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CHAPTER 1

DEFINITION OF TERMS AND HISTORICAL REVIEW

Defimtion of Terms

The termnology followed 1o this study is m confornuty with that
ggested 1 the h Malaria logy,! 1ssued by the World
Health Organwzation 1n 1953, viz
Blood schizontocide * @ drug which acts on asexual parasites 1n the
blood
Tussue xchizontocide a drug which acts on asexval parasites 1 the
tissucs
(@) prumary tissue schizontocide a drug which acts on  pre-
erythrocyue (prumary exoerytheacytic) forms ,
8) secondary nssue schizontocide a drug which acts on secondary
exoerythrocytic forms
Gametocytoclde a drug which acts on the scxual forms of the parasite
Sporontocide adrugwhich acts on th forms1ath

POTOE q

St implies the p of chmeal symp by action on
ascxual parasites m the blood It may be emporary, that 1s, operatve
only whie the drug 1s bemng taken , or permanent, denotng that no attack
will supervene even after the drug has been discontinued

Chintcal eure 1ndicates that the immediate symptoms of an attack have
been reheved and that the pauent has apparently recovered

Radical cure 1mplies cltmination of the parasite from the body, whether
by natural secovery or as the result of treatment

Suppressive cure ymplies radical cure brought about while the patient
1 m:elvmg supprcsswe medication

Spantaneous recovery 1s a term applied to chmeal or radical cure brought
about by nature, in the absence of specific medication

The word prophylaxis 13 commonly used for any method of protection
from disease and, therefore, when applied to chemotherapy, it should

> This word s somctimes_spelt schizonsicide which i etrmofogically incorrect 1t {s
generally socepte e
iy -:dlblah:\'xé&"'ﬁ uﬁ”én' mm * pompouad word 13 Greek Ue letier o

—_—0
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properly be designated drug prophylaxis ‘When applied to 2 communmity,
the term collective drug prophylaxis 15 used, when to an 1ndivdual lh;
term individual drug prophylaxis  Chical drug prophylaxis 1s a term s;mc-
umes applied when the object1s merely to prevent the occurrence of overt
attacks during such time as the drug 1s adminsstered  Action on the asexual
erythrocytie forms 1s, however, already covered by the word suppression,
andt 15 suggested that the word prophylaxis when applied to chemotherapy
should be restucted to action on sporozortes or other pre erythrocytic
forms (equivalent to the true causal or causative prophyfaxis of James)

Names of antimalaral drugs ending with (e} are written wath an
“e” by some authors and without an ¢ by others For the sake of
uniformty, 1n this monograph all Such words, upless they are trade names,
are wniten with an * e ™, for example, chloroquine, amodiaquine, pama-
quine, mepacnine, primaquine  In proprietary names of drugs a capital 15
used for the initial letter, 1n non propnetary names the sntial letter 1s
given 1n lower case

Historical Review

Before the outbreak of the first World War, the only specific anti-
malanal drugs known were the cinchona alkalowds, of which the most
commonly used was qumge

Cinchona is the name given by Linnaeus to a fanuly of plants indsgenous
to the eastern slopes of the Andes 1n memory of the Countess of Chunchon,
wife of an early Viceroy of Peru, to whom legend attnibutes the introduc-
tion of the bark to Europe Historical evidence does mot support this
story, but 1t 1s a fact that the bark of the gumna quina tree, now hown as
cinchona, was introduced 1nto Europe from South Amenca by the Span-
1ards about the year 1640, and was used tn Spam and Italy for the treat-
ment of fevers from that time onward Powdered bark had reached
England by 1655 and was prescribed as such for the treatment of mnter-
muttent fevers for the pext 200 years It was used 1n North Amenica durtng
the War of Independence by the troops of both the contending armues

The bark 15 said to have been introduced 1nto India as early as 1657
Duning the latter half of the 18th century 1t was used extensively 1n that
country, where 1t was populanzed by the surgeons of the numerous ships
trading 1n eastern Waters Dr James Lind treated aver 400 cases of mter-
muttent or remittent fever 1n Bengal with cinchona bark 1n the year 1765
with excellent results In the first half of the 19th century, esnchona passed
through 2 phase of unpopulanty 1n Indsa, prnaipally due to the mahgn
influence of a certan Dr Johnson, a naval surgeon, who visited Calcutta
1m 1804 He treated hus first fever patient with cinchosa bark and fadled
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to effect a cure  He bled and purged hus second patient, who recovered,
and th h ad d a hne of of which the main feature
was drastic purgation, salivation, and venesection  After a brief sojourn
1 Indsa he returned to England, where he published 2 treatise on troptcal
diseases 1 which the admunsstration of cinchona bark as a remedy for
malana was vehemently condemned  As 2 result, the use of the bark 1n
India was practically abandoned, and for many years 1t was used merely
as a tome, m rmnute doses, after the subsidence of the fever At this
penod as muck as from 800 to 900 grans (50-60 g} of calomel were com-
monly prescribed for the treatment of a single attack of malara

From about the middle of the 19th century, the populanty of cinchora
bark was re-established, largely through the influence of Edward Hare,
who came to India 1n 1839 and was 1n medical charge of British troops
tn the Burmese War and during the siege of Delhi at the ume of the Indian
Mutiny At this time the use of cinchona bark for malana was frowned
upon by the authorities, but Hare came across some of the old wntings
of James Lind, extolling its wirtues, and decided to give 1t a trial  Over
a period of mne years he treated some 7,000 cases of fever, with a mortality
of less than 1%,

In 1820, quinine and cinchonine were 1solated from the bark by two
French scientists, Caventou and Pelletier The dominant positton sub-
sequently attained by quinine 1n the of malana as pared
with the other alkaloids of cinchona was largely due to the fact that 1t was
the first to be 1solated  In pont of fact there 1s little difference as regards
antimalanal properties between 1t and the three other principal alkaloids
present

Cinchona cultivation was established mn Java by the Dutch m 1854,
with scedlings brought from Bohwvia and Peru by the botanist Hasskarl
In 1860, the Batish geographer Clements Markham obtained seeds from
Peru, from which plantaions were stocked 1n India and Ceylon, where
the industry flounished for a while, but during the period 1880-90 reckless
over production led to a fall 1n prices which proved rumouns The planters
tn Java managed to survive the slump, and at the outbreak of the second

World War about 97% of the world s supply of quimne came from that
country

The evolution of the synthetic antimalamals now in use makes a0
interesting story * Qumntne 1s an effecttve drug for treatment of the clincal
attack m most malanatl infections, and 1t 1s doubtful whether any of the
synthetic antimalanials would have been evolved but for the occurrence of
the two World Wars  The fact that the Germans were cut off from all
sources of quomne dunng the first World War was the sumulus which
inspired the 1ntensive scarch for synthetic substitutes wluch resulted 1a the
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production of Plasmochin (now known as pamaquine) and later of Atebnn
(now known as mepacrine) When this work was planned 1n the carly
19205, all attempts to synthesze quuume had faded, this was finally
accomplished 1n 1944 3 But Guttmann & Ehrhich,% 1n 1891, had dis-
covered that methylene blue effectively stams malaria parasites and had
tried the dye on patients suffening from vivax malana, some of whom
were relieved of their symptoms The results were not suffictently 1m
pressive to warrant the substtution of methylenc blue for quimne, but
they were destined to play an important part 1n shaping the course of
subsequent researches

In their work at Elberfeld,” the Bayer research chemsts were greatly
helped by a tech: of testing 1 compounds 1n cananes nfected
with Plasmodium relctum, this system for evaluating compounds was
introduced by Roehl 1n 1924  With Ehrhch's early observations in mind,
they ntroduced 2 basic side chain into the formula of methylene blue, an
caster procedure than effecting stmular alterattons 1n the quinine structure
One of the resul pounds showed derable activity aganst bird
malana The next step was to attach vanous side chains to the qunoline
nucleus, which 1s present 1n quimine  Thus line of approach finally resulted
1n the synthests of pamaquine, which m 1925 was selected for chimeal
mvestigation from a large number of allied compounds Pamaquine thus
became the first synthetic qunoline compound to extubit effective action
against human malana parasites, and the first drug of any sort with a
destructive effect on the gametocytes of P falciparum

Although pamaquine has remarkable antumalanal properties, 1t was
unsuitable as a therapeutic agent 1n several respects, the most important
being its relatively high toxicity and the fact that it has little action on
the asexual erythrocytic forms of P falciparum The German scientists
accordingly embarked on further studies They attached the basic side-
chain which had been evolved for pamaquine to other heterocyclic nucles,
and m 1930 finally produced the acridine compound now known as mepa-
cnne  This proved to be relatively non toxic and was the first synthetic
drug with a definute destructive action on the asexual dlood forms of
P faleparum  Approumately 12,000 different compounds were tested 1t
the course of this work

Afer prelrminary tests on human malana i Germany, pamaquine and
mepacrne were subjected to an extensive senes of fleld tnals m vanous
parts of the world under the auspices of the League of Nations These
tnals, made 1 Algena, Italy, Malaya, Roumana, and the USSR, brought
clear and decistve proof of the high suppressive action of mepacrine in all
forms of human malaria, but left some uncertainty as to the possible toxic
effects of long-continued admimistration  Sinton & Burd 3 10 India made
the unexpected discovery that pamaquime caused 2 marked reduction 10
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the relapse rate of vivax malar finding of fund: 1 importance
1o subseq hes on the 8 L The protecttve prop-
erties of both pamaquine and mepacrine were studied by James and lus
colleagues 1 England Pamaquine proved to be a causal prophylactic
agamst P falciparum and a partsal causal prophylactic in vivax 1nfections,
though only at a dosage dangerously high for routine use  Mepacre 1n
a daily dosage of 100 mg was shown fo be an effective suppressant for
both vivax and falcrparum infecttons, but at that time fears were expressed
that this amount taken over an extended period might exert a harmful action

The Germans went on to

y two other
Cl

an qt e was
as :arlylas 1934, but after a few human tests 1t was discarded on the ground
that 1t was too toxic  Sontoquine, with uts extra CH, group, was later
produced 1n an attempt to neutralize these effects, and was undergoing
field trals when the second World War broke out 1z 1939

In the second World War, the Allies in therr turn were cut off from
the main sources of qumne when the Japanese overran Indonesia, and an
enormous volume of research on antimalarials was undertaken on both
sides of the Atlantic In the Umited States of Amernca an ntensive mves
tigation of the absorption, b » and trans

of mep was undertak By mud 1943, 1t was shown that
the drug was extensively localized 1n the tissues and that its effectiveness
was 2 function of the concentration 1 the plasma  This information led
to the 2doption of 1mproved dosage schedules and #ts general acceptance
as an effective P agent 1 the of malana  The pro-
perties of mepacrine were explored, though on a very much less extensive
scale, 10 the United hangdom

In Australia, during the period 1943 5, an extensive series of tests,
which more than 800 volunteers from military units took part, was con-
ducted by an Army medical research team ? These tests confirmed and
amplified the earlier work on the suppressive value of mepacrine, 2nd also
proved that a daily dose of 100 mg of the drug could be contiaued for an
indefimite period without serous ll-effects It was the routine use of
mepacrine as & suppressant, based on these findings, which enabled the
Alied armues 1n the south west Pacific and south-east Asia commands to
be mamtained 1n 2 fightig condition at a time when the Japanese troops
opposing them were gravely hampered by malaria casualtes

The French 1 North Afnea studied the properties of sontoqume,
established 1ts high antimalanal activity, and found that it was well tolerated
Following the occupation of North Affica by the Allies, this information
became available to the United States 1avesugators, who synthesized a
large scries of 4-amunoquinolme denvatives, mine of which were gaven Limuted
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and 1 1930 finally produced the acndine compound now known as mepa-
crine  This proved to be relatively non toxic and was the first synthetic
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the relapse rate of vivax mal: finding of fund \
m sub hes on the 8 q! The p prop-
erties of both pamaquine and mepacnine were studied by James and his
il mn England P A\ proved to be a causal prophylactic
agamst P falciparum and a partial causal prophylactic m vivax infections,
though oy at a dosage &angerowsiy Tugh for 1ovtne use  Mepacnne m
a daily dosage of 100 mg was shown to be an effective suppressant for
both vivax and falciparum infections, but at that time fears were expressed
that thus amount taken over an extended period might exert a harmful action

The Germans weat on to synthesize two other compounds, Resochin
Chl 1

quine) and q quine was
as early as 1934, but after a few human tests 1t was discarded on the ground
that it was too toxic Sontoquine, with its extra CHy group, was later
produced 1n an attempt to neutralize these effects, and was undergoing
field trials when the second World War broke out 1n 1939

In the second World War, the Alhes 10 their turn were cut off from
the matn sources of quuune when the Japanese overran Indonesia, and an
enormous volume of research on antimalarials was undertaken on both
sdes of the Atlantic In the United States of Amenca an intensive 1nves
trgation of the P distrby and bolic trans
I( of mep was undertak By mud 1943, 1t was shown that
the drug was extensively localized 1n the tissues and that its effectiveness
was a function of the concentration in the plasma  This information led
to the adoption of improved dosage schedules and 1ts general acceptance
as an effective therapeutic agent 1n the management of malaria  The pro
perties of mepacrine were explored, though on a very much Iess extensive
scale, m the United Kingdom

In Australia, during the period 1943 5, an extensive senes of tests, 1
which more than 800 volunteers from mulitary umts took part, was con
ducted by an Army medical sesearch team? These tests confirmed and
amplified the earlier work on the suppressive value of mepacrine, and also
proved that 2 daly dose of 100 mg of the drug could be continued for an
indefinite period without serous ill effects It was the routme use of
mepacrine as a suppressant, based on these findings, which enabled the
Alfied armues 1n the south west Pacific and south-east Asia commands to
be mamntamed 15 2 fighting condition at 2 time when the Japanese troops
opposing them were gravely bampered by malaria casualties

The French 1n North Africa studied the properties of sontoguine,
established 1ts lugh antimalanal acivity and found that it was well tolerated
Following the occupation of North Africa by the Allies, thus information
became available to the United States savestigators, who synthesized a
farge senes of -amimoquioline denvatives, mne of which were given imuted
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Graphic formulae

H
1
H—cl:/c\o-ﬂ 4
” i3S
H-
oS8 2
|
H
benzene pyndine pyrumdine
nng nng nng
Qumnolne acnidne
nng ring
Certain 1 compounds, such as 1 and Sal , which

have some action 1n vivax malana, are benzene denvatives  The quinoline
nng has much greater importance, and 1s the basis of the principal cinchona

Ikaloids and of the 4 and 8 The acndine ning
1s the basts of m:pacnnc chloroquine may | be rcgardcd as m:paenne with
one ring and are of
chloroquine Qmmne 1 a 6 meth i wInIc quine, penta-

quine, 1sopentaquine, and pnmaqume are 6-mcthoxy-8 ammoqumohn:s,
that 1s, they are quinoline dervatives with a methoxy or amuno group at
the stx!h or eighth position of the qumnolme nuclews, counting from
the nitrogen atom In proguaml, the benzene nog 1s attached to a
biguanude chain , pynmethamune 1s a substituted pynmidine

Cinchona alkaloids

Cinchona contains more than 20 alkaloids, but only four are of impor-
tance quimne, and honid Cinchona
febrifuge and totaquine are muxtures of alkaloids denved from the bark,
the difference between them bemng that samples of the former may vary
1n composition, while 1n the latter the percentage of total crystallizable
alkaloids and the quinine content must conform to a prescribed standard

Chemucally, quinine 15 2 pound of complex structure,
visualized as bcmg made up of three parts the qumoline component
(6~meth the Iiine part (a complex mng wath an

attached \:myl group), and the connecting ]mk (a hydroxylated methylene
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group) Quimdine 1s an optical 1somer of quimne, cmnchonme and cm
chonidinie are optical 1somers lacking the methoxy group

Graphic formula
HOCH——CH-—N——CH,

CH,0 cH,
&u,
CH—CH-—-CHCH==CH;
quin pe

Vartous minor modifications of quinine have been studied in an attempt
to evolve more active compounds but none of them has proved of practical
value for the treatment or prophylaxis of human malaria

& aminoqumolines

Mention has already been made of the early German researches 1n which
methylene blue was shown to have some mhibitory effect on plasmodia
Schulemann and ks colleagues at Elberfeld 2 found that by replacement
of one of the methyl groups of methylene blue with a basic dialkylamminoalkyl
group antimalanal activity was considerably enhanced It scemed likely
that the activity of the qunoline nucleus present 1 quintme mught also be
increased by the 1ntroduction of a smular basic side chamr It was by
this line of reasomng that, m 1924, pamaquine was evolved

Graphte formulae
H, m,\ /CH,
+ S
CH/ \CH CH,/ \CH
methylene blue ICH:
N,
N
41, Gn,

— ")

oH;
NHCH(CHY, N e,
L CH, NGH,
s

pamaquine

CH,
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P

je qi and p qr evolved as the result of
of the 8 quine in the United States of Amenca

duning and after the second World War, differ from pamaquine 1n the
type of alkylamino cham attached to the 6-methoxyquinoline ring

Graphic formulde

CHO OO cH,o0-7 ) N
AW

NH(CHy); NHCH(CH,), NHCH(CH,), NHCH(CHy),
CH,
pentaquine isopeataquine

cHy A
p

NHCH(CH,);NH;
CH,

prmaquine

9-aminoacridines

Mepacrine 1s an acridine dye, 1n which the quinoline ning 15 broadened

to form the acndine In the hope of decreasing toxicity, the German
replaced the quinoline ring of p quine by the acnidine, which

1s relatwely closely related to quinoline By mntroducing the chlorine atom
and a methoxy group iato the acridine rung they finally produced mepa-
ctioe, 10 which the side chain 1s opposite the ning mitrogen as in quinine
It has been suggested that the activity of mepacrne 15 due to the capacity

of the molecufe to exhubit a form of tautomensm involving the lability of
a hydrogen atom which can assumme two alternative positions i the molecule

Graphie formute
CH,
LG
NHCH(CHM) N
CyH,
CH,O
N a

mepactine
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group has proved of pracucal value 1n the chemotherapy of malana, these
studies have helped to elucidate a number of problc;s and have ,served
as a gude m the synth of other pounds  Sulfamlanude will cure
blood-induced knowles: malaria, and many other derwatwes of sulfanila-

mde, suchas " * : <t as true causal prophy-

lactics against while the fact that the

antimalanal ac by p ammobenzoic acid
g P 1

has shed ight on the bol )

] Y

One of the sulfonamides—metachlondine, which 1s structurally symilar
to sulfadiazine—is said to be active aganst quartan malaria, but agaiost
falciparum 1afections 1t has proved ineffective

Graphic formula

N
SONH—C }—cn
Orsom
NH;
metachlondine
Biguanides

The work which led to the recognition of the antimalarial properties
of this group of drugs began with the investigation by Curd, Davey &
Rose ¢ of certain pynmudine denvatives, prompted by a constderation
of the antimalarial actvity of the pyrimud d d
A second reason for studying the pynmudines was the smmlanty between
the formulae of mepacrine and niboflavine , 1t was thought that the acuvity
of mepacrnine mught be due to a competition with riboflavine for certarn
enzyme systems 1n the malaria parasite A third reason was the character-
1stic of resonance * possessed both by the pyrinudines and by mepacrine

In these researches the first compound found to be really active agamnst
bird malana was number 2666 This pound contams the sut d
pynmidine nng and an alkylamno group attached to a mitrogen atom,
close 1nspection of the formula shows both extended and true amidine
systems ~ Another compound, 3349, a guamdine denvative of 2666, 15
even richer 1n apudine groups , 1t was the first of the senes to show actvity
aganst human malarta This compound 1s capable of existing i several

1c forms, and 1t tk seemed possible that a pynmudine ning
as such was not essential and could be substituted by a biguamde group,
whuch 15 capable of sundar tagtomertsm  Eventually, the highest acuvity

Resonance 1s the phenomenon due 10 the travsition from an electron configuration
1nto another OF the same spat af nucicar structure in & molecule It 18 alsu calied mesomensm
an nat be confused with tautomerism 1n which the spatal arrangement of the atomic
‘puclet 18 different for the two tautomers —ED
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1n place of the mare complex drethylarmoethyl group

Graphic formulae
Cx s
NHCH,CH,
:<< cH
N < 2Hy
2066 RP
Gt
NH NHCH.CH,N\
A
oS T e
CH,
3349 RP

NH  NH
o oH

G—Q—N—C—N—C-NHCH(CH,),
proguantl

Diammopyrimidines

Hitchings and hus colleagues 1n the United States of Amenica found
that several substituted diaminopynudmes are powerful antagomists of
pteroylglutamic acid m cultures of Lactobacillus cases The farmal analogy

between 2 4-d; 5 p imidene and p 1 and the
finding that proguaml was also an of pi i acid
that the py pound mght h:xve lanal activity

A number of members of the group were studied and it was found that
those with a 5 pheny! substituent were the most active Substitution of a
halogen or mtro group 1n the para positron of the phenyl group was found
to enhance activity Substitution of an alkyl group n the 6 position of
the pyrimidine also nereased activity and 1n the case of S pchlorophenyt
denvatives a2 peak of acuvity was reached with the 6-ethyl compound
(pyrimethamine) which proved 60 times as active as proguamil agarst
P gallmacenns and 200 times 23 active agamst P bergher

The active form of proguanil has been shown to be a metabolite which
bears a stnking resemblance to pynmetharuine What was ongmally
Pproposed as a purely formal analogy 1s now, therefore, to be regarded as
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a real structural analogy It 15 not surprising to find that the two
compounds resemble one another closely 1n their antimalanal properties
There 15 also evidence that pynmethamme mself may give mse to an
active metabolite

Graphic formulae
NH, N NH,
H,N—< 1 H,N—< D —Cl
N
CiHy
tmetabolite of proguaml pynmethammne
Naphthogqumones

Hydrolapachol and two other quinones have been found to possess
some antimalarial activity and this has led to the synthesis of a number
of other naphthoquinone denvatives Although some members of the
group have shown considerable activity agamst avian plasmodia thelr
effect 1 human malaria has been g
because they undergo rapid degrad:mon 1n the human body “One of thcm,
however, has been shown to have d to
deactivation, namely, Lapone (M 2350), which has a hydroxylated Cyy
side cham It has been claimed that this drug has definite suppressive
activity against vivax mafana, but this finding needs confirmatron

Graphte formula
o
! /CHACHCH,
O‘ (CH‘).C\
| NCH,(CH),CH,
OH [ (CH):CHy
o
Lapisone

Organometallic compounds
= A Manaathat certain metallic
nber of arsenscal
me (Salvarsan),
1 0 A [ (S D, and
cart but although arrested P of the parasites and reltef
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of symptoms have been recorded 1 vivax nfections, there has been no

1n the relapse-rat: of mercury, anti-
mony, and bismuth have alse been vsed i‘or m.:l,ma wath little success
A bismuth d—sodium  bismuth ¢ known as

Y
Thio Bismol—has becn found wseful for liming vivax and malenae

infections m the treatment of neurosyphilis by malania therapy It has
an whibitory action on the half and three quarter grown forms of the
parasite and 15 used 10 vavax malana for converting a quotrdian type of
fever nto a tertian by destroying all except one generation of parasites
Neoarsphenamine has been used stmilarly i the Netherlands

Antibotics

Many antibrotics have been tested for antimalartal actwity Some
action was shown by cenam members of the gxou'p—fm‘ exampie, Chioro-
mycetin, A and F but 1n no case have
the results indicated that the drug would prove of practical value 1n the
treatment or prophylaxis of malarta

Miscellaneous

A number of ammno alcohols derved from phenanthrene and naphtha-
lene have been reported as showing antimalanal actity Ope of the
phenanthrene dersvatives (SN 1796) has been tested agamst human malana,
but the response was poor

Isolation of the active bolite of p 1 has recently 1
researches on substituted tnazine denv:mves and some of the compounds
have been found more active than proguanil agamst expertmental infections

In the field of and orth ac d de d
SN 6771 bas been found to display some activaty agamst human malana

A number of h acld

vnamms and thew :!\'\Alogucs,
sulfabiguanides, guanidines, thio denvatives, cinolines, benzoacnidines,
and pyndoacndines have been tested, but 1n no case has any compound
been discovered which could compete with the established antimalanal drugs

‘The Biological Approach
Life cycle of the malaria parasite
More than 50 years have passed since the mode of transmission of

malana was proved and the eustence of an asexual phase 11 man and a
sexual phase 1 the mosquito was demonstrated  The latter was followed
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out 1n full as early as 1898, but for many years one question regarding
the former remaned unanswered What happens to the parastte during
the period between the myection of the sporozottes 1nto the body and the
fitst demonstrable appearance of asexual forms 1n the penpheral blood ?

