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ABSTRACT 

 

     Several animal experimental and clinical studies have shown the effectiveness of melatonin 

in the treatment of some symptoms of Parkinson's disease (PD). However, the antinociceptive 

effect of melatonin against pain associated to PD has not been fully investigated. Thus, the 

present study investigated the possible antiallodynic and antinociceptive effects of acute and 

chronic melatonin treatments in Parkinsonian model of rats. This model was created by 

unilateral injection of 6-hydroxydopamine (6-OHDA) into the left medial forebrain bundle 

(MFB). The electronic von Frey test was used to analyze the antiallodynic effect of melatonin 

on this PD animal model. In addition, c-Fos immunostaining was also used as a marker of 

nociception to evaluate the neuronal activity related to the nociception processing. The results 

showed that unilateral injection of 6-OHDA induced a significant decrease in paw withdrawal 

threshold in both ipsilateral and contralateral paws, which indicate mechanical allodynia 

induction. This allodynia was transitorily reversed by apomorphine as a dopamine agonist. 

Melatonin treatment significantly increased threshold of allodynia. Melatonin administration 

of both acutely or chronically significantly downregulated the c-Fos expression of neurons in 

6-OHDA treated animals. In conclusion, 6-OHDA treatment can induces a bilateral mechanical 

hypernociception in rats while melatonin treatment produces profound antinociceptive effect. 

This finding paves the way to use melatonin as an antinociceptive agent for PD clinically. 
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___________________________________________________________________________ 

 

1. INTRODUCTION  

 

     Parkinson’s disease (PD), one amongst the foremost frequent neurodegenerative disorders, 

is characterized by the progressive loss of dopaminergic (DA) neurons within the locus niger 

pars compacta (SNc), resulting in striatal dopamine depletion. The degeneration of 

dopaminergic nigrostriatal system is basically accountable for the classical motor signs, 

including resting tremor, muscle rigidity, and bradykinesia (1, 2). The pain process involved in 

the nigrostriatal pathway, as the non-motor symptom of PD, has been suggested. This indicates 

that the degeneration of this pathway can lead to a genesis of pain (3). Although it is often 
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underestimated, frequency of the pain can reach as high as 40-85% in the PD. Several 

categories of the pain have been classified. These include nociceptive pain involving in visceral 

and musculoskeletal, radicular or neuropathic pain, and primary central Parkinsonian pain (4). 

In humans and rodents, the perception of the pain is dependent on the circadian rhythm and 

that the threshold of pain perception decreases significantly during the dark phase (5, 6).These 

observations were attributed to high melatonin levels occurring at night and its  possible 

analgesic effects (7).Melatonin, (N-acetyl-5-methoxytryptamine), a molecule secreted mainly 

by the pineal gland in vertebrates, has been suggested to plays an important role in the 

regulation of pain under physiological conditions (8). It has been reported that melatonin 

influences pain perception (9) and improves pain symptoms observed in fibromyalgia, 

suggesting that this molecule represents an alternative treatment for these patients (10). 

     It has been reported that the level of melatonin is lower in patients of PD than their age 

matched normal counterparts (11) and that the decreased melatonin levels are correlated with 

disease severity and hypothalamic gray matter volume in patients od PD (12). Since melatonin 

is a powerful free-radical scavenger and a naturally occurring anti-oxidant defense stimulator, 

potent anti-apoptotic agent, and a modulator of xenobiotic metabolic enzymes; therefore, it 

may ameliorate the symptomatic features of PD (13-16). Melatonin has been reported to 

improve sleep behavior (17) as well as non-motor disorders in patients of PD (18). 

     Although several experimental animal and clinical studies have shown the effectiveness of 

melatonin in the treatment of some symptoms of PD, the antinociceptive effect of melatonin 

against pain associated to PD has not been fully investigated. Therefore, the aim of the present 

study is to assess the antinociceptive effect of melatonin in an animal model of PD which is 

developed by unilateral injection of 6-hydroxydopamine (6-OHDA) in the left medial forebrain 

bundle (MFB) to induce dopamine nigrostriatal pathway lesion.  

 

2. MATERIAL AND METHODS 

 

2.1. Chemicals. 

 

     Melatonin, 6-hydroxydopamine, desipramine and apomorphine were purchased from 

Sigma-Aldrich (St. Louis, MO, USA) and primary antibody anti-c-Fos (ab222699) as well as 

secondary antibody Goat anti-Rabbit (Alexa Fluor 488, green fluorescence, ab150077) were 

purchased from Abcam (United Kingdom). 

