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Abstract:- Understanding the evolution of drug 

resistance in malaria is a central area of study at the 

intersection of evolution and medicine. Antimalarial 

drug resistance is a major threat to malaria control and 

directly related to trends in malaria attributable 

mortality. Artemisinin combination therapies (ACT) are 

now recommended worldwide as first line treatment for 

uncomplicated malaria, and losing them to resistance 

would be a disaster for malaria control. Understanding 

the emergence and spread of antimalarial drug 

resistance in the context of different scenarios of 

antimalarial drug use is essential for the development of 

strategies protecting ACTs. In this study, we review the 

basic mechanisms of resistance emergence and describe 

several simple equations that can be used to estimate 

the probabilities of de novo resistance mutations at 

three stages of the parasite life cycle: sporozoite, 

hepatic merozoite and asexual blood stages; we discuss 

the factors that affect parasite survival in a single host 

in the context of different levels of antimalarial drug use, 

immunity and parasitaemia. We show that in the 

absence of drug effects, and despite very different 

parasite numbers, the probability of resistance emerging 

at each stage is very low and similar in all stages (for 

example per-infection probability of 10−10–10−9 if the 

per-parasite chanceof mutation is 10−10 per asexual 

division). However, under the selective pressure 

provided by antimalarial treatment and particularly in 

the presence of hyperparasitaemia, the probability of 

resistance emerging in the blood stage of the parasite 

can be approximately five orders of magnitude higher 

than in the absence of drugs. Detailed models built upon 

these basic methods should allow us to assess the relative 

probabilities of resistance emergence in the different 

phases ofthe parasite life cycle. 

INTRODUCTION : 

Malaria is a life-threatening disease. It’s 

typically transmitted through the bite of An infected 

Anopheles mosquito. Infected mosquitoes carry the 

Plasmodium Parasite. When this mosquito bites you, 

the parasite is released into your Bloodstream which 

has previously sucked blood from a person infected 

with Malaria. All attempts to eradicate malaria have 

failed due to emergence of Both drug- resistant 

strains of malarial parasites and insecticide – resistant 

strains Of Anopheles. Once the parasites are inside 

your body, they travel to the liver, Where they 

mature. After several days, the parasites enter the 

bloodstream and Begin to infect red blood cells. Within 

48 to 72 hours, the parasites inside the red Blood cells 

multiply, causing the infected cells to burst open. The 

parasites Continue to infect red blood cells, resulting 

in symptoms that occur in cycles that Last twoto 

three days at a time. Five species of Plasmodium 

(single-celled parasites) can infect humans [1] 

Cause illness: 
 

a. Plasmodium falciparum (or P. falciparum) 

b. Plasmodium malariae (or P. malariae ) 

c. Plasmodium vivax (or P. vivax) 

d. Plasmodiumovale (or P. oval() 

e. Plasmodiumknowlesi (or P. knowlesi) 

 

Falciparum malaria is potentially life-

threatening. Patients with severe Falciparum malaria 

may develop liver and kidney failure, convulsions, 

and coma. Although occasionally severe, infections 

with P. vivax and P. ovale generally Cause less 

serious illness, but the parasites can remain dormant 

in the liver for Many months, causing a reappearance 

of symptoms months or even years later. 
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Common symptoms of malaria include: 
 

1. Shaking chills that can range from moderate 

to severe 

2. High fever 

3. Profuse sweating 

4. Headache 

5. Nausea 

6. VomitingAbdominal pain 

7. Diarrhea 

8. Anemia 

9. muscle pain 

10. convulsions 

11. coma 

12. bloody stools 

 

 

CAUSES OF MALARIA: 

 

An infected mother can also pass the disease to 

her baby at birth. This is Known as congenital 

malaria.Malaria is transmitted by blood, so it can also 

be transmitted through: 

1. An organ transplant 

2. A transfusion 

3. Use of shared needles or syringes 

 

DIAGNOSIS OF MALARIA: 

 

Doctor will be able to diagnose malaria. Doctor 

will review health history, Including any recent 

travel. A physical exam will also be performed. 

Doctor will be able to determine have an enlarged 

spleen or liver. If have Symptoms of malaria, 

Doctor may order additional blood tests to confirm 

Diagnosis. 

These tests will show: 

 

1. Whether have malaria 

2. What type of malaria have? 

3. If infection is caused by a parasite that’s 

resistant to certain types of Drugs. 

4. If the disease has caused anemia. 

5. If the disease has affected your vital organs. 

 

 

Life-threatening complications of malaria 
 

Malaria can cause a number of life-threatening 

complications. The following may Occur: 

1. Swelling of the blood vessels of the brain, or 

cerebral malaria accumulation of fluid in the lungs that 

causes breathing problems, or Pulmonary edema. 

2. Organ failure of the kidneys, liver, or spleen. 

3. Anemia due to the destruction of red blood 

cells. 

4. Low blood sugar. 

 

Life Cycle of Malarial Parasite:- 

 The malarial parasite is a single cell 

protozoan called Plasmodium. Clinically important 

species are Plasmodium falciparum, P vivax, P ovale 

and P Malaria . Out of these four types, P falciparum 

and P vivax are the mostCommon species responsible 

for malaria in India.The malarial parasite, 

Plasmodium has a complex life cycle consisting of 

Two parts: Sexualcycle and asexual cycle. The sexual 

cycle takes place in theMosquito and asexual phase 

occurs in human being. Mosquito is termed as 

Definitive host and human beings intermediate host. 

The life cycle is depicted See in the figure. 

 Lnitially, a female is infected by biting a 

malarial patient whose blood Contains male and 

female gametes of the parasite. The gametes are 

resistant To the digestive juice of mosquito. 

