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Review Highlights 

1. The development of drug resistance in malaria parasites is one of the most critical 

problems with malaria control. 

2. Heterocycles play an essential role in designing and discovering novel malaria-active 

compounds. 

3. Various N-containing heterocycles such as pyrazole and pyrazoline derivatives have 

been broadly studied for antimalarial potency in recent years. 

4. Summary of the recent developments in antimalarial activities of pyrazole and 

pyrazoline derivatives bearing quinoline, pyran, pyrazoline, pyridine, pyrimidine, 

imidazopyridazine, diazepine, curcumin, thiazole, benzothiazole, thiazolidine, triazine, 

oxadiazole, chalcone, furan, and the aryl moiety were discussed. 
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Abstract 

Malaria poses a severe public health risk and a significant economic burden in disease-endemic 

countries. One of the most severe issues in malaria control is the development of drug resistance 

in malaria parasites. The standard treatment for malaria is artemisinin-combination therapy 

(ACT). Nevertheless, the Plasmodium parasite's extensive resistance to prior drugs and reduced 

ACT efficiency necessitates novel drug discovery. The progress in discovering novel, 

affordable, and effective antimalarial agents is significant in combating drug resistance, and 

the hybrid drug concept can be used to covalently link two or more active pharmacophores that 

may act on multiple targets. Pyrazole and pyrazoline derivatives are considered 

pharmacologically necessary active heterocyclic scaffolds that possess almost all types of 

pharmacological activities. This review summarized recent progress in antimalarial activities 

of synthesized pyrazole and pyrazoline derivatives. The studies published since 2000 are 

included in this systematic review. This review is anticipated to be beneficial for future study 

and new ideas in searching for rational development strategies for more effective pyrazole and 

pyrazoline derivatives as antimalarial drugs. 

Keywords: Pyrazoles, pyrazolines, malaria, antimalarial potency, parasite, Plasmodium 

falciparum 

1. Introduction 

Malaria is a dangerous disease that can endanger human life and is spread by mosquito 

bites (Anopheles). The disease is dangerous and can result in death due to Plasmodium 

protozoa (Birkholtz et al., 2012). The disease is prevalent in tropical and subtropical regions 

such as Malaysia, Brazil, West Africa, and Indonesia. The number of global deaths reported in 

2017 was 435000, 61% of total malaria deaths are accounted for children under five years old 

(World malaria report 2018). Four species of the Plasmodium genus causing the disease are 

Plasmodium malariae, Plasmodium ovale, Plasmodium vivax, and Plasmodium falciparum 

(Manohar et al., 2010). It has been reported that Plasmodium falciparum is a significant and 

dangerous protozoan parasite in the Plasmodium genus (Hasan et al., 2015). 
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From the public health viewpoint, a cure for malarial diseases aims to decrease the 

spread of infection to others by decreasing the infectious population and transmitting resistance 

to antimalarial drugs. A broad range of drugs has been utilized to prevent the malarial disease 

like quinoline, an important heterocyclic moiety employed for the malarial treatment, based 

drugs (e.g., chloroquine, hydroxychloroquine, mefloquine, primaquine, amodiaquine, 

pamaquine, aablaquine, mepacrine, quinine, quinidine, and piperaquine), folate synthesizes 

inhibitors (e.g., sulfalene, dapsone, cycloguanil, pyrimethamine, sulfadoxine, proguanil, and 

chloroproguanil), artemisinin and related peroxide-based drugs (e.g., dihydroartemisinin, 

artesunate, and artemether), antibiotics (e.g., clindamycin, and doxycycline) and other 

antimalarial drugs (e.g., deferoxamine, halofantrine, and atovaquone) (Figure 1). Hence, 

progress in cost-effective, novel, and promising antimalarial agents is urgently needed (Tibon 

et al., 2020). The progress in multi-therapeutic methodologies (Alven and Aderibigbe, 2019) 

developed analogs, and the discovery of advanced routes was evaluated as viable alternatives 

since ACT is the only standard treatment recommended by WHO facing similar antimalarial 

resistance (Alonso and Tanner, 2013).  

Among heterocycles (Kalaria et al., 2018), unique and highly valuable compounds, N-

containing heterocyclic compounds are widely found as a core framework in a huge library of 

heterocyclic compounds. They are extensively observed in natural products from vitamins, 

alkaloids, antibiotics, hormones, and many others (Ju and Varma, 2006; Pai and 

Chattopadhyay, 2016; Srivastava et al., 2012; Zárate-Zárate et al., 2015). Pyrazoles, more 

potential doubly unsaturated five-membered heterocyclic compounds containing two nitrogen 

atoms, have gained significant attention of pharmacologists and chemists because of their wide 

range of biological activities (Faisal et al., 2019) including insecticidal (Heller and Natarajan, 

2006), antianxiety (Jamwal et al., 2013), antimicrobial (Kumar et al., 2016), antihyperglycemic 

(Kees et al., 1996), antipyretic (Wiley and Wiley, 1964), anticancer (Alam  et al., 2016; 

Ardiansah 2017; Shamsuzzaman et al., 2015), anticonvulsant (Michon et al., 1995), anti-AIDS 

(Sony and Ganguly, 2016), antidepressant (Bailey et al., 1985), antimalarial agents (Cunico et 

al., 2006; Ebenezer et al., 2022; Karrouchi et al., 2018; Khan et al., 2016; Küçükgüzel and 

Şenkardeş, 215; Nasution et al., 2016; Pinheiro et al. 2019; Queiroz et al., 2022; Sant'anna et 

al., 1996; Sharmabc and Prasher, 2020; Singhet al., 2021; Vaidya et al., 2014), cardiovascular 

(Raffa et al., 2015), antitubercular (Khunt et al., 2012; Pathak  et al., 2012), anti-inflammatory 

[(Gokhan-Kelekci et al., 2007), analgesic (Vijesh et al., 2013) etc (Figure 2). 
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Figure 1. Antimalarial drugs in current clinical use and under development 
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Figure 2. Commercially available drugs containing pyrazole nucleus 

Functionalized pyrano[2,3-c]pyrazole derivatives are highly explored and broadly 

studied and have a significant role in pharmaceuticals. Because of extensive synthetic utilities 

and potential biological activities, pyrano[2,3-c]pyrazoles have gained significant attention as 

an important class of heterocycles in organic synthesis and pharmaceutical industries (Guo et 

al., 2013). It has many appealing biological activities varying from anticancer (Wang et al., 

2009), anti-fungicidal (Ramiz et al., 2012), antimicrobial (Mistry et al., 2012), anti-

inflammatory (Mandha et al., 2012), antimalarial (Biswas and Das, 2022; García-Cañaveras et 

al., 2021; Shamsuddin et al., 2020; Witschel et al., 2015), vasodilator (Ahluwalia et al., 1997), 

inhibitors of human Chkl kinase (Foloppe et al., 2006), analgesic (Kuo et al., 1984) as well as 

biodegradable agrochemical (Kiyani et al., 2013) (Figure 3). 

Pyrazolines, another class of N-containing heterocycles (the reduced form of 

pyrazoles), also possess a broad range of biological activities, counting antitrypanosomal 

(Havrylyuk et al., 2014), antidepressant (Kaplancıklı et al. 2010), antifungal (Hassan 2013), 

anticancer (Patel et al., 2021), antinociceptive (Özkay et al., 2011), antitubercular (Joshi et al., 

2016), antiamoebic (Bhat et al., 2009), anticonvulsant (Bhandari et al., 2013), antibacterial 

(Sivakumar et al., 2010), antimalarial (Acharya et al., 2010; Ardiansah 2017; Bhutani et al., 

2015; Faheem et al., 2022; Jat et al., 2008; Nehra et al., 2020), anti-inflammatory (Kharbanda 

et al., 2014), and carbonic anhydrase (Çelik et al., 2020), monoamine oxidase (Sahoo et al., 

2010), cholinesterase (Mishra and Sasmal, 2013), EGFR tyrosine kinase (Lv et al., 2011), 

aldose re-educates (Ovais et al., 2014) and cannabinoid CB1 (Lange et al., 2010) inhibitory 

activities (Figure 4). 
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Figure 3. Biologically active pyrano[2,3-c]pyrazoles 

 

Figure 4. Various pyrazoline-based clinically used drugs 

Considering the biological and pharmaceutical importance of pyrazoles and 

pyrazolines, a comprehensive report regarding the progress of pyrazole and pyrazoline 

derivatives as promising candidates for antimalarial drugs in the global research community is 

of great significance. Now a day's, various N-containing heterocyclic derivatives have been 

broadly studied for antimalarial potency. Some important N-heterocyclic scaffolds are depicted 
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in Figure 5. Here, we summarize recent antimalarial activities of furnished pyrazoles and 

pyrazolines. 

