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Abstract

Aim: Menopause is a physiological process that results in the cessation of ovarian folli-
cle activity. Research suggests that postmenopausal women may experience changes in
pain sensitivity. Ovariectomized (Ovx) rats are commonly used to mimic postmenopausal
pain symptoms in research. Agomelatine is a unique antidepressant that acts as both
a melatonergic receptor agonist and a 5-HTac receptor antagonist. Preclinical studies
have suggested potential analgesic effects associated with agomelatine. This study aims
to investigate the influence of agomelatine on pain behavior in Ovx rats.

Materials and Methods: Forty female Sprague Dawley rats were divided into four
groups: Sham, Ovx, Ago20 and Ago40. The Ovx, Ago20 and Ago40 groups underwent
bilateral ovariectomy, while the Sham group underwent all surgical procedures except
ovarian ligation. After four months, the Sham and Ovx groups received vehicle, while the
Ago20 (20mg/kg) and Agod0 (40mg/kg) groups received agomelatine by oral gavage for
two months. Pain sensitivity assessments were conducted using electronic von Frey, hot
plate, tail flick, and tail immersion methods after the final drug administration.

Results: In the Ovx group, there was an increase in pain sensitivity observed in the hot
plate, electronic von Frey, tail flick, and tail immersion tests (p < 0.05). Agomelatine
treatment significantly reduced the heightened nociceptive response (p < 0.05).

Conclusion: Agomelatine effectively attenuates the increased sensitivity to pain observed

in Ovx rats.

@@@@ Copyright (© 2024 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
ATl under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Menopause is a biological process characterised by the ces-
sation of follicular activity, resulting in a significant de-
crease in serum oestrogen levels [1]. It usually occurs in
women around their mid-forties. As women’s average life
expectancy has increased, a significant portion of their
lives will be spent in the hypoestrogenic post-menopausal
state [2]. Menopausal oestrogen depletion may contribute
to the central regulation underlying chronic pain [3|. Es-
trogens are thought to affect pain through various mech-
anisms, such as modulating estrogen receptors in spinal
neurons and the endogenous opioid system [3, 4]. Epi-
demiological studies have shown that women have a higher
prevalence of painful conditions than men [5]. Experimen-
tal studies have demonstrated sex differences in functional
and structural characteristics of pain pathways [6]. Ovx
rats are frequently used to investigate changes in pain sen-
sitivity in these conditions [3].

However, multiple studies have reported contradictory
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changes in pain sensitivity in castrated and Ovx animals.
Many investigations into the effects of ovariectomy on pain
sensitivity have been conducted in rodents, which have a
short survival time post-surgery, contributing to the vari-
ability of observations [7]. Despite the variability observed
in short-term studies, there are limited yet significant long-
term studies that report increased pain sensitivity in Ovx
rats [7-9].

Melatonin regulates circadian rhythms through melaton-
ergic MT; and MT5 receptors and has antioxidant, anti-
neoplastic, anti-inflammatory and immunomodulatory ef-
fects [10]. Melatonin has the potential to be an anal-
gesic through the action of MT; and MTs receptors [11].
Agomelatine is an antidepressant that acts as an MT; and
MTj; receptor agonist, similar to melatonin, while also act-
ing as a 5-HTy¢ receptor antagonist [12]. Several studies
have demonstrated that agomelatine can reduce pain sen-
sitivity in various disease models by acting on MT; and
MT5 receptors [13, 14]. Therefore, we investigated the ef-
fects of agomelatine on pain behaviour in long-term Ovx
rats.
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Materials and Methods
Animals

The study was conducted after receiving approval
(2022/14-2) from the local ethics committee of Inonu Uni-
versity Faculty of Medicine Animal Experiments. Forty
female Sprague Dawley rats, aged 6 months and weighing
200-250 g, were used in this study. The number of animals
used in the experiments was determined by power analy-
sis. At least 10 animals were required in each group, with
an average weight of 200-250g and a standard deviation of
25g. A 4% deviation, type 1 error («) of 0.05 and type
2 error (B) of 0.80 were also considered. The study was
carried out at the Inonu University Laboratory Animal
Facility. The rats were kept in a regulated environment
with a consistent temperature of 224+2°C and humidity of
50+10% under a 12:12 h light-dark cycle. During the ex-
periment, the rats were given standard rodent chow and
had unlimited access to water.

