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Abstract
Malaria is a disease that necessitates the development of new treatments not only to combat Plasmodium but 

also to alleviate infection symptoms such as fever and inþammation. Chloroquine (CQ) and Primaquine (PQ) were 
coupled to the pharmacophoric group found in phenylacetic anti-inþammatory medicines to create a sequence of 21 
hybrid molecules. These chemicals were created with a dual purpose in mind: to kill Plasmodium while also acting 
on the inþammatory process caused by malaria infection. Nine di erent biological approaches were used to test the 
substances. In vitro, the carbonylated CQ derivative was more e ective than CQ, reduced parasitemia in P. berghei by 
up to 37% on day 7. PQ derivative 17 was slight] das the anti-inþammatory mechanism associated with the condition. We introduce a new family of hybrid compounds 
made up of the anti-plasmodial medicines primaquine and chloroquine. To yet, no treatment has been found to be 
e ective against all phases of Plasmodiumôs life cycle. We devised and synthesized a new-generation molecule including 
both primaquine and chloroquine components from accessible precursors, with the goal of developing medicines with 
bioactivity against di erent stages of the parasiteôs life cycle. The hybrid molecule 3 has activity against asexual and 
sexual P. falciparum blood stages, as well as P. berghei sporozoites and liver stages, in vitro. The hybrid is active 
against P. berghei liver and blood stages in vivo. The concept of using one chemical to combine distinct mechanisms 
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taken and added to 100 L of Malstat reagent. A 20 L mixture of NBT 
(Nitro Blue Tetrazolium)/Diaphorase (1:1; 1 mg/mL stock each) was 
added to the Malstat reaction to determine PLDH activity. Optical 
densities were measured in an ELISA reader at 630 nm a�er the plates 
were agitated for 30 minutes at room temperature [17]. �e tests 
were carried out in threes. A negative control of 0.5 percent aqueous 
DMSO was employed, as well as dilution series of chloroquine (2) and 
primaquine (1) as further controls. �e IC50 values were derived from 
variable-slope sigmoidal dose-response curves using the Graph Pad 
Prism programme version 4 a�er each chemical was tested 2–3 times. 
For each chemical, the average IC50 value was computed (Table 1).

Microsomes: Determination of the hybrid’s metabolic 
stability in rat liver

�e hybrid 3’s phase I metabolism was examined using 
cytochrome-P450 dependent monooxygenase. Microsomes were 
extracted from untreated female Sprague Dawley rats and male rats 
treated for three days with corn oil, beta-Naphtho�avone (bNF; 100 
mol/kg/days), Phenobarbital (PB; 400 mol/kg/days), or both bNF 
+ PB. �e day a�er the last treatment, the animals were slaughtered 
and microsomes were prepared: the liver was homogenised in 0.25 M 
sucrose with 0.1 mM EDTA (pH 7.4) and centrifuged for 20 minutes 
at 10,000 g followed by 1 hour at 100,000 g. All of the steps were 
completed on ice. Microsomes were prepared and kept at 80 degrees 
Celsius until needed. Incubation methods for microsomal incubations 
in their entirety (�nal volume 1000 L) As a NADPH-generating system, 
the hybrid 3 (100 M), rat liver microsomal protein (1 mg/mL), 0.1 M 
phosphate bu�er (pH7.4), and -nicotinamide adenine dinucleotide 
phosphate (NADPH,1 mM) were added. Isocitrate (10 mM), isocitrate 
dehydrogenase (0.05 U), MgCl2 (4 mM), and NADP (1 mM) were used 
to make the NADPH-generating system, which was pre-incubated 
for 5 minutes at 37 C before being added to the incubation system. 
For 15, 30, 60, and 90 minutes, the entire incubation system was 
incubated. A�er the incubation period, 8-hydroxyquinoline was added 
for quanti�cation purposes, the reaction was stopped immediately, 
and 500 L ethyl acetate was extracted. �e residues were diluted in 50 
percent methanol/water (v/v) and submitted to ion pair HPLC with 
UV detection a�er the solvent had evaporated (255 nm). Incubations 
in the control group were carried out under the same conditions as the 
experimental group. Heat-deactivated microsomes were subjected to 
the same circumstances. A reversed phase column (Symmetry C18, 3.9 
mm 150 mm, 5 m;Waters) was used for HPLC analysis. Mobile phase 
A: methanol/water (1:10, v/v) with added phosphoric acid (0.01 mM) 
and hexanesulfonate (5 mM); B: methanol; linear gradient: 100% A 
to 100% B in 30 minutes at 0.65 mL/min injection volume 10 L �e 
metabolism of the hybrid 3 was quantitatively described as relative 
peak areas (peak area hybrid/peak area internal standard) [18, 19].

