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ABSTRACT

The present study was conducted to test the use of the hemiparkinsonian rat, obtained by the unilateral
injection of 6-hydroxydopamine (6-OHDA\) in the substantia nigra pars compacta (SNc), as a suitable model
for the study of pain associated to Parkinson’s disease (PD). For this purpose, 14 days after unilateral
injection of saline or 6-OHDA, rats were assessed for behavioral function in the cylinder test, and
apomorphine-induced circling test. Thereafter, at 21 day after injection, mechanical nociceptive threshold
was compared between 6-OHD-lesioned and sham-operated animals using electronic von Frey test. Our
results showed that injection of 6-OHDA in the SNc induced alterations of behavioral motor as ascertained
by predominant use of the ipsilateral forepaw in cylinder test and by the expression of contralateral turnings
after subcutaneous injection of apomorphine. The mechanical nociceptive threshold was significantly
decreased in 6-OHDA-lesioned rats compared to that of sham-operated rats (p <0.05). This response was
reversed by apomorphine treatment. In conclusion, hemiparkinsonian rat, obtained by the unilateral
injection of the 6-OHDA in the SNc, can be used to investigate pain symptoms and central pain processing
mechanisms related to PD.

© 2019 Imed Messaoudi. Hosting by Science Repository.

Introduction

Parkinson’s disease (PD) is a progressive

of PD [4]. Chronic pain remains under recognized and poorly treated in
PD patients. Pain can be related to motor symptoms of PD (muscle
cramps, painful dystonias, or diphasic dyskinesias) but primary sensory
complaints unrelated to motor disability have also been described [5]. In

and incurable

neurodegenerative disorder affecting and recognized clinically by its
motor symptoms, such as bradykinesia, rest tremor, rigidity, and postural
instability [1]. It is a multifactorial neurodegenerative disease
characterized by region-specific loss of dopaminergic neurons in the
substantia nigra pars compacta (SNc) [2]. In recent years, non-motor
symptoms in PD patients, including neuropsychiatric symptoms,
gastrointestinal symptoms, sexual difficulties, sleep disorders, and pain
have been well characterized. Pain is the most prominent non-motor
symptom observed in patients with PD. About 40-60 % of patients with
PD experience various types of acute or chronic pain [3].

Pain has a negative impact on the quality of life in patients with PD and,
in a small subset of patients; pain can actually be the dominant symptom

most PD cases, pain appears before motor and cognitive symptoms and
is reported by at least 33 % of patients [6]. Despite the high incidence of
pain in PD patients, few studies have explored the relationship between
nigrostriatal injury and pain circuitry. It is well known that degeneration
of dopaminergic neurons in the SNc, where the major dopaminergic
neurons projected to the motor-regulating nucleus in the basal ganglia,
contributes to the motor symptoms and pain in PD patients [7-9].

To date, the exact mechanism of pain perception in PD is still elusive,
for this reason, it is necessary to define the pathophysiology in rodent
models of PD. Unilateral 6-hydroxydopamine (6-OHDA)-induced
lesion of the nigrostriatal pathway in rats is widely used as a PD model.
However, in the few experiments where this model was used to study
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nociception, the injection of 6-OHDA was often done in the striatum [10,
11]. Intranigral injection of 6-OHDA has emerged as an interesting third
alternative. This version, which was introduced by Parish et al., is
attractive in that it makes it possible to induce more extensive dopamine
neurodegeneration in the absence of the high mortality rate seen in
medial forebrain bundle and striatum-lesioned animals [12]. Then we
used, in the present study, unilateral 6-OHDA, obtained by the injection
of the neurotoxin directly in SNc, in order to test its relevance as a model
for the study of pain related to PD.

