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Effects of acute and chronic caffeine intake on the level and pattern of morphine self-admini-
stration behavior in WAG/G and Fisher-344 rats were studied. Both acute and chronic caf-
feine intake decreased morphine self-administration only in WAG/G rats, which attested to
increased sensitivity of these rats to reinforcing effects of morphine. Possible relationship
between the observed changes and increased anxiety in rats receiving caffeine is discussed.
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Caffeine produces various effects on the organism de-
pending on the dose and method of administration.
The effects of caffeine on anxiety in humans and ani-
mals are described in details [1,3,4,7,12]. It is now
established that the mechanisms of anxiety are inti-
mately related with the endogenous reinforcement sys-
tem. Therefore, changes in anxiety can modulate the
intake of psychotropic and narcotic drugs. This pro-
bably underlies mutual potentiation of the reinforcing
effects of caffeine, alcohol, and nicotine [5,10]. There
is evidence that caffeine modulates the pattern of co-
caine and amphetamine abuse [6,11]. In animals, acute
[8,9] and chronic caffeine intake [13] increases the
sensitivity to nicotine, cocaine, and amphetamine.

We previously revealed a strong correlation be-
tween anxiety and susceptibility to opiomania in ex-
perimental animals [14,15]. It was established that Fi-
scher-344 rats characterized by increased anxiety were
more sensitive to some effects of morphine than easy-
tempered WAG/G rats. However, WAG/G rats de-
monstrated more intensive self-administration of mor-
phine [2].
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Here we studied the effects of acute and chronic
caffeine intake on the intensity and pattern of intra-
venous morphine self-administration behavior in
WAG/G and Fisher-344 rats.

MATERIALS AND METHODS

Experiments were carried out on 30 male WAG/G rats
and 30 male Fisher-344 rats weighing 200 g. The rats
were housed in individual home cages (25x11x20 cm)
at 21°C and 12-h light-dark regimen (light from 08.00
to 20.00). Twenty rats of each strain had free access
to food (standard fodder) and water and 10 rats of each
strain received 0.1% caffeine solution instead of water.

Three weeks after the start of the experiment, the
rats were trained intravenous morphine self-admini-
stration behavior as described elsewhere [2]. They
were trained fivefold pressing a lever in a special in-
strumental chamber, which resulted in injection of 100
ug morphine hydrochloride in 0.05 ml 0.9% NaCl into
the vena cava superior via an implanted catheter. Du-
ring this period the rats continued to drink tap water
or caffeine solution. The rats were placed in the ex-
perimental chamber for 1 h every day for 9 days. Du-
ring this period all rats formed stable morphine self-
administration behavior. After that the number of mor-
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Fig. 1. Effects of chronic caffeine drinking (a) and intraperitoneal caffeine injection (b) on the morphine self-administration behavior in WAG/
G (1, 2) and Fisher-344 rats (3, 4). 1, 3: water drinking (a) or injection of 0.9% NaCl (b); 2, 4: caffeine drinking (&) or injection (b). *p<0.05:

compared to rats of the same strain receiving tap water.

phine infusions (25, 50, 100, and 200 pg per infusion)
was determined daily for 4 days. Caffeine (50 ug/kg)
was intraperitoneally injected to 10 rats drinking tap
water 15 minutes before the tests with morphine self-
administration. Other rats were injected with 0.9%
NaCl.

In rats drinking caffeine solution as the only source
of water throughout the experiment, tests with dif-
ferent morphine doses were repeated after 3-day drin-
king tap water.

The data were statistically analysed using two-
factor variance analysis and Student’s ¢ test.

RESULTS

Chronic caffeine intake almost did not affect the rate
of acquisition of intravenous morphine self-admini-
stration responses: stable morphine intake was ob-
served in all experimental groups on day 4 of learning.
Only in WAG/G rats drinking caffeine solution the
number of morphine infusions progressively decreased
with time. Starting from day 6, the number of
morphine infusions in this group was significantly
lower than in WAG/G rats drinking water (Fig 1, a).

