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WpI]J prev,ious papers (1933, 1934 and 1935) 
ave snown that monkeys of the species of 

in/^-S r'iesus are extremely susceptible to 

inf f*?n ? Plasmodium knowlesi. The 
ection in these monkeys is so intense that 

effplnf^ana ? 
Proves fatal unless treated with 

elm 
VG an^"ma^a"al drugs. As there are no 

sti ?.ces a spontaneous cure, chemotherapeutic 
les ^hese animals have given a valuable 

thpanSj? testinS anti-malarial efficacy of 
U^S- further, the course of infection 

anri +0 TEtched as ^ varies from day to day, 
thp ? 'ea^.men^ can be started at any stage of 

rPP 1J?jec"on. Chopra and his co-workers have 
svnfh ?? ^he effect of a number of 

ani , anti-malarial remedies on these 
roals and have shown that within wide limits 

the results obtained are generally applicable to 
Plasmodium infection in man. 
Chopra and Das Gupta (1933) showed that 

the destructive action of atebrin on P. knowlesi 
was exceptionally powerful. Usually two doses 
of 0.025 gramme of the drug given intramus- 
cularly or intravenously were sufficient to 
control a very heavy infection which may 
amount to a million parasites per c.mm. The 
drug affected equally the schizogony and the 
gametogony, and all phases of parasites 
rapidly disappeared from the peripheral blood 
under its action. In human malaria the drug 
was also found to be effective, its action being 
marked on the asexual forms, but less so on 

the sexual forms (Chopra et 
_ 
al., 1933). In 

contra-distinction to the action of atebrin, 
quinine has a much less powerful immediate 
effect on these parasites. When the parasite 
count is low, i.e., below 100,000 per c.mm., one 
dose (intramuscular or intravenous) may be 
effective in controlling the_ infection, but, when 
the count is high, 2 or 3 injections are necessary 
to control the infection (Chopra and Das Gupta, 
1934). The advantage of quinine is that 

relapses do not as a rule occur after the treat- 
ment of the primary infection, and, even when 
they do occur, they are never fatal; whereas 
with atebrin fatal relapses in monkeys some- 
times occur. 

In this paper the result of studies with 
another synthetic drug, tebetren, is given. 
Tebetren was introduced by Messrs. Howard 
and Company, and chemically it is said to be 

methyl-hydrocupreine-methyl-acridrtie-dihydro- 
cholate, in which quinine is combined with an 
acridine dye and united with a bile salt to 
render it less toxic. The drug is available in 
the form of tablets, each weighing 3 grains. 
Our object in these studies was to determine 
the effectiveness of this compound on 
P. knowlesi in monkeys and to study its 
toxicity, and also to make a comparative study 
of its effectiveness with other anti-malarial 
drugs such as atebrin, quinine, plasmochin, 
malarcan, etc. 

Experimental 
The animals used in our experiments were 

all Silenus rhesus varying in weight from 3 to 
5 kilogrammes each. The ,animals were in- 
fected by subcutaneous injections of heavily 
parasitized blood from another monkey of the 
same species. As the pure drug was not avail- 
able, each tablet of tebetren (3 grs.) was dis- 
solved in distilled water 1 c.cm. of distilled water 
for each tablet), shaken and then centrifuged; 
the supernatant fluid containing the drug in 
solution was pipet-ted off and injected intra- 
muscularly or intravenously. In most cases the 
treatment was commenced when the infection 
was heavy, the maximum being a million and 
a quarter parasites per c.mm. It was, however, 
found that heavy infections of over a million 
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parasites per c.mm. always proved fatal in spite 
of prompt treatment. In the earlier experi- 
ments a course of 3 injections of tebetren in 
doses of 4^ to 6 grains daily was given by the 
intramuscular route, but in subsequent experi- 
ments injections were given for 4 days. In the 
intravenous series doses larger than 3 grains 
for a monkey of average weight (3 to 5 kilo- 

grammes) proved fatal in a number of animals; 
doses of 3 grains were therefore given in the 
later experiments. 

In the following tables the detailed observa- 
tions of the effect of tebetren on these animals 
are recorded : 

Tables 

No. I, Silenus rhesus, weight 4.540 kilogrammes, 
inoculated with 0.5 c.cm. blood from a heavily parasi- 
tized monkey (count not done) containing rings, 
trophozoites and schizonts. Incubation period 7 days. 

Date 

2-5-34 
3-5-34 

1-5-34 

5-5-34 

7-5-34 

8-5-34 

9-5-34 

10-5-34 

14-6-34 

15-6-34 

16-6-34 

17-6-34 

18-6-34 

Parasite 
count per 
c.mm. 