 

Figure 5. Various heterocyclic compounds embedded in antimalarial agents 

The following section covered the two main heterocyclic skeletons embedded in 

various organic frameworks (Figure 6) that have demonstrated antimalarial activity against 

specific P. falciparum strains. 

 

Figure 6. Antimalarial agents’ pyrazole and pyrazoline derivatives listed in sections 2 and 3 

2. Pyrazole derivatives with antimalarial activity:  

Pyrazole derivatives bearing quinoline, pyran, pyrazoline, pyridine, pyrimidine, 

imidazopyridazine, diazepine, curcumin, thiazole, benzothiazole, thiazolidine, triazine, 

oxadiazole, chalcone, furan, and aryl moiety are significant scaffolds in the advancement of 

novel antimalarial drugs. 

2.1.Quinoline containing pyrazoles: 

Kalaria et al. (2014) identified the 5-imidazopyrazole-based polyhydroquinolines 1 as 

a novel class of antimalarial agents. They screened for in vitro antimalarial potency against P. 

falciparum clone utilizing CQ and quinine as the reference compounds. Compound 1a-r 

exhibited potent activity counter to P. falciparum with an IC50 value range between 0.057 and 

1.79 µg/mL. Among all, compounds 1s and 1t exhibited significant antimalarial potency 
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counter to P. falciparum with IC50 0.033 and 0.034 µg/mL, respectively, aligned with CQ 

(Figure 7). 

 

Figure 7. Antimalarial activity of 5-imidazopyrazole-based polyhydroquinolines against P. 

falciparum strain 

Karad et al. (2015) evaluated in vitro antimalarial potency of a new series of fluorinated 

5-aryloxypyrazole incorporated polyhydroquinolines 2 against P. falciparum clone employing 

CQ and quinine as standard drugs. Compounds 2a-k showed poor to moderate antimalarial 

activity, whereas 2l-p displayed potent antimalarial action against the P. falciparum clone. 

Among all, compound 2m was more potent against the P. falciparum clone with 0.042 µg/mL 

IC50 value (Figure 8). 
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Figure 8. Antimalarial activity of 5-aryloxypyrazole incorporated polyhydroquinolines 

against P. falciparum strain 

A broad range of quinoline carboxylic acids containing substituted pyrazole derivatives 

were furnished and examined in vitro antimalarial potency counter to P. falciparum clone 

employing quinine and CQ as reference drugs (Pandya et al., 2019). All the clubbed quinoine-

pyrazoles 3-6 demonstrated excellent antimalarial potency against the P. falciparum clone 

with an IC50 value range between 0.036 and 1.55 µg/mL. Twenty-five of thirty-five 

synthesized were the most potent, with less than 1 µg mL-1 of IC50 values. Among them, 

compound 5g emerged as more potent with IC50 0.036 µg/ml, followed by 6f and 5f with 0.087 

and 0.092 µg/mL of IC50values, respectively, which were lower than that of standard agent 

quinine (IC50 = 0.268 µg/mL). All other hybrids were not as potent as quinine and CQ counter 

to the P. falciparum clone (Figure 9). 
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Figure 9. Antimalarial activity of quinoline in corporate pyrazoles against P. falciparum 

strain 

The hybridization of 4-aminoquinoline with pyrano[2,3-c]pyrazoles will increase the 

antimalarial activity of pyrano[2,3c]pyrazole-aminoquinoline hybrids since pyranopyrazoles 

have a broad range of therapeutic applications. Very recently, a successful cascade process for 

conjugating 4-aminoquinolines and pyrano[2,3c]pyrazole derivatives as molecular hybrids 7 

for antimalarial drugs was developed and displayed excellent in vitro antimalarial potency 

counter to CQ-resistant P. falciparum K1 (EC50 = 7.12 ± 3.72 µM) and CQ-sensitive P. 

falciparum 3D7 (EC50 = 3.39 ± 1.89 µM) strains (Figure 10) (Shamsuddin et al., 2021). 
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Figure 10. Antimalarial activity of 4-aminoquinoline corporated pyranopyrazoles against CQ-

sensitive (3D7) and CQ- resistant (K1) strains of P. falciparum  

2.2.Pyran containing pyrazoles: 

Kalaria et al. (2014) also identified a new series of 5-imidazopyrazole incorporated 

fused pyran derivatives 8 as antimalarial targets and examined in vitro antimalarial efficacy 

counter to malaria parasite P. falciparum utilizing CQ and quinine as the standard drugs. All 

the screened hybrids exhibited potent antimalarial activity counter to P. falciparum with an 

IC50 value range between 0.034 and 1.88 µg mL-1. Among them, compound 8x showed higher 

antimalarial potency (IC50 = 0.034 µg mL-1) (Figure 11). 

 

Figure 11. Antimalarial activity of 5-imidazopyrazole incorporated fused pyrans against P. 

falciparum strain 
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Very recently, a range of pyrano[2,3-c]-pyrazole-5-carbonitriles 9 were synthesized 

and identified as antimalarial drugs and screened for their antimalarial potency counter to the 

CQ-sensitive 3D7 clone of P. falciparum employing quinine (IC50 = 0.268 μg/mL) and CQ 

(IC50 = 0.020 μg/mL) as standard drugs (Parikh et al. 2022). All the ten constructed hybrids 

were found to be potent with a 0.027-2.09 μg/mL range of IC50 values, which is lower than the 

standard CQ. Compared to the standard quinine drug, compounds 9a-d displayed higher 

antimalarial activity, whereas 9e-j was lower in antimalarial potency than the 3D7 P. 

falciparum clone. Among all, compound 9d (IC50 = 0.027 μg/mL), having a –CF3 functional 

group, showed the highest activity, followed by 9c (IC50 = 0.032 μg/mL) counter to the P. 

falciparum clone (Figure 12). 

 

Figure 12. Antimalarial activity of Pyran containing pyrazole derivatives against P. 

falciparum strain 

2.3.Pyrazoline containing pyrazoles: 

They continued their interest in forming diverse heterocyclic compounds with pyrazole 

as a unique moiety; Kalaria et al. (2014) constructed 5-imidazopyrazole incorporated 

pyrazoline derivatives 10 and screened the in vitro antimalarial efficacy counter to P. 

falciparum strain (IC50value range between 0.012 and 1.25 µg mL-1). Among all the tested 

analogs, compound 10l exhibited excellent activity with 0.012µg mL-1 of IC50 value (Figure 

13). 
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Figure 13. Antimalarial activity of 5-imidazopyrazole incorporated pyrazolines against P. 

falciparum strain  

A new series of fluoro-substituted pyrazoles conjugated with pyrazoline moiety 11a-l 

was constructed and examined for their antimalarial potency against P. falciparum clone 

employing quinine and chloroquine as reference compounds (Karad et al., 2014). All the tested 

compounds were found to possess IC50 values from 0.022 to 1.46 upon the P. falciparum 

strain. A significant antimalarial potency against the P. falciparum strain was displayed by 

compounds 11g-l as compared to the standard quinine IC50= 0.268 µM. Compound 11i (IC50 

= 0.022 M) outperformed the other derivatives against the P. falciparum strain (Figure 14). 

 

 

Figure 14. Antimalarial activity of fluorinated pyrazoles conjugated with pyrazoline against 

P. falciparum strain  
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Focussing their research interest on synthesizing and evaluating pyrazoles as 

antimalarial agents, Bekhit et al. (2014) developed a new series of 1H-pyrazoles 12-17. They 

examined the in vivo antimalarial potency utilizing mice infected with P. berghei at a dose 

level of 48.4 µmol/kg. The length of the carbon chain of the acyl group (substitution of NH of 

pyrazoline ring) resulted inreduced antimalarial activity, compounds 12 (70.26%), 13 (33.6%), 

14 (27.9%), and 15 (-15.1%) (Figure 15). Compound 12 exhibited superior antimalarial 

potency with suppression of 70.26%. 

