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to others. Often plasmochin has been used in
large doses and for prolonged periods in these
combinations and toxic symptoms have resulted
in the form of epigastric pain, cyanosis, cardiac
/arhythmia, yellow coloration of the body, etc.

A gtudy of the reports of different workers
leaves no room for doubt as to which drug is
responsible for the production of the toxic effects.
Plasmochin has been yngnimously declared a
toxic drug and its administration in large doses
and for prolonged periods has yndoubtedly
produced severe tlox1c effects. Occasionally even
small doses are liable to produce gastric pain or
cyanosis ©r Poth.  Chopra and Chaudhuri
(1935) have quoted cases ghowing the pogsibil-
ity of the toxicity of plasmochin being enhanced
by its combination with atebrin.

The view that plasmochin acts also on the
asexual stages Of malarial parasites and that its
combination with atebrin ., increase the
activity of the latter drug in preventing relapses,
was utilized py Messrs. Bayer-Meister Lucius
in preparing the atebrin-plasmochin dragees each
of which contains 0.1 gy, of atebrin and
0.0033 gm. ©f plasmochin. The idea ynderlying
this combination 1s to obtain the effects with
minimum doses of plasmochin in order to avoid
the production ©f toxic gymptoms. The dose of
plasmochin has been kept within safe limits so
that, even if it fails to produce any reduction
in the relapse rate, it will carry on its crescenti-
cidal action without causing undesirable
Symptoms‘ These dragees are coated in such
a way that they are not acted ypon by the
gastric juice and disintegration usually occurs
lower down in the intestine. 1In this paper we
have given the result of a preliminary investiga-

tion regarding the effect of these atebrin-plas-
mochin dragees o= Indian strains of malaria as

compared with atebrin Py itself. The studies
in connection with this combination were carried
out to determine the effects :

(1) on the sexual and asexual forms of the
parasites and the time taken for their complete
disappearance from the peripheral blood,

(2) on the relapses,

(3) on the gplenic enlargement,

(4) on the function of liver, and

(

5) to note gny untoward gymptoms produced
by this combination.

The dragees were tried on a series of 54 cases
in the Carmichael Hospital for Tropical
Diseases and the effects were Compared with
those obtained on a previous series of
treated with atebrin alone. Patients suffering
from malaria were admitted under the senior
author and a thorough physical examination was
conducted immediately after admission. Thin
and thick blood films were carefully examined
cases a rough estimate of the
number of malarial parasites per <.-mm. was also
made. Except in urgent cases, the anti-malarial
treatment was not commenced until the pars-
sites were properly identified and the parasitje

cases

and in some
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counts were fairly for two or three
consecutive days. Daily examination of blood
during this period enabled us to watch the
progress Of the cases and gave us information
regarding the intensity of the infection. If the
parasites in the peripheral Plood wexre gcanty,
these were allowed to increase till the counts
were fairly high and the rigor and other gymp-
toms were fairly pronounced. Whenever pos.
sible, sugar tolerance and van den Bergh's tests
were performed both before and after the course
of treatment, in order to find out if atebrin and
plasmochin, when given in combination, produce
any damaging effect on the function of the liver.

When all these vpreliminary investigations
completed the drug given by the
mouth, one dragee (containing 0.1 gm. of atebrin
and 0.0033 gm. of plasmochin) three times a
day for five consecutive dagys being the usual

constant

were was
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dose for an adult. No other druyg was given
except = light purgative whenever necessary.
As regards diet, only the usual restrictions for
a febrile condition were observed. During the
course 0f treatment daily examination of the
blood was carried out and, whenever possible,
rough estimate was also made of the number of
parasites per <.mm. of blood.

After the Completj_on of the treatment, the
patients were carefully observed in the hospital
for at least a fortnight and daily examinations
of blood for malarial parasites were conducted

during this period. If thick and thin films
showed =no parasites, cultural examinations of
the blood wexre made before the

finally
patients were discharged. If routine laboratory
examinations revealed any Other infection, e.g.,
dysentery, helminthiasis, etc., these were treated
during the period of observation.

