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Abstract

Background: Clinical studies have shown that applying pulsed radiofrequency (PRF) to the neural stem could
relieve neuropathic pain (NP), albeit through an unclear analgesic mechanism. And animal experiments have
indicated that calcitonin gene-related peptide (CGRP) expressed in the dorsal root ganglion (DRG) is involved
in generating and maintaining NP. In this case, it is uncertain whether PRF plays an analgesic role by affecting
CGRP expression in DRG.

Methods: Rats were randomly divided into four groups: Groups A, B, C, and D. In Groups C and D, the right
sciatic nerve was ligated to establish the CCl model, while in Groups A and B, the sciatic nerve was isolated
without ligation. After 14 days, the right sciatic nerve in Groups B and D re-exposed and was treated with PRF
on the ligation site. Thermal withdrawal latency (TWL) and hindpaw withdrawal threshold (HWT) were
measured before PRF treatment (Day 0) as well as after 2, 4, 8, and 14 days of treatment. At the same time
points of the behavioral tests, the right L4-L6 DRG was sampled and analyzed for CGRP expression using
RT-qPCR and an enzyme-linked immunