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Modulation of melatonin to the thalamic
lesion-induced pain and comorbid sleep
disturbance in the animal model of the central
post-stroke hemorrhage

Tavleen Kaur', Hsi-Chien Shihz, Andrew Chih Wei Huang3 , and Bai-Chuang Shyu2

Abstract

The devastating chronic central post stroke pain is associated with variety of comorbidities. Disrupted sleep is a severe
comorbidity, causing an increase in the suicide rate, due to CPSP’s pain symptom. Melatonin is a well-known jet-lag compound,
which helps in entrainment of sleep cycle. Accordingly, whether melatonin as a therapeutic measurement for the regulation of
sleep disturbance related to central post stroke pain remains unclear. Exogenous melatonin administration entrained the
disrupted 24 h circadian cycle, more effectively after 2 and 3 week of administration. The effect of melatonin was persisted on
4th week too, when melatonin administration was discontinued. Also, melatonin ameliorated the pain due to distorted sleep-
activity behavior after melatonin administration for 3 weeks. The low levels of melatonin in blood plasma due to CPSP were
restored after 3 weeks of melatonin administration. After 30 mg/kg melatonin administrations for 3 weeks, all the disrupted
resting and activity behaviors were reduced during light and dark periods. The results suggested that melatonin significantly
ameliorated CPSP’s pain symptoms and comorbid sleep disturbance showing in activity behavior.
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hemorrhage caused an excessive amount of intracellular ATP
release, and it promoted IL-1p secretion from the reactive
microglia leading to enhanced glutamate release and resulting
in a higher frequency of neuron bursting along the spino-
thalamocortical pathway.®® Moreover, BDNF expression was

Introduction

Central Post Stroke Pain (CPSP) is characterized by constant
or intermittent pain, and CPSP is associated with sensory
abnormalities, particularly of thermal sensation. It is known
that each year, out of 700,000 new and recurrent cases of
stroke, in the United States; at least 56,000 cases are of

CPSP.'” Recently it has been found that the estimated
prevalence of CPSP ranges widely from 8% to 55% of stroke
patients.® Previously, it was called as thalamic pain by De-
jerine and Roussy in 1906; CPSP was thought to be similar to
thalamic injury (Thalamic syndrome).* However, the precise
pathophysiology of CPSP is unclear; but the positions of
lesions causing CPSP are found to be along the spinotha-
lamocortical pathway.”® Typically, the spinothalamocortical
pathway is associated with evoked abnormal sensations.” For
example, our previous study has shown that thalamic
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enhanced in ablation of the medial thalamus (MT) in the
CPSP group than the control group. In control animals,
enhanced GABA activity inhibited neuronal activity in the
MT. In CPSP animals, the inhibitory GABA system appeared
to be reversed, suggesting that neuronal plasticity in the MT
that was induced by BDNF overexpression after the thalamic
MT lesion."’

Amounts of 67-88% chronic pain patients suffer from
sleep abnormalities.'' For example, higher than 50% of the
stroke patients experience insomnia, sleep-related breathing
disorders, or sleep-wake cycle disorders.'? Disrupted sleep
did not only induce patients feel more pain but also interfered
with post-stroke recovery.'*"'* Earlier studies suggested that
sleep disturbance may impair key processes that contribute to
the development and maintenance of chronic pain, including
endogenous pain inhibition and joint pain.'> The develop-
ment of sleep disturbance comes as a side effect of pain
development, and acute experimentally-induced sleep dep-
rivation increases pain sensitivity.'® Moreover, the sleep
deprivation alone could cause neuronal hyperexcitability, and
this symptom is likely to occurrence at CPSP patients.'” A
nice cycle of sleep regiments improved neuroplasticity, and
the brain is able to re-construct and create new neural con-
nections in healthy parts of the brain.'® Therefore, the sleep
disturbance is a crucial comorbid symptom of CPSP patients,
and the sleep disturbance is always distressed to CPSP
patients.