Fertilization occurs in the gut of mosquito And the 

oocysts i.e. encysted zygotes liberate matured 

sporozoites i.e. Spores, which then migrate in the 

mosquito’s salivary glands. During next bite Of the 

mosquito, these sporozoites are passed into the blood 

of another Human being to begin the asexual 

cycle.The sporozoites can survive hardly For an hour 

in circulation and seek shelter in liver parenchymal 

cells where They divide and develop into 

multinucleated schizonts. This is called as pre-

Erythrocytic state of the life cycle during which the 

host is asymptomatic . The Primary tissue schizonts 

from liver mature within 8-21 days to fonn 

Mononucleated merozoites, which is then liberated 
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by the liver and released Into blood stream .See in 

the figure 

 In case of P falciparum, all merozoites 

enter erythrocytic schizogony i.e. Asexual 

reproduction of the plasmodium in the RSC of 

human host. During this Stage, the merozoites 

invade the erythrocytes and form trophozites i.e. 

motile Intracellular parasites-a stage during the 

growth of protozoa. During their Maturation in 

RBCs, the host’s haemoglobin is digested and 

transported toParasite’ s food vacuole where it 

provides amino acids from globin component. The 

haem component is made harmless by 

polymerisation to haemozoin by Parasite haem 

polymerase. Following mitotic replication of its 

nucleus, the Parasites in RBCs are called as blood-

schizontss, 

which after schizonts produce More merozoits. The 

RBCs infected with merozoites rupture causing 

release of Several merozoites in the blood stream 

which are responsible for fever. The Liberated 

merozoites bind to and invade fresh erythrocytes 

thus continuing Asexual erythrocytic cycle. If all 

the schizonts and merozoites from the asexual Phase 

are not fully eradicated, then the fever may subside 

temporarily but may Reappear when surviving 

merozoites enter the erythrocytic phase again. This is 

Called as recrudescence of falciparum malaria. 

Some merozoites, after entering the erythrocytes 

differentiate in to male , And female forms called as 

gametocytes. This is called asexual erythrocyticPhase 

of the life cycle. These gametocytes can complete their 

life cycle only When the diseased person is bitten by 

the mosquito at this time. The gametesThen reach the 

mosquito’s gut, fertilize to form a zygotewhich then 

develops into An oocyst. The rupture of oocysts 

releases sporozoites, which then migrate toMosquito’s 

salivary gland and enter another host as described 

above.In case of P vivax or P ovule, a part of schizonts, 

after release from pre-Erythrocyte schizogony phase, 

re-enter liver parenchymal cells and form Dormant 

hypnozoites, which are sleeping form of parasite. This 

phase is called As exo-erythrocytic state. This stage may 

last for several months but can be Reactivated later to 

schizonts which release merozoites which 

undergoErythrocytic schizogony leading to relapse of 

malarial fever. 

TREATMENT: 

1.Chloroquine: 

It is a synthetic 4-Aminoquinoline derivative 

available as Chloroquine Phosphate for oral use. 

 

 Pharmacokinetics:
 

It is given orally or by intramuscular injection or 

by slow IV infusion. It is Completely absorbed from 

GIT. It has a large volume of distribution And is 

extensively bound to liver and other body tissues 

including Cornea and RBCs. It is metabolized by the 

liver. Initially it has a half-life Of 3-4 days; but since 

it is slowly released from tissues the terminal half-life 

May be extended to 1-2 months. 

 Mechanism of Action:
 

It has a preferential accumulation in parasitized 

erythrocytes. Since it is Basic in nature, it diffuses 

freely into the parasite lysosome. Inside the 

Lysosome due to acidic PH, it gets ionized andbeing 

impermeable gets Trapped inside the parasite. Its 

accumulation in parasite’s foo d vacuoles Inhibits 

peptide formation and reduces synthesis of amino 

acids necessary For parasite viability. It also inhibits 

the enzyme haem polymerase of the parasite and 

protects the host’s haem from Being converted to 

haemozoin. Free haem is toxic to the malarial 

parasite. 

Antimalarial Action and Clinical Use:
 

It is active during asexual erythrocytic state and 

is gametocidal only For P vivax and P ovale but not 

for P falciparum. Resistance to Chloroquine For the 

strains of P falciparum is common. It is effective in 

alltypes of Malaria except for Chloroquine-resistant P 

falciparum malaria. It is used for Chemoprophylaxis 

in visitors Temporarily residing in an area where P 

falciparum is not resistant To Chloroquine. It is also 

used in suppressive cure of P vivax malaria, After 

leaving the endemic 
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area, by giving an Extended suppressive prophylactic 

therapy. In case of P vivax and P ovale malaria it 

provides clinical cure but there may be relapse if 

Chloroquine is not followed by Primaquine. 

For chemoprophylaxis, Chloroquine in a dose 

of 600 mg as free Base is used on the first and last 

day. In Between 300 mg weekly dose is given. At 

the end Primaquine in a dose of Mg/Kg is added 

orally. For clinical cure, 600 mg loading dose is 

followed By 300 mg after 8 hours (first day) and 

then 300 mg daily for next 2 days orally. It is safe in 

pregnancy and in younger children above2 years Of 

age. 

In addition to antimalarial use, Chloroquine is 

used in the treatment of Rheumatoid arthritis and for 

amoebic abscess, not Responding to 

Metronidazole. 

Adverse Effects:
 

The observed adverse effects are nausea, 

vomiting, Dizziness, headache, urticaria and rarely 

blurred vision. Large doses May precipitate 

retinopathy. Bolus IV injection may cause 

hypotension and T-wave abnormalities in ECG. 

Contraindications and Drug Interactions:
 

 Itshould be avoided in patients With retinal and 

visual field abnormalities. 

