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Abstract. Chronic pain occurs in ~85‑90% of chronic pancre-
atitis (CP) patients. However, as the pathogenesis of CP pain 
remains to be fully understood, the current therapies for CP pain 
remain inadequate. Emerging evidence has suggested that the 
epigenetic modulations of genes are involved in chronic pain. 
In the present study, intrapancreatic trinitrobenzene sulfonic 
acid infusions were used to establish a CP model in rats. 
Mechanical allodynia was measured with von Frey filaments. 
Immunofluorescent staining analysis was used to observe 
the expression changes of histone deacetylase 2 (HDAC2) 
and µ‑opioid receptor (MOR), and intrathecal administration 
of the selective HDAC2 inhibitor AR‑42 was used to assess 
the underlying mechanisms. The expression levels of c‑Jun 
N‑terminal kinase (JNK) in the thoracic spinal cord were 
detected by western blotting, and the mRNA expression levels 
of interleukin (IL)1‑β, IL‑6 and tumor necrosis factor (TNF)‑α 
were detected by reverse transcription‑quantitative polymerase 
chain reaction. The results demonstrated that HDAC2 expres-
sion was upregulated during the course of CP induction, while 
MOR activity in the thoracic spinal dorsal horn was signifi-
cantly suppressed. Intrathecal infusion of AR‑42 significantly 
attenuated CP‑induced mechanical allodynia, with rescued 
MOR activity. Additionally, HDAC2 facilitated the release of 
inflammatory cytokines, including IL‑1β, IL‑6 and TNF‑α. 
These results suggested that the underlying mechanisms of 

HDAC2 regulating MOR activity under CP induction may 
occur via promoting the release of inflammatory cytokines, 
thus activating the JNK signaling pathway. The present study 
suggested that the epigenetic‑regulated disturbance of MOR is 
dependent on the endogenous analgesia system in CP, which 
may a provide novel therapeutic strategy for treating pain in 
CP.

Introduction

Chronic pancreatitis (CP) is a painful inflammatory disease, 
characterized by progressive destruction of the pancreatic 
gland and severe abdominal pain (1). Approximately 85‑90% 
CP patients suffer from abdominal pain (2). Pain in CP has been 
associated with malnutrition, narcotic addiction, and physical 
and emotional disability, which leads to major socioeconomic 
problems (3). However, the currently available therapies for 
CP pain remain inadequate and the underlying mechanisms 
remain to be completely elucidated. Previous reports have 
demonstrated that CP‑induced pain exhibits numerous charac-
teristics similar to neuropathic pain, especially the alterations 
located in the central nervous system (CNS) (4). Epigenetic 
modulations of gene expression have been indicated to be 
involved in the development of chronic pain (5). Epigenetic 
alterations are required for long‑lasting neuronal plasticity that 
is essential for the development of chronic pain state modifica-
tions (6,7). Epigenetic modifications regulate the compaction of 
chromatin and include a variety of facets; significant epigenetic 
control is achieved via histone acetylation. Histone acetylation 
modification is dynamic and reversible, and is regulated by 
histone acetyltransferases (HATs) and histone deacetylases 
(HDACs)  (8). Typically, HATs acetylate the histones to 
produce an open chromatin conformation, thus favoring gene 
expression, while HDACs deacetylate the DNA and result in 
a closed chromatin conformation and ultimately gene repres-
sion  (9). Studies on HDACs inhibitors have demonstrated 
obvious analgesic effect on nociceptive responses of rodents, 
either delivered systemically or intrathecally (10‑13). However, 
little is known on how this mechanism operates and which 
target genes are involved (14). Furthermore, whether selective 
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interruption of HDAC activity on CP could alleviate allodynia 
remains to be investigated.

In the nervous system, activation of µ‑opiod receptor 
(MOR) leads to neuronal inhibition and causes an endogenous 
analgesia effect (15). The expression level of MOR in the mouse 
brain correlates with alterations in histone modifications (16). 
However, limited studies have analyzed the epigenetic 
processes that contribute to gene repression and activation in 
pain states. Furthermore, a study reported that MOR is mainly 
negatively regulated by the c‑Jun NH2‑terminal kinase (JNK) 
signaling pathway (17). Our previous study demonstrated that 
HDAC2 activity was significantly upregulated in the thoracic 
spinal cord, based on a rat CP model induced by intrapancre-
atic infusion of trinitrobenzene sulfonic acid (TNBS) (18), 
indicating that epigenetic regulation mechanisms are involved 
in chronic pain induced by CP.

