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ABSTRACT 
Background: Neuropathic pain is caused by damage to the peripheral and central nervous system. Many molec-

ular mechanisms engage in the development of neuropathic pain, among which spinal cord NMDA receptors 

play a significant role in neuropathic sensitivity. This study examined the behavioral changes and the expres-

sion level of NMDA receptor subunits in a rat model of Chronic Constriction Injury (CCI).  

Methods: Experiments were performed on male Wistar rats weighing 230-280 g. in two groups of control and 

CCI. Thermal allodynia, mechanical allodynia, and thermal hyperalgesia were evaluated on one day before and 

days 3, 7, 14 and 21 after surgery. The expression pattern of the glutamate receptor subunits of NR2A, NR2B, 

and NR3B was assessed in spinal cord tissue in lumbar segments using Real-Time PCR technique.  

Results: The behavioral response of animals in the CCI group versus the control group showed a significant 

increase in non-painful mechanical and thermal stimuli (allodynia) and painful thermal stimuli (hyperalgesia). 

Moreover, the expression of NR2A and NR2B genes was increased in the CCI group compared to the control 

group, which was significant only for the NR2B gene.  

Conclusion: This study shows that the CCI pain model effectively increases the response to both thermal and 

mechanical stimuli. In addition, the results of the glutamate receptor expression suggest that increasing the ex-

pression of the NR2B subunit may be considered as a mechanism for the development of neuropathic pain. 

 

Keywords: Neuropathic pain; Allodynia; Hyperalgesia; Glutamate  

Copy rights: © 2022 The Author(s). Published by Sift Desk Journals Group 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License  
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any me-
dium, provided the original work is properly cited. 

Behavioral changes and expression level of NMDA receptor subunits in 
a rat model of neuropathic pain induced by chronic constriction injury 

Journal of Cellular and Molecular Physiology   (ISSN: 2574-4046) 

 DOI: 10.25177/JCMP.4.1.RA.10805 Research 

http://creativecommons.org/licenses/by/4.0/


Mona Masoomi et al. 

——————————————————————————————————————————————————–

WWW.SIFTDESK.ORG 204 Vol-4 Issue-1 

SIFT DESK  

1. INTRODUCTION 

The neuropathic pain is one of the most common 

types of chronic pain, whose treatment has many 

problems despite increasing advancement of medical 

science. The neuropathic pain is caused by damaged 

and impaired central, peripheral or autonomic nerv-

ous systems [1]. The neuropathic pain is associated 

with an unpleasant sensation of irritation and dyses-

thesia, increased sensitivity to hyperalgesia and feel-

ing of pain with allodynia [2]. Some of the most com-

mon types of neuropathic pains are diabetic neuropa-

thy-induced pain, post-herpetic neuralgia pain, phan-

tom limb pain and spinal cord injury (SCI) neuropa-

thy [3]. Despite numerous laboratory and clinical ef-

forts, there is still no effective medication or strategy 

for the definitive treatment of neuropathic pain. 

 

Pathophysiology of neuropathic pain is extremely 

complicated and there are many peripheral and cen-

tral mechanisms involved in this pain. The pain can 

be caused by damage to afferent nerve fibers and sen-

sitization of afferent terminal due to the release of 

neuropeptides, or an increase in the number of sodi-

um and calcium channels in the site of damage and 

changes in neurotransmitter and receptors, especially 

the increase in alpha-adrenergic receptors [4, 5]. At 

the brain level, the formation of anatomical changes 

and the establishment of connections between the 

nerve fiber types  C and A beta, the reduction in the 

activity of the inhibitory pathways of pain sense and 

the excessive release of neurotransmitters, such as 

glutamate in the spinal dorsal horn, contribute to neu-

ropathic pain [6]. A great deal of effort has been 

made to identify the mechanisms involved in devel-

oping neuropathic pains. Recent findings have sug-

gested neurons and glial cells in the development of 

neuropathic pains. Neuronal mechanisms state that 

neuropathic pain results from long-term plasticity 

changes in the pain transmission pathways in the spi-

nal cord and brain [7]. Theories suggest that neuro-

logical damages and diseases lead to the release of 

many mediators such as ATP, prostaglandins, nitric 

oxide, and glutamate in the environment surrounding 

the neurons in the brain and the spinal cord, and make 

stable changes in synaptic activities of pain pathway 

neurons to induce symptoms of neuropathic pain [8]. 

