Drugs for Tropical Diseases:
Problems of Utilisation, Research and Development (™!

the world except the tropics coincided with the general elevation of
nd enomic simation of those

esisieace i tropical countrics of factors which speead of such
pose personal and environmental hygiéne, nonavellability or limited avails-
hﬂlrﬂﬁwbﬁmmrsﬂu&ﬂm«bkﬂn& supplies, avecrowding and
malnuerition. It is essy 1 see that a genenal mprovement in the social and
econoaic condition in these contries would be a giant step forward in U il
of these diseases. Unforsnately, given the reality of the economi
=t o i s Crsabie s, bl 50 Bkl o
mechods of control would neod w be employed i there s going to be any
‘worthwhile reduction in the miscry, saffering, morbidity and mortality resulting
from these diseases in the near future,

Drugs constitute the obvious and most convenent tools for the control of
discases, and they are ax relevant for tropical disesses s they are for the more
commopolitan diseaser, For a Jong time, thercfore, drugs will be used 10 a con-
sidersble extent in the contro] of tropical diseases.

There Is & wide vasiety of tropical discases, However, m problems en-
counered In thelr conuol with drags are sioalar for wost of them sad the
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problems can be discassed using any of the major tropical discases a3 cxamples
T the rex of this prper, therefore, the problems will be discussed wsing malaria
23 8 typical cxample of a tropical discase.

Uss or Drucs 8 Matania Cossor
Treaiment of Individual Patients

This Is a comparatively simple and cheap .um:.l.m activity, Tt s within
the capability of every eountry, prosided the drugs are made available and distri
oo e gl The ute of pelmay besll care oeatrs and schoots
for this activity in the rarsl arcas would substansially fncrease the percentage
«of the papulation cover

The et of this sty dpends on the endemlcy of mulis 8 v
place. Similarly, the dugs usedt would be detcrmined by the susceebil
the patasites to the various deugs availible and on whether clnical cure or ..dmz
<cute s intended, the Iatter being determined by the malarin status of the affected

s Tootlloe o N endeutloy. perrebt Eios brwnt of smpetal G Tl
mduumhml!\emnﬂ:ymdnéhm‘ mdﬁ,ﬂgdlmle l:wmldlure
20 impact on the tranamission, incidence o

In counties whese eodenicey ke o e ot et

lence and Incidence have heen considersbly rediced,
| crestment. of individual cases would s oot valy to redece mortality but alio
| to stabilize transmission, dad even reduce o eventually dnterrupt kr. This Is sha
true of countries where the disease s seasonal, focal, ursuable and subject ro
epidemics. Such countries wsually have a resamsble imsccticide spraying >
| geamme, which Is combined with chemothetapy of suspocied or contirmed ind
| vidual patiears in the tamsmission season. or during epidemics, 1o reduce mml
| ity as well as teansmission.

In some malarious regions of the world. there are fsolated Jocalites ‘where |
malaria has never existed or has been climinmed. In some of these localities, |
trammission does not serur and control consisis of the treatment of Imported &

|
I
|

individual cases o prevent mostality and suffering. In some, however, trans-
‘mission is possible, and the eontrol strazegy i 1o provent the reintrochiction and
| recstablisbment of malaria in the ares. The eontrol sctivities would vsully
combine the desection and treatment of individual cases with focal residual inee-
ticide speaying,
The drugs currently wsed in the trcatment of suspected ar confirmed cases I
of malaria are: |
(1) Chloroquine or smodiaquine; !
(2) Sulphadoxine-pyrimethamine (5-2); 3
(3) Mefloquine or mefloquinssulphadoxine-pyrimethamine; '{
{4) Quinine or quinine-tetracyeline;
15} Primaquine,




