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Summary

K1 strain of Plasmdoium falciparum is resistant in wvitro to chloroquine, pyrimethamine and sulfadoxine. Response
of this strain to combinations of antimalarial drugs in the iz vitro hypoxanthine incorporation test was coupled
with that of a line of strain NF54 relatively sensitive to chloroquine and fully sensitive to other antimalarials.
Pyrimethamine and sulfadoxine showed potentiative synergism against NF54 and less marked against K1.

Erythromycin and chloroquine showed potentiation, but less marked against NF54. Quinine and clindamycin
had an additive effect against NF54 but potentiated against K1. Combinations of chloroquine with quinine or
amodiaquine or of amodiaquine with clindamycin or erythromycin showed mild antagonistic or additive effects.

In vivo studies in mice, using the 4-day suppressive test, the AS3CQ) clone of Plasmodium chabaudi was
resistant to pyrimethamine and chloroquine but sensitive to sulfadoxine. Similar combinations as above were
carried out and their responses were compared between the resistant and sensitive strains. For both strains, the
combinations of chloroquine-erythromycin, pyrimethamine-sulfadoxine, quinine-clindamycin showed potentiation;
antagonistic effects were observed in chloroquine-amodiaquine combinations whereas when amodiaquine combined
with erythromycin the effect was additivee. Amodiaquine-clindamycin and chloroquine-quinine combinations
have an antagonistic effect against the sensitive strain but additive against the resistant strain.
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Introduction sulfadoxine-pyrimethamine has been reported widely in
Thailand®, Indonesia, Papua New Guinea, China and
Pakistan”® Brazil’, Venezuela’, Africa!l®. Quinine

resistance has been reported from Solomon Islands!!,

Multi-drug resistant Plasmodium falciparum infection
is prevalent and increasing in many parts of the world'.

Payne? has documented resistance of Plasmodium
Jalciparum to chloroquine in most countries where
there is transmission. Resistance of pre-erythrocytic
stage to pyrimethamine has been reported® while
Lemnge and Inambao? and Kremsner er a/° have
observed resistance to amodiaquine. Resistance to
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Zambia'?, Ghana'?, Malawi'¥, Cameron, Guinea and

Senegal'>'¢17, Resistance to mefloquine has been
g

reported in Thailand'®", Tanzania® and West Africa®'.

In view of those problems, it is important to monitor
as accurately as possible the susceptibility of the
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parasites to various drugs, singly and in combinations,
both those used previously and currently which are
likely to be introduced shortly.

The present work reports herein methods, both in
vitro, using Plasmodium falciparum (chloroquine
sensitive and resistant) and 7z wvivo with Plasmodium
chabaudi (chloroquine sensitive and resistant) and their
results compared.

Materials and Methods

In vifro assay

Four strains of Plasmodium falciparum were used. The
chloroquine-sensitive strains were Dutch (NF54)* and
Honduras®. The other two chloroquine-resistant strains
were Tanzanian (EAT/LON/1/G30)%* and Thailand
(K1)%.

Several antimalarial drugs were tested singly as well as
in combinations. The single drugs were chloroquine,
mefloquine, halofantrine, qinghaosu, amodiaquine,
quinine, pyrimethamine, sulfadoxine, erythromycin,
clindamycin. The combinations were chloroquine-
quinine, chloroquine-amodiaquine, pyrimethamine-
sulfadoxine, chloroquine-erythromycin, amodiaquine-
erythromycin, amodiaquine-clindamycin and quinine-
clindamycin.

The sensitivity of single drug experiment was carried
out against the four strains of Plasmodium falciparum
above whereas the combination studies were tested

against NF54 and K1 only.

Single drug experiment

The drugs were dissolved in the respective solvents and
each drug was kept as a stock solution at 10?M and
. stored at -20°C until use.

Determination of 50% inhibition was carried out using
‘the regression of probit percentage inhibition on log-
run concentration response curve.

