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During the last three decade rapid strides have been made in the field
of chemotherapy against viral, bacterial, prowzoal and metazoal infections.
The development of sulpha group of drugs, penicillin and other antibiotics,
PAS, isonicotinic hydrazide, the sulphones etc. against bacterial infections are
indeed noteworthy. Same applies to preparations like the 4-aminoquinolines
(chloroquine, amodiaquin), the biguanides (proguanil) and pyrimethamine
(Daraprim) etc. which are highly effective against different stages of the
malaria parasites. The synthesis of piperazine compounds against helminthic
infection has also widened the horizon of chemotherapy.

Along with thes~ developments, a disturbing phenomenon like drug
resistance in some organisms is becoming more and more evident. Although,
such resistance in bacteria has b~en known from as early a 1887 (Kossiakoff
1887 as quoted by Work & Work 1c)4H), the subject had not come to the
forefront till the recognition that some pathogenic bacteria could easily be
come resistant to sulphonamides (Maclean et al 1939). Further, on the wake
of the epoch making discoveries like' penicillin and streptomycin, sensational
observations were made that strains of bacteria formerly highly susceptible
to these preparations became rapidly resistant to them ( braham et al 1946 ;
Miller and Brohnhoff 1946).

\t ith regards to antimalarials, significant drug resistance had not been
reported in respect of quinine, mepacrine or pamaquin. \tVith the discovery
of proguanil, with its remarkable potentialitie. the drug came into extensive
use throughout the world. But disillusion followed so::m after the findings of
Bishop and Birkett (1947) that a strain of P. g:J.llinaceu n became rapidly resis
tant to it.. Similar report were published by other workers in respect of
P. cynomolgi (Hawking and Perry 1948, Schmidt et al IQ49). Meanwhile
reports were available from Malava that a strain of P. falciparum which was
highly susceptible in [947 to a snfall a dose as 100 mg. of proguanil, needed
many times the dose for effective clearance (Field and Edeson [949, Edeson
and Field [950). Cooper, Coatney and Imboden ([950) were also able to
demonstrate (in a series of case experimentally inoculated) a thousand fold
resistance to proguanil in a strain of P. vivax (Chesson strain). Similar evi
dence was also forthcoming from certain parts in India where proguanil had
been in use for some years (Gilroy [950, Chaudhuri 1951).

In view of these finding, it became increasingly apparent that systematic
studies should be undertaken on this aspect, more so as several other svnthetic
preparations had been introduced in the field of chemotherapy ofma!~ria.

The present report record the findings of experimental investigations
undertaken at the Malaria Institute of India for well over even years. The
compounds used for such studies were sulphadiazine, proguanil, pyrimetha
mine, primaquine and chloroquine against avian, rodent and simian
malaria.
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General. The first tep taken during these investigation was to determine
the degree of sensitivity Of the parent strains of plasmodia. The minimum
effective dose of each compound formed the base line for quantitative deter
minations of the degree of re istance. In avian malaria class I effect of
Shannon* (Wiseloggle 1946) and in rodent and simian malarias both Class I
and Class II effect were u ed in determining M. E. D. ubsequently the
parent strain wa passaged by serie of blood inoculations while keeping the
animal under continuous treatment with different compound. The initial
do e was invariably low. and quite often lower than the M. E. D. ome
time the same dose was repeated during many of the subsequent passages
and wherever there was any sign of development of resi tance to the drug,
a "check te t" was carried out. This measure was taken during the final
stage in each case and evidence of cross resistance to other drugs was al 0

determined. Jn avian malaria, tests were carried out to elicit the evidence
of any uch resistance in the pre· erythrocytic stage of. the pIa modium.

Plasmodia and Hosts. P. gallinaceum was used in chicks and fowls. or-
mall)' the infection was blood induced. For studie on reaction to the pre
erythro~ytic forms to a particular drug, the infection was transmitted by
laboratory bred aedes aegypti.

A strain of P. berghei wa used in albino mice and rat from colonies
maintained sinc_e 1952 at the Institute.

The simian para ites included F. kllowlesi, two different trains, one
originally isolated by Sinton and Mulligan (t932) and the other uri train
(Jaswan t ingh, Ray and air 1953 and Edeson and Davey 1953), P. cynomolgi
isolated by Sinton and Mulligan (1932 loc cit) in M. mulatto mulaua known as
rhe us monkeys of Northern India.

Inoculum. In all ca es, the dose of infective inoculum was standardised, 0.5
million parasitized red cells per gm. of the body weight of chicks in respect of
P. gallinaceum (Jaswant ingh, Ba u and Ray 1952), 1 million for P. berghei
in mice (Krishnaswami, Satya Prakash and Ramakrishnan 1954) and 5
million per .kg. in re pect of the imian strains (Jaswant Singh et al 1951).

