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Abstract

Introduction: Parkinson’s disease (PD) is a neurodegenerative disorder characterized mainly by its motor symptoms. The non-motor
symptoms including pain are increasingly recognized in the last few decades. Existing evidence suggests that the dopaminergic neuro-
transmission has an essential role in pain control.

Aim: The aim of the present study was to investigate the antinociceptive effect of dopaminergic drugs pramipexole and tolcapone
against chemical and thermal stimuli in naive rats.

Materials and methods: Male Wistar rats divided into 8 groups (n==8): saline; diclofenac 25 mg/kg body weight (bw) (positive
control); pramipexole 0.5; 1 and 3 mg/kg bw; tolacapone 5; 15 and 30 mg/kg bw. Paw pressure and plantar tests were performed. Paw
withdrawal pressure and latent time were measured. Statistical analysis was done by SPSS 19.

Results: In the paw pressure test, pramipexole, in a dose of 1 and 3 mg/kg bw and tolcapone in a dose of 30 mg/kg bw, increased sig-
nificantly the latency at 1, 2, and 3 hours compared to saline (p<0.05). In the plantar test, only the highest dose of pramipexole reached
significance at 3 hours compared to the control rats (p<0.05). In contrast to pramipexole the three experimental groups with tolcapone
markedly increased the latent time at 1 and 3 hours compared to saline (p<0.05).

Conclusions: Pramipexole and tolcapone reduce mechanical and thermal nociception in naive rats by enhancing dopaminergic neu-
rotransmission at both spinal and supraspinal levels. In addition, tolcapone stimulates noradrenergic mediation which may contribute
to its antinociceptive effect.
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INTRODUCTION terized by its motor symptoms (MS): bradykinesia, rigidity,

and postural tremor.> However, the non-motor symptoms
Parkinson’s disease (PD) is a neurodegenerative disorder = (NMS) of PD such as pain, cognitive decline, autonomic,
that affects about 1% of the population over the age of 65.!  and sensory dysfunction have become increasingly recog-
PD is caused by loss of dopaminergic neurons in substantia  nized in the last few decades. Approximately half of the PD
nigra and strial dopamine depletion and is generally charac-  patients complain of pain whose intensity varies from mild
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to intractable.® It can occur at any time during the disease
and even can precede the motor symptoms.* Recent studies
have demonstrated that NMS and pain in particular have
a greater impact on quality of life than MS and they may
further expand the burden of patient’s illness.

The origin of pain in PD remains obscure. The monoam-
inergic system is important for pain modulation. While the
role of norepinephrine and serotonin in pain inhibition is
well established the engagement of dopamine in pain mod-
ulation is less studied.® Existing clinical and preclinical evi-
dence suggests that the dopaminergic neurotransmission
has an essential role in pain processing and perception at
spinal and supraspinal regions, such as basal ganglia, ante-
rior cingulate cortex, insula, thalamus, etc.” Stimulation of
D,-like dopamine receptors inhibits nociceptive respons-
es although D -like receptors may also contribute to the
antinociceptive effect of dopamine. Disruption in dopa-
mine signalling may modulate pain processing directly by
amplifying or reducing the nociceptive signal propagation
and indirectly by affecting mood and cognition which are
involved in pain signals interpretation.® Decreased dopa-
mine levels are likely to take part in the painful symptoms
experienced by patients with PD.?

The role of dopamine in pain modulation suggests that
drug-enhancing dopaminergic mediation may be useful
in the treatment of pain in PD and other disorders. This
boosts the motivation for further investigation involving
animal models, which may lead to the development of novel
therapeutic approaches to pain treatment. Bupropion (anti-
depressant that inhibits both noradrenaline and dopamine
reuptake) has antihyperalgesic action in an animal model
of neuropathic pain and the effect is reduced in the pres-
ence of the D, receptor antagonist sulpiride."” Dopamine
replacement therapy with levodopa increases pain thresh-
old in parkinsonian patients.!! The dopamine agonist apo-
morphine increases the cold-pain threshold in a condition
different from PD (chronic radicular pain).!? Pramipex-
ole is D,/D, dopamine receptor agonist found to inhibit
thermal hypersensitivity in rats with 6-hydroxydopamine
(6-OHDA) model of PD.!* Clinical trials demonstrated
that this drug decreases pain in patients with fibromyal-
gia.! Tolcapone is an inhibitor of dopamine metabolising
enzyme catechol-O-methyltransferase (COMT). Since low
COMT activity is associated with high dopamine levels, we
can suggest that tolcapone might have pain-relieving prop-
erties although the available data are controversial.