Material and Methods
I Animals

Three-month-old male Wistar rat (220-280 g) were used in the present
study. The animals were housed according to the EEC 609/86 Directives
regulating the welfare of experimental animals and experiments were
approved by the local ethics committee of Institute of Biotechnology
(University of Monastir, Tunisia). Animals were maintained in
individual stainless-steel cages under standard conditions of controlled
photoperiod (12:12 h light/dark schedule) and temperature (22+2 °C).
They had access to a standard rodent laboratory diet and drinking water
ad libitum.

11 Surgical Procedure

Rats were anaesthetized by 4% chloral hydrate (i.p. 10 mL/kg). They
were placed in a stereotaxic apparatus with the incisor bar positioned 3.3
mm below the interaural line. To achieve lesioning of the nigrostriatal
pathway, 4 pL of 6-OHDA (2 pg/pL free based in 0.2 % ascorbic acid
dissolved in saline preventing heat and light exposure) was
stereotactically injected unilaterally into the SNc (anteroposterior: —5.2,
mediolateral: +2.1 and dorsoventral: —7.6mm from bregma; Paxinos and
Watson, 2007) using a 5-uL. Hamilton Syringe (Sigma, St Louis, MO,
USA) [13]. Syringe was lowered into the brain at a rate of 2 mm/min, 6-
OHDA was injected at a rate of 1 pL/min, and the syringe was left in
place for 5 min after injection before being drawn back at a rate of 2
mm/min [14]. Sham-operated animals (n=6) underwent the same
surgical procedure of the 6-OHDA rats with the injection of an equal
volume of the vehicle only. After surgery, all animals were individually
housed and monitored for the time of recovery from anesthesia.

111 Behavioral Tests
i Cylinder Test

Forelimb use was assessed using the cylinder test, as previously
described by Schallert et al. [15]. The protocol was performed 14 days
after the injection of 6-OHDA. Rats were placed for 10 min in a glass
cylinder (diameter 19 cm, height 20 cm), with mirrors placed behind to
allow for a 360 view of all touches. The number of touches on the
cylinder wall with single right and left forepaw during their standing on
rear limbs was determined for 6-OHD-lesioned and sham-operated
animals. Only animals with statistically significant preference for the left
forepaw were counted among animals with Parkinsonism and included
in group 6-OHDA.
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ii Apomorphine-Induced Circling

6-OHDA-lesioned or sham-operated rats were tested in automated
rotameter cylinders (Panlab, Barcelona, Spain). The turning behavior
(defined as a full 360°rotation of the body axes) was measured after
apomorphine hydrochloride s.c. injection (0.2 mg/kg free based, Sigma-
Aldrich). The total number of net rotations (contralateral minus
ipsilateral rotations) was recorded for 40 min. Lesioned animals that did
not reach a cut-off value of .5 contralateral turns, per minute, indicative
of 70% nigral cell loss, were excluded from further analysis [16].

1V von Frey Test for Mechanical Allodynia

Mechanical allodynia was assessed as described by Thibault et al. [17].
Rats were individually placed on an elevated wire mesh floor in a clear
plastic box and were adapted to the testing environment for 10 min. An
Electronic von Frey unit (EVF-4, Bioseb, Chaville, France) was used:
the sensitivity threshold is measured in one test, measurement ranging
from 0.1 to 100 g with a 0.2 g accuracy. Punctuate stimulus is delivered
to the mid-plantar area of each hind paw from below the mesh floor
through a plastic spring tip and sensibility threshold result is displayed
on a screen. Paw sensitivity threshold was defined as the minimum
pressure required eliciting a robust and immediate withdrawal reflex of
the paw. Voluntary movement associated with locomotion was not taken
as a withdrawal response. The stimulus was applied on each hind paw
five times with a five seconds interval and the value adopted as a
threshold for a rat was the average of the ten values measured.
Mechanical allodynia was defined as a significant decrease in
withdrawal thresholds to EVF-4 application (Thibault et al. 2008) [17].
To verify whether nigrostriatal dopaminergic pathway is implicated in
pain processing, we performed the restoration experiments with
apomorphine. For this reason, mechanical allodynia was also assessed
after 5 min of subcutaneously injection of apomorphine hydrochloride
(0.2 mg/kg free based) or saline [18].

