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SYSTEMATIC PHARAMACOLOGY IN NURSING

ASSIGNMENT: CLASSIFY THE ANTIMALARIAL AGENTS AND STATE THE MECHANISM OF ACTION

 ATOVAQUONE  

         Mode of action  

Atovaquone   is used for both the treatment and prevention of plasmodium falciparum malaria in a fixed combination with proguanil.  Whilst  known  to  act primarily  on  mitochondrial  functions,  its  mode  of  action and  synergy  with  proguanil  are  not  completely understood.  This  matter  is  further  complicated  by  the diverse  functions  of  mitochondria  in  various  organisms and  by  technical  difficulties  with  experiments.  It  is generally  agreed  that  atovaquone  acts  on  the mitochondrial  electron  transfer  chain,  although  more recently, its activity and synergy with  proguanil has been ascribed to its interference with mitochondrial membrane potential. Atovaquone inhibits cytochrome c reductase activity in P. falciparum. Atovaquone  is  a  ubiquinone  analogue  that  binds  to  the cytochrome  bc1  complex  of  the  parasite  mitochondrial electron  transport  chain.  The malaria mitochondria electron transport chain disposes of electrons generated by dihydroororate dehydrogenase during the synthesis of pyrimidines and the inhibition of this process by  atovaquone  may  kill  the  parasite. 
   ARTEMISININ DERIVATIVES

                Mode of action 
Once  administered,  the  artemisinin  derivatives  are hydrolyzed  rapidly  to  the  biologically  active  metabolite dihydroartemisinin. The mode of action of the artemisinin drugs has  not  been completely  elucidated.  The  structure  of  artemisinin  is unusual,  and  its  activity  is  thought  to  depend  on  the presence  of  the endoperoxide  bond,  as  molecules without  it  have  no  antimalarial  activity  . The endoperoxide bond may interact with iron or heme, decomposing into free radical. Unlike many redox reactions, this process is not reversible, so a single drug molecule will produce only one free radical. The effect of free radicals on the malaria parasite is still not fully understood. Because the concentration of free radicals is insufficient to cause general membrane damage, one theory is that a ‘‘specific free radical target’’ exist. The artemisinin free radical can form a covalent bond with either heme or other parasite proteins and an initial hypothesis was that a heme-artemisinin compound might inhibit the production of hemozoin. No evidence, however, of reduced quantities of hemozoi in  artemisinin-treated P. falciparum cultures has been found.   

  ANTIFOLATES

           Mode of action  

The antifolate drugs inhibit either dihydrofolate reductase (DHFR) (pyrimethamine, cycloguanil) or dihydropteroate synthase (DHPS) (sulfadoxine).  These are two key enzymes in de novo folate biosynthesis; inhibition of this metabolic pathway leads to the inhibition of the biosynthesis of pyrimidines, purines, and some amino acids. Antifolate antimalarial drugs interfere with  folate metabolism, a  pathway  essential to malaria  parasite survival. 

  MEFLOQUINE AND HALOFANTRINE

   Mode of action  

 Mefloquine  has  been shown  to  inhibit  heme polymerization in  vitro  with  a  similar   or  lower  efficiency than chloroquine  (that is, close to millimolar  levels).  Given  the  lower  basicity  of mefloquine,  it  seems  unlikely  that  it  would  reach  the intravacuolar  concentration  required  to  inhibit  heme polymerization. Furthermore, while chloroquine treatment of P.  berghei  infected  mice  was  found  to  cause  a decrease  in  hemozoin  production,  mefloquine  and quinine had no effect .  Mefloquine      is  also  a  much  less potent  enhancer  of  the  peroxidase activity  of  heme  than  chloroquine  and has been  shown to  interfere with the  ability of chloroquine  to  enhance  heme-induced  cell  lysis . The  available data  suggest  therefore  that,  mefloquine interferes  with  a  different  step  in  the  parasite-feeding process than chloroquine. Desneves et al. used the technique of photo affinity labelling to identify two high-affinity, mefloquine-binding proteins with apparent molecular masses of 22 to 23 kDa and 36 kDa in P. falciparum infected erythrocytes. The identities of these polypeptides have not been established yet, but they may be involved in mefloquine uptake or action. There is also increasing evidence to suggest a role for the plasmodial in mefloquine resistance. This raises the possibility that Pgh-1 may also be the target of action of mefloquine.   

  QUININE

       Mode of action  

Quinine acts similar to that of chloroquine but with some differences; chloroquine causes clumping of the malaria pigment, whereas quinine antagonizes this processes.  In  addition, quinine is  a  weaker base  than  chloroquine  and  has  less  affinity  for  heme, implying  that  mechanisms  other  than  ion  transport  into the food vacuole and heme-drug interactions are required for  the  action  of  these  drugs. Quinine also interacts rather weakly with heme but has been shown to inhibit heme polymerization and heme catalyses activity. In the absence of a specific transporter, quinine is likely to be accumulated less efficiently in the food vacuole than chloroquine. 
   CHLOROQUINE  

   MODE OF ACTION 

This drug inhibits DNA and RNA biosynthesis and induces the rapid degradation of ribosomes and the dissimilation of ribosomal RNA. The inhibition of protein synthesis is also observed evidently as a secondary effect.  It  has  been proposed  that  the  inhibition  of  DNA  replication  is  the general antimicrobial mechanism of action of chloroquine. Chloroquine accumulates in very high concentrations in the parasite food vacuole. Once in the food vacuole, chloroquine is thought to inhibit the detoxification of heme. Chloroquine becomes protonated because the digestive vacuole is acidic (pH 4.7) and subsequently cannot leave the vacuole by diffusion. Chloroquine caps hemozoin molecules and prevents the further biocrystallization of heme, thus leading to heme build-up. Chloroquine binds to heme (or FP) to form what is known as the FP-chloroquine complex; this complex is highly toxic to the cell and disrupts membrane function. The actions of the toxic FP-chloroquine complex and FP result in cell lysis and ultimately the auto-digestion of the parasite cell.  In essence, the parasite cell drowns in its own metabolic products.  
