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Purine nucleoside — mediated immobility in mice:

Reversal by antidepressants
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Abstract. In the forced swimming-induced immobility
(despair) test model, adenosine, and 2-chloroadenosine
treatment prolonged the immobilization period in mice.
Dipyridamole, which is known to inhibit adenosine uptake,
potentiated the adenosine effect. The purinoceptor antag-
onists caffeine and theophylline blocked purine nucleo-
side-induced enhancement of immobilization. Tricyclic
antidepressants such as imipramine and desipramine, the
MAO iphibitor tranylcypromine, and amphetamine, a
psychostimulant, reversed purine nucleoside-induced im-
mobility. On the other hand, quipazine, fluoxetine, and
amitriptyline failed to reverse purine nucleosides-induced
prolongation of immobility. None of the antidepressants in
the doses investigated had any effect by themselves.

Reserpine also prolonged forced swimming-induced
immobility in mice. The antidepressants fluoxetine and
quipazine, but not methylxanthine pretreatment, reversed
reserpine-induced immobility in this test model. These
results indicate that adenosine and 2-chloroadenosine
probably reduce norepinephrine outflow through their
action on presynaptic purinoceptors on noradrenergic
neurons and thereby cause prolongation of immobility in
animals.
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Mice or rats, when forced to swim in a restricted space from
which they cannot escape, after an initial period of vigorous
activity become immobile, apart from small movements
necessary to keep their heads above water. Porsolt et al.
(1977a) suggested that the observed immobile behaviour
(despair) resembled a state of depression, and can serve as
a model for screening antidepressants (Porsolt et al.
1977a, b; 1978a, b). However, a variety of CNS active
drugs and antidepressants have recently been shown to be
effective in this model (Nagatani et al. 1984; Natan et al.
1984; Porsolt et al. 1979; Schechter and Chance 1979).
Adenosine and related nucleosides are reported to have
a neuromodulator or neurotransmitter role (see Su 1983;
Kulkarni and Mehta 1983, 1984b). These agents possessed
sedative (Haulica et al. 1973; Dunwiddie and Worth 1982),
anticonvulsant (Dunwiddie and Worth 1982), analgesic
(Holmgren et al. 1983) and hypothermic activities (Mehta
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and Kulkarni 1983). However, the exact functional role of
these nucleosides in the CNS is yet to be established. In the
present study, the effect of purine nucleosides and its
modification by antidepressants on forced swimming-
induced immobility were investigated in mice. These results
indicated that adenosine and 2-chloroadenosine, through
their probable action on presynaptic purinoceptors on
adrenergic nerve terminals, reduce norepinephrine outflow
and thereby cause “beavioural despair” in mice.

Materials and methods

Animals. Wistar mice (PGI, Chandigarh) of either sex
(20-25g) were used. They were acclimatized to the
laboratory conditions preceding an experiment. They had
free access to feed and water.

Induction and measurement of immobility. Mice were
individually forced to swim inside a glass jar (25 x 12 x
25 cm) containing 15 cm water maintained at 23—25° C.
The total duration of immobility was measured during a
6-min test. A mouse was judged to be immobile when it
ceased struggling and remained floating motionless in the
water making only those movements necessary to keep its
head above water.

Drugs. The following drugs were used: Adenosine
(Loba-Chemie Wien-Fischamend), 2-chloroadenosine (Sig-
ma)}, dipyridamole (C. H. Boehringer Sohn, Ingelheim am
Rhein), caffeine (C. H. Boehringer Sohn, Ingelheim am
Rhein), theophylline (Sigma), imipramine HC} (Ciba-Gei-
gy), desipramine HCl (Ciba-Geigy), tranylcypromine sul-
phate (SK & F), amphetamine sulphate (SK & F),
quipazine maleate (Miles Laboratories, Inc.), fluoxetine
HCl (El Lilly & Co), amitriptyline (MSD), reserpine
{Loba-Chemie Wien-Fischamend) and diazepam (Ranbaxy
Laboratories).

