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To evaluate the protective effects of dexmedetomidine on the colon and spinal cord of rats with functional 
chronic visceral pain and its regulatory mechanism on extracellular signal-regulated kinase 1-cyclic 
adenosine monophosphate response element-binding protein signaling pathway. A rat model of irritable 
bowel syndrome was established by colorectal distention stimulation. Animals were categorized into 
normal group, model group, experimental group and control group. No treatment was given in normal 
group, while colorectal distention stimulation was utilized in model group, experimental group and control 
group. After successful modeling, the animals in experimental group were injected intraperitoneally 
with 5 μg/kg of dexmedetomidine hydrochloride injection daily, those in control group were injected 
intraperitoneally with 5 μg/kg pinaverium bromide daily and those in normal group and model group 
were injected intraperitoneally daily with the same volume of normal saline, for 14 consecutive days. 
Abdominal withdrawal reflex score and pain threshold of rats were measured. Cell apoptosis in the spinal 
cord of rats was determined by terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling 
staining. The messenger ribonucleic acid expressions of extracellular signal-regulated kinase 1 and cyclic 
adenosine monophosphate response element-binding protein in the spinal cord were detected by real-
time quantitative polymerase chain reaction and phosphorylated-extracellular signal-regulated kinase 1 
and phosphorylated-cyclic adenosine monophosphate response element-binding protein expressions in the 
spinal cord of rats were tested by Western blotting. Compared with normal group, abdominal withdrawal 
reflex score, cell apoptosis rate, messenger ribonucleic acid expressions of extracellular signal-regulated 
kinase 1 and cyclic adenosine monophosphate response element-binding protein, phosphorylated-
extracellular signal-regulated kinase 1 and phosphorylated-cyclic adenosine monophosphate response 
element-binding protein expressions were significantly higher (p<0.05) and pain threshold value was 
significantly lower (p<0.05) in model group, experimental group and control group at 20 mmHg, 40 
mmHg, 60 mmHg and 80 mmHg pressures. Abdominal withdrawal reflex score, cell apoptosis rate, 
messenger ribonucleic acid expressions of extracellular signal-regulated kinase 1 and cyclic adenosine 
monophosphate response element-binding protein, phosphorylated-extracellular signal-regulated kinase 1 
and phosphorylated-cyclic adenosine monophosphate response element-binding protein expressions were 
significantly lower (p<0.05) and pain threshold value was significantly higher (p<0.05) in experimental 
group and control group than those in model group at 20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg 
pressures. Dexmedetomidine can prominently ameliorate the clinical symptoms of rats with functional 
chronic visceral pain and may protect the colon and spinal cord by inhibiting the extracellular signal-
regulated kinase 1/cyclic adenosine monophosphate response element-binding protein signaling pathway.

Key words: Dexmedetomidine, functional chronic visceral pain, irritable bowel syndrome, extracellular 
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Functional chronic visceral pain caused by irritable 
bowel syndrome (IBS) is a persistent and recurrent 