 

2.2. Animals and experimental design. 

 

     Experiments were performed with two-month-old male Wistar rats (150 - 200g). 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). The approved protocol number was CER-

SVS/ISBM022/2020. Animals were maintained in individual stainless-steel cages under 

controlled photoperiod (12:12 h light/dark schedule, lights on between 0600 and 1800 hours, 

fluorescent cool white bulbs, 100 lux of intensity at the level of cages) and temperature (22 ± 

2 ◦C). They had access to a standard rodent laboratory diet and drinking water ad libitum.  

     During the procedures, all rats were pretreated with desipramine (25mg/kg, i.p), 

anesthetized with chloral hydrate (8ml/kg, i.p), then 6-OHDA or vehicle (0.2% ascorbic acid 

solution) was injected into the left MFB. Rats were randomly divided into five groups with 5 

rats in each group. For the control group (A): animals only received vehicle injection. MLT 

group (B): animals were submitted to the same procedure but received melatonin treatment (60 

mg/Kg, i.p.) only for 4 weeks including one week before 6-OHDA or vehicle injection. 6-
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OHDA group (C): animals were stereotactically injected with 4µL 6-OHDA (2 μg/μL free 

based plus 2μL 0.2 % ascorbic acid dissolved in saline preventing heat and light exposure) and 

they served as a PD model group. 6-OHDA-MLT group (D): animal received 6-OHDA 

injection and then, was followed by melatonin treatment daily, which begins on the von Frey 

test day until their sacrifice. MLT-6OHDA-MLT group (E): Animals received a chronic 

melatonin treatment for 4 weeks, one week before 6-OHDA injection and 3 weeks after 

stereotaxic surgery. Animals were evaluated by using the cylinder test as a behavioral test after 

2 weeks from surgery to characterize the PD induction in all groups. The mechanical 

nociceptive thresholds were evaluated using von Frey test 3 weeks after stereotaxic surgery. 

This test was repeated each 30 min and, at 110 min, apomorphine hydrochloride (0.2 mg/kg 

freebased) was subcutaneously injected to verify the implication of nigrostriatal dopaminergic 

pathway in pain processing. At day 24, animals were sacrificed. The brains and spinal cords 

were collected for immunofluorescence. The procedure details were illustrated in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Illustration of the experimental procedures and study groups. 

     6-OHDA: 6- hydroxydopamine, PD: Parkinson’s disease, MFB: medial forebrain bundle, 

MLT: melatonin. 
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2.2.6-hydroxydopamine and melatonin injection. 

 

2.2.1. 6-hydroxydopamine injection. 

 

     Desipramine was administered to rats at 25mg/kg by intraperitoneal injection 30 min prior 

to surgery in order to inhibit caption of 6-OHDA by noradrenergic neurons (19). Rats were 

then anaesthetized with chloral hydrate (8 mL/kg, i.p.) and placed in a stereotaxic apparatus. 

To achieve lesioning of the nigrostriatal pathway, 4 μL of 6-OHDA was stereotactically 

injected unilaterally into the left medial forebrain bundle (MFB) (anteroposterior: –4.3, 

mediolateral: +1.7 and dorsoventral: –8.2mm from bregma; according to Paxinos and Watson 

(20), using a 5-μL Hamilton Syringe (Sigma, St Louis, MO, USA).6-OHDA was injected at a 

rate of 0.5 μL/min (21), and the syringe was left in place for 5 min after injection before being 

drawn back to enable full absorption of the solution. Control and melatonin treated animals 

underwent the same surgical procedure as mentioned above 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. 

 

2.2.1. Melatonin injection. 

 

     Melatonin was dissolved in 1% ethanol in saline (v/v) immediately before use and 

administered intraperitoneally at a dose of 60 mg/Kg. The manner and concentration of 

melatonin used in this work were chosen based on the literature data in which the 

antinociceptive effect of melatonin was proved (22-24).  

 

2.3. Cylinder test. 

 

     Forelimb asymmetry was evaluated using the cylinder test after 2 weeks from surgery (25). 

Animals 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 recorded 

for all the groups. Only animals with statistically significant preference for the left forepaw and 

with an asymmetry percentage > 70%, were counted among animals with Parkinsonism and 

then those animals were included in 6-OHDA, 6-OHDA-MLT and MLT-6-OHDA-MLT 

groups. 