Melatonin is a neuro-hormone secreted by pineal gland
and extra pineal tissues, and it governs various physiological
phenomenon such as circadian rhythm and mood behav-
jors.!” Circadian and seasonal rhythms (reproduction, dia-
pause, hibernation, fur color changes, and migration etc.) are
a fundamental feature of all living organisms, reflecting the
need to ensure that biological functions occur at a given time
of the day or year. Precise timing is required at all levels from
behavior to gene expression, and its dysregulation causes
malfunction.’® Melatonin plays an important role to regulate
circadian rhythms or other seasonal rhythms.?'** Chronic
exposures to melatonin synchronize the timing of activity
behavior.”® Additionally, melatonin also plays a pivotal role
in pain regulation. Melatonin administrations have demon-
strated to be effective for the treatment of fibromyalgia, mi-
graine, and irritable bowel syndrome.** Therefore, melatonin
may be effective for amelioration in sleep disruption and pain
perception, and it is possible that there might be a link between
melatonin signaling and sleep and pain regulation.

In summary, previously, no research has ever explored the
issue that whether melatonin can reduce CPSP, pain per-
ception and comorbid sleep disturbance. Therefore, our
present study addressed this issue that whether melatonin
administrations can ameliorate pain and comorbid sleep
disturbance in activity behaviors in rodents. This study would
provide the knowledge of the novel treatment of exogenous
melatonin administration to reduce pain due to CPSP and
comorbid sleep disturbance in an animal model.

Materials and methods

Animals

Twenty-four male Sprague Dawley rats (approximately
8 weeks of age) were purchased from the laboratory animal
supplier, BioLASCO, Taiwan. They were individually
housed in an animal room at a constant 12-h light-dark cycle
(light on: 06:00-18:00) in the colony room with 60% hu-
midity. All rats were allowed to eat food chow and drink
water adlibitum. All of the experiments were performed in
accordance with the guidelines of the Academia Sinica In-
stitutional Animal Care and Utilization Committee.

CPSP surgery procedure

The surgical procedures for the thalamic lesion was conducted by
the method as described by the previous study.® During the
surgery, the animals were maintained at 1% isoflurane anesthesia
during surgery. Body temperature was maintained at 36.5—
37.5°C with a homeothermic blanket system (Model 50-7079,
Harvard Apparatus, Holliston, MA, USA). The animals were
injected with type IV collagenase (C5138, SIGMA, Saint Louis,
USA; 0.125 U/0.5 pL saline) into the right ventral posterior
medial nucleus (VPM)/ventral posterior lateral nucleus (VPL) of
the thalamus (coordinates: 3.0-3.5 mm posterior, 3.0-3.4 mm
lateral to bregma, 5.7—6.0 mm depth). Further, the rehabilitation
procedure was performed for 3 weeks after surgery.

Home cage behavior scans recording and analysis

Animals exhibit pain in different behaviors like immobility,
low activity (less exploratory behavior) and high activity
behavior. To assess behaviors, home cage behavioral analysis
was conducted. For this approach, 80 x 80 x 80 cm trans-
parent acrylic home cages were used with food and water
adlibitum to record day-night sleep cycle. A camera was
installed above the cages and was connected to the computer.
The SMART v3.0.0.6 software was installed and employed
(Pan lab Harvard Apparatus, Barcelona, Spain). An infrared
light source (20W power) was used at night, and it was
recorded in the “dark period.” The SMART v3.0.0.6 software
is designed to record discrete activity behaviors in rats, which
includes, immobility (resting behavior) low activity and high
activity. Immobility is achieved when the subject is contin-
uous resting for 30 s. Sleep/rest or paradoxical sleep patterns
represents immobile behavior. The discrete animal activities
were estimated by the pre-defined and activity threshold [i.e.
the detected movement in an area (cm?) per second]. Low
activity is considered as decreased exploratory behavior; it
defines that when its global activity is greater than equal to the
user-defined low activity threshold setting (2.5 cm?/s) and
less than to the user-defined high activity threshold setting
(25 cm?/s). Similarly, the subject is considered in high ac-
tivity; it defines that when its global activity is greater than
equal to define high activity threshold setting (i.e. 25 cm?/s).



