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plasmoquine for destroying the cregcents, to
prevent the patient from acting as a source of
infection.

Although the of benign tertian and
quartan malaria is brought about more effec-
tively by plasmochin than by quinine, the ten-
dency s, in order to obtain the maximum
effectg, to treat even these two infections with
a combination of quinine and plasmochin?
quino-plasmochin as it is called. With the two
drugs together the relapse rate in benign tertian
infectiong is said to be reduced from the usual
cent to 3 per cent.

cure

50 per Plasmochin is also
said to have an undoubted prophylactic value
whereas quinine has With all these
qualities, however, it is very toxic and gy
giVe rise to severe toxic symptoms and for this
reason it 1s advisable that it should be taken
under medical gupervision.

none.

Schulemann and his collaborators
continued the work with rer}ewed energy to-
wards finding a more effective anti-malarial
remedy, and in 1929 gynthesized atebrin which

therefore

originally they called —erion\  Chemically
this  preparation is the  di-hydrochloride
of an alkylamino-alkylamino-acridine deriva-
tive.

It is a yellow powder With a bitter tagste
soluble to 7 per cent in water at 40?C,, and like
quinine it shows fluorescence under yltra-violet
radiation. Since its introduction it has been
extensively tried by = large number of workers
in every part of the world with good results.
This drug i8 mow being largely used by medical
practitioners in India, but its detailed effects
on the Indian strains of malarial parasites have
not been fully investigated, although Napier and
Das Gupta (1932), Napj_er’ Butcher and Das
Gupta (1932) and Knowles and Das Gupta
(1932) carried out detailed studies regarding
its action on a small series of cases.

It has been recently shown by James (1932)

2 great and others that the action of anti-malarial drugs
re{oréom %Ul’ldvaries = great deal with different strains of

wasparasites
ne )Of theworld.
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e Carmichael Hospital for Tropical Diseases.
malaria is endemic and in certain

Our patients came from
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destroyifig

whiaria with this drug.
neces@é‘@?{ic studies have also been carried out on
workey malaria, but these results will be pre-
sent@d in a geparate paper.

In this paper we have briefly summarized
results we have obtained by treatment of

Extensive chemothera-
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The studies in connection with human malaria
were mainly undertaken to determine : 2
(a) The effects of the drug on the tempera-

ture and other symptoms met with in the
disease.
(b) Its effects on the sexual and asexual

forms of the parasites, and time taken for their
disappearance from the peripheral blood.

(c) Its effect on the gplenic enlargement and
relapses.

(d) The effect of the drug o= the pulse rate,
blood pressure, respiration, and generally o=
the patients, and its excretion from the bOdYI-

(e) Any untoward effects produced by its
administration.

The patients Suffering from malaria were
admitted under the" senior author (R, N. C(C.)
and a thorough physical examination was con-
ducted immediately after admission. The peri-
pheral blood was examined and the number of
parasites, both sexual and asexual, per cubic
centimetre was determined. Except in  urgent
cases the anti-malarial treatment was not started
until the parasitic counts were falr]_y constant
for two or three consecutive days. The pulse,
blood pressure and regpiration were carefully
recorded. In the meantime the patients were
put o= a simple alkaline mixture. Daily counts
of parasites in the peripheral blood during this
period enabled us to watch the progress ©f the
cases and gaye us information regarding tl?e
intensity of the infection. If the parasites in
the peripheral blood were scanty, these were
allowed to increase till the count was fairly
high, and rigors and other gymptoms were pro-
duced, before the drug was administered.
Atebrin was given by the mouth in tablet form,
one tablet containing 0-100 gramme being given
three times a day for five consecutive days.
No other drug was given except = light purga-
tive whenever pecegsary. NO restrictions re-
garding diet observed. Careful daily
parasite counts were made while the drug was
being administered in one series of 18 patients,
but in another series of 20 cases only a rough
estimation of the number of parasites in the
peripheral blood was made daily.