AIM

The analgesic action of dopaminergic drugs is revealed
mainly in experimental models of PD. Since increasing
evidence shows that these agents might augment the pain
treatment in non-parkinsonian patients, the aim of our
study was to investigate the antinociceptive effect of the
dopaminergic agents pramipexole (PMX) and tolcapone
(TCP) against chemical and thermal stimuli in naive rats.

MATERIALS AND METHODS

Ethical statement

All experimental procedures were carried out in accordan-
ce with the European Convention for the Protection of Ver-
tebrate Animals used for Experimental and other Scientific
Purposes. For the present study, permission was obtained
from the Ethics Committee at the Medical University of
Plovdiv, No 2/19.04.2018 and Animal Health and Welfare
Directorate of the Bulgarian Food Safety Agency permit No
4/09.12.2015.

The following drugs were used: pramipexole (Sigma-
Aldrich), tolcapone (Sigma-Aldrich), diclofenac (Sandoz).

Animals

Male albino Wistar rats (200+20 g body weight) were used.
They were kept in standard cages under controlled labora-
tory conditions (08:00-20:00 light-dark cycle, temperature
22+1°C, and humidity 55+5%) with ad libitum access to
food and water. Efforts were made to reduce the number of
animals used and to lessen their suffering.

To evaluate the antinociceptive properties of PMX and
TCP, the rats were divided randomly into 8 groups (n=8) as
follows: group 1 (control): saline 0.1 ml/100 g body weight;
group 2 (positive control): diclofenac (25 mg/kg bw); group
3: pramipexole (0.5 mg/kg bw); group 4: pramipexole
(1 mg/kg bw); group 5: pramipexole (3 mg/kg bw); group 6:
tolcapone (5 mg/kg bw); group 7: tolcapone (15 mg/kg bw);
group 8: tolcapone (30 mg/kg bw).

All animals were pre-treated with PMX and TCP for 7
days. The drugs were dissolved in saline and administered
by oral lavage.

Nociceptive tests

Nociceptive paw pressure test (Randall-
Selitto test; analgesiometer)

Paw pressure threshold was measured by analgesiome-
ter apparatus (Ugo Basile, Italy). Randall-Selitto (RS) test
quantifies withdrawal responses evoked by application of
a linearly increasing mechanical pressure to the rats’ hind
paw. The pressure was applied on the dorsum of the right
hind paw. The intensity of pressure was gradually increased
in steps of 10 grams. End point was reached upon hind paw
withdrawal. Cut-off was set at 250 g to avoid tissue damage.
The assay was performed at 1, 2, and 3 hours (60, 120, and
180 minutes) after drug administration. Basal latency was
measured before treatment and animals with deviation in
the response were excluded.

Plantar test (Hargreaves’ method)

Plantar test apparatus (Ugo Basile, Italy) was used to eva-
luate the nociceptive thresholds to thermal stimuli. The
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animals were placed in a see-through plastic chamber
and allowed to accustom for 5 min before testing. A small
cylinder with infrared emitter was placed under the trans-
parent floor of the chamber. The beam diameter was
around 12 mm. In addition, the cylinder had an infrared
sensor which ceased the emission when animal moved its
hind paw, therefore recording latency and stopping the
heat. The test was repeated three times at 1, 2, and 3 hours
(60, 120, and 180 minutes) following drug administration.
The latent time taken for the animal to withdraw its paw
was measured. To prevent tissue damage cut-off time was
set up in 30 seconds.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics 19.0. All data were expressed as mean+SEM. Data were
analysed by one-way ANOVA, followed by Tukey’s post
hoc test for comparisons between the groups. A value of
p<0.05 was considered statistically significant.

