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Studies on the Antimalarial Activity of
1,2-Dimethoxy-4-(bis-diethylaminoethyl)-amino-5-bromobenzene *

by L. H. SCHMIDT, R. N. ROSSAN, ROCHELLE FRADKIN and JANET WOODS, The National Center for Primate
Biology, University of California, Davis, Calif., USA, and WERNER SCHULEMANN and LUISA KRATZ,
Institute ofPharmacology, University of Bonn, Bonn, Federal Republic of Germany a

This report is a summary of some of the studies
pursued in our laboratories during the past nine
months on the antimalarial activities and toxicity of
1,2 - dimethoxy - 4-(bis - diethylaminoethyl) - amino - 5-
bromobenzene, a compound termed RC-12 (Fig. 1).
These investigations had their origins some forty
years ago when Schulemann & Kropp b described
the synthesis of a broad variety of aminobenzene
derivatives bearing N-dialkylaminoallcyl substituents.
These substances were prepared as outgrowths of
interest in the utility of N-substituted amino-
quinolines as antimalarials.c One of the alkylamino-
benzene derivatives, termed Dimeplasmin (Fig. 1)
was of special interest. According to Roehl,
Eicholtz, and co-workers,d it was as active as
Plasmochin (pamaquine) against infections induced
by trophozoites of Plasmodium cathemerium and
P. relictum and was substantially less toxic than this
8-aminoquinoline for the rat, mouse, cat and dog.
The absence of effects of Dimeplasmin on formed
elements of peripheral blood was in striking contrast.
to the leucopenia and methaemoglobinaemia evoked
by pamaquine.
These experimental findings led to a series of

studies by Sioli,d Muhlens,d Green e, f and Sinton g

* This paper was presented on 3 November 1965 at the
Fourteenth Annual Meeting of the American Society of
Tropical Medicine and Hygiene, New Orleans, La., USA.

a The work of the Institute of Pharmacology, University
of Bonn, has been carried out with financial assistance from
the World Health Organization.

b Schulemann, W. & Kropp, W. (1930) Verfahren zur
Darstellung von N-Dialkaminoalkylderivaten aromatischer:
Aminooxy- und Diaminoverbindungen, German Patent
No. 499826.

c Schulemann, W., Schonhofer, F & Wingler, A. (1929)
Verfahren zur Darstellung N-substituierter Aminochinoline,
German Patent No. 486079.

d Information made available to Schulemann.
e Green, R. (1929) Lancet, 1, 1137.
f Green, R. (1929) Bull. Inst. med. Res. Malaya, 28.
g Sinton, J. A. (1930) Indian J. med. Res., 17, 815.
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on the activity of Dimeplasmin against human
malaria. The work of these investigators showed
that, although this compound was well tolerated at
fairly substantial doses, it was clearly less active than
quinine in controlling parasitaemia and fever
resulting from either trophozoite-induced or natu-
rally acquired infections with P. falciparum. Simi-
larly disappointing results were obtained in limited
clinical work by Sioli & Eckhardt,c with the bromine
derivative of the diethoxy analogue of Dimeplasmin,
termed Diapromin.h As a consequence of these
findings, interest in the potentialities of simple
alkylaminobenzene derivatives as antimalarials
waned.

h Report by A. Kituth on Diapromin to I. G. Farben
Fabrik (information made. available to Schulemann).
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In 1944 Schulemann and Kratz undertook a
reappraisal of the activities of selected members of
these chemical series against malaria infections
induced by inoculation of sporozoites of P. cathe-
merium into the canary. This reawakening of interest
rested on new knowledge of the life-cycles of avian
and mammalian plasmodia, on recognition that
there were substantial differences in the susceptibi-
lities of the various developmental forms of the
parasite to chemotherapeutic agents, and on casual
observations by Kikuthd on the prophylactic
activity of Dimeplasmin against infections with
P. relictum. Schulemann and Kratz were soon able
to demonstrate that a number of alkyl-aminobenzene
derivatives (including RC-12) had significant activity
against the exoerythrocytic stages of this parasite.'