disease that seriously affects the physical and mental 
health and normal life of patients. Functional chronic 
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visceral pain is a chronic gastrointestinal disorder 
involving the digestive system, mainly manifested by 
abdominal pain and bloating, as well as changes in 
bowel habits and stool traits[1]. At present, the molecular 
mechanism of the disease is still under investigation and 
previous basic research and clinical data have indicated 
that genetics, environment, abnormal gastrointestinal 
motility, endocrine disorders, reduced immune function 
and high visceral sensitivity are all the factors affecting 
the progression of the disease[2]. Zhuo et al.[3] reported 
that ameliorating the disorders of brain-gut axis in 
patients with IBS could significantly alleviate clinical 
symptoms such as abdominal pain and abdominal 
discomfort, but the authors did not elucidate the 
mechanism of action. Giummarra et al.[4] reported that 
the spinal cord, serving as an important central nervous 
system connecting the brain-gut axis, was of crucial 
importance in the abdominal or thoracic organ pain. 
Extracellular signal-regulated kinase 1 (ERK1)-cyclic 
adenosine monophosphate response element-binding 
protein (CREB) signaling pathway plays an important 
role in the occurrence, progression, persistence or repair 
and disappearance of the pain[5]. Sun et al.[6] reported 
that inhibiting the phosphorylation of the ERK1/CREB 
signaling pathway in a rat model of inflammatory 
visceral pain could significantly reduce the pain behavior 
of experimental animals. Clinically, dexmedetomidine 
is a α2-adrenergic receptor agonist with good sedative, 
analgesic and organ protection effects. A previous study 
demonstrated that dexmedetomidine can down regulate 
the release of inflammatory factors and polarization of 
interneurons in central tissues by reducing the release 
of glutamate, thus inhibiting the transmission of pain[7]. 
However, there is little research about dexmedetomidine 
in IBS. In this study, a rat model of IBS was established, 
aiming to explore the mechanism of dexmedetomidine 
on IBS pain transmission from the perspective of the 
ERK1/CREB signaling pathway in the spinal cord, so 
as to provide new reference for the clinical medication 
of IBS.

MATERIALS AND METHODS

Experimental animals, main reagents and 
apparatus:

Full term newborn specific pathogen free (SPF) grade 
male Sprague-Dawley (SD) rats, weighing 6-8 g, were 
purchased from Beijing Jinmuyang Experimental 
Animal Breeding Co., Ltd., animal license number: 

SYXK (Beijing): 2020-0007. In the SPF grade animal 
room of the Animal Experiment Center of our hospital, 
5 newborn rats and 1 SD lactating rat were kept in the 
same cage and the lactating rats were fed at 20-25°, 
given free access to food and water, with day and night 
natural light. The research purpose and operation of this 
study were reviewed and approved by the Animal Care 
and Use Committee of our hospital.

Dexmedetomidine Hydrochloride Injection [2 ml 
: 0.2 mg, Yangtze River Pharmaceutical (Group) Co., 
Ltd., NMPN: H20183219], Pinaverium Bromide 
Tablets [50 mg×15 s, Mylan Laboratories SAS (France), 
approval number: 20160396], hematoxylin-eosin (HE) 
staining kits (Roche, USA), Western blotting kits 
(Roche, USA), phenobarbital sodium (Beijing Solarbio 
Science & Technology Co., Ltd.), paraformaldehyde 
solution [Beyotime Biotechnology Co., Ltd. (Shanghai, 
China)] and phosphorylated-ERK1 (p-ERK1) and 
phosphorylated-CREB (p-CREB) (Cell Signaling 
Technology, Inc., USA) were prepared.

The instruments included a biological fluorescence 
microscope (Nikon, Japan), an electron microscope 
(JEOL, Japan), an animal-related surgical equipment 
package (Zhangjiagang Dadu Medical Instruments Co., 
Ltd.), an ultra-thin microtome (Thermo, USA), a gel 
electrophoresis system (Bio-Rad, USA) and a tissue 
grinding machine (Keller Instruments Co., Ltd.). 

Establishment of model of functional chronic 
visceral pain and grouping:

The newborn rats were adaptively fed for later 
experiments. First, they were categorized into normal 
group (n=10), model group (n=10), experimental group 
(n=10) and control group (n=10) using a random number 
table. No treatment was given in normal group, while 
according to the methods proposed by Grabauskas 
et al.[8], newborn rats in model group, experimental 
group and control group were treated with colorectal 
distention (CRD) stimulation for 2 min, once a day, in 
the awake state within 8-21 d after birth to establish 
a rat model of functional chronic visceral pain. The 
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specific operations involved: First, a lubricated self-
made balloon occluder was inserted into the anus to a 
depth of about 2 cm. Next, a volume of 0.25 ml gas was 
inflated into the balloon occluder with a medical tiny 
syringe. After lasting for 1 min, the balloon occluder 
was deflated and taken out. About 2 h later, the above 
operation was repeated once. After stimulation, the 
newborn rats were fed routinely. When animals grew 
to 8 w of age, abdominal withdrawal reflex (AWR) 
score and pain threshold of rats were measured. The 
significant difference in AWR score and pain threshold 
from experimental animals meant the successful 
modeling.

