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The Effects of Diaphenylsulfone (DDS) against
Chloroquine-resistant Plasmodium falciparum*

RICHARD L. DEGOWIN, M.D.,1 R. BENNETT EPPES, M.D.,2
PAUL E. CARSON, M.D.1 & ROBIN D. POWELL, M.D.1

In view of the problems caused by the chloroquine-resistance of some strains of
Plasmodium falciparum, the authors have investigated the effectiveness ofdiaphenylsulfone
against two such resistant strains, from Malaya and Viet-Nam. They found that diaphenyl-
sulfone given during acute attacks of malaria had a blood schizontocidal activity against
the Malayan resistant strain but was not rapidly effective in terminating acute attacks in
non-immune persons, and that, when the drug was given prophylactically in relatively small
doses, it was substantially effective in preventing patency of mosquito-induced infection
with the same strain. The protective effect of diaphenylsulfone is that of a clinical pro-
phylactic or suppressive drug; it does not appear to be a true causal prophylactic. It was
also found that the protective effect is vitiated by the concurrent administration ofpara-
aminobenzoic acid.

These studies indicate a needfor further assessment of the antimalarial value ofsulfones
and sulfonamides, both alone and in combination with other drugs, for prevention and cure.

The recent discovery of strains of Plasmodium
falciparum resistant to chloroquine and to other
widely-used synthetic antimalarial drugs (Bruce-
Chwatt, 1964; WHO Scientific Group on Resistance
,of Malaria Parasites to Drugs, 1965) has under-
lscored the need for continuing research on the
'chemoprophylaxis and chemotherapy of malaria.
More than two decades ago, Coggeshall and his
co-workers reported that parenteral therapy with
p,p'-diaminodiphenylsulfone, N,N'-didextrose sul-
fonate (Promin) eliminated overt parasitaemia in
five of five patients acutely ill with falciparum
malaria and in eight of twelve patients with vivax
malaria (Coggeshall et al., 1941). The antimalarial
effects of sulfones, as well as of sulfonamides, were
studied extensively (Findlay, 1951), but these com-
pounds have not occupied a position of importance
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in the prevention or treatment of human malaria.
Recent studies, however, have rekindled interest
in the possible antimalarial value of both sulfones
and sulfonamides (Leiker, 1956; Tarabini, 1958;
Hurly, 1959; Archibald & Ross, 1960; Costa, 1960;
Ramakrishnan et al., 1962; Basu et al., 1962, 1964;
McGregor et al., 1963; Laing, 1964, 1965a, 1965b,
1966; Thompson, Bayles et al., 1965; Thompson,
Olszewski & Waitz, 1965; Schmidt et al.; 8DeGowin
& Powell, 1964; Bishop, 1965; Peters, 1965). This
report presents the results of studies on the effects
of diaphenylsulfone 4 (4,4'-diaminodiphenylsulfone;
DDS) administered orally to volunteers infected
with chloroquine-resistant P. falciparum.

METHODS

Experimental objectives
The objectives of these investigations were: (1) to

evaluate the effect of diaphenylsulfone administered
during acute attacks of malaria caused by a strain
of chloroquine-resistant P. falciparum from Malaya;
(2) to determine whether or not that drug adminis-

1In a report (unpublished) presented at the Thirteenth
Annual Meeting ofthe American Society ofTropical Medicine
and Hygiene, New York, N.Y., 4 November 1964.

' Proposed International Non-Proprietary Name.

1745 - 671-



R. L. DEGOWIN AND OTHERS

tered daily would exert a protective effect against
mosquito-induced infections with this strain; (3) to
determine whether or not that drug displayed causal
prophylactic activity against this strain; (4) to
determine whether administration ofp-aminobenzoic
acid (PABA) concurrently with diaphenylsulfone
would vitiate the effect of the latter against this
strain of P. falciparum from Malaya; and (5) to
obtain preliminary information about the possible
protective effect of diaphenylsulfone, administered
daily, against mosquito-induced infections with a
second strain (from Viet-Nam) of chloroquine-
resistant P. falciparum.

Volunteers
Volunteers who participated in these studies were

healthy Negro or Caucasian inmates of the Illinois
State Penitentiary, Stateville Branch, Joliet, Ill.,
USA. Their ages ranged from 22 years to 40 years,
their weights from 61 kg to 111 kg. None of the
volunteers had glucose-6-phosphate-dehydrogenase
deficiency.

Six volunteers infected with the strain of chloro-
quine-resistant P. falciparum from Malaya partici-
pated in studies of the effect of diaphenylsulfone
administered during acute attacks of malaria. Two
of these volunteers received diaphenylsulfone after
patent infections with this strain of P. falciparum
had been present for several weeks; these two
volunteers (Table 1; Volunteers 1 and 2) were
probably, partially immune. The other four volun-
teers who received diaphenylsulfone during acute
attacks were non-immune; these four volunteers
(Table 1; Volunteers 3-6) were treated during their
first acute attacks of malaria.

