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ABSTRACT: 
 Due to its potential for rapid progression to complications and mortality in the absence of quick and effective treatment, malaria is a 

medical emergency. Plasmodium falciparum almost exclusively causes severe malaria. In spite of advancements in critical care and 

antimalarial treatment, imported malaria is becoming more common and its case fatality rate is still high. For many years, the antimalarial 

drugs chloroquine (CQ) and hydroxychloroquine (HCQ) have been used extensively in the management of autoimmune illnesses as well 

as the treatment and prevention of malaria. CQ and HCQ have broader therapeutic potential as novel mechanisms of action have been 

discovered in recent years, one of which being the treatment of viral infectious illnesses. 
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INTRODUCTION: 
 MALARIA:  

 Malaria is called the “king of Diseases”.[1] Malaria is a mosquito-borne infectious disease that affects humans and other animals. It is 

caused by single-celled microorganisms of the Plasmodium group. The disease is most spread by an infected female Anopheles mosquito. 

The mosquito bite introduces the parasites from the mosquito's saliva into a person's blood. The parasites travel to the liver where they 

mature and reproduce. Malaria is caused by obligate intraerythrocytic protozoa of the genus Plasmodium.[2]. Humans can be infected with 

one (or more) of the following four species: 

 P. falciparum  

 P. vivax  

 P. ovale 

  P. malariae  

Plasmodia are primarily transmitted by the bite of an infected female Anopheles mosquito, but infections can also occur through exposure 

to infected blood products (transfusion malaria) and by congenital transmission.[2]. Most deaths are caused by P. falciparum because P. 

vivax, P. ovale, and P. malaria generally cause a milder form of malaria. The species P. knowlesi rarely causes disease in humans. Malaria 
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causes symptoms that typically include fever, tiredness, vomiting, and headaches. In severe cases, it can cause yellow skin, seizures, 

coma, or death. Symptoms usually begin ten to fifteen days after being bitten by an infected mosquito. Malaria remains a devastating 

global health problem. Worldwide, an estimated 300–500 million people contract malaria each year, resulting in 1.5–2.7 million deaths 

annually [3]. Because of the increase in global travel to and immigration of people from areas endemic to malaria, the incidence of imported 

cases of malaria in developed countries has risen. Approximately 10 000–30 000 travelers from industrialized countries are expected to 

contract malaria each year.[4] In industrialized countries, most cases of malaria occur among travelers, immigrants, or military personnel 

returning from areas endemic to malaria (imported malaria). Exceptionally, local transmission through mosquitoes occurs (indigenous 

malaria). Among patients with unexplained fever or clinical deterioration who have returned from an endemic area within the past few 

years, malaria must be included in the differential diagnosis. The evaluation of such cases should always include taking a comprehensive 

travel history. Delays in recognition and appropriate treatment of malaria increase morbidity and mortality [5]. Here, the clinical 

manifestations, laboratory findings, diagnosis, and treatment of severe malaria are reviewed. The number of malaria cases worldwide 

seems to be increasing, due to increased transmission risk in areas where malaria control has declined, the increasing prevalence of drug-

resistant strains of parasites, and in a relatively few cases, massive increases in international travel and migration. The need for effective 

and practical diagnostics for global malaria control is increasing since effective diagnosis reduces both complications and mortality from 

malaria. Differentiation of clinical diagnoses from other tropical infections, based on patients signs and symptoms or physicians’ findings, 

may be difficult. 

 

CLASSIFICATION OF MALARIA: 

  Asymptomatic malaria: can be caused by all Plasmodium species; the patient has circulating parasites but no symptoms  

 Uncomplicated malaria: Simple or uncomplicated malaria may be treated with oral medications. Artemisinin drugs are effective and 

safe in treating uncomplicated malaria.[6] Uncomplicated Malaria can be caused by all Plasmodium species. Symptoms generally occur 

7-10 days after the initial mosquito bite. Symptoms are non-specific and can include fever, moderate to severe shaking chills, profuse 

sweating, headache, nausea, vomiting, diarrhea, diarrhea, and anemia, with no clinical or laboratory findings of severe organ dysfunction. 