Antimalarial medication development status and new 
developments

Malaria remains a severe hazard in developing countries, with more 
than 1 million clinical episodes and 3000 deaths per day. Malaria killed 
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Primaquine is e�ective against the parasite’s sexual stages and has been 
used successfully to eradicate malaria from the Vanuatu archipelago in 
the southwest Paci�c [37]. In clinical trials in Indonesia, Colombia, and 
Papua New Guinea, primaquine was found to be exceedingly e�ective. 
Soldiers on jungle patrol in Colombia were given primaquine every day 
for 17 weeks in �eld studies. When compared to a placebo, daily dosage 
of primaquine was 94 percent e�ective [38]. It is 85% e�cient against 
P. falciparum and 85% e�ective against P. vivax. Methaemoglobinemia 
and haemolysis in Glucose6-Phosphate Dehydrogenase (G6PD)-
de�cient people are two serious possible side e�ects of primaquine 
treatment. Minor gastrointestinal e�ects, such as stomach ache, are 
also linked to primaquine use, however these are normally minimised 
when the medicine is taken with food. In a recent �eld experiment, 
2% of participants were unable to tolerate daily primaquine usage [39].

In malaria-endemic areas, multidrug-resistant parasites have 
become a serious treatment issue for healthcare providers. �e 
development of drug resistance is the expected selective response of 
a microorganism to lifethreatening situations, in broad evolutionary 
terms. As a result, parasite resistance to all currently available 
antimalarial drugs is almost certain to emerge. in the near future In 
the �eld of antibacterial medications, cases of Staphylococcus resistant 
to vancomycin, the most powerful antibiotic, have begun to show up 
in emergency rooms across the United States. New medications will 
be needed to replace those that have lost their e�ectiveness as long 
as malaria remains a worldwide health problem [23, 24]. �e bulk 
of currently available antimalarial medications have their origins in 
herbal remedies used by traditional healers. With the entire genomic 
sequence of the parasite, its host (human), and vector (Anopheles), 
new targets could be developed utilising rational drug design and other 
emerging technologies in the near future. Genome and proteome data, 
for example, have been crucial in the discovery of new diseases. Several 
parasite proteins are essential for the plastid to function properly. �e 
identi�cation of the type II fatty acid synthesis pathway in Plasmodium, 
as well as other plastid-related processes that di�er signi�cantly from 
their human counterparts, has opened up a new set of targets. �e 
plastid’s prokaryotic origin will also serve as a predictor of which 
bacterial inhibitors might be e�ective antimalarial. �e majority of 
the current targets were previously targeted for other human diseases. 
�ere is already a substantial body of scienti�c data and libraries of 
chemicals that can be used to combat these targets. A structural 
genomics project is presently ongoing with the goal of identifying 
the structure of prospective therapeutic targets in a large number of 
protozoan species. When these elements are joined, they form a synergy 
[25, 26]. Two lines of investigation will provide a strong impetus for the 
discovery of compounds with potent antimalarial activity. However, 
because similar targets are encoded in the human genome, developers 
of these compounds must ensure that the inhibitors have a high 
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earlier stages of drug development as technology becomes more cost 
e�ective. �is could make early detection of treatment failure easier, 
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Because there are signs that Artemisinin derivative doses may 
reach a toxicity-related ceiling without reversing the recently observed 
Artemisinin resistance or tolerance (delayed initial parasite clearance 
rather than increased late recrudescence), modelling suggests that the 
role of the longer-acting partner drug is critical in preventing higher-
grade infections. A failure of treatment However, with the loss of the 
ACT components’ mutual protection, there is a frightening prospect 
of widespread clinically signi�cant ACT failure in the nottoo distant 
future [49].

As a result, new schizonticidal medicines with a fast onset of action 
are required spiroindolones eliminate parasites quickly and could thus 
become a viable alternative to Artemisinin medicines when used in 
conjunction with a longer-acting partner treatment. More research 
is needed to assess their e�cacy, acceptability, and safety, as well as 
any potential PK/PD interactions with potential partners such as 
Lumefantrine, Piperaquine, or Naphthoquine [50, 51].