Altogether, 56 volunteers participated in the other
investigations, which involved mosquito-induced
infections. Fifty of these 56 volunteers (Table 2;
Volunteers 7-56) were infected with the strain of
chloroquine-resistant P. falciparum from Malaya;
the other six (Table 2; Volunteers 57-62) were
infected with the strain of chloroquine-resistant
P. falciparum from Viet-Nam.

Studies were conducted under close medical
supervision in an area where malaria is not endemic
(Joliet, Ill., USA). The conditions of study have
been described in detail previously (Alving et al.,
1948; Powell et al., 1964).

Mosquito-induced infections
The 56 volunteers listed in Table 2 were studied

in small groups (Table 2; Groups A-Q). One

member of each of the 17 groups received no medi-
cation; these 17 individuals served as " control "
subjects. The other 39 volunteers, none of whom
had been exposed to malaria previously, received
either diaphenylsulfone alone or a combination of
diaphenylsulfone and PABA. All members of a
particular group were bitten, in rotation, by the
same 10 infective Anopheles stephensi. The in-
terrupted-bite technique described by Alving and
co-workers (1948) was used to achieve similar
sporozoite inocula. Salivary glands of all mosquitos
were dissected, disrupted, and examined micro-,
scopically to assess infectivity. The number of
sporozoites detected in the salivary glands of each
infective mosquito was graded from 1 + to 4+
(1-9 sporozoites: 1+; 10-99 sporozoites: 2+;
100-999 sporozoites: 3+; 1000 or more sporozoites:
4+). The total number of + signs recorded for
the 10 infective mosquitos that bit each group was
referred to as the " infectivity " (Table 2). Judging
by this method of assessment of infectivity and by
the prepatent periods of control subjects, all 56
volunteers listed in Table 2 received heavy sporozoite
inocula.
Chloroquine-resistant P. falciparum
The two strains of chloroquine-resistant P. falci-

parum employed during these studies have been
designated the Malayan (Camp.) strain (DeGowin &
Powell, 1965) and the Viet-Nam (CV) strain (Eppes
et al., 1966). The clinical course of malaria in the
patient from whom the Malayan (Camp.) strain was
obtained and the results of studies conducted with
volunteers to delineate the drug-resistant charac-
teristics of this strain of P. falciparum have been
reported (DeGowin & Powell, 1965). Asexual
erythrocytic parasites of the Malayan (Camp.) strain
proved resistant to usually curative doses of chloro-
quine, hydroxychloroquine, amodiaquine, mepacrine,
proguanil, and pyrimethamine. Legters and co-
workers (1965) have presented clinical observations
of the course of malaria in the individual from
whom the Viet-Nam (CV) strain was obtained;
studies with volunteers have demonstrated the
resistance of asexual erythrocytic parasites of this
strain to chloroquine and to pyrimethamine (Eppes
et al., 1966). Asexual erythrocytic orms of both the
Malayan (Camp.) strain and the Viet-Nam (CV)
strain proved sensitive to quinine, but this suscepti-
bility to quinine is not marked (DeGowin & Powell,
1965; Legters et al., 1965; Eppes et al., 1966).
During studies prior to those presented in this

report, parasites of both the Malayan (Camp.)
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Five volunteers (Table 2; Volunteers 35, 36, 39, 40
and 44) received diaphenylsulfone and PABA con-
currently to determine whether administration of
PABA would vitiate the effect of diaphenylsulfone
against the Malayan (Camp.) strain of P. falciparum.
These five volunteers received 25 mg of diaphenyl-
sulfone daily and 1.0 g of potassium PABA orally
every six hours (4.0 g of PABA daily) beginning on
the day before bite by infective mosquitos. Con-
current administration of the two compounds was
continued until patent infections and acute attacks
of malaria occurred.

Toxic effects attributable to diaphenylsulfone were
observed transiently, as noted subsequently, in the
volunteer who received a total of 1000 mg of
diaphenylsulfone over three days (Volunteer 6);
toxic effects were not observed in the other volunteers
treated with this drug.

Levels of diaphenylsulfone in blood and urine

During part of these investigations-particularly,
studies performed to determine whether or not
administration of diaphenylsulfone daily would
protect against patency of mosquito-induced infec-
tions-the levels of diaphenylsulfone in samples of
venous blood and in aliquots of 24-hour collections
of urine were determined serially by a modification
(Molesworth et al., 1949) of the diazotization and
coupling procedure of Bratton & Marshall (1939),
with correction for the small amounts of diazotizable
substances present normally (in the absence of
administration of diaphenylsulfone or other medica-
tion) in blood and in urine. Samples of venous
blood for determinations of diaphenylsulfone levels
were obtained just before administration of a daily
dose of that drug.

It was not possible to determine levels of dia-
phenylsulfone in blood and urine throughout the
entire course of each study; however, such informa-
tion was obtained during investigations with 10
volunteers who received 50 mg of diaphenylsulfone
daily for 32 days (-1, 0, 30 schedule) and with five
volunteers who received 25 mg daily for 32 days
(-1, 0, 30 schedule). The results of these studies
indicated that the levels in the blood, measured just
before each daily dose, increase gradually during
the first five to seven days after the initiation of
administration of 25 mg or 50 mg of diaphenyl-
sulfone daily, and then reach a "plateau" and
remain relatively stable as long as administration of
the same daily dose is continued. The levels in blood
and in urine noted in Table 2 represent mean values

of at least four determinations (in most instances,
10 determinations) carried out between the seventh
and seventeenth days after bite by infective mos-
quitos. These data document absorption of dia-
phenylsulfone during the critically important period
following completion of primary exoerythrocytic
schizogony; the mean levels in the blood noted in
Table 2 represent " plateau " values since they do
not include observations during the first eight days
of administration of diaphenylsulfone.