 

Figure 15. Antimalarial activity of 1H-pyrazole derivatives against P. berghei-infected mice 

The same year, novel phenyl and thienyl clubbed pyrazole-pyrazoline hybrids 18 were 

developed and evaluated in vivo as antimalarial agents (Tuha et al., 2014). The furnished 

hybrids were screened for in vivo antimalarial potency counter to P. berghei-infected mouse 

models by implementing a four-day suppression test approach. The outcomes of in vivo 

antimalarial tests revealed that each hybrid displayed lower potency than the standard CQ 

phosphate at a dose of 48.46 μ mol/kg/day. With a percent suppression of 63.40% and 45.52%, 

respectively, the thienyl pyrazole-pyrazoline hybrid 18c and the phenyl pyrazole-pyrazoline 

hybrid 18e had the most potent antimalarial activity among all the tested hybrids. According 

to SAR analyses, molecules containing the phenyl pyrazolyl fragment had stronger 

antimalarial activity than those containing the thienyl pyrazole moiety (Figure 16). 
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Figure 16. Antimalarial activity of phenyl and thienyl substituted pyrazole-pyrazolines 

against P. berghei-infected mice 

The following year, Bekhit et al. (2015) furnished another class of pyrazoles 19-23 by 

hybridizing with pyrazolines and screened the in vivo antimalarial activity counter to P. 

berghei-infected mice. The hybrids 19c and 23 showed >90% suppression of the parasitic 

potency compared to the reference CQ. Among the most active compounds further evaluated 

for their in vitro antimalarial potency counter to the CQ-resistant (RKL9) strain of P. 

falciparum, compound 23 (IC50 = 0.0368 ± 0.008 µM) was found to be the most active 

derivative, which was 5-fold higher than CQ (Figure 17). 

 

Figure 17. Antimalarial activity of pyrazole-pyrazolines against P. berghei-infected mice 

and CQ-resistant (RKL9) strain of P. falciparum 

A broad range of thioamide-substituted pyrazoline-pyrazole hybrids was developed and 

screened for the in vitro antimalarial potency counter to the CQ-sensitive 3D7 clone of P. 

falciparum (Marella et al., 2015). Compounds 24a-p showed lower antimalarial efficacy 

counter to the 3D7 P. falciparum clone, with the IC5 
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0 value range between 4.2 and 77.83 µM. Compounds with NH2 group on phenyl ring 

attached to pyrazoline ring 24q-t exhibited the best antimalarial potency counter to the P. 

falciparum strain with 1.13, 1.53, 2.09, and 3.22 IC50 values, respectively (Figure 18). 

 

Figure 18. Antimalarial activity of thioamide-substituted pyrazoline-pyrazole hybrids against 

CQ-sensitive (3D7) P. falciparum strain 

Kumar et al. (2018) discovered a wide variety of pyrazoline-pyrazole hybrids endowed 

with benzenesulfonamide 25 and tested the in vitro antimalarial potency against both CQ-

resistant (RKL9) and CQ-sensitive (3D7) P. falciparum strains using CQ as reference drug. 

All the tested compounds (25a-q) exhibited antimalarial potency against the 3D7 clone of P. 

falciparum with 1.38 to 6.67 μM range of EC50 values, whereas only selected compounds 25a-

g found to be potent counter to RKL-9 P. falciparum clone with the EC50 values range between 

1.31 and 2.39 μM. Compared to their reference drug CQ, compounds 25a-g exhibited higher 

potency against RKL-9 and 3D7 P. falciparum strains. In vivo antimalarial action of the most 

potent compound, 25f, was tested against the P. berghei mouse model and demonstrated 

promising results with good mean survival days (Figure 19). 
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Figure 19. Antimalarial activity of pyrazoline-pyrazole hybrids against P. berghei and RKL9 

and 3D7 strains of P. falciparum 

Recently, Akolkar et al. (2020) have screened the antimalarial efficacy of pyrazoline 

containing pyrazole derivatives 26-29 counter to P. falciparum employing CQ and quinine as 

standard drugs. Molecular hybrids of the benzene, pyrazoline, and thiophene, ring increased 

the antimalarial activity (Figure 20). Hybrids 27 and 28 were equipotent with 0.47 µM of IC50 

value, which is lower than the standard quinine (IC50 = 0.83 µM). The inhibition potency 

of 29 (IC50 = 0.21 µM) was 4-fold higher than the reference quinine. 

 

Figure 20. Antimalarial activity of pyrazoline containing pyrazoles as against P. falciparum  

2.4.Pyridine-containing pyrazoles: 

Cabrera et al. (2011) identified pyridine-containing pyrazoles 30-32 as antimalarial 

agents and screened for their in vitro antiplasmodial activities counter to both CQ and 

multidrug-resistant (K1) and CQ-sensitive (NF54) clones of P. falciparum. For all the 

experiments, chloroquine IC50 0.016 μM (NF54) and 0.194 μM (K1) and artesunate IC50 0.004 

μM (NF54) and 0.003 μM (K1) were used as the reference drugs. All the tested hybrids 
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demonstrated potency against P. falciparum stains. Among them, compound 30 exhibited 

better activity against K1 (with 6.45 μM of IC50 value) and NF54 (with 4.99 μM of IC50 value) 

strains of P. falciparum (Figure 21).  

 

Figure 21. Antiplasmodial activity of pyridine-containing pyrazoles against CQ-resistant 

(K1) and CQ-sensitive (NF54) P. falciparum strains 

A novel series of pyrazolopyridines 33-36 were identified as the antimalarial hybrid 

and examined for their in vitro antiplasmodial activity counter to multidrug-resistant (K1) and 

CQ-sensitive (NF54) P. falciparum clones using mefloquine, CQ, and artesunate as reference 

drugs (Manach et al., 2015). All the tested compounds demonstrated in vitro antiplasmodial 

potency counter to the CQ-sensitive strain (NF54), whereas only compound 35 exhibited 

potent antimalarial activity counter to the multidrug-resistant (K1) P. falciparum strain 

(Figure 22). 

 

Figure 22. Antiplasmodial activity of pyrazolopyridines against CQ-resistant (K1) and CQ-

sensitive (NF54) P. falciparum strains  

In the following year, Silva et al. (2016) synthesized a wide variety of pyrazolopyridine 

derivatives conjugated with benzenesulfonamide moieties having diverse substituents at the 

para-position 37 and evaluated in vitro activity against CQ-resistant W2 P. falciparum clone 

employing CQ and sulfadoxine as reference compounds. All the compounds demonstrated 

lower activity than standard agent CQ (IC50 = 0.55 µM) and higher activity than standard agent 

sulfadoxine (IC50 = 15.0 µM) counter to the W2 P. falciparum clone with IC50 values ranging 

between 3.46 and 9.30 µM. Among all, hybrid 37b (R2 = Me) was found to be more active 
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with 3.46 µM of IC50value, following hybrids 37d (R2 = Cl) and 37g (R2 = Me), both with 

3.60 µM of IC50 value against P. falciparum (Figure 23). 

 

Figure 23. Antimalarial activity of pyrazolopyridine-benzenesulfonamide derivatives against 

CQ-resistant (W2) P. falciparum strain 

A novel series of acyl hydrazone-based molecular hybrids of 1,4-dihydropyridine and 

pyrazole 38 was identified as an antimalarial hybrid and tested for their in vitro antimalarial 

potency counter to CQ-sensitive (3D7) P. falciparum strain employing chloroquine as 

reference compound (Kumar's et al., 2017). All the screened compounds exhibited higher 

antimalarial potency (IC50 values range between 4.40 and 16.87 μM) than commercial drugs 

artemisinin and chloroquine. Among all tested hybrids, compound 38g was found to be more 

potent with 4.40 μM of IC50 value (Figure 24). 