In the context of HIV treatment, potential medication interactions 
with ACT components have been discovered, as well as with 
pharmaceuticals that are known to alter ventricular repolarization. 
�ese could be helpful in the event of HIV. Reducing the incidence of 
recurrent malaria, but there’s also a chance that ART interactions will 
reduce ACT’s e�cacy by reducing drug exposure. PK/PD studies are 
critical for determining the right dose while maximising the potential 
for bene�t [51, 52]. Because electrocardiographic monitoring may 
not be possible where health-care facilities are limited, it is critical to 
reduce the risk of adverse cardiovascular outcomes when antimalarial 
drugs that prolong the QTc are used, by adhering to recommended 
dose regimens and avoiding additional pharmacotherapy with agents 
that have the same e�ect (such as macrolide antibiotics). In this 
context, detailed in vitro and in vivo assessment of the potential for 
4-aminoquinolines and similar medicines to produce malignant 
dysrhythmias is also necessary so that relative risks may be calculated. 
�is can be measured. Halofantrine and lumefantrine, for example, are 
chemically similar but have di�erent cardio toxicity pro�les [53].

Primaquine is still the sole treatment for P. vivax infections that is 
both e�ective and safe. Gametocytocidal agent with the highest e�cacy. 
Tafenoquine, a chemically similar 8-amminoquinoline molecule, has 
taken a long time to create. Because Tafenoquine has a substantially 
longer (14-day) elimination t12 than Primaquine, persistent hemolysis 
in G6PD-de�cient patients is a major problem. �e new development 
of point-of-care testing for G6PD status may aid in the practical 
application of Tafenoquine, which may have a larger potential than 
Primaquine for reducing the consequences of repeated vivax relapses 
on the risk of anaemia and local malaria transmission [54].

It is important to remember that improvements in antimalarial 
therapy are greatest when other components of control are addressed, 
such as the use of insecticide-impregnated bed nets and vector-
reduction strategies. Because of this, the WHO’s goal of eradication has 
been reintroduced such a well-thought-out strategy.
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susceptible infections with P. vivax, P. malariae, P. ovale, and P. 
falciparum. It is also used for second line treatment for rheumatoid 
arthritis.

3. Generic Name- Chloroquine 

4. Drug Bank Accession Number-DB00608 

5. Background: Chloroquine is an aminoquinoline derivative �rst 
developed in the 1940s for the treatment of malaria.

�e drug of choice to treat malaria until the development of newer 

antimalarials such as Pyrimethamine, Artemisinin, and Me�oquine. 
Chloroquine and its derivative hydroxychloroquine have since been 
repurposed for the treatment of a number of other conditions including 
HIV, systemic lupus erythematosus, and rheumatoid arthritis. �e FDA 
emergency use authorization for hydroxychloroquine and chloroquine 
in the treatment of COVID-19 was revoked on 15 June 2020.21 
Chloroquine was granted FDA Approval on 31 October 1949.20 

6. Type-Small Molecule 

7. GroupsOctober 1949.20 
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8. Weight Average: 319.872 8. Monoisotopic: 319.181525554 9. 
Chemical Formula:C18H26ClN3 [59, 60].

Pharmacology

Indication:

Chloroquine is indicated to treat infections of P. vivax, P. malariae, 
P. ovale, and susceptible strains of P. falciparum.19 It is also used to 
treat extraintestinal amebiasis.19 Chloroquine is also used o� label 
for the treatment of rheumatic diseases,4 as well as treatment and 
prophylaxis of Zika virus.1,2 Chloroquine is currently undergoing 
clinical trials for the treatment of COVID-19.3 

Associated Conditions:

Discoid Lupus Erythematosus (DLE) 

Extraintestinal Amebiasis

Plasmodium Infections 

Polymorphic Light Eruption (PLE)

Porphyria Cutanea Tarda

Rheumatoid Arthritis 

Sarcoidosis 

Acute, uncomplicated Malaria

Contraindications & Blackbox Warnings:

Avoid life-threatening adverse drug events Improve clinical 
decision support with information on contraindications & black box 
warnings, population restrictions, harmful risks, & more.

Pharmacodynamics:

Chloroquine inhibits the action of heme polymerase, which causes 
the buildup of toxic heme in Plasmodium species [11]. It has a long 
duration of action as the half life is 20-60 days.10 Patients should be 
counselled regarding the risk of retinopathy with long term usage or 
high dosage, muscle weakness, and toxicity in children [19].

Mechanism of action:

Chloroquine inhibits the action of heme polymerase in malarial 
trophozoites, preventing the conversion of heme to hemazoin [11, 15, 
16]. Plasmodium species continue to accumulate toxic heme, killing the 
parasite [11]. Chloroquine passively di�uses through cell membranes 
and into endosomes, lysosomes, and Golgi vesicles; where it becomes 
protonated, trapping the Chloroquine in the organelle and raising the 
surrounding pH [10, 13]. �e raised pH in endosomes, prevent virus 
particles from utilizing their activity for fusion and entry into the cell 
[14]. Chloroquine does not a�ect the level of ACE2 expression on cell 
surfaces, but inhibits terminal glycosylation of ACE2, the receptor that 
SARS-CoV and SARS-CoV-2 target for cell entry [13, 14] . ACE2 that is 
not in the glycosylated state may less e�ciently interact with the SARS-
CoV-2 spike protein, further inhibiting viral entry [14].