The present study aimed to investigate whether upregula-
tion of HDAC2 affects MOR expression, and thus has an impact 
on CP allodynia. It was hypothesized that the elevated HDAC2 
expression suppressed MOR activation via JNK signaling 
pathways, and aggravated CP pain. To test this hypothesis, 
AR‑42 was used as a selective HDAC2 inhibitor (19), and the 
underlying mechanisms of CP pain were investigated.

Materials and methods

Animals. The present study was approved by the Animal 
Use and Care Committee for Research and Education of the 
Fourth Military Medical University (Xi'an, China), following 
the ethical guidelines on investigating experimental pain in 
conscious animals. 54 young adult male Sprague‑Dawley rats 
(age, 10‑12 weeks; weight, 180‑220 g) were purchased from 
the Laboratory Animals Center (Fourth Military Medical 
University, Xi'an, China) and caged in a temperature‑controlled 
environment at 22‑25˚C and 55±5% relative humidity with 
a 12‑h light/dark cycle. Free access to water and food was 
available until 12 h before pancreatitis induction. Minimum 
animals were used for consistent effects.

Induction of pancreatitis and pain behavioral test. All 
rats were randomly divided into three main groups: TNBS 
(n=30), sham (n=18) and controls (n=6). Rats in the TNBS 
and sham group were further divided for drug injection: 
TNBS‑HDAC inhibitor (i)/saline and sham‑HDACi/saline 
groups (n=6/group). In order to study the time course of 
HDAC2 and MOR changes, 6 rats in the TNBS group were 
sacrificed at 1, 3 and 5 weeks each following TNBS infusion, 
in addition to 6 rats in the control and 6 rats in the sham group. 
All rats were sacrificed following anesthetization with pento-
barbital (cat. no. 1507,002; Sigma‑Aldrich; Merck KGaA; 
Darmstadt, Germany; 60 mg/kg, intraperitoneal injection) 
for further experiments 5 weeks after surgery. The protocol 
has been published in our previous study (18) with certain  
improvement for minimizing surgical injury. All the proce-
dures in sham group were identical to the TNBS group, 
except the same volume of saline infusion. Mechanical 
allodynia was measured with von Frey filaments (Stoelting 
Co., Wood Dale, IL, USA) and performed fully randomized 
and blinded. The protocol was performed according to our 
previous study (18).

Intrathecal operation and drug administration. Intrathecal 
drug administration procedure was performed as previous 
described (18). The HDAC2‑selective inhibitor AR‑42 (AdooQ 
Bioscience, Irvine, CA, Canada) was used for the testing (19). 
The treatment group received an intrathecal injection of AR‑42 
(30 nmol) at each time point (0, 1, 3 and 5 weeks), while the 
same volume of saline was administered to the control group. 
Drug administration was performed under anesthetizing with 
isoflurane using a Vaporizer (Harvard Apparatus, Holliston, 
MA, USA), through an intrathecal catheter controlled by a 
micro‑injection pump.

Immunofluorescent staining analysis. Rats were perfused 
through the ascending aorta with 100 ml 0.9% saline after 
deeply anesthetizing with pentobarbital (60 mg/kg, intraperi-
toneally), following administration of 500 ml 0.1 M phosphate 
buffer (PB, pH 7.4) containing 4% paraformaldehyde and 
2% picric acid. The thoracic spinal segments T10‑T12 were 
harvested and post‑fixed with the same fixative for 4 h, then 
cryosectioned at 4˚C for 24 h in 0.1 M PB containing 30% 
sucrose. Samples were transversely cut (25‑µm thick) in a 
cryostat, then washed in PBS (0.01 M, pH 7.3) for 10 min three 
times. Sections were then blocked with 2% goat serum (EMD 
Millipore, Billerica, MA, USA) in 0.01 M PBS containing 
0.3% Triton X‑100 for 1 h at room temperature. These sections 
were incubated at 4˚C overnight with the following primary 
antibodies: rabbit anti‑HDAC2 (cat. no. sc‑437285; 1:1,000; 
Santa‑Cruz Biotechnology, Inc., Dallas, TX, USA) guinea 
pig anti‑MOR (cat. no.  AB5509; 1:200; EMD Millipore), 
mouse anti‑neuronal‑specific nuclear protein (NeuN; cat. 
no. MAB377; 1:500; EMD Millipore), mouse anti‑glial fibril-
lary acidic protein (GFAP; cat. no. NE1015; 1:500; EMD 
Millipore) and mouse anti‑integrin α‑M (CD11b) antibody 
(OX‑42; cat. no.  CBL1512; 1:500; EMD Millipore). The 
sections were then washed three times with PBS (10 min 
each) and then incubated for 2 h at room temperature with 
the corresponding secondary antibody: Alexa 488‑conjugated 
donkey anti‑rabbit IgG (cat. no. R37118; 1:800; Molecular 
Probes; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
and Alexa 594‑conjugated donkey anti‑guinea pig IgG 
(cat. no. A‑11076; 1:200; Molecular Probes; Thermo Fisher 
Scientific, Inc.). Images were obtained under a confocal 
laser microscope (FV1000; Olympus Corporation, Tokyo, 
Japan), and digital pictures were captured with the Fluoview 
1000 imaging system (Olympus Corporation). A total of 12 
nonadjacent sections were randomly selected for scanning. 
The z‑separation was 4.6 µm under a x20 objective magnifica-
tion, and was 1.0 µm under a x60 objective magnification. For 
semiquantification, the fluorescent brightness value of immu-
noreactivities was detected on the same areas of the thoracic 
spinal dorsal horn using software (Fluoview; version 1.5.0.14; 
Olympus Corporation, Tokyo, Japan) under an Olympus IX‑70 
confocal microscope (Olympus Corporation).