Drugs administrafion. Drugs were dissolved in 0.9% w/v
NaCl or, if insoluble, dispersed in a suspension of
carboxymethyl cellulose (0.2% w/v in 0.9% w/v NaCl). All
drugs were injected IP in a constant volume of 1 m1/100 g.
Adenosine and 2-chloroadenosine were administered
15 min before the test, whereas reserpine was administered
5h before the test. The other drugs were administered
30min prior to purine nucleosides or after 4.5h of
reserpine treatment. Control animals received only vehicle.
For the drug-purine nucleoside interaction study, adeno-
sine and 2-chloroadenosine were employed in doses of
100 mg/kg and 2 mg/kg, respectively.



Statistics. The results, expressed as means = SEM, were
compared to the respective controls using the Mann-Whit-
ney two-tailed test.

Results

Adenosine, as well as 2-chloroadenosine, prolonged the
duration of immobility in mice in a dose-dependent manner
(Table 1). Dipyridamole (5 mg/kg) did not have any effect
by itself on immobility duration (Table 2) but potentiated
the adenosine effect (Table 3)., Caffeine (8 mg/kg) and
theophylline (8 mg/kg) reversed the prolonged duration of
immobility due to adenosine or 2-chloroadenosine treat-
ment (Table 3) without having any effect alone (Table 2).
However, these drugs failed to modify reserpine-induced
enhancement of immobility (Table 5). Furthermore, pre-
treatment with imipramine, desipramine, tranylcypromine,
and amphetamine reduced the enhancement of the immo-
bilization period by purine nucleosides (Table 4) or reser-
pine (Tabie 5). On the other hand, quipazine (5 mg/kg),
fluoxetine (5 mg/kg) and amitriptyline (5 mg/kg), although
able to reverse the reserpine-induced increase in the
immobility period (Table 5), failed to modify the effect of
purine nucleosides on immobilization in mice (Table 4).
None of the antidepressant drugs, at the doses employed,
showed any effect by themselves (Table 2).

Table 1. Effect of adenosine and 2-chloroadenosine upon the total
duration of immobility during the 6-min test

Treatment Dose n Duration of pP*
(mg/kg, immobility
IP) s £ SEM
Control — 25 176.4 £ 5.96
Adenosine 25 8 206.0 + 7.92 < 0.01
50 10 2352+ 8.74 <0.01
100 14 268.4 £ 7.72 < 0.01
2-Chloroadenosine 1 6 225.0 £ 9.15 <0.01
2 10 278.4 + 3.68 <0.01
5 8 292.2 + 4.87 < 0.01

* As compared to control group

Table 2. Effect of various drugs when administered alone upon the
total duration of immobility during the 6-min test
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Table 3. Modification by caffeine, theophylline, and dipyridamole
of adenosine and 2-chloroadenosine-induced prolongation of

immobility during the 6-min test

Treatment Dose n Duration of p*
(mg/kg, immobility
IP) s + SEM
Control - 10 172.6 £ 8.14
Adenosine 100 6 2575+ 6.38 <0.01?
2-Chloroadenosine 2 6 282.5x 497 <0.01°
Dipyridamole + 5 6 2902+ 443 <0.02°
adenosine 100
Caffeine + 8 6 180.2 = 9.47 < 0.01°
adenosine 100
Theophylline + 8 6  183.0x11.89 <0.01°
adenosine 100
Caffeine + 8 6 178.1+ 812 < 0.01°
2-chloroadenosine 2
Theophylline + 8 6 1705+ 6.87 <0.01°
2-chloroadenosine 2

* As compared to (a) control, (b) adenosine, and (c) 2-chloro-

adenosine treatments, respectively

Table 4. Effect of various antidepressants upon adenosine- and
2-chloroadenosine-induced prolongation of immobility during the

Treatment Dose n Duration of p*

(mg/kg, immobility

1P) s = SEM
Control - 8 166.5 + 8.58
Dipyridamole 5 6 1780+ 535 NS
Caffeine 8 5 169.2 £13.51 NS
Theophylline 8 5 1650+ 9.87 NS
Imipramine 5 6 180.5+ 7.74 NS
Desipramine 5 6 171.8 £ 12.23 NS
Tranylcypromine 4 6 176.4 + 5.68 NS
Amphetamine 1 6 163.0+ 435 NS
Amitriptyline 5 6 168.5+ 6.52 NS
Quipazine 5 6 1720+ 1048 NS
Fluoxetine 5 6 164.8+ 648 NS