Parasite counts

Parasite counts were performed by a modification
(Alving et al., 1948; Powell et al., 1964) of the
method of Earle & Perez (1932). Parasite counts
noted in this report refer to trophozoites, not to
gametocytes. During studies with volunteers having
mosquito-induced infections, parasite counts were
performed at least daily beginning on the sixth day
after bite by infective mosquitos. Parasite counts
were determined more often when patent infections
were present. During each study, parasite counts
were carried out daily for at least 60 days after
administration of the last dose of medication.

RESULTS

Treatment of acute attacks of malaria
Table 1 presents the pertinent information con-

cerning studies in which diaphenylsulfone was
administered during acute attacks of malaria caused
by the Malayan (Camp.) strain of P. falciparum.
The administration of 100 mg of diaphenylsulfone
daily for five days to Volunteer 1, who was probably
partially immune, caused a temporary abatement of
fever and of other symptoms and a transient sub-
sidence of overt parasitaemia; this volunteer had a
recrudescence of malaria 20 days after completion of
administration of diaphenylsulfone.

Volunteer 2, who was also probably partially
immune, and Volunteers 3-5, who were treated
during their first acute attacks of malaria, each
received 100 mg of diaphenylsulfone daily for five
days, and they also received 10 grains of quinine
sulfate (540 mg of quinine base) every eight hours
during the first and second days of treatment with
diaphenylsulfone. Combined administration of
diaphenylsulfone and quinine effected a clinical cure
in all four volunteers and radical cure of the infec-
tions in three of the four volunteers (Table 1).
Prompt relief of symptoms and rapid subsidence of
overt parasitaemia, however, occurred only in the
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strain and the Viet-Nam (CV) strain had been
exposed to certain antimalarial drugs such as
chloroquine. The parasites had not been exposed
to diaphenylsulfone during the previous investiga-
tions. To obtain infective mosquitos, uninfected
Anopheles stephensi were allowed to bite volunteers
who were infected with either the Malayan (Camp.)
strain or the Viet-Nam (CV) strain and who had
acquired partial immunity; the latter volunteers (not
listed in Tables 1 or 2) were treated intermittently
with drugs such as quinine, to prevent dangerously
high levels of parasitaemia, but they were not treated
with sulfones or sulfonamides during the course of
these investigations.' Thus, the parasites had not
been exposed to diaphenylsulfone prior to any of the
studies presented in this report.

Administration of drugs
Drugs were administered orally under close super-

vision. The following regimens of diaphenylsulfone
were administered to volunteers treated during
acute attacks of malaria (Table 1). Volunteer 1
received 100 mg of diaphenylsulfone daily for five
days. Volunteers 2-5 each received 100 mg of
diaphenylsulfone daily for five days and 10 grains of
quinine sulfate (540 mg of quinine base) every eight
hours during the first two days of administration of
diaphenylsulfone.2 Volunteer 6 received 1000 mg of
diaphenylsulfone over three days (300 mg initially,
200 mg 12 hours later, 300 mg on the second day,
and 200 mg on the third day), with no concurrent
quinine.

Volunteers participating in studies conducted to
determine whether or not daily administration of
diaphenylsulfone would exert a protective effect
against mosquito-induced infections received dia-
phenylsulfone on the day before bite by infective
mosquitos (day-1), on the day of bite (day 0), and

daily for 30 days thereafter (-1, 0, 30 schedule).
Volunteer 7 (Table 2) was treated with diaphenyl-
sulfone daily during this period but he had also
received diaphenylsulfone daily beginning 47 days
before bite by infective mosquitos. The dose of
diaphenylsulfone employed chiefly for this phase of
the investigations was either 25 mg or 50 mg daily
(Table 2). Three volunteers (Table 2; Volunteers 43,
46 and 61) received lesser daily doses (5 mg, 10 mg
or 15 mg).

Volunteers participating in studies carried out to
determine whether or not diaphenylsulfone exerted a
causal prophylactic effect against the Malayan
(Camp.) strain of P. falciparum received the drug on
the day before bite by infective mosquitos (day -1),
the day of bite (day 0), and daily for six days there-
after (-1, 0, 6 schedule). The dose of diaphenyl-
sulfone employed for this segment of the studies was
either 50 mg or 100 mg daily. Three volunteers
(Table 2; Volunteers 47, 48, and 50) received 100 mg
daily according to this schedule (-1, 0, 6). Two
volunteers (Table 2; Volunteers 52 and 53) received
50 mg daily during this same interval (-1, 0, 6); in
addition, both of these volunteers had been treated
with diaphenylsulfone prior to day -1. Volunteer 52
had previously received 50 mg daily beginning
21 days before bite; in this instance, therefore, the
possible causal prophylactic effect of diaphenyl-
sulfone was evaluated after prior ingestion of the
drug for three weeks and not just shortly after the
onset of treatment. Volunteer 53 had previously
received 50 mg of diaphenylsulfone daily from the
eleventh through the fourth days before bite but not
on the third and second days before bite; the
interruption in administration of diaphenylsulfone
to this volunteer resulted when it appeared tem-
porarily that infective mosquitos would not be
available at the desired time.