 

 It aggravates the attacks of psoriasis or porphyria 

and should Be contraindicated in these 

conditions. 

 In patients deficient with GGPD, it may cause 

hemolytic anemia. 

 

 Ca.. and Mg• -containing antacids decrease its 

absorption. 

 

 Concomitant use of v1etoclopramide may precipitate 

extra-Pyrimidal side effects 

 

Amodiaquine:
 

Its actions are similar to that of Chloroquine. It 

was withdrawn because Of risk of agranulocytosis 

and hepatotoxicity but has been reintroduced 

Because it is cheap and useful for Chloroquine -

resistant P Falciparum malaria. It may be used in 

combination With Artesunate/Pyrimethamine-

Sulphadox in. When used in combination, The dose 

is reduced and fear 

of adverse effects is less. It is Used in area with high 

prevalence of resistant falciparum malaria as a 

Combination. 

Piperaquine and Pyronaridine:
 

Piperaquine is an analogue of Chloroquine. It is 

used for the Treatment of Pfalciparum malaria in a 

fixed Dose combination with Dihydroartemisinin. It 

has a half-life of 35 days, Which is beneficial in 

reducing the rates of relapse. 

Pyronaridine is an analogue of Amodiaquine. It 

is used with Artesunate For the treatment of 

Chloroquine- resistant P Falciparum and P vivax 

malaria. It is orally effective and has less relative 

Toxicity. 

Qunine:

 

It is an alkaloid derived from Cinchona bar and 

is the oldest drug Used for treatment and prevention 

of malaria. 

Mechanism of Action:
 

It inhibits the parasite’ s haem polymerase but it is 

not so Extensively concentrated in the malarial parasite 

as that of Chloroquine. It Acts as a protoplasmic 

poison to the parasite and poisonsthe Parasite’s 

feeding mechanism by hampering supply of amino 

Acids and peptides. 

Antimalarial Action and Clinical Use:
 

It acts on asexual erythrocytic state and has 

gametocidal Activity only against P vivax and P ovate 

but not on pre- and exo-Erythrocytic state of P 

falciparum. It is the main Antimalarial drug for 

Treating Chloroquine -reisitant P falciparum malaria. 

The treatment is given with a loading dose to 

achieve effective Plasma concentration. It can be 

administered as a Slow intravenous injection in 

divided doses or a slow Continuous N infusion. As 
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soon as the condition of the patient improves, the 

Drug can be administered by oral therapy.For 

clinical cure while treating P falciparum-Resistant 

malaria, it is given in a dose of 600 mg orally TDS 

for 7 days Alone or in combination with 

Pyrimethamine 75 mg + Sulphadoxine 1500 mg as a 

single oral dose; or With Tetracycline 250 mg QID 

for 7 days or with Doxycycline 100 mg OD Orally 

for 7 days 

Besides antimalarial use, it is also used to treat 

nocturnal leg Cramps observed in patients Of 

varicose veins, diabetes and arthritis. Quinine + 

Clindamycin is a First line therapy for the treatment 

of babesiosis, a tick -borne malaria like Disease. 

Adverse Effects:
 

It is bitter in taste; hence oral compliance is 

poor. Being irritant To gastric mucosa, it can cause 

nausea and vomiting. Bolus N administration can 

cause hypotension and cardiac arrhythmia. Higher 

plasma levels can lead to cinchonism-a toxic state 

characterized by Sweating, tinnitus, blurred vision, 

Headache, diarrhea and cardiac arrhythmia. In high 

doses, it is potentially Neurotoxic. Hematologic 

toxicity includes hemolysis, especially in G6PD 

Deficient patients. It stimulates insulin release and 

may cause hypo Glycaemia. Hence it is usually 

infused With 5% glucose solution. In severe P 

falciparum malaria, glucose consumption by the 

parasite is increased, which also causes 

hypoglycaemia. All This may cause hypoglycaemic 

coma. Another rare consequence Oferotic use of 

Quinine can cause “black water fever•. It is a 

Hypersensitivity manifested by hemolysis with renal 

failure. 

 Contraindications and Drug Interactions:

1. It is contraindicated in persons having visual 

and auditory Problems. 

2. It is also contraindicated in patients with 

cardiac abnormality. 

3. Al ++ and Mg++-containing antacids 

decrease its absorption. 

4. Quinine raises plasma level of Digoxin and 

5. Quinine should not be given with 

Mefloquine because of possible Adverse 

effect on cardiac conduction. 

Mefloquine:

 

It is chemically related to Quinine. 

 

Pharmacokinetics:
 

it is well absorbed orally. It is not given 

parenterally due to pain And local irritation at the 

site of 

. It is highly protein bound and Extensively 

distributed in body tissues. It undergoes entero- 

hepatic Circulation and is eliminated slowly. It has 

half-life Of 20 days allowing weekly dosing for 

chemoprophylaxis and single Dose regimen for 

clinical cure. 

Mechanism of Action:

It resembles Quinine. It is potent blood 

schizonticide against P falciparum, P vivax and P 

ovate. It is neither tissue schizonticidal nor 

gametocidal. It is Used for chemoprophylaxis or 

clinicacurebut not for severe or Complicated 

malaria.For chemoprophylaxis, the dose is 200 mg 

weekly orally or 500 Mg fortnightly; starting a week 

before and ending 4 weeks after leaving. For clinical 

cure, the dose is 750 mg orally followed by 500 mg 

12 hours later. 

 Adverse Effects:
 

It causes nausea and vomiting, when used for 

chemoprophylaxis. When Used for an acute attack, 

neuropsychiatric adverse effects may Be observed 

which include vertigo, confusion and rarely vivid 

dreams or Seizures. There are few reports of 

Abnormal AV conduction. It should be avoided 

during pregnancy. It should Not be Co administrated 

with Quinine or Halofantrine, which may Aggravate 

conduction defects. If nureopsychotropic adverse 

effects are obsErved, the drug should be 

discontinued. 

