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Introduction: The ventral tegmental area (VTA), as one of the classical components of the
brain reward circuitry, shares large neural networks with the pain processing system. We
previously showed the role of VTA dopamine receptors in modulation of lateral hypothala-
mus (LH)-induced antinociception in acute pain conditions. However, considering the fact
that the neural systems involved in the mediation of tonic pain are not the same as those that
mediate phasic pain. In the present study, we aimed to examine the role of intra-VTA
dopamine receptors in LH-induced antinociceptive responses during tonic orofacial pain
conditions.

Methods: Male Wistar rats weighing 230-250 g were implanted with two separate cannulae
into the LH and VTA on the same side. Different solutions of carbachol (62.5, 125 and 250
nM), as a non-selective cholinergic receptor agonist that activates the LH projecting neurons,
were microinjected into the LH. In the other groups, D1-like dopamine receptor antagonist,
SCH-23390 (0.25, 1 and 4 pg/03 pL saline) or D2-like dopamine receptor antagonist,
Sulpiride (0.25, 1 and 4 pg/0.3 uL DMSO 12%) were microinjected into VTA, 5 min
prior intra-LH carbachol (250 nM), then subjected to orofacial formalin test. Intra-LH
carbachol microinjection dose-dependently attenuated biphasic orofacial pain.

Results: Intra-VTA administration of SCH-23390 or Sulpiride dose-dependently decreased
intra-LH carbachol-induced antinociception during both phases of orofacial formalin test
with further effects in the late phase.

Discussion: The findings suggest that chemical stimulation of the LH by carbachol possibly
activates the orexin projecting neurons and subsequently, the VTA dopaminergic neurons
involved in the orofacial pain modulation. Detecting such neural circuitry offers an alternative
approach in the development of more efficient therapies for such debilitating pain conditions.
Keywords: pain, D1-like dopamine receptor, D2-like dopamine receptor, ventral tegmental

area, lateral hypothalamus, orofacial formalin test

Introduction

Orofacial pain is a prevalent and debilitating pain that may be particularly distres-
sing due to the special psychological and emotional context of this body area.'
A formalin injection into the orofacial region is considered to be the only animal
model of persistent pain in the trigeminal region.” It has been demonstrated that
carbachol as a non-selective cholinergic receptor agonist activates 20% of orexin
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neurons through the M3 muscarinic receptors and subse-
quent activation of non-selective cation channels.’
Carbachol also inhibits a very small population of orexin
neurons (1%).? Orexin neurons are localized exclusively in
the lateral hypothalamus (LH) and project to almost all of
the brain regions except the cerebellum.*> The rodent
ventral tegmental area (VTA) contains both orexin recep-
tors, orexin-1 (OX1) and orexin-2 (OX2) receptors ® with
particularly high levels of OX2 receptor.” Orexin poten-
tially activates catecholaminergic neurons in the brain-
stem, including the VTA dopaminergic (DA) neurons and
locus coeruleus noradrenergic neurons.’® Approximately
55% of the neurons located in VTA are dopaminergic
neurons.” Both DA neurons and GABAergic neurons of
the VTA receive massive afferents from orexinergic
neurons.'®'! In this regard, electrophysiological evidence
indicated that orexin activates both DA and non-DA cells
of the VTA via direct postsynaptic mechanisms.® The
involvement of VTA in the rewarding process has received
much attention, and certain studies have demonstrated that
the neural circuitry of reward also processes the motiva-
tional-affective dimension of pain and responds to aversive
stimuli, such as noxious stimuli.'>!'® This is because the
rewarding system shares large neural networks with the
pain processing system.'*'> Dopamine neurons located in
the VTA region project to the prefrontal cortex, nucleus
accumbens (NAc), basolateral amygdala, hippocampus,
and other regions that participate in the modulation of
pain 16-19.

