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Animal studies have shown that a depletion of dopamine or blockade of
dopamine D2 receptors in the striatum produces an increase in striatal proen-
kephalin (PENK) mRNA expression and an increase in GABAergic trans-
mission in the globus pallidus. Therefore, it has been suggested that an en-
hanced striatal PENK mRNA expression may reflect to some extent an in-
crease in the activity of the GABAergic striatopallidal pathway whose
overactivity has been suggested to take place in the course of Parkinson’s
disease. Therefore, the aim of the study was to investigate the role of
1,2,3,4-tetrahydroisoquinoline (TIQ), an endogenous substance suspected of
producing parkinsonism in humans, in the regulation of the activity of
GABAergic striatopallidal pathway in rats. TIQ administered acutely at the
dose of 100 mg/kg ip increased the PENK mRNA expression in the dorsal
part of the striatum at two levels I and II (rostral and central striatum, respec-
tively). No changes were noticed in the ventral part of the striatum. Moreo-
ver, TIQ given chronically to rats for 3 weeks did not modify the level of
PENK mRNA in any examined part of the striatum. The present results show
that the effect of TIQ on the PENK mRNA expression is different from that
described for proparkinsonian model neurotoxins (MPTP, 6-OHDA) as well
as for typical neuroleptics, such as haloperidol.

Key words: 1,2,3,4-tetrahydroisoquinoline, proenkephalin mRNA, in situ
hybridization, parkinsonism, striatum, rat

Copyright © 2003 by Institute of Pharmacology
Polish Academy of Sciences

Polish Journal of Pharmacology

Pol. J. Pharmacol., 2003, 55, 951–956
ISSN 1230-6002

# correspondence; e-mail: wardas@if-pan.krakow.pl



INTRODUCTION

According to the current model of basal ganglia
connections, loss of striatal dopamine (DA) in
Parkinson’s disease (PD), caused by progressive
degeneration of nigrostriatal dopaminergic path-
way, results in unbalanced activity of the two main
GABAergic striatal output pathways [10]. The hy-
peractivation of the so-called “indirect”, striatopal-
lidal pathway seems to result from a disinhibition
of GABAergic neurons, due to the loss of dopamin-
ergic inhibition through dopamine D2 receptors.
These neurons preferentially co-express GABA,
enkephalin and DA D2 receptors [10]. On the other
hand, the so-called “direct” striatonigral pathway
seems to be inhibited due to loss of stimulating ef-
fect of DA through DA D1 receptors. These neu-
rons, besides DA D1 receptors, co-express GABA,
dynorphin and substance P [10]. The observed
overactivation of striatopallidal pathway, reflected
by the increased expression of striatal proenkepha-
lin (PENK) mRNA is thought to be one of the main
mechanisms underlying dysfunction in motor be-
havior observed in PD and in animal models of this
disease [10].

Several studies using animal models of PD
(6-OHDA in rats, MPTP in mice or monkeys) con-
sistently showed the increased expression of stri-
atal mRNA for PENK or increased enkephalin im-
munoreactivity [1, 12, 27, 29]. Moreover, no chan-
ges or a decreased expression of mRNA encoding
prodynorphin or substance P was seen in those
models [1, 12, 29]. Therefore, it seems, that altera-
tions in the level of neuropeptide gene expression
correlate with alterations in striatal neuronal activi-
ty and that measurement of neuropeptide gene ex-
pression in specific cell types can be used to assess
the level of neuronal activity in selected pathways.

It has been postulated that 1,2,3,4-tetrahydro-
isoquinoline (TIQ) and its derivatives which are
structurally similar to MPTP are suspected of pro-
ducing parkinsonism in humans [2, 20, 22]. These
compounds are present both endo- and exoge-
nously (in plants and some food) and readily cross
the blood-brain barrier [16]. It has already been
shown that TIQ given at high doses (50–100 mg/kg)
to animals evoked some behavioral and biochemi-
cal symptoms similar to those found in parkinso-
nian patients [4, 19, 23]. Therefore, the aim of the
present study was to examine the influence of acute

and chronic TIQ administration on the expression
of PENK mRNA measured in the rat striatum.

MATERIALS and METHODS

The experiment was carried out in compliance
with the Animal Protection Bill [Dziennik Ustaw
no. 111/1997, item 724] and according to the NIH
Guide for the Care and Use of Laboratory Animals.

Male Wistar rats weighing 230–280 g were used
for all experiments. Rats were kept in the well-ven-
tilated room on an artificial light/dark cycle (12/12 h,
light on from 7 am to 7 pm), under standard condi-
tions (21°C) with a free access to food and water.

TIQ was obtained from Aldrich Chemical Com-
pany (Milwaukee, WI, USA), dissolved in redis-
tilled water and given acutely (single dose) or chro-
nically once daily for three weeks (100 mg/kg ip).
The rats were killed either 4 h after the single dose
of TIQ or 4 h and 72 h after the last dose of chronic
administration. Control rats were administered with
the redistilled water. The number of animals in
each treatment group was N = 7–8.