 Quinacrine and Mepacrine:
 

Both drugs are erythrocytic schizonticides and 

are Less effective and more toxic than Chloroquine. 
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Hence, they are not Preferred. They may cause 

vertigo, abdominal Cramps, nausea, vomiting and 

rarely psychosis. Long term use May cause 

discoloration of skin and eyes. 

Prinaquine:- 
It is a synthetic 8-aminoquinoline derivative. 

 

 Pharmacokinetics:
 

I t is well absorbed orally. It is widely 

distributed. It is not bound Extensively to the 

tissues. It is rapidly metabolized by liver and 

excreted in Urine. Its half-life is 3-6 hours. Its 

metabolites are active but have A higher potential 

for toxicity. 

 Mechanism of Action:
 

Its quinone metabolites inhibit the coenzyme-Q 

govern respiratory process Of the parasite in the 

exo-erythrocyticstate. The metabolites are 

Responsible for hemolytic adverse reaction. 

 Antimalarial Action and Clinical Use:
 

It is active against pre-erythrocytic state, exo-

erythrocytic state-Hypnozoites. It is gametocidal but 

has no action on asexual erythrocytic State. 

Resistance to P vivax is rare. It is greater used in 

preventing relapse For P vivax and P ovate malaria. 

It is the only effective drug against The exo- 

erythrocytic and pre-erythrocytic forms of all 

malarial Parasites. It is suggested that G6PD status 

of the patient should Be evaluated prior to 

prescribing this drug. 

 Non-antimalarial Use:
 

A combination of Clindamycin and Primaquine 

offers improved tolerance over high dose 

Cotrimoxazole In treating moderate Pneumocystis 

giroveci pneumonia. 

 Adverse Effects:
 

Higher doses or prolonged use causes GIT 

distress, nausea, Headache, pruritus and leukopenia. 

In individuals with G6PD deficiency (black race 

and Mediterranean people), it can cause fatal 

hemolytic Anemia. It is contraindicated in pregnancy 

because the fetus is deficient of G6PD; hence there is 

a risk of hemolytic anemia.Other analogues of 

Primaquine are Bulaquine, Etaquine and 

Tafenoquine. Bulaquine is a prodrug of Primaquine. 

It is given in a dose Of 25 mg/day for 5 days starting 

on second day of Chloroquine Therapy. Neither 

Primaquine nor Bulaquine can be given parenterally 

due To fear of marked hypotension. Etaquine and 

Tafenoquine are more potent And longer acting 

analogues of Primaquine. Tafenoquine can be given 

Orally, once weekly. 

 Pyrimethamine-Sulfonamide/ Dapsone 
Combination:-

 

Pyrimethamine is structurally related to 

Trimethoprim. Malarial Parasites cannot utilise 

preformed folic acid and they have To synthesise 

their own folic acid. Pyrimethamine selectively 

inhibits the Plasmodial folate reductase enzyme 

which converts dihydrofolic acid (DHF) to 

tetrahydrofolic acid (THF). Non-availability of THF 

prevents the Synthesis of pyrimidines and purines 

which are essential For plasmodial nucleic acid 

synthesis. 

 Pharmacokinetics:
 

Pyrimethamine is well absorbed after Oral 

administration. Its elimination half-life is 3-4 days. It 

can be Administered once a week. 

 Antimalarial Action and Clinical Use:
 

Pyrimethamine is a slow acting erythrocytic 

schizonticide for all malarial Species. It exhibits 

weak activity against pre-erythrocytic state Of P 

falciparum. It has no gametocidal activity. If used 

alone, resistanceDevelops rapidly. It is highly 

effective when used in 

combinationwithSulphonamides like Sulfadoxin or 

Sulphamethopyrazine or with Dapsone. The 

combination causes a sequential blockade of folic 

acid synthesis at different stages. Hence the 

combination has synergistic action and least 

resistance. 
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Sulfadoxin + Pyrimethamine or Dapsone + 

Pyrimethamine are not recommended for 

chemoprophylaxis of malaria due to resistance and 

toxicity. The toxicity is expressed as exfoliative 

dermatitis, Stevens-Johnson syndrome. The 

combinations are used for clinical cure of P 

falciparum malaria. The Sulfadoxin + 

Pyrimethamine combination can be used as an 

adjunct with Quinine to treat Chloroquine-resistant 

P falciparum malaria. 

 Other Uses:
 

Pyrimethamine (50-75 mg/ day} with 

Sulfadoxine (2-4 gm/day} for 1-3 weeks is the first 

line therapy for toxoplasmosis In immune deficient 

patients. Folinic acid is added to the therapy To 

counteract megaloblastic anemia. The doses are 

then reduced to 50% And continued for another 4-5 

weeks. Alternatives include Pyrimethamine + 

Clindamycin/Clarithromycin or Azithromycin. 

 Adverse Effects:
 

In high doses, Pyrimethamine may inhibit 

mammalian dihydrofolate Reductase enzyme and 

may induce megaloblastic anemia. If Used during 

pregnancy, folic acid supplements must be 

added.Other toxic Symptoms include anorexia, 

vomiting, atrophic glossitis and CNS Stimulation 

including seizures. The Pyrimethamine + 

Sulfadoxinecombinat ion can cause various skin 

reactions like Stevens-Johnson syndrome, allergic 

alveolitis and blood dyscrasias. Large doses 

ofPyrimethamine + Dapsone can cause hemolytic 

anemia, agranulocytosis And eosinophilic alveolitis. 

 Proguanil (Chloroguanide)
 

 Pharmacokinetics:

 

It is rapidly absorbed after oral administration. 