Events associated with the Second World War
made it impossible for Schulemann and Kratz to
extend their experiments until the late 1950s, when
confirmation was promptly forthcoming. The need
to assess the significance of these findings for primate
malarias was obvious and led to attempts by
Schulemann, Basu, and Ramakrishnan 4 in 1961-63
to determine the influences of the diethoxy and
bromine analogues of Dimeplasmin (termed S-lI
and RC-12, respectively) on the relapse patterns of
infections induced by the sporozoites of P. cynomolgi
and P. vivax. The investigations in simian malaria
came to nought because of difficulties in procuring
satisfactory sporozoite inocula; those in human
malaria were abandoned because of the scarcity of
suitable subjects. The World Health Organization,
early in 1964, asked the National Center for Primate
Biology, Davis, Calif., to carry out an appraisal of
the activities of RC-12 against P. cynomolgi infec-
tions in the rhesus monkey. This request led to a
collaborative study with Schulemann and Kratz of
the Institute of Pharmacology, University of Bonn.
The results of this study are summarized in the
current report, along with preliminary data on the
toxicity of this compound for the simian host.

Method of study
The pattern of study employed in the major assess-

ments of antimalarial activity is shown schematically
in Fig. 2. Groups of juvenile rhesus monkeys were
challenged intravenously with approximately 500 000
sporozoites of P. cynomolgi derived from well-
infected Anophelesfreeborni. A comparatively small
subgroup of these animals (14) served as untreated

i Unpublished report by Schulemann to WHO, 1963.
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controls; larger groups were used for evaluations of
the prophylactic, schizontocidal, and radical curative
properties of the investigated compound.

In the prophylactic component of the study, RC-12
or reference drugs (such as primaquine or chloro-
quine) were administered for nine days-the day
before sporozoite challenge, the day of challenge,
and seven days thereafter.) Blood examinations were
made on the last day of drug administration and
were repeated daily until parasitaemias were patent
or for four to six weeks if negative. In the latter
event, animals were rechallenged with approximately
500 000 sporozoites of P. cynomolgi, in order to
prove their susceptibility; when infections developed,
the animals were assigned to the curative segment of
the experiment.

In all evaluations of curative activity, therapy was
initiated as soon as parasitaemias of 10 to 50 per
10 000 erythrocytes were attained. As indicated in
Fig. 2, one subgroup of monkeys was given RC-12
alone, once daily for seven days. This was done
primarily to assess the schizontocidal activity of
RC-12. When parasitaemias persisted or reappeared
shortly after termination of treatment, it was decided
to determine whether the RC-12 regimen had
eliminated the persisting exoerythrocytic infection

I The RC-12 used in these studies was prepared in the
laboratories of Farbenfabrik Bayer A.G., Wuppertal Elber-
feld, Germany, and provided through the courtesy of
Dr Karl Koenig, Advisor of the Medical Research Depart-
ment of that company.



ANTIMALARIAL ACTIVITY OF THE ALKYLAMINOBENZENE, RC-12

TABLE 1
PROPHYLACTIC ACTIVITY OF RC-12 COMPARED WITH THAT

OF PRIMAQUINE AND CHLOROQUINE

Prophylactic regimen Recipients of regimen

Daily dose a
Total Number Number Number patent at day shown

Drug (mg/kg nube protected not
body-weight)nme protected

Control 0.00 14 0 14 13 at day 8, 1 at day 9

RC-12 0.39 5 0 5 5 at day 8

RC-12 1.56 5 0 5 2atday8.2atday9,1 atday13

RC-12 6.25 10 9 1 1 at day 10

RC-12 25.00 15 15 0

RC-12 100.00 5 5 0

Primaqulne 1.00 5 5 0

Chloroquine 5.00 5 0 5 1 at day 8, 3 at day 9, 1 at day 14

aAgent administered 24 hours before sporozolte Inoculation, the day of Inoculation, and for
seven days thereafter.

despite its failure as a schizontocide. This issue was
approached by administering chloroquine for a
seven-day period, following the animals for at least
an eight-week interval, and then subjecting them to
splenectomy as a final test of cure.

