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Subacute toxicity of primaquine in dogs, monkeys,
and rats*

C. C. LEE,1 L. D. KINTER,2 M. H. HEIFFER3

Certain derivatives of the 8-aminoquinolines have been shown to affect some blood
constituents and haemopoiesis, to inducefunctional changes in the central nervous system,
and to cause other organ lesions. The 8-aminoquinolines vary widely in their toxicity and
ability to induce tissue damage in different laboratory animals. In thepresentstudy, the sub-
acute toxicity ofprimaquine was studied in beagle dogs, rhesus monkeys, and albino rats.
Based on body weight, the dog was more sensitive toprimaquine than the monkey, while the
rat was the least sensitive. In all three species, primaquine elevated the levels ofserum trans-
aminases, decreased the level of fasting blood glucose, and caused inflammatory and
degenerative changes in the liver and kidneys. In addition, primaquine causedpneumonia
and elevation ofserum haptoglobin in the dog; erythrocytopenia in the monkey; reticulo-
cytosis and the presence of nucleated erythrocytes in the rat; methaemoglobinaemia,
thrombocytopenia, and inflammatory and degenerative changes ofstriated muscle (includ-
ing the myocardium, diaphragm, tongue, and skeletal muscle) in the dog and rat; oedema
and gliosis of the cerebral cortex in some monkeys; lymphoid depletion in the dog and
monkey; and bile duct hyperplasia in some rats.

During the 1940s, many 8-aminoquinoline deriva-
tives were investigated for their potential as effective
antimalarial agents (1). Rhodoquine (Plasmocid) was
one of the first of these compounds to be examined
thoroughly, and showed wide variations in its toxicity
in dogs, monkeys, rats, and mice. A lethal dose of
rhodoquine causes (a) paralysis of the nictitating
membrane, abdominal distress, bradycardia, and
methaemoglobinaemia in the dog; (b) complex neuro-
logical disturbances, involving the skin, eyes, and
extremities in the monkey; (c) paralysis of the lower
jaw and tongue, and general inanition in the rat; and
(d) ataxia and paralysis of the hind limbs and paralysis
of the jaw and tongue in mice. It induced different
anatomical changes in the central nervous systems of
these species and of rhesus monkeys (1-4). Prima-
quine, the most commonly used 8-aminoquinoline,
did not evoke similar symptoms or effects on the
central nervous system in monkeys (1, 5). In the last
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decade, the development of more effective 8-amino-
quinoline derivatives, with increased therapeutic
indices, has emphasized the need for further studies
on the toxicity of primaquine. This paper presents the
results of a study of the toxic effects of oral adminis-
tration of primaquine in dogs, monkeys, and rats.

MATERIALS AND METHODS

Animals

Young beagle dogsa weighing between 5.5 and
9.8 kg, rhesus monkeys (Macaca mulatta)b weighing
between 2.7 and 4.4 kg, and young male albino ratsc
weighing between 180 and 260 g were used. The ani-
mals were allowed to become acclimatized to the
laboratory environment for up to 4 weeks. They were
maintained in separate rooms at 24 ± 2.5 °C, and a
relative humidity of 50 ± 10% with 12-h light cycles.
Food and water were provided ad libitum, except
when the animals were fasted overnight before blood
was taken for estimation of fasting blood glucose.

a Hazleton Research Animals, Cumberland, VA, USA.
b Asiatic Primate Imports, Fort Washington, NY, USA.
c CD strain, Charles River Breeding Laboratory, North Wilming-

ton, MA, USA.
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Experimentalprocedures
Dogs. The dogs were divided into four groups, each

consisting of two males and two females of similar
weight. Three of the groups were given 1,3, or 9 mg of
primaquine diphosphate/kg of body weight per day,
calculated as the free base, for 28 consecutive days.
Primaquine was administered as a freshly prepared
solution in 2 ml of distilled water per kg of body
weight via an intragastric tube, and this was immedi-
ately followed by 5 ml of water to flush the tube. A
control group was given 2 ml of distilled water per kg
of body weight plus a further 5 ml of water.
Monkeys. The monkeys were divided into four

groups as above. Each group was given either 0
(controls), 1, 4, or 6 mg of primaquine diphos-
phate/kg of body weight per day, calculated as the
free base, as described for dogs.

