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Objective. To investigate the relationship between pain behavior and potassium voltage-gated channel subfamily A member 2
(KCNA2) expression in dorsal root ganglia (DRGs) of rats with osteoarthritis (OA). Methods. Male Sprague-Dawley rats were
randomly divided into three groups: blank control group (group C), normal saline group (group S), and group OA. Paw
withdrawal mechanical threshold (PWMT) and paw withdrawal thermal latency (PWTL) were measured one day before injection
and one, two, four, and six weeks after injection. At one, two, four, and six weeks after injection, pathological knee joint changes
and activated transcription factor-3 (ATF-3) and KCNA2 expressions in DRGs were analyzed. Results. Compared with pre-
injection, PWMTand PWTL at two, four, and six weeks after injection were significantly decreased in the group OA (P< 0.05 or
0.01). Compared with group C, PWMTand PWTL at two, four, and six weeks after injection were significantly decreased in the
group OA (P< 0.05 or 0.01). In the group OA, slight local articular cartilage surface destruction was found at week one. /e
cartilage surface destruction gradually developed, and the exacerbation of cartilage matrix reduction and bone hyperplasia were
increasingly aggravated and eventually evolved into advanced OA in the second to sixth weeks. Compared with group C, ATF-3
expression was significantly increased, and KCNA2 expression was significantly decreased in the group OA at two, four, and six
weeks after injection (P< 0.05 or 0.01). Compared to baseline, ATF-3 expression was significantly increased, and KCNA2
expression was significantly decreased in the group OA (P< 0.05 or 0.01). Conclusion. Pain behavior in OA rats was associated
with decreased KCNA2 expression in DRGs.

1. Introduction

OA is a common disease in the aging population which
affects bones and motor system; its incidence rate in people
who are 65 years old and above is more than 50%, and its
prevalence rate in people who are 75 years old and above is
approximately 80% [1]. Pain is the most important symptom
of OA, and it is also the main cause that affects the human
health and causes disability [1, 2]. However, little is known
about the pathogenesis of OA pain, and thus, there is a lack
of targeted treatment and measures to control OA pain.
Nonsteroidal anti-inflammatory drugs [3, 4] and opioids
[5, 6] have a certain effect on relieving OA pain, but long-
term use of these drugs has great side effects, and they cannot

fundamentally reverse or delay the progression of the disease
[7–10]. Although surgery is effective in relieving pain in
patients with advanced OA, surgery itself can cause pain and
increase the financial burden on the patient. /erefore,
studying the pathogenesis of OA pain and exploring the
possible targets for prevention and treatment of OA pain
have a great research value and clinical significance.

Studies have shown that OA causes not only changes in
the local nerve distribution [11, 12] but also damage to the
DRGs [11, 13]. However, increased excitability of neurons in
DRGs caused by injury is an important mechanism of
chronic pain. /e results of some researches [14–16] have
confirmed that OA pain has similar characteristics as
neuropathic pain (NP), but whether the mechanism of OA
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pain is similar to that of NP remains unclear. Recent studies
have indicated that downregulation and dysfunction of
KCNA2 are one of the important pathogeneses of NP
[17, 18]. Furthermore, other researches have demonstrated
that changes in the expression and function of voltage-gated
sodium channel in DRGs are related to hyperalgesia in OA
pain [19, 20]. /erefore, we hypothesized that KCNA2 in
DRGs is related to changes in pain behavior in OA animal
models. /is paper aims to study the relationship between
pain behavior and KCNA2 expression in DRGs of rats with
OA and to provide a theoretical basis for further exploring
the pathogenesis of OA pain.

2. Materials and Methods

2.1. Animals andGrouping. As the decrease of estrogen is an
important pathogenesis of osteoarthritis, we choose male
rats in order to eliminate the interference of estrogen to
animal model. A total of 144 male Sprague-Dawley rats
(aged 7-8 weeks, weight 230−270 g) were acquired from
Guangdong Experimental Animal Center (qualified num-
ber: 44007200052028). /en, they were randomly equally
divided into the following three groups: blank control group
(group C), normal saline group (group S), and group OA.

2.2. Model Establishment. According to literatures [21–24]
and slightly modified techniques, intraperitoneal injection of
6% sodium pentobarbital was administered in rats (60mg/kg).
After sufficient anesthesia, fur on the left knee joint was shaved
off, disinfected bymedical iodine, and then deiodinated by 75%
ethanol. /e puncture needle was inserted into the joint cavity
through the lateral part of the infrapatellar ligament./e group
OA received intra-articular injection of 4% monosodium
iodoacetate (MIA) (Macklin Biochemical Technology Co.
Shanghai, China) 2mg (dissolved in 50μL normal saline)
[21–23], group S was injected with the same volume of normal
saline, and group C was only subjected to articular cavity
puncture without injection.