RESULTS

Effects of pramipexole and tolcapone in
nociceptive paw pressure test

In Randall-Selitto test, the pressure at which the animals
treated with diclofenac (25 mg/kg bw) withdrew their hind
paw was 18+1 g which was significantly higher compared
to the control group at 60, 120, and 180 minutes (p<0.0001)
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120 min

minutes

Antinociceptive Effect of Pramipexole and Tolcapone

(Figs 1, 2). The three experimental groups with PMX at
doses of 0.5, 1, and 3 mg/kg bw markedly increased that
index during the first two hours when compared to saline
(p<0.05, p<0.001, and p<0.05, respectively at 1 hour, and
p<0.001, p<0.01, and p<0.001, respectively at 2 hours) whe-
reas at 3 hours, rats treated with PMX at a dose of 1 and 3
mg/kg bw showed significant increase in comparison to the
vehicle animals (p<0.001 and p<0.01, respectively) (Fig. 1).

Our investigation on tolcapone showed that TCP at dos-
es of 15 and 30 mg/kg bw significantly increased the pres-
sure for paw withdraw at 60 minutes compared to the rats
treated with saline (p<0.05). At 2 hours, only the highest
dose of TCP notably increased that index (p<0.001) while
at 3 hours, the three experimental groups reached signifi-
cance in comparison to the saline group (p<0.0001, p<0.01,
and p<0.0001, respectively) (Fig. 2).

The effect of tolcapone on nociceptive threshold was
greater than that of pramipexole. At 3 hours, significance
was reached when comparing the highest doses of TCP and
PMX (p<0.05) (Table 1).

Effects of pramipexole and tolcapone on
pain threshold in plantar test

Rats treated with diclofenac (25 mg/kg bw) significantly
increased the time for reaction at 60, 120, and 180 minutes
when compared to the vehicle group (p<0.001) (Figs 3, 4).
The group treated with the highest dose of PMX (3 mg/kg
bw) reached significance at 3 hours compared to the con-
trol rats (p<0.001) (Fig. 3).

In contrast to PMX, all experimental groups treated
with TCP markedly increased the latent time at 60 and 180

Osaline
Bdiclofenac 25 mg/kg
O pramipexole 0,5mg/kg

IRRRN—

[ pramipexole 1 mg/kg
B pramipexole 3 mg/kg

Figure 1. Effects of pramipexole on the nociceptive threshold in paw pressure test (Randall-Selitto test). *p<0.05 vs. the saline control
group; "p<0.01 vs. the saline control group; #p<0.001 vs. the saline control group; %»<0.0001 vs. the saline control group.
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Figure 2. Effects of tolcapone on the nociceptive threshold in paw pressure test (Randall-Selitto test). *p<0.05 vs. the saline control
group; Ap<0.01 vs. the saline control group; #p<0.001 vs. the saline control group; °p<0.0001 vs. the saline control group.

Table 1. Comparison of the effects of pramipexole and tolcapone on the nociceptive threshold in paw pressure test

Group 1 hour 2 hours 3 hours
mean+SD mean+SD mean+SD
PMX 1 mg/kg bw 16.937+2.615 16.625+3.206 14.500+2.664
PMX 3 mg/kg bw 11.062+2.326 17.187+2.508 13.000+2.121
TCP 15 mg/kg bw 11.625+2.736 7.687+2.104 15.150+3.180
TCP 30 mg/kg bw 12.062+2.602 12.375+1.700 22.312+1.896*

*p<0.05 when compared to PMX 3 mg/kg bw.
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Figure 3. Effects of pramipexole on pain threshold in plantar test (Hargreave’s method) in rats. #p<0.001 vs. the saline control group.
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Figure 4. Effect of tolcapone on pain threshold in plantar test (Hargreave’s method) in rats. *p<0.05 vs. the saline control group;

Ap<0.01 vs. the saline control group; *p<0.001 vs. the saline control group; °»<0.0001 vs. the saline control group.

minutes compared to saline (p<0.01, p<0.01, and p<0.0001,
respectively, at 1 hour and p<0.001 at 3 hours). At 120
minutes, only the two doses of TCP (15 and 30 mg/kg bw)
climbed up to a significant increase of latency (p<0.05 and
p<0.01, respectively) whereas the lowest dose prolonged
the time for reaction insignificantly (Fig. 4).

