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PLASMODIUM BERGHEI 
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SUMMARY 

There has been studied the comparative activity of some sulfonamide com­
pounds on one normal and one chloroquine-resistant strain of Plasmodium berghei. 
The 40-fold chloroquine-resistant strain proved to be clearly more sensitive to the 
sulfonamide compounds than the normal strain. The indexes of resistance, 
based on the ED 00 and ED90 ( doses reducing parasitemias in 50 and 90 per cent 
as compared with those of the untreated contrais) of both strains were consistently 
lower than O. 7, which shows that the resistant strain was hypersensitive to 
sulfonamide compounds. 

INTRODUCTION 

It has been demonslrated that chloroqui­
ne-resistant strains of P. berghei may exhibit 
marked cross-resistance to some compounds 
as quinine and its derivatives or may still 
show normal sensitivity to other aclive anti­
malarial drugs as pyrimethamine (JACOBS 3, 
PETERS ", HERRERO 2, HAWI{ING & GAMMA· 
CE 1 ) • As regards sulfonamide compounds, 
HAWKJNG & GAMMAGE 1 repórted that a chlo­
roquine-resislant strain of P. berghei proved. 
normally sensitive to sulfadiazine. PETERS 4 

observed that a chloroquine-resistant strain 
displayed some hypersensitivity towards sul­
fadiazine. More recently, RrCHARDS 6 de­
monstrated that no difference could be found 
between the optimum dose leveis of sulphor­
thomidine for normal anel chloroquine-resis­
tant strains of P. berghei. 

ln this paper the comparative action of 
some sulfonamide compounds on a normal 
anel a 40-fold chloroquine-resistant strain of 
P. berghei has been described. 

MATERIAL AND METHODS 

Drugs used 

The following drugs have been used: 

a) Chloroquine diphosphate 

b) 4-Sulfanilamido-2,6-dimethoxy-pyrimidin 
( Sulfadimethoxine) 

e) 4-Sulfanilamido-5,6-dimethoxy-pyrimidin 
( Sulformethoxine) 

d) 2-Sulfanilamido-pyrimidine (Sulfadiazi­
ne) 

e) Ro 4-8600 ( derivative of sulformetho­
xine) 

f) Ro 6: 1132 ( deriva tive of sulformetho­
xine) 

Inoculation oj ani'mals and counting oj 
parasites 

Albino mice weighing 18-20 g were em­
ployed. The normàl P. berghei strain has 
been kept in the laboratory for 8 years 
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through weekly hlood passages. ln the ex­
periments here descrihed the animais were 
inoculated with 10 7 infected red cells per 
20 g hy intraperitoneal route. 

The percentage of infected red cells was 
determined by counting 300-400 unselected 
cells in blood smears stained by May-Grün­
wald-Giemsa method, the number of red cells 
per cubic millimeter in the blood pool being 
determined by means of a Neubauer cham­
ber. 

Production o/ chloroquine resistance 

The method employd to induce chlo­
roquine resistance was based on Peters' 
observation (PETERS 4 ). Chloroquine was 
administered, by oral route, once a day 
for fo'ur consecutive days from the day 
after inoculation on. The mice were exami­
ned Ó~ the 6th or 7th day after ino­
culation and, when showing parasitemias 
higher than 3'%, were sacrificed and their 
hlood inoculated into normal mice. The first 
dose selected corresponded to the ED50 de­
termined for the normal strain. The other 
doses were gradually íncreased, two doses 
having been used in each experiment: the 
dose used in the previous treatment ( which 
had not been able to cleat the infected an­
imals) and a higher one. Jn each passage 
three groups of 5 animàls were u~d : the 
two groups treated with the differint dos­
ages of chloroquine and a control group 
inoculated with the sarne inoculum but left 
untreated. 

On lhe first experiments, whcn Lhe para­
sitemias after the chloroquine treatment were 
rather low, Lhe inoculum, as suggested hy 
PETERS 4, consisted of blood from both treat­
ed and untreated animais so that a suitablc 
number of parasites might be inoculated. 