After completion of the course the patients
were carefully observed in the hospital for a
fortnight, daily examinations of the blood for
parasites and parasitic counts being made. If
the thick and thin films were pegative, in sus-
picious cases cultural examinations of the blood
for malarial parasites were always made. In
addition to the cases reported here in detaill
atebrin was given to a number of out_patients
and it was on these that some of the by-effects
reported below were noted.

were

In table I the details of 18 cases are g‘iven.
A gtudy of this table will show that cases of
acute infection of all three forms of malaria
and some of the relapsing cases, @ll responded
equally well to this drug, Usually the tem-
perature begins to settle down on the second o=
third day of treatment and on the fourth day
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there is complete disappearance of the parasites
from the peripheral blood. Rigors are seldom
observed after the third day of administration
of atebrin. In mild cases of benign tertian ™~
fections if atebrin treatment is started on
day of the rigor, the next rigor is sometimes
manifested in the form of a chilly sensation
Onlyl and in cases infected with the quartan tYPE
In relapsing cases “°°
temperature takes longer to settle down than
in acute fresh infections.

A gtydy of the table will show that the action
of atebrin on the asexual forms of the parasitel'
Is gradual and not so rapid as that of quinine-
It generally takes 0.6 to 0.9 gramme of tne
drug (i.e., the administration of 3 tablets }OV
2 or 3 days) before the asexual forms of penign
tertian disappear from the peripheral circula-
tion. Its action on the quartan parasites 15
powerful as on the henign tertian (vide (age]
12, 13, 15 and 17) On the asexual forms °
malignant tertian parasites atebrin appears/0
act just as readily as on the schizonts of beni?n
tertian.

As regards the sexual forms?gametocytes--'
these were much more glowly acted ypon than tne
asexual formg, the action being marked on tn
benign tertian and guartan gametocytes, Pu
absent in the case of the ma]_j_gnant tertian
gametocytes, as is the case with quinine. TH®
the drug had no effect whatsoever on the S€Xua
forms of malignant tertian paragites?crescent
?is clearly indicated Dby their persistence
cases 2, 4, 9 and 10 after a full course Of trealt
ment with the drug. That the drug adversey
affected the sexual forms of henign tertian 22
quartan parasites is obvious from a number °
cases in which definite evidence of degeneratj_on
could be detected in the gametocytes.

the

it does not come at all.

Patient no. 8 was a young child; he vomited his
dose of atebrin, but the drug was continued and ™
apparently retained the later doses. The fever fEH.
normal after 60 hours, but subsequently rose again dai s
to 99?7 or 99 4?F.; scanty parasites also persisted.

Patient no. 9 is of gpecial interest as he had a VETY
high parasite count and was in danger of going °™
the pernicious type. An intravenous injection
0.1 gramme Of atebrin dissolved in 1 cubic centime
of distilled water was given at once as well as a tablet
the mouth; this was repeated on the two following day
The asexual parasites rapidly decreased in number *°
the temperature came down. No untoward effects
observed after intravenous administration of the dr K
and it would gzppear that the action is rap
when given by this route. o

Patient no. 10 had a mixed infection with ben!?e
tertian and malignant tertian and responded to.
treatment less readily than in the case of single idt
tions, the schizonts persisting for four days after
administration of atebrin. o

Patient no. 11 was treated in the hogpital for B 91
tertian malaria with atebrin 3 months ago, and c2
in with a fresh malignant tertian infection.

Yy

more

The observations recorded above were COH’OA
borated by results obtained in a further S€rl
of 20 cases details of which are given in tatA
II. In this series it was not pogsible t° enu'
merate the parasites daily as in the series g*ve



No.

10

11

12

13

14

15

16

17

18

Recent
treat-
Race, sex and gge ment
given or
not
E. M., 50 Yes
H. M., 21 Yes
H. M., 20 No
M. M., 22 No
H. M., 16 No
H. M., 40 No
M. M., 30 No
I. Gh. M., 7 No
I. Ch. M., 18 No
A. I. M., 20 No
H. M., 14 Yes
H. F., 18 No
H. M., 22 No
A. I. M., 26 No
H. p,, 18 No
M. M., 35 Yes
H. M., 27 No
M. M 27 No

yriligfr{e T2 -

Species
B. T.
M. T
B. T
M. T
B. T
M. T
B. T.
M. T
M. T
B. T
and M
M. T
Q.