Schaudian,? 1n 1902, reported that he had actually scen a sporozote
Ppenetrate a red blood~cell, and this finding was at first generally accepted
But as the years went by and no one was able to repeat this observation,
despite the most intensive search, 1t gradually became evident that Schau-
dinn had been mistaken, and that the parasite must undergo another phase
of development i the body during the prepatent pertod, as tndeed had
been suspected by Grass: as eatly as 1500

Raffacle,® who described unpigmented parasites 1n avian malana in
1934, was the first to recogmize that these forms represented a definite
phase of development 1n the tissues as distinct from that occumng m the
blood James & Tate,* 1n 1937, described the exverythrocytic schizogony
of P gallinaceum 1 the braimn capillaries of the fowl, but the mystery of
what happens during the pertod immediately after anfectron remarned for
a while unsolved

In 1940, however, Shortt and Ius colleagues ® 1n India and Mudrow 2
m Germany independently observed pre erythrocytic forms of avian
malaria duning the prepatent period This work was amplfied in the
United States of America by Huff & Coulston ¥ who, in 1944, described
i detail the complete development of the pre erythrocytic stages of
P gallngceum

Between 1943 and 1945, Farley and his co workers” 1n Australia
carried out some highly sigmficant studies on human malana by which
1t was shown that after by quito bites the sp cairculate
1n the blood for about half an hour, after which they disappear  This was
proved by moculatmg large quantities of blood into volunteers 1n whom
malania was produced 1f the blood was drawn from the donor withun hatf
an hour of infection  Subsequently the blood of the donor was mnocuous
for six days after wnoculation with P faleiparum and for eight days after
that with P vivax

At thus time Shortt and Garnham in England had just begun a sertes
of researches on mammahan malana that were destined to achieve far-
reaching results In 1948, after masstve mfection by the bites of heawnly
1nfected mosquitos, which were afterwards ground up and injected paren-
terally 1nto a rhesus monkey, pre-erythrocytic forms of P cynomolgs wese
observed 1n a section of liver removed seven days later # .

uently, less mature stages of the parastte were found 1 the liver

of i‘,’,‘:ﬁonk,yys simularly mrcc(ged, the earhest to date bewng 1n sccttl(:ns
excised on the second day 2@ It has also been proved that 1n monkey
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malaria exoerythrocytic parasites can persist 1 the liver after blood mfec
tion has been established These forms are thought to be responsible for
the phenomenon of late relapse 1n cynomolg: and vivax malama  As such
relapses are not encountered 1n falciparum infections, 1t 15 believed that
such a phase does not occur 1n this type of malana

The demonstration of tissue forms of P cynomolg: 1n the monkey
made 1t practically certain that a simlar phase exsts 1 human malana,
and this was soon established for both P wvax and P falewarum  This
work was carned out by Shortt and s team 1 London, 1n collaboration
with the staff of Horton Malana Laboratory % * In December 1953,
Garnham and his co workers succeeded 1 demonstrating pre-erythrocytic
forms of P ovale 1n the human Liver * Two years earher, Garnham 1
had demonstrated 1n the liver of a monkey pre erythrocytic forms of
P inu which closely resembles P malariae 1n all essential features  The
existence of a pre ery ytic phase of P faleip has been confirmed
by Jeffery and his colleagues® n the Umnited States of America

The bfe-cycle of the malarta parastte may be summanzed as follows
When an imfective mosqmto bites a new host, sporozotes are moculated
mto the blood stream There they curculate for about half an hour, after
which they disappear It 15 presumed that many of them are arrested 1n
the liver although the carliest stage of development mm that organ has not
yet been observed  As stated above, however, pre-erythrocytic forms of
P cynomolg: have been demonstrated as early as the second day after
nfection  The tissue schizont, as the parasite 15 now called, mcreases
size and divides to form thousands of minute merozoites  The cell envelope
Tuptures, setting free the merozoites 1nto the surrounding tissues  Many
of these probably attach themselves to red cells 1n the liver stnusoids, but
1t 15 believed that, except n falciparum malana, some penctrate other
hver cells and either remamn dormant or repeat the eycle of schizogony
These are the forms to which late relapses 10 vivax malana have been
attributed

The young merozoites which enter the blood stream are now called
trophozottes It 15 generally believed that the parasite actually penetrates
the red cell, but some observers hold that it remamns on the outer
surface  The trophozoites 1ncrease 1n size and become schizonts These

1 ly rupture, h which enter other red cells

and repeat the process of schuizogony After a while certain merozoites
are produced which become sexually differentiated as male and female
gametocytes  Should a mosquito bite the host at this ttme the sexual
forms are taken up and conjugate 1o the 1mseet s stomwach to form a THEOlE
This lengthens to become an ookinete or vermucule, which penetrates the
stomach wall and comes to rest on the outer surface, Where 1t 1s knawn
s an oocyst The cyst grows and divides 1ato thousands of elongated
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bodies called sporozoites When the cyst ruptures, many of the sporo
zottes find thetr way 1ato the salivary glands, whence they are 1njected
mto a new host when the mosquito next takes a blood meal

Drug action in relation to different stages of the hfe cycle

In theory, 2 drug may act on the malana parastte in any of the following
ways (1) agamst the sporozottes when they first enter the human body,
(2) agamst the pnmary tissue or pre erythrocytic forms of the Pparasite ,
(3) aganst the asexual parasites n their erythrocytic phase , (4) agamst the
sexual parasttes mn their erythrocytic phase, (5) agamnst the late exoery
throcytic or secondary tisue phase, to which the phenomena of latency
and late relapse 1 vivax and possibly 1n quartan malana have been
attributed , and (6) agawmst the sp forms m the quito phase
of the life-cycle

3 f T Lt ae e o ahalane
are
acrt. .. N N
qune), (d) the 8 quinol (r q primaq . (&) the
biguanides (proguanil), and {f) the d o dines (pyrimett

No drug yet tested has any d ble effect on the sp stage
of the malara parasite  The cinch 1kalod: 1dines, 4-amino-
< 1 1 Tlas= o pmpdney B noa dagts sfya gt an
! v ! . L LI | (L | 5
" ! NI | S vloatn oy

sites, but they have a powerful destructive action on the gametocytes of
all spectes They also act on the secondary exoerythrocytic forms of
P snax, and 1t 15 1n thus respect that they have their greatest value  They
have an inhibitory effect on the pre erythrocytic forms of both P fale:
parum and P inax but cannot be used for this purpose without risk of
toucity

The biguamdes and the pyrimdines are the only drugs which
can be used with safety agamnst the pre erythrocytic forms, and so far as1s
known they are fully effective only ta faletpatum tafections They have
no apparent action on the sexual forms of P ﬁzh:zparum bm tblc pc‘nphcml

e

blood, but both render these p of j: t r
1 the mosquito

Antimalarial drugs may thus be placed 1 groups according to the
stage of the Life cycle on which they act, viz

(1) Drugs acting on pre erythrocytic forms (prmary tissue schizonto-
aides , causal prophylactics) For practical purposes, only proguanid and
pyrimethamune come under this heading
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() Drugs acting on asexual ery throcy tic forms (blood schizontocides *)
While most antimalaral drugs have some action on these forms, the cnly
ones which are of practical value for treatment of the clinical attack are
chloroquine and related 4-amunoquinolimes, mepacrne, and quimme.
These drugs are effective suppressants of all species of human malania
parasites, and will effect radical cure 1n most cases of falcparum infec-
tion Proguamil and pynmethamune are also effective suppressants, but
are not suffictently rapid 1n action for treatment of the chinical attack 1
a non 1mmune subject

(3) Drugs acting on late exoerpthrocy tic forms (secondary tissue schuzon-
tocides ; anti-relapse drugs) The cnly compounds 1 this category known

to be effective are the 8: (p

(4) Drugs acting on the :exual Sforms (gam:xocyloc:des) Pamaqume
and prob:\bly olhcr Svanunoqumehncs have a powerful destructive action

~a AF D fala marwa and P oywar Oruning

the ;‘;cnph:r;‘\l blood within a few days of treatment with these drugs.

(5) Drugs actuing on the sporogomc forms in the mosquito (sporonto-
cides)  Proguanil and pynimethanune come under this heading

Pharmacological considerations

An enormous volume of research has been devoted to studies of the
pharmacology of antimalanial drugs, but there are sult many gaps left 1n
Anowledge of the subject, even 1n respect of the cinchona alkaloids  For
the effective treatment of the chimeal attack, an adequate concentration of
the drug 1n the r=d blood-cells, where the parasites reside, 13 essential
The concentration attaned m these cells by different drugs, hawever,
shows wide varations  That of qunine may be as low as one-eighth of
the concentration tn the plasma  The low cell concentration attained by
quintne as compared with other schizontocidal drugs 1s no doubt a reason
why so much higher doses are required to produce the necessary effect

Factors which affect the and of an ad
drug concentration in the red cells include the rate of absorption of the
drug frem the alumentary canal, competition for the drug between the red
cells and various body constituents, such as the plasma protetns and tissue
cells, and the rate at which the body degrades and excretes it

M and the 4 are rapidly absorbed and soon
become Tocalized 1 the tissues; degrndauen and excretion are stow and

* This term has been sugtested to distinguish thesc drugs from those actins on msue
schizonts, but they are wull commonly dewgnated schizontocides without quabihcauol
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consequently these drugs persist 1 the body for loag periods It 1s therefore
necessary to admunister a high imual, or loadmg dose, the red-cell con
centration being kept at the required level thereafter by a lower mainten
ance dosage It 1s mnteresting to note that the principle of gving a high
loading dose of mepacnine, put forward by Shannon and ks colleagues #
1 1944, to enhance the therapeutre effectivencss of the drug, has found
general acceptance among chmcians, the prnaiple applies equally well
1 the use of chloroquine and other 4-aminoquinolines

Quinine and the § aminoquinolines are rapidly absorbed, but plasma
concentrations fall very rapidly in both instances Tt 1s therefore necessary
to admumster doses as high as possible and at frequent intervals, rather
than 2 high loading dose followed by a lower dose

Proguanil and pynmethamine are active 1n Very low concentrations, so

1 . a

~ndaenta dascas n tha tec me tha

It 15 recogmized, however, that there are other factors besides blood
concentration to be taken into consideration There 1s evidence, for
1nstance, that proguaml and p 7 and probably also p; 1
are not themselves active agents, but owe therr efficacy mainly to a trans
formation within the body 1nto active metabolites Further details regard
1ng the phar logical action of ndividual drugs are given 1n chapter 3

The varying response of different strans of the parasite

Infections produced by stramns of the same species of malaria parasite
from different geographical areas may show wide vanations 1 patho
gemcity, ability to develop m the mosquito host, relapse pattern, and
immunologteal properties It 1s not surpnising therefore, that differences
i therr response to the action of a particular drug are sometimes
encountered  More than 30 years ago, James and lus colleagues observed
that the amount of quimine requred to control infections with Italian
strawns of P falciparum was several times as great as that needed for the
management of mfections with a stram of the same species of parasite
from Indiz In recent years, a number of sumtlar 1pstances have been
recorded Infections with a New Guimea straw of P falciparum were
successfully treated with proguanil by Faurley and Jus colleagues, whereas
the same drug proved meffective for radical cure of an imfection with a
stran of the same species of parasite wuported to England from West
Africa  In prophylaxis, however, the drug proved equally effective agaast
either stramn Again, the Chesson strain of P vivax from New Guinea was
found to be moare refractory to both qumae and mepacnne than the
McCoy stram from the southern United States of America
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mfections than the action of either drug given separately  As the result
of these findings 1t has generally been accepted that qumne has a synergistic
actton on the 8 aminoquinolines or on their active denvatives enabling
them to destroy the late exoerythrocytic parasttes more effectively and so
prevent relapses  Recent observations in the United States of America on
avian and siman malarta have, however, thrown some doubt on this
theory Coatney and s colleagues were unable to demonstrate synergism
between quinine and the 8 lines agamst gall
and Schmudt has been equally unsuccessful 1n experiments with P cyno-
molgi, whose behaviour resembles that of the late relapsing stram of
P wvax n so many respects These findings suggest that the two classes
a F a4 1 A1 ha@amnan nnl ase an the bate tissue

of Korean vivax malaria among Untted States mulitary personnel by the
routine adminsstration of primaquine alone

Greenberg and fus co workers 2* have shown that proguani( and sulfa
diazine potentiate each other s action agamnst P gallinaceurn, and have
demonstrated a synergism between proguaml and p aminobenzoic-acid

which act aganst gall

Effect of drugs on plasmodium metabolism

The first researches undertaken on the subject of the effect of drugs on
plasmodium metabolism were those of Chnstophers & Fulton,? who
published results of thetr studies on the respiratory metabolism of P knowlesi
1n 1938 Intensive 1mvestigations on the biochenustry of erythrocytic stages
of malaria parasites were continued during the second World War, par
ticularly m the Umited States of Amenca The metabolic activttes of
the parasites were found to resemble €losely those of other organsms
previously studied

It was known that quinine has the property of inhibiting certatn enzymes,
and 1t seemed possible that the therap effect of lanal drugs
might be measu ed by therr power to mhbit the respiration of malana
parasites The quantitative effect of various compounds on the oxygen
uptake of malarta p was g and 1t was found
that the shibitory action was 1n some degree parallel with the therapeutic
effect Except 1n the case of certain naphthoquinones, however, the corre
lation between mhibiion of respiration of a malana paraste and thera-
peutic efficiency of a drug was poor

A number of other rescarches have been planned with the object of
discovering some vulnerable ink 1a the metabolic cham and 10 the growth
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CHAPTER 3

INDIVIDUAL COMPOUNDS IN COMMON USE

Quunne *
Formula
HOCH——— CH—N——CH,
cH, A cH,
i
N CH,— CH—CHCH==CH,

quunine 6 methoxy (5 viny! 2-quunuclidy)-4-quinol nemethanol

Actinty i human malana

{a) Sporozortes Inactive Quimne 1s hence

(b) Pnimary exoerythrocytc forms | useless for causal prophylaxis

(c) Asexual erythrocytic forms A lughly active blood schizontocide 1
all forms of human malaria, and hence an efficient drug for clinscal cure
‘With prolonged admunistration radical cure 1s often possible 1 faleiparum
mfection, but seldom 1n vivax infe For supp and supp e
cure quinine 1s less efficient than mepacrine or the better known 4 amino
quinohnes

{d) Gametocytes Quimne has Lttle gametocytocidal actvity m fal
ciparum malania but 15 an effective gametocytocide 1 vivax and quartan
malana , for general gametocytocidal prophylaxis it 1s a poor drug

{¢) Secondary exoerythrocytic forms Inactive Quimine s thus a
poor drug for radical cure 1n vivax malana when used alone, when com
‘bined, however, with certamn of the 8 amunoquinolines a high cure rate 15
possible 1n vivax infection

(f) General The value of qunme 1n the treatment of malana 15
attested by long experience  Safe to use, consistent m action on the schizo-
gonte blood forms, 1t may be used with confidence for the relief of symp-
toms 1n acute malania , and, 1ndeed, for the immediate treatment of severe

* Sce Sclected bibliography No 33 39 (page 106

—32 —
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FIG t EFFECT ON ASEXUAL PARASITAEMIA IN ACUTE MALARIA
OF THERAPEUTIC DOSES OF QUININE DIHYDROCHLORIDE
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FIG 2 EFFECT OR FEVER IN AGUTE MALARIA OF THERAPEUTIC DOSES
OF QUININE DIHYDROCHLORIDE ¢
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faleiparum infection, some authorities believe that qunrne 15 unsurpassed
by any of the new synthetic compounds Its value as an adjuvant to the
8 aminoquinolines for the radical cure of vivax malara 15 discussed 1n
chapter 5 (page 82)

Toxicity

Sertous toxic effects from the chmeal use of qunine are very rare, but
the drug has its own charactenstic side effects  Giddmess, deafness,
ninging 1n the ears, tremors, and blurred vision may occur during the first
few days of admuustration, particularly when the plasma level exceeds
12 mg per litre These symptoms, collectively known as cinchonism  are
seldom severe enough to nterfere with treatment, they subside quickly
when administration ceases and are never of serious import Guven mtra
venously, quinine lowers the blood pressure  Fatal collapse may occur
as a result of d d too quickly in very severe

o)

1afection
Tdiosyncrasy to quinine occurs, but 1s rare - Urticartal or erythematous
rashes with intense itching, sut or & h

oedema of the eyelids, mucous membranes, or lungs, and even collapse,
have been known to follow a single dose Excessive dosage may cause

p blind or deafness, possibly with permanent 1mpairment of
sight or hearing  Recovery from a single oral dose of 10 000 mg (150 grawns)
and death from a single dose of 16,000 mg (240 grains) have been reported

Contramndications

There are few contraindications to the use of quuine 1n the treatment
of malania  Patients with an 1diosyncrasy to quimne must obviously be
treated with some other drug, and a hustory or threat of blackwater fever
15 a clear wmdication for withholding quintne m favour of one of the synthetic
compounds The controversial question of quinine 15 pregnancy has lost
1ts urgency with the modern lop m therapy , d malaria
1s more likely to mnduce abortron than 1s quintne, but most physicians will
play for safety by usmng sore alternative drug

bsorption, el plasma

Quinine passes through the stomach unchanged and 15 quickly and
almost completely absorbed from the upper 1ntestinal tract to circulate as
a base The rate of absorption 15 mot greatly affected by the route of
administration, and the drug appears in the urine n an hour ot less whether
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given by the mouth or by intramuscular or 1ntravenous mjection  Quimne
1s quickly destroyed by the tissues or excreted unchanged mn the unne,
and lttle remamns 1n the body 48 hours after the last dose Peak concen-
trations m the plasma are reached from one to three hours after admunts

tration by mouth, the amount 1n the red cells being about one fifth of
that 1n the plasma A mean plasma concentraiion of 2 § mg per hitre 18

FIG 3 CONCENTRATION OF QUININE (GROUP MEANS) IN PLASMA DURING
TREATMENT WITH 500 mg 1000 mg AND 2000 mg OF QUININE SULFATE DAILY
FOR SIX DAYS

.
FLN

P =\ |
iy =\ .,.