Absorption:

Chloroquine oral solution has a bioavailability of 52-102% and oral 
tablets have a bioavailability of 67-114%.10 Intravenous chloroquine 
reaches a Cmax of 650-1300µg/L and oral Chloroquine reaches a Cmax 
of 65-128µg/L with a Tmax of 0.5h.10

Volume of distribution: 

�e volume of distribution of Chloroquine is 200-800L/kg.10

Protein binding: 

Chloroquine is 46-74% bound to plasma proteins.9 (-)-chloroquine 
binds more strongly to alpha-1-acid glycoprotein and (+)-chloroquine 
binds more strongly to serum albumin.8

Metabolism: 

Chloroquine is N-dealkylated primarily by CYP2C8 and 
CYP3A4 to Ndesethylchloroquine.5,6,7,10 It is N-dealkylated to a 
lesser extent by CYP3A5, CYP2D6, and to an ever lesser extent by 
CYP1A1.5,6,7,10 N-desethylchloroquine can be further N-dealkylated 
to Nbidesethylchloroquine, which is further N-dealkylated to 7-chloro-
4-aminoquinoline.10

How over products below to view reaction partners

1. Chloroquine:

(R)-chloroquine, N-desethyl 

N-bidesethylchloroquine 

7-chloro-4-aminoquinoline

Route of elimination: 

Chloroquine is predominantly eliminated in the urine [10] 50% of 
a dose is recovered in the urine as unchanged Chloroquine, with 10% of 
the dose recovered in the urine as desethylchloroquine [10].

Half-life: �e half life of chloroquine is 20-60 days [10]

Clearance: 

Chloroquine has a total plasma clearance of 0.35-1L/h/kg [10]

Adverse E�ects: 

Improve decision support & research outcomes with structured 
adverse e�ects data, including: black box warnings, adverse reactions, 
warning & precautions, & incidence rates.

Toxicity: 

Patients experiencing an overdose may present with headache, 
drowsiness, visual disturbances, nausea, vomiting, cardiovascular 
collapse, shock, convulsions, respiratory arrest, cardiac arrest, and 
hypokalemia.19 Overdose should be managed with symptomatic and 
supportive treatment which may include prompt emesis, gastric lavage, 
and activated charcoal [19]

Drug Interactions: 

�is information should not be interpreted without the help of a 
healthcare provider. If you believe you are experiencing an interaction, 
contact a healthcare provider immediately. �e absence of an 
interaction does not necessarily mean no interactions exist.

Food Interactions: 

Take with food. Food reduces irritation and increases bioavailability.

Products: 

Drug product information from 10+ global regions our datasets 
provide approved product information including: dosage, form, 
labeller, route of administration, and marketing period.

2. Primaquine 
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Synonyms: Primachin, Primachina, Primachinum, Primaquin, 
Primaquina, Primaquine, Primaquinum

Summary: Primaquine is an antimalarial indicated to prevent 
relapse of vivax malaria.

Generic Name: Primaquine

DrugBank Accession Number: DB01087

Background: An aminoquinoline that is given by mouth to produce 
a radical cure and prevent relapse of vivax and ovale malarias following 
treatment with a blood schizontocide. It has also been used to prevent 
transmission of falciparum malaria by those returning to areas where 
there is a potential for re-introduction of malaria. Adverse e�ects 
include anemias and GI disturbances. (From Martindale, �e Extra 
Pharmacopeia, 30th ed, p404 [61]

Type: Small Molecule

Groups: Approved

Weight Average: 259.3467

Monoisotopic: 259.168462309

Chemical Formula: C15H21N3O

Pharmacology:

Indication: For the treatment of malaria. Reduce drug development 
failure rates Build, train, & validate machine-learning models with 
evidence-based and structured datasets [62].

Associated Conditions:

Malaria caused by Plasmodium ovale 

Malaria caused by Plasmodium vivax 

Plasmodium Infections 

Contraindications & Blackbox Warnings: 

Avoid life-threatening adverse drug events Improve clinical 
decision support with information on contraindications & black box 
warnings, population restrictions, harmful risks, & more.

