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Dopaminergic but Not Glutamatergic Neurotransmission Is Increased
in the Striatum after Selective Cyclooxygenase-2 Inhibition
in Normal and Hemiparkinsonian Rats
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Abstract: In the present work, we studied the effect of the selective cyclooxygenase-2 (COX-2) inhibitors, compound 11 g,
celecoxib and selective COX-1 inhibitor SC-560 (intraperitoneally and acutely) on striatal glutamatergic and dopaminergic
neurotransmission in normal and substantia nigra pars compacta (SNc)-lesioned rats using the microdialysis technique. We
also investigated the effect of acute COX inhibition on the damaged SNc neurons. Our results indicate a significant increase
in dopaminergic neurotransmission and a decrease in glutamatergic neurotransmission (P < 0.05) only after selective COX2 inhibition in the striatum of normal and hemiparkinsonian rats. Nonetheless, neither COX-1 nor COX-2 inhibitors
showed any improvement in the damaged SNc neurons.

Parkinson’s disease is a degenerative neurodopaminergic disease
in the nigrostriatal pathway of human beings. Increasing
evidence suggests that an inflammatory reaction accompanies
the pathological processes, caused by cyclooxygenase-2 (COX-2)
seen in many neurodegenerative disorders, including Parkinson’s
disease. COX-2 is the inducible form of the enzyme COX and
in contrast to the other isoform (COX-1) is up-regulated under
several stressful conditions such as cerebral damage. It appears
to be expressed in dendrites and cell bodies of neurons in
several areas of the brain, such as the nigrostriatal pathway,
CA-1 hippocampus and amygdala nucleus [1–3]. Normally,
COX-2 is expressed in low levels in nigral dopaminergic
neurons, but it becomes up-regulated in both patients and in
Parkinson’s disease models [4,5]. In the central nervous
system, COX-2 plays an important role in membrane excitability, synaptic transmission and participates in memory
consolidation during rapid eye movement sleep [3 – 6].
Furthermore, COX-2 inhibitors, such as celecoxib (selective)
or aspirin (non-selective), have been shown to provide some
neuroprotection or rigidity recovery in Parkinsonian animal
models [1,2]. 6-Hydroxy-dopamine (6-OHDA)-induced lesions
are the oldest model used to produce Parkinson-like disease
in rodents and continue to be the most popular experimental
models of Parkinson’s disease. This compound does not cross
the blood-brain barrier and must be injected directly into
the brain by stereotaxic means. 6-OHDA is a prototypic
oxidative stress neurotoxin and exhibits a high affinity for
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dopaminergic and norepinephrine tranporters, and can enter
both dopaminergic and noradrenergic neurons [7].
The present work studies assays of neurotransmitter glutamate and dopamine concentrations in the striatum of normal
and hemiparkinsonian rats following administration of selective COX-1 or COX-2 inhibitors.
Materials and Methods
Animals. Adult male albino Wistar rats (200–250 g) were used in the
study. The animals were housed in groups of six in stainless steel
cages, handled daily, and provided food and water ad libitum. A 12-hr
light:dark cycle was maintained, and the animals were tested during
the light cycle. These animal experiments were carried out in accordance
with recommendations from the Declaration of Helsinki and the
internationally accepted principles for the use of experimental animals.
The animals were defined either as normal or Parkinsonian group
and each group was divided into seven subgroups (each subgroup
contained six rats) who received COX inhibitors or vehicle. Three
additional control groups were defined as normal and substantia
nigra pars compacta (SNc)-lesioned and probe control.
Drugs and solvents. Celecoxib was purchased from the Razak
Laboratory (Pharmaceutical Company, Tehran, Iran) SC-560, and
ketamine and xylazine were purchased from Merck (Darmstadt,
Germany). Compound 11 g was prepared as previously described
[8]. All COX inhibitors dissolved freely in dimethyl sulfoxide
(DMSO) 100% and diluted with saline before injection in this manner
ketamine and xylazine dissolved in distilled water.
Surgery. Each rat was anaesthetized separately by injection of 75 mg/kg
ketamine combined with 8 mg/kg xylazine intraperitoneally. Then,
the rats were prepared for surgery and placed in the stereotaxic
instrument. A sagittal incision was made in the scalp with a sterile
blade, the skin and inferior tissue layers covering the skull were
retracted, and a small hole was drilled at the following coordinates:
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− 4.8 mm posterior and −1.6 mm lateral to bregma and 8.2 mm ventral
to the surface of the skull for the left SNc according to the atlas.