  Severe malaria: is usually caused by infection with Plasmodium falciparum, though less frequently can also be caused by Plasmodium 

vivax or Plasmodium knowlesi. Complications include severe anaemia and end-organ damage, including coma (cerebral malaria), 

pulmonary complications (for example, oedema and hyperpnoea syndrome) and hypoglycaemia or acute kidney injury. Severe malaria 

is often associated with hyperparasitaemia and is associated with increased mortality. Cases of severe and complicated malaria are almost 

always caused by infection with P. falciparum. The other species usually cause only febrile disease. Severe and complicated malaria cases 

are medical emergencies since mortality rates are high (10% to 50%) [7]. 

 

TYPES OF MALARIA:  

 Plasmodium falciparum (or P. falciparum)  

 Plasmodium malaria (or P. malariae)  

 Plasmodium vivax (or P. vivax)  

 Plasmodium ovale (or P. ovale)  

 Plasmodium knowlesi.[8]. 

 

 

LIFECYCLE OF MALARIA:  

 In the life cycle of Plasmodium, a female Anopheles mosquito (the definitive host) transmits a motile infective form (called the 

sporozoite) to a vertebrate host such as a human (the secondary host), thus acting as a transmission vector.  

 A sporozoite travels through the blood vessels to liver cells (hepatocytes), where it reproduces asexually (tissue schizogony), producing 

thousands of merozoites.  

 These infect new red blood cells and initiate a series of asexual multiplication cycles (blood schizogony) that produce 8 to 24 new 

infective merozoites, at which point the cells burst and the infective cycle begins a new one.  

 Other merozoites develop into immature gametocytes, which are the precursors of male and female gametes. When a fertilized mosquito 

bites an infected person, gametocytes are taken up with the blood and mature in the mosquito gut.  

 The male and female gametocytes fuse and form an ookinete a fertilized, motile zygote. Ookinetes develop into new sporozoites that 

migrate to the insect's salivary glands, ready to infect a new vertebrate host.  

 The sporozoites are injected into the skin, in the saliva, when the mosquito takes a subsequent blood meal. Only female mosquitoes 

feed on blood; male mosquitoes feed plant nectar and do not transmit the disease.  

 Females of the mosquito genus Anopheles prefer to feed at night. they usually start searching for meals at dusk and continue through 

the night until they succeed.  

 Malaria parasites can also be transmitted by blood transfusions, although this is rare.[9]. 
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figure 1: life cycle of malaria. 

 

TREATMENT:  
Antimalarial therapy is given in the following forms:  

 Causal prophylaxis:  

The preerythrocyticphase (in liver), which is the cause of malarial infection and clinical attacks, is the target for this purpose. Primaquine 

is a causal prophylactic for all species of malaria, but has not been used in mass programmes, because of its toxic potential. Proguanil is 

a causal prophylactic, primarily for P.f., but is not used in India, because of weak activity against liver stages of P.m., and rapid 

development of resistance when used alone.  

 Suppressive prophylaxis:  

The schizonticides which suppress the erythrocytic phase and thus attacks of malarial fever can be used as prophylactics. Though the 

exoerythrocytic phase in case of vivax and other relapsing malarias continues, clinical disease does not appear. Clinical cure the 

erythrocytic schizonticide’s are used to terminate an episode of malarial fever. 

Side effects:  

 Fever  

 Chills  

 sweats  

 headaches 

 nausea  

 vomiting  

 body aches. 

 

CLASSIFICATION OF ANTIMALARIAL DRUGS:  
1. 4-Aminoquinolines: Chloroquine, Amodiaquine, Piperaquine.  

2. Quinoline- methanol Mefloquine.  

3. Cinchona alkaloid: Quinine, Quinidine.  

4. Biguanides: Proguanil (Chloroguanide), Chlorproguanil.  

5. Diaminopyrimidines: Pyrimethamine.  

6. 8-Aminoquinoline: Primaquine, Bulaquine.  

