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Anti-malarial drugs
( Classification of ant-malarial drugs based on  site of action :-
1. Drugs effective against erythrocytic form (blood schizontocides):
· Chloroquine.
· Quinine.
· Mefloquine.
· Proguanil & pyrimethamine.
· Artemisinins.
2. Drugs effective against exo-erythrocytic form (tissue schizontocides) that kill developing or dormant liver stage: 
· Primaquine.
3. Drugs effective against sexual stages in human blood (gametocides): 
· Primaquine in( P.Falciparum, 
· Chloroquine in( P.vivax, malarae, ovale.
4. Drugs effective against gametocytes in mosquito (sporonticidal agent): 
· Proguanil & pyrimethamine.
5. Antibiotics:
· Tetracyclins: Doxycyclin

· Sulphonamides: sulphadiazine, sulphadoxine

· Sulphones: Dapsone
6. sulphonamides:-

· sulphadiazine 

· sulphadoxine 
7. sulphones:-

· dapsone
Chloroquine
(Chemistry:

· Synthetic 4-aminoquinoline (weak base)

· Chloroquine phosphate (oral),
·  chloroquine hydrochloride (parentral)

(Mechanism of action:
· Blood schizonticide.
· Effective against gametocytes of P.vivax, ovale, malarae but not P.falciparum.
· Not active against liver stage parasites.

· Choroquine enter red blood cells & act by inhibiting polymerization of Hb breakdown products (heme) into hemozoine, thus build up of the heme that damage membrane & lead to lysis of both parasite & RBCs.

· Binding to heme & alkalinization of acidic food vacuole.
(Pharmacokinetics:

· Rapid & complete absorption after oral administration

· 50-65% protein bound

· Concentrates in erythrocytes, liver, spleen, kidney, lung & melanin containing tissues as well as leukocytes
· Has a large Vd (100-1000 L/kg)

· Drug penetrates into CNS & traverses the placenta
· Metabolized by hepatic microsomal enzymes. Some metabolite products retain anti-malarial activity

· Excreted predominantly in urine, excretion enhanced in acidic urine
· Because of its large Vd, a loading dose must be given in the treatment of acute attacks
· Excreted in urine with initial t1/2 = 3-5 days, terminal t1/2 = 1-2 months

(Clinical uses:
1) **Drug of choice for treatment & prophylaxis of malaria especially P.falciparum but should be combined with Primaquine for P.vivax & ovale for radical cure**rrrrre
2) Acute malarial attacks

3) Chemoprophylaxis

4) Amebis liver abscess

5) Autoimmune disorders (RA)

6) Safe for pregnancy & children*
(Adverse effects:

· GI disturbance

· CNS: headache, blurring of vision, field defects, impaired hearing

· Haemolysis in G6PD deficient persons

· Bleaching of hair

· Exfoliative dermatitis (until here these adverse effects are mild)

· Myopathy, peripheral neuropathy, irreversible retinopathy & ototoxicity ( in large dose*
· CVS: T-wave changes & QRS widening, with rapid IV infusions or large I.M may lead to hypotension, respiratory & cardiac arrest (best avoided or slow use)

· Resistance to P.falciparum
(Contraindications:aq
· Used with caution in patients with liver & kidney dysfunction, neurologic or hematologic disorders

· Exacerbate dermatitis produced by gold or phenylbutazone

· Contraindicated in psoriasis or porphyria (may precipitate acute attacks)

· Myopathy

(Drug interactions:

· Anti-diarrheal kaolin, antacids (interfere with chloroquie absorption
Quinine & Quinidine
· Plant alkaloid

· Derived from the bark of cinchona tree

· Quinidine is d-isomer of quinine

(Pharmacokinetics:
· Given orally (sulphate) or parenetrally (hydrochloride or gluconate) for quinine
· Quinidine is given parenterally only

· Rapid absorption

· Peak blood level within 1-3 hours

· Widely distributed in body tissues

· 80% bound to plasma protein - highly bound to plasma protein -
· Quinine is metabolized mainly in the liver

· Excretion is mainly urinary & accelerated in acidic urine
· Pharmacokinetic varies among populations

· Patient with malaria develop( higher protein binding,(( plasma levels & longer duration of action (18 h) than healthy controls (11 h)