Its elimination half-Life is 16 hours. It is 

administered once daily. 

 

 

 Mechanism of Action:
 

It is an inhibitor of plasmodial dihydrofolate 

reductase. It has a slow Action against the 

erythrocytic forms of all four human malarial species. 

It Has an additional schizonticidal effect on pre-

erythrocytic state but not on Hypnozoites of P vivax. 

 Antimalarial Action and Clinical Use:
 

Progunilalone is not recommended for 

chemoprophylaxis because of Possibility of 

resistance. The combination of Chloroquine (300 

mg/w Eek} and Proguanil (200 mg/day) is preferred 

as an alternative to Mefloquine because the 

combination is relatively less toxic. A combinationOf 

250 mg of Atovaquone + 100 mg of Proguanil once 

daily for 2 days Prior to and 7 days after the exposure 

is a preferred regimen for Chemoprophylaxis for P 

falciparumMalaria. Alternatively, 1 gm of 

Atovaquone + 400 mg Proguanil once daily For 3 

days is aPreferred regimen for the treatment of 

Chloroquine-resistant P vivax and Multidrug -

resistant P falciparum malaria. Atovaquone + 

Proguanil is the Only recommended combination for 

the self-treatment of malaria. The Combination should 

be taken with food. 

 Adverse Effects:
 

If folic acid is taken concurrently, Proguanil is 

safe for use during Pregnancy. It is remarkably safe 

when used in combination with Chloroquine/ 

Atovaquone/Doxycycline. 

Atovaquone : 
Proguanil potentiates Antimalarial action of 

Atovaquone. Hence fixed Dose oral combination of 

Tuvaluan + Proguanil prevents resistance and Is better 

tolerated as well as safer than either drug used alone. 

 Pharmacokinetics:
 

It is administered orally. Its bioavailability is 

poor and erotic but it is Increased by fatty meal. It is 

highly protein bound (99%). It has a long Plasma 

half-life of 2-3 days, partly due to enterohepatic 

recycling. It is excreted unchanged exclusively in 

feces. 
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 Mechanism of Action:
 

It disrupts the plasmodial mitochondrial 

electron transport of respiratory Process. This 

results in the collapse of plasmodial mitochondrial 

functions and inhibition of pyrimidine and ATP 

synthesis. 

 Therapeutic Uses:
 

It is useful for following indications: 

 

Chemoprophylaxis and treatment of P 

falciparum malaria where it is Used with Proguanil. 

The combination has potent activity against 

asexualErythrocytic stage of P falciparum. It is also 

active against per-Erythrocytic state but not against 

P vivaxhypnozoites.Acute oral treatment of mild to 

Moderate Pneumocystitiscarinii pneumonia in 

patients who are Intolerant to Cotrimoxazole in a 

dose of 750 mg TDS orally for 21 days.Treatment or 

suppression of Toxoplasma gondii encephalitis. 

 Adverse Effects and Drug Interaction:
 

They include abdominal Pain, nausea, vomiting, 

headache, reversible elimination in liver enzyme aNd 

rarely rash. Concurrent use of Metodopramide, 

Tetracycline or Rifampicin reduces Atovaquone 

plasma levels by 40-50%; hence Promethazine 

should be preferred as an antiemetic[2][3][4][5]. 

 Artemisinin Derivatives:
 

, Artesunate , Artemether and 

Arteether are sesquiterpene Lactone derivatives 

obtained from a Chinese herb Artemisia Annua. 

Artemisinin is a prodrug and is rapidly metabolized 

to an active Metabolite Dihydroartemisinin. 

Artesunate, Artemether and A teether Are 

semisynthetic derivatives of Artemisinin with 

improved potency and Better bioavailability. 

Artesunate is a water- soluble derivative Of 

dihydroartemisinin. It can be given orally, IV, IM or 

rectally. Atemether is an oil Soluble methyl ether of 

Dihydroartemisinin. It can be used Orally or IM. 

Arteether is an oil soluble ether of 

Dihydroartemisinin. It is Administered only by 

intramuscular route. 

 Pharmacokinetics:
 

The plasma half-life of Artesunate is less than 1 

hour. The plasma half-life of Artemether is 4- 11 hours 

depending on route Of administration; while 

Arteether has an elimination life of 23 

hours.Compared to other antimalarials, Artemisin 

derivatives act rapidly and Are many folds active 

against the asexual erythrocytic state Of P vivax, P 

ovate and P falciparum malaria. 

 Mechanism of Action:
 

Initially, the intra parasitic ferrous 

protoporphyrin-lV present in parasitic food vacuole 

catalyses breakdown of endoperoxide bridge of 

Artemisinin molecule. This is followed by generation 

of highlyreactive free radicals which damage the 

parasite membrane by covalently binding to 

membrane proteins.They have little gametocidal 

action but do not have any effect on pre- Erythrocytic 

or exo- erythrocytichypnozoites state of liver. 

 Therapeutic Uses:
 

They are restricted to the clinical cure of severe 

falciparum Malaria including cerebral malaria and in 

Chloroquine or multidrug-Resistant malaria. Their use 

for ChloroquineSensitive P fafciparum malaria or for 

other uncomplicated malaria is not Justified. Their use 

for chemoprophylaxis of malaria is irrational.The 

treatment of malaria employs Artemisinin based 

Combination Therapies (ACTs.) Five such regimens 

are recommended. 

