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Chloroquine is an important synthetic antimalarial agent of established
value; it is also used for the treatment of ;,unoebic hepatitis, other parasitic
infestations and certain connective tissue diseases. Although oral adminis­
tration is preferred, it may occasionally have to be given parenterally, e. g.
in an acute emergency or if the patient is vomiting.

\·Vhile studying the eOcct of chloroquine on urine output of anaesthetized
dogs, one of us (N. K. 8.) noticed profound and fatal hypotension after in­
travenous injection of quantities comparable to the human therapeutic dose.
Serious reactions after chloroquine have also been reported in the clinical
literature (Harris, 1955, 1957; Kjacr, 1955; Sanghavi, 195G). The
present work was designed to determine the mechanism by which chloroquine
produces its acute toxic effecls.

METIIODS

Chloroquine sulphate injection (May & Baker) contallung 40 mg. base
per ml. was used in most of the experiments; chloroquine phosphate injection
(Bayer) containing 30 mg. bas~ per m!. was used in a few experiments. All
dosages mentioned below arc in terms of the base. The solutions used were
neutral to litmus.

Adult mongrel dogs and albino rats of either sex were administered
increasing quantities of chloroquine. The acute toxic effects and fatality in
24 hours were recorded.

Twellty adult mongrel dogs of either sex (7-16 kg.) anacsthetized with
phenobarbitone sodium (150 mg. per kg. i. p.) or pentobarbitone sodium (40
mg. per kg. i. p.) or Dial (0.6 m\. per kg. i. v.) or chloralose (100 mg. per kg.
i. v.) were used for preliminary pharrnacologic."l.1 studies. The trachea was
cannulated and respiratory excursions were recorded with a ~1arey's tambour,
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artificial respiration being given when necessary. Carotid blood pressure
was recorded with a mercury manometer. Drugs were administered through
the femoral vein. Splenic and intestinal volumes were recorded ill IwO
animals. EffeclS of various drugs, administered before or after chloroquine
on the latter's actions were also studied in these experiments.

In 7 dogs anaesthetized with pentobarbitone sodium, electrocardiographic
records from lead II were obtained before and after varying doses of chloro­
quine given intramuscularly or intravenously. Similar records were
obtained in 5 dogs after chloralose anaesthesia, in I after Dial anaesthl.>sia
and in 2 after morphine sedation.

In 44 experiments chloroquine (I to 3 mg. per kg.) was injected at differ­
ent sites in the vascular tree in dogs anaesthetized with pentobarbitone sodium,
the blood pressure being recorded from the femoral artery. The drug was
injected into either femoral arlery, either femoral vein, into both common
carotid arteries and the left ventricle, the effect of each being noted. For injec­
tion into the left ventricle, the chest and pericardium were opened under
artificial respiration. The injection time was less than one second and the
time course of subsequenl effects was recorded wilh a stop watch with accu­
racy of I second. Bilateral vagotomy and carotid denervation were also
carried OUt in some of these experiments.

In 10 frogs the heart was perfused with frog Ringer through the vena
cava after cutting the aorta. Effects of various dilutions of chloroquine on
force and frequency of the heart beats were recm·ded.

Following the method of Burn (1952), for rats 5 hind limb preparations
of frogs were perfused with frog Ringer and the effl.'Cts of chloroquine and
other vasoactive drugs on hind limb vessels were studied.

RESULTS

The mortality rate in dogs and rats following varying doses of chloro­
quine is shown in Table I. The gross toxic effects in dogs consisted of rcstles­
ness, dyspnoea, rigors, micturition and dcfaecatiotl, gasping, convulsions and
death. Convulsions were also noted in rats.