Treatment 

Rings 
450,000 

466.200 

325,000 

Scanty 
trophozoites. 

Scanty 

Very scanty 

No para- 
sites. 

Parasites 
(no count). 

180.000 

90,000 

15,000 

No para- 
sites. 

3 grains i.m. 

Do. 

Do. 

Remarks 

Do. 

Rings, growing 
trophozoites and 
schizonts. R.B.C. 
6,200,000 per 
c.mm. 

Trophozoites and 
schizonts. R.B.C. 
5,180,000 per 
c.mm. 

Parasites chiefly 
growing tropho- 
zoites. Infected 
cells showing 
Schiiffner's dots. 
R.B.C. 5,000,000 
per c.mm. 

Parasites showing 
evidence of de- 
g eneration,. 

I R.B.C. 4,320,000. 
Do. Degenerating para- 

i sites. 
Do. j Degenerating para - 

I sites. Marked 
I basophilia. 

R.B.C. 3,800,000 
per c.mm. 

Marked basophilia. 
Normoblasts. 
R.B.C. 3,800,000 
per c.mm. 

Rings, growing 
trophozoites and 
schizonts. 

Rings, growing 
trophozoites and 
schizonts. R.B.C. 
3,000,000 per 
c.mm. 

N ormoblasts. 
R.B.C. 1,520,000 
per c.mm. 

Evidence of degen- 
eration in the 
parasites. 

Basophilia, normo- 
blasts. 

6 grains i.m. 

Do. 

Do. 

Do. 

Tebetren was given by the intramuscular route in 
doses of 3 grains daily for 6 days. A low grade of 
infection persisted for about a month after the cessa- 

tion of treatment of the primary infection. On 15th 
June, 1934, there was a relapse with a parasite count 
of 180,000 per c.mm.; a larger dosage, 6 grains daily 
for 3 days, completely controlled the infection. No 

parasites were found in the peripheral blood during an 
observation period of 5 months. 

No. II, Silenus rhesus, weight 3.460 kilogrammes, 
inoculated with 1 c.cm. of heavily parasitized blood. 
Incubation period 8 days. 

Date 

25-5-34 

26-5-34 

28-5-34 

29-5-34 to 
26-7-34 

Parasite 
count per 
c.mm. 

140,000 

80,000 

? 

No para- 
sites. 

Treatment 

6 grains i.m. 

Do. 

Do. 

Remarks 

Rings and tropho- 
zoites. R.B.C. 
4,600,000 per 
c.mm. 

R.B.C. 4,000,000 
per c.mm. 

Evidence of degen- 
erative changes 
in the parasites. 

Two tablets of tebetren daily intramuscularly for 
3 days completely controlled the infection. Degenera- 
tive changes of the parasites were marked after the 
second injection and they disappeared after the third 
injection. No parasites could be detected in the peri- 
pheral blood afterwards for an observation period of 

nearly 2 months. The monkey died on the night of 

26th July, 1934, probably as a result of some inter- 
current infection. Smear from heart's blood showed 
no parasites. 

No. III. Silenus rhesus, weight 3.510 kilogrammes, 
inoculated with 0.5 c.cm. blood containing 275,000,001 
parasites. Incubation period 4 days. 

Date 

11-6-34 

12-6-34 

13-6-34 

14-6-34 

Parasite 
count per 
c.mm. 

100,000 

1,000,000 

425,700 

23,350 

Treatment 

6 grains i.m. 

Do. 

Do. 

Rem auks 

Rings and gro^*" 
ing trophozoite- 

Rings, tropho- 
zoites and sen 

- 

zonts. 
Do>. 

Degenerating Pj}1?, 
sites. R-B' ' 

4,670,000 Per 
c.mm. 

Treatment was started in this case when the parasit 
count was very high, i.e., 1,000,000 parasites per c-ra^r. 
The parasites were nearly halved 24 hours after tn 

first injection and completely disappeared from * 

peripheral blood after a course of 3 injections (6 grai 
daily for 3 days). A relapse occurred 12 days at 

this like that observed in cases treated with a*e ,efj 
and proved fatal. A smear from heart's blood R"?^ng 
that almost every red cell was infected, many s^oW'ur 
multiple infection. This is the only animal m . 

series of experiments in which a relapse proved *a 
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, 
No. IV Silenus rhesus, weight 3.695 kilogrammes, 

inoculated with 1 c.cm. blood containing 405,900,000 

Parasites. Incubation period 5 days. 