Drug combination experiment

Seven drug combinations were tested as described
previously. Preparation of drug mixtures were based on
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the predetermined 50% inhibition concentration (IC50)
values of each drug to be combined as described above.
Two drugs were combined in a fixed ratios (1:0, %, : '/,
Uy o Yy Yg o2 3, 0 1). The effect of the combination
was evaluated by mean of an isobologram below:
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RATIO (DRUG A : DRUG B)

An isobologram to determine the dynamics
of combined drug action in vivo/vitro

The values of the percentage inhibitions were not
converted to probit but used untransformed. As
illustrated the individual percentage inhibition values
of each drug pair were plotted on the graph and
connected by a line. A simple additive effect (obtained
95% Confidence Limits) would result in the
experimental points falling along or near the broken
line. Synergism would be indicated by points fall above
the line. If the drugs were antagonistic, the points fall
between the line and the origin.

In vivo assay

Five male random bred TO mice of 6-8 weeks old
and 20-25g weight were used in each treatment group.
The 4-day suppressive test’® was employed on
Edinburgh Stabilate 317 (chloroquine sensitive) and
AS(3CQ) being chloroquine resistant” of Plasmodium
chabaudi.

The mice received an intravenous inoculum size of
approximately 107 infected donor erythrocytes on Day
0 (Do). Drugs in distilled water or suspended in
Tween 80 were administered intraperitoneally or
subcutaneously in equal daily doses for 4 consecutive
days, i.e. on Day 0 ( Day of Infection), 1, 2, and 3.
Parasite levels were estimated in Giemsa stained thin
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films from tail blood on Day 4 (D4). The percentage
inhibition of parasitaemia seen in individual mouse as
a result of the drug activity was then scored. The drug
doses were converted to logarithmic values and the
inhibition percentages were changed to probit. Drug-
dose activity curves could then be drawn to calculate

their 50% effective doses (ED50).

Similarly the test was used in the combination studies.
The two drugs were administered separately. Each drug
dose was based on its ED50 values and the two drugs
were combined in a fixed ratios as in the case of in
vitro experiments. However on Day 4 the percentage

inhibitions produced by each combination was
determined from the percentage of parasitised cells
(combination groups) to the percentage of the
controlled parasitised cells. The effect of the
combination was also evaluated by means of an
isobologram.

Results
A. Single drug experiment

The in vitro and in vivo activities of antimalarial and
antibiotics against their respective strains of parasites
are shown in the tables.

, Table |
50% inhibitory concentration (IC50) of antimalarial drugs and antibiotics on 2 originally
chloroquine-sensitive strains of Plasmodium falciparum in viiro

Strain - IC50um + SE (N)

Drug
Dutch (NF54) Honduras (H1)
Chloroquine 0.183 £ 0.040 (4) 0.037 £ 0.006 ()
Mefloquine 0.022 + 0.009 (6) 0.088 + 0.006 (4)

Halofantrine

Qinghaosu

Amodiaquine

Quinine 0.13 £
Pyrimethamine 0.245 +
Sulfadoxine | 1171 +
Clindamycin 80.3 £
Erythromycin 58.8 +

0.005 + 0.002 (4)
0.009 + 0.002 (5)

0.025 + 0.007 (4)

0.009 + 0.003 (¢)
0.028 + 0.006 (3)

0.032 £ 0.001 (4)

0.03 [4) 0.664 + 0.02 (4)
0.06 (4) 340 + 0.98 (4)
50.0 (4) 328.0 + 2015 (4)
34.5 (4) 2640 + 25.1 [4)
17.2 (4 932 + 500 (4)

(N = Number of experiment] ; (SE = Standard Error)
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Table i
50% inhibitory concentration (IC50) of antimalarial drugs and antibiotics on 2
chloroquine-resistant strains of Plasmodium falciparum in vitro

Strain - IC50um + SE (N)

Drug

Tanzanian Thai (K1)
Chloroquine 0.465 + 0.09 (8) 0.534 + 0.04 (¢)
Mefloquine 0.060 £+ 0.03 (8) 0.012 + 0.003 (5)
Halofantrine 0.010 + 0.002 (6) ‘ 0.004 + 0.001 (4)
Qinghaosu 0.037 + 0.002 (4) 0.014 £ 0.001 (4)
Amodiaquine 0.038 + 0.003 (4) 0.018 + 0.002 (6]
Quinine 0.423 £+ 0.143 (8) 0.228 + 0.035 (4)
Pyrimethamine 1.93 + 1.02 (¢) 47.8 £ 7.63 (¢)
Sulfadoxine 266.0 + 16.95 (4) 548.0 + 151.5 (6)
Clindamycin 354.0 + 166.0 (4) 288.0 + 2.47 (4)
Erythromycin 156.0 + 76.5 (4) 1120 £+ 6.7 (4)
N = Number of experiment) ; (SE = Standard Error)