V Statistical Analysis

Data were shown as mean + standard error of the mean (SEM).
Differences were considered significant when p<0.05. Statistical
analysis was completed by one-way ANOVA, followed by Tukey’s post
hoc t-test where appropriate with Prism 5.0, GraphPad Software (San
Diego, CA, USA).

Results
I Assessment of Nigrostrial Lesion
i Cylinder Test

The administration of 6-OHDA was effective to cause nigrostrial lesion
to the left hemisphere as ascertained by predominant use of the ipsilateral
forepaw, which was determined by the increase (but not significant)
number of touches of this limb on the cylinder wall as compared with
the right one, 14 days after the injection of this drug (Figure 1A). The
injection of saline (sham group) produced no changes in expected normal
use of forelimbs.
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Figure 1: A) Cylinder test showed an increase (but not significant) number of touches of the ipsilateral limb (toward th elesion site) on the cylinder wall in
6-OHDA exposed animals (n=8) as compared with sham-injured animals (n=6). B) Apomorphine-circling test showed a significant increase (p < 0.01) in
contralateral rotations of 6-OHDA-exposed animals (n = 8) as compared with sham-injured animals (n=6).

**:p <0.01 compared to the sham-operated animals.
ii Apomorphine-Induced Circling

Unilateral 6-OHDA injection was followed by a rotametre test after 2
weeks (Figure 1B). Compensation of dopamine depletion with
apomorphine led to a significant rotational response in injured rats which
showed rotational scores > 5 net full turns/min in the contralateral
direction to the lesion. These rotational scores were found to correspond
to > 70% depletion of dopaminergic neurons.

11 Effect of Nigrostrial Lesion on Body Weight Gain

After the fifth day of the injury, the body weight gain of 6-OHDA-
lesioned and sham-operated rats increased during the experiment (Figure
2), but weight gain was significantly more important in the shame-
operated group during the four weeks after the lesion. No animals died
during the experiment.

25 4
~o—Sham

~8-6-OHDA

% of initial body weight

10 15 20 30

5 Days after 6-OHDA or saline injection

Figure 2: Gain body weight expressed as % initial body weight after
injection of 6-OHDA (6-OHDA- exposed rats, n=8) or saline (Sham-
operated rats, n=6).

*: p <0.05 compared to the sham-operated animals in the same day.

** . p <0.01 compared to the sham-operated animals in the same day.

111 Effect of Nigrostrial Lesion on Mechanical Nociceptive
Thresholds

As measured with the EVF-4 (Figure 3), the mean withdrawal reflex of
the paw was significantly reduced in 6-OHDA-lesioned rats

(23.09+13.23 g at the 21" day after lesion versus 61.91+07.26 g)
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(P<0.05) when compared with sham-operated rats. The decrease in
withdrawal thresholds in 6-OHD-treated rats was fully abrogated by
apomorphine administration (Figure 3). In fact, 6-OHDA-lesioned rats
treated by apomorphine showed significantly increased response latency
in the von Frey test compared to their response before apomorphine
injection (42.42+11.32 g versus 23.09+13.23 g).
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Figure 3: Mechanical nociceptive threshold in 6-OHDA exposed

animals (n=8) as compared with sham-injured animals (n=6), before and
after subcutaneously injection of apomorphine (APO).

*:p < 0.05 compared to the sham-operated animals.

a: p < 0.05 compared to the 6-exposed animals before apomorphine
injection.

