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The following report is intended to give the general back-

ground of present knowledge of the treatment of malarie by drugs
under existing war conditions. It does not aim at bibliographical
completeness, nor does it include a discussion of all chemical,
pharmacological and clinical aspects involved. The report is based
on published metericl and, generally spezking, includes discussion
only of such drugs as have shown some promising results in the
treatment of humen malaria,

It was not always possible to consult original articles, and

abstracts in the Tropical Diseases Bulletin had to be relied upon.

In these cases, the reference to the ebstracting journal has been
added in parenthesis after the given item in the bibliography,
The authors wish to express their gratitude to all those who

helped the preparation of this report by suggestions and criticism.
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I. The Quinine Situation

In the seventeenth century Peru exported large amounts of bark
of Peruvian Balsam to Europe for medicinal puJ:‘poses.;L So much in
demand was this drug that European merchants frazudulently substituted
cinchona bark, selling it as "guina-guina," the vernacular neme for
Peruvian Balsum. In the course of time the substitute became more
importent than the original. It monopolized the neme, snd is now
known as guinquina in French and China-Rinde in German. The name,
"einchona," officially introduced by Linne, is due to a legendary
connection of the drug with the Spanish Countess of Chinchon who,
however, neither used it herself nor introduced it into Europe.

During the seventeenth and eighteenth centuries the cinchona
bark had friends es well as enemies. Often confused with other
drugs, it was not generally zccepted as a veluwdle entimalarial
remedy.l However, the isolation of quinine from it in 1820 by
Pelletier and Caventou increased the demund for the bark which &t
thet time was chiefly collected in the forests of Ecuador, Peru and
Bolivia.? These forests were exploited to such a degree that the
extinction of the tree was envisaged as an imminent danger. It,
therefore, became necessary to cultivate the plant in a systematic
way and attempts in tais direction were made by tne Dutch in 1852
and by the English in 1860, with the object of transferring the
plants from South America to Java and British India.3 These attempts

at first met with little success. The Java plantztions, in particuler,



began to flourish only after 1865 when the Dutch government bought

seed from the Englishinan, Ledger.3 Ansiysis of these Lecdger cinchones,
first made in Javs in 1872, showed & much hisher percentage of guinine
than contained in otner verieties.” In the course of succeeding
‘years, the NetherlendsIndies ec;uired & virtual monopoly over the
production of nhigh content cinchona bark, a position which was

further strengthened by the signing of & cinchona agreement in 1913
between bark producers and cuinine menufacturers.

Under the above circumstances, there developed & measurable
discrepancy between the amount of quinine produced and the amount
needed to treat cases of melaria w1l over the world. While tne
total number of melaria cases is not known, estimates differirg
widely, the following figures give some impression of the situation
wnich existed around 193z. An enquéte msde by tne Leigue of Nations
siowed thet the governments responding to the enguiry estimeted their
yeerly requirements of quinine at 1,172,180 kg., wherees, they imported
an averege amount of 156,260 kg.b  Of the 11,666,000 kg. of cinchona
Derk produced the world over in 1933, atout 10,000,000 caue from
the Dutch Best Indies.” These figures show that the production
outside Jeve had become negligible. koreover, it was not even sufficient
to cover the requirements of the bark growing countries themselves.
Wnile Indis end Ceylon, for instance, towards the end of the nineteenth
century still grew cinchona on such & large scale that they contributed
to «n economic over-production, the yeurly production in India at

present is estimcted at only 70,000 pounds while the country recuires

more than 1,000,000 pounds.6 In the Philippines shortly before the
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outbreak of the present war, an average of 2,330 kg. of uinine had
to be imported annually.7 Some idea of the contribution of Latin
America can be gained from relative figures on importation by the
United States. The annual average of the total import of cinchona
bark betweep 1937 and 1939 was 1,738,431 pounds. Of this amount,
23,855 pounds came from Latin America; i.e., about l.4 per cent of
the total.8
There is but little doubt that the discrepancy between the
world requirements and the world supply of quinine was largely due
to economic factors.’9 The price of quinine was above the purchas-

ing power of the indigent and in Ituly, for instance, even before

the last war, large scale use of the drug for the prophylaxis and

trectment of malaria had to be subsidized by the government}jldé%d
existed, therefore, for a cheap antimalarial drug.ll This need was
partly met by the utilization of all the alkaloids found in cinchona
bark; viz., quinine, quinidine, cinchonine and cinchonidine. The
mixture was used in India and known by the name, "cinchona febrifuge." .
At first it was produced from the red bark (C. succiruba) and had a
relatively high content of quinine.88 Later on, when quinine manu- |
facturers preferred the yellow bark (C. ledgerisna), cinchona febrifuge

was made from the guinine manufacturers' residues and was correspond-

ingly low in quinine content. In either case it was, however, necessary

to standardize the drug. This task was sponsored by the League of

Nations which in 1931 gave the name, "Totaquina," to the standardized

product.ll The latter was adopted in 1932 by the British Pharmacopoeia
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which defined it as containing "not less than 70 per cent of
crystallisable cinchona alkaloids, of which not less than one-fifth
is quinine.'dk9 In 1933 the Madras Government Cinchona Department
produced nearly 2,000 kg. of totaquine,l3while in subsequent years
other countries too promoted the sale of the drug.

It has been pointed out6 that if cinchona cultivation were
extended in India, a preparation of the "totaquina" standard "could
be produced at a cost of one-seventh that of quinine.”

The U, S. Pharmacopoeia25 included the following definition of
"totaquine™ in its twelfth revision of 1942: "It contains not less
than 10 per cent of anhydrous quinine, not less than 25 per cent of
cinchonidine and annydrous quinine combined, and a total of not iess
than 70 per cent of cinchonidine, cinchonine, anhydrous quinidine,
and quinine." In the fall of 1942 a new stzndard was envisaged,Zlb

requiring a quinine content of not less than 7 per cent and not more

than 12 per cent, and 70 to 80 per cent of total crystallizable alkaloids.
This change was to take account of the low alkaloid content of South
American bark.

On the other hand, it must be realized that expensive as
quinine might be, its price had, nevertheless, been reduced; in
Germany, for example, it had fallen from several hundred marks per
kg. in the eighties of the last century to 60 to 80 marks around
192631'These German figures were not without influence upon the

search for quinine substitutes. The complicated structure of

quinine made its chemical synthesis a very difficult task affording
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little promise., Synthetic quinine would further depress the price
of the natural drug and competition between the two, therefore, did
not promise orofitable results. 12

With the virtual establishment of a quinine monopoly in the
Netherlands Indies, the danger arose that in case of war the
source of supply might be cut off. Campaigns in malaria-endemic
countries have always held grave danger for foreign troops. During
the last world war, this fact was experienced by the British and
French forces in various theaters of the war, and particularly in
Macedonia where malaria hospital admissions among the British
Expeditionary Force in September and October 1917 reached monthly
figures exceeding 15 ,000.“*"' But if the allied armies were hard hit
by malaria, so were the German forces who, in addition, suffered from
a shortage of quinine because of lack of cinchona berk. 19

At the outbreak of the present war, it could be foreseen that
the occupation of Java by an enemy power would create a serious
problem. That such a possibility was reckoned with in this country |
is indicated by the sharp increase in imports of cinchona bark at
least two years before Pearl Harbor. While imports amounted to
1,837,000 1bs. in 1937 and 1,349,000 lbs. in 1938, they reached
2,030,000 1lbs. in 1939 and 5,418,000 lbs. in 1914;0.lé After Pearl
Harbor efforts were made to plant cinchona seeds in Latin American
countries and to secure bark from South America. Colonel A. F.
Fischer succeeded in bringing some two million cultivated seeds out

of the Philippines when these islands were occupied by the Ja.panese.l'l‘5
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At present, the United States is cooperating with Bolivia, Colombia,
Costa Rica, Ecuador, Guatemala, Mexico and Peru in their efforts to
increase the output of cinchona bark.u‘S’ubApart from these enterprises,
it was necessary to preserve the guinine supply in this country and
to reserve it for the armed forces. Since June 1942, both quinine
and totaquine may only be sold as antimalarial agents. The same
is true for such secondary alkaloids as cinchonine and cinchonidine. 17
Quinidine, on the other hand, is to be reserved for the treatment
of certain heart diseases. 47 1In February and March, 1943, druggists
and physicians were urged to send quinine and other cinchona
derivatives to the National Quinine Pool.le’19 It was pointed out
that the civilian population was to receive totaquine which "while
excellent for domestic use, is not as stable as is Gquinine and
therefore not as suitable for shipment into areas of varying climatic
conditions." 18 At the same time an explanation was given as to why
soldiers abroad might need quinine instead of the synthetic anti-
malarial dmgs.le'l'his country and our ally, Great Brit,ainl,8 were not
the only countries to impose restrictions upon the use of quinine.
Japan's partner, Germany, likewise had to limit its use to the
treatment of malaria exclusively.2o

Economic and political motives thus largely explain the quest
for a quinine substitute; i.s., a drug that would act as effectively
as quinine, Besides, there existed medical reasons to look for a
drug that would supercede or supplement quinine. Its bitter taste

and toxic reactions were among the shortcomings known for a long time.
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Doubts about its reliability as a prophylactically and therapeutically
ideal drug had been voiced before the iast vorld war. During and
after that war, these doubts increased end biological and clinical
studies as well as the invention of the synthetic drugs,plasmochin
and atabrine, opened new vistas.

Before 1914, the opinion was wide-spread that quinine destroyed

all forms of P. vivax, P. malariae and P. falciparum--except their

gametocytes.Zl This view influenced the prophylactic and therzpeutic
use of the drug. A sufficient quantity of guinine in the blood

would kill the sporozoites introduced by the mosquito &nd destroy

the schizonts developing in the blood-stream. Since, however, not all
sporozoites or schizonts would be killed at once, it was believed
necessary to give quinine over a certain period of time in order to
prevent infection or relapses.

In contrast to present usage the period of prophylactic aamin-
istration following the time of actual exposure to infection was
relatively short;21 whereas, the period over which quinine was
‘given therapeutically was relatively long. For instance, according
to the treatment that Nocht 22introduced in 1904, 1.0 gm. (15 grains)
of quinine hydrochloride were given daily to the adult patient during
his febrile attacks and during 5 subsequent days. Then, for 6 weeks,
L free days alternated with 3 days on which guinine was given, or a
scheme was followed in which the number of free days gradually
increased while the number of quinine-days decreased (2 free days—-

then 3 days of quinine, 3 and 3, 4 &nd 2, 5 and 2, 5 ana 2).
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Celli's statement: "He who takes quinine every day, and there-
fore has always a supply of quinine in the blood stream, can undergo
with impunity inoculations of blood full of malarial parasites, and
can expose himself with little or no danger to the bites of infected
mosquitoes ,"21 although often quoted was not generally accepted before
the last war. The efficacy of quinine prophylaxis was a matter of
considerable debate, its defenders usually accusing irregular or
insufficient consumption of the drug for the apparent failures.

If regularity were assured by the habit of taking a daily dose at a
fixed time, the results would be excellent.<t When the British and
French forces began to suffer heavily from malaria during the
Macedonian campaign, the debate was continued along very similar
lines without reaching any conclusive resultsib Moreover, "some
pessimistic papers were written during the war period by medical
officers of the British Army as to the value of quinine in the treat-
ment of malaria,"?3 Although such pessimism was opposed by those wo
believed "that quinine properly administered and continued for a
sufficient period of time, will cure any case of malaria infection,
provided the patient can take the drug,‘?Bthere is yet little doubt
that the first World War shook rather than enhanced confidence in

the prophylactic and curative properties of quinine,




II. The Synthesis of New Antimalarial Drugs

Plasmochin. Chemically, quinine is the methyl ether of cupreine
and has the formula C 3}-1241{202'}3!{20. This formula can be considered
as consisting of three parts:

the guinoline component, i.e., é-methoxy-quinoline:
CH,0~
3

the cuinucleidine part, i.e., a complex ring with a vinyl group

H:CHy

and the connecting link containing e hydroxy-group: HCOH
The structural formula of quinine can, therefore, be visualized
after von Oet,(',ingenl,l‘sGreenll3 and Field® as: H

[ o B,

2 |\

H
Grogp: _c./ \9/‘;\:11 ?’” . jL/ i,

Quinoline Component Connecting Quinucleidine
Link Part
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The other cinchona alkaloids; viz., quinidine, cinchonine and
cinchonidine are also built after this pattern. Quinidine is an
optical isomer of quinine; cinchonine end cinchonidine are optical
isomers lacking the methoxy group.ll"8

Of the component parts of the quinine formula, the quinoline
ring was known more than a hundred years ago}lh It is, therefore,
not surprising that quinoiine was among the early chemicels tried
against malaria, to be followed by kairin, antipyrin, antifebrin,
thaliin, phenacetin and other antipyretic drugs, all of which failed<’
A new chapter in the history of antimalarials began in 1891 when
Guttmann and Ehrlich insroduced gfthylenevblue as an antimalarial
sgent. ! (CH3)2N.C/"C\C' S o C.N(CH5),

HC

ﬁ///c\x\g///q\\tﬁ///bﬂ

Methylene Blue <5

The fact that methylene blue was being used for staining plasmodia
gave these authors the idea of trying its therepeutic effect in

two cases of malarial infection (tertian and quotidian types).

They administered the dye (in capsules) in doses of 0.1 gm. 5 times
a day, continuing with the same dosage for 8 to 10 days. The
febrile attucks stopped during the first few days of this medication
and, according to the authors, the plasmodia disappeared from the

blood "not later than 8 days" after the beginning of the treatment. =7
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Methylene blue is not used much &s an antimalarial drug nowadays
nor are the arsphenamines which were tried for this purpose shortly
after their invention by Ehrlich%h (See p. 99) Thus it can be said
that no efficient synthetic antimalarial drug was in use before the
first World War. Yet after the War, methylene blue became important
again because Schulemannm‘and his coworkers used it as the starting
point in their synthesis of plasmochin. An amino compound of methylene
blue gave the first promising results. This, in twrn, led to quinoline
compounds containing nitrogen atoms in an aliphatic side chain and

finally in 1924 to plasmochin, an 8-(4~-diethylamino-l-methyl-butylamino)-

6-methoxy quinoline. The sequence can be illustrated by the following

2 11 88
diagram, modified after Schulemannfh Green :aa.nd Field.
(H3
(CH3)oN NcH3
Methylene Blue l ]

(CH3) N

Methylene Blue CH2
Modified ﬁ(c2H5)2
Quinoline Ring l E \Euj

With Similar Side CHQ

Chain

N’(<2lzﬂ5)2 i

C
PLASMOCHIN  CH0 c//'8 T SN0

|
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Plasmochin was the first synthetic antimalerial drug of major
importence. Moreover, its synthesis wus not due to chemical
research alone. Chemist, biologist and clinician had worked together
and had made systematic use of animal experiments as well as trials
on patients undergoing malaria therapy. These new methods have

become fundemental in the investigation of antimslarial drugs and

their development up to the invention of plasmochin, as well as in
more recent ye:zrs, therefore, may be sketched briefly.

Danilewsky in 1886 realized that the plasmodia in man were
related to the intracorpuscular sporozoa in lower animals?‘?a.nd
in 1899 Koch and Pfeiffer found that canaries were rezdy hosts to
infection with plasmodia formerly found in sparx-owss.26 Here then
was easily aveilcble material that could be used for testing anti-
melarial drugs. In the following deccdes a copious literature on
the subject originated which was reviewed by Biahopz6 in 1942,
as well as by Marshall. 30

During the ezrly stage of the work on avian malaria, it was
found that the inability to trace parasites in the blood of infected
birds was no proof of complete recovery. On the other hand, birds
which were still infected did not suffer from an acute attack, if
reinoculated with plasmodia. While these findings pointed to the
existence of latent infection and a state of "premunityl-to use
a term introduced by E. and E. Sergenta-}-they mzde it all the more

important to develop tests by which the final success of a cure

could be established. The Sergents A in 1921 described the follow-

ing two tests as the most reliable ones. The imminity reaction
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(réaction 4 imnunité) consisted in injecting infected blood into
the peritoneum of the suspected bird. If the laiter did not show
definite signs of infection, it had still to be considered disessed.
The "isodiagnostic" test varied from the sbove by the injection of
blood of the suspected bird into the peritoneum of a healthy animal
of the same species. Quinine was the main drug whose therapeutic
and prophylactic effects were tried in birds. The experiments
conducted by various authors up to the early twenties showed that
therapeutically the drug had much the same action in birds as in man.
It did not really destroy the parasites once the animal had been
infected, although their appezrance might be delayed.26 Thus the
doubts of clinical observers were srengthened by the results of
laboratory investigations.

It was at approximately the same time that the use of malaria
for the treatment of general paresis made it possible to observe
the course of the disease under well defined conditions and to test
antimalarial drugs in man. Malaria was usually transmitted from a
well known strain, either directly from patient to patient, or through
the intermediary of mosquitoes. The patients of countries where
malaria was not endemic were usually free from previously acquired
immunity and, therefore, presented material for testing drugs on
newly infected cases. During the ten years following the introduct
of malaria therapy by Wagner Jauregg in 1917, some observations wer

made which tended to round up the picture regarding the action of




quinine on the various developmental phases of plasmodia. Thus
Yorke and Macfie in 1924 noticed that quinine given prophylactically
was effective against inoculation with the blood of patients, but not
against mosquito~-induced infection.26 The conclusion these authors
drew was that quinine did not affect the sporozoites but the tropho-
zoites. Hence, quinine did not reallymrevent infection; it only
suppressed clinical manifestation of the disease.

When the research workers at the Elberfeld “aboratories of the
I. G. Farbenindustrie approsched the task which in 1924 led to the
synthesis of plasmochin, they had to develop a method by which the
many compounds suggested by the chemist could be tested in birds so
as to find the most efficient combination. Roehl?2 who developed
such a method, first of all had to invent a standard for comparison.
Inoculating canaries with P. relictum (praecox) and testing their
blood daiiy, he found that the parasites usually became visible
after 4-5 days. If, however, quinine solutions were injected into
the bird's stomach by means of a catheter, the perasites appeared
after 10 to 12 days or even later. This delay in the appearaﬁce of
the parusites was taken by Roehl as a test for the efficiency of a
drug and a standard for comparison was elaborated with solutions of
quinine hydrochloride. A solution of 1:200 (1 cec. per 20 gm. body
weight) was efficient and yet tolerated by the bird; a solution of
1:800 was still definitely efficient, while a solution of 1:1600
was no longer efficient. Since, therefore, solutions from 1:200
to 1:800 represented the latitude where quinine hydrochloride was

tolerated and effective, this drug then according to Roehl had &
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chemotherapeutic index ("Wirkungsbreite") of Li4. Substltuting

the various suggested products for wuinine nydrocnloride, it was
found that plasmochin was effective between 1:1500 to 1:50,000; i.e.,
that it possessed a chemotherapeutic index of approximately 1:30,

In many cases according to Roehl, plasmochin prevented the appear-
ance of plasmodia altogether. The birds remzined healthy and their
blood not infectious for other birds. Once the infection had become
manifest, plasmochin did not effect a complete cure.

It was, of course, impossible to predict whether this drug,
found promising in canaries infected with P. relictum, would also
be effective in man infected with quite different species of plasmodia,
The question was answered in the affirmative by Sioli33 in the early
part of 1925. 1In order to test the tolerance for plasmochin, he first
tried it on 3 paralytics who were not yet undergoing malaria therapy.
These preliminary tests suggested to him that further experiments
might begin with doses of 0.05 gm. 3 times a day without exceeding
this dosage. He obtained satisfactory therepeutic results with 4
daily doses of 0,02 gm. or 2 daily doses of 0.04 gm. given until 3
days after the disappearance of the fever and the plasmoaie, and
repeated on 4 days during each of the subseguent 2 or 3 weeks.

The final step was made by-Mﬂhlenth in August, 1925, when
plasmochin was introduced at the Hamburger Tropeninstitut for the
treatment of naturally acquired malaria, Doses of 0.05 gm. once
or twice (in a few cases even 3 times) a day or 0.02 gm. 5 times

a day were usually given on 5 to 7 successive days "until the complete
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disappearance of all parasites" and continued for several weeks on 3
successive days following 4-5 day intervals. The whole cure lasted
about, 4-b weeks. In cases suffering from tertian, quartan and tropical
malaria, the febrile attacks very soon stopped after treatment with
plasmochin had been instituted. The parasites of tertian and quartan
malaria also disappeared in a few days. However, plasmochin treatment
showed remarkable peculiarities in cases of tropical malaria. Regard-
ing relapses, this drug was inferior to quinine, yet the gametes in
M, tropica not affected by quinine disappeared almost invariably in
the course of the plasmochin therapy. In order to avoid tropica
relapses, plusmochin was combined with quinine as "plasmochin compositum.”
Atabrine. Plasmochin was not a mere substitute for quinine. It
acted on those forms of falciparum malaria where gquinine was least
effective. However, there still remained the task of finding s
synthetic drug which would act where plasmochin was inferior to quinine;
that is, in the action upon the schizonts of P. falciparum. This

% from

pharmacological problem was approached by Mauss and Mietzsch
the following stand point. From the experiments with plasmochin,

they accepted the principle of introducing a basic radical by means
of an aromatic amino group. On the other hand, they did not wish to
use the plasmochin ring, but looked for another ring more similar to
the quinoline ring of quinine. This they found in acridine which

was relatively closely related to quinoline and which for years had
been used for the preparation of more or less effective antimalarial

drugs such as trypaflavine, rivanol, et,c.3 5
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Acridine

By choosing the acridine r'mg3 ihey hoped to lessen the toxic
properties of the compound as compared with quinine and plasmochin.
This combination represented a type of chemical which obviously
could be modified in many ways. Introducing the chlorine atom and
a methoxyl group into the acridine ring, they obtained a dihydro-
chloride of 2-methoxy-6-chloro—9—(8—diethylamino—c(—methyl-butylamino)
acridine which received the name of atabrine and to which was given

88
the following formula: s135

Atsbrine

Synonyms:  Mepacrine hydrochloride
Quinacrine
Acriguine
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_ The chemotherapeutic action of atzbrine was elaborated by
Kikuth%in 1932. Following Roehl's method (cf., p.14), he did
not find any perticular advantages of atabrine over plasmochin.
The chemotherapeutic index of the two drugs was about the same
and in absolute figures atcbrine was four times as effective as
quinine, but fifteen tires less effective then plasmochin., In
experimenting on Haemoproteus orizivorae, he tound that the mode
of action of atubrine was different from that of plasmochin. Haemo-
proteus infections occur in the Java paddy bird and the schizont
cycle develops in the endothelial cells of the host; whereas,
gumetes eppear in the blood. If the infected birds were given
plasmochin, the gametes disappeared temporarily from the blood, only
to reappear siortly witer the end of the medication. According to
Kikuth these relapses took place because plasmochin did not destroy
the schizonts waich continued to develop sexual forms. Quinine and
ztabrine, on the other hand, did not affect the slready circulating
canetes at all, since in Kikuth's opinion they acted upon schizonts.
If these assumptions weke correct, then plasmochin and atabrine given
together ought to destroy the gametes as well as prevent relapses.
The outcome of Kikuth's experiments confirmed his hypothesis, whence
he took it for experimentally proved that atabrine, just like quinine,
acted upon the schizonts of malaria parasites.

In July 1930, Siolis7tried atabrine upon general paretics

treated with malaria (P. vivax) and advised oral administration of
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0.1 gm. 3 times a day for several days. Peter?sin September of
the same year, had an opportunity of trying atabrine upon petients
naturally infected with melaria. In vivax malaria, he observed
an effect upon all developmental stages of the paresite, although
the gametes were the last to disappeur. In falciparum melaria, how-
ever, the drug proved inefficient upon the gametes, while the ring
forms disappeared quickly. He thus confirmed Kikuth's prediction
that in infections with P. falciperum, atabrine would act wpon the
schizonts.