After 8 w of successful modeling, the animals in 
experimental group were injected intraperitoneally 
with 5 μg/kg of dexmedetomidine hydrochloride 
injection daily, those in control group were injected 
intraperitoneally with 5 μg/kg pinaverium bromide 
daily[9] and those in normal group and model group 
were injected intraperitoneally daily with the same 
volume of normal saline, for 14 consecutive days.

Measurement of rat AWR:

After fasting for 12 h, the rats were anesthetized by 
ether inhalation. The balloon occluder was inserted into 
the anus to a depth of about 2 cm. Subsequently, the rats 
were placed in a transparent container (20 cm×10 cm×10 
cm). After the rats were awake, the self-made distention 
balloon was connected to a sphygmomanometer to 
adjust the pressure using a three-way tube and CRD 
stimulation (20 mmHg, 40 mmHg, 60 mmHg and  
80 mmHg pressure levels) was given, each for 20 s at an 
interval of 5 min, 3 times for each pressure level. The 
scoring standards were as follows[10]: 0 points: animals 
without obvious behavior changes, 1 point: animals 
with their heads upward but no abdominal muscle 
contraction, 2 points: animals with slight abdominal 
muscle contraction but no abdominal muscle lifting, 
3 points: animals with strong abdominal muscle 
contraction and abdominal muscle lifting, but no pelvic 
lifting and 4 points: animals with body lifting, pelvis 
lifting off the table and arched abdomen.

Measurement of pain threshold:

Preliminary preparations were the same as above. CRD 
stimulation started from 15 mmHg, with a pressure 
increase gradient of 5 mmHg, each for 20 s at an interval 
of 5 min. When the animal’s AWR score reached  
3 points, the pressure value was the pain threshold of 
the rat[11].

Cell apoptosis in the spinal cord:

The spinal cord was extracted from each group of rats 
and pretreated in accordance with the instructions of 
terminal deoxynucleotidyl transferase-mediated dUTP 
nick end labeling (TUNEL) staining kits, followed 
by antigen retrieval, sealing, labeling, dark staining, 
dehydration, neutral gum mounting and microscopic 
examination. The cells with green fluorescence in the 
field of view were considered as apoptotic cells[12]. The 
ratio of the number of TUNEL positive cells to the total 
cells indicated the cell apoptosis rate.

ERK1 and CREB messenger ribonucleic acid 
(mRNA) expressions in the spinal cord:

The spinal cord tissue was taken from each group of rats 
to extract the total ribonucleic acid (RNA) in the sample 
with TRIzol reagent. Next, the RNA was reversely 
transcribed into complementary deoxyribonucleic 
acid (cDNA) according to instructions of the reverse 
transcription kit, followed by real-time quantitative 
polymerase chain reaction (RT-qPCR) for amplification. 
2−ΔΔCt was used to express the relative expression 
level of gene mRNA[13], with glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as a reference. 
The sequences of the reaction primer were as follows:

GAPDH mRNA sense strand: 
5’-CCCGGGTTTCAGAGACAACTTC-3’, antisense 
strand: 5’-TCCACATGCTTTATTCCAGCAATC-3’, 
ERK1 mRNA sense strand: 
5’-CATGAGAGCCCTCACACTCCT-3’, antisense 
strand: 5’-CACCTTTGCTGGACTCTGCAC-3’ 
and CREB mRNA sense strand: 
5’-TCACAGGTACAGGGATGAGGACAC-3’, 
antisense strand: 
5’-CAAAGCACAGCAATGTCCTGAAG-3’.