Days from beglantng of treatment
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}:mb;\bly necessary to reduce parasitaemia m acute vivax malana, and
. e -

species the effectrve plasma level may depend on the stram of parasite

Dosage and route of admunistration

See chapter 5
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Test for detection i body fluds
Quintne may be detected 1n the unne by Mayer’s test

Mayer's reagent

Mercuric chforide 6,800 mg
Potassium 1odide 24,900 mg
Distilled water 500 ml

Procedure

(@) Add clear urine to each of two test tubes (cloudy urine should
be shaken with kieselguhr and filtered)

(6) To one tube add a few drops of acetic acid
{c) To both tubes add a few drops of the reagent

Interpretation
(@) If both tubes remain clear, the test 1s negative

(b) If both tubes show turbidity, the presence of quinine 1s probable
Confirm by d 1ng the disapp of turbidity on boiling
the acidified unine 10 tube 2 Should the urime remam turbid the pre
sence of albumn 1s probable Filter hot to remove the albumin
quintne precipitates as the filtrate cools

(¢) If the acid tube alone shows turbidity, the presence of quinine,
albumin, or both may be wferred To 1dentify quinine, boil and filter
hot, as 1n (6) Precipitates due to quimine and albumin appear almost

diately S turbidity develops slowly 1n the acid tube,
when the presence both of qumne and albumin can be excluded
Precipitates which appear late may be 1gnored for the purpose of
the test

Cinchona mixtures

A of cinch Ikatoids have one ad ge over quune  they
are cheaper ‘Therr activity i the of malania 15 lly the
same they cannot be used for mjection and they are rather more hkely to
cause nausea or vomiting According to the defimtton of the Malana
Commusston of the League of Nations, totaquina (totaquine) 1s a mixture
contaung not less than 70% of crystallzable cinchona alkalord, of which
not less than 15% 1s qunine, nor should 1t contain more than 207 of
amorphous alkaloids It should not contain more than 5% of water, and
the muneral ash-content should not exceed 57, preferably 3%




COMPOUNDS IN COMMON USE 37

Salts in common use

Sulfate, bisulfate, hydrochlonde, and de, bed
either 1n solution or in lablets or capsules

Plysical data regarding salts

Sec Annex 3
P and Other 8 *
Formulae
o,y CHy
N Gty
NHCHICH)N NHCH(CH),NH,
| H, |
cH, Gt CH,
s 1 1 o 34 1 metbyl

Actovity 1 human malaria
(4) Sporozoites Probably 1nactve

(5) Pnmary exoerythrocync forms  Active agamst these forms of
P roax and P falciparum, particulatly the latter  Activity agamnst these
forms of P inalariae 15 not known

(c) Asexual blood forms  Active aganst the asexual blood forms of
P wax and P falciparum, but only at a dosage dangerously high for
routine use

(d) Gametocytes Highly active against the gameiocy tes of all species
of human malara parasite

(¢) Secondary exoerythrocytic forms  Highly acuve  Radical cure of
vivax malana 15 usually produced whether the drug 15 admmstered dunng
a relapse or dunng latency  Data on stmilar presumed stages of quartan
malaria are not available

(f) General The discovery 1n pamaquine of a drug which could act
PO f B

# S¢c Selected bibliogravhy No 40-53 fpase 107
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asexual blood parasties, like that of the other 8-aminoquinolines, 1s effective
only at dangerously lugh dosage has, however, precluded 1ts use for treat-
ment of the acute attack, though 1t has been used extenstvely for the pre-
vention of relapse 1n vivax malarna, for which untit recently 1t was the
only drug available It seems hikely that primaquine, with its lower toxicity
and greater effectiveness agawnst fixed tissue stages of the parasite, will
eventually supersede pamaquine for the radical cure of relapsing malana

Studies are now 1n progress to gate 1ts eff for p
suppression
Toxicity

At the ded dosage, no symp of toxicaty are hikely When

include anorexia, nausea,

1d cramps, the passage of

. chest patn, and weakness

In addition, there may be striking effects on the formed eclements of the

blood and the bone marrow, marked by leukopenia, anaemia, methaemo-

globinaemia, and suppression of myeloid activity, wath lesser effects on

the heart and i These fe disappear when the drug

1s withdrawn  The tend: for ¢ ly 18 d m all
the dark-skraned races

Contraindications
Because the dency for h t and granulocy
p and probably for acute & lytic anaemta, 15 potentiated
by mepacrine, none of the § ammoquinolnes should be admimstered
ly with, or drately following, treatment with mepacrine

Absorption, elimination

All the 8-aminoquinohanes are rapidly absorbed, elmmpatton 1s accom-
plished entirely withun 24 hours through metabolic conversions and excre-
tion of the degradation products 1n the urie , only a very small amount
15 fixed 1n the tissues

Dosage and route of admunstration
See chapter 5
Tests for detection in body fluds
Because of the rapidity of ebmmation and of the Jow dosages needed
lines are

to effect cure, tests for plasma of the & g
neither needed nor recommended
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Salts it common use

Primaq and
chlonde

Physical data regarding salts

See Anpex 3
Synonyms
See Annex 4
Mepacrine *
Formula
CH,
[ o
NHCHCHN
CyHy
e O ) O
N Cl
mepactine  6-chloro 2 methoxy 9 (4 1

Activity n human malaria
(a) Sporozoites Probably inactive

{b) Pnimary excerythrocytic forms Inactive agawnst these forms of
all spectes of malana parasite

(¢} Asexual blood forms Highly active agamnst the asexual blood
forms of all species Wil produce chmical cure of all types of human
malana and radical cure of falciparum infection  Mepacrine 1s an excellent
suppressive agent against all species of human malana parasite aed m
falciparum infection it can effect suppressive cure  Morphological changes,

marked by a distinctive clumping of the pigment, are charactenstic of its
action

@G acts as a g 1 agent against
P wax and P mal-zrme, 1t 15 1meffective. aganst the gametocytes of
P faletparum

(¢) Sccondary exoerythrocytic forms  Inactive Mepacnne will not
effect radical ot suppressive cure of vivax malana  The effect on sumlar
presumed stages of quartan malana 1s unknown

* Sce Sclected b bhogranty, No 54 71 (a) (paze 109)
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(f) General Mepacrine 15 supertor to quiming m that (1) st has
greater antimalanal actvty aganst asexual blood parasites both as a

j9s and as a therap agent, particularly agamnst certain stramns
of P falciparum , (2) 1ts use 1s attended by a lower madence of black-
water fever, (3) 1t 1s a synthetic product and therefore supply 15 not
affected by vicissitudes of nature or by geographucal location Even with
these advantages the drug has certam limtattons (1) 1t dyes the skin and
conjunctivae yellow and occasionally causes alarming, though transient,
mental disturbances (see below), (u) 1t must be given dasly, or not less
than twice weekly, for complete suppression of all types of malana,
(1) adequate management of acute malanal attacks i non ymmune
subjects may require seven days of drug admumstratton

Toxicity

When admimstered imtially at the recommended dosage, gastro-
intestinal distress may appear m the form of abdomnal cramps, nausea,
vomiting, and diarrhoea, but these h disappear with d
admnsstration of the drug  Menta) symptoms varying from pronounced
dep to extreme or even mama may occasionally oceur,
but these disappear when the drug 1s withdrawn  Under humed tropreal
conditions cutaneous lestons (atypical lichen planus) may develop 1nto a
generahized exfoltating dermatitis  Aplastic anaemua has also been attn

f

buted to p d g of mep

Contramdications

Apart from dividual idiosyncrasy, syphilis affectng the central
nervous system 1s the only contramdication to the wse of mepacrine 1n
the treatment of malana 7* Convulsive seizures have been recorded m
such patients following 1its admumstration, and st 1§ adwisable, therefore,
to use some other drug for the management of malaria m such cases

Absorption, plasma

Absorption of the drug 15 rapid , ehmnation 1s slow, due to 1ts pro
nounced affiuty for the organs and tissues, where the concentration mf:y
reach several hundred times that found mn the plasma Only about 103
or less 1s elimnated mn the unipe darly, with the result that from three to
four weeks are required for concentrations to drop below non effective

levels Peak concentrations of 50 60 pg per litre 1n plasma are attamed
r Whan doses

plasma
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Dosage and route of admumstration

See chapter 5

FIG 4 INDIVIDUAL CONCENTRATIONS AND GROUP MEANS OF MEPACRINE
IN PLASMA DURING AND FOLLOWING &-DAY THERAPEUTIC COURSES®

X

i

-

|

Mepacrine (vg) pot litre of plavma Uiog scale)
b <3
e o
a4,
[

o]
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1 5 ]
woran
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X = and of treatment
— mean concantration
+ ees Individual concentration
| magacrice byd cchloride £ dmas cally the fust day tollowed by 100 eng ot
mopsesme Wycrocmmaride 4 times aly or 3 oy

After Cooper et al "

Tests for estimation 1 body flurds

{1) For estimation of mepacrine 1 body fluids, a single extraction
procedure has been developed by Brodie et al %

Reagents

{a) 01N NaOH

(b)) Heptane a techmcal grade 1s purified by successive washings
with 1 N NaOH, 1 N HCl, and water

{c) Iso-amyl alcohol, reagent grade

(d) Trchloroaceuc aaid solution 2,500 mg of the acid are dis-
solved 1n 100 ml of ethylene dichlonde
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Procedure

{2) Add 15 ml of bological flud and an equal volume of 0 1 N
NaOH to 15 ml of heptane 1 a 60-m! glass stoppered bottle
(b) Shake for 30 minutes Allow the phases to separate, centrt
fuging 1f necessary
(c) Add 05 ml of rso amyl alcohol and mix with the heptane phase
0 as not to disturb the aqueous phase
(d) Transfer 10 ml of the heptane phase material to a fluorometer
tube containmng 1 ml of trichloroacetic acid solution A blank of the
heptane, 150 amyl alcohol and the trichloroacetic acid solution 1s used
for the setting of the fluorometer If a reagent blank~—namely, with
water substituted for plasma or unne—is run, the reading should be
the same as the blank set up with pure chemicals
Standards are prepared by extracting known amounts of mepacrine 1
the same manner as the brological sample The computation of mepacrine
concentration 1s by direct proportion
(2) A modification of the test, devised by Wats & Ghosh,™ has been
found useful 1n Malaya
(a) To 10 ml of unne 1n 2 test tube add 1 ml of saturated solution
of potassium carbonate
(5) To the alkahimized urme add 025 ml of amyl alcohol
(¢) Thoroughly shake and put aside for a few mumnutes to allow
the alcohol to separate
(d) Examne by ultra violet light for yellow fluorescence 1 the
alcohol layer
The alcohol layer contains most of the mepacnine When exammed
by ultra violet light, the extracted mepacnne fluoresces a vivid yellow
The test 15 extremely sensitive and reveals the presence of mepacnine m
a dilution approaching one part in two and 2 half nullion

Salts m common use
D londe dthy , methane

Physical data regarding salts
See Annex 3

Synomyms
See Anmnex 4
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Toxwaty

Toxicity 15 extremely low at doses ordmanly employed for therapy or
suppresston and although headache, prantus, and blarriag of vision have
been reported following therapeutic doses, these syrptoms usually dis-
appear shortly after adj has been 4 d

Contrawndications
No contraindications have been reported to date

Absorption, el; plasma co

Absorption from the gastro intestinal tract js rapid and almost com-
plete These drugs are extensively localized 11 the tissues, fromwhere theyare
metabolized and excreted siowly On an equal dose bass, concentrations
of chloroquine 1n the plasma are from 10 to 20 times hugher and persist
longer than 15 the case with mepacrine , concentratons of chloroguine 1n
“the piasma tend to be higher than with other 4 amtoquinclises  Under
accepted regimens of therapy employing loading doses, effective chloro-
qune concentrations are reached within from two to three hours When
the drug 15 given mntramuscularly, therapeutically effective plasma chloro-
quine concentrations are reached in less than 15 minutes

FIG 5 INOWIDUAL CONCENTRATIONS AND GROUP MEANS OF CHLOROQUINE
IN PLASMA DURING AND FOLLOWING &GAY THERAPEUTIC COURSES *

; -~ ‘ zs
5 » 15 £ e

Daya from beglaning of treatment

Chioroquine (#0] per {itra of plasma (0§ scate)

X = end of treatment
N miean toncentration

sevaseses individual concentration
g of chlorgquine (hase} 4 times daily the Arst day foliawed by 100 my of chloroqulne
o 5 days

* 200
(base) 4 times daly for
After Coatrey et 81™
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A doypye Extraction Procedyr, for the SStimagion of chloroqume m
body fuidg g been Worked oy by Brog,e et af s

Reagenys

@ andarg Solution of chlaroqume, 100 g per litre 161 mg
of th, d:pbospbnlc salt ape issolyeq m ® of 0} NHug 3
Solution | Stable v, 2 Stored 1y, the Teliigerarg, Workmg Standarq,
are Prepareq day] Y diution With 0 | Hey

@ oy NNa

© eptan, cal prage of heptage S punifieq by Successye
Washin, wi H, d

@) Absolyge eth;

{e) oIN

oo SNNaOH I'my should pe BeUtrafizeq by 5y Of the above
01 Nhucy

® 195 5 v imeg of 06 pr
06 p1 Cl are added 1 32 Volumes of 06 N Naoy 1 diluteq
8 deserypey ? the proce ® Cysterne
Feagent, the resulting PH shoyq beggg 6 Thy PH shoylq be checkeg
by direct measuremcm

3

Shake or 30 Munyteg Allow the Phases ¢, Scparate, Centy
fugmg if neccmry

(c dd g dropg of Cthaney and oy Wath the heprap, Phase g, as
Dot o Aistyrp the Aqueoy; Phase

Transfe, the heptane fo g 1251y glass Stoppereg botte, add
aboyy twice ¢he Yolume op 01 N Moy and shage for 5 Minyges
(2) After Selthng d g drops ofelhanol 10 the heprane and myx

28 before Remoye the 2queoyg Phase by Spiration
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(/) Repeat the washing with 0 1 N NaOH, add 5 drops of ethanol,
and transfer 20 ml of the heptane to a 60-ml glass stoppered bottle
contaiming 6 m! of 0 1 N HCI
(g) Shake for 3 munutes and then centrifuge for 2 munutes
(k) Transfer 5 ml of the acid phase to a fluorometer tube con-
tarmng 10 ml of 05N NaOH and 15 ml of buffer reagent Add
05 ml of cystewne reagent and mix
() A reagent blank, with water substituted for plasma or unze,
15 run through the same procedure
Standards are prepared by adding known amounts of the drug 1n 5 mi
of 01 N HCl to 1 ml of 0 5 N NaOH and 1 5 mi of buffer 1n fluorometer
tubes 05 ml of cysteine reagent 1s added to each tube A * dummy”,
cousisting of acid, alkal, buffer, and cysteme reagent, 1s used for the
blank setting of the fluorometer After 30 minutes all tubes are iradiated
with ultra-violet light, as descnibed below

The ntensity of fluorescence of the irradated samples 1s determned
1n the Coleman photofiucrometer, using Coleman B,S and Coleman PCy
filters The sensivity of the instrument 1s set by quinine, sice the rra-
diated standards may slowly lose their fluorescence on frequent exposure
to the ultra-violet light of the fluorometer

Irradiation of the 4-amunoquinolines 15 effected 1n a sumply constructed
wrradsator, using an H-4 mercury arc lamp as the hight source  The samples
are placed 1n a circnlar rack surrounding the lamp so that they are equi-
distant from the lamp, and are wrradsated for 3 hours A fan 1s used for
keeping the temperature of the solutions below 35°C dunng irradiation

Salts i common use
Chl diphosphate and dibydrochlonde , q dihy-

drochland: dlhydm.te .
Physical data regarding salis

See Annex 3
Synonyms
See Annex 4
Proguanil *
Formula NH NH
H || H |

{
G—O—N—O—N—-C—Nnm(cn,),

proguand N, plchlorophenyl) Nytsopropy! biguande

* See Selected bibliography, No 89 113 (page 110)
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Actvity n human malana

(a) Sporozoites Probably inactive

(6) Pnmary exoerythrocytic forms  Proguand 1s highly active agamst
the primary exoerythrocytic forms of P falciparum and has a fleeting
inhubitory action on those of P wivax , its action on the presumed primary
exoerythrocytic forms of P maleriae 35 unknown It 1s thus a powerful
drug for causal prophylaxis 1n falciparum malana

(¢) Asexual blood forms Active against the asexual blood forms of
all species of human malana parasue It will achieve elinical cure 1n all
forms of malana, with radical cure 1 most falaparum infections, but
the clinical response 1s slow, and 1its use for the treatment of an acute
malanal attack 1s not It1s a good supp of all forms
of malaria, often with suppressive cure 1n falciparum 1nfection It appears
to zct by mhubiting nuclear division

FIG 6 PARASITAEMIA IN 252 CASES OF ACUTE FALCIPARUM MALARIA
TREATED IN MALAYA WITH PROGUANIL ILLUSTRATING A DEVELOPING
RESISTANCE IN THE SCHIZOGONIC BLOOD FORMS
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(/) Repeat the washung with 0 [ N NaOH, add 5 drops of ethanol,
and transfer 20 ml of the heptane to a 60-ml glass-stoppered bottle
containmng 6 ml of 0 1 N HCI
(g) Shake for 3 munutes and then centnfuge for 2 munutes
() Trapsfer S ml of the acid phase to a fluorometer tube con-
tatnmg 10 ml of 05N NaOH and 15 ml of buffer reagent Add
05 ml of cysteme reagent and mix
(1) A reagent blank, with water substituted for plasma or urine,
15 run through the same procedure
Standards are prepared by adding known amounts of the drug m 5 ml
of 01 N HCl to 1 m! of 0 5 N NaOH and 1 5 mt! of buffer 1n fluorometer
tubes 0 5 ml of cysterne reagent 15 added to each tube A *dummy™,
consisting of acid, alkal, buffer, and cysteme reagent, 1s used for the
blank setting of the fluorometer After 30 minutes ail tubes are rrradiated
with ultra-violet light, as described below

The 1ntensity of fluorescence of the irradiated samples 1s determimned
1 the Coleman photofiuorometer, using Coleman B,S and Coleman PCy
filters The sensitivity of the instrument 1s set by quinine, since the irra
drated standards may slowly lose thewr fluorescence on frequent exposure
to the ultra-violet hght of the fluorometer

Irradiation of the 4 amiinoquinolines 1s effected 111 a simply constructed
wradator, ustng an H-4 mercury arc-lamp as the light source The samples
are placed 1n a circular rack surroundimg the lamp so that they are equi-
distant from the lamp, and are wradsated for 3 hours A fan 1s used for
keeping the temperature of the solutions below 35°C dunng wrradiation

Salts i common use
Chloroquine diphosphate and dib hlonde , diaq dihy-
drochloride dihydrate

Physical data regarding salts

See Annex 3
Synonyms
See Annex 4
Proguanil *
Formula NH NH
H || H

CI—Q‘N—C—N—-C—NHCH(CH,),

proguaml N pl<hlorophenyD-N; 1sopropy! igvanide

» Ses Selected bibliography No 89 113 (page 110)
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Actnaty in kuman malars

{a) Sporozoites  Probably macuve

(8 Prumacy exoerythrocytc forms  Proguani 15 hughly active agamst
the pnmary exoerythrocytic forms of P falcparum and has a flectng
1ahibitory action en those of P shax , s acton on the presumed pumary
exoesythroeytic forms of P malarice 15 vnknown 1t s thus a powerful
drug for causal prophylavis m falcrparum malana

(&) Asexual blood forms  Active agawst the asexual blood forms of
all spectes of human malana parasite It will achieve elmical cure m all
forms of malana, with radical cure 1 most faloparum wmfections, but
the clinscal response 15 slow, and us vse for the trestment of an acute
malarea} attack 1s pot recommended 1t 13 a good suppressise of alt Sorms
of malana, often with suppressive cure wn falciparum infection 1t appears
to act by wtubiting nuclear diviston

FIC 8 PARASITAEMIA IN 208 CASES QF ACUTE FALCIPARUM MALARIA
TREATED IN MALAYA WITH PROGUANIS ILLUSTRATING A DEVELORING
RESISTANCE IN THE SCHIZOGONIC BLDOD FORMS
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FIG, 7 FEVER IN 313 CASES OF ACUTE FALCIPARUM MALARIA TREATED
IN MALAYA WITH PROGUANIL OR QUININE
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(d) Gametocytes Proguaml has little apparent effect on the produc-
tion, numbers, or morphology of the gametocytes of P falclparum, but
1 appropriate doses the drug mnhibits the later development of sporogonic
forms in the ed on g carrers recetving
therapeutic doses of praguaml do not become infective—an nhrbitory
effect on sporogony which lasts for varying periods up to ten days after
the last dose, depending on the total quantity admimstered  Sporogony
m P ynax 1s sumilarly affected  Proguamil 1s thus a valuable drug for
sporontocidal prophylaxis

(e) Secondary exoerythrocytic forms Probably macuve, and hence
a poor drug for radical or suppressive cure 1 vivax malana Its effect
on the presumed secondary exoerythrocytic forms of P malarige 15 un-

known
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() General The ding wirtves of proguanil are its 1
low toxicity, wide range of action, and relatively Jow cost It 15 hughly
active as a causal prophylactic 1 falaparum malaraa, 13 2 good general
suppresve, has 2 marked snhubstory effect on the transmission of
malana by mosquitos, but 15 not sufficently rapid in action for treatment
of the acute attack 1 non jmmune subjects Its greatest drawback, a
tendency to provoke reststance, ts discussed 1n chapter 4 (page 59)

Toxcity

At the therapeutic dosage the toxicity of proguamil 1s very low,
abdomunal discomfort, loss of appetite, vomng, and diarrhoea may be
caused by doses of the arder of 1,000 mg daily , more rarely, haematuna
may be produced by such gross over dosage

Contramdications

No contraindications are known other than the presence m the area
of strains reststant esther to proguani or pynmethamme (see chapter 4,
page 64)

n .

ption, plasma

Absorption 15 rapid, elimination 15 fairly stow, mamly m the urne,
m which the drug may be detected for several days after the last dose
About 407 15 excreted 1n the urine and faeces , some of the remainder 15
converted 1ato an active metabolite Peak concentrations i plasma are
attained about four hours after oral ad The
1 the red cells 15 from four to eight times greater than i the plasma
Plasma lovels fall below the level of accurate estmation within 2 week,
even after heavy and prolonged dosage

Dosage and route of admimstration
See chapter 5

Test for estimation in body fluds
A simpl

o Simple test for proguaml 1n the unine has been devised by Gage &
Reagents

(4) Copper sulfate analytical rea)
gent (AR), 500 mg, and ammonum
chlonde AR, 1,330 mg, 10 100 m of distilled water
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FIG 8 CONCENTRATION OF PROGUANIL
(GROUP MEANS) IN PLASI
DURING ORAL TREATMENT WITH 100 mg AND 1,000 mg DAILY .
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(B) Sodium diethyldithiocarbamate 0 1% aqueous solution (the
solution does not keep for more than a fortmght)

(©) 1 N NaOH
(d) Benzepe the grade redistilled 15 Y

Procedure

() Mix 2 ml of unne, 1 ml of copper reagent, and 1 ml of the
caustic soda solution 1n a stoppered tube and allow to stand for a few
runutes

{6) Add 5 ml of benzene and shake for 2 mumutes Decant or
pipette off the benzene 1nto a second tube, wash with 1 ml of water,
and transfer to a third tube

(¢) Shake wath 1 ml of sodim diethyldithiocarbamate solution for

1 munute
The 1ntensity of the golden yellow colour 15 a measure of the amount
of proguantl

Salts i common use
Monohydrochlonde , acetate, lactate
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Fhy sicay datg Tegardg Salry
See Annex 3