 

Figure 24. Antimalarial activity of acyl hydrazone substituted against CQ-sensitive (3D7) P. 

falciparum strain 

2.5.Pyrimidine-containing pyrazoles: 

A new series of pyrimidine-substituted pyrazole derivatives 39-41 were identified as 

antimalarial hybrids for targeting enoyl-ACP reductase of P. falciparum (Kumar et al., 2006). 

The hybrids showed good inhibitory potential counter to enoyl-ACP reductase enzyme with a 

30-50 μM range of IC50values. The molecular docking studies on the evaluated hybrids 

revealed widespread binding to the target enzyme's active site amino acid residues, 

predominantly through aromatic interaction and hydrogen bonding (Figure 25). 
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Figure 25. Antimalarial activity of pyrimidine-substituted pyrazoles against P. falciparum 

strain 

The first examination of heterocyclic pyrazoles 42 for their in vitro antimalarial efficacy 

counter to the malaria parasite P. falciparum was reported by Satasia et al. (2014) based on 

pyrido[2,3-d]pyrimidine-diones. Quinine and CQ were used as standard compounds. All the 

evaluated hybrids showed potent antimalarial activity counter to the P. falciparum with an 

IC50 value range between 0.003 and 5.0 µg mL-1. The hybrid 42p was the highest antimalarial 

activity with 0.033 µg mL-1 of IC50 value, and the hybrid 42h was the lowest with 5.0µg mL-

1of IC50 value (Figure 26). 

 

Figure 26. Antimalarial activity of pyrazole-based pyrido[2,3-d] pyrimidine-diones against 

P. falciparum strain 

Manach et al. (2015) also identified a novel series of pyrazolopyrimidines 43-47 as a 

new class of antimalarial hybrid. They tested in vitro antiplasmodial activities counter to CQ-

sensitive (NF54) and multidrug-resistant (K1) P. falciparum clones employing mefloquine, 

CQ, and artesunate as reference compounds. All the tested compounds demonstrated in vitro 

antiplasmodial potency counter to the CQ-sensitive strain (NF54), whereas only compound 46 

displayed potent activity counter to the K1 P. falciparum clone (Figure 27). 
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Figure 27. Antimalarial activity of pyrazolopyrimidines against CQ-sensitive (NF54) and 

multidrug-resistant (K1) P. falciparum clones 

Azeredo et al. (2017) developed and synthesized the pyrazolopyrimidine derivatives 

incorporated with diverse arylamines at seventh position 48 and screened in vitro counter to 

CQ-resistant W2 P. falciparum clone in vivo counter to the P. berghei-infected mouse model, 

and in vitro as inhibitors of Pf-dihydroorotatede hydrogenase (PfDHODH). Out of fifteen 

hybrids synthesized, thirteen were active counter to P. falciparum, with IC50 value range 

between 1.2 and 92.4 µM. The PfDHODH inhibition revealed that compounds with β-

naphthylamine at the seventh position (48n-o) were the more potent. Among them, hybrid 48o 

exhibited higher and selective inhibitory activity (IC50 = 0.16µM), followed by 48n and 48m, 

with 4.0 and 6.0 µM of IC50 values, respectively. Hybrids 48n and 48m displayed low toxicity 

and higher SI (selectivity index) values of 79.6 and 467.8, respectively. Hence, these hybrids 

were screened in vivo in P. berghei-infected mouse mode. On day 5, upon treatment at 5 

mg/kg, administered orally, both hybrids reduced parasitemia by 50% (Figure 28). 
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Figure 28. Antimalarial activity of 7-arylaminopyrazolo[1,5-a]pyrimidines against CQ-

resistant (W2) P. falciparum clone and P. berghei 

The following year, a broad range of pyrazolopyrimidine derivatives conjugated with 

phenyl and benzenesulfonamide moieties having various substituents at the para-position 49 

were furnished and screened in vitro counter to CQ-resistant W2 P. falciparum clone (Silvira 

et al. 2018). Out of nine hybrids synthesized, six demonstrated in vitro potency against the W2 

P. falciparum strain, with an IC50 value range between 5.13 and 43.40 µM. Among them, 

hybrid 49c emerged as the most active one with an IC50 of 5.13 µM, which was higher than 

the reference compound CQ (IC50 = 0.55 µM) and lower compared to the sulfadoxine (IC50 = 

15.0 µM). Most synthesized hybrids displayed higher SI values than sulfadoxine, the standard 

agent (Figure 29). 

 

Figure 29. Antimalarial activity of pyrazolopyrimidine-benzenesulfonamide derivatives 

against CQ-resistant (W2) P. falciparum strain 

Further, imidazo[1,2-a]pyrimidine incorporated pyrazole derivatives 50-51 were 

designed and synthesized by Prasad et al. (2018) and screened antimalarial potency counter to 

P. falciparum employing chloroquine and quinine as reference drugs. All the tested hybrids 

exhibited superior potency with the IC50 value range between 0.030 and 1.45 μg/ml. SAR 
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studies showed that the hybrids having -F substituent at the para position of the phenyl ring 

(50e and 51e) displayed excellent antimalarial activity with 0.030 and 0.041 μg mL-1, 

respectively, whereas the hybrids with -Me group at the para position of the phenyl ring (50b 

and 51b) demonstrated below average results with IC50 1.84 and 1.50 μg mL-1, respectively. 

Among the heterocyclic substituents at the sixth position of the pyrimidine ring, N-containing 

heterocycles demonstrated superior antimalarial activities than S-containing heterocycles 

(Figure 30). 

 

Figure 30. Antimalarial activity of imidazo[1,2-a]pyrimidine substituted pyrazoles against P. 

falciparum  

2.6.Oxadiazole containing pyrazoles: 

In continuation of their interest in the construction of fluorinated pyrazoles, Karad et 

al. (2016) developed a range of fluoro-substituted pyrazoles conjugated with 1,3,4-oxadiazole 

moiety 52 and tested the antimalarial efficacy against CQ and quinine sensitive P. falciparum 

clones. Compounds 52l-p displayed higher antimalarial potency against the P. falciparum 

clone than the standard quinine IC50 = 0.826 µM. Among all, compound 52m (IC50 = 0.506 

µM) was found to be more potent against the P. falciparum clone (Figure 31). 
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Figure 31. Antimalarial activity of fluorinated pyrazoles conjugated with 1,3,4-oxadiazole 

against P. falciparum   

The in vitro antimalarial potency of pyrazole acrylic acid-based oxadiazoles 53 counters 

to CQ-sensitive 3D7 P. falciparum clone was tested by Verma et al. (2018) and displayed 

potent antimalarial activity with 0.245 to 3.507 µg/ml range of IC50 values. Four compounds, 

53e, 53q, 53t, and 53v, out of twenty-four synthesized, were the most potent, with less than 1 

µg/ml of IC50 values (0.515, 0.489, 0.503, and 0.245 µg/ml, respectively). These four 

compounds were further examined for activity counter to CQ-resistant RKL9 P. falciparum 

clone and showed an IC50 value of 1.1571, 0.902, 1.571, and 0.724 µg/ml, respectively (Figure 

32). 
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Figure 32. Antimalarial activity of pyrazole acrylic acid-based oxadiazole derivatives against 

CQ-sensitive (3D7) and CQ-resistant (RKL9) P. falciparum strains 

 Continuance of their interest in the antimalarial potency of pyrazole acrylic acid-based 

oxadiazole derivatives; an extension was carried out in the next year by Verma et al. (2019). 

All the furnished hybrids demonstrated potent antimalarial activity against the CQ-sensitive 

3D7 P. falciparum clone with an IC50 value range between 0.248 and 4.316 µg ml-1. Out of 

eighteen compounds synthesized, six (54a, 54f, 54g, 54n, 54o, and 54r) were found to be the 

most potent with less than 1 µg/ml of IC50 values (0.886, 0.248, 0.647, 0.322, 0.582 and 0.494 

µg ml-1, respectively). Among them, compound 54f has emerged as the most active one with 

an IC50 of 0.248 µg ml-1 followed by 54n with an IC50 of 0.322 µg ml-1. Both were lower than 

standard agent CQ (IC50 = 0.405 µg ml-1) (Figure 33). 