Kaur et al.

Another behavior parameter is wakefulness, which is defined as
total activity behavior (low activity and high activity) per 24 h.

Von Frey task for pain behavior tests

In Von Frey task, the mechanical pain behavior was tested. In
this task, the animals were placed on an elevated mesh and
allowed to explore for 30 min. The specific force was im-
parted by an elastic filament, in compression and fairly
constant way. The shorter the filament, the higher the force
require to buckle it. The diameters of filaments provide a wide
range of forces. The task recorded the minimal force/pressure
at which the animal reacts (limb withdrawal) to the painful
stimulus. Each hind limb and average of the minimal pressure
was recorded for three trials and then it denoted as threshold.
There would be 5 min interval between each trial.

Measurement of serum concentration of melatonin

The concentration of melatonin was measured by Melatonin
ELISA kit (abcam, ab213978). All the materials were
equilibrated and prepared reagents to room temperature prior
to use. The assay procedure was below. 100 pL of standards
and 100 pL of the samples were added into the appropriate
wells. Then to the above wells, 50 pL of the melatonin tracer
was added to all wells except for the blank. Later, 50 puL of the
melatonin antibody was added to all wells except for the NSB
and blank. Then sealed and incubated at room temperature on
a plate shaker for 1 h at ~500 r/min. The wells were washed
by adding 400 pL of wash buffer thrice. Then, 200 puL of the
melatonin conjugate solution was added to each well except
the blank. Sealed the plate and incubated at room temperature
on a plate shaker for 30 min at ~500 r/min. The wells were
washed by adding 400 uL of wash buffer thrice. Then, 200 pL
of TMB substrate solution was added into each well. Sealed
the plate and incubated for 30 min at room temperature on a
plate shaker at ~500 r/min. To this, 50 puL of the stop solution
was added into each well and read the OD at 450 nm.

Pain behavior
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Experimental design

All rats were divided into sham (n = 8), lesion (n = 16), and
lesion+melatonin groups (n = 8). The melatonin treatments
were conducted for weeks 1-3 and discontinuing treatment
for week 4. Melatonin was obtained from Sigma-Aldrich,
USA. A daily dose of 30 mg/kg, i.p. was used.”> The ex-
periments were performed as indicated in Figure 1. After
1 week of acclimation period, the animals were subjected to
stereotaxic microinjection for thalamic lesions. On Day 28,
Von Frey test was conducted to test pain behavior. Melatonin
was administrated between 6 p.m. to 8 p.m. daily for 3 weeks,
and it was tested the effect of melatonin weekly on activity
behavior. The sleep recording was conducted for a 12:12 h
light-dark cycle (8 p.m. to next day 8 p.m.) after 2 h of
melatonin treatment, and the activity behavior was evaluated
with melatonin for 3 weeks and fourth week (from Day 57 to
Day 63) without melatonin treatment. The effect of melatonin
on CPSP rats was evaluated by Von Frey test after day 57.

Statistics

In Von Frey pain test, independent t-test was performed between
the control and CPSP groups. Two-way mixed analysis of
variance (ANOVA) was performed for the factors of group and
phase (light vs dark). Furthermore, one-way ANOVA was
conducted for group in the duration of immobility, low activity
and high activity. When appropriate, the post hoc Dunett or
Tukey’s test was conducted. *p value indicates lower than 0.05.