In the major curative component of the study,
RC-12 was administered in varying doses once daily
for 14 days along with chloroquine, 2.5 mg per kg
of body-weight, once daily for the first seven days.
Parasitaemias were always abolished temporarily by
such regimens. If they did not reappear within 8-12
weeks of the follow-up period, the animals were
splenectomized. If, after this, parasitaemias did not
appear in a four-week follow-up period, the animals
were considered cured.

In all the regimens, RC-12, chloroquine, and
primaquine were administered orally by stomach
tube.

Results
The data on the effectiveness of RC-12 as a pro-

phylactic are summarized in Table 1. These results
show that doses of 0.39 mg/kg or 1.56 mg/kg were
essentially without benefit, neither preventing infec-
tion nor extending the incubation period. On the
other hand, doses of 6.25 mg/kg were highly effective,
completely protecting 9 out 10 subjects. Doses of
25 mg/kg and 100 mg/kg were uniformly protective.
It is readily apparent, therefore, that RC-12 has a
substantial degree of activity against the pre-

erythrocytic forms of P. cynomolgi. Dose for dose,
this alkylaminobenzene derivative is less active than
primaquine. However, as will be pointed out later,
this inferiority is in part counterbalanced by differ-
ences in toxicity.
The data on the curative activity of RC-12 are

summarized in Table 2. The upper three lines in this
table deal with the efficacy of the compound when
administered alone for a seven-day period. Super-
ficially, the responses to this regimen were not
impressive, since cures were not achieved uniformly
even at the maximum tolerated dose of 100 mg/kg.
It should be noted, however, that results were
improved greatly when " RC-12 failures " were
treated subsequently with chloroquine in an effort to
eliminate the persisting parasitaemia. This pro-
cedure resulted in six cures among eight recipients of
25-mg doses of RC-12 and six cures among six
subjects receiving 100-mg doses.
The data on the combination regimens, involving

administration of RC-12 for 14 days together with
chloroquine for the first seven days, show that the
former compound had no curative activity at doses
of 0.39 mg/kg or 1.56 mg/kg and that it was only
about 50% effective at doses of 6.25 mg/kg. Doses
of 25 mg/kg were highly effective, producing cures in
21 of 22 subjects. These findings indicate that RC-12
does have substantial activity against the persisting
exoerythrocytic forms of P. cynomolgi. However,
the effectiveness of this agent against the late tissue
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TABLE 2
RADICAL CURATIVE ACTIVITY OF-RC-12,

WITH OR WITHOUT CHLOROQUINE.
COMPARED WITH THAT OF CHLOROQUINE AND PRIMAQUINE

RC-12 regimen Chloroquine regimen Primaquine regimen Number
. ~~~~~~~~~~~~~~cureda/

mg/kg Days of mg/kg Days of mg/kg Days of number
body-weight treatment body-weight treatment body-weight treatment treated

6.25 7 - - - - 0/3

25.00 7 _ _ _ - 2/8b

100.00 7 - - - - 3/6 c

0.39 14 2.5 7 - - 0/3

1.56 14 2.5 7 - - 0/3

6.25 14 2.5 7 - - 14/25

25.00 14 2.5 7 - - 21/22

- - 2.5 7 - - 0/12

_ - 2.5 7 0.75 14 7/7

a Cure is equivalent to negative parasitemia for three months in intact animals plus six negative
weeks after splenectomy.

b Four of the six persisting infections were cured by chloroquine 2.5 mg kg for 7 days.
c All three persisting infections were cured by chloroquine 2.5 mg/kg for 7 days.

forms is somewhat less than its activity against the
early developmental forms. It is also clear that, on a
dose-for-dose basis, the curative activity of RC-12 is
inferior to that of primaquine.