.Sym/g ms
See Annex 4
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FIG 10 EFFECT ON SPOROZIOITE RATE [N MOSQUITOS OF WEEKLY 25.mg
DOSES OF PYRIMETHAMINE
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(d) Gametocytes There 15 no apparent effect on the production,
number, or morphology of gametocytes, but the action of the drug inhibits
t m the resulting i sporontocidal pro-

B g

phyla;’:

(e) Secondary exoerythrocytic forms Active agamnst certamn stramg
of P wivax, although the exact conditions necessary for such actron, m
dosage and time, are not clearly defined Its effect against sunilar pre-
sumed stages of P malariae 1s unknown

(f) General Pynmethamune 15 a potent drug of extraordimary effec-
trveness agawnst erythrocyuc parasttes  Its chuef charactersstics are (1) small
weekly doses can effect complete suppression of quartan malana and sup-
pressive cure of vivax and falciparum malana , (2) by whubiting sporogony
1t prevents of malana by q) » (3) 1t 1s tasteless and
therefore easy to admunister to chuldren, (4) 1t 1s relatively mexpensive
Its himutations are (1) that 1ts action 1s too slow to warrant its use for
treatment of an acute malaral attack 1n a non immune subject, (u) drug-
resistance may develop i the field, 1f 1t 15 admunistered 1n 1nsufficient
dosage (see chapter 4)

Toxtcity

At the recommended dosage toxicity 1s very low, long term adminis-
tration of 25 mg daily may result 1 2 megaloblastic type of anaemua, but
remussion 15 rapid witen the deug is descontinted

Contraindications

No contramdications are known other than the presence m the arca
of strains resistant erther to pyrmethatnue or to proguamil (see chapter 4,

page 64)



COMPOUNGg N comggy Use 53
Ab:orpl/an. t/llnlllqlfa’l, Plammg mncenfm/wn

Studies n thesys Tonkeyy Ulilizing doses 2bove ¢, recommended
for map Ve led 1o the l‘ouowmg ©0nclusiong Absorpuou Meth.
amine from, e 0tesin,) ct

1 rcl:mvely slow
Ttss Tocay, o a Moderat, degree 1 the lung, liver, hdn:y
Aboyt 20% of the g a stered cap be TeCoveraq m the Urine | ypg
Tepresents Metabole Produces and uncbanged dry,
)}

e
Ordinap, Y accum ® 10 the Plasm, Peay coneentr:mcns [ollcwmg [
admm..ylrauon 31¢ reachay n approxxmately two hourg



CHAPTER 4

DRUG-RESISTANCE IN MALARIA *

One of the Limitine hamarde in +ha menmcnne <8 < oo L =
flexable response ¢
seeks to destroy . [
parasite, be 1t virus, bacterium, Pprotozoon, or metazoon, must adapt or
perish The drug 1n the host tissues may mmpose on the parasite metabolic
demands which are beyond its capacaty for indrvidual or group adaptation ;
the parasite 15 then “drug-senstive” and will remain senstive The
parasite, on the other hand, may adapt stself to the new chemrcal environ.
ment, and to the extent of its successful adaptation 1t will become
“ drug-resistant

Drug resistance from the adaptatton of hving organisms to substances
which normally destroy them or prevent therr growth has been known
for many years Kossiakoff,!®? 1n 1887, showed that bactenia could be
“traned ” to grow 1 media contaiung antiseptics, and two years later
Massart 13 proved that flageltates could be adapted to resist concentra~
tons of sodium chloride normally toxic Renewed interest 1n this interest-
1ng phenomenon was aroused with the discovery by Ehrheh, 1n 1908, that
trypanosomes exposed to sublethal doses of trypanosomocidal drugs become
resistant, and the later studies of Warrington Yorke and hus colleagues
brought the problem of drug-resistant trypanosomuasis to a sharp focus,
but the wider implications of this work were not fully realized, and oaly
with the discovery of acquired bacterial to the sull d
P lin, and strep has drug; made any serious 1mpact
on treatment Today, 1t seems, drug-resistance may be the nising price
that has to be paid for the q g tempo of ch p advance

Sigmificant drug-resistance 1n malaria 1s a recent phenomenon No
1mportant antimalarial drug used before the end of the second World War
was known to mnduce serious resistance Qummne, pamaquine, and mepa-
cnine, the matnstays of malania therapy, had never given serious cause for
anxiety on ths score, and 1t seemed that the malana parasite might lack
the capacity for adaptation which certain bacterta were then begmming to
show towards the sulfonamides and pemcillin But the discovery, 1 1947,
of acquired reststance to proguani m the avian parasite P. gallnaceum

* See Selected tibliography, No 131-173 (pago 114)

54 —
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sounded a note of warning 1 1% The asexual blood forms of this species
could be * tramed "—if we may use the word * traimed ”* with no mmpl-
cation of the mechamsm 1nvolved—to resist hugh doses, and the resistance
was stable enough to survive passage through mosquitos In quick suc-
cession other species of Pl a Tuding P falcip and P snax
infecting man, were shown to share this capacity for adaptation to pro-
guamil, and for the first time drug resistance 1 malana appeared as a
significant clinical problem

Defimtions

The expression * drug resistant malana™ has a deceptive simphicity
Malaria parasites may be said to *resist** when exposure to a drug
the tissues of the host leaves at least some of them unharmed They resist
small doses of quimne  and they resst many drugs which are lethal to
other mmnute forms of hfe but kave no nterest as remedies for malara
Resistance 1n this wide sense has little relevance to the clinical problems
of drug resistant malaria, and 1n this discussion we shall consider 1t only
1t relation to drugs which, d to the b: host 10 adeq
and safe doses, normally destroy or contribute to the destruction of malarta
parasites at some stage or other m therr ufe-cycle

Resistance within the himits of dosage tolerated safely by the host may
be absolute, or it may be relative to a normal sensitiity  Sporozoites are
completely refractory to the largest doses of quinine the host will stand,
within thig Limit their 1s absolute R . pariicular
geographical strains, on the other hand 15 relative to the general sensitivity
of other stramns , and acquired resistance 1s relative to the mtial sensittvity
of the species before there has been sigmificant drug contact

R to a drug s p d mn terms of the dosage
admimstered wath safety to the host If, for example, the lowest fethal
concentration for a parasite 13 attained on first exposure by a host dosage
of 5 mg, but later only by 500 mg, the parasite 15 sa:d to have acquired
a hundredfold resistance  An arbitrary hmut to reststance 15 reached when
the dose which 13 lethal to the parasite 15 no longer safe for the host

Natural resistance within a species

Al malania remedies are selective 1n therr action  The parastte 1s not
vnformly sensitve to drugs throughout ats Lfe-cycle, and at particular
stages 1t may show a lugh degree of natural resistance  Sporozontes,
possibly from thewr flecting exposure 1n the human host, seem to resist
all known drugs, and to most drugs the tissue forms are equally refractory
With few exceptions, the asevual blood forms i all species are seasitive



56 CHEMOTHERAPY OF MALARIA

to all the accepted malana dies , while the shy

» ow marked
spectfic differences 1n this respect Table I illustrates this natoral Tesistance
within a species

TABLE | NATURAL DRUG RESISTANCE AT VARIOUS STAGES
IN THE LIFE CYCLE OF P FALCIPARUM AND P VIVAX

P faiciparum P vivx
eporo | tissus | BI0d | game | sporo | nasus | 190 | Game
aoftes { forms {0018} dGopten | aohen | forma f,orme, | oevtes

Quinine R R | - R R R |- -
Mepacrine R R | - R R R |~ | -
Chioraquine R R | - R R R | - -
Pamaguine R - R - R - -
Praguanit R | - -] - R R | -
Pyrimathaming R - - - R - -

R = resistant

This selechive resistance within 2 species 15 a fixed character 10 0o way
related to earlier exposure to a drug It poses no novel problem and its
acceptance has long been 1mplicit 1n the planning of malana therapy

Resistance 1 geographical strains

Malanal infections from different parts of the world do not always
respond equally well to the same treatment, and it seems that geograplucal
strains of the same species of parasite sometumes differ 1 there sensttivity
to particular drngs The reason for these strain differences 1s not always
clear They may possibly express a natural varation related to geographucal
ssolation, but the influence of previous contact with drugs can scldom

be excluded

Resistance acqured by previous drug contact

A Tigh degree of drug resistance 1 a species normally sensttive 15
probably always an adaptive change related to previous exposure
| Ifold to proguan has been produced exper 1y 1m
the blood forms of P vivax ! Malayan straws of P falciparum, scasittve
1 1947 to a smgle dose of 100 mg of proguantl, were resistant to many
times this dose two years later ®® The asexual blood cycle of the monkey
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pasasite, P cynomolgi, ts naturally sensttave to pynmethamune, but highly-
resistant strawns may appear under faboratory conditions

The range of drug-resistance

All forms of the malania parasite normally seasiive to drugs may in
theory become resistant  The problem of drug resistance must hence be
consdered 1n selation to the asexual tissue forms, to the asexwal blood
forms, and to the gametocytes, and even, by a carry-over effect on the
£ to the sporogomc forms 1n the

Resistance to the Common Antimalatial Deugs
Duimine

The parasttes of human malarsa are sensitive to quinioe at ymportant
but restricted phases in their Wfe-cycle  The schizogomic blood forms of
all species infecting man are sensitive, and so are the gametocytes of
P wyax, P ovole, and P malarice

A Tessened sensitivity to quinine in the asexnal blood forms of £ fal
ciparum, presumed to be natural, has been reported from several parts of
the world  An Htakiaa strata of P faloiparum has been shown to be much
less sennitve to quimne than an Indian stram observed under the same
conditions,!** and a Panamaman stramn 18 reported to have shown a mld
relative resstance , 19 the New Guinea Chesson stran of P wvax seems
t0 be less sensittve than the McCoy strain sndigenous n the United States
of Amenica® The * quinine resistant * malana reported from Mesopo-
tamia after the first World War may possibly have some such explanation,
but quintme-resistance was then held to explam a paor clmcal response
for which there were other possible causes

Acquired resistance to quinine in human malana 15 rare, if indeed 1t
occurs ot all  Certan writers refer to a * dulhing of the quinne effect >,
observed dunng the first World War, but litle support for this view has
appeared since, and Fletcher,3 with this warime expenence in mund,
found that quinne-resistance 1a cases observed in Malaya vansshied when
he gave the drug with tus own hands In avian mafana, expenimental
attempts o induce resistance by ntensive quinine treatment have either
failed 1% 389 or have achieved no more than a shight resistance 19 A trifing
cross-resistance between pamaquine and quimoe has been reported 0

Pamaguine

Prolonged exposure to pamaquae may induce a shight resistance 1n the
asexual erythrocync forms of certamn avian and mammahan species of
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Plasmodim 33 159 113 141 138 g acquired resistance 1 Species Infecting
man has not been reported The asexual blood forms of P falciparum
have a marked natural to q P t:

; a1 P
qume, and primagq related to p quine, are
presumed to have sumlar Pamaq m P gallina-
ceum confers 0O resistance to mepacrine, chloroquine, or proguamil, but
pamaquine-resistant strans may be slightly resistant also to pentaquine
and quimne 1%

1!
4

Mepacrine

Expenimental attempts to induce ressstance to mepacrine 1n avian and
mammalian species have farled, 2 133 160 168 169 354 the risk of acquired
mepacrine-resistance 1 human malana seems to be small There 1s an
1solated report, however, of a relative resistance to mepacrine 1 strains
of P falciparum observed m the Artaipe-Wewak area of New Gunea
These resisting strans regularly produced overt malana in volunteers
recerving 100 mg of mepacrine daily, a suppressive dosage which was
efficient elsewhere 1n New Guinea and, 1ndeed, in other parts of the world
This resistance seems to bave been acquired, for the resisting strains were
wsolated from a selected group of patients repeatedly given 2 standard
quinipe-mepacrine pamaquine treatment for recrudescent attacks Under
the same conditions there was no evidence of resistance 1n P ynax %

Chloroquine

Like mepacrine, this drug has little tendency to induce resistance 18
malana parasites exposed to its action  Expenimental attempts to induce
resistance tn the avian parasites P gall and P lophurae, 1 the
monkey parasite P cynomolgt, and 1 P vivax of man, have been unsuc-
CESSrul 138 141 181 186

Amodiaquine
Resistance to amodiaquine has not been reported and on chemical and
pharmacologieal grounds any tendency in this d seems babl;

An attempt to 1nduce resistance 1 P lophurae (chicks) was not suc-
cessful 4

Pyrimethamine

Experience of pyrimeth 1n th and p of human

e
malana 1s still lumited, and comparatively little 13 known of resistance to
this drug 1n the species infectmg man Resisting strains have been produc:;l
expenmentally 1 P cynomolgh*? us P inowles;,® and P vvax
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A muld resstance mn P falciparum has been reported from an area
Mafays where proguand 35 well b 1o and Jones,
expenmenting on himself, has proved that a proguanil-resistant faleiparum
stram from this area was resistant also to pynmethamune 2 Experience
in Kenya shows how quickly resistance 1o this species may appear and
spread after mass treatments '

Proguanil-Resistance

As noted earlier, the tendency of proguamil to produce resistance has
derably modified early op and 1ts place 1n the future patterns
of therapy 1s now less certan The problem of proguaml tesistance has
been very extensively studied since 1t was first reported m 1947
In the laboratory a resistance to proguanil appears when parasites are
exposed to significant but sublethat doses of the drug, usualiy with repeated
blood passage from host to host, conditions which are exceptionally favour-
able for the emergence of resistant stramns  From Jater work, howeser, 1t
seems that a resistance 1 P falesparum, P vnax, and P malariae may
appear under the Iess favourable circumstances of field and hospital pracuce

Range
R 10§ may occur, th at any or all of the
theee stages 1n the Lfe-tustory of the parasite on which 1t acts

L Exoerythrocytic forms The exoerythrocytic forms of P wivax, and
probably those of P “malariae and P ovale, are mawrally resistant to
proguamd, but the pre-erythrocyuc forms of P falciparum in the ussues are
ighly sensitive It seems, howeser, that this sensitivity may be lessened i
fatesp stramns with establish m the erythrocytic cyele
Primary falaparum 1nfections have been acquired by newcomers to Malaya
naturally exposed to resistant strams and alleged to have taken 100 mg of
proguaml datly for weehs or months beforchand , morcover, a human
volunteer, bitten by mosquitos infected from a resistant Malayan strain,
developed overt falciparum malana 11 days later despute regular dady doses
of 100 mg of prog dunng the period ¢ has
alsa been reported 1n the pre-erythrocyue forms of the monkey parasite,
P cynomolgi, " and of the avian parasite, P gallinaceum 14

2 Asevual blood forms  Acquired resistance to proguanit in the asexual
blood forms has been reported not only 1n avian species of Plasmodium,
but tn three of the species mfecting man {table I} Profonged contact with
Prog under approp p d may induce A resis-
tance 50 high that the tolerance of the parasite for the drug may become
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greater than that of the host 12 R has also been d m
the course of clinical or p practice 1n mal. though
the recorded mcid 15 low s , the has been slow to

develop and moderate 1n degree,’¢ M3 1408 1102 s

TABLE Il PROGUANIL-RESISTANCE IN THE ASEXUAL BLOOD FORMS
oF SPECIES OF PL

Months, T i
Secles B | ow seauired [ Degces | meonnns
lacquire| mosquitos
P gallinaceum (chick) 132 | exporimenta 5 | high yes
o 168 " moderate yos
P lophurze tduck) 168 . 7 | moderate
P cynamolgl (monkey) g 1% | nigh
. 180 high yes.
" 1 16 | hgh yes
P falclparum {man) 131, 162] . 10 | high yes
\ %8 [ fleld esnditions | 24 | moderats
. 140b | natursf
P vivax (man) 163 | experimentat 20 | bigh yes
N 1“1 48 | high
f 171 | feld conditions | 48 | moderate
Lf malarfae (man) 100 " moderate

3 R to proguani, ooce t d 1 the
erythrocytic cycle, may extend to the gametocyles The expenimental
evidence op this poiat 1s scanty, but decisive  Mosquitos have been 1afected
with a proguaml resistant stram of P gallnaceunt wlule the host chicks
were Tecerving full doses of the drug,’* and a resistant stram of P Saler-

parum from a gametocyte cafrier receiving 100 mg of proguaml darly has
. 1 ar nemlyia  mauaman nonela 00 T4 5 aacerhla that

Rate of development

Resistance to proguaml may appear quickly, o slowly, or 1adeed not
farmnsmstedee Under arnfi-
ming of treat-
- - calculated to
favour the survival Of resisting orgamsms, a high tolerance to proguaml
1a the asexual blood forms of P faloparum asd P vivax may appear

wnthin a few months
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The usual condiions of c].nmca! or preventive practice in malanious
countries are never so for the p of as are
those of the laboratory , they are seldom lxkely to be decrstvely unfavour-
able The possible trend of events 1n malarous regions where proguanl
15 used frecly may be illustrated by expenience i Malaya Here the drug
wag first used for treatment and prevention early 1n 1947, and records of
the proguanil response 1 acute 1afections contracted 1 2 single distnct
have been kept for pearly six years At first, a single dose of 100 mg of
proguaml would terminate acute falciparum attacks The first recorded
failure of single dose therapy was 1 October 1948 and the first failure of
a standard therapeutic course (300 mg X 7) in Apnil 1949 By 1950, nearly
half of the falarparum infections treated failed to respond to a full thera-
peutic course In P wivax, a definute yroguaml rcs:stance was proved nnly
in January 1951, and sts 1nead d low
P malanae has not yet been recogmzed m Malaya but has been reportcd
from Indopesta 10

Proguanil suppresston 1n Malaya, started experimentally 1n December
1946, has stnce been used as a standard method of control on many rubber
estates and by the Sccunty Forces  There was good evidence that a 100-mg
dose twice a week was very cfficient 1n the early days  Five years later,
1n certamn districts there were 1nd: that a daily dose of
100 mg would sometimes fail, though by and large the drug was sull thought
to be & very useful suppressive

Stability

Once established, proguaml resistance m the asexual blood forms
appears to be faly stable It may persist through many asexual genera-
uons, and 1t may be unchanged by a transfer of the parasite to a fresh
host whether by brood or g mpP g
has been shown to fast for at least a year “athout further expcsux: to the
drug,$ and to survive senal passage through mosquitos '3 while there
15 suggestive evidence that resistance 1n P knowles; may persist for at
Teast eight months % Resistant stramns of P cynomolgi, P falciparum,
and P iivax have been shown to remam fesstant after mosquio
transmission to a fresh host 147 1% 162 163

Spread under field conditions

In latent infections, with few parasites 1a the penipheral blood, attempts
10 1nduce resistance have been unsuccessful ™ 2% 1t may (hus be assumed
that the pumary faciors m are s
parasitaemia, operaung together, and, under field condxuons found par-
tieulatly in the under treated acute attack and m the under suppressed
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greater than that of the host 14 R has also been in
the course of clmical or preventive practice In malarious countres, though
the ded mad 15 low, the has been slow fo

develop and moderate 10 degree $8 113 1400 03 144a

TABLE |I PROGUANIL RESISTANCE IN THE ASEXUAL BLOOD FORMS
OF VARIOUS SPECIES OF PLASMODIUM

Months| Transmlssio
Specles ?}g Haw acquired to Degres .tnreunh "
acquire) mosqu tos
P galinaceum (chick) 122 experimentat 5 high es
163 maderste o
£ fophuras (duck} 166 7 moderate
P cynomalgl (monkey) 1 14 | high
high yos
b 18 hluh yes
P falciparum (many 131_162] 10 | mg yos
08| fetd conditions | B | miderate
o { natural
P vivax (man) 163 experimental 20 high 68
" 14t perime & | high ’
m field cond tiona “@ mod!mlv
£ mata fae {man) 100 J mode ate

3 G R to i, once blished 1 the
erythrocytic cycle, may extend to the gametocytes The experimental
evidence on this point 15 scanty, but decisive  Mosquitos have been 1afected
with a proguaml resistant strain of P gallinaceum while the host chicks
were recerving full doses of the drug,'™ and a resistant stramn of P fala

parun from & g carrier g 100 mg of proguam] daily has
' - ~ o awenla 10 [t o nocuble that

1

Rate of development

ol may appear uickly, or slowly, or indeed not
at allllESIStaﬂCG ng g‘:g‘m ; Ppea e, to the dn{g Under arufi
cal conditions, wth dehiberate \mdcr dcsagc with careful timing of trcat
ment, and with a senal transfer of p to fresh hosts fated
favour the survival of resisting orgauxsms, a hugh tolerance to proguaml
1n the asexual blood forms of P faloiparum and P vivax may appear
within 2 few months
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The vsual condiions of chimucal or preventive practice m malanous
countries are never so {2 ble for the prod of as are
those of the laboratory , they arc seldom likely to be decistvely unfavour-
able ‘The possible trend of events 1n mal; regtons where P 4
13 used freely may be illustrated by expenence 10 Malaya  Here the drug
as first used for treatment and prevention early m 1947, and records of
the proguaml response 1 acute infections contracted 10 3 single district
have been kept for nearly six years At first, a single dose of 100 mg of
proguanil would termupate acute falaparum attacks The first recorded
failure of simgle-dose therapy was 1n October 1948 and the first faiture of
2 standard therapeutic coutse (300 mg X 7) m April 1949 By 1950, nearly
half of the falerparum nfections treated failed to respond 10 8 full thera~
peutic course In P vivax, a defimte proguanil resistance was proved only
18 January 1951, and ats snerd has d low m

P malariae has not yet been recognized 1n Malaya but has been reported
from Indonesia 10

Proguani! suppression 1n Malaya, started cxperimentally in December
1936, has since been used as a standard method of control on many rubber
tstates and by the Secunty Forces There was good evidence that 2 100-mp
dose twice a week was very cfficient 1n the early days Five years later,
in certain disticts there were 1ndications that a daily suppresstve dose of
100 mg would sometimes far!, though by and large the drug was still thought
to be & very useful suppressive

Stabihty

Once established, proguam! resistance 1n the asexual blood forms
appears 10 be fauly stable It may persist through many asexual genera-
tions, and 1t may be unchanged by a transfer of the parasite to a fresh
bost whether by blood or mosquito-passag m P gal

