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Nociception Following Central Neuropathic Pain
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Study Design: In this study, we decided to change the activity of periaqueductal gray (PAG)'s metabotropic glutamate receptors sub-
type 8 (mGluR8) by means of its specific agonist, (S)-3,4-dicarboxyphenylglycine (DCPG), and by knock downing it with mGluR8 siRNA. 
We then evaluated the changes in animal pain threshold levels in the face of painful thermal stimuli (thermal hyperalgesia).
Purpose: Although several mechanisms have been examined for central neuropathic pain, researchers have so far failed to find the 
precise mechanism for the development and progression of this type of pain. Hyperalgesia is one of the most important complications 
of central neuropathic pain and there is not a consensus among researchers about the exact cause of this complication. In this study, 
we investigated the effect of activation of the PAG region mGluR8 on the threshold of pain response to thermal noxious stimulus in 
rats and measured mGluR8 expression.
Overview of Literature: Spinal cord injury (SCI) produces an decrease in mGluR2/3 expression in the injured and vehicle-treated 
groups compared to normal levels, APDC and L-AP4 treated groups had higher expression levels of mGluR2/3. These findings suggest-
ing that the level of mGluR expression after SCI may modulate nociceptive responses.
Methods: Male Wistar rats were randomly assigned to five groups (n=10 per group). The clip compression injury model was used to 
induce chronic central neuropathic pain. Three weeks after SCI, DCPG, siRNA, or normal saline were administered to the intra-ventro-
lateral PAG region. Withdrawal threshold to the noxious thermal stimulus (e.g., heat hyperalgesia) was assessed through the tail-flick 
test. In order to assure involvement of this receptor, pain responses were compared with mice that received GRM8 siRNA.
Results: We found that the mGluR8 agonist DCPG increased lead to an increased expression of mGluR8 in the PAG region. We also 
found that SCI can decrease the threshold of response to painful thermal stimuli; however, activation of mGluR8 with DCPG agonist 
did not significantly improve the tail-flick response.
Conclusions: The results revealed that activation of mGluR8 in PAG is not capable of improving the thermal hyperalgesia threshold. 
Based on the decreased expression of mGluR8 after SCI induced by clip compression injury and its significant increase after treatment 
of siRNA against mGluR8, this method might still hold promise as an effective treatment of neuropathic pain. It can be concluded that 
increased expression of mGluR8 is due to the fact that DCPG prevents the death of neurons that express these receptors.
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Introduction

Damage to the central nervous system usually results 
in oversensitivity to both painful and non-painful envi-
ronmental stimuli. Increased susceptibility to stimuli is 
known as hyperalgesia. Neuropathic pain following spinal 
cord injury (SCI) is common and hyperalgesia is a serious 
complication that can arise from that initial injury. Several 
mechanisms have been defined for hyperalgesia that oc-
curs after central neuropathic pain [1,2].

Neuropathic pain is a form of chronic pain that is de-
fined as pain caused by injury or disease of the sensory-
physical system and is manifests as allodynia, hyperal-
gesia, and spontaneous pain. In addition to altering the 
nervous system, neuropathic pain reduces the level of 
daily physical activity. This pain may directly and/or in-
directly affect the structure and function of nerve cells 
[3,4]. The prevalence of Iranians suffering from neuro-
pathic pain is calculated between 2%–40% of adults and 
is it is increasing over time [5]. About 20% (50 million) of 
the American population suffers from neuropathic pain, 
highlighting the importance of this disease [6]. SCI and 
the neuropathic pain that follows can lead to numerous 
complications including, vertebral ulcer, rupture of the 
blood-brain barrier, vascular disruption, axonal degen-
eration, induction of apoptosis and cellular loss, up- or 
downregulation of neurotransmitters and their receptors, 
and neuronal excitotoxicity and hyperactivity [7,8]. The 
two main subcategories of pain are nociceptive and neu-
ropathic pain. Nociceptive pain is acute and it usually has 
a specific cause, but neuropathic pain results from damage 
to the central or peripheral nervous system and hyperal-
gesia is a form of neuropathic pain born out of that dam-
age [9].

