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Abstract

Objectives: Several clinical and experimental studies re-
ported the anxiety as one of the neuropathic pain comor-
bidities; however, the mechanisms involved in this
comorbidity are incompletely cleared. The current study
investigated the consequence of pain induced by periph-
eral neuropathy on the serotonin (5-HT) level of the CA1
region of the hippocampus, which is known as a potential
reason, for anxiety associated with neuropathic pain.
Methods: In this manner, 72 male rats were inconstantly
subdivided into three experimental groups as follows:
control, sham, and chronic constriction injury (CCI).
Neuropathic pain was initiated by the CCI of the sciatic
nerve, and then, mechanical allodynia, thermal hyper-
algesia, and anxiety-like behavior were evaluated using
the von Frey filaments, radiant heat, open field test (OFT),
and elevated plus maze (EPM) respectively. To investigate
the probable mechanisms, the in vivo extracellular levels of
5-HT were assessed by microdialysis and using reverse-
phase high-pressure liquid chromatography (HPLC) in the
CA1 region of hippocampus on days 16 and 30 post-CCIL.
Results: Our data suggested that CCI caused anxiety-like
behavior in OFT and EPM test. 5-HT concentration in the
CA1 region of the hippocampus significantly (F=43.8,
p=0.000) reduced in CCI rats, when the pain threshold was
minimum. Nevertheless, these alterations reversed while
the pain threshold innate increased.

Conclusions: Neuropathic pain, initiated by constriction
of the sciatic nerve can induce anxiety-like behavior in rats.
This effect accompanies the reduction in 5-HT

*Corresponding author: Farinaz Nasirinezhad, Physiological
Research Center, Department of Physiology, Iran University of Medical
Sciences, Tehran, Iran, E-mail: nasirinezhad.f@iums.ac.ir

Sepideh Saffarpour, Neuroscience Research Center,
Neuropharmacology Institute, Kerman University of Medical Sciences,
Kerman, Iran

concentration in the CA1 region of the hippocampus. When
the pain spontaneously alleviated, 5-HT level increased
and anxiety-like behavior relieved.
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Introduction

Neuropathic pain caused by lesions or disorders of the
somatosensory nervous system is usually comorbid by
cognitive impairment such as anxiety and depressive
symptoms. Mood and cognition disorders are prevalent
among up to 65% of the individuals suffering from
neuropathic pain [1-3]. Although the pathogenesis of
neuropathic pain and its comorbidity are mainly uniden-
tified, alterations of the central serotonergic system have
entailed in both sensory and mood symptoms of neuro-
pathic pain situation [4-6)].

A review of the literature mentioned that the neuro-
pathic pain mechanisms could imply serotonin (5-HT) re-
ceptors and transporters. Alterations in their expression
chiefly regulate the pain by affecting the serotonergic
transmission in the descending and ascending pathways
[4, 7-9].Previous studies demonstrated that the impair-
ment of descending 5-HT pathways inhibit hyperalgesia.
However, nerve injury can induce pain hypersensitivity by
stimulating some spinal 5-HT receptors [10—12]. 5-HT and
noradrenaline reuptake inhibitors have determined to
generate the analgesia in several animal models of
neuropathic pain and can be clinically used for the
neuropathic pain treatment [3, 9, 10, 13].

In particular, 5-HT contributes to pain signaling in the
brain and nervous system, and is also implicated in anxiety
[3, 14, 15]. It was revealed that, anxiety disorders often are
accompanied by a decrease in the activity of mono-
aminergic systems, specifically in the 5-HT system [15, 16].

In recent years, considerable data have disclosed that,
the neuropathic pain shares biological mechanisms with
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anxiety. Such similarities are important in causing and
developing neuropathic pain-induced anxiety [17, 18].
Furthermore, same brain regions including the insular
cortex, prefrontal cortex, anterior cingulate, thalamus,
hippocampus, and amygdala, are responsible for modu-
lating the transmission of pain involved in mood man-
agement [19-22].