Table 1lI

50% effective dose (ED50) of antimalarial drugs and antibiotics against the sensitive and
resistant strains of Plasmodium chabaudi in mice

Effective dose (ED50%) mgkg' + SE

Drug

Sensitive strain Resistant strain

(ES 317) AS(3CQ)

Chloroguine 128 + 021 203 + 051
Mefloquine 234 + 0.17 151 £ 005
Halofantrine 0.63 + 0.05 0.17 £ 0.04
Amodiaquine ' 241 + 0.2 242 £ 007
Quinine 38.48 £ 3.45 3797 + 135
Pyrimethamine 0.20 £ 0.001 047 + 0.05
Sulfadoxine : 0.05 + 0.005 0.02 + 0.001
Clindamycin 1.57 £ 0.02 1.32 £ 0.041
Erythromycin1 12,65 £ 11.21 148.20 + 12.48

[SE = Standard Error)
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B. Combination experiment

Table IV

Effect of individual in vitro combination studies

Drug combination

Parasite Strain

Sensitive Resistant
Dutch (NF54) Thai (K1)

Chloroquine - Quinine ANTAGONISM ADDITIVE
Clindamycin - Quinine SYNERGISM SYNERGISM
Pyrimethamine - Sulfadoxine SYNERGISM SYNERGISM
Chloroquine - Amodiaquine ANTAGONISM ANTAGONISM
Chloroquine - Erythromycin SYNERGISM SYNERGISM
Amodiaquine - Erythromycin ADDITIVE ADDITIVE
Amodiaquine - Clindamycin ANTAGONISM ADDITIVE

Table V

Effect of individual in vitro combination studies
Parasite Strain
Drug
Sensitive Resistant
Dutch (NF54) Thai (K1)

Chloroquine - Quinine ADDITIVE ANTAGONISM
Clindamycin - - Quinine ADDITIVE SYNERGISM
Pyrimethamine - Sulfadoxine SYNERGISM SYNERGISM
Chloroquine - Amodiaquine - ANTAGONISM ANTAGONISM
Chloroquine - Erythromycin SYNERGISM SYNERGISM
Amodiaquine - Erythromycin ADDITIVE ADDITIVE
Amodiaquine - Clindamycin ADDITIVE

ANTAGONISM

Discussion

Single Drug Experiment
A. in vitro

The experiment confirms that H1 and NF54 were
sensitive to chloroquine while K1 and Tanzanian were
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resistant. However, the difference in results between
strains against chloroquine as indicated by I1C50’s of
H1 (0.0365 pm) and NF54 (0.183 pm), as both were
originally chloroquine sensitive, may be due to the
number of passages i vitro undergone by the parasite™
line cultures at the time of experiment. Experiments
on NF54 strain were carried out after more passages
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than HI. Cultures which had been passaged in vitro
for longer time were reported by Le Bras er a/*® as
being more resistant to chloroquine. The sensitivity of
the strains tested here to newer drugs such as
mefloquine, ginghaosu and halofantrine support the
potentials of these drugs for treatment of chloroquine-
resistant malaria. Amodiaquine still remains the drug
of choice for treatment of chloroquine-resistant malaria.
Its IC50 values for all the strains could be considered
equally effective as any of the newer drugs.

In this experiment the antibiotic clindamycin and
erythromycin gave higher IC50 values than the other
drugs which would appear to indicate their ineffective
antimalarial activity. Clindamycin had a slow blood
schizontocidal activity”* and it has been demonstrated
to have significant antiparasitic effects at concentrations
near those observed during therapy in vive’'.

Sulfadoxine was relatively ineffective against all the
strains tested. The lower effect of the drug could be
due to the medium used for the test®? as RPMI medium
contained as high concentration of p-aminobenzoic acid

(PABA) that competed with the drug.

