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CASAS, M., S. FERRIC, J. CADAFALCH, J. M. GRAU AND F. JANI~. Rotational behaviour induced by theophylline in 
6-OHDA nigrostriatal denervated rats is dependent on the supersensitivity of striatal dopaminergie receptors. PHAR- 
MACOL BIOCHEM BEHAV 33(3) 60%613, 1989.--We studied apomorphine- and theophylline-induced rotational be- 
haviour in rats with a unilateral 6-hydroxydopamine lesion of the dopaminergic nigrostriatal pathway. It was seen that there 
was a direct correlation between the number of apomorphine- and theophylline-induced contralateral turns. These data 
suggest the existence of a relationship between theophylline-induced rotational behaviour and the degree of supersensitiv- 
ity of the striatal dopaminergic receptors. Because the rotational behaviour induced by theophylline is in the same direction 
as dopaminergic agonists, contralateral to the nigrostriatal pathway lesion, these results suggest the possibility of a direct 
dopaminergic agonism of methylxanthines. 

Theophylline Apomorphine Rotation Behavioural supersensitivity 

IN the rat, a unilateral lesion of the nigrostriatal pathway 
with 6-hydroxydopamine (6-OHDA) produces deviation of 
the animal towards the lesioned side (18). This deviation 
changes to intense rotational behaviour in the same direction 
following the administration of amphetamine (18), which 
causes dopamine (DA) release in the intact striatum. 
Amphetamine-induced turning behaviour contrasts with that 
induced by direct DA agonists, such as apomorphine or 
L-dopa, which produce intense rotation contralateral to the 
lesioned hemisphere. This observation led Ungerstedt to 
suggest that denervation causes striatal DA receptor super- 
sensitivity. This hypothesis is supported by radioligand bind- 
ing studies (3) and by studies of striatal DA-sensitive 
adenylate-cyclase activity (16). Currently, this animal model 
is widely used in the search of new substances with direct or 
indirect DA agonist activity (9). 

Ungerstedt and Herrera-Marschitz (19) and Hef t ie t  al. 
(1 l) have demonstrated that to obtain apomorphine-induced 

turning behaviour in the rat, unilateral striatal DA-depletion 
of at least 90% is needed. In addition, it has been found that 
there is a direct correlation between the degree of unilateral 
striatal DA-denervation and the total number of apo- 
morphine-induced contralateral turns (19). As a conse- 
quence, total contralateral rotation (TCR) induced by 
apomorphine can be used to determine in vivo the level of 
denervation-induced supersensitivity of the striatal dopa- 
mine receptors. 

Methylxanthines potentiate apomorphine-induced rota- 
tional behaviour (6), and when administered alone, produce 
intense rotational behaviour in the same direction as that 
produced by direct dopamine agonists (10, 20, 21), which 
suggests that they can act as dopamine agonists. The 
possibility that methylxanthines are direct dopamine 
agonists is not yet well established, although some reports 
support this hypothesis (10, 14, 20, 21). More commonly 
accepted mechanisms are: inhibition of phosphodiesterase 

1Requests for reprints should be addressed to Dr. Miquel Casas, Laboratori de Neuropsicofarmacolog/a, Hospital de Sant Pau, Avda. San 
Antoni Maria Claret 167, 08025 Barcelona, Spain. 
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FIG. 1. Rotational patterns induced by apomorphine and theophylline in the three different groups described in the text. Each curve 
shows the means of total contralateral turns/period of a group (broken curve= 1st group; light continuous curve=2nd group; dense 
continuous curve = 3rd group) (n = 20/group). Apomorphine-induced contralateral turns are represented in the upper graphic (x-axis = 2 
minutes/period). Theophylline-induced contralateral turns are represented in the lower curves (x-axis=4 minutes/period. Arrows 
points to the injection time and before this time conditioned rotational behaviour can be observed. 

(2), calcium blockade (8), adenosine antagonism (17) and 
catecholamine release (1). 

We have studied the relationship between rotational be- 
haviour induced by apomorphine and theophylline in rats 
with a unilateral nigrostriatal pathway 6-OHDA lesion. Our 
aim has been to contribute to clarify the mechanisms by 
which methylxanthines induce turning behaviour in rats with 
unilateral nigrostriatal pathway lesion. 

M E T H O D  

Animals 

One hundred male Sprague-Dawley rats were used. The 
animals were maintained in a temperature- and humidity- 
controlled environment with a 12-hr light/dark cycle and they 
had acces to water and food ad lib. 

