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INTRODUCTION
Lumbar spinal stenosis (LSS) is a condition in which the 
neurovascular structures are compressed by anatomic 
narrowing of the spinal canal or foramen mainly due to 

degenerative changes [1]. The compression of these struc-
tures compromises nerve or vascular function, resulting 
in substantial pain and functional impairment [1]. The 
incidence of LSS among older adults is estimated at 47%, 
and the condition is detrimental to the quality of life [2]. 
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Background: We aimed to investigate the effect of epidural polydeoxyribonucleotide 
(PDRN) on mechanical allodynia and motor dysfunction in a rat model of lumbar fo-
raminal stenosis (LFS).
Methods: This study was conducted in two stages, using male Sprague-Dawley rats. 
The rats were randomly divided into eight groups. In the first stage, the groups were 
as follows: vehicle (V), sham (S), and epidural PDRN at 5 (P5), 8 (P8), and 10 (P10) 
mg/kg; and in the second stage, they were as follows: intraperitoneal PDRN 8 mg/
kg, epidural 3,7-dimethyl-1-propargilxanthine (DMPX) (0.1 mg/kg), and DMPX (0.1 
mg/kg). The LFS model was established, except for the S group. After an epidural 
injection of the test solutions, von Frey and treadmill tests were conducted for 3 
weeks. Subsequently, histopathologic examinations were conducted in the V, S, P5, 
and P10 groups.
Results: A total of 65 rats were included. The P8 and P10 groups showed signifi-
cant recovery from mechanical allodynia and motor dysfunction at all time points 
after drug administration compared to the V group. These effects were abolished by 
concomitant administration of DMPX. On histopathological examination, no epineu-
rial inflammation or fibrosis was observed in the epidural PDRN groups.
Conclusions: Epidural injection of PDRN significantly improves mechanical allo-
dynia and motor dysfunction in a rat model of LFS, which is mediated by the spinal 
adenosine A2A receptor. The present data support the need for further research to 
determine the role of epidural PDRN in spinal stenosis treatment.

Key Words: Chronic Pain; Constriction, Pathologic; Fibrosis; Hyperalgesia; Inflamma-
tion; Injections, Epidural; Low Back Pain; Polydeoxyribonucleotides; Radiculopathy; 
Receptor, Adenosine A2A; Spinal Stenosis.
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In addition, LSS is the most common indication for spinal 
surgery in people aged > 65 years [3]. As the population 
ages, the prevalence of LSS is expected to increase, creat-
ing a significant social burden. 

Although the underlying mechanism of LSS remains to 
be elucidated, it is currently accepted that nerve root isch-
emia and venous stasis are possible explanations [4]. Nerve 
root ischemia caused by microvasculature compression 
has been reported to be associated with pain, paresthesia, 
and motor weakness [5]. The impaired oxygenation and 
accumulation of metabolites caused by venous pooling 
at the cauda equina have also been associated with the 
symptoms of LSS [6]. In addition, neuroinflammation, in-
cluding macrophage activation in the lumbar dorsal root 
ganglion (DRG) and microglia, and/or astrocyte activation 
in the spinal cord, has been reported as a contributor to 
chronic radicular pain [7]. A recent study has shown that 
patients with chronic lumbar radiculopathy exhibited el-
evated levels of neuroinflammation markers in both the 
neuroforamina and spinal cord [7]. Another recent study 
has shown increased inflammatory activity in the spinal 
cord and compressed nerve roots in patients with lumbar 
radiculopathy [8].

Polydeoxyribonucleotide (PDRN) is a deoxyribonucleo-
tide compound extracted from the deoxyribonucleic acid 
of salmon sperm [9]. It has been reported to have anti-
inf lammatory, anti-ischemic, and tissue regeneration 
effects via the adenosine A2A receptor [9]. Considering the 
aforementioned mechanisms of LSS, a therapeutic ef-
fect of the epidural PDRN injection in patients with LSS 
was suspected. However, to our knowledge, there have 
been no studies on the effect of epidural PDRN, except for 
a few case reports [10,11]. This indicates that a preclini-
cal study of the effect of PDRN on LSS is required prior to 
undertaking clinical research. In the present study, we 
hypothesized that the epidural injection of PDRN would 
improve mechanical allodynia and motor dysfunction in 
a rat model of lumbar foraminal stenosis (LFS). To test this 

hypothesis, we conducted von Frey and treadmill tests to 
evaluate the effect of epidural PDRN. 