The hippocampus plays an independent fundamental
role in the development and maintenance of neuropathic
pain and abnormal emotionality, including anxiety and
depression [2, 23-25]. Biochemical, physiological, and
behavioral findings showed that the hippocampal forma-
tion is involved in pain processing. Blockade of neural
transmission along with the efferent or afferent hippo-
campal pathways has reported alleviating pain behaviors
[26-28]. Also, data established hippocampal neuroana-
tomical and neurochemical changes in neuropathic pain
situations [2, 29, 30]. In this regard, human and animal
studies determined that neuropathic pain conditions can
lead to hippocampal dysfunctions, such as reduced adult
hippocampal neurogenesis, changing in synaptic plas-
ticity and resting state connectivity, abnormal cytokine
and neurotrophic expression, the decreased glutamate
level, the increased gamma-Aminobutyric acid (GABA)
level, and the instability of place cells [23, 30-33].

Previous data demonstrated that the density of 5-HT
transporters enhanced and 5-HT ratio decreased in the
hippocampus after the peripheral nerve injury [13, 34].
However, another study reported that, the hippocampal
messenger RNAs (mRNAs) of 5-HT 1A receptors and 5-HT 2A
receptors altered in rats after the chronic constriction
injury (CCI) [35].The CA1 region of hippocampus receives a
robust serotonergic innervation from the raphe nuclei, and
is excited during noxious stimulation and predominantly
replies to painful stimuli [36—38]. Serotonergic receptors of
the dorsal hippocampus, in particular, the postsynaptic
5-HT1A receptors, are involved in the mechanisms of con-
trolling the anxiety-related behaviors [39, 40].The results
suggested that the ascending serotonergic pathway that
connect the median raphe nucleus to the dorsal hippo-
campus, could facilitate the 5-HT neurotransmission and
reduce the anxiety. The activation of dorsal hippocampal
5-HT1A receptors attenuated the anxiogenic effects of
stressful stimuli [41, 42]. It was also determined that the
anxiety-like behavior significantly increased in 5-HT1A
receptor knockout mice [43]. Accordingly, the alteration of
serotonergic neuronal excitation in the dorsal hippocam-
pus may be considered as a crucial factor in the mediation
of anxiety-like behavior under the neuropathic pain con-
dition [44].
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Hence, the goal of this assay was to explicate if the
neuropathic pain induced by sciatic nerve injury can alter
the hippocampal 5-HT level, and also to determine whether
hippocampal 5-HT alteration is related to anxiety following
peripheral nerve injury.

Methods

Animals

A total of 72 adult male albino Wistar rats weighing 250-300 g took
from the Pasteur Institute of Iran. Rats were kept in a humidity and
temperature standard room (22 + 2 °C) on a 12 h light/dark cycle (lights
off at 9:00 a.m.) with food and water accessible ad libitum. All testing
performed between 10:00 a.m. and 2:00 p.m. The animals were
adapted at least for one week before experiments and then incon-
stantly were subdivided between three experimental groups (control,
sham, and CCI). The different time points of behavioral evaluation
tests carried out on independent sets of animals. Therefore, in all
experimental groups, rats divided into two subgroups (n=6 per each
group), one used for days 14, 15, and 16 and other for days 28, 29, and
30 of the experiment. In anxiety-like behavior assessments, each an-
imal tested only once. The experiments obeyed to the guidelines of the
Committee for Research and Ethical Issues of the International Asso-
ciation for the Study of Pain (IASP) and accepted by the Ethical
Committee of the University (96-01-30-24473).

Pain induction

Pain initiated by CCI model previously defined by Bennett and Xie [45].
In brief, for animal anesthetic sodium pentobarbital (40 mg/kg
intraperitoneally) used. An incision shaped on the left thigh and, the
sciatic nerve disclosed. Four loose ligatures 1 mm aside formed around
the nerve through the epidural vasculature was not interrupted. Sham
surgery achieved while the left sciatic nerve disclosed but not further
manipulated. The control group was intact. Behavioral evaluation
achieved for all experimental groups. Surgery is considered on the
zero-day of the study.

Behavioral evaluation

Assessment of mechanical allodynia: von Frey filaments (Stoelting,
Wood Dale, IL, USA) used for mechanical threshold assessment
described by Chaplan [46]. Rats put in alone in a Plexiglas box with a
wire mesh bottom and allowed to adapt for 30 min. The calibrated von
Frey filaments (4.56, 4.74, 4.93, 5.07, 5.18, 5.46, and 5.88 gr) admin-
istered to the mid plantar surface of the hind paw using up and down
method. Withdrawal threshold measured by subsequently increasing
and decreasing the stimulus strength, and mean withdrawal threshold
measured by the Dixon nonparametric test [47]. This test was per-
formed for all experimental groups on days 14 and 28 of the study.