Chloroquiine ls the dring of chols Tor the restmant of suspected o confirmed
malaria in places where there is oo known sesistance of even in arems with RI
Jevels of resistance. Tt has been customary in treating scmiimmune mibjects
in Africa to we singiedose trextment with 10 mp/kg chloroquine.  Ahboagh
this doso may be enough 10 clesr: biood of the, et stsceptiblo. parasiics, it may,
w05 be sdequare 1o compleiely remave the less semsitive pamsiies,  Thers &s
also evidence that even in areas where there fs at present no evidence of avert
ohl istance, there is diminishing sensitivity to the dug (Walker ef af.,
1984). Tn order, therefore, to reduce the possibility of hastenlng the appearance
of chloroquine resistance and also ensuring adequate drug treatmene for all pa.
tients in siuntions in which parasitological response’ canniot be monfrored, it
might Yol vt o patlents with the full 23 mg/ky dose of chlaro:
quine over three days, Otber 4-aminoquinolines can be used in place of chloro-
quine. The best known of these s amodiaquine, which has been thown 1o be
it more active than chkoroquine against semsitive strains of . falciparurs
and also retains activity against some parasttes with R or RI resistance w chlo
roquine (Watkins o o, 1984; Spencer o ol., 1984). The implication of the
recent finding that amodisquine behaves a¢ a prodrig In its wee in malals
control is s#ill to be determined (Churchill e ol., 1983; Salako and Tdow, 1983),
1n highly endemic aress where chemotherapy ks used w reduce marsality
bt not 1o reduce or internypt tramsmission, ooly clinical cure is aimed Chloro-
quine is therefore the oaly drug given, there being o need for additonal game-
toeytocidal thetapy against P. felciparam or anti-telapse therapy against P. wieax
and P. ude.

Sulpbadaxine Pyrimethawine (5P}

In aseas with chlorquinetéslstant P. fulciparam, S-P 1s the drog of choice
for the treatment of suspected or confitmed malaria a3 long 19 cither there is no
esmblished resistance to this combination ot resdstance is low.grade or of }w.
frequency. Unfortunately, deployment of $P for malaria. chemotherspy in
with widespread chloroquine-resistant P, felciparnes hay been followsd by |bc

o Inctease In the level of Freacncy of eslstande 10 1he. :vmbmmun
Maceover, P. vieas is inrinsically relatively insensitive to sulphonsmides and
idly. develops resistance 1o pyrimethamine.  Resistance by P vax st B
therefore relatively common. [t would thercfore be desirable, before. deploying
SP for largescale use for teatment in malaria control, 1o underiakc @ poelimi-
sary desermination of the sensitivity of the local straing of Plermadivm to. the
combination.

SP is an erythsocytic schizontocide sctive againse all four human malaria
specics and is adequate treatment when used alone In sinaations whese the aim
s to sedice mortality snd not trammission, subject 10 the above considerations.
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Meilouns or mefloguine5-P

‘ ‘Where there is extablished revistance 10 chloroquine and S-P, recourse may

| have  be made to mefloquine. At present, this new drug has been segisteced

! for we in two countries, Thailand and Switserland, although extensive clinical

s o o i many para of e word have demonued i wley od b

chkyroquine. and multhreaistant P, (ol The recommended

i zhenpcun: regimen i the sdult is a single 750 mj; dose with sppropsiats seduction
in the dose for children.

Bl s of o bavs con o s i o soloced
secsltivity to the drug, of these Insuances the teslstance might be
imriic and wnrchited 1o cxposure to mefioquine, Reshrance bis also been

ved in cxperimental P. herghei infection in mice. It was shown in the biter
cate thot combining S with, melloquine would delay the development of re-
distance, The combination of mefloguine with S-P has accordingly becn sublested
1o exiensiye tral In man, These studics have shown thar. the combination is .
active sgainse chlorogquinesenuitive a5 well as chloroquines and multi-resistant
P, fulciparnne andd is tolersted a5 well as mefloxuine.  Ouly. thme. will tell whether ﬂ
it will Tive up to the expectation of delaying the omset of resistance to mefloquine.