MATERIALS AND METHODS
All experimental protocols were reviewed and approved by 
the Institutional Animal Care and Use Committee of Seoul 
National University Bundang Hospital, Korea (IACUC No.: 
54-2017-059), and the manuscript was prepared in accor-
dance with the ARRIVE (Animal Research: Reporting In 
Vivo Experiments) guidelines [12].

This study involved 80 adult male Sprague-Dawley rats 
weighing 200-250 g. The rats were housed in clear plastic 
cages with free access to water and food under 12-hr light-
dark cycles. Room temperature was maintained at 23°C-
26°C with 40%-60% humidity. 

This study consisted of two stages. In the first stage, we 
investigated the effects of epidural PDRN in three differ-
ent doses on mechanical allodynia and motor dysfunc-
tion compared to epidural saline. The rats were randomly 
assigned to one of four groups before the establishment 
of the stenosis model: the vehicle group (V group), sham 
group (S group), epidural PDRN 5 mg/kg group (P5 group), 
epidural PDRN 8 mg/kg group (P8 group), and epidural 
PDRN 10 mg/kg group (P10 group) (Table 1). In the second 
stage, we investigated whether adenosine A2A receptor 
mediated PDRN activity using the selective A2A receptor 
antagonist, 3,7-dimethyl-1-propargilxanthine (DMPX). We 
also investigated the effects of PDRN according to the ad-
ministration method (systemic vs. epidural). The rats were 
randomly assigned to one of the following three additional 
groups before the establishment of the stenosis model: the 
intraperitoneal PDRN 8 mg/kg group (IP group), epidural 
DMPX 0.1 mg/kg group (DMPX group), and epidural PDRN 
8 mg/kg + epidural DMPX 0.1 mg/kg group (PDDM group) 
(Table 1). 

The sample size at each stage was calculated differently. 

Table 1. Drugs, dosage, administration route, presence of spinal stenosis model and presence of epidural catheter per group

Group Drug Route of administration Dose (mg/kg) Foraminal stenosis model Epidural catheter

V Saline Epidural N/A + +
S Saline Epidural N/A – +
P5 PDRN Epidural 5 + +
P8 PDRN Epidural 8 + +
P10 PDRN Epidural 10 + +
IP PDRN Intraperitoneal 8 + +
DMPX DMPX Epidural 0.1 + +
PDDM PDRN + DMPX Epidural PDRN 8, DMPX 0.1 + +

PDRN: polydeoxyribonucleotide, V: vehicle, S: sham, P5: epidural PDRN 5 mg/kg, P8: epidural PDRN 8 mg/kg, P10: epidural PDRN 10 mg/kg, IP: intra-
peritoneal PDRN 8 mg/kg, DMPX: 3,7-dimethyl-1-propargylxanthine, PDDM: epidural PDRN 8 mg/kg + epidural DMPX 0.1 mg/kg, N/A: not applicable, +: 
present, –: absent.
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The sample size per group (n = 10) in the first stage of the 
study was determined based on previous animal studies 
investigating lumbar stenosis [13-15]. The sample size per 
group (n = 5) in the second stage of the study was calcu-
lated based on the “resource equation” method [16], which 
is a useful method when it is not possible to assume the ef-
fect size and standard deviation. In this stage, we planned 
to use the minimum number of rats since the purpose of 
this stage was to investigate the antagonistic effect of epi-
dural DMPX on epidural PDRN, not the effect of epidural 
PDRN. The number of rats required per group was calcu-
lated as a minimum of five. Considering a 20% dropout 
rate, we aimed to use a total of 80 rats.

1. Randomization and blinding

In the first stage, rats were randomly assigned to the five 
groups (V, S, P5, P8, and P10 groups) in a 1:1 allocation 
ratio. In the second stage, rats were randomly assigned to 
the three groups (IP, PDDM, and DMPX groups) in a 1:1 
allocation ratio. Simple randomization was performed us-
ing R software (version 3.5.1; R Foundation for Statistical 
Computing, Vienna, Austria) by a physician that was not 
involved in the study.

The researcher (M.H.P.) who implemented the opera-
tion, epidural catheterization, and drug administration 
was aware of the group allocation. The researcher (H.J.L.) 
who evaluated the behavioral tests was blinded to the 
group assignment. Histopathologic examinations were 
also performed by the researcher (G.Y.C.) blinded to the 
group assignment and other relevant data.