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). Rat thoracic spinal cord samples 
were harvested as described above. RNA extraction was 
performed using TRIzol (Gibco; Thermo Fisher Scientific, 
Inc.), and oligo(dT) primer and SuperScript II reverse 
transcriptase (Invitrogen; Thermo Fisher Scientific, Inc.) 
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were used in cDNA RT. The mRNA expression levels of the 
pro‑inflammatory cytokines interleukin (IL)‑6, IL‑1β and 
tumor necrosis factor (TNF)‑α were assessed by RT‑qPCR. 
The protocol was performed according to a previous 
report (18): 3 min at 9˚C, followed by 45 cycles of 10 sec at 
95˚C for denaturation, and 45 sec at 60˚C for annealing and 
extension. All experiments were repeated twice, and PCR 
reactions were triplicate in each test. Target cDNA quantities 
were evaluated from the quantitation cycle number (Cq) (20) 
using Sequence Detection System software  (version 2.4.1; 
Applied Biosystems; Thermo Fisher Scientific, Inc.). Primer 
sequences are provided in Table  I. GAPDH served as an 
endogenous internal standard control.

Western blotting. Rats were sacrificed and T10‑T12 spinal cord 
sections were rapidly harvested and frozen on dry ice. Samples 
were quickly micro‑dissected and homogenized using a 
hand‑held pestle with ice‑cold SDS sample lysis buffer (Roche 
Diagnostics, Basel, Switzerland; 10 ml/mg tissue), containing 
a cocktail of proteinase inhibitors. The homogenates were 
centrifuged at 10,000 x g for 10 min at 4˚C. Subsequent to 
the protein concentration being measured using a bicincho-
ninic acid protein assay kit (cat. no. 23225; Pierce; Thermo 
Fisher Scientific, Inc.), the homegenates were heated at 100˚C 
for 5 min. Proteins (50 µg) were separated using SDS‑PAGE 
on a 10% gel with standard Laemmli solutions (Bio‑Rad 
Laboratories, Hercules, CA, USA) and subsequently transferred 
onto a polyvinylidene difluoride membrane (Immobilon‑P, 
EMD Millipore). The membranes were washed with 
Tris‑buffered saline with 0.02% Tween (TBST) and blocked 
with 5% non‑fat dry milk for 1 h at room temperature, and 
incubated overnight with gentle agitation with rabbit anti‑JNK 
(cat. no. sc‑7345; 1:1,000; Santa‑Cruz Biotechnology, Inc.) and 
anti‑β‑actin (cat. no. A0483; 1:1,000; Sigma‑Aldrich; Merck 
KGaA) primary antibodies. Subsequently, membranes were 
incubated overnight at 4˚C with a goat anti‑rabbit horseradish 
peroxidase‑conjugated secondary antibody (cat. no. RPN4301; 
1:10,000; GE Healthcare, Chicago, IL, USA). Between each of 
these steps, the membranes were rinsed with TBST. All reac-
tions were detected through the enhanced chemiluminescence 
(ECL) detection method (GE Healthcare). The densities of 
protein blots were analyzed using Labworks Software (version 
4.5; UVP, Inc., Upland CA, USA) and normalized against the 
values of β‑actin.