· Quinidine has shorter t1/12

(Mechanism of action:

· Molecular mechanism is unknown
(Pharmacological actions:

(Anti-malarial action:

· Rapid action

· Highly effective blood schizonticide against the 4 malaria species
· Quinine is gametocidal for P.vivax & ovale but not P.falciparum
· Quinine has no effect on liver stages
Resistance: not common but start to develop
(Other Pharmacological actions:

· Quinine has Quinidine-like effect on cardiac muscle
· Slight oxytocic action on gravid uterus especially in the 3rd trimester, but still can be used in pregnancy

· Quinine has a curare-like action on the motor endplate
(Therapeutic uses:

1. parenteral treatment of severe P.falciparum malaria (1st line therapy) quinine pi9'hydrochloride given slowly IM or IV (in devided doses or infusion)

2. Oral treatment of P.falciparum malaria resistant to chloroquine (sulphate is used with doxycyclin to limit duration of use to 3 days & toxicity)

3. Prophylaxis is not used routinely because of its potential toxicity, but used as prophylaxis in areas where P.falciparum is resistant to chloroquine & neither mefloquine or doxycyclin is available

(Adverse effects:

· GI: nausea, vomiting, epigastric pain

· Cinchonism (7-10 microgram/ml): headache, nausea, tinnitus, vertigo, dizziness, flushing

· Hematological effect: hemolysis (G6PD), leucopenia, agranulocytosis, thrombocytopenia
· Thrombophlebitis

· Severe hypotension & thrombophlebitis can follow too rapid IV administration

· Hypoglycemia (therapeutic doses) through stimulation of pancreatic B-cells

· Fetotoxic

· Hypersensitivity reaction: skin rash, bronchospasm, black water fever
( N.B:-Black water fever :- a syndrome characterized by massive intra vascular hemolysis followed by haemoglobinuria, dark urine, renal failure & uremia

(Drug interactions:

· Antacids delay absorption of quinine
· Quinine may raise serum levels of warfarin & digoxin
· Potentiate neuromuscular blockers

(Contraindications:

· Quinine should be avoided if possible in patients with visual or auditory problems
· Cautions in cardiac patients & renal insufficiency
· Should not be given with mefloquine (because both are toxic on heart)or after it .
mefloquine hydrochloride :

· a synthetic 4-quinline methanol, related to quinine.
(Pharmacokinetics:
· orally.
· local irritation with parentral use. 
· well absorbed, peak plasma concentration reached 18 hr<< slow onset.
· extensively distributed in tissues,eliminated slowly.
· single does treatment regimen.
· elimination T1/2 is 20 days.
· metabolized in liver.  
· excreted mainly via bile & it is undergoes enterohepatic recycling
· drug could be detected in blood after dosing ceases for a period of few months.
(Pharmacological action:
· mefloquine has strong blood schizonticidal activity.
· no effect on gametocytes.
(Clinical uses:
1. prophylaxis of chloroquine-resistant falciparum & other malaria species ( the only recommended for prophylaxis in endemic areas )
2. treatment of acute attack of multi resistant falciparum.
3. can be used in children older than 2 years & pregnancy Except 1st trimester.
( N.B:
-sever falciparum>>> quinine more potent & quicker action 
(Adverse effect:
· no hemolysis* 