Rats. Four groups of 10 rats were given either 3, 9,
16, or 27 mg of primaquine diphosphate/kg of body
weight per day, calculated as the free base, in a volume
of distilled water equal to 10 ml/kg of body weight, as
described for dogs. The control group of 20 rats was
given water only, by the same route.

All the animals were examined daily for behavioural

changes and toxic symptoms. Each animal was
weighed daily to calculate the drug dose and the weight
was recorded weekly. Blood, urine, and faecal
samples were collected from dogs and monkeys at
weekly intervals (3 times before treatment, and 4 times
during treatment) for laboratory tests, including a full
haematological investigation, urinalysis, and examin-
ation of the faeces for occult blood. Haptoglobin
levels were determined by a modification of Lionette's
Sephadex procedure (6). In the experiments on rats,
blood samples were obtained for haematological
investigations from the tail vein prior to, and 14 and 28
days after, treatment, and from the aorta at the time
of sacrifice.
At the end of the experiment (or when they became

moribund) the animals were sacrificed by means of an
overdose of pentobarbital sodium (dogs and
monkeys) or ether (rats). A post-mortem examination
was conducted on each animal and tissue samples were
removed for histological investigation.

Statistical analysis
The data were subjected to analysis of variance

followed by a multiple comparison procedure (7).

Table 1. Body weight of dogs, monkeys and rats (kg)' before and during administration of primaquine

Dose (mg/kg Time after start of treatment (days)
Animal body weight

per day) 0 7 14 21 28

Dogs 0 8.4±1.3 8.6±1.3 8.8±1.3 9.3±1.3 9.5±1.1

1 8.7±0.6 9.3±0.6 9.2±0.6b 9.4±0.5 9.7±0.4

3 8.6±0.4 8.0±0.3 7.1±0.4 6.7±0.7 6.5±1.0c

9 8.0±0.8 7.5±0.8d

Monkeys 0 3.0±0.2 3.1±0.2 3.2±0.2 3.2±0.2 3.3±0.2

1 3.4±0.3 3.3±0.4 3.4±0.4 3.4±0.4 3.4±0.4

4 3.6±0.1 3.6±0.1 3.6±0.1 3.5±0.1 3.4±0.2

6 3.7±0.4 3.5±0.3 3.4±0.1 3.2±0.1 3.0±0.1°

Rats 0 0.218±0.006 0.280±0.005 0.311±0.008 0.354±0.007 0.368±0.009

3 0.218±0.009 0.275±0.008 0.302±0.01 0.337±0.012 0.359±0.012

9 0.221±0.008 0.261±0.007 0.272±0.01 0.282±0.012c 0.297±0.013c
16 0.220±0.009 0.230±0.01 0.198±0.01 1 c 0.192±0.015c 0.215±0.017C
27 0.221±0.008 0.196±0.006c 0.167±0.004C 0.186±0.01 c 0.174±0.008C

a Mean value ± SEM.
b Includes the body weight of one female after death on the 13th day.
c Significantly different from the controls (P. 0.05).
d Includes the body weight of one male and one female after death on the 3rd day, and one male and one female before sacrifice on the

4th day.
° Includes the body weight of one male and one female before sacrifice on the 25th and 26th day, respectively.
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RESULTS

Dogs

General observations. No physical differences were
observed between dogs administered 1 mg of prima-
quine/kg of body weight per day for 28 days and the
controls. Both groups persistently gained weight
(Table 1). One female receiving 3 mg/kg of body
weight per day became unresponsive by the 6th day.
She had watery eyes and emesis by the 11th day, was
cyanotic and weak on the 12th day, and died that
night. The other 3 dogs in this group had occasional
emesis and diarrhoea, became inactive and unres-
ponsive, and were cyanotic during the 3rd or 4th
week. All 4 dogs had depressed appetite and lost
weight. The dogs that were given a daily dose of
9 mg/kg of body weight lost their appetite and were
suffering from emesis and diarrhoea by the third day.
One male and one female died that night. The other
two dogs continued to deteriorate and became
unresponsive. The male developed diaphragmatic
breathing and became comatose, and both animals
were sacrificed on the 4th day. All four lost weight
during the experiment.
Laboratory tests. The reticulocytes, leukocytes and