Pharmacodynamics:

Primaquine is an antimalarial agent and is the essential co-
drug with chloroquine in treating all cases of malaria. In the blood, 
malaria parasites break down a part of the red blood cells known as 
haemoglobin. When this happens haemoglobin is divided into two 
parts; haem and globin. Haem is toxic to the malaria parasite. To prevent 
it from being damaged, the malaria parasite produces an chemical 
which converts the toxic haem into a non-toxic product. Primaquine 
acts by interfering with a part of the parasite (mitochondria) that is 
responsible for supplying it with energy. Without energy the parasite 
dies. �is stops the infection from continuing and allows the person 
to recover. Primaquine kills the intrahepatic form of Plasmodium 
vivax and Plasmodium ovale, and thereby prevents the 
T*
(Indication)Tj-1. thdochondrPrimo 
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bu�ered saline (PBS). Working stock can be held at room temperature 
for up to 2 weeks if stored at 4°C (RT). To perform cardiac puncture, 
dilute the mixture to 2–5 l/g body weight for limited anaesthesia and 15 
l/g body weight for deep/terminal anaesthesia.

Phenylhydrazine stock: 

PBS solution containing 6 mg/ml phenylhydrazinium chloride 
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available from a variety of sources (e.g., life technologies, 1600 Faraday 
Ave., Carlsbad, CA 92008, USA). Tuck-Ordinary (TO) or CD-1 
mice, >5 weeks old, for normal maintenance and mosquito infections 
C57BL/6 mice for bite back infections; C57BL/6 mice are extremely 
vulnerable to sporozoite infections [9, 10]. Mosquitoes are number �ve. 
Anopheles gambiae, e.g., G3, L3-5, Yaoundé, N’Gousso; Anopheles 
stephensi, e.g., sda500 (very susceptible); Anopheles gambiae, e.g., G3, 
L3-5, Yaoundé, N’Gousso. Anopheles gambiae susceptibility in our lab 
is a factor of ten. that of A. stephensi  [78].

Culture media

Essential Minimal Medium (MEM, Invitrogen). 10 percent 
heat-inactivated foetal calf serum (FCS, life technologies), 50 units/
ml penicillin, 100 g/ml streptomycin, 50 g/ml neomycin, 1 mM 
L-glutamine, and nonessential amino acids are added to the culture 
medium for HepG2 cells and exoerythrocytic stage cultures (Flow 
mixture). Filter-sterilize and store at 4 degrees Celsius. Culture media 
for Schizont (bloodstage) (modi�ed from 11). To 500 ml of RPMI1640 
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Figure 7: Optimisation of culture conditions for detection of infection P. berghei by þow cytometry. 7a) 50000 or 30000 HepG2 cells were plated per well and infected with 
10000, 20000 or 30000 PbGFP sporozoites and harvested the following day to measure the percentage of infected cells by þow cytometry. 7b) 30000 Huh7, HepG2 or 
HC04 cells were seeded per well and subsequently infected with increasing numbers of PbGFP sporozoites. Cells were harvested the following day and the percentage of 
infected cells determined by þow cytometry. 7c) 30000 Huh7 cells per well were infected with 15000 PbGFP sporozoites and the percentage of infected cells was measured 
between 4 and 41 hours after incubation. The graph represents the percentage of GFP+ cells (left axis) (black line) or log Mean Fluorescence Intensity (MFI) of GFP from 
GFP+ cells (right axis) (grey line) against the time after infection. 7d) 30000 Huh7 cells per well were infected with 20000 PbGFP-Luc sporozoites and the percentage of 
infected cells was measured between 20 and 48 hours after incubation. The graph represents the percentage of infected cells (left axis) (black line) or log Mean Fluorescence 
Intensity (MFI) of GFP in GFP+ cells (right axis) (grey line) against the time after infection.

Figure 6: 
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only method by which to initiate infections. Whilst this procedure 
is easily described we �nd the success achieved is highly operator-
dependent signi�cant variation in success between laboratories is 
therefore not unexpected, and is commonly observed. Prepare mice 
and mosquitoes as described in Subheading “Direct Feeding on 
Malaria-Infected Mice”. Warm up membrane feeders to 37–39°C and 
maintain at this temperature throughout. If using Para �lm, no more 
than 5 min before adding the blood, stretch the membrane (Baudruche 
membrane or 2-way stretch Para �lm—the latter stretched to the point 
of breaking in both directions) over the feeder and secure well. Para 
�lm membranes rapidly become fragile. Baudruche membranes can be 
applied at any convenient time. Para �lm membranes rapidly become 
fragile. Baudruche membranes can be applied at any convenient time. 
Anesthetize the rodent deeply and collect blood as rapidly as possible. 
Keep blood at 37°C (for short periods) or rapidly cool to 0°C (for greater 
periods, e.g., >30 min of manipulation). Introduce gametocyte-infected 
blood, or ookinete culture at 30–50% hematocrit into the feeder. Put 
feeder in contact with the mosquito pot netting. Breathe gently on 
the pot to stimulate mosquitoes and allow feeding to continue for a 
minimum of 15 min. �ere is no e�ective time limit on the feeding of 
ookinete cultures, but beware as these infections can yield high parasite 
load. Signi�cant mosquito mortality over the succeeding 48 h may be 
induced. A�er feeding, treat mosquitoes as described in Subheading 
“Direct Feeding on Malaria-Infected Mice” [85].