In fact, many hypothesize that the phenomenon of cen-
tral sensitization is the main causational mechanism of 
hyperalgesia. In central sensitization, nociceptive neurons 
in the dorsal horns become sensitized by peripheral tis-
sue damage or inflammation [10]. In other words, cen-
tral tenderness occurs due to persistent and prolonged 
stimulation of pain (i.e., chronic pain). Research has 
shown that repeated exposure to painful stimuli alters 
the pain response threshold and will in fact be stronger 
in the face of painful stimuli [10]. Glutamate is one of the 
most important neurotransmitters responsible for central 
sensitization at the spinal cord level. Glutamate exerts 
its functions through two completely different receptor 

types: ion-channel receptors (inotropic) and metabotropic 
glutamate receptors (mGluRs). There are eight different 
types of mGluRs (mGluR1, mGluR2, etc.) that are divided 
into three groups. Group I include mGluR1 and mGluR5 
and their action can be excitatory, increase glutamate-
dependent transfers, and have can activate phospholipase 
C. Group II include mGluR2 and mGluR3, and group III 
include mGluR4, 6, 7, and 8. Groups II and III are pre-
synaptic and have a suppressive and autoreceptive role in 
glutamate-related transmissions due to their association 
with inhibitory G-Pro [11]. It seems that controls applied 
from supraspinal levels to the posterior horn may also be 
effective in hyperalgesia, via reduced descending inhibi-
tion or via enhanced descending facilitation. Therefore, it 
is expected that glutamate partially suppresses hypersen-
sitivity in the posterior horn of the spinal cord and also 
prevents the transmission of exaggerated pain messages 
by activating group III mGluRs (mGluRIII) in the peri-
aqueductal gray (PAG) region, from which the descend-
ing inhibition begins. PAG activation, either through 
electrical stimulus or via agonists, can lead to significant 
analgesic responses [12]. Therefore, in this study we al-
tered the activity of PAG mGluR8 by means of its specific 
agonist, (S)-3,4-dicarboxyphenylglycine (DCPG), as well 
as inhibiting its activity with siRNA mGluR8 knockdown 
and evaluated changes in animal pain threshold levels in 
response to painful thermal hyperalgesia stimuli. Also, 
considering the role of mGluRIII in modifying pain mes-
sages, we examined the changes in PAG’s mGluR8 expres-
sion after SCI and injection with specific mGluR8 siRNA, 
followed by treatment with mGluR8 agonist DCPG.

Materials and Methods

1. Animals

Male Wistar rats, weighing 200–250 g, were received from 
the experimental animal’s laboratory of Tehran University 
of Medical Sciences and kept for at least 1 week in special 
cages before being tested for environmental compatibility. 
Animals had unlimited access to food and water, were 
without dietary restrictions, and were kept under con-
trolled laboratory conditions (temperature: 21°C±1°C;  12 
hours light/dark cycle). This study was approved by the 
Experimental Animal’s Laboratory of Tehran University 
of Medical Sciences (Institutional Animal Care approval 
no., IR.TUMS.MEDICINE.REC.1396.2229).
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2. Experimental design

Animals were randomly divided into five groups (n=10 
per group): Sham, SCI, Vehicle, siRNA, and DCPG. In 
the sham group, the spinal cord of rats was exposed and 
closed without any intervention and injury. In the SCI 
group, animals received SCI without any treatment. In the 
vehicle group, animals received single injection of normal 
saline. Animals in the siRNA group received single injec-
tion of mGluR8 specific siRNA, GRM8 siRNA. In the 
treatment (DCPG) group, animals received single injec-
tion of DCPG as a mGluR8 agonist. Animals in all groups, 
except the sham group, underwent SCI surgery.

3. Induction of chronic central neuropathic pain

The clips compression injury model was used to induce 
chronic central neuropathic pain [13]. Briefly, after anes-
thesia (ketamine 80 mg/kg and xylazine 10 mg/kg), the 
animals’ hair was shaved from the back and laminectomy 
was performed to expose the spinal cord on the thoracic 
region of T6–T8. A micro-vascular clip (Harvard Appa-
ratus, Holliston, MA, USA) was placed vertically on the 
exposed thoracic spinal cord for 60 seconds. Following 
spinal compression, the clip was removed and then the 
muscles and skin were closed with 4/0 silk.