Discussion

Since pain is an important nonmotor symptom in PD, a better
understanding of its pathophysiological mechanisms can lead to
treatment and quality of life optimization in these patients. The choice
of an adequate animal model is crucial to elucidate the mechanisms
involved in this pain. The present study was conducted to test the use of
the hemiparkinsonian rat, obtained by the unilateral injection of the 6- 6-
OHDA in the SN, as a suitable model for the study of pain associated
to PD. Systemically administered 6-OHDA fails to cross the blood-brain
barrier. Thus, 6-OHDA has to be injected stereotactically into the brain.
Preferred injection sites are the SNc, medial forebrain bundle, and
striatum [19, 20]. Although generally the nerve terminals are more
sensitive to 6-OHDA toxicity than the axon and cell body, when injected
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into the SNc or the medial forebrain bundle, 6-OHDA produces a
complete and rapid lesion in the nigrostriatal pathway [21]. When
injected into the SNc, degeneration of dopaminergic neurons takes place
within 12 h preceding a significant loss of striatal terminals, which
occurs 2-3 days later [22]. The degree of damage of dopaminergic
neurons in the nigrostriatal pathway obtained with 6-OHDA injection in
striatum is less marked compared to the SNc or intra-medial forebrain
bundle injection, remaining confined to 50-70% of the nucleus, and
evolves over a period of 4-6 weeks [23]. For all these reasons we have
chosen, in the present study, to inject 6-OHDA into SNc.

The major advantage of using the 6-OHDA model is its rather unique
effect on quantifiable motor abnormality in animals which allow
estimating the percentage of degeneration of dopaminergic neurons. Our
results showed that depletion of dopaminergic neurons in the
nigrostriatal pathway by the unilateral injection of the 6-OHDA in the
SNc induced an alteration of behavioral motor as ascertained by
predominant use of the left forepaw in cylinder test and by the expression
of contralateral turnings after systemic injections of apomorphine; which
is a dopamine receptor agonist stimulating both classes of dopamine
receptors (D1, D2). This contralateral response is attributed to the
stimulation of supersensitive D1-receptor and D2-receptor activation,
especially in the lesioned hemisphere [24]. The decrease of the body
weight gain described in 6-OHD-lesionned rat can be explained by the
toxic effects of the neurotoxin. In fact, once taken up into neurons, 6-
OHDA accumulates in the cytosol where it is readily oxidized leading to
the generation of reactive oxygen species and ultimately, oxidative
stress-related cytotoxicity [25].

6-OHDA-injected rats exhibited more sensitive nociceptive behavior
when mechanical stimulation was introduced. 6-OHDA-injected rats
showed shorter paw withdrawal latencies in the automated von Frey test
compared to sham-operated rats. This indicated that hypersensitivity to
mechanical stimuli was elicited by 6-OHDA injection. Consistent with
our results, mesostriatal 6- OHDA administration induced mechanical
allodynia in the paw ipsilatéral to the nigrostriatal lesion 35 days after
PD model induction [11]. A similar effect was also observed with acute
intraperitoneal injection of 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) in mice [18]. The dopaminergic system in
the striatum has been implicated in pain. Inhibition or activation of
striatal dopamine D2 receptors is related to nociceptive responses [26].
Human studies also support the function of dopamine D2 receptors in
pain [27].

These results suggest that the dopaminergic nigrostriatal pathway also
has a role in inhibiting basal mechanical nociception. Since
dopaminergic neurons are involved in nociceptive response modulation,
inhibition of SNc activation after striatal 6-OHDA injection can directly
contribute to the decreased nociceptive threshold observed in the present
study [8, 26, 28]. The nociceptive threshold reduction was reversed by
systemic administration of dopaminergic agonist, apomorphine, which
is consistent with previous data showing that dopamine replacement
improves pain behavior in PD patients [29, 30]. In conclusion, our data
showed that 6-OHDA injected unilaterally in SNc of rat induces
mechanical hypernociception, which was reversed by apomorphine as a
dopamine receptor agonist. Thus, hemiparkinsonian rat obtained by the
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unilateral injection of the 6-OHDA in the SNc, can be used to investigate
pain symptoms and central pain processing mechanisms related to PD.
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