23 been shown to last for at least a year without further exposure to the
diug, and to survive senal passage through mosquitos = while there
1 tugpestive evidence that resistance 1n P knowlesi may persist for at
Ieast eght months 1%+ Resstant stramns of P cynomolgl, P folciparum,
a0d P yirax have been shown to reman resistant after mosquite
transmission to a fresh host 197 1% 163 183

Spread under field conditions

In latent 1nfections, with few parasites in the penpheral blood, attempts
10 induce resistance have been unsuccessful 4 3° 1t may thus be assumed
tat the pnmary factors 10 re under-dosage and sig;
Farautacmia, operating together, and, vader field copditions, found par
ticularly 1n the under treated acute attack and in the under suppressed
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smouldenng infection  The most fertile source of resistant parautes 13
likely to be the under-treated attack 1 which parasite population of the
order of 10°-10" or more 15 exposed to a dose of drug sufficient only to
destroy the more sensiuve members

Suppressive proguanil-therapy 1s likely on theoretical grounds to pose
a lesser problem of resistance, for parasitaemua 1n the nnder suppressed
wnfection will usually be low  But here agam under-dosage from irregular
admmustration will greatly raise the odds With mussed doses, parasit-
aemia may rise to a chncal level and the dual effect of a high concentra-
tion of p and a Jow of drug come mto play

R developng from under-dosage 1s at first a personal problem,
restricted to the subjects whose parasites have become proguanil tolerant
In ume the resisting parasites would die out were they not transferred to
2 new host R becomes a ly problem when the resistng
strains are diffused by mosquitos The extent of spread 1s determined by

- s oL oLt

ad nlan on

7 m q the of resisting stramms, no less than
ther 101tiation, 15 likely to be related to under dosage

Recogmition

Proguam! resistance may declare ttself m various ways
(a) The fatlure of a single dose to achieve 1 muld acute mfections a
of symp and to el the gonic cycle 1n the blood

1s evidence of a shight loss of sensttivity Thus was the earlest 1ndication
of a developing resistance 1n Malayan strams of P faleparum  Today,
however, routtne single dose proguamil therapy 1s not recommended and
this method of detecting early resistance has no more than experimental
mterest The failure of a standard therapeutic course of 300 mg daily m
acute infections to clear asexual parasites from the blood within seven
days 1nd. a growig m the blood forms, but
agamn thus method of assessing reststance will usually be experimental, for
proguanit alone 1s seldom recommended today for the treatment of the
acute attack

(b) The occurrence of overt malama m inhabitants of endermuc areas
who arc known to have taken regular suppressive doses of proguamil may
suggest that 15 devel Ithough perhaps only m the asexual
blood forms of the parasite

(¢) The occurrence of overt malaria 1n newcomers who have taken
100 mg proguand daily without fail since arnval 1 the malarious area
suggests the transmusston of parasite strains which are resistant to proguatl
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at vanous stages of ther lifecycle The first suspicion of resistance 1n
the pre erythrocytic forms of certain Malayan strains of P faleiparum
arose 1n this way The difficulty 15 that one can seldom be certain that
the proguanil has been taken with unfaiing regulanty

(d) Resistance at the sporogome stage cannot be assessed by simple
chnzcal means  The conditions of transmussion 1 most malanous countries
are 100 complex, and the only valid evidence 15 likely to be that which
comes from 1mfected exp 1ly 1n the lab 'y

Prevention

Proguaml resistant parasites are not Likely to anse m the sdivdual
subject 1f the schizogonic cycle 1 the blood 15 permanently interrupted by
efficient treatment or inhibited by efficient suppression  They cannot be
transmutted and spread in the if the d P of
the gametocytes is mubited by adequate therapy, clinkal or suppressive,
for every infected person  In most malanous countries this 1s possibly a
counsel of perfecion  The oceasional resisting stram 15 likely to emerge
n any commumity using proguam! on a large scale and lacking a high level
of medical orgamuzation Whether the resisting strains are few or many,
whether they dre out or spread, must finally be determined by the prevailing

dards of PP and quito control  Treatment
must be good enough to ehnunate asexual parasites from the blood, and
continued long enough to stenlize gametocytes Suppression must be
fegular enough to prevent the transicnt bursts of parasitacema which may
come with mussed doses

The fact that resistance to proguanil 1s most Likely to arise when a Jarge
Parasue population 1s exposed to, but not elimtnated by, the drug 15 10
Mself a sufficient reason why acute snfections should not be treated with
Proguaml alone  When the drug 1s used for malana suppression, resistance
18 likely to anse only when the plasma concentrauon falls low enough to
Permut an acuve proliferation of parastes Irregular dosage 1s likely to
be the common cause, and the key 10 prevention probably lies in a good
suppressive dusciphine For a time the loss of effect from early resistance
€an be met by an mcrease 1n dosage—thus 15 apparently the situation n
parts of West Afnica—but a further mse or spread of resistance would
Decessitate an immediate change of drug

It 15 not always easy to armve at a decision when resistance 1s mild or
sporadic, and when proguaml, though still a useful suppresstve, sometimes
fads What margin of fulure 1s to be considersd tolerable 1n the hieht of
the other virtues of the drug? To what extent should we weigh 1n the
balance the great potential value of proguanil as a safe causal prophylactic
mn falrparum snfection and as o non touc stenlinag agent for mosquito
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infections 2 This 1 a problem which faces public health authontes 1
some terntortes today, and there 15 no clear answer We may take the
view that the most efficient suppressive drug should always be the drug of
chotce  the 4-aminoquinolmes and mepacrine afe better suppressives than
proguanil under the conditions prevailing, for example, i certam parts of
Malaya  Or we may regard the direct action of Pproguaml on the pre-
erythroeytic and sporogome forms as a powerful asset not to be discarded
hghtly A deciding factor might well be the proguaml sensitivity of the
prevailing strams at the pre-erythrocytic and sporogomc phases of growth

Should thts senstivity be lost, there would be 2 strong indication for a
change-over to another drug

Cross-Resistance

The fear that a resistance to one drug might confer on malaria parasites
a general tolerance to other antimalanal drugs has proved to be il founded
Cross-resistance certanly occurs, sometimes to 4 marked degree, but the
phenomenon presents no clhinical problem which cannot be met stmply by
a change of drug Experimental evidence suggests that the only important
compounds to which malania parasites may show a significant cross-
resistance are proguaml, pyrimethamene, and the sulfonamrdes (table IIT)

C between prog and the sulf has much
theoretical interest, but the sulfonamides are not used as malana remedies,
and there 1s ittle danger of proguanil-resistant malana from sulfonamide
therapy 1n other diseases

The extent and sigmficance 1 human malaria of a cross resistance

between proguaml and pynmethamune has sull to be assessed Pro-
R R -

o et .

reststance 1n the Jocal falciparum stramns  Resistance to pynmethamine 1n
the Chesson stramn of P wvax confers a partial resistance to proguani] 12
This disturbing cross-resistance mght well restrict the use of proguaml and
pynmethamine 1n termtories where resistance to one of them 1s known
10 occur

The three drugs, proguanil, pynmethamne, and sulfadianine, all seem
to act on malaria parasites 1n much the same way—by 1nhibiting nuclear
division  They all tend to 1nduce a high resistance 1n parasites exposed to
therr action, and resistance 1n any onc of them may extend to one or more
of the others Qumne, mep and the 4 gquinol do not

1nduce significant resistance nor are they mvolved 1 cross-resistance  They
are chy 11 lated to proguanil, pyr and the sulfon-
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TABLE {if CROSS RESISTANCE BETWEEN ANTIMALARIAL DRUGS

Primary
8ib Assoclated
Species ot Jacaulred ‘Toslstance
P palfinacewm  [134 138 137} eultadlazine | proguant quinine
other sulfonamides mapacrine
pamaquine
. 163 proguanit - quinine.
mepacring
sulfadiazine
196 157 | proguant sultadiazine {slow)
' 12 pamaguing pentaguine proguanit
quinine {slight) mtrl:m!'
sulfadlazine
chloroquine
P berghe! a8 sulfadiazing proguanll (slight)
' s proguentt pyrimethamine (s!1ght)

P lophuras 168 proguanil pamaguins
auinine
fmepacrine
-hioroqu ne
amodiaqu ne

P cynomolgl 147 160 proguanil chlaroquine
mepacting
pentaguing
Bultad ezine

f 12 pyrimethamine | proguanit enjoroquine

P knowlert 165 proguanil pyrimothamine

P falclparum 125 149 | proguantt pyrimethamins,

P vz 0 proguantt ehtoroquine

12 pytimethamine | proguanil chioroquine

amudes, and they Probably act on malana parasites by a dafferent metabolte
route Schoudt and Ius colleagues have drawn atiention to a possible
parallel wath the b; 11 and the b peni~
cillins, and suggest that resistance n malania parasites develops m relation
to drugs which mhubst the growth of the parasites, rather than to drugs
which destroy them 10

Origin and Mechamsm of Drug-Resistance

Drug ressstance 1n human malana may be explained 1 vanous ways
‘We may assume that the new chemucal environment 1mposed by the drug
{oduces a change tn all the parasites enabling them to find a metabolic
pathway of escape from s lethal effects , thus 15 the theory of physiological
adaptation Or we may assurme that resistant parasites ans¢ by chance as
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rare mutants and that the drug 1s merely a selective agent, this 1s the theory
of spontaneous mutation  Or, again, we may accept mutation as the key
to resistance, but assume that mutations are bound up n some way with
exposure to the drug, this may be called the theory of mduced mutation
Yet agamn, we may accept the simple theory advanced by Yudkin,1? which
assumes that cell division does not necessanly distribute the systems
responsible for resistance equally between the daughter cells Repeated
divistons would produce a clone of cells with the average resistance of the
parent cell, but with a distnbution of greater or lesser resistance around
that of the parent ccll  The drug might then have the effect of destroying
the cells of lesser resistance, with a progressive shuft of the average to
wards a higher resistance, this 15 the theory of clonal varation with
selection

Phystological changes directly induced by environment volve poten-
trally all members of an exposed population ~ They are thought to be ron
inherttable and hence impermanent Changes ansmg from mutation, on
the other hand, mnvolve the genetic or heredity producing mechamsm of
the cell and are passed on from generation to generation They appear
only 1n a mimute proportion of cells, and tend to be stable and permanent,
finding expression 1n the population as a whole by the selective influence
of environment and they are liable to occur as a sudden event, or dis
continuous * step wise ™ series of events, rather than as a gradual and
contmuing process Clonal vanaton would symlarly be expected to
produce nhentable change, tending to permanence, but occurnng rather
as a smooth and continuing process

The mechamsm of drug resistance

The observed phenomena of drug resistance 1 malaria, while suggesting
a geneuc ongin, gve little clue to the mechantsm of change The character
of resistance 15 carried throughout the hife-cycle of the parasite in vertebrate
and invertebrate hosts , 1t h d from g fo genera-
tion m the asexual blood forms, 1t tends to persist when the exciting stmulus
has been withdrawn, and 1t 1s readily produced only in parasite populations
Jarge enough to nclude a few ressstant members  An abrupt appearance
of resistance has been reported but a rather gradual development seems to
be more usual These are ph for which sp
nduced mutation, or clonal varmation, could equally provide satisfying
explanations, though it 1s perhaps significant that the drugs which give
rise to serious resistance are those which apparently interfere with the
dviston of nuclear chromatin  Beyond this general statement we cannot
go, for genetic studies of malaria parasites are exceedingly difficult, and
Dittle work scems to have been done on this subject
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The nature of resistance

If there 1s Little assurance as to the ongin of resistance 1 malana para-
sites, there 13 cven less regarding the changes within the parasites which
enable them to resist  The problem 1s bound up with the metabolism of
the parasites and with the precise mode of action of drugs, and custing
knowledge on these subjects 13 still fragmentary

Drug resisting parastes are clearly different 10 some way from those
which do not resist  The differences are not evident in their form, nor, m
the absence of the drug, 1n their behaviour They are subtler differences
related to the metabolsm of the parasute cell We may concenve, for
example, that the permeability of the parasite to certain drugs 15 subject
to variation  Resistance might then anse by the selection of vanant para-
sites which deny access to the interior of the cell  The resistance of trypa-
nosomes to organic atserucals has been explained in this way  Or vanation
might 1nvolve the enzymic constitution of the parasite cell, with resistance
appeaning where, for example, a varant parasite 1s able to dispense with
an enzyme system pormally subject to mterference by the drug  If, as we
may supposc, 2 drug acts by disturbing the synthesis or utthzaton of some
essential metabolte, the parasites may concewvably evade thus action (a) by
an increased production of the metabohte, or {b) by finding an alternative
pathway for its synthests, or {¢) by a capacity to grow in its absence The
sulfonamdes appear to act on certamn bactena by competing with the
metabolite p-aminobenzoic aad 1n an essential enzymic system, while an

d prod of thus 18 d with sulfc d
resistance  Can we relate this evidence to sulfonamide-resistance in ma-
lama ? Pteroylglutamic acid, a product of the metabolism of p-aminobenzoic
acid, mhibits the action of sulfadiazine and proguaml m certamn forms of
matania ¥ May we then presume that resistance 1o these drugs 15 related
o parasite vanations involving the synthesis of, or need for, pteroylgu-
tamue acid 7 Evidence 1n this highly complex field 1s steadily accumulaung,
but whether, or to what etent, these or similar mechanisms come to
play in drug resistant malana 1s not yet clear

Commentary

The mam phenomena of drug resistance 1a malana may be stated 1n a
fow words At particular phases 1n thewr Lfe-cycle, malana parasites
evolve a means of surviving in the presence of drugs which normally destroy
them  The resistance seems to be causally related to the exposure, wsually
profonged and tntermuttent, of large parasite populations to a near letha
dose of drug  The resistance 15 inhentable and fauly stable It 1msolves
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mamly the schizogomc forms 1n the blood, but 1n some species 1t occurs
also 1n the pre erythrocytic forms, and in the gametocytes The drugs which
excite reststance are those whichappear to act byinhibiting nuclear division—
1, pyrumett and the sull des  Cross between

these drugs may occur Drugs like qummine, mepacrine, chloroquine, and
pamaqune—which appear to act 1n some other way—do not give fse to
significant resistance

The most satisfying theories assume that resistance 1s due to the selective
survaval of resisting orgamsms ansing by mutatren or by * clonal vana-
tion” Whether the resisting organisms appear at random or are changed
1n some way by the drug we do not know Nor do we know 1 what way
the parasites are changed Do they resist the penetration of the drug, or
does resistance depend on their enzymic constrtution ? Have the resxstant
parasites some other pathway for the sy of a necessary b
a synthess normally arrested by the drug ? If so, 1s the same enzyme system
1nvolved at the three phases of the ife-cycle i the tissues, the blood, and
the mosquito’s stomach? Having ansen at some pomt, does resistance
extend throughout the cycle? Is resistance a permanent quality or will 1t
die away 1n time when the exciting stmulus 1s withdrawn ? These questions,
and the doubts which they engender, emphasize the need for a better
understanding of the mntricate problems still awaiting solutton




CHAFTER 5

THE CLINICAL USE OF ANTIMALARIAL DRUGS*

Chemothesapy has scored some of 1ts greatest successes 1o the treatment.
of human malana There are few infections more responsive to well-
durected therapy, and fewer 1n which therapy can be applied wath results
so satisfying on so wide & front The first, perhaps sull the greatest, success
came with the discovery three centunies ago that the bark of cinchona
would “cure™ certamn fevers The patent sick with the ague took the
remedy, and was soon well again—the simplest and still the main chmeal
approach to malana chemotherapy But the fever often came back, and
as carly as the 17th century Sydenham had broadened thus sumple concept
to embrace the idea of prevention He gave the bark to persons who
expected 2 recurrence of the fever but who were not sick at the ime  After
the 1solation of the principal alkaloids of ciachona, the small daily dose
of quinine came to be adopted as a cluucal preventive

The practice of usmg einchona or quinine to end the malanal attack
and to prevent further cimeal mamfestations of the disease continued
unchanged untl the end of the first World War  Theintroduction of expert-
mental malana therapy soon afier 1ts termumation led to a clearer under-
standing of the natural hustory of malana sn man, while, as has been
described, the synthesis of pamaquine 1n 1926 started a tnckle, soon to
‘tecome 8 stream, of new compounds lethal to the paramte  New methods

[ ' ' . . .

rg - -

- P . - .
ahike m s curauve and preventive aspects, reflects the advances achieved
by laboratory rescarch  Twenty five years ago the prospects for radical
preventton mn falcrparum 1nfection were remote and prolonged courses of
qunine were advocated for radical cure  Today, well imed therapy with
minute doses of proguanil will eradicate P fakiparum at a pre-clinical
stage 1n the human host, while a few days’ therapy with oge of the 4-amino-
quinolines will usually cure the established infection  Falaparum malana
may now be supp dwithane defliciency, withasafetyand

* Sco Sclected bidliograrhy ho 174162 (oare 118)

o 69 —
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which must surely approach the ultimate limits of advance 1n this direcuon
But with vivax mnfection progress 1s less mmpressive  We lack a safe and
Sure preventive, though pyrimethamine may take us a step forward, and

:adxcatl cure still depends on a prolonged treatment with drugs of moderate
oxicity

The Amns of Malana Chemotherapy

U The Iife cycle of the parasite and the widening range of therapy

From the account given ta chapter 2 of the relation of 1ts vanous phases
to the mode of action of antimalarial drugs, 1t 15 clear that the malana
parasite lies open to attack by well directed therapy throughout most of
1ts complex lfe-cycle The sporozote alone seems to be resistant The
schizogonic forms 1n the fixed tissues and curculating blood, the game-
tocytes and, through a carry-over effect, the sporogomc forms iz the
mosquito, are alike vulnerable to appropriate therapy, with differing effects
on the course of 1nfection (table IV) B

TABLE IV CLINICAL RANGE OF MODERN THERAPY IN HUMAN MALARIA

Stage In Vfe cycle of parasite Clinleal range of present day drugs
Schizogonlc forms In fixed causal prophylaxls of falelparum infection before the
tssues parasites reach the blood

radical cura of vivax infection

Schizogonic forms In the blood tereination of the acute attack

radical curs of falclparum Infoction
suppresslon of all forms of malarlal infection

<
suppresslive cura of falclparum Infection
reduct on In source of gametocytes with Indiract effect
on transmission
Gametacytes direct eflect on transmisston

2 Therapeutic resources

The amns of malarra chemotherapy may now be more closely defined
Broadly, they remamn what they have always bees—to cure the patient
sick with malara and to prevent malana or its chinical manifestations under
all the varied circumstances 1 which they may appear  We think first of
the 1ndividual  If he 15 exposed to mfective mosquitos we aun to protect
hum by stenlizing 1nfection while 1t 13 still symptomless , af he becomes
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sick with malana, to relieve his symptoms as speedily, as salely, and as
comfortably as possible, with permanent cure of hus infection Ifhesa
symptomless carricr, we am 1o eradicate the nfection, or, faliog this, to
suppress 1t at a continued subclinical level For the community we aum
to break the chain of by directing curatwe and
suppressive, toward the destruction of gametocytes or to the mhibition of
therr production or development

The 1deal drug would meet all these demands without harm to the
patient It would be quick 10 action and unvarying 1n its effects It would
e active 1n 2l forms of human malana, at alf stages, and 1t would not
jnduce resistance in the parasites  Furthermore, 1t would be easy to
adminster by the oral or by the parcnteral route, and 1t would be stable
and cheap No known drug satisfies all these cxacting requirements, though
most of them can be met by a judicious sclection of the drugs now
available

The compounds which fill a useful role 1n malaral lhempy are all mem
‘bers of four chemical groups—the 4 and aled comp
the § q the b and the p d: Table V hsts
the compounds on which pr:senl-d:y therapy 18 mamly based

TABLE V DRUGS ON WHICH PRESENT DAY MALARIA CHEMQTHERAPY

1S BASED
Main members
Chemiest g oup e o Activity
s Espentisly Liss scton on
and calated compounds | amod aquine roswic paras tes, or on Athe g
mepactine lo:y\u e' P fskcioar ‘lhp most vlelal
quin ne drags hagwn for scute

cps Gultima. are poweste] uvmev
sives Low tazcity Do not nduce ds
s

Saminoquinotines primaquine Poor schirontotides but active, squinst
Pamaquine gamtocyies and againet exaerythre
puasiva Maln uses ou metocytocidat
ot cure fn yhal tnfec
an _ Mod fouic" 0w ot nduce
significent ¢ tance
Bigusnides proguand S:hllun!udd. -nd wemn(nma A:un
0 o rocyt

arivin faic parum infecton $oppress on
joh 3 tion of aparogony  Hontsric
Lub‘. to induce drug-res

Pyrimidines Ppyiimethamine § Activity aimilar bu( of ovogunni Bt ey
some acton Srovnhroec
fors ot £ v mm s axtor s
guanil Low latie to Indace

Low %o
drug-ras atance
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which must surely approach the ultimate hnuts of advance 1n this direction
But with vivax mfection progress 1s less mpressive  We lack a safe and
sure p , though p; h may take us a step forward , and
radical cure still depends on a prolonged treatment with drugs of moderate
toxeity

The Amns of Malana Chemotherapy

1 The hife-cycle of the parasite and the widening range of therapy

From the account given 1 chapter 2 of the relation of 1ts various phases
to the mode of action of antimalanal drugs, 1t 15 clear that the malana
parastte lies apen to attack by well directed therapy throughout most of
1ts complex lfe-cycle The sporozoite alone seems to be resistant The
schizogome forms 1n the fixed tissues and carculating blood, the game-
tocytes and, through a carry over effect, the sporogonic forms m the
mosquito, are alike vulnerable to appropriate therapy, with differing effects
on the course of wnfection (table IV)

