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Abstract: In this paper a report is made on 23 patients with falciparum malaria
who were successfully treated with sulfamonomethoxine. Evidence has been presented:
(1) that its effect on falciparum malaria is very remarkable, (2) that the intravenous
administration is more effective than the oral one, (3) that also clinically chloroquine
insensitive malaria responds to it, and (4) that no “relapse” is detected.

INTRODUCTION

As is well known, malaria is still widespread throughout East Africa, where a
number of patients poorly respond to the chloroquine treatment (Pringle and Lane
1966, Himpoo and MacCallum 1967, Motala 1967), though it is generally accepted
that there have been no substantiated cases of chloroquine resistance in Africa (Clyde
1966, Peters 1967, 1970, Wolfe and Huddleston 1969, Bruce-Chwatt 1970, Bruce-
Chwatt and Roberts 1972). The exploitation of new antimalarial drugs has been
a matter of serious concern. The introduction of sulfonamides as plasmocidal com-
pounds has aroused a great deal of interest. The effects of sulfonamides such as
sulfadiazine, sulformethoxine, sulfadimethoxine and sulfalene have been studied on
falciparum malaria (Laing 1965, Baruffa 1966, Chin et al. 1966, Clyde 1967,
Harinasuta et al. 1967, Martin and Arnold (1968). Yoshinaga et al. (1970)
investigated the response of P. berghe: against eight sulfonamides in mice and re-
ported that sulfamonomethoxine was the most effective compound with the highest
survival rates estimated in 30 and 50 days after the inoculation. They treated
African patients from Embu area in Kenya with sulfamonomethoxine and noted its
rapid effect on parasitemia. Schizontocidal action was confirmed in Laotian
patients given oral medication of sulfamonomethoxine alone or in combination
with pyrimethamine (Muto et al. 1971, Yamamoto et al. 1973). The present
study was undertaken to evaluate the effect of sulfamonomethoxine on falciparum
malaria in Rift Valley Province, Kenya.

MATERIALS AND METHODS

Sulfamonomethoxine was given either orally or intravenously to 23 patients
with - falciparum malaria admitted into Rift Valley Provincial Hospital in 1971.
All of them were male Africans except one Japanese. Five cases out of 23 were
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clinically chloroquine insensitive. The blood was examined every day during the
medication and further at regular intervals subsequently. Field staining method
was used to demonstrate the plasmodia. The patients were divided into three groups:
Group 1, nine cases given oral medication
Group 2, nine cases given intravenous injection
Group 3, five chloroquine-insensitive cases treated either orally or intraven-
ously
Dosage:
(1)  Oral administration;
Sulfamonomethoxine, 2 g on the first day,
followed by 1 g daily for the next two to five days.
(2) Intravenous administration;
10 m! of 10 percent sulfamonomethoxine solution twice on the first day,
repeated once a day for the next one to five days.

REsuLTs

Such symptoms as fever, chills, headache, lassitude, myalgia, joint pain and
gastrointestinal disturbances have subsided in one or two days in all the nine cases
of Group 1 treated with oral medication of sulfamonomethoxine. However, the
time interval between initiation of therapy and disappearance of parasites from the
blood of patients varies between one and eight days in Group 1 as indicated in
Table 1. The nine cases of Group 2 including two patients with cerebral malaria
given sulfamonomethoxine intravenously became asymptomatic within one day and
parasite-free in one to three days after the start of treatment as shown in Table 2.

TaBLE 1. Group 1, nine cases received oral medication of sulfamonomethoxine

Symptoms | Parasite

) : Com-
. Total disap- disap- .
Case| Sex| Age Tribe d(?S: Symptoms p:::g d pi:s:g: d Effect ]t)illca-
in in on
1 | 8] 25 | Japanese | 7g none — 8 days | 1+
s 7 fever, headache,
2 | & | adult| Kalenjin g \fgriztin(;a daizcarfhea 2 days | 6days | ++
3 | 5 |adult| Kisii s gg"i‘f“he’ abdominal 1day | 3days | i
4 | & | adult| Kikuyu 5g none — 2 days # | gout

. 5g |fever, headache, shaking
3| & |adult| Kikuyu chill, myalgia, diarrhea I day I day it