Statistical analysis. After the images were captured, the optical 
density of the same areas of the superficial dorsal horn (lamina 
I and II) of the five spinal sections were calculated. All data 
are presented as mean ± standard error and were analyzed by 
one‑way analysis of variance. Multiple comparisons between 
the groups were performed using the Student‑Newman‑Keuls 
method. All statistical analyses were performed using SPSS 
version 18.0 software (SPSS Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Upregulated HDAC2 expression is associated with suppressed 
MOR activity in the thoracic spinal dorsal horn after CP 
induction by TNBS. The rats were sacrificed at different time 

points to investigate the expression changes of HDAC2 and 
MOR. Double immunofluorescent staining was performed 
to reveal the association between HDAC2 and MOR in the 
thoracic spinal cord. Colocalization of HDAC2 and MOR were 
observed both in the control (Fig. 1A‑C) and TNBS‑treated 
(Fig.  1D‑H) groups. In the TNBS‑treated group, HDAC2 
expression levels were significantly elevated and persistent 
from 1 to 5 weeks. Suppressed MOR activity was simultane-
ously observed and maintained at a low level. Immunostaining 
density statistical analysis was used to confirm these changes 
(P<0.05 vs. control group; Fig. 2).

The cellular localization of HDAC2 in the thoracic spinal 
dorsal horn 5 weeks after CP induction was observed (Fig. 3). 
Double immunofluorescent staining of HDAC2 with the 
astrocytic specific marker GFAP (Fig. 3A‑C), the microglial 
marker OX42 (Fig. 3E‑G) and the neuronal marker NeuN 
(Fig.  3I‑K) was conducted. The results revealed a clear 
colocalization between HDAC2 and NeuN (Fig. 3 K and L); 
however, HDAC2 rarely colocalized with GFAP or OX42 
(Fig. 3D and H).

Intrathecal infusion of HDACi significantly attenuates 
CP‑induced mechanical allodynia. To assess whether upregu-
lated HDAC2 contributes to CP‑induced pain, AR‑42 was 
used to selectively suppress HDAC2, and thus investigate 
the nociceptive behavioral consequences and cellular and 
molecular alterations. The results demonstrated that AR‑42 
significantly attenuated mechanical allodynia (P<0.05 vs. 
TNBS; Fig. 4A). However, AR‑42 exerted no influence on the 
response frequency (RF) of sham controlled rats (P<0.05 vs. 
sham; Fig. 4A). Different stimulations on RFs were tested, and 
it was observed that RFs of rats were significantly reduced 
after AR‑42 treatment compared with non‑treated CP model 
rats (Fig. 4B). Furthermore, rats treated with only AR‑42 
did not exhibit differences in RF compared with sham rats. 
Therefore, AR‑42 may attenuate CP‑induced chronic pain 
without interfering with the basic pain behavior.

HDAC2 facilitates the release of the pro‑inflammatory 
cytokines IL1‑β, IL‑6 and TNF‑α. Our previous study demon-
strated that pro‑inflammatory cytokines such as IL‑1β IL‑6, 
and TNF‑α in the spinal dorsal horn increase the status of 

Table I. Primers sequence for the rat genes characterized in 
this experiment.

Gene	 Sequence

TNF‑α	 F: 5'‑TGATCGGTCCCAACAAGGA‑3'
	 R: 5'‑TGCTTGGTGGTTTGCTACGA‑3'
IL‑1β	 F: 5'‑TGCTGATGTACCAGTTGGGG‑3'
	 R: 5'‑CTCCATGAGCTTTGTACAAG‑3'
IL‑6 	 F: 5'‑GCCCTTCAGGAACAGCTATG‑3'
	 R: 5'‑CAGAATTGCCATTGCACAAC‑3
GAPDH 	 F: 5'‑CCCCCAATGTATCCGTTGTG‑3'
	 R: 5'‑TAGCCCAGGATGCCCTTTAGT‑3' 

F, forward; R, reverse; TNF‑α, tumor necrosis factor‑α; IL, interleukin.
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CP (18). Using RT‑qPCR, it was observed that the mRNA 
expression levels of these cytokines were significantly reduced 
by AR‑42 at 3 and 5 weeks in CP rats (P<0.05 vs. TNBS 
control; Fig. 5), though this effect was not completely reversed 
(P<0.05 vs. sham; Fig. 5). In addition, AR‑42 administration 
did not significantly affect the sham group (P<0.05 vs. sham 
control; Fig. 5). These data indicated that HDAC2 may promote 
the release of pro‑inflammatory mediators under chronic CP 
allodynia.