2. Establishment of the LFS model

We used the LFS model as previously described with some 
modifications [17]. The surgical procedure was performed 
aseptically under general anesthesia with 3% isoflurane 
and oxygen. After a midline incision, the neural foramen 
of the left L5 was exposed and a 3-mm-long, 0.6-0.8 mm-
wide stainless steel rod was introduced into the left L5 
foramen and placed on the left L5 DRG. As a control, an 
incision up to the neural foramen of the left L5 was also 
made, but there was no rod insertion. After establishing 
the stenosis model, the T13-L1 intervertebral space was 
catheterized according to a pre-established procedure [18]. 
A polyethylene tube (PE-10; Natsume Seisakusho Co., Ltd., 
Tokyo, Japan) was introduced into the epidural space and 
progressively moved 3 cm in the caudal direction such that 
its tip was between L5 and L6. The epidural catheter was 
fixed at the entry site using α-cyanoacrylate (Aron-Alpha®; 
Toagosei, Tokyo, Japan), following which the surgical inci-
sion was sutured. Among the rats on which the epidural 

catheterization was performed, cases were excluded if 
blood or cerebrospinal fluid had been aspirated from the 
epidural tube or if the rats showed postoperative neuro-
logical deficits. 

In addition, 0.15 mL of 2% lidocaine was injected 
through the epidural catheter after recovery from anesthe-
sia to confirm correct catheter positioning. Confirmation 
occurred when the rat had hindlimb paralysis, but normal 
forelimb motor power. When lidocaine was mistakenly 
injected into the theca or vessels, the animal experienced 
sudden respiratory arrest with or without cardiac arrest; 
these cases were excluded from the study.

3. Administration of drugs

All groups of rats were injected with the drugs into the 
epidural space or peritoneal cavity 3 days after the opera-
tion (Table 1). In the epidural PDRN groups, PDRN (15 mg/
mL; Pharma Research Co., Seongnam, Korea) was injected 
through an epidural catheter. In the V and S groups, 160 
µL of 0.9% normal saline was infused through the epi-
dural catheter. In the PDDM group, 8 mg/kg PDRN was 
injected through an epidural catheter, followed by 0.1 
mg/kg DMPX. Since no previous study has investigated 
the epidural administration of these drugs, the dose ratio 
between both drugs was based on the dose ratio of their 
intraperitoneal administration in a previous study [19]. 
In the DMPX group, 0.1 mg/kg DMPX (DMPX 15 mg/mL; 
Sigma-Aldrich, Milano, Italy) was injected through an 
epidural catheter. DMPX was administered at a concentra-
tion of 0.9 mg/mL dissolved in 0.9% saline. All drugs were 
slowly injected through the epidural catheter over 30 sec-
onds, followed by 10 µL of saline flush. In the peritoneal 
PDRN group, PDRN (8 mg/kg) was injected into the perito-
neal cavity.

4. Behavioral tests

The von Frey and treadmill tests were conducted to in-
vestigate the effect of epidural PDRN on mechanical al-
lodynia and motor dysfunction, respectively [20-22]. All 
behavioral tests were conducted with one investigator 
blinded to group assignment. All animals underwent the 
two behavioral tests for 3 and 2 consecutive days before 
and after the operation, respectively. Rats with allodynia 
in the preoperative von Frey test were excluded from the 
study.

To quantify mechanical allodynia, the rats were individ-
ually placed in plastic cages with wire mesh bottoms. After 
20 minutes of acclimation, von Frey filaments (Stoelting 
Co., Wood Dale, IL) with logarithmically incrementally 
increasing stiffness of 0.41, 0.70, 1.20, 2.00, 3.63, 5.50, 8.50, 
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and 15.10 g were applied to the mid-plantar surface of the 
hind paw for approximately 6-8 seconds, with a 5 seconds 
interval between each stimulus. An up-down statisti-
cal method was used to assess the mechanical threshold 
[20,21]. The differences in the withdrawal thresholds of 
the operated side (Mi) and contralateral side (Mc) were 
expressed as the percentile of Mc, by the formula (Mi–Mc)/
Mc × 100 [13]. Negative percentile values indicated allo-
dynia. We did not predetermine the cut-off value of posi-
tive and negative percentile in the up-down method. The 
von Frey test was performed 3, 7, 14, and 21 days after the 
epidural injection of the test solutions. 