4. Drugs and tracer administration

To perform direct intra-ventrolateral PAG administra-
tions of the drugs (DCPG, siRNA and normal saline), 
3 weeks after SCI, animals were anesthetized with ket-
amine (80 mg/kg) and xylazine (10 mg/kg). A stainless 
steel 22-gauge guide cannula was stereotaxically lowered 
towards the intra-ventrolateral PAG (30 nmol/rat DCPG 
(EC50=30 nmol) and normal saline, volumes of 200 nL 
drug solutions). PAG coordinates applied according to 
"Atlas of Paxinos (1986)" were (A: -7.8 mm and L: 0.5 
mm from bregma, V: 4.3 mm below the dura) [14]. Other 
surgical procedures and the form of drug injection were 
consistent with the previous study described by Marabese 
et al. [14].

5. mGluR8 siRNA treatment after spinal cord injury

In order to determine the role of mGluR8 in symptoms 
improvement of SCI, we used GRM8 siRNA (specific 

siRNA for mGluR8) as a knockdown model. Afterwards, 
the animals’ symptoms were evaluated following SCI in 
the absence of mGluR8 receptors and compared the re-
sults with agonist group. The siRNA used in this study 
was purchased from MyBioSource Inc. (MBS8233032; 
MyBioSource Inc., San Diego, CA, USA) with the follow-
ing sequence:

GRM8 siRNA (rat) - vial A:
F: GGAUGGAAUUAUGUGUCAATT
R: UUGACACAUAAUUCCAUCCTT

GRM8 siRNA (rat) - vial B:
F: CCUGUGAACUUUGCCCUUUTT
R: AAAGGGCAAAGUUCACAGGTT

GRM8 siRNA (rat) - vial C:
F: CCUUCCGACGGAUCUUCUUTT
R: AAGAAGAUCCGUCGGAAGGTT

Final solution was prepared by combining vials A, B, 
and C with a 1:1:1 ratio. Three weeks after SCI, the ani-
mals were injected with 5 μL siRNA solution in the intra-
ventrolateral PAG (total volume of 5 μL).

6. Behavioral study: thermal hyperalgesia

The level of nociception activity after SCI was evaluated 
through the tail-flick test [15]. Rats were placed on the de-
vice and were allowed to adjust to the new environment. 
When the exploratory behavior ceased, an infrared source 
producing a calibrated heating beam (diameter, 1 mm) 
was placed under the tail base and triggered together with 
a timer. The time for the first movement of the tail was 
noted. Each measurement was repeated three times, with 
at least a 4-minute interval [16].

7. Histological studies: Western blot

Brain tissues (three rats from each group) were homog-
enized in 200 μL ice-cold lysis buffer with an electric ho-
mogenizer. The blade was rinsed twice with another 200 
μL lysis buffer, and then centrifuged at 13,000×g at 4°C 
for 20 minutes. Supernatants were removed and stored 
at −80°C until use. To investigate protein expression, 2.5 
μL of lysate was removed to perform a protein quantifica-
tion assay. Using a plate reader, the protein concentration 
of 150 μg was determined for each cell lysate. Changes 
in protein expression of PAG’s mGluR8 (anti-MGLUR8, 
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orb161742) were assessed through Western blotting ac-
cording to the blotting protocol [17].

8. Statistical analysis

Two-way analysis of variance and Bonferroni post hoc 
tests were applied for the time course (comparison of ex-
pression before versus after treatment). In all calculations, 
a p-value <0.05 was considered to be significant.

Results

1. Tail-flick test

Thermal hyperalgesia was measured by the latency of 
tail withdrawal response to noxious heat stimulation. As 
indicated in Fig. 1, sham group animals without SCI the 
pain response threshold is quite normal and exhibited no 
changes pre- or post-treatment. However, in other groups 
with SCI, the threshold of response to painful thermal 
stimuli was significantly lower than that of sham group (F 
[10, 108]=21.7; p<0.001). This is indicative of the impact 
of SCI on neuropathic pain and its subsequent complica-
tions. Intra-ventrolateral PAG microinjection of DCPG (30 
nmol/rat) did not change the tail withdrawal latency when 
measured 30 and 60 minutes after treatment compared 
with pre-treatment responses. Additionally, no significant 
difference between the DCPG, the SCI, or siRNA groups 
were observed (p<0.05) (Fig. 1).