Q.

B. T.
Q.

B. T
Q.

B. T

Asexual Sexual
9,840 180
9,240 0
16,340 480

2,400 1,400

30,000
8,800
28,000
14,200
128,000
98,000
12,560
3,520
1,000
21,400
800
9,840
2,400
10,000

Temp.
F

102.8

103.4

102

100.2

104.6
99

100.4

105
105

104
100.2
98
100
98
103
103

104

Table I

PARASITE COUNT AND TEMPERATURE DURING AND

2nd Day
Asex. Sex.
6,240 240
240 0
9,900 340
5,200
6,400
0
15,700 2,400
2,800 480
1,440
560

10,000  Sc.

420

1,200

AFTEE treatment

3rd Day
Asex. Sex.
1,760 640
840 Sc.
800 80
0
0 Sc
1,600 1,840
0 884
880
80
Sc.
0
0
Sc.
0 V. sc

For abbreviations used see table III.

4tii Day

Asex.

1,020

Sex.

160

Sc.

Sc.

2,400

5tii Day
Asex. Sex.
0
80
0
Sc.
0
Sc
2,000
Sc.
0
0
0
0
0
0
0 0

Remarks

Cres cents
persisted.,

Absconded.

Cres cent
persisted.

Do.

Do.
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No.

10

11

12

13

14

15

10

17

18

19

20

Race, sex and age

H. M., 18
M. M., 19
E. M., 30

H. M., 18
H. M., 13
H. M., 35
E. M., 25
Ho M., 9
H. M., 11
H. F., 32

H. M., 18
H. 7, 21
H. M., 11
M. M., 30
M. M. 35

Recent
treat-
ment
Sjiven or
not

Yes

Yes

No

FINDINGS BEFORE TREATMENT

Species Asexual  Sexual TGEP-
B. T +.Sc. 4+, sc. 1037982
and M. T.
B. T. + 0
and M. T.
M. T sc 0 992
B. T V. Sc 0
B. T sc 0 99?
M. T. + 0 101.47
M. T. + 1027
B. T. 104.47
31. T. 103.6?
M. T. + 0 102?
M. T. + 0 1037
M. T + 960 102.82
M. T. -+ 0 992
Q. Sc 100.6?
M. T + + 103.6?
B. T + + + 1047
M. T. + 0 103?
M. T. + 0 102.22
M. T. Sc 0 100?
1
M. T Sc 0 101?

Table II

FINDINGS DURING AND AFTER TREATMENT

2nd Day
Asex. Sex.
Sc. Sc.
4 0
Sc. 0
V. Sc. 0
Sc. Sc.
Sc. 0
sc.
Sc.
Sc
Sc. 0
+ 0
sc. “+ +
Sc. Sc.
Sc. Sc.
sc. +
+ +
Sc. 0
sc. 0
sc. 0
Sc. 0

3rd Day
Asex. Sex.
V. Sc Cres-

cents.

Sc

0

0

0

Sc.

Sc.

0

Sc.

0 sc

Sc. 0

Sc. +

Sc Sc

Sc. Sc.
7. Sc. Sc

Sc.

Sc

Sc.

Sc.

0

Tor a\jbTfev\atioTva \ised see table TIT.

4th Day
Asex. Sex.
0 Cres-
cents.
0
0 0
0 0
0 0
0 0
Sc. 0
0 0
0 0
0 Sc
0 0
0 +
0 Sc.
0 0
0 Sc.
0 0
0 0
0 0
0 0
0 0

Days
5th Day of
fever

Remarks

Asex. Sex.

Sc.