Date 

26-6-34 

Parasite 
count per 
c.mm. 

Treatment | Remarks 

778,000 6 grains i.m. 

27-6-34 625.500 Do. 

28-6-34 Scanty 

29-6-34 I No para- 
sites. 

9-7-34 Scanty 

Do. 

Parasites mostly 
rings. R.B.C 

5,190,000 per 
c.mm. 

[ All forms of para- 
sites, rings, tro- 

phozoites, sclii- 

zonts and game- 
tocytes. R.B.C. 

4,270,000 per 

c.mm. 
! Evidence of degen- 

erative changes 
in the parasites. 
R.B.C. 4,190,000 
per c.mm. 

Commencing baso- 

philia. Demilune 
cells. 

I Rings. 
I Mostly rings. 

Few- 

growing tropho- 
zoites. R.B.C. 
5,100.000 per 

c,mm. 

| Mostly growing 
trophozoites, few j 
rings. Evidence i 

of degeneration ! 

in the parasites. | 
Commencing 
b aso^phili a. j 
R.B.C. 4,600.000. | 
Degenerative j 
changes in the 

1 

16-7-34 I vt 
I parasites. 

, 

Aopara- Do Basophilia, I 
S1':e8- i 

normoblasts. 

6 grains i.m 12-7-34 | 357,000 

414,000 I n?. 13-7-34 

14"7"34 j 67.500 I Do; 

1^ 

This animal received a course of 3 injections (6 

daily) when the parasite count was iair y g ? 

relapse occurred in ten days, all stages o p< ' 

being found in the peripheral blood. A lo ? ?jteg 
?f 4 injections was given (6 grains daily); 

i P< . i 

disappeared and were not found again in t1 p I 

blood during an observation period of 4 m 

No. V, Silenus rhesus, weight 3.720 ^'jlg^^ooOO 
inoculated with 05 c.cm. blood containi 
parasites. Incubation period 5 days. 

Date 

5-7-34 

Parasite 
count per | Treatment | Remarks 

c.mm. 

130,000 .. 
Parasites mostly 
rings. 

700.000 S grains i.m. Rings 
and grow- 

ing trophozoites. 
RJ3.C. 5,000,000 
per c.mm. 

1,009.800 I Do. | Mostly growing 
trophozoites and 
schizonts. R.B.C. 

4,590,000 per 

I c.mm. 

6-7-34 I 80 000 Do | Parasites! showing 
' 

' dege ni e r a t i v e 

, I changes. 

7-7-34 No para- Do Commencing baso- 
1 

sites. I phiHa, normo- 

blasts. 

Treatment was started when the parasite count was 
fairly high, i.e., 700,000 parasites per c.mm. A course 
of 4 injections (6 grains daily) was given from the 
beginning instead of three as in the previous 
experiments. In this case the first injection had no 

effect on the parasites and the count rose above 
1 million on the second day; it came down subsequently 
and the parasites disappeared after 3 injections. 
Degenerative changes in the parasites were well marked 
after 2 doses. This animal was under observation for 
more than 4 months after the cessation of treatment, 
and frequent examinations of the blood did not show 
any parasites. In this respect the action of tebetren 

resembled that, of quinine. 
No. VI, Sitenus rhesus, weight 5 kilogrammes, 

inoculated with 1 c.cm. blood containing 700,000,000 
parasites. Incubation period 5 days. 

Date 

11-7-34 

12-7-34 

Parasite 
count per 
c.mm. 

931,000 

491.000 

13-7-34 | Scanty 

14-7-34 Do. 
15-7-34 to No para- 
15-11-34 | sites. 

Treatment 

6 grains i.m. 

Do. 

Do 

Do. 

Remarks 

Rings and grow- 
ing trophozoites. 
R3.C. 4,900,000 
per c.mm. 

AH forms of para- 
sites including 
garnet o c y t e s . 

R.B.C. 4,910,000 
per c.mm. 

Evidence of degen- 
erative changes 
in the parasites. 

Do. 

This monkey was given a course of 4 injections. 
6 grains daily. After 2 injections the parasites showed 
degenerative changes, their number being considerably 
reduced; scanty degenerating forms were found for the 
next two days. Subsequently the peripheral blood 
remained free of parasites (similar to monkeys II 
and V). 
No. VII, Silenus rhesus, weight 4.560 kilogrammes, 

inoculated with 0.5 c.cm. blood containing 221,200,000 
parasites. Incubation period 5 days. 