Dopaminergic neurotransmission is mediated by five
receptor subtypes (D1-D5) in the central nervous system
(CNS). Among the five subtypes, the D1 and D5 dopamine
receptors are classified as members of the D1-like family,
while the D2-like dopamine receptor subfamily consists of
D2, D3 and D4 dopamine receptors. These dopamine
receptor subtypes have different affinity to various
ligands.”® In our previous studies, we demonstrated that
D1- and D2-like dopamine receptors within VTA and NAc
are involved in the reduction of analgesia induced by
chemical stimulation of LH in the tail-flick test as
a model of acute pain.?'** Pain assays in rodent studies
revealed that the DA system has a more potent role in
tonic pain, such as the formalin or writhing test as apposed
to brief phasic pain stimuli, such as tail-flick or hot plate
tests.”> These findings suggest that the neural systems
involved in the mediation of tonic pain are not exactly
the same as those that mediate phasic pain. Accordingly, in
the current study, we induced orofacial pain in rats and

assessed whether DI1- and D2-like dopamine receptors
within the VTA participate in antinociception are induced
by LH chemical stimulation. In other words, the aim of
this study was to suggest the LH-VTA neural circuitry in
which LH participates in orofacial pain modulation.

Materials and Methods

Experimental Design

In this study, rats were assigned to two separate control
groups including normal saline and formalin control
groups (Table 1). Among these, formalin group received
50 pL formalin into upper lip and normal saline-control
group received 50 pL saline into upper lip, then returned
to the plexiglass box for assessing animal’s pain-related
behaviors. To evaluate the effect of chemical stimulation
of LH on pain modulation, three different solutions of
carbachol (62.5, 125 and 250 nM; CAR/Control) or
it's vehicle (saline; SAL/Control) were microinjected
into the LH of rats and subjected to orofacial formalin
test. To evaluate the effect of D1- or D2-like dopamine
receptor antagonist on antinociception induced by carba-
chol injections, SCH-23390 (0.25, 1 or 4 ug/0.3 uL saline
in each group; SCH/CAR) or Sulpiride (0.25, 1 or 4 pg/
0.3 uL DMSO 12% in each group; SUL/CAR) were
microinjected, respectively, in the VTA, 5 min prior intra-
LH microinjection of carbachol (250 nM). Saline is sol-
vent of SCH-23390 and DMSO is solvent of Sulpiride.
We used these vehicles for evaluation of the effect of
injection volume and to compare their effects with
respective drugs. Rats were then subjected to orofacial
formalin test. Additionally, to investigate the effect of D1
or D2-like dopamine receptor antagonist alone on the
nociceptive behaviors, animals received the maximum
dose of SCH-23390 (4 pg/0.3 pL saline; SCH/Saline) or
Sulpiride (4 pg/0.3 pL DMSO 12%; SUL/DMSO)
respectively, into the VTA 5 min prior microinjection of
intra-LH saline (0.3 pL) and subjected to orofacial for-
malin test (Table 1). In this study, the experimenter was
blind to treatment condition and protocol.

Animals

In this study, the ninety-one adult male albino Wistar rats
weighing 230-250 g were purchased from Pasteur Institute
(Tehran, Iran). The animals were randomly chosen and
assigned in different experimental groups. Animals were
kept in controlled temperature (22 + 2°C), humidity (47%),
and 12-hour light/dark cycle with free access to food and
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Table | A Table Depicting All Control and Experimental Groups in the Study

Group Names

Microinjection into the Lateral | Microinjection into the Ventral | Surgery
Hypothalamus (0.5 pL/rat)

Tegmental Area (0.3 pl/rat)

Intact

Sham operated

Saline-control
(SAL/Control)

Carbachol (CAR)

Vehicles
(VEHs)

Carbachol-control groups
(CAR/Control)

SCH23390-treated
groups
(SCH/CAR)

and (SCH/Saline)

Sulpiride-treated groups
(SUL/CAR)
and (SUL/DMSO)

Subcutaneous injection of 50 pL

formalin 1% into the upper lip

Saline

Carbachol (250 nM)

Saline

Saline or DMSO 12%

Carbachol (250 nM)

Saline or DMSO 2%

Carbachol (250 nM)

SCH23390 (0.5 pg)

Carbachol (250 nM)

SCH23390 (I pg)

Carbachol (250 nM)

SCH23390 (4 pg)

Saline

SCH23390 (4 pg)

Carbachol (250 nM)

Sulpiride (0.5 pg)

Carbachol (250 nM)

Sulpiride (I pg)

Carbachol (250 nM)

Sulpiride (4 pg)

Surgery and recovery

periods (5 to 7 days)

DMSO 12%

Sulpiride (4 pg)

water during the whole period of experiments. All experi-
ments were carried out by following the guidelines outlined
in National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH Publication No. 80-23, revised
1996) and were confirmed by the Research and Ethics
Committee of Shahid Beheshti University of Medical
Sciences, Tehran, Iran (IR.SBMU.PHNS.REC.1397.031).