 

Figure 33. Antimalarial activity of pyrazole acrylic acid-based oxadiazole derivatives against 

CQ-sensitive (3D7) P. falciparum strain 

2.7.Curcumin analogues containing pyrazoles: 

Curcumin compounds were promising candidates for synthesizing and designing novel 

antimalarial drugs and a class of highly selective P. falciparum inhibitors. Mishra et al. (2008) 

constructed a variety of curcumin analogs having pyrazole rings 55-60 and evaluated them for 

their ability to inhibit P. falciparum growth in culture. The more potent curcumin analogs 57 

and 60 were inhibitory for CQ-resistant P. falciparum at IC50 of 0.89, 0.45 µM, and CQ-

sensitive P. falciparum at IC50 of 0.87, 0.48 µM, respectively. The most efficient Pyrazole 

moiety of curcumin (60) displayed ninefold higher antimalarial activity against CQ-resistant 

and sevenfold higher antimalarial activity against CQ-sensitive (Figure 34). 
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Figure 34. Antimalarial activity of curcumin analogs having pyrazole rings against CQ-

sensitive and CQ-resistant P. falciparum strains 

Balaji et al. (2015) also tested the in vitro antimalarial activity of several curcumin 

analogs having pyrazole ring 61. All the examined compounds displayed schizonticidal 

potency with an IC50 value range between 4.21 and 23.09 µM and parasiticidal activity with 

minimum killing concentrations (MKCs) ranging from 4.18 to 25.35 µM. Among the tested 

carboxamide (61a-e) and methanone (61f-o) analogs, compounds 61e (IC50; 9.87 µM) and 61o 

(IC50; 4.21 µM) exhibited maximum schizonticidal activity, respectively. Compound 61q was 

found to be a lesser schizonticidal activity with a 23.09 IC50 value among all the tested 

compounds (Figure 35). 
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Figure 35. Antimalarial activity of curcumin analogs having pyrazole rings against P. 

falciparum  

2.8.Chalcone containing pyrazoles: 

Chalcone (1,3-diaryl-2-propen-1-one) derivatives are simple and well-known analogs 

that played an important role in the progress of highly active, less toxic antimalarials (Qin et 

al., 2020). In continuation of their interest in the antimalarial evaluation of pyrazoles, Bekhit 

et al. (2014) tested the in vivo antimalarial potency of chalcone containing pyrazole 62 utilizing 

mice infected with P. berghei at a dose level of 48.4 µmol/kg. It exhibited lower antimalarial 

activity with suppression of -55.9%. Recently, Akolkar et al. (2020) have examined the 

antimalarial potency of chalcone containing pyrazole derivatives 63-66 counter to P. 

falciparum employing CQ and quinine as standard drugs. All the tested hybrids displayed 

potency with an IC50 value range between 1.46 and 3.93 µM. The strongest potency was found 

in hybrid 63 with an IC50 1.46 µM. (Figure 36). 
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Figure 36. Antimalarial activity of compound 62 against P. berghei and compounds 63-65 

against P. falciparum 

2.9.Furan containing pyrazoles: 

Choudhary et al. (2022) furnished a wide variety of novel furan containing pyrazoles 

67-69 and examined antiplasmodial potency based on in vitro antimalarial potency counter to 

the CQ-resistant K1 P. falciparum strain. All the twenty-four furnished compounds displayed 

potent anti-plasmodial activity counter to the CQ-resistant (K1) clone of P. falciparum. 

Among the series 67(a-h), hybrids 67a, 67d, 67e, 67f, and 67g exhibited very good activity 

with IC50value <5 µg/ml, followed by hybrid 67b with IC50 value <10 µg/ml, whereas hybrids 

67c and 67h displayed lower antimalarial activity with IC50 value greater than 10 µg/ml. 

Similarly, the hybrids 68d, 68e, 68f, and 68g displayed excellent antimalarial potency, while 

hybrids 68c and 68h were found with poor activity. In addition, hybrids 69e, 69f, and 69g also 

exhibited higher antimalarial potency, although hybrids 69b and 69h demonstrated a much 

lesser activity. According to the SAR studies, halogen as R substituent resulted in enhanced 

activity, whereas electron-donating or electron-withdrawing groups as R substituent resulted 

in reduced activity. Among all the twenty-four furnished hybrids, 68d and 68g have emerged 

as excellent antimalarial agents with IC50 values of 1.968 and 1.983 µg/mL, respectively 

(Figure 37). 
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Figure 37. Antimalarial activity of furan containing pyrazole derivatives against CQ-resistant 

(K1) P. falciparum strain 

2.10. Diazepine containing pyrazoles: 

A broad range of Pyrazolo[3,4-b][1,4]diazepine derivatives 70 was identified as 

antimalarial agents and screened in vitro antimalarial potency counter to Plasmodium parasite 

using CQ as the reference compound (Insuasty et al., 2015). All the tested compounds 70a-f 

exhibited moderate in vitro antimalarial potency against the Plasmodium parasite, with the 

IC50 value range between 11.3 ± 2.3 and 18.9 ± 1.7µg mL-1. Hybrid 70f displayed an efficient 

antimalarial potency against the Plasmodium parasite with 11.3 ± 2.3 µg mL-1of IC50 value 

(Figure 38). 

 

Figure 38. Antimalarial activity of pyrazolo[3,4-b][1,4]diazepine derivatives against 

Plasmodium parasite 
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2.11. Imidazopyridazine containing pyrazoles: 

Large et al. (2013) explored and extended a novel pyrazole class containing 

imidazopyridazine inhibitors of P. falciparum calcium-dependent protein kinase 1 

(PfCDPK1). Among all the tested compounds, diaminocyclohexane substituted compound 72 

exhibited a good metabolic stability profile and in vitro potency against P. falciparum (Pf anti-

parasite EC50 = 0.262 µM, PfCDPK1 enzyme IC50 = 0.056 µM) (Figure 39). 

 

Figure 39. Antimalarial activity of imidazopyridazine substituted pyrazoles against 

PfCDPK1 

2.12. Thiazole containing pyrazoles: 

Aminomethylthiazole pyrazole carboxamide 75 and its derivatives 76-83 were 

identified as antimalarial hybrids by Cabrera et al. (2011) and evaluated for their in vitro 

antiplasmodial activities against chloroquine and multidrug-resistant (K1) and CQ-sensitive 

(NF54) clones of P. falciparum. For all the experiments, chloroquine IC50 0.016 μM (NF54) 

and 0.194 μM (K1) and artesunate IC50 0.004 μM (NF54) and 0.003 μM (K1) were employed 

as the reference compounds. Most of the evaluated analogs were less active with IC50 >1 μM. 

Among all, analog 75 emerged as the more potent one against K1 (with 0.08 μM of IC50 value) 

and NF54 (with IC50 0.07 μM) strains of P. falciparum (Figure 40).  
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Figure 40. Antimalarial activity of aminomethylthiazole pyrazole carboxamide and its 

derivatives against CQ-resistant (K1) and CQ-sensitive (NF54) clones of P. falciparum 

The significant in vitro antiplasmodial activity of lead compound 75 has motivated 

Cheuka et al. (2014) to extend the construction of uncovered aminomethylthiazole pyrazole 

carboxamide derivatives 84-93 by replacing the pyrazole and thiazole cores. Among all the 

tested analogs, compound 87 exhibited better activity with a 1.84 µM IC50 value (Figure 41). 

However, all the synthesized compounds were shown lower in vitro antiplasmodial activity 

against CQ-sensitive malaria parasite P. falciparum (NF54) with an IC50 value range between 

1.84 and 67.5 µM. 
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Figure 41. Antimalarial activity of aminomethylthiazole pyrazole carboxamide derivatives 

against CQ-sensitive (NF54) strain of P. falciparum 

2.13. Benzothiazole containing pyrazoles: 

A wide variety of pyrazoles having benzenethiazole and iminium groups 94 were 

identified as antimalarial hybrids and tested in vitro antimalarial potency counter to CQ-

sensitive 3D7 P. falciparum clone (Aggarwal et al., 2018). Hybrids 94g-l with Ar1 = 4-MePh 

exhibited higher antimalarial potency with EC50 values ranging from 1.953 to 3.518 µg/mL, 

whereas hybrids 94m-r with Ar1 = 4-FPh and 94a-f with Ar1 = Ph exhibited moderate (EC50= 

2.59-5.9 µg/mL) and lower (EC50= 2.7-8.3 µg/mL) antimalarial activity, respectively. Among 

all the tested compounds, hybrid 94l (Ar2 = 3-ClPh) was found to be the most active one with 

1.953 µg/mL of EC50value, followed by hybrid 94j (Ar2 = 4-ClPh) with the EC50 of 1.98 

µg/mL while hybrid 94a (Ar2 = Ph) was found to be the least active one with 8.34 µg/mL of 

EC50 value (Figure 42). 

