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Introduction 

In a previous paper Chopra, Roy and Das 
Gupta (1934) reported the results of their 
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investigation on the concentration of quinine 
attained in the blood at different intervals of 

time after administration of the drug by the 
oral, intramuscular and intravenous routes. 

They showed that the concentration of quinine 
in the blood after administration by these 

different channels runs almost parallel. Taking 
the average of all estimations the maximum 

concentration in the blood was found after 15 

minutes, both following intramuscular and 

intravenous injections; the average figures for 

blood drawn after half an hour and one hour 

respectively were about the same, and the 

concentration in specimens of blood drawn after 
two hours and onwards showed a gradual fall, 
the intramuscular figures being somewhat higher 
at this stage than the intravenous ones; the 
concentration reached within the first two to 

three hours after administration by the oral 
route was in some cases distinctly lower. 
The next point in our investigation was to 

determine whether any relationship existed 

between the concentration of quinine in the 

circulating blood and the parasite count at any 
particular moment. In clinical practice the 

relationship between concentration of quinine 
and parasites in the blood appears to be very 
variable. This may be due to virulence of 

malarial parasites, variations in the suscepti- 
bility of individuals, or to variations in the 
concentration of quinine in the blood of 

patients receiving the same therapeutic dose. 
James (1931) observed that in induced malaria 
there is always a tendency on the part of every 
individual to clear his system of malarial 

parasites when given slight assistance, e.g., 
with quinine. He stated that even large doses 
of quinine <30 grains) given during the incuba- 
tion period have no effect; a dose of 15 grains 
given on the first day of the attack has little 

effect; one of 5 grains given in the middle of 
the course stops the fever at once and greatly 
reduces the number of parasites, but the same 
dose when given at or near the end of the 
course and repeated once a day for a few days 
cures 50 per cent of the cases. Bass (1930) 
stated that the quantity of quinine necessary 
for treatment of malaria varies very much in 
different individuals. As little as 5 grains 
daily may be sufficient in some cases, while in 
others 10 or 12 grains may be required; 30 
grains daily always suffice to control symptoms 
as quicklv and surelv as larger doses. 

In view of these observations a series of 
experiments were performed on monkeys to 
determine whether with the maximum concen- 
tration of quinine obtained in the blood the 
parasites exhibited any tendency to increase 
or decrease in number, or to show degenerative 
changes. Silenus rhesus monkeys were infected 
with strains of Plasmodium knowlesi from 
another infected monkey, as in our previous 
experiments, and the erythrocyte and the 

corresponding parasite counts were determined. 

Quinine was then administered by the intra- 
muscular or the intravenous route, and the 
concentration of the alkaloid in the blood and 

parasite counts were simultaneously determined 
at stated intervals. Although quinine was 

administered daily for 2, 3 or 4 days, on account 
of the difficulty of getting sufficient quantities 
of the blood, simultaneous counts and estima- 
tions of quinine could not be done every day. 
The results of these experiments are given in 
the table. 

Discussion of results 

Intramuscular series.?A perusal of the table 
will show that in monkeys I, II and III 

quinine was given intramuscularly. In monkey 
I the quinine concentration reached the 
maximum limit in about half an hour 
and remained more or less constant during 
the first 4 hours, but the number of 

parasites in the peripheral blood actually 
increased during the first 24 hours; the 

parasites were reduced in number gradually 
and after 48 hours the count was 24,200 and 
the monkey recovered. In monkey II there 
was no appreciable change in the number of 

parasites nor any evidence of degeneration in 
them when quinine concentration was at its 

highest. After 48 hours the count increased to 
222.500 per c.mm. but subsequent treatment, 
i.e., two more injections of quinine, controlled 
the infection and the animal recovered. In 

monkey III the parasite count actually increased 
to above one million per c.mm. within 4 hours 
of administration of quinine and proved fatal 
on the third day in spite of the fairly high 
concentration of quinine maintained in the 
blood. It is also to be noted that in monkeys 
II and III the concentration of quinine attained 
in the blood was small in comparison to that 
in monkey I; this demonstrates a fact that 
has already been noted by Chopra and others 
(1934) who found that there was a good deal 
of individual variation regarding the concen- 

tration of quinine attained at different intervals 
of time after administration of similar amounts. 
While in one monkey the maximum concentra- 
tion may be attained in less than half an hour 
and maintained for some time, in others an 

equally high concentration never develops. 
Intravenous series.?In monkeys IV, Y and 