differential counts, blood clotting, creatinine, and
alpha-dehydroxybutyrate dehydrogenase levels were
not significantly altered in any of the dogs. No
persistent abnormalities were revealed by urinalysis or
examination of the faeces. The results of the tests on
blood samples from the control dogs did not alter
significantly during the study (Table 2). All dogs given
primaquine were found to have methaemoglobin-
aemia and a decreased platelet count. In addition,
blood samples collected on the fourth day from the
two surviving dogs receiving 9 mg/kg of body weight
per day, were found to have elevated levels of aspar-
tate aminotransferase (ASAT) (EC 2.6.1.1), alanine
aminotransferase (ALAT) (EC 2.6.1.2), alkaline
phosphatase (EC 3.1.3.1), blood urea, and creatine
phosphokinase, and decreased fasting glucose levels.
The erythrocyte counts, haemoglobin concentrations,
and haematocrit levels were also increased compared
with the controls, indicating haemoconcentration. In
the dogs given 1 mg/kg of body weight per day, the
lactate dehydrogenase (LDH) level was significantly
reduced and the fasting glucose level significantly
increased.
Serum haptoglobin. Haptoglobin levels in the

control dogs and those receiving 1 mg of primaquine/
kg of body weight per day did not change during the
experiment (Table 3). The administration of 3 mg/kg
of body weight per day caused a large increase in
the serum haptoglobin levels by the seventh day which
persisted throughout the experiment. The hapto-

globin levels of the surviving dogs receiving 9 mg/kg
of body weight per day were greatly elevated by the
fourth day.

Histopathology. Histopathological examination
did not reveal any lesions in control dogs. Adminis-
tration of 1 mg of primaquine/kg of body weight per
day for 28 days did not appear to cause any lesions or
changes in the bone marrow. Of the group given
3 mg/kg of body weight per day, the dog that died on
the 12th day was found to have an ileocolic intus-
susception. Infarcts were seen in the affected areas
and other portions were highly congested with loss of
surface epithelium. There was mucoid degeneration
of the stomach and colitis characterized by mono-
nuclear infiltration in the lamina propria. A number
of other lesions were seen in the tissues of all four dogs
in this group, including cloudy swelling of the cardiac
muscle, with or without focal necrosis and leukocytic
inflammation; vacuolar degeneration of the liver,
with or without focal necrosis and leukocytic
inflammation; and cloudy swelling of the convoluted
renal tubules, with or without regenerating epithelial
cells. Three of these dogs also had a decrease in
lymphocytes in the tonsils, tonsilitis, involution of the
thymus, atrophy of the germinal centres, loss of
mature lymphocytes, haemorrhage of the peripheral
lymph nodes, and lymphoid depletion in the Peyer's
patches of the colon. Other lesions found less
frequently in this group included mild pneumonia,
variation in size of the skeletal muscle fibres with
hyperplasia of the sarcolemmal nuclei, increased
haemosiderin and hyperplasia of lymphoblasts
around splenic follicles, and inflammation in the
apparatus suspensorius lentis of the eye.

Administration of 9 mg/kg of body weight per day
for 3-4 days caused lesions in the heart, kidney, and
lymphoid tissues similar to those seen in the group
receiving 3 mg/kg of body weight per day, but the
lesions were more severe. All four dogs had swollen
cardiac muscle fibres with loss of striations and
swollen nuclei characteristic of cloudy swelling. The
myocardial lesions had led to necrosis in one dog.
Necrosis was also seen in the extrinsic muscles of the
eye and diaphragm in two dogs, the muscle adjacent to
the prostate gland in one dog, and the tongue in all
four dogs. The renal tubules of all four dogs were
occluded and had undergone cloudy swelling.
Lymphoid depletion involved the peripheral lymph
nodes, tonsils, and spleen. In addition, these dogs had
consolidated areas and haemorrhages in the lungs,
and moderate to very severe purulent pneumonia,
particularly of the apical and cardiac lobes. This
pneumonia was not observed in those dogs
administered lower doses of primaquine. The rib
marrows and the myeloid/erythroid (M/E) ratios of
all the primaquine-treated dogs and controls were
normal.
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Table 3. Serum haptoglobin (g of haemoglobin bound per litre of blood) levels' before and during the administration of
primaquine

Dose (mg/kg Time after start of treatment (days)
Animal of body weight

perday) 0 7 14 21 28

Dogs 0 0.81±0.08 0.98±0.08 0.71±0.15 0.65±0.12 0.67±0.18
1 0.62±0.08 0.89±0.16 0.84±0.15 0.99±0.16 1.14±0.28
3 0.81±0.09 2.75±0.57b 2.76±0.23b 2.59±0.28b 2.150.32b
9 0.82±0.13 2.54±0.09b, c

Monkeys 0 1.15±0.28 0.95±0.16 1.08±0.22 1.01±0.14 0.94±0.16
1 1.08±0.15 0.79±0.11 1.08±0.04 0.87±0.11 0.98±0.08
4 1.04±0.14 0.98±0.20 0.99±0.13 0.98±0.10 1.08±0.04
6 1.01+0.14 0.63±0.22 0.79±0.17 0.85±0.19 1.11 ±0.20c

Mean value ± SEM.
b Significantly different from baseline (P. 0.05).
c Data from one male and one female.