 

Figure 42. Antimalarial activity of benzenethiazole incorporated pyrazoles against CQ-

sensitive (3D7) strain of P. falciparum 

 

 

                  



33 
 

2.14. Thiazolidine containing pyrazoles: 

Bekhit et al. (2015) synthesized another class of pyrazoles 95, 96 by hybridizing with 

thiazolidinones examined for their in vivo antimalarial potent counter to P. berghei-infected 

mice. These hybrids showed >90% suppression of the parasitic potency compared to the 

reference CQ. Among the most potent analogs further evaluated for their in vitro antimalarial 

activity counter to CQ-resistant (RKL9) strains of P. falciparum, analog 96 (IC50 = 0.0364 ± 

0.004 µM) was found to be the most active derivative, which was 5-fold higher than CQ 

(Figure 43). 

 

Figure 43. Antimalarial activity of thiazolidine-incorporated pyrazoles against P. berghei-

infected mice and CQ-resistant (RKL9) strain of P. falciparum 

Very recently, various pyrazole derivatives linked to thiazolidine moiety were 

developed and examined for their in vivo antimalarial potency counter to the P. falciparum 

clone (Bekhit et al., 2022). All the examined hybrids displayed considerable antimalarial 

potency with a minimum of 59.3% suppression and the lowest mean survival time of 8.71 days 

reported with hybrid 97a. Among the studied compounds, 98a and 98b emerged as the most 

promising antimalarial agents with a maximum suppression of 95.35% and 96.51% and the 

highest mean survival time of 17.6 and 16.22 days, respectively (Figure 44). 

 

Figure 44. Antimalarial activity of thiazolidine incorporated pyrazoles against P. falciparum 
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2.15. Triazine containing pyrazoles: 

Gogoi et al. (2020) examined the in vitro antimalarial potency of 1,3,5-triazine-

incorporated pyrazole derivatives 100 counter to the CQ-sensitive 3D7 P. falciparum clone 

employing CQ as the standard agent. Out of ten hybrids synthesized, three hybrids, 100e (p-

chlorophenyl amino-functionalized), 100g (p-bromophenyl amino-functionalized), and 100h 

(m-chlorophenyl amino-functionalized), displayed considerable in vitro antimalarial potency 

counter to CQ-sensitive 3D7 P. falciparum clone with 53.85, 62.50, and 100 μg/mL of IC50 

values, respectively. In contrast, other hybrids displayed no antimalarial potency (Figure 45). 

 

Figure 45. Antimalarial activity of 1,3,5-Triazine incorporated pyrazoles against CQ-

sensitive (3D7) P. falciparum clone 

2.16. Aryl containing pyrazoles: 

The progress of novel antimalarial drug synthesis is urgently needed, considering the 

rising prevalence of drug-resistant P. falciparum parasites. Domínguez et al. (2002) studied 

aryl-substituted pyrazoles 101 and examined their antimalarial potency counter to P. 

falciparum. Compounds containing ester group on pyrazole ring exhibited commendable 

potency. However, the replacement of the ester group by the nitrile group resulted in reduced 

antimalarial activity due to the lack of hydrogen-bond formation. Among all the tested 

compounds, methyl 5-amino-3-anisidinepyrazole-4-carboxylic acid was identified as the most 

active against P. falciparum with an IC50 0.149 µM. This work used ciprofloxacin as a standard 

drug (IC50= 39.80 µM) (Figure 46). 

 

Figure 46. Antimalarial activity of aryl substituted pyrazoles against P. falciparum 
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Bekhit et al. (2012) synthesized a range of pyrazoles and evaluated in vivo antimalarial 

potency utilizing mice infected with CQ-sensitive P. berghei at a 50 µmol/kg dose level. From 

the analogs tested, compound 103 showed the most potent antimalarial potency counter to the 

CQ-resistant (RKL9) P. falciparum clone with an IC50 value of 0.033 µM (Figure 47). In 

addition, the more potent analogs 102-105 were evaluated counter to the CQ-resistant (RKL9) 

P. falciparum clone and displayed superior potency (with IC50 value range between 0.033 and 

0.076 µM) than chloroquine diphosphate (IC50 = 0.188 µM). 

 

Figure 47. Antimalarial activity of pyrazole derivatives against CQ-sensitive P. berghei and 

CQ-resistant (RKL9) P. falciparum clone 

2.17. The metal complex containing pyrazoles: 

Quirante's et al. (2011) evaluated the antimalarial activities of pyrazoles containing 

ligands 106 and platinum(II) or palladium(II) based complexes 107-110 against the 

chloroquine-sensitive (W2) and chloroquine susceptible (3D7) P. falciparum clones. The 

cyclopalladated analog 110 was 10 times more potent than its platinum(II) complex 109 

against P. falciparum W2 and 3D7 strains (Figure 48). Platinum(II) complexes 107a-c 

exhibited higher in vitro antimalarial potency against W2 and 3D7 strains of P. falciparum 

than that of their corresponding parent ligands 106a-c. The toxicity of complexes 108a and 

108b was low on two P. falciparum parasites. 
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Figure 48. Antimalarial activity of pyrazoles containing ligands and Pt(II) or Pd(II) based 

complexes against the CQ-sensitive (W2) and CQ-susceptible (3D7) P. falciparum clones 

2.18. Miscellaneous pyrazoles: 

A new class of 1,3,4-trisubstituted pyrazole derivatives was developed and studied in vitro 

antimalarial potency counter to CQ-resistant (RKL9) P. falciparum strain and antiplasmodial 

activity counter to P. berghei (Bekhit et al., 2018). Hybrids 113b, 113c, 116a, and 116d were 

the most active antiplasmodial agents counter to P. berghei, with a higher percent of inhibition 

range between 90-100%. The hybrid 113c demonstrated superior antimalarial potency (IC50 = 

0.0142 μM), 13-folder higher than standard CQ phosphate. The in silico studies of the most 

potent analogs counter to the quadruple and wild type mutant pf DHFR-TS structures 

confirmed the antimalarial activity. Moreover, the hybrids demonstrated significant in silico 

drug-likeness and pharmacokinetics. RBC hemolysis assay and acute toxicity analysis showed 

satisfactory physiological tolerability of the most potent hybrids up to 150 mg kg-1 through the 

oral route and 75 mg kg-1 through the parenteral route (Figure 49). 
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Figure 49. Antimalarial activity of 1,3,4-trisubstituted pyrazoles against P. berghei and CQ-

resistant (RKL9) P. falciparum clone 

In the same year, the in vitro antimalarial potency of pyrazole acrylic acid-based amide 

derivatives 120 counter to CQ-sensitive 3D7 P. falciparum clone was tested and displayed 

potent antimalarial activity with 0.985 to 4.412 µg/mL range of IC50 values (Verma et al., 

2018). Compound 120g was further screened for activity counter to CQ-resistant RKL9 P. 

falciparum clone and showed an IC50 value of 4.234 µg/mL (Figure 50). One compound, 120g 

out of eight synthesized, was the most potent, with IC50 less than 1 µg/mL of IC50 value 

(0.985µg/mL). 
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Figure 50. Antimalarial activity of pyrazole acrylic acid-based amide derivatives against CQ-

sensitive (3D7) and CQ-resistant (RKL9) P. falciparum clones 

The synthetic method for the construction of tetrahydro-1H,5H-pyrazolo[1,2-

a]pyrazole-1-carboxylate derivatives 121 and 122 were reported by Strašek et al. (2019), and 

an assessment inhibition of dihydroorotate dehydrogenase of PfDHODH was 

demonstrated. All the tested hybrids developed selectivity for PfDHODH more 

than HsDHODH (Figure 51). Compound 122 was found to be the more active with an IC50 

2.9 μM. 