1 As these studies were being completed, one of these
volunteers (not listed in Table 1 or 2) infected with the
Malayan (Camp.) strain of P. falciparum was treated with
1500 mg of chloroquine base administered orally over 3 days
(600 mg initially, 300 mg six hours later and 300 mg on each
of the next two days) to determine whether or not the chloro-
quine-resistant properties of the asexual erythrocytic forms of
the Malayan (Camp.) strain had remained stable during
these investigations. Prior to this study, more than one year
had elapsed during which a series of volunteers infected
sequentially with this strain had been treated with quinine,
for example, but not with chloroquine, other 4-aminoquino-
lines, or mepacrine. The effect of chloroquine observed
during this study was similar to effects observed (DeGowin
& Powell, 1965) during investigations in which identical
doses of chloroquine had been administered to volunteers
infected with the Malayan (Camp.) strain one to two years
previously: a transient subsidence of overt parasitaemia

followed by a recrudescence occurred after the administra-
tion of 1500 mg of chloroquine base to this volunteer. Thus,
although asexual erythrocytic parasites of the Malayan
(Camp.) strain had not been exposed to chloroquine, to
other 4-aminoquinolines, or to mepacrine for more than one
year, the chloroquine-resistant properties of this strain of
P. falciparum had persisted.

2 Quinine was administered concurrently with diaphenyl-
sulfone in an effort to obtain termination of acute attacks
more rapidly than might be expected with diaphenylsulfone
alone, especially in non-immune individuals. Previous studies
had shown that the administration of 10 grains of quinine
sulfate (540 mg of quinine base) every eight hours for two
days (DeGowin & Powell, unpublished observations), or even
administration of 10 grains of quinine sulfate every eight hours
for four days (DeGowin & Powell, 1965), resulted in a clinical
cure but not in a radical cure ofpatent infections in volunteers
infected with the Malayan (Camp.) strain of P. falciparum.
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TABLE 2. RESULTS OF STUDIES ON THE PROTECTIVE EFFECT OF DIAPHENYLSULFONE AGAINST
CHLOROQUINE-RESISTANT P. FALCIPARUM

Volunteer Mean level Mean level

group and Vol un- Age Weight Daily Drug of diaphe- of Day
infectivity teer Race b (years) (kg) Drug c dose scheedule in blood e surfneen of d

of No. (yas) (gg) lode foe o

mosquitosa (mgrd(g per in urine e Patency f______tosa_____ ______ _______________________ _____ _
100 ml) (mg/24 h)

A 36 7 C 25 76 Diaphenylsulfone 50 -1, 0, 30 NP
8 C 28 70 No drug 11

B 39 9 N 28 92 Diaphenylsulfone 50 -1, 0, 30 0.09 23 NP
10 N 36 78 Diaphenylsulfone 50 -1, 0, 30 0.24 35 NP
11 C 33 61 Diaphenylsulfone 50 -1, 0, 30 0.13 32 NP
12 C 24 72 No drug 11

C 39 13 N 34 64 Diaphenylsulfone 50 -1, 0, 30 0.22 35 NP
14 C 40 89 Diaphenylsulfone 50 -1, 0, 30 0.20 50 NP
15 C 27 68 Diaphenylsulfone 50 -1, 0, 30 0.08 46 45
16 N 28 85 No drug 11

D 40 17 N 25 77 Diaphenylsulfone 50 -1, 0, 30 0.19 39 NP
18 N 24 76 Diaphenylsulfone 50 -1, 0, 15 0.15 47 15
19 C 33 111 Diaphenylsulfone 50 -1, 0, 30 0.14 40 NP
20 C 36 73 No drug 10

E 36 21 C 27 78 Diaphenylsulfone 50 -1, 0, 30 0.09 34 NP
22 C 35 73 Diaphenylsulfone 25 -1, 0, 30 0.02 7 NP
23 C 36 67 No drug 9

F 36 24 N 27 83 Diaphenylsulfone 25 -1, 0, 30 NP
25 C 33 95 Diaphenylsulfone 25 -1, 0, 30 NP
26 C 25 59 Diaphenylsulfone 25 -1, 0, 30 NP
27 N 35 81 No drug 13

G 40 28 C 31 69 Diaphenylsulfone 25 -1, 0, 30 0.10 21 NP
29 C 25 73 Diaphenylsulfone 25 -1, 0, 30 0.10 22 NP
30 C 26 68 Diaphenylsulfone 25 -1, 0,15 0.03 37 13
31 N 33 75 No drug 11

