 

7, 8, 9, and 10 were unfruitful. 2,4-disubstituted thiazolidines cis and trans diastereomers 

interconverted freely in solution [31,34].  

The in-vivo antimalarial testing revealed that all target compounds showed significant 

antimalarial activity, with a minimum of 59.3% suppression compared to chloroquine, reported 

with compound 6a. Compounds 9a and 9b showed the highest % suppression of 95.35% and 

96.51%, respectively, which was comparable to positive chloroquine control, indicating 

promising antimalarial activity (Table 1). The lowest mean survival time among treated groups 

was 8.4 days reported with compound 4b, which was higher than 5.24 days observed in the 

negative control group. Conversely, compounds 9a and 9b showed a mean survival time of 

17.6 and 16.22 days, respectively. Although this was less than the positive control (where no 

death was reported over the experimental period), it was the highest among the studied 

compounds (Table 1). 

Table 1. In-vivo antimalarial activity of tested compounds. 

Compound number R % Parasitemia* % Suppression Mean Survival 

Time (days) 

4a H 33±0.4 61.62 8.62 

4b CH3 30±0.8 65.11 8.40 

6a H 35±0.8 59.30 8.71 

6b CH3 26±1.6 69.77 11.60 

9a H 4±0.4 95.35 17.60 

9b CH3 3±0.2 96.51 16.22 

10a H 26±1.2 69.77 10.82 

10b CH3 22±1.6 74.42 10.64 

NC - 86±1.2 0.00 5.24 

Chloroquine phosphate - 0.0 100 ND 

      *Values are Mean (n=6) ± SD, P<0.05  

NC: Negative control, ND: No death recorded over the experimental period 

With regards to the in-vitro antipromastigote test, results revealed that compounds  4a, 

4b, 9a, 9b, 10a, and 10b had higher antileishmanial activities than miltefosine, while the 

activity of compounds 6a and 6b was lower compared to the same. All target compounds 

exhibited lower activity compared to amphotericin B deoxycholate standard drug. The most 

active compounds were 4a, 4b, 9a, and 9b. However, the highest activity reported was for 

compounds 9a and 9b with IC50 values of 1.028µg/ml and 1.083µg/ml, respectively (Table 2). 

It is thus worth mentioning that compounds 9a and 9b showed the highest dually acting 

antileishmanial antimalarial activity.  

Table 2. Antileishmanial (antipromastigote) activity (IC50) of the test compounds in µg/ml. 

Compound number R IC50 

4a H 1.6622 

4b CH3 1.1124 

6a H 4.8412 

6b CH3 4.0011 

9a H 1.0288 
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Compound number R IC50 

9b CH3 1.0831 

10a H 3.0882 

10b CH3 2.9142 

Miltefosine - 3.1921 

Amphotericin B deoxycholate - 0.0472 

In-vivo acute toxicity studies in experimental mice were performed on compounds 4a, 

4b, 9a, and 9b, since they exhibited the highest antiprotozoal activities in the biological 

screening phase. Results revealed no signs of acute toxicity following treatment with daily, 

intraperitoneal and oral doses of 75mg/kg and 150mg/kg, respectively. There were also no 

significant changes in the weights of experimental mice, and no deaths were reported 7 days 

following the daily administration of toxic doses of the target compounds. It was thus safe to 

conclude that the test compounds were well-tolerated and non-toxic to the experimental 

animals both orally (in doses up to 150mg/kg) and parenterally (in doses up to 75mg/kg). 

Compound 9a, exhibiting one of the highest antimalarial antileishmanial dual activity, 

was selected for molecular docking in the Pf-DHFR and Lm-PTR1 enzymes as potential targets 

within Plasmodia and Leishmania species, respectively. Docking's study revealed that there 

was good interaction between the backbone of the Pf-DHFR enzyme and compound 9a.  

 

Figure 2. 2D view from molecular docking study of the minimum-energy structure of the complex of 9a docked 

in Pf-DHFR (PDB ID:1J3I) viewed using MOE module. 

 

Figure 3. 2D view from molecular docking study of the minimum-energy structure of the complex of 9a docked 

in Lm-PTR1 (PDB ID:2BFM) viewed using MOE module. 

Figure 2 shows hydrophobic interactions in addition to hydrogen bonding between the 

compound's thiazolidine NH and Phe A113 residue, as well as hydrogen bonding between 

amidic NH of the compound and Ser A111 residue of the enzyme. Furthermore, upon docking 

the compound in Lm-PTR1, the study revealed hydrophobic interactions between the phenyl 
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group and pyrazole moiety with the enzyme's Arg A17 residue. Strong hydrogen bonding 

between 9a carbonyl group and the enzyme's Lys A198 residue as well as an additional 

hydrogen bonding between amidic NH and Val A180 residue, Figure 3. Compound 9a thus 

exhibited good docking interactions with the active sites of both Pf-DHFR and Lm-PTR1 

enzymes, which confirms the results of the observed antimalarial and antileishmanial activity 

in biological screening tests. 

4. Conclusions 

The aim of the present study was the discovery of new antileishmanial and/or 

antimalarial agents. Pyrazole derivatives 9a and 9b synthesized in this study were found to be 

potent dual antimalarial antileishmanial agents. They exhibited comparable antimalarial 

activity to the standard drug chloroquine and higher activity than the antileishmanial drug 

miltefosine. Additionally, compounds 4a and 4b exhibited significant antileishmanial activity 

compared to miltefosine. These compounds were found to be well-tolerated and non-toxic in 

mice exposed acutely to high doses, both orally and intraperitoneally. Molecular docking of 

compound 9a revealed strong binding interactions with malarial Pf-DHFR active site as well 

as Lm-PTR1 active site. It may be concluded that compounds 9a and 9b would represent a 

valuable scaffold for the design of a new class of dual-acting antileishmanial antimalarial 

agents that would be worthy of further investigation and derivatization. 
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