Monkeys
General observations. The control monkeys and

those given 1 mg of primaquine/kg of body weight
per day for 28 days appeared healthy and maintained
their body weight (Table 1). Three of the four
monkeys receiving 4 mg/kg of body weight per day
vomited occasionally after administration of the daily
dose. The average weight of this group was not
appreciably altered; a small weight loss was seen in one
male and one female only. The monkeys receiving
6 mg of the drug/kg of body weight per day had
occasional emesis after dosing, and three of them
became unresponsive and weak in the fourth week.
The condition of two of them (one male and one
female) further deteriorated, leading to diaphrag-
matic breathing, and they were sacrificed on the 25th
and 26th day, respectively. All four monkeys in this
group lost weight consistently.
Laboratory tests. While the administration of

primaquine for 28 days caused methaemoglobinaemia
and decreased platelet counts in the dogs, these para-
meters were unchanged in the monkeys. Laboratory
tests on samples from the control monkeys and those
given 1 mg of primaquine/kg of body weight per day
did not reveal any significant changes during the
experiment (Table 4). Fasting glucose levels of
monkeys given 4 or 6 mg/kg of body weight per day
and the erythrocyte count in monkeys given 6 mg/kg
of body weight per day decreased significantly. The
ASAT, ALAT, and lactate dehydrogenase levels of
monkeys given 6 mg/kg of body weight per day were
also elevated, particularly in two of the animals. The
monkey that was sacrificed on the 25th day had a high

ASAT level of 378 U/litre (compared with 48 U/litre
before dosing), a high ALAT level of 986 U/litre
(41 U/litre before dosing), and a high lactate
dehydrogenase level of 386 U/litre (180 U/litre
before dosing). The fasting glucose level of this
monkey was very low (only 1.17 mmol/litre compared
with 5.38 mmoUlitre before dosing). The monkey that
was sacrificed on the 26th day also had a high ALAT
level of 43 U/litre (30 U/litre before dosing), a very
high lactate dehydrogenase level of 15 650 U/litre
(114 U/litre before dosing), and a low fasting glucose
level of 1.61 mmol/litre (5.33 mmol/litre before
dosing). The ASAT andALAT levels of the other two
monkeys in this group that survived to 28 days were
also moderately elevated. These monkeys showed no
other haematological abnormalities. Inspection of the
faeces for occult blood and urinalysis revealed no
significant changes in any of the test or control
monkeys.
Serum haptoglobin. While primaquine was found

to increase the serum haptoglobin levels in the dogs,
the administration of 1, 4, or 6 mg of primaquine/kg
of body weight per day did not significantly affect the
level of this serum glycoprotein in monkeys (Table 3).
However, haptoglobin levels were slightly decreased
in monkeys receiving 6 mg/kg of body weight per day
by the seventh day but they gradually returned to their
original levels by the 28th day.

Histopathology. Administration of 6 mg of prima-
quine/kg of body weight per day caused a number of
lesions in the liver, kidney, spleen, lymphoid tissues,
and cerebral cortex. The hepatic lesions included fatty
degeneration, ranging from mild with finely vacuol-
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SUBACUTE TOXICITY OF PRIMAQUINE

ated cells in two monkeys to relatively severe degener-
ation with large vacuoles in others; mild to moderate
mononuclear infiltration into the portal areas; and
necrosis of the hepatic cord cells. There was oedema of
the gall bladder in one monkey. Similar but less severe
fatty degeneration, mononuclear infiltration, and
cloudy swelling occurred in the kidneys. The spleen
had various degrees of neutrophil infiltration in the
red pulp or hyperplasia of the follicles. Lesions of the
lymphoid tissues included thymus involution in two
monkeys, and lymphoid depletion of the peripheral
lymph nodes in one monkey. One monkey, with very
severe neutrophil infiltration in the spleen, also had
myeloid hyperactivity of the rib marrow resulting in
an elevated M/E ratio of 7.7. In addition, the
monkeys that were sacrificed on the 25th and 26th
days had oedema and gliosis in the laminar layer of the
cerebral cortex. Other less frequent lesions included
mild glossitis in one monkey given 6 mg/kg of body
weight per day and in two monkeys given 4 mg/kg of
body weight per day.