Therapeutic activity o/ sulfonamides 

Albino mice weighing 18-20 g were ino­
culated, by intraperitoneal route, with 10 7 

red cells infecte d With the. strain resistant to 
150 mg/kg and then divided into five 
groups. Four groups ( of at least 5 animais 
each) were treated with different doses of 
the · sulfonamide compounds, the highest dose 
corresponding to the ED50 previously de­
termined fo,r. the • normal strain. A group of 

ten infected animals were taken as untreated 
controls. The drugs were administered by 
oral route, once a day, for four consecutive 
days, beginning on the day after inoculation. 

Other five groUps of albino mice were 
similarly infected with the normal strain and 
then treated with the sulfonamide com­
pounds according to the sarne schedule de­
scribed above. 

Determination of EDso and EDoo 

On the 5th day after inoculation smears 
were prepared and stained by May-Grün­
wald-Giemsa technique. The percentage of 
average parasitemia reduction in the treated 
animals as compared with the untreated con­
trols was then determined. The ED50 ( dose 
which reduces in 50% the parasitemia of the 
treated animais as compared with that o[ 
the untreated controls) was graghically de­
termined by plotting the data on probit-acti­
vity log-dose paper. The ED90 was simi­
larly determined. The ED5o and the EDno 
were determined by using data from at least 
two experiments. 

lndex o/ resistance 

This índex was determined as described 
hy PETERS 1 : 

ED5o or EDoo RC strain 
I.R. = 

ED5o or EDoo N strain 

RESULTS 

Chloroquine resi'.slance 

AfLer 15 passages and repeated lrealmenl. 
wiLh gradually increasing doses of chloro­
quine, for a period of 95 days, the normal 
strain developed marked resistance to this 
drug, parasitism heing not practically affect­
ed by such high doses as 150 and 200 
mg/kg, which corresponds, respectively, to 
30 and 40 times the normal ED50 (Fig. 1). 
The experiments with the sulfonamide com­
pounds were performed with the chloroqui­
ne-resistant strain from the 18th passage on, 
thas is, when the strain was already steadily 
resistant to doses up to 150 mg/kg. 

Some characteristics of chloroquine-resis­
tant strains previously described by other 
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Authors have also been detected in our 
strain. The mortality rate was significantly 
lower than that of the normal strain, the 
parasitemia progressed more slowly and 
pigment was found to be absent in the ery­
throcytic forms. 

Therapeutic activity of sulfonamides 

Table I shows the ED5o and the EDoo 
( obtained through the administration of five 
sulfonamide compounds) of mice infected 
with a chloroquine-resistant and a normal 
strain of P. berghei as well as the resistance 
indexes. On all experiments the chloroqui­
ne-resistant strain proved to be clearly more 
sensitive to the sulfonamide compounds than 
the normal strain, the index of resistance 
being a}ways < 1. 

DISCUSSION 

P. berghei may be rendered resistant to 
chloroquine hy using different methods as 
has heen shown by several Authors. HAw­
KlNG & GAMMAGE 1 used ethyl palmilate in-
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travenous rniection to supress phagocytic 
function, the inoculated animals heing then 
placed on a diet containing O. 005:% of chlo­
roquine. This way the P. berghei strain he­
came resistant to the maximum tolerated 
dose of chloroquine. PETERS 4 treated in­
fected mice with increasing doses of chlo­
roquine, parenterally, passages heing then 
performed when the parasite density had 
increased, at least, li% after treatment. 
After a period of 5 1/2 months the parasite 
resistance was fully developed and they could 
tolerate a higher dose of the drug than their 
hosts. JACOBS 3 used increasing oral doses 
of chloroquine and subsequent passages with 
the ,hlood of treated animais, resistance to 
the maximum tolerated dose being reached 
after the 11 th passage ( 77 da ys) . ln our 
experience a 10-fold resistance was reached 
after the 12th passage ( 70 days), the strain 
having achieved full resistance after the 15th 
passage ( 95 days) . By the time these experi­
ments were performed, the P. berghei strain 
was already resistant to the toxic dose of 
200 mg/kg. On account of the instahility 
of the chloroquine-resistance phenomenon 
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Fig, 1 - Number of passages and chloroquine doses employed to produce a 30-fold chloroquine­
resistant ~train of P.!.asmodium berghei. in the albino mouse 
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TABLE I 

ED,c,, ED"'' and resistance indexes determined ln mice infected with a chloroquine-resistant and a 
normal strain of P. berghei and treated with sulfonamide compounds 