TABLE IV CLINICAL RANGE OF MOBERN THERAPY IN HUMAN MALARIA

Stags In life cyclo of parasite Clalcal range of present-day drugs
Schizogonic forms In fixed causal prophylaxls of falclparum fnfection beforo the
tissues parasites reach the blood

radlcal cure of vivax Infaction
Schizogonic forms In the blood [  termination of the acute sttack

radicaf cure of falciparum infection
suppression of alf forms of malarial Infection
suppressive cure of falclparum Infection

reduct on In source of gametocytes with Indirect sffect
on transmission

Gametocyles drect effect an transmisslon

2 Therapeutic resources

The aims of malana chemotherapy may now be more closely defined
Broadly, they remain what they have always been—to cure the patient
sick with malaria and to prevent malaria or its chmcal mantfestations under
all the vaned circumstances 1w which they may appear  We thunk first of
the individual  If he 15 exposed to mfective mosquitos we aim to protect
um by sterilzng mfection while 1t 15 sull symptomless , if he becomes
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sick wath malana, to relieve us symptoms as speedily, as safely, and as
comfortably as possible, with permanent cure of hus snfection Ifhe1sa
symptomless carner, we mm o eradicate the infection, or, faling thus, to
suppress it at a continued subclimcal level  For the community we aim
to break the chain of transmussion by directing treatment, curative and
suppressive, toward the destruction of pametocytes or to the mhibion of
thest production or development

The 1deal drug would mect all these demands wathout harm to the
patient It would be quick 1n action and unvaryiog 1a s effects [t would
be active 1n all forms of human malania, at all stages, and 1t would not
induce resistance 1 the parastes  Furthermore, it would be casy fo
administer by the oral or by the parenteral route , and 1t would be stable
andcheap No known drug sausfies all these exacting requirements, though
wmost of them can be met by a judicious selecton of the drugs now
avadable

The compounds which il a us<ful role s malanat therapy are all men-
‘bets of four chemical group: and allied

the 8 1 the des, and the p & Table V hists
the cnmpounds on which present-day therapy 1s mamly based

TABLE ¥ DRUGS ON WHICH PRESENT DAY MALARIA CHEMOTHERAPY

i85 BasID
N Man members
Chemieat groun ™ e oraup, Acttvtty
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s
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it

shve

ros stance

Saminsquinalinas rimaquine Poor 3chizomecidus
bamagu ne amatacytes
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reatment
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vignificant grug-res stas
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‘The Confusions of Dosage

A severe case of falciparum malaria may require 10,000 mg (150 grains)
of quimine before the fever 15 controlled, an cvanescent febrle episade 1
an old standing mfection may be terminated by three or four tablets of
aspumn A proguani! sensitive falciparum infection may be chnucally cured
by a single proguamil tablet of 100 mg , 4 resistant fection may sall perstst
when the patient has received 50 times this amount ‘These extreme exam-
ples illustrate the fallacies which may underhie attempts to fix arbitrary
levels of dosage, suitable for all malaria nfections, at all times, and 1 ail
places  Confuston arises mamly from the immunity factor 1n the thera
peutic resp from diffe m the g hical strains of the para
sites, and from drug resistance

Y The immunty factor

The response to treatment 1n malana 1s usually, perhaps always, an
expression of 2 dual effect The plasmodicidal effect of the drug 15 rem
forced by a contribution from the tissue defences In the early stages of
2 pnimary infection 1n subjects with Lttle immumty the contribution from
the tissues may be small , 1n old standing nfections the tissue defences may
suffice of themselves to break the schizogonic cycle of the parasite Logt
cally, the dose of a drug should then berelated to the immune status of the
subject Immumty, however, is oot always easy to assess, and the dosage
usually recommended 1s that appropriate for 1nfection in the non immune
subject Medical officers, with their special knowledge of the malana with
which they have to deal, are best able to decide whether, and to what
extent, they may safely reduce the dosage ordmanly recommended for
treatment and suppression

2 Strawm of parasite
As noted elsewhere, geographucal stratns of malaria parasites sometumes

differ 1n their toap far drug  Primaquine 1s more active
against Korean vavax strains than agawst the New Gumea Chesson strain,,
the Costa stran of P falciparum seems to be less sensitive to qummne and
mepacrme than the McLendon stramn of the same species, 2 Dutch strain
of P weax has been showa to be less sensitrve to Selvarsan than the
Madagascar stram, which 1s probably of Affican or Asian ongin and
other les have been ded The d are seldom marked,
and they do not appear to be common, but at least they show that a drug
dosage may not necessanily have universal validity, and they may some
times explam why a drug regimen which gives good results 1n one part of
the world may be disappointing 1 another
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 Drug resistance

Dosage 1s normally based on the response to treatment of fully sensitive
arasites  Should the parasites become resistant, the recommended dosage
mght be seriously at fault  Fallacy from this source, howcvtr, 1s unbikely

a anse with quinine, the drugs
0 which the treatment of acute mfccuuu 1s bmd The on!y drugs giving
1¢ 10 SerIous are p and p:

{ Age and bodp-werght

B PP S S [ S

.. - I\ . - - Y .
wbout 110 Ib (50 kg) 1n weight, and sndividuals may wesgh less than 100 1b
(45 kg) ‘The caleulation of dosage on a body weight basis, taking 150 ib
as the norm, 1s probably a sound rule  For chuldren up to the age of
12 years, a modificd Young's formula * gives a good approximation to
the body wesght dosage Children tolerate antimalanal drugs quite well,
and should there be uncertainty as to the dosage for serous infection, it
ts wiser 1o give 100 much rather than too Little

5 Base or salt

Another source of confusion 1s the practice of expressing dosage some-

times as the salt, sometimes 1 terms of (he content of acuve base
y brand of ch 18 keted as tablets of 250 mg with no

mention of the amount of active base , another brand, sold as tablets of
200 mg, has the basc content printed 1n smaller type on the label, both
contain 150 mg of chloroq base Arn q tablet of 261 mg,
on the other hand, contauns 200 mg of active base, and no other figure
appears on the Jabel The dosage of pamaquine 1s even more confused
an 18 mg tablet of the naphthoate and a 10-mg tablet of the dibydro~
chlonide alike contan 8 mg of active base, but the figures which recenve
promnence are 18 mg and 10 mg  For the older drugs, like quunne, we
shalt continue to think of dosage in terms of the salt, but for the newer
drugs there 15 no good reason for the perststence of thus confusing anomaly
The fogical course 13 to give all dosage tn terms of the active base, no
other figure should appear on manufacturers® labels  Where this 15 not
possible, the dosage 1n terms of salt having been established by custom,
the base content should at least be stated  The base content of the antt-
malanal salts 1n common use 15 given in Annex 2

. - #20 net burthday
Dosass for chikdren = adult dosage x *¥° P3¢ IS
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6 Comment

The drug dosage recommended throughout this account assumes that
the patient 15 an adult weighing about 150 16 (70 kg, that he has no signr
ficant ymmunity to malana, and that the parasites have no natural or
acquired Tesistance  Under particular crrcumstances this dosage may be
wappropriate  The physician alone, from lus special knowledge of these

, can evaluate the modif which may be necessary

‘The Malaria Patient *

1. The sunple acute infechon

The primary climcal aim 10 acute malana 1s to bring the attack to an
end, quickly, safely, and with miumal discomfort to the pattent  ‘The
symptoms are duc to the rapid proliferation of asexual parasites 1 the
blood, they must be destroyed The most useful drugs for thus purpose
are the 4-aminoquinolines and related compounds (tables VI and VID
When these drugs are gven at the recommended dosage, they may be

TABLE VI ADULT DOSAGE OF 4-AMINOQUINOLINES
AND RELATED COMPQUNDS FOR THE SIMPLE ACUTE ATTACK

Dosage (mg} and days

Drug Total
1 2 I 3 4 5 L] 7
Chioroquine
bal'an 600 + 3000] 300 300 - — - - 1500 mg
Amadiaquine
hase or 600 400 400 —_ - - - 1400mg
Mepacrine or 200%x58 300 200 300 300 300 300 | 2800 mg

14000
Quinine & 2000 e

2000 | 2000 | 2000 | 2000 [ 2000 } 2000
0 @ | @ {@o | ‘@o [ @0 | @0
grains) | grsins)| grains)| grains)i grains)| gralns)] gralns)| gra ne)

2 Secand dase 6 hours after firat
» Every & hours
¢ Quinine In divided doses Some authorities reduce tha dally ¢ose ta 20 grains after the
first 2 days (total 160 graine)

al drugs recommended by workers In different countries
shows e o e o I Incla It has been ‘sigted that & sing & dase o
€00 g of thiconuing or amodiaguine oF & 3-day coyrss of 20 ta 30 Qralna ot quining dally
W11 Cect climical cure I the majanty of mild Infect ans

eral s restricted fo the specific treatment of malaria  Nors g
e T o T and comvalessence are 1n accord with general prin
aiples
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TABLE VI, PROPRIETARY PREPARATIONS AND SALTS OF DRUGS
RECOMMENDED FOR THE SIMPLE ACUTE ATTACK

Brvg San proprietary Vaus! praparations
names

Resochia ’ Tablete of 259 M3 containing 150 mgy

Ctioroquine | diphosphats Anaten of chloraquine base , dosags in terme
Avocior .

mononattste Kivnquine Tatfets of 204 ;g containing 150 mg

of bete or of 135 mg of wait tome

taining 100 M0 of bass or of #8 m

af 9aft conlaining X0 mg ol bass,
Q0vage in terms of base

Amodleguine | &fvdrochiorids | Camoquin Tablets conta'alng 200 mg of bate,
dinydrate dosage tn trtms of baze

Atebrin Tabiats of 10 mg contatning 19 of

Mapacrng | ditydrochlonids | Yisorine } bare, Goragn 1h taimes ot @inybro-

¥ Quinscsing chiorlde dihydrate

Gulnlne dihydrochloride - Acid sofution , 461a0% In terms of salt
or yilate

expected to bring about a remussion of symptoms within from one to three
days and to erndicate most faloiparum and ovale ainfections  Infections
ducto £ vivax or £ malariae are hikely 10 recur  The treatment of relaps-
1ng tnfections ts discussed 1n a fater section (page 81)

The drugs are normally gwen by mouth but, should the pauent be
unable to retamn the drugs because of nausea or vomuting, the whole or
some part of the dose must be given by mjection  In this event, oral treat-
ment must be resumed as soon as possible  Parenteral treatment 13 dis-
cussed 10 the secion on grave mfection {page 771

{0} The “ foading dose®

2. . .

. . . has been the generat
. .t - . + synthenuc compounds,
- - = ot Quinine altamns a
fugh serum concentranien fanly quickly , mareoser, heavy dosage would
be unsound on clhmcal grounds , for these reasons quinine 15 given 1 a
steady leve] through Mep and the &

ot the other hand, reach ther peak concenteation n the serum more
slawly, a defay which1s effectively overzome by * loading ™ the dosage at
the begmming of the course  There can be hitle doubt thay theragy with
the synthenie drugs 3¢ mare rapidly effecuve today than 3t »as with mepa-
criee before the second World War, and that the Toading dose * is largely
fesponsible for the change
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(®) Chloroquine

Ths drug 15 probably unsurpassed by any known remedy for the treat-
ment of the acute malana attack It has the same plasmodicidal range as
mepacnine, but 13 more active and, unhke mepacrine, does not stain the
skin At normal dosage, 1ts toxeity 1s very low  No contraindications to
its use have been reported The drug 15 1ssued under various Propnetary
names as tablets contaunung 100 mg, 150 mg, or 300 mg of chioroquine base

(¢) Amodaguine

This drug closely t hloroq m ats larial activity
The differences are probably too small to be chmcally sigmificant The
toxicity at therapeutic dosage 1s very low, mo contramndications have
been reported

(d) Mepacrine

The value of mepacrine 1n the treatment of acute malana was attested
by extensive experience of the drug gamed both before and during the
second World War It 1s rehable and rapidly effective, but not entirely
free from disconcerting side effects Temporary abdommnal discomfort 1
the first few days of therapy, and a harmless yellow stamning of the skin
and eyes later on, are fairly common,, rarely, the drog may induce mental
symptoms varying from a mild depression or excitement to a wild mansa,
epileptiform convulsions have been reported with parenteral admimstra-
+an The mental effects (“ mepacrine psychoses’ ) tend to clear up fauly

() Quinine

There 1s a prevathng tendency today to decry quunne True, quinine
has defects from which the newer synthetic remedies are frec 1t causes un-
pleasant 1t may 1ly precip lack fever, and
st1s less likely to eradicate infection  But, when all 1s saud, for the immediate
treatment of the acute nfection, qunne rematns a remarkably safe and
effective drug

For the treatment of the acute malana attack, quimne s gven int
solution 1n capsules or as tablets of the dihydrochlonde or sulfate 1
divided doses three or four times a day Sugar-coated tablets are less
unpleasant to the taste, they are usually efficient but they carry the off
chance of defective absorption Cluldren tolerate quinine very well and
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scem to ficed relatively igher doses than adults  Senious toxic effects from
therapeutic doses of qunne are extremely rare  Personal idiosynerasy,
and a history or threat of blackwater fever, are the mam contraindications
tosuse The termunation of pregnancy during qumne treatment s far
more likely to be duc to the malana than to quimne, but most doctors
would probably wish to play for safety by ustng some other drug

2. The grave infection

The chimcally grave or parasitologically intense malana mnfection 1s a
medical 2 d and lous care
until the danger 13 past  The cause 1s pearly always P Jalaiparum, rarely
P wvax Warning symptoms may appear with alarming suddenness 1 the
course of a simple falciparum attack and a few hours delay may mean the
difference between hife and death  The clinical and parasitological indica-
tioas for regarding an infection as senious, or potenually scrious, are
coma or mental clouding, collapse, jaundice, severe vomiting or diarrhoea,
high parasitacmua, and the presence of faleiparum schizoots or very young
gametocytes 1n blood films Every falesparum infection with more than
109, of the red cells infected is serious, however muld the symptoms In
these infections the mucroscope sometimes gives a more relable wdication
of gravity than a elinical examnation

When the patient with grave mnfection is conscious, co-operauve, and
able to swallow, he may be grnen oral treatment with the same drugs, and
at the same dosage, as for the simple attack (page 74), but even 1a these
cases many physicians prefer 10 give the first ope or two doses by injection
for greater assurance of prompt absorption  Coma, vomutng, and severe
nausea are clear for ad g b; or 1ntra-
venousinjection  Oral therapy should be substituted for parenteral therapy
as soon as the danger 1s passed, and the patent 15 able to swallow the
drugs and retain them

‘The most effective drugs in these cases are quinine, chloroquine, amodia
quine, and mepacnie (table VIII) Conservative physicians of an older
school would probably give this otder of precedence , their younger col-
feagues would be more bikely to give pnde of place to chloroqune  There
would probably be general however, that chloroquine 15 a better
drug than quinine for intramuscular admumstration

(@) Quinire

With the P of mep all the drugs ded for the
treatment of grave falerparum infection may be given enther by intramus-
T ot by mtravenous injecion  We must remember, however, that
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() Chloroguine

Thus drug 15 probably unsurpassed by any known remedy for the treat
ment of the acute malarta attack It has the same plasmodicidal range as
mepacriie, but 1s more active and, unlike mepacnine, does not stain the
skin At normal dosage, 1ts toxicity 1s very low No contramndications to
its use have been reported “The drug 1 1ssucd under vanous proprictary
natties as tablets containing 100 mg, 150 mg, or 300 mg of chloroquine base

() Amodiaquine

This drug closely resembles chloroquine 1n its antimalanal actraty
The differences are probably too small to be climcally sigmficant The
toxicity at therapeutic dosage s very low, no contraindications have
been reported

() Mepacrine

The value of mepacrine 1n the treatment of acute malana was attested
by extensive experience of the drug gained both before and dunng the
second World War It 15 reliable and rapudly effective, but not entirely
free from disconcerting side effects Temporary abdomnal discomfort 1n
the first few days of therapy, and 2 harmless yellow staiming of the skin
and eyes later on, are faurly common,, rarely, the drug may induce mental
symptoms varymg from a mild depression or excitement to a wild mama,
epileptiform convulsions have been reported with parenteral admumistra-
tion The mental effects ( mepacrine psychoses *) tend to clear up faurly
quickly when the drug 1s withdrawn, and the convulsions, while slarming,
disappear without harmful sequelae Syphults of the central nervous system*®
and a history of nervous system sequelac from previous mepacrine therapy,
are contraindications to the use of the drug

(¢) Quumne

There 1s a prevailing tendency today to decry qumine  True, quinine
has defects from which the newer synthetic remedies are free 1t causes u-

pleasant cinch 1t may 1ly precip black fever, and
115 less Iikely to eradicate infection  But, when all1s said, for the immediate
of the acute inft quinne remams a remarkably safe and

effective drug

For the treatment of the acute malana attack, qunine 15 given i
solution, 1 capsules or as tablets of the dibydrochlonde or sulfate 1n
divided doses three or four times a day Sugar-coated tablets are less
unpleasant to the taste , they are usually efficient but they carry the Ofg
chance of defective absorption Children tolerate qunine very well an
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seem to need relatively lagher doses than adults  Senous toxc effects from
therapeutic doses of quinine are extremely rare  Persomal idiosyncrasy,
and a history or threat of blackwater fever, are the main contraindications
toits use  The termunatton of pregnancy during qumne treatment 1s far
more likely to be due to the malana than to quimne, but most doctors
would probably wish to play for safety by using some other drug

2 The grave infection

The chnucally grave or parasntologxcally mtense malaria ml‘ecuon 15a
medical emergency and care
until the danger 13 past The cause 15 nearly always P falciparum, rarely
P viyax Warning symptoms may appear with alarmung suddenness in the
course of a simple falciparum attack and a few hours delay may mean the
difference between life and death  The clhincal and parasitological indica-
tions for regarding an 1nfectron as serious, or potentially senous, are
coma or mental clouding, collapse jaundice, severe vomuting or diarrhoea,
Iugh parasitaemia, and the presence of faleiparum schizonts or very young
gametocytes 1n blood films Every faleiparum infection with more than
10% of the red cells mfected is serious, however muld the symptoms In
these nfections the pucroscope sometimes gives a more reliable indication
of gravity than a climcal exanunation

‘When the patient with grave mfection 1s conscious, co operative, and
able 1o swallow, he may be given oral treatment with the same drugs, and
at the same dosage, as for the stmple attack (page 74), but even m these
cases many physicians prefer to give the first one or two doses by imjection
for greater assurance of prompt absorpuon Coma, vomiting, and severe
nausea are clear for by lar or ntra-
venous 1jectton  Oral therapy should be substituted for parenteral therapy
as soon as the danger 15 passed, and the patient 1s able to swallow the
drugs and retamn them

The most effective drugs 1n these cases are quinine, chloroqmnc amodia-
qune, and (table VIII) Con: tve P of an older
school would probably gve this order of precedence , therr younger col-
leagues would be more Likely to give pnde of place to chloroquine There
would probably be general however, that chloroquine 13 2 better
dreg than quinine for mtramuscular admimstration

(a) Quinne

With the exception of mepacnine, all the drups recommended for the
treatment of grave falciparum infection may be given either by mntramus-
cular or by intravenous ipjection We must remember, however, that
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TABLE VIl PROPRIETARY PREPARATIONS AND SAL
TS O
RECOMMENDED FOR PARENTERAL TREATMENT IN GRAVE l:F:g‘ll’JI%sN
(ADULT DOSAGE)

Initial parenteral
Drug Preparation Parartars) thersey
salts
Intramuscular Intravenous *
Quinine Solutlons of hydre- | € . [ € 4 favan
chloride or ihy
drochloride
Chioroquine | Resochln  Aralen | Slngle dose not exceed | Recommendad only wh
n
and Nivaquine are | “ing 10 ml of 5% aolution | fhereare good cl ricalin
svailable " fn & of salt (800-40 mg of | dicat ons Jor iiravenous
povles containing | base) Total of 500 mg | Infusion {sca texp
5% ofsaft{aphroxi | of base spaced over | efective blood level Is
mately) 1 Ml = { first 24 hours Oralthe | rapidly attained by the
3040 mg of base | rapy as scon as pos | saler and more can-
sivle venient  ntramuscufar
ate
Amodlaguine | Stable sotutlons not - -
yet avallable
Mepacrine Methsnesulionate | Single doses nat exceed | Not recommended
Ing300 mg Total Inf rst
24 hour: ]
Orat therapy s soon as
postible

® Intravenous tnfus ons In salne glucose satine or plasma
#* Wincket ! thane or quinine antipyrin solut ons for
Intramuscular Injection  They are nearly neutral In reaction and cause less pain than acid sofut ons

whereas our knowledge of the use of quinine 1n these circumstances comes
of a vast expertence over many years, published 1nformation on the use of
parenteral chloroquine, though very f: ble, 15 still 1y
small For this information we look to the physicrans i tropical countnes
rather than to the experimental laboratores, and they have still to secord
a3 sufficlent body of reliable evidence
Intramuscular or wtravenous quimne? There 18 no unamnuty on the
relative mentts of 1tramuscular and ntravenous quinine 1n malana  Both
methods have recewved authoritative support, though most expemenced
physicians today seem to favour the intravenous route  From the confused
evidence the broad facts and opuions which emerge are
(1) that qumne myections should be given only when t}:erc are

good reasons for them—grave coma, digest ,
defective absorption from the alimentary tract Rusks there are, and
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(6) Chloroguine

The climcal tnals of and 1t hl 50 far
reported, though few 1n number, have been very favourable The drugss
sud to be safe and effective when given by intravenous mjection or
wfusion, and 1t has been suggested that intravenous admnistration mght
be the method of choice for the iutal treatment of the pattent who 13
sertously 1ll ¥ Rapid 1njection caused dizziness, nausea, disturbance of
wvision, and a transieat fall in blood pressure, but these effects were almost
eliminated when the drug was given by mfuston 1n 500 m! of salme The
dose was 400 mg of chloroquine base

Several reports have been published recording satisfactory results
following mtramuscular mjections of chloroquine m smgle doses up to
300 mp of base The 1njections were well tolerated, and speedy 1n their
effects 175 176 131

I and Y of chloroquine are ahke
quuckly effective, and 1 the present state of knowledge 1t seems that intra-
muscular admistration, from 1ts safety and convenience, wall usnally be
the method of chotce The patient’s state of fluid balance may well be a
decxding factor With obvious dehyd from g, diareh or
sweating, the clinical advantages of the intravenous nfusion or contiauous
“dnp ” mght outwesgh other considerations