While Haemoproteus orizivorae is not a melarial parasite, it

has been found that various plasmodia octurring in other birds have
an extra-erythrocytic cycle in addition to the erythrocytic cycle

39

hitherto known. In particular, Jemes and Tate ”’ observed in P.

gallinaceum Brumpt "a hitherto unrecognized schizogenic cycle of
development occurring in reticulo-endothelial cells of tne spleen,
liver, kidneys and other internal organs and particuiariy, in certain
cases, in the reticulo-endothelial cells which Line the capilleries
of the brain." These authors drew attention to the possibiiity that
a similar cycle occurred in humsn malaria paresites and that this
might account for the ineffectiveness of quinine in preventing
primsry attacks as well as relapses of the disease. The question

of an exo-erythrocytic cycle has evoked a considercble amount of

research without having as yet been solved conclusively with regard

to human malaria.26
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Sulfa Compounds, Simian Mslaria and Immunity. In 1932, when
discussions on the comparative effect of quinine, plasmochin and
atabrine upon human malaria began to appear in great number in the
medical literature, opinion tended to crystallize as follows: quinine
and atabrine were considered predominantly “schizontocides," plasmodin,

on the other hand, a "gfsune'r,ocide,"lBl

and none of them destroyed the
sporozoites by which infection was transmitted in the natural way.

The experimental work on avian malaria, however, did not allow such a
relatively simple view. The literature reviewed by Marshallsoreveals

a considerable divergence of opinion and the same is true of the question
whether any drug is really able to prevent infection in birds. Besides,
the problem is made even more complicated by the different susceptibility
to the drugs of the various species of parasites as well as strains. In
addition, the species of birds acting as hosts also vary with regard to
susceptibility. The large number of avian parasites as well as their
main hosts (more than 130 species of birds have been found infected in
Ly

nature » chiefly used in experimental work, can be seen from the

following list:
PARASITE HOST

In
.

Canary, Duck, Pigeon, Java
Sperrow (?), Acanthis linaria,
Spinus spinus, Fungilla linaria

relictum (praecox)

P. cathemerium Canary, Duck
P. nucleophilum Lanary

P. circumflexum Canary

P. rouxi Canary

P. elongatum Canary, Duck
P. vaughani Canary

P. gallinaceum Chicken

P. lophurae Chicken, Duck
P. paddae Finch
Haemoproteus Finch
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The importance of these problems for the research work on anti-
malarial drugs was pointed out by Marshall 30 and formilated by him
as follows: "What avian malarial species resembles most closely in
its susceptibility to drugs the species producing infections in man?
The answer to this question involves a study of the species and stmin
susceptibility to drugs of the parasites available for experimental
infections and a comparison of the data obtained with what is known
or can be found as to the action of the same drugs in the 3 types
of human infections.”

The number of other drugs besides quinine, plasmochin and
atabrine tested on birds with equivocal success is so great that
a few indicstions regarding sulfa compounds may suffice here.
Neoprontosil made P. praecox (?) disappear in the infected Paddy
bird and sulfapyridine gave positive results in canaries infected
with P. circumflexum. Sulfanilamide, however, proved ineffective
against various species of plasmodia in canaries. The same negative
response also seemed to be obtajned in P. lophurae infections of
chickens and ducks until it was shown that, it these birds were
treated by the drug-diet method, a positive action couid be evoked.30 24l
The drug-diet method aims at maintaining a more or less constant
blood concentration of the drug. b e dependence of the activity
of a drug on the blood level is a recognized principle in bacterial
chemotherapy. 4 The positive results obtained with the drug-diet
method are an indication that the same principle is also valid for

the drug therapy of malaria.
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The initizl failure of sulfsnilamide in birds stood in marked
contrast to its spectacular effect upon the inflection of monkeys with
P. knowlesi. This parasite was discovered in 1927 in cynomologos
monkeys in Jeve end it .es found leter thet the rhe:us monkey too
1ie.s susceptible to this infectiou?z & lerge numoer of parasites have
been identified in & grect variety of monkeys and apes. The literature
on the subject of primste malaris hes been collected recently by Ruch
in a public:tion prepered at the request of the Board for the Coordinztion
of Malerizl Studies of the Netional Resesrch Council.

Rhesus wonxeys, if inoculrted with P. knowlesi, succumb almost
vithout exception to the infection, hut a single orel administretion
of sulfinilamice, as Coggeshall showed in 1938, erzdicctes the disease
entirely?b Althougn sulfanilemide (in contrast to other sulfonemide
compounGs) hezs but 2 slight therepeutic effect in humsn meleria,
this discovery was of great importsnce. For mzn, too, is susceptible
to infection with P. knowlesi and the study of this paresite might
lecG to the discovery o a drug of similar potency &s sulfanilamide
hes in the rhesus monxey?k Fulton znd Christophers used the Warburg
menometer for meesuring the respiration of P. knowlesi and found that
Guinine c¢no etebrine inhibited respirztion. In vitro experiments on
plesmodic hed previously given but little promise, mainly beczuse of
the inebility to cultivete the plasmodiez. Determinction of the

inhibitory effect upon parasites might, on the other hand, lead to
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an evalustion of potential antimalarial drugs. With this aim in
mind, Coggeshall and MsierlH developed a method permitting comparison
of verious drugs. They found, however, that there was no uniform
correlation between the inhibitory effect of various drugs and the
response to these drugs in experimental animals. The method, there-
fore, was recommended by these authors only "as an adjunct to in vivo
experiments." bk

Apart from the possibilities which investigation of P. knowlesi
offered for the discovery of new antimalarial drugs, it helped to
elucidate our concepts of immunity to malaria. As mentioned above,
the existence-of a latent infection where no clinical symptoms
appeared while the blood was still infectious had been clearly
recognized. Clinical observations as well as experiments on birds
had proved that some degree of immunity did develop. The question
remained, however, whether such immunity was due to cellular or
humoral factors. Both possibilities were envisaged, but at first
only a cellular response could be provedl.‘z"*s During and after the
crisis, the parasites were destroyed in the spleen, liver and bone
marrow by the macrophages. This helped to explain the splenomegaly
in patients suffering from malaria, particularly in endemic regions.
Proof of the existence of humoral immunity was provided by studies
of rhesus monkeys infected with P. kmowlesi. Whereas, sulfanilamide
completely eradicated the parasites, quinine and atabrine had no
such radical effect, although they changed the otherwise fatal disease

into a chronic infection. Monkeys treated with these latter drugs
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showed a high degree of immunity to reinoculation with P. knowlesi.
Immune serum from these animals transferred passive immunity and

the same effect could be reached with immune serum from man inoculsted
with the same species of plasmodiz. Thereby the existence of specific
protective antibodies was proved. Every relapse increased the potency
of the immune serum and might, therefore, be considered as a beneficial
"pr'ocess of auto-hyperimmunization" in the terms of Coggeshall."2

In addition to the action of specific protective antibodies,

the existence of complement-fixing agglutinins and precipitins could
also be ascertained he and utilized for a number of‘diagnostic testsf‘S
Cellular and humoral responses, moreover, seem to act cooperatively
in building up the immunity of the infected host.

The different action of sulfanilemide, on the one hand, and
quinine and atabrine, on the other, on P. knowlesi infections shed
some light on the question of how long imnuni;c.y to malaria persists. ]
An animal which was given sulfanilamide in the very early stage of
the intection was cured without retaining any appreciable degree of
immunity. If, however, -au auimal was allowed to acquire imminity by
treatment with quinine or atabrine and the infection then eradicated
by means of sulfanilamide, it survived renewed inoculations during
the ensuing six months. From these experiments it followed that
some amount of immunity remained after a complete cure of the disease
and that it was more than "premunition" in the meaning of the brothers
Sergent.

Although results obtained in experimental work on animals

could not always be immediately transferred to problems of human
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malaria, they agreed very well with observations made on therapeutic

" malaria. Here an ever incressing degree of immunity develops, if

the infection is induced by mosquitoes and after several recurrences
attempts at reinfection fail. However, the immunity extends to the
same species only and is not even complete against different strains
of the same species., Lé This fact already ascertained in 1931,
harmonized with the observation in infections with P. lnowlesi; viz.,
that no permanent cross immunity could be obtained even with closely
related strains of the same paras:i.te.‘"2
New Principles of Treatment. The hope of curing human malaria
with immune serum has so far not been fulfilled. But the realization
thet e complicated immune process goes on in the infected patient
has led to important conclusions as to the relationship of immunity
to the drug therapy of the disease. At the end of the twenties, clinical
experience with both naturally and therapeutically acquired malaria,
experimental work on avian malaria and the introduction of new synthetic
drugs had combined to throw doubts upon any of the standard treatments
of the disease. In its t‘.hi_rd12 and fourth 13 general reports, published
in 1933 and 1937 respectively, the Malaria Commission of the Health
Organisation of the League of Nations took a stand on some of the most
urgent problems. The third report 12 was mainiy concerned with "Principles
of treatment based on the results of controlled experiments.® Conceding
that the evaluation of the new synthetic drugs was still in an experi-
mental stage, the Cammission concentrated on a closer examination of

the procedure to be followed during the various stages of malaria:
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prophylaxis, cure of the attack, prevention of relapses and prevention
of spread of the disease. Throughout thé report grest emphasis was
laid upon local and individual peculiarities. "It seems probable,"
the report states, “that the therapeutics of malaria, like every other
aspect of the disease, is much more a local and individual problem
than has hitherto been thought." Briefly summarized, the Commission
arrived at the following conclusions: "True causal prophylaxis" was
impossible since there existed as yet no drug which, if taken in harm-
less doses, would destroy the sporozoites. For clinical prophylaxis,
suppressing the effects of the infection, quinine in a daily dose of
0.4 gm. to be taken throughout the sojourn in a malarious region and
for several months afterwards wos recommended. "Atebrin taken in a
daily dose of one tablet (0.1 grm.) is also effective as a clinical
prophylactic, but it cannot ordinarily be used for the purpose, as
even this small daily dose quickly colours the skin yellow." Acute
attacks of malaris should be treated with either quinine or atabrine
depending upon the response to the local strains of parasites. In
general, it was pointed out, these two drugs were about equally effect-
ive in benign tertian and quartan malaria, with atabrine superior in
cases of malignant tertian maleria. A radical break with former plans
of treatment was made with respect to the length of medication for the
acute attack and the prevention of relapses. The aim of the treatment
should consist in helping the patient to acquire as much immnity as
possible without interfering with nhis defense mechanism. Too large

doses or medication over a long period might just have the latter effect.
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Clinical cure of the attack and the treatment for prevention of
relapses should not be combined. The Malaria Commission, therefore,
made the following suggestions: The treatment of an attack in the
acute stage should not exceed 7 days. In malignant tertien malaria,
3 tablets of atabrine of 0.1 gm. each might be given by mouth daily
over a period of 5 or 7 days. In benign tertian melarie, the choice
was left open between 1-1.2 gm. of quinine dihydrochloride or quinine
hydrochloride daily for 5 days or 0.3 gm. atabrine daily over the
same period. Regarding acute attacks of quartan malaria, the Malaria
Commission was even less decided. Whatever the type of malaris might
be and whatever the drug used for the primary attack, medication should,
if possible, stop after the attack had subsided. The most favored
plan for the treatment of relapses was this: "Orfle waits until the
first recrudescence and then uses the specific remedies in such a
way that they will assist, rather than hinder, the development of the
patients' natural defensive forces." It was expected that the same
procedure repeated even more cautiously in further recrudescences
would help the patient to become sufficiently premunised against
further clinical manifestation of the disease. In cases of malignant
tertian malaria, an endeavor to destroy the parasites during the first
recrudescence was considered justifiable. For this purpose a second
therapeutic course of equal duration, but with the drug not used
before, was suggested. It is noteworthy that the use of plasmochin
for curative purposes, either alone or in combination with the other

drugs did not find encouragement in this report. Plasmochin came into
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its own in the attempt to prevent the spread of malignant tertian
malaria, where it "should be given twice a week during the period
when crescents are present in the peripheral blood."

This report of the Malaria Commission was most effective in its
negative criticism of former views and practices. Thus it stressed
again the non-existence of a true prophylactic treatment, and the
impossibility of a "therapia magna sterilisans" destroying the
parasites once and for all and thereby preventing relepses. Although
not without opposition, the report succeeded in converting the old
prolonged standerd trectment of the clinically existing disease into
a more simplified scheme of taking care of the attacks whenever they
occurred. On the other hand, the report was not very explicit in the
eveluation of the synthetic drugs and their comparison with quinine.
This was the main subject of the fourth report, 13 issued about two
years before the outbreak of the present war in Europe.

This report 13 yas largely based on experiments on a total of
12,288 persons carried out during 1935-36 by well known malariologists
in the following countries: Algeria, 231Sard;'u'xia,232 Federated Malay
St’.a'c,es,f’9 Rumania, 9 and U.S.5.R13 Since in all the countries covered
by the report malaria is endemic, it is understandable that the results
obtained were samewhat influenced by the nature of the population and
the need of giving mass protection and mass treatment to people living
permanently in malarious districts. The data collected referred

mainiy toeinfections with P. vivax and P. falciparum, since these two

species were considered of prime importance in the epidemiology of malaria.
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The negative opinion as to the possibility of a true causal prophylaxis
was reaffirmed with some slight qualifications. In the main, however,
the fourth report confined itself to the preventive and therapeutic
efficacy of synthetic drugs as compared with quinine.

The prestige of the Malaria Commission, the wide scope of its
experimental work, and the fact that the report included & discussion
of the literature published since 1933 on the therapeutics and
collective drug prophylaxis of malaria, gave great weight to this
report as a swauary of opinion on the action and use of antimalarial
drugs. It can, therefore, be taken as a starting point for the

develomment during the following years.



III. Clinical and Laboratory Experience with Antimalarial Drugs

General Considerations. The clinical problems which the Malaria

Commission of the League of Nations and subsequent investigators
faced were the following: Which of the antimalarial drugs were most
efficient in the prophylaxis and the treatment of the various stages
of malaria? What was the relative value of these drugs with regard
to the different species of plasmodia? What was the proper dosage
in which the different drugs should be administered and what
combinations of drugs—-if any-—were advisable?

From the preceeding paragraphs it will have become clear that
tentative answers to these questions were given by experiments on
animals and observations in artificially induced malaria in man.
Nevertheless, the direct clinical experience in naturally acquired
malaria had to be considered as the supreme test. On the other
hand, clinical experience was not independent of pharmacological
investigation. The usefulness of a drug depends on its toxicity as
much as on its antimalarial effect, and the study of toxicity, again,
implies an analysis of the pathological effects and investigation
of the absorption and elimination of the drug. In other words,
clinical, pathological and pharmacological observztions could not
be strictly separated and it will, therefore, not be possible here

to draw a clear cut line between these aspects,
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It seemws advisable, in the following, to discuss the more
important drugs from the point of view of toxicity and dosage, to
record some of the tests for their detection and, finally to review
briefly their expected antimalarial action. Such a discussion
should facilitate the understanding of the development of the
various treatment plans, especially those worked out under war
conditions.

Before entering upon a detailed discussion of the more commonly
used drugs, it may prove expedient to give a list of the drugs, the
action of which on birds, monkeys and men, has been discussed in
the literature of the past twenty years. This literature has been
analysed by Curd™? who in a recent article tabulated the influence
of drugs on the various species of animal as well as human plsmodia.
In the following chart (simplified after Curdll5 with some additions)
no attempt is made to evaluate the literature on any given drug
quantitatively. The sign @ means only that some successful
trial of the drug in the given host has been reported. The sign x
indicates that the drug has been tried without success. Trials
in humans have been broken down with respect to the type of infection
studied:

V = vivax (benign tertian)

M - malariae (quartan)

F = falciparum (malignant tertian)

I - induced malaria of paretics (mo
differentiation between blood-borme
and mosquito-borne has been made, since

this distinction is not always clear in
the literature)
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A. Cinchona Alkaloids

1. Quinine

Little need be saia here about the toxic effects of quinine,
since the main features of cinchonism have been known for & long
time and are well described in the standard testbooks of tropical
medicine and of pharmacology, The same is true of the various
preparations in which quinine can be used and the respective dosages
for orel and intravenous cdministration. For more exact deta, it
will suffice here to refer to the standerd texts and to the data
given further below under the heading of treatment plans under
present war conditions.

Absorption and Elimination. The fate of quinine in the body
is usually described as follows:28 If given orally, the drug is
absorbed in the small intestine. After its appearance in the blood,
the larger part.(from 60-90 per cent) is removed by reticuio-

endothelial cells 48

to the liver and is either destroyed here or
fixed in such organs as kidneys, liver,, lungs, heart and brain. In
the blood, quinine is concentrated in the plasma as well as in the
blood corpuscles, the relative proportion of distribution being
either equal or smaller in the corpuscles. The concentration level
in the blood varies with the dosage; an oral dose of 0.5 gm. of

quinine dihydrochloride in man reaching a maximum of about 1.0 mg.,

per 100 cc. which in the course of 24 hours falls to 0.15 mg. A

dose of l2 gm. per aiem keeps the concentration constant between
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0.3 to 1.0 mg. during this period. Intravenous injection seems to
cause an immediate blood concentration somewhat higher (1.2 mg.).
This, however, falls more rapidly than with oral dosage. If
injected intremuscularly, 0.5 gm. of quinine dihydrochloride give

a maximum blood concentration after about 2 hours, the figures
being approximately the same as with the oral dose. Quite recently

Kelsey, Oldham and Geiling */

have shown that Leghorn roosters do
not accumulate quinine in their tissues, whence it has disappeared
2l hours after the last dose even in long protracted medication.
According to the same authors, intravenous injections effect a higher
concentration of the drug in the leucocytes than in either plasma
or erythrocytes. In the erythrocytes the concentration is greater
at first than in the blood ﬁlasma, but a reversed ratio occurs in
the course of 1 hour.

Quinine is eliminated fram the body in the urine, the feces
and some other secretions. The urine, apparently, receives the
major share and the drug can be found here & few minutes after its
administration, reaching a maximum after circa 4 hours and almost
disappearing after 24 hours. L8 Because of the possibility that the
antimalarial action of quinine may be due to some metabolic product,

Kelsey and Oldham 117

mzde quantitative studies of the quinine
oxidase in the tissues of various animals. They found the largest
amount of this enzyme in the rabbit, the liver being especially rich.

During late pregnancy and the ecrly postpartum period, a considerably

reduced amount was found in the rabbit liver.ll8 These findings
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harmonize with those of Burton and Kelsey 19 o reported a distinct
effect of the stage of pregnancy on the ability of the rabbit to
destroy quinine. Some activity of quinine oxidase, according to

Kelsey and Oldhan%l7

was also apparent in human liver. These

authors believed that "the rate of disappearance of injected quinine
is probably determined to some extent by the amount of quinine oxidase
present."

Tests. A number of tests have been worked out to ascertain the
presence of quinine in the urine. Practically, such tests are
important in order to ensure that the drug has really been taken for
prophylactic or therapeutic purposes, and ii possible, to guide the
therapy of malaria. Of the vurious tests, the one described by Tanret
is among the oldest and, with several modifications, the most widely
used. Tanret's reagent consists of 0.2 gm. of potassium iodide,

0.065 gm. of bichloride of mercury in 22 cc. of glacial acetic acid,
the whole diluted with water to 60 cc. If 5 to 6 drops of the reagent
are added to 3 cc, urine and the mixture heated end filtered, a white
precipitate will form upon cooling in the presence of quinine. k3
(}J.azkoa8 has described a modification of the test which can be used
for field purposes as well as extended to a quantitative estimate.

L9 used another modification of the test on

Howie and Murray-Lyon
100 British soldiers under treatment for malignant tertian malaria.
Although quinine was regularly taken—-1,95 gm. (30 grains) daily by
mouth for 7 duys and 0.325 gm. (5 grains) daily during convalescence—

"24 out of 100 malaria patients showed negztive Tanret rezctions in
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all or many of their urines during treatment and convalescence. Their
responses to quinine treatment compared unfavorably with those whose
Tanret reactions were regularly positive."h9 The authors suggested
that the reaction be taken as a guide for individual adjustment of
malaria therapy and that the negative response might possibly be
considered as indicating a condition of "continuous infection" pre=
ceding blackwater fever,

Investigation of the f-te of quinine inside the organism
requires its determination in the blood and the tissues. The
literature on the various older methods for extraction and assay
has been cited by Kelsey and Geiling 50 who have worked out a new
micro method which "consists of an extraction of the alkaloid with
ethyl ether after dissolving the tissue in alkali, followed by an
aqueous acid extraction of the washed ether." 50

Brodie and Udenfriend,lzo stimilated by the desirability of
possessing a simple method for the routine concentrastion of quinine
in human plasma, elaborated the following method. The plasma proteins
are precipitated with metaphospnoric acid and the quinine concentra-
tion in the filtrate assayed by mezsuring the intensity of its
fluorescence in ultraviolet light. Quinidine can be estimated by an
identical procedure.

Inerapeutic Effect. Recent literiture contains relatively few
additional data on the clinical effects of quinine, most studies being
concerned with an evaluation of the synthetic drugs as compared with

Quinine. Quinine is not expected to destroy the sporozoites or the
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gametes of P. falcigaruln.5l

The mode of its action upon schizonts

is still under debate. A direct destruction is usually denied because
in vitro it does not appeir superior to other drugs, and because the
meximum of its effect upon plesmodiez does not coincide with its
maximal concentration in the b].ood.28’l16 Quinine may, however,
retard the reproduction of the parasites during the schizogony cycle,
& result which Boyd and Dunn 93 observed in caneries infected with

P. cathemerium, if 0.005 gm. or more of quinine hydrochloride were

given daily in the morning; i.e., during the growth period of the
trophozoites., Smaller doses of 0.0025 to 0.005 gm. did not have a
pronounced inhibitory efiect upon reproduction, although they reduced
the number of merozoites formed by ezch schizont. Other possibilities
include the formation of a film on the surface of the corpuscles

28

which would thus become impenetrable to the merozoites, or the

administration of quinine might stimulate the defense mechanisms
of the body. 28
The fourth report by the Malarie Commission of the League of
Nations 13 stoted that "a mean daily dosage of 1 grm. (of quinine
hydrochloride) for 5 to 7 days is often necessery to cause the
trophozoites (of P. vivax) to disappear. . . . &nd not to make their
reappearance in the peripheral blood until after a latent period of
varying length, in the course of the tirst relapse." 13 ¥hile a
similar effect was claimed for P. maslariae infections, analogous

results with P. falciparum were believed to require a daily dose of

1.30 or even 2.0 gm. The clinical effect was expected to manifest



page 37

itself from the second paroxysm of benign tertian on, but possibly
from the third or fourth paroxysm only in malignant tertian malaria.
With the usual treztment, relapses were considered likely to occur
in up to 50 per cent of the individusls treated., If tlis dosage

was not unduly protracted, no toxic effects should appear and the
process of immunization should not be impeded.l3 Saunders and
Dawson 52on the basis of observetions in Louisiane and Texas
recorded a similar relapse rate (from 25 to 45 per cent) within a
year after a 5-day treatment with 1.3 gm. (20 grains) of quinine
sulphate deily. Half this daily dose would prove almost as effective

53

for the suppression of fever. Craig ““and similarly Strong, on the
other hand, objected to the "short-term" treatment with quinine, because
it did not prevent the dangerous symptoms of malignant tertian malaria
and favored transmission of the disease by the development of carriers.l’3
Craig followed the recommendations of the National Malaris Committee
which advised 0.6 gm. quinine sulfate, three times a day for a period
of 8 days, followed by 0.6 gm. daily for 8 subsequent weeks.ll6

On the question of prophylactic (suppressive) treatment by
quinine, the League of Nations' report had little to say and regarded
the older method of giving daily doses of 0.40 gm. quinine for adults
as well established. Concerning the eradication of malaria where
it is endemic by means of quinine, it suffices to say that the League
as well as subsequent reporters agreed in denying the possibility

of eradicating the disease by drugs alone.



2. Other Cinchona Alkaloids

Nearly seventy yesrs ago the Madras Cinchona Commission
‘investigated the therapeutic effectiveness of the four chief
cinchona alkaloids. Its results are shown in the following

table taken from Nelson 16 (after Dawson).