2.3. Observation Indicators

2.3.1. Pain Behavior. After preadapting for 30min, pain
behavior in rats was measured one day before intra-articular
injection and one, two, four, and six weeks after injection.
Based on references [17, 25, 26] and slightly altered, Aes-
thesio Von-Frey filaments (Ugo Basile, Gemonio, Italy) with
different folding forces (2, 4, 6, 8, 10, 15, 26, and 60 g) were
applied to stimulate the midpoint of the left paw. /e fil-
ament was applied for a period of ≤4 s, and the procedure
was repeated five times at 30 s intervals, and three or more
positive reaction fold forces were recorded as withdrawal
mechanical threshold (PWMT). According to some other
studies [17, 27, 28], the left paw of the rat was irradiated with
a laser heat source lamp of infrared thermal pain tester
(RWD, San Diego, USA) at a temperature of 55°C. /e time
from the start of irradiation to the foot-licking phenomenon
in the rat was recorded. A cut-off time of 60 s was used to
avoid tissue injury. /e irradiation was repeated three times

at 10min intervals, and the average value of three mea-
surements was considered as paw withdrawal thermal la-
tency (PWTL).

2.3.2. Knee Joint Histopathology. /e left knee joint tissue
was obtained after injection into the articular cavity at one,
two, four, and six weeks, fixed in 4% paraformaldehyde for
48 h, and then placed in a decalcified solution. /e fluid was
changed every three days, and the articular tissue was cut
into 8-μm-thick paraffin sections for use after two weeks.
/e above paraffin sections were dewaxed and hydrated for
further dyeing. Hematoxylin-Eosin staining (Biyuntian
Biotechnology Research Institute, China) was performed,
and it included the following steps: adding Hematoxylin
dyeing solution for 10min, 1% hydrochloric acid alcohol
differentiation after water wash for 5−10 s, and adding eosin
dyeing solution for 1−3min. Safranin O-Fast Green staining
(Beijing Baiao Laibo Technology Co., Ltd., China) was
performed, and it included the following steps: Hematoxylin
staining for 5min, hydrochloric acid alcohol differentiation
after water wash for 5−10 s, washing and then add
strengthening green solution for 3min, quick rinsing with
1% acetic acid for 10−15 s, and staining with Safranin O
solution for 2-3min. /e stained sections were dehydrated,
waxed, and sealed, and then they were observed under a
microscope.

2.3.3. Expression of ATF-3 in DRGs. /e animals were killed
at one, two, four, and six weeks after the intra-articular
injection: the rat’s thoracic cavity was cut open quickly, the
left ventricle was inserted, and the right atriumwas cut open,
and 4% paraformaldehyde was injected for fixation. /e
DRGs at L3-5 of the left lumbar vertebra of the rat were
obtained for frozen section. /e sections were rewarmed at
room temperature for 30min. /en, the sections were
blocked by the rupture solution containing 0.2% Triton
X-100 and 5% goat serum at room temperature for 2 h, and
the corresponding primary antibodies of rabbit-anti-rat
ATF-3 (GTX129120, 1 : 200, GeneTex, Radnor, USA) and
mouse anti-rat NeuN (GTX30773, 1 : 200, GeneTex, Radnor,
USA) were added dropwise at 4°C overnight. On the next
day, the sections were removed and rinsed, and the corre-
sponding fluorescent secondary antibodies of donkey anti-
rabbit (AB141637, 1 :1000, /ermo Fisher, Waltham, USA)
and goat-anti-mouse (ab150113, 1 :1000, Abcam, London,
UK) were added; they were incubated for 2 h at room
temperature and stained with Hoechst 33342 (Sigma, St.
Louis, USA) for 10min. On observation by confocal mi-
croscopy after the sections were sealed, the neurons were
green, ATF-3 were red, and image analysis was performed
using Image J software (NIH, MA, USA).