7. Sulfonamides and sulfone: Sulfadoxine, Sulfamethopyrazine, Dapsone. 

 8. Tetracyclines: Tetracycline, Doxycycline.  

9. Sesquiterpene Lactones: Artesunate, Artemether, Artemether.  

10. Amino Alcohols: Halofantrine, Lumefantrine.  

11. Napthyridine: Pyronaridine.  

12. Naphthoquinone: Atovaquone.[9] 

 

 

OBJECTIVES AND USE OF ANTIMALARIAL DRUGS: 
 The aims of using drugs in relation to malarial infection are: 

i.To prevent clinical attack of malaria (prophylactic).  

ii.To treat clinical attack of malaria (clinical curative).  

iii.To completely eradicate the parasite from the patient’s body (radical curative). (iv) To cutdown human-to-mosquito transmission 

(gametocidal). 
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CHLOROQUINE: 

 
Introduction: 

 Chloroquine resistance among P. vivax was first reported in Papua New Guinea in 1989. It has now been confirmed from Indonesia, 

Myanmar, Peru, Columbia, and Ethiopia and detected in India, but is focal and sporadic, reported from Chennai, Mathura, tribal areas of 

Madhya Pradesh, Mumbai, and Bihar. It manifests as recrudescence within 1–3 weeks of treating vivax malaria with a standard dose of 

chloroquine. Such cases can be treated by quinine given along with doxycycline/clindamycin or by ACT, followed by primaquine to 

effect a radical cure.  

 

Other Actions: 
Chloroquine is active against, Entamoeba histolytica and Giardia lamblia as well. It has anti-inflammatory, local irritant and local 

anesthetic (on injection), weak smooth muscle relaxant, and antihistaminic and antiarrhythmic properties. 
Name: Chloroquine. 

 

Background: 

 

Chloroquine is an aminoquinoline derivative first developed in the 1940s for the treatment of malaria. It was the drug of choice to treat 

malaria until the development of newer antimalarials such as pyrimethamine, artemisinin, and mefloquine. [12] 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.[13].The FDA emergency use authorization for hydroxychloroquine and chloroquine in the 

treatment of COVID-19 was revoked on 15 June 2020.[14] Chloroquine was granted FDA Approval on 31 October 1949.[15] 

 

Objectives:  
 Summarize the mechanism of action of chloroquine.  

 Identify the most common adverse effects of chloroquine.  

Drug Intraction 

Abacavir Chloroquine may decrease the excretion rate of 

Abacavir which could result in a higher serum level. 

Abam tapir The serum concentration of Chloroquine can be 

increased when it is combined with Abam tapir. 

 

Abatacept The metabolism of Chloroquine can be increased 

when combined with Abatacept. 

 

Abiraterone The metabolism of Chloroquine can be decreased 

when combined with Abiraterone. 

 

Acalabrutinib The metabolism of Chloroquine can be decreased 

when combined with Acalabrutinib. 

 

Acebutolol The metabolism of Acebutolol can be decreased when 

combined with Chloroquine. 

 

Aceclofenac Aceclofenac may decrease the excretion rate of 

Chloroquine which could result in a higher serum 

level. 

 

Acemetacin Acemetacin may decrease the excretion rate of 

Chloroquine which could result in a higher serum 

level. 

 

Acetaminophen The metabolism of Acetaminophen can be decreased 

when combined with Chloroquine.  

Acetazolamide Acetazolamide may increase the excretion rate of 

Chloroquine which could result in a lower serum level 

and potentially a reduction in efficacy. 
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 Review the appropriate monitoring of patients treated with chloroquine.  

 Outline the importance of collaboration and coordination among the interprofessional team that can enhance patient care when 

prescribing and monitoring chloroquine to improve patient outcomes for patients receiving prophylaxis and treatment with chloroquine. 