Total Cured Per cent

Cases Cured
Guinine 846 8L0 99.2
Quinidine 1040 1025 98.5
Cinchonidine 762 T45 97.7
Cinchonine 969 9Lé 97.6

The conclusion drawn by the Commission was that all four of
these crystalline alkaloids were about ecually effective as quinine
in the trectment of malaria. Since then, most investigators have

concurred in this opinion.88

After the introduction of synthetic
drugs, quinidine was discarded as a substitute for quinine because

ol its depressive action on the hezrt. Cinchonine and cinchonidine,
likewise, did not receive much attention, since they represented but
a small fraction of the alkaloids contained in the bark and because
in small doses they were considered less active than guinine.

Seeler, Dusenberg and Malanga 2 found contradictory stutements

in the literature concerning the comparative antiplesmocial effect

of the cinchona alkaloids in avian mslaria. In the experience of

these authors, quinine, quinidine, cinchonine znd cinchonidine showed
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about the same activity against tne schizonts of P. lophurae in
Pekin ducklings. Investigating the acute oral toxicity of these
four crystalline alkaloids in mice, they Likewise found little
difference. (uinoidine, however, which is the residue after the
extraction of the crystalline alkeloids, appeured less active than
the latter against P. lophurae and was more toxic in mice.

Since totaquine essentiully represents a combination of
crystalline cinchona alkaloids, it is underst:ndable that its
antimalarial effect has been considered equal to that of quinine,ll
provided that the dose given is large enough. Field88 believed thet
totaquine in doses not smeller than 1.3 gm. (20 grains) a day was
practically equivslent to quinine and Wijerama233 considered doses
of 1.0 to 1.3 gu. even superior to similar doses of quinine bisulphate.,
Most and Meleney122 stated that totaquine (U.S.P. XII) was effective
in doses 50 per cent larger than those of quinine, but that its use
should be restricted to vivax and malarize infections and those
faleiperum cases which were either mild or chronic. For mild feleips rum
infections, they suggested 1.5 gm. of totaquine three tiuzes a day after
meals for 3 days and 1.0 gm. 3 times a day for 4 subseguent days.

This recommendation, however, referred to tnose cases only where the
patients could not take atabrine. The League of Nations in 1934
published a survey on the therzpeutic efficacy of totaquine in human
malaria u including a report by W. Fletcher who paid special attention
to the toxicity of this drug. Although cezses of vomiting, cyanosis

and slight albuminuria were recorded at some of the centers where
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totaquine wes tried, no unequivocal result as to toxicity was
obtained. Fletcher arrived at the tentative conclusion that
totaquine Macts like quinine as a potent remedy in all forms of
malaria® and that "the cese records contain no cogent evidence thet
Totaquina is more toxic than quinine in the doses given, but it is
not easily soluble and should not be given in a fluid mix’r.ure."l‘l
Hydroquinine is closely related to quinine though found only
in very small quantities in.cinchone bark. Hydroquinine (and
hydroquinidine) were prepared synthetically by Rabe and his ccmorkers::.ua
In addition, & number of investigators, according to the third report
of the Malaria Commission of the League of Nations ,12 "have proved
that hydroquinine, as regards both its tolerability by the human
subject and its parasiticidal action is superior to quinine.” A

234 observed

similar opinion was expressed by Field in 1939.88 Lent jes
a prompt effect in 262 patients suffering from fresh infections. To
and Cho,23 however, comparing the efficacy of quinine, quinidine and
cinchonine with that of their hydro-derivatives on bird malaria,
found the latter more toxic, yet therapeutically effective &t half
their lethal doses.

Two compounds containing hyaroquinine or hydroquinidine and
known by their proprietary names may also be mentioned here; viz.,
Tebétren and Malarcan. Tebetren, mainly used in India and the Malay
Stutes, contains hydroquinine, acriflavine and bile salts which are
supposed to aid the absorption of hydroquinine. The drug has been

given both orally and intramuscularly, and its effect has been
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judged to equal that of quinine. 8 Malarcan, which contains
hydroquinidine instead of hydroquinine, has also been reported &s
a possible substitute for quinine of about the same potem:y.8 8
Closely related to these proprietary drugs is Paludex, each tablet
of which contains 0.2 gm. of sodic disulphonate of cupreous
oxyquinolin and 0.1 gm. of chlorohydrate of quinine.lzh Niven,
who tried it in 91 cases of subtertian malaria, found the drug
"markedly less efficient than quinine in controlling fever and
eliminating parasites from the peripheral blood."

Malarene. According to its manufacturers, Melurene "contains
the amorphous alkaloids of cinchona. . . . together with an alkaline
nitrophenate and other valuable ingredients of strong anti-malarial
properties.” 125 Guest, who tried this drug on 50 cases of wcute
malaria, could not find any effective action on fever or parasites.

There exist, in addition, a number of miscellaneous remedies
containing cinchona alkaloids in combination with arsenic. 88

Guinio-stovarsol is a mixture of quinine and stovarsol in equal
parts. It has been recommended in a dosage of 4 tablets a day (0.25
ga. of the mixture in each tablet), and has been widely used in the
French colonies for the treatment of vivax infections, but seems to be
of little value in P. falciparum infections.

Quinine troposan contains 50 per cent of quinine and 40 per cent

of troposan (an isomer of stovarsol).
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Esanophele, extensively used in Italy, is administered in the
amount of 6 pills & day. The content of ezch pill is:

Quinine bisulfste  0.022 gn. (1/3 grain)

Arsenious acid 0.0065 gm. (1/100 grain)
Iron citrzte 0.026 gmn. (2/5 grain)
Powdered herbs 0.146 gn. (2% grain)

Bacilli's mixture. The full adult doszge is 30 cc. 3 times 2

dey. The mixture combines quinine sulfate in higher proportion
than the last named drugs, together with iron and arsenic.

In view of the possible toxicity of the arsenic, the usefulness
of all these compounds is debatable and. their value as compared to

quinine doubtful .88

B. Atabrine

Dosage and Toxicity. Atabrine is a proprietary name given to
the drug by I. G. Farbénindustrie. While the German inventors published
the formula of the drug, they did not reveal some of the essential
features of its manufacture. Countries outside of Germany, therefore,

either had to import the German product or try to imitate it. Attempts

to do the latter led to a number of drugs more or less similar to

| atabrine but with different names. "Quinacrine hydrochloride" is
i the name by which the drug is listed in the U. §. Pharmacopoeia (XII);
whereas, the British product is called "mepacrine hydrochloride,"

The French produced "quinacrine" and the chemists of the U.S.S.R.

called their product "acriquine" which they claimed was identical

with atabrine, 13 "Crinodora" (first called "palusan®™) is the name
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of an Italian drug, ok the chemical composition of which, according

to the manufacturers, is the same as that of atabrine. % A compound

prepared at the Haffkine Institute at Bombay and first named "haffkinine,"

later Macriquine," also seems not to differ from atabrine in its behavior. 5>
Since the bulk of experimental and ¢linical experience had been

gained with the German atabrine, the question of identifying the

products manufactured outside of Germsny became an important one.

When American chemists in 1941 had succeeded in synthesizing the drug,

the question arose whether American and German atabrine were fully

comparable. Chemical, phermacological and eclinical investigations

sponsored by the National Research Council established the idenuity

of the American product.‘56 Independently, Loughlin and coworkers 63

in a comparative study of the toxicity of American and foreign (German)

atabrine paid special attention "to the incidence of nausea, vomiting

and diarrhea," because it had been rumored that these symptams occurred

more frequently with the American product. No appreciable difference

as to the side reactions of the various prepar:ztions could be demonstrated.
From the very beginning up to relatively recent times, there was

little discussion about the therapeutic daily dosage of atabrine. Sold

in tablets of 0.1 gm., it was commonly given 3 times a day. Fletcher, 57

in a review article published in 1933, could already designate this

dosage as "usual:" Others administered the daily total of 0.3 gm. in

2 doses of 0.15 gm. ,13 while some physicians 5 801‘ the United Fruit

Company who tested the drug while it was still in its experimental

stage even gave the whole amount of 0.3 gm. in one single morning dose.
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1,18 dosage for adults of approximately 60 kg. body weight becomes
more difficult to calculate for chiidren. The fourth report of the
League of Nations 13 entered extensively into this question without,
however, arriving at a definite result. The length of the medication
with atabrine did not prove a particuiarly controversial subject.
The early recommendation of a treatment extending over 7 to 10 days
was reduced to a maximum of 5 to 7 days by the time the fourth report
of the meague of Nations was publj.shec’l.57’'L3 Regarding dosage for
prophylactic purposes, the same report suggested 0.05 gm. daily or,
preferably, 0.40 gm. weekly over a period of 6 or even 1l mon‘r.hs.l3
The widespread agreement on the dosage of atabrine presupposed
the belief that this dosage was necessary and sufficient to achieve
the desired effect and that it did not lead to dangerous toxic effects.
One disadvantage of atsbrine; viz., the frequent yellow discoloration
of the skin was observed by the earliest investigators, but at the
same time they stated that this discoloration was merely due to a
deposit of the dye in the tissues and not to the effect of any toxic
action. As far as oral administration of atsbrine to adults was
concerned, the fourth report of the League of Nations recorded very

13

few side reactions. Two patients, reported by Field, Niven and
Hodglkin, 29 died during prophylactic treatment with atabrine and both
showed fatty degeneration of the liver. One of these cases was an
alcoholic and the other an enemic boy who had received some native

(Malayan) treatment before his death. ‘True, the reportlB admitted

that observations of various authors proved "that, in therapeutic doses,
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atebrin may produce nervous and menpal. symptoms which may sometimes
cause anxiety." It added that analysis of these cases showed "that
such symptoms occurred more frequently when the treatment was unduly
prolonged and when the doses were excessive, especially since the admin-
istration of atebrin musonate (methyl-sulphonate) by injection was
followed by the oral use of atebrin.”

The review of the literature appended to the League of Nations'
report 13 gives a more detailed analysis of the various toxic actionr
sscribed to atabrine. To this review may be added an article by
Bispham 60publishec:i in 1941 which analyzed the toxic effects in
49,681 cases to'whom atabrine had been administered. The combined
picture was as follows: Atabrine may cause (a) gastro-intestinal
disturbances (abdominal pain, vomiting, diarrhea), (b) symptoms from
the central nervous system, such as cephalalgia, mental depression,
delirium, psychoses and convulsions, ( ¢) collapse and death. If,
however, all cases of children and psychopaths as well as those who
received atabrine either by injection or in combination with other
drugs (particularly plasmochin) were discounted, the frequency and
variety of toxic reactions became much smaller. In one series of
50 patients who had been given 0.3 gm. of atabrine daily over 7 days,
Green 13 found 4 cases of abdominal pain of which 3 were serious and
2 cuses of cephalalgia. In another series of 117 cases the same authof1 3
recorded 6 cases of abdominal pains, 2 of which were serious, 4 cases
of cephalalgia (1 serious) and 2 cases of cerebral excitement. In

this series the daily dose of atabrine for 7 days had varied from
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0.30 to 0.40 gm. Kingsburyl3 had had an incidence of 12 cases of
psychosis among thousands of Malayans trested with atabrine. In

these 12, the psychosis was of short duration in 8, while 4 serious
cases had to be sent to mental hospitals. Hoops,13 among 1,207 cases
"tre.ted in the usual way for from 5 to 7 days by atabrine," had only
one case of mental excitement and 2 cases of serious colic. Seven
other patients who also suffered from colic had been given plasmochin
in addition to atabrine., More dangerous incidents were noted during
the Ceylon epidemic of 1934. In one district, according to Briercliffe}3
not less than 15 cases of delirium developed among some hundred persons
trected with atabrine per os and its use was discontinued. The summary
of Fernando and Sandarasagara's experience as given in the League of
Nations!' report13 is worth quoting. These authors Mafter treating

299 cases in a Ceylon hospital with 0.3 gm. of atabrine for 5 days

came to the conclusion that the drug was more toxic than quinine, and

ﬂv even than plasmoquine administered in 0.02 gn. doses for 5 days. They
! observed symptoms of poisoning in 3.3 per cent of their patients; in
E 2 cases, collapse occurred after 3 days' treatment; 1 case proved
i fatal, and death was attributed to atubrine of which the patient had
been given only é tablets."

Considering the fact that these reports of toxic reactions were

# but few, if compared with the experiences of others who had not noted

any untoward incidents, it is understandable that the Leugue's Report

60

arrived at the above mentioned favorable verdict. Bispham ““arrived

at a very similar conclusion on the basis of his raterial and a
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perusal of the literature. It can be said that the gensral impression
prevailing at the outbrezk of the war was that atzbrine glven to adults
in oral doses of 0.1 gm. 3 times a day over a period of 5 days might
occasionzlly lezd to negligible abdominal disturbances and psychotic
episodes. The lutter were considered of reletively greater importance
and continued to receive some attention in the literature. Field 88
in 1938, estimated the occurrence of atabrine psychosis as less than
one-tenth per cent of cases treated and described the clinical picture
as beginning toward the end, or a few days atter the usual treatment.

The patients showed signs of excitement confusion or even mania and
P g )

the symptoms gradually subsided, after having lasted for approximately

attention to this article in an editorial of March 6, 1943. This
editorial also stated that mental reactions following administration
of atabrine in the Western Hemisphere appeared to be at least as rare
as in the Far East and added that there had been no reports of mental
symptoms as a result of the administration of atabrine in prophylactic
dosage.

Present war conditions and the research stimulated by them have
led to a better acquaintance with the possible toxic rezctions during
prophylactic (suppressive) treatment with atabrine. As steted by the
Chairman of the Division of Medical Sciences of the National Research

185

Council, "Pharmacological and clinical investigations have revealed
temporary gastro-intestinal disturbances in a variable percentage of

sersons receiving atabrine in the suppressive (prophylactic) treatment
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of malaria," The dosage regimes of atabrine tor suppressive treat-
ment in use by the Armed Forces are 0.1 gm. once daily 6 days each
week, or, as an alternative, 0.05 gm. once daily 6 days each week
and 0.1 gm. on the 7th day.126’127’128 With such regimes, the untoward
effecus that might be encountered have usually been described as consist-
ing of "nausea, abdominal cramps, or occasionally headache, vomiting
and diarrhea. These symptoms may be prevented in most ceses by giving
sodium bicarbonate or sweetened drinks with the atabrine. They are
never serious and almost invariably soon disappear if the drug is
continued."126

In contrast to the occurrence of toxic reactions sometimes
reported with "usual" prophylactic and therapeutic doses, there exist
observations of a remarkably good tolerance with much higher doses.
Not only have doses up to 10 or 15 times the normal been given
accidentally with relatively slight symptoms of poisoning,13 but
larger dosage has been recommended as more efficient and safe. In
order to control pyrexia more quickly, Stephenson 6“audvised 0.3 gm.
as a first dose followed by another 0.3 gm. 6 hours afterwards, 0.2
gm. on the mornings and evenings of the second and third days, and
finally 0.1 gm. 3 times a day on the fourth, fifth and sixth days.
He tried the higher dosage on himself and later used it in "many
hundreds of cases" without having seen any toxic effect. Observations
like these are important because of the recent recommendation of
relatively high therapeutic doses of atabrine for the American armed

forces which will be discussed in a subsequent paragraph.
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The question as to the toxicity of atabrine appears, however,
more controversial with respect to parenteral administration and
proper dosage for children. Atabrine has been injected in the
form of atabrine dihydrochloride or of atabrine musonate. Atabrine
musonate was extensively employed in Ceylon during the malaria
epidemic of 1935, when it was administered in 2 intramuscular
injections of 0.375 gm. each on 2 successive days. During this and
the following years a great many observations were published among
which the critical study of Field, Niven and Guest65 deserves mention.
They studied the comparative response to quinine dihydrochloride and
atabrine musonate in 555 acute cases of malaria. Local reactions
were found to be relatively slight, urobilinuria did not seem to
be more marked than in the cases treated with quinine, yet 3 cases
of "severe nervous disturbance" were recorded after atabrine musonate.
The authors arrived at the conclusion "that, although atebrin musonat
efficiently controls an acute attuck of malariaj; its routine admin-
istration is not advisable. Oral therapy is the method of choice in
the majority of cases and the alarming nervous sequelae occasionally
occurring after atebrin musonat injections are a serious objection to
its general use."

The experiences gathered by the League of Nations substantially
agreed with the conclusions of Field and his coworkers. Most of the
severe toxic reactions referred to in the fourth report13 had occurred

after injections of atabrine musonate. The Commission, therefore, took

the stand "that the injection of musonate of atebrin should be regarded
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as unsuitable for mass treatment."l3 Other observations rerer to
the parenteral use of atabrine musonzte as well as atabrine dihydro-
chloride. Van Heukelom and Overbeek 665tated that intoxication
occurred more frequently after intramuscular injection of atabrine
(dihydrocnloride ?) than after its oral acministration. Bryant,67

on the other hand, from his long experience in the Sudan with severe
P. falciparum infections not only recommended higher doses of atabrine
then usual (even 0.6 or 0.9 gm. of atabrine were tolerated, if given
with suger in hot tea or otherwise) but also advised a combin:tion

of atzbrine orally and atabrine musonate intramuscularly. Hill,lBh
reported extremely good results with the intravenous injection of
soluble atubrine in doses of 0.3 gm. in severe cases of subtertian

135

malaria.lo6 While Manson-Bahr expressed a predelection for parenteral

GQuinine over the intravenous or intramuscular administration of atabrine

136

musonzte, Dove, on the other hand, allowed intramuscular injections
of atabrine (dihydrochloride ?) only. He disapproved of atabrine and
quinine for intravenous use and rejected quinine intramuscularly too
because it might lead to sterile abscesses in spite of all possible
care.106 Hawk:l.ngm9 recently reviewed the literature regarding the
local effects caused by intramuscular injection of atabrine (dihydro-
chloride or musonate) and found that it was ¥generally considered that
the intramuscular injection of atebrin is as a rule innocuous, but pain
and swelling occur in some patients, and, rarely, abscesses may result."

The same author injected atabrine musonate intramuscularly and sub-

cutaneously into rabbits and rats and ascertained that microscopic
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examination "always showed a certain amount of necrosis at the site
of injection," although the damage caused was probably less than
one~-third as extensive as with injections of quinine.

As previously stated, the fouwrth report of the League of Nations'
Commission 13 did not arrive at any definite result regarding the dosage
of atabrine for children. This uncertainty prevailed both as to
prophylactic &nd therapeutic treatment. In most of the countries,

except the Malay States, the following prophylactic dosage was given:

0-2 yrs 0.0R5 gm. every other day
3-8 yrs. 0.025 gm. daily
9-12 yrs. 0.05 gm, daily

In the Malay States and one Posada group, atabrine was administered

in bi-weekly doses as follows:

Posada Malay States
Up to 2 yrs. 0.05 gm. Twice Up to 2 yrs. 0.025 gm.
3-4 yrs. 0.10 gm. a week 3~4 yrs. 0,05 gnm.
5-8 yrs. 0.15 gm. with an 5-6- yrs. 0.075 gm.
interval 7-8 yrs. 0.10 gu.
of two 9-10 yrs. 0.125 gm.
9 yrs. and over 0.20 gm. days 11-12 yrs. 0.15 gn.

13-16 yrs. 0.175 gnm.

In the vreatment of malaria, three different modes of dosage
for children were recorded. In the Malay States, the drug was

administered for 7 days to childrem of:

1-2 yrs. 0.05 gm. daily
3-L yrs. 0.075 gm. daily
5-8 yrs. 0.10 gm. daily
9-12 yrs. 0.20 gm. daily
12-15 yrs. 0.25 gm, daily

Children over 15 years received the same dose as adults (0.3 gm.

daily). In all other countries studies (except Opriseni in Rumania),
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the treatment also extended over 7 days but with a different dosage:

O-4 yrs. 0.10 gm. daily
5-8 yrs. 0.20 gm. daily

Children from 9 years on received the usual adult dose. At Opriseni

(Rumania) the trestment lasted only 5 days and the amounts given were:

0-5 yrs. 0.10 gm. daily
5-12 yrs. 0.20 gm. daily
12 yrs. and

over 0.30 gm. daily

Summarizing all these experiences with reference to toxicity, the
report stated: "Relatively larger doses (than for adults) of
atebrin are required during infancy, and it is often the custom to
administer adult doses to children over 15 or even 12 years of age.
In this case, however, the effective doses of synthetic drugs are
already slightly toxic. This is due to 2 reasons: (a) because
the dose is larger in proportion to weight, and (b) because the
child organism is mare sensitive to the drug." 13

Apart from possible toxic effects, another difficulty in
administering atabrine to small children up to 5 years was found
in the fact that the drug was often regurgitated immediately after
having been taken and, therefore, not properly ingested.l3

It seems that the League was somewhat more cautious with regard
to atabrine administration to children than were those observers
who claimed good tolerance in general. Thus Ca.nn:i.st,vraci68 believed
that children as well as adults tolerated a prophylactic dose of

0.3 gm. one or two days a week.
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Absorption and Elimination. The literature on the subject of

absorption, elimination and organic effect of atabrine was abstracted
by Molitor 69in L1941. His review forms the main basis of the follow- i
ing sketch to which have been appended significant recent findings.
After oral administration, atabrine was rapidly absorbed so
that it was found evenly distributed over the body tissues a few
minutes afterwards. Two and one-hzlf hours later, however, concentration ii
appeared relatively greater in the liver, gall-bladder and intestines,
After 5 days it could still be detected in the gall bladder and the
upper portion of the gastro-intestinal tract. It took 7 to 8 days- 1
until it had disappeared from all organs. Excretion in the urine and It

feces in partly unchanged chemical form was very slow. In patients

who had undergone a course of treatment, traces of the drug were found ‘
up to 9 weeks after the end of the treatment. This pointed at once to |
the slow excretion and the cumulative effect of atabrine. Further ]
evidence of this was supplied by the fact that, whereas, a single {
dose of 0.3 gm. per kg. body weight proved fatal to dogs, the same !
lethal effect was reached, if a daily dose of 0.1 gn.- per kg. was
given over 15-27 days.

In cats, dogs and rabbits where the distribution in organs and
tissues was studied after prolonged oral and intravenous administration,
remarkable differences were found between these two modes. After 10

days of daily oral doses of 0.5 gm. atabrine per kg. to dogs, the

distribution was as follows:
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Spleen 2.75 mg. (per gram)
Kidney 2.5 mg. (per gram)
Liver 2.0 mg. (per gram)
Skin 0.11 mg. (per gram)
Muscle 0.07 mg. (per gram)
Brain 0.035 mg. (per gram)

On the other hand, three weeks after intravenous injections on 5

successive days, the distribution was:

Lungs 0.08 mg. (per gram)
Liver 0.01 mg. (per gram)
Kidney 0.004 mg. (per gram)
Spleen 0.0025 mg. (per gram)

These findings agreed with some other experimentel data regard-
ing the toxicity of atabrine. Generally speaking, the toxicity of
atabrine seemed to vary, depending upon the species of experimental
animal used. In cats and mice, 200 mg. of atabrine per kg. proved
toxic, but in rabbits 500 mg. per kg. With regard to parenteral
administration, it was ascertained that the lethal intravenous dose
was 20 to 4O times smaller than the lethal oral dose and, moreover,
largely dependent upon the mode of injection. Thus, for instance,
21 per cent of the dogs died, if 5 mg. of atabrine per kg. were
injected over 30 to 60 seconds, while only 4.8 per cent succumbed to
the higher intravenous dose of 7.5 mg. per kg., if injection took
60-90 seconds. The above mentioned data on the distribution of
atabrine in various tissues also conformed to the general feaf,ures
of atabrine poisoning. Hyperemia and central injury of the Liver
and fatty degeneration of the renal tubules were the main findings
in atabrine poisoning, and these two organs showed relatively high

concentrations after prolonged administration.
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The effect of atabrine on the blood, the cardiovascular system
and on the uterus deserves special mention. In the blood, after
oral or parenteral administration of widely varying doses, a level
of ap.roximately 1:300,000 was quickly reached and maintained for
some hours. 79 Atabrine could not be completely extracted from the
blodd even with alcohol, an experience that pointed to its being
selectively absorbed by erythrocytes (and possibly parasites). 69
Neither hemolysis nor methemoglobin formation seemed to result from
it. Atabrine tended to lower the blood pressure and effected general
vasodilatation, including dilatation of the coronary vessels as observed
in the isolated heart of the xnonkey.69 Small doses caused inconsiderzble
rhythmic distrubances, whiie large doses might lead to heart bloc,
ventricular flutter and I"ibr:'Llla‘oion.69 Because of the cardiac and
vasodilatory action of atabrine, an addition of 0.5 ec. of 1:1000
solution of adrenzlin to each cubic centimeter of a 3 per cent solution
of atabrine was suggested, if the latter was to be injected intre-
venously.69 Several years ago, Ascoli recommended a treztment of malaria
with adrenalin, expecting that the latter by its vasoconstrictor
effect upon the spleen would activate the parasites accumulated in
this organ. The combination of atabrine with adrenalin might, there-
fore, be interpreted as a combination of atabrine and Ascoli treatment.