To evaluate motor dysfunction, we measured the con-
tinuous running duration using a treadmill test (Dual 
treadmill, DJ344; Daejong, Seoul, Korea). The rats were 
given 10 minutes to adjust to the treadmill. Subsequently, 
the treadmill speed was increased by 5 m/min every 3 
minutes, starting at a minimum speed of 10 m/min at the 
beginning of the assessment [23]. If the rat temporarily fell 
from the treadmill and then returned, the test was contin-
ued. If the rat fell and did not return to the treadmill, the 
test was completed, and the running duration (seconds) 
up to this point was recorded. The treadmill test was per-
formed 7, 14, and 21 days after epidural injection of the test 
solutions.

5. Histopathologic examination

All rats were euthenized after anesthesia with 3% isoflu-
rane 3 days after the completion of the behavioral tests, 
which was on day 24 after the epidural injection of the test 
solutions. The animals were then transcardially perfused 
with saline and 4% paraformaldehyde in 0.1 M phosphate. 
Subsequently, the vertebral column from L4-L6, including 
the DRG, nerve root, and spinal nerve of L5 was cropped 
en bloc and post-fixed, for 48 hours, in a 10% buffered for-
malin. After decalcification of the sample with 10% w/v 
ethylene diamine tetraacetic acid, the stenotic DRG lesions 
induced by the steel rod and the opposite DRG were isolat-
ed. In this process, objects whose rods were not placed in 
the left L5 DRG were excluded from the analysis. The tissue 
containing the left L5 DRG lesion was embedded in a par-
affin block, which was cut into 4-μm sections and stained 
with hematoxylin and eosin.

Histopathologic examinations focused on epineurial in-
flammation, fibrosis, and central and segmental chroma-
tolysis around the left L5 DRG and were performed on rats 
in the V, S, P5, and P10 groups. The degrees of inflamma-
tion and fibrosis were evaluated employing the methods 
used in our previous studies (epineurial inflammation, 
grade 0: absence, grade 1: one focus of at least five mono-
nuclear inflammatory cell, grade 2: more than one focus 

of grade 1 or at least one focus of 5-20 mononuclear in-
flammatory cells, grade 3: multiple confluent foci of grade 
2, grade 4: diffuse and dense inflammation; Epineurial 
fibrosis, grade 0: absence, grade 1: loose and focal [< 50%] 
fibrosis, grade 2: loose and diffuse [> 50%] fibrosis, grade 3: 
dense and focal fibrosis, grade 4: dense and diffuse fibro-
sis) by a single pathologist blinded to group assignment 
and other relevant data [13,14].

6. Statistical analysis

The preoperative values (before) and pre-drug postopera-
tive values (baseline) of the behavioral tests were calcu-
lated as the average value of the results obtained over 3 
and 2 consecutive days, respectively. In the first stage of 
the behavioral tests, intergroup comparisons during the 
study period were made using the Kruskal–Wallis test (V 
group vs. P5 group vs. P8 group vs. P10 group). In the sec-
ond stage of the behavioral tests, intergroup comparisons 
were also made using the Kruskal–Wallis test (P8 group 
vs. DMPX group vs. PDDM group) or the Wilcoxon rank-
sum test (P8 group vs. IP group). If there was a significant 
difference in the Kruskal–Wallis test, the Dunn’s test was 
applied as a post-hoc comparison between the groups [24]. 
The Wilcoxon signed-rank test was used to compare post-
drug values with baseline values within the same group. 

The rates of epineurial inflammation and fibrosis, and 
central and segmental chromatolysis were compared be-
tween the V group and the P5 and P10 groups, respectively, 
using the Fisher exact test with the Bonferroni correction 
to adjust for an increase in type I errors due to multiple 
comparisons (P < 0.05/2 = 0.025). Epineurial inflammation 
or fibrosis were defined as grade 2 or higher. The S group 
was excluded from all analyses to reduce the likelihood of 
type I errors in multiple comparisons.

All statistical analyses were performed using R software. 
Findings were considered statistically significant at P < 
0.05.

RESULTS
Fig. 1 presents the flow chart of the study. Five rats were 
excluded due to abnormal findings on the preoperative 
von Frey test. Ten rats died and were excluded after an 
epidural injection of lidocaine. Four rats were excluded 
because the stainless-steel rods were not placed in the 
peri L5-DRG area (P5, n = 1; P8, n = 1; P10, n = 2). One rat in 
group S died during the sham operation and was excluded. 
A total of 60 rats were included in the final analysis. All rats 
exhibited normal gait and normal feeding within 1 hour 
after surgery and regular weight gain patterns during the 
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study period. 