· as qunine 
· GIT disorder
· neuropsychiatric toxicity with treatment ( depression, psychosis,confusion,seizures ) 
· thrombocytopenia.
· ECG changes, bradycardia, arrythmia espicially if taken with quinine & quinidine. 
(contrai;ndication:
· psycaitric disorders.
· Epilepsy.
· cardiac conductiondisorder.
· co-administration with quinine quinidine or halofantriene.
primaquine:
· primaquine phosphate is a synthetic 8-aminoquinoline derivative.
(Pharmacokinetics :-
· orally 
· well absorbed 
· peak plasma level in 1-2hr. 
· never parentrally( hypotention
· T1/2 = 3-8hr.
· widely distributed to tissues, but only a small amount is bound there.
· metabolized by oxidation to many compound.
· it`s metabolites have less antimalarial activity but more potential to induce hemolysis 
· excreted in urine
(Pharmacological action : 
· metabolites of primaquine acts as oxidants that are responsible for schizontocidal action.
· these intermediates may produce haemolysis & methaemoglobinemia associated with primaquine use.(im/p)
(antimalarial action:
· active against hepatic stages of all human malaria parasites ( tissue schizonicides )
· the only drug active against dormant hypnozoites of P.vivax & P.ovale and thus effects radical cure of these infections.**
· highly gametocidal action against the 4 malaria species.
· a single dose is occasionally used to render P.falciparum gametcytes non-infective.
· no effective against erythrocytic stage.
· resistance may develope.
(Clinical uses:
· the 1st drug for radical cure for dormant liver forms of acute vivax & ovale malaria **
· terminal prophylaxis of vivax & ovale.
· pneumocystis pnemonia (combined with chindamycin for mild & moderate pneumocystosis.
· not recommended for chemoprphylaxis of malaria.
(Adverse effects:
· GIT disorders: pain,cramps
· Hematological disorders : Leukopenia & agranulaytosis, leukocytosis
· Arrythmias
· Haemolysis or methaemoglobinemia in person with (G6PD) deficiency
· patients should be  tested for G6PD before primaquine use.
(contraindication:
· should not be prescribed concurrently with myelosuppressive drug as quinidine.
· granulocytopenia, methaemoglobenemia, G6PD deficiency. 
· pregnancy because the fetus is relativly G6PD deficient & at risk of hemolysis.
· never parentrally ( hypotension ) 

Dihydrofolate reductase inhibitors
Pyrimethamin and proguanil
· Pyrimethamin : Is 2 ,4 diminopyrimidine related to trimethoprim 

· Proguanil:  biguanide derivative

(Pharmacokinetics: 

Both are slowly but adequately absorbed
· Pyrimethmine the peak plasma after 2-6hr and bound to plasma protein and has an elimination half life of 3-5day,in  prophylaxis it is given once per week
· Proguanil reaches peak plasma about 5hr and has elimination half life of about 16 hr so in prophylaxis it should be given daily

· Pyramethamine undergoes extensive metabolism before excretion
· Proguanil (prodrug) is converted to its active metabolite cyclo-guanil
(Mechanism of action:

· Pyrimethamine and cyclo-guanil inhibit plasmodial DHF reductase thus inhibit folate synthesis required for biosynthesis of purines and pyrimidine

· They  have high affinity for plasmodial DHF reductase more than human enzyme

(Anti malarial activity:

· Slow action blood schizontal activity against all malarial species
· Have sporontocidalactivity in mosquitos gut 
· Prevent the maturation of early p.falciprum hepatic schizont
· Neither drug is adequately gametocidal nor effective against persistant liver stages of p.vivax or p.ovale

(Clinical Uses:

1- Chemoprophylaxis 

· Resistance to both drugs is found worldwide for falciprum therefore prophylaxis either drug alone is no longer recommended

· Choloroquine (500mg)weekly and proguanil (200mg daily) used as alternative to mefloquine although less effective but less toxic 

· Purimethameni combinations are not recommended coz of toxicity and resistance

2- Treatment of chloroquine resistant falciprum 

· Fansidar

· Pyrimethamine and sulfodoxine

· As adjunct to quinine therapy to reduce the drug course and limit the toxicity 

· Not reliably effective against other species of malaria except falciprum
· Not for sever malaria

· Maloprim

· Pyrimethamine and dapsone(salfone)

3- Toxoplasmosis

· Treatment of choice is pyrimethamine in combination with sulfadiazine or clindamycin**
· Levcovorin Ca++ (folinic acid) is given to avoid heamatological disorders
(Adverse effects:

· In malarial treatment:

· Well tolerated 

· GIT disturbances, skin rash 

· Mouth ulcers

· Alopecia described with proguanil

· High doses of pyrimethamnie for toxoplasmosis

· Folic acid deficiency

· Megaloplastic anemia, agranulocytosis and thrompocytopenia 

· Gastric irritation

· Neurological symptoms

· Headache 

· Insomnia 

· Depression

· Ataxia 

· Tremors

· Seizures

· Respiratory depression

(Contraindications:

· Renal and hepatic impairment, pyrimethamine should be used cautiously

· Pyrimethamnie can be used in pregnancy but not in the first trimester of pregnancy
· Proguanil can be used in pregnancy but folate supplement should be given

Sulphonamides & Sulphones
· Sulphadoxine.