In the isolated uterus of pigs, rabbits and cats, concentrations
as low as 1:200,000 had a stimulating effect upon muscular tone and
frequency of contraction; whereas, higher concentrations of 1:20,000

had the opposite result. If a pregnant cat was given 1 to 4 mg. per
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kg. intravenously, a transitory increase of uterine contractions was
observed. Because of the fact that this dose was much higher than

that given in the treatment of malaria, the use of atabrine in pregnancy
was not believed to be contraindic:a’oeclf’9

Atabrine was not considered a general protoplasmic poison, since

it did not decrease the oxygen consumption of isolated brain and
testicular tissue. It had, however, an antipyretic effect, 0.1 gm.
per kg. lowering the temperature by about 1/2 to 1°C. in a cat with
experimental fever provoked by B. coli injection.69

The general picture as sketched here can be considered as the
experimental and theoretical background of the clinical study of
atebrine toxicity. Recent experimental studies, however deviate
in some essential points from this overall picture. Dearborn and
coworkers n determined in dogs "the amount of atabrine excreted in
the urine and feces and the amount of accumulation in the tissues after
small daily oral doses, comparable to tiose used in suppressive treat-
ment of melaria." During a period of 4 weeks of daily administration
of atabrine, its daily excretion in urine and feces soon reached a
level of less than 4 per cent of the daily dose. Moreover, in a

series of experiments, dogs were given small daily doses of atabrine

over periods of varying length and the distribution of the drug in

Il
f the tissues was studied 48 hours after the last dose. In most tissues
f maximim concentrations proved to be attained within 2 weeks. The

tissue levels differed with the size of the dose, 50 mg. per kg.

resulting in about 10 times the tissue levels reached with 5 mg. per
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kg. In addition the same authors " referred to unpublished data
from their laboratory which showed "that there is no histologically
detectable damage to the liver after 8 weeks and no apparent effect
on the liver function (by bromsulfalein test) or the general health
of the dags after 32 weeks during which they received 30 mgm. per
kgm. per week."

Annegers et al. ,72 impressed by the similarity of liver damage
caused by cinchophen to that sometimes observed with atabrine , "under-
took to study the excretion of atabrine in the bile and the effect of
the drug on the liver as reflected by changes in the bile." Previous
studies by Clark et al. had obtained no evidence of liver damage in
dogs with 8 times the doses given to man, nor had the non-protein
nitrogen content of the blood or the urea clearance tests indicated
renal damage.72 Using rats and dogs for their experiments, Annegers
et al. found that in these animals the drug was "rapidly destroyed or
chemically modified," that storage in the liver, spleen and muscles
was insignificant and that within 10 days the drug had largely dis-
appeared from the body. Regarding urinary excretion-of atabrine in
dogs, the findings of these authors were very similar to those of

Dearborn n

and coworkers. In some dogs, the cholic acid output was
impaired, a fact pointing to the possible hepatotoxic action of
atabrine. Although the biliary excretion of unmodified atabrine did
not surpass a fraction of the dose, Annegers and coworkers did not

believe that the drug was metabolized so as to lead to the excretion

of toxic products in the bile and their reabsorption in the intestine.
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Scudi and coworkers 235,236

gave the results of their experiments
on atabrine toxicity in anim:1s under special dietary conditions.
Fasting increased the toxic effect of a high single dose of atabrine
in rats; the animals exhibiting severe irritation of the gastro-
235

intestinal tract and liver necrosis. With a diet high in proteins
but low in fats, rats seemed to resist toxic effects of daily admin-
istrations of atabrine upon the liver. In dogs, daily administration
of large doses of atabrine (25-50 mg. per kg.) produced an inanition
) within 3 to 6 weeks; but doses of 5-10 mg. per kg. did not show this
effect even 3 to 5 months after administration of the drug had been
si‘.arted.236

Tests. Its distinct yellow color and fluorescence even in very
high dilutions form the basis for various methods of testing for the
presence of atabrine in excretions, blood and tissues. A very simple
test for detection of atabrine in urine was given by Peter. The urine
is made alkaline and the atabrine extracted with ether. After the
ether has been evaporated the residue is dissolved in concentrated
sulphuric acid, whereupon & yellow coloration and fluorescence will
mark the presence of atabrine.22

Another method was made known by Wats and Ghosh and modified by
Field and Niven. Ten cc. of urine are made alkaline with a few drops
of NaOH, then 0.25 cc. of amyl alcohol are added. After this mixture
has been well shaken, the atabrine will be contained in the amyl

alcohol which separates as an upper layer. Relatively large quantities

can be detected by their yellow color when the test tube is viewed
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against & dark backgrouna through transmitted light. Traces up to

12,500,000 will be recognizeble by fluorescence in uitra-violet light.
This method can also be used for a quantitative estimate by colorimetric
comparison with standard so;utions.zz Another method of colorimetric
estimation was elaborated by Tropp and Weise. 22

7

Dearborn and coworkers estimated the concentration of atabrine
in blood of dogs by buffering the laked whole blood to pH 8.5, extract-
ing the atabrine directly with iso-amyl elcohol and determining the
fluorescence of the alcohol extract. A more complicated method which
allowed an accurate determinztion was used by these authors 't for
tissue and excretion studies; this method, however, could not be applied
to low blood concentrations.

Brodie and Udenfriend 130worked out 2 methods "for the estimation
of atabrine in biological fluids and tissues through the measurement
of its fluorescence in an acid environment," partly based on the previous
findings of Craig. Craig had studied the fluorescent material extract-
able by ethylene dichloride from blood and urine during atabrine therepy.
The extracts included material the "combined solubility fluorescent
characteristics" of which were different from those of pure atabrine
solutions. But this materizl (degradation products of atabrine) was
soluble in strong alksli and could be quantitatively removed by wash-
ing the extracts with a strong NaOH solution. The remaining fluorescent
material had solubility characteristics identiesl with those of

130

atabrine. Brodie and Udenfriend based the specificity of their

methods on the exclusion of such fluorescent degredation products
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of atabrine as well as of naturally occurring fluorescent components
of the biological fluids and tissues themselves. The first of their
methods is a "double extraction procedure" and "is wholly satisfactory
for the precise estimation of the concentration of atabrine in the
plasnz, whole blood, tissue, and urine of patients on the usual regimes
of suppressive or definitive atabrine therspy." The principle of
this method is as follows: M"Atabrine is isolated from the biological
material by an extraction of the free base with ethylene dichloride
at a pi of about 8. The ethylene dichloride extract is then washed
free of degradation products with 2.5 N sodium hydroxide and the
atabrine is returned as the salt to an aqueous phase of concentrated
lactic acid. The estimation of atsbrine concentration is then made
by its fluorescence in the lactic acid,n130

The second method rests upon the measurement of fluorescence
in the initial ethylene dichloride extract after addition of acetic
acid. It is less sensitive than the double extraction method and is
not recommended for ordinary use with plasma where the concentration
of stabrine is usually low. On the other hand, the method is simple
and speedy and it is, therefore, recommended by the authors for most
tissue analyses.

Another method for quantitatively estimating atabrine in blood
and urine was described by Masen.133 The test which is also based
on fluorescence measurement is supposed to give accurate results for
as little as 0.1 mg. of atabrine per liter of blood and can be performed

on : 5 cc. sample. The identification of atabrine depends on comparing
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fluorometer reedings for solutions at pH 6 with readings from solutions
at pH 12. "Atabrine snows 9 tiies as much fluorescence at pH 12 as at

pH 6. Applicstion of this test to humen urine passed during 26 days
after discontinuance of atabrine administration showed the 9:1 ratio

for some days, but a lower ratio later, indicating probably decomposition
products of atabrine."

Therapeutic Effect. Generally spesking, atabrine and quinine

evince the szme effect in the treatment of malarial infections, though
not always in the szme degree. It is, therefore, understandzble that
the evaluation of atsbrine has usually been undertaken in comparison
with the action of quinine. This comparative point of view is documented
in the bulk of the literature to be studied here.

Htlhne73 was able to observe the destructive influence of atabrine
upon young ring forms of P. falciparum in Giemsa-stzined blood prepsrations.
The cytoplasm as well as the chromatin were both severly altered in their
morphological appesrance. Degenerative processes were also noticed by

Hewitt and Richardsonl31

in experiments with P. lophurae, but the effect
of atabrine or plasmochin was not as rapid as that of quinine. Decourt 74
stressed the dysgonic action of atabrine (quinacrine), believing that
the asexual repro uction and gamete formation of schizonts became almost
entirely lost.

Whatever the pharmacodynemical mechanism mey be, the effect of

atabrine on the trophozoites seems to be well estatlished from a

clinical point of view. The fourth report of the Malaria Commission
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of the League Lstated that the therapeutic daily dose of 0.30 gm.

of atabrine acted somewhat more rapidly on the trophozoites of P.

vivax than did quinine in the dose of 1 gm. The trophozoites were

supposed to disappear after the second or third dose of atabrine , and
the parasiticidal action was said to last longer after treatment with
atabrine than with quinine. The same was believed to be true with
regard to P._malariae and the trophozoites of P. falciparum, according
to this report, disappeared from the peripheral blood after 4 doses of
atabrine in most cases. However, the relative values of atabrine and
quinine did not seem clearly established to the Commission. The latter
expressed itself very cautiously regarding a possible slight superiority
atabrine might have over quinine in the action on the gametocytes of
P. vivax and P. malarize. As far as the gametocytes of P. falciparum
were concerned, both quinine and atabrine were practically powerless.
In looking over the clinical investigations of atabrine published
during the last 5 to 6 years the impression prevails that the main
interest of the authors lay in the prophylactic action of the drug
and its ability to prevent relapses rather than in its immediate effect
upon the acute attack. The latter was hardly doubted and according
to the League's report, "In benign tertian the fever nearly always
falls after the Iirst 3 therapeutic doses of atebrin—that is to say
by the second attack. In malignant tertian the fever falls almost
invariably by the third attack."™3

Comparing the prophylactic effects of atabrine and quinine, the

League's Commission 13believed s daily dose of 0.05 gn. atabrine
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inferior to a daily dose of 0,40 gn. of quinine. It seemed that the
weekly administration of 0.40 gm. atabrine, given in 2 installments
of 0.20 gm. each on 2 successive days or with a 1-2 days' interval,
Wwas somewhat more effective than quinine given every day. Also,

this dosage appeared to have a slightly stonger effect on the
gametocytes of P. vivax. The discredited dose of about 0.05 gm.
atabrine a day taken for a period up to 7 years, according to Junge,75
gave excellent results in 20 Europeans in Liberia. According to
Ejercito76 212 laborers in the Philippines who had not had malaria
previously received 0.20 gm. atabrine prophylactically twice a week,
while another group of 272 was not given any prophylactic treatment.
0f the first group, 78 remained in the malarial area for zbout 41 days
and 10 of them (13 per cent) developed malaria. Of the second group,
106 stayed at the place for an average length of 23 days and 38

(36 per cent) developed malaria. However, in a recent report from

a South Pacific Base, Simpson et al.137 recorded the occurrence of
symptomatic malaria in nearly 50 per cent of cases who had taken
0.195 gm. (3.0 grains) of atabrine twice weekly; i.e., a dosage almost
identical with that recommended by the League of Nations.

Most of the other reports published during recent years deal
with populations in districts of endemic malaria, populatioms which
either possess a certain degree of immunity or in which a pre-existing
history of malaria cannot be excluded. Uonsequently, the problems
presenting themselves were: Can an epidemic outbreak of malaria be
suppressed? Can relapses be prevented? GCan the population be kept

in average good health?




page 64

Canet,77 giving the results of 4 years' mass prophylaxis among
many thousands of coolies on plantations in Cochin-China, had no
doubts that synthetic remedies were superior to quinine. 0.30 an.
of atabrine daily for 3 to 5 days would very quickly suppress any
serious outbreak of malaria. However, the treatment had to be continued
with the same daily dose, usually given once a week. Without such
after treatment, conditions would soon become as bad as they had been
before.
Melik-Adamian 78reported on 2,031 school children in the U.S.S.R.

who had been suffering from malaria and who received atabrine in the
spring of the following year. During the next 13 months only 11.5 per
cent of these children had relapses, Fastovskaia and Chenderowitch 9
stated that in Pakrovskoie (U.S.S.R.) which had a stable population
and where malaria (P. vivax and P. falciparum) was endemic, atabrine
with or without plasmocide gave better relapse rates than did quinine
with or without plasmocide. A review article by Hoare 132 shows that
& good many other Russian publications from 1940 to 1942, likewise
reported satisfactory results with atzbrine. Hill and Goodwin g
worked among a population of 1,646 in the southern United States
which had first been rendered free from malaria parasites by treatment.
During the following year the population was divided into 3 groups and
treated with the following results:

Group I 0.1 gm. (1.5 grains) atabrine 3 times a week 1.8% clin. cases

Group II 0.65 gm. (10.0 grains) quinine daily 5.6% clin. cases

Group III Control (soda bicarbonate capsules) 31.7% clin. cases

During the second year when no quinine was given, the atabrine group



page 65

showed an incidence of 0.3 per cent of clinical cases and the control
group 5.3 per cent. It shouid, however, be added that plasmochin-~
0.01 gm, (1/6 grain) 3 times a day for 7 days—was also given at the
end of each season.

These examples of satisfactory experiences ﬁth atabrine may
now be contrasted with the observations of others who expressed more
or less grave doubts of its effectiveness in malarial countries.

In the Panama Canal Department of the U. S. Army with an average
troop strength of 13,000, the annual malaria rate was estimsted as
40 per thousand. The cases received treatment at various station
hospitals as well as at the Gorgas and Colon Hospitals. The treat-
ment was not uniform, but of all kinds of treatment Gentzkow and
CaJ.lendersl found atabrine alone the least effective in the prevention
of relapses. Large and prolonged doses of quinine were declared much
more effective in the prevention of relapses in falciparum infections,
and slightly more effective in infections with P. vivax. The result
was different, if plasmochin was added, but the role of plasmochin
in the prevention of relapses will be discussed in the following section,
Instead, there has now to be considered a group of reports which are
skeptical oi the lasting benefit derived from prolonged medication
with atabrine.

Lamprell, a2 for instance, studied the relative eff ects of quinine
and atabrine medication upon a population of 2,173 in a number of
estates in Assam where malaria was hyperendemic. In the first series,

a 5 day treatment with atabrine was followed by 0.2 gm. atabrine daily




—‘

page 66

to each adult once a week from the end of May until the middle of
September. A second series was given quinine every third week on
5 consecutive days. A third series served as a control. As long as
the administration of the drugslasted, the incidence of malaria decreased
in the atebrine as well as the quinine series. Afterwards there was
higher incidence in these 2 groups, particularly in the atabrine group,
than in the control series.,

Similar results were obtained by other observers, particularly
from the Malay States. 83584 What is the explenation for this phenomenon?
Field and Niven®4 whose observations covered 2,500 immigrant Indian
laborers who, aiter having received atabrine and quinine prophylactically,
showed higher malaria incidence than the controls, made some tentative

suggestions. Primary attacks might have been delayed during the

prophylactic treatment, or the lack of acquired immunity might have
resulted in an outbreak of clinical symptoms due to infection easily
contracted in a hyperendemic region. At any rate, these observations

tended to confirm the opinion of Clark and Kamp, expressed as early

as 1935 that drug control of malaria in people living in a district
situated in the midst of an endemic area was of doubtful benefit.

Freed from clinical symptoms, these people did not develop their immune
defenses. As soon as an infection occurred (possibly by importation
from the neighborhood) the disease was apt to flare up more vehemently

than before.13




C. Plasmochin

Dosage and Toxicity. Efforts to imitate or to improve the
German product, plasmochin, have been made in various countries and
have led to a number of more or less modified drugs. The French-
manufactured "Praequine" is supposed to be identical with the German
"Plasmochin," while another French compound "Rhodoquine" (= Fourneau
710) lacks a CH =- CH3 group in the side chain.

Rhodoquine and praequine, mixed in equsl parts, constitute a
drug called "Rhodopreguine" 8Swhich in the dosage of 0.03 gm. daily
for 3 days is supposed to exert a gametocidal and schizontocidal
action on P. !;!ggﬁé The Italians (S. A, Farmaceutici Italia) turned
out a product "Gamefar" which, though perhaps not quite identical
with plasmochin, seems to have a very similar antimalarial action 87
The term "plasmocide" was given as a general name for plasmochin-~like
substances synthesized at the State Pharmacological Laboratories in
Moscow.

The Imperial Chemical Industries have been manufacturing a
product "pamaquin," and according to biological tests, pamaquin
dihydrochloride is identical with the German plasmochin dihydro-
chloride.89

The Germans themselves in 1938 announced a new product "certuna"
(also called "cilional"), a b-hydroxy-8-(¥-dimethylamino~g-methyl-

butylawino) quinoline. This drug proved more potent than plasmochin

in its action on the exflagellation of the male gametocytes of P.
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cathemerium, ana seemed to be less toxic than piasmochin in humans,

though as efficient against the gametocytes in P. falciparum in.fections.lsh
Chopra et ﬂ.MO stated that a dosage of 0,25-0.4 gu. (0.03 gm. t.i.d.)
Was usuelly eftective and well tolerated.

From the time of its invention, toxic reactions to plasmochin
have been noticed. Beth Siolj 33 and Mthlens 3hfrequently observed
cyanosis especially of the lips which Sioli considered a signal
tor stopping plasmochin medicstion. The latter had also had one
cese of plasmochin poisoning among the 40 cases of genersl paretics
on vhom he was trying the drug. The symptoms were the following:
the patient suffered from adbominal pain, livid discoloration of the
skin, cyznosis of the lips and general weakness. His blood was of a
chocolete color and somewhat later the urine showed a 8gray sediment

beneath a black surface. Upon rising from bed the patient collapsed

and vomited. However, recovery took place after 4 days. This patient.
had received daily doses of plasmochin up to 0.25 gm. This picture
combines most of the outstanding-toxic reuctions to plasmochin; the
drug may form methemoglobin and in fetel cases hepatitis and fatty
degeneration or necrosis of the iiver have been observed.5 4

The potential toxicity of plasmochin imposed restrictions on
the scope of its employment as well as upon the dosage. It was
suggested in the early thirties that plasmochin was a true prophylactic—
but even if correct > this would be of no practical consequence since the

doses required would lie beyond the range of safety. The drug was

considered a schizontocide for P. vivax and P. malariae, Nevertheless,
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the threat of toxic reactions made it & questionable substitute for

the other two schizontocidal drugs. It was, however, unicue in its
effect upon the gametes, especially of P. felciparum. Thereiore,

from an early date combinations of plasmochin with quinine and atebrine
have been proposed in order to improve tne relepse rate and to decrease
the number of gametocyte carriers of malignant tertien maleriz. This
explains why plasmochin has been used almost exclusively in combination
with or subsequent to other drugs. But this, in turn, has added another
problem; viz., that of its compatibility with quinine and ztzbrine.

The belief is now widely shered that quinine and plasmocnin can be
given together, while the simuiteneous administration of atebrine and
plasmochin is hermful. If used at all, plasmochin should be given
after atabrine medication,

From these considerations it becomes understandable that the
dosage of plasmochin has been gradually reduced from its original
height. According to the fourth report of the League of Nations!'
Commission, 13 large daily doses ot 0.06~0.04 gn. and even such small
doses as 0.02 gm. of plasmochin, if given for 10 days or more, caused
dizziness, cyanosis and eventual icterus in an average of 3.5 per cent
of cases. Prophylactic doses of 0.02 gn. twice a week seemed reletively
safe. According to the same source, the therapeutic dose of plasmochin
was 0.01-0.03 gm. daiiy for adults, "associated with quinine or atebrin,
given either simultaneously or after certain lapse of time." The
latter stetement, however, received the qualification that "the assoc-

iation of quinine with plesmoquine is undoubtedly less toxic than that
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of atebrin with plasmoquine."

In view of these facts and in order to avoid repetition, it
seems advisable to discuss further observations on the toxicity and
desirable dosage of plasmochin in a subsequent paragraph in connection
with its therapeutic effects. It is, however, worth mentioning here
that the hussian plasmocide is supposed to have a somewhat different
toxic action’.13 While it may cause pain and vomiting, it is believed
not to lead to the formation of methemoglobin, one of the main dengers
of plasmochin.

Absorption and El:‘t.minat.ion.')r Quickly absorbed in the gastro=-

intestinal tract, plasmochin begins to appear in the urine within

20 minutes following its administration. However, it seems that a

small portion only is excreted, the bulk being destroyed in the tissues.()9
Using Bancroft differential manometers, Nandi90 measured the oxygen
uptake of various tissues of the guinea pig in the presence of plasmochin.
In the blood where stimulation was most marked, the coefficient of
stimulation was 41 per cent with a concentration of plasmochin as low

as 1:300,000 (the level wsually rezched in therapy). According to this

|

»

f author the phenomenon was an enzymatic (thermolabile) reaction, the
‘ decomposition of plasmochin taking place mainly through thermostable
“ systems present in the tissues.9o

w Just as in the case of atabrine, the toxicity of plasmochin was

found to be different in various species of a.nimal.é’9 Raebbits and

# Here again, Molitor's 69 summary of 1941 has been used freely.
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canaries showed a preponderately acute type of reaction with nervous,
circeulatory and respiratory disturbances soon following upon the
administration of plasmochin. In mice, cats and dogs, however, symptoms
of a more delayed action consisting in cysnosis, methemoglobinemia and
possible respiratory failure were more pronounced. Taking the toxicity
of an orel dose as a relative standard, subcutaneous injection was 5
to 6 times as toxic in the rabbit, and intravenous injection 60 to 70
times. It would appear, however, that the rabbit formed an exception,
other species of animal not showing any marked difference between oral,
subcutaneous and intravenous auministration as far as toxicity was
concerned.69

Regarding pathological findings due to plasmochin, two sets of
toxic effects stood out.69 First and foremost was the formation of
methemoglobin which was observed in man as well as in horses, cows,
sheep, pigs, cats and dogs. In the latter 2 species of animal, a
blood concentration of 1:12,500 seemed sufficient to form methemoglobin.
In rabbits and mice, on the other hand, methemoglobinemia took place
only after the blood had been hemolyzed. If administration of plasmochin
was discontinued, signs of methemoglobinemia disappeared, and negative
bilirubin and urobilin tests tended to prove that the formation of
methemoglobinemia was not connected with the destruction of erythrocytes
or damage to the liver. Yet hemolysis could be observed in vitro, if
the concentration of plasmochin exceeded 1:5,000.69

The other set of toxic effects of plasmochin observed in man as

well as in all species of animal investigated related to the cardiovascular

\
I
\
|
|
|
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system. A comparison of plasmochin, quinine and atabrine showed all
3 drugs to be negative chronotropic as well as negative dromotropic
in the electrocardiogram of man and dog. In the isolated monkey heart,
they caused irregular beat and diastolic standstill. In heart-lung
preparations of frogs and rabbits the minimal concentrations for bring-
ing about diastolic standstill were given as 1:2,000 for plasmochin,
1:500 for atabrine and 1:300 for quinine. In the isolated heart of
these animals, concentrations of 1:100,000 sufficed to cause irreversible
diastolic standstill. In submaximal doses, plasmochin (and atabrine t00)
decreased the minute volume and had an adverse effect upon the function
of the vasomotor centers. In small concentrations » plasmochin caused
vasoconstriction; whereas, vasodilatation was observed with large
concentrations.69

Tests. A test for the detection of plasmochin in urine said to
show the presence of the drug in a dilution up to 1:200,000 was rec-
ommended by Schuleman, Sch8nh8fer and Wingler and may be quoted here
after Field.88

"l. Mix 200-300 cc. of urine with 20 cc. of 50 per cent
caustic potash and stir.