1. Mechanical withdrawal threshold

In the first group, the mechanical threshold decreased 
after surgery in all rats except the S group (Fig. 2A). The 
degree of the mechanical threshold was not significantly 
different between the groups before drug administration. 
The Kruskal–Wallis test showed significant differences ex-
cept in the before and baseline values between the groups, 
but not in the S group (before, P = 1.000; baseline, P = 0.888; 
3 days, P < 0.001; 7 days, P < 0.001; 14 days, P < 0.001; 21 
days, P < 0.001). In the post-hoc analyses, the P8 and P10 
groups showed significant differences 3, 7, 14, and 21 days 
after drug administration compared to the V group. There 
was no significant difference among the groups P5, P8, 
and P10 across follow-up points after drug administration. 
Within the same group, P5, P8, and P10 showed significant 
differences 3, 7, 14, and 21 days after drug administration 
compared to the baseline values (P5: P = 0.020, 0.012, 0.004, 
0.004, P8: P = 0.004, 0.004, 0.004, 0.004, P10: P = 0.016, 0.016, 
0.008, 0.008, respectively). 

In the second stage, the Kruskal–Wallis test showed 

statistically significant differences among the P8, DMPX, 
and PDDM groups (before, P = 1.000; baseline, P = 0.071; 3 
days, P = 0.008; 7 days, P = 0.007; 14 days, P = 0.002; 21 days, 
P = 0.003) (Fig. 2B). In the post-hoc analyses, P8 showed 
significant differences compared to the DMPX and PDDM 
groups 3, 7, 14, and 21 days after drug administration. 
There were statistically significant differences except in 
the before, baseline, and day 3 values between the P8 and 
IP groups (before, P = 1.000; baseline, P = 0.472; 3 days, P 
= 0.178; 7 days, P = 0.044; 14 days, P = 0.016; 21 days, P = 
0.024).

2. Motor function test

In the first stage, motor function decreased after surgery 
in all rats except those in the S group (Fig. 3A). Sham sur-
gery caused no significant reduction in motor function 
compared to the pre-surgical values. The Kruskal–Wallis 
test showed significant differences except in the before 
and baseline values among all the groups except for the 
S group (before, P = 0.695; baseline, P = 0.643; 7 days, P = 
0.003; 14 days, P < 0.001; 21 days, P < 0.001). In the post-
hoc analyses, the P8 and P10 groups showed significant 

80 rats

Preoperative behavioral tests
(Day 0, 1, 2)

10 rats
(S)

Excluded (n = 5)
Abnormal findings
on the von Frey test

Excluded (n = 10)
Died after an epidural
injection of lidocaine

Baseline behavioral tests
(Day 4, 5)

Drug administration
(Day 6)

Sacrifice
(Day 30)

Histopatholoic examination

Excluded (n = 4)
Failed to confirmation
of steel rods in the
peri L5-DRG

75 rats

Establishment of the LFS model
(Day 3)

Excluded (n = 1)
Died during sham
operation

Sham operation
(Day 3)

5 rats
(DMPX)

5 rats
(PDDM)

5 rats
(IP)

9 rats
(S)

10 rats
(V)

10 rats
(P5)

10 rats
(P8)

10 rats
(P10)

55 rats

Follow-up behavioral tests
Von Frey test (Day 9, 13, 20, 27)
Treadmill test (Day 13, 20, 27)

Fig. 1. Timeline of the experimental 
protocol. S: sham, V: vehicle, P5: epidural 
polydeoxyribonucleotide (PDRN) 5 mg/
kg, P8: epidural PDRN 8 mg/kg, P10: 
epidural PDRN 10 mg/kg, IP: intraperito-
neal PDRN 8 mg/kg, DMPX: 3,7-dimethyl-
1-propargylxanthine, PDDM: epidural 
PDRN 8 mg/kg + epidural DMPX 0.1 mg/
kg, LFS: lumbar foraminal stenosis, DRG: 
dorsal root ganglion.
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differences on days 7, 14, and 21 after drug administration 
compared to the V group. However, there was no signifi-
cant difference among the P5, P8, and P10 groups at any 
follow-up point after drug administration. Within the 
same group, the P5, P8, and P10 groups showed significant 

differences 7, 14, and 21 days after drug administration 
compared to baseline values (P5: P = 0.004, 0.004, 0.004, 
P8: P = 0.004, 0.004, 0.004, P10: P = 0.008, 0.008, and 0.008, 
respectively). 