2.3.4. Expression of KCNA2 in DRGs. /e L3-5 DRGs tissue
on the left side of the rat was obtained at one, two, four, and
six weeks after articular cavity injection and stored in a
refrigerator at −80°C. All samples were cut to pieces, added
with tissue lysis fluid, fully homogenized on ice, and lysed.
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/en, they were centrifuged at 12,000 r/min for 30min at
4°C. /e supernatant was obtained, and the protein con-
centration was determined by the bicinchoninic acid assay
balanced. /en, it was denatured in boiling water and stored
in a refrigerator at −20°C for use. /e same amount of
protein samples was obtained for electrophoresis. /e
proteins were separated and transferred to a polyvinylidene
fluoride membrane, and it was blocked by 5% skim milk at
room temperature for 1 h. Rabbit-anti-rat KCNA2 poly-
clonal antibody (GTX54835, 1 :1000, GeneTex, Radnor,
USA) was added dropwise, incubated at 4°C overnight,
and rinsed after removal. /en, horseradish peroxidase-
conjugated goat-anti-rabbit secondary antibody (ZDR-5118,
1 :1000, Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing,
China) was added and incubated for 2 h at room temper-
ature. ECL Western Blotting Substrate kit (/ermo Fisher,
Waltham, USA) was used for color rendering, and analysis
was performed by Image J Software.

2.3.5. Statistical Analysis. All data were analyzed with
SPSS 20.0 statistical software package (SPSS Inc., IL,
USA) and presented as mean ± standard deviation (SD).
All data were graphed by Excel 2010 (Microsoft, MA,
USA). /e pain behavior data were analyzed by the re-
peated-measures analysis of variance (ANOVA). /e
comparison between groups of PWMT and PWTL was
performed respectively by the multiplex analysis and the
simple effect test, and intragroup comparison was per-
formed using the least-significant difference (LSD) test.
/e remaining data were analyzed by the one-way
ANOVA followed by the LSD test. P< 0.05 was consid-
ered statistically significant.

3. Results

3.1. Changes in Pain Behavior in the �ree Groups of Rats.
Compared with baseline, PWMT and PWTL were signifi-
cantly lower in the group OA (P< 0.05 or 0.01) at two, four,
and six weeks after intra-articular injection; PWMT and
PWTL were lowest at four weeks (P< 0.01). /ere was no
significant difference in PWMT and PWTL between four
and six weeks after OA model establishment (P> 0.05).
Compared with group C, at two, four, and six weeks, PWMT
and PWTL were significantly decreased in the group OA
(P< 0.05 or 0.01) (see Figure 1).

3.2. Histopathological Changes in the Knee Joints in the �ree
Groups of Rats. In group OA, the local cartilage surface was
incomplete and opaque, the proteoglycan in the cartilage
matrix was uniformly stained red, the subchondral cortical
bone and trabecular bone were uniformly stained green,
and the tidal line was clear at one week. At two weeks,
cartilage surface damage was aggravated. It was observed
that the cartilage matrix was reduced, the subchondral
cortical bone and trabecular bone were increased, and some
tidal lines were blurred. At four weeks, cartilage damage
was further aggravated, local bone was exposed, the joint
cavity was narrow, the cartilage matrix was reduced greatly,

the extent of subchondral cortical bone and trabecular bone
was further expanded than that at two weeks, and the tidal
line was unclear. At six weeks, the articular cartilage was
severely damaged, the exposed bone surface was aug-
mented, the cartilage matrix was extensively decreased, the
subchondral cortical bone and trabecular bone were en-
larged, and part of the bone was convex to the joint cavity.
In group C, the articular cartilage surface was intact and
smooth at one, two, four, and six weeks, with clear articular
chondrocytes and a visible tidal line and absence of
hyperosteogeny (Figure 2).

3.3. Expression of ATF-3 in DRGs in the�ree Groups of Rats.
In order to determine whether the DRGs of rats with OA
were involved, L3-5 DRGs on the same side as intra-articular
injection were collected for analysis of the ATF-3 expression.
/e results showed that the expression of ATF-3 in DRGs
was significantly increased at two, four, and six weeks after
the injection with MIA compared to before the injection
(P< 0.05 or 0.01), and compared with group C, the ex-
pression of ATF-3 in DRGs in the group OA was signifi-
cantly increased at two, four, and six weeks after the intra-
articular injection (P< 0.05 or 0.01) (Figure 3).

3.4. Expression ofKCNA2 inDRGs in the�reeGroups of Rats.
We further explored the expression of KCNA2 in DRGs./e
results indicate that the expression of KCNA2 was signifi-
cantly decreased at two, four, and six weeks after intra-ar-
ticular administrated with MIA than baseline (P< 0.05 or
0.01), and compared with group C, the expression of KCNA2
in DRGs in the group OA was significantly decreased at two,
four, and six weeks (P< 0.05 or 0.01) (Figure 4).

4. Discussion

OA is a common and frequently observed disease in the
clinic, and pain is the main reason that affects the life of
patients. However, the mechanism of OA pain is very
complicated, and little is known about this mechanism at
present, which results in certain difficulties in the prevention
and treatment of OA.