They are as follows: 

 

1. Artemether + Lumefantrine 

2. Artesunate + Mefloquine 

3. Artesunate + Amodiaquine 

4. Artesunate + Pyrimethamine-Sulfadoxine 

5. Dihydroartemisinin + Pipreaquine 
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6. Preparations: 

 Chloroquine: 250 mg tab, 500 mg DS tab, 

100 mg/10 ml suspension 40 Mg/ml 

injection: 

Lariago, Cloquin, Resochon; 50 mg DS tab, 64.5 ml 

injection: Rimaquin 

 Quinine sulphate: 100 mg, 300 mg, 

600 mg tab, 100 mg/S Ml suspension, 300 

mg/ml injection: Rez-Q; 100 mg, 300 mg tab, 300 

Mg/ml injection: Quininga. 

 Mefloquine: 250 mg tab: MQF, Mefque, 

Meflotas, Mefloc 

 Mepaquine: 100 mg, 300 mg tab: Maldin 

 Primaquine: 2.5 mg, 7.5 mg, 15 mg 

tab:Malirid, Malquine, PM Q. 

 Bulaquine: (Bulaquine 25 mg + Chloroquine 

500 mg) pack of 5 

 Tabs: Aablaquin. 

 Pyrimethamine + Sulfadoxine: 

(Pyrimethamine 25 Mg + Sulfadoxine 500 mg) tab, 

(Pyrimethamine 12.5Mg + Sulfadoxine 250 mg) / 5 

ml suspension: Laridox, M alocide, Reziz, 

Croydoxin-FM; (Pyrimethamine 37.5 mg + 

Sulfadoxine 750 mg) tab: Piralfin forte. 

 Pyrimethamine + Dapsone: (Pyrimethamine 

25Mg + Dapsone 100 mg) tab:Maloprim 

 Proguanil: 100 mg tab: Laveran. 

 Arteether: 150 mg/2 ml injection:Malther, 

Z-mal, E- mal. 

 Artemether. 40 mg cap, 80 mg/ml 

injection: larither, Malither; 80 Mg/ml injection: 

Paluther; (Artemether 20 mg + lumefatrine 120 mg) 

Tab: Combither, Lumither ; (Artemether 80 mg + 

Lumefantrine 480 mg) Tab: Combitherforte 

 Artesunate: 50 mg tab, 60 Mg/vial injection: 

Falcigo, Falcinil, Ulteria; (Artesunate 50 

Mg 

+ Mefloquine 250 mg) tab/kit: Falcigoplus [4] 

 

 

7. MALARIAL VACCINE 

 

7.1 (MOSQUIREX): 

 

Malaria vaccine is a vaccine that is used to 

prevent malaria. The only Approved vaccine, as of 

2021, is RTS,S , known by the brand Name 

Mosquirix. It requires four injections.[4][5] 

Approved vaccines: 
 

7.1.1 RTS,S (MOSQUIREX): 

 

RTS,S (developed by PATH Malaria Vaccine 

Initiative (MVI) and GlaxoSmithKline (GSK) with 

support from the Bill and Melinda Gates 

Foundation) is the most recently Developed 

recombinant vaccine. It consists of the P. 

falciparumCircumsporozoite protein (CSP) from the 

pre- erythrocytic stage. The CSP Antigen causes the 

production of antibodies capable of preventing the 

Invasion of hepatocytes and additionally elicits a 

cellular response Enabling the destruction of infected 

hepatocytes. The CSP vaccine Presented problems in 

the trial stage, due to its Poor immunogenicity. 

RTS,S attempted to avoid these by fusing the Protein 

with a surface antigen from hepatitis B, hence creating 

a more Potent and immunogenic vaccine. When tested 

in trials an emulsion of oilIn water and the added 

adjuvants of monophosphoryl A and QS21 (SBAS2), 

the vaccine gave protective immunity to 7 out of 8 

volunteers When challenged with P. falciparum. 

RTS,S/AS01 (commercial name Mosquirix),] 

was engineered using genes From the outer protein of 

P. falciparum malaria parasite and a portion of A 

hepatitis B virus plus a chemical adjuvant to boost 

the immune response. Infection is prevented by 

inducing high antibody titers that block the Parasite 

from infecting the liver.In November 2012, a Phase 

III trial Of RTS,S found that it provided modest 

protection against both clinical And severe malaria in 

young infants. 

As of October 2013, preliminary results of a 

Phase III clinical trial Indicated that RTS,S/AS01 

reduced the number of cases among young Children 

by almost 50 percent and among infants by around 25 

percent. The study ended in 2014. The effects of a 

booster dose were positive, even Though overall 

efficacy seems to wane with time. After four years 

Reductions were 36 percent for children who 

received three shots and a Booster dose. Missing the 

booster dose reduced the efficacyagainst severe 
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Malaria to a negligible effect. The vaccine was 

shown to be less effective For infants.Three doses 

of vaccine plus a booster reduced the risk of 

Clinical episodes by 26 percent over three years, but 

offered no significant Protection against severe 

malaria 

In a bid to accommodate a larger group and 

guarantee a sustained Availability for the general 

public, GSK applied for a marketing license With 

the European Medicines Agency (EMA) in July 

2014. GSK treated the Project as a non-profit 

initiative, with most funding coming from the Gates 

Foundation, a major contributor to malaria 

eradication. 

On 24 July 2015, Mosquirix received a 

positive opinion from the European Medicines 

Agency (EMA) on the proposal for the vaccine to 

be used to Vaccinate children aged 6 weeks to 17 

months outside the European Union. A pilot project 

for vaccination was launched on 23 April 2019, In 

Malawi, on 30 April 2019, in Ghana, and on 13 

September 2019, In Kenya. 

In October 2021, the vaccine was endorsed by 

the World Health Organization for "broad use" in 

children, making it the first malaria vaccine to 

receive this recommendation.Agents under 

development. 

