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ABSTRACT

Introduction: Chronic pain is associated with the anxiety, mediated in part by
dopaminergic circuits. The ventral tegmental area (VTA) is critical area in the
mesocorticolimbic dopamine system and regulate emotional and motivational
behaviors. Important input to the VTA is from lateral hypothalamus (LH).
However, the role of D2-like dopamine receptors of VTA in modulating of LH-
anxiolytic effects during chronic pain remains unclear.

Methods: Adult male rats were unilaterally implanted with two guide cannulae in
the VTA and LH. Chronic constriction injury (CCIl) was used to induce
neuropathic pain. Animals divided into six groups as following: control, sham,
CCI, CClI+Citicoline (cholinergic precursor for LH activation), CCI+ Sulpiride
(D2-like receptor antagonist), and CCI+ citicoline+ Sulpiride groups. Animals
received D2-like dopamine receptor antagonists (Sulpiride, 1 pg/1pl/rat) into the
VTA before intra-LH injection of Citicoline (1 pg/1ul/rat) for 7 days after CCI
induction. Anxiety-like behavior was assessed using the elevated plus maze
(EPM) on days 1, 3, and 7 post-CCl.

Results: The CCI surgery significantly induced anxiety-like behaviors in all
experimental days (p=0.001). We observed that intra-LH injection of citicoline
significantly improved anxiety-like behaviors (p=0.001). It means activation of
LH via citicoline has anxiolytic effects. Intra-VTA injection of sulpiride cannot
significantly change anxiety. Additionally, intra-VTA administration of sulpiride
after intra-LH injection of citicoline significantly reversed the anxiolytic effects of
citicoline (p=0.001).

Conclusion: The present study support the hypothesis that targeting D2-like
receptor signaling in the VTA, may represent a promising strategy to alleviate
anxiety related to the neuropathic pain.

Keywords: Dopamine receptors, Ventral tegmental area, Lateral hypothalamus,
Chronic pain, Anxiety-Like behaviors.
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Introduction

Neuropathic pain may cause an unstable
emotional state and induce negative emotions,
most commonly, anxiety and depression disorders.
However, the precise neurobiological mechanism
(s) that linking neuropathic pain to anxiety
disorders remain far from clear (1). Ample of the
studies reported that neurons in the lateral
hypothalamus (LH) could modulate various
physiological and cognitive functions, including
pain and emotional mood (2, 3, 4). For example,
Siahposht-Khachaki et al., identified that intra-LH
carbachol-induced antinociception during both
phases of the formalin test (5). It has been reported
that the LH neurons project to several areas of the
brain such as VTA. Additionally, activation of LH
neurons increases the firing rate of VTA dopamine
neurons and it can modulate anxiety (6). The VTA
dopamine system plays a central role in
motivation, affective regulation, and stress
responsiveness, and has emerged as a critical
modulator of pain-related emotional states (7).
Dopaminergic neurons originating in the VTA and
project to multiple forebrain regions, including the
prefrontal cortex (PFC), forming the mesocortical
pathway that is essential for emotional control and
executive function (7). Chronic pain has been
shown to disrupt dopaminergic signaling within
this circuitry, leading to altered reward processing,
increased negative affect, and wvulnerability to
anxiety-like behaviors (8). Dopamine exerts its
effects through multiple receptor subtypes, among
which dopamine type 2 (D2)-like receptors are
particularly important for regulating neuronal
excitability, synaptic plasticity, and inhibitory
control within dopaminergic circuits (9). D2-like
receptors are expressed both presynaptically on
dopaminergic neurons in the VTA and
postsynaptically in target regions such as the PFC.
Dysregulation of D2-like receptor signaling has
been implicated in psychological disorders,
including anxiety and depression, as well as in
maladaptive responses to chronic stress. Notably,
chronic pain states are associated with reduced
dopamine release and altered D2-like receptor
function, suggesting a potential mechanism that
linking pain to anxiety (9). Despite growing
recognition of the importance of dopamine in pain-
affective  interactions  (10), the  specific
contribution of LH activation and its association
with the D2-like receptors within the VTA in
chronic pain remains insufficiently characterized.

Understanding how D2-like receptor signaling in
these region affects anxiety during chronic pain
may provide critical insights into the
neurocircuitry underlying pain-related affective
disorders and identify novel therapeutic targets.
Therefore, the present study aims to investigate the
role of LH activation and dopamine D2-like
receptors in the VTA in modulating anxiety-like
behavior in a rat model of chronic pain.

Materials and Methods

Animals

Male adult Wistar rats weighing 200-250 ¢
randomly choose and used in this study. All of
the animals kept in an animal house with a 12 h
light/ dark cycle, and had access to food and
water ad libitum. The lights turned on at 7 A.M.
and turned off at 7 P.M. All of the experiments
performed according to the Guide for the Care
and Use of Laboratory Animals (National
Institutes of Health Publication) (Approval Ethics
Code: IR.BMSU.BLC.1404.044).