DISCUSSION

The major finding of our study is that systemic administra-
tion of dopaminergic drugs inhibits mechanical and ther-
mal nociceptive response in naive rats. The results from our
experiments are aligned with previous preclinical research
which demonstrated that dopamine receptor agonists atte-
nuate nociception. Taylor and colleagues found that bilate-
ral microinjection of the D,-like receptor agonist quinpiro-
le in nucleus accumbens inhibits persistent nociception in
the formalin test in rats.!® In experimental conditions the
analgesic effect of pramipexole is demonstrated in animals
with artificially-induced PD'*!6 but not in naive rats. Cao
LF et al. found that pramipexole reduces thermal, but not
mechanical pain hypersensitivity in rats with 6-OHD-indu-
cedmodel of PD.13 Our results showed that in naive rats, pra-
mipexole inhibits both types of nociception. Pain reducing
properties of dopamine receptor agonists in non-parkinso-
nian patients are demonstrated in clinical trials.!>!* COMT
inhibitors are known to increase sensitivity to nocicep-
tive stimuli although there are some controversial data.!”
Nitecapone has antiallodynic effect in neuropathic pain
and another COMT inhibitor, OR 486, demonstrated that

low COMT activity results in decreased nociceptive activity
of the dorsal horn and reduced expression of spinal long-
term potentiation after noxious inputs.'®

The role of the dopaminergic system in the regulation of
motor functions, reward processes, attention and motiva-
tion is well established.!” The idea about the pain-relieving
properties of dopaminergic drugs comes from the fact that
dopamine also plays an important role in the modulation
of nociceptive transmission. Five subtypes of dopamine
receptors have been distinguished. Based on their pharma-
cology and functional properties they can be divided into
D,-like (D,, D,) and D,-like (D,, D,, D,) dopamine recep-
tors. D, and D, receptors are mainly involved in the modu-
lation of pain but have opposing functions. Stimulation of
D, receptors has an antinociceptive effect, whereas D, re-
ceptors are more likely to have pro-nociceptive properties.®

Pramipexole is a dopamine receptor agonist used in
the treatment of PD. It has high affinity for D,/D, receptor
subtypes and no affinity for D /D, receptors.?’ Dopamine
can modulate the nociceptive transmission at spinal and
supraspinal levels, including the basal ganglia, cerebral cor-
tex and periaqueductal gray.”*! The plantar test is a modi-
fication of the hot plate test and provides more localized
thermal stimulus on an unrestrained animal. This mini-
mizes the role of the subjective factor during the experi-
ments. Behavioural response is more complex than that in
the paw pressure test and involves supraspinal structures.??
Dorso-lateral striatum is involved not only in the regulation
of motor functions bit also in the supraspinal pain modu-
lation. Striatal micro-injection of the non-selective dopa-
mine receptor antagonist haloperidol and the selective D,
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receptor antagonist eticlopride enhances the nociceptive
response in the formalin test in rats whereas the injection
of the non-selective dopamine agonist apomorphine and
the D, agonist quinpirole produce antinociceptive effect.?
Cortical structures are also implicated in the dopamine-de-
pendent modulation of pain transmission. Sheng HY et al.
showed that activation of D, receptors in the ventrolateral
orbital cortex has an antinociceptive effect.?* The density of
D,/D, receptors in the brain is increased in patients with
painful conditions.?! Based on our results and aforemen-
tioned data about the role of dopamine and its receptors
in the control of pain we can speculate that pramipexole
exerts its antinociceptive effect through stimulation of
supraspinal D,-like receptors.

Tolcapone inhibits COMT enzyme and slows down
catabolism of extracellular dopamine. In the striatum, the
reuptake of dopamine by a dopamine transporter is more
important for termination of its action. Although COMT
plays a more significant role in regulating dopamine lev-
els in the prefrontal cortex, the rate of dopamine catabo-
lism in this brain structure affects dopamine amount in
the striatum. Low COMT activity results in high levels of
tonic dopamine and decreased phasic dopamine release
in the striatum.® Striatal dopaminergic system is asso-
ciated with inter-individual differences in sensory and
affective aspects of pain.?> Tolcapone, by inhibiting
COMT enzyme, probably increases striatal tonic dopa-
mine levels and increases pain threshold. Unlike prami-
pexole, which is a D/, receptor agonist, tolcapone elevates
dopamine levels which in turn stimulate all type of dopa-
mine receptors. This could lead to pro-nociceptive action
due to stimulation of D,/ receptors which is not observed
in our study. Flores J et al. showed that D, receptors in the
periaqueductal gray matter enhance opioid-induced an-
algesia and this receptor type participates in supraspinal
antinociceptive effect of dopamine.?® Moreover, tolcapone
also protects noradrenalin from degradation by COMT
and noradrenergic neurotransmission has a proven pain-
inhibiting function.