At the time of writing, mefloquineS-P has nar been approved for markediag in i'

=y country, |}
Mei\qnm: and its combination with S are erythrosytic schizmatocides and

can be used alone for chemotherapy in malarla control programmes in which the |

objecaive s 1o reduce mortality i

Quinine. 1l

Teeaiment of suspected or confirmed cases of malaria poses & major problecs I
0 bealih suiborite in places where P. falcparun s seistat o ihe drogs of 7
chaice;. the 4 and SP. Since mel P bat s for been

registered for use but not for macketing in only two couniries, the ooly other
doug that can be wsed for this activisy is quinine. Unfortusaiely, treatmens with
quinine is expensive; It is st widely. available and is selatively woic. Tt cannot

therefoee be distributed through the primary health care syssem for the immediate o
trestmcnt of malaria. Tts use has to be confined to. the secondary and terdiary H
bealth institutions. In effect, only wrban populations sed severe cases referred I

from the rusal peimary heakth centres can beneflt from the use of this. devg.
For uncomplicated infections, quinine Is given to the aduls in a dose of
18 & orally in thre divided doces daily fos seven daye. Altematively, gulsine
could be given for three days and the westment coatinued for anocher 57 days
with tewracycling 2 g dally in theee or four divided doses.
In severe, complicated or cerchrol malaria, quinine b given loitially as o 2

clnical situation permits, oral therapy s institutcd.
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Prinsaguine

Primaquine s x tisoe schizontocde and pumetcyocide. Gametocyies of
chloroquine- and SP.seaslive or resistant parsites are equally semsitive o pr-

trumsmission since ft mabes the patient noorinfective to mosjuitas.  This
of trcatment for P, fafeiparum it appropriste in aress of low endemicity where
there ase also vector coatrol messures. It is also useful in areas with sessonal
infection or in epidermics and 10 prevent recatablishment af the infection in aress
from which & has been climinsted, In all thete Enstances, chemotherapy is
ssnally combined with voctar contcal activities, Primaguine |5 given 11 8 game-
tocytocide in a single dosc of 30 o 43 mg arer the full coutse of the schizon:
socide. At this dosage, primaguine i u:ll talecated even by patients with
glucose & phosphate dehpdrogensse. defcie
mnnm,mu.m«m(m 0 prevent relape in
P, civas vaalaria. The ndministration of & ssmue schizoaiocide s indicated oaly
if the epidemiological siuation favours the reduction of tranamission by radical
iraiment of v coss, The dovge of prmein 1 8 thove schizonocide
16 13.50 me dally for 7-14 days, At this dosage level, adverse seactions are
Satann. ity o iy i ket impiate Ikpliogene daficeey.

Chemoprophylaris
Expericnce has now shown that it Is exceptional for large-scale prophylaciic
use of antimalarial drugs in @ highly caderic area 1o have 1 lusting cffect oa the
lovel of endemicity or mte of transmission of the discase. On the othes hand,
# programene has often revulied in w dimisishing sensitivity of the parasies
t0 the administered drog e, even fn some cases, 1o the sppearance of drug
sesistance. Tn any case, for moat of the malarious ereas the logistics of covering
the entire popolation invarisbly preseats insurmouatable problems. Consequenily,
chemoprophyluxis s a malarial control strategy should alm at reducing morbidity
in nonimuune visitors end in indigenoos groups under bigh risk of severe and
complicaied malaria. Soch groups. include pregaant women and nursing
and childsen under vhe age of five. 1t is controversial whether children tenveen

imemina oc
for example, labour lnnv. police and army units, and refugees in camps. 1f
chemoprophylaxis is combined with vestor conttol messures, pot only morbidity,
but also transmissbon would be redced in such solated units.
The drugs currently wused for chemoprophylaxis are:

(1) Chloroquine or amadissuine;

(2) Sulphadoxioepyrimethamine (S-P);

(3) Progaasil.
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Chiorogquine (or amodisguine)

Chltoguine is the drug of choice for prophylis i aress where there is no

. “The standard prophylactic dose of chloroguine is 300 mg weekly

. Some workers have given the dose formightly or monthly asd

sbeained 3 sessonsble messure of prowedon. Chloroguine proiects sgaiact 4ll

species of Plumodiom, The corresponding dose for amodlaguine Is 400 g
weekly.