These theories have shown that the activation of glial 

cells in the spinal cord, followed by the production of 

various cytokines and chemokines, can change the 

synaptic activity steadily and cause neuropathic pains 

[9]. Glutamate is the major excitatory neurotransmit-

ter in CNS which effects are exerted through mem-

brane receptors, called ionotropic and metabotropic 

receptors. The ionotropic receptors are ligand-gated 

ion channel, while the metabotropic receptors lack the 

ion channel and are similar to muscarinic acetylcho-

line receptors by releasing secondary neurotransmit-

ters [10, 11]. The ionotropic receptors are divided 

into three types according to the compound to which 

they are attached: α-Amino-3-hydroxy-5-methyl-4-

isoxazole propionic acid (AMPA), kainate and N-

methyl-D- aspartate (NMDA). All three types of 

channels are also opened by glutamate, and a quick 

synaptic transmission is performed by AMPA and 

kainate receptors [12]. Glutamate can play an 

important role in the pathophysiology of pain through 

binding to glutamate receptors in afferent nerve fibers 

for pain, especially in the spinal dorsal horn [13]. 

 

Due to peripheral neurological damage, intracellular 

calcium content is increased by stimulating glutamate 

receptors in the spinal dorsal horn, which can in-

crease the incidence of neuropathic pains [14]. Multi-

ple studies have been recently conducted to detect 

molecular mechanisms involved in neuropathic pains 

in altering gene expressions in animal models of CCI, 

with contradictory results. The purpose of this study 

was to investigate behavioral changes and changes in 

NMDA receptor subunit expression in rat CCI model. 

 

2. MATERIALS AND METHODS 

2.1 Induction of animal model 

Experiments were performed on male Wistar rats 

weighing 230-280 g. Three to four rats were kept in 

each cage under 12:12 h light/dark cycle with freely 

access to water and food. The CCI model was applied 

on the common sciatic nerve as previously described 

[15]. Animals underwent general anesthesia with in-

traperitoneal ketamine/xylazine injection. After shav-

ing and sterilization of the dorsal surface of left thigh, 

the skin of was incised and the muscles were bluntly 

dissected to expose the sciatic nerve. Then, four par-
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tial stitches were made on the nerve prior to its, 

branching by 4-0 chromic gut suture. The stitches 

around the nerve were created at 1-1.5 mm in such a 

way that no disturbances were developed in the blood 

supply of nerves. In sham control group the sciatic 

nerve was exposed, but it was not ligated and muscles 

were returned. The rats were housed in separate cages 

after surgery. All experiments were conducted in ac-

cordance with ethical principles and considering ani-

mal rights and the Ethics Committee of Kashan Uni-

versity of Medical Sciences approved all experi-

mental procedures. 

 

2.2 Behavioral tests 

The behavioral tests included hyperalgesia and allo-

dynia. The allodynia testing was divided into cold 

allodynia and mechano-allodynia subgroups. Thermal 

stimulation was performed for thermal hyperalgesia 

using a plantar test. The cold allodynia and the mech-

ano-allodynia were made by Von Frey filaments and 

Acetone, respectively. Using Plantar test and infrared 

radiation to the hind planta, the behavioral tests for 

animals were performed on the day before the surgery 

(day zero) and on days 7, 14 and 21 after surgery. 

Animals were acclimatized with the test conditions 

for at least 30 minutes prior to the start of the experi-

ment [16]. The Hargreaves' method was used to 

measure thermal hyperalgesia [17]. In this method, 

the rats were placed on the upper surface of the Plexi-

glas cage and were allowed to adapt to the surround-

ing area for a period of 15-25 minutes above the glass 

platform. The thermal stimulation in the foot was 

controlled by infrared radiation using a radiant heat 

source equipped with a timer. The thermal stimula-

tion was repeated three times with 10-minute inter-

vals for the CCI and the Sham groups. The mean la-

tency of withdrawal responses for each foot was cal-

culated [17]. The cut-off point of the test was 22 sec-

onds to prevent damage to the injured tissue.  