2. Shake 3 times with 30 cc. of pure ether., The ether
layer is separated. (If an emulsion forms, clear by
the addition of a few drops of alcohol.)

3. Pool the ethereal extracts, filter, and shake twice
with 10 cc. of water to which 2 drops of N/caustic
soda has been added.

4. Separate the ether from the water and shake up again
with 6 cc. of 2 per cent acetic acid.

5. Separate the acetic acid solution and heat over a
water bath to remove any residues of ether.

6. Add 3 cc. of pure glacial acetic acid and about
0.05 gramme of chloranil. Heat over a flame in &
test tube for about 15 minutes. A biue colour develops,
or in weak solutions a blue green, if plasmoquine is present."
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Tehitchibebine and Hoffmann” " used fodic acid (HIO3) instesd
of chloranil and worked out a test sensitive to a dilution of plasmo-

chin in urine of about 1: ten million. The test has been described

as follows: 91

"200 cc. of urine are made alkaline by addition of 50 ce.
of a 30 per cent solution of caustic soda. This is then
extracted thrice, in a separating funnel, with ether,.25 cc.
each time. The ethereal solution, 75 cc., is shaken with a
few grammes of anhydrous potassium carbonate and then filtered
into a 250 cc. separating funnel. Five cc. of 10 per cent
sulphuric acid are added: after shaking, the lower layer is
decanted into an ordinary test tube. The contents of the tube
are gently boiled for 30 seconds to drive off the ether. After
complete cooling under running water 2 ce. of a 10 per cent
watery solution of iodic acid are added; the tube is then
shaken and left to settle.

If plasmoquine is present in the urine a violet colour
develops in 2 or 3 minutest this darkens somewhat and lasts
for nearly half an hour. By this method it is possible to
identify plasmoquine in quantity as small as a tenth of a
milligramme per liter of urine. Rhodoquine and plasmocide
also give colour reactions with this test. With plasmocide
the colour only appears after a delay of 15 to 20 minutes, as
compzared with 2 or 3 minutes with plasmoquine. If appreciable
quantities are present, plasmoquine gives a violet blue colour,
plasmocide violet red. With plasmoquine the colour persists
for about half an hour, with plasmocide it begins to fade after
& guarter of an hour.”

Nandi and Dikshit 92&:lescribed a test which allows the detection
and quantitative estimation of plasmochin in tissues, but cannot be
used in urine. A few drops of Folin's phenol reagent are added to
an aqueous acid solution of plasmochin, The mixture is made strongly
alkaiine with Nx~1.2(203 and a blue colour then develops reaching its
greatest intensity in approximately half an hour, Plasmochin in a
dilution of 1:1,000,000 can thus be detected and can be estimated

quantitatively in dilutions up to 1:200,000. However, the test is
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not specific, a number of substances of a phenolic character in the
tissues also responding to it. But if the tissues are treated with
an excess of NaOH and then extracted with ether, the test is applicable.

Therapeutic Effect. As with quinine and atabrine » SO with plasmo-

chin, the exact action of the drug on the various phases of the malaria
parasites has not been established with any degree of finality. Accord-
ing to Boyd and Dunn, 93 its effect on P. cathemerium in canaries is
similar to that of quinine; i.e., maily reducing the rate of reproduction.
Hewitt end Richardson'! clain a direct plasmodicidal effect on P.
lophurae, Whether the drug given in high doses of 0.06=0.08 gm. to
paralytics bitten by infected mosquitoes really destroys the sporozoites
or whether it acts on forms developing from the sporozoites, thereby
preventing the appearance of trophozoites at the end of the incubation
period, is a matter for debate. Also debestable is the degree of its
effect upon the trophozoites of P. vivax. and P. nalarise 388 Its
gametocidal action on P. faleiparum, however, is beyond doubt. In
practice, plasmochin has been mainly used in combination with other
drugs, either to diminish the number of gametocyte carriers or to
prevent relapses. The fourth report of the League of Nations' Cam-
mission 13 definitely stated: "In minimum doses of 0.02 grm., plasmo-

quine devitalises the gametocytes of P. falciparum, and at the same

time diminishes their numbers." It also stated that in associuation
with quinine or atabrine, plasmochin was markedly effective in prevent-
ing relapses in benign tertian and quartan malaria "and appears

similarly to reduce the frequency of malignant tertian relapses."
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In the literature subsequent to this report, these views are
found to be partly supported and partly doubted. It is » moreover,
permissible to say that in more vecent times, the doubts have increased.

A group of Rumanian investigators headed by Ciuca 9 reported in
1938 that among the 4 schizontocides, quinine, aristoquine (= aristochin
= diquinine carbonic ester) atabrine and acriquine, atabrine was the
most efficient in preventing relapses of quartan and malignant tertian
malaria, particularly if followed by piasmochin. For this purpose,
they believed, a single dose of 0.02 gm. of plasmochin repeated if
necessary every 5 days in those rare cases where crescents persisted
was sufficient to devitalize the gametocytes. Livadas 95 and associates
treated 112 cases in a mountain village in the Peloponnesus whom they
kept under long continuous observation. They dividea their patients into
7 groups. Groups 1 to 3 received quinine for 7, 10 or 20 days respect-
ively; group 4 received atabrine, group 5 plasmochin. Group 6 was given
atebrine followed by plasmochin, and group 7, quinoplasmin. The latter
combination appeared the most effective in preventing relapses. Barbos&37
found atabrine associated with plasmochin much more effective in prevent-
ing relapses of P. vivax infections (175 with primary infections, 139
with reinfections) than quinine and atabrine. He also obtained excellent
results with P. falciparum infections with a treatment of atabrine for

5 days followed by plasmochin for 4 days.

Gentzkow and Callender &l who had been doubtful of the value of

atabrine alone for the preventior of relapses among the malaria patients

of the Panama Canal Department of the U. S. Army, (see p.65), nevertheless,
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witnessed a pronounced effect upon the incidence of relapses, if
plasmochin was administered concurrently with atabrine or tollowing it.
This effect, although evident in all types of malaria, was especially
marked in P, vivax infections.

To this list may be added a number of experiences with slightly

96 combined acriquine (Russian) with

different preparations. Raskine
a preparation designated as "quinoline no. 31" by giving the former

drug in the josage of 0.0l gm. 3 times a day and 0.03 gm. of quinoline
31 twice daily for 5 days. In both benign and malignant tertian mzlaria,
the fever disappeared in about 3 days and the schizonts in about 4 days,
while the gametocytes of malignant tertian malaria disappeared by the
sixth day. However, slight abdominal pain of 2 to 3 days duration was
observerd in some of the cases so treated. Dupoux 97 and coworkers used
premsline in mass treatment as well as in prophylaxis in the Cape Bon
area of Tunisia in 1937 and 1938. The parusite index and the spleni-
metric index decreased remarkably; no relapses were reported after treat-
ment and subsequent bimonthly administration of the drug, nor were toxic
reactions observed. Similar experiences with weekly administrations of
premaline were noted by Genevray 98 et al. in Tomkin. Messerlin,]'38
however, from experiences with exceptionally severe malaria prevalent

in Morocco in 1941, stated that the prophylactic administration of
premaline did not show the same striking results as in previous years.
Since premaline represents a combination of quinacrine and rhodo-
praquine?9 its administration can be considered as somewhat equivalent

to the simultaneous use of atabrine and plasmochin. In this connection,
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it is noteworthy that some observers have not only failed to object
to the simultaneous use of the latter 2 drugs, but have even recom-

100 4 reated his acute cases (meinly melignent

mended it. Thus MacMahon
tertian) with large doses of quinine and small doses of plesmochin-
compound. After the symptoms had disappeared and the patient was feel-
ing well he was given 0.1 gm. atabrine and 1 tablet of plasmochin compound
(0.0L gm. plasmochin and 0.125 gm. quinine) 3 times & daey. With this
treatment MacMahon reported toxic symptoms in less than 10 per cent of
his patients and recurrences in less than 25 per cent. Ayala and

Bravo,l01

on the other hand, reported 4 cases of severe mental disturbance
during or immediately after treatment with "atape" tsblets (ezch of which
contains 0.1 gm. atabrine and 0.005 gm. plasmochin).

It will have been noticed that the reports of an alleged beneficiel
influence of plasmochin on the relapse rate of malaria rested largely
on an empirical basis, above all on experiences in India among British
and Indian troops.l35 From the theoretical and experimental peint of
view, plasmochin as a gametocide could only be expected to decrease the
number of infectious gametocyte carriers and thereby help to eradicate
the disease where it is endemic or prevent further spread of malaria.
The early hopés for malaria eradication by the combined use of quinine
(or atabrine) and plasmochin have, however, not materialized. To give
but one example, Clarkloz and his associates in Panama in 1937-1938
treated all parasite carriers who were discovered at monthly surveys.

One group was given 0.1 gm. of atabrine 3 times a day for 5 days and

0.01 gm. plasmochin twice daily during the subsequent 5 days. A second
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group received 1.0 gm. (15 grains) of quinine sulfate daily instead

of the atabrine, the treatment otherwise being the same as in the

first group. There was little difference in the efficiency of the

2 methods, both led to an all but complete clinical disappearance

of the disease——but not to its eradication. Since similar results

had been obtained with quinine or atabrine alene, it is not surprising
that Cl’f*.rkm3 and nis group arrived at the conclusion that plasmochin

had contributed relatively little to the good symptomatic effect.

Similar doubts relative to the prophylactic value of gametocides in
tontrolling malaria in endemic areas have also been expressed by others%oh
Logically, it might be assumed that these negative tindings would also
have a bearing on the wisdom of adding plasmochin to quinine or atabrine
in order to decrease the number of relapses in individual cases. Since
the effect of plasmochin on the schizonts of P. falciparum is practically
nil, there is no theoreticel reason to expect any additional gains from
the drug in this type of malaria infection at least. Experiencesduring
the present war have indeed confirmed this suspicion and the routin.

use of plasmochin in the treatment of acute malaria has lately been
discarded by the armed forces.los

D. Treatment Plans of Malaria Under Present War Conditions

In the preceding section the main emphasis was placed on the
evaluation of one drug or the other, rather than on regular treatment
schemes. Furthermore, the bulk of the experience related to mass
treatment and mass prophylaxis of stable populations in regions of

endemic malaria. In as far as peace-time >bservations and recommendations
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were concerned, it was assumed that, theoreticzlly st least,

quinine, stabrine and plasmochin were egqually available. The war

has cazused fundamental changes in meny respects. The acute shortage

of quinine has imposed definite restrictions on its use and has made
the employment of substitutes imper:ztive. Main attention has shifted
from steble and premunised populztions to American and European
soldiers exposed for the first time to malarial infection and expected
to retain their fighting strength under conditions of both mental

and physical stress. It has, therefore, become necessary to draw up
standardized plans for the prophylaxis and treatment of malaria, plans
which at one and the same time should be based on the best scientific
and clinicel judgment available. This task would have been facilitated,
if there had been cammon agreement on the theoretical and clinical
factors involved. This, unfortunately, was hardly the case. Summariz-
ing some recent papers on the subject, Whitel;%in December 1942, ‘wrote:
"The majority of papers deeling with the treatment of malaria have
certein festures in common; their authors all know how malaria can

best be treated. There is a praiseworthy dogmatism about their
pronouncements, but there is anything but wniformity of dogma. There
is not even uniformity of opinion regarding the manner in which quinine,
the oldest and best tried remedy of all, should be administered. There
is still less uniformity of opinion regarding the merits and demerits
of the different remedies, the indications for their use, and the doses
which can be safely administered in the treatment of the acute attack

of malaria and in clinical prophylaxis. In great part the diversity
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of views is explained by the very different malarial conditions
prevailing in the countries in which practical experience has been
gained, by differences in strains of malaria parasites, by differences
in the manner in which different races of mankind react to infection
and to some of the specific remedies, and by differing degrees of
malarial endemicity."

White loéalso summarized the main points on which some agree-
ment had been reached before the war: (1) preference for short courses
of treatment, particularly in endemic regions where reinfections were
likely to occur and the building up of a state of resistance seemed
advisable. (2) Sparing use of specific drugs in hyperendemic regions
by restriction of the drug to children mainly, until they had acquired
the degree of solid immunity against local strains possessed by the
adult population. (3) Regular administration of specific remedies in
prophylactic doses for susceptible sojourners in such hyperendemic

areas. But, White added, "such considerations are applicable for the
most part only to civilian populations engaged in peace-time pursuits.
In war other considerations predominate,”

Intensive and continuing experimental and clinical work on the
treatment of malaria, as well as mounting experiences in war zones,
has led to a gradual development of war-time measures and recommendations.
Circular Letter No. 56, issued by the Office of the Surgeon Genex':—).ll07
on June 9, 1941, may be taken as a starting point. The value of
chemical prophylaxis was considered limited to special situations

when troops had to be kept fit in endemic areas. The choice was left
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open between atabrine 0.2 gm. every 3.or L days, or quinine sulfate
in the aose of 0.3 gm. daily. Regerding the treatment of clinical
malaria, a difference wes made between field forces and hospital
patients. Oral therapy for the former envisaged the use of quinine
or atsbrine with the possible addition of plasmochin to either drug.
Guinine was to be given for 7 days before meals, in 3 daily doses of
0.6~1.0 gm., and 0.02 gm. plasmochin might be given once a day after
mezls during the seme period. If atabrine was preferred, 3 doses of
0.1 gm. each were given after mezls for 5 to 7 days. In this case,
however, plzsmochin, if used, had to be added after completion of tne
course, 0.02 ghn. being given daily for 3 days. In hospital patients,
the zbove oral medication of quinine in the form of quinine sulfate
capsules or quinine bisulfate tablets might be replaced by the "Sinton
treatment" in the following form: The patient was purged and then
given 30 cc. doses of "pixture A" at intervals of 1 hour. "Mixture AN

has the formula:

Sodium bicarbonate 92,0 gm.
Sodium citrate 60.0 gm.
Calcium carbonate 4.6 gme

Water to make 690 cc.

After 3 doses of this mixture were given and half an hour had passed,

30 cc. of "mixture Q" of the following composition were aaministered:

Quinine sulfate 14.0 gm.
Citric acid 42.0 gm.
Magnesium sulfate 84.0 gnm.

Water to make 630 cc.

During the subsequent 7 days, 30 cc. o1 "mixture A," followed half
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an hour later by 30 cc. of "mixture Q," were given 3 times daily.
In addition, plasmochin, 0.02 gm., once daily was administered for
7 days.
Parenteral therapy as an emergency measure by intramusculer
injection of 1.5 gm. of quinine (hydrochloride or dihydrochloride)
or 0.2 gm. of atabrine dihydrochloride was mentioned for forces in
the field. The injection might be repeated after 12 hours. In the
case of hospital patients, parenteral therepy might be indicated not
only if the patient was comatose or unable to retain oral medication,
but also if tests showed that the drugs had not been absorbed. The
choice then lay between quinine or atabrine given intravenously and
quinine injected intramuscularly. Whatever parenter:l administration
was chosen, it should be replaced as soon as feasible by oral medication.
Viewed as a whole, these recommendations were in line with the
treatment plans suggested by the League of Nations' Commission and
many subsequent authors. The relatively slight emphasis placed on
drug prophylaxis was influenced by the realization that the drug did
not prevent infection but only suppressed manifestations of the disease.
All treatments proposed were "short-term" tre:tments; the choice left
open between quinine and atabrine reflected prevailing opinion and
so did the possible addition or plasmochin.
If these recammendations are compared with the treatment of
malaria as practiced at the same time in the British arm;v,‘m8 same

differences are worth noting. Although quinine and atabrine were

regarded as practically alternative by the British also , quinine was
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believed to have a more rapid antipyretic action than atabrine.
Plasmochin was viewed as antiinfective and antirelapse and, there-
fore, suitable for treatment after the acute attack. Accordingly,
the British stenderd army treatment consisted of the use of all three

drugs, quinine, atabrine and plasmochin in the following order:

Days Drug Dose
1-2 Quinine (bisulfate 0.65 gm. (10 grains)
or hydrochloride) t.i.d.

35by5,6,7 Atabrine 0.1 gm. t.i.d.
after meals

8-9 None None

10,11,12,13,14 Plasmochin 0.01 gm. t.i.d.
after meuls

This "cambined quinine-atabrine-plasmochin (QAP) treatment" went back,
in principle at least, to suggestions made by Amy and Boyd 109 4
based on experiences with the British forces in India. These authors
had recommended quinine during the initial febrile attack, foilowed
by 0.3 gm. of atabrine daily for 7 days and 0.03 gm. plasmochin for

5 days atterwards.

After the entry of this country into the war, the "combined QAP
treatment¥ as standardized in the Briti-h army was recommended by the
Subcommittee on Tropical Diseases of the National Research Council185
as the "method of choice,” the main difference being that totaquine
might be used instead of quinine sulfate. The place assigned to
totaquine is understandable, since, in the meantime, the Japanese
conquest of the Netherlands Indies had cut off the main sources of
quinine supplies. This fact also explains why an alternative treat-

ment combining atabrine and plasmochin.was foreseen for "simple vivax

in 1936,
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infections and in other infections where no totaquine or quinine is
available," As a third possibility, in cases where atabrine was not
available, a combination of totaguine or quinine-plasmochin was

suggested. Regarding "suppressive treatment," atabrine was the only

drug mentioned in these recommendations which may be quoted in extenso:ls5

"(1) Combined QAP Treatment (method of choice).

2) Totaquine or uinine sulfate 0.64 Gm. (10 grains)
three times daily after meals for two or three days
or until pyrexia is controlled. Then give
(b) Atabrine 0.1 Gm. (1% grains) three times daily
after meals for five days. Then after two days with-
out antimalarial medication give
(¢) Plasmochin 0.01 Gm. (3/20 grain) three times daily
after meals for five days, except for the debilitated
patient, who should receive only two doses daily.
(Discontinue if toxic symptoms occur. Never give
atebrine and plasmochin concurrently.)

(2) Atabrine-Plasmochin Treatment (may be used for

simple vivax infections and in other infections
when no totequine or quinine is available).

(a) Atabrine, as above for seven days. Then, after
two days without antimalarial medication give
plasmochin 0.01 Gm. three times daily for five days,
as above,

(3) Totaquine or Guinine-Plasmochin Treatment (method when
no atabrine is available).

(a) Totaquine or quinine sulfate, as above, for seven
days during the last five of which accompany each dose
of totaquine or quinine with plasmochin 0.0l Gm, three
times daily.

(4) Suppressive Treatment.
ia; Atabrine. Give 0.1 Gm. (1} grains) twice daily

after meals on two days a week, allowing a two to three
days intervel between days of medication."

This outline of a suggested routine therapy was followed by a
note of caution: "It was the consensus of this subcommittee that
until we have had more experience with the use of atabrine it should

be used only under the guidance of a physician or public health officer."”

The remark is interesting because it reflected some preoccupation with
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the possible toxic effects of atabrine. German observers ’llO on the

» other hand, who had had experience with melaria during 1941, were
positive in stating that gastro-intestinal troubles occurred almost
exclusively in cases where plasmochin had been combined with atabrine.
Among the "great number of malaria patients of 1941 trested predominantly
with atabrine" hardly any serious gastro-intestinal complaints which
might influence prophylaxis or therapy had been encountered. "Even in
cases of malaria combined with acute gastro-enteritis or dysentery,

the troubles were not essential.”

The combined QAP treatment as recommended by the National Research
Council was given as the method of choice by the Surgeon General, U. S.
Army, in the Circular Letter No. 135 of October 21, 1942, with the
exception that totaguine was not mentioned as an alternative to quinine
sulfate., In addition, quinine (0.6 gm. daily after the evening meal)
was noted as a substitute for atabrine in emergency suppressive treat-
ment, if the latter drug was not available. Parenteral administration
of quinine dihydrochloride or atabrine dihydrochloride was suggested
in the following cases:

Malaria with coma-- 0.64 gm. of quinine dihydrochloride in not
less than 200 cc. sterile normal saline, intravenously, very slowly f:

every 8 hours until oral medication becomes possible. |

Malaria with vomiting-- Either: 1.0 gn. of quinine dihydro- |
chloride in 10 cc. sterile normal saline intramuscularly, repeated j

if necessary in 8 hours; or: 0.2 gm. of atabrine dihydrochloride in
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5 cc. sterile normal saline injected intramuscularly, if quinine is
not available.

13 7and British 139‘t.roops-: indicated satis-

Reports from American
faction with the combined use of quinine and atabrine (similar to the
recommended QAP treatment) but also a tendency to discard plasmocnin

134,1
in the routine trestment. Hill 3,135

had demanded a daily dose of

0.1 gm. of atebrine as a standard prophylactic treatment for troops

as far back as August, 1942. Experimental work, including investigations
of the plasma concentration of the drug,126 shed new light on the
scientific basis of antimalarial therapy. Many considerations thus
combined to necessitate the drafting of a new treatment plan which

was outiined in Circular Letter No. 153 from the Office of the Surgeon
General, August 19, 191;3.1']'2 Fundamentally, the changes were based

on these factors: (a) the necessity of saving quinine, (b) the
conviction that the toxic effects of atabrine were not frequent or
serious enough to limit its use either in suppressive or therapeutic
doses, while plasmochin questionable as to its therapeutic results,
allowed but a small margin between therapeutic and toxic effects,

end (c¢) a realization that the efficiency of antimalarial drugs depended
on their reaching an effective plasma level. The latter point is of
particular significance. Since quinine is eliminated rapidly and
atabrine retained in the tissues for some length of time, the QAP
treatment led to a temporary gap during which neigher quinine nor
atabrine was present in the plasma in sufficient concentration. The

QAP treatment was now ziven up and instead atabrine was given "in
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relativeiy high initial doses, followed by smaller maintenance doses."

The recommended treatment of the acute attack of malaria is now
the following. MAtabrine hydrochloride 0.2 Gm. (3 grains) and sodium
bicarbonate 1 Gm. (15 grains) by mouth with 200 to 300 cc. of water
(or an equal amount of sweetened tea or fruit juice) every six hours
for five doses, followed by 0.1 Gm. (13 grains) three times a day after
mezls for six days (total 2.8 Gm. in seven days)." Quinine sulfate
1 gn. (15 grains) orally after meals 3 times a day for 2 days and then
0.6 mg. (10 grains) 3 times a day for 5 more days (total 16 gm. in
7 days) is the alternative, if atabrine is not available. Plasmochin
is no longer given as a routine me:sure, and only to hospitalized and
closely watched patients. "The course consists of plasmochin 0.0l Gm.
(1/6 grain) by mouth three times a day after meals for four days except
for the debilitated patient, who should receive only two doses a day.
Each dose of plasmochin should be accompained by at least 1 Gm. (15
grains) of sodium bicarbonate. The fluid and sugar intake should be
liberel during and for some days after the course." This course may
either follow immediately upon the end of the atabrine therapy or may
be initiated during the final days of treatment with quinine. In
severe cases of malaria, or where the disease is complicated by serious
disorders (including vomiting) or where oral medication is not feasible
or of no avail, atebrine or quinine is given parenterzlly. The recom-
mended parenterzl methods are as follows:

"(a) Atabrine dihydrochloride 0.2 Gm. (3 grains) in 5 cc.

of sterile distilled water injected intramuscularly with
the usual precautions into each buttock (total 0.4 Gm. or
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6 grains). If necessary, one or two additional doses

of 0.2 Gm. (3 grains) may be given intramuscularly at
intervals of six to eight hours. As soon &s the patient
can take and retein oral medication atabrine should be
given by mouth in such doses as to give a totel by both
routes together of 1.0 Ga. in forty-eigat hours, Iollow-
ed by 0.1 Gu. three times a uay after ameals for five uays
(total 2.8 Gm. in sever days).