Effects of AR‑42 on JNK signaling pathways in CP allodynia. 
As MOR expression is mainly negatively regulated by the JNK 
signaling pathway (17), the present study selected to further 
detected the expression levels of this intracellular kinase. 
Western blotting data indicated that JNK has two subtypes, 
JNK1 and JNK2, and that the protein expression levels 
of both were significantly increased after TNBS infusion 
(P<0.05 vs. control; Fig. 6A and B). However, HDACi AR‑42 
administration reversed the overexpression of JNK1/2 in CP 

Figure 1. Immunofluorescent double staining for HDAC2 and MOR in the thoracic spinal dorsal horn of CP‑induced rats. Immunoreactivities of (A) HDAC2 
(green), (B) MOR (red) and (C) merge in the control group. Immunoreactivities of (D) HDAC2, (E) MOR and (F) merge in the CP group. (G) and (H) represent 
magnified images of the rectangles indicated in the above panels. White arrows indicate areas of merged overlap of HDAC2 and MOR. HDAC2, histone 
deacetylase 2; MOR, µ‑opiod receptor; CP, chronic pancreatitis.

Figure 2. Immunostaining density of HDAC2 and MOR. Data are expressed as the mean ± standard error. *P<0.05 vs. control. HDAC2, histone deacetylase 2; 
MOR, µ‑opiod receptor; TNBS, trinitrobenzene sulfonic acid; w, week.
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rats (P<0.05, vs. TNBS; Fig. 6A‑B), although the expression 
level remained higher than the control and sham groups. As 
presented in Fig. 6C, following a TNBS‑induced reduction in 
MOR immunostaining density, HDACi AR‑42 significantly 
rescued MOR activity in CP rats. No significant differences 
were observed between the control and sham group. In addi-
tion, no significant differences were observed on basic MOR 
expression levels following AR‑42 treatment (Fig. 6C). These 
results suggested that HDAC2 may suppress MOR activity via 
regulating JNK signaling pathways.

Discussion

The present study demonstrated that HDAC2 was upregulated 
and MOR activity was reduced in the spinal cord after CP 
induction, and HDAC2 was primarily upregulated in neurons 
rather than in glial cells in the spinal dorsal horn. As MOR 
is mainly expressed in neurons (16), it was hypothesized that 
the contrary expression between HDAC2 and MOR during 
CP might be involved in CP‑induced allodynia. In the present 
study, it was demonstrated that HDAC2 increased in the spinal 
dorsal horn after CP induction. This was also confirmed 
by immunostaining analysis. Furthermore, the molecular 
mechanisms underlying the inflammatory process in the CNS 
following CP induction were investigated. Intrathecal injec-
tion of AR‑42 significantly attenuated CP‑induced mechanical 
allodynia and pro‑inflammatory cytokine expression levels, 
following suppressed JNK expression and rescued MOR 
activity. Though these effects were not completely reversed, 
these results somewhat elucidated the underlying mechanisms 

supporting that HDAC2 serves important roles in suppressing 
MOR activity, thus inducing endogenous analgesia that is 
disrupted after CP induction.

In chronic pain, studies on HDACs and their inhibitors 
are only just beginning to emerge (21). HDACi have attracted 
increasing interest in recent years due to their potential 
usage in enhancing neuroplasticity and synaptic activity (22), 
and reducing neuronal damage (23,24) and neuroinflamma-
tion  (25). Previous studies have demonstrated that HDAC 
inhibitors can alleviate inflammatory pain and attenuate the 
development of hypersensitivity in models of neuropathic 
pain. Thus, HDACi could be a valid alternative to traditional 
therapeutic agents by eliminating the side effect of pain (9). 
However, a clear demonstration that selective interference 
with HDAC activity can affect CP‑induced chronic pain 
remains lacking. After the HDAC2 selective inhibitor AR‑42 
was intrathecally administrated, mechanical allodynia was 
significantly in TNBS treated rats, though not completely. 
In addition, it was confirmed that AR‑42 could attenuate 
CP‑induced chronic pain without interfering with basic pain 
behavior. This suggested the potential role of HDAC2 in CP 
chronic pain induction.