H 40 32 C 27 71 Diaphenylsulfone 25 -1, 0, 15 0.02 22 13
33 N 28 64 No drug 11

I 40 34 C 23 66 Diaphenylsulfone 25 -1, 0, 30 0.04 21 NP
35 N 30 86 Diaphenylsulfone and 25 -1, 0, 9 9

PABA 4 000
36 C 34 73 Diaphenylsulfone and 25 -1, 0,11 9

PABA 4 000
37 C 26 88 No drug 7

J 40 38 C 32 68 Diaphenylsulfone 25 -1, 0, 30 0.02 21 NP
39 C 34 70 Diaphenylsulfone and 25 -1, 0, 11 7

PABA 4 000
40 C 27 63 Diaphenylsulfone and 25 -1, 0, 10 9

PABA 4 000
41 N 25 80 No drug 9

K 36 42 C 33 87 Diaphenylsulfone 25 -1, 0, 30 0.11 18 NP
43 C 27 71 Diaphenylsulfone 5 -1, 0, 30 13e
44 C 36 64 Diaphenylsulfone and 25 -1, 0, 13 12

PABA 4 000
45 C 40 86 No drug 11

L 40 46 N 31 71 Diaphenylsulfone 15 -1, 0, 30 0.07 7 NP
47 C 34 58 Diaphenylsulfone 100 -1, 0, 6 13
48 N 22 68 Diaphenylsulfone 100 -1, 0, 6 28
49 N 24 89 No drug 11

M 40 50 C 33 89 Diaphenylsulfone 100 -1, 0, 6 17
51 N 32 80 No drug 11

N 35 52 C 32 91 Diaphenylsulfone 50 -1, 0, 6 24
53 C 29 67 Diaphenylsulfone 50 -1, 0, 6 13
54 C 30 67 No drug 10

0 40 55 C 28 66 Diaphenylsulfone 50 -1, 0, 30 0.14 44 NP
56 N 38 77 No drug 11

P 33 57 C 27 68 Diaphenylsulfone 50 -1, 0, 30 0.04 13 NP
58 C 24 73 Diaphenylsulfone 25 -1, 0, 30 0.00 23 NP
59 C 40 77 No drug 9

Q 37 60 C 26 82 Diaphenylsulfone 25 -1, 0, 30 0.01 21 NP
61 N 34 74 Diaphenylsulfone 10 -1, 0, 30 11e
62 N 24 100 No drug 11

(Notes opposite)
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volunteer who was partially immune (Volunteer 2);
this volunteer had a recrudescence of malaria
15 days after completion of treatment.
Radical cure of the infection was brought about

in Volunteer 6, who received 1000 mg of diaphenyl-
sulfone over three days, without concurrent quinine,
during his initial acute attack of malaria. However,
this volunteer continued to have fever until the seventh
day after initiation of treatment; transient cyanosis
with methaemoglobinaemia, as high as 22%, and
urticaria occurred during this interval.

Protective effect of diaphenylsulfone

Table 2 presents the pertinent information con-
cerning the 56 volunteers who participated in studies
relating to the protective effect of diaphenylsulfone
against chloroquine-resistant P. falciparum; the
results are summarized in Table 3. All 17 individuals
who served as "control " volunteers for these
studies involving mosquito-induced infections devel-
oped patent parasitaemia after prepatent periods of
from seven to 13 days; acute clinical attacks of
malaria ensued in each instance. The mean length of
the prepatent period in "control" subjects was
10.4 days.
Twenty-six volunteers received either 25 mg or

50 mg of diaphenylsulfone daily during studies con-

ducted to determine whether or not daily administra-
tion of this drug, initiated before exposure to
infective mosquitos and continued for 30 days after
the day of exposure, would protect against patency
of mosquito-induced infections with the Malayan
(Camp.) strain or the Viet-Nam (CV) strain of
chloroquine-resistant P. falciparum. One of 12
volunteers receiving 50 mg of diaphenylsulfone daily
and two of 11 volunteers receiving 25 mg daily who
were bitten by mosquitos infected with the Malayan
(Camp.) strain developed patent falciparum infec-
tions, followed by acute attacks of malaria, while
they were receiving diaphenylsulfone. In addition,
one volunteer who had received 50 mg of diaphenyl-
sulfone according to the -1, 0, 30 schedule and who

TABLE 3
SUMMARY OF STUDIES ON THE PROTECTIVE EFFECT

OF DIAPHENYLSULFONE AGAINST
CHLOROQUINE-RESISTANT P. FALCIPARUM

Number patent/
Number infected

Drug Dad Schedule e Malayan Viet-Nam
(Camp.) (CV),
strain strain

No drug (Control volunteers) 15/15 2/2

Diaphenylsulfone 5 mg -1, 0, 30 1/1

Diaphenylsulfone 10 mg -1, 0, 30 1/1 b

Diaphenylsulfone 15 mg -1, 0, 30 0/1

Diaphenylsulfone 25 mg -1, 0, 30 2/11 0/2

Diaphenylsulfone 50 mg -1, 0, 30 2/12 c 0/1

Diaphenylsulfone 50 mg -1, 0, 6 2/2

Diaphenylsulfone 100 mg -1, 0, 6 3/3

Diaphenylsulfone 25 mg -1, 0,
plus PABA 4.0 g then daily
(concurrently) until acute 5/5

attacks
occurred

a Drug schedules were as indicated in Table 2 and as
described in detail in the text.