Attention should be directed to the general findings
of three companion experiments, one of which is
complete, the other two essentially so. The com-
pleted experiment was directed towards determining
whether RC-12 has activity against plasmodia
resistant to Chlorguanide (proguanil) and pyri-
methamine. The answer to this question is that, so
far as P. cynomolgi is concerned, the prophylactic
activity of RC-12 on such resistant strains is un-
impaired.
The second experiment relates to two fairly

important issues: first, the effectiveness of inter-
mittent administration of RC-12 on the prophylactic
activity of this compound; second, the influence of
the duration of treatment on its capacity to effect
cures. The results show that, in regard to pro-
phylactic activity, doses of RC-12 spaced seven days
apart are not more than 50% protective even when
one of these doses is administered immediately after
sporozoite challenge. On the encouraging side, how-
ever, is the finding that seven days' treatment with
RC-12 in combination with chloroquine is as
effective as the same dosage administered for 14

days, and that a four-day regimen is only slightly less
effective than that of seven days.
The third study deals with the activity of RC-12

against infections induced by the trophozoites of
P. cynomolgi. Results obtained to date are in line
with those of less definitive studies. The schizonto-
cidal activity of RC-12 is not especially impressive.
On the basis of dosage, its effectiveness is about equal
to that of quinine; however, it is substantially slower
than this alkaloid in achieving clearance of para-
sitaemia, resembling pyrimethamine and proguanil
in this respect. As a schizontocide, RC-12 is clearly
no match for chloroquine or other 4-aminoquino-
lines.

Attention should be directed briefly to the results
of studies on the toxicity of RC-12 administered
either alone or in combination with chloroquine to
normal uninfected juvenile rhesus monkeys. These
studies have included observations on general well-
being, as well as measurements of effects on the
haematopoietic, hepatic, and renal systems, and
gross examinations of pertinent organs and tissues.
(Histopathological evaluations are being done.)
As shown in Table 3, in a single-drug regimen,

RC-12 was tolerated without serious reactions by all
recipients of daily doses of 50 mg/kg and by four out
of five subjects given doses of 100 mg/kg. The fifth
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TABLE 3
TOXICITY OF RC-12, WITH AND WITHOUT CHLOROQUINE FOR MACACA MULATTA

Daily dose Duration of
Monkey (mg/kg body-weight) treatment Reactions to treatment b

No. RC-12 Chloroquine (days) a
(

955 _ _ _ Nothing remarkable

959 _ _ - Nothing remarkable

962 - - - Nothing remarkable

953 25 - 16 (17 S) Vacuolation of lymphocytes (+)

966 25 - 15 (16 S) Vacuolation of lymphocytes (+)

954 50 - 16 (17 S) Vacuolation of lymphocytes (+++); neutropenia (+)

961 50 - 15 (15 S) Vacuolation of lymphocytes (+++)

990 50 - 12 (16 S) Vacuolation of lymphocytes (++); spontaneous recovery 4 days aftet
treatment

1008 50 - 12 (15 S) Vacuolation of lymphocytes (+); spontaneous recovery 3 days after
treatment

963 100 - 15 (16 S) Transient convulsions and ataxia after treatment; vacuolation of
lymphocytes (+++)

967 100 - 1 (D) Died 35 min after treatment; convulsions

968 100 - 16 (17 S) Vacuolation of lymphocytes (+++); neutropenia (+)

989 100 - 12 (16 S) Vacuolation of lymphocytes (++); spontaneous recovery 4 days after
treatment

994 100 - 12 (15 S) Vacuolation of lymphocytes (++); spontaneous recovery 4 days after
treatment

956 200 - I (D) Died 30 min after treatment; convulsions

957 200 - I (D) Died 40 min after treatment; convulsions

964 200 - 7 (8 D) Died day 8; convulsions; 18 % weight loss; vacuolation of lympho-
cytes (++); neutropenia

992 50 2.5 12 (16 S) Vacuolation of lymphocytes (++); spontaneous recovery 4 days after
treatment

1014 50 2.5 12 (15 S) Vacuolation of lymphocytes (++); spontaneous recovery 3 days after
treatment

1016 50 2.5 12 (16 S) Vacuolation of lymphocytes (++); spontaneous recovery 4 days after
treatment

1020 50 2.5 12 (15 S) Vacuolation of lymphocytes (++); spontaneous recovery 3 days after
treatment

986 100 2.5 12(16S) 10% weight loss; vacuolation of lymphocytes (+++); spontaneous
recovery 4 days after treatment

995 100 2.5 12 (16 S) 9 % weight loss; vacuolation of lymphocytes (+++); spontaneous
recovery 3 days after treatment