Surgical Preparation

Animals were anesthetized with an intraperitoneal injec-
tion of xylazine 2% (10 mg/kg) and ketamine 10%
(100 mg/kg) mixture and were placed in a stereotaxic
apparatus (Stoelting, USA). Two stainless steel guide can-
nulae (23-gauge) were unilaterally inserted 1 mm above
the LH and VTA. According to the Paxinos and Watson rat
brain atlas,”* the coordinate for the LH was AP = 2.65 +
0.15 mm caudal to the bregma, Lat = £1.3 mm lateral to
the midline and DV = 8.6 mm ventral from the skull
surface, and for the VTA: AP = 4.8 + 0.15 mm caudal to
the bregma, Lat = = 0.8 mm lateral to the midline and DV
= 8.3 mm ventral from the skull surface. Guide cannulae

were then anchored to the skull surface using two stainless

steel screws and dental acrylic cement. After surgery and
before the initiation of behavioral experiments, animals
were allowed to recover for 57 days.

Drugs and Drug Administration
Carbachol as a non-selective cholinergic receptor
Sigma-Aldrich,

St. Louis, Missouri, USA) was dissolved in sterile normal

agonist  (Carbamylcholine  chloride;
saline. D1-like dopamine receptor antagonist, SCH-23390,
(R)~(+)-7-Chloro-8-hydroxy-3-methyl-1-phenyl-2, 3, 4, 5-tet-
rahydro-1H-3-benzazepine hydrochloride (Tocris Bioscience,
Bristol, UK) was dissolved in sterile normal saline. D2-like
dopamine receptor antagonist, Sulpiride, (S)-5-aminosulfonyl-
N- [(1- ethyl-2 pyrrolidinyl) methyl]-2-methoxybenzamide
(Tocris Bioscience, Bristol, UK) was dissolved in dimethyl
sulfoxide (DMSO 12%), Sigma-Aldrich, Germany. Formalin
2.5% was prepared by diluting 37% formaldehyde (Merck,
Germany) with sterile physiological saline (0.9%). All drugs
or vehicle solutions were freshly prepared on the day of the
experiment and infused slowly over 60 s. All microinjections
were conducted in freely moving animals via a stainless-steel

injector (30-gauge needle; | mm longer than guide cannula)
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which was connected to a 1-uL. Hamilton syringe via
a polyethylene tube (PE-20).

Orofacial Formalin Test

The orofacial formalin test was conducted using
a plexiglass box (30 x 30 x30 cm) with a mirror angled
at 45° below the surface of the box to observe the noci-
ceptive behaviors of rats.” Before to test initiation, an
acclimation period of about 30 min was considered to
allow animals to be stabilized in a new environment.
Animals were subcutaneously injected with 50pL of 1%
formalin into the upper lip just lateral to the nose using
a 29-gauge injection needle. Formalin was injected into
the upper lip, ipsilateral to the cannula placement into the
rats’ brain. Rats then immediately returned to the box and
the amount of time that rats spent face rubbing with the
ipsilateral paw was measured and considered as the index
of nociception. In our experiments, we divided the record-
ing time into 15 blocks of 3 min for a time-course analysis.
Subcutaneous formalin injection induces biphasic nocicep-
tive responses. Face rubbing activity measured between 0
and 3 min after subcutaneous formalin injection, consid-
ered as the first (early or acute) phase and those were
measured between 15 and 33 min after formalin injection

considered as the second (late or chronic) phase.