0 TwoO courses.

0 See note.

0 TwO courses.

0 TwO courses.

Sc.
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relapses. TWO patients relapsed while they

ily examinedwere actually under observation in the hospital

the

were

after course and parasites ©of the same
species found 1in the perlpheral blood.
(A number of relapses were also reported in

patients treated outside the hospital.)

but fresh infections, it may be noted that infec-
tion took place before the atebrin had been
fully excreted from the hody of the individual.

in an endemic area like thig, it is

and _ . £o the ordma » e days course
detectedyaﬁggrntyhmallgnan R %g élngs e difficult to prove in the human patients that
was . course seCOn atebrln i
e and with It the e oms QUrSLed ana the elopses actually did ocour after = course of
atient dlsappeared flo1u peripheral :rCUlation, atebrin, we have ample evidence in experi-
accord aftér improved but left the hospit — mental malaria in monkeys (M. mulatto) that
€ fin ally the Zecond c per}\afﬁli‘léi the drug does not eradicate infection from the
examine In . h d that are .
persisted fiar Pa no. 9, t . body an at relapses common. In quite
?fter seconc;me course  f treatflient sUbsided | pumber of these animals after a course of
our course of tablets tw for h 4 . £
'E%Oé)hOZOltES " patient no. benign ter rings and the drug an dlsappearlance ° .Sympt(.)ms and
fent persisted after 5 day czur Of atebrin. parasites from the peripheral circulation, the
hosplgaf was also gl\{en ' AeC(in(i course B+ \eft the paras]_te reappeared U.Sua.lly within two weeks
g;e ALt co corlnpletlon t eblcourse cases gnd the animal showed symptoms ©of the
o ;ggfvgg “ 1oV Gegree o _IIREla the by ices 1ogn disease o |
g In the ‘internal (oniy = remam- Prophylactic uses.?Atebrin is claimed to
acted pb§1}t)heral blood) re thus have prophylactic properties and has been used
crescents he gryg 5 by some workers for this purpose With good
r . . )
Oodgr%m%?esisfteslgfsﬁ;cim Cougsel 112 b(}lt results. It is said to have been continued for
rodice aily ays - ,
e ressed thelr dlsappearance patient no.  feu vezy months Without producing any untoward effects
a and r was gy rter {our in doses of 0.1 gramme daily. It has also been
to beadmlnlstratlom%@ Eﬁe di g 7 for tw he had combined with plasmochin for this purpose,
gatlents 1n dlfgiii-ble stuuu 'in}e\dn;lfmb Qonth§§ 0.1 gramme ©f atebrin and plasmochin 0.001
T ' . ]
QEPresSION ong | irned. ;elslogomﬁﬂ e mue | Jaiq gramme being given together daily. The pyo
amount o anythiné o ' phylactlc value of atebrin is still under investi-
n gatlon but so far as we can see it has no more
t'iablle ITI we have out a true prophylactic action than the cinchona
wergatraeraltaed‘”lth enlargement { spieen A alkaloids.
beS d s tho with atebrin- “ these paWhts Blackwater fever.?Atebrin can be given to
the ¢ ot . usual cxanuna carried o patients suffering from blackwater fever without
kept of thwo series, records ill-effects. It can also be given to patients
with the evariationéf(liry,he size of who are sensitive to quinine and in whom
the dru treatment. Besides *is thethgef]-] administration ©of quinine produces haemoglo-
in the gable the temperatur beeIi Acludefi binuria.
that yie study of table w1 Pulse rate, blood pressure, respiration, etc.?
the spleen tgas 4(: ,the., size 6 In a series of nine patients the effects of
case of . practlcallyrelt ULIM-Ma. size ‘in atebrin on the blood pressure, pulse rate and
where t}?cu € infection.” In Tﬁr standlng resplratlon were recorded. Careful records of
was spleen was hart de (rASe mi Biae these were obtained for a few
days preceding
Come b kgradual and the n often die the administration of the drug and these were
s re ard;o its normal s compared with those obtained both when the
that 9 b the tempera N wl\\ be s patients were actually taking atebrin and a
atebri C TONiC cages did react so rea few days after the cessation of the {rug. So
patlent treatment .s acute cases, far as p0531ble the readlngs were taken under
on the 8th 3, the temperatu persisted exactly the same conditions and at a particular
neeessat tind a secondl cou Aof atebr time of the day with due regard t© food, pos-
bring = ) A ture, temperature, ©t¢
agisted aiwi So far as the blood pressure (systolic and