Rats
General observations. The control rats, and those

given 3 or 9 mg of primaquine/kg of body weight per
day for 28 days showed no adverse symptoms, but rats
receiving either 16 or 27 mg of primaquine/kg of body
weight per day appeared to be more irritable during
the fourth week.

Alterations in the body weight of the various groups

of rats over the 28-day experiment were as follows: the
control rats gained weight throughout the period;
those receiving 3 mg ofprimaquine/kg ofbody weight
per day gained weight at the same rate as the controls;
those administered 9 mg/kg of body weight per day
gained significantly less weight than the controls;
those receiving 16 or 27 mg/kg ofbody weight per day
lost a significant amount of weight (Table 1).

Laboratory tests. The administration of 27 mg of
primaquine/kg of body weight per day for 28 days
caused a number of significant changes (Table 5). The
reticulocytes and nucleated erythrocytes were signifi-
cantly increased. Methaemoglobinaemia and throm-
bocytopenia were observed. The leukocyte count was
increased, with an increased percentage of neutrophils
and a decreased percentage of lymphocytes. Both the
ASAT and ALAT levels were elevated while the fast-
ing glucose level was decreased. With the exception of
the thrombocytopenia, all these changes had occurred
by the 14th day. By the 28th day thrombocytopenia
was found in the rats that had received 9, 16, and
27 mg/kg of body weight per day.

Histopathology. The administration of 27 mg of
primaquine/kg of body weight per day for 28 days
caused degenerative and inflammatory changes of the
striated muscle, including the myocardium, dia-
phragm, and skeletal muscle. Degenerative lesions of
the myocardium occurred in 7 rats, and were charac-
terized by cloudy'swelling (6 rats) which progressed to

Table 5. Parameters' obtained from blood samples collected from rats after 28 days of oral primaquine administration

Dose (mg/kg of body weight per day)

0 3 9 16 27

Reticulocytes (10-3) 11.2±0.8 8.7+1.0 12.4±0.9 9.3±1.0 24.9±3.8b

Methaemoglobin (% of Hb) 0 0 0 0 7.5±2.6b

Platelets (1011/litre) 12.2±0.3 11.8±0.5 10.4±0.5b 10.0±0.7b 9.7±0.6b

Leukocytes (109/litre) 14.7±0.5 13.5±0.9 14.5±0.9 16.5±1.5 18.4±0.9b

Neutrophils 0.116±0.008 0.099±0.015 0.115±0.018 0.144±0.026 0.184±0.019b

Lymphocytes 0.875±0.009 0.898±0.015 0.873±0.019 0.843±0.027 0.809±0.019b

Nucleated erythrocytes (10-3) 0 0 0 0 5.0±3.0b

ASAT (U/litre) 75±3 71±4 74±5 79±9 118±17b

ALAT (U/litre) 22±7 21±1 24±2 24±2 42±7b

Fasting blood glucose (mmol/litre) 6.33±0.22 6.61±0.44 6.05±0.17 5.50±0.28 5.16±0.39b

@ Mean value ± SEM.
b Significantly different from that of the control rats (P. 0.05).
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moderate fibrosis and inflammation (4 rats), atrophy
(3 rats), and necrosis (2 rats). Lesions of the
diaphragm occurred in 9 rats and included degen-
eration and nuclear hyperplasia (9 rats), inflammation
(3 rats), and nuclear migration to the body of the
muscle fibre (2 rats). In addition, one rat had this type
of lesion in the skeletal thigh muscle. Rats given 27
mg/kg of body weight per day also had lesions in the
liver and kidney including bile duct hyperplasia (5
rats), portal inflammation (3 rats), and epithelial
hyperplasia of the kidney (3 rats). It is interesting to
note that pneumonia, which is endemic in this strain of
rats, developed in 18 of the 20 controls and in 2 of the
10 rats on the lowest primaquine dose, but was not
found in any rats given higher doses.