Histological Verification

Immediately after completion of the experiments, animals
were deeply anesthetized with an intraperitoneal injection
of ketamine and xylazine and the following perfusion with
0.9% normal saline and 10% formaldehyde solution, rats
were then sacrificed, and their brains were carefully
removed. Transverse brain sections with 50-um thickness
were prepared and the location of the guide cannula tips
was identified using the Paxinos and Watson rat brain
atlas.* Only the animals with correct cannulae placements
were chosen for final data analysis (Figure 1).

Data Analysis

The obtained pain scores were expressed as meant SEM
(standard error of mean). Data analyses were performed
by commercially available software GraphPad Prism®
6.0. The repeated measures two-way analysis of variance
(ANOVA) followed by Bonferroni’s post-hoc test was
used to assess the effects of time and treatment (formalin
injection) on the nociceptive scores (3-min blocks during
a 45-min period; Figure 2A). To evaluate the carbachol
dose-response, we used one-way ANOVA followed by

Dunnett’s comparison tests and three different doses of
carbachol were compared with saline as a vehicle
(Figure 2B). It is also noted to evaluate the face rubbing
time during both early and late phases separately, one-
way ANOVA followed by Newman-Keuls multiple com-
parison tests were conducted to compare all groups with
each other (Figure 3A and Figure 4A). Furthermore, to
estimate the effective dose 50% (EDS50), the best fitted
line to represent the data on scatter plot was drawn and
the estimated ED50 values were mathematically calcu-
lated based on three different doses of SCH-23390 or
Sulpiride (0.25, 1, 4 nM). In this study, the effect size
was also calculated separately for early and late phases
by dividing mean difference between the experimental
and control groups by the standard deviation of the
population from which the different treatment groups
were taken. P < 0.05 was considered statistically
significant.

Results
Effect of Chemical Stimulation of LH
Using Carbachol Microinjection on the

Formalin-Induced Orofacial Nociception
The time course of face rubbing as the nociceptive
responses following injection of formalin or normal saline
(50 uL) into the orofacial region is presented in Figure 2A.
Repeated measures two-way analysis of variance
(ANOVA) followed by Bonferroni’s post-hoc test was
used to assess the effects of time and treatment (formalin
injection) on the nociceptive scores (3-min blocks during
a 45-min period treatment effect: F (1120) =657.4,
P<0.0001; time effect: F (14,120) =17,65 P<0.0001; treat-
ment and time interaction: F (14, 120) =16.3, P<0.0001].

Following injection of formalin into the upper lip,
a biphasic pattern was observed while there were no sig-
nificant differences in face rubbing time spent among
several consecutive time points in normal saline-treated
animals. As it has been shown in Figure 2B, one-way
ANOVA followed by Dunnett’s multiple comparison
demonstrated that intra-LH carbachol microinjection (125
or 250 nM) dose-dependently decreased the face rubbing
time during the first [F (3,29) = 7.752, P = 0.0007; left
panel] and second [F (3,29) = 41.48, P < 0.0001; right
panel] phases of orofacial formalin test. The low concen-
tration of carbachol (62.5 nM) had no significant effect on
face rubbing time during both phases of formalin
nociception.
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Bregma

-2.50

-2.65

-2.80

o Vehicle (Saline) n =7
e Treatment (Carbachol) n = 70

4 Misplacement (n = 3)

o Vehicle (Saline)n=8___ [
o Vehicle (12% DMSO) n =8
o Treatment (SCH23390) n = 31
= Treatment (Sulpiride) n = 31

Bregma

-4.65

-4.80

-4.95

4 Misplacement (n = 5)

Figure | Coronal brain sections show the microinjection sites in the (left panel) lateral hypothalamus (oSaline; ®Carbachol; A Misplacement), and (right panel) ventral

tegmental area (oSaline; 0DMSO; eSCH-23390; mSulpiride; A Misplacement).