Maintenance in-vitro

 P. berghei is the only malaria species for which every stage of the 
life cycle has been grown   to maturity in vitro. �e chronology of 
these achievements is as follows (naming ex vivo progenitor–in vitro 
product): gametocyte–ookinete [18], sporozoite merozoite [19, 20], 
trophozoite–gametocyte [11], sporozoite–gametocyte [1], gametocyte–
sporozoite [2]. To date, the profound ine�ciencies of sporogonic 
culture have prevented the routine linkage of the methods of Suhrbier 
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using PBS or culture medium. 

Method B: 

Resuspend pellet of RBC in 10 volumes of Gey’s working solution 
and hold on ice for 1–3 min, shaking occasionally. Stop lysis by 
adding Iscove’s Modi�ed Dulbecco’s Media(IMDM, life technologies) 
containing 5% FCS. Wash again with IMDM [93].

Observation of Mosquito Stage Parasites Dissection to 
Isolate Mosquito Midguts

Anesthetize mosquitoes with CO 2 and keep immobile on ice. 
Place one mosquito onto microscope slide beside a drop of PBS. Hold 
the thorax with a 26G needle or a pair of � ne forceps, pull on the 
penultimate abdominal segment gently using another 26G needle or 
� ne forceps to gently withdraw the midgut, and ensure that the gut 
makes contact with the PBS drop. If necessary, cut o� the Malpighian 
tubules and terminal segment, and the foregut (if it has not already 
snapped clear of the body)  [94].

Observation of Ookinetes from Mosquitoes:

24 h a�er blood feeding, knock out mosquitoes with CO2 and 
transfer to a Petri dish on ice. Dissect out blood- �lled midgut (which 
is very delicate if fully engorged!) into a very small drop of ookinete 
medium (instead of PBS).   With a very sharp blade make an incision in 
the midgut lying in the drop of ookinete medium. Gently tease the blood 
clear of the mosquito tissue and stir gently to produce a homogeneous 
suspension. If required, now make a blood smear and Giemsa stain. 
Alternatively, make a dilute suspension and observe directly by phase/
interference contrast microscopy, or other methodology.  If observation 
of the (�xed) mid gut epithelium is required, it is easy to remove the 
blood meal a�er �xation in 4% formaldehyde for 45 s; the blood bolus 
is more cohesive which facilitates its removal [95].

Observation of Oocysts on Mosquito Midguts 

On days 8–12 a�er feeding, dissect mosquito midguts in either PBS 
or 1% mercurochrome in PBS Observe by light, phase, or interference 
microscopy or, if using �uorescent reporter lines or tagged parasites, 
by �uorescence microscopy. Midguts can be �xed 30 min in 4% 
formaldehyde/PBS. Fixed midguts can be mounted in VECTASHIELD 
(Vector Labs) or in other mounting media. If a GFP-expressing 
parasite strain is used, mosquitoes can already be dissected on day 7 
and GFPexpressing oocysts observed immediately by �uorescence 
microscopy. Alternatively midguts can be �xed as above and observed 
at convenience [96, 97]. To count �uorescent oocysts, we refer the 
reader to the method. �e algorithm for the semiautomated counting 
of microscopic images is available free of charge from the authors. 
Observation of Midgut Sporozoites [98]. Using the rearing protocol 
described above, on day 15–21 a�er feeding, dissect mosquito midguts 
as described in Subheading “Dissection to Isolate Mosquito Midguts” 
into PBS or RPMI. Transfer ~10 guts into a 1-ml glass homogenizer 
in 200 μl PBS or RPMI and homogenize with a few strokes [99]. �e 
pestle should be a loose � t, and the strokes gentle, to ensure that the 
sporozoites themselves are not homogenized. Take homogenate and 
count sporozoites as required, e.g., in a hemocytometer (a�er allowing 
them to settle for 15 min), or if appropriate by �ow cytometry. 
Preparation & administration of doses (Figures 9 and 10).