diastolic) is concerned there was a glight lower-
ing varying from 5 to 12 millimetres of mer-
In others there was no

cury 1n some patients.
The pulse rate and res-

change Wwhatsoever.
piration @also showed =ne  appreciable changes
when the patients were under the effect of the
drug. From these results one is justified in
concluding that atebrin has little, if any,
depressing effect on the cardio-vascular gystem



Number Race, sex j)uration
and age
Before treatment ist Day 2nd Day 3rd Day
H. M., 18 3 months 1i 103798? 100798.4°? 99.87/98? 98.42/97?
H. M., 11 If 101.4798? 99 798.4? 98.8?/98? 98.4?/970
H. M, 13 3 100c 103.6?/102c  102.62/99?  98.27/97.6?
H. M., 9 1 year u 99? 98? 98.4?/98c 99.2?/97.6?
H. F., 32 3 years 1i 1007982 100.6798? 98.6797? 99.4?/98?
H. M., 20 6 days P 102? 98.4? 101.8? 997
H. M., 35 5 years 102°? 1012 99? 98.8?
M. M., 22 2 months 3 103.6? 102.8? 101.6°? 98.4?
I.Ch.M.,7 5 days 24 105? 1042 1047 101°?
10 I.Ch.M., 20 3 months 2 104.27101.6? 103.67100.2' 101?/98? 98?/97?
11 H. M., 27 1 year U 103?/100.4? 100797.6? 98.42/97?
12 H. F., 30 6 months 3 105.47101.4°? 102.4? 99.2798? 987/97?
13 A.I.F., 48 i - 1 102? 102798.4? 100798.47? 99?/98?
14 H. F., 21 1 year 1i 103? 103798.4?  100.4?/99? 101?/99.4?
15 M. M, 19 liyears 1 101.4?/97c 104?/98? 101.6798? 98.42/97?
16 M. M., 30 3 days P 100.4°? 98.4c 100°? Afebrile
17 E. M, 25 3 months P 10272 1027 101? 99?2
18 A.I.F., 21 2 . i 102.8? 102.8? 99? Afebrile
19 H. M? 27 3 years P 103?
20 A.I.M., 26 3 weeks P 103?
21 H. p., 18 2 years 2 100.2? 100.2? 99.8? Afebrile
22 M. M, 35 5 months 1i 10272 1027 98.47? 99?2
23 A.I.M.,11 1 month P 99? 99? 98.4? 97.4?
24 M. M., 27 days P 1042 104?/98? 98.60/97.60 100?/98?
25 H. M., 24 10 months 3 102? 1027987 101798? 100?/98?
26 H. M. o2, i 103? 1037982 997/98? 100?/98?
Abbreviations used:?
E. — European. A. I — BAnglo-Indian. H. — Hindu. M. =~ Mohammedan or Male.
tertian. M. T. — Malignant tertian. Q. — Quartan. + — Moderate infection, -f 4 —
0 — NO parasites found. P — palpable. U. — Down to umbilicus.

Spleen

Table III

in inches below costal margin and temperature bpefore,

F.

during and after treatment.

Remarks
After
4th Day 5th Day 6th Day treatment
Afebrile Afebrile Afebrile
100? (8th
day) .
992/98? 98.87/98? 98.82/980
98.42/97.8? 997987
98? Afebrile Afebrile
97.87? 98°? 98°?
Afebrile Afebrile Afebrile
99.4? 99? 99.62 Afebrile
from 8th
day.
Afebrile Afebrile Afebrile
99?/98.4?
99?/97.8?
Afebrile
Afebrile Afebrile
— Female. 1. Ch. Indian Christian. B. T. — Benign

Heavy infection. Sc. — Scanty. V. Sc. Very scanty.
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drug. In a few patients, egpecially those who
were obese, palpitation occurred which
quite distressing Put stopped when the drug was
discontinued and in one patient cardiozol had
to be administered. In one case mental disturb-
ances were reported to have occurred.