Assessment of thermal hyperalgesia: Radiant heat test performed to
measure the thermal threshold based on the Hargreaves protocol [48]
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by using the plantar test (Eugo Basile Co., Italy). Each rat placed in the
special enclosure of the device, then thermal radiation achieved to
their foot sole after 10 min of environmental adaptation. A stopwatch
utilized from the start of radiation, and then, ended as soon as the foot
moved or lifted, and the time latency recorded. This test achieved on
the surgery foot three times at intervals of at least 2 min, and then its
average calculated. This test performed for all experimental groups on
days 14 and 28 of the study.

Open field test: According to the methods described previously [49],
the locomotor activity and anxiety-like behaviors examined by open
field test (OFT). Each rat placed in a test chamber and tested in an
arena 40 x 40 x 35 cm with transparent walls for 10 min. The test
achieved under infrared beam (ITTCINC life science company) in a
brightly illuminated (white light) room. The total distance that the rat
traveled in the arena and the number of entries into the central area
(16 x 16 cm’) of the OF recorded for 10 min using a computer-based
video tracking system (Ethovision 1.6 Noldes, Waninggen) simulta-
neously for measuring the anxiety-like behavior and locomotor ac-
tivity. This test, performed one day after pain assessment for all
experimental groups, on days 15 and 29 of the study .The different time
points of test carried out on independent sets of animals and, each
animal tested only once. The test chamber was cleaned with 10%
ethanol solution after each trial.

Elevated plus maze (EPM) test: The EPM test operated to check anxiety-
like behaviors according to the methods described by Filho [50]. The EPM
equipment exists of two closed and two open arms (15 x 50 cm each arm)
and elevated 50 cm from the floor. Each rat put in the center of the
equipment while its face in front of the open arms. The parameters
detected in video records as the number of entries and the time spent in
closed and open arms during a 5 min period for each animal (Ethovi-
sionl.6 Noldes, Waninggen). The entries considered when all four paws
rat were inside the arm. The frequency of entries into open arms was
calculated by the percentage of the total number of entries into both open
and closed arms. The duration spent in the open arms was measured and
reported by a percentage of the total time (300 s) that rats spent in the
maze. This test, performed one day after pain assessment for all experi-
mental groups, on days 15 and 29 of the study. The different time points of
test carried out on independent sets of animals and, each animal tested
only once. The EPM equipment was cleaned after each trial.

In vivo microdialysis & HPLC assessment

Stereotaxic surgery and brain dialysis: Stereotaxic surgery was per-
formed concurrently with CCI or sham surgery on the zero-day of the
study. The microdialysis guide cannula(MAB 4.15.IC, Microbiotech/se
AB, Stockholm, Sweden) implanted into the hippocampal CA1 area with
the following coordinates: 3.8 mm posterior to the bregma, +2.2laterals to
the midline and 2.7 ventral to the skull surface based on Paxinos Atlas
(2001). On the days 16, 23, and 30 of the study, a microdialysis probe
(MAB 4.15.1.Cu, b6000 kDa, 1 mm membrane length, Microbiotech/se
AB, Stockholm, Sweden) was inserted into the guide cannula. The
microdialysis probe was connected to the syringe pump (WPI, SP 210,
syringe pump) and pervaded by artificial cerebrospinal fluid (ACSF) at a
flow rate of 1 uL/min. ACSF consisted 114 mM NaCl, 3 mM KCl, 1 mM CaCl,,
2 mM MgSO0,, 1.25 mM NaH,PO,, 26 mM NaHCO;, 1 mM NaOH, 10 mM
glucose and pH = 7.4. After a 30 min equilibration period, the four
consecutive samples (40 pL) collected for the determination of the 5-HT
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level. The intervals between sample collections were 10 min. All rats at
least one day prior were habituated, before the microdialysis procedure,
to reduce anxiety behavior as a result of handling or the infusion process.
The microdialysis procedure performed on days 16 and 30 of the study.
The samples immediately put in—80 °C until analysis.