1

{¢) Amodiaquine

Since the two drugs resemble one another so closely as regards their
antimalarial activity and toxicity, 1t seems probable that recommendations
for the use of chloroqune 1n severe malana will apply equaily well to
amodiaqume It has been reported that amodiaquine is well tolerated when
given farly an ly for sumple attacks 1z doses up o
300 mg of base,1’”” 178 but there 1s little information on its ments for
parenteral treatment in severe malana  Until climucal expenience has more
fully confirmed the efficacy and safety of injections, the drug can be used
wath confidence for the patient who 15 serously 1ll only when 1t 15 possible

to give 1t by mouth

(d) Mepacrine

Mepacrine 15 a well proved remedy i severe malana Like all ant-
malarsal drugs, 1t 1¢ best given by mouth  Intramuscular injections of the
soluble methanesulfonate are very effective and reasonably safe, intra-
venous admimstration 15 mnadvisable as the safety margin 1s small The
dose for a single mntramuscular 1gjection should not exceed 300 mg nor the
total dose exceed 900 mg for the first 24 hours The drawbacks are those
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assocnated with simple oral therapy, with the added small nisk of eptlepti-
g soon after the The ate
almmng but they soon pass and seem to have 1o serious sequelae

3. The relapsing or recrndescent mfection

When a malana jnfection has been treated and apparently cured, a
recurrence of symptoms means that the treatment has exther fatled to
chmimnate all the asexual parasites 1n the blood, or, having cleared the
blood completely, has failed to destroy the persisting forms i the fixed
tssues  Relapses 1n faleiparum infections are attrbuted to the persistence
of a few asexual parasites 1n the blood despite treatment , they may occur,
though not very often, after treatment with any of the 4-amnoquinolines
and alied drugs, particularly quimne Relapses 1 vivax 1nfections,
on the other hand, are tbought to be due to secondary exoerythro-
cytic forms which resist the ordinary schizontocidal drugs and survive
lr:atmenl they are very common after treatment based solely oa the

or allied pounds The p d ongn of relapses
in malana may be represented as follows

P falciparum

Primaty e-c forms —>  Asexual blood forms cansing primary attack
a0d recrudescences
P vivax

Asexual blood forms cavsing primary attack
Prmary e formy —

‘Sccondary e-¢ forms — Asexual blood
forms causing
relapses

The treatment of relapses 1n malana recogmzes these differences of
ongin  Infection due to P falciparum 1s finally cured by eradication of
the asexual blood forms, vavax 1fections by eradication of both the asexual

blood forms and of the secondary exoerythrocytic parasites 1n the fixed
tissues

(@) Recrudescing falciparum wnfection

The asexual blood cycle of P falciparum 1s usually elimupated by the
4—amm0qumolmcs and simular drugs gw:n at doses appropriate far the
,but falerparum
after quumne freatment They shou[d be tren(ed Like any otber acute
attack, and they may be prevented by a follow up treatment at suppressive
dosage with any good schizontocidal drug (See section on after treat-
ment, page 84}
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tlus procedure was first suggested by Sinton & Bird ™ ia India, who used
a combination of pamaquoe with qumne This was the standard treat
ment for the radical cure of vivax malana until 1945, when primaquine
‘was syntt d by Amencan gators 1n the course of their search for
a less toxic drug  Pimaquine appears to be not only less toxie, but also
more active than any of the g aminoquinolnes yet tested The usual
course of treatment lasts 14 days, agaunst refractory mfections treated at
. (RSP

tnma AF afont an

TABLE |X ADULT DOSAGE OF g-AMINOQUINOLINES FOR RADICAL CURE
IN VIVAX INFECTION

Drug Dosage

Primaquine base of | 15 mg dally fot 10-14 days | combined With standard treatment
n overt attack b

with chloroquine amodiaquine or
Pamaquine base 840 mg thrica datly for quintne It a Is in
10-14 days progress

Radical cure of vivax with may also be d

d -
H

b R - N

during latency with primaquiae alone—15 mg daily for 14 days ©

Patients takiog any of the 8 ammogumnolines shovld be under daly
superviston because of the of acute
1

Cyanoss, abdomunal pam, the passage of dark
urine, and maybe fever, are the warning signs

4 The dispensary patient

The drug or the treatment best adapted to the needs of the malana
Ppatient 1n hospital 18 not necessanly suitable for the dispensary outpatient
Dispensary patients report for fever, they will probably wish to return
home, and they may not be seen 2gam  Treatment must therefore be
sunple and safe , 1t must be effective 1n doses which can be taken at the time
of the wisit , and 1t must be cheap The single dose therapy possible with
some of the mewer drugs meets most of these demands The partial
immumty which many of these patients have, particularly m troprcal
countries, helps the chmeal response, and a cluucal cure, sometimes a
radical cure, may be expected The most usefel drugs are chloroquine
(Resochtn, Nivaquine, Aralen, or Avloclor), and amodiaqune Recom
mended doses are shown 1 table X
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TABLE X SINGLE DOSE THERAPY FOR DISPENSARY PATIENTS

Dosage (mg} and age (vears)
Dryg
adult over 12 612 36 -3 under 1
Chioroquine or 600 base | 450-600 50 200 225 233
Amodiaquine 600 base | 400-500 400 300 200 100150

Single dose treatment with proguaml has proved effective m certain
countries and good results have also been reported with pynmethapune
gwen 1 the same manner In view of the possibility of drug resistance
ansing with both proguaml and pyrimethamine, 1t seems wiser to reserve
these drugs exclusively for prophylaxis and P

Single doses of mepacrine sometimes fail, and single doses of quinine
usually fail These drugs are hence unswtable for single dose therapy
They should be used only when no other drugs are available and then
be given over several days The doses recommended for adults are shown

1n table X1

TABLE XI ADULT DOSAGE OF MEPACRINE AND QUININE
FOR DISPENSARY PATIENTS

First ose st dispensary 8 hours later Dally for the pext 3 daya

Mepacrine—400 mo 200 mg 500 mg (In one dose)
Quinine galt—1 009 1000
lnine sa 019 sy g (1S graing) 15001 b (23 grains) (In divided

5 After treatment

The primary aim of the treatment recommended for the sunple, the
grave, and the relapsing 1fection, 1s the speedy and safe cure of the attack,
with such permanence as 13 possible with modern drugs given at practical
dosage  Specific after treatment ensures that the patient 1s not mnfective
to mosquitos when he leaves hospital, and raises the odds of permanent cure

(a) Faleyparum infection

Radical cure 15 probable with any of the schizontocidal treatments
recommended for the acute atlack, but freedom from early relapses may
be further assured by a * follow up * regimen continuing for one month
at suppressive dosage chloroquine base—300 mg weekly, amodaquine
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hase—400 mg weekly , proguanil salt—100 mg datly , or pynmethamine—
25 mg weekly (See also secuon 3, (a))
In cases where it 15 considered desirable to stenilize the gametocy es,
specific after treatment 1s necessary, for the 4—ammo‘q|imohncs and sumiar
- — N

drug B n JRONRE
pam

for

treatment may begin when the temperature has fallen to normal or at the

end of p on the chimcal condiion of
the patient Delay 1s perhaps wise 1f the pahent has been senously ill, for
P Q) P q nothiog to recovery and the shight
hazard of early combined therapy serves no useful purpose

(B) Vivax infection

Suppressive after treatment which will give the patient an assured free-
dom from a recurrence of fever, at least for a time 1s recommended when
the attack has been treated with schizontocidal drugs alone  Suitable drugs
and doses are  pynmethamme—25 mg weekly , proguand salt—100 mg
daily, chloroquine base—300 mg weekly amodiaqune base—400 mg
weekly, or mepacrine—100 mg dady Suppressive therapy may conve
nuently begin ten days after the completion of treatment for the attack,
and continue for two months Whether suppresston for a longer period
1s justified must depend on the circumstances of the patent  {See also
section 3, (b) and {c) )

6 Blackwater fever

In the early stages of blackwater fever, malana parasites may be found
1n about half the cases but as haemolysis proceeds they often disappear
‘When parasites are demonstrable 1n the blood, chloroquine, progeanil, or
mepactine should be given at normal dosage 1f parasites are not found,
suppressive therapy should be maintained 1nto convalescence and a full
course given when the chimcal conditton of the patient Justifies it Quimne,
P q and are

The Symptomless Carrier

The malana carner who has no symptoms poses a varety of problems
for which chemotherapy today often has an appropnate answer, but the
answer may be determined more by circumstances than by the status of
the mdividual 1nfection  Broadly, three courses are open to cure the
mfection, to suppress1t, or to let 1t burn out*
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1 The latent vivax infection

Curative therapy 1s destrable 1f the patient 1s not exposed to re mnfection,
and 1f 1t 15 practical under the patrent’s particular conditions of life  Prima
qune—or, if this 1s b ble, p q hould be given at foll
dosage without a schuzontocide  The marginal toxicaty of these drugs and
the need for supervision are hmuting factors If curative treatment s
1nexpedient, suppression 13 the best alternative Pynmethamine, at a
dosage of 25 mg onee a week, 1s probably the best suppressive drug, con-
tinued for at least eight weeks 1t may sometimes result 1n suppressive cure
Sometimes these infecttons may be left to burn themselves out Most
physicians 1n the tropics have secen hughly refractory vivax infections which
resist all curative treatment  They have then to decrde whether to suppress
the ifections indefimtely, or to leave the patient to work out his own
salvation, protected only by schizontocidal treatment for late attacks

2 The “ blood positive ™ carrier

Curative therapy or suppression are the alternatives, with gametocyte
therapy 10 addition for * crescent ** cammers  Circumstances will decade the
appropnate course Curatwve therapy 1s indicated when re-mnfection is
uniikely

3 The patient with splemc enlargement

Parasites may or may not be demonstrable 1n the blood of the symptom-
Iess patient with an enlarged malarial spleen These patients are usually
semi-immunes 1n endemic areas  Suppressive therapy, efficiently applied
over a few months, will markedly reduce the size of most malartal spleens

Indiidnal Drug Prophylaxis

Stmple though the concept of malaria prevention by drugs may be, the
application of preventive therapy to the varied needs of the person exposed
to, or infected with, the malania parasite1s far from sumple  If an individual
wishes to live 1n a malarious country and reman healthy, he will ask to
be protected agamnst all forms of malana  He may wish for protection to
cover a short exposure, with protective therapy nicely timed to the pertod
of nisk, or for P during prol d exp ,1f infected,
he will ask to be cured, or at least protected from the climcal mamfestations
of mfection Most of these demands can be met by use of the drugs now

available
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1 General protection

The suppresston of symptoms ss perhaps the most useful climcal benefit
conferred by regular and prolonged admmsiranon of small doses of ant-
malanial drugs, but it 1s not the only benefit Some 1nfections are cured,
and with particular drugs some are eradicated before they reach the blood
stream  The term general protection 1s used here to 1nclude suppression,
suppressive cure, and causal prophyk The drugs used are
lsted m table XII Gaven at the dosage recommended these drugs are
efficient suppressives 1n all forms of malana , and, with the possible excep-
tion of quinine, they are alt ikely to cure falciparum infection withun about
a month Proguanil and pyrimethamune 1n addition will usually eradicate
falciparum infection at ats source m the fixed tissues None of these drugs
15 likely to eradicate vivax mfection with the possible exception of pyn-
methamine, which appears to have achieved suppressive Cure 1n some €ases
against a particular strain of parasite

TABLE XIl DOSAGE OF VARIDUS DRUGS FOR GENERAL PROTECTION

Dosage {mg) and age {years) 1
ong tntsrval
overte | 118 | 710 48 13 | under 1
Proguantl salt® or| dafly 100 100 i 50 50 2
Chioroquine bass | weekly 300 225 150 10 7 an
Amodiaguing
baso or weekly 40 300 200 33 100 -
Mepacrine ** or | dafly 100 i 50 2 - -
Pyrimethamine *or} weekly 2 ] (13 2 ] -
Quinine salt dally 500650 | 300-500 | 200250 | 130-200 | 130 65
@10 { (58 (2 graina)} (1 grain)
orains) | orains) | orains) | grans)

i ihen protection 1s required for o Wimited period arly drug administration should bo
£ontinued for ong week aftar the last day of exposure In the case of proguani and pyrimethamine
#nd for ona month In the co3e of all other drugs

* Contraindicated In areas o el
of theS gt eas where the preva ling malarla is known 1o be resistant to either

»* Beg nning 10 days before exposura to Infection With the other drugs isted It Is unneces
8217 10 bagin the Course earier fhus fhe frt da e other ruas fted 1t

Recommended only when other drugs are not avaflable

OF the drugs listed, proguaml 1s a causal prophylactic aganst falci-
Parum imfection, and 15 a good suppressive and an active sporontocide 1
all forms of malana, 1ts toucity 1s very low Its tendency to provoke
resistance has been discussed in chapter 4 (page 59) In parts of Altica
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the doses recommended 1n table XIT have proved wsufficient for chmcal
protection, and double this dosage may be necessary 1 such areas

Chlorog and diag are p ful supp and will
achueve suppressive cure 1 falciparum infection , thewr toxicity 1s low, and
they do not provoke drug resistance They are 1nactive aganst the pre
erythrocytic forms of P fufcsparum and have mo nhibitory effect on
sporogony

Mepacrine resembles chloroquine and amodiaquine 1n ats climeal range
but 1s somewhat less active and not entirely free from toxic side effects
Though a thoroughly rehable drug for climcal protection, 1t can no longer
be recommended when the more effective 4-aminoquinolines are avalable

Pyrimethamine has very much the same activity as proguamil, but 1n

dd: will achieve supp cure with certan strains of
P vivax , 1ts toxtcity 1s low  Its tendency to provoke reststance has been
discussed 1n chapter 4 (page 58)

Quintne, though 2 usefil drug for clincal protection and stlf fughly
regarded 1n some countries by persons of conservative habit, 1s less efficient
than the synthetic compounds mentioned above and can be recommended
only when these are not available Its mode of action resembles that of
the 4 quinol and of mep

2 Causal prophylaxis

With some of the modern drugs 1t 13 possible to eradicate malana
infections at their source in the fixed tissues, but the applcation, mn the
field and 1n hospital practice, of this radical form of prevention (the causal
prophylaxis of James) 15 restncted by specific differences 1n the parasites
and by the toxicity of some of the drugs The prospects in falciparum
malana are very good , 1 vivax malara they are poor, while i malanae
and ovale malana they are not fully known Proguand and pyrimethamme
given at the doses Iisted 1n table XIT are safe and highly efficient causal
prophyl 1 falap fatling only with strains which are
resistant to these drugs But all the drugs lsted are comparatively mert
agamnst thepre erythrocytic formus of P yivax, and causal prophylaxis n vivax
mfections has been attained only with the 8 aminoquinohaes, particularly
pamaquine and pnmaquine  Given at about the time of the mnfecting bite,
pamaquine and primaquine will erad f at the source, but the
tume of the mfecting bite 1s seldom known and both drugs are too touc

for prolonged admimistration

3 Toxcity of antimalarial drugs

Any drug which has to be taken over a long period must be free from
serous sideeffects At the dosage appropnate for prophylanss, proguant
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is non toxic, P! } piven y 1n doses of the order of
25 mg daly, has a revcrsxble depressive effect on the bone marrow, but
the dose d for prophylaxis 1s so ly small that the nsk

of toxic effects 13 remote , chlomqmne and amodiaquine carry no known
nsk of any consequence Mepacnne stains the skan and conjunctivac, and
sometimes causes a Lichenoid dermatitis, while psychases occurring dunng
suppressive adminstration have been reported Qmmnc has a wide margn
of safety, but causes More detailed
ioformation regarding the toxieity of individual compounds 1s given m
chapter 3 All 1n all, the risks of harmful side-effects from prophylaxis
based on these drugs are small, particularly when they are assessed 1n
the light of the benefits the drugs coafer Only with mepacrine and
quune are these effects ever Likely to discourage wide scale use

Collective Drag Prophylaxis

Malana 18 a reflects a b 1 hup between
malzana parasites, their human hosts, and the mosquxtos which bring them
together  Eliunate the mosquitos, or break their con(acl with man, and
malana disapp most large-scal it trol projects take advan-
tage of these facls Ehmmate lhe p:\msxtes, ot ml:mxpt their life-cycle at

.

[

stances 1t may be almost complete

1 Principles

S0 long as personal drug prop 15 to a few dual
ats effect on the malana of the commumty to which they belong will be
incidental and probably small But when personal prophylaxis 1s spread
50 widely as to become collecuve prophylaxis a new semes of effects,

4 and Jughly sigmficant for the 1o the
reduction or elimination of the sced bed from which the mosquitos denve
therr infection  Personal drug prophylaxts depends essentially on the 1nter-
tuption of the asexual cycles of the parasite, collective drug prophylaxis
briags into play an 1 action on and sporogony, with
an ml:n'upuon mn the tmnsmxssmu of m.l':cuon l‘o mosqmlos The factors
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Suppression by chloroquine

Effect on asexual bl Collateral effect
ood excle on gametocyre reservolr

{a) Suppressive cure of falciparum None at first, later, with cessation of at
nfection tacks, no further production

(4) Suppression of vivax and malarae Existing gametocytes destroyed , with cessa
infection tion of attacks Do further production

Causal prophylaxis and suppression by proguaml

Effect on asexual cycles Collateral effect
m blood and nissues on gamelocyle reservoir

(a) Prevention of falciparum safection No production

(%) Suppressive cure of eusting faly

parum infectron Sporogony inhsbited, with cessation of

attacks, no further production of game-

(c) Suppression of vivax and malanae tocytes
1afection
Since diaquine and mepactine h m therr effects,

whilst pynimethamne 1 most respects resembles proguan:l, these drugs
guven efficiently to every member of a closed commumty mught be expected
on theoretical grounds to arrest transmission completely, but practical
difficulties ot therr effect  Commumties are seldom 1solated from out-
side sources of infection, and the adminstration of any drug with unfathng
regularity to every member of a commumty 1s an exacting task The
collateral effects of collective drug prophylaxis on the transmssion of
fection will hence be related to the eptdemologrcal situation, and to the
proportion of the commumty under regular drug protection

2 Drugs and dosage

The continuous admunstration of a good schizontoaide to a whole
population, with dosage mtervals related to the potency and persistence of
the drug 1n the body, 1s theoretically the most effective method of colfective
drug prophylaxis Imtial “mass™ or “blanket™ therapy at a dosage
appropnate for acute attacks 1s sometimes recommended but 1s seldom
necessary  Other methods of admuustration~rntermttent *mass ™ or
« blanket * treatments at ntervals of weeks or months, and selective treat-
ments for parasite carriers—have usually been less successful - Collective
drug prophylaxis based on f i\ has been g [ly abandoned, but
the possibriities tm this field of the more active and less toxic § amino-
guinoline, prumagquine, have yet to be defined

For the y, as for the mdividual, the most suitable drugs are

1 chl 4 and pyr

prog ]! g P
Table XI1II summarnizes the dosage recommended



CLINICAL USE OF DRUGS 91

TABLE XIll. ADULT DOSAGE OF VARIOUS DRUGS
SED FOR COLLECTIVE PROPHYLAXIS*

Communities with little Immunity, | Communities In endermic
Prug armies In the feld, ete areas ©
Proguanit e &, or 100 mg ealt daily 200 mg salt twice n week or
300 myg salt once a wesk
Chlaroguine, or 300 mg base once a week 300 g base once In
12 weeks
Amodiaquine or 400 mg base once a week 490 fng base oncs In
12 weeks
Mepacrine or 100 mg daty 200 tng twice a week or
300 mg once a week
Pyrimethamine,s or 2% mg ofice a week 25 Mg once a week
Quinlne ¢ 630 mg (10 prains) dally 300 mg (5 grains) daily

* The doses for chlildren ara summarized In table Xl

s Contraindicated In areas whare the prevailing mataria Is known to be resistant to effher
of these drugs

o A dally dose of 200 mg has been found necessary In parts of Alrica

¢ Recommendad only when other drugs are not avarlable

3 Indications for collective drug prophylavis

The most successful and mdeed the only lasting methods of malana
control 1n stable commumties are those which depend on actio;
the insect vectors There 1s Lttle or no evidence that malun,

p! and ly

2 against
3 can be
by fmgs . Xfut osquito contro] 55

wons f
ntrol 1s the most successfu]
(a) that mosquito co form "[Pﬂ‘mauent
malana control ,

(b) that collective drug prophylaxis 1s always the m,
mobile groups operating 1n malarious country

Tre oarsxoa

ethod of ¢horce for

{d) that the apphication of collective drug Propiyhy "
lations 1s justified only when more permanent mﬂbm,,,, Stable pop
or disappointing practicabl
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Collective drug prophylaxis has important | It 15 Likely to be
successful only when the regulanty of admimstration can be assured, and
1t 15 Justified only when the malana cannot be controlled at comparable
trouble and expense by measures directed aganst the mosquito  Adeguate
supervision for the admuustration of drugs 1s possible only 1n populations
which are fauly concentrated and under some form of discipline, such as
arnues i the field, labour gangs operating 1n malarious country, or plan-
tation populations, and st 15 1 these groups that collective drug prophylaxs
achreves its most satisfymng results

The posstbilitses of collective drug prophylaxis in rural commumties are
less impressive It can seldom be efficrently applied and 15 beset with
admuustrative and other difficulties, 1t remams, however, the qurckest
method of bnogng an epidemic under temporary control

4 Control of epidemcs

Severe epdemyc malana demands quck action  many people are sick,
a few maybe are dying, and the immediate situation can be met by drugs
alone Collective drug prophylaxss, starting with a loading dose, has here
one of ils clearest mdications The drugs and doses recommended are
summarized 1n table XIV

TABLE XIV ADULT DOSAGE OF VARIOUS DRUGS

FOR THE CONTROL OF MALARIA
Immediate single doss Follow up continuous dossge
Chloroquine~500 mg base or Chloraquine—300 mg base wegkly or
Amodlaquine—800 mg base Amodiaquine~400 mg bass weekly or
. | Proguani *~100 mp salt dally or
If these drugs are not
avallablo, use” e Mepacrine—100 mg dally or
Mepactine—~400 mg Pytimethamine®~25 mg weekly

* Contraindicated In areas where the prevatiing malarla 1 known to he resistant to either
of thesa drugs

For individuals with fever at the time of examynation, a single dose of
chloroquine, amodiaquine of mepacrine 13 sometunes wnadequate, further
treatment with 300 mg daily for two days 1s desirable The persons
distributing the drugs should ensure that the full dose 13 swallowed and
washed down with a drnk of water This precaution, 2 wise one at afl
times m collective drug prophylaus, has a special importance dunng
cprdemics



CLINICAL USE OF DRUGS 93

When the maleria 1s under control, a reduction of the follow up
dosage of proguanil or mepacnine to 200 mg twice a week, or 300 mg once
2 week, may be considered Drug admimstration should continve for
at least one th—Iong enough for a supp of most falciparum
mfections  The likelihood of recrudescent vivax and malanae imnfections
occurnng some weeks after discontinumg the drugs should not be
forgotten

The emergency distnbution of drugs should not replace or delay other
and more lasting forms of control House-spraymg with residual 1nsect-
cides should begin at once, and steps be taken to ascertan the cause of
the eprdemic Whether drugs should or should not play any part m future
control pohcy must depend on the prevating conditions and available
resources
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ANNEX 1
SUMMARY OF SUGGESTED DOSAGE

Note  The doses suggested an thus summasy are for adults of
approumately 150 1b (70 kg) body-weight In gomeral they
should be ad}uncd accarding ta the usual rules for weight and
age  The dose: for and
in children are ngm in table X1f.