4.1. Scientific and Reasonable Establishment of AnimalModel.
Intra-articular injection of MIA into the unilateral knee joint
in rats destroyed the articular cartilage, the synovial
membrane, and ligament to some extent and changed the
original stability of the joint, thus leading to the development
of OA. /ese pathological changes are similar to those in
human OA. Because chronic deterioration of joints is as-
sociated with chronic pain behavior, this model can assess
the changes in pain in animal models. /e model has a short
modeling period, is stable and reliable, requires a simple
operation, and has a high success rate. /erefore, it is widely
used in OA research [24, 29, 30]. According to several
previous studies [11, 21–23, 31, 32], we selected the dose,
concentration, and volume of MIA. /is study showed that
pathological changes occurred in the knee joint of rats in the
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OA group within one week after intra-articular injection of
MIA, and the pathological changes after four weeks were
similar to those in advanced human OA. Furthermore, pain
behavioral changes of rats were apparent in group OA,
indicating that the OA model was successfully established.

4.2. Changes of Pain Behavior in OA Model Rats.
Fernihough et al. [24] reported that, compared with partial
medial meniscectomy, the pain behavioral changes in the
knee joint OA model constructed by intra-articular MIA
injection were more similar to those in OA patients. Fur-
thermore, another study provided evidence that both MIA
and meniscal transection models in rats are similar to those
of human knee OA, but inflammation may play a greater
role in the development of pain behavior in the meniscal
transection model [33]. Kim et al. [29] reported that,
compared with the saline group, the PWMT and PWTL in
the OA group were significantly decreased./e above results
suggest that the characteristic of OA pain is similar to that of
NP. Pain hypersensitivity and pain allergies are the two
prominent symptoms of NP./is study showed that PWMT
and PWTL of rats in the group OA were significantly de-
creased than those in group C after two weeks of intra-
articular injection of MIA, and they reached a peak at four
weeks after intra-articular injection, suggesting that OA pain
had similar characteristics to NP and that pain allergy and
hypersensitivity were involved in the pathogenesis of OA
pain.

4.3. �e Involvement of DRGs in Changes of Pain Behavior in
OA Rats. /e DRGs serve as a relay station for the pain
signal transmission process. When a peripheral nerve is
injured, the DRGs, as the first level neurons, receive the

incoming pain signal and transmit it to the dorsal horn of the
spinal cord and higher centers. Furthermore, Albayrak et al.
reported that pulsed radiofrequency therapy to DRG con-
tributes to reducing the degree of pain in patients with
persistent postsurgical pain after total knee arthroplasty [34].
/erefore, DRGs play an important role in the pathogenesis
of OA pain [13, 35]. Joint inflammation is a major clinical
problem and a main cause of debilitating chronic pain,
characterized by pronounced mechanical hyperalgesia and
persistent pain at rest [36]. Pain mechanisms require the
sensitization of primary sensory neurons, whose cell bodies
are located in DRG, and involve several media-tors that
trigger particular signal-transduction pathways. A great part
of these pathways imply the activation of transcription
factors, in which gene expression becomes altered. In par-
ticular pathological conditions, DRGs are actually respon-
sible for the synthesis of signaling molecules involved in
reaction cascades that can ultimately lead to phenomena like
survival or regeneration [37]. Activating transcription factor
3 (ATF-3) has been suggested as acting as an “adaptive
response” due to its ability to respond differently according
to the cellular context [38]. ATF-3, which shows low ex-
pression under normal conditions, increases rapidly when
the cells are stimulated by various pathophysiological pro-
cesses [39]. It is the earliest transcription factor that is
expressed during a cellular stress response, and its increased
expression often indicates tissue damage. Its inclusion in
anti- and proapoptosis mechanisms [40], cell survival [41],
regeneration [42], and neuroprotection [43] signaling events
has been reported. In a p-Akt-mediated survival pathway,
the ATF-3/c-Jun heterodimer has been suggested to pro-
mote nerve elongation and inhibit apoptosis in neurons
under death stress such as nerve injury [44]. Nowadays,
ATF-3 is mostly assumed as a neuronal injury marker, after
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its expression was found to be highly induced in several
models of neuropathic pain [45–47]./e results of our study
showed that ATF-3 expression was significantly increased in

DRGs of rats after two weeks of intra-articular injection with
MIA into the knee joint, thus indicating that the neurons
were damaged. However, data on ATF-3 expression in
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Figure 2: Pathological changes in the knee joints. (a) Hematoxylin-Eosin (HE) staining. (b) Safranin O-Fast Green staining. In group C, the
articular cartilage surface was smooth and there was no crack formation, the cells were normal and arranged regularly, the tidal line was
clear, and there was no bone hyperplasia. In the groupOA, with the development of the OA, the destruction of cartilage surface is aggravated
and even bone exposure occurred, the increasing exacerbation of cartilage matrix reduction and bone hyperplasia was apparent, the tidal line
gradually blurred, and pathological changes showed typical advanced OA manifestations at four to six weeks.