In the second stage, the Kruskal–Wallis test showed 
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were calculated as the average value of the results obtained over 3 and 2 consecutive days, respectively. P5: epidural polydeoxyribonucleotide (PDRN) 5 
mg/kg, P8: epidural PDRN 8 mg/kg, P10: epidural PDRN 10 mg/kg, IP: intraperitoneal PDRN 8 mg/kg, DMPX: epidural 3,7-dimethyl-1-propargilxanthine 
(DMPX) 0.1 mg/kg, PDDM: epidural PDRN 8 mg/kg + epidural DMPX 0.1 mg/kg. aSignificant at P < 0.05, compared to the baseline within the same 
group. bSignificant at P < 0.05, compared to the DMPX group. cSignificant at P < 0.05, compared to the PDDM group. dSignificant at P < 0.05, compared 
to the IP group.



400

https://doi.org/10.3344/kjp.2021.34.4.394Korean J Pain 2021;34(4):394-404

Lee, et al

significant differences except in the before and baseline 
values between the P8, DMPX, and PDDM groups (before: 
P = 0.147, baseline: P = 0.788, 7 days: P = 0.001, 14 days: P = 
0.001, 21 days: P = 0.001) (Fig. 3B). In the post-hoc analyses, 
P8 showed significant difference compared to the DMPX 
and PDDM groups 7, 14, and 21 days after drug administra-
tion. There were statistically significant differences except 
for the before, baseline, and day 3 group values between 
the P8 and IP groups (before, P = 0.896; baseline, P = 0.896; 
7 days, P > 0.999; 14 days, P = 0.025; 21 days, P = 0.020).

Tables 2–4 and Fig. 4 and 5 presents histopathologi-
cal examination findings. The proportion of epineurial 
inflammation was significantly lower in the P5 and P10 
groups than in the V group (P = 0.001 and < 0.001 respec-

tively, Table 2). The proportion of epineurial fibrosis was 
also significantly lower in the P5 and P10 groups than in 
the V group (P = 0.001 and < 0.001 respectively, Table 3). 
However, the proportion of central and segmental chro-
matolysis did not show significant differences between the 
groups (Table 4).

DISCUSSION
To the best of our knowledge, this study is the first to in-
vestigate the effect of epidural PDRN on mechanical al-
lodynia and motor dysfunction induced by LFS. In this 
study, epidural injection of PDRN significantly improved 
mechanical allodynia and motor dysfunction in a rat mod-
el of LFS. The present study also demonstrated that these 
effects are mediated by the spinal adenosine A2A receptor. 
This evidence suggests potential therapeutic effects of 
PDRN in the treatment of spinal stenosis. 

The adenosine A2A receptor, the specific target of PDRN, 
modulates inflammation and ischemia, oxygen consump-
tion, cell growth, and angiogenesis [9]. In the present 
study, the effects of epidural PDRN were negated by the 
concomitant administration of DMPX, a selective adenos-
ine A2A receptor antagonist, suggesting that the effects of 

Table 2. Histologic evaluation of epineurial inflammation in dorsal root ganglion 

Group Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Vehicle (n = 10) 1 (10.0) 1 (10.0) 0 4 (40.0) 4 (40.0)
Sham (n = 9) 8 (88.9) 1 (11.1) 0 0 0
Epidural PDRN 5 mg/kg (n = 9)a 7 (77.8) 2 (22.2) 0 0 0
Epidural PDRN 10 mg/kg (n = 8)a 7 (87.5) 1 (12.5) 0 0 0

The values are presented as the number of animals (%). 
Epineurial inflammation, grade 0: absence, grade 1: one focus of at least five mononuclear inflammatory cell, grade 2: more than one focus of grade 1 
or at least one focus of 5-20 mononuclear inflammatory cells, grade 3: multiple confluent foci of grade 2, grade 4: diffuse and dense inflammation. 
PDRN: polydeoxyribonucleotide.
Statistical significance corrected for the secondary outcomes by the Bonferroni-correction to adjust for increased type I error by multiple comparisons (P 
< 0.05/2 = 0.025). aP < 0.025 compared to the vehicle group. 