B. in vivo

The sensitivity of both strains of parasites to
amodiaquine, quinine and clindamycin confirms the
usefullness of these drugs in treating chloroquine-
resistant strain. Also it shows that the two newer drugs,
mefloquine and halofantrine, were very active on the
resistant strain. The AS(3CQ) strain was resistant to
pyrimethamine with an ED50 of 0.47mgkg™.
Apparently this strain was made resistant to
pyrimethamine before making it resistant to
chloroquine. Both antibiotics, clindamycin and
erythromycin, showed different effect. Clindamycin was
more effective against the resistant parasites than
erythromycin. Erythromycin seemed to be less effective
against both strains and Warhurst ez 2/** showed that
erythromycin given alone was not very effective against
Plasmodium berghei infection in mice. Unlike the in
vitro studies, sulfadoxine was very effective against the
resistant strain. Sulfadoxine interferes with the use of
PABA by. the parasites and resistance of parasites to

these agents be due to an increased production of
PABA by the parasites.
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Combination Drug Experiment

A. In vitro

Therapy with combination of drugs is warranted for
the avoidance of emergence of drug-resistant organism,
and to lessen adverse reactions by using smaller doses
of each individual drug. Tables I and II show that
both pyrimethamine and sulfadoxine when used alone
were not very effective but showed potentiative
synergistic action when both of them were combined
together in witro (Table IV). Each drug seemed to
stimulate the activity of the other. Synergism occured
since one drug competed with PABA (sulfadoxine) and
the other drug inhibited dihydrofolate acid reductase
(pyrimethamine). '

Strains NF54 and K1 of Plasmodium falciparum were
less sensitive to clindamycin and erythromycin. The
early interest in the antimalarial properties of antibiotic
slowed down as the compounds were slow acting®.

Erythromycin.given alone is not very effective but in
combination with chloroquine shows potentiative
synergism with chloroquine against Plasmodium berghei
- chloroquine resistant strains®. Later on, Warhurst*
suggested the possible effect of chloroquine was to
increase mitochondrial membrane permeability and
increase its sensitivity to erythromycin. Gershon and
Howells® showed the same results when chloroquine
- erythromycin combination acted against Plasmodium
Jalciparum in vitro.

Clindamycin -itself is relatively ineffective against

- Plasmodium falciparum but the antibiotic showed

potentiative synergism when combined with quinine.
This was seen against the resistant strain K1 but effects
against the sensitive strain (NF54) were additive (Table
IV). Miller ez a/®, Clyde et a/* and Hall et a/?
found the use of quinine and clindamycin a suitable
therapy for multiresistant Plasmodium falciparum.

The combination of chloroquine with other
antimalarials such as quinine or amodiaquine was
additive (Table IV) against NF54 or antagonistic for
K1. Each drug seemed to lower the efficacy of the
other. The suggestion that quinine following
chloroquine -resistant strains showed up an antagonistic
effect was made by Hall”’. Unlike chloroquine,
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amodiaquine failed to produce any synergistic effect
when combined with erythromycin. Instead they were
all additive as shown in Table IV for both NF54 and
K1. The same result for K1 was obtained when
amodiaquine was combined with clindamycin but
antagonism was shown for NF54.

In vivo

Combination therapy may be used to obtain increased
antimalarial activity as compared with a single drug.
The combination of a dihydrofolate reductase (DHFR)
inhibitor and a sulphonamide is an example. Both
agents inhibit folic acid synthesis and when used
together greatly enhanced the activity of either
compound alone. This synergistic combination of
sulfadoxine and pyrimethamine is the most widely used
combination of a DHFR inhibitor and a
sulphonamide.

Erythromycin alone was less effective but observed to
potentiate the action of chloroquine against the two
strains of parasite tested as seen in Table IV.
Erythromycin is considered to act on bacterial and
mitochondrial ribosomes®™. The mechanism is thought
to be
membrane® in particular on mitochondrial membrane.
A raised chloroquine concentration inside the malaria
parasite might increase the permeability of the
mitochondrial membrane to erythromycin.

The combination of clindamycin-quinine showed a
marked potentiation on both sensitive and resistant

strains of Plasmodium berghei (Table 1V). The possible
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