Sulphadosine-Pyrimetbomine |

T arets bl chlecciion pisdscande;: S.Pof ddmne oey .upmumw I
i combination like been wed for
mein]um where me passsitesbave retined Rnulmly 1o thee
£ The dote of s 500 mg wlph

P 25 g piomainive. goce weckls whilse that of dapaone pyrimewine &
100 mg dapsone plus 125 mg pydmethamine once weekly,

Many aress with chlomoquine-resistant P, fateiparam e aleo endemic for
P. virsx for which SP resistance is common. It bas, in recent years, been
sapgested that S-P smight be combined with chlaroquine to protece against P. siaex
in such areas (Wemsdorfer, 1982), Reseat obseryations have maited the suspi-
= of a possible ssociation bevween the prolonged se of chloroquine pls S

s o0, wonsines fal i complicxiom er ecpbons uliiforsoe, |

S{w[ahnm syndrome and toxie epidermml necrosis. It might thersfore be
ressonable tn avoid prolonged pmphyllcl\: use of chlosoqulne plus 5P umil the
issue of these possible toxic effects has been resolved. There is possibly istle
advantage, {n any case, of prophylaxis against P. sieax for indigenous pogulations
of an codemic arca.  Nondmmune vistors on S prophylaxis for P. falciperum
could be watched closely for early dessction and treatment of Infection duc 10
nansensitive Plasmalia,

T ssess with chlasoquine: ad P rexistant P faleiporam, there is ak pres-
ent o clear<ut prophylactic drug:

Proguanil

Proguanil s now enjoying & resurgence of interest s 3 prophylactic drug aftes
a period In which it was coasidered of rebatively liule prophylactic value becatise
of resistance 10 it by . falciparums In most areas where the drag had been used 1
o8 u large scale.  Howeves, recent observations have sbown that proguanil given 1
alone at a doage of 200 g dally or in combination with chlaroquine at  dossge s
of 200 my dally p\u- chloroquine 300 mg once weekly provides nmmm
In 4 high percentage of nomimmune residents of malaious ateas, Proguanll hiss
weak blood schizatosidal action sgainat all plasmedia species, ba its s

{

cou e A




— 17—

Tactic action againt falciparum malaria might be due mainly 1o the effoct on the
preerythrocytic stage of the parasie.

Controlled studics sre- ugently needed o re-cvaluate the rols of thin drug
a5 1 prophylactic drug, but on the basis of presently avallsble evidence it seems
a usoful prophylactic drug, wlone or in cambination with chloroquine, in situations
in which chloroquine alone and $-P alooe are unsuitable.

Altbough there have becn trials aesting 1o the prophylactic value of moflo-
quine sgainst chloroquine. und ouulthresisumt P, falcrparum, the need to protect
this drug, for 21 Jong = possible, againse the type of deployment that could lead
o rupid development and spread of Tesisance w it dictaies caution fa fis use
for prophylaxis. Quinine is, of course, 100 contly and 100 toxic for we in large-
scale prophnlasis.

Mlaia control through chemoprophylaxis might thas be inappropriate and
uoreliable in aress with maltiple resistance. The control serategy in sach sius.
tions would be eatly detection and radical treaiment with schizontocidal snd
pacnetocytocidal drugs to redice the transmission of drug-tesistant parasites.

Puontsass srom Diws Uss v Mataria Cowraot

From the foregoing discussion of the use of drugs in malaria control, @ few
questins come 10 mind. Three of these arc

Immemmdrnmdrmhdﬂllﬂﬂxmdudnﬂnlu
community maluria prevention snd control? If nor, why not?