Surgery of guide cannula

Animals anesthetized by intraperitoneal injection
of chloral hydrate (350 mg/kg, i.p) and placed in a
stereotaxic apparatus (Stoelting, Wood Dale, Illinois,
USA). They implanted with two guide cannulae (23-
gauge stainless steel needles) unilaterally into the LH
and VTA hemispheres, 1 mm above the target areas.
The following coordinates used for the LH and VTA
respectively (11), the LH: AP =-2.65 mm, ML = 1.3
mm, and DV = 8.6 mm ventral from the skull
surface; and for the VTA: AP =+4.8 mm, ML = 0.8
mm, and DV = 8.3 mm ventral from the skull
surface. All animals were given 4 days’ recovery
period. Representative picture of rat brain coronal
section reported in the Figure 1.

Figure 1. Representative picture of rat brain coronal
section. Corresponding coronal brain picture
illustrating the damage (red lines) caused by the guide
cannula implantation.
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Induction of neuropathic pain

Neuropathic pain (CCl model) induce, as it
was previously introduced by Bennett and Xie
(12). Briefly, after anesthetizing the animals with
chloral hydrate (350 mg/kg, i.p), the left body of
sciatic nerve (1 cm) exposed and then four loss
ligatures (4/0 catgut) tied around the nerve, 1 mm
apart, until a brief twitch in the hind limb
observed. In sham animals, only the left sciatic
nerve exposed, but not ligated.

Animal Groups

Animals divided into 6 groups (n=6 per each
group): control, sham, CCI, CCI+ citicoline
(citicoline injection in the LH), CCI+ sulpiride,
CCI + citicoline +sulpiride (citicoline injection in
the LH +sulpiride injection in the VTA) groups.

Experimental protocol

Four days after cannula insertion surgery, on
day O (day O is equivalent to 5 days after cannula
implantation surgery), CCIl model of neuropathy
performed. Drug administration began on day 1
(one day after CCI surgery) and continued for 7
days. In behavioral study, anxiety-like responses
measured by elevated plus maze (EPM) on days
1, 3, and 7 after CCI surgery (15 minutes after
drug injection). The effects of each drug
examined in LH and VTA in experimental
groups. The dosage of the drugs [(citicoline: 1
pg/lpl/rat) and (sulpiride: 1 pg/lpl/rat)] was
based on the preliminary study.

Elevated Plus Maze (EPM)

The elevated plus maze consisted of 2 open
and 2 closed arms, animals placed on the center
platform of the maze, facing an open arm for 5
minutes. The percent of time spent in open arms
and also the percent of entrance in open arms
used as an index of anxiety-like behaviors. Less
time spent in the open arms and less number of
entrances to open arms were in favor of anxiety
(13).

Statistical Analysis

The present data presented as mean + standard
error of the mean (SEM). Data analyzed using the
SPSS software (version 19.0). Differences in
measured parameters among different groups
analyzed by using one-way analysis of variance
(ANOVA), followed by the Tukey post hoc test.
The differences considered to be significant when
the probability was less than 0.05.

Results

Effects of intra-VTA administration of sulpiride
as D2-like dopamine receptor antagonist on the
LH-induced anxiolytic effects; spent time into
open arms of EPM

As shown in the Figure 2A, One-way ANOVA
followed by Tukey’s HSD revealed that CCI
surgery significantly decreased spent time into
open arms in all experimental days (*p<0.001).
Furthermore, we observed that intra-LH injection
of citicoline significantly increased spent time
into open arms in all experimental days
("p<0.001). It means activation of LH via
citicoline has anxiolytic effects. Interestingly,
intra-VTA  injection of sulpiride cannot
significantly change spent time into open arms in
all experimental days as compared with the CCI
group. Additionally, intra-VTA administration of
sulpiride as D2-like dopamine receptor antagonist
after intra-LH injection of citicoline significantly
reversed the anxiolytic effects of citicoline on the
all experimental days (*p<0.001).

Effects of intra-VTA administration of sulpiride
as D2-like dopamine receptor antagonist on the
LH-induced anxiolytic effects; the number of
entrance into open arms of EPM

As shown in the Figure 2B, CCI surgery
significantly decreased the number of entrance
into open arms in all experimental days as
compared with the sham group (*p<0.001).
Furthermore, we observed that intra-LH injection
of citicoline significantly increased the number of
entrance into open arms in all experimental days
("p<0.001) as compared with the CCI group. It
means activation of LH via citicoline has
anxiolytic effects. Interestingly, intra-VTA
injection of sulpiride cannot significantly change
the number of entrance into open arms in all
experimental days as compared with the CCI
group. Additionally, intra-VTA administration of
sulpiride after intra-LH injection of citicoline
significantly reversed the anxiolytic effects of
citicoline on the all experimental days (*p<0.001).

Effects of intra-VTA administration of sulpiride
as D2-like dopamine receptor antagonist on the
LH-induced anxiolytic effects; the spent time
into close arms of EPM

As shown in the Figure 2C, One-way ANOVA
followed by Tukey’s HSD revealed that CCI
surgery significantly increased spent time into
close arms in all experimental days (*p<0.001).
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Furthermore, we observed that intra-LH injection
of citicoline significantly decreased spent time
into close arms in all experimental days
("p<0.001). It means activation of LH via
citicoline has anxiolytic effects. Interestingly,
intra-VTA injection of sulpiride cannot
significantly change spent time into close arms in
all experimental days as compared with the CCI
group. Additionally, intra-VTA administration of
sulpiride as D2-like dopamine receptor antagonist
after intra-LH injection of citicoline significantly
reversed the anxiolytic effects of citicoline on the
all experimental days ($p<0.001).