 

The cold allodynia was measured by Acetone spray. 

According to Choi et al. (1994), the rats were posi-

tioned on the upper surface of the Plexiglas cage, and 

250 μl of acetone was sprayed to their planta by a thin 

polypropylene tube connected to the insulin syringe 

without touching the skin. This experiment was per-

formed 5 times at three-minute intervals for each foot 

[18]. The frequency of foot withdrawal reflex was 

expressed as follows: (number of trials accompanied 

by brisk foot withdrawal/total number of trials) ×100. 

The tactile hypersensitivity was evaluated by the 

method described by Kingery et al (2000) [19]. The 

rats were placed on a wired network (0.8 × 0.8 cm 

cell) and in a transparent reversed Plexiglas chamber 

(18 × 18 × 25 cm). After accustoming the animals to 

the pristine environment and stopping exploratory 

behaviors (about 15 minutes), a series of von Frey 

filaments were used to measure mechano-allodynia. 

In this experiment, 2 to 60-gram filaments (Stolting 

Co., Wood Dale, IL, the USA) were used, respective-

ly, to increase the force applied to the plantar area of 

the hind foot. The stimulation was conducted three 

consecutive times to the plantar area until the rats 

withdrawn their leg or the fiber bends. The lifting of 

the foot that occurred during normal motion behavior 

was ignored. The withdrawal threshold was for the 

smallest filament size which evoked at least two with-

drawal responses during three consecutive applica-

tions with the same filament. Each filament was ap-

plied for approximately 1 S with an inter-stimulus 

interval of about 5 S. 

 

2.3 Analysis of the expression level of NMDAR 

subunits in the spinal cord 

For gene expression analysis, the samples were taken 

from spinal cord tissue of lumbar segments. RNA 

extraction buffer (CinnaGen, Iran) was used to isolate 

the total RNA from tissue. Using extracted RNA, the 

complementary DNA (cDNA) was synthesized by 

cDNA synthesis kits (Invitrogen, USA). The synthe-

sized cDNA was diluted to 1:10. Polymerase chain 

reaction (PCR) was performed in 96 × 0.2 ml plates 

(Bioplastics, USA) containing 5 μl of BioFACT 2X 

Real-Time PCR Master Mix (for SYBR Green I; 

BIOFACT, South Korea), 1 μl of primers, 2 μl of 

double-distilled water and 2 μl of diluted cDNA. RT-

PCR technology (BioRad, Germany) was used with a 

standardized protocol to measure the gene expression 

[11]. The relative standard curve method was applied 

by housekeeping gene of hypoxanthine-guanine phos-

phoribosyl transferase (HPRT) as reference gene. The 

sequence and characteristics of primers used in this 

study are summarized in Table 1. 
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2.4 Statistical analysis 

Repeated measures t-test and subsequently Tukey's 

post hoc test were used to compare the experimental 

and control groups in each stage. The results are ex-

pressed as mean ± standard deviation. All statistical 

analyzes were performed by SPSS ver. 19 software at 

a significance level of p< 0.05. 

 

3. RESULTS 

3.1 Behavioral responses from neuropathic pain in 

the CCI model 

Most of the rats with ligated nerve appeared healthy, 

and none of them showed a sign of autotomy after 

partial ligation of the sciatic nerve. Unilateral paw 

movements were slightly changed, but this did not 

interfere with the normal activity of the rats. Partial 

ligation of the sciatic nerve significantly reduced paw 

withdrawal latency to thermal stimulation (p< 0.001) 

but withdrawal latency of control group did not 

change significantly in radiant heat plantar test. The 

use of acetone at the midpoint of the left hind foot 

resulted in a significant increase in the foot with-

drawal rate in the CCI group compared to the Sham 

group. As shown in Figure 1B, the difference 

between the behavioral scores of the two groups was 

significant at all days of the test (p< 0.001). The re-

sults of behavioral tests for the mechanical allodynia 

are shown in Figure 1C. After ligation of the sciatic 

nerve, the hind foot was sensitive to mechanical stim-

ulation even with weak Von-Frey filaments and a 

significant increase was seen in CCI in comparison to 

the Sham group (p< 0.001). There was no evidence of 

hyperalgesia and allodynia on the opposite side in all 

the experimental groups. 