Date 

20-8-34 

21-8-34 

22-8-34 

Parasite 
count per 
c.mm. 

260,000 

688,500 

1.260,000 

Treatment 

6 grains i.m. 

Do. 

Remarks 

Rings and grow- 
ing trophozoites. 

All forms of para- 
sites. R.B.C. 
5,100,000 per 
c.mm. 

All forms of para- 
sites, apparently 
healthy. R.B.C. 
4,500,000 per 
c.mm. 

This monkey was given the drug intramuscularly 
when the parasite count was fairly high. The count 
rose to above 1 million in spite of treatment (1 260000 
parasites per c.mm.), a condition hardly compatible 
with life. 

No. VIII, ; Silenus rhesus, weight 3 kilogramme* 
inoculated with 0.5 c.cm. blood containing 344 250 000 
parasites. Incubation period 5 days. 
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In this monkey treatment was started on 27th 
August, 1934, when the parasite count was above 
1 million (1,200,000 parasites per c.mm.) in order to 
see whether the drug had any effect in such a heavy 
infection; 4^ grains of tebetren was given intra- 

muscularly. The monkey died on the same night. 
Smears from liver and heart's blood showed that these 

organs were crammed with parasites, nearly 80 per cent 
of the red cells being infected. 

No. IX, Silenus rhesus, weighing 3.100 kilogrammes, 
was inoculated with 0.25 c.cm. blood containing 
300,000,000 parasites. Incubation period 5 days. 

| Parasite 
Date ! count per 

c.mm. 

3-9-34 561.000 

4-9-34 i 133.500 

i 
i' 

5-9-34 Scanty 

6-9-34 Do. 

Treatment 

3 grains i.m. 

Do. 

Do. 

Do. 

Remarks 

Rings and grow- 
ing trophozoites 
R.B.C. 5,100,COO 
per c.mm. 

All stages of para- 
sites. R.B.C. 
4,450,000 per 
c.mm. 

Evidence of degen- 
erative changes 
in the parasites. 

Evidence of degen- 
erative changes 
in the parasites. 
B a s o p h i 1 i a, 
normoblasts. 

This animal received a course of 4 injections (3 grains 
daily). Very scanty parasites however persisted in the 
blood for a week after cessation of treatment; on the 
eighth day the count again rose to 120,000 parasites per 
c.mm. The multiplication of parasites was however 
less rapid and the count gradually came down without 
further treatment. Subsequent to this the peripheral 
blood remained mostly free of parasites. 
No. X, Silenus rhesus, weight 4.730 kilogrammes, 

inoculated with 0.5 c.cm. blood containing 70,000,000 
parasites. Incubation period 7 days. 

Date 

2-6-34 

3-6-34 

4-6-34 

5-6-34 
6-6-34 
8-6-34 

9-6-34 
11-6-34 

12-6-34 

Parasite 
count per 
c.mm. 

300,000 

Treatment 

4? grains i.v, 

160,000 Do. 

Scanty Do." 

Do. 
Do. 

Parasites 

(count not 

done). 
219,000 
22.500 

Scanty 

4J grains i.v. 
Do. 

Do. 

Remarks 

Rings and grow- 
ing trophozoites. 
R.B.C. 5,010,000 
per c.mm. 

RB.C. 4,100,000 
per c.mm. 

Degenerating para- 
sites. 

Few rings, mostly 
trophozoites. 

Degenerating para- 
sites. 

In this animal the infection was controlled with 
doses of 4.J grains daily for 3 days intravenously. 
Though the primary infection was controlled with this 
course of treatment, it was not sufficient to prevent 
the rapid multiplication of parasites within a very 

short time (4 days). The parasites again appeared in 
the peripheral blcod 12 days after the second course 
of tebetren, but this time they multiplied less rapidly 
and gradually disappeared even without treatment. 
This animal wag under observation for a period of over 
4 months after the cessation of treatment, and the 

peripheral blood remained free of parasites during the 
period. 
No. XI, Silenus rhesus, weight 3 kilogrammes, 

inoculated with 0.5 c.cm. blood containing 150,000,000 
parasites. Incubation period 3 days. 
This monkey died within five minutes of an intra- 

venous injection of 4$ grains of tebetren. As this dose 

was toxic, the dosage by the intravenous route was 

reduced in the subsequent experiments. 
No. XII, Silenus rhesus, weight 3.880 kilogrammes, 

inoculated with 1 c.cm. blood containing 1,000,000,000 
parasites. Incubation period 7 days. 