Expressions of p-ERK1 and p-CREB in the spinal 
cord:

The spinal cord tissue was taken from each group of 
rats and placed in the lysis buffer at 4° for 30 min. After 
centrifugation, the supernatant was diluted. The total 
protein was routinely extracted from the sample and 
loaded (50 μg). After electrophoresis, the sample was 
transferred and sealed. Subsequently, the sample was 
diluted with primary antibody (1:1000) and secondary 
antibody (1:5000), incubated at room temperature and 
treated with color development for 30 min. The gray 
value of the target protein was analyzed with GAPDH 
as a reference[14].
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while it was significantly lower in experimental group 
and control group than that in model group (p<0.05). 
No significant difference was found in the cell apoptosis 
rate between experimental group and control group 
(p>0.05) (fig. 3).

The RT-qPCR results demonstrated that mRNA 
expressions of ERK1 and CREB were significantly 

Statistical analysis:

SPSS 16.0 software was adopted for statistical analysis 
of experimental data and GraphPad Prism 8.0 was 
used for graphing. Data with normal distribution, such 
as interleukin-1β (IL-1β) and tumor necrosis factor 
alpha (TNFα) gene expression levels were expressed 
by mean±standard deviation (x̄±s). Univariate analysis 
was used for comparison among multiple groups and 
t-test was employed for pairwise comparison, p<0.05 
indicated that the difference was statistically significant.

RESULTS AND DISCUSSION

During the experiment, the rats in normal group were 
in good mental state, reacted alertly, had smooth 
and shiny fur and had regular excretion. No obvious 
abnormality was observed in stool properties. The 
water and food intake increased steadily and the body 
mass increased rapidly. The rats in model group were 
in a poor mental state, slow to respond, preferred to 
gather together and lick the abdomen and had reduced 
activity. They were easily irritated and had dull fur, 
pale auricles, irregular excretion, loose stools around 
the anus and poor appetite. The increase in food intake 
and body weight was not obvious. The mental state of 
the rats in experimental group and control group was 
notably ameliorated, the flexibility of the fur of the rats 
was markedly improved, the frequency of licking the 
abdomen was obviously reduced and the loose stools 
around the anus was significantly alleviated.

The experimental results indicated that under  
20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg pressure 
levels, the AWR score was significantly higher in model 
group, experimental group and control group than that 
in normal group (p<0.05), while it was significantly 
lower in experimental group and control group than 
that in model group   (p<0.05). There was no significant 
difference in the AWR score between experimental 
group and control group   (p>0.05) (fig. 1).

The experimental results showed that the pain 
threshold value was significantly lower in model 
group, experimental group and control group than that 
in normal group (p<0.05), while it was significantly 
higher in experimental group and control group than 
that in model group (p<0.05). There was no significant 
difference in the pain threshold value between 
experimental group and control group (p>0.05) (fig. 2).

TUNEL results displayed that the cell apoptosis rate was 
significantly higher in model group, experimental group 
and control group than that in normal group (p<0.05), 

Fig. 1: AWR of rats. A: normal group, B: model group, C: 
experimental group, D: control group, *p<0.05 vs. normal 
group, #p<0.05 vs. model group

 
Fig. 2: Pain threshold of each group of rats. A: normal group, B: 
model group, C: experimental group, D: control group, *p<0.05 
vs. normal group, #p<0.05 vs. model group

 
Fig. 3: Cell apoptosis of spinal cord tissue. A: normal group, B: 
model group, C: experimental group, D: control group, *p<0.05 
vs. normal group, #p<0.05 vs. model group
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higher in model group, experimental group and control 
group than those in normal group (p<0.05), while they 
were significantly lower in experimental group and 
control group than those in model group (p<0.05). 
There were no significant differences in the mRNA 
expressions of ERK1 and CREB between experimental 
group and control group (p>0.05) (fig. 4).

The Western blotting results revealed that p-ERK1 and 
p-CREB expressions were significantly higher in model 
group, experimental group and control group than those 
in normal group (p<0.05), while they were significantly 
lower in experimental group and control group than 
those in model group (p<0.05). P-ERK1 and p-CREB 
expressions had no significant differences between 
experimental group and control group (p>0.05) (fig. 5).