DISCUSSION

Primaquine was slightly less toxic to monkeys than
dogs. In the monkey, 1 mg/kg of body weight per day
for 28 days did not cause any adverse effects; 4 mg/kg
of body weight per day caused some toxic symptoms
and a slight weight loss in some monkeys; and a dose
of 6 mg/kg of body weight per day was lethal to two
monkeys during the fourth week. In the dog, 1 mg
of primaquine/kg of body weight per day caused
mild methaemoglobinaemia and thrombocytopenia;
3 mg/kg of body weight per day caused a number of
adverse effects and the death of one dog due to an ileo-
colic intussusception; and 9 mg/kg ofbody weight per
day was lethal to all dogs within 3-4 days. Primaquine
was found to be less toxic to rats than to either
monkeys or dogs. In rats, a dose of 3 mg/kg of body
weight per day was not toxic; 9 mg/kg of body weight
per day caused some mild effects; 27 mg/kg of body
weight per day caused a reduction in body weight and
a number of lesions.

Administration of 1, 3, or 9 mg of primaquine/kg
of body weight per day induced methaemoglobin-
aemia with cyanosis and thrombocytopenia in the
dog. These changes occurred on the seventh day and
progressed during the study, the severity being dose-
related. Dogs receiving 9 mg/kg of body weight per
day also developed reticulocytosis. Methaemoglobin-
aemia and thrombocytopenia were induced in rats
administered 9 mg/kg of body weight per day or
more. However, these changes did not occur in any of
the monkeys receiving 1, 4, or 6 mg/kg ofbody weight
per day. Methaemoglobinaemia after administration
of 8-aminoquinolines has previously been reported in
dogs, monkeys (1, 8), and man (9). Normally, small
amounts of methaemoglobin are continuously formed
and removed by the action of NADHd-dependent
methaemoglobin reductase, NADPHe-dependent

d Nicotinamide adenine dinucleotide.
e Nicotinamide adenine dinucleotide phosphate.

reductase (in the presence of a cofactor), or the gluta-
thione pathway (10-12). Drugs that can act as elec-
tron acceptors may also oxidize haemoglobin (Fe2 +)
to methaemoglobin (Fe33). The methaemoglobin-
aemia induced by primaquine and other 8-amino-
quinolines (1, 8, 9) may be due to inhibition of the
reductase enzymes or of glutathione peroxidase, inhi-
bition ofNADH or NADPH formation, or direct oxi-
dation of haemoglobin to methaemoglobin.
Although 8-aminoquinolines are known to cause

haemolytic anaemia in man, this was not seen in dogs
in this study. Erythrocytopenia occurred in monkeys
administered 6 mg of primaquine/kg of body weight
per day. Rats receiving 27 mg/kg of body weight per
day developed reticulocytosis and nucleated eryth-
rocytes with no change in the erythrocyte count. This
''compensated anaemia" is probably the result of a
haemostatic mechanism.
The serum haptoglobin level in dogs administered

3 mg/kg of body weight per day was elevated on the
seventh day and persisted at the same level throughout
the study. Two dogs receiving 9 mg/kg ofbody weight
per day also had an elevated serum haptoglobin level
on the fourth day, immediately prior to sacrifice. In
the monkeys, a dose of 6 mg/kg of body weight per
day caused a transient decrease in serum haptoglobin
on the seventh day with a gradual recovery during the
remainder of the study. Serum haptoglobin was not
determined in the rat. Haptoglobin binds with haemo-
globin and facilitates its removal by the reticulo-
endothelial system (13). Any process that damages the
erythrocytes and releases the haemoglobin, such as
haemolytic anaemia (14, 15), can decrease the serum
haptoglobin level. However, the synthesis and release
of haptoglobin can be dramatically increased during
inflammatory and necrotic processes (16).

In the present study, primaquine caused inflam-
mation and necrosis in various tissues, which would
increase the serum haptoglobin levels. However,
others have demonstrated that primaquine causes
haemolysis which should decrease serum haptoglobin
levels. Since the results indicate that both these
mechanisms were active, the effect of primaquine on
the serum haptoglobin level of dogs and monkeys is
ambiguous.