Table 1. Primer sequence, PCR product size and annealing temperature in real-time PCR 

 Gene Primer 

name 

Primer sequence (5'-3') Product 

size 

Annealing 

temperature 
NR2A NR2A F1 GAGCCAGATGACAACCACCT 200-bp 58ºC 

NR2A R1 TCTTGAGGATGTCGATGCAG 

NR2B NR2B F1 CCAAGAGGAGGAAACAGCAG 184-bp 56ºC 

NR2B R1 TGAGGCGAGTTCTCCTTTGT 

NR3B NR3B F ACCGTGGCACTGTCTTCTCT 177-bp 60ºC 

NR3B R TCAAAGGTTTTGTCCCCAAC 

HPRT HPRT F GGTCCATTCCTATGACTGTAGATTTT 125-bp 60ºC 

HPRT R CAATCAAGACGTTCTTTCCAGTT 

Figure 1. Behavioral responses from neuropathic pain in the CCI model; A) Comparison of the mean response 

of the two control and CCI groups to the Radiant Heat-induced (thermal hyperalgesia) stimulation. B) Compari-

son of the mean response of both control and CCI groups to acetone spraying (thermal allodynia). C) Compari-

son of the mean response of both control and CCI groups to Von-frey (mechanical allodynia) stimulation. *: Sig-

nificant difference between control and CCI groups (***: p< 0.001). 
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3.2 The gene expression pattern of the glutamate 

receptor subunits 

Real Time PCR results are summarized in Figure 2. 

As shown in Figure 2, the expression of NR2A and 

NR2B genes was increased in the CCI group com-

pared to the control group, which was only significant 

for the NR2B gene (p< 0.001). However, there was 

no increase in expression of NR3B gene in the CCI 

group compared to control (p> 0.05). 

Figure 2. Results of gene expression of NMDAR 

subunits in the two groups of control and CCI; In the 

NR2A gene expression the CCI group shows an in-

crease in expression, but not statistically significant, 

increase of NR2B gene expression in the CCI group 

is statistically significant and the expression for 

NR3B gene expression in the two groups showed no 

change in expression of this gene after CCI (***: p< 

0.001). 

 

4. DISCUSSION 

The neuropathic pain is associated with an unpleasant 

sensation of irritation and dysesthesia, increased sen-

sitivity to hyperalgesia and feeling of pain with allo-

dynia [20]. Some of the most common types of neuro-

pathic pains are diabetic neuropathy-induced pain, 

pain following herpes zoster infections, phantom limb 

pain and spinal cord injury neuropathy [21]. The neu-

ropathic pain can lead to impaired mood and sleep 

disorder of people due to unpleasantness and high 

intensity, which affects the secondary daily activities 

[22]. The neuropathic pains caused by the phantom 

limb, which have high intensity and feeling of un-

pleasant conditions, impair the lives of many people 

who have lost one of their organs due to occupational 

accidents or during an accident or wars. These people 

suffer from severe fulminant pain after a long time 

after amputation, called phantom limb pain, and no 

effective treatment is yet known [23]. Post-herpetic 

neuralgia pain is another type of neuropathic pain that 

is less prevalent but more intense. The severity and 

importance of this type of pain is one of the most im-

portant causes of suicide in European societies [22]. 

One of the most commonly used models of neuro-

pathic pain is the CCI model, introduced by  [15]. 