Behavioural responses in the paw pressure test are
mediated through spinal nociceptive mechanisms.?” Based
on our results, we can assume that spinal dopaminergic
system plays an essential role in the observed analgesic
effect of pramipexole and tolcapone. Activation of D,
receptors after intratecal administration of quinpirole, a
D,-like agonist, produces analgesia under the conditions of
mechanical nociception.?® This supports the hypothesis
about the role of D, receptors in the observed effect. In the
mammalianspinal cord the major sourceof dopaminearedo-
paminergic fibers from the A11 region of the dorsoposterior
hypothalamus. All dopamine receptors are found in the spi-
nal cord, but D, type predominates and has an important
role for the postsynaptic dopaminergic actions.?* Dopamine
receptors are found not only in the spinal cord but also in
the dorsal root ganglia. Dopamine modulates presynap-
tic transient receptor potential vanilloid type 1 receptor
in the latter through activation of D /D, receptors. In this

way presynaptic dopamine receptors inhibit the transmis-
sion of nociceptive impulses between primary nociceptors
and neurons of the dorsal horn of the spinal cord.® Lu Y
et al. demonstrated that dopamine exerted presynaptic
inhibition of the pain signalling from primary A$- and C-
fiber nociceptors to lamina I projection neurons. D, and D,
receptors also contribute to the antinociceptive effect of
dopamine in the spinal cord.*! This could explain the more
prominent effect of tolcapone on mechanical hyperalgesia
than that of pramipexole. The effect of the COMT inhibitor
was registered at all doses and with the highest dose, it was
greater than that of diclofenac although the difference did
not reach statistical significance. Tolcapone inhibits dopa-
mine metabolism and increases dopamine which in turn
acts at all types of dopamine receptors attaining pre- and
postsynaptic inhibition on pain transmission.

Another possible explanation for the analgesic effect of
tolcapone, in both the mechanical and thermal nociception,
is the enhancement of the noradrenergic neurotransmis-
sion. COMT is involved not only in the degradation of dopa-
mine, but also in that of noradrenaline. It has a well-known
role in the inhibition of pain at the spinal and supraspinal
levels. The major source of spinal cord noradrenaline is
locus coeruleus (LC), but this brain structure has projec-
tions to the basal ganglia, hippocampus, prefrontal cortex,
somatosensory cortex, etc.’> The noradrenergic system is
mainly implicated in the descending pain control, influ-
encing the spinal transmission of nociceptive stimuli.*®
PD is defined by a massive loss of nigrostriatal dopamine
neurons, but noradrenergic neurotransmission is also af-
fected. Postmortem examinations showed that degeneration
of LC is common in parkinsonian patients and is charac-
terized with loss of neurons, presence of Lewy bodies or
both.>* The role of noradrenaline deficiency in the develop-
ment of hyperalgesia in PD is not well established. Experi-
mental data showed that in rats with 6-hydroxydopamine-
induced model of PD restoration of noradrenergicinhibitory
tone with the pharmacologically inactive noradrenaline
precursor droxidopa, a2-adrenoreceptor agonist clonidine
and duloxetine (noradrenaline and serotonin reuptake in-
hibitor) reduces pain hypersensitivity.!* Tolcapone prob-
ably increases noradrenaline levels in the spinal cord which
in turn causes antinociception. The latter is mainly due to
stimulation of a2-adrenoreceptor®, but al-adrenoceptors
activate inhibitory GABAergic interneurons which may
contribute to the analgesic effect of noradrenaline.®®
Further investigations are needed to reveal the mechanism
of tolcapone-induced antinociception.