 

Figure 51. Antimalarial activity of tetrahydropyrazolo[1,2-a]pyrazole-1-carboxylates  

3. Pyrazoline derivatives with antimalarial activity:  

Pyrazoline has become an interesting subclass of N-containing heterocycles with 

pharmacological significance, including antimalarial activity (Arwansyah et al., 2021; 

Kryshchyshyn-Dylevych et al., 2020; Lohidashan et al., 2018; Mehta et al., 2015). 

3.1.Quinoline containing pyrazolines: 

A new class of quinoline containing N-formyl and N-acetyl-pyrazoline hybrids 123-125 

for the possible antimalarial candidate was investigated by Insuasty et al. (2013). Upon in vitro 

antimalarial evaluation against P. falciparum (NF54 strain), compound 125 demonstrated 

remarkable potency with a growth inhibition percentage of 50.8%, a hemolytic capacity of 

3.2%, and an IC50 value of 14.1 μg/mL (Figure 52). 
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Figure 52. Antimalarial activity of quinoline-containing pyrazolines against NF54 P. 

falciparum strain 

A facile synthesis of morpholinoquinoline nucleus clubbed with pyrazoline derivatives 

126-129 as antimalarial agents were reported by Karad et al. (2016). All the furnished hybrids 

were evaluated for their in vitro antimalarial potency counter to the P. falciparum clone 

employing quinine and CQ as the reference compounds. Upon evaluation, the best antimalarial 

response was observed for hybrids 126a (IC50= 0.034 µM), 126b (IC50= 0.018 µM), 127b (IC50 

= 0.044 µM), 128a (IC50 = 0.051 µM), 128b (IC50= 0.015 µM), 129b (IC50 = 0.040 µM), and 

129d (IC50 = 0.028 µM), superior activity than that of standard Quinine (IC50 = 0.826 μM) and 

CQ (IC50 = 0.062 μM). All other hybrids were found to be less potent against the CQ-sensitive 

P. falciparum clone (Figure 53). 

 

Figure 53. Antimalarial activity of quinoline-containing pyrazolines against P. falciparum  
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3.2.Pyridine-containing pyrazolines: 

Acharya et al. (2010) developed a variety of 1,3,5-trisubstituted pyrazoline derivatives 

130. They tested them for their in vitro effectiveness of antimalarials counter to both CQ-

resistant (RKL9) and CQ-sensitive (MRC-02) clones of P. falciparum employing chloroquine 

diphosphate as the standard drug. Compared to the standard drug (IC50 = 0.177 µM), hybrids 

130a, 130c, 130d, 130f, and 130g of this series have demonstrated superior activity against the 

RKL9 clone of the parasite. Compounds 130a-b and 130f-h were equivalent in vitro 

antimalarial potency to the standard drug (IC50 = 0.021 µM) against the MRC-02 P. falciparum 

clone. 

 Both RKL9 (IC50 = 0.0425 µM) and MRC-02 (IC50 = 0.0265 µM) strains of P. 

falciparum was most susceptible to compound 130g. Intriguingly, compound 130b also 

demonstrated antimalarial potency counter to the MRC-02 clone (IC50 = 0.0304 µM) in a range 

similar to 130g. However, against the CQ-resistant clone, hybrid 130b (IC50= 0.1305 µM) was 

threefold less active than 130g (IC50 = 0.0425 µM). Halogen-containing compounds 130a, 

130f, and 130i also demonstrated very good potency counter to both CQ-sensitive and CQ-

resistant clones of P. falciparum. The three most potent hybrids (130a, 130f, and 130g) 

identified in the in vitro antimalarial experiments were examined in mice orally infected with 

P. berghei. Comparatively to CQ's 100% suppression at 8 mg/kg/day, compound 130a 

demonstrated a 69% average suppression at 50 mg/kg/day (Figure 54).  

 

Figure 54. Antimalarial activity of pyridine-containing pyrazolines against CQ-resistant 

(RKL9) and CQ-sensitive (MRC-02) clones of P. falciparum  

Mishra et al. (2017) synthesized a broad range of 1,3,5-trisubstituted pyrazolines 131 

and studied in vitro on CQ-resistant (RKL-9) and CQ-sensitive (MRC-2) strains of P. 

falciparum malaria parasite. Compared to the standard CQ (IC50 = 0.050 µM), hybrids 131d 

(0.040 µM), 131e (0.030 µM), 131m (0.034 µM), 131n (0.022 µM), and 131o (0.038 µM) of 
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this series have displayed better activity counter to the MRC-2 clone of the parasite. Against 

the RKL-9 P. falciparum clone, compounds 131d (0.330 µM), 131e (0.251 µM), 131n (0.0192 

µM), and 131o (0.337 µM) have demonstrated superior potency than CQ (IC50 = 0.401µM). 

Among all tested, compound 131n emerged as the most active agent against both MRC-2 (IC50 

= 0.022 μM) and RKL-9 (IC50 = 0.192 μM) P. falciparum clones (Figure 55). 

 

Figure 55. Antimalarial activity of pyridine-containing pyrazolines against CQ-resistant 

(RKL9) and CQ-sensitive (MRC-02) clones of P. falciparum  

3.3.Pyrimidine-containing pyrazolines: 

Design, construction, antimalarial screening, docking study, and 3D-QSAR analysis of 

novel pyrimidine containing nitrile-pyrazoline derivatives 132 were carried out by Marella et 

al. (2014) based on the pharmacophore hybridization technique. All the furnished hybrids were 

found to be potent against the CQ-sensitive 3D7 P. falciparum clone with an IC50 value range 

between 0.9 and 32.02 μg mL-1. Among the series, four hybrids 132aa-132ad demonstrated 

good antimalarial activity with IC50 value less than 2 μg mL-1 (Figure 56). 
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Figure 56. Antimalarial activity of pyrimidine-containing nitrile-pyrazolines against CQ-

sensitive (3D7) P. falciparum clone 

3.4.Oxazole containing pyrazolines: 

Pandey et al. (2016) synthesized a class of 4,5-dihydrooxazole-pyrazoline hybrids and 

examined them for their in vitro effectiveness of antimalarials counter to both CQ-resistant 

(RKL9) and CQ-sensitive (3D7) P. falciparum clones. All the tested compounds 133-136 

displayed excellent antimalarial potency against the CQ-sensitive (3D7) P. falciparum clone 

with an IC50 value range between 0.413 and 2.154 μg mL-1. In contrast, only nine (133a-h and 

135) out of sixteen compounds exhibited antimalarial potency (IC50 value range between 0.737 

and 4.233 μg mL-1) against the RKL9 P. falciparum clone. After examination of in vivo 

antimalarial potency against the P. berghei mouse model, hybrid 133g was denoted as the most 

active hybrid with IC50 of 0.322 μg mL-1 (Figure 57). 
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Figure 57. Antimalarial activity of oxazole-containing pyrazolines against CQ-resistant 

(RKL9) and CQ-sensitive (3D7) P. falciparum clones 

3.5.Coumarin containing pyrazolines: 

The construction of coumarin-pyrazoline hybrids 137 was reported by Akhtar et al. 

(2015). They also tested in vitro antimalarial potency of the ten furnished hybrids against the 

CQ-sensitive 3D7 P. falciparum clone employing CQ as the standard drug by Schizont 

maturation inhibition assay. According to the results of an in vitro testing, hybrid 137h 

exhibited higher inhibitory activity with an IC50 9.648 μg mL-1. SAR studies showed that 

substituting the bulky group at the R2 position favored the antimalarial potency, whereas 

substitution with acylpyridine at position R2 was found to be most effective compared to the 

benzene ring (Figure 58). 