Table I

The relationship between the percentage of cases and the number of days required for complete
disappearance of parasites from the peripheral blood gafter the commencement of the treatment

Complete disappearance of parasites from peripheral blood

In more

. £ On the 3rd On the 4tli On the 5th On the 6th th K
Species % Number of day in day in day in day in ane days Remarks
in
parasites cases percentage percentage percentage percentage
studied of cases of cases of cases of cases pe§centage
studied studied studied studied ° Ca,ses
studied
A4+ P A AL P A A 4+ P A A+P A A+P A A4+ P A
B.T. 20 11 28.5 54.G  42.9 3G.4 19.0 9.0 4.8 4.8
M.T 19 Is 31.9 11.1 18.2 33.3 3.6 11.1 22.8 9.1 44 .4
Quartan 4 5 20.0 80.0 50.0 50.0 In one case the para-
sites were found in the
peripheral blood even
on the 8th day after
commencement of
treatment.
Mixed B. T. 57.3  33.3 14.2 14.2 14.2 66.6 In one case B. T. dis-
and M. T appeared on the 8th
day. Recurrence of the
same infection one
month after the
course Of treatment.
A=Atebrin. P — Plasmochin.
Table II
The comparative efficacy of the drug on sexual and asexual forms of different species

Sexual forms

Asexual forms

Species °f Number of Percentage of Percentage of Number of Percentage of Percentage ©Of
it cases Where they cases where they cases where they cases where they
parasites cases where ) ) ! cases where € ! ) !
disappeared disappeared in disappeared in disappeared in
present within 4 da,ys more than 4 days present 4 days more than 4 days
A4+ P A A 4+ P A A4 P A A4+ P A A4+ P A A 4 P
B.T. 10 7 90.0 100.0 10.0 19 11 70.0 100.0 30.0
M. T. 12 9 41.7 11.2 49.5 88.8 19 18 52.6 100.0 47.4
Quartan 3 4 33.3 100.0 66.6 a 5 0.0 100.0 100.0
A T Atebrin. P — Plasmochin.
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/ Table III
The relationship between the parasite count and the number of days required for dis-

appearance Of parasites

With A 4 P With A
. £
Species Parasite count on NumlI)er of days ) Numlloer o days
the day Of com- required for complete Parasite count on the required for complete
mencament of  (jswppearance of para.  day of commencemenc  disappearance of pars
periphera reatmen
treatment blood blood
B. T (1) 12,600 3 days (1) 10,020 4 days
(2) 22,000 2 (2) 16,820 3.
(3) 18,000 2 (3) 30,000 2 .
(4) 7,500 3 (4) 28,000 1 day
(5) 8,500 2 (5) 21,400 3 days
(G) 4,720 5 (6) 9,840 2 .
(7) 10,000 3.
M. T. (1) 7,000 4 days (1) 9,240 more than 6 days
(2) 15,400 2, (2) 3,840 2 om
(3) 920 3, (3) 14,200 only 4 -
(4) 3,500 2, (4) 128,000 more than 6
(5) 880 5 . (5) 13,000 6 .
Quartan (1) 560 8 days (1) 3,520 3 days
(2) 950 4 (2) 1,000 3 -
(3) 800 2 -
(4) 2,400 ER
Table IV small percentage, however, showed a delayed

The function of liver before and after treatment

Liver function Liver function

No. Species test before test after
treatment treatment
B. T Slightly defective Not done.
B. T Normal Normal.
M. T Slightly defective Not done.
M. T Normal Normal.
M. T -
B. T Doubtful Not done.
M. T
B. T Normal Slightly defective
Quartan
9 M. T Not done.
10 Quartan Doubtful
11 M. T Normal
12 M. T
13 M. T Normal.
14 B. T Defective Defective.
M. T
Results and discussion
Chopra, Das Gupta and Sen (1933) have
studied the effects of atebrin galone, on the

‘Indian strains of mglaria; the results obtained
in that series have been analysed for purpose
of Comparison along with those obtained with
atebrin-plasmochin dragees.