Abbreviations: D3V, dorsal 3" ventricle; LV, lateral ventricle; CPu, caudate putamen (striatum); ic, internal capsule; cc, corpus callosum; DA, dorsal hypothalamic area;
CPu, caudate putamen (striatum); D3V, dorsal 3™ ventricle; DA, dorsal hypothalamic area; mt, mammillothalamic tract; PeF, perifornical nucleus; PeFLH, perifornical part of
lateral hypothalamus; MTu, medial tuberal nucleus; f, fornix; VMH, ventromedial hypothalamic nucleus; pc, posterior commissure; 3V, 3rd ventricle; mL, medial lemniscus; Rad,
radiatum layer of the hippocampus; fr, fasciculus retroflexus; SNR, substantia nigra, reticular part; str, superior thalamic radiation; VTA, ventral tegmental area; ML, medial
mammillary nucleus, lateral part; PBP, parabrachial pigmented nucleus of the VTA; SuM, supramammillary nucleus; MCLH, magnocellular nucleus of the lateral hypothalamus;

scale bar = | mm.

Effects of Intra-VTA Administration of
DI-Like Dopamine Receptor Antagonist,
SCH-23390 on the Antinociception
Induced by Intra-LH Microinjection of
Carbachol

Our results showed that intra-VTA administration of D1-like
dopamine receptor antagonist, SCH-23390, could significantly
increase face rubbing activity during early [F (3, 30) = 5.195,
P=0.0058; Figure 3A, left panel] and late F (3, 30) = 42.35,
P<0.0001; Figure 3A, right panel] phases of orofacial formalin
nociception compared to saline-carbachol group. As
demonstrated in Figure 3A, both 1 ug and 4 pg solutions of
SCH-23390 were able to decrease antinociceptive effects of
carbachol (250 nM) in both phases of orofacial formalin test. In
addition, unpaired Student’s t-test demonstrated that, 4 ug
solution of SCH-23390 could completely block the antinoci-
ception of carbachol, so that there was no difference between
SCH/CAR and SCH/Saline groups in both early [t (13) =
0.4259, p= 0.6771] and late [t (13) = 0.4259, p= 0.677,
p= 0.4363] phases of the orofacial formalin test. The lowest
concentration of SCH-23390 (0.25 pg) had no significant

effect on face rubbing time compared to the saline-carbachol

group during both early and late phases of formalin-induced
orofacial nociception. Moreover, Eta-squared as an estimated
measure of effect size during the early phase (2 = 0.37) was
smaller than the late phase (2 = 0.82) which represents the
more prominent role of SCH-23390 in the elimination of intra-
LH carbachol-induced antinociception in late phase in com-
parison with the early phase. Moreover, as it has been depicted
in Figure 3B, comparison of the effective dose of SCH-23390
in the elimination of intra-LH carbachol-induced antinocicep-
tion between the early and late phases of orofacial formalin test
showed that the antinociceptive effect of carbachol was
reversed by a lower dose of SCH-23390 in the late phase
(ED50=0.33) than the early phase (ED50=1.78) of orofacial

formalin test.

Effects of Intra-VTA Administration of
D2-Like Dopamine Receptor Antagonist,
Sulpiride on the Antinociception Induced

by Intra-LH Microinjection of Carbachol

According to our results, intra-VTA administration of D2-
like dopamine receptor antagonist, Sulpiride could signifi-
cantly decrease carbachol-induced antinociception during

Journal of Pain Research 2020:13

1453

Dove!


http://www.dovepress.com
http://www.dovepress.com

Matini et al Dove

A 100 - —O- Normal Saline (50 pl)

¥ —e— Formalin 1% (50 pl)

90 -

Face rubbing (sec)

30 A

20 A

10 A

0 T T T Y
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

Time after formalin injection (min)

B 400 [ g vehicle (Saline)
L o Carbachol (62.5 nM) I T
350 T @ carbachol (125 nM)
[ @ Carbachol (250 nM)
300 |
’J L
H 250 |
o] L EX
£ [
f oo T
S [
™
e [
© 150
w L
Rk
100 f
.
50 L
[ sk
o f —
First phase (0-3 min) Second phase (15-33 min)