It has been reported that the overexpression of pro‑inflam-
matory cytokines during CP induction, such as TNF‑, IL‑1β 
and IL‑6 may promote the allodynia of CP rats (18,26), and 
these mediators may induce the activation of JNK and extra-
cellular signal‑regulated kinase (ERK) signaling pathways, 
which serve important roles in the maintenance of chronic 
pain. IL‑1β is the most important inflammatory mediator that 
causes pancreatic islet dysfunction and destruction, which 

Figure 3. Double immunostaining of the cellular location of HDAC2. (A) HDAC2 and (B) GFAP immunoreactivity, and (C) their merge; (D) represents a 
magnified image of the rectangles indicated in (C). (E) HDAC2 and (F) OX42 immunoreactivity, and (G) their merge; (H) represents a magnified image of 
the rectangles indicated in (G). (I) HDAC2 and (J) NeuN immunoreactivity, and (K) their merge; (L) represents a magnified image of the rectangles indicated 
in (K). White arrows indicate areas of merged overlap NeuN and HDAC2. GFAP, glial fibrillary acidic protein; NeuN, neuronal‑specific nuclear protein; OX42, 
integrin α‑M; HDAC2, histone deacetylase 2.
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may promote activation of JNK (27‑29); previous studies have 
also demonstrated positive effect of TNF‑α and IL‑6 on JNK 
activation (30‑32). MOR expression is mainly regulated by 
signaling pathways such as JNK (17). However, ERK exhibits 
no significantly effect on MOR expression (33,34). Further 
investigation into the JNK signaling pathway may help reveal 
the underlying mechanisms involved in CP pain induction. 
The results of the present study demonstrated that the mRNA 
expression levels of these cytokines were significantly reduced 
by AR‑42 at 3 and 5 weeks after CP induction, indicating that 
HDAC2 may promote the release of pro‑inflammatory media-
tors, maintaining CP allodynia. Though this effect was not 
completely reversed by AR‑42, no significant differences were 
induced by AR‑42 in the sham group. These data are consis-
tent with previous studies that HDACi possesses promising 
anti‑inflammatory activities (35,36).

Western blot analysis demonstrated that JNK expression 
levels were upregulated after CP induction, and that inhibition 
of HDAC2 with AR‑42 could significantly reverse JNK1/2 
overexpression. Nevertheless, MOR activity was significantly 
rescued by AR‑42 treatment. Furthermore, AR‑42 did not 
effect on basic MOR activity. Additionally, the cellular 

localization of HDAC2 was observed in the thoracic spinal 
dorsal horn, which primarily localized to the cell bodies of 
neurons and rarely on glial cells, indicating that neuroglia 
may not directly express HDAC2. These results indicated that 
HDAC2 may be important in regulating neuroactivity, and is 
involved in MOR deactivation, causing central sensitization 

Figure 5. Pro‑inflammatory cytokine levels in the spinal dorsal horn following 
AR‑42 treatment. mRNA expression levels of the inflammatory mediators 
(A) IL‑1β, (B) IL‑6 and (C) TNF‑α. GAPDH served as an internal refer-
ence gene control. Data are presented as the mean ± standard error. *P<0.05 
vs. sham and sham+HDACi groups, #P<0.05. IL, interleukin; TNF‑α, tumor 
necrosis factor‑α; TNBS, trinitrobenzene sulfonic acid; w, weeks; HDAC, 
histone deacetylase; i, inhibitor.

Figure 4. Effects of the HDAC inhibitor AR‑42 administration on mechan-
ical allodynia induced by TNBS. Response frequency in relation to (A) time 
and (B) filament strength. Data are presented as the mean ± standard error 
(n=6/group). *P<0.05 vs. TNBS group, #P<0.05 vs. sham and sham+HDACi 
groups. HDAC, histone deacetylase; i, inhibitor; TNBS, trinitrobenzene 
sulfonic acid.
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and persistent pain. The underlying mechanisms may facilitate 
the release of inflammatory cytokines, thus activating JNK 
signaling pathways, and finally suppressing MOR activity.

In conclusion, pain induced by CP can be as limiting as the 
disease itself (37), and requires medical treatment; however, 
treatment options are limited. Previous studies on humans 
and animal experimental models have implicated several 
mechanisms involved in pain, including neuroimmune altera-
tions (38,39). To the best of our knowledge, the present study 
investigated epigenetic regulation in CP‑induced allodynia 
for the first time, and observed increased HDAC2 activity 
in the spinal cord and behavioral allodynia after TNBS 
treatment. Therefore, HDAC2 may be facilitating the release 

of inflammatory cytokines, activating the JNK signaling 
pathway, and suppressing MOR activity, causing sensitization 
and pain induction. These results may facilitate the develop-
ment of novel therapeutics for patients suffering from CP pain. 
Further studies are required to establish drugs with maximum 
efficacy and fewer side effects.
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