(b) Guinine dihydrochloride 0.6 Gm. (10 grains) in
sterile isotonic solution of sodium chloride 300 to 4UU cc.
(minimum 200 cc.) injected intravenously with tne usual
precautions, especially avoiding speed. If necesszary,
there should be no hesitetion to cut down to the vein.
This treatment may be repeated in six to eight hours, if
the situation demands it. When the patient cen teke ena
retain oral medication give a complete course of atabrine
(preferable) or quinine by mouth as described for
uncomplicated cases in paragraph 5b."

Measures for the control of vomiting and the general care of
the patient are stated in detail in the letter. Relcpses are treated
in the same manner as first attacks although "prolongation of main-
tenance doses of atabrine to a total period of two to tnree weeks
may be tried." If, nevertheless, relapses occur repeatedly, the
oral quinine treatment "may be used ana continued with a daily dose
of 0.6 Gm. (10 grains) to a totel period of three or four weeks; but
such instances must be kept to a minimum in order to conserve guinine."

The preservetion of quinine also dominates tne suppressive
treatment of malaria where, with a few exceptions, atabrine alone
is to be used. 0.1 gm. of atabrine is-given zt the evening meal on
6 days each week. As an alternative, 0.05 gm. of atabrine may oe
given ¢t the evening meal, 6 days each week and then 0.1 gm. at the

evening meal on the 7th day. Althougn & mere emergency neasure,

suppressive treatment, if indicuted, should preferably be started
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2 weeks in advance for the purpose of achieving a high plasma
concentration at the time of actual exposure. Besides, since side
reactions are more apt to accompany the use of initial doses, they
would be overcome by the time the troops reached the danger zone.

It seems, however, as if opinion on the necessity of pre-
treatment with atabrine were changing, in spite of the fact that
"with the usual suppressive dosages the maximum plasma concentration
of the drug is not attained until after three to six weeks." 126
Witha dosage schedule of 0.6 gm. per week, a protective level is
apparently reached, if suppressive treatment is started coincidentaly
with exposure.

In summing up, it may be said that the cinchona alkaloids and
atabrine still stand out as the best antimalarial drugs available,
but they do not constitute an ideal solution in every respect, partic-
ularly with regard to prevention of infection and relapses. Other
drugs which have been tried with varying degrees of promise will be

discussed in the following section.
E. Sulfonamide Compounds

Prontosil and Sulfanilamide. The use of prontosil and sulfanil-

amide in connection with studies on bird and monkey malaria has been
briefly mentioned above (p. 21). Samewhat equivocal results were
obtained in the therapy of avian malaria>**! but Coggeshall and

llaier“‘ found that a single oral dose of sulfanilamide completely

eradicated the highly fatal P. knowlesi infection of rhesus monkeys.




page 90

Further work on monkeys was performed by Das Gupta and Chopral50

and by Rodhain®t

in the same year, 1938. Using doses of 3 cc. of
prantosil per day for 3 days, the former obtained complete cures
but they felt the high dosage was out of the range possible for humans.
Rodhain obtained cures with sulfanilamide in chimpanzees infected
with "a falciparum-like organism" (P. reichenowi ?) and monkeys infected
with P. knowlesi, but the drug did not appear to him to be as active
as atabrine, since 0.3 gm. of it were necessary to achieve the same
results effected by 0.05 gm. of atabrine.

At about the same time the first trials of sulfonamides in human

malaria were reported. Nivenl5 25153 in the Malay States trezted 80

natives, variously infected with P. falciparum, P. vivax and P.

malariae, with prontosil album in & dosage of 3 gm. per day for 7

days. He found the drug less potent in effecting cures than quinine
which he administered to 68 controls. Although he had no toxic reactions
in his series, he considered prontosil potentially more dangerous than
quinine and also pointed to its relatively high cost. A similar opinion
was expressed in the Annual Report of the Institute for Medical Research

lsé'nsed

of the Federated Malay States for the year 1938.°* Yamamoto
sulfanilamide for control of induced malaria in 14 cases. He obtained
cure in 2 of them after a total administration of 15 to 17 gm. of the
drug. In 5 cases no antimalarial effect was seen and in 7, vérying

degrees of slight imporvement alone were noted. Faget et al.155 con~

sidered both prontosil and sulfanilamide unsuitable for clinical use.
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In the 4 cases of falciparum infection in which they tried them,

both drugs failed to free the blood stream of parasites, although

they did alleviate immediate clinical symptoms. This very fact
constituted a danger in their opinion, since patients so treated

might form unsuspected reservoirs of infection. Sorley and Currie'sL57
evaluation of sulfonamide therapy was somewhat similar though they
were more favorably impressed than Faget with the immediate clinical
effects of the drugs. They treated 10 patients with P. vivax infection
with 10 grains (0.65 gm.) of prontosil album 3 times a day for 4 days.
More rapid improvement occurred than with other antimalarial drugs,

but the improvement in the patients' condition was not paralleled by
improvement in the parasite picture, so the authors advised following
the prontosil with a 5 day course of atabrine to clear the blood stream.
Chopra, Das Gupta, Sen and Hayter léégave 0.5-1.0 gm. of prontosil 5
times a day per os or intramus~ularly to 19 humans. Both sexual and
asexual forms of vivax and malariae parasites were destroyed but only
the asexual forms of falciparum. There was no action upon crescents,

a conciusion substantiated by Chopra and Basu 163

who fed laboreatory
bred A. stephensi upon crescent cerriers to whom as many as 40 tablets
of prontosil had been administered. The crescents were not devitalized
but grew to sporozoites in many of the mosquitoes. Sulfanilamide was

164

used intravenously by De Leon in patients infected with P. felciparum.
He found the drug exclusively schizonticidal, but considered it a use-

ful substitute for atabrine where intravenous treatment is indiceted.
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Soluseptasine, Septisine, Proseptasine. Woridng with soluseptasine
and septisine (derivatives of sulfanilamide), Farinaud and Eliche?7*160
demonstrated "remarkzble schizonticidal activity" of the drugs. In
3 to 5 hours there was total disappearance of schizonts from the per-
ipheral blood. Gametes of P. vivax were also destroyed but not those

of P. falciparum. Sinton et al.l®l

found proseptasine (the benzyl
derivative of sulfanilamide) to be a true causal prophylactic in 5 out
of 8 cases of induced P..falciparum infection, but they did not consider
the results capable of practical application until further studies had

been made.

Sulfapyridine, Sulfathiazole, Sulfadiazine. Despite certain

encouraging leads provided by this early experimental work on sulfon-
amides, there prevailed a general sense of dissatisfaction with sulfan-
ilamide itself as a therapeutic agent in human malaria,l71 particularly
in contrast to its activity in monkey malaria and in certain human

infections other than malaria. Experimental work was accordingly under-

taken with members of the sulfonamide group less closely allied with :
sulfanilamide. Coggeshall and llaier169 used sulfadiazine, sulfathiazole §
and sulfapyridine in monkeys infected with P. knowlesi and found them
all therapeutically effective in doses of 1.5 gu. per os for 2 to 3
days with, in the case of sulfathiazole, an additional 0.5 gm. intra-
venously for 2 days. Studies of their effect upon the respiration of
plasmodia in vitro substantiated the opinion gained from therapeutic
tests, although, as previously mentioned (see page), no direct

correlation between host response andin vitro reactions was demonstrated.

ﬁ
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Sulfapyridine (M & B 693) was given 8 monkeys infected with P.

knowlesi by Singh and S:‘u.xgh.167 Two 0.5 gm. tablets per day by

mouth freed the blood of parasites and effected cure, but the authors
commented that this was proportionately much in excess of the human
dosage of the drug as it is used in other diseases. Chopra and Das
G-upt,a,l62 on the other hand, obtained cures in monkeys with 0.05 to
0.15 gm. of M & B 693 given daily intramscularly. This dose they
considered smaller than the proportionate dose for a monkey as compared
with that for a man. In the light of this success, Chopra et 11.168
tried the drug in 12 human cases, administering 4.0 gm. daily by mouth
for 5 days. The treatment controlled symptoms and drove both forms

of P. vivax and the asexual form of P. falciparum from the blood.
Recrudescence in 14 days occurred if smaller dosage was employed, as
was demonstrated by the administration of 1.5 gm. for 5 days to certain
of the patients who were infected with P. malariae. A second course
of M & B 693 given these patients still failed to eradicate parasites
from the blood entirely.

Dikshit et al.;L70

used sulfathiazole for the treatment of monkeys
with P. knowlesi malaria. Following a single oral dose of 0.l gm., the
parasites disappeared from the blood stream temporarily. Three grams
of sulfathiazole given during 3 days resulted in radical cure at the
end of the course. Coggeshall and llaier171 treated 17 human cases of
naturally occurring vivax and falciparum infections with promin, using

an average daily dose of 15 gm. for 3 days, and produced definite

therapeutic effect in all. The vivax infection was somewhat more
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resistant than the falciparum. Of 13 patients trested by these

vorxers with sulfadiazine, 26 gm. totel dosage by mouth in 6 days ,

10 showed effect end 3 none, the drug thus appesring in their experience
to be less effective than promin. Their conclusion upon the besis of
this work wus thet "at present there is no reason for preferring

these drugs to quinine or atabrine." Schwartz 173

and his coworkers
drew similar conclusions on the basis of 14 cases trezted with sulfa~
thiuzole in like menner. Johnson 172 used sulfathizzole for control
of paroxysms in 2 cases of induced malaria. His dosage schedule was

< gm. every 4 hours for 2i hours, thenl.0 gm. every L hours for 2

deys. Rapid improvement was effected by the drug with finel clezrance of
the infection by quinine. A subseyuent series of cases was given a
smaller initicl dose (1.5 gm.) with similar temporary control of fever,
Jehnson used sulfadiazine in 14 other cases administering 24 to 40

gn. over a period of 4 to 8 deys to 10 of the patients znd L4 to 48 gm.
during 19 days to the remainder. Among the 14 patients there was a
relapse rate of 23 per cent, a second course of sulfsdiazine in all
instances controlling the relapse. Johnson's conclusions were that
sulfathiazole had some antimalarial action but did not effect inter-
ruption of the course of the disesse, while sulfadiazine was of such

curative efficacy that he advised it for military use,




F. Thio-bismol

Bismuth combined with arsenic was used by Cignozzil78

in 1925
in the treatment of about 100 cases of malaria. The drug employed,
"metilarsinocitrobismutato sodico," was used as an adjuvant to quinine
therapy in cases where quinine by itself was ineffective. .S‘»peremzam9
in 1927 first employed bismuth alone. His preparation, "Salbiolo,"
was a complex organic salt of bismuth in an oily suspension which he
injected intramuscularly. Twelve casts were so treated and in all
of them some antimalarial action of the drug was demonstrated, although i
the results were considered definitely inferior to those obtained with
quinine. The author attributed the action to direct influence of
bismuth upon the asexual forms of the parasites.

Schwartz 180 and Cole et al.ml first employed sodium bismuth
thioglycollate (thio-bismol) in 1939 and 1940 in treating therapeutic-
ally induced malaria in paretics. The paroxysms occurring in these

patients are often of alarming severity so thav it is desirable to

interrupt the rapid succession of attacks without stopping the malaria
courses. For the production of such "rest periods" the ordinary anti-
malarial drugs are not satisfactory since, if given in effective doses,
they may terminate the course entirely. This Cole et al.l 8l demonstrated
in the preliminary studies leading up to their choice of a bismuth com-

pound for management of the course of therapeutic malaria. Single

injections of the antimony compounds, fuadin, antimony and potassium

tartrate and sodium antimony thioglycollate, for example, stopped the
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clinical course completely or produced too long an afebrile period
before Tesumption of the cycle. Similarly, arsphenamine, neoarsphen—
amine and mapharsen, while possessing undoubted antimalarial effect,
did not have the desired powers of temporary inhibition.. Thio-bismol
was selectedml as the most successful drug to achieve this purpose
out of a geries of bismuth compounds tried, including bismuth subsal-
icylate, sobisminol, biliposol, sodium bismuth tartrate, bithoxyl and
iodobismitol. A single intramuscular injectiom of 0.2 ém. of thio-
bismol brought about cessation of fever within 6 to 12 hours and
pmdneedarestp@riodofzdaqsbeforeres_ptimoftheeycle.
Subsequent paroxysms were wnaffected unless repeated thio-bismol
injections were given. In 263 patients treated by Cole and Schwartz,
the mortality rate was 2.2 per cent, a figure compzring favorably with
that for mortality in induced malaria in general (2.2-5.38 per emt.)].'85
Brmstigandl.ovemat the Mayo Clinic used thio-bismol on ome or
more occasions in 33 of 90 consecutive cases of therapeutic malaria
and obtained results similar to those of Cole and Schwartz. They
found single doses of 0.k gm. sufficient for comtrol of the succeeding
paroxysa, while 0.2 gm. mrtadalore]astingeffectthanmgmerm;
desired.

Ixelm,l% observing that'P. vivax, in spite of its name (benign
tertian—simple three-day fever), gives rise to quotidian and not
tertian fever in 80 per cent of primary cases,” used 0.2 gm. of thio-
bismol intrammscularly in 32 treated paretics to control the fever.

Consistent results were obtained depending upon the stage at which
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the drug was administered. Given during the incubation period of
the disease, before the tirst paroxysm, there was no effect either
upon the time of onset or upon the type of fever. Given during the
fully developed quotidian stage, a remission of 48 hours was produced,
followed by regular tertian fever. The drug was thus observed to have
a selective action upon alternate cycles. Mayne and Youngl83 applied
this same technique in induced malaria in their own practice, achieving
similar results.

Combination of thio-bismol with quinine was tried in cases of

induced malaria by Young et 31.182

who demonstrated that the bismuth
compound inhibited the next paroxysm while the quinine controlled the
general infection so that quicker therapeutic response was obtained
than with quinine alone.

The method of action of thio-bismol is as yet imperfectly under-
stood. It appears, however, that only certain stages of the parasite
are influenced, Whelen's186 conversion of quotidian fever to tertian
by means of thio-bismol seemed to him to indicate that semi-mature
rather than very young parasites were damaged., Cole et al.l81 showed
that in tertian infection, if the injection was made within 10 hours
of the expected onset of a paroxysm, that paroxysm would be effectively
inhibited with a resultant two-day afebrile interval. If the injection
was made more than 10 hours before the expected onset of the chill, no
effect was observed. This negative result they considered dependent
upon the relatively rapid rate of absorption and excretion ot the dry

which reduces blood streem concentration below the therapeutic level
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before the parasite matures and commences its next asexual cycle.

At the same time, the two-day rest period between an effective inject~
ion of thio-bismol and resumption of the cycle of paroxysms indicated
to their minds that the drug affects the half-grown parasites in the
blood at the time of injection. An experimental study carried out by

Young and coworkers 182

confirmed this hypothesis. In quotidian fever
occasioned by P. yivax infection, thio-bismol, 0.1 or 0.2 gms., inhib-
ited the next expected paroxysm caused by a given brood of parasites,
if it was injected 16-28 hours after the last paroxysm caused by that
brood. Injections at other hours had no effect. Degeneration of the
parasites could be demonstrated in stained films and their number was
mariedly decreased. In P. malariae infections no definite action of
thio-bismol against any particular age group of parasites could be
demonstrated in the experience of this group of workers, although
therapeutic results were occasionally apparent. Against P. falciparum

infection thio-bismol was practically without effect.
G. Arsenicals

‘The efficacy of arsenated benzine compounds as agents to control
malarial paroxysms has been known for some time'l90,l91,l92,l93
Originally, these drugs were employed with partial success in the
treatment of the naturally occurring disease. However, since the
introduction of the malaria therapy of central nervous system syphilis
and recognition of the desirability of giving patients undergoing this

treatment occasional rest periods, the whole group of arsenicals has
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been accorded greater recognition for tne inhibitory type of action
also displayed by bismuth compounds.

Arsphenamine. Experiments with arsphenamine (salvarsan) in
malaria therapy were instituted not long after the introduction of
the drug as an anti-syphilitic agent. Werner, as early as 1910,192
used single intramuscular doses of 0.6 gm, of the drug in treating
cases of tertian and aestivo-autumnal malsria. In the former, the
parasites had generally disappeared from the blood stream within 24
hours after the injection and no relapses occurred for several weeks.
Only half of the aestivo-autumnal cases, however, showed any immediate
response to the drug and most of those doing so had relapses within
a period of a few weeks, A large body of subsequent work (for the
115

copious literzture on arsenated benzine compounds see Curd and

ColetBL

) has dealt with refinements of this technique but the final
conclusion of most authors has been substantially like Werner's.
Neoarsphenamine. Arsphenamine has been largely supplented by
neoarsphenamine in malaria therapy. Shortly after the introduction
of the latter drug, trials of its efficacy in melaria were carried

216,217,718

out in Germany, Werner, who had done the initial malaria

work with arsphenamine,192

establishing a dosage ratio of 1.0 arsphen-
amine: 1.5 neoarsphenamine and demonstrating identical activity upon
"tertian" malaria. As with arsphenamine no effect upon "tropica"
could be produced. The drug was believed to be most efficacious when

given in a single intravenous dose of 0.8 gm. repeated at about 5-day

intervals. Results with intramuscular dosage were less predictable
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and not as long sustained.zlé Subsequent experience with neoarsphen-
amine in the hands of other German workers and a number of British
investigators2l9’220’221’222’223’224 substantiated the prompt effect
of the drug upon clinical course and parasitemia. This effect regular-
1y occurred within 12 to 24 hours. By giving subsequent injections

no less than 24 hours before the time of each anticipated relapse

both clinical and hematological evidences of recrudesence could be
avoided, but no long-time suppression was achieved. The British

225,226,221 found smzller intravenous doses (0.45 gm.) equally

school,
as effective as lerger ones. While agreeing upon the favorable effect
produced in P. vivax malaria, they considered the drug most valuable
when used as an adjuvant to quinine. The occasional appearance of
parasites during treatment of latent malaria by neoarsphenamine which

they and also Silvan 228not.ed, was the basis for the recammendation

that a quinine course follow use of neoarsphensmine. Repeated attempts

to influence infections with parasites other than vivax 224,225 ’22601
to use the drug in avian malariazz9 remained unsuccessful. None of

the reports dealing with use of neoarsphenamine in malaria records toxic
reactions of any significant degree; even mild gastro-intestinal
disturbances were not associated with the low dosage and the wide
intervals employed.

Neoarsphenamine 1s currently considered more valuabie in induced
than in spontaneous infection. Its successtul use for many years by
hmsterdam hospitals conducting malaria treatment (both blood and

mosquito induced) of paretics has been described by Winckle.l9o
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P. vivax infections alone were controlled by the drug and various
strains of vivax were found to be unequally sensitive to it. It was
necessary, therefore, to determine the optimum dosage for each case
individually. In general, however, intravenous injection of 0.05 to
0.15 gn. converted a double fever into a simple one or obtained for
the patient a few afebrile days. To cut the fever short definitively,
when use of quinine was not desirable, a series of injections of neo-
arsphenamine was given (0.15 gm. followed by 0.3, 0.45 and 0.6 gm.).

In Goldman's 't

experience a2lso, a single intravenous injection of
neoarsphenamine, without adjuvant quinine or atabrine, would not
terminate therapeutic malaria.

Mapharsen., Mapharsen, the nemialcoholate of 3-amino-4-hydroxy
phenylarsine oxide hydrochloride, which is thought to be the effective
breakdown product of the arsphenamines in the body, was first used by

Goldman 191511 the treatment of P, vivax infections in 1938. His

clinical material coneisted of 20 paretics undergoing malaria therapy

and one patient with chronic recurring natural malaria. The dosage

was the same as that used in the treatment of syphilis, i.e., an intre-
venous dose of 0.04=0.06 gm., depending upon the patient's body weight.
in 90 per cent of the cases this single injection permenently terminated
the malaria, but 3 to 4 more doses at weekly intervals were found to

be advisable to insure against recurrences. At the end of 24 hours after
the first injection, the blood stream was free of parasites and srleno-

megaly had begun to subside. It was necessary to make the injection

2/, or more hours before the expected onset of a chill in order to




page 102

prevent its occurrence. Goldman described mapharsen as the "drug

of choice in the treatment of malaria," and "immessurably more effect- .
ive than quinine, certainly as effective as atebrin." No trials of

its efficacy in falciparum infection were made.

Nivenl%

studied the effect of 2 intravenous injections of
0,04 and 0,06 gm. of mapharsen with a 5-7 day interval in 20 cases
of falciparum, 9 of malarize and 20 of vivax infection (spontaneous
infection ?). In the latter, he evaluated the effeect of the drug
as more rapid than that of quinine given by mouth in daily doses of
1.0 gm. per 100 1b. body weight. Against P. falciparum and P. mslarise,
it proved useless, having no effect upon either schizonts or gametocytes.
Young and lclaendonl95 had similar results with a series of 10 patients
suffering from P, malariae infection. Mapharsen (in conjunction with
thio-bismol) relieved the clinical symptoms but failed to eradicate the
paraesites in any instance. Identical results were obtained with try-
parsamide plus thio-bismol.

Malario. This drug, prepared by a Singapore firm, was said to
contain 2 parts of arsenic per million. Its action in 47 cases of

acute malaria was tested by J. C. N:i.ve:n'Ls b

who reported parasites still
present in the blood of 25 out of 26 falciparum patients treated and in
17 out of 21 vivax patients. The action upon fever was slightly better,
but Niven's general conclusion was:"'Malario' is of no value in the

treatment of acute P. falciparum malaria and of very low efficiency

in acute P. vivax malaria."”




'IIII::7___________________________________________________________________________________'

H. Antimonials

The literature dealing with the actvion of antimony preparations
upon clinical malaria and upon malaria parasites was reviewed by

Schmidt and Peter 205 in 1938. They found that modern work in the

field commenced with Rogers who, in 1917, reported disappearance of
falciparum gemetocytes from the blood stream following tartar emetic
treatments. In succeeding years these results were both confirmed
and contradicted by the experience of various investigators working
upon other humzn malariz parasites as well as upon falciparum.

Synthetic antimonials were also employed: stibenyl, stibosan, antimosan,

alone and in combination with quinine. Opinions of the efficacy of

these drugs were divergent, but there was general agreement upon the

puzzling phenomenon of melarial activationh in latent cases trzated

with antimony for other reasons. Thus Napier precipitated malaria

attacks in kaia-azar patients whom he treated for the latter disease

with antimony and Peter hed similar experience with bilharzia patients

receiving antimosan. Fischer caused clinical attacks of malaria by

use of stibenyl in several cases of chronic malaria which showed |
crescents in the peripheral blood; and in another case, previously
rendered parasite-free by plasmochin, injections of antimony caused
reappearance of clinical malaria.

De' Nunno 202,203

offered an explznation ofthis discrepancy
between the therapeutic value of antimony reported by some authors

and the generally accepted fact of its provocative effect upon latent
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malaria, By administering a 1 per cent aqueous solution of tartar
emetic to humsn patients in increasing doses of 1 to 14 c¢c. during

15 days, he produced typical clinical attacks with mobilization of
parasites in the blood stream. Simultaneously, splenomegaly regressed
and, following a total administration of 1.75-2.13 gm. in 2 series of
treatments, 13 out of 14 cases of chronic ("estivo-autunnale") malaria
were permanently cured.?’3 The mechanism of the cure appeared to be

an early flushing out of parasites harbored in the spleen with sub-
sequent activation of the protective forces of the reticulo-endothelial
system. Forty subsequent cases of induced vivax malearia treated by

De Nunn020

3 responded in similar fashion. Carra?O% used De Nunno's
method in 29 cases and found the drug highly satisfactory.