Figure 2 (A) The time course of face rubbing as the nociceptive responses immediately after subcutaneous injection of 1% formalin or normal saline into the orofacial
region. Following formalin injection into the upper lip a significant increase in face rubbing time spent compared to respective 3-min block in normal saline group was
observed. (B) The effect of microinjection of different solutions of carbachol into the LH on formalin-induced orofacial nociception. Intra-LH microinjection of carbachol
(62.5, 125 and 250 nM/rat) attenuated face rubbing time spent (sec) during both phases of formalin orofacial nociception in a dose-dependent manner. Each point represents
the mean * SEM for 6-8 rats in each group. *P < 0.05, **P < 0.01 and ***P < 0.00] compared to previous 3-min block. TP < 0.05, TP < 0.0 and TP < 0.001 compared to
respective 3-min block in normal saline group. **P < 0.01 and ***P < 0.001 compared to vehicle (Saline) group.

early [F (3, 31)=7.614, P=0.0007; Figure 4A, left panel] and  effect on face rubbing time compared to the saline-carbachol
late [F (3, 31) = 31.57, P <0.0001; Figure 4A, right panel]  group while both 1 pg and 4 pg solutions of Sulpiride dose-
phases of orofacial formalin nociception compared to saline-  dependently decreased antinociceptive effects of carbachol
carbachol group. As it has been depicted in Figure 4A, the (250 nM) in both phases of orofacial formalin nociception.
lowest concentration of Sulpiride (0.25 pg) had no significant ~ Additionally, unpaired Student’s #-test demonstrated that
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Figure 3 (A) Effect of intra-VTA administration of SCH23390 (D |-like dopamine receptor antagonist) on the antinociception induced by chemical stimulation of LH using
carbachol. Intra-VTA administration of SCH23390 (0.25, | and 4 pg/0.3 L saline) significantly attenuated antinociception induced by intra-LH microinjection of carbachol
(250 nM/rat) during both early and late phases of formalin-induced orofacial nociception. (B) A log dose—response curve of the effect of intra-VTA administration of different
solutions of SCH-23390 (0.25, land 4 pg/0.3 pL saline) on carbachol-induced antinociception during the early compared to that of late phase of formalin-induced orofacial
nociception. The effective dose (ED50) of SCH-23390 in the late phase (0.33 pg) was saliently less than that in the early phase (1.78 pg). Each point represents the mean *
SEM for 7-8 rats in each group. *P < 0.05, **P < 0.0] and **P < 0.00] compared to saline-carbachol group. *P < 0.05 and **P < 0.0] compared to another group.

Abbreviation: ns, non-significant.

4 pg solution of Sulpiride could completely block the anti-

nociception induced by intra-LH carbachol microinjection,
so that there was no difference between SUL/CAR and SUL/

Saline groups in both early [t (13) = 0.1335, p= 0.8959]
and late [t (13) = 0.8032, p= 0.4363] phases of orofacial
formalin test. The effect size of Sulpiride during the early
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Figure 4 (A) Effect of intra-VTA injection of Sulpiride (D2-like dopamine receptor antagonist) on the LH stimulation-induced antinociception during orofacial formalin
nociception. Intra-VTA administration of different doses of Sulpiride (0.25, | and 4 ug/0.3 uL DMSO 12%) dose-dependently attenuated antinociception produced by intra-
LH microinjection of carbachol (250 nM/rat) during both early and late phases of formalin-induced orofacial nociception. (B) A log dose-response curve of the effect of
intra-VTA administration of different solutions of Sulpiride (0.25, land 4 pg/0.3 pL DMSO 12%) on antinociception produced by carbachol during the early compared to that
of late phase of formalin-induced orofacial nociception. The effective dose (ED50) of Sulpiride in the late phase (0.67 pg) was obviously less than that in the early phase (1.93
pg). Each point represents the mean + SEM for 78 rats in each group. * P < 0.05, **P < 0.01 and **P < 0.00] compared to DMSO-carbachol group *P < 0.05 and ***P <
0.001 compared to another group.

Abbreviation: ns, non-significant.
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phase (n2 = 0.45) was smaller than the late phase (0.77)
indicating a more prominent role of Sulpiride in elimination
of intra-LH carbachol-induced antinociception in late phase
compared with the early phase. Figure 4B depicts the log
dose-response curve of changes in face rubbing time in
Sulpiride injected groups compared to CAR/Control group.
The log dose-response curve demonstrated that the antinoci-
ceptive effect of carbachol was reversed by a lower dose of
Sulpiride in the late phase (ED50=0.67) than the early phase
(ED50=1.93) of orofacial formalin test.