Parasite 
count per 
c.mm. 

405.900 

500,800 

Treatment 

3 grains i.v. 

4\ grains i.v. 

480,000 1 Do. 

40,000 

Scanty 
parasites. 
Noi para- 

sites. 
155,200 

83,750 

Scanty 

Do. 

4\ grains i.v. 

Do. 

4\ grains i.m. 

No para- 
sites. 

Rings + + 
118,800 

68.200 

No para- 
sites. 
Do. 

0 grains i.m. 

6 grains i.m. 

Do. 

Do. 

Do. 

Remarks 

Rings and grow- 
ing trophozoites. 
R.B.C. 4,510,000 
per c.mm. 

Rings and grow- 
ing trophozoites. 
RiB.C. 4,590,000 
per c.mm. , 

All forms 
parasites includ- 
ing garnet ocytes- 
Evidence .0 
d e gene rative 

changes. R.B.^- 
4,000,000 Pcr 
c.mm. 

Degenerating para- 
sites. 

Kings and tropho- 
zoites. 

Parasites appear 
to be healthy. 

The injection was 

given intramus- 
cularly because 
of the difficulty 
of finding a suit- 

able vein after 

repeated i.v. 

injections. 
basophilia, poi- 
kilocytosis, nor- 

moblasts, etc. 

Mostly growing 
trophozoites, 

a 

few schizonts. 
R.B.C. 4,000.000 
per c.mm. 

Evidence of degen- 
eration. R.B.C. 
3,410,000 Per 

c.mm. 

Basophilia,! normo- 
blasts. 

Do. 

This animal was given a course of 4 ^ect'?he intravenously. The parasites disappeared afte 
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IN muin^xp. 

^^arouscular10^!^"^1^ after 2 injections by the 
occurred 5 Hm,o rf , relapse or recrudescence 
Section arid in- 

- er, the treatment of the primary 
tebetren for wh'l a^tcr f^e seconc* course 

,venous]y ami ?A, tebetren was given partly intra- 
J?w grade nf Par -X by the intramuscular route. A 
hut the narn=;/n Ion persisted for about 2 months' 
*? this thp na!\Devf multiplied rapidly. Subsequent 

\r 
^ ]Pheral blood showed no parasites. 

. -No. XlIT <?v 

lnoculated wiih n^S r^esus> weight 3.610 kilogrammes, 
Parasites Tr, i 1- c-cm- blood containing 389,000,000 

Th. 
Incubation period 6 days. 

yenousK??Tm? ^9ce^VRd 44 grains of tebetren intra- 
had convulsion 

e .tely after the injection the animal 
within hnlf t W spasmodic respiration and died 

?*? an hour (see also monkeys XI and XIV). 
. -No. XIV <?,7 , 

1Qoculated with rhcsus, weight 4.290 kilogrammes, 
Parasites Tr> i x- 

c-cm- blood containing 465,500,000 
. 

? ?LDCubati0n period 7 days. 

Date I Parasite I 
j count per Treatment Remarks 

19-7-34 

c.mm. 

395,200 4i grains i.v. I Mostly rings, few 
! growing tropho- 

20-7-^4 I zoites. 
125,000 j Do j R.B.C. 6,080,000 

per c.mm. Rings 
and trophozoites. 
The animal had 
convulsions of 

the whole body 
immediately af- 
ter the injection. 
Died after ten 

minutes. 

? grabs infrwLbee? shown that a dosage larger than 
n this case' th i 

Proves toxic for these animals. 

aPpreciablv" rV0Ugh the parasite count came down 

SUccumbed nffl u the first injection, the animal 
he second dose. 

^ocuiafrv? '^nCn!!i rhesus, weight 4.100 kilogrammes, 
Parasites tJi, $ c,cm- blood containing 197,600,000 
,? 

s- Incubation period 7 days. 

Date 

27-7-34 

Parasite 
count per 
c.mm. 

Treatment Remarks 

.. Rings and grow- 

28-7-34 in? trophozoites. 
76,000 3 grains i.v. Rings and tropho- 

zoites. R.B.C. 

6,140.000 per 

29-7-34 c.mm. 
''0,900 Do All forms of para- 

sites includ- 
ing gametocytes, 

I apparently 
healthy. R.B.C. 

5,930,000 per 

30-7-34 r.a 
c.mm. 

58,500 Do. | Evidence of degen- 
erative changes 
in the parasites. 
R.B.C. 4,000,000 

31-7-34 o Per c.mm. 

Scanty Do Degenerating para- 
sites. RB.C. 