Surgical Procedure 

Rats weighing 145-160 g were given lesions of the left 
nigrostriatal dopaminergic pathway [coordinates in respect 
to bregma: A -4 .4 ,  L - 1.2, V -7 .8 ,  into the area ventralis 
tegmenti, which contains the bundle of axons leaving the 
nigral dopaminergic cell bodies; according to the K6nig and 
Klippel atlas (13)] by means of stereotaxic injection of 8/zg 
6-OHDA dissolved in 4/zl 0.02% ascorbic acid solution, with 
an injection rate of 1 /xl/min under pentobarbital IP 
anesthesia. 

Behavioural Evaluation 

Rotational behaviour was measured with automated 
rotometers that allow the continuous recording of turns to 

the right and to the left, by means of a detector using infrared 
photocell barriers (19). Four weeks after surgery rats were 
injected with apomorphine 0.05 mg/kg SC four times with 
one-week intervals, because, as Ungerstedt and Herrera- 
Marschitz (19) have pointed out, repeated tests are neces- 
sary to get a reproducible apomorphine-induced rotational 
behaviour. Consequently, we take into account the average 
of the two last apomorphine-induced TCR for calculations. 
Once the rat is introduced in the rotometer conditioned rota- 
tional behaviour can be observed, which consists of a few 
numbers of rotations which last up to 3 minutes. To avoid 
interference between conditioned and pharmacological rota- 
tional behaviour, drugs (apomorphine or theophylline) were 
administered 20 minutes after the animal had been intro- 
duced in the rotometer. 

We selected those animals which could be included into 
three groups: 1st group---Rats with a TCR induced by 
apomorphine 0.05 mg/kg SC fewer than 10 turns and with a 
TCR induced by apomorphine 0.5 mg/kg SC greater than 100 
turns. 2nd group---Rats with a TCR induced by apomorphine 
0.05 mg/kg SC between 100 and 200 turns. 3rd group---Rats 
with a TCR induced by apomorphine 0.05 mg/kg SC greater 
than 400 turns. The purpose for this selection was to obtain 
three groups with different denervation-induced supersen- 
sitivities of the striatal dopamine receptors. The first group 
did not differ from naive rats in respect with TCR induced by 
apomorphine 0.05 mg/kg SC, but because a single higher 
dose of apomorphine 0.5 mg/kg SC, given one week follow- 
ing the fourth test with apomorphine 0.05 mg/kg, could elicit 
a contralateral rotational behaviour, the presence of a low 
supersensitivity of the striatal dopamine receptors was in- 
ferred. Because rats from the second and third group did not 
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need a higher dose of apomorphine to demonstrate con- 
tralateral rotation, we inferred that they have a greater 
supersensitivity of the striatal dopamine receptors than rats 
from the first group. The difference in supersensitivity of the 
striatal dopamine receptors between the second and third 
group is inferred from their difference in TCR induced by 
apomorphine 0.05 mg/kg SC, following the studies of Un- 
gerstedt and Herrera-Marschitz that show a correlation be- 
tween the degree of unilateral DA denervation of the 
striatum and the number of TCR induced by apomorphine 
0.05 mg/kg SC (19). 

Four weeks after the last apomorphine administration we 
determined the TCR induced by a single dose of theophylline 
30 mg/kg SC in the three groups. 

Drugs 

All drugs were from Sigma. Apomorphine (HCI) and 
theophylline (anhidrous crystals) were dissolved in warm 
physiological saline solution. All doses were injected SC in a 
volume of 1 mg/kg body weight. 

Statistics 

For statistical analysis we used the software MICRO- 
STAT. Statistical tests are specified in each case. 

RESULTS 

Figure 1 shows the rotational patterns induced by 
apomorphine and theophylline in the three different groups. 
Conditioned rotational behaviour can be appreciated after 
the animal has been introduced in the rotometer (first and 
second periods). Following drug injection the animal begins 
to show a rotational behaviour aproximately 5 minutes after 
apomorphine and 10 minutes after theophylline administra- 
tion, which rules out the existence of an injection-induced 
rotational behaviour. In the three groups the rotational be- 
haviour induced by theophylline (30 mg/kg) has a much 
longer duration than that produced by apomorphine (0.05 
mg/kg). Rats from the third group show a "two-peak" rota- 
tional pattern induced by apomorphine and an "initial-peak" 
rotational pattern induced by theophylline. 

Study of the Differences Between Apomorphine-lnduced 
TCR and Theophylline-lnduced TCR Among the 
Different Groups 

Apomorphine- and theophylline-induced TCR were greater 
in group 2 than in group 1 (Mann-Whitney U-test: p<0.0001 
and p<0.02 respectively) and also greater in group 3 than in 
group 2 (Mann-Whitney U-test: p<0.0001 in both cases) 
(Fig. 2). 