b A transient patent infection but no attack of malaria
occurred.

c One of the two volunteers who developed patent infections
did not have a patent infection until after daily administration of
diaphenylsulfone had been discontinued.

had been bitten by mosquitos infected with the
Malayan (Camp.) strain developed falciparum
malaria 15 days after administration of the last dose
of diaphenylsulfone (45 days after bite by infective
mosquitos). The other 22 volunteers, 19 bitten by
mosquitos infected with the Malayan (Camp.) strain
and three bitten by mosquitos infected with the
Viet-Nam (CV) strain, who received either 25 mg or
50 mg or diaphenylsulfone daily according to this
schedule did not develop patent infections (Tables 2
and 3).

Notes to Table 2:
a Infectivity of mosquitos denotes the total number of + signs recorded for the 10 infective mosquitos that bit each group

(see text).
b C = Caucasian; N = Negro.
c PABA = para-aminobenzoic acid.
d Drug schedules are described in detail in the text. Some volunteers, as noted in the text, received diaphenylsulfone prior

to day -1. During studies with volunteers who developed acute attacks of malaria while they were receiving diaphenylsulfone daily
or both diaphenylsulfone and PABA daily, administration of the drug(s) was terminated, as indicated in the table, when patency
and acute attacks occurred; Volunteer 43 was an exception, as noted in the text.

e See text.
f NP = not patent.
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The volunteer who received 15 mg of diaphenyl-
sulfone daily according to the -1, 0, 30 schedule and
who was bitten by mosquitos infected with the
Malayan (Camp.) strain did not develop a patent
infection (Table 2; Volunteer 46). The volunteer
who received 10 mg of diaphenylsulfone daily
according to this schedule and who was bitten by
mosquitos infected with the Viet-Nam (CV) strain
developed a patent falciparum infection after a
prepatent period of 11 days (Table 2; Volunteer 61);
trophozoites were detected in two of four smears of
blood examined on the eleventh day after bite by
infective mosquitos and a single trophozoite was
seen in two of three smears of blood examined on the
next day, but smears of blood examined subsequently
were negative. Volunteer 61 did not develop fever or
other symptoms of malaria; administration of 10 mg
of diaphenylsulfone daily to this volunteer was con-
tinued until the thirtieth day after bite by infective
mosquitos and no other medication was adminis-
tered. This volunteer did not develop symptoms of
malaria subsequently, and no recrudescence of overt
parasitaemia occurred.
The volunteer who received 5 mg of diaphenyl-

sulfone daily according to the -1, 0, 30 schedule and
who was bitten by mosquitos infected with the
Malayan (Camp.) strain developed a patent infection
after a prepatent period of 15 days; an acute attack
of malaria ensued promptly (Table 2; Volunteer 43).
This volunteer was then treated with 10 grains of
quinine sulfate (540 mg of quinine base) every eight
hours for two days. Symptoms, fever, and overt
parasitaemia subsided, and administration of 5 mg of
diaphenylsulfone daily was continued until the
thirtieth day after bite by infective mosquitos (for
approximately two weeks after the administration of
quinine). A recrudescence of overt parasitaemia
and another acute attack of malaria then occurred
eight days after administration of the last dose of
diaphenylsulfone (38 days after bite by infective
mosquitos).
The levels of diaphenylsulfone in blood and in

urine were measured serially during studies with 22
of the 26 volunteers who received either 25 mg or
50 mg of diaphenylsulfone daily according to the
-1, 0, 30 schedule (Table 2). The mean levels of
diaphenylsulfone in the blood of volunteers receiving
50 mg daily ranged from 0.04 mg/100 ml to 0.24 mg/
100 ml. The mean levels of diaphenylsulfone in the
blood of the two volunteers (Table 2; Volunteers 9
and 12) who received this daily dose of diaphenyl-
sulfone and who developed patent infections were

within this range. Similarly, the mean levels of
diaphenylsulfone in the blood of the two volunteers
(Table 2; Volunteers 24 and 26) who were treated
with 25 mg of diaphenylsulfone daily and who
developed patent infections were within the range of
levels of diaphenylsulfone detected in the blood of
volunteers who did not develop patent infections.
The mean recovery of diazotizable substances in

urine of volunteers who were treated with 25 mg
or 50 mg of diaphenylsulfone daily and who did not
develop patent infections was equivalent to 73% of
the daily dose of diaphenylsulfone; the range of
mean daily values observed during studies with these
volunteers who were protected against patency was
from 26% to 100%. The mean recovery of diazot-
izable substances in urine of the four volunteers who
received 25 mg or 50 mg of diaphenylsulfone daily
and who were not protected against patency was, in
each instance, equivalent to more than 88% of the
daily dose.