2. Are the avallible drugs sdeqaately dinribarcd and wrifised?

3. Are ealsiing drugs opsimally deployed?

Tt s elear, from my description of the situation with respect (0 the use of
drugs for treacment of swperted or confirmed cases and for prophylasis, that
the existing drugs fall far shors of the requirements for these sciivities in many
countries.  Malaria.zemains. the greatest single infectious disease threat 1o the
Tealth of the world. The deal drug for the control of woch a disease should be
seadily available, cheap, effective in a siogle dose for ticatment and have 4 long
duration of effect lasting several mosihs ut single dowe prophylasis wnd should
be well tolerated. Nooe of the exiyting drugs fulfils all these criteria,  The
widespread resbstance. o some of the drags (e, chloroquine and sulphadaxine:
pyrimethemine) has sadly cor shore their effective life span in many countries;
a drug like quinine is too scarce and (00 expensive to make its doployment in
mass control programmes a visble peoposition; seme like primaquine snd even
quinine are toa toxic for we on 4 longterm basia and outslde speclalised referral
centres; the multiple-dotage regimens required for the optimum effecs of others
(e.5., quinine, primaquine) ercate insurmouniable logisiic probleas for their effec-
tive deployment in conim! programmes.
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Unfostunately, it eannos even be said that within the limirs of their uschul-
ness the existing drugs are procured in adequate amounts, equitably distributed
to cnsure coverage of all those nocding them and optimally wilised, The reasom
for this situation are to be found in the peoe ccoomic smatus of many of the

fecird coumiries, the low peiority that many developing countrics give to heslth
care and disense control, nn. the lack of b public bealih infrastructure esscatial
for casing the correct deployment of antimalarials in sheir weerioriss, Some of
the most ensenrial elements for the efficient disuribution and utilisation of anei-
smlarials should ondinarily be within the capibility of even the poorest countries
— 1 refer tw primary beakh care, school bealth and manernal sl child health
services.  Fuilure of mose affected countries o provide these services or 1o use
them in discasc control I clearly dhic 1o poor motivation. and lack of commitment
oa the part of these countries,

Exven if allowanes iv made for sochical, biological, economie and logistic
problems i the use of antimalacial drugs, anatber question still remains. - Are we
dexiving the maxioum therspeatic advantages possible from these drugs. even
within the limits imposed by the sbove consirainis? It is now generally secspred
that in order to auximise the wse of & drug, an much advantage a5 possible must
pharmscokinctics, The lase of the eurrently
widely available antimalarials, pyrimethsmine, was introdaced inio therapy about
30 years ago. At that time the sience of phamacokiseris was o It infancy
and drugs wese inteoduced with litle knowledge of thelr rates of sbsorpeion,
disteibution, mesabolism snd excretion.  Limitcd knowledge of these parsmeters
made 2 rational approach 10 the route of administration and dossge difficul,
especially in special groups like children and pregnant women, a situation in
which maximum beasfis could net be expected from the drugs.

Negates vt 0 all s above qesions ol e can el hrai
mote valic from the cxbsting deugs by undertiking more smdics on- them:
pharmacological research o obtain more mfuzu\n:un on their pharmacokinetics,
metsbolism, mode of action and toxicity; phamaceutical research to obrain more
usehul dosse Foxtas and delvery metbods, and operational research <o find better

of procurement and distribation which would ensure ready availabilicy
10 all those who need the drogs,

In spite of the obrious need for more sescarch to eptimiee the wie of
cxiuing drugs, thers i no douby that there ia equally o need for the development
of totally new drags for malaria. This ncod has cereainly been recognised for a
losg time, and yet enc can will with  fecling of despandency ask the following
questions:

1. Is there cnough activity in the areas of rescarch and development for
antimalacial diugs, and Eo particalar, are the pharmaceurical companies doing
mg. in this field or have they jose simply abandoned the field?
2. Ase the lessons gained In control programmes wsilised for improved
2

deug
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derigners?
4. Are leads being adequately investigated before being discardad?

An cxamination of the chronology of the discovery of antimalarial drugs
abarws that since 1835 no new antimalarial hus been developed 1o the stige where
it can be relesed for unlimited clinieal v or be officially sold throvgh regular
commercial el OF the two mast promising pew additions, mefloquine ot
its combination with other drugs has been approved for we in only Switeetland
and Thailand whilst qingimos (including it it i ael b Chi.
The first cases of resistunce to chloroguine were reported in 1959 (WHO, 1973}
& statc of affains which should nomally lead 10 intensified sexivity to fiad o
substinate,  However, until quite receatly the only orgasisation that took up
the challenge of finding new antimalaris] drags whh the pertinaciry that the
situation demanded was the United States Army.  Althoogh the US Ammy nathor-
ities would argoe dhat thix effort represets o United States national, contribution
10 the averall objective of improved health theoughous the world, it Is feasonable
' conclude that even they would a0t have csbacked oa this effert but for the
fact thar protection of their troops apsinst malaria ws un cuential milirary
srategy In their Indo-China wars.