FExperiment plan

The animals were administered a combination of 100
mg/kg ketamine (Keta-Kontrol, Doga Ilag, Tiirkiye) and
10 mg/kg xylazine (Sanalazin20, Santavet, Tirkiye) for
anaesthesia before undergoing bilateral ovariectomy. The
dorsolateral region was shaved and disinfected with 70%
alcohol. An incision was made approximately 1.5 cm pos-
terior to the right and left ribs to expose the abdominal
muscles. The muscles were dissected to access the peri-
toneum. The adipose tissue was then carefully retracted
until the ovaries were visible. Periovarian fat was also care-
fully retracted around the incision site to avoid detaching
a small portion of ovarian tissue. The ovaries were then
ligated and removed from the distal horn of the uterus. Fi-
nally, the uterine horn was reintegrated into the abdominal
cavity and the muscles and skin were sutured. The sham
groups, in which the ovaries were not ligated, underwent
the same procedure [15].

Before the surgical procedure, the animals were randomly
assigned to either the sham (n=10) or Ovx (n=30) groups
based on their average body weight. Four months post-
surgery, the Ovx rats were further divided into three
groups with similar body weight averages: Ovx, Ago20,
and Ago40 (n=10). Agomelatine (Valdoxan, Servier,
Tiirkiye) was dissolved in normal saline. Sham and Ovx
groups were administered a vehicle, while the Ago20 and
Agod0 groups received two doses of agomelatine (20 and 40
mg/kg) via oral gavage for a period of two months. The
dose was selected based on prior experiments that have
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Figure 1. Flow diagram of this experiment.

Original Article

152

2024;31(2):151-156

demonstrated the efficacy of agomelatine [16]. Figure 1
shows the experiment’s flow diagram.

Nociceptive behavior tests

Nociceptive behavior tests were conducted as previously
described in Ovx rats [17, 18]. The animals were acclima-
tized to the apparatus 24 hours prior to the tests. The tests
were conducted by a single researcher 24 hours after the
last oral gavage administration. To reduce potential bias
in the results, the researchers were blinded to the tests.

Hot plate

Hot plate test was performed by placing the animals on a
warm surface inside a transparent Plexiglas cylinder mea-
suring 15 cm in diameter and 22.5 cm in height to prevent
escape. The hot plate analgesimeter was set at a tem-
perature of 52°C [19, 20]. Response latency was recorded
using an electronic timer, either by jump or paw lick. To
prevent tissue damage, a cut-off time of 20 seconds was
determined. Each rat was measured three times, with at
least 10 minute intervals between each measurement, and
the average value was calculated [21].

Electronic von Frey

The animals were housed in 20x20 cm enclosures with a
raised metal mesh floor 40 cm above the surface. To evalu-
ate withdrawal thresholds, an electronic von Frey hair ap-
paratus (Ugo Basile, Italy) was used, which applied forces
ranging from 0 to 100 g in increments of 0.2 g. Pulsed
stimuli were directed to the mid-plantar region of the right
hind paw through the mesh floor, and withdrawal thresh-
olds were promptly displayed on the screen. Paw sensi-
tivity was assessed by measuring the minimum pressure
required to elicit an immediate and strong withdrawal re-
flex, excluding any voluntary movements attributable to
the stimulus. The stimuli were applied to each hind paw
at 5-minute intervals, and the final dataset was obtained
by averaging five measurements [22].

Tail flick latency

Thermal antinociceptive activity was assessed using a tail
flick device (Ugo Basile, Varese, Italy). The distal portion
of the tail was positioned over a radiant heat source set at
52°C, and the duration of tail movement was recorded. To
prevent potential tissue damage from the radiant heat, a
maximum cut-off time of 15 seconds was established [23].

Tail immersion

During the study, the rats’ lower tails were submerged in a
beaker filled with cold water (0-2 °C), and the duration of
tail flicking was recorded in seconds. To prevent potential
tissue damage, a maximum cut-off time of 15 seconds was
set [24].

Termination of experiment

Forty-eight hours after the last dose of agomelatine, the
animals were decapitated.
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Statistical analysis

The statistical analysis was executed using the IBM SPSS
Statistics 22.0 software package for Windows. Quantita-
tive data were expressed in terms of mean =+ standard de-
viation (SD), with an evaluation of normal distribution ad-
herence conducted through the Shapiro-Wilk test. Group-
wise comparisons of quantitative variables were performed
utilizing the Kruskal-Wallis H test. In the presence of sta-
tistically significant differences, post hoc analyses were ex-
ecuted employing the Mann-Whitney U test, with Bonfer-
roni correction implemented for multiple comparisons. A
predetermined alpha level of p < 0.05 was established as
the threshold for statistical significance.