Vehicle (0.2% ascorbic acid) or 6-OHDA (8 μg in 1 μl in 0.2%
ascorbic acid) was infused unilaterally through a 26-gauge stainless
steel cannula into the SNc region thus creating hemiparkinsonian
rats. Then, the skull was exposed and a hole was drilled through
it in the area overlying the right striatum, using the following coordinates with respect to the bregma: A/P + 1 mm; M/L + 3 mm, D/
V + 6 mm according to the atlas [9]. A guide cannula was lowered
into the brain for inserting the microdialysis probe which delivered
a modified Ringer’s solution through the probe, it was fixed to the
cranium and the incision was closed. Surgery was performed using
sterile instruments and aseptic conditions.
Microdialysis procedure. Rats were allowed to recover from the
surgery for 7–10 days. Microdialysis experiments were performed
in normal and SNc-lesioned animals. On the experimental day, a
microdialysis probe was inserted into the cannula, and the inputs of
the probes were connected to a microperfusion pump, CMA/102
infusion pump (CMA/Microdialysis, Solna, Sweden), which delivered
a modified Ringer’s solution (147 mM NaCl, 1.2 mM CaCl2, 2.7 mM
KCl, 1.0 mM MgCl2 and 0.04 mM ascorbic acid) through the probe
at a flow rate of 2 μl/min. The Ringer’s solution was then infused
for 3–3.5 hr before the baseline samples were collected to obtain
stable basal extracellular levels of dopamine or glutamate. The
microdialysate samples (20 μl) were collected every 20 min. When a
stable outflow was shown by four consecutive samples of neurotransmitters, rats were given celecoxib (3.6 mg/kg) and compound
11 g (2.4 mg/kg) which we [8] previously reported as a new type of
1-aryl-5-(4-methylsulfonylphenyl)imidazoles, possessing C-2 alkylthio
(SMe or SEt) substituents, which was designed and synthesized
and then evaluated as selective COX-2 inhibitor with in vivo antiinflammatory activity. The compound 11 g was the most potent and
selective COX-2 inhibitor (COX-2 IC50 = 0.43 μM with no inhibition of COX-1 up to 25 μM) relative to the reference drug celecoxib
(COX-2 IC50 = 0.21 μM with no inhibition of COX-1 up to 25 μM)
and also showed very good anti-inflammatory activity compared to
celecoxib in carrageenan-induced rat paw oedema assay [8] and SC560 (1.2 mg/kg) as selective COX-1 inhibitor and DMSO as vehicle.
The control rats received a saline injection (1 ml/kg) intraperitoneally. The dialysates were collected for 4 hr after the administration
of COX-2- or COX-1-selective inhibitors. The stress caused by the
intraperitoneal vehicle injection and handling of the rats was not
found to alter the extracellular glutamate–dopamine levels. In part
of the experiments, when the rats were given drugs or vehicle after
four stable consecutive samples, the dialysates were collected for 2.5 hr
after the injection. Microdialysate levels of glutamate and dopamine
were analysed immediately. After the experiments, the location of
the probe was determined histologically on serial coronal sections.
Only data obtained from rats with correctly implanted probes were
included in the results. All experiments were made with awake, conscious animals. Animals were individually housed for the duration
of the experiment in a CMA/120 system (CMA/Microdialysis).
Glutamate and dopamine samples were analysed by reversephase high performance liquid chromatography with electrochemical
detection [10,11]. Following that, histological evaluations were
employed to investigate whether COX-2 or COX-1 inhibition
improved the lesion [12]. By preparingere shown as the mean ± S.E.M.
The average concentrations of four stable samples before drugs or
vehicle (DMSO) administration were considered as the basal glutamate and dopamine concentrations. Statistical evaluation of the
results was performed by means of one-way anova and Student–
Newman–Keuls multiple range test, considering the following significant differences: P < 0.05.

Results
The striatal extraneuronal (i.e. microdialysate) concentrations
of glutamate in normal and SNc-lesioned rats of all examined

groups before drug–vehicle injection (baseline) were 2.2 ± 0.23
and 2.91 ± 0.38 ng/20 μl, with dopamine concentrations of
3.11 ± 0.49 and 2.1 ± 0.33 pg/20 μl, respectively, for normal
and SNc-lesioned rats.
COX-2 inhibitors and doses were observed to modify
glutamatergic and dopaminergic neurotransmission in the
striatum of hemiparkinsonian rats within the observation
period, as depicted in fig. 1A,B.. The changes were significant
(P < 0.05) for glutamate and dopamine concentrations at
40 min. and throughout until 180 min. Comparing with the
normal rats that received only saline, COX-2 inhibitors were
able to decrease glutamate or increase dopamine to the normal
levels and even more than the normal level at or after 60 min.