The US Army antimalssial drug development programme was began in 1963,
Tuvemy years luter and sitee o expenditure of over §150m, valy oas prodact,
mefloquine, was developed to & possible commercial level (Rapmund, 19831
Te s well known that however belliant a university or governmental research
imiturion may be, the final development and eommersial producton of pew drugs

e the: participation of the pharmaceatieal industry, - This has been lacking
for antieataril deage il el when HolfauaisLa Rocha ook up. mtle
quine for final development and production.

A number of mwnﬁ M:‘ been sdvanced for the lack of interest of the
pharmaceutical industey in the development and prodhiction of tropical disease.
drugs I general and .nm\nllml dmy,l in partcular. Oce of these is the unprol-

v it drugs die 10 catly development

al
which might have 10 be sold chesply 1o some of the paorest cuniries in the
world would not cover the: smpunt wesied in its development, much Jess tum
ot any profis, whish s cssenial for the survival of p«om enterpeises. The
enormous funds that have to be committed to & progrmme of wntimalarial drg
development, cxprcially using the wraditional appeoach of random serecning of
chemical compounds and molecular manipulation of existing componnds, was
forbidding for many companics, Tor cxample, since the inception of the US Am:
antimalaria programime more than 250,000 compounds have been screencd and
the programne has succeded in coming up with oy eoe dri, mefloguine, The
enormity of that effort and the paucity of the results were enongh o dissuade
many companies from entering the race.  Acuilly, apart from mefloquine the
US Army programme alio prodused many interesting leads which could have been
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followed with some reasonable expectation of a favourshle outcome if there had
beea enagh motivation and commitment on the past of pharmaceutical industries.
Restrctive legisation. permitsing oaly government o orber agensics 10 import

in & few others, alia seriously reduce the financial tetuns on the drugs, cantrib.
uting sill further 1 their unattractivesess 2 busincss ventures.
Antimalarial drogs can thus be regarded as “Orphan Drugs® in need of
fouter parens, It scems unavoidable that the development of antimalsrial drugs
o siza

United Nations Agencies like the Woeld Health Orgaslzation dod UNESCO,
and private voluntary research foundations. Direct Government subiidy 1 phat.
maceurical industries whtin their domain would also help, ar also would
collaboration berween all the sbove

Drag rescarch and tessons lesrned i control progrommer

Ove of the mort frustrating Jessons Testncd from the use of drugs in malacia
canirel is the development of resistance to the drugs. Tt is therefore imperative
tha work must be intensified to Find out how pa resbtant to
drgs and bow 1o petard or peevent the process, Implied in this s the nerd foc
mate work on the mechanisms of action of antidslarial drugs, the mechanims
and generics of reaistance and wys of Interfering with Jes development and speead,
Such knowledge should ultimately be wielol in designing new dmgs clfective
sgalust resistant passsiies.

The scourge of resistance abia shoukd incresse effort tarwands the improve-
ment of the avallahle i vitro and in piva technisues for testing the susceptibiliry
af the parasiies 10 antimalacial drogs, This would make laboratory screening of
potential drugs casier and more specific and would meke field mosltoring of the
parasites’ sesitivity to drugs. casier.

Futare Chermiberapeutic Rescorch

The empirical approch to deag development has boen the most extensively
wsed merhod for resenrch uod development for new antimalarial drugs.  Whilst
it sill remsins  useful metbod, it fs time<onsuming, cortly and uncertain, wid
more catiocal spprosches are required. Two of such approsches are: the study
of puraic blocheraistey and the siudy of naturl producrs.

Paratire Biochemistey: Eatly in this century, Paul Ehelich advocated rational
¢ iardtonptions S el i il
the parssites,  His asscrtion thet 8 thorough lnowhda; of the different chemo-
cccptors 1 a sine gus aow for success in chemorherapy i a5 tnuc today as it was
in Ehrlichs time. The aim of research an parasite biochemissry would be to
discover mesabolic patlrways of enzyme sysiema which ace pecaliar 1o the pars-
sites. and which could then be exploited for drug developimest.