 

2.4. Measurements of mechanical nociceptive threshold with von Frey test. 

 

     Mechanical allodynia was assessed as described by Thibault et al. (26). Three weeks after 

the stereotaxic surgery, 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 the sensibility of threshold 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 account as 

a withdrawal response. The stimulus was applied on each hind paw two times with a five 

seconds interval and the value adopted as a threshold for a rat was the average of the four values 

measured. Measurement of the nociception threshold was assessed during 145 min as indicated 

in Figure 2. To verify whether nigrostriatal dopaminergic pathway is involved in pain 
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processing, we performed the restoration experiment with apomorphine. For this reason, 

mechanical allodynia was also assessed after 5 min of subcutaneously injection of apomorphine 

hydrochloride (0.2 mg/kg freebased) or saline (27). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. A diagram of the von Frey determination of the nociception threshold. 

     3 weeks after stereotaxic injection of 6-OHDA or vehicle in the different groups. Melatonin 

(MLT) was given to test its acute antinociceptive effect. Nociception threshold was also 

assessed after 5 min of subcutaneously injection of apomorphine hydrochloride (0.2 mg/kg free 

based) to verify whether nigrostriatal dopaminergic pathway is implicated in pain processing. 

The nociception threshold was evaluated in ipsilateral (IL) and contralateral (CL) paw for 

each animal. 

 

2.5. Immunofluorescence. 

 

     Three days after von Frey Test, all rats were scarified after deep anesthetization with chloral 

hydrate (24 mL/kg, i.p.). Their brains and the lumbar region (L2-L3-L4-L5) of the spinal cords 

were isolated. Spinal cords isolation was carried out using the hydraulic extrusion method as 

described by Richner et al. (28). Samples were immediately fixed in formol (10%) for 2 days 

and, then were dehydrated in ascending grades of alcohol, embedded in paraffin, and cut into 

7 µm thick sections. Tissues sections were deparaffinized, rehydrated in grade alcohol and 

washed. To obtain more efficient immunostaining, tissue sections were subjected to an antigen 

retrieval procedure (29) and incubated for 30 min with 1% Triton X-100 to permeabilize the 

membrane. Then, non-specific binding sites were blocked with an appropriate normal goat 

serum diluted 1:5 in PBS containing 5% BSA. Later, spinal cord sections were incubated with 

monoclonal rabbit anti-c-Fos (diluted 1:1000; Sigma) overnight at 4°C. After washing in PBS, 

slides were incubated for 1 h with the appropriate secondary antibody Goat anti-Rabbit (Alexa 

Fluor 488, green fluorescence) diluted 1:500. Pictures of all stained sections were observed 

with an optical microscope (Axiostar plus Zeiss) and images were viewed and saved using 

OPTIKA MICROSCOP ITALY C-B5 camera and PROVIEW software (x64 version). 

Quantification of GFAP and c-Fos fluorescence was performed by image analysis software 

(ImageJ v 1.52). 

 

2.6. Statistical Analysis. 

 

     Data were expressed 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). 
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3. RESULTS  

 

3.1. Effect of 6-OHDA injection into the left MFB of rat on body weight. 

 

     There were no significant differences as to the body weight gain among all groups during 

the experimental period. All rats gained their weight normally after the injury (Figure3). In 

addition, no animals died during the experimental period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Effect of 6-OHDA treatment on body weight of rats. 

     Body weight was expressed as % of initial body weight after injection of OHDA 6-OHDA. 

Values are expressed as the mean ± SEM for 5 animals in each group. MLT: melatonin, 6-

OHDA: 6-hydroxydopamine. 

 

3.2. Cylinder test. 

 

     Animals injected with vehicle (Control and MLT groups) used their forelimbs normally. 

The 6-OHDA treatment was effectively induced nigrostrial lesion in the left hemisphere. Thus, 

the rats showed a significant impairment in the use of both forelimbs indicated by the 

significant increase (P < 0.05) of the asymmetry percentage compared with control group 

(Figure 3). Animals of MLT-6-OHD-MLT group showed a significant decrease in asymmetry 

movement percentage compared with 6-OHDA group. 6-OHDA-MLT group also decreased 

this asymmetry percentage compared to the control, but this decrease did not achieve 

significant difference (Figure 4).  