Discussion
The results of the current study illustrated that D1- and
D2-like dopamine receptors within the VTA are involved
in antinociceptive effects induced by chemical stimulation
of LH during both early and late phases of orofacial
formalin test. The major findings of this study were as
follows: (i) Chemical stimulation of LH using carbachol
dose-dependently attenuated biphasic orofacial pain
induced by formalin injections in the orofacial region of
rats. (i) Intra-VTA administration of DI1-like dopamine
(SCH-23390)

decreased analgesia produced by intra-LH carbachol injec-

receptor  antagonist dose-dependently,
tions during both early and late phases of orofacial for-
malin test. (iii) Intra-VTA injection of D2-like dopamine
receptor antagonist (Sulpiride), dose-dependently, attenu-
ated analgesia produced by intra-LH injection of carbachol
during both phases of orofacial formalin nociception. (iv)
The roles of D1- and D2-like dopamine receptors of VTA
in intra-LH

noticeably more prominent in the late phase of orofacial

carbachol-induced antinociception were

formalin nociception in comparison with the early phase.

In the current study and other similar studies, it has been
shown that chemical stimulation of LH using carbachol
attenuates formalin nociception in a dose-dependent
manner.”> >’ Orexin neurons in the LH receive massive
cholinergic input. So carbachol as a potent muscarinic cho-
linergic receptor agonist is able to increase the activity of
these neurons.” It has been established that neuroanatomical
connections of OX neurons with some spinal and supra-
spinal areas, that are known to be part of descending pain
modulatory circuitry, are involved in pain modulation.*
According to the result of the current study, VTA is involved
in LH stimulation-induced antinociception. Although VTA
plays a key role in the reward system,' It has been confirmed
that the reward system shares certain significant neural net-
works with the pain processing system.'**? Accordingly,

Morgan and Franklin, in 1990 reported that, lesions of VTA

neurons abolished morphine-induced analgesia in an animal
model of tonic pain.** In this regard, it has been demonstrated
that electrical stimulation of VTA after the nociceptive sti-
mulus facilitates the analgesic process.**