VI quinine was given intravenously. In 

monkey V there was no change in the number 
of parasites on the first day; the count came 
down after 24 hours, but the animal died on 
the fifth day showing scanty parasites in 
smears of blood. In monkey IV the parasite 
count was more than doubled within 4 hours of 

quinine injection and in monkey VI 24 hours 
after the injection the count increased from 

497,250 to 1,317,500. In these two cases, in 

spite of a high concentration of quinine in the 
blood, the parasites actually increased in 

number till the count in both cases reached a 
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Table 

Showing parasite count per c.mm. and quinine concentration in the blood expressed in mgm. 
per 100 c.cm. at stated times in plas7nodium- injected monkeys that had received H grains 

of quinine daily 

Serial no. B.ei?e 
injection 

I 
Parasite count 

Quinine 
concentrations 

II 
Parasite count 

Quinine 
concentrations 

III 
Parasite count 

Quinine 
concentrations 

IV 
Parasite count 

Quinine 
concentrations 

V 
Parasite count 

Quinine 
concentrations 

,VI 
Parasite count 

Quinine 
concentrations 

346,200 

After injection 

\ hour 2 hours 

60,840 

349,050 

513,600 

187,200 

497,250 

501,300 

1.05 

56,000 

0.90 

537,000 

0.75 

617,500 

1.00 

163,800 

1.60 

585,000 

1.00 

4 hours 

642,000 

0.90 

53,000 

0.50 

805,500 

0.70 

701,800 

1.30 

163,000 

1.20 

500,000 

604,150 

1.00 

50,000 

0.30 

1,020,300 

0.35 

1,524,250 

0.90 

140,000 

0.90 

731,250 

0.70 I 0.65 

24 hours 4S hours 

94,400 24,200 

0.45 

55,000 222,500 

0.10 

700,400 490,000 

0.20 

345,200 634,400 

0.25 

80,000 

0.20 

1,317,500 605,000 

0.20 

Route and 
number of 

doses 

Intra- 

muscular, 
4 days 

Intra- 
muscular, 
4 days 

Intra- 

muscular, 
2 days 

Intravenous, 
2 days 

Intravenous, 
4 days 

Remarks 

At the end of 48 and 
72 hours, just before 
the second and third 
injection, the quinine 
concentration was 0.4 
and 02 respectively. 
Recovered. 

Infection was controlled 
and monkey recovered. 

Died. 

Died on third day. 
Quinine concentration 

1.2 half an hour after 
second injection. 

Died on fifth day; 
smear from heart blood 
showed scanty para- 
sites. 

Intravenous, Died on third day. 
3 days Quinine concentration 

1.2 half an hour after 
second injection. 

figure of over one million per c.mm., a condition 
which is invariably fatal. 

It will be seen from the above that both in 
the case of intramuscular and intravenous 
injections no relationship was found to exist 
between the maximum concentration of quinine 
in the blood and the number of parasites 
therein. The infection, as a rule, was not 

controlled before two or even three injections 
were given at daily intervals, no matter what 
was the concentration of quinine in the blood. 
If any change in parasites was observed, it was 
an increase in their number immediately after 
the injection, but never a marked decrease. 
This is in conformity with the previous findings 
of Chopra, Das Gupta and Sen (1932) who, 
describing a fatal case of severe malignant 
tertian malaria, reported that when malarial 
infection is heavy, no antimalarial remedy, by 
whatever route it may be given, appears to be 
of any avail. The first effect of administration 

of quinine is often a definite increase in the 
number of parasites in the blood. 
Mode of action of quinine.?This brings us to 

the important question of the mode of action of 
quinine on malarial parasites. If quinine has 
a direct toxic effect on the malarial parasites, 
then our aim in treatment would be to obtain 
as high a concentration of quinine in the blood 
as possible and to maintain it for a sufficient 

length of time; but evidence at our disposal 
does not warrant the view that a high concen- 
tration of quinine will have an immediate and 
direct lethal action on the malarial parasites. 
Kirschbaum (1923) succeeded in producing 
malaria by injection of blood containing 
parasites, which had been set aside for 24 hours 
after mixing with quinine in concentration of 
1 in 10,000, a concentration far greater than 
it is possible to attain in the circulation. Again 
Ramsden, Lipkin and Whitley (1918) reported 
that in certain cases they found the quinine 
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content to be the highest and symptoms of 