Statistically, low doses of COX-2 inhibitor administration
to normal rats had no significant effect on glutamatergic nor
dopaminergic neurotransmission but the high doses produced
a significant decrease in glutamatergic neurotransmission and
an increase in dopaminergic neurotransmission (P < 0.05)
within 60 –120 min. only (fig. 1C,D). Statistical analysis showed
that the high doses of COX-2 inhibitors significantly attenuated
glutamatergic neurotransmission in both normal (19.04%,
average of 80–120 min.) and hemiparkinsonian rats (25.43%,
average of 40–180 min.). At the same time, dopaminergic
neurotransmission was enhanced in both normal (13.82%,
average of 80 –120 min.) and hemiparkinsonian rats (49.52%,
average of 20–180 min.) by high doses of COX-2 inhibitors,
respectively. It should be noted that the selective COX-1
inhibitor SC-560 had no significant effect on glutamatergic
nor dopaminergic neurotransmission in normal and SNclesioned rats (data not shown).
Interestingly, histological results show that treatment
with either COX-2 or COX-1 inhibitors did not improve the
lesion (fig. 2A–D).
Discussion
This study was intended to explore the important role for
COX-2 in glutamatergic and dopaminergic neurotransmission in the striatum of normal and hemiparkinsonian rats.
Additionally, this study shows that acute COX inhibition does
not have any improving effect on damage of SNc neurons. It
seems that COX-2 and its metabolites, prostaglandins (PG),
have an important role in neurotransmitter release as noted
in previous reports [13,14], suggesting that COX-2 causes
increased levels of acetylcholine in the brain via production
of PGE2, and increases in expression of cholinergic markers,
such as choline acetyltransferase and vesicular acetylcholine
transporter protein. It was also noted that prostaglandins
have modulatory effects on adrenergic, noradrenergic and
glutaminergic transmission, specially PGE2, and prostaglandin synthesis inhibitors induced increases in the blood
pressure via increases in the release of the catecholamine; for
example, using large doses of glucocorticoids in human beings
may cause insomnia, euphoria and increase the intracranial
pressure [13,14]. Additionally, an in vitro study evaluated the
effects of some non steroidal anti-inflammatory drug (NSAIDs)
on cultured primary rat embryonic neurons from rat embryonic
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Fig. 1. (A) Effects of selective cyclooxygenase-2 (COX-2) inhibitors on striatal glutamatergic neurotransmission of hemiparkinsonian rats.
All doses were observed to be modified significantly the neurotransmission especially during the 20–180 min. after COX-2 inhibitors
administration and also at or after 40 min. the glutamate level achieved to the normal and more than it. (B) Effects of selective COX-2
inhibitors on striatal dopaminergic neurotransmission of hemiparkinsonian rats. All doses were observed to be modified significantly the
neurotransmission especially during the 20–180 min after COX-2 inhibitors administration and also at or after 20 min. the dopamine level
achieved to the normal and more than it. (C) Effects of selective COX-2 inhibitors on striatal glutamatergic neurotransmission of normal
rats. Only the high doses of COX-2 inhibitors were seen to be modified significantly the glutamatergic neurotransmission during 80–120 min.
(D) Effects of selective COX-2 inhibitors on striatal dopaminergic neurotransmission of normal rats. Only the high doses of COX-2 inhibitors
were seen to be modified significantly the dopaminergic neurotransmission during 80–120 min.

Fig. 2. (A) SNc under light microscope in normal rats; (B) lesioned SNc before any treatment; (C) lesioned SNc after COX-2 inhibition; and
(D) lesioned SNc after COX-1 inhibition. All magnification ×4.
© 2008 The Authors
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mesencephalon also containing glial cells, an experimental
preparation that reflected the cellular composition of the brain
well, thus useful in the study of neuro-inflammation. Incubation
with aspirin, paracetamol or ibuprofen protected dopaminergic
neurons against glutamate toxicity. The study considered
as indices the reduction of the decrease in dopaminergic
uptake caused by glutamate, and the attenuation of the
tyrosine hydroxylase-positive cells loss. Among the NSAIDs
tested, ibuprofen was the most effective and surprisingly
increased the number of dopaminergic cells in basal condition most likely protecting them from the excitoxicity associated with culture medium change. In the present study,
we showed that only high doses of COX-2 inhibitors were
able to modify the glutamate–dopamine levels. It has been
shown that normally COX-2 is expressed in low levels in nigral
dopaminergic neurons, but becomes up-regulated in both
patients and experimental Parkinson’s disease models [15].
This suggests that different levels of COX-2 in normal and SNclesioned rats may explain the aforementioned observations.
The changes in other striatal neurotransmitters such as the
cholinergic system after COX-2- or COX-1-selective inhibition should be investigated in future experiments in order to
clarify the role of COX in other striatal neurotransmissions.
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