2. Expression of mGluR8

The evaluation of expression of mGluR8/GAPDH density 
ratios via Western blot analysis of the PAG area showed 
that SCI significantly reduced the expression of mGluR8 
compared to the sham group (Fig. 2A) (p<0.001). Con-
versely, administration of DCPG significantly increased 
expression of mGluR8 in PAG area relative to the SCI 
and vehicle groups. Finally, administration of siRNA sig-
nificantly reduced expression of the expression of these 
receptors (p<0.001) (Fig. 2B).

Discussion

Spinal tissue injury is associated with sensitization of 
nociceptors and subsequent changes in the excitability 
of spinal cord neurons in dorsal horn is termed central 
sensitization. This phenomenon is considered to be the 
primary underlying cause in the development of hyperal-
gesia because central sensitization is considered to reflect 
plasticity at spinal synapses, the descending inhibition and 
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facilitation (all of them cross the spinal cord) [10]. In our 
study, we examined the effect of DCPG, a selective agonist 
of mGluR8, on pain response and thermal hyperalgesia 
following SCI. The results indicate that single injection 
of DCPG with a dose of 30 nmol per rat in the intra-ven-
trolateral PAG does not reduce thermal hyperalgesia, but 
does have a significant effect on the expression mGluR8 
in the PAG region, which has been shown to play a role in 
pain suppression [12].

The PAG region is located within the tegmentum of 
the midbrain and it projects to many sites in the brain 
stem and spinal cord and also receives many inputs from 
the spinal cord and the peripheral nervous system. The 
ascending pain fibers and temperature send information 
to the PAG via the spinomesencephalic tract. In PAG, 
there are many glutamatergic, GABAergic and opioidergic 
neurons that play an important role in the process of pain 
suppression in the form of a descending antinociceptive 
pathway.

Descending inhibitory and facilitatory pathways that 
originate from or lead to the PAG, effect pain messages at 
many sites in the brainstem and spinal cord [18]. In this 
study, we injected an agonist of mGluR8, DCPG, into the 
PAG to assess its effect on initiation and amplification 
descending inhibitory pathways as well as assessing the 
pain threshold against noxious thermal stimuli (thermal 
hyperalgesia) in rats with SCI.

Any stimuli, such as mechanical, chemical, or thermal, 
that leads to tissue damage is classified as noxious stimuli. 
This process eventually leads to perception of pain at the 
brain level, termed nociception. If these stimuli cause 
damage to the peripheral or central nerves or the noci-
ceptors, hyperalgesia will occur. Hyperalgesia is divided 
into two types: primary hyperalgesia is contributed to 
sensitization of peripheral nerve (this is known as periph-
eral sensitization) and send exaggerated pain messages to 
higher centers, whereas secondary hyperalgesia is due to 
changes in the synaptic communication of spinal cord and 
higher brain areas (central sensitization). We focused our 
study on secondary hyperalgesia or central sensitization.

In general, metabotropic glutamate receptors, can ex-
hibit quite unexpected behavior, depending on their loca-
tion or the conditions. However, the most well-known 
mechanism for hyperalgesia is central hypersensitivity 
and therefore a hyperactivity of glutamate N-methyl-D-
aspartate (NMDA) receptors in the spinal cord. During 
the development and progression of hyperalgesia, syn-

apses created by pain-transmitting fibers will become 
a long-term potentiation model in the spinal cord, ac-
cording to a pattern that occurs during inflammation. 
In these synapses, glutamate mediates resonance of pain 
via NMDA receptors [19]. In our study, the use of DCPG 
at a dose of 30 nmol failed to significantly increase the 
threshold response to painful thermal stimuli in SCI 
animals nor sham group. Therefore, it can be concluded 
that the use of DCPG, at least at this dose, did not have 
an effect on spinal cord NMDA receptor activity. There-
fore, we can conclude that it also had no significant ef-
fect on facilitated stimulatory synapses of nociceptors 
with PAG downstream fibers. We believe that the fact 
that mGluR8 agonist treatment had no effect on animal 
pain thresholds against painful thermal stimuli is that, 
activation of mGluR8 in the PAG region and initiation of 
the antinociceptive pathway to the posterior horn alone 
cannot address NMDA overactivation in dorsal horn. In 
our previous study, we demonstrated that the only way to 
deal with the heat hyperalgesia is to focus on glutamate 
NMDA receptors at the dorsal horn surface and focus on 
other pain-relieving techniques that can improve the oth-
er complications of neuropathic pain, which have distinct 
mechanisms [13]. However, neuropathic pain has many 
side effects, one of which is thermal hyperalgesia. Future 
research should focus on examining the impact of treat-
ments on all aspects of this type of pain.