Following parameters were analysed in Complete Blood Count 
(CBC):

White Blood Cells (WBC) count: WBC count signi�es the number 

of white blood cells in the blood in cells per microliter (µl) [100, 101]. 
�e cells in the WBC di�erential count are typically listed separately. 
Red Blood Corpuscles (RBC) count: RBC count measures the number 

Fig 10 a:
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of Red Blood Corpuscles in a volume of blood and it is usually million 
cells per microliter (µl). Haemoglobin (HGB) Concentration: HGB 
Measures the amount of haemoglobin molecule in a volume of blood 
in grams per deciliter (g/dL) (one-hundredth of a liter) [102, 103]. 
Hematocrit (HCT) value: HCT value signi�es the percentage of 
the whole blood occupied by Red Blood Corpuscles. Platelets (PTL) 
Count: It measures the number of platelets in a volume of blood in per 
microliter (µl). A low platelet count (thrombocytopenia) may also be 
detected in the complete blood count [105]. Mean Corpuscles Volume 
(MCV): MCV is the measurement of the average size or volume of a 
typical red blood cell in a blood sample in femtoliters (fL) (a fraction 
of one-millionth of a liter) [106, 107]. Mean Corpuscular Haemoglobin 
(MCH): MCH measures the amount of haemoglobin in an average red 
blood cell in pictograms (pg) (a small fraction of a gram) [108, 109]. 
Mean Corpuscular Haemoglobin Concentration (MCHC): MCHC 
measures the average haemoglobin concentration in a volume of blood 
gram per decilitre (g/dL) [110, 111]. 

Observations

Percent parasitaemia: 

Percent parasitaemia was calculated by recording the number of 
parasites in nearly 10-50. Percent parasitaemia was recorded from 
day 7 to day 25 (Since the mice in positive control survived average 
approximately 25 days) or till death of mice a�er each 48hr. 

Percent suppression: 

�e suppression in parasitaemia with respect to control group 
was determined a�er recording the parasite counts for di�erent dose 
groups. �e relative percent suppression with respect to the control 
group was used.  Weight of mice: Weight of each mice before infection 
(day 0) and day 7 to day 25 or till death of mice a�er each 48hr. Mean 
Survival Time (MST): Mean Survival Time is the arithmetic mean of 
the survival time of di�erent mice used in a particular experimental 

group. �e day of death of mice was recorded once a day between 9- 10 
A.M

Experimental  A. 

Handling of mice B. passing of mice plasmodium voelli C. Intra 
mascular injection of arthemethin D oral dosing of Chloroquine E. 
weighing of mice (Figure 12)

Staining of blood sample (Figure 13)

Figure 11: Rearing and Maintenance of Swiss albino mice.

Figure 13: Staining of blood sample 13a) mice blood smear 13b) blood smear 
preparation 13c) drying blood smear 13d) staining with giemsa 13e) prepared slide 
for observation.

Figure 12: Experiment 2 12a) Handling of mice  12b) passing of mice plasmodium 
voelli 12c) Intra mascular injection of arthemethin  12d) oral dosing of Chloroquine 
E. weighing of mice
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Different stages of Plasmodium yoelii in blood smear (Figure 
14)

Experimental findings laboratory rearing of Anopheles stephensi 
malaria mosquitoes and swiss albino mice (mus musculus)

Since work is related with malaria, so it was important to know the 
detail life cycle Anopheles stephensi (L.) in the laboratory as a part of 
experimental protocol.

Rearing of Anopheles stephensi: 

�e laboratory culture of Anopheles stephensi (L.) was done under 
optimum environmental conditions. �e larvae were collected from 
river pockets from nearby village of Bedla and di�erent other locations 
of Udaipur district and cultured in the laboratory to establish pure line 
culture. 

Eggs: 

In the laboratory total numbers of eggs laid by �ve females were 
247, 325 and 164 a�er 24, 48 and 72 hours respectively, with an average 
of 147.2 eggs per female a�er 72 hours. �e incubation period ranged 
from 2-3 days, with an average of 2.30 days. 

Larvae: 

�ere were four larval instars in the life cycle of Anopheles stephensi 
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Meanwhile, both of the route D precursors, 4,7-dichloroquinoline 
and primaquine (1), are commercially available. As a result, route 
D appeared to be the best option. Due to primaquine’s redox-active 
characteristics, limited yields of isolated product were obtained. Our 

Figure 16: Evaluation of Sub-acute toxicity PQ against Haematological parameters 
of Swiss albino mice.

Figure 17: Prophylactic e ect CQ extracts against suppression Level of 
Plasmodium yoeliiinfected Swiss albino mice.

Figure 18: Prophylactic e ect of PQ extracts against body weight of Plasmodium 
yoelii infected Swiss albino mice.

Figure 19: E ect of CQ extracts against Mean Corpuscular Haemoglobin (MCH) of 
Plasmodium yoelii infected Swiss albino mice.

e�orts to improve the process revealed that nucleophilic substitution 
worked well at 120°C without the need of a catalyst. �is new technique 
was less expensive and better suited to scaling up. Due to the reduced 
amount of reagents and side products, the product was also easier to 
purify. In rat liver microsomes, the hybrid 3’s metabolic stability was 
studied [114, 115].