Primaquine caused inflammatory and degenerative
changes in the liver and kidneys of all three species. In
the dog, these lesions were seen in 3 animals adminis-
tered 3 mg/kg of body weight per day. The renal
lesions were more severe in all 4 dogs given 9 mg/kg of
body weight per day, but only 2 of them had conges-
tion of the liver. Since these dogs died or were
sacrificed within 3-4 days, it is possible that the
hepatic lesions had not had time to develop to the
same extent as those of the dogs administered
3 mg/kg of body weight per day for 28 days. In the
monkey, mild to severe hepatic lesions, and similar
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but less severe renal lesions occurred in all 4 animals
that received 6 mg/kg of body weight per day. In the
rat, mild to moderate lesions of both the liver and
kidney occurred in some of the rats administered
27 mg/kg of body weight per day. Also, the ASAT,
ALAT, alkaline phosphatase, creatine phospho-
kinase, and lactate dehydrogenase levels were
elevated, and the fasting glucose level was decreased,
in all species.

Inflammatory and degenerative changes of the
striated muscle, involving the myocardium, dia-
phragm, tongue, and skeletal muscle, occurred in
dogs and rats. Myocardial lesions were seen in 2 dogs
that received 3 mg/kg of body weight per day. The
lesions were seen in the myocardium of all 4 dogs given
9 mg/kg of body weight/day and extended to other
striated muscles. Most rats administered 27 mg/kg of
body weight per day had inflammatory and degener-
ative lesions of the striated muscle involving multiple
sites.

Mild to severe lymphoid depletion involving the
tonsils, thymus, spleen, and peripheral lymph nodes,
was seen in those dogs administered 3 or 9 mg/kg of
body weight per day. These lesions were mild to mod-
erate in the thymus and lymph nodes ofsome monkeys
given 6 mg/kg of body weight per day. On the other
hand, the spleen of all the monkeys given 6 mg/kg of
body weight per day had mild to severe neutrophil
infiltration in the red pulp or hyperplasia of the
follicles.
One dog given 3 mg/kg of body weight per day died

from an ileocolic intussusception on the 12th day.

Post-mortem examination revealed infarcts in the
affected part of the intestine, congestion with loss of
surface epithelium in other portions of the intestine,
mucoid degeneration of the stomach, and colitis.
Abdominal cramping and tenesmus of sufficient
severity to induce extreme intestinal intussusception
has previously been reported in dogs administered
rhodoquine (1). Another dog that received 3 mg of
primaquine/kg of body weight per day developed
mild pneumonia. Haemorrhages and moderate to very
severe purulent pneumonia, particularly of the apical
and cardiac lobes, and indicative of bacterial infection
were found in all 4 dogs administered 9 mg/kg of
body weight per day. The haemorrhages were recent,
with little haemolysis and no cellular response.
Two monkeys administered 6 mg/kg of body

weight per day for 28 days had oedema and gliosis of
the cerebral cortex. The lesions observed in the central
nervous system of these two monkeys were mild and
different from those seen by other workers (1-5). No
neurotoxic damage was seen. Although rats given 16
or 27 mg/kg of body weight per day appeared to be
more irritable during the last week of study, no lesions
of the central nervous system were found.
A number of rats given 27 mg/kg of body weight

per day had mild to moderate bile duct hyperplasia.
These lesions were not seen in any dogs or monkeys.
Although 18 of the 20 control rats used in this study
suffered from endemic pneumonia commonly seen in
this strain, the rats that received 9, 16, or 27 mg of
primaquine/kg ofbody weight per day for 28 days had
no lesions associated with pneumonia.
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RtSUME

TOXICITE SUBAIGUE DE LA PRIMAQUINE CHEZ LE CHIEN, LE SINGE ET LE RAT

On a administre de la primaquine par voie orale (intuba-
tion intra-gastrique) A des chiens A raison de 0, 1, 3 ou
9 mg/kg de poids corporel par jour, A des singes A raison de
0, 1, 4 ou 6 mg/kg de poids corporel par jour, et A des rats A
raison de 0, 3, 9, 16 ou 27 mg/kg de poids corporel par jour,
ces doses etant calcul&es en quantites de base libre et le
traitement durant 28 jours consecutifs.
Chez le chien, aucun signe de toxicite n'a et observe a la

dose de I mg/kg de poids corporel par jour; A la dose de
3 mg/kg, la primaquine provoquait des signes d'intoxi-
cation, des modifications hematologiques et un certain
nombre de lesions; la dose de 9 mg/kg etait mortelle en 3 A
4 jours. Les symptomes d'intoxication consistaient en
vomissements occasionnels, diarrhee, cyanose, absence de
reactions, perte de poids, et respiration diaphragmatique