 

DRUG INTERACTION: 

 

MECHANISM OF ACTION: 
 Chloroquine exerts its antimalarial effects by preventing the polymerization of heme into hemozoin (a food source for the malarial 

parasite). Chloroquine forms a drug-hemozoin complex, and this complex caps the polymerizing chain, thereby preventing additional 

polymerization. Along with the prevention of polymerization, the free heme accumulates in the food vacuole, exerting its toxic effects 

on the parasite.[19] Chloroquine also functions as an anti-autoimmune therapy. It exerts its effects by binding to transcriptional factors on 

T helper 17 cells and preventing differentiation. At the same time, chloroquine also activates the transcription factor Foxp3, driving the 

formation of regulatory T cells. Regulatory T cells have been shown to treat and prevent autoimmune diseases.[20] 

Administration: 
 Chloroquine is currently administered orally when used as a prophylaxis for malaria and the treatment of chronic autoimmune 

diseases.[21] For malaria prophylaxis, 500 mg is typically administered orally two weeks before, during, and up to 8 weeks after exposure 

to an endemic area, taken as a weekly dose. When used as a treatment for extraintestinal amoebas, chloroquine dosing 21 mg/kg for three 

weeks.[22] Under severe or emergent cases of malaria, chloroquine can be administered parenterally.[23] Some research has shown that 

parenteral administration is potentially toxic; therefore, subcutaneous administration has been shown to be a more effective method in 

circumstances of severe malaria.[24] For extraintestinal amebiasis, 1g is administered once daily for 2 days, and then 500mg is administered 

once daily for 14 to 21 days. 

Pharmacokinetics: 
 After oral administration of CQ or HCQ, the gastrointestinal absorption is fast and sufficient, and the blood concentration reached the 

peak value 2–3 h after dosing.[25] The bioavailability of CQ and HCQ is 70%–80%[26] CQ can penetrate into most tissues with a large 

distribution volume of about 65,000 L and the final elimination half-life 40–60 days[27] Both CQ and HCQ undergo biotransformation 

in the liver by enzymes CYP3A4, CYP2D6, CYP2C8, or CYP1A1[10] The main metabolites of CQ through the N-dealkylation reaction 

include desethylchloroquine, which retains the anti-malarial activity, and bis-desethylchloroquine.[28] HCQ is transformed into 

deacetylated metabolites in the liver. CQ is primarily eliminated in the urine as more than half of the dose recovered unchanged in the 

urine, 10% of the dose recovered in the urine as its dimethyl-metabolite, and about 8% of chloroquine is excreted in feces or milk[29] 

HCQ is mainly eliminated by the kidney, and the other part is excreted by feces and skin.[30] As CQ and HCQ can be stored in visceral 

tissue while most of them are metabolized in the liver and excreted slowly, a long-lasting antimalarial activity is expected. 

 

Chloroquine and hydroxychloroquine treatment of malaria:  

 Etiology of malaria:  
Malaria is one of the most prevalent infectious diseases affecting human beings. The World Malaria Report 2019 from the World Health 

Organization (WHO) estimates 228 million diagnosed cases and 0.4 million deaths of malaria globally in 2018. Malaria mostly affects 

developing regions of tropical and subtropical areas, particularly Africa. Young children under 5 years old and pregnant women are most 

vulnerable due to their compromised immune systems.[31] Therefore, malaria remains a severe public health problem worldwide. Malaria 

is caused by infection of Plasmodium parasites. The infective Plasmodium parasites are transmitted to humans by the bite of female 

Anopheles mosquitoes.[32] The malaria parasite sporozoites inoculated to human by mosquito infect liver cells, mature and rupture 

hepatocytes to release merozoites (human liver stage), which further attack red blood cells (RBCs) for asexual multiplication and cause 

rupture of RBCs by releasing merozoites (human blood stage), leading to clinical symptoms.[33] Because of the presence of parasites in 

RBCs during blood stage in infected individuals, malaria can also be transmitted to the new-borns via maternal-neonatal transmission.[34] 

organ transplant.[35] or the shared use of blood-contaminated needles.[36] There are five species of Plasmodium identified to be pathogens 

causing human malaria: Plasmodium falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi.[37] Among them, P. falciparum and P. 

vivax are the predominant species with the highest incidences, particularly P. falciparum causes severe malaria. [38] 

 

