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Potentiation of Activity of Diaphenylsulfone
and Pyrimethamine against Plasmodium gallinaceum

and Plasnmodium cynomolgi bastianeihi*
P. C. BASU,' N. N. SINGH2 & NAUNIHAL SINGH 3

In view of the fact that diaphenylsulfone has been shown to have low schizontocidal
activity against Plasmodium gallinaceum and to lead to resistance in strains of P. cyno-
molgi, investigations were undertaken into the joint action of diaphenylsulfone andpyrime-
thamine against P. gallinaceum in chicks and P. cynomolgi bastianellii in monkeys. These
drugs were assayed separately and in various combinations. It wasfound that at certain dose
levels combination of the two drugs led to potentiation of their plasmocidal activity. On the
other hand, this synergistic effect was not noted with combinations containing lower dosages
ofeither drug; with these, a simple additive effect occurred. The authors suggest that the two
drugs probably act on the same metabolic pathway but that their points of attack may be
different. They note also that there was a difference in the response of P. gallinaceum in
chicks and of P. cynomolgi bastianellii in monkeys to the combined use of the two drugs.

The development of chemotherapy of infectious
diseases has been accompanied by an increasing
number of reports on cases of drug-resistance. To
meet this problem it has been suggested that along
with the synthesis of new drugs, existing chemicals
should be evaluated for their potentiating properties.

Rollo (1955) and Hurly (1959) reported potentia-
tion of pyrimethamine by sulfadiazine against
avian and human malaria respectively.

Diaphenylsulfone4 has been shown to possess low
schizontocidal activity against Plasmodium gallina-
ceum, and to be less active than sulfadiazine against
P. cynomolgi. Diaphenylsulfone, however, has been
found to be superior to sulfadiazine in P. knowlesi
infection as well as in human malaria (P. falciparum)
(Archibald & Ross, 1960; Ramakrishnan et al.,
1962; Basu et al., 1962). A diaphenylsulfone-
resistant strain of P. cynomolgi did not show any
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cross-resistance to pyrimethamine, although it was
cross-resistant to sulfadiazine (Ramakrishnan et al.,
1962), indicating a mode of action similar to that of
sulfadiazine. Further, diaphenylsulfone, like sul-
fadiazine, is antagonized by para-aminobenzoic acid
and folic acid (unpublished data of Malaria Institute
of India, 1962).

Investigations have been undertaken to study
the joint action of diaphenylsulfone and pyrimetha-
mine against P. gallinaceum in chicks 5 and P. cyno-
molgi bastianellii 6 in Macaca mulatta monkeys. The
results of these studies are presented in this paper.

MATERIAL AND METHODS

P. gallinaceum
Seven- to nine-day-old chicks (Rhode Island Red)

were inoculated intravenously with 0.5 x 106 parasi-
tized cells per gram of body-weight. The chicks were
hatched in the laboratory, fed on standard diet, and
kept at a temperature between 30°C and 32.2°C.
The inoculated birds were then chosen at random

' The strain of P. gallinaceum is the same as that used by
Jaswant Singh, Basu & Ray (1952).

' Strain of P. cynomolgi bastianelli obtained through the
courtesy of Professor P. C. C. Garnham, London, and
maintained at this Institute in M. mulatta monkeys by blood
inoculation since 1961.
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for treatment with different dosages of drugs as
stated below. The antimalarial drugs were given
twice a day, orally. The first dose was given about
four hours after inoculation and a total of seven
doses was given over three-and-a-half days.

Infection was assessed on the fourth day after
inoculation. Two blood smears were prepared from
each of the experimental and control birds. The
stained smears were examined by two persons
independently.

P. cynomolgi bastianellii
Monkeys each weighing 2-4.5 kg were inoculated

intravenously with 5 x 106 parasitized cells per
kilogram of body-weight. Treatment commenced
when the erythrocyte infection was 0.1 %-0.2%.
The antimalarials were administered orally, once a
day, and the treatment continued for seven days.
Infection was assessed by daily examination of blood
smears from the experimental as well as the control
animals during the treatment and on the day follow-
ing the completion of the treatment.

Design ofthe experimentandbiometric analysis ofdata
For P. gallinaceum infections different dosages of

diaphenylsulfone 1 and pyrimethamine 2 were pre-
pared in water as suspension. The range of dosages
for each drug was selected (based on available data)
to achieve a reduction of about 10% and 90% cell
infection. Within this range three to four concentra-
tions of the drugs were selected at equal logarithmic
intervals.
Groups of birds were treated with the two drugs

separately and in a number of combinations.
Attempts were made to keep two to five birds on
each treatment regimen. The experimental birds
were serially numbered and allotted to different
regimens at random. A relatively large number of
birds (nine) was observed as a control group.
There was some mortality among the birds during the
period of experiment and it disturbed the equality in
allotment. The readings, however, in each dose
regimen represented the average values ofa minimum
of two birds and a maximum of five birds.
The factorial design with scalar dosage was used to

study precisely the different types, if any, of joint
action of different dosage combinations. For
enumeration of parasitized cells, 104 red blood cells
were examined in each slide.