Serotonin determination: The 5-HT level was measured by the reverse-
phase high-pressure liquid chromatography (HPLC) method in dialy-
sate samples as previously described by Singewald [51]. Briefly, HPLC
column was Shim-pack VP-ODS, 250 L x 4.6 mm, 5um; Pump: LC-
10AD, Shimadzu, Japan that connected to an electrochemical detector
(Pharmacia LKB, type-2143 RPE, USA). A glassy carbon electrode ar-
ranged at a potential of +750 mV relative to Ag/AgCl reference. The
mobile phase existed of 0.35 g EDTA, 100 mg octane sulfonic acid
(soap), 3.2 g NaH,PO,, 600 pL triethylamine (TEA), 89 mL methanol
and 500 mL distilled H,O (pH 5.40) and pumped (Waters 510, USA) ata
rate of 1.0 mL/min. Data acquired on-line and exported to a software
system (Autochro 2000, USA) for peak amplification, integration, and
analysis. 5-HT peaks identified by comparison to a 5-HT standard
(5.07 + 0.2 moL/40 pL sample). The 3:1 signal to the noise detection
limit of this system for 5-HT was 0.24 + 0.11 pg.

Microdialysis site verification: At the end of the study, animals killed
with an overdose of ether; brains rapidly pulled out and kept in 10%
formalin for at least 48 h. The location of microdialysis probe tips
within the CA1 area of the hippocampus proved from 10 pum coronal
sections, and only brains with the correct location added in data
analysis.

Statistical analysis

Differences between the groups determined by using SPSS 21(IBM®
SPSS® Statistics V21.0). One way ANOVA with a post hoc test
(Scheffé’s Method) performed to analyze the behavioral alterations
and 5-HT concentration. Pearson correlation test used to evaluate the
relationship between variables related to anxiety behaviors and 5-HT
concentration in the CA1 region of the hippocampus. The data pre-
sented as mean + SEM and p<0.05 considered significant.

Results
Pain behavioral assessment
Mechanical allodynia

As mentioned in Figure 1, after CCI surgery, the rats pro-
gressed mechanical allodynia, which indicated by a
decreased withdrawal threshold to tactile stimulation on
the injured side. On the 14th postoperative days, the paw
withdrawal threshold significantly (F=4.2, p=0.000)
decreased as compared with the sham group (3.02 + 0.4,
14.7 + 0.31 g respectively). Although on the 28th days after
surgery, the mean withdrawal threshold for the CCI group
(13.1 + 0.46 g), was significantly (F=3, p=0.000) more than
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Anxiety-like behavior assessment

The CCI rats exhibited significantly less time spent
(F=18.38, p=0.000) and entries (F=69.09, p=0.000) into the
central area in OFT that considered anxiety-like behavior in
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Figure1: Comparison of mechanical allodynia between CCl and sham
groups on days 14 and 28th after sciatic nerve surgery. *p<0.05 and
***p<0.001 indicate the differences between the groups. Data
analyzed by one-way ANOVA with a post hoc test (Scheffe’s test) and
expressed as mean + SEM of six animals per each group.
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Figure 2: Comparison of thermal hyperalgesia between CCland sham
groups on days 14 and 28th after sciatic nerve surgery. *p<0.05 and
***p<0.001 indicate the differences between the groups. Data
analyzed by one-way ANOVA with a post hoc test (Scheffe’s test) and
expressed as mean + SEM of six animals per each group.

the 14th day, but lower than the sham group (15 + 0.35 g).
The significant difference in the paw withdrawal threshold
did not show between sham and control animals (p=0.108).

Thermal hyperalgesia

As showed in Figure 2, the one-way ANOVA and post hoc
analysis identified that withdrawal latency to noxious heat
14 days after CCI significantly decreased as compared with
the sham group (F=2.8, p=0.000). The means of with-
drawal latency respectively were 4.38 + 0.4 sand 15 + 0.5 s
in the CCI and sham groups two weeks after surgery.
However, the paw withdrawal latency increased in day 28
after CCI surgery (13.9 + 0.45 s) but significantly (F=2.8,
p=0.03) less than the sham group (16 + 0.5 s). No statistical
differences noticed in the sham group compared to the
control group (p=0.261).

The pain behavioral assessment results determined,
the neuropathic pain induced by CCI, persisted about the
four weeks after sciatic nerve injury and might promote a
proper model to study the chronic pain comorbidity.

CCl rats (Figure 3). On day 29 of the experiment, the CCl rats
more time spent in the center area of the maze (7.23 + 0.67 s)
as compared to day 15 (0.39 + 0.14 s). At the end of the
second, and fourth weeks after surgery, the means number
of entered to the center for CCI rats were 1 + 0.36 and
4.8 + 0.94 respectively, while these means of the sham
group were 14.33 + 0.91 and 13.6 + 0.8 respectively. The
total distance moved in the OFT is considered the loco-
motor ability of the rats [52]. Our result showed that there
was no significant difference (F=2.5, p=0.28) among
experimental groups, so it seems that CCI surgery no effect
on the locomotor ability of rats (Figure 3E).