3,800,000 per 

3-8-34 
Dq 

c-mm- 

In this monkey the dose of tebetren by the intra- 
venous route was reduced to 3 grains and was well 
tolerated. The parasite count came down appreciably 
after 3 injections, but a low grade of infection persisted 
for more than 6 months for which no treatment was 
necessary as the parasites never multiplied rapidly 
No. XVI, Silenus rhesus, weight 4.159 kilogrammes 

inoculated with 0.5 c.cm. blood containing 138 Oftn nnn 

parasites. Incubation period 6 days. 

Date 

4-8-34 

5-8-34 

6-8-34 

7-8-34 

8-8-34 

Parasite 
count per 
c.mm. 

102,000 

162,000 

42,000 

20,000 

Scanty 

Treatment 

3 grains i.v. 

Do. 

Remarks 

Do. 

Do. 

Mostly rings and 
growing tropho- 

i zoites. R.B.C. 
5,100,000 per 
c.mm. 

All stages of para- 
sites. II .B.C. 
5,400,000 per 
c.mm. 

Degenerating para- 
sites. R.B.C. 
4,200,000 per 
c.mm. 

Degenerating para- 
sites. 

Do. 

In this animal the infection was controlled after 
the fourth injection of tebetren intravenously. Rapid 
multiplication of the parasites occurred from the fifth 
day after cessation of treatment of the primary infec- 
tion which was controlled with 3 more intravenous 
doses (3 grains daily). Though a relapse occurred 
18 days after this, the multiplication of the parasites 
was less rapid and they disappeared without any 
further treatment. 

No. XVII, Silenus rhesus, weight 5.216 kilogrammes, inocuiated with 0.5 c.cm. blood containing 51,000,000 
parasites. Incubation period 7 days. 

Date 
Parasite 

count per 
c.mm. 

13-8-34 

14-8-34 

15-8-34 

16-8-34 

17-8-34 

18-8-34 
to 

21-8-34 
23-8-34 

Ringa and 
trophozoites 

+ + 
442,400 

90,000 

174,000 

Scanty 

Do. 

280,000 

Treatment Remarks 

3 grains i.v 

Do. 

Do. 

Do. 

All stages of 
the parasites. 
R.B.C. 5,530,000 
per c.mm. 

All stages of 
the parasites. 
R-B.C. 4,500,000 
per c.mm. 

Parasites are appa- 
rently healthy. 
R-B.C. 4,350,000 
per c.mm. 

Degenerating para- 
sites. 

Mostly rings. 
Jy 0 r m o b 1 asts, b a s o p hilia. 
R-B.C. 3,500,000 
Per c.mm. 
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No. XVII, Silenus rhesus?concld. 

Date 

24-8-34 

25-8-34 
26-8-34 

27-8-34 
28-8-34 
29-8-34 
30-8-34 
1-9-34 

Parasite 
count per 
c.mm. 

96,000 

180,000 
55,000 

150,000 
75,000 
37,500 
10,000 
Scanty 

Treatment Remarks 

Mostly rings 
and trophozoites. 
Basophilia, 
normoblasts and 

pigmented leuco- 
cytes. Some of 
the parasites are 
degenerating. 

Do. 
Do. R.B.C. 

2,500,000 per 
c.mm. 

Degenerating para- 
sites. Basophilia, 
normoblasts. 

In this monkey the parasite count came down after 
3 intravenous injections, scanty parasites however 
persisting. Five days after the cessation of treatment, 
the parasites multiplied rapidly and the count rose to 
280,000 parasites per c.mm. No treatment was given 
for this; though the infection persisted for more than 
a month, the parasite count gradually came down. 
Later during an observation period of about 3 months, 
the peripheral blood remained mostly free of parasites 
(see also monkeys IX, X and XVI). 

Discussion 

A perusal of the foregoing tables will show 
that in monkeys I to IX tebetren was adminis- 
tered intramuscularly while in monkeys X to 
XVII it was given intravenously. The drug 
undoubtedly has a destructive effect on 