Treatment of chaical attack in nom mmune subjects

(1) Chloroquine diphotphate or sulfats 600 mg of bass, 300 mg 6 hours later;
300 mg dwly for pext 2 days, ox

(2 Amodiaqune dibydrochlonde dibydrate 600 mpg of base first day, 400 mg
daly for next 2 dayz, OR

) Mepacnne & hydrochlonde dihydsate 1,000 mg (5 doses of 200 mg) first day,
100 mg thnce dady for aext 6 days, ox

) Quume soifate of dbydroclonds  1,300-2.000 g (2030 pruay) daly for
57 day

Emergeacy treasment

{1y Quinoe dihydrochlande $50 mg (10 gramns) 4 pormal saline, glucost sabne,
or plasma, tnjected intravenausly very slowly (a0t more than G mg of galt per munate),
sepented an § bours of necessary , not mord than ¥ injections 1 24 haurs  Or adnums-
tered by intravenous dnp, at the rate of 2,000 mg {30 grans) 1 24 houry  Oral therapy
ay soon as posuble , o)

(2} Mepacnno methane fulfoaste  given intramusculasly in uingle doses oot exceed
g 300 me. total ta fisk 24 bours, 600900 mg - Oraf therspy 28 3000 48 possivle, on

g . . -

the romsossr raste, whieh 15 seneraly Ko be prefermed Orel thecspy 43 a00m a1
posuble

Radico] cure of vivax and makrioe infection

1) Pnmaquise dipbosphate 15 ;g of bass duily m etngle or dmded doses, for
14 days, remforced by standard treatment with & khwontocsdsl drug * if giren duning
sa acute -vuck or

Q 210 wg of base thrce daily

fac lo»u daya, retaforoed by mmm treatment with a schuoatocidal drug @ of pven
duning an #cute attack

* Mepasive shauld not be given concurrenrly with any of 1he S-amusoquinalise Sruss

— 97 —n
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Treatment of chmical attack wn sems Immune subjects

(1) Chloroquine diphosphate or sulfate 600 mg of base, single dose; or
(2) Amodiaqume dibydrochlonde dihydrate 600 mg of base, single dose, or
(3) Mepacrine dibydrochloride dihydrate 400 mg, 200 mg 4 hours later, 300 mg
daily for next 3 days, or
, 5(:1) Quinige sulfate or dihydrochlonde 1,000-1,500 mg (15 23 grains) datly for
-5 days

Prophylaxis and suppression *

(1) Chloroquine diphosphate or sulfate 300 mg of base once weekly, or

(2) Proguaml monohydrochlonde ** 100 mg daily,t or, for partially ymmune sub-
Jects, 300 mg once weekly , OR

(3) Amodiaquge dihydrachloride dibydrate 400 mg of base once weekly, oR

(4) Pynmethamme ** 25 mg once weekly, Ok

(5) Mepacnne dihydrochlonde dibydrate 100 mg daily, or, for partially immune
subjects, 300 mg once weekly Admunistration beginmng 10 days before exposure to
wnfection , OR

(6) Quinme sulfate or dibydrachlonde 650 mg (10 grams) daly Recommended
only when none of the above listed drugs vs available

+ The prophylactic remmen should be continved for one week after leaving an endemic
area where proguami or pynimethamine has been used and for one month 11 the case of other
rags

+ The use of proguaml or pynmethamine 15 contramdicated 1n areas where resistance ta
either of these drugs 1s known to exist

+ Inparts of Africa_this dosage has been found insufficient 10 Nigena, for instance  the
followinz scale has been recommended ~adults, 100-200 mg daily , childtén 0-1 year 50 mg
three to s umes weekly 13 years S0 mg daily, over 3 years 100 mg daily
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BASE-CONTENT OF TABLETS

Each 261 mg tablet of amodiaquine dibydrochloride dihydsate salt contains 200 mg
of base

Each 250-mg tablet of chloroquine diphosphate salt contams 150 mg of base

Each 500-mg tablet of chloroquine dsphosphate salt contatns 300 mg of base

Each 204-mg tablet of chloroquine sulfate salt contams 150 mg of base

Each 136 mg tablet of chloroquine sulfate contains 100 mg of base

Each 408 mg tablet of chloroquine sulfats contains 300 mg of basc

Each 100-mg tablet of mepacnine dihydrochlonde dihydrate contains 78 5 mg of
base
Each 360-mg ampoule of mepacrme methanesulfonate codtans the equivalent of
300 mg of mepacrine dihydrochlonde dibydrate

Fach 120-mg ampoule of mepacrine methanesulfonate contaios the equivalent of
100 mg of mepaceme dibydrochlonide dihydrate

Each 18mg tablet of pamaquine naphtboate 10-mg tablet of pamaquine
< bydrocklonde o1 9 mg tabfet of pamagune monshydrochisnds contaws Rmg of
base For practical purposes 2 maphthoate = 1 base = ! mano- or dibydrochlonde

Each 13 2 mg tablet of pnmaquine diphosphate contains 7 5 mg of base

Each 100-mg tablet of proguaml monobydrochlorido contsins 87 mg of base

Pynimethamine 13 prescribed in the form of base, nor as a salt
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PHYSICAL DATA REGARDING SALTS

Base- Jubil
Drug Salt comten | inbotiman | St
(%) (5 per 100 ml) | agueous solution
Quimne sulfato 8284 0125 stable
bisulfate 58-62 10 stable
dibydrochlonde 79-82 167 stable
hydrochlonde 81.83 3t stable
Chloroquine | diphosphate 62 at Jeast 100 [ stable
sulfato 65 333 stablo
hydrochloride 90 333 stable
Amodiaquine | dibydrochlorde 758 at feast 20 | uastablo
dihydrate
Mepacrine dihydrochlonde 785 25 unstable
dihydrate
dimethanesulfonate 655 333 stable but should
not be stored
for any length of
time
Proguami monchydrochlonde 86 1 stable
Pyrimethamune | base 100 msoluble _
Pamaquine naphthoate 45 nsoluble —_
monohydrochlande 895 at Jeast 20 | stable but should
be stored under
inert gas and in
the dark
Primaquine diphosphate 57 at east 100 | stablebutsomede-
composition may
take place on €3-
poture to a:r and
light
*le.200C

—_ 100 —
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SYNONYMS OF ANTIMALARIAL DRUGS

Amodiaquine Pamaguine
e mmgon
——y Gamefar

oqun Pamaquin
ﬁf:;"}“:"° Plasmochin
SN 10751 ;’:::::‘:‘”
SN
Chioroquine

* Araten Primaguine

* Avloclor SN 13272

+* Nivaquino B
Resochin Proguanil
Tanakan o
FARL Chlorguanide

Chlonguane
Diguanyl
Mepacrine Drnupal
A Guanatol
e Paludnne
‘Asbra Palum!
tabrioe Palon
Autnn M 4388
ey SN 12837
Atebnine
Chemlochin
Chunsenn Pyrimethamine
Clunscnine Darapna
Crinodora Marerate
Enon BW 3063
Haffkimno
Italchuna
Maineda Sontoguine
Methoquine Nivaquine A
Metoquina Nivaquine €
Metoquine Santochin
Palacnn Saanhu::e
Palusan Santact
Quinecnne SN 6911
SN 390 3038 RP

° Anlen 1nd Avioclor are chioroquine diphosphate
** Nivaquine B, or Nivaquune, it chloroquine sulfate
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Absorption and

of drugs, see
wnder specific drugs

Acndine  derivatives, see 9-Ammoacris
dines

Activity of drugs, see under specific drugs

Acute infection, simple, treatment, 7477

Admumstration of drugs, see under specific
drugs

After treatment, B4-85
faloparum mfection, 84
vivax lnfection, BS
Age and body-werght 1n dosage, 73
9-Aminoacridines, chemlcal structure, 18
See also Mepacrine
4-Aninoquinolines, actinty, 71
Chemucal structuse, 19
doxage, grave infection, 78
sunple acute infection, 74
bastorical aspects, 13
use in

for geoeral protection, 87, 88

in grave infection, 78, 80

1n simple acute infection, 74, 76

res.stance, 58

salts, physical data, 100

single-dase therapy for dispensary pa-
tients, 84

synonyms, 101

Antibiotics, antmalanal actmity, 23

Aatimalartal drugs, absorption and et~
pation, see under specific drugs
action on ife-cycle of parasite, 26-27, 70
actraty, See under specific drugs
admimstration, see under specific drugs
chemical structure, 1623
ehncal use, 69 93
concentration 1 body fuds, factors
affecting, 27 28
crossresistance, 64-65
histonical review, 10-14
2728

10fec.
uon, 81
See also Amodiaquine, Chloroquine,
Sontoquine
8-Aminoquinolines, activity, 71
chemucal structure, 17
for radical curo of vivax Infection, 82 83
bistorical aspects, 14
use in relapsing vivax Infection, 82
See also Pamaquine , Pnmaguine
Amodisguine, activity, 71
dminustraton, route, 80
1dvantages over mepacrine, 43
basecontent of tablets, 99
chemeal structure, 19
sage, suggested, summary, 5798
for coltective prophylaxis, 91
for emergency control of epidemics, 92

resistance, 3468, 73
spelling of names, 10
synopyms, 101
synthetic, evolution, 11
toxlsty, see under specific drugs
types forming basis of present-day
therapy, 7%
Asexul blood forms, see Erythrocyc
forms, ascrual
Ascxual panasitaemua, effect of quiame
3

Base of nalt, confusions In dosage, 73
Basecontent of tablets, 99
recommended use 1a exprening dosage,

n
Basic drugs for present-day therapy, Tt

- 119 —



120

Biguamdes, activity, 71
chemacal structure, 20
See also Proguaml
Brological approach to research, 23 31
Blackwater fever, malana parastes in
early stages, 85
Bady weight 2nd age m dosage, 73

Carmiers, symptomless, see Symptomless
carniers
Causal prophylaxs, 88
Chemrcal approach to research, 15-23
Chloroquine, 43-46
absorption and elimination, 44
activity 10 human malara, 43, 71
admustration, route, 78, 80
advantages over mepacring, 43
base-content of tablets, 99
chermcal structure, 19
contraindications, 44
dosage, suggested, summary, 97-98
estimation ta body fluds, 45-46
for collective prophylaxis, 91
for emergency control of epidemics, 92
for general protection, 87, 88
1 grave nfection, 77, 78, 80
i simple acute mfection, 74, 76
plasma concentrations durmg  treat
ment, 44
resitance, §7
salts 1n common use, 46
physical data, 100
single-dose therapy for dispensary pa-
tients, 84
synonyms, 101
toxieity, 44
Cinchona, historical aspects, 10
Cinchona alkaloids, chemucal structure, 16
See also Qunine
Cinchona mixtures, 36
Chnieal attack, pon unmune  subjects,
suggested dosage, 97
sems immune subjects, suggested dosage,
98

Clinteal cure, defithon, 9
Cluucal use of antimalaral drugs, 69 93

CHEMOTHERAPY OF MALARIA

Collective drug prophylaxts (continued)
prnciples, 92
Tole 1 control of epidemics, 92
Confustons of dosage, 72-74
Control of epidemucs, tole of collechive
drug prophylaxis, 92
Cross resistance between antimalarial
drugs, 64-65
Cure, defintion, 9
radical, malanae 1nfection, 97
vivax infection, 82 83, 97

Diamunopyrumidines, chemucal structuse,

21
See alsp Pynmethamine
Dispensary patents, mepacnine and qui-
mne dosage,
recommended treatment, 83 84
single dose therapy, 84
Dosage, age and body weight i, 73
confusions, 72 74
summary, 97-98
climeal attack, 97, 98
emergency treatment, 97
prophylaxis and suppression, 98
radical cure, vivax and malariae
nfections, 97
Drug resistance, 54 63
acqured by previous drug contact, 56
defintion, 55
I geographical strains, 56
natural, withun species, 55
nature, 67
ongin and mechansm, 65-66
range, 57
relation to confusions of dosage, 73
See also under specific drugs
Drugs, antimalanal, see Aatimalanal drugs

Emergency treatment, suggested dosage, 97
Epidemics, control, role of collective drug
prophylaxis, 92
Erythrocytic forms, asexual, drugs actng
on, 27, 32, 37, 39, 43, 47, 51
reustance to proguaml, 47, 59 60
forms, primary, see Pre-

Collective drug prop! 8993
dosage of various drugs, 90 92
ndscations, 91
Dbutations, 89

erythrocytic forms
resistance to proguanil, 59
secondary, drugs acting oo, 27, 37, 51



12
F.quzmm infeetron afer treatmeny 83 epacrne (mmhml)
n £ mpj Acute ynf, Cliog &
F""n"' e melana o, ofq Plasmy tration UG treatmaen,
4044
73739 ressages 57
e 2 4 o e 1
Fesistance 1 Progumng go . ’:7""7"":1 7;;" 0
Gametocytog, defautioy o wy:mim
Generat P’;’;“;"‘"“ S8 of angyy fetachlond,ne Bmical stpyeqype 0
Mcellanggy, - "898 antimaang
Crave infecy,, Ueatneqy 77,4, “:mmy 23 PO
Hitonca) .. Of antmagagyy drugs Naphthoquingge, Y agrtnge gy
1014 Plasmod,y 22

mmunyey factor effect
Recess y for Tescarch
4 aduap gy, Proshylans gg g9
Causaf g

for generay Protecton g,

on doape k4
on 29

#doefiects gy gy
Lapinong, hemical stryepypg 2
SUPPIESs ve aoge BB Vivay gy
fa 2y
Lifewcyeg, AR parssy 5y 2
100 of drygy gt 7 70
“Yelopment 1 4 stream gng g,
sucy
Loag np

dose Ueatmeny o acuge

MPlE fnfeetop 75

Malargy Panase o, Paragie

Malanae Infection Tadia cypy 97

Mepacrine 2942
2bsomptron 2nd ¢}
2oty i gy Talariy 39”5,

m;
ldmmulnnou foute 73 g5
ldvnnugu O,

Mination 40

Shemreqy Mcture 9,

Suggesteq Mmmary 97 g5
Austoricey pects 137y
€S stance g3
Rlts physicar daa oo
monyms 1o,
Parsue g e 2
TS Stance 1

7 70
Drug resistypes
ins ™

hrocyne forms
Mmoakeys fiver g 25
9rUgs acting o %374y g
D2quine 3y 59

2b%0muon 4ng limingnon 4
RSN 1y By Maling 37,
Tenr of tableyy k2]

chem cal Strucey, I8

mnlnmdm"onl k]
o Rdnal ey Of \ivay {nfectigy,



120

Riguanides, actwvity, 71
chemcal structure, 20
See also Proguanil
Biological approach to research, 23 31
Blackwater fever, malana parasites 1n
early stages, 85
Body-weight and age in dosage, 73

Carmiers, symptomless, see Symptomless
carriers
Causal prophylaus, 88
Chemical approach to research, 1523
Chlaroqume, 43-46
absorption and elimination, 44
activity m human malana, 43, 71
administration, route, 78, 80
advantages over mepacrine, 43
base content of tablets, 99
chemica) structure, 19
contraindications, 44
dosage, suggested, summary, 97-98
estimation 1 body fhuds, 45-46
for collective prophylaxis, 91
for emergency control of epidemics, 92
for general protection, 87, 88
m grave mfection, 77, 78, 80
m simple acute mfection, 74, 76
plasma concentrations during freat-
ment, 4
resistance, 57
salts 1 common use, 46
physical data, 100
single dose therapy for dispensaty pa-
tients, 84
synonyms, 101
toxicity, 44
Cinchona, historical aspects, 10
Cinchoua alkalowds, chemycal structure, 16
See also Quimine
Cinchona mixtures, 36
Climical attack, non-immune subjects,
suggested dosage, 97
semr immune subjects, suggested dosage,
93
Clinical cure, defimtion, 9
Chncal wse of antumalanal drugs, 69-93
Collective drug prophylaxis, 89 93
dosage of various drugs, 90 92
indications, 91
limitations, 89

CHEMOTHERAPY OF MALARIA

Collecttve drug prophylaxis (continued)
prnciples, 92
tole m control of eprdemuics, 92
Confustons of dosage, 72-74
Control of epidemucs, role of collective
drug prophylaxs, 92
Cross-tesstance between anymalanal
drugs, 64 65
Cure, definition, 9
radical, malanae ifection, 97
vivax fection, 82 83, 97

Diaminopyninudines, chemnucal structure,
21

See also Pyrimethamine
Dispensary patients, mepacnne and qui-
mine dosage, 84
recommended treatment, 83-84
single dose therapy, 84
Dosage, age and body weight in, 73
confusions, 72 74
summary, 97 98
chical attack, 97, 98
emergency treatment, 97
prophylaxis and suppression, 98
radical cure, vivax and malanae
mnfections, 97
Drug-resistance, 54 68
acquired by previous drug contact, 56
defimtion, 55
1 geographucal strams, 56
natural, within species, 55
nature, 67
ongm and mechanism, 65 66
range, 57
relation to confusions of dosage, 73
See also under specific drugs
Drugs, antimalanal, see Antimalanat drugs

Emergency treatment, suggested dosage, 9
Epidemcs, control, role of collective drug
prophytaxs, 92
Erythrocytie forms, asexual, drugs actng
on, 21, 32, 37, 39, 43, 47, 51
resistance to proguant, 47, 59 60
Excerythrocytic forms, primary, see Pre-
erythrocytc forms
resistance to proguaml, 59
secondary, drugs acting o, 2% 37, 51
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Single-dose therapy for dispensary pa-
teats, 84

Sontoquine, chemical structure, 19
histonical aspects, 13
synonyms, 101
Sparogome forms, drugs acting oo, 27
Sporontocide, defintion, 9
Straim of parasite, relation to dosage, 72
Sulfonamides, antumalanat activity, 19-20
See alse Metachlondine
Suppression, definstion, 9
suggested dosage, 98
Symptomless carmers, 85 86
0d splenic enfargerment, §6
“blood postive ™, 86
of latent vivax mfection, 86
Syaergsm, 29 30
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Synonyms of antmatarmal drugs, 101

Terms, definition, 9, 55
Therapeutic poticy, 70-71
Toxicity of drugs, see knder specific drugs

Treatment, grave 1nfection, 77-81
relapses, 81
simple acute infection, 74-77

Vivax infection, after-treatment, 85
radical cure, 82 83, 97
suppressive action of Lapinone on, 22

Weight-dosage, see Age and body-weight
1n dosage

Young's formula for body-werght dossge,
k]
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Pnmaquine (continued)
suggested, summary, 97-98
salts 1 common use, 39
physical data, 100
synonyms, 101
toxicity, 38
Proguanil, 46 51
absorption and ebmination, 49
actmty n human malaria, 47-49, 71
‘base-content of tablets, 95
chemucal structure, 21
comparison with quinine for treatment
of acute malana, 4
contraindications, 49
dosage, suggested, summary, 97.98
estimation tn body fuids, 49
evolution, 14
for collective prophylaxis, 91
for general protection, 87
plasma dunng sreatment,

CHEMOYBERAPY OF MALARIA

Pynmethamine (continzed)
Tesistance, 58
synonyms, 101
toxicity, 52, 89
Pynmudines, actvity, 21
chemical structure, 15
See also Pynmethzmine

Quumine, 32-37
absorption and elimination, 34
actvity 10 human malaria, 32, 71
and cinchona muxtures, 36
administration, route, 78-79
contraindications, 34
detectton 1 unoe, 36
dosage, suggested, summary, 97 98
effect an asexual parasitacnua, 33
effect on fever 1n acute malara, 33
for collective prophylaxs, 91
for patieats, 84

49, 50
Tesistance, 5% 64
development 1 schizogomc blood
forms, 47
prevenuon‘ 63
1ange,
Tate of development 60
recogmition,
spread under field conditions, 61
stabihity, 61
salts 1n common use, 50
physical data, 100
synonyms, 101
toxicity, 49
Prophylaxis, collective drug, see Collec-
tve drug prophylaxis
defimtion, 9
dosage of various drugs, 87, 90.92, 98
mdmvidual drug, tee Indvidval drug
prophylaxis
Pynmethamine, 51-53
absorpuion and ehmination, 53
activity 1 human malania, 51-52, 71
chemical structure, 21-22
contraindications, 52
dosage, suggested, summary, 97-98
effect on parasite rate, 51
effect on sporozone-rate, 52
for causal prophylaxis m falciparum
mfection, 88
for collective prophylaxis, 91
for general protection, 87, 88

for general protection, 87, 88

n grave infection, 77, 78

1n smple acute infection, 74, 76

1solatron, 11

plasma concentrations durng treatment,
35

resistance, 57
salts in common use, 37
physical data, 100
toucity, 34
Quinoline denivatives, see 4-Aminoquino-
limes , 8-Aminoquinoliacs

Radical cure, definstion, 9
malanae ifection, 97
vivax mfection, $2-83, 97

Recrudescing 1nfections, see Relapses

Relapses, causes, 81
treatment, faciparum 1afection, 81
vivax 1afection, 82

Research, biological approach, 23-31
chemical approach, 15-23
Resistance to antumalaral drugs, see Drug-
resistance

Salts of antmatanal drugs, physical data,
100

Schizontocides, defimeon, 9
Sexual forms, see Gametocytes