The parasite densities were determined by calculations based on total
erythlocyte count and parasite count in thin films tained with J. . B. stain
(Ja want ingh and Bhattatha:-jee 1944). For the latter, Ehrlichs' eye piece
was used.

Crushed salivary gland from ~o infected aedes acgypti in 0.25 c.C of
physiological saline were inoculated to each fowl for studies on the pre
erythrocytic forms.

Drug administration and passaging. Against the avian pIa modium in chicb,
a fine suspension of chloroquine was administered twice a d~y by mouth [or
4 days commencing with a dose ofo.05 mg. per 50 gm. of the body weight of
the chick, ( 4. E. D. being 0.06 [5 mg). As a rule, in this serie of investigation

• Class I effect of ha/lnon.-Deceleration in the course of parasitaemia; the criterion of
activity being reduction in the parasite count to .25 per cent or less as compared to the un
treated group.

Class II eifect ofShanno!l.-Clearan~e.of pa.rasites from the peripheral circulatio:l by the
day following the la t dose of drug admmlstratlOn.

t Check test.-C9mparative study on the d("gr~e of p~rasitaemia in the pa:ent and s~b
strains, wherein the animals with the former. stram recel.ve the M. E. D. whde those With
lalter arl" trC'ated with (he maximum dose allamed at the lime of the lest.
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the same dose was repeated several times during each passage (sometimes uptp
20) before increasing the dose.

I n respect of P. berghei, the initial dose of sulphadiazine was 1.5 mg. per
20 gm. of the body weight of albino mice (6.0 mg. being the M. E.D.). In
the original P. knowlesi strain in monkeys the initial dose was o. I mg. of
proguanil (0.02 being the M. E. D.), and 0.00001 mg./kg. of pyrimethamine
M. E. D. for class II effect being 0.05 mg./kg.) in respect of the nuri strain.
The studies are still being continued. The dose of pyrimethamine
was 0.001 mg. (M. E. D. for class II effect being 1.0 mg./kg.)
in respect of P. cynomolgi. In another set of studies, the nuri strain of
P. knowlesi was also exposed to primaquin for long periods.

OBSER VATIONS

For convenience, the results have been serialised according to the
antimalarials used. The general impression gathered was that resistance
developed in the various plasmodia to compounds like sulphadiazine,
proguanil, and pyrimethamine was of a high order, fairly rapid, and the
procedure had been comparatively easy. Per contra such resistance came up
very slowly and after repeated passages often 10 to 20 times under each
schedule particularly in respect of chloroquine and primaquine, of the 4
aminoquinoline and 8-aminoquinoline series respectively. Of necessity the
procedure had been arduous in these series of investigations.

Sulphadiazine. As compared to the parent strain of P. berghei in mice, the
sub-strain was found to have developed 750 fold resistance for class II effect
after the strain was passaged 39 times during a period of 18 months. The
sub-strain was identical to the parent strain in morphology and pathogenicity
to mice and rats. The resistant character remained unaltered during 53
subsequent passages without any exposure to the drug. The sulpha resistant
sub-strain was found to b!equally sensitive to pyrimethamine as compared to
the parent strain (Krishnaswami, Satya Prakash and Ramakrishuan 1954).
Further, it was observed that the sub-strain was indifferent to PABA (presence
or absence) in the balanced diet or exclusively milk diet on which the mice
were fed (Jaswant Singh, Ramakrishnan et al J 954).

Proguanil. The degree of resistance to proguanil developed in a sub-strain
of P. knowlesi was found to be 2400 fold as compared to the parent strain.
The M. E. D. of the parent strain had previously been established to be 0.02 mg.
kg. fqr class II effect. Progressive shortening of the latent period after
treatment in each sub-passage was considered to be an early sign of the
development of resistance. This sub-strain was also found to be highly
refractory to pyrimethamine (1600 fold) and bromoguanide but not so to •
sulphadiazine, M 3349 (proguanil precursor) or to chloroquine. The sub-strain
retained Its character at least up to 8 months without exposure to any drug
(Jaswant Singh, Ray et al 1952). Subsequently 'check tests' were carried out
repeatedly and even after 5 years the strain had been found to be refractory
to high Closes of proguanil (Misra et al in press.)

Pyrimethamine. Avian Plasmodium. Normally a dose of I mg./kg. effectively
cleared the parasites from the peripheral circulation but parasitaemia became
evident after a lapse of 7 to 10 days. A strain of P. gallinaceum in fowls was
exposed to pyrimethamine, with an initial dose of I mg./kg. The dose was
gradually increased after each sub-passage till it was observed that even 15
mg./kg. was not effective. The period taken for development of resistance was
4 months. The resistant sub-strain was then passaged through aedes aegypti to



ACQUIRED RESISTANCE I PLASMODIA TO ANTIMALARIALS

healthy fowls which were then treated with 0.3 mg.Jkg. of pyrimethamine admi
nistered twice a day for 4 days. Although this dose had been found to be effective
against the pre-erythrocytic forms of the parent strain in previous experiments
(Ja'swant Singh, Basu and Ray 1952 loc cit), in the present series patent
parasitaemia developed on the 7th day in all fowls in spite of treatment, thus
demonstrating that resistance to pyrimethamine developed. at the erythrocytic
phase, also persisted in its pre-erythrocytic phase (Jaswant Singh,
Ramakrishnan et al 195"2).