Effects of intra-VTA administration of sulpiride
as D2-like dopamine receptor antagonist on the
LH-induced anxiolytic effects; the number of
entrance into close arms of EPM

As shown in the Figure 2D, CCI surgery
significantly increased the number of entrance
into close arms in all experimental days as
compared with the sham group (*p<0.001).
Furthermore, we observed that intra-LH injection
of citicoline significantly decreased the number
of entrance into close arms in all experimental
days ("p<0.001) as compared with the CCI group.
It means activation of LH via citicoline has

anxiolytic  effects. Interestingly, intra-VTA
injection of sulpiride cannot significantly change
the number of entrance into close arms in all
experimental days as compared with the CCI
group. Additionally, intra-VTA administration of
sulpiride after intra-LH injection of citicoline
significantly reversed the anxiolytic effects of
citicoline on the all experimental days (*p<0.001).

Discussion

The major findings of the present study were
as follows: (1) chemical activation of the LH by
via injection of citicoline can induce anxiolytic
effects in a model of neuropathic pain; (2) the
blockade of D2-like dopamine receptors of the
VTA neurons markedly decreased the anxiolytic
effects of citicoline during neuropathic pain.

Pain is defined as a complex experience with a

critical  health concern for its various
comorbidities and complications including
psychological disorders (14). Psychological

disorders including anxiety and depression, are
common, with a comorbidity rate of up to 35% in
patients with neuropathic pain (15). It has been
reported that patients with neuropathic pain
were4 times more highly likely to experience
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Figure 2: The effects of drug micro-injection on (A) spent time into open arms, (B) entrance into open arms, (C) spent
time into close arms, and (D) entrance into close arms. The average of scores is shown during 1, 3, and 7 days after CCI
surgery. Each point shows the mean + SEM (n=6 in each group).

* compared to the sham group; ~ compared to the CCI group; $ compared to the CCI+Citicholine group; & compared
to the CCIl+Sulpiride group.
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anxiety than those without neuropathic pain (16).
This comorbidities of neuropathic pain have
important effects on the quality of patient’s life.
However, the underlying mechanism (s) of
neuropathic pain and anxiety is far from clear.

The LH is an important area that receives
afferent input concerning internal homeostatic
signals and relays projections to various brain
areas and controlling different cognitive and
pshycologic behaviors (17). It is well accepted
that the afferents from LHA to the VTA is
specifically related to the cognitive behaviors
including pain perception and anxiety (17).

Dopamine release from VTA can mediate
various cognitive behaviors (18). Interestingly,
excitotoxic lesions of the LH induce several
behavioral disturbances similar to those observed
after dopamine-depletion in the VTA (18).
Therefore, it is highly suggested that LH afferent
fibers to the VTA is important in the modulating
cognitive behaviors, probably by its effects on the
VTA dopamine neurons.

Citicoline is consisting of cytosine, choline,
ribose, and pyrophosphate. It is an important
stimulator for the biosynthesis of acetylcholine
(19). Additionally, citicoline perhaps have
neuroprotective and  cognitive  improving
activities via suppressing neuronal phospholipid
membrane breakdown (19). It has been identified
that citicoline has critical role in the improvement
of various cognitive behaviors including memory,
anxiety and depressive-like behavior (19).
Therefore, in the present study, we hypothesized
that micro-injection of citicoline within the LH

indicates  beneficial anxiolytic effects in
neuropathic rats. Our data demonstrated that
intra-LH injection of citicoline markedly

improved all parameters related to the anxiety in
neuropathic rats.

It has been demonstrated that the inhibition of
the different receptors in the VTA decreased the
intra-LH carbachol-induced analgesic effects in
rats with inflammatory pain (5). Additionally, the
electrophysiological  study identified that
activation of LH neurons can increase the
increases activity of dopaminergic neurons in the
VTA (5). It is well accepted that the VTA is
consisting of various types of neurons. The most
abundant neuron type is the dopamine neuron,
which  projects to the mesolimbic and
mesocortical areas (20). Additionally, LH
afferent projections to the VTA can modulate
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firing rate of dopaminergic neurons in the VTA
(20). Hear, we observed that the suppression of
D2-like receptors within VTA modulate the
evoked anxiolytic effects of LH in neuropathic
rats. The limitation of the present study was using
the single dose of drugs. So, further research is
necessary to determine the D2-like receptor
signaling in the VTA during neuropathic pain.

Conclusion

The present study support the hypothesis that
targeting D2-like receptor signaling in the VTA,
may represent a promising strategy to alleviate
anxiety related to the neuropathic pain. Future
studies should investigate the precise cellular
mechanisms and downstream pathways involved,
as well as the long-term effects of such
interventions.
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