6 { & | adult| Luo 5g |headache, chill, myalgia | 2 days 5days | 4+

4 g |fever, headache, 1 day 2 days |

78 1 Kisii vomiting, diarrhea

8 | 5 | adult| Luo 5 g |headache, myalgia 1 day 1 day H#

9 | & |adult] Luo 5g |fever, headache 1 day 1 day H




TasLE 2. Group 2, nine cases given sulfamonomethoxine intravenously
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Total dose Symptoms | Parasite
; ¢ disap- disap- Ef- | Compli-
Case| Sex| Age Tribe 10014, 1/ Om/| Symptoms peared peared foct cation
e in in
1| & 15 | Kalenjin | 7 times |Jabdominal pain| 1 day 1 day H
fever, headache,
. myalgia, vomit-
2 |5 12 | Lubya 7 times ing, abdominal 1 day I day H
pain
. . fever, headache, bral
3 | & |adult| Kikuyu 7 times Ce()‘;fla cacache, | day 2 days | {ft ;f;far';z
fever, headache,
4 | & | adult| Kikuyu 7 times pma)grallgla, chest 1 day 1 day Ht
abdominal pain
hepato-
5 | & |adult| Lubya 7 times [fever, myalgia 1 day 2 days | {t |spleno-
megaly
. headache,
6 | & |adult| Luo 7 times myalg(i:ae 1 day 3 days | {4
fever, headache, diabetes
. . lgia, 1litus,
7 18| 15 | Somali 3 times | Ve eg;a Lday | lday | g’lﬁrr‘l(;‘rfa ry
vomiting t.b.
. ma, rebral
8 | & |adult| Turkana | 4 times |07 . lday | lday | # | oolaria
fever, shaking
- chill, joint pain
9 | 6 |adult| Luo 4 times |- mifing, ’ 1 day 1 day Ht
diarrhea

TaBLe 3. Group 3, five chloroquine-insensitive cases treated with sulfamonomethoxine

Symptoms | Parasite
. disap- disap- Ef- Compli-
Case| Sex| Age Tribe |Total dose| Symptoms peared peared | fect cation
in in
1| &]| 25 | Luo 7 times i.v. none — 2 days | {}
. . . |headach
2 | & |adult| Kikuyu |3 times i.v. nf;alz(i:a,e’c oma 2 days | 1 day #
fever, headache,
. . lgia, it-
3| 4| 12 | Lubya |7 times 1.v.$§? B Al | 1day | Iday | i
pain
3 days
: oral . of the spleno-
418 14 | Kikuyu Tg+7g fever, myalgia 1 day 9nd + megaly
course
5 | & |adult| Luo oral 7 g none ‘ — 3 days ++
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It seems that falciparum malaria responds more promptly to the intravenous medica-
tion than to the oral one. Shown in Table 3 are the five cases of Group 3, in which
even large doses of chloroquine had failed to decrease the number of plasmodia in
their blood, treated either orally or parenterally with sulfamonomethoxine. In four
cases of these patients insensitive to chloroquine the parasites disappeared from the
blood in one to three days under sulfamonomethoxine treatment. The other one case,
however, remained parasite-positive, though 7 g of the drug had been given orally
in six days, and needed additional 4 g for the disappearance of plasmodium — the
patient had to have the second course of oral administration. In all cases no side
reaction due to sulfamonomethoxine was detected. Neither “clinical” nor ‘“para-
sitemic relapse” has been found during the two months’ follow-up investigations.

DiscussioN

Sulfonamides with or without dihydrofolate reductase inhibitors were tried on
subjects with normal, chloroquine, multiple-resistant strains of falciparum malaria
in Asia, South America and Africa (Peters 1970). Recrudescence after the treat-
ment of P. falciparum with sulfadiazine was reported by DeGowin and Powell (1964)
and Chin et al. (1966). Asexual parasitemia of P. falciparum was cleared with sul-
falene and radical cure was recorded, though recrudescence was found in some
patients (Baruffa 1966, Clyde 1967, Mazzoni 1967, Martin and Arnold 1968).
Schizontocidal action of sulformethoxine against P. falciparum was reported (Laing
1964, 1965, 1968b, Clyde 1967). Sulformethoxine cured some of the non-immune
and semi-immune subjects with falciparum malaria (Chin et al. 1966, Harinasuta
et al. 1967). Radical cure was attaired in the falciparum patients treated with the
combinations of sulfonamides and dihydrofolate reductase inhibitors (DeGowin
and Powell 1964, Chin et al. 1966, Bartelloni et al. 1967, Walker and Lopez-Antunano
1968, Laing 1968a). Against falciparum malaria the administration of sulfadiazine
alone has not been recommended because of the frequent recrudescence. Long-
acting sulfonamides appear to be more reliable. Sulfadimethoxine and sulfalene
were reported to clear asexual parasitemia for a shorter time than does sulformethoxine
(Clyde 1967). However, widely divergent results were obtained in the attempts
to cure non-immunes with sulfalene (Baruffa 1966, Mazzoni 1967, Martin and
Arnold 1968). It indicates that the sensitivities differ much among strains.