· Dapson.

· Sulphadiazine.

Maloprim: pyrimethamine + dapson
Fansidar: pyrimethamine + sulphadoxine
· They inhibits dihydropteroate synthase, combination of folate inhibitors provide synergism activity. 
Advantages of combination :-
Sequential blockade ( synergistic action  

Fansidar:
· Pyrimethamine (25 mg) + sulphadoxine (500 mg)

· Orally 
· well absorbed.

· Peak plasma level within 2-8 h.

· Excreted in urine.
· Is used in single dose treatment , low rate of drug resistance & toxicity , ease of administration , low cost. 

(Clinical Uses::
· Treatment of chloroquine-resistant falciparum malaria: Fansidar(slow acting schizonticide) in conjunction with Quinine (fast acting).

(Adverse effects:

· Allergic manifestations.

· Haematological disorders.

· Maloprim may produce fatal agranulocytosis (Dapson related).

(Contraindications:

· Patients who have sensitivity to sulphonamide.

· No longer used for routine prophylaxis,

· Fansidar is not used in pregnancy at term, nursing mothers or in children under 2 months of age.

· Patients with impaired renal or hepatic function.

· Patients with G6PD deficiency.

Halofantrine hydrochloride
· Is a phenanthrene-methanol related to Quinine.

· Effective against erythrocyte schizontocide for all malarial species.

· Absorption is variable-fatty meal increases absorption up to 6 folds.

· Peak plasma level is 16 h. plasma half life is 4 d.

· N-debutyl-halofantrrin (main metabolite 
· Excreted by feces.

· Mechanism unknown .

(Clinical Uses:
· Used for treatment as it is effective against chlorquine-resistant P. falciparum.

· Given orally in 3 doses at 6-h intervals (500 mg) 

· Should not be used for prophylaxis due to cardiac toxicity , irratic absorption.
(Adverse effects:

· Abdominal pain, diarrhea.
· Cough, rash, pruritis.

· Prolongation of QT & PR intervals dose –dependant worsened by mefloquine (torsade point)

· Arrythmias.

· Embryotoxic.

(Contraindications:

· Cardiac conduction defects.

· Mefloquine co-administration or previous use ( within the past 2-3 weeks ).

· Pregnancy (embryotoxic).

Artemisinin(Qinghaosu)
Artemisin:

· Is an active principle of Chinese herbal medicine used as antipyretic, is insoluble, used orally.

Analogues:

· Have better solubility & antimalarial activity.
1- Artesunate: synthetic water soluble preparation : oral ,IV,IM, and rectal .  
2-Artemether: lipid soluble preparation : tablets ,IM, NO IV.
(Pharmacokinetics:

· The drug & its analogues are rapidly absorbable, peak plasma level in ( 1-2 hrs.

· They undergo rapid hydrolysis to a biological active metabolite (dihydroartemisinin).

· The drug & its metabolites are widely distributed.

· Short t 1/2 ( 4 hrs.

· Eliminated rapidly,and Excreted in bile –faces –
(Mechanism of action:
· Free radical generation within the parasite food vacule.

(Pharmacological actions:
· Effective blood schizontocides against all types of malaria including chlorquine & multidrug & quinine resistance (only the drug).p.falciparum malaria. 
(Clinical Uses:
· Mainly for treatment of sever, multi-drug resistant p.falciparum malaria.

· Not useful in prophylaxis because of short t 1/2 .
· Not effective for radical cure in relapsing cases.

(Adverse effects:
· Well tolerated, NVD.

· Neurotoxicty (very large doses).
· Contraindicated during pregnancy.

· Very expensive.

Antibiotics
· Not used alone.

· Tetracycline, doxycycline.

Doxycycline:
· Active against blood schizonticides of all human malaria.

· Not against liver stages.
· Not used done as antimalarial.

· Combined with quinine or quinidine for shorter & better course of treatment for p. falciparum.

· Chemoprophylaxis in resistant malaria.
· GIT,photosensitivity, candidial vaginalis 

Clindamycin:
· Combined with quinine or quinidine for treatment of  p-falciparum in children of pregnant women.

· Treatment of Toxoplasmosis **
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