* As compared to control group
NS: Not significant

6-min test
Treatment Dose n Duration of pP*
(mg/kg, immobility
IP) s + SEM
Control - 10 180.2 = 5.47
Adenosine 100 7 2634+ 8.96 <0.012
2-Chloroadenosine 2 8 2850+ 6.68 < 0.012
Imipramine + 5 7 2025+ 6.09 <0.01°
adenosine 100
Desipramine + 5 8 193.2 £ 10.78 < 0.01°
adenosine 100
Tranylcypromine + 4 8 198.6+ 4.87 <0.01°
adenosine 100
Amphetamine + 1 6 2055+ 7.40 <0.01°
adenosine 100
Anmitriptyline + 5 6  251.5+11.48 NSt
adenosine 100
Quipazine + 3 6  259.0+ 4.50 NSP
adenosine 100
Fluoxetine + 5 8 256.2 = 6.40 NSP
adenosine 100
Imipramine + 5 6 1951+ 582 <0.01°
2-chloroadenosine 2
Desipramine + 5 6 188.5+ 3.19 <«0.01°
2-chloroadenosine 2
Tranylcypromine + 4 6 1995+ 834 <«0.01°
2-chloroadenosine 2
Amphetamine + 1 6 208.0x 3.18 <0.01°
2-chloroadenosine 2
Anmitriptyline + 5 6 270.2 = 12.69 NS¢
2~chloroadenosine 2
Quipazine + 5 8 2812+ 7.17 NSe
2-chloroadenosine 2
Fluoxetine + 5 8 287.0+ 5.25 NS¢
2-chloroadenosine 2

* As compared to (a) control, (b) adenosine, and (¢) 2-chloro-
adenosine treatments, respectively
NS: Not significant
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Table 5. Effect of purinoceptor antagonists and antidepressants
upon reserpine-induced prolongation of immobility during the
6-min test

Treatment Dose n Duration of pP*
(mg/kg, immobility
IP) s = SEM
Control - 8 169.5 + 12.47
Reserpine 2 7 3174+ 935 <0.01*
Caffeine + 8 6 302.0 + 8.79 NS®
reserpine 2
Theophylline + 8 6 306.3 = 11.05 NSP
reserpine 2
Imipramine -+ 5 6 2302+ 4.04 <0.01°
reserpine 2
Desipramine + 5 8 2134+ 242  <0.01°
reserpine 2
Tranylcypromine + 4 6 2395+ 678 <0.01°
reserpine 2
Amphetamine + 1 6 269.0 £ 10.65 <0.01°
reserpine 2
Anmitriptyline + 5 6 2822+ 679 <0.05°
reserpine 2
Quipazine + 5 6 265.8+ 9.48 < 0.01°
reserpine 2
Fluoxetine + 5 6 276.5£10.86 < 0.05°
reserpine 2

* As compared to (a) control, and (b) reserpine treatment,
respectively
NS: Not significant

Discussion

The functional role of adenosine and related nucleosides
and nucleotides in the CNS is being actively pursued.
Attempts have been made to correlate the physiological
and pharmacological actions observed as the peripheral
(Mustafa 1980; Su 1977) and central (Daly et al. 1981;
Stone 1981) specific receptor-mediated actions of purine
nucleosides. Several drug actions (see Kulkarni and Mehta
1983, 1984a, b; Mehta and Kulkarni 1984; Mustafa 1979)
have been explained in relation to purinergic sub-
stances.