A perusal of table I will show that the
atebrin-plasmochin combination acts both on the
asexual and the sexual gtages of all the three
species and that the time taken by P. falci-
parum and P. vivar for their complete dis-

appearance is usually two to five days. N

response, the parasites disappearing six days
after the commencement of treatment. In cases
with P. malcirice, the destruction
occurs comparatively slowly; 50 per cent of the
cases tLOOk more than six dayg for the parasite
to disappear from the peripheral blood. The

delayed response shown by some 0f the cases
be ascribed to two factors. In the first

these chronic

of infection

may
instance,
sufferers with an enlarged spleen; the blood was

deficient and a lowered activity of the gastro-
intestinal tract existed.
that the absorption of the drug may have been
hampered and the concentration in the blood
necessary to produce the desired effect was not
attained. The second factor regponsible
that some of these patients were young children
and care had to be exercised to avoid untoward
and small doses were perhaps

some of cases were

It is therefore likely

was

symptoms too
given.

A Comparative study of the effects of atebrin-
plasmochin dragees and atebrin alone shows that,
in cases of infection with P. yiyax, the dis-
appearance Of the parasites by both methods of
treatment is Complete in the majority of the
cases within four daysl whereas with malignant
tertian infection the combination removes them
in a2 shorter time than atebrin alone.
of this will be obvious from a perusal of table
II which shows that atebrin does not act on the
and Consequently the sexual forms
even after the course of treatment is
In qguartan malaria, atebrin alone pro-
duces even moxre rapid action than the atebrin

and plasmochin combination.

The reason

crescents
persist

over.
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Table II gives an idea of the comparatj_ve
efficacy of these dragees on the asexual and the
sexual forms of the different species. In pbenign
tertian ipfection, the sexual forms are more
rapidly affected than the asexual, but in the
malignant tertian, this treatment
produces practically the same effect on both
forms. As regards quartan, the number of cases
was unfortunately too small to enable us to
form an accurate conclusion; the gametocytes
seem to disappear more quickly than the asexual
forms. The comparatively rapid destruction of
the benign tertian gametocytes may bPe partly
explained by their tendency to spontaneous dis-
appearance.

A comparison of the effects of atebrin alone
and with the combination dragees shows that
atebrin produces a more rapid action both on the
asexual and sexual forms of P. yiyax, but in the
case of P. falciparum, although it removes the
asexual forms in the majority ©f cases within a
short time, the sexual forms are rarely touched
and persist even after the course of treatment
is completed.
alone appears to be as effective or even superior
to the combined dragees with regard to their
action on both the asexual and sexual forms.

Table III shows that there is no relationship
between the paragite count and the number of
days required for the complete disappearance
of the parasites. The explanation may bPe that,
in the concentrations in the body after admin-
istration of therapeutic doses, the drug may not
possess = direct lethal action on the parasites
and their destruction gy be the out-
come Of certain processes in the body in which
the reticulo-endothelial gygstem probably plays
an important part. This question is mew being
studied and the results will be published in due
A perusal of this table will show that
both the drugs behave in more or less tfie same
way with regard to the relationship between the
parasite count and their {jgsappearance from
the peripheral blood.

Relapses.?0ut ©of a total of 39 cases treated

with atebrin glone, five apparently relapsed while
still under observation in the hospital. oOut of

54 cases treated with the combination only two
(one P. falciparum and ome P. vivax) relapsed.
This shows that the relapse rate is 12.5 per cent
in case of atebrin and 3.7 per cent in case of the
combination. The series of cases is very small,
but in view of the fact that these trials were

case of

In the case of P. ma]_arj_ce, atebrin

course.

carried out under fylly controlled conditions,
the results are worthy of note.