Results

Levels of endogenous melatonin

Levels of endogenous melatonin were measured, before le-
sion, after lesion and after 3 weeks of melatonin treatment.
There was drastic dip in levels of endogenous melatonin
production after lesion. The results in our study suggest the
neurons got damaged and therefore, production of endogenous
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Figure |. Experimental design.
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melatonin from pineal gland got hampered. The blood-serum
concentration of melatonin was found lowered in CPSP rats
(1.9085 ng/mL) (16.99 + 2.728) than the control (18.900 ng/
mL); which after the 3 weeks of exogenous melatonin ad-
ministration was significantly restored (10.4683 ng/mL) (8.559
+2.728) [F(2, 7) = 19.54, p < 0.05)].

Effect of CPSP on total sleep duration and
wakefulness in 24 h cycle

Rats (control) being nocturnal showed significantly high
resting (immobile) behavior during light phase (t = 5.52, p <
0.05) and significantly higher exploratory behavior (high
activity) during dark phase (t =3.09, p <0.05). Moreover, the
low activity was higher during light period (t = 11.91, p <
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0.05) (Figure 2a). Thalamic lesion for CPSP was successfully
induced that was shown by Nissl stain of lesioned rat brain
(Figure 2b). Mechanical hyperalgesia was revealed by Von
Frey test on 28th day (t=21.28, p <0.05; Figure 2c). The total
average immobile duration and activity duration (wakeful-
ness) of CPSP rats as well as control rats were measured in
24 h. Concerning the pain behavioral test, both sleep duration
and wakefulness were affected. The total average sleep du-
ration per hour was decreased (t = 5.26, p < 0.05) while the
wakefulness was increased in CPSP rats (t = 3.31, p < 0.05;
Figure 2d).

Effect of exogenous melatonin on rest activity (immobile behavior)
during light and dark periods. Rats being nocturnal are more
immobile during light period. CPSP impairs the resting

(b)
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Figure 2. (a) Discrete activity behavior of Control (normal) rats during light and dark periods. Immobility: (control) rats being nocturnal
showed significantly high resting behavior during day. Low activity: The normal rats did not show any difference in low activity. High activity:
control rats have significantly higher exploratory behavior during night. Two-way ANOVA post Bonferroni test. (b) CPSP induction: showing
Nissl stain of CPSP rat after 3 weeks of lesion. (c) shows Von Frey mechanical hyperalgesia in control and lesioned rats. (d) shows total amount
of sleep and wakefulness in 24 h in control and lesioned rats. Two-way ANOVA followed by Bonferroni’s post hoc test (p < 0.05) control (n

= 8), CPSP (n = 8).
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behavior significantly during light time in rats (Figure 3).
Lesion causes disruption in circadian rhythm, and thus in-
terferes with the ability to rest in rats. The two-way ANOVA,
group and phase values of immobile behavior were: [F(5, 84)
= 18.50, p < 0.05] and [F(1, 84) = 65.67, p < 0.05] re-
spectively. The post hoc Tukey test was [F(5, 42) =5.24, p <
0.05] for the dark period and [F(5, 42) = 20.86, p < 0.05]
noted for the light period. The effect after 1 week of melatonin
administration was non-significant during dark period while
it was significantly different during light period (p < 0.05%).
After 2 week of melatonin injection; there was increased
resting behavior during light period (p < 0.005). However,
rats shown some immobile behavior during dark period too (p
<0.05), but this behavior during dark period, was subsided on
4 week (the week without melatonin administration). Three
week melatonin injection, showed similar effects to 2 week
injection (p < 0.05) with some drowsiness during dark time
disrupted immobility behavior was restored that was seen
after the 4th week without melatonin, which suggests the
effect of melatonin was persisted (p < 0.05).