A yellow staining of the skin and conjunctiva

was

occurred in several of our patients, but the
coloration as a rule was yery slight and in
none of the patients did it amount to a

jaundice-like appearance.
Summary and conclusions

From a gtudy of this sgeries of patients one
can draw the following conclusions : =

(1) Atebrin is an effective drug in the treat-
ment of Indian strains of malaria. Its destruc-
tive action the asexual forms of benign
tertian, malignant tertian, and guartan types of
malaria is about equal, the schizonts disappear-
ing from the peripheral circulation after 0.6
to 0.9 gramme ©f the drug, i.e., the administra-
tion of 3 tablets of 0.1 gramme for 2 or 3 days.

(2) The sexual forms or gainetocytes are
more slowly acted upon than the asexual forms.
The gametocytes ©of the benign tertian and
quartan types =are readily destroyed and
degenerative changes can be observed in them
shortly after the administration of the drug is
started. The gametocytes ©of the palignant
tertian type?i.e., crescents?are not touched at
all.

(3) The drug 1is effective in doses of 0.1
gramme three times a day, the course lasting
for five days, making a total of 1.5 gramme Oof
the drug for the In the majority of
patients SUCh a course is effective, but in a few
of the persistent omes it may have to be repeated
after a few days interval. The drug can also
be effectively given intravenously in doses of
0.1 gramme dissolved in 1 to 2 cubic centimetres
of distilled water when the number of parasites
in the peripheral blood is large.

(4) In chronic types of malaria the drug is
effective and produces a rapid reduction in the
size of the gpleen.

(5) Atebrin is reported to prevent relapses,
but the evidence at our digposal shows that this
is not the case with Indian strains of malaria.

on

cure.

Its prophylactic value 1S yery similar to that
of the cinchona alkaloids.

(6) In blackwater fever and in patients in
whom administration of gquinine produces hemo-
globinuria atebrin can be Safely gj_ven'

(7) The Dblood pressure 18 lowered in some
patients during the administration of the drug,
but in the majority there is no effect. The
pulse rate and respiration are not markedly
affected. It has been used in patients suffering
from endocarditis and myocarditis without ill:
effects.

(8) The drug is largely excreted in'the urine
and can be readily detected in it. The excre-
tion is not regular, in fits and gtarts,
and goes on for three weeks or longer, There

occurs

{Continued at foot of next page)



0OContinued from previous page)
is a distinct tendency towards cumulative action
of the drug in the body
(9) Atebrin  produces certain  untoward
effects which are not however serious. A pro-

found feeling ©of general depression occurs 1n
some patients. A slight yellow tinge of the
skin and conjunctiva was observed particularly
in those patients in whom excretion from the
kidney is hindered for some reason. Sllght
epigastric pain, = feeling of uneasiness in the
stomach, headache and loss of appetite and
diarrhoea sometimes occur when the drug is
being administered. These as a rule gtgp when
the drug is stopped.

(10) The action of atebrin closely resembles
that of the cinchona alkaloids and the intro-
duction of this drug is a distinct advance in
the treatment of malarial fevers in India. The
price at present is too high for its use by the
people in general.*
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(* The present price of atebrin is lis. 49-8 for
300 tablets, that is Rs. 2-8 for one 'treatment' of
15 tablets; of this sum 23 pey cent, or 9 annas, is duty. It
is hoped that the government will ghortly see their way
to allow this useful drug to be brought free of duty
into India, as at present it is into Ceylon.

2 single treatment' can be purchased, but the
price is 2 few annas more per 'treatmentoOn the
other hand the makers are prepared to quote 2 consider-
ably lower rate for quantities of 5,000 tablets or
more.?Editor, I. M. G.)