Evaluation of the possible causalprophylactic effect of
diaphenylsulfone against the Malayan (Camp.)
strain of P. falciparum
The three subjects (Table 2; Volunteers 47, 48 and

50) who received 100 mg of diaphenylsulfone daily
from the day before bite through the sixth day after
bite (-1, 0, 6 schedule) developed patent infections
and acute attacks of malaria after prepatent periods
of 13, 28, and 17 days (Table 2). The two volunteers
(Table 2; Volunteers 52 and 53) who received 50 mg
of diaphenylsulfone daily during this same interval
(ending six days after bite), and who had also
received diaphenylsulfone prior to day -1, developed
falciparum malaria after prepatent periods of 24
and 13 days (Table 2).

Effect of diaphenylsulfone and PABA administered
concurrently
The five volunteers (Table 2; Volunteers 35, 36,

39, 40, and 44) treated with 4.0 g of potassium
PABA daily (1.0 g every six hours) and with 25 mg
of diaphenylsulfone daily beginning on the day
before bite by mosquitos infected with the Malayan
(Camp.) strain of P. falciparum developed patent
parasitaemia after prepatent periods of nine to
12 days. All five volunteers then promptly sustained
acute attacks of malaria.

DISCUSSION

Studies in which diaphenylsulfone was admi-
nistered during acute attacks of malaria disclosed
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that this compound displays blood schizontocidal
activity against the Malayan (Camp.) strain of
chloroquine-resistant P. falciparum. However, the
administration of 100 mg of diaphenylsulfone daily
for five days, even when supplemented by admini-
stration of 30 grains of quinine sulfate (1620 mg of
quinine base) daily during the first and second days
of treatment with diaphenylsulfone, did not con-
sistently effect radical cure of infections nor did it
effect rapid termination of acute attacks of malaria
in non-immune volunteers infected with the Malayan
(Camp.) strain. Combined therapy with both
diaphenylsulfone and quinine was instituted on
the first day of patency of the infection in one
volunteer (Table 1; Volunteer 5), when levels of
parasitaemia were very low, but even under these
conditions fever did not subside until five days after
initiation of treatment. The study in which 1000 mg
of diaphenylsulfone were administered over three
days to one volunteer (Table 1; Volunteer 6) pro-
vides additional evidence that diaphenylsulfone,
although active against asexual erythrocytic forms of
the Malayan (Camp.) strain, is not rapidly effective
in terminating acute attacks of malaria in non-
immune individuals infected with this strain of
P. falciparum.

Relatively small daily doses of diaphenylsulfone
prevented patency of infections in 19 of 23 volun-
teers who received 25 mg or 50 mg of this drug daily
beginning before exposure to mosquitos infected
with this strain and continuing for one month after
exposure (Tables 2 and 3). Diaphenylsulfone
administered in doses of 50 mg or 100 mg daily
during the period of primary exoerythrocytic
schizogony, but not thereafter, did not prevent
patency of infections with the Malayan (Camp.)
strain (Tables 2 and 3). The protective effect of
diaphenylsulfone observed against the Malayan
(Camp.) strain of P. falciparum clearly reflects a
clinical prophylactic or suppressive effect and not a
causal prophylactic effect. Diaphenylsulfone pro-
bably effected a suppressive cure of infections in
the volunteers who received it daily until 30 days
after exposure to infection and who did not develop
patent infections. Possibly, continuation of treat-
ment with diaphenylsulfone for longer than 30 days
after exposure to infection would have effected a
suppressive cure of the infection in one volunteer
who received 50 mg daily and who developed a
patent falciparum infection 45 days after bite by
infective mosquitos (15 days after cessation of
administration of diaphenylsulfone). The results of

the studies on the protective effect of diaphenyl-
sulfone against mosquito-induced infections with
the Viet-Nam (CV) strain (Tables 2 and 3) indicate
that susceptibility to diaphenylsulfone among strains
of chloroquine-resistant P. falciparum is not a unique
attribute characteristic of the Malayan (Camp.)
strain only.

Para-aminobenzoic acid (PABA) was adminis-
tered concurrently with diaphenylsulfone to obtain
preliminary information concerning the mechanism
of action of the latter drug. Extensive studies
carried out with malaria parasites of lower animals
have indicated that, under some conditions, con-
current administration of PABA inhibits the anti-
malarial activity of certain sulfonamides and sulfones
(Rollo, 1955; Hill, 1963; Bishop, 1965). Certain
sulfonamides and sulfones apparently interfere with
the incorporation of PABA in the formation of folic
acid by the parasite. Our investigations with
P. falciparum in man are consistent with the thesis
that interference with utilization of PABA by the
parasite may be important in the mechanism of the
antimalarial effect of diaphenylsulfone. Our find-
ings, however, do not exclude the possibility that
other mechanisms may be important in the anti-
malarial effects of diaphenylsulfone, nor do they
exclude possible ways in which the administration of
PABA might have vitiated the effect of diaphenyl-
sulfone other than by inhibition of its effect on the
parasite.
The data concerning levels of diaphenylsulfone in