Effect of exogenous melatonin on low activity behavior during light
and dark periods. The normal rats show higher “less ex-
ploratory behavior” during light period than dark period.
Whereas, CPSP rats shown higher “reduced exploratory
behavior” during dark period (Figure 4). The two-way
ANOVA, group and phase values of immobile behavior
were: [F(5, 84) =5.23, p <0.05] and [F (1, 84) =30.41,p <
0.05] respectively. The F value post hoc Tukey test was [F(5,
42)=12.09, p <0.05] for the dark period and [F(5, 42) =2.66,
p <0.05] noted for the light period. There was no significant
change in low activity of rats in both light period and dark

Average duration (minutes) per hour

period, after 1 week of melatonin administration. After
2 week of melatonin injection, at dark time—Iless exploratory
behavior (low activity) was significantly reversed by mela-
tonin 2 week (p < 0.05). The effect of melatonin 3 week was
same as 2 week melatonin (p < 0.05). On 4 week without
melatonin “Low activity behavior” was significantly in-
creased during dark period suggesting altered “low activity
behavior due to CPSP” came back after the melatonin dis-
continued (p < 0.05).

Effect of melatonin on high activity behavior during light and dark
periods. To test the effects of melatonin on high activity on
light and dark periods, two-way mixed ANOVA was con-
ducted. The results showed that significant differences oc-
curred in the factor of group [F(5, 84) = 6.60, p < 0.05] and
the phase value of immobile behavior [F(1, 84) = 6.71, p <
0.05], respectively. Post hoc Tukey’s test indicated that
significant differences occurred in the dark period and the
light period (p < 0.05). Melatonin after 1 week of admin-
istration, helped to decrease high activity during light period
in CPSP rats. The administration of melatonin for 1 week did
not show any significant effect during dark hours. However,
high activity behavior was reduced by 2 week melatonin
administration significantly during light period (p < 0.05).
High activity behavior was significantly reduced during light
period. Interestingly, melatonin 3 week has shown increased
high activity during dark period, and lower during light time,
suggesting melatonin after 3 weeks of administration has
neuroprotective effects (p < 0.05). After the 3 week of
melatonin administration, High activity was significantly
reversed by melatonin, we can see the effect of melatonin on
4th week too (p < 0.05; Figure 5).

Control
Lesion
lesion+mit1w
lesion+mit2w
lesion+mit3w

ooooDnmn

4w-w/o mit

Dark

Immobility
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Figure 3. Effect of exogenous melatonin on rest activity (immobility) during light and dark periods. Immobility data during the 12:12 h-dark
period in control, lesion, mlt, and without mlt groups. Two-way ANOVA followed by the Tukey’s post-test (p < 0.05). n = 8, dose of mlt:

30 mglkg (i.p.) O.D.
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Effect of melatonin antagonists on activity behavior. In order to
see the efficacy of melatonin, melatonin antagonists were
used. When MT1 non selective antagonist Luzindole (Luz)
and selective MT2 antagonist 4P- PDOT (4P) were used after
2 week of melatonin, treatment, both Luz and 4P significantly
blocked immobility and high activity effects of melatonin,
while there was no difference in low activity effect, during
light period [F(4, 27) = 82.05] (p < 0.05) (Figure 6a). How-
ever, during the dark period, both Luz and 4P significantly
blocked immobility and low activity effects of melatonin,
while high activity was only blocked by Luz significantly.
From the dark period activity data, results shown Luz has

effectively blocked the effects of melatonin than 4P [F(4, 27) =
348.1] (p < 0.05) (Figure 6b).

Effect of melatonin on pain behavior. With regard to the effect
of melatonin on pain behavioral tests, one-way ANOVA was
used to analyze. The mechanical hyperalgesia threshold in
Von Frey test was significantly increased by melatonin ad-
ministration and the data indicated reduction in pain per-
ception [F(4, 60) = 41.68, p < 0.05)]. Post hoc Tukey’s test
showed, reduction effect of melatonin on the pain sensitivity
of CPSP on the 1, 2, and 3 week after 30 mg/kg of melatonin
administration (Figure 7).
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Figure 4. Effect of exogenous melatonin on “decreased exploratory behavior” (low activity). Low activity data during the 12:12 h-dark period
in control, lesion, mlt, and without mlt groups. Two-way ANOVA followed by the Tukey’s post-test (p < 0.05). n = 8, dose of mlt:30 mg/kg
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Figure 5. Effect of melatonin on high activity behavior during light and dark periods. High activity data during the 12:12 h -dark period in
control, lesion, mlt, and without mlt groups. Two-way ANOVA followed by the Tukey’s post-test (p < 0.05). n = 8, dose of mlt:30 mg/kg
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Using Antagonist: Day activity data