Aviosulfon, tablets of 0.1 g.
'Daraprim, tablets of 25 mg.

For P. cynomolgi bastianellii infections, the number
of monkeys on the different dosage regimens varied
from two to five. The criterion of successful treat-
ment was complete disappearance of parasites in all
the animals on any dose regimen on the day follow-
ing the completion of treatment. The minimum
effective dose of diaphenylsulfone and pyrimetha-
mine thus determined provided the starting-point for
the combination of the two drugs. Combinations,
therefore, always contained doses of each drug that
were lower than the minimum effective dose of either
drug.

In the tests carried out against P. gallinaceum, the
results of the parasite count in the two smears by
two different persons were pooled and expressed as
the number of parasites per 2 x 104 red blood cells.
Geometric means were used to estimate the mean
parasite density (MPD) in each dose regimen.
The response index (RI) was worked out as the

ratio of MPD in the treated to the corresponding
value observed in the control birds. The response
index thus obtained was converted to probit for
purposes of drawing the probit/log-dose-regression
lines. These regression lines in the majority of cases
were found to be straight lines. From the regression
lines ED85 and ED50 values (effective doses that give
85% and 50% reductions in parasite density when
compared with the density in the controls) were
estimated by graphic interpolation for each of the
two drugs separately and in various combinations.
The ED85 and ED50 thus estimated were used to
prepare bolograms to determine the nature of the
joint action of the two drugs (Gaddum, 1952).

Bolograms were also prepared for the study of the
joint action of the drugs against P. cynomolgi. For
this purpose a series of doses lower than the mini-
mum effective doses of either drug which gave
complete clearance of parasite was used.

RESULTS

The results of the blood examination of treated
and untreated birds infected with P. gallinaceum are
given in Table 1.
The mean parasite density was as high as 13 000

in the control series, whereas in the treated groups
the values were low in many of the combinations
used. The mean parasite density, however, was
comparable to the control values where the combina-
tions involved very small doses of each drug. The
drug response index suggested a correlation between
the dosages and the response. Therefore, the data
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TABLE I
PARASITE DENSITIESIAND RESPONSE INDICES IN P. GALLINACEUM-INFECTED CHICKS TREATED

WITH VARIOUS DOSAGES.OF DIAPHENYLSULFONE AND PYRIMETHAMINE SINGLY AND IN COMBINATION
ALONG WITH THE UNTREATED CONTROLS

Diaphenyl- Pyrimethamine (mg_50 g)
sulfone Index a

(ms/50 I) 0.0015 0.00075 0.000375 0.0001875 0.00009375 | Nil

12.8 MPD 1.0 1.0 36.3 1.7 60.5

RI 0.008 0.008 0.279 0.013 0.465

6.4 MPD 1.7 2.0 33.0 1 500

RI 0.013 0.015 0.254 11.5

3.2 MPD 3.3 35.8 383 5 380 7 570

RI 0.025 0.275 2.95 41.403 58.2

1.6 MPD 3.7 70.3 792 6 440 7 960 12 000

RI 0.028 0.541 6.09 49.5 61.2 92.3

0.8 MPD 8590 10900 12100 14600

RI 66.1 83.8 93.1 112

Nil MPD 1 040 9140 9 763 94 900 13 400 13000

| RI 8.00 70.3 75.1 | 103 (control without
~~ I drugs)

a MPD = mean parasite density per bird per 2 x 10' erythrocytes.
MPDT

RI = response index = MPDC x 100 (the more effective the treatment, the lower the "response index "), where MPDT =
mean parasite density per bird per 2 x 104 red blood cells In treated group, and MPDC = mean parasite density per bird per
2 x 10' red blood cells In control.