the blood and urine of volunteers receiving 25 mg or
50 mg of the drug daily according to the -1, 0, 30
schedule (Table 2) document the absorption of
diaphenylsulfone both in volunteers protected
against patency and in those not protected. The
findings suggest that, under the particular experi-
mental conditions employed, a relationship between
the level of diaphenylsulfone in the blood and
efficacy or lack of efficacy of the drug did not
obtain. The observations concerning diazotizable
substances in the urine of these volunteers (Table 2)
suggest that urinary excretion of diaphenylsulfone
was relatively more pronounced in volunteers who
developed patent infections than in volunteers who
did not. There was considerable individual variation
in the levels of diaphenylsulfone in the blood and in
the urine among volunteers receiving the same daily
dose (Table 2). Day-to-day variation in levels in the
blood of a particular individual was relatively slight
after the first week of administration of 25 mg or
50 mg of diaphenylsulfone daily, but amounts of
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diazotizable substances detected in the urine of the
same individuals studied serially fluctuated greatly.
More extensive studies will be required to define
more adequately the relationships between the anti-
malarial efficacy of diaphenylsulfone and its level in
the blood or the urinary excretion of diaphenylsulfone
and of its metabolites (Bushby & Woiwad, 1955).

In view of the findings presented in this report and,
particularly, in view of the problems posed in certain
areas of the world by strains of P. falciparum resistant
to chloroquine and to other conventional anti-
malarial drugs administered prophylactically or
therapeutically, further assessment of the anti-
malarial value of diaphenylsulfone and of other
sulfones is clearly warranted. Laing (1965b) recently
reported studies of the effects of single doses of
diaphenylsulfone administered to 40 semi-immune
patients suffering from acute falciparum malaria in
Tanzania; all 40 patients apparently had satisfactory
initial clinical responses, but in several instances
asexual parasitaemia cleared slowly or early recru-
descences occurred, and Laing concluded that
diaphenylsulfone was not a reliable drug for the
treatment of acute malaria. Our findings do not
suggest that diaphenylsulfone administered alone
will prove satisfactory for the treatment of acute
attacks of malaria in non-immune adults infected
with chloroquine-resistant P. falciparum. The data
presented, indicating that diaphenylsulfone does not
exert a causal prophylactic effect against chloro-

quine-resistant P. falciparum, are consistent with the
results of earlier studies, reviewed by Findlay (1951),
which, in general, did not indicate any causal
prophylactic activity of sulfones or of sulfonamides
against parasites that cause human malaria.

Diaphenylsulfone or related compounds, however,
may prove of value in suppression (clinical pro-
phylaxis) of infections with P. falciparum, parti-
cularly chloroquine-resistant strains. Because of the
advantages that may result when a sulfone or a
sulfonamide is administered together with certain
other types of antimalarial drugs (Rollo, 1955;
Hurly, 1959; Basu et al., 1962, 1964; McGregor et
al., 1963; Hill, 1963; Thompson, Olszewski & Waitz,
1965; Laing, 1966; DeGowin & Powell, 1964),
evaluation of combinations involving the adminis-
tration of a sulfone or of a sulfonamide together
with other compounds, including certain of the
currently employed antimalarial drugs, deserves
special investigative attention. The potential useful-
ness of such combinations of antimalarial drugs
may apply not only in areas where strains of chloro-
quine-resistant P. falciparum are now known to
exist but also in other areas. Possibly, certain com-
binations in which a sulfone or a sulfonamide is
administered with other antimalarial drugs will prove
of therapeutic as well as prophylactic value and may
provide one means of thwarting the possible emer-
gence of chloroquine-resistant P. falciparum in areas
where this problem is not now evident.
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RtSUMt

La d6couverte de souches de Plasmodium falciparum
r6sistantes a la chloroquine et A d'autres produits anti-
paludiques de synthese a suscit6 de nouvelles recherches
sur la chimioth6rapie et la chimioprophylaxie du palu-
disme. L'action des sulfones et des sulfamides avait d6j&
fait l'objet de recherches approfondies il y a quinze ans.
Des travaux r6cents lui ont valu un regain d'int6ret.
Les auteurs ont 6tudi6 l'action de la diaph6nylsulfone
(diamino-4-4' diph6nylsulfone) sur deux souches de

P. falciparum r6sistantes a la chloroquine, une souche
malaise (Camp.), une souche vietnamienne (CV).
Des volontaires infect6s avec la souche malaise (Camp.)

ont regu de la diaph6nylsuifone par voie orale. Admi-
nistr6e au cours des acces aigus, la diaph6nylsulfone a 6t6
active contre les schizontes du sang mais n'est pas par-
venue A interrompre rapidement les acces aigus de
paludisme chez des personnes non immunes. Adminis-
tr6e en petites doses quotidiennes, elle a eu une action
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prophylactique certaine en empechant les manifestations
cliniques lors de l'infection avec la souche malaise
(Camp.) transmise par moustiques. Si on a pu ainsi pre-
venir les symptomes, on n'a pu, en revanche, realiser
une veritable prophylaxie causale. L'action prophylac-
tique de la diaphenylsulfone a ete entrav6e par l'admi-

nistration simultan6e d'acide para-aminobenzolque. Des
etudes limitees avec la souche vietnamienne (CV) ont
montre 6galement une action de la diaphenylsulfone.
La valeur therapeutique des sulfamides et des sulfones

associ6s a d'autres produits antipaludiques m6rite d'etre
evalu6e par de nouvelles etudes.
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