A
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Using Antagonist: Night activity data
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B3 low activity
=3 High activity

Figure 6. (a) Effect of MT | non selective antagonist Luzindole (Luz) and selective MT?2 antagonist 4P-PDOT (4P) on Day activity in melatonin
treated (2 week) animals: Both Luz and 4P have significantly blocked immobility and high activity effects of melatonin, while there was no
difference in low activity effect. (b) Effect of MT| non selective antagonist Luzindole (Luz) and selective MT2 antagonist 4P-PDOT (4P) on
Night activity in melatonin treated (2 week) animals: Both Luz and 4P have significantly blocked immobility and low activity effects of melatonin,
while high activity was only blocked by Luz significantly. From the night activity data, we have seen Luz has effectively blocked the effects of

melatonin than 4P.
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Figure 7. Pain behavior test, mechanical hyperalgesia, done after 1,
2, 3 week of melatonin injection. Two-way ANOVA followed by
the Tukey’s post-test (p < 0.05). n = 8, dose of mlt:30 mg/kg (i.p.)
O.D.

Entrainment of sleep behavior

To measure the effect of melatonin on sleep behavior in the
control group, two-way ANOVA was conducted. The results
showed that melatonin during night enhanced the night-time
state of that animal (entrainment) in sleep or wake [F(46, 483)
=0.04, p <0.05] (Figure 8a). However, after the stroke, the
rats appeared to reduce the resting/immobile behavior and
higher active behavior compared to control [F(46, 483) =
13.06, p <0.05] (Figure 8b), indicating the stroke rat suffered
from the sleep disturbance. Further, the lesioned animal’s
immobility was increased at night due to the inability of rats
to entrain their normal sleep behavior. While rats normally
have high activity behaviors at night, but the lesioned rats
reduced their high active behavior at night. Instead, the low
active behavior was due to pain perception (Figure 8b).

Interestingly, melatonin was found to recover the distorted
immobility and high activity behavior induced by CPSP. in
rats after 3 weeks of melatonin administration, during 12 h
light period (p < 0.05; Figure 8c—f).

Discussion

Sleeping behavior of nocturnal species like rats is quite dif-
ferent from diurnal human beings.?® Rats often exhibit poly-
phasic sleep—wake behavior in which they alternate between
states of wake and sleep on a time scale of tens of minutes, the
characteristic of nocturnal rats in 12L:12D phase conditions.”’
The complex process of the sleep-wake cycle is controlled by
the body’s circadian rhythm. Our endogenous pacemaker, the
suprachiasmatic nucleus (SCN) (or the master clock), lies in
the hypothalamus, is known to be responsible for circadian
sleep/wake cycle.?® In both diurnal and nocturnal species, there
is a daily rhythm in the firing of neurons in the central circadian
clock, SCN. The SCN receives information about light levels
(an exogenous zeitgeber) from the optic nerve, which sets the
circadian rhythm so that it is in synchronization with the
outside world, e.g. day and night. The neurons tend to fire most
during the day and least during the night. Low firing rates are
therefore associated with sleep in diurnal animals, but wake in
nocturnal animals. It sends signals to the pineal gland, which
leads to an increased production of melatonin at night.

The effects of melatonin on sleep are in part mediated via
the SCN, since SCN neurons have melatonin receptors.
Melatonin suppresses the firing of SCN neurons. It is notable
that melatonin is released during the night in both diurnal and
nocturnal species, but it is not sleep-promoting in nocturnal
species.”” The SCN and pineal gland work together as en-
dogenous pacemakers; however, their activity is responsible
to the external cue of light.*°
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(a) 24 hr activity pattern of control rats (b) 24 hr activity pattern of lesioned rats
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Figure 8. Figure showing 24-h activity (per hour) in control (a), CPSP (b) and melatonin treated | week (c), 2 week (d), 3 week (e) animals,

4 week-without melatonin treatment (f).

