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Life Cycle for Malarial Protozoa 
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Life Cycle for Plasmodium

• Wilson & Gisvold’s 1991-p206



Drug Classification 
for Anti-malarial Agents

• Tissue schizonticide

• Blood schizonticide

• Gametocytocide

• Sporontocide (sporozooiticide)
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Sites of Action for Anti-Malarial Agents in Plasmodium Parasite
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Sites & MOA for Anti-malarial Agents
• DNA intercalation:
 quinoline-methanols
 acridines
 4-amino-quinolines 
 8-amino-quinolines
• Dihydrofolate reductase inhibitors:              
 trimethoprim, pyrimethamine, proguanil
• Dihydropteroate synthase inhibitors:
 sulfadoxine, dapsone
• Protein synthesis inhibitors:
 tetracycline (doxycycline), macrolide (azithromycin), lincosamide (clindamycin)

• Free radical mechanism & endoperoxide activation: alter Ca2+ stores
 sesquiterpene lactone: artemisinin
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Chemical Classifications of Anti-malarial Agents
• 4-Quinoline-methanol

• Acridines: 9-amino-acridine

• 4-amino-quinoline

• 8-amino-quinoline

• Artemisines: sesquiterpene lactone

• Biguanide

• Diaminopyrimidine

• Imidazole

• Lincosamide

• Macrolide

• 1,4-naphthoquinone

• Sulfonamide

• Sulfone

• Tetracycline

• Miscellaneous
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Quinoline Methanols

Quinine(8S,9R)

Quinindine(8R,9S)

Cinchonine(8R,9S;6H) Cinchonidine(8S,9R;6H)

Epiquinine(8S,9S) Epiquinidine(8R,9R)
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Quinoline-Methanols: Chemistry & SAR

• Quinuclidine + 4’-Quinoline-methanol (9R&9Rˊ= OH & H)
• Compare toxicity & clinical application of quinine & quinidine

• Development of next synthetic agents following SAR
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8S, 9R

8R, 9S
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Modification to Get New 
Simple Anti-malarial Agents



Development of Anti-malarial Agents 
Following Quinine as Lead Compound
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Quinacrine & Development of 4-AQ (CQ)
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Developed 4-Substituted Quinolines from Quinine: 
Name & MOA

• Chloroquine

• Hydroxy-chloroquine

• Mefloquine

• Primaquine

• Tafenoquine

• Lumefantrine

• Piperaquine

 MOA: DNA intercalation

 weak base hypothesis: accumulation in acidic vacuoles (pH=4.8-5.2)

 ferriprotoporphyrin hypothesis: π-stacking of quinoline to porphyrin 
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Proteolytic Degradation of Hemoglobin:
Ferriprotoporphyrin Pathway

 Hematin: free heme: toxic

 Hemazoin: 

 dimeric; biocrystal; insoluble: chemically inert: not-toxic
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Heme dimer:
iron containing waste product of 
plasmodium 
produced in heme detoxification
produced during intraerythrocytic digestion



Quinoline Anti-malarials
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4-Quinoline-methanol: Mefloquine

• One of quinine derived structures:

• Chemistry: 4-Quinoline-methanol

• The most promising of this group

• The 2nd choice in prophylaxis of multidrug resistant Pls
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Lumefantrine: Chemistry & MOA
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 Chemistry: modified aryl methanols: 

 parent ring: fluorene

 Fat soluble: after fat meal has better oral absorption.

 MOA:

 erythrocytic schizonticide

 in combination with artemether (artemisinin)
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4-Aminoquinolines: Chloroquine (CQ) 
• Chloroquine (CQ):
 first choice for prophylaxis & acute attacks

• In combination with primaquine (8-aminoquinoline):
in prophylaxis of all susceptible species

• RESISTANCY !!!
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Optimized SAR of Quinoline Related Structures

• Chemistry: 

 quinoline (4 methanol or 4 or 8-amino), acridine (9-amino), fluorene

• amine in the alkyl substituted at C4 or C8 of quinolone: secondary
• terminal amine in the alkyl substituted at C4 or C8 of quinoline: tertiary is preferred

• Optimum distance between two aminic nitrogen atoms: 2 to 4 carbons

 4 is preferred: as chain or in piperazinyl form (bis-form) 

 4 atom might be inserted in part of an aromatic ring 

• “OH” on “ethyl or ethylene” portion substituted at terminal amine:

 mimicking methanol in quinine

• Presence of electron withdrawing group at C2, C6, C7: improve the potency

 OCH3; Cl; CF3
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8-Amino-Quinolines: Primaquine

• Clinical use:
 prophylaxis; prevent relapse
 tissue schizonticide
 radical cure of P.O & P. V.
 gametocide

• SE: …



Metabolism of Primaquine
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Metabolism for Piperaquine
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Metabolism of Tafenaquine
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4-Amino-Quinoline: Amodiaquine
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• Consider difference to original 4-aminoquinolines

• Chemistry:

 4-aminoquinoline

 7-Cl

 possessing aromatic ring within two amines
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Selective DHFRIs Against Plasmodium: 
Follow Next Slide

• Biguanides:
 proguanil (chloroguanide): in long term prophylaxis/ also 
was in use in CQ resistant strains of Plasmodium falciparum
 proguanil in combination with atovaquone

• Aryl-pyrimidine (aryl-diamino-pyrimidine):
• Pyrimethamine: tissue schizonticide (prophylaxis / prevent relapse)

 pyrimethamine:sulfadoxine (1:20 = Fansidar): 
in prophylaxis of CQ resistant species; as 2nd choice in prophylaxis 

 pyrimethamine:sulfadoxine:mefloquine (1:20:10): additive effect
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DHFRI: Aryl Pyrimidine & Biguanides

Pyrimethamine

Trimethoprim Tetroxoprim

Proguanil Cycloguanil
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Sulfonamides & Sulfones
 Sulfonamides: sulfadoxine

 only against erythrocytic site

 Sulfones: dapsone

 only against erythrocytic site
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Miscellaneous Anti-Malarial ABs
Tetracycline                 Lincosamide

Macrolide
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Sesquiterpenes: Artemisinins
• Chemistry: sesquiterpene lactone: salts & derivatives

 core nucleus: 1,2,4-trioxane; 1,2-dioxane

 derived from wormwood plant qing hao: 

 applied in herbal Chinese medicine

 from artemisia annua

• Dosage forms: oral; IM; suppository

• MOA: 

• Artemisinin-based Combination Therapy (ACT) in malaria therapy

• The 2015 Nobel Prize in Physiology & Medicine:

 development of artemisinin & dihydro-artemisinin in malaria therapy



Artemisinin Derivatives

 Compare water solubility of derivatives
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MOA for Artemisinin & Derivatives
• Two proposed mechanisms:

1- free radical mechanism 

not by ROS but by free radical mechanism 

associated with endoperoxide involving a carbon radical
 heme in hemazoin form is a source of Fe2+ 

 reacts with peroxide to generate oxy radical & Fe3+: produce carbon radical

2- endoperoxide activation via iron dependent mechanism: 

 activated artemisinin: targets sarcoplasmic/endoplasmic reticulum Ca-ATPase of 

the Plasmodium falciparum: altering Ca2+ stores

 form covalent adducts to specific membrane-associated proteins after 

concentrating in erythrocytes
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Artemisinin Based Combined Dosage Forms 
in Anti-Malarial Drugs

SRAmini Oct2024 34