A completely effective vaccine is not available 

for malaria, although several vaccines are under 

development. Multiple vaccine candidates targeting 

the blood-stage of the parasite's life cycle have been 

insufficient on their own. Several potential vaccines 

targeting the pre-erythrocytic stage are being 

developed, with RTS,S the only approved option so 

far. 

R21/Matrix-M : 
 

The most effective malaria vaccine is 

R21/Matrix-M, with 77% efficacy Shown in initial 

trials. It is the first vaccine that meets the World 

Health Organization’s goal of a malaria vaccine with 

at least 75% efficacy. It Was developed through a 

collaboration involving the University of Oxford, 

the Kenya Medical Research Institute, the London 

School of Hygiene & Tropical Medicine, Novavax, 

the Serum Institute of India, And the Institut de 

Rechercheen Sciences de La Santé in Nanoro, 

Burkina Faso. The R21 vaccine uses A 

circumsporozoite protein (CSP) antigen, at a higher 

proportion than The RTS,S vaccine. It includes the 

Matrix-M adjuvant that is also utilized in The 

Novavax COVID-19 vaccine.A Phase II trial was 

reported in April 2021, with a vaccine efficacy of 77% 

And antibody levels significantly higher than with the 

RTS,S vaccine. A Phase III trial is planned with 

4,800 children across four African countries. If the 

vaccine is approved, over 200 million doses can be 

manufactured Annually by the Serum Institute of 

India. 

7.2 Nanoparticle enhancement of RTS,S 
 

In 2015, researchers used a repetitive antigen 

display technology to Engineer a nanoparticle that 

displayed malaria specific B cell and T cell Epitopes. 

The particle exhibited icosahedral symmetry and 

carried on its Surface up to 60 copies of the RTS,S 

protein. The researchers claimed that The density of 

the protein was much higher than the 14% of the 

GSK Vaccine. 

7.2.1 PfSPZ vaccine: 
 

The PfSPZ vaccine is a candidate malaria 

vaccine developed by Sanaria using radiation- 

attenuated sporozoites to elicit an immune response. 

Clinical trials have been promising, with trials taking 

place in Africa, Europe, and the US protecting over 

80% of volunteers. It has been subject to some 

criticism regarding the ultimate feasibility of large-

scale production and delivery in Africa, since it must 

be stored in liquid nitrogen. 

The PfSPZ vaccine candidate was granted fast 

track designation by the U.S. Food and Drug 

Administration in September 2016.In April 2019, a 

phase 3 trial in Bioko was announced, scheduled to 

start in early 2020. 
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saRNA vaccine against PMIF: 
 

A patent was published in February 2021 for a 

Self-amplifying RNA (saRNA) vaccine that targets 

the protein PMIF, which is produced by The 

plasmodium parasite to inhibit the body’s T- cell 

response. The vaccine Has been tested in mice and 

is described as, “probably the highest level of 

Protection that has been seen in a mouse model” 

according to Richard Bucala, co-inventor of the 

vaccine. There are plans for phase one Tests in 

humans later in 2021 

8. Parasite diversity: 

 

P. falciparum has demonstrated the capability, 

through the development Of multiple drug- resistant 

parasites, for evolutionary change. The Plasmodium 

species has a very high rate of replication, much 

higher Than that actually needed to ensure 

transmission in the parasite’s life Cycle. This enables 

pharmaceutical treatments that are effective at 

Reducing the reproduction rate, but not halting it, to 

exert a high selection Pressure, thus favoring the 

development of resistance.The process of 

Evolutionary change is one of the key 

considerations necessary when Considering 

potential vaccine candidates. The development of 

resistance Could cause a significant reduction in 

efficacy of any potential vaccine Thus rendering 

useless a carefully developed and effective 

treatment. 

 Potential targets:

 

Potential vaccine targets in the malaria lifecycle 

(Doolan and Hoffman) 

 

By their  very nature, protozoa are more 

complex organisms than Bacteria and viruses, with 

more complicated structures and life cycles. This 

presents problems in vaccine development but also 

increases the Number of potential targets for a 

vaccine. These have Been summarised into the life 

cycle stage and the antibodies that could Potentially 

elicit an immune response. 

The epidemiology of malaria varies enormously 

across the globe, and Has led to the belief that it may 

be necessary to adopt very different vaccine 

Development strategies to target the different 

populations. A Type 1 vaccine is Suggested for those 

exposed mostly to P. falciparum malaria in sub- 

Saharan Africa, with the primary objective to reduce 

the number of severe malaria cases And deaths in 

infants and children exposed to high transmission 

rates. The Type 2 vaccine could be thought of as a 

‘travellers’ vaccine’, aiming to prevent all Cases of 

clinical symptoms in individualswith no previous 

exposure. This is Another major public health 

problem, with malaria presenting asone of the Most 

substantial threats to travellers’ health. Problems with 

the available Pharmaceutical therapies include costs, 

availability, adverse effects and Contraindications, 

inconvenience and compliance, many of which would 

be Reduced or eliminated entirely if an effective 

(greater than 85– 90%) vaccine Was developed. 

The life cycle of the malaria parasite is 

particularly complex, presenting Initial 

developmental problems. Despite the huge number of 

vaccines Available, there are none that target 

parasitic infections. The distinct Developmental 

stages involved in the life cycle present numerous 

Opportunities for targeting antigens, thus potentially 

eliciting an immune Response. Theoretically, each 

developmental stage could have a vaccine Developed 

specifically to target the parasite. Moreover, any 

vaccine Produced would ideally have the ability to be 

of therapeutic value as well As preventing further 

transmission and is likely to consist of a Combination 

of antigens from different phases of the parasite’s 

Development. More than 30 of these antigens are 

being researched[when?] by Teams all over the world 

in the hope of identifying a combination that can 

Elicit immunity in the inoculated individual. Some of 

the approaches Involve surface expression of the 

antigen, inhibitory effects of specific Antibodies on 

the life cycle and the protective effects through 

Immunization or passive transfer of antibodies 

between an immune and Non-immune host. The 
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majority of research into malarial vaccines has 

Focused on the Plasmodium falciparum strain due 

to the high mortality Caused by the parasite and the 

ease of a carrying out in vitro/in vivo Studies. The 

earliest vaccines attempted to use the Parasitic 

circumsporozoite protein (CSP). This is the most 

dominant Surface antigen of the initial pre-

erythrocytic phase. However, problems Were 

encountered due to low efficacy, reactogenicity and 

Low immunogenicity. 