Simian Malaria. P. knowlesi. After 73 passages, a strain of P. knowlesi (Nuri)
was found to have developed 20 x 105 fold resistanC'! for class I effect when
exposed to increasing doses of pyrimethamine for a period of 40 weeks. The
same strain was 400 fold resistant to pyrimethamine for class II effect. Further,
it was observed that it was highly refractory to proguanil bromoguanide and
their active metabolites. On the contrary the sensitivity was retained in respect
of 4-aminoquinolines, pamaquine, mepacrine, quinine and M 3349, similar to
the parent strain. The resistance was observed even after withdrawal of the
drug for a period of two and a half months by which time the sub-strain was
passaged 24 times. There was no variation on the periodicity, morphology
or virulence. (Jaswant Singh, Nair and Ray 1954).

P. cynomolgi. Similarly a strain of P. cynomolgi was. found to have deve
loped fairly high degree of resistance. Against the parent strain the M. E. D.
for cla s II effect was observed to be 0.8 mg.Jkg. A dose of o. I mg.Jkg.
effected deceleration in the course of parasiteamia (class I effect) in most
cases. After continued exposure to increasing doses of the drug during the
course of 12 pas ages, it was established that even a dose of 22.5 mg./kg. was
ineffective in clearing parasitaemia. At this dosage usually the animals died
on account of toxic effects of the drug. The sub-strain was highly refractory
to proguanil, bromoguanide and the active metabolites but not to M 3349,
sulphadiazine and chloroquine (Jaswant Singh, air et al 1953).

Aminoquiholines. The M. E. D. of chloroquine diphosphate was determined
to be 0.0615 mg. per 50 gm: body weight of chick against P. gallinaceum: The
strain was subsequently exposed to the drug continuously for a period of nearly
a year. After 57 passages there was an indication of 2 fold resistance to the
drug which was confirmed by the 'check test'. The initial dose was o.Oj mg.
However, it was found necessary to continue the same dose in several pas
sages before an increase was made. Further, the dosage schedule was raised
very carefully as often there was indication of completely losing the strain
under abruptly high dosage. After about 35 more passages, it was possible
to increase the resistance to 3 fold (Ray and Sharma 1956; Ray, Sharma and
Misra 1956). Further studies are'being continued. The essential feature of
this series of studies was that the development of resistance was extremely
slow and time consuming unlike that experienced in respect of proguanil or
pyrimethamine.

Aminoquinolines. Similar studies are in progress in respect of primaquine
against P. knowlesi(nuri strain). During a period of about 18 months, there
is an indica·tion that the sub-strain has developed 8-fold resistance (un
published) .

DISCUSSION

Davenport and Neal (1895) were perhaps the first to demonstrate the
phenomenon of drug resistance in protozoal infection when they ob erved that
concentrations of mercuric chloride or quinine which were' originally toxic to

•
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various organi m , were ineffective against them after they were exposed to
the drug in suh-Iethal concentr<:lliions. Subsequently Ehrlich (1909) reported
that trypanosomes exposed to a small dose of trypano omocidal drugs became
ultimately refractory to them. Further, Yorke, et at (193'2) had shown thai
trypanosomes which became resistant to one aromatic arsenical were refrac
tory to others, that is, cro s resistant. Observations were also made on the
phenomenon of resistance demonstrable after several cyclical developments in
the insect host (Murgatroyd and Yorke 1937).

Recent findings by various workers, mentioned earlier, indicated that
train of plasmodia were liable to develop similar resIstance to everal anti·

malarial drugs. The present investigations carried out at this Institute con
firm these observations and throw further light on the subject.

The essential features observed are that most of the plasmodia develop
resistance quickly to certain .groups of compounds like proguanil and pyri
methamine. Once such resistance is developed, it persi ts indefinitely even
after 'withdrawal of the drug exposure. I t is also retained even after mos
quito passage. Further, the resi tant strain is also cross re istant to drugs of
somewhat similar composition as well as to their metabolites, as have been
demon trated in these inve'tigations. However, the sub-strains are as sensitive
as the parent strain against drugs of the 4 or 8 aminoquinoline, mepacrine,
proguanil precursor (M 3349), sulphadiazine (in respect of P. knowtesi) or
quinine.