pr&edant la mort. A toutes les doses, on observait de la
m&hemoglobinemie et de la thrombocytopenie. En outre, la
dose de 3 mg/kg provoquait une augmentation de l'aspar-
tate-aminotransferase, de l'alanine-aminotransferase et de
l'haptoglobine serique; A 9 mg/kg, la primaquine provo-
quait une augmentation de la phosphatase alcaline, de
l'azote ureique du sang et de la creatine-phosphokinase, et
diminuait la glycemie A jeun. L'administration de 3 mg/kg
provoquait un certain nombre de lesions chez quelques
chiens, et un deces a et enregistre le l2eme jour, par invagi-
nation ileocolique. Les lesions consistaient en modifications
inflammatoires et degeneratives du myocarde, du foie
et du rein, et en une diminution des lymphocytes dans les
amygdales, le thymus et les ganglions lymphatiques periphe-
riques. Ces lesions etaient plus frequentes et plus graves chez
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les chiens ayant recu des doses de 9 mg/kg; les effets sur le
myocarde s'etendaient aux autres muscles stries, dont le
diaphragme, la langue et les muscles squelettiques, et chez
certains chiens progressaient jusqu'A la necrose. La diminu-
tion des lymphocytes affectait egalement la rate. En outre, la
primaquine A 9 mg/kg provoquait des hemorragies pulmo-
naires et une pneumonie purulente.
Chez le singe, les doses de 1 mg/kg par jour ne pro-

duisaient aucun effet indesirable; A 4 mg/kg, on observait
des sympt8mes d'intoxication et une baisse de la glycemie A
jeun; A 6 mg/kg apparaissaient en outre des modifications
hematologiques et des lesions tissulaires, et on enregistrait le
deces de 2 singes au cours de la quatrieme semaine. Les
symptomes d'intoxication etaient analogues A ceux observes
chez le chien. Toutefois, la diarrhee etait absente et la perte
de poids etait l6gere chez deux singes ayant recu des doses de
4 mg/kg et moder&e chez les singes ayant recu des doses de
6 mg/kg. On n'a pas observe de methemoglobinemie ni de
thrombocytopenie chez le singe, mais une baisse temporaire
de l'haptoglobine s6rique. Outre la baisse de la glycemie, la
dose de 6 mg/kg provoquait une baisse de la numeration
erythrocytaire, et entrainait une augmentation de l'aspar-
tate-aminotransferase, de l'alanine-aminotransferase et de
la lacticodeshydrogenase chez deux singes sacrifi6s les 2Seme
et 26eme jours. On n'a observe des lesions que chez les singes
ayant recu 6 mg/kg. Ces lesions consistaient en modifi-
cations inflammatoires et d6g6n6ratives du foie et du rein,

en diminution des lymphocytes du thymus et des ganglions
lymphatiques peripheriques, et etaient analogues A celles
observees chez le chien. Les singes ne presentaient pas de
lesions des muscles stries, contrairement aux chiens. A
6 mg/kg, la primaquine provoquait un aedeme et une gliose
du cortex cerebral chez les 2 singes sacrifies les 25Sme et
26eme jours, lesions qui n'ont pas et observees chez le chien
ou chez le rat.
Chez le rat, la primaquine a 3 mg/kg de poids corporel par

jour etait depourvue d'effets indesirables; a 9 mg/kg et au-
dessus, on observait de la thrombocytopenie; A 16 mg/kg ou
plus, l'irritabilite augmentait; A 27 mg/kg, on observait une
perte de poids, de nouvelles modifications hematologiques
et des lesions histopathologiques. Outre la thrombocyto-
penie, les doses de 27 mg/kg par jour provoquaient une
r6ticulocytose, l'apparition d'erythrocytes nuclees, une
methemoglobinemie, une leucocytose et une augmentation
de l'aspartate-aminotransferase et de l'alanine-aminotrans-
ferase. Presque tous les rats presentaient des modifications
inflammatoires et d6g6n6ratives des muscles stries, dont le
myocarde, le diaphragme et les muscles squelettiques,
analogues A celles observees chez le chien. Chez certains rats,
on a observe une hyperplasie legere a moderee des voies
biliaires, non observees chez le chien ou chez le singe.
D'autres lesions tissulaires apparaissant parfois chez le rat
consistaient en une inflammation portale du foie et en une
hyperplasie de l'epithelium renal.
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