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SHORT COMMUNICATION 

The influence of caffeine and theobromine on locomotive 
activity and the brain cGMP/cAMP ratio in white mice 

(Received 17 December 1976; accepted 23 February 1977) 

The cyclic nucleotides adenosine 3,5 monophosphate 
(CAMP) and guanosine 35 monophosphate (cGMP) have 
been implicated as intracerebral target systems for the 
elfects of centrally depolarizing drugs [ 1,2] and also for 
the stress condition [S]. Electrophysiological studies by 
Stone et al. [4] and Phillis [S] have shown that cyclic nu- 
cleotides ad~nistered iontophoreti~lly exert marked 
effect on the neuronal firing pattern of pyramidal tract 
neurons: cGMP had a predominantly excitatory action 
while spontaneously active neurons were depressed by 
CAMP. 

It is well established that caffeine increases locomotive 
activity in white mice [&-IO]. This could be explained as 
an activation of the pymmi~l tract neurons resulting in 
an elevated discharge rate. It is not clear whether the cyclic 
nucleotides are involved in this effect: Some authors found 
a decrease in the CAMP content in certain areas of the 
brain after administration of caffeine or theophyl- 
line [Il. 121 which was denied by others [13-l 51. An in- 
crease of the CAMP level was also reported [12). The in- 
fluence of caffeine on the brain concentration of cGMP 
has not been investigated so far. We have recently shown 
that the caffeine-induced increase in locomotive activity 
and oxygen consumption in white mice was antagonized 
by theobromine [lo]. The aim of the present study was 
(i) to establish the correlation between the caffeine-induced 
locomotive activity and the cGMP/cAMP ratio in the 
brain, (ii) to assess the effects of theobromine on these 
parameters and (iii) to investigate whether a theobromine 
pretreatment might alter the effect of caffeine on the 
cGMP/cAMP ratio. 

From the experiments by Stone and Phillis [4,5] show- 
ing an adverse effect of cGMP and CAMP on the firing 
pattern of pyramidal neurons, it seems that this ratio 
cGMP/cAMP might be more important for the electrophy- 
siological activity of the brain cell rather than the actual 
amount of cGMP and CAMP present. 

MATERIALS AND METHODS 

Male NMRI mice (body weight 25 + 1 g) which had free 
access to standard diet (FUKOk) and tap water were used. 
The test substances (solubilizer: sodiumsalizylate) 45 pg/g 
caffeine, 180 &g/g sodium theobromine and 45 pg./g caffeine 
together with 180 pg/g sodium theobromine were dissolved 
in saline (0.9%) and injected intraperitoneally in a vol. of 
0.25 ml. Control animals were injected with saline (0.9%). 

The locomotive activity was determined in groups of 
five mice. &30 min after i.p. injection of the test substances 
with the aid of an Animex DO activity meter (Farad elec- 
tronics, Sweden). All experiments were performed at the 
same time of day. 

The determination of cyclic AMP and cyclic GMP was 
carried out using a protein binding method Cl63 modified 
for CAMP as initially described by Brown et al. [17] and 
for cGMP as described by Illiano et al. [18]. 30 min after 
i.p. injection of the test substances the mice were killed 
by microwave irradiation. The brains were dissected and 
rapidly frozen in liquid nitrogen. Tissues were homogen- 

ized (Potter S, Braun, Melsungen, W. Germany) in 5% 
trichloracetic acid. After centrifugation, the supernatant 
was pipetted off and washed five times with 10 vol. of 
water-saturated diethyl-ether. Residual ether was removed 
in a steam of nitrogen. For cyclic AMP assay, portions 
of the washed extract were lyophilized and subsequently 
taken up in distilled water. In the cyclic GMP assay, 
chromatography on Dowex 50 WX 8, 100-200 mesh, H’ 
Form (Serva, Heidelberg) was used for further purification. 
The final cGMP fraction was collected, lyophilized and 
subsequently taken up in distilled water. To calculate 
losses of cGMP during the preparation, tracer quantities 
C3HJ-cGMP were added to the samples. Aliquots of the 
trichloracetic acid homogenates were assayed for protein 
according to Lowry et ai. [ 193. 

Statistical analysis was performed using student’s r-test 
and differences were regarded to be significant if p was 
0.05 or less. 