Fall of blood pressure was the most oUlSlanding pharmacological effect of
parenteral chloroquine in anaesthetized dogs (Fig. I). Prolonged hypotension
was accompanied by irregular respiration. Artificial respiration raised the
blood preiSure to some extent. The fall was detectable after 0.5 mg. per kg.
i.v. and the blood pressure returned to normal in a few minutes. The extent
and duration of the hypotension increased with the dose of the drug, relatively
larger amounts being required by the intramuscular route than the intraven-
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ou route. Th re wa appar ntly no diffi>rcnce in til respon to hloro­
quinc uIpbat and ph pilat. plenic olume d cr a d liglllly but int ti­
nal vol urn wa unaffi 1 d. fl r Jarg do (ov r 15-20 mg. p r k .) dealh
u ually occurr d in 2 hours.

ABLE 1

Mortality in rats and dogs after intramuscular chloroquine

Rat Dg

Do' o. of Per entage Do umh r f P r ntage
(ma./kg.) animals mortality (mg/kg.) animal 01 rtality

40 9 0 5 6 0

0 5 0 6 8 0

80 to 5 7 33
100 10 100 8 5 20

9 7 2

1 12 2

12.5 6 83

-----
Atropin (I 010'. per kg. i.v.) admini t r d prior to hi roquin in 5

animal and pbenergan (5 mg. p r kg. i.v.) in 3 animal did n t modir-, th
r p n t chi roquin (0.5-10 mg. per kg. i.v.). Hydrocorti on (250 mg.
in 250 011. 0.9% alin i.v.) admini tered 2 hour pri r to chi r quine (10m •
p r kg. i. v.) and orti one ac tat (75 01 . i .01.) admini ter d 2 day prior to
til xperim nt fi Howed by 25 mO'. 4 h ur b fi r chloroquin (10 mg. per
kg. i.m.) also failed to modify th drug' ffi cts.
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The latent periods of fall of blood pressure after lIlJccting chloroquine
into different parts of the cardiovascular tree arc given in Table II. Vago­
tomy and carotid denervation did not affect the latent period or degree of
the hypotension.

In the isola"tcd frog heart, chloroquine in all the concentrations used
(I in 1O-~ to 2 in 10-3) decreased the amplitude and sometimes the frequency
of contractions, higher doses eliciting an effect more quickly. With higher
concentrations the heart beat irregularly, usually stopping in diastole.

TABl.E II

Lalmt period; offall if blood PUJJurt afttr chloroqlline (1-3 mg./kg.)

i"jected by /)urioll; route!

Route of
aclministration

Lau·nt per;oo of
fall of bloocl

prrs>Ure ill sec,.
(a~erage and

r:mg.. j

Oenen·ati..,n

Latent period of
fall of blood
pressure aflN

c1 ..m:rvat;on in seC!.
(average ami rallge)

!'rmoral artery .. , 6 "
Fo:moral Veill

(20-36)
... 6 10 "(12-19)

COmmon carotid "arterkl 8 " (IH2)
Bilateral vago_
tomy (6 dog.)

Bilateral carotid
c1cnervation

(2 doSs}

10
(1-12}

"

Ldt \·cntride .. 6 "
6

(4-6)
Bilateral vagn_
IOnl)" (3 dO'lgs)

5
(4-6)

There was 110 evidence of vasodilation by chloroquine (I to 5 mg. injected
in perfusion tubing) in the perfused frog hind limb which responded as usual
to adrenaline and sodium nitrite.

DISCUSSION

In anaesthetized dogs hypotension followed by respiratory disturban­
ces were the outstanding effects noted in our initial experiments with
chloroquine. The hypotension was not modified by atropine, phenergan,
cortisone, vagotomy and carotid dcnervation and was only partiallv
counteracted by artificial respiration.

Observations on the electrocardiogram or chloroquine treated dogs as
well as those on the perfused frog heart and the perfused frog hind limb!
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also suggest myocardial disturbances as the cause of the hypotension pm­
duced by chloroquine.