Rat brains were rapidly removed, frozen in cold
heptane (–70°C), cut into frontal sections (10 �m
thick) which were thaw-mounted on gelatin-coated
microscopic slides, and processed for in situ hy-
bridization [8]. Briefly, the sections were postfixed
in 4% paraformaldehyde, dehydrated, delipidated,
rehydrated and air-dried. A 48-mer synthetic deoxy-
oligonucleotide, complementary to bases 388–435
of rat PENK mRNA (New England Nuclear, Life
Sci. Products, Inc.), was labelled using [35S]dATP
(1,200 Ci/mmol, New England Nuclear) to obtain
specific activity of about 4 × 105 cpm/�l. The sec-
tions were hybridized with the labeled oligonucleo-
tide for 20 h at 37°C. After washing (4 × 15 min
in 2 × SSC at 40°C, 1 × SSC for 15 min at a room
temperature), the sections were air-dried and ex-
posed to a [3H]Hyperfilms (Amersham) for 4 weeks
at 4°C.

The specificity of the probe was assessed by
pretreatment of some tissue sections with RNAase
A (20 �g/ml) for 40 min at 30°C, which completely
eliminated the hybridization signal with the cDNA
probe. Moreover, when hybridization was carried
out in the presence of a 100-fold excess of the unla-
belled probe, the signal also disappeared.

After exposure, the films were developed with
a Dektol developer (Kodak), fixed with a GBX
Fixer and Replenisher (Kodak) and dried. Autora-
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diograms were analyzed by a computer-assisted
densitometry using an image-analyzing system
(MCID, St. Catharines, Ontario, Canada). The av-
eraged optical density (OD) values were calculated
after subtraction of the film background density.
Means of the OD values were obtained by averag-
ing measurements of both sides of the brain in
2 sections per each brain structure. The level of
PENK mRNA was estimated in the dorsal (CPd)
and the ventral (CPv) striatum at three levels: level
I (A = 1.7 to 1.2 mm from the bregma), level II
(A = 0.48 to –0.26 mm from the bregma, and level
III (A = –0.40 to –0.92 mm from the bregma) [26]
(Fig. 1). The data are presented in OD values
(means ± SEM).

The results were statistically assessed by the
one-way analysis of variance (ANOVA) followed
by an LSD (Least Significance Difference) test for
post hoc comparisons.

RESULTS

The patterns of hybridization found in brain re-
gions of control rats fully agreed with the well-
known distribution of PENK mRNA (Fig. 1). The
highest level of PENK mRNA expression was
found in the ventrolateral part of the striatum at all
three levels examined (Fig. 1, 2).
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Fig. 1. Typical examples of proenkephalin mRNA expression in
control rats are shown in three frontal sections of the striatum:
rostral (level I, A = 1.7 to 1.2 mm from the bregma); central
(level II, A = 0.48 to –0.26 mm from the bregma) and the caudal
(level III, A = –0.40 to –1.3 mm from the bregma), according to
[26]. Black outlines show the regions studied. CP – striatum;
dl – dorsolateral part of the striatum; vl – ventrolateral part of
the striatum; NA – nucleus accumbens; GP – globus pallidus
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Fig. 2. The influence of single or chronic TIQ administration on
the PENK mRNA expression in the striatum. The data are pre-
sented as a mean ± SEM in optical density (OD) values. The
number of animals per group: control n = 7, TIQ 100 mg/kg
acute n = 8, TIQ 100 mg/kg chronic (72 h) n = 6; TIQ 100 mg/kg
chronic (4 h) n = 8. Statistics: a one-way ANOVA, followed by
an LSD (Least Significance Difference) test for post hoc com-
parisons. * p < 0.05 vs. control. For further explanations see
Figure 1



TIQ injected at a single dose of 100 mg/kg ip
significantly increased the PENK mRNA expres-
sion only in the dorsal part of the CP at two levels:
level I (15.5% of increase vs. control) and II (10.7%
of increase vs. control) (Fig. 2). No changes in the
PENK mRNA expression in the dorsal part of the
striatum at the level III and in the ventrolateral part
of this structure at all three levels (I-II-III) were
found (Fig. 2). Moreover, TIQ given at the dose of
100 mg/kg ip chronically for 3 weeks did not
change the level of PENK mRNA expression in
any examined part of the striatum (Fig. 2).