RESULTS 

Elfects of caffeine and theobro~i~~ on the loco~ofiue ac- 

tivity. As shown in Fig. la, 45 pg/g caffeine initiates a 
90 per cent increase in the locomotive activity of white 
mice. This effect was completely antagonized by 180 pg/g 
theobromine. Theobromine alone had no influence on the 
motor activity. 

EffPcts of caffeine and theobromine on the brain concen- 
tration ofcycfic ~uc~eof~des. Table I shows the total brain 
~ncentration of CAMP which was diminished by 31% 30 
min after caffeine. Theobromine had no effect on the brain 
CAMP when given by itself but completely prevented the 
caffeine induced decrease. By contrast, total brain cGMP 
increased by 49% 30 min. after caffeine. Again this effect 
was prevented by theobromine-pretreatment which was in- 
effective when given alone. 

Fig. lb shows the ~MP/cAMP ratio in these experi- 
ments. It was elevated after caffeine but remained un- 
changed after theobromine or caffeine and theobromine, 
respectively. Thus a similar graphical pattern as in the 
locomotion experiments was obtained. 

DlSCUSSlON 

Our experiments have shown that the increase in loco- 
motive activity of white mice after caffeine was paralleled 
by a rise in the cGMP/cAMP ratio in the brain. Theobro- 
mine, though ineffective by itself, completely prevented 
these effects. As caffeine and theobromine are structurally 
similar, one might assume that a competitive antagonism 
exists between these methylxanthines at a certain brain 
receptor. 

The findings by Stone et al. [4] and Phillis [5] showing 
an increase in electrical activity by cGMP and a decrease 
by CAMP in pyramidal neurons of the rat and cat brain, 
and thus a counteraction of cGMP and CAMP, are in 
agreement with our results. It may be concluded that caf- 
feine raises cGMP by activating the guanylate cyclase and 
at the same time diminishes CAMP by inactivating the 

1723 



1724 Short commumcation 

Impulses 

x IO’/30 min 

02 

0 15 

1 

xxx IO) 

"S "S h 
xxx 

T 

rl "S 
T $% I 01 ns 

;: Lnllnr 
T 

0.05 

n I 
T K 

L XC? 

Fig. 1. Male white mice, body weight 25 + 1 g, shown are 
means + S.E.M. (n 2 5). (a) Motor. activity: impul- 
ses x IO3 f&30 min after 0.9% NaCI (IC). 45 &g caffeine 
(C). 180 pg/g theobromine (T), 45 pg/g caffeine + 18Opglg 
theobromine (C + T). (b) Brain ratio cGMP/cAMP 30 
min after 0.9% NaCl (K), 45 a/g caffeine (C), 18Opg/g 
theobromine (T), and 45 pg/g caffeine + 180 pg/g theobro- 
mine (C + T). Total brain concentrations of controls: 
CAMP 9.65 k 0.36 pmoles/mg protein, cGMP 1.0 f 0.12 
pmoles/mg protein. xxx P 5 0.001, xx P 5 0.01, n.s. = no 

significance to controls. 

adenylate cyclase resulting in an increase of the 
cGMP/cAMP ratio. 

It is unlikely that the effect of caffeine on the 
cGMP/cAMP ratio was due to its ability to inhibit the 

Table 1. Total brain concentration of c-AMP and c-GMP 
after administration of saline, caffeine, theobromine and 

caffeine + theobromine* 

Substrate c-AMP c-GMP 

Saline (0.9%) 9.65 + 0.36 1.00 + 0.12 
Caffeine (45 fig/g) 6.62 -t_ 0.87 1.49 & 0.30 

Caffeine (45 fig/g) 
+ theobromine (180 p&g) 9.80 + 0.65 1.03 & 0.12 
Theobromine (180 pg/g) 8.50 + 1.09 0.79 & 0.16 

* Values are expressed as means in pmoles/mg protein 
+ S.E.M. 

phosphodiesterase; for m that case one would expect an 
increase in the CAMP level as well. On the other hand 
it has been shown by Vernikos-Dannellis and Harris [20] 
that caffeine and theophylline had no influence on the rat 
brain phosphodiesterase. Furthermore, it is not yet clear 
whether phosphodiesterases play any functional role in the 
brain [Zl. 221. 

One might speculate from our findmgs that the caffeine 
induced increase in locomotive activity is causally related 
to the elevation in the cGMP/cAMP ratio. Further work 
will clearly be needed to obtain conclusive data. 
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