On the other hand, although, it is pos ible to demonstrate the similar
resistance phenomenon in plasmodia to drugs of the 4-aminoquinolines like
chloroquine or 8-aminoquinolines like primaquine, it is built up extremely
slowly and after prolonged and continuous exposure for many month.
Similar findings were reported by Knopper (( 948) in respect of quinine.

The significance ot thi is at. once obvious. Since proguanil, bromo·
guanide, their metabolites and pyrimethamine are likely to give rise to
resistant strains (actually in some case they have), and that the sub-strains
are also cross resistant to thcse groups of drugs, indiscriminate or prolonged use
of these compounds should be avoided as far as pos ible. Further, in an
area where there is evidence of such use of these antimalarials all overt cases
should be treated wi~h drugs like quinine or 4-aminoquinolines. Mepacrine
should best be avoided in view of the possibility of certain untoward side
symptoms like toxic p ycho is in a few susceptible cases.

As to the mechanism of drug resi tance in malaria, opirllon seem to be
divided. In the absence of definite knowledge, therefore, the subject is still
in the realm of speculation. According to most workers on the subject of
drug resistance, the changes could occur essentially under two circumstances,
variation by adaptation and variation by selection. The former is usually
known as physiological or enzyme adaptation and considerable amount of
work has been undertaken in that direction, particularly in the field of
bacterial chemotherapy. Work and Work (1948) consider that since "many
drugs act by interference with enzyme system, it is rea onable to assume that
drug resistance may be acquired by alteration of the enzymic constitution of
the cell". This observation may have some bearing to antimalarial drugs.
Many of these compounds are known to effect the metabolism of the parasite.
Most antimalarial preparations seem to inhibit adeno ine or adenosine
containing enzyme system, and mepacrine is considered to be the best antago·
ni t of adenosine (Findlay 1951). Falco et at (1949) consider that pyrimidi
nes like proguanil and pyrimethamine are strong inhibitors of pteroylglutamic
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acid and purines. The alteration in the enzyme constitution can happen
in several way as indicated by Work & Work (194810c cit) :

(I) Increased production of an essential metabolite or drug antagonist.

(2) Development of a non-sensitive alternative pathway for the synthe i
or degradation of an e, ential metabolite.

(3) Development of the capacity to detoxicate a drug either by conJuga
tion or by oxidative destruotion.

The examples of drug antagonisms are many, like reduction of the effec
tive concentration of PABA available to the cell by sulphonamides.
Kahn and Harris (1942) demon trated that a strain of Escherichia coli could be
"trained" to grow in media containing increasing amounts of sulphonamide
and less and less of methionine and u'ltimately in the absence of methionine.
Since it appears that methionine synthesis is inhibited by sulphonamides, it
may be assumed that the strain had evolved a method for synthesis of
methionine by a separate route or learnt to do without it. This is an example
of developing an alternative metabolic pathway. As to the capacity of an
organism to detoxicate a drug, it may be said that some penicillin-resistant
organisms (like staphylococci) are able to produce large quantities of penicil
linase (Kirby 1944) and that penicillinase can destroy penicillin (Abraham
and Chain 1940).

However, it should be noted that such physiological adaptation induced
by altered environment would affect all the organisms exposed to such con
dition and, since the new characteristics would be non-inheritable, resistance
devoloped should, of neces ity be of temporary nature. But in view of the
present ob ervation like maintenance of the resistant character in the plasmodia
for years, the theory of physiological adaptation does not eem to have a firm
foothold.

On this i sue one may conjecture that possibly the changes are due to
mutation. On the ba is of this, Covell et al (1955) have indicated that be-
ides phy iological adaptation the other factors could possibly be:

(I) Spontaneous' mutation

(2) Induced mutation

(3) Clonal variation.

If the resistance is built up on the theory of mutation, one would expect
that by selection pressure the genetically, resistant cells would eventually
dominate the picture, and the phenomenon should be of lasting nature (as is
the case in the drug resistant strains of plasmodia). However, it should be
borne in mind that under such circumstances the resistance developed should
come up very suddenly unlike the way it happens with most of the antimala
rials. If, on the other hand, the process involved is clonal variation with
selection, it would have perhaps answered most of the difficulties, as the re is
tance developed would occur rather smoothly, as a continuous process and
would be of a permanent nature. However, there is one drawback in the
acceptance of this theory. Drugs like proguanil or pyrimethamine to which
plasmodia become resistant quickly, belong to the same group which normally
act by interference with the division of nuclear chromatin.

It i , therefore, apparent that our present day knowledge is of frgamentary
nature 'and therefore, further investigations arc indicated on the nature of
metabolism of the plasmodia, the precise mode of drug action and genetic
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studies of malaria parasites even though it may offer some challenge to the
workers. Pari pasu the parasite cytology and cytochemical studies should
also be undertaken to unravel many of the mysteries hitherto unsolved.
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