Study of Correlation Between Apomorphine-lnduced TCR 
and Theophylline-lnduced TCR 

As the Kolmogorov-Smirnov test showed that we could 
discard a normal distribution (,o<0.05) of some results 
(apomorphine-induced TCR in group 3), statistical analyses 
were performed with nonparametric tests. We found a direct 
correlation between apomorphine-induced TCR and theo- 
phylline-induced TCR (Spearman's correlation test: p <0.05, 
rs=.76) (Fig. 3). 

D I S C U S S I O N  

To explain the cause of rotational behaviour induced by 
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FIG. 2. Medians of apomorphine- and theophyUine-induced TCR in 
the first (left bars), second (medial bars) and third group (right bars) 
(n=20/group). Characteristics of groups are described in the text. 

methylxanthines in the rat with a unilateral nigrostriatal 
dopamine pathway lesion, basically three hypotheses have 
been postulated: phosphodiesterase inhibition (6), adenosine 
antagonism (5) and dopamine agonism (10, 14, 20, 21). 

As the existence of a striatal dopamine-sensitive adenyl- 
ate-cyclase was known (12), the ability of methylxanthines to 
inhibit phosphodiesterase was initially thought to be the 
most probable cause of methylxanthine-induced turning be- 
haviour (6). However, it was demonstrated that methylxan- 
thines produced this behaviour without reaching cerebral 
concentrations sufficient to inhibit phosphodiesterase (4) 
and, furthermore, that some phosphodiesterase inhibitors 
did not produce rotational behaviour (4). 

Green et al. (7) and Freedholm et al. (5) have shown that 
adenosine inhibits striatal dopamine activation. This could 
explain the methylxanthine-induced potentiation of rota- 
tional behaviour induced by direct dopamine agonists, be- 
cause methylxanthines are adenosine antagonists (17). How- 
ever, it is not likely that the purinergic hypothesis could 
explain the rotational behaviour produced by the adminis- 
tration of isolated methylxanthines, because 8-phenyltheo- 
phylline, a more potent adenosine antagonist than caffeine 
and theophylline, does not produce rotational behaviour (5). 

The hypothesis of a dopamine agonism of methylxan- 
thines is based on studies that demonstrate that in the rat 
with unilateral 6-OHDA nigrostriatal pathway lesion, 
methylxanthines potentiate apomorphine-induced turning 
behaviour (6) and produced contralateral turning when ad- 
ministered alone (10, 20, 21), and that dopamine blockade 
inhibits turning behaviour induced by methylxanthines (10, 
20, 21). 

Taking into account that there exist experimental data 
which demonstrate the existence of a correlation between 
the degree of unilateral nigrostriatal pathway lesion and the 
number of contralateral turns induced by apomorphine 
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FIG. 3. Correlation between ranks of apomorphine- and theophylline-induced TCR 
(n=60). 

(19), rotational behaviour induced by apomorphine 
can be a suitable measure to determine the degree of  
denervation-induced supersensitivity of  the striatal dopa- 
mine receptors. In this study we have shown a correlation 
between the number of apomorphine-induced turns and 
theophylline-induced turns, which suggests that there is a 
correlation between the level of  supersensitivity of the 
striatal dopamine receptors and the number of theophylline- 
induced turns contralateral to the nigrostriatal pathway le- 
sion. The existence of a probable relationship between 
theophylline-induced rotational behaviour and the degree of 
sensitivity of striatal dopamine receptors supports the hy- 
pothesis that methytxanthines could act directly on these 
receptors. 

In this study we also have found that animals with greater 
TCR induced by apomorphine show a " two-peak"  rotational 
pattern, which has been described as being associated to a 
very good unilateral lesion of the nigrostriatal pathway. This 
pattern is only observed in rats with more than 95% striatal 
dopamine depletion (19). In addition, animals with a greater 
TCR induced by theophylline also present a distinctive pat- 

tern, an "initial-peak" rotational behaviour. Consequently, 
the existence of an "init ial-peak" rotational pattern induced 
by theophylline indicates the existence of a good unilateral 
striatal denervation. 

More studies are needed to be certain that methylxan- 
thines, besides their already known actions, also act as 
dopamine agonists and, consequently, that this action can 
have pharmacological implications: Methylxanthines could 
have a role in the treatment of Parkinson's disease and 
neuroleptic-induced parkinsonism. They also had to be taken 
into account in the management of psychotic patients, 
because of the possible interference with dopamine 
antagonists, and in lactation, due to their possible inhibition 
on prolactin release, which is tonically inhibited by the 
dopaminergic tuberoinfundibular pathway (15). 
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