Sulfamonomethoxine, a close relative of sulformethoxine was found to be more
potent than sulformethoxine and sulfadimethoxine against P. berghei in mice, and
effective in both chloroquine-sensitive and allegedly chloroquine-resistant malaria
in Embu area (Yoshinaga et al. 1970). In the present study the rationale of giving
sulfamonomethoxine to the clinically chloroquine-insensitive patients is that there
has been no substantial evidence of the chloroquine-resistant strains of P. falciparum
showing a cross-resistance to sulfonamides. Chloroquine and sulfonamide are believ-
ed to act through entirely different mechanisms, so it is unlikely that the two com-
pounds show cross-resistance with each other. Bishop and McConnachie (1948)
reported that the proguanil-resistant strain of P. gallinaceum did not respond to
sulfadiazine. It was recorded, however, that proguanil-resistant strain of P. knowlest
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responded normally to sulfadiazine, but exhibited high cross-resistance to pyri-
methamine (Jaswant Singh et al. 1952). Pyrimethamine-resistant strains of P.
cynomolgi (Jaswant Singh et al. 1953) and P. knowlesi ( Jaswant Singh et al. 1954)
were normally responsive to sulfadiazine but cross-resistant to proguanil. Excepting
some compounds (e.g. methachloridine) which are not antagonized by para-amino-
benzoic acid (Peters 1967), the mode of action of the sulfonamides seems to be
competitive inhibition of para-aminobenzoic acid incorporation into folic acid (Mar-
shall et al. 1942, Richardson et al. 1946, Thurston 1950). Inhibition of dihydro-
folate reductase seems to be the basis for the chemotherapeutic action of pyrime-
thamine and biguanides (Ferone e al. 1969, Gutteridge and Trigg 1970). Pyrime-
thamine or biguanides and sulfonamides except above-mentioned some compounds
act at different points in the same metabolic pathway — the folic acid cycle. This
concept is also supported by the well-known fact that sulfadiazine potentiates the
action of dihydrofolate reductase inhibitors, showing more than additive effect.
Compounds acting through related, but distinctly different mechanisms in the
same metabolic pathway show a low order of cross-resistance with each other: Strains
which are highly resistant to cycloguanil and pyrimethamine usually show a low
order of cross-resistance to most sulfonamides (Thompson and Werbel 1972). It
is again the rationale of giving sulfamonomethoxine to the patients who might have
been infected with the strains resistant to pyrimethamine or cycloguanil, which is
possible in Africa. ;

It is generally accepted that sulfonamides should not be used alone in malaria
because they are slow-acting, with narrow spectrum of activity and tend to induce
the resistance of microorganisms to the drugs (WHO 1967). In the present study
all symptoms disappeared within two days, but the average duration of asexual para-
sitemia was 3.2 days in Group 1: Factors contributing to this delay appear to
include such aspects as the gastrointestinal symptoms, which some patients showed,
probably having disturbed the absorption of the drug and a probable non-immune
having joined this group. As shown in Table 1, a Japanese was free from symptoms,
but it took 8 days to clear the parasitemia. It is very likely that the subject did
not have antiplasmodial immune (McGregor 1971). The average duration of
parasitemia was 1.4 days in Group 2, indicating that sulfamonomethoxine is rather
rapid-acting if it is used intravenously. Even the patient in coma recovered very
quickly. In Group 3 average duration of parasitemia was 1.3 days with the in-
travenous administration, manifesting its rapid effect. The Case 4 of this group
given oral medication showed delayed clearance of parasitemia. This subject might
have multiple-resistant strain. The fact that no recrudescence has been found in
the two months’ follow-up investigation seems to support that sulfamonomethoxine
is one of the long acting sulfonamides worth clinical trials, especially in semi-immune
subjects with or without dihydrofolate reductase inhibitors.

Untoward reactions to sulfonamides include hemolytic anemia related or
unrelated to an erythrocytic deficiency of glucose-6-phosphate dehydrogenase,
agranulocytosis, aplastic anemia, thrombocytopenia, urinary tract disturbances
and Stevens-Johnson syndrome (Weinstein 1965). A 1.59, incidence of skin erup-
tion was noted with sulformethoxine in North Africa (Bruce-Chwatt 1967). In the
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present study, however, no side reaction attributable to sulfamonomethoxine has been
detected, though these two sulfonamides are structurally related closely each other.

Extreme caution has to be exercised in intravenous administration of such
hypotensive drugs as chloroquine and quinine to the patients in or verging on shock.
It is often attempted to relieve the shock before treating with the hypotensive drugs.
Immediate intravenous injection of sulfamonomethoxine appears to be worth trials
in such emergency cases, because it is not a hypotensive compound.
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