ANTI-MALARIAL ACTIVITIES OF CHLOROQUINE:  
With the advantages of high efficacy, good tolerability and low-cost, chloroquine were the first-line treatments for malaria for several 

decades. However, the extensive use of chloroquine resulted in the emergence of CQ-resistant P. falciparum strains within 20 years after 

the introduction of chloroquine.[39] The CQ resistance of P. falciparum has been widely spread in most malaria-endemic areas. As 

artemisinin was discovered by the Nobel Prize laureate You you Tu's Team, artemisinin and its active analogs have been increasingly 

applied in the treatment of malaria because of their rapid action, high efficacy to CQ-resistant plasmodium strains, and the ability to 

prevent malaria transmission.[40] 

 According to the Treatment of Malaria Guideline from WHO and the Centre of Disease Control and Prevention (CDC), CQ and HCQ 

are used for the treatment of CQ susceptible uncomplicated P. vivax, P. malariae, P. ovale, and P. knowlesi malaria, and for 

chemoprophylaxis against relapse in P. vivax or P. ovale malaria in pregnant or lactating women and travelers. [41] 

Anti-malarial mechanism of chloroquine the precise anti-malarial mechanism of action from CQ and HCQ has not been completely 

clarified. The major theory of the anti-malarial mechanism is related to the blockade of the detoxification process in the Plasmodium 

parasites.[42] At the blood stage when the Plasmodium invades the RBCs, the plasmodium ingests haemoglobin from the RBC cytosol 

into the food vacuole and decomposes haemoglobin to obtains amino acids proteins synthesis, which is necessary for their growth.[43] he 

toxic oxidized heme consisting of ferriprotoporphyrin IX (FPIX) hematin is generated from proteolytic degradation of haemoglobin, 

which is transformed into nontoxic crystalized polymers named hemozoin by heme polymerase of the parasite[44] Different mechanisms 

of CQ inhibiting the detoxification of FPIX have been found. The accumulated CQ in the food vacuole could inhibit the polymerization 

of FPIX by complexing with FPIX, which is highly toxic inducing parasite cell lysis. [45]  

The enzymes involved in the formation of hemozoin may also be considered as targets of CQ. The histidine-rich protein-2 of P. falciparum 

(Pfhrp-2) has been found to mediate the formation of hemozoin by binding to FPIX [29] It was reported that CQ, though did not bind to 

Pfhrp2 directly, could displace FPIX from Pfhrp2 and form CQ-FPIX complex, thereby exerting toxicity to the parasite cells.[46]  
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Another hypothesis suggested that the target of CQ is not in the lysosome but the nucleus. It was proposed that CQ could interact or 

directly bind to DNA and RNA causing disruption of replication and transcription process, which could lead to inhibition of growth and 

reproduction, or induction of apoptosis of parasite cells [47] Also, there are arguments regarding the mechanism of CQ uptake. Instead of 

diffusion, an importing transporter was suggested to be involved in CQ accumulation in parasite cells. Sanchez et al. demonstrated that a 

Na+ /H+ exchanger (NHE) on the cytoplasmic membrane may serve as a CQ importer carrying CQ and Na+ into the cells by an exchange 

of protons. This hypothesis was supported by the observation of inhibition of CQ uptake by NHE inhibitors [48] With a similar structure, 

HCQ may have identical anti-malarial mechanisms to CQ [49] The mechanism of anti-malarial activities of CQ and HCQ is still 

controversial. It may be beneficial to further illuminate the mechanism and identify novel targets for overcoming CQ/HCQ resistance. 

 

ADVERSE EFFECTS: 
 Although chloroquine has relatively few side effects when taken as prescribed, higher doses of chloroquine have been shown to have 

severe adverse effects. The most severe adverse effects associated with high doses of chloroquine include retinal toxicity, long and subtle 

symptoms of reduced visual acuity, diplopia, and bilateral loss of vision.[50] High doses have also been shown to cause severe psychiatric 

issues, such as paranoia, hallucinations, and suicidal ideations.[51] 

 Dermatological reactions include pruritus and photosensitivity.  

 Retinopathy will typically present with the inability to focus between near and far objects.  

 Neuropathy can include seizures, paranoia, and hallucinations. When administered intramuscularly, chloroquine 

has been shown to cause potentially lethal hypotension.[52] Patients with glucose-6 phosphate dehydrogenase (G-6-PD) 

deficiency may cause hemolysis resulting in haemolytic anaemia. 
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