DISCUSSION

Numerous studies have shown that DA exerts
a potent influence on striatal neuropeptide expres-
sion since depletion of this neurotransmitter by
proparkinsonian neurotoxins or neuroleptic-induced
blockade of DA D2 receptors in the striatum results
in increased expression of PENK mRNA in the
striatopallidal neurons and an increase in GABA-
ergic transmission in the globus pallidus [1, 6, 11,
12, 29]. Therefore, it has been suggested that an in-
crease in the striatal PENK expression may reflect,
at least to some extent, an increase in the activity of
the striatopallidal neurons and may be related to
manifestation of symptoms of PD or the neurolep-
tic-induced parkinsonism. Although studies with
animal models of PD produced rather consistent re-
sults in regard to increases in PENK mRNA ex-
pression, studies of enkephalin expression in par-
kinsonian patients have produced conflicting results
(decrease, increase or no changes in met-enkepha-
lin level in caudate-putamen) [9, 17, 24]. In the lat-
ter case, however, expression of neuropeptides in
PD patients may be affected by e.g. the long-term
use of various anti-parkinsonian drug therapies
and/or variability in the degree of striatal DA de-
pletion.

The results of the present study show that effect
of chronic TIQ administration on the PENK
mRNA expression in the striatum is different from
that observed after a single dose of this compound.
It has been previously suggested that TIQ in some
respect resembled the action of typical neurolep-
tics, but several actions of this compound are in-
compatible with the idea that it may have neuro-
leptic-like properties. Firstly, in contrast to classic
neuroleptics, TIQ did not produce sedation nor
catalepsy even at doses that produce muscle rigid-

ity [4, 19]. Secondly, it produces very small bio-
chemical effects by itself and does not show syner-
gism with the neuroleptics in the action on DA me-
tabolism [4]. Moreover, Antkiewicz-Michaluk et
al. [3] have recently described that acutely given
TIQ did not bind to the antagonistic site of DA D1
or D2 receptors, however, it displaced [3H]-apomor-
phine from its binding sites with effectiveness com-
parable to that of DA [3]. The fact that TIQ, simi-
larly to DA, binds to the agonistic binding sites of
the DA receptors, suggests that this compound may
suppress dopaminergic transmission at site differ-
ent from the neuroleptic binding site. This antido-
paminergic effect of TIQ may be responsible for
the observed increase in the expression of mRNA
encoding PENK in the striatum after acute treat-
ment.

The changes in PENK mRNA expression after
TIQ administration were found only in the dorsal
but not in other parts of the striatum. At the mo-
ment we have no explanation for the lack of TIQ
effect in the ventral part of the striatum. However,
a similar increase in PENK gene expression, par-
ticularly in the dorsolateral sensorimotor territories
has been previously observed [12]. Moreover, a di-
stinction between the dorsal and ventral parts of the
striatum has already been suggested by others [5,
14]. The dorsal part of the striatum (associative,
motor striatum) seems to be the most important for
the control of DA-mediated motor behavior [14].
On the other hand, in the ventral striatum, which
comprises the nucleus accumbens and the ventro-
medial part of the caudate-putamen [14], DA seems
to play a primary role in the control of affective and
psychomotor behaviors [5, 14].

The results obtained in animal models of PD
support the proposal that DA exerts a tonic inhibi-
tory control over enkephalin-containing GABA-
ergic striatopallidal output neurons [10]. However,
most of these studies have been conducted on acute
models of parkinsonism, i.e. on animals with rapid
onset and short duration of dopaminergic neuron
degeneration. Recent studies conducted on mon-
keys treated with MPTP showed that the most criti-
cal factor in modulating striatal PENK expression
is the duration, but not the extent of striatal dener-
vation, as prolonged denervation appeared to have
even the opposite effect on enkephalin biosynthe-
sis, causing a down-regulation in many striatal re-
gions [27]. Moreover, a variety of neurochemical
and morphological changes occur in the striatum as
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a consequence of lesion of the mesostriatal DA sys-
tem [7, 27, 28, 30]. These changes reflect both the
acute loss of DA innervation (e.g. loss of DA con-
tent) and compensatory responses which include
e.g. increased DA release and turnover [27, 28, 30].
Since the PENK mRNA expression is tightly linked
to DA transmission, striatal change or lack of
change in PENK mRNA expression may reflect the
extent of extracellular DA normalization. There-
fore, the lack of TIQ effect on PENK mRNA ex-
pression after chronic treatment, as seen in the
present study, may reflect the DA normalization
due to compensatory mechanisms.

The prolonged treatment with TIQ evokes only
slight decreases in DA concentration in the stria-
tum and tyrosine hydroxylase immunoreactivity in
the substantia nigra [19], in contrast to MPTP,
which drastically lowered these parameters [7].
Moreover, TIQ does not affect the level of DA
transporter in the striatum [18], which is also a
characteristic parameter of PD [15, 21, 25], while
MPTP changes it distinctly [7, 13]. In addition, our
current study shows that chronically administered
TIQ does not affect PENK mRNA expression in
the striatum and this effect is different from that de-
scribed by other authors for proparkinsonian model
neurotoxins as well as for typical neuroleptics, such
as haloperidol.

All the abovementioned studies show that neu-
rochemical profile of TIQ action on the nigrostri-
atal dopaminergic system is different from that of
typical parkinsonism-inducing neurotoxins. There-
fore, it is assumed that TIQ cannot be longer con-
sidered as potentially neurotoxic compound but
rather as neuromodulator of dopaminergic neuro-
transmission.
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