A series of microsomal incubations with four di�erent rat liver 
microsomes were used to determine the enzymatic stability. �e 
various activity of the cytochrome P450 monooxygenases (CYP) 
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dose-dependent e�ect, according to the results. In addition, we tested 
the hybrid’s e�ect on parasite invasion in vitro, but the results were 
inconclusive and ine�ective (Figure 21).

In vitro, the hybrid molecule has a strong inhibitory effect on 
liver-stage development.

In vitro, the hybrid compound exhibits strong inhibitory e�ect 
against liver-stage development. When a sporozoite invades a 
hepatocyte, it forms a sporozoite. �e vacuole of a parasite changes 
into a round-shaped liver stage. We were able to test for action against 
the established hepatic stages pos invasion in human hepatoma cells 
by adding 3 to the media a�er sporozoite invasion. In comparison to 
untreated controls, we used immuno�uorescence microscopy to examine 
the inhibitory e�ect of the hybrid on the morphology (size and shape) and 
developmental stage of liver stages. Under confocal microscope analysis, 
the diameter of the �uorescent signal produced by the liver-stage parasite 
was measured, and the number of parasites in each well was counted. 
When compared to the untreated control, the hybrid molecule 3 induced 
an overall decrease in the number of liver stages per well at 48 hours, 
implying that a therapeutic e�ect could be achieved. IFA was able to detect 
just a small percentage of parasites because they were completely destroyed 
or otherwise harmed. When parasite size was compared to the control, 
parasite size was found to be less [120, 121].

24 hours a�er invasion, the size of the uninhibited liver stage in the 
untreated control was reduced to 80% of its original size at 1 M, where 
100% would re�ect the mean size of the uninhibited liver stage in the 
untreated control. At later time periods, this mild suppression of liver-stage 
development became more signi�cant, with a size of 46 percent recorded 
at a concentration of 1M, 48 hours a�er invasion, which is comparable to 
the inhibition seen with Primaquine at 10 M. (standard in vitro inhibitory 
concentration), �e hybrid compound 3 displayed intermediate inhibition 
at 100 nM, with a size of about 60%. When seen as a whole, these �ndings 
show that the new hybrid molecule 3 has potential e�ects in vitro against 
the parasite’s liver stages, or pre-pathological stages [122].

Asexual blood stages, including Chloroquine-resistant strains, 
are active against the hybrid compound. Using the Malstat assay 
and the hypoxanthine incorporation assay, we examined the activity 
of the hybrid molecule 3 against the blood stages of three di�erent 
Plasmodium falciparum strains: K1, Dd2, and 3D7. �e former two 
are Chloroquine-resistant, whilst the latter is Chloroquine-sensitive. 
With an IC50 of 0.64 0.046 M, the hybrid 3 is active against 3D7. �ere 
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Conclusion
�e �ndings suggest a practical and fascinating strategy to 

developing new chemical entities for the treatment of malaria caused 
by Plasmodium falciparum and Plasmodium vivax, as well as the anti-
in�ammatory mechanism associated with the condition. Twenty-one 
novel CQ and PQ compounds (1–21) were synthesised and evaluated 
in vitro against the CQR clone of P. falciparum (W2). With IC50 values 
ranging from 0.12 to 3.18 M, the carbonylated CQ derivatives 1–10 
showed action. �e most e�ective of the compounds in this series was 
compound 6 (n = 3; R = Cl). Compound 8 (n =4; R =H), on the other 
hand, was also powerful and had the best selectivity. When compared 
to carbonylated analogues, gem-di�uorinated CQ derivatives (10– 13) 
showed no signi�cant changes. When evaluating them as linkers based 
on carbon numbers, it was It’s impossible to argue that one series was 
much superior to the other. Carbonylated 14–17 PQ derivatives and 
gem-di�uorinated 18–19 PQ derivatives were the least powerful CQ 
derivatives. �e best of this series were compound 17 (R = Br) and 
its gem-di�uorinated counterpart 21, which had IC50 values of 2.50 
and 3.50 M, respectively. When employed at a high dose (50 mg/
kg), compound 20 (R = Cl) showed strong transmission inhibition of 
the malaria sporogonic cycle in mosquitoes, compared to PQ, which 
completely inhibited the cycle when administered at a level of 15 mg/
kg. In mice infected with P. berghei, compound 8 (n = 4; R =H) reduced 
parasitemia by up to 37% (25 mg/kg) on day 7 following inoculation.
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