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obvious species differences exist with respect to the
presence of functional a,-adrenoceptors in the venous
vascular bed.

We acknowledge the generous donation of drugs by
Bayer, Burroughs Wellcome, Delagrange and Pfizer.
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Effect of chloroquine and some other antimalarials on the immune
mechanism in experimental animals

S. K. BHATTACHARYA, C. R. PiLLarf, M. MATHUR, P. SEN*, Department of Pharmacology, University College of Medical
Sciences, Ring Road, New Delhi-110029, tBiochemistry Division, N.I.C.D., Delhi-110054, India

The effects of chloroquine and some other antimalarials on
the immune responses in experimental animals have been
examined. Chloroquine and quinine caused significant
decrease of serum anti-SRBC haemagglutination titre.
Chloroquine lowered the serum IgM level and also reduced
plaque-forming cells in the spleen of mice. The delayed-
type hypersensitivity responses to SRBC and the passive
cutaneous anaphylaxis were also diminished in rats treated
with chloroquine. Thus, the immunosuppressant activity of
chloroquine may explain its efficacy in various types of
immune disorders.

It is well documented that prostaglandins are involved
in various forms of experimental arthritis and rheuma-
toid arthritis and that chloroquine antagonizes these
effects (Tietz & Chrisman 1975). Prostaglandins are
also known to play a major part in the function of T- and
B-lymphocytes (Pelus et al 1977) which are involved in
the immune mechanism and inhibit lymphocyte trans-
formation, possibly by stimulation of adenylate cyclase
activity (Smith et al 1971). That the beneficial effect of
antimalarials on various immune disorders could be due
to their effects on the immune mechanism, remains to
be explored. Hence, we have examined the effect of
antimalarials on both humoral and cellular immune
processes in experimental animals.

* Correspondence.

Method

Groups of albino mice of either sex were immunized by
intravenous injections of 1 x 10° sheep red blood cells
(SRBC) on 0 day either alone or with different doses of
chloroquine (20 mgkg-?!), quinine (20 mgkg~1),
mepacrine (10 mgkg—!) or primaquine (15mgkg-!)
given from 0-5th day of immunization; similar doses
were also used by Ayitey Smith (1980). All mice were
bled on the 6th day and the anti-SRBC haemagglutina-
tion titres were estimated (Ferrante et al 1979). Estima-
tion of total serum protein (Varley et al 1980) was also
made in each group to examine if the antimalarials
interfered with protein synthesis. Estimation of serum
haemagglutination titre in presence of 2-mercapto-
ethanol was made to determine the type of antibody
synthesis affected by the drugs (Carpenter 1975).
Determination of antibody forming cells in the spleen of
mice immunized by SRBC (plaque forming cells) was by
the method based on Jerne’s plaque technique (1963)
with modifications (Janah et al 1970).

Delayed-type hypersensitivity responses which are
mediated through the T-lymphocytes were studied by
the footpad thickness method (Liew 1977); here two
groups of mice were primed with 1 X 108 SRBC
subcutaneously (s.c.) in the back (day 0) and subse-
quently treated with either 0-9% NaCl (saline) or with
chloroquine. Both these groups were challenged with
SRBC (s.c.) in the hind footpad on day 5. The increase
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in footpad thickness was measured 24 h after challenge
by applying the fluid displacement method as well as by
caliper, and the degree of delayed-type hypersensitivity
was expressed as per cent increase in footpad thickness.

Effects on passive cutaneous anaphylaxis (PCA) was
studied in groups of rats sensitized with egg albumin
(12.5 mg) with Freund’s complete adjuvant (0-5 ml) s.c.
The test group received chloroquine for 6 days while the
control group was treated with saline. The sera were
collected after 6th day, serial dilutions were made and
0-25m! of different dilutions were injected into the
shaven dorsal skin of normal rats. After 72 h, intrave-
nous challenge was given with egg albumin and Evans
blue (1%) and readings were taken after 1 h.

Determination of organ-body weight indices (Sen et
al 1969), estimation of adrenal ascorbic acid content
(Roe & Kuether 1943) and total and differential
leucocyte counts in mice were done routinely to
evaluate the role of pituitary-adrenal axis in the
beneficial effect of chloroquine. Statistical analysis was
with Student’s ¢-test.

Results and discussion

In the initial experiment, it was observed that the
anti-SRBC haemagglutination titre was only 44-47 +
13-59 (n = 17) in the chloroquine-treated group (control
value being 223-07 + 35-48; n = 28) followed by quinine
(63-52 + 29-51; n = 17) and mepacrine (184-53 * 42-90;
n = 15), while in the primaquine-treated group, the titre
was 223 * 67-26; n = 16). Thus it was evident that of the
four antimalarials, only chioroquine and quinine affec-
ted the humoral immune mechanism significantly.
Quinine has limited therapeutic use, chloroquine, on
the other hand, is still extensively used. Further studies,
therefore, were mainly confined to the effects of
chloroquine on the immune mechanism. Suppression of
humoral antibody formation by chloroquine could be a
specific effect since there was no significant change in
the total serum protein level between the control group
(7-1 £ 0-36; n = 35) and the test group (6:0 £ 0-70; n =
21) which was also observed with lower doses of
chloroquine (1-20 mg kg—!s.c.). Knox & Owens (1966)
reported that the beneficial effect of chloroquine in the
treatment of collagen disorders might involve serum
IgM level; hence, the next group of experiments
conducted were to determine whether chloroquine has
any specific effect on serum IgM level and the plaque
forming cells in the spleen of mice which synthesize IgM
type of antibodies. It was observed that the number of
plaque-forming cells was significantly reduced from
104-87 + 14-6 in control group to 24-43 + 10-4 in the
chloroquine treated group (P < 0-01); there was also a
simultaneous reduction of serum IgM levels in these
mice.

The results of delayed-type hypersensitivity re-
sponses clearly indicate that chloroquine has a definite
suppressive effect on the cell-mediated immune
responses, as it significantly suppressed the footpad
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thickness (0-064 * 0-009) when compared with the
control group (0-226 + 0-06) (n = 7; P < 0-025).

The observations made on the effect of chloroquine
on the PCA in rats indicate that in the control group,
there was a definite swelling and intense blueing at the
site of injection up to a dilution of 1/1024 while it was
not detectable in any of the animals treated with
chloroquine.

Involvement of pituitary-adrenal axis in the media-
tion of these actions of chloroquine was ruled out since
it failed to modify significantly any of the parameters,
viz. organ-body weight indices, adrenal ascorbic acid
content or haematological picture.

It has been reported that chloroquine could inhibit
the antigen-antibody reaction (Stollar & Levine 1963;
Holtz & Fischer 1973) although it did not inhibit
antibody production in response to antigen (Thompson
& Bartholomew 1964). Our results clearly indicate that
chloroquine and quinine suppress both humoral and
cellular immune responses, as evidenced by the sup-
pression of serum anti SRBC haemagglutination titre,
inhibition of serum IgM level and plaque forming cells
of spleen and reduction of cell mediated immune
responses, indicating towards an immunological basis
for the mechanism of action of these drugs.

Chloroquine sulphate (Nivaquine) was a generous gift
from May & Baker (India) Ltd.
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