Forced swimming-induced immobility is thought to be a
depressed state, and various CNS active agents (Nagatani
et al. 1984; Natan et al. 1984; Porsolt et al. 1979; Schechter
and Chance 1979) and antidepressants (Porsolt et al.
1977a, b; 1978a, b) are reported to reverse this behaviour.
We have also further demonstrated that diazepam
(2 mg/kg) had no effect on swimming behaviour. However,
a higher dose (5mg/kg) prolonged immobility
(243.0 £ 6.80 as compared to 182.2 + 4.91 of control),
probably through its muscle relaxant property, and was not
reversed by antidepressants. Unlike the earlier reports in
rats (Porsolt et al. 1979) and mice (Nagatani et al. 1984),
reserpine significantly enhanced the period of immobility in
our study. This discrepancy was probably due to species
variation or the time elapsing after reserpine treatment
before testing, as Nagatani et al. (1984) tested the animals
just 1 h post reserpine treatment. Both the antidepressants,
acting through noradrenergic or serotonergic mechanisms,
and the serotonergic agents reversed reserpine-induced
immobility, suggesting the involvement of both of these
transmitters in reserpine-induced immobility in the behav-

ioural despair model. This is in accordance with the fact
that reserpine is known to deplete both noradrenaline and
serotonin (Carlsson et al. 1957).

In contrast to reserpine-induced prolongation of immo-
bility, adenosine- and 2-chloroadenosine-induced enhance-
ment of immobility had a rapid onset, and was not reversed
by quipazine, a 5-HT receptor agonist (Hong et al. 1969),
fluoxetine, a 5-HT uptake inhibitor (Fuller and Wong 1977)
or amitriptyline, which mainly inhibits the uptake of 5-HT.
However, tricyclic antidepressants, tranylcypromine, and
amphetamine pretreatment reversed the prolongation of
immobility due to adenosine or 2-chloroadenosine. This
indicates a noradrenergic, but not a serotonergic mediation
of adenosine- and 2-chloroadenosine-induced enhancement
of immobility in the behavioural despair test. Moreover,
dipyridamole, an inhibitor of the uptake (Alfonso and
O’Brien 1971; Hopkins 1973; Kalsner 1975) and metabo-
lism (Klabunde 1983) of adenosine, potentiated the
adenosine effect, whereas purinoceptor antagonists such as
caffeine and theophylline, although failing to modify the
reserpine effect, reversed the prolongation of immobility
caused by adenosine or 2-chioroadenosine. These obser-
vations suggested that modulation of the noradrenergic
system through a specific purinoceptor could be the
mechanism involved in purine nucleoside-induced prolon-
gation of immobility in mice. It is speculated that purine
nucleosides presynaptically exert inhibition of transmitter
release from noradrenergic nerve terminals (Clanachan et
al. 1977, Paton 1981; Su 1981) thereby producing an
enhancement of behavioural immobility in mice in the
forced swimming test.

References

Alfonso S, O’Brien GS (1971) Mechanism of enhancement of
adenosine action by dipyridamole and lidoflazine in dogs. Arch
Int Pharmacodyn Ther 194: 181186

Carlsson A, Lindqvist M, Magnusson T (1957) 3,4-Dihydroxy-
phenylalanine and 5-hydroxytryptophan as reserpine antago-
nists. Nature 180: 1200

Clanachan AS, Johns A, Paton DM (1977) Presynaptic inhibitory
actions of adenine nucleotides and adenosine on neurotrans-
mission in the rat vas deferens. Neuroscience 2: 597-602

Daly JW, Bruns RF, Snyder SH (1981} Adenosine receptors in the
central nervous system: Relationship to the central actions of
methylxanthines. Life Sci 28:2083—-2097

Dunwiddie TV, Worth T (1982) Sedative and anticonvulsant
effects of adenosine analogs in mouse and rat. J Pharmacol Exp
Ther 220:70-76

Fuller RW, Wong DT (1977) Inhibition of serotonin reuptake. Fed
Proc 36:2154—2158

Haulica I, Ababei L, Branisteanu D, Topoliceanu F (1973)
Preliminary data on the possible hypnogenic role of adenosine.
J Neurochem 21:1019-1020

Holmgren M, Hednar T, Nordberg G, Mellstrand T (1983)
Antinociceptive effects in the rat of an adenosine ana-
logue, Né-phenylisopropyladenosine. J Pharm Pharmacol
35:679—680