Elevated plus maze test

In the EPM test, the CCI group showed a significant (F=5.85,
p=0.024) reduction in time spent and the meaningful
(F=30.02, p=0.000) entries in open arms that considered
anxiety-like behavior in CCI rats (Figure 4). One-way
ANOVA analysis determined that on day 15, the CCI rats
less time spent in the open arms (5 + 2.5 s) as compared to
day 29 (10.3 + 0.47 s) and sham groups (13.16 + 1.19,
13.16 + 1.37).Additionally, the CCI group on days 15 and 29
entered fewer in the open arms (0.5 + 0.2, 3 + 0.47,
respectively) compared to the sham groups (9 + 0.96,
9.1 + 1.07).

The total number of entries in closed arms is consid-
ered the activity index in the EPM test [53]. Our result
showed that there was no significant difference (F=1.123,
p=0.31) among experimental groups, so it seems that CCI
surgery no effect on the activity rate of rats (Figure 4E).

+
+

Microdialysis & HPLC analysis

Based on one-way ANOVA and post hoc analysis, the 5-HT
release in the CA1 region of CCI rats significantly (F=43.8,
p=0.000) declined at the 10 min interval in four consecu-
tive samples in contrast with the sham groups on days 16
and 30 of the experiment. The results revealed on day 30
the mean 5-HT concentration of CCI rats (36.6 + 3.39 fmoL/
40 pL) significantly (F=40.8, p=0.000) was more than day
16 (11.87 + 1.75 fmoL/40 pL).No significant differences
showed between the control and sham groups (Figure 5).
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Figure 3: The effect of chronic constriction injury on open field test on days 15 and 29th after surgery. The time spent in the center (A and B), the
entries in the center (C and D), and the total distance moved (E) were measured by one-way ANOVA with a post hoc test (Scheffe’s test). *p<0.05,
**p<0.01 and ***p<0.001 indicate the differences between the groups. Data are expressed as mean + SEM of six animals per each group.

Pearson correlation test showed that 5-HT levels in the
hippocampal CA1 region strongly correlated with anxiety-
related behavior in OFT and EPM tests in CCI rats. The
direction of its correlation was negative. Correlation data
between time spent at the center and 5-HT levels was
p=0.015, r=0.9 in the OFT test two weeks after CCI surgery.
Also, the entries (p=0.001, r=0.97) and time spent (p=0.05,
r=0.8) in open arms significantly correlated with the 5-HT
levels in the CA1 region of hippocampous in the EPM test
two weeks after CCI surgery. The Result showed that
CCl-rats with more anxiety-like behavior have lower
extracellular 5-HT levels in the CA1 region two weeks after
CCI surgery. Pearson correlation test showed no mean-
ingful correlation between 5-HT levels in the hippocampal
CA1 region with anxiety-related behavior in OFT and EPM
tests in CCI rats four weeks after surgery.

Discussion

Our results show that, the CA1 region of hippocampus was
altered in neuropathic pain situation, as determined by a
reduction in 5-HT level after the occur of sciatic nerve injury
while CCI rats exhibited the inflated anxiety-like behaviors
in open field and elevated plus maze (EPM) tests. The
anxiety-like behaviors of the CCI rats significantly
decreased when the pain threshold and CA1 5-HT level
increased by passing almost four weeks from the surgery.
Noticeable patients with neuropathic pain endure anxiety,
which can significantly decrease their quality of life [2]. In
laboratory studies, anxiety-like behaviors were also re-
ported in different animal models of chronic neuropathic
pain [54-56]. However, some experimental studies
declined to display the chronic pain-induced anxiety-like
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behaviors. Although various factors might be involved in
this conflicting, it implies that the time of behavioral
assessment and chronic pain-induced model to be impor-
tant for identifying the anxiety-like behaviors [57-59].