cinchonism greatest in those in whom the 

parasites persisted the longest. Acton (1921) 
expressed the opinion that a quinine concentra- 
tion between the limits of 1 in 150,000 and 1 

in 250,000 is lethal to the malarial parasites 
only when maintained for a sufficient length of 
time, and that lesser concentrations have no 

effect. 
These experiments show that quinine, even 

in high concentration, has no direct lethal action 
on P. knowlesi in monkeys. Moreover a high 
concentration of quinine cannot be maintained 
for a considerable length of time in clinical 

practice because of the rapid excretion of the 

drug. The drug has been found to cure malarial 
infection in monkeys, even though the concen- 
tration of quinine in the blood may not be 

high, provided this infection has not progressed 
beyond a certain limit. Some evidence has 
been brought forward here to show that con- 
centration of quinine in the blood is not the 

only factor in bringing about a cure, as no 

direct relationship has been found to exist 
between the quinine concentration in the blood 
and the parasite count in these experiments. 
Even when the concentration of quinine in the 
blood was the maximum attainable after 

administering the largest possible therapeutic 
dose, the parasites did not show any tendency 
to reduction in number nor was there any 
evidence of degenerative changes in them. On 
the other hand, there was a definite increase 
in number in most of the cases (I, HI, IV and 
VI). 

It has already been stated that the parasin- 
oidal action of quinine is manifested when the 
concentration in the blood varies between 1 

in 150,000 to 1 in 250,000. Such a concentra- 
tion and even higher ones were maintained for 
several hours in all our experiments, but the 
parasite counts did not show that it had any 
immediate effect on the parasites. The ques- 
tion naturally arises what other factors are 

concerned in the action of quinine besides the 
concentration of the alkaloid. Chopra and 

Choudhury (1929) showed that in the circulat- 
ing blood quinine causes a lowering of the 
surface tension resulting in greater concentra- 
tion of quinine at the various interfaces of the 
cell walls. The enhanced activity depends on 
this lowering of surface tension and also in 

part on the increase of the negative charge of 
the cells. As a result an alteration in the 
electrical condition of the parasites occurs 

which leads to their ultimate destruction. An 

interesting point in connection with the mode 
of action of quinine has been put forward by 
Krishnan (1933) who states that the usefulness 
of quinine is chiefly dependent upon the degree 
to which the natural process of immunity is 

stimulated, e.g., by accelerating the mobiliza- 

tion, proliferation and functional activation of 
the phagocytic large mononuclear cells of the 

rcticulo-endothelial system, and not upon the 

quantity of the drug or its direct lethal action 
on the malarial parasites. How far other 
mechanisms of protection, such as the inhibition 
of the reproductive activity of the parasites 
and the formation of specific antibodies in the 
host, are responsible for cure of malarial infec- 
tion is beyond the scope of the present 
investigation, but the available evidence at our 
disposal seems to indicate that, even with the 
highest possible concentration of quinine in the 
blood, the activity of the parasites is not very 
greatly retarded. The action of quinine is 

probably synergistic to other defensive mechan- 
isms set up in the body. The administration 
of quinine in therapeutic doses would appear 
to augment these processes, or possibly it acts 
on the parasites in such a way as to render 
them more vulnerable or unable to propagate. 

Summary and conclusions 

1. The concentrations of quinine attained in 
the blood at various intervals of time after 
administration of the alkaloid and the simul- 
taneous parasite counts are given in a small 
series of monkeys infected with Plasmodium 
knowlesi. 

2. It has been shown that there is no direct 

relationship between the concentration of 

quinine in the blood and the parasite count at 
any particular time. The highest concentration 
of the alkaloid attainable without producing 
too severe toxic effects produces no apparent 
reduction in the number of parasites, nor 

degenerative changes in them. On the other 
hand in the majority of cases there was a 

definite apparent increase in the number of 

parasites per c.mm. of blood after administra- 
tion of quinine. 

3. The action of quinine on the parasites 
does not appear to be direct, but is probably 
synergistic to other mechanisms set up in the 

body. 
4. It has been observed that once the 

number of parasites approximates to one million 
per c.mm. no amount of quinine, however 

administered, is of any avail. 
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