The results of our study suggest that the neurons got
damaged and therefore, production of endogenous melatonin
from pineal gland got hampered. The blood-serum concen-
tration of melatonin was found lowered in CPSP rats; which
after the 3 weeks of exogenous melatonin administration
were significantly restored. Hence treatment with exogenous
melatonin has proven to be efficient. Further we all know that
thalamus has a strong nonphotic influence on circadian
rthythmicity, pineal melatonin production, and secretion.’!
CPSP due to intra-thalamic lesion, may damage the neurons
firing in thalamus. In turn, damage to the thalamus might
affect endogenous melatonin production, causing abrupt
changes in rest/sleep and activity behavior of animals. Since
one of the common outcomes of the biological clock is the
activity and rest cycles, which follows the circadian rhythm
with subjective day and night which, in nocturnal rodents, are
characterized by immobility and low activity.*?

We have found in our study; the disrupted activity be-
haviors were associated with disrupted sleep cycle after
CPSP. Animals in pain due to CPSP tend to sleep less and
shown less immobility (resting) behavior and more high
active behavior during their sleeping hours of the 24 h

circadian cycle. While they tend to shown more low-activity
behavior instead of high activity behaviors during the waking
hours of the sleep cycle. However exogenous melatonin
administration was able to entrain the disrupted 24 h circadian
cycle, more effectively after 2 and 3 week of administration.
Also, the effect of melatonin was quite persisted on 4th week
too, when melatonin administration was discontinued. The
use of melatonin, was able of keep immobility and low ac-
tivity (during dark), non-significant with the control, almost
for the 3 weeks. But we have seen, discontinuing melatonin
on 4th week, caused the CPSP related low activity disruption
again, probably due to “phase-shift” caused by the exogenous
melatonin in the circadian rhythms of rats.

As per our data, we speculate, there might be two
mechanisms involved with effect of exogenous melatonin.
First, administration of 30 mg/kg i.p. melatonin may be
compensating the effect of endogenous melatonin produc-
tion. Second, entrainment of circadian rhythms, helped in
reducing pain perception as chronic pain is also circadian in
nature (Figure 9). Moreover, it is postulated that, opioidergic
signaling and dopaminergic signaling may have a role in
sleep and pain regulation, because of the presence of opioid
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Figure 9. Flow chart showing effect of exogenous melatonin on sleep disruption and central post stroke pain.

receptors in suprachiasmatic nucleus and periaqueductal gray
and dopamine receptors in reticular activating system.*?
Further, melatonin receptors have also been found in reticu-
lar nucleus as well as SCN.** We believe exogenous melatonin
not only helped in improvement of activity behaviors but also
pain associated with CPSP and pain associated with disrupted
sleep cycle and vice versa (Figure 9). This was consistent with
the pain behavior Von Frey test in our study. Therefore,
considering the effect of melatonin on pain and on sleep, the
melatonin might have role in pain-sleep bidirectional pathway.
However, further studies are needed in this context.

Conclusion

In the present study, CPSP could induce pain behavior and
disturbed circadian activity as a comorbidity. The activity
behavior for CPSP rats showed differences in light and dark
periods.

Chronic melatonin administrations for 3 weeks recover all
the hampered activity behaviors in rats with CPSP. Moreover,
melatonin administrations present persisted effect; however,
disrupted low activity was returned in absence of melatonin.
Melatonin might be alternative treatments for the stroke
patients suffering with pain and sleep disturbance. The
present findings might offer some implications for clinical
aspects. The issue of melatonin for CPSP treatments should
be examined in the further clinical studies.
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