Injecting chfol'O<juine in the left ventricle of the anaesthetized dog
produced hypotension within the shortest period as compared to any other
routc of administration. This suggested a cardiac origin for chloroquine­
induced hypotension since there is evidence that drugs injected in the left
vClltricular cavity havc the most rapid access to the coronary circulation
(Comroe, 1939).

Hess and Schmidt (1959) noticed reduction in contractile force in
dog's heart after 2 mg. per kg. of chloroquine. Arora and Amrit Lall (196OJ
noted fall of cardiac output in dog heart lung pl'cparation after adding 90
mg. chloroquine to the blood. LeComte (1955) noted hypotension in cats
(under Dial anaesthesia) following chloroquine after vagotomy and treat­
ment with an antihistarninic. Arora (1955) noted marked hypotension in
cats and dogs after intravenous chloroquine. In all these reports hypoten­
sion appears to be due to cardiac toxicity of the drug. On the heart,
chloroquine possesses antiarrhythmic (Arora, Sharma and Madan, 1955),
negative inotropic, anticholinergic and vagolYlic (Agarwal and Arora, 1956)
and antiaccelerator (Arora and Amrit Lall, (960) properties.

The clinical literature contains several references to hypotensive and
myocardial toxic actions of chlorO<lui .e. Scott (1950) noticed fall of blood
pressure (mainly systolic) in adults receiving on an average 8 mg. per kg.
chloroquine intravenously. The degree of hypotension and severity of other
symptoms were directly proportional to the rate of injection and concen­
tration of chloroquine used, as would be expected in a drug showing high
tissue affinity. Changes in pu Ise rates in this series were too insignificanl
to explain the hYPolCnsion. Wilkinson (1953) who gave chloroquine orally
for amoebic hepatitis (upto 0.9 gm. per day in adults) noted hypotension
and E. C. G. changes amongst several other toxic effects. Alving (1948)
reported reversible flallening and depression of T waves in E. C. G. records
during chronic chloroquine administration to volunteers. Sanghavi (1956)
observed serious reactions after chloroquine (8-12 mg. per kg. i. v.) in +
patients suffering from atrial fibrillation. The E. C. G. changes in his
patientS" arc comparable to those described above in dogs. Harris (1955,
1957) reported sudden death in 3 infants after intramuscular chloroquine
and suggested sudden hypotension as the cause of death. Kjaer (1955) re­
ported acute accidental poisoning with chloroquine in a pregnant woman;
fainting (allributed to central nervous tOxicity) was one of the symptoms
noted but pulse rate, blood pressure and E. C. G. changes were not reported.
Hobbs, Sorsby and Freedman (1959) suggested vascular spasm as the
cause of retinopathy in 3 patients after chronic chloroquine therapy.
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The possibility of "collapse" in children afler intramuscular chloro­

quine in quantities exceeding 5 mg. per kg. is mentioned in the literature.

The recommended adult dose is 400 mg. (6--7 mg. per kg.). Comparison

of the reports by Sanghavi (1956) and Harris (1955, 1957) does not

indicate greater susceptibility of infants. The possibility of myocardial dis­

turbances and hypotension should therefore always be borne in mind

whenever chloroquine is used parenterally especially in view of the low

toxic dose noted in animal.

In anaesthetized dogs intravenous or imracardiac injection of adrena­

line (0.1 mg.) following chloroquine could always raise the blood pressure,

though for a short period. In desperate collapse afler parenteral chloroquine
in clinical practice, single or repeated intracardiac injections of adrenaline

may be of resuscitative value.

SUMMARY

(1) Acute toxic effects of parenterally administered chloroquine were

studied in animals.

(2) The main findings were hypotension followed by respiralory dis·

turhances in dogs. Hypotension was mainly due to myocardial depression

as borne out by studies on the dog E. C. G., the lalent period of the

hypotension following injection of the drug at various sites, perfused frog

heart and perfused frog hind limb.

(3) The literature on the acute pharmacological effects and clinical

toxicity of chloroquine is reviewed and the risks accompanying its parente-­

ral use emphasised.
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