Plasmodium knowlesi infection in these animals 
whether it is given by the intramuscular 
or the intravenous route. Dosage of 4| 
to 6 grains daily for 2 to 3 days by 
the intramuscular route and 3 grains 
daily intravenously for 3 to 4 days controlled 
a heavy infection which amounted to as much 
as a million parasites per c.mm. In the 
majority of the animals its action was imme- 

diate; the parasites usually decreased in 
numbers after the first injection or, even when 

they did not decrease, their multiplication 
stopped or was considerably inhibited. In this 

respect the drug differed somewhat from quinine 
which, in our experiments described in a 

previous paper (1934), did not so promptly stop 
or inhibit the growth of the parasites after the 
first injection, but often appeared actually to 
accelerate their multiplication. This increase 
in the number of parasites in the peripheral ; 

blood was also observed after intravenous injec- 
tion of quinine in man by Chopra and his co- i 
workers (1932). It will also be observed that 
in some animals of this series, after a full 
course of treatment of the primary infection, 
the plasmodia disappeared from the peripheral 
blood entirely (nos. II, V and VI), while in 

others they reappeared after an interval, pro- 
ducing a relapse (nos. I, III, IV, XII and 
XVI) and in no. Ill the relapse proved fatal 
in spite of treatment. 
Dosage.?Monkeys weighing between 3 to 5 

kilogrammes tolerated a dose of 4^ to 6 grains 
dissolved in H to 2 c.cm. of distilled water by 
the intramuscular route without any untoward 
effects; no local reactions were observed. The 
number of injections necessary to free the 

peripheral blood from plasmodia varied from 
3 to 4, and this was effective in controlling a 

heavy infection (nos. Ill, IV, V and VI). By 
the intravenous route a dose of 3 grains could 
be administered safely, but doses larger than 
this proved fatal and three animals died after 

injections of 4? grains of tebetren (nos. XI, 
XIII and XIV). Doses of 3 grains in animals 
weighing 4 to 5 kilos, appear to be safe and, 
when compared with the effective therapeutic 
dose of 24 to 36 grains (8 to 12 tablets a day) 
for an adult human being weighing 60 to 80 

kilos., show that the toxicity of the drug is 

fairly low. 
Intramuscular and intravenous injections.? 

A study of tables I to IX shows that after a 

single intramuscular injection of tebetren in 

most of the cases the plasmodia showed 
degenerative changes, were quickly destroyed 
and their number in the peripheral blood 
showed a considerable decrease. The reduction 
in the number of parasites appeared after the 
first injection but was definite and considerable 
after the second injection. In this respect the 
effect of tebetren would appear to approach 
that of atebrin, which in our experiments 
reported in a previous paper (1933) produced 
a remarkable decrease in the number of para- 
sites as well as marked degenerative changes 
in their cytoplasm almost immediately- 
Though the action of this drug was not so rapid 
as that of atebrin, the results were fairly constant 
and a very heavy infection appeared also to be 

more amenable to treatment with tebetren than 

quinine. Intramuscular injections of quinine, 
it will be remembered, have a gradual action 
on the parasites and, as a rule, there is n? 

remarkable decrease in their numbers for 24 

hours after the first injection or even longer- 
The state of affairs after intravenous injec- 

tion of tebetren, however, was different- 
Whereas atebrin produced similar effects ?n 

the parasites whether given by the intramuscular 
or the intravenous route, the effect of tebetren 
on the plasmodia when given intravenously 
was much less evident. The effects observed 
were variable and undoubtedly much weaker 
after the first injection; sometimes even after 
the second injection hardly any changes were 
noticed. As a matter of fact after the first 

injection in most of the animals (nos. XI. 
XV and XVI) there was an actual increase in 
the number of parasites in the peripheral blood, 
and as a rule 3 injections were necessary 

t0 
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Thn r-> 
apPreciably the number of Plasmodia, 

in mi?iraS VCT?rUnt increased on the second day 
\rVTT and XVI, decreased in monkey 
thn . ^ .increased again on the third day; 
stpflr?0UF 2o i110' X^ remained more or less 
down 

?r 
? i_a^s ?nly in no. X it came 

TliJo aPpr,eciably from the second day onward. 
excZr r ?{ tebetren may be due to rapid 
sn ih 

le when given intravenously 
sifp ? J16,contact of the drug with the para- 

is of shorter duration. 