 The initial stage in the life cycle, following 

inoculation, is a relatively short "pre- erythrocytic" 

or"hepatic" phase. A vaccine at this stage must have 

the ability to protect against sporozoites invading and 

possibly inhibiting the development of parasites in 

the hepatocytes (through inducing cytotoxic T-

+lymphocytes that can destroy the infected liver 

cells).However, if any sporozoites evaded the 

immune system they would then have the potential 

to be symptomatic and cause the clinical disease.

 

 The second phase of the life cycle is the 

“erythrocytic” or blood phase. A Vaccine here could 

prevent merozoite multiplication or the invasion of 

red Blood cells. This approach is complicated by the 

lack of MHC Molecule expression on the surface of 

erythrocytes. Instead, malarial Antigens are 

expressed, and it is this towards which the antibodies 

could Potentially be directed. Another approach 

would be to attempt to block The process of 

erythrocyte adherence to blood vessel walls. It is 

thought That this process is accountable for much of 

the clinical syndrome Associated with malarial 

infection; therefore a vaccine given during this 

would be therapeutic and hence administered during 

clinical Episodes to prevent further deterioration.

 

 The last phase of the life cycle that has the 

potential to be targeted by a Vaccine is the “sexual 

stage”. This would not give any protective benefits 

to The individual inoculated but would prevent 

further transmission of the Parasite by preventing 

the gametocytes from producing multiple 

Sporozoites in the gut wall of the mosquito. It 

therefore would be used as Part of a policy directed at 

eliminating the parasite from areas of lowprevalence 

or to prevent the development and spread of vaccine- 

or to prevent the development and spread of vaccine 

resistant parasites. This type of transmission-blocking 

vaccine is potentially very important.evolution of 

resistance in the malaria parasite occurs very quickly, 

potentially making any vaccine redundant within a 

few generations. This approach to the prevention of 

spread is therefore essential.

9 Delivery system:- 

The selection of an appropriate system is 

fundamental in all vaccine Development, but 

especially so in the case of malaria. A vaccine 

targetingSeveral antigens may require delivery to 

different areas and by different Means in order to elicit 

an effective response. Some adjuvants can direct The 

vaccine to the specifically targeted cell type—e.g. the 

use of HepatitisB virus in the RTS,S vaccine to target 

infected hepatocytes—but in other Cases, particularly 

when using combined antigenic vaccines, this 

approach Is very complex. Some methods that have 

been attempted include the use Of two vaccines, one 

directed at generating a blood response and the other 

A liver-stage response. These two vaccines could then 

be injected into two Different sites,thus enabling the 

use of a more specific and potentially Efficacious 

delivery system. 

To increase, accelerate or modify the 

development of an immune responseTo a vaccine 

candidate it is often necessary to combine the 

antigenic Substance to be delivered with an adjuvant 

or specialised delivery system. 

 

These terms are often used interchangeably in 

relation to vaccine development; however in most 

cases a distinction can be made. An adjuvant is 

typically thought of as a substance used in 

combination with the antigen to produce a more 

substantial and robust immune response than that 

elicited by the antigen alone. This is achieved 

through three mechanisms: by affecting the antigen 

delivery and presentation, by inducing the production 
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of immunomodulatory cytokines, and by affecting 

the antigen presenting cells (APC). Adjuvants can 

consist of many different materials, from cell 

microparticles to other particulated delivery systems 

(e.g. liposomes). 

Adjuvants are crucial in affecting the 

specificity and isotype of the Necessary antibodies. 

They are thought to be able to potentiate the link 

Between the innate and adaptive immune responses. 

Due to the diverse Nature of substances that can 

potentially have this effect on the immune System, 

it is difficult to classify adjuvants into specific 

groups. In most Circumstances they consist of 

easily identifiable components of micro-Organisms 

that are recognised by the innate immune system 

cells. The role Of delivery systems is primarily to 

direct the chosen adjuvant and antigen Into target 

cells to attempt to increase the efficacy of the 

vaccine further, Therefore acting synergistically 

with the adjuvant. 

Conclusion: 

 

Recent Research Studies indicate that the disease 

malaria has hazardous and life threatening effect on 

humanbody as well as human brain it can be treated 

very well with the use of various drugs like 

Chloquine, 

Qunine, Mefloquine, Primaquine, 

Pyrimethamine –Dapsone Proguanil, Atovaqone 

,etc. and sometimes this used I combination of 

antibiotics to give boost effect . 

Generation of first malarial vaccine gives wide 

hope specially poor Country present in Asia, Africa 

and Latine America like Pakistan, Gana ,Kenya. As 

number patient of malaria is very high and majority 

children Get affected and poor infra structure of 

health system and mortality rate 

Vaccine gets more importance as malarial gets 

drugs tolerance and Mosquito as get tolerance from 

insecticides malarial vaccine provide Very large 

relief to the world.Prevention for groups at highest 

risk is likely to rely on the same classes of 

antimalarials as used for treatment, given the 

difficulties of developing drugs for use in pregnant 

women and children. There are calls to accelerate 

reproductive toxicology studies by bringing them 

further forward in the development process. 
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