Hong E, Sancilio LF, Vargas R, Pardo EG (1969) Similarities
between the pharmacological actions of quipazine and sero-
tonin. Eur J Pharmacol 6: 274—280

Hopkins SV (1973) The potentiation of the action of adenosine on
the guinea-pig heart. Biochem Pharmacol 22: 341348

Kalsner S (1975) Adenosine and dipyridamole actions and
interactions on isolated coronary artery strips of cattle. Br J
Pharmacol 55:439—445



Klabunde RE (1983) Dipyridamole inhibition of adenosine
metabolism in human blood. Eur J Pharmacol 93:21-26
Kulkarni SK, Mehta AK (1983) Purinoceptors: A new concept.
Indian J Pharm Sci 45:150-157

Kulkarni SK, Mehta AK (1984a) P,-purinoceptor antagonism by
clonidine in the rat caecum. Life Sci 34:2273-2277

Kulkarni SK, Mehta AK (1984b) The pharmacology of purine
nucleosides and nucleotides. Drugs of Today 20:217-232

Mehta AK, Kulkarni SK (1983) Effect of purinergic substances on
rectal temperature in mice: Involvement of P;-purinoceptors.
Arch Int Pharmacodyn Ther 264: 180—186

Mehta AK, Kulkarni SK (1984) Mechanism of potentiation by
diazepam of adenosine response. Life Sci 34:81-86

Mustafa SJ (1979) Effect of coronary vasodilator drugs on the
uptake and release of adenosine in cardiac cells. Biochem
Pharmacol 28:2617—2624

Mustafa SJ (1980) Cellular and molecular mechanism(s) of
coronary flow regulation by adenosine. Mol Cell Biochem
31:67-87

Nagatani T, Sugihara T, Kodaira R (1984) The effect of diazepam
and of agents which change GABAergic functions in immo-
bility in mice. Eur J Pharmacol 97:271-275

Natan LB, Chaillet P, Lecomte JM, Margais H, Uchida G,
Costentin J (1984) Involvement of endogenous enkephalins in
the mouse behavioral despair’ test. Eur J Pharmacol
97:301-304

Paton DM (1981) Presynaptic neuromodulation mediated by
purinergic receptors. In: Burnstock G (ed) Purinergic recep-
tors. Chapman & Hall, London, pp 199-219

Porsolt RD, Anton G, Blavat N, Jalfre M (1978a) Behavioural
despair in rats: A new model sensitive to antidepressant
treatments. Eur J Pharmacol 47: 379-391

463

Porsolt RD, Bertin A, Blavet N, Deniel M, Jalfre M (1979)
Immobility induced by forced swimming in rats: Effects of
agents which modify central catecholamine and serotonin
activity. Eur J Pharmacol 57:201-210

Porsolt RD, Bertin A, Jalfre M (1977a) Behavioural despair in
mice: A primary screening test for antidepressants. Arch Int
Pharmacodyn Ther 229: 327336

Porsolt RD, Bertin A, Jalfre M (1978b) Behavioural despair in
rats and mice: Strain differences and the effects of imipramine.
Eur J Pharmacol 51:291-294

Porsolt RD, Le Pichon M, Jalfre M (1977b) Depression: A new
animal model sensitive to antidepressant treatments. Nature
226:730~732

Schechter MD, Chance WT (1979) Non-specificity of ‘“Behav-
ioural despair” as-an animal model of depression. Eur J
Pharmacol 60:139—142

Stone TW (1981) Physiological roles for adenosine and adeno-
sine-5'-triphosphate in the nervous system. Neuroscience
6:523-555

Su C (1977) Adrenergic and noradrenergic vasodilator innerva-
tion. In: Carrier O Jr, Shibata S (eds) Factors influencing
vascular reactivity. Igaku Shoin, Tokyo, pp 156—168

Su C (1981) Purinergic receptors in blood vessels. In: Burnstock G
(ed) Purinergic receptors. Chapman & Hall, London,
pp 95—-117

Su C (1983) Purinergic neurotransmission and neuromodulation.
Ann Rev Pharmacol Toxicol 23:397-411

Received September 13, 1984; Final version November 27, 1984