 

3.3. Effect of 6-OHDA and melatonin on mechanical nociceptive thresholds. 

 

     Unilateral injection of 6-OHDA in the left MFB of rats provoked a significant decrease (P 

< 0.01) in paw withdrawal threshold in both ipsilateral and contralateral paws when compared 

with control group.  (Figure 5). Reduced paw withdrawal threshold indicates mechanical 

allodynia. Apomorphine administration fully abrogated the reduced paw withdrawal 

thresholdat115 min. 

     Acute melatonin administration in 6-OHDA-MLT group significantly enhanced paw 

withdrawal threshold in both ipsilateral and contralateral paws at 60 min after its administration 

compared to 6-OHDA group. Actually, paw withdrawal threshold in 6-OHDA-MLT group was 

recovered to the normal level as in the control group. Unexpectedly, paw withdrawal threshold 
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in melatonin administration one week before 6-OHDA injection group (MLT-6-OHDA-MLT) 

exhibited no significant difference compared to 6-OHDA group (Figure 5). 
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Fig. 4. Effects of 6-OHDA and melatonin on asymmetry percentage of use of both 

forelimbs in the cylinder test. 

     Values are expressed as the mean ± SEM for 5 animals in each group. *: p < 0.05 compared 

to control group. a: p < 0.05 compared to 6-OHDA group. 

b: p < 0.05 compared to 6-OHDA-MLT group. 

 

Fig. 5. Effects of 6-OHDA and melatonin on mechanical allodynia threshold. 

     Values are expressed as the mean ± SEM for 5 animals in each group. *: p < 0.05; **: p < 

0.01 compared to C group. a: p < 0.05 compared to 6-OHDA group. b: p < 0.05 compared to 

6-OHDA-MLT group. 
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3.5. Effect of 6-OHDA and melatonin on c-Fos expression. 

 

     6-OHDA treatment significantly reduced the c-Fos-immunostaining at the dorsal horn of 

the spinal cord compared to the control and MLT groups (P < 0.05; Figure 6 C, F). However, 

acute (OHDA-MLT) or chronic MLT-6-OHDA-MLT) melatonin administration significantly 

upregulated the c-Fos expression compared with 6-OHDA group (P < 0.05; Fig. 6 D, F).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of 6-OHDA and melatonin on c-Fos expression. 

     A-F: the representative c-Fos immunostaining in the dorsal horn of the spinal cord. A and 

B: control group; C: MLT group; D: 6-OHDA group; E: 6-OHDA-MLT group; F: MLT-6-

OHDA-MLT group and G: Fluorescence intensity of the c-Fos immunostainings. (N = 5). 

*: p < 0.05 compared to control group, a: p < 0.05 compared to 6-OHDA group. Scale bars 

represent 20 μm. 

 

4. DISCUSSION 

 

     Recently, several studies have reported the efficacy of melatonin in treating various pain 

symptoms. However, in our knowledge, its antinociceptive activity has not been tested in the 

case of nociception associated with the PD. Thus, the present study was conducted to test the 

potential antinociceptive and antiallodynic effect of melatonin. The PD model was obtained by 

unilateral 6-OHDA lesion into the left MFB of the rats and melatonin was given either acutely 

or chronically. The result showed that 6-OHDA-treated rats exhibited more sensitive bilateral 

nociceptive behavior to the mechanical stimulation. This result is consistent with previous 

reports (30-32). The nociceptive threshold reduction was reversed by systemic administration 

of apomorphine, as dopaminergic agonist, which is consistent with previous data showing that 
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dopamine replacement improves pain behavior in rat PD models (33-35). These data provide 

evidence for the involvement of the dopaminergic nigrostriatal pathway in the modulation of 

nociceptive information. However, the pathways by which the basal ganglia exert their 

modulatory influence on nociceptive information are still unclear. It has been reported that 

dopamine receptors, especially D2, in the striatum are involved in modulation of persistent 

nociception (32, 36). D2-like receptor agonists are a powerful clinical option as an alternative 

to L-DOPA, especially in the early stages of the disease, being associated to a reduced risk of 

dyskinesia development. However, continuous dopaminergic stimulation of striatal dopamine 

receptors can result in changes within neurotransmitter signaling pathways and nociception 

modulation in the basal ganglia circuitry (37). Thus, PD patients should be offered more safe 

treatments rather than D2R agonist only. In humans, melatonin, for example, has a high safety 

profile and it is usually remarkably well-tolerated. In addition, high doses of melatonin have 

been used in various pathologies without undesirable sequelae (38). 