Table 3. Histologic evaluation of epineurial fibrosis in dorsal root ganglion 

Group Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Vehicle (n = 10) 1 (10.0) 1 (10.0) 0 6 (60.0) 2 (20.0)
Sham (n = 9) 9 (100.0) 0 0 0 0
Epidural PDRN 5 mg/kg (n = 9)a 8 (88.9) 1 (11.1) 0 0 0
Epidural PDRN 10 mg/kg (n = 8)a 8 (100.0) 0 0 0 0

The values are presented as the number of animals (%). 
Epineurial fibrosis, grade 0: absence, grade 1: loose and focal (< 50%) fibrosis, grade 2: loose and diffuse (> 50%) fibrosis, grade 3: dense and focal 
fibrosis, grade 4: dense and diffuse fibrosis. 
PDRN: polydeoxyribonucleotide.
Statistical significance corrected for the secondary outcomes by the Bonferroni-correction to adjust for increased type I error by multiple comparisons (P 
< 0.05/2 = 0.025). aP < 0.025 compared to the vehicle group. 

Table 4. Histologic evaluation of chromatolysis in dorsal root ganglion 

Group
Central 

chromatolysis
Segmental 

chromatolysis

Vehicle (n = 10) 5 (50.0) 6 (60.0)
Sham (n = 9) 0 0
Epidural PDRN 5 mg/kg (n = 9) 4 (44.4) 7 (77.8)
Epidural PDRN 10 mg/kg (n = 8) 4 (50.0) 8 (100.0)

The values are presented as the number of animals (%). 
PDRN: polydeoxyribonucleotide.
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PDRN on LFS may be mediated by the adenosine A2A re-
ceptor. Moreover, IP PDRN showed a relatively temporary 
effect; meanwhile, the effect of epidural PDRN was longer 
than that of IP PDRN, suggesting that the adenosine A2A re-
ceptor in the spinal cord, or compressed nerve root, plays 
an important role in the pathogenesis of mechanical allo-
dynia and motor dysfunction in the LFS. Since the adenos-
ine A2A receptor expressed in the DRG is expected to play 
an important role in the modulation of spinal nociception 
[25], epidural administration of PDRN would have shown 
better effectiveness than systemic administration in our 
study. Further, PDRN might have high spinal bioavailabil-
ity after epidural injection due to its hydrophilicity, which 
may have contributed to this result.

On histopathologic examination, no epineurial inflam-
mation or fibrosis was observed in the epidural PDRN 
groups, which supports its anti-inflammatory effects. 
Adenosine receptors are known to contribute to the regu-

lation of nociception by modulating the function of spinal 
glial cells [26,27], which play an important role in inflam-
mation in the DRG [7]. A recent preclinical study on spinal 
nerve ligation and chronic post-ischemic pain models re-
ported that PDRN injection reduced mechanical allodynia 
and increased glial cell activity in the DRG and spinal cord 
[28]. However, in that study, PDRN showed a transient 
anti-allodynic effect, in which subcutaneous injection of 
PDRN, rather than epidural injection, would have affected 
these results [28]. The increased expression of vascular 
endothelial growth factor, an important modulator of an-
giogenesis, cell proliferation, and wound healing, may be 
associated with degenerative LSS [29], and this pathway 
may be involved in another mechanism of epidural PDRN 
in LSS [30]. However, unlike our previous studies on the 
effect of lipo-prostaglandin E1 agonist and epidural hyal-
uronic acid in a rat model of LFS [13,14], epidural PDRN did 
not significantly reduce central and segmental chroma-

Location of steel rod

A B

Fig. 4. Microscopic findings of the left 
dorsal root ganglia in the vehicle group 24 
days after the epidural injection. (A) The 
dotted circle indicates the location of the 
steel rod (Hematoxylin and eosin [H&E] 
stain, ×40). (B) The broad short arrow 
indicates central chromatolysis and the 
thin long arrow indicates segmental chro-
matolysis (H&E stain, ×400).

A B

C D

Fig. 5. Microscopic findings of the left 
dorsal root ganglia in the vehicle group (A 
and B) and in the polydeoxyribonucleotide 
(PDRN) 5 mg/kg group (C and D), 24 
days after the epidural injection. (A) Note 
diffuse and dense infiltration of inflam-
matory cells (grade 4) in epineurium (red 
box) (Hematoxylin and eosin [H&E] stain, 
×400). (B) Note dense and diffuse fibrosis 
(grade 4) of epineurium (red box) (H&E 
stain, ×400). (C) Note no infiltration of in-
flammatory cells (grade 0) in epineurium 
(red box) in the PDRN group, in contrast 
to figure A (H&E stain, ×400). (D) Note 
minimal fibrosis (grade 0) of epineurium 
(red box) in the PDRN group, in contrast to 
figure B (H&E stain, ×200).
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tolysis, which reflected neuronal injury caused by chronic 
nerve compression. Therefore, the contribution of the pos-
sible neuroprotective effects of PDRN on neural compres-
sion and ischemia would have been minimal compared 
to its anti-inflammatory effects. Although controversy 
over the effect of the A2A receptor on nociception remains, 
some studies have reported its anti-nociceptive effect [26]. 
Further studies on other possible mechanisms of epidural 
PDRN in spinal stenosis are required.