Any metabolic activity of the parsite could prescnt. biochemical tasgess for
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drug action, but the potential of this approsch w antimalarial drg development
woold be illustrated by examples from three metabalic processes: folate. metab.
‘olism, nocleic acid synthesis, protein synthesis.

Folate Metsholism

Ik -;n known that sulphonamides inhibit the synthesis of dilydrofolate

ing the condensation of PABA with preridine pyrophosphaie o form

ﬂdvyd:wnsnm {DHP), This is due to inkibition of the enzyme dibydroptersaie
synthetase (DHP synthetase).

“Fhe next enzyme, DHF syntheiase, Mxnimnudbduummwnﬂl’

cria
i contrast to the bost, uwes PABA and not folic acid for lh:qml\a\.lufﬂall!‘v
baed cofactors, Reccarl, srodies with P. folciparuss n-vitra shove that both
folic acid and PABA interfere with the activity of sulphadosine. These results
saggest that another metabolic pathway may exist in the parasite by which, in the
sbsence of plasma folates and PABA, the parasitc is capable of utiliring red
blood cell folate present in the form of polyplotamated Smethyl tetrshycro-
falate o synthesie folatobused coficiors, Further studies on this may reveal
new targets for antifolate sction of antimalaria drugs.

Nocleic acid syrberic

During intraerythrocytic growth, the mucleic acid content of plasmodia in-
creuses spproximarcly 20 fold. The guanine-cytonine comporition of RNA from
malaria paasites is fypically protozoaa, beiog 33% In coatsast to the bost g
composition of 65%  (Sherman, 1983). This spesificity of nudeie acid base
commposition might well consifute useful targers for drug design

“The purings wsed by plaamedin for muclcic acid formation cianot be sy
thesised de nuvn but are obtsined prcformed, the preferred purine being ypoz-
snthine from the bost. The sppmpriate. nucleouide is obuaned from. this via
o e palbid il o those of the howe (Hirchings, 1978).

In contrme, pyrimidines are synthesised de mavo, The earymes evential
T it e e S nlpion! ey
in particalar the three ensymes of the socalled thymidylare cycle. One of these
is serine. bydrosymerhyliransferase, which synthesises. the necessary cofactor N,
N? tnethplene. teirabpdiofolae (MTHF) from tetrabydsofolate (THE) with sbe

puaria ciovesion o sroe o i, Moater 1 iy e

version of JUMP to JTMP.

has to be converted back to THF, .nmmﬂygdbymlm and {5 associated

with n simaltancous conversion of NADPH @ NADP* (Fertone, 1977). The

mmm.ﬁ..m-htmw. DHFR, has alseady been shawn to be the
basis of the antimalarial action of pyrimethamine, proguanil snd otber antifolates.

The DIFR of plasmodia Is exceptionally susceptble 1o pyrimethamine — 1550




2P

of 0.3 M for the parasite enryme compared with 10 WM for the crytheocrtc
casyme. DHFR. inhibition intecferes with the formation of thymidylare, and by
blocking DNA synthesis, mesoscite development s erippled (Hitchings, 1978),

T pescutoe o hyaldplatn I ek (IDBAPY ARt St
neccssary fat the de wovo syathests of JUMP have becn identified in plasmodial
extiacia (Hill et of, 1981). Some-of the czymes. have been identiicd in P, fe-
ciparam, and have ben shown 1o be differen: from those in the bost, This
aspest of parasite metabolim is cleatly u proarising target for drug design.