 

Figure 58. Antimalarial activity of coumarin-containing pyrazolines against CQ-sensitive 

(3D7) P. falciparum clone 
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 Continuing their interest in the construction and in vitro antimalarial examination of 

coumarin-containing pyrazolines, Akhtar et al. (2017) synthesized another nine hybrids and 

examined in vitro antimalarial efficacy against the CQ-sensitive 3D7 P. falciparum clone 

employing CQ as the standard drug by Schizont maturation inhibition assay. Hybrid 138g was 

denoted as the most active one with an IC50 11.63 μg mL-1. According to SAR analyses, the 

bulky group replacement at the pyrazoline moiety's ring nitrogen favored the antimalarial 

activity. Similarly, antimalarial activity declines as the number of methoxy groups bonded to 

the phenyl ring increases (Figure 59). 

 

Figure 59. Antimalarial activity of coumarin-containing pyrazolines against CQ-sensitive 

(3D7) P. falciparum clone 

The following year, Himangini et al. (2018) developed a range of novel coumarin-

containing pyrazolines 139 and tested them for their in vitro antimalarial potency counter to 

CQ-resistant RKL9 and CQ-sensitive MRC-02 clones of P. falciparum. According to the in 

vitro examination results, some furnished compounds exhibited significant potency counter to 

the MRC-02 clone, while three hybrids (139h, 139n, and 139o) demonstrated superior potency 

counter to the RKL-9 clone of P. falciparum with IC50 values less than 10 μM. The most potent 

analogs in the series were found to be compounds 139n (IC50 RKL9 = 1.9 μM; IC50 MRC-02 

= 4.2 μM) and 139o (IC50 RKL9 = 2.1 μM; IC50 MRC-02 = 3.3 μM), despite that their activity 

was more than the reference drug CQ (IC50 = 0.02 μM). Compounds 139h, 139n, and 139o 

were next evaluated for in vivo antimalarial potency counter to P. berghei at 25 mg/kg/day 

dose. According to the results, compound 139n offered 100% protection at the tested dose 

level, and all the rodents survived for four weeks (Figure 60). 
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Figure 60. Antimalarial activity of coumarin-containing pyrazolines against CQ-resistant 

(RKL9) and CQ-sensitive (MRC-02) clones of P. falciparum 

Wanare et al. (2010) furnished and screened the antimalarial potency of chromene-

containing pyrazoline derivatives counter to CQ-resistant (RKL9) and CQ-sensitive (3D7) P. 

falciparum clones using artemisinin as standard drug. Hybrids 140 and 141 were equipotent 

against the CQ-sensitive (3D7) clone of P. falciparum, and hybrid 140 was more active than 

hybrid 141 against the CQ-sensitive (3D7) clone of P. falciparum (Figure 61). 

 

Figure 61. Antimalarial activity of chromene-containing pyrazolines against CQ-resistant 

(RKL9) and CQ-sensitive (3D7) clones of P. falciparum 

3.6.Caffeine-containing pyrazolines: 

Various caffeine based pyrazoline hybrids were furnished and examined for their in 

vitro effectiveness of antimalarials against the Plasmodium parasite employing CQ as the 

reference compound (Insuasty et al., 2015). All the tested compounds 142-144 exhibited 

moderate in vitro antimalarial potency against the Plasmodium parasite, with the IC50 value 

range between 13.7 and 20.8 µg mL-1. Among all, hybrid 142 emerged as the more active one, 

followed by 144, which was lower than standard CQ (18.9 µg mL-1) (Figure 62). 
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Figure 62. Antimalarial activity of caffeine-based pyrazoline against P. falciparum 

3.7.Thymol-containing pyrazolines: 

Raghuvanshi et al. (2019) identified a range of thymol-based pyrazolines 145 as 

antimalarial targets and examined them for their in vitro antimalarial efficacy against the 

malaria parasite P. falciparum. All the tested hybrids (145a-i) were found to be potent counter 

to the CQ-sensitive NF54 P. falciparum clone. Among them, hybrids 145c and 145f displayed 

significant antimalarial potency with IC50 <2 μM, while other pyrazoline derivatives also 

considerably inhibited the P. falciparum with IC50 <10 μM. The most active hybrid 145f was 

further evaluated for in vivo antimalarial potency in mice infected with P. berghei and 

significantly inhibited the growth of P. berghei to the level of 8.03% and 4.62% on day six at 

a dose of 50 and 100 mg/kg body weight, respectively. It showed lower chemo-suppression in 

mice at 50 (25.29%) and 100 (55.60%) mg/kg body weight than that of standard chloroquine 

(100%) (Figure 63). 

 

Figure 63. Antimalarial activity of thymol-containing pyrazolines against CQ-resistant 

(RKL9) and clone of P. falciparum 

3.8.Thiophene containing pyrazolines: 

Very recently, a variety of thiophene containing pyrazoline derivatives 146-148 were 

identified as antimalarial drugs and examined for their in vitro antimalarial potency against 

CQ-resistant (RKL9) and CQ-sensitive (3D7) clones of P. falciparum employing CQ (IC50 = 
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20.63 μg/mL) and artemisinin (IC50 = 4.51 μg/mL) as reference compounds (Alidmat et al., 

2021). Compared to standard drugs, almost all the tested compounds displayed better activity 

against both CQ-sensitive 3D7 (IC50 value range between 1.3 and 6.2 μg/mL) and CQ-resistant 

RKL9 (IC50 value range between 1.1 and 4.3 μg/mL) strains of P. falciparum. Among all, 

compound 148b was more active against the CQ-sensitive 3D7 strain with an IC50 of 1.3 

μg/mL, whereas compound 148a emerged as the most potent agent against the CQ-resistant 

RKL9 strain with an IC50 of 1.1 μg/mL (Figure 64). 

 

Figure 64. Antimalarial activity of thiophene-containing pyrazolines against CQ-resistant 

(RKL9) and CQ-sensitive (3D7) clones of P. falciparum 

3.9.Furan containing pyrazolines: 

Alidmat et al. (2021) also identified a variety of furan-containing pyrazolines 149-151 

as antimalarial agents and screened for their in vitro antimalarial potency against CQ-sensitive 

3D7 and CQ-resistant RKL9 P. falciparum clones using CQ (IC50 = 20.63 μg/mL) and 

artemisinin (IC50 = 4.51 μg/mL) as standard drugs. All the tested compounds were potent 

against CQ-sensitive 3D7 (IC50 values ranging from 2.2 to 18.2μg/mL) and CQ-resistant RKL9 

(IC50 values ranging from 1.1 to 7.3 μg/mL) P. falciparum clones. Among them, compound 

151b exhibited a higher potency counter to CQ-sensitive 3D7 (IC50 = 2.2 μg/mL) and CQ-

resistant RKL9 (IC50 = 1.1 μg/mL) clones of P. falciparum. Compared to the thiophene-

containing pyrazoline derivatives, furan-containing pyrazolines displayed lower antimalarial 

potency against both 3D7 and RKL9 P. falciparum clones (Figure 65). 
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Figure 65. Antimalarial activity of furan containing pyrazolines against CQ-resistant (RKL9) 

and CQ-sensitive (3D7) clones of P. falciparum  

3.10. Aryl containing pyrazolines: 

Aher et al. (2011) synthesized several dibenzylideneacetones and some of their 

pyrazoline derivatives and tested them in vitro using the SYBR green-I fluorescence assay on 

P. falciparum culture for blood-stage antiplasmodial activities. Among the tested pyrazoline 

derivatives, compound 152b exhibited better activity against CQ-sensitive (3D7) field isolate 

(IC50 = 9.10 µM) and CQ-resistant (RKL9) strain (IC50 = 11.09 µM) (Figure 66). 

 

Figure 66. Antimalarial activity of pyrazoline derivatives against CQ-resistant (RKL9) and 

CQ-sensitive (3D7) clones of P. falciparum 

4. Conclusion 

In conclusion, we have presented an overview of recent development and applications 

of diverse pyrazole and pyrazoline derivatives as potential antimalarial agents to emphasize 

the route for the progress of novel antimalarial drugs. A broad range of pyrazole and pyrazoline 

derivatives engaged in developing diverse antimalarial agents were thoroughly discussed. 

Highlights on diverse pyrazoles and pyrazolines with their potency as antimalarials are 

discussed. The introduction of various pyrazole and pyrazoline moieties in the scaffolds has 

enabled pharmaceutical chemists to attain high levels of antimalarial potency. 
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