Results

After 8 weeks of treatment with agomelatine (starting
4 months after surgery), pain behaviour tests were per-
formed. The OVX group (37.70 + 3.48, n = 10) showed
lower pain thresholds in the electronic von Frey test com-
pared to the sham group (54.19 £ 5.46, n = 10). Pain-like
behaviour in the von Frey test was significantly improved
in rats in the Ago20 (48.95 + 4.36, n = 10) and Ago40
(50.29 + 3.48, n = 10) groups compared to untreated Ovx
rats (37.70 & 3.48, n = 10) (p < 0.05; Figure 2).

Thermal hyperalgesia was observed in Ovx rats (5.11 +
1.21, n = 10) subjected to the tail flick test, i.e. there
was a significant (p < 0.05) decrease in tail flick latency to
radiant heat in Ovx rats (5.11 £ 1.21, n = 10) compared
to sham rats (8.12 £+ 1.32, n = 10) in the tail flick test.
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Figure 2. Electronic von Frey test. The data were subjected to
statistical analysis using the Kruskal-Wallis H test for overall com-
parisons. Post hoc multiple comparisons were conducted employing
the Bonferroni-corrected Mann-Whitney U test. The results are ex-
pressed as mean + SD (standard deviation). Different superscript
letters (a, b, c¢) denote statistically significant differences between
groups at a significance level of p < 0.05. The sample size for each

group was n=10.
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Tail Flick Test
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Figure 3. Tail-flick test. The data were subjected to statistical
analysis using the Kruskal-Wallis H test for overall comparisons. Post
hoc multiple comparisons were conducted employing the Bonferroni-
corrected Mann-Whitney U test. The results are expressed as mean
+ SD (standard deviation). Different superscript letters (a, b, c)
denote statistically significant differences between groups at a signif-

icance level of p < 0.05. The sample size for each group was n=10.

Hot Plate Test
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Figure 4. Hot-plate test. The data were subjected to statistical
analysis using the Kruskal-Wallis H test for overall comparisons. Post
hoc multiple comparisons were conducted employing the Bonferroni-
corrected Mann-Whitney U test. The results are expressed as mean
+ SD (standard deviation). Different superscript letters (a, b, c)
denote statistically significant differences between groups at a signif-

icance level of p < 0.05. The sample size for each group was n=10.

Treatment of the Ago20 (7.84 £+ 1.44, n=10) and Ago40
(8.46 £ 1.19, n=10) groups with agomelatine prevented
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Tail Inmersion Test
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Figure 5. Tail immersion test. The data were subjected to

statistical analysis using the Kruskal-Wallis H test for overall com-
parisons. Post hoc multiple comparisons were conducted employing
the Bonferroni-corrected Mann-Whitney U test. The results are ex-
pressed as mean + SD (standard deviation). Different superscript
letters (a, b, c¢) denote statistically significant differences between
groups at a significance level of p < 0.05. The sample size for each

group was n=10.

the development of thermal hyperalgesia, i.e. there was
no significant difference between the agomelatine-treated
groups and the sham group (p > 0.05; Figure 3).

In the hot-plate test, the paw withdrawal threshold was
statistically lower in the Ovx group (4.7 £ 0.66) compared
to the sham group (9.65 + 1.77); administration of agome-
latine to Ago20 (7.54 £ 0.94) and Ago40 (7.02 £ 0.99) rats
partially reversed this behaviour (p < 0.05; Figure 4).

The tail immersion test showed a significant decrease in
tail flick latency in the Ovx group (5.16 + 1.11) compared
to the sham group (10.95 + 1.69). This behaviour was
partially reversed in the Ago20 (8.35 + 1.92) and Ago40
(7.99 + 1.20) groups (p < 0.05; Figure 5).