Fuadin, antimony and potassium tartrate and sodium antimony
thioglycollate were investigated by Cole et al.lSl in the course of
their search for a suitable agent to control induced malaria paroxysms
(see p. 95). Fuadin and the tartrates in the dosage employed stopped
the clinical course entirely, the thioglycollate produced an afebrile

interval of 4 to 5 days followed by resumption of the cycle.
I. Mercurials

Smalarina. Two synthetic drugs containing mercury have been
prepared and successfully tested by Italien investigators. One,
bearing the trade name,"Smalarina," was introduced by Professor

211
Cremonese in 1925. The mercury is cambined with antimony in this
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preparation and tablets of the drug are aaministered on alternate

days in arithmetic progression beginning with 1 teblet on the first
day; 136 tablets in all being given in 31 days. Cremonese considered
the action of the drug to be a stimmlation of the defense forces of
the body rather than a direct action upon the parasites and advised
that it be combined with quinine for immediate effect upon the clinical
symptoms of an acute attack. Two years' immunity to malaria were
conferred by a full course of the drug in his experience. Peroni 210
reaffirmed the efficacy of smalarina, basing his opinion upon an
extensive anti-malaria project in Stormara in 1925-1926. Chronic
malaria treated with smalarina showed but 10.6 per cent failure, while
in similar cases trezted with quinine 73 per cent failed to respond.
The failure rate in prophylaxis was zero with smalarina and 65 per cent

9 211

with quinine in this study. - Froileno de Mello -’ and Bird," how-

ever, were unable to duplicate these results. In their hands the drug
wes almost completely ineffective, therapeutically and prophylactically.

1;12. M3, a synthetic antimalarial composed of mercuric manganese

197

iodidev and concentrated extract of spleen manufactured by the Bio-

chemical Institute, Milan, was tried by several workers between 1938

and 1939. Fattovitch et al, *7° 199

and Manca reported favorable results,
in both trestment and prophylaxis, which they attributed to the action
of the drug upon the reticulo-endothelial system. No direct action
upon sporozoites wes demonstrated. Chopra and Basu et al., 197’201011
the other hand, found no prophylactic or thergpeutic action on the

part of the drug and concluded that it was without value in malaria.



page 106

Reports of an extensive study of the drug recently carried out in
north eastern Brazil,zoo a highly endemic area, indicate that the
drug is there regarded as a valuable prophylactic and curative agent.
In the report of the survey, the drug is said to stimuiate the reticulo-
endothelisl system, to eliminste depots of parasites in the spleen and
other viscera and to reduce splenomegaly. Its protective action may
not become effective for some 2 months after the course of treatment
is ended, but by that time resistance has been developed in most
subjects, Those persons not entireiy protected will at least develop
a less severe type of malaria than controls.

Mercurochrome. The treatment of quinine-resistant or quinine-
sensitive patients with mercurchrome was suggested by Ross.212
These patients provide a serious enough problem that he considered
trial of the drug worthwhile, even though in his own smell series,
it proved to be of temporary value only. He gave intravenous injections
of 8-20 cc. of the 1 per cent solution, in 2-5 cc. doses, to each of
6 patients. In 5 of them the blood stream was promptly freed of
parasites ana clinical symptoms were alleviated, but in 3 cases para~
sites reappeared in 10 to 30 days. Liu 3 effected an appsrently
permanent cure with mercurochrome, 5 mg. per kg. body weight intra-
venously, in 1 quinine-resistant case.

Salyrgan and Mercuric Succinimide. Mercury in the form of

salyrgan was given by Cole et al.l 81 to 3 patients, each receiving

3 injections of 2 cc. on alternate days. There was no change in the

course of the fever and parasites were easily found in the blood
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stream at all times. To another patient, Cole gave 0.01 gm. mercuric
succinimide daily for 10 days and to still another 0.012 gm. of the
drug every 6 hours for 5 injections. No change in elinical course or

parasite picture occurred in either.

J. Miscellaneous Drugs

Alstonia Scholaris. The necessity for importing the raw

materials of synthetic antimalarials into India has emphasized

the desirability of finding, if possible, an effective antimalarial
drug in the indigenous materia medica. To alstonia scholaris,
"chhatim" in the Hindi and Bengali vernacular, has traditionally
been ascribed high antimalarial value. The drug was accordingly
assayed in 1942 by Mukerji, Ghosh and Siddons 208 and an alkaloid,
"ditamine," was found to be the active principle of the bark. A
preparation of the drug tried in P. knowlesi malaria of monkeys and
in naturally occurring human malaria had little or no demonstrable
action and was not recommended as a substitute for quinine or other
cinchona alkaloids.

187 and of

Amidino Compounds. The work of Warrington Yorke
Jde. D. Fulton 188 has demonstrated the activity of amidino compounds
in malaria as well as in the other protozoal infections in which they
are successfully utilized. Stilbamidine (4:4-diamidino stilbene) and
4tl~diamidino diphenoxy pentane administered intravenously rendered

P. knowlesi infections in rhesus monkeys non-fatal. The 'action was

slightly slower than that of atabrine and relapses occurred in 7 of
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8 subjects. Both drugs had an inhit;iting action upon in vitro
respiration of monkey parasites. In Human malaria, stilbamidine had
a definite effect upon therapeutically induced P. yivax infections,
but little or no action in natural P. falciparum infections.

Balsamina. Gonzalez Revilla206 treated 10 patients with
falciparum and vivax, or mixed infection, with an infusion of balsem
apple (momordica charantia). Infections with P. falciparum responded
more satisfactorily than those with P. vivax. Six patients showed
definite improvement. However, the active antimalarial principle was
not isolated and the drug was not recommended for extensive clinical
trial until pharmacological tests were performed.

Giemsa C. 77. Prepared by Giemsa and Schuleman, 88

this hydro-
quinine derivative is one of the series of synthetic compounds which
culminated in the production of plasmochin. The addition of an extra
quinoline ring to hydroquinine at the point 5 N represented an attempt
to decrease toxicity without reducing activity. A small series of 21
cases treated with C. 77 by Green 13 in Kuala Lumpur responded to it as
they would have to quinine, but the effect was, in general, less pro-
nounced. There were no symptoms of cinchonism.
Hydroxyethylapocupreine. Large doses of this drug (0.36 mg./gm.
body weight) given either orally or parenterally were found by Hegner

et al .230

to be more effective than quinine in the treatment of infect-
ions by P, lophurae in ducks, P. relictum in pigeons and P. cathemerium

in canaries. Pearasite counts were reduced, apparently by cutting down

the number of merozoites produced by each schizont.
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Iamar. This complex chemical of which the exact composition
is not divulged is said to contain quinine, arsenic, methelyne blue
and other agents. Parise 207 ysed it successfully in the treatment
of 38 cases of malaria, most of which were relapses. The mode of its
action is pet discussed.

Italchina. This.acridine derivative is said not to cause any
pigmentation of the skin. Employed by Ballero 25 4in a dosage of

| 0.3 gm. per day for 7 days, it was found to have a slower but more

lasting effect upon the 150 patients in his series than either quinine
or the standard synthetic preparations. The action was directly
schizonticidal and indirectly gametocidal. Clinical symptoms were
controlled, splenomegaly decreased and relapses reduced to 10-13 per
cent.

Malarin., Malarin, a vegetable drug tried by Field,lsl" destroyed
the parasites in only 3 out of 17 cases of vivax and falciparum malaria,

Six cases actually had more asexual forms in the peripheral blood after

receiving malarin for 7 days than at the beginning of treatment, an
occurrence which the author stated he had never seen with quinine treat- ‘
ment.

Undecane 1:11 diamidine. The action of undecane 1:1l diamidine,

a member of a chemical group not previously used in melaria, was studied
by Glyn-Hughes, Lourie and Iorke]'89 in 1938 in 19 cases of induced vivax
infections Intravenous injections of 25 mg. twice a day were given or
oral doses of 50 mg. twice & day. Slight anorexia and nausea occurred

with the higher dosages, but no toxic reactions of greater significance
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appeared. In all cases, the fever and parasitemia were abolished.

Two further paroxysms generally occurred after institution of therapy.

Asexual forms disappeared from the blood stream first with complete
elimination of all parasites within 3 to 6 days. Relapses occurred
in 3 cases at 4, 6 and 8 weeks. The remaining 16 cases had had no

recurrences at the end of 6 months.




1

o
N

10.

11.

12

13.

L—————_

BIBLIOGRAPHY

Haggis, A. W.: Fundementel errors in the early history of
cinchone, Bull. Hist. deq,, vol. 10: 417-459 nd 568-587, 1942.

Suppan, Leo: Three centuries of cinchona, Proceedings of the
Celebrstion of the Three Hundredth Anniversary of the First
Recognized Use of Cinchonz, Missouri Botenical Garden, St. Louis,
Oct. 31-Nov. 1, 1930, St. Louis, Mo., 1951: 29-138.

Kerbosch, M.: Cinchona culture in Jave: its history end develop-
ment, Ibic, pp. 181-209.

Keport of the Health Organisation for the Period October 1932
to September 1933, Quart. Bull. Hesith Urgan., League of Nations,
vol. 2: 495-549, 1933.

Scott, H. H.: A history of tropical medicine, Edwerd Arnolc & Co.,
Loncon, 1939, 2 vols.

Wanted—a cheep entimalerizl drug in India (editorisl), Brit. if. Jd.,
Jan. 1942: 78.

Cencbre, £. L. and Altamirano, G. M.: Cinchona growing in the
Philippines: present situation and future possibilities, National
Resesrch Council of the Philippine Islands, Bulletin No. 12:
168-169, 1937.

Foreign Agriculture, March 1941: 93.

Enquiry into the quinine requirements of malarisl countries end
the world prevalence of maliria, Lecgue of Nations Publications,
III. Health, III, 2, 1932.

Craig, Charles F.: The malericl fevers, hsemoglobinuric fever
and the blood protozo: of man, Williem Wood & Co., New York, 1909.

The therapeutic efficacy of totaguine in human malaria. Guart.
Bull. Health Orgen., Leugue of Nations, vol. 3: 325-358, 1934.

The therapeutics of malarie. ‘hird generzl report of the Malaria
Commission, Guart. Bull. Health Organ., League of Netions,
vol. 2: 179-285, 1933.

The trestment of malaria. Fourth genercl report of the Malaria
Comnission, Bull. Health Orgsn., Lezgue of Nations, vol. é: 895~
1153, 1937.




15.

16

-

17.
18.
19

20

21

22,

23

25

26

27.

28.

29

H¥rlein, H.: Ueber die chemischen Grundlagen und die
Entwicklungsgeschichte des Plasmochins, Arch. f. Schiffs-
u. Tropen-Hyg., vol. 30: Beiheft 3: 5-10, 1926.

Mihlens, P.: Die synthetischen Malariamittel Plasmochin und
Atebrin, Muenchen. med. Wehnschr., vol. 79: 537-540, 1932.

Statistical Abstract of the United States 1941, U. S. Government
Printing Office, Washington, 1942, p. 625.

Restrict sale of all quinine, J.A.M.A., vol. 119: 1512, 1942.
The national quinine pool, J.A.M.A., vol. 121: 434, 1943.

Physicians urged to release quinine supplies, J.A.M.A., vol. 121
82, 1943.

Public health under Hitler, J.A.M.A., vol. 121: 953, 1943.
Henson, Graham E.: Malaria, C. V. Mosby Co., St. Louis, 1913.

Nocht, Bernard and Mayer, Martin: Malaria, a handbook of
trestment, parasitology and prevention, John Bale, London, 1937.

Craig, C. F,: The malarial fevers, The Medical Dept. of the U. S.
Army in the World War, vol. 9 : 511-527, Washington, D. C., 1928.

Schulemann, W.; Sch¥nh8fer, F. and Wingler, A.: Synthese des
Plasmochin, Klin. Wechnschr., vol. 11: 381-384, 1932.

The Pharmacopoeia of the United States of America, Twelfth Revision,
1942,

Bishop, Ann: Chemotherapy and avian malaria, Parasitology, vol. 34:
l-5ln 191¢2-

Guttmann, Paul and Ehrlich, P.: Ueber die Wirkung des Methylenblau
bei Malaria, Berl. Klin. Wchnschr., vol. 28: 953-956, 1891.

Sollmann, Torald: A manual of pharmacology and its applications
to therapeutics and toxicology, 6th ed., W. B. Saunders Co.,
Philadelphia and London, 1942.

Basil Danilewsky (obituary), Tr. Roy. Soc. Trop. Med. & Hyg.,
vol. 33: 271-273, 1939-1940.

Marshall, E. K., Jr.: Chemotherapy of avian malaria, Physiol.
Rev., vol. 22: 190-204, 1942.




31.

32.

33.

3k

35

36.

37.

8

39

.

40,

E

1S

43.

3

L5

Sergent, Etienne and Sergent, Edmond: Avantages de la quininisatim

préventive démontrés et précists expérimentalement (paiudisme des
oiseaux), Ann. de 1'Inst. Pasteur, vol. 35: 125-141, 1921.

Roehl, W.: Die Wirkung des Plasmochins auf die Vogelmalaria,
Arch, f. Schiffs- u. Tropen-Hyg., vol. 20: Beiheft 3: 5-10, 1926,

Sioli, F.t Prilfung des Plasmochins bei der Impfmalaria der
Paralytiker, Ibid., pp. 19~24.

Mthlens, P.: Die Behandlung der natiirlichen menschlichen Malaria-
infektionen mit Plasmochin, Ibid., pp. 25-35.

Mauss, H. and Mietzsch, F.: Atabrin, ein newes Heilmittel gegen
Malarie, Klin. Wchnschr., vol. 12: 1276-1278, 1933,

Kikuth, Walter: Ueber die chemotherapeutische Wirkung des Atebrin,
Deut. med. Wehnschr., vol. 58: 530-53L, 1932.

Sioli, F.: Ueber die Wirkung des Atebrin bei der Impfmalaria der
Paralytiker, Ibid., pp. 531-533.

Peter, F, M.: Ueber die Wirkung des Atebrin gegen natfirliche
Malariainfektion, Ibid., pp. 533~535.

James, S. P. and Tate, P.: New knowledge of the life-cycle of
malaria parasites, Nature, vol. 138: 545, 1937.

Celli, Angelo: The history of malaria in the Romen Campagna from
ancient times, John Bale, Sons & Danielsson, Ltd., London, 1933.

Marshell, E. K. Jr.; Litchfield, J. T., Jr. and White, H. J.:
Sulfonamide therapy of malaria in ducks, J. Pharmacol. & Exper.
Therap., vol. 75: 89-104, 1942.

Coggeshall, L. T.: Immunity in malaria, Medicine, vol. 22:
87-102, 1943.

Stitt's Diagnosis, Prevention and Treatment of Tropical Diseases,
6th ed., R. P. Strong, The Blakiston Co., Philadelphia, 1942,
2 vols.

Coggeshall, L. T. and Maier, John: Determination of the activity
of various drugs against the malaria parasite, J. Infect. Dis.,
vol. 69: 108-113, 1941.

Geiman, Q. M.: Advances in malaria research, New England J. Med.,
vol. 229: 283-290 and 324-332, 1943.

L




46.

47

48,

L9

50

51

52,

53.

k.

55

56.

57

58.

59.

James, S. P. and Ciuca, M.: Species and races of human malaria
parasites and @ note on immunity, Acta conventus tertii de tropicis
atque melaria morbis, pars II, Amstelodami, 1938.

Kelsey, F. E.; Oldham, F. K. and Geiling, E. M. K.: Studies on
antimalarial drugs, the distribution of quinine in the tissues
of the fowl, J. Phermacol. & Exper. Therap., vol. 78: 314-319,
1943.

Glazko, A, J.: Estimation of quinine in the urine, U. S. Naval
M. Bull., vol. 41: 529-533, 1943.

Howie, J. W. and Murray-Lyon, R. M.: Tanret reaction in subtertian
malaria, Lancet, Sept. 11, 1943: 317-320.

Kelsey, F. E. and Geiling, E. M. X.: The micro determination of
quinine in blood and tissues, J. Pharmacol. & Exper. Therap., vol. 75:
183-186, 1942,

Reed, Alfred: The trestment of malaria, J.A.M.A., vol. 115: 602-
605, 1940,

Sanders, J. P. and Dawson, W. T.: Observations on five-day quinine
tre.tment of malaria, South. M. J., vol. 32: 693-696, 1939.

Craig, C. F.: The "short-term" trestment of malarial infections
with quinine, Am. J. Trop. Med., vol. 20: 239-248, 1940,

Chopra, R. N.; Hayter, R. T. M.; Sen, B. and Talukdar, M,:
Crinodora (Palusan) in Indian strains of malaria, Indian M.
Gaz., vol. 75: 202-204, 1940.

Chopra, R. N.; Hayter, R. T. M. and Sen, B.: Haffkinine (acriquine),
an atebrin-like compound prepared in India, in Indian strains of
malaria, Indian M. Gaz., vol. 75: 200-201, 1940.

American atabrine, J.A.M.A., vol. 120: 842, 1942.

Fletcher, William: New drugs in the treatment of melaria, Trop.
Dis. Bull., vol. 30: 193-202, 1933.

Phelps, B. M. and Jantzen, Walther: Clinical experience with
atebrin, 20th Annual Report, Med. Dept., United Fruit Company,
1931: 69-78,

Field, J. W.; Niven, J. C. and Hodgkin, E. P,: The prevention
of malaria in the field by the use of quinine and atebrin, Bull.
Health Organ., League of Nations,' vol. 6: 236-290, 1937.




60.

61.

62,

63

6.

65

66.

67.

68.

69.

70

7

.

72.

Bispham, W. N.t Toxic reactions following the use of atabrine
in melaria, Am. J. Trop. Med., vol. 21: 455-459, 194l.

Williams, J. H.: Chemotherapy of malaria, Lederle Laboratories,
Inc., New York, N, Y., 1941-42..

Mental symptoms following the use of atabrine, J.A.M.A., vol, 121:
765, 1943.

Loughlin, E, H.; Bennett, R. H.; Santora, Edward and Mattucei,
Silvio: (Clinical toxicity of atabrine dihydrochloride (quinacrine
hydrochloride U.S.P. XII) s War Med., vol. 4: 272-279, 1943.

Stephenson, R. W.: Dose of atebrin in malaria, Brit. X J.,
June 19, 1943: 770.

Field, J. W.; Niven, J. C. and Guest, C.: Clinical and experimental
observations on atebrin musonat, Bull. Inst. Med. Res. Fed. alay
States, No. 2: 1-24, 1937,

Van Heukelom; Siegenbeek, A. and Overbeek, J. G.: Behandeling van
de acute malaria-aanval met atebrine pro injectione, Geneesk.
Tijdschr. v. Nederl.-Indi#, vol. 78: 1658-1683, July 1938. (Abstr.
Irop. Dis. Buil., vol. 36: 258-259, 1939.)

Bryant, J.: Heavy atebrin dosage in the treztment of malaria,
East African Med. J., vol. 18: 295-301, 1942.

Cannistraci, S. C.: Cura e profilassi della maleria con i preparati
sintetici, Riv. di Malariologia, vol. 19: 118-120, Sezione I, 1940.

Molitor, Hans: Antimalarials other than quinine, Amer. Assoc.
Adv. Sc., Publication No. 15: 261-267, 1941.

Dikshit, B. B.: Concentration of atabrin in the blood tissues,
Report of the Haffkine Institute for the Year 1938, Bombay, 1939,
p. 47.

Dearborn, E. H.; Kelsey, F. E.; Oldham, F. K. and Geiling, E. M. K.:
Studies on antimalarials, the accumulation and excretion of atabrine,
d. Pharmacol. & Exper. Therap., vol. 78: 120~126, 1943.

Annegers, J. H.; Snapp, F. E.; Paskind, L.; Ivy, A. C. and
Atkinson, A. J.: Retention of atabrine in animal body, War
Med., vol. 4: 176-186, 1943.




3.

The

5.

76

(i

8.

79

80,

8l.

83.

84

Hihne, Wolfgang: Ueber Atebrineinwirkungen auf das morphologische
Verhalten von Plasmodium falciparum, Deut, Irop. Ztschr., vol. 46:
385-389, 1942. (Abstr., Trop. Dis. Bull., vol. 40: 292-293, 1943.)

Decourt, P.: La lutte antiplasmouiale. Ses bases pharmaco-
dynamiques, Bull. Soc. path. exot., vol. 31: 760-77L, 1938.

Junge, Werner: Zur Dauervertrfglichkeit und Dosierung der Atabrin -
Prophylaxe, Arch. f. Schiffs- u. Trop.-Hyg., vol. 43: 409~-411, 1939.

Ejercito, Antonio: Atabrine in mzlaria prophylaxis, Riv. di
Malariologia, vol. 20: 317-328, Sez. I, 1941. (Abstr. Trop. Dis.
Bull., vol. 39: 523-524, l9h2.5

Canet, J.t Note sur les resultats obtenus au cours de quatre
anneés de prophylaxie collective antipaludique par médicaments
synthétiques sur les plantations des Terres Rouges (Nord
Cochinchine), Bull. Soc. path. exot., vol. 32: 58-69, 1939.

Melik-Adamian, S. S.: EsSai de 1'emploi de 1'acriquine en masse
pour le trai¥ment des enfants paludtens, Med. Parasit. & Parasitic
Dis., vol. 7: 178-191, 1938, Moscow. (Abstr. Trop. Dis. Buil.,

vol. 36: 262, 1939.)

Fastovskaia, E. and Chenderowitch, R.: Données comparées sur le
traitement de la malaria par la quinine et les produits synthétiques
soviétiques antipaludéens, d'aprés le schéma établi par la com-
mission du paludisme au comité d'hygiene de la Ligue des Nations,
Ibid., vol. 7: 299-334, 1938, Moscow. (Abstr. Trop. Dis. Bull.,

vol. 36: 683, 1939.)

Hill, R, A. and Goodwin, M. H., Jr.: Two years observation on
the use of atabrine as a prophylactic agent in malaria, Am. J.
Irop. Med., vol. 18: 339-345, 1938, suppl.

Gentzkow, C. J. and Callender, G. R.: Malaria in the Panama
Canal Dept., U. S. Army. II. Results of treatment with quinine,
atabrine and plasmochin, Am. J. Hyg., vol. 28: 174-189, 1938.

Lamprell, B. A.: Quinine and atebrin in the control of malaria;
with special emphasis on the practical and economic viewpoints,
Indian M. Gaz., vol. 75: 266274, 1940.

Annual Report of the Institute for meaical Research for the Year
1937, Federated Malay States. (Niven, J. C.)

Field, J. W. and Niven, J. C.: Malarial chemoprophylaxis. Field
observations on post prophylaxis epidemicity, Far Eastern Assoc.
Irop. Med. C.-R. Dixiéme Congrés, Hanoi, 26 Nov.-2 Dec. 1938;

vol. 2: 959993, (Kostr. Irop. Dis. Bull., vol. 38: 107-108, 1941.)




85,

36

87,

88

89.

90

91

92

93

9.

95

96.

Mollaret, P. and Schneider, J.: Une nouvelle méthode d'impaludation
thérapeutique, Bull. et Mem. Soc. Med. Hospit. de Paris, Stance du
17 Novembre 1939, vol. 55 (pt. 2): 1336-1339, 1939-40.

Mollaret, P. and Schneider, J.: Contribution & 1'étude de la
paludothérapie, action d'un médicament gaméticide dans le paludisme
thérapeutique, Bull. Soc. path. exot., vol. 32: 207-221, 1939.

Raffaele, G. and Sandicchi, G.: Alcuni experimenti con il prodotto
sintetico Gamefar, Riv. di Malariologia, vol. 20: 366-377, Sez. I,
1941. (Abstr. Trop, Dis. Bull., vol. 40: 218-219, 1943.)

Field, J. W.: Notes on the chemotherapy of malaria, Bulletins
from the Institute for Medical Research, Federsted Malay States,

No. 2, 1938, Kuzla Lumpur, 1939.

A comparison of the biological action of plasmoquine dihydrochloride
(Bayer) and pemaquin dihydrochloride (I.C.I.), Ann. Trop. Med.,
vol. 34: 223-228, 1940.