In this assay, we induced neuropathic pain by CCI of
the sciatic nerve, which has been frequently described to
persuade anxiety-like behaviors by previously performed
studies [60, 61]. The current data presented that pain
threshold significantly decreased at the second week after
CCI, and then it partly backward at the fourth week. Pre-
vious results identified that CCI of the sciatic nerve could
cause lengthened and notable allodynia and hyperalgesia.
These neuropathic pain-related symptoms reached to the
top after two weeks, and then decreased gradually up to
week seven after sciatic nerve injury. It was defined that the
nerve fibers began to rejuvenate from the third week and
this rejuvenating was associated with the increasing pain
threshold in the CCI model [45, 62-64]. Thus, it seems that
the CCI consequences are in part reversible.

The enduring pain symptoms in this model permitted
the incidence of anxiety related to neuropathic pain state.
We reported that the CCI rats displayed anxiety-like be-
haviors in both OF and EPM tests, two classical, and reli-
able anxiety experiments in rodents [65, 66], by passing
two weeks from the sciatic nerve injury. It was thought that
these behavioral changes are related to the anxiety-like
behaviors, rather than surgery-induced motor disorders, as
determined by the unchanged total distance that the CCI
rats moved in the OF test.

Although the relationship between neuropathic pain
and anxiety was perceived, the factors involved in this
interaction are incompletely known yet [54, 61].

The current study found that, the neuropathic rats
displayed the anxiety-like symptoms in OF and EPM tests,
and concurrently, the CA1 5-HT level has significantly
fluctuated when the pain threshold was changed.

The Hippocampus is recognized to contribute to the
modulation of anxiety through interaction with the anxiety
networks, such as prefrontal cortex, thalamus, and hypo-
thalamus [67, 68].

Many clinical and experimental studies have identified
that the hippocampus sustained both structural and func-
tional changes under the chronic pain conditions [22, 25, 26,
31]. These changes may consequently result in pain-related
mood disorders like anxiety [23, 32]. The earlier obtained
data noted the involvement of the CA1 region of the hippo-
campus in pain and mood disorders comorbidity [24, 69-71].

We observed that, rats with lower pain threshold pre-
sented the anxiety-like behavior, and their 5-HT levels were
also lower in the CA1 region of the hippocampus. When the
pain threshold increased, the anxiety-like behavior
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decreased, as well as the 5-HT levels in the CA1region of the
hippocampus that increased in CCI rats. Accordingly, this
suggests that, the pain induced by sciatic nerve injury
could be contributed to the anxiety-like behaviors associ-
ated with the reduction of CA15-HT level, and the elevation
in pain threshold improved the anxiety-like behavior,
which was accompanied by the lowered the CA1 5-HT
concentration in CCI rats. In this regard, our results pro-
pose that, anxiety symptoms would be accompanied by a
reduction of the 5-HT concentration; conversely, the in-
crease of pain threshold was able to reverse the anxiety-
like behaviors and to increase the 5-HT levels in the CA1
region of the hippocampus in the CCI rats.

Correspondingly, previous documents supported that,
the reduction of 5-HT level in the hippocampus could
possibly promote the anxiety-like behaviors [72, 73]. It was
documented that the abnormality in the brain 5-HT system
is involved in mood disorders, and alteration in the brain
5-HT level is accompanied by anxiety and depression.
Pharmacological inhibition of 5-HT reuptake increases the
serotonergic concentration and reduces the symptoms of
anxiety [13, 16, 34, 39, 41, 74].

In consistent with our data, recent studies reported
that the analgesic effect of 5-HT agonist in other assays
revealed that, the adaptive changes in the 5-HT level of the
hippocampus could alleviate pain and anxiety comorbidity
in the neuropathic pain models [13, 34, 75].

Moreover, it was identified that the CA1 region of the
hippocampus can obtain projections from the median
raphe nucleus, which were thought to modulate 5-HT
releasing, and also to regulate the anxiety-related behav-
iors [72, 73]. Also, other studies explained that the CA1l
region of the hippocampus was altered during neuropathic
pain situations [20, 29, 71]. Despite this information, our
data supported this idea that, the neuropathic pain
induced by sciatic nerve injury could be associated with the
related anxiety-like behaviors and also with the alteration
of 5-HT concentration of the CA1 region of the hippocam-
pus in CCI rats.

Conclusion

In conclusion, our study determined the association be-
tween the 5-HT levels of the CA1 region of the hippocampus
and the anxiety-related behaviors in CCI of the sciatic
nerve. Our findings suggested that pain alleviation could
improve the pain-related anxiety-like behaviors and be
accompanied with 5-HT level enhancement in the CA1 re-
gion of hippocampus.
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