CONCLUSIONS

Pramipexole and tolcapone reduce mechanical and ther-
mal nociception in naive rats by enhancing dopaminergic
neurotransmission at both spinal and supraspinal levels.
In addition, tolcapone stimulates noradrenergic mediation
which may contribute to its antinociceptive effect.
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Pe3tome

BBepeHue: bonesnp ITapkuncona (BIT) — HeliponereHepaTiBHOe 3a60/IeBaHe, XapaKTepU3yIOllleecss B OCHOBHOM JBUTATeIbHbIMU
cuMITOMaMu. B mocmenHme fecATHIeTUA BCE 60/bIe BHUMAHNUA YHeNAeTCSA HEMOTOPHBIM CHMIITOMAM, BKI04asA 601b. CyliecTByIo-
Iyie JaHHbIe CBUJETENbCTBYIOT O TOM, YTO JOPMIHEPruiecKas HeiPOTPAHCMIUCCHUS UTPaeT BaKHYIO PO/Ib B KOHTPOJIe 6O

Lenb: Llenpio HACTOSIIIErO MCCIENOBAHNUsI OBUIO M3YYUTh aHTMHOLMIIENTUBHOE [€HCTBIE HO(aMIHEePruIecKuX IperapaToB Ipa-
MMIIEKCOIA Vi TOZIKATIOHA Ha XVIMIYEeCKIe I TEPMUIECKIe PasfpaXKUTeIN Y ,HaMBHBIX  KPBIC.

Matepuansl n metogbl: Camist Kpbic muHuy Wistar 6b11u paspenens! Ha 8 rpymni (n=8): o6paboraHHble pU3MOMTOTMYECKUM pac-
TBOPOM; AMKI0(eHaK 25 Mr / KT Macchl Tena (M. T.) (ITOIOXXMUTEIbHBI KOHTPOJIb); mpamuiiekcor 0.5; 1 1 3 Mr / KT (M. T.); TOIKAIlOH
5; 15 1 30 Mr / Kr (M.T..). BpUIM BBITIO/THEHDI UCIIBITAHME Ha JaB/IEHNE JIall KPBICI U MOf{OIIBEHHOE MCIIbITaHMe. VI3Mepsiin faBieHye
OTHEPIUBaHMA AIbl U 3a/iep>XKy. CTaTUCTUYeCKNUII aHa/IN3 IPOBOAWICA ¢ ucnonb3oBanueM SPSS 19.

Pe3ynbTaTthbl: B TecTe jaBneHus Ha nanbl KPbIChI IPaMUIIEKCONT B fo3ax 1 1 3 Mr / Kr (M. T.) M TONKAmoH B fo3ax 30 mr / kr (M.T.)
3HAUNTENbHO YBEIMYNMIN JIATEHTHBIN Ileprnop depe3 1, 2 u 3 yaca 10 CpaBHEHMIO C HUIUONIOrNYECKM 06pabOTaHHBIMY IPYIIIA.
pactBop (p<0.05). B mogouIBeHHOM TecTe TOJIBKO caMas BBICOKas H03a MIPaMUIIEKCOIa JOCTUIIA 3HAYMMOCTY Ha TPETbeM 4acy Mo
CpaBHeHUIO ¢ KOHTpoeM (p<0.05). B oTin4me oT npaMmIeKcona, Tpy 9KCIepuMeHTaIbHbIe IPyIbL, mony4apuve TCP (Tonkanown),
3HAYNUTE/IbHO YBEMYNUIN IATEeHTHOE BpeMs depe3 1 u 3 4aca 110 CpaBHEHUIO C TPYIIIION, MOMTyyaBlleil p1U3MOTOTMYeCcKIii pacTBOP
(p<0.05).

3aknroueHue: HpaMI/IHeKCOH ¥ TOIKAIIOH CHIDKA/IM MEXaHNMYIECKYIO VI TEPMMYECKYI0 HOUMIETIINIO Y ,,HaI/IBHbIX“ KpbIC 3a CcUéT yBenm-
YECHUA ﬂO(l)aMI/IHepI‘I/I‘{eCKOf/'[ HeﬁpOTpaHCMI/ICCI/II/I KaK Ha CIIMHA/JIbHOM, TaK I Ha CyIIpaClIMHaJIbHOM YPOBHAX. KpOMe TOTO, TO/IKAIIOH
CTUMYMPYET HOpaAPpE€HEraTUBHOE NNOCPETHMYIECTBO, YTO MOXKET CII0CO6CTBOBATD €r0 AHTMHOUMIENITUBHOMY SCI)CI)CKTY.

KnwoueBble cnoBa

nodamuH, 601, TPaMUIIEKCOI, TOMKAIIOH
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