Pain Research and Management 5



1 week 4 weeks2 weeks 6 weeks

Group C

Neu N

Neu N

Neu N

ATF-3

ATF-3

Group S

Merge

Merge

ATF-3

Merge

Group OA

(a)

Figure 3: Continued.

6 Pain Research and Management



0

5

10

15

IO
D

 o
f A

TF
-3

 st
ai

ni
ng

Group C Group S

1 week

Group OA

2 weeks

0

5

10

15

IO
D

 o
f A

TF
-3

 st
ai

ni
ng

Group S Group OAGroup C

∗

4 weeks

Group S Group OAGroup C
0

5

10

15

20

IO
D

 o
f A

TF
-3

 st
ai

ni
ng

∗∗

6 weeks

Group S Group OAGroup C
0

5

10

15

20

IO
D

 o
f A

TF
-3

 st
ai

ni
ng ∗∗

(b)

Figure 3: Comparison of ATF-3 expression in the three groups of rats at each time point. (a) Double immunofluorescence staining of ATF-3
in the DRGs. (b) Analysis of integrated optical density (IOD) of ATF-3. Each symbol represents mean± SD (standard deviation), n� 4 per
group; ∗P< 0.05, ∗∗P< 0.01 vs. group C. One-way ANOVA and LSD test.
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primary afferents in different models of inflammatory pain
have not always been consistent [48–50]. For example,
intraplantar injection of complete Freund’s adjuvant (CFA)
did not induce any ATF-3 expression, suggesting there is no
neuronal damage associated [48, 49]. Interestingly, in the
collagen-induced arthritis and monoiodoacetate-induced
osteoarthritis joint painmodels, ATF-3 was also expressed in
DRG neurons [51, 52], suggesting some degree of neuronal
damage is occurring. Taking into account these controversial
data and the sparse information available on the role of ATF-
3 in pain processing, its expression was shown to be either
increased or decreased depending on the neuronal pop-
ulations, indicating ATF-3-expressing cells’ size distribution
and colocalization with isolectin B4 (IB4) or calcitonin gene-
related peptide (CGRP) [50].

4.4. �e Relationship between the Expression of KCNA2 in
DRG Neurons and Pain Behavior in OA Model Animals.
Injury to the neurons in DRGs may cause changes in the
expression or function of ion channels on the membrane
[17, 20]./e Kv channel is one of the important ion channels
that play important roles in maintaining the resting
membrane potential and action potential repolarization, and
it is closely related to the excitability of neurons. /e Kv
channel is a tetramer composed of the α subunit superfamily
and the β auxiliary subunit. Kv channels can be divided into
12 subfamilies according to the α subunit, 1−12, where, in
the α subunit, Kv1.2 (KCNA2) of the Kv1 subfamily is highly
expressed in DRGs [53, 54]. Decreased expression of
KCNA2 in DRGs contributes to hyperalgesia in NP and
increases the expression of KCNA2 to attenuate the
symptoms of NP [17]. Recently, Zhao et al. [18] demon-
strated that, in the chronic pain rat model created by spinal
nerve ligation, the expression of KCNA2 in DRGs was
significantly decreased, and the Kv current was decreased,
which caused abnormal excitation and discharge of neurons
and led to peripheral sensitization of pain. /e results of our
study showed that the expression of KCNA2 in DRGs of rats
in the group OA was decreased compared with that of rats in
group C since two weeks after MIA injection, and the dif-
ference was most significant at four to six weeks. Since the
changes in pain behavior were basically consistent with the
trend of KCNA2, we believe that the pain behavior of OA
rats was related to the decrease in KCNA2 expression in
DRGs. However, this study did not further study the changes
of pain behavior in OA model rats after reversing the
downregulation of KCNA2 expression in DRGs. In addition,
there are many potential mechanisms that cause the change
of KCNA2 expression in DRG neurons in other chronic pain
animal models [18, 55, 56], and this is not clear in OAmodel
animals. However, we have not carried out further research
in this field. In the future, we will conduct more in-depth
research on the previously mentioned issues.

5. Summary

In conclusion, this study confirmed that the nature of OA
pain is similar to that of NP and demonstrated the

occurrence and development of OA pain are associated with
the decreased expression of KCNA2 in DRG neurons.
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