 

In this study, behavioral changes and changes in the 

expression level of NMDA receptor subunits were 

investigated in the rat model of CCI. The effect of 

partial ligation of the sciatic nerve significantly re-

duced the unilateral foot withdrawal time in thermal 

stimulation. Moreover, the use of acetone at the mid-

point of the left hind foot resulted in a significant in-

crease in the foot withdrawal frequency in the CCI 

group. In addition, after ligation of the sciatic nerve, 

the hind foot was sensitive to mechanical stimulation. 

These results appear to be consistent with a number 

of human neuropathic pain syndromes, which have 

been reported previously [15]. It has been suggested 

that hyperalgesia expresses receptor sensitivity, while 

allodynia is a central phenomenon facilitated by large 

myelinated fibers [24]. The other part of the study 

focused on changes in the expression of glutamate 

receptor subunits after the development of neuro-

pathic pain as the CCI model. The results of our study 

showed that the expression of NR2A and NR2B 

genes was increased in the CCI group, which was 

only significant for the NR2B gene, but there was no 

increase in the expression of NR3B gene in the CCI 

group. A previous on the rat CCI model showed that 

expression of NR1 and NR2B subunits was increased 

on the third, seventh and fourteenth days after sciatic 

injury at the mRNA level [25]. Although in 2005, 

Wilson et al. reported that the protein levels of NR1 

and NR2B subunits were decreased in a sciatic injury 

animal model and the level of the NR2A subunit was 

not changed [26]. Recent immunohistochemical evi-

dence suggests that NR2B protein shows different 

expression pattern in spinal cord gray matter laminas 

of the gray matter  spinal cord, which are postulated 

to be of primary afferent origin [27, 28] . NR2B-

selective antagonists showed beneficial effects in neu-

ropathic animal models of hyperalgesia [27, 29]. In 
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the above studies, mechanical allodynia and mechan-

ical hyperalgesia were also sensitive to NR2B-

selective antagonists. 

 

The neuropathic pain due to diabetic neuropathy and 

nerve damage is associated with increased glutamate 

release from primary afferent terminals and the stim-

ulation of AMPA receptors and metabotropic gluta-

mate receptors [30, 31]. Although glutamate mainly 

acts on post-synaptic receptors for mediating excita-

tory neurotransmitters, pre-synaptic NMDARs can 

increase the release of some neurotransmitters such 

as substance P from primary afferent terminals in the 

spinal dorsal horn [32]. In addition, pre-synaptic 

NMDAR mediates the release of increased glutamate 

from the primary afferent terminals [33]. The pre-

synaptic stimulation of NMDARs may directly re-

duce neurotransmitter release by inhibiting the volt-

age-gated calcium channel activity induced by calci-

um influx and calcineurin stimulation [34]. The 

pathological role of NMDARs and the therapeutic 

effects of NMDAR antagonists on neuropathic pain 

were initially investigated in an animal model of pe-

ripheral nerve injury. The use of NMDA could in-

crease the number of whole-cell currents and calcium 

influx in spinal lamina II neurons in sciatic nerve-

ligated rats [35]. In the model of partial ligation of 

the sciatic nerve, the NR1 phosphorylation was in-

creased in the dorsal horn [36]. However, after nerve 

injury, the overall level of NR1 and NR2A-2D subu-

nits in the spinal cord remained unchanged [36, 37]. 

Increasing NMDAR phosphorylation can play a sig-

nificant role in inducing sensitivity by nerve injury. 

The partial ligation of the sciatic nerve can increase 

the NR2B tyrosine phosphorylation in the spinal cord 

without affecting the protein level [38]. In addition to 

changes in the expression level, the posttranslational 

modification of the glutamate receptor subunits may 

also be another mechanism for inducing neuropathic 

pain. 

 

In conclusion, the Chronic Constriction Injury (CCI) 

model of neuropathic pain effectively increases the 

behavioral response to thermal and mechanical stim-

uli. In addition, increasing the expression of NR2B 

subunit may be considered as a mechanism for the 

development of neuropathic pain. However, it is sug-

gested that the expression of other NMDA subunits 

should be investigated at the RNA and protein levels 

in the neuropathic pain models. 
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