Prorein. synshesis

Thete are 3 potential srces of amino acids for the erphrocytic sapes of
pliimodin: (i) CO; fixation, (i) the free amino acid pools of the hiood plasma
and crpthrocyte, and (i) rod cell hacaglobin, OF these, haemoglobin s gener.
ally premmed to be the main source of amino acids for plasmadial protein

v, Malaria parasites obtain their. umino scids by protcolysis of hacmo-
globin, and the parasite- specific cathepsin 1 and aminopeptidases that have been
identified could be targets for new drug desigo,

Awtingelaria Drugs jrom Natural Sowrces

The flsit effective wntimalarial dm& quinine, was & produce of u traditional
herbal remody used for the trestment of febrile illoesses, and ceaditional berbs are
il ¢ very snsscive souce for he devebpeent ond producion of vew i

All ilures i wehich ralaria B endemic abound in_varying
s s i e el by e Inigeaie ool oc
. these remedien have been and are will being

alaria activity using modern biomedical research technigues.

d have been achicved by the Chinese. They bave

isolated qinghaosn (artemisinine] from u medicinal plane Arteminia  enuna
(Omghm). which bas been wied for trosting fever by the Chinese for over o
sand years, Qinghaosa has & structure which is differens from that of any

other koo antimalicial. Tt it 3 saquiterpenc lactone i which the peroside
biidge I exsential for activlry, Qinghaoss has been found in many dlinical rriah
t be active against drugscnsitive and mubiresistnt P feloipernm. Tao derive

icazed forms of faleiparum malatia.
metber, i lipidsoluble, Both derivatives are more active antimalatials thn the
pascat compound, and all thres appear w be more active and more rapidly
acting than chloroquine o quinine.

Couclusion and Prospects for he Fnture

In spite of all the problems discussed above, it nevertheless still makes
sene 10 conclude on an opimistic note. To the lsst 510 yeurs, thanks largely
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to the cfforts of the UNDP/World Bank/WHO Special Programme foe Reseatch
sl Trsining in ‘Tropical Discasés, substantial progress. has. boen mude,in improving
the efficacy and safety of existing drugs and in designing pew candidate drugs of
potential wse in malaria conrol,

Thuss, advances In the last 3 years o the phaciacokinetics and metabolisin
of the existing dnigs have provided rationale for the more: effective use of thewe
drugs rS-l-hx 1983), has md.q

.. converting dl to its pamoate uk considenably peolenged
its scion. Unfortunaiely, this formulation could not be deployed for el wie
because of focal tissue eaction at the site of imjection and. cross resistance. prob-
lems. The siudies witkh cycloguaail bave, however, shown that the method s
walid snd can thercfore be spplicd 1o other drugs.

Fioally;, e ook pregiind fom sradicn s plammeal blockniy e
aleady boen exploited 1w produce a ommber of chemical which are ow under.
going tests for activiey against malaria parasites. Only ime will ell how many
of these will utimatcly reach the stage of being used in man. However, if the
present interest and sctivity can be sustained, these i justification to be bopeful
that we will sooa be sble to have ut our dispasal botter and safer drugs in our
cffort 1o schicve better malaria. contral workduide

The situation desceibed in the preceding parsgraphs for malaria b5 typical
foc other tropical divesces, Thete are wsually no effective druge, nad whatever
is available s undes-urilised bocause of insdequae pharmacckinetic sad pharmi-
codypamic characreriation. Basic and upplicd tesearch 1o define parssite. phy-
iology and biachemistry comprehensively and precisely s at a low level Hence,
information needed 1 m»!vr conieol sirateies and ta develap deugs which mre
selectively active against the in Jasgely wnavallable. Whess promising
Yo K bt Mt Jo peemiil Ui developmnt, thesc uro ot pursncd
with any great enthusiasm becase of limired cconomic prospects on much drugs.

Control, and eradication where possible, of tropical diseases shold be &
global concern for 'm. the industrial countries shoold devote financial and
Bunan resources s 42 esseatial element of thelz national policy.  As a beglanlag,

st ot S L it pﬂm(uLuLu
the Woild Health Organization, & new global logal definition of *Orphan D
S T o 0 e il e S B s T
tropical diseases could come under the operation of *Orphan Drugs® leghlation.
Natiooal and intesnational efforts should then be geared towards mlsting uni-
weesitics, nations| research institures, pharmaccutical companies and otker inter.
‘ested organisations in pursuing programmes which would lesd o the develop
ml*hﬂrlﬂdﬂah@(mn&cmﬂm‘ of wwopical discases. Ouly then
we begin to make really serious efforts towards the aalament of the goal
o “Hlth for 4l by the sear 20007 ap fa a the Third Workd countrcs are
comccrncd.
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