Spleen.?So far as the effects on the spleen
are concerned a soft gpleen rapidly contracts
when the patient is put o= either treatment and
the fever subsides. No difference could be
observed in the case of the two treatments in
this connection. The hard gpleen ©f chronic
malaria shows very little alteration.

Effect on the liver function.?Laevulose toler-
ance and van den Bergh's tests were performed

[June, 1936

on a small series of 14 cases. A perusal of
table IV will show that, out of these 14 cases,
5 showed an zlready defective liver. Of the
remaining 9, the tests after the course of treat-
ment could be done on 6 gply, out of which 4
showed normal ljyer, and in 2 cages, the liver
function was found to be glightly defective
after the treatment. Further work 1is being
carried on in this connection but from the small
number of examinations that have been done
we have formed the opinion that in ordinary
healthy patients, who suffer from an attack of
malaria, the administration of atebrin or
atebrin-plasmochin dragees has no marked
effect on the liver.

Untoward gymptoms.?In the majority of the
patients treated in this geries, we have not met
with any Serious untoward symptoms .
cases toxic gymptoms undoubtedly did develop.
One patient with malignant tertian infection
developed the usual toxic effects after eleven
doses of atebrin and plasmochin and looked
cyanosed and collapsed. Stimulants had to be
given and atebrin and plasmochin dragees had
to be replaced by quinine. In another case ©Of
malignant tertian infection and in one of benign
tertian, precordial distress was felt after the
use ©0f the dragees and they had to be
stopped in the middle of the course of treatment.
Two patients complained of slight epigastric
pain and flatulence but could complete the
course Of treatment. There was a diabetic 1n
our series who showed a marked rise in his blood
treatment. Yellow
pigmentation of the whole body was observed
in quite = large number of patients. The pig-
mentation disappeared in the course of a few
days in most cases but in some, Sllght ye]_low
coloration persisted even yuyp to the time of dis-
charge from the hogpital. From a careful study
of the two series of patients we have formed
the opinion that toxic coloration is somewhat
more frequent with the combination than with
atebrin alone.

In some

sugar after the course of

Summary and conclusions

(1) Comparative studies have been carried
out in a small series of cases on the therapeutic
effects produced by atebrin alone and atebrin-
plasmochin dragees (containing atebrin 0.1
gm. and plasmochin 0.0033 gm.).

(2) In cases of benign tertian and quartan
malaria the combination of the two drugs is not
more effective than atebrin alone in so far as
the time of disappearance of the parasites from
the blood is concerned. In the case of malig-
nant tertian infection, however, the combination
appears to be moxre effective and the parasites
disappear moxe rapidly from the peripheral
circulation.

(3) With regard to the relationship between
the number of parasites and their disappearance
from the peripheral circulation, atebrin alone

(Continued at foot of opposite page)
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and ateprin-plasmochin dragees behave in the
same way .

(4) The relapse rate is definitely lower in
cases where the combination of the two drugs
is used than with atebrin alone, in all forms of
infections.

(5) There sppears to be no difference in the
two so far as the reduction of the size of the
spleen is concerned.

(6) The combination of the two drugs is
more toxic than atebrin alone.

(7) Distinct advantage can be gained by
treating cases of malignant tertian infection with
the combination dragees especially when the
sexual forms are present. In the case of benign
tertian and quartan infections they appear to
have no marked advantage.

It is fully realized that the series of cases
dealt with in this paper is very Small and that
the conclusions are only provisiona]_' We are
grateful to Messrs. Bayer-Meister Lucius for
Supp]_yj_ng the dragees free of charge for these
trials. The work is being continued with the
combination of the two drugs with a ]_arger dose

°f plasmochin (atebrin 0.1 gm. and plasmo-
chin 0.005 gm)
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