Comparative action of atebrin, quinine and 
tebetren 

has^ ^laS a^ready been stated that atebrin 

yylnj 
-a Powerful immediate effect on Plas- 

conn+ 
m- ll?l^esi- Even when the parasite 

Drndn 
1S 

' one ^ose ^is compound 
of tii ?CS| an en?rmous reduction in the number 

bv p|asm0G'ia and the infection is controlled 
infm e^er route the drug is administered, 
onTn? Ular or intravenous. In the case of 

nirnoN0 0110 dose ?nly effective when the 

two n 
6 C0U1^. j?w but in heavy infections 

Wrml^1 more Ejections are necessary. Tebetren 

ateb 
' a?p0ar stand between quinine and 

far lm^m ac^on on this plasmodium in so 
is onS reduction in the number of parasites 
npoi.inC?rii Generally the parasite count is 

inipot .ed 24 hours after an intramuscular 
, 

atebrin and degenerative changes 
infm? a^er second injection. By the 
ar 

venous route the effects in case of tebetren 

ar 

es'~ c?nspicuous and two or three injections 
and 1'eC+f^ary bring down the parasite count, 
tn 11? . 

ls respect it bears a closer resemblance co quinine. 
Sn f 

ann + 
SS re*aPses are concerned, tebetren 

Aftnff to Possess an advantage over atebrin. 
in fr.^ve "ays' intensive treatment with atebrin 
rpnr>ai1 |a.rSe doses, the plasmodia invariably 
thn 

6a m *9 ^ days and multiplied with 
a?6, rapidity as in the primary attack 

mpnfnS "ea^ of the animal if prompt treat- 

thou jWaS n?^ ^ven, whereas with tebetren 

?n 
^1 a relapse or recrudescence occurred in 

fit f anirnals in 5 to 12 days, it did not prove 
thP e.xcept in no. III. In some of the relapses 
t} ai?lmaJs were kept without treatment inten- 

ay> and the parasites often disappeared 
In n neTTUsIy (nos- IX' X' XVI and XVII)* 
nhn ?!'i ' y and VI the parasites disappeared 
into ? peripheral blood after an 

Wl-+,ns.I1v.e treatment of the primary infection 

nir v comPound and in monkey XV the 

ani^S iS W6re. scanty, never multiplied and the 
treatment161119^1180* bea^by without further 

hvwCk?tren. cbeniically is said to be a methyl- 
.y r?cupreme-methyl-acridine - dihydrocholate, 

co.n?Pound in which quinine is combined 

7m 
acridme from which atebrin is derived. 

- 

p , destructive action of tebetren on 

knowlesi infection appears to combine 

I the virtues of quinine and atebrin. So 
far as the control of infection is con- 
cerned, it has a powerful and rapid des- 
tructive action on the plasmodia, thus re- 
sembling atebrin; reduction in the number 
of the parasites in the peripheral blood 
is more rapid than with quinine. With 
regard to relapses the effects on these animals 
were very much like those produced in quinine- 
treated animals inasmuch as the parasites either 
disappeared spontaneously after a relapse or 
if they multiplied the multiplication was not 
so intensive as to cause death of the animal 
except in one instance. The action of tebetren 
in human malaria is under investigation but 
while expressing no opinion regarding the effi- 
cacy or otherwise of tebetren on malarial infec- 
tion in man, we are justified in concluding that 
this drug has a fairly powerful action on 
P. knowlesi. Intramuscular injections are more 
effective and better tolerated than intravenous 
injections, this being probably due to more 

prolonged contact of the drug with the parasites. 

Summary 
The results of investigations regarding 

the action of tebetren on Plasmodium in- 
fection in Silenus rhesus are given. Tebetren 
is a synthetic drug in which quinine is said to 
be combined with an acridine dye and bile salts 
are added to render it less toxic. The results 
of the experiments on this monkey indicate 
that tebetren is a fairly efficacious drug in the 
treatment of infections with Plasmodium 
knowlesi. A dose of 4? to 6 grains daily 
for 2 days by the intramuscular route 
and 3 grains daily intravenously for 3 
days controlled fairly heavy infections 
amounting to as much as a million para- 
sites per c.mm. In so far as the decrease 
in the number of parasites in the peripheral 
blood is concerned, tebetren appears to be 
intermediate in action between atebrin and 
quinine. The parasite count is nearly halved 
24 hours after an intramuscular injection and 
degenerative changes in the parasites are 

evident after the second injection. By the 
intravenous route, however, the effects are less 
marked and two or three injections are neces- 
sary to bring down the number of parasitesin 
the blood appreciably; in this respect its action 
resembles quinine. 

So far as relapses are concerned, the effects 
observed resembled more or less those produced 
in quinine-treated monkeys; the parasites either 
disappeared spontaneously, or, if they multi- 
plied, the multiplication was slow and except 
in one case death did not occur. The drug, it 
seems, combines the virtues of atebrin and 
quinine and gives promise of being a useful 
remedy in the cure of malarial infection. 

_ 

It is 
on trial on human cases of malaria in the 
Carmichael Hospital for Tropical Diseases, 

(iContinued at foot of next page) , 
?? 
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