Discussion

Research suggests that menopausal women may experience
higher incidence of musculoskeletal pain, headache, back-
ache and fibromyalgia due to the decline in estrogen [25].
Managing pain in menopausal women is a clinical challenge
due to the complex underlying mechanisms [26]. The role
of sex steroids in acute nociception is still unclear. Stud-
ies have reported that rats exposed to estrogen deficiency
through Ovx are more sensitive to painful stimuli than
intact rats [8, 18, 27]. Conversely, an another study dis-
closed that rats subjected to ovariectomy exhibited dimin-
ished nociceptive responses during the inflammatory pain
period [28]. The reason for these differences may depend
on the duration of ovariectomy, as adipose tissue remains
an important source of estrogen even after ovary removal.
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Adipose tissue-derived estrogen can regulate several gene
expressions [29]. After ovariectomy, gene expression may
take a long time to change due to estrogen depletion [30].
The onset of hyperalgesia and allodynia in Ovx rodents
has been reported to take up to 4 months [31].

In this study, agomelatine was administered in the fourth
month of the experiment, after hormonal depletion and
the development of hyperalgesia. At the termination of
the study, an escalation in pain sensitivity was discerned
among Ovx rats through behavioral assessments, encom-
passing the tail flick, hot plate, tail immersion, and von
Frey tests. Long-term studies (4-6 months) monitoring the
effects of hormonal depletion after ovariectomy reported
increased pain sensitivity in rodents, which is similar to
our findings [8, 9].

In this study, agomelatine treatment effectively reversed
the increased sensitivity observed in behavioral tests (tail
flick, hot plate, tail immersion, and von Frey tests) in both
groups. Similarly to our study, agomelatine treatment im-
proved and effectively reversed increased pain sensitivity
in the hot plate test in rats with visceral nociception [32].
Also, in rats with diabetic neuropathy, agomelatine signif-
icantly decreased allodynic responses in behavioral tests
of thermal and mechanical hyperalgesia, consistent with
the findings in our study [14]. In parallel with our study,
agomelatine demonstrated antinociceptive potential in be-
havioral tests of pain. The authors hypothesized that this
effect was mediated by MT; and MTy receptors. The
study found that the antinociceptive effect of agomelatine
was abolished by the administration of melatonergic re-
ceptor antagonists, indicating the important role of mela-
tonergic agonism in reducing pain sensitivity [13].

MT; and MT5 receptors are located in the thalamus, an-
terior cingulate cortex, and dorsal horns of the spinal cord,
which are important targets for pain relief [33]. Preclinical
studies have demonstrated that the MT5 receptor mediates
antinociceptive effects [11, 34]. In an experimental pain
model in mice, pyromelatine, which is an agonist for both
MT; and MT5 receptors, was found to have an antinoci-
ceptive effect in the von Frey test, similar to our study [35].
Additionally, a selective partial agonist for MT5 receptors
demonstrated analgesic effects by modulating antinocicep-
tive pathways in two different pain models in rats. In the
same study, the compound reduced allodynia in the tail
flick test, which is consistent with our findings [36].
Furthermore, the serotonergic system is significant in pain
modulation via 5-HT receptors. While there are conflict-
ing reports on the impact of 5-HTsc receptors on pain,
they are predominantly associated with a pronociceptive
effect [37]. In various rodent pain models, it was observed
that 5-HTs¢ receptors were increased [38]. Chenaf et al.
investigated the mechanism of the antinociceptive effect of
agomelatine. The study found that the antinociceptive ef-
fect of agomelatine was eliminated when administered with
a specific 5-HTs¢ receptor antagonist that strongly binds
to the 5-HT5¢ receptor. These results suggest that block-
ing the 5-HTs¢ receptor is crucial for the antinociceptive
effect of agomelatine [13].

Therefore, the pain behaviour modulation observed in
our study may be attributed to the interactive effects of
agomelatine as both a melatonergic receptor agonist and
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a serotonergic receptor antagonist.

This study examines the effects of agomelatine on the no-
ciceptive response in Ovx rats. The findings suggest that
the nociceptive hypersensitivity response in long-term Ovx
rats can be used as a translational model of menopause.
The results indicate that agomelatine has a partial anal-
gesic effect on ovariectomy-induced pain. These observa-
tions suggest that agomelatine may be considered as an
additional therapeutic agent for this condition.

However, it is important to note that our study has two
limitations. Firstly, there was no group that received estro-
gen together with agomelatine. Secondly, all behavioural
tests were performed on the same day.

Conclusion

In summary, this study suggests that the administration
of agomelatine may alleviate post-ovariectomy pain. How-
ever, further research is necessary to elucidate the under-
lying molecular mechanisms. The results indicate that
agomelatine holds promise as a prospective therapeutic in-
tervention for alleviating postmenopausal pain symptoms.
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