     In the current study, we observed that chronic melatonin treatment (MLT-6OHDA-MLT 

group) significantly reduced the asymmetry percentage of forelimb movement, which indicated 

a decrease in nigrostrial lesion. The results suggest that melatonin protects dopaminergic 

neurons against 6OHDA toxicity. Accordingly, multiple studies have demonstrated the 

neuroprotective effects of melatonin at the molecular, cellular, and tissue level in animal 

models and in human trials related to neurodegenerative diseases (7, 9, 12). Reduction of 

inflammatory mediators, apoptosis, and unbalance of redox state are involved in the 

neuroprotection of melatonin (39-41). Our findings also showed that acute melatonin treatment 

was able to significantly increase the paw withdrawal thresholds which was lowered by 6-

OHDA administration. To the best of our knowledge, this seems to be the first report 

demonstrating the antiallodynic effect of melatonin in animal PD model. Accordingly, previous 

study showed that, at dose of 60 mg/kg, melatonin exhibited antiallodynic effect in rats with 

neuropathic pain and this effect occurred at 30 minutes through 240 minutes after its 

administration (22). Using the same concentration of melatonin (60 mg/kg), several studies 

demonstrated that the analgesic action of melatonin occurs irrespective of route of 

administration in different pain models (23, 24). 

     It has been suggested that c-Fos protein expression can serve as a marker for neuronal 

activity in nociceptive processing. The intensity of expression of c-Fos indicates the amounts 

of neurons which are activated or excited by nociceptive input (42). In addition, a study has 

showed that Fos protein is recognized as a marker of pain in PD and its high expression 

indicates the allodynia (43). For all these reasons, we evaluated the expression of c-fos after 6-

OHDA and/or melatonin treatment. 6-OHDA treatment significantly downregulated the c-Fos-

expression. The results indicate that the unilateral lesion of the nigrostriatal pathway attenuates 

c-Fos expression in the dorsal horn of the spinal cord and suggest that dopamine plays a key 

role in the regulation of allodynia-induced neuronal activation via nociceptive input. These 

results are in agreement with those of Greco et al. (44) who showed that intrastriatal injection 

6-OHDA induced nigrostriatal lesion and inhibited neuronal activation typically by 

nitroglycerin in sub-cortical areas involved in pain perception. The negative influence of 

dopaminergic circuitry damage, induced by 6-OHDA, on the c-Fos expression was also 

observed by Domenici et al (34). Our results also showed that acute or chronic melatonin 

administration preserved the c-Fos expression which, otherwise, downregulated by 6-OHDAin 

the dorsal horn of spinal cord. 

     The exact mechanisms of the antinociceptive action of melatonin remain to be clarified. 

However, Mantovani et al. have initially reported the presence of transcripts of melatonin 

receptors located in the dorsal and ventral horn of the spinal cord (45). Most importantly, the 

involvement of these receptors in the spinal cord has been well documented as an 

antinociceptive mechanism in a number of animal models of pain perception (23). In this 



 

Melatonin Research (Melatonin Res.)                              http://www.melatonin-research.net 

Melatonin Res. 2021, Vol 4 (3) 440-452; doi: 10.32794/mr112500104                               449                 

 

context, experiments using melatonin receptor blocker are very important since presence of 

melatonin receptors in median forebrain bundle was also documented (44). Since melatonin 

can penetrate the blood–brain barrier due to its high lipid-solubility, Mantovani et al. (45) 

suggest that antinociceptive effect of melatonin may be mediated by activating supraspinal 

sites. A potential link of melatonin with the central opioidenergic system has been proposed to 

explain its antinociceptive effect (46-48). A variety of other mechanisms that melatonin acts 

on GABA receptors (49), b-endorphins (50), opioid 1-receptors (51, 52) and the NO-arginine 

pathway (53) have also been proposed. 

     In conclusion, our results showed that 6-OHDA treatment induced bilateral mechanical 

hypernociception in rats. This hypernociception was transitorily reversed by apomorphine as 

dopamine agonist indicating the dopaminergic neuronal damage. Melatonin effectively 

reduced the 6-OHDA induced nociception.The dopaminergic neuronal damage is charactered 

as the pathology of PD. Thus, this finding paves the way to use melatonin to improve 

nociception associated to the PD clinically. However, further studies are still needed to 

elucidate the precise mechanism through which melatonin exerts its antinociceptive action. 
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