We previously demonstrated that OX1and OX2 receptor
functions in the VTA are essential for reward processing in the
conditioned place preference model of rats.>> The rodent VTA
contains both OX1 and OX2 receptors.®*® Our results showed
that the antinociception produced by LH stimulation is
mediated by D1- and D2-like dopamine receptors of VTA. It
has been reported that OX-A activates phospholipase C- and
protein kinase C-mediated Ca®‘signaling in DA neurons of the
VTA and this effect may serve as the mechanism by which
OX exerts its behavioral and psychostimulant effects.®
Neuroanatomical and electrophysiological evidences indicat-
ing the presence of OX1 and OX2 receptors in DA and non-
DA neurons in VTA which demonstrates that both cell types of
the VTA are potential targets for orexinergic actions. Both DA
neurons and non-DA neurons, such as, GABAergic neurons of
the VTA receive massive afferents from orexinergic neurons
and are excited by these neurons. Electrophysiological evi-
dence indicated that orexin activates both DA and non-DA
cells of the VTA via direct postsynaptic mechanisms.®
Dopamine neurons of the VTA region project to the prefrontal
cortex, NAc, basolateral amygdala, hippocampus, and other
regions that participate in the modulation of pain.'®"® It has
been proven that LH orexin projections to VTA increase firing
in NAc projecting dopamine neurons.’’ Dopaminergic VTA
projections to NAc have been largely associated with the pain
modulatory role of LH’s orexinergic neurons.'®** On the other
hand, the results of a study demonstrated thatchronic increase
of GABAergic neuronal activity in VTA region suppresses
VTA dopaminergic neuronal activity which is responsible for
negative affective aspects of neuropathic pain.*® Therefore, it
seems that the both of DA cells and non-DA cells of VTA are
responsible for the pain modulatory role of LH, but finding the
exact contribution of these neurons requires more extensive
studies. In this respect, the results of our recent study demon-
strated that orexin receptors within the NAc participate in pain
modulatory role of the LH in both early and late phases of
orofacial formalin test.** In addition, the results of an animal
study demonstrated that the administration of dopamine recep-
tor antagonists into the NAc led to attenuation of antinocicep-
tion produced by intra-VTA injection of morphine or
Substance P.** Therefore, it seems that antinociceptive effect
of VTA dopaminergic system in part is associated with VTA
projecting neurons to the NAc. Lapirot et al in 2011 documen-
ted that D2-like dopamine receptors are predominantly located
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within superficial medullary dorsal horn adjacent to trigeminal
nociceptive fibers and activating these receptors inhibits both
formalin and capsaicin-evoked pain behavior. Activation of
D2-like dopamine receptors in this area also inhibits C-fiber-
evoked action potential firing of trigeminal wide dynamic
range (WDR) neuron.*' In the current study, we demonstrated
that D1- and D2-like dopamine receptors within the VTA are
involved in the pain modulatory role of LH stimulation in
a model of tonic orofacial pain. Additionally, we previously
reported in two separate studies that D1- and D2-like dopamine
receptors within VTA and NAc are potentially involved in LH-
induced analgesia in the tail-flick test as a model of acute
phasic pain.*"** It has been found that dopamine is differen-
tially involved in the mediation of antinociception in phasic
and tonic pain conditions. Pain assays in rodent studies
revealed that the DA system has a more potent role in tonic
pain, such as that shown in the formalin or writhing test than
brief phasic pain stimuli, shown in the tail flick or hot plate
tests.”> However, the precise mechanisms served by the DA
system to alleviate both phasic and tonic pain should be more
extensively evaluated.

A typical behavioral response to subcutaneous formalin
injection into the orofacial region is biphasic pain response,
a short-lasting early phase and a prolonged late phase.*** In
the present study, the role of D1- and D2-like dopamine
receptors of VTA in intra-LH carbachol-induced antinocicep-
tion was noticeably more prominent in the late phase of
orofacial formalin nociception in comparison with the early
phase. This discrepancy might stem from the different
mechanisms involved in early and late phases of formalin
nociception.** Formalin injection into orofacial receptive
field evoked activity in Ad and C fibers as well as spinal and
trigeminal nociceptive neurons and provokes biphasic orofa-
cial pain and concentration-dependent tissue damage.” The
first phase of formalin nociception is attributed to the activa-
tion of primary afferent neurons and induced by the activation
of the C-fibers. This is while the second phase seems to be
dependent on the inflammatory reaction in the peripheral
tissue and combination of functional changes in the dorsal
horn which leads to peripheral and central sensitization of
primary and secondary trigeminal nociceptive neurons.”***

In this regard, it has been reported that the action of
some analgesics is different in the early and the late phase
of formalin nociception.*®*’

In this study, we tried to focus on the role of D1- and D2-
like dopamine receptors within the VTA in antinociception
induced by LH stimulation using carbachol. However, this
study has some limitations that should take into consideration

for interpreting the data. First of all, the excitation of OX
neurons in the LH by carbachol could be confirmed using
c-fos immunoreactivity method. Secondly, anterograde tra-
cing is also a valuable research method, which could be
used to trace the dopaminergic axonal projections to the
VTA. Thirdly, the contribution of each D1-/D2-like dopamine
receptors of VTA alone, by antinociceptive effects of LH
should be evaluated. Taken together, we suggest that chemical
stimulation of the LH by using carbachol activates the VTA
dopaminergic neurons possibly via activation of LH orexin
projecting neurons, and so, it participates as a neural circuitry
that modulates tonic orofacial pain. The contribution of this
neural circuitry to orofacial pain perception and modulation
will help us to understand tonic pain pathophysiology.
Moreover, understanding the critical role of certain brain
regions such as LH or VTA in pain modulation as well as,
the mechanisms in which these areas participate in analgesia
offer an alternative approach to the development of more
efficient pain therapies with focusing on these brain areas.
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