of the response index, after appropriate conversions,
were plotted on a graph (Fig. 1).
From the probit/log-dose curve (Fig. 1) the ED50

and ED85 values in respect of diaphenylsulfone and
pyrimethamine singly and in combination were esti-
mated (Table 2). The ED85 and ED50 of diaphenyl-
sulfone singly were 5.9 mg/50 g and 3.5 mg/50 g
respectively. Similar values for pyrimethamine were
0.00126 mg/50 g and 0.00076 mg/50 g respective-
ly. To obtain an 85% response, the dose com-
binations of the two drugs were lower in five dose
regimens than the dose required for the same response
by any one of the drugs used singly. With a dia-
phenysulfone dose of 0.8 mg/50 g, the dose of pyrime-
thamine required to produce 85% response was the
same as when pyrimethamine was used alone. The
dose combinations were also lower at the ED50 level
for all six combinations. In no case was the ED50
or ED85 found to be higher than the corresponding
equipotent dosage of the two parent compounds

tried alone. This suggested that the drugs did not
show antagonistic action when used as mixture.
Two bolograms (Fig. 2 and 3) also supported the

above conclusion. Further, these bolograms indicated
potentiation of the two drugs when used in the
mixture. In the most effective dose combinations of
the two drugs, evaluated at ED85, the effective
combinations which required the smallest dose of
either drug were found to be diaphenylsulfone 1.4
mg/50 g + pyrimethamine 0.00032 mg/50 g. The
isobols for these dosages were found to be close to
the origin of the bologram. However, the magnitude
of potentiation was relatively lower at ED,50 than
ED85 (Fig. 3). The shape of the bologram indicated
that when the proportion of any one drug was
reduced the type of joint action gradually changed
from potentiatidn to addition.
The above observation of the joint action of

diaphenylsulfone and pyrimethamine was found to
be tenable also in the tests carried out against
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FIG. 1. RELATION BETWEEN DRUG DOSE AND RESPONSE INDEX IN P. GALLINACEUM INFECTION IN CHICKS

8

7

6

i-
0
a.

4

3

2.31

0 1 2 3 4 5 6
Log 105 mg/50 g WHO 3304

FIG.-2. EDss OF PYRIMETHAMINE AND DIAPHENYLSULFONE ADMINISTERED SINGLY OR IN COMBINATION
TO CHICKS INFECTED WITH P. GALLINACEUM
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FIG. 3
EDso OF PYRIMETHAMINE AND DIAPHENYLSULFONE

ADMINISTERED SINGLY OR IN COMBINATION
TO CHICKS INFECTED WITH P. GALLINACEUM

ANTAGONISM
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ED5o OF DIAPHENYLSUL FONE (mg/50 g)

P. cynomolgi bastianellii in monkeys. The minimum
effective doses of diaphenylsulfone and pyrimetha-
mine were found to be 0.15 mg/kg and 0.05 mg/kg
respectively (Table 3). The dosages lower than the
minimum effective dose of the two drugs combined
showed high potentiation (Table 3 and Fig. 4).
The effective combination attained by the smallest

dose of either drug was found to be diaphenylsulfone

TABLE 2
ED8s AND ED50 VALUES IN RESPECT OF

DIAPHENYLSULFONE AND PYRIMETHAMINE SINGLY
AND IN COMBINATION IN P. GALLINACEUM INFECTION

Dose (mg/50 g) EDs ED50

Dosages of
diaphenylsulfone (mg/50 g)

Diaphenylsulfone alone 5.9 3.5

Diaphenylsulfone + 0.00009
pyrimethamine 4.4 2.2

Diaphenylsulfone + 0.0001875
pyrimethamine 2.3 1.4

Diaphenylsulfone + 0.000375
pyrimethamine 1.4 0.9

Dosages of
pyrimethamine (mg/50 g)

Pyrimethamine + 3.2
diaphenylsulfone 0.00014 0.00009

Pyrimethamine + 1.6
diaphenylsulfone 0.00032 0.00020

Pyrimethamine + 0.8
diaphenylsulfone 0.00126 0.00050

Pyrimethamine alone 0.00126 0.00076

0.0025 mg/kg + pyrimethamine 0.001 mg/kg. The
isobol for this dosage was found to be very close to
the origin of the bologram. The clearance of
parasites was, however, quicker with diaphenyl-
sulfone 0.05 mg/kg + pyrimethamine 0.002 mg/kg
than with the other dosage schedules.