Analysis of self-administration of different doses
of morphine in rats showed that the lower was the
dose, the more infusions were self-administered per
session (Fig 1, b). Considerable differences in sen-
sitivity to the reinforcing effect of low doses of mor-
phine were found between water-drinking rats of two
strains (Fig 1, b). Thus, in WAG/G rats the number of
self-infusions (25 pg morphine) was significantly higher
than in Fisher-344 rats.

Intraperitoneal injection of caffeine reduced mor-
phine self-administration in water-drinking WAG/G
rats, but not in Fisher-344 rats (Fig 1, b).

Chronic caffeine intake also inhibited morphine
self-administration behavior in WAG/G rats, but not
in Fisher-344 rats. Inhibition of low dose morphine
self-infusions was most prominent (Fig. 2).

In Fisher-344 rats, caffeine withdrawal after its
chronic consumption enhanced self-administration of
low doses of morphine, while WAG/G rats did not
return to initial level of morphine self-administration

(Fig. 2).
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Fig. 2. Number of morphine self-infusions in WAG/G rats during caf-
feine drinking and withdrawal. Open and oblique-dashed bars:
WAG/G rats; dark and vertically dashed bars: Fisher-344 rats. Open
and dark bars: caffeine drinking; dashed columns: caffeine with-
drawal. *p<0.05 compared to the control.
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Thus, both acute and chronic caffeine intake in-
creased sensitivity to the positive reinforcing effect of
morphine only in WAG/G rats. Our previous experi-
ments showed that chronic drinking of 0.1% caffeine
increased anxiety in WAG/G rats, but not in Fisher-
344 rats [1]. It is likely that increased anxiety mo-
dulates the function of the endogenous reinforcement
system and increased sensitivity to opiates and other
psychotropic drugs.

The study was supported by the Russian Founda-
tion of Basic Research (grant No. 01-04-48136).

REFERENCES

1. S. K. Sudakov, I. B. Figurina, O. F. Medvedeva, and I. V.
Rusakova, Byull. Eksp. Biol. Med., 132, No. 9, 364-367
(2001).

2. S. K. Sudakov, O. F. Medvedeva, I. V. Rusakova, and I. V.
Figurina, /bid., No. 12, 657-660 (2001).

3. S. K. Bhattacharia, K. S. Satyan, and A. Chakrabarti, J. Psy-
chopharmacol., 11, 219-224 (1997).

Bulletin of Experimental Biology

10.
11.

12.

13.

14.

15.

and Medicine, No. 4, 2002 NEW BIOMEDICAL TECHNOLOGIES

. G. A. Bernstein, M. E. Carrol, R. D. Crosby, et al., J. Am.
Acad. Child Adolesc. Psychiatry, 33, 407-415 (1994).

. C. R. Brown and N. L. Benowitz, Pharmacol. Biochem. Be-
hav., 34, 565-570 (1989).

. A.J. Budney, S. T. Higgins, J. R. Hughes, and W. K. Bickel,
J. Subst. Abuse, 5, 117-130 (1993).

. M. El Yacoubi, C. Ledent, M. Parmentier, et al., Psycho-
pharmacol., 148, 153-163 (2000).

. D. V. Gauvin, J. R. Criado, K. R. Moor, and F. A. Holloway,
Pharmacol. Biochem. Behav., 36, 195-197 (1990).

. F. A. Holloway, R. C. Michaelis, and P. L. Huerta, Life Sci.,

36, 273-287 (1985).

L. Istvan and J. D. Matarazzo, Psychol. Bull., 95, 301-326 (1984).

L. T. Kozlowski, J. E. Henningfield, R. M. Keenan, et al., J.

Subst. Abuse, 10, 171-179 (1993).

A. Mikalsen, B. Bertelsen, and M. A. Flaten,. Psychopharma-

col., 157, 373-380 (2001).

M. Shoaib, L. S. Swanner, S. Yasar, and S. R. Goldberg, /bid.,
142, 327-333 (1999).

S. K. Sudakov, S. R. Goldberg, E. V. Borisova, et al., Ibid.,
112, 183-188 (1993).

S. K. Sudakov, O. F. Medvedeva, I. V. Rusakova, et al., Ibid.,
154, 327-335 (2001).