Epidural PDRN could be an alternative to epidural 
steroid injection, which is widely used in LSS despite 
conflicting evidence on its effectiveness [31,32]. Epidural 
steroids can cause various systemic side effects, includ-
ing impaired blood glucose control, increased risk of 
fractures, adrenal suppression, and decreased immunity 
[33-36]. These concerns have led to several drugs being 
studied as alternatives to epidural steroids [37,38]. How-
ever, the effects of these drugs are mainly due to an anti-
inflammatory effect, whereas PDRN has the advantage of 
having both anti-inflammatory and anti-ischemic effects. 
We also expect PDRN to have an additional effect in spinal 
stenosis through regenerative effects on spinal nerve de-
generation [39,40]. Further, PDRN was not associated with 
organ toxicity in previous animal studies [19,41], and post-
marketing surveillance has confirmed its safety [9]. Based 
on these findings, in the present study, it was hypoth-
esized that epidural PDRN injection may show therapeutic 
effects on LSS without significant complications. However, 
there are no studies on the neurological toxicity of epi-
dural PDRN, and further basic research is required before 
undertaking clinical trials.

The present study findings should be interpreted with 
caution for several reasons. First, the drugs were admin-
istered shortly (3 days) after the establishment of LSS. A 
previous study has suggested that 3 days of rat life are 
approximately equivalent to 3 months of human life [42]. 
Additionally, we found that the mechanical threshold 
decreased to the lowest level on postoperative day 3, and 
subsequently stabilized in our previous study using the 
same spinal stenosis model [14]. Consequently, we con-
cluded that 3 days after the establishment of LSS was 
sufficient to induce chronic generation and neuropathic 
response. Second, we could not ensure that the volume of 
epidural injections was the same across all groups. The 
highest concentration of PDRN that we prepared was 15 
mg/mL. We failed to manufacture liquid formulations of 
PDRN at higher concentrations. Therefore, for a rat weigh-
ing 300 g, the volumes of epidural PDRN 5 mg/kg and 10 
mg/kg were 100 and 200 µL, respectively. In addition, the 
volume of DMPX administered to a rat weighing 300 g was 
33 μL. However, the discrepancies in volumes are unlikely 
to have affected the present findings, as no abnormal 

behavior was observed after the epidural injection of the 
drugs, and the P10 group showed better results in behav-
ioral tests compared to the P5 group, despite the higher 
volume of epidural injection. Third, since there have been 
no previous reports regarding the epidural administration 
of PDRN, we had to arbitrarily determine its epidural dos-
age. Considering our results, further studies regarding the 
appropriate dosage of epidural PDRN are needed. Fourth, 
the non-logarithmic scale of PDRN dosages in this study 
may have affected the non-significant dose-response rela-
tionship of PDRN on mechanical allodynia and motor dys-
function. However, it was difficult to use the logarithmic 
scale of PDRN dosages because it would have indicated 
an epidural volume that was much larger than the recom-
mended volume (0.1-0.2 mL/kg) [43]. Fifth, considering the 
equipotent dose ratio between the epidural and systemic 
administration of analgesics or local anesthetics, it was 
difficult to directly compare the effects of the same dose 
of epidural and intraperitoneal administration of PDRN. 
Lastly, we only investigated inflammation or fibrosis and 
central chromatolysis of the peri-DRG by microscopic 
examination. Although the study demonstrated that the 
therapeutic effects of PDRN were caused by the adenosine 
A2A receptor, further studies are needed to show that ef-
fects mediated by the adenosine A2A receptor improve me-
chanical allodynia and motor dysfunction.

In conclusion, epidural injection of PDRN improves 
mechanical allodynia and motor dysfunction induced by 
LFS in rats, which may be mediated by the spinal adenos-
ine A2A receptor. The present findings support the need 
for further research to determine the role of PDRN on the 
treatment of spinal stenosis.
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