Epidemiological data have indicated that as people’s 
material and spiritual living standards improve, 
the incidence rate of IBS exhibits an increasing 
trend annually. The pathogenesis of such disease is 
complicated and its molecular mechanism has not yet 
been fully elucidated. Due to the lack of clinically 
effective drugs, the current treatment of this disease 
is mainly dominated by controlling the progression of 
clinical symptoms such as abdominal pain and diarrhea 

in patients[15]. With the development of minimally 
invasive surgery and digestive endoscopy diagnosis 
and treatment technology, laparoscopy and digestive 
endoscopy can be used to diagnose and treat many 
digestive tract diseases or even tumors, so the effective 
intervention for visceral noxious stimulation and 
visceral pain is also one of the issues that need more 
attention[16].

Dexmedetomidine, serving as a new analgesic and 
sedative drug, can protect central nervous system 
and effectively relieve pain[17]. Wu et al.[18] reported 
that dexmedetomidine could prominently reduce 
paw withdrawal mechanical threshold, regulate Ras-
related C3 botulinumtoxin substrate 1 (Rac1) signal 
transduction in the spinal cord and block the progression 
of neuropathic pain in rats. Qin et al.[19] reported that 
in a rat model of spinal cord ischemia-reperfusion 
injury, dexmedetomidine could effectively reduce the 
oxidative stress response in the injured area and inhibit 
the apoptosis of rat central neurons, thus exerting central 
nervous protection effects. Xing et al.[20] reported that 
dexmedetomidine could notably alleviate postoperative 
pain in patients undergoing laparoscopic surgery. In this 
study, by establishing a rat IBS model and using clinical 

 
Fig. 4: ERK1 and CREB mRNA expressions in the spinal cord. A: normal group, B: model group, C: experimental group, D: control 
group, *p<0.05 vs. normal group, #p<0.05 vs. model group

 
Fig. 5: p-ERK1 and p-CREB expressions in the spinal cord. A: normal group, B: model group, C: experimental group, D: control 
group, *p<0.05 vs. normal group, #p<0.05 vs. model group



May-June 2021Indian Journal of Pharmaceutical Sciences608

www.ijpsonline.com

common drug pinaverium bromide as a control, it could 
be seen that the mental state of the rats in experimental 
group was notably ameliorated, the flexibility of the fur 
of the rats was markedly improved and the frequency of 
licking the abdomen was obviously reduced, indicating 
that dexmedetomidine can significantly ameliorate the 
clinical symptoms of IBS rats. Moreover, both AWR 
score and pain threshold value of rats were significantly 
ameliorated, suggesting that dexmedetomidine has a 
great analgesic effect.

In-depth explication of the therapeutic target of drugs 
is conducive to accurately controlling the therapeutic 
strategy of drugs and further revealing the molecular 
mechanism of the disease. The important regulatory role 
of the ERK1/CREB pathway in pain-related diseases has 
been well-documented[21]. ERK is phosphorylated into 
p-ERK1 under the action of physiological excitatory 
transmitters, which carries signals and undergoes 
nuclear translocation and converts downstream CREB 
into a pro-survival transcription factor (p-CREB), 
thus actively regulating the transcription, splicing and 
translation of related genes to intervene in neuronal 
cell apoptosis, proliferation, excitement and growth[22]. 
Torres-Perez et al.[23] reported that in a rat model of local 
scald on the paw, inhibiting the conduction of the ERK1/
CREB pathway in the burn region could significantly 
ameliorate the pain of experimental animals. The results 
of RT-qPCR and Western blotting in the present study 
elucidated that mRNA expressions of ERK1 and CREB 
and p-ERK1 and p-CREB expressions in the spinal 
cord of experimental rats were significantly reduced, 
indicating that inhibiting the ERK1/CREB pathway 
may be a strategy for the drug to exert its effects.

In conclusion, dexmedetomidine can prominently 
ameliorate the clinical symptoms of rats with functional 
chronic visceral pain and may protect the colon and 
spinal cord by inhibiting the ERK1/CREB signaling 
pathway. However, patient’s physique and specificity 
of disease progression should be considered when 
dexmedetomidine is applied for the clinical treatment 
of IBS.
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