Nandi, B. K.: Observctions on the respiratory metzbolism of
tissues in the presence of plasmoquine, J. Malaris Inst. of India,

vol. 3: 475-493, 1940.

Tchitchibabine, A. and Hoffmann, C.: Méthode d'identification

des gamétocides synthétiques dans l'urine par une réaction colorée,
Bull. Soc. Path. exot., vol., 31: 740-742, 1938, and Abstract:

Trop. Dis. Bull., vol. 36: 580, 1939.

Nandi, B. K. and Vikshit, B. B.: A colorimetric test for plasmo-
chine, Report of the Haffkine Institute for the Year 1937, p. 44,
Bombay.

Boyd, G. H. end Dunn, M.: Effects of quinine and plasmochin admin-
istration upon parasite reproduction and destruction in avian
malaria, Am. J. Hyg., vol. 30: 1-17, 1939.

Experiments in mularia treatment and prevention carried out in
Roumania with certain synthetic drugs, Bull. Health Organ., League
of Nations, vol. 7: 43-121, 1938.

Livadas, G.; Canellakis, A, P. and Valaoras, V. G.: Observations
on action of the antimalaria drugsin Greece, Riv. di.Malariologia,
vol. 17: 268-290, Sez. I, 1938.

Raskine, A. J.: Les résultats du traitement du paludisme par
1'scriquine combinée & quinoline no. 31, Med. aresit. & Parasitic
Dis., vol. & 75-80, 1939, Moscow. (Abstr. Trop. Dis. Bull.,

vol. 37: 746, l9h0.5



| 97.

98.

99.
100.

101.

102.

103.

104.

105.
106.
107.

108.

109.

Dupoux, Robert; Barthas, Raymond; Antoine, Albert and Geraii, M. T.:
Nouveaux résultats des experiences de prophylexie collective anti-
paludique en Tunisie, Bull. Acad. de méd., vol. 121: 591-595, 1939.

Genevray, J.; Toumanoff, C. and Try, H. T.: Essai de prophylaxie
du paludisme par le prémaline dans une localité du Tonkin et son
effet sur le degré d' infection naturelle du vecteur mejeur (a.
minimis Theob.), Rev. Méd. Franc. d' Ext. Orient., vol. 17: 397-
414, 1939, (Abstr. Trop. Dis. Bull., vol. 37: 293, 1940.)

Decourt, P.: La lutte antiplasmodizle. Scn applicatiocn dans la
pratique, Bull. Soc. puzth. exot., vol. 32: 69-80, 1939.

MacMahon, R.: Treatment of mataria, Brit. M. J., Sept. 24, 1938:
681,

Lyala, F. end Bravo, G.: Psicosis observeadas en el tratamiento de
la melaria con atepé, Rev. Clin, Espaﬁola, vol. 7: T70-T72, 1942.
(Abstr. Trop. Dis. Bull., vol. 40: 751, 1943.)

Clark, .H. C. and Komp, W. H. W.: An eighth yezr's observations
on malaria in Panama, Am. J. Trop. Med., vol. 19: 33-46, 1939.

Clark, H. C.; Komp, W. H, W. and Jobbins, D. M.: A tenth yeer's
observations on malaria in Paname, with reference to the occurrence
of variations in the parzsite index, during continued treatment
with atabrine and plasmochine, Am. J. Trop. Med., vol. 21: 191~
216, 1941,

Farinaud, M. E.: La prophylaxie du paludisme par les médicaments
synthétiques en Indochine, Far Eastern Assoc. Trop. Med. C.-R.
Congrés, Hanoi, 26 Nov.-2 Dec. 1938, vol. 2: 995-1014. (Abstr.
Trop. Dis. Bull., vol. 38: 108, 1941.)

Office of the Surgeon General: The treatment of clinical malaria,
Bull. U. S. Army Med. Dept., No. 70: 17-25, 1943.

White, Norman: The treatment of malaria, Trop. Dis. Bull., vol. 39:
801-806, 1942.

Office of the Surgeon General: Circular Letter No. 56, Army
Medical Bulletin, No. 58: 100-140, Oct. 1941.

The War Office: Notes on the treatment of malaria occurring in
individuals returning from service in malarious areas, June 30,
1941, 6 pp., London.

Amy, A. C. and Boyd, J. S. K.: Malaria in India:t The synthetic
drugs and the relapse rate, J. Roy. irmy M. Corps, vol. 67: 1-17
and 83-95, 1936.




110.

111.

112,

113.

114

.

115.

116.

117

118.

119.

120,

B

Meythaler, F.: Die Therapie der Malaria, Muenchen. med. Wchschr.,
vol. 89: 812-818, 1942.

The treatment and clinical prophylaxis of malaria, Army Medical
Bull., No. 65: 216-218, 1943.

The drug treatment of malaria, suppressive and clinical, J.AM A,
vol. 123: 205-208, 1943.

Green, Richard: Lectures on the development and use of the
synthetic anti-malariesl drugs, Bull. Inst. Med. Res., Federsted
Malay States, No. 2, 1934, Kuala Lumpur.

Donath, Julius: Chinélium tartaricum, ein neues Antipyreticum
und Antisepticum, Tr. Internat'l Med. Cong., vol. 1: 463-466, 1881,
London.

Curd, F. H. S.: The activity of drugs in the mslaria of man,
monkeys and birds, Ann. Trop. Med., vol. 37: 115-143, 1943.

Nelson, E. E.: Cinchona and its alkaloids in the treatment of
malaria. A symposium on human malaria. Publication No. 15,
Am. Assoc. Adv. Sc., Washington, D. C., 1941, pp. 255-260.

Kelsey, F. E. snd Oldham, F. K.: Studies on antimalarial drugs.
The distribution of quinine oxidase in animal tissues, J. Pharmacol.
& Exper. Therap., vol. 79: 77-80, 1943.

Oldham, F. K. and Kelsey, F. E.: Studies on antimalarisl drugs.
The influence of pregnancy on the quinine oxidase of rabbit liver,
J. Pharmacol. & Exper. Therap., vol. 79: 81-84, 1943.

Burton, A. F, and Kelsey, F. E.: Studies on antimslarial drugs.
The metabolism of quinine in pregnant animals, J. Pharmacol. &
Exper. Therap., vol. 79: 70-76, 1943.

Brodie, B. B. and Udenfriend, Sidney: The estimstion of quinine
in human plasma with a note on the estimation of quinidine, J.
Pharmacol. & Exper. Therap., vol. 78: 154-158, 1943.

Seeler, A. 0,; Dusenberg, E. and Malanga, C.: The comparative
activity of quinine, quinidine, cinchonine, cinchonidine and
quinoidine against Plasmodium Lophurae infections in Pekin ducklings,
dJ. Pharmacol. & Exper. Therap., vol. 78: 159-163, 1943.

Most, Harry and Meleney, H, E.: Falciparum malaria, J.A.M.L.,
vol. 1242 T1-76, 1944,



123.

124.

125.

126.

127.

128

129.

130.

131.

132.

133.

A134.

135.
136.

137.

To, Somei and Cho, Shoren: Vergleichende Untersuchung ueber die
Wirkung der Chinaalkaloide und deren Hydro-Derivate auf die
Malaria des Vogels, Taiwan Igakkai Zassi (J. Med. Assoc. Formosa),
vol. ?9: 1378-1393, 1940. (Abstr. Trop. Dis. Bull., vol. 28: 41k,
19.1.

Niven, J. C.: Paludex in the treatment of subtertian mslaria,
Bull. Inst. Med. Res., Federated Malay States, No. 3, 1938,
Kuala Lumpur,

Guest, Columba: The treatment of mslaria with Malarene, Bull.
Inst. Med. Res., Federated Malay States, No. 1, 1937, Kuala Lumpur.

The drug suppressive treatment of malaria, Bull. U. S. Army Med.
Dept., No. 73: 29-34, 1944.

Notes on tropical and exotic diseases of naval importance, Naval
Medical School, National Naval Medicul Center, Bethesda, Md., 1943.

Barber, J. F.¢: A preliminary report on malaria in a combat zone,

Hawking, Frank: Intramuscular injection of mepacrine (atebrin):
histological effect, brit. M. J., August 1943: 198-199.

Brodie, B. B, and Udenfriend, Sidney: The estimation of atabrine
in biological fluids and tissues, J. Biol. Chem., vol. 151t 299~
317, 1943.

Hewitt, R. T. and Richardson, A. P.: The direct plasmodicidal
effect of quinine, atabrine and plasmochin on Plasmodium lophurze,
Jd. Infect. Dis., vol. 73: 1-11, 1943.

Hoare, C. A.: Recent malaria work in Russia, Trop. Dis. Bull.,
vol. 40: 345-351, 1943.

Masen, J. M.: The quantitative determination of atabrine in
bloqd and urine, J. Biol. Chem., vol. 148t 529-539, 1943.

Hill, T. R.: Subtertian malaria in war, Tr. Roy. Soc. Trop. Med.
& Hyg., vol. 36: 75-88, 1942.

Ir. Koy Soc. Irop. Med. & Hyg., vol. 36: 66-74, 1942 (discussion).

Dove, W. S.: The treatment of malaria, Am. J. Trop. Med., vol, 22:
227-234, 1942.

Simpson, W. M.; Leake, W. H.; McMahon, A.; Gudex, T. V. and
Rueckert, R. R.: Experiences with malaria at an advance base in
the South Pacific, U. S. Naval M, Bull., vol. Al: 1588-1595, 1943.




T

138. Messerlin, A.: La lutte antipaludique au Maroc en 1941, Bull.

Inst. Hyg. Maroc, N. S., vol. I: 133-145, 194L. (Abstr. Trop.
Dis. Bull., vol. 40: T42-7L3, 1943.)

139. Hughes, S. B. and Bomford, R. R.: Cliinical features and treat-
ment of malaria in Brltish troops in West Africa, Brit. M. J.,
Jan. 1944t 69-73.

140. Chopra,,R. N.; Das Gupta, B. M, and Sen, B.: Studies on the
action of synthetic antimslariel drugs on Indien strains of
malaria. Cilional in the tre.tment of 'crescent carriers,
Indian M. Gaz., vol. 73: 667-669, 1938.

141. Wolfson, Fruma: Avian hosts for maleria research, Quart. Rev. |
Biol., vol. 163 462-473, 1941. ‘

142, Kuch, T. C.: Bibliography of primste malaria, New Haven, Conn., |
1944, |

143, Talbot, David: New aspects of malaria, J.A.M.A.,, vol. 123: 192-

194, 1943.

L. History of the Great War, Medical Series, Hygiene of the War,
vol. 2: London, 1923,

145, Hajla, W. J.: The national quinine pool, Hosp. Corps Quart.,

vol. 16: 1-46, 1943.

146. Quinina, En Guardia, ano 3, no. 3.

147. Recommendations of National Research Council restricting use of
quinidine, J.A.M.A., vol. 124: 239, 19L4.

148. von Oettingen, W. F.: The therapeutic agents of the gquinoline
group, Jhe Chemical Catalog Company, Inc., New York, 1933.

149. The British Pharmacopoeia 1932, London, 1932.

150, Das Gupta, B. M. and Chopra, R. N.: Studies on the action of
synthetic drugs on simian malaria. Sulphonamide derivetives,
Indlen M, Gaz., vol. 73: 665-667, 1938.

151. Rodhain, J.: Paraaminophenylsulfamide et plasmodium des singes,
Soc. Belg de Méd. Trop., vol. 18: 255-258, 1938 and Abstract:
Tro rop._Dis. Bull., vol, 36: 1011, 1939.

152, Niven, J. C.: Sulphanilamide (Prontosil) in the treatment ot
malaria, Bull. Inst. Med. Res., Fed. Malay States, No. 4: 27 pp.,
1938.




153. Niven, J. C.: Sulphanilamide in the treatment of malaria, Tr.
Soc. Trop. Med.'& Hyg., vol., 32: 413-418, 1938. (Abstr. Trop. Dis.
Bull., vol. 36: 399-400, 1939.)

154, Field, J. W.: Malaria, Ann. Rep. Inst. Med. Res. for the Year
1938, Fed. Malay States, pp. 97-113.

155. Faget, G. H.; Palmer, M. R. and Sherwood, R. 0.: Unsuccessful
treatment of malaria with sulfonamide compounds, Pub. Health Rep.,
vol., 53: 1364-1366, 1938.

156. Yamamoto, Kinzaburo: Sulfanilamid in maleria , Japanese J. Dermat.
& Urol., vol. 46: 78-79, 1939. (Abstr. Trop. Dis. Bull., vol. 37:
746, 19.0.)

157. Sorley, E. R. and Currie, J. G.: Notes on the experimental use
of prontosil album in the treatment of malaria, J. Roy. Nev.
M. Serv., vol. 24: 322-325, 1938,

158. Gonzales Barreras, Pedro: Colorantes aziocos y paludismo, Bol.
Offic. san. penam., vol. 18: 753-757, 1939,

159. Farinaud, E. and Eliche, J.: L'utilisation des dérivés de la
sulfamide dans le traitement du paludisme, Rev. méd. franc.
d'Extr.-Orient., March 1939: 220-234. (Abstr. Trop. Dis. Bull.,
vol. 37: 185-186, 1940.)

160. Farinaud, E. and Eliche, J.: Nouvelles observations sur le traitement
du paludisme par les dérivés de la sulfamide, Bull. Soc. path.
exot., vol. 32: 674,-681, June 14, 1939. (Abstr. Trop. Dis. Bull.,
vol, 37: 185-186, 1940.}

161. Sinton, J. A.; Hutton, E. L. and Shute, P, G.: Some successful
trials of proseptisine as a true causal prophylactic against
infection with plasmodium falciparum, Ann. Trop. Mea., vol. 33:
37-Lk, 1939.

162. Chopra, R. N. and Das Gupta, B. M.: 'M.&B.693' (2-Sulphenilyl-
aminopyridine) in ape msleria, Indian M. Gaz., vol. 74: 201-202,

1939.

163. Chopra, R. N. and Basu, B. C.: Studies on the effect of anti-
malerial drugs upon the infectivity of patients to mosquitoes.
Part III. "Prontosil," J. Malsria Inst. of India, vol. 2: 153-15k,
1939.

164. De Leon, A. D.: EL puludismo y su tratamiento intravenoso por las
sulfanilamides, Medicina, vol. 20: 551-558, 1940, Mexico. (Abstr.
Trop. Dis. Bull., vol. 38: 712-713, 1941.)



les.

166.

167.

168,

169.

170.

171

.

172.

173.

174.

175.

176.

177.

178

Holm, Benton: The successful use of sulfanilamide in the treatment
of blackwater fever, J. Mich. M. Soc., vol. 40: 988-990, 1941.

Chopra, R. N.; Des Gupta, B. M.; Sen, B, and Hayter, R. T. M.:
Prontosil in Indian strains of malaria, Indian M. Gaz., vol, 74
321-324, 1939.

Singh, Jaswant and Singh, Harwant: Treatment of simien meleria
with M, & B, 693, J. Maleris Inst. of India, vol., 2: 181-189, 1939.

Chopra, R. N.; Hayter, R. T. M, and Sen, B.: M. & B. 693 in Indian
strains of maleria, Indian M. Gaz., vol. 74: 658-660, 1939.

Coggeshall, L. T, and Maier, John: Determination of the zctivity
of various drugs against the malaria paresite, J. Infect. Dis.,
vol. 69: 108-113, Sept.-Oct. 19.1.

Dikshit, B. B. and Ganapathi, K.: Sulphathiazole in monkey malaria,
J. Malaria Inst. of India, vol. 3: 525-529, 1940,

Coggeshall, L. T.; Maier, John and Best, C. A.: The effectiveness
of two new types of chemotherapeutic agents in malaria, J.AM.A,,
vol. 117: 1077-1081, 1941.

Johnson, C. E.: Status of sulfonamide therapy in malarie, Am. J.
M. Sc., vol. 206: 327-336, 1943.

Schwartz, Leon; Furst, Williem and Flippin, H. F.: Sulfathiazole
&s an antimslarial, Am. J. Hyg., vol. 34t 160-162, 1941.

Africa, C. M.; Dy, F. J. and Soriano, L. J.: Further studies on
the effect of prontosil on avien maleria, Acta Med. Philippina,
vol. 2: 239-251, 1940. (hbstr. Irop. Dis. Bull., vol. 39: 27, 1942.)

Pakenham-Walsh, R. and Rennie, A. T.: Sulphonamides in malaria,
Lancet, July 9, 1938: 79.

Buttle, G. A. H.: The action of sulphanilamide and its derivatives
with special reference to tropical diseases, Tr. Roy. Soc. Trop.
Med, & Hyg., vol. 33: 141-168, 1939.

Seeler, A. O.; Graessle, O. and Dusenbery, E. D.: The effect of
para-aminobenzoic acid on the chemotherspeutic activity of the
sulfonamides in lymphogranuloma venereum and in duck malaria, J.
Bact., vol. 45: 205-209, 1943.

Cignozzi, Oreste: I sali arsenicali di bismuto nella cura della
sifilide della malsria e delle tuberculosi chirurgiche, Riforma
medica, vol. 41: 437-438, 1925.



179.

180,

181,

182,

183.

184.

185.

186.

187.

188.

189

190.

191.

192.

Speranzi, U,: Il bismuto nella terapia della malaria, Riv. di
Malariologia, vol. 6: 573-578, 1927.

Schwartz, W. F.: The effect of thio-bismol on therapeutic mzlaria,
d. Phermacol. & Exper. Therap., vol. 65: 175-184, 1939.

Cole, H. N.; DeOreo, G. A.; Driver, J. R.; Johnson, H. H. and
Schwartz, W. F.: Use of bismuth injections to manage course of
therapeutic malaria, J.A.M.A., vol. 115: 422-427, 1940.

Young, M. D.: McLendon, S. B.; Smarr, R. G.: The selective action
of thiobismol on induced malaria, J.A.M.A., vol. 122: 492-494, 1943

Mayne, Bruce and Young, M., D.: The technic of induced malaria as
used in the South Carolina State Hospital, Ven. Dis. Inform.,
vol. 22: 271-276, 1941.

Brunsting, L. A. and Love, W, R.: The tempering effect of sodium
bismuth thioglycollate (thio-bismol) on therapeutic malaria,
Proc. Staff Meet. Mayo Clinic, vol. 15: 285-288, 1940.

The critical antimslarial problem and its solution, J.A.M.A.,
vol. 120: 1043-104k, 1942,

Whelen, M.: Thio-bismol in therapeutic malaria, J, Trop. Med. &
Hyg., vol. 46: 1-5, 1943.

Yorke, Warrington: Recent work on the chemotherapy of protozoal
infections, Ir. Boy. Soc. Trop. Med. & Hyg., vol. 33: 463-482,
1940.

Fulton, J. D.: The course of Plasmodium relictum infection in
canaries and the treatment of birds and monkey meleria with
synthetic bases, Ann. Trop. Med., vol. 3i4: 53-66, 1940.

Glyn-Hughes, F.; Lourie, E. M. and Yorke, Warrington: Studies in
chemotherapy. XVIIL. The action of undecane diamidine in malaria,
Ann, Trop. Med., vol. 32: 103-107, 1938.

Winckel, C. W, F.: Neoarsphenamine to manage course of fever in
therapeutic malaria, J.A.M.A., vol. 116: 2660-2663, 1941,

Goldman, Dougles: The use of mapharsen in the treatment of
malaria, Am. J. M. Se., vol. 196: 502-509, 1938.

Werner, H.: Das Ehrlich-Hata Mittel 606 bei Malaria, Deut. med.
Wehnschr., vol. 36 (pt. 2): 1792-1794, 1910.




193.

194.

195.

196.

197.

198.

199

2000

201.

202,

203.

204.

Werner, H.: Neuere Ergebnisse aus dem Gebiete der Tropenhygiene.
IV. Ueber moderne Malariatherapie, Deut. med. Wchnschr., vol. 62:
pt. 1. 551-553, 1936.

De Sousa, Menino: Recent advances in maleria therapy, Med. Bull.,
vol. T: 599-601, 1939, Bombay. (Abstr. Trop. Dis. Bull., vol. 37:
458, 1940.)

Young, M. D. snd Mclendon, S. B.: Treatment of induced mslaria
in negro paretics with mapharsen and tryparsamide, Pub. Health
Rep., vol. 543 15091511, 1939.

Niven J. C.: Mapharside in the treatment of malaria, Bull. Inst.
Med. Res., Fed. Malay States, No. 6:.8 pp., 1940. (Abstr. Trop.
Dis. Bull., vol. 393 258, 1942.)

Chopra, R. N. and Basu, B. C.: Failure of WM," in prophylaxis of
Indian strains of maleria, J. Malaria Inst. g_%_ India, vol. 2
253-255, 1939.

Fattovich, Giovanni and Lenti, Pietro: Ricerche sperimentali
sull' azione profilattica dello jodomercurato di manganese vers:
1'infezione malarica umana inoculata da zanzara, Arch. Ital. Sci.
Med. Colon. g Parassit., Vol. 19: 129-16C, 1938.

Manca, Salvatore: Lo jodo-mercurato di manganese nella profilassi
e nella terapia della maleria cronica recidividante, Riv. di
Malariologia, vol. 18: Sez. I, 313-328, 1939.

0 iodomercurato de manganes na profilaxia da malaria e na
terapeutica das formas cronicas. Sintese das recentes experiencias
realizadas no Nordeste, Folha med., vol. 24i 35-36, 1943.

Chopra, R. N.; Roy, D. N.; Hayter, R. T. M, and Sen, B.: Mg,
a new drug in the treatment of malaria, Indian M. Gez., vol, 75:
19-20, 1940.

De Nunno, Renato: Azione del tartaro stibiato sui gametociti
del plasmodium vivax e del pl. falciparum. Ricerche sperimentali,
Riforma med., vol. 54: 1599-1601, 1938.

De Nunno, Renato: La stimolazione antimoniale del s.r.e. come
mezzo terapeutico nella malaria estivo~autunnale chinino-
plasmochina-atebrin resistents. Nota preventiva, Riforma med.,
vol. 51 (pt. 2): 1087-1092, 1935.

Carra, G.: Cura della malaria con il tartaro stibiato secondo
il metodo de Nunno, Riforma med., vol. 56: 413-418, 1940.




231.

232.

233.

23L.

235

236.

237.

Parrot, L.; Catanei, A.; Ambialet, R. ind Clastrier, J.: Compzrative
experiments in mass prophylaxis of malaria by means of quinine and
of synthetic drugs (quinacrine and praequine), Bull. Health Organ.,
League of Nations, vol. 6: 683-765.

Bastianelli, G.; Mosna, E. and Canalis, A.: Prevention and treat-
ment of malaria by synthetic drugs, Bull. Health Organ., League of
Nations, vol. 6: 822-891.

Wijerama, E, M.: Totaquina in the treatment of malaria, J. Ceylon
Branch Brit. Med. Assoc., vol. 36: 403-406, 1939. (Abst. Tro . Dis
Bull., vol. 37: 668, 1940.)

Lentjes, L. J. M.: Malariabehandeling met het alcaleid hydrochinine,
Geneesk. Tijdschr. V. Nederl.~Indi&, vol. 79: 1090-1101, 1939.
(Abstr. Trop. Dis. Bull., vol. 36t 923, 1939.)

Scudi, John V.; Jelinek, Viola C, and Kuna, Samuel: Biochemical
aspects of the toxicity of atabrine. I, Acute effects of massive
doses in the rat, J. Pharmacol. & Exper. Therap., vol. 80: li4-
149, 1944.

Scudi, John V. and Hamlin, Margaret T.: Biochemical aspects of
the toxicity of atabrine. II., The influence of the diet upon the
effects produced by repeated doses of the drug, J. Pharmacol. &
Exper. Therap., vol. 80: 150-159, 1944.

Barbosa, Amando: Estudios sobre el poder antirrecidivante de los
medicamentos antlpaludlcos, Riv. di Malariologia, vol. 17: 165-183,
Sez. I, 1938. (Abstr. Trop. Dis. Buil., vol. 36: 12, 1939.)