1012 100 2.5 12 (16 S) Vacuolation of lymphocytes (+++); spontaneous recovery 4 days
after treatment

1013 100 2.5 12 (15 S) Vacuolation of lymphocytes (+++); spontaneous recovery 3 days
after treatment

a Figures in parentheses refer to day of death (D) or sacrifice (S).
b All necropsy findings were negative.

subject succumbed to convulsive seizures 35 minutes no reactions to the 100-mg dosage administered for
after administration of the first dose of drug. This seven to nine consecutive days. There is no question,
reactionwasmostunusual, inasmuchas 16additional however, that RC-12 is endowed with central
animals assigned to therapeutic studies have shown nervous system (CNS) stimulatory activity since it
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uniformly produced fatal convulsions at doses of
200 mg/kg.
The results of the study on the toxicity of RC-12

administered in combination with chloroquine are
also summarized in Table 3. The data presented
provide no indication that toxicity is enhanced by
concomitant administration of the two agents.

Vacuolation of the circulating lymphocytes was
the only non-CNS reaction to the administration of
RC-12, either alone or in combination with chloro-
quine. This vacuolation was transitory, disappearing
promptly after termination of treatment. It was not
associated with either hypertrophy or involution of
the spleen or lymph-nodes.

Discussion
The question may now be asked what these

observations on activity and toxicity indicate with
respect to the potential utility of RC-12 as an anti-
malarial drug. It seems quite obvious from the data
presented that the RC-12 per se has little promise as a

schizontocidal or suppressive drug, and thus falls
short of the goal of the much-needed substitute for
chloroquine. On the other hand, it does have
significant promise as a prophylactic or radical
curative agent and might find at least three spheres
of use in these areas: (I) when the combination of
chloroquine and primaquine is not effective in causal
prophylaxis, as appears to be the case where there is
chloroquine-resistance; (2) when there is a need for a
curative agent which can produce benefits in less
than 10-14 days; and (3) when there are fears of
enhanced susceptibility to the haemato-toxicity of
primaquine. The promise shown by RC-12 in
experimental studies pertinent to these issues seems
to us to warrant evaluations at the appropriate
clinical levels.

In conclusion, it should be pointed out that these
studies reopen interest in an old, poorly evaluated
class of compounds susceptible to substantial
chemical modifications with the objectives of modi-
fying toxicity and activity.

Statistical Considerations in the Microscopical Diagnosis of Malaria,
with Special Reference to the Role of Cross-checking

by K. RAGHAVAN, Statistical Assistant, WHO Regional Office for South-east Asia, Delhi, India

All the epidemiological and remedial activities of
the advanced phases of a malaria eradication pro-
gramme are based on the results of examinations of
blood films for the presence of malaria parasites.
It has been the experience in many malaria pro-
grammes that positive slides are not infrequently
missed during microscopical examination. The
tendency in most instances has been to ascribe this
shortcoming either to defects in the techniques of
preparation of the blood film or to the incompetence
of the microscopist. The purpose of this note is to
draw attention to a third and entirely different
source influencing the failure to find malaria
parasites in a thick blood film, namely, the " chance
element ". A proportion of the positive blood films
will always be missed by chance, no matter how well
a film is prepared and how capable a microscopist
may be.a These considerations have led the author

a Dowling, M. A. C. & Shute, G. T. (1965) Bull. Wld
Hlth Org., 34, 249-267.
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to make observations on the role of cross-checking
and to suggest ways of improving laboratory pro-
cedures and keeping them under constant check.

This problem of the failure to identify a positive
blood sample owing to limited examination of the
blood film is of particular interest to a diagnostic
laboratory and is different from the one in which
the blood film itself might or might not have parasites
because of their low density in the peripheral blood
of a patient. This note deals only with the first of
these aspects, and the phrase " parasite count " is
here taken to mean the number of parasites in a total
of 1000 fields available for examination in a thick
film of a generally accepted type.

Probability of missing a positive slide
The chance of failing to detect a positive slide

depends directly on two factors, namely, the volume
of blood examined in relation to the total amount on
the slide available for examination and the number