Normal strain 
1 

Resistant strain 
Sulfonamide compounds I.R.,o I.R."° 

ED,0 ± 2s 
1 

EDun ± 2!-l 
1 

ED"° ± 2, 
1 

ED00 ± 2s 

- --- .... ···--· . ---- --

Sulformethoxine ........ 0.22 ± 0.02 1.15 ± 

Sulfadimethoxine ........ 0.50 1.45 ± 

Sulfadiazlne ............. 0.40 ± 0.15 0.95 ± 

Deriva tive of sulformetho-
xine (Ro 6-1132) ...... 0.47 ± 0.07 1.00 

Deriva tive of sulformetho-
xine (Ro 4-8600) ...... 0.45 ± 0.07 1.25 ± 

and of the possible event of the parasite 
)osing its resistance, the strain used in the 
present investigation was constantly sub­
rnitted to the action of 150 rng/kg of chlo­
roquine. 

As regards the sensitivity of P. berghei 
chloroquine-resistant strains to sulfonarnide 
cornpounds, some discrepancies have heen 
detected in the literature. According lo 
HAWKING & GAMMAGE 1 his resistant strain 
was normally sensitive to sulfadiazine. Ano­
ther strain of P. berghei, rendered highly 
resistant to chloroquine ( 60-fold) displayed 
some hypersensitivity Lowards sulfadiazine 
and diamino-diphenyl-sulfone (PETEHS "). 
On the other hand, fücHARDS 6 could see 
that no differénce existed hetween the opti­
rnum dose leveis of some sulfonamides 
against normal and chloroquine-resistant 
strains. More recently, THOMPSON 7 et al. 
could detect clear hypersensitivity to sulfa­
diazine and DDS in a P. berghei resistant 
strain. 

Our data show the chloroquine-resistant 
strain to he clearly hypersensitive to the 
tested sulfonarnide compounds, the "index of 
resistance" heing consistently lower than 0.7. 

It is difficult to account for the described 
discrepancies regarding the action of sulfo­
narnides. Differences in the criteria employ­
ed hy the various Authors are not so signi­
ficant as to explain the Jack of agreernent. 
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-

0.34 0.15 0.70 ± 0.01 0.7 0.6 

0.07 0.30 0.85 ± 0.1 0.6 0.7 

i 
\_ 

0.07 0.18 ± 0.07 0.60 ± 0.1 0.4 0.6 

0.7 

0.23 ± 0.07 0.48 ± 0.07 0.5 0.5 
---·----- --~--.--

0.27 ± 0.1 0.52 ± 0.03 0.6 0.4 

Despite WARHURST & KILLICK-KENDRICK's 8 

description of the spontaneous resistance of 
a newly isolated strain of Plasmodium ber­
ghei yoelii to chloroquine, no evidence of 
sensitivity heing affected hy the numher of 
hlood passages in lahoratory has so far been 
given {PETERS "). The degree of chloroqui­
ne-resistance does not seem to be lhe rnain 
factor responsible for the difference in behav­
iour of the resistant strains in the presence 
of sulfonamides. ln fact, THOMPSON et al. 7 

have detected hypersensitivity in strains 
apparently less resistant to chloroquine than 
those ernployed by PETERS 4 and by us. lt 
should, however, be emphasized that the ex­
periíuents clealing with this particular aspect 
of the chemotherapy of malaria have bee11 
carried out under different laboratory con­
dilions, which rnay explain some of the men­
tioned discrepancies. 

RESUMO 

Atividade terapêutica de algumas 
sulfonamidas em amostras de Plasrnodium 
berghei normais e resistentes à cloroquina 

A atividade terapêutica de algumas sulfo­
namidas foi estudada comparativamente em 
camundongos experimentalmente inoculados 
com urna cepa normal e uma cepa cloroqui: 
na-resistente . de Plasmodium berghei. Fo-
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ram calculados, com ambas as cepas, o ED,, 0 

e o ED9o, isto é, as doses que reduzem, res­
pectivamente, de 50% e de 90% as parasi­
temias dos animais tratados em relação aos 
contrôles. Os índices de resistência IR, cal­
culados através da relação entre o ED50 ou 
ED9o da cepa resistente e os da cepa nor­
mal, foram sempre menores que 0,7 o que 
traduz hipersensibilidade da cepa cloroquina­
resistente às diferentes sulfonamidas. 
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