SCI usually initiates many biochemical processes. 
Among these changes, the increase or decrease of various 
receptors that are involved in the process of suppressing 
or promoting pain, including mGluR8, are effected and 
can alter the pain message [20]. The subtypes of mGluRs 
have different spatial and temporal expression patterns 
and there is a basic need for further study on each of the 
eight members of this receptor family.

In a 2015 study on mGluR4, from the mGluRIII fam-
ily, it was shown that the use of this receptor’s agonist 
in culture medium of neuronal progenitor stem cells 
from different parts of the rat brain can reduce cell death 
compared to the mGluR4 siRNA group. Therefore, the 
increase observed in expression of PAG mGluR8 is likely 
due to a decrease in the mortality of cells containing 
these receptors in the PAG [21]. It can be concluded that 
increased expression of mGluR8 observed in our study is 
due to the fact that DCPG prevents the death of neurons 
that express these receptors. Since the decreased expres-
sion of mGluR8 is parallel to development of thermal 
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hyperalgesia following SCI (in SCI and siRNA group), 
understanding the expression change of mGluR8 after SCI 
and treatment may give insight into mechanisms underly-
ing the development of chronic central pain. Additionally, 
we found that following SCI, mGluR8 expression was 
significantly reduced in the SCI group when compared to 
the sham group. Paralleling these results, it was observed 
that the animals’ threshold to a painful thermal stimulus 
(tail-flick test) in the SCI and also siRNA groups was sig-
nificantly reduced compared to the sham group, indicat-
ing that mGluR8 activity is effective in suppressing the 
pain message. On the other hand, we observed that after 
treatment with DCPG, the expression of mGluR8 signifi-
cantly increased compared to the SCI and siRNA groups. 
According to other studies, DCPG has been shown to 
reduce cellular apoptosis, we have found that the death 
rate of nerve cells expressing this receptor has decreased 
and we saw an increase in the expression of mGluR8. We 
expected that the animal pain threshold would be higher 
following an increase in mGluR8 expression, due to the 
suppressive role of these receptors on pain, but we did not 
observe a significant change in animal pain threshold for 
thermal hyperalgesia. A search of the literature revealed 
that the most common cause of thermal hyperalgesia is an 
increase in glutamate current via NMDA receptors.

Conclusions

Neuropathic pain has many complications, but hyperalge-
sia and allodynia are the most important and debilitating 
side effects of this kind of pain. Furthermore, hyperalgesia 
and allodynia also have different sub-types. To date, no 
effective treatments have been found for these complica-
tions. For this reason, pain researchers are trying to find a 
way to alleviate these complications that involve targeting 
different receptors and neurotransmitters. It is true that 
the DCPG administration did not alter the pain threshold 
of animals in the tail-flick test or in thermal hyperalgesia, 
but this does not mean that this treatment will not have 
any effect on pain relief. Most likely, for treatment of heat 
hyperalgesia using intrathecal injections or other thera-
peutic doses of DCPG may be useful; focusing on another 
mechanisms like spinal NMDA receptors may also pro-
vide a therapeutic benefit. These results could guide future 
research to finding a direct way to treat neuropathic pain 
complications and reduce the number of trials and errors 
in future studies. Central neuropathic pain has many as-

pects and all of these aspects must be taken into account 
when deciding on a treatment. Due to the decreased 
expression of mGluR8 after the SCI and its significant in-
crease after treatment, especially compared to the siRNA 
group, this method can be effective in the treatment of 
pain. Our research team will continue to study issues 
related to DCPG administration, such as allodynia and 
mechanical hyperalgesia, and we have some interesting 
results that will be published at a later date.
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