DISCUSSION

The bologram method of interpretation of results
was suitable for the present study, which was

intended to explore the joint action of diaphenyl-
sulfone and pyrimethamine. The bolograms illustrate
a potentiation of the two drugs at certain dose levels.
With certain dosages, only additive action was

noted. This was observed in two instances in
P. gallinaceum infection; one when the proportion
was diaphenylsulfone 3.2 mg/50 g and pyrimetha-
mine 0.00009 mg/50 g, and the other with 0.8
mg/50 g and 0.00126 mg/50 g respectively (Fig. 2
and 3).
The strong potentiation between pyrimethamine

and sulfadiazine is probably due to the two drugs
acting on different points on the same metabolic
pathway (Rollo, 1955). It has been further suggested
that an additive effect occurs when the drugs act
at the same point or upon different pathways. The
action of both sulfadiazine and pyrimethamine has
been found to be competitively antagonized by either
para-aminobenzoic acid or folic acid and no cross-
resistance between pyrimethamine and sulfadiazine
has been found in P. gailinaceum infection (Rollo,
1955). Similarly, the action of diaphenylsulfone is
antagonized by para-aminobenzoic acid and folic
acid (unpublished reports of the Malaria Institute of
India) and there is no cross-resistance between
diaphenylsulfone and pyrimethamine (Ramakrishnan
et al., 1962). Therefore, diaphenylsulfone and
pyrimethamine probably acted on the same meta-
bolic pathway but the points of attack might be
different.

Similar potentiation between sulfadiazine and
pyrimethamine has been shown in human malaria
(Hurly, 1959). According to Basu et al. (1962) small
doses of diaphenylsulfone combined with a small
dose of pyrimethamine (100 mg and 50 mg of the
former and 12.5 mg of the latter) proved adequate
for treatment of both P. falciparum and P. vivax
infections and indicated probable potentiation.

In chicks, the dosages of diaphenylsulfone (5.9
mg/50 g, i.e., 118 mg/kg) required for the control of
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TABLE 3. RESPONSE IN P. CYNOMOLGI BASTIANELLII INFECTION TO DIAPHENYLSULFONE AND PYRIMETHAMINE
SINGLY AND IN COMBINATION

Drug dosages (mg/kg for 7 days) No. of animals No. of animalsNo. of animals showing showing Parasite clearance
used clearance persistence (hours) a

Diaphenylsulfone Pyrimethamine ________________ of parasite of parasite ____________opatopri

0.5 1 1 Nil 120

0.25 2 2 Nil 96 120

0.05 5 5 Nil 120 144
(4) (1)

0.025 5 4 1 120 144
(1) (3)

0.5 Nil 4 4 Nil 96 144 168
(1) (2) (1)

0.25 Nil 5 5 Nil 120 144 168
(2) (2) (1)

0.15 Nil 5 5 Nil 120 144 168
(2) (1) (2)

0.05 Nil 2 2 2 -

0.05 0.02 2 2 Nil 168 168

0.005 0.02 2 2 Nil 144 144

0.075 0.025 2 2 Nil 168 168

0.005 0.002 2 2 Nil 144 144

0.05 I 0.002 2 2 Nil 120 96

0.0025 0.001 1 1 Nil 144

0.00125 0.0005 3 1 2 168

a Figures in parentheses indicate the numbers of animals.

FIG. 4. JOINT ACTION OF DIAPHENYLSULFONE AND PYRIMETHAMINE AGAINST P. CYNOMOLGI BASTIANELLII
INFECTION IN MONKEYS

0.05 -V ANTAGONISM

c.0.04
r

z

0.03
LU OZ

80.02,(9 *,WC>' () 0. 0
a.
w~~~~~~~~~~~~~~~~~~~~

~0.02 0 0

IL

U-

LU0.01

0 0.02 0.04 0.06 0.08 0.10
EFFECTIVE DOSE OF DIAPHENYLSULFONE (mg/kg)

0.12 0.14 -
woO 3307



DIAPHENYLSULFONE PLUS PYRIMETHAMINE AGAINST PLASMODIA 705

P. gallinaceum were found to be much higher than
those required in monkeys for the control of
P. cynomolgi bastianelli infection (0.5 mg/kg). This

might explain why the dosages of the two combined
drugs to obtain a potentiating effect were lower in
P. cynomolgi bastianellii than in P. gallinaceum.
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RtSUME

Les auteurs ont etudie chez I'animal les possibilites de
potentialisation reciproque de la diaphenylsulfone et de
la pyrim6thamine.
Des poussins infect6s par Plasmodium gallinaceum et

des singes infect6s par Plasmodium cynomolgi bastianellii
ont ete trait6s soit par chacun des deux produits separe-
ment, soit par leur association en proportions variables,
le dosage des composants restant toujours inferieur A la
dose efficace minimum du produit employ6 seul.

L'examen des indices de reponse - representant le
rapport entre la densit6 parasitaire moyenne chez les
sujets traites et les sujets non trait6s - montre qu'il y a
potentialisation des deux produits pour certains dosages,
et pour d'autres, un simple effet d'addition.

Les doses potentialis6es par association etaient plus
faibles dans le cas d'infection a P. cynomolgi bastianellii,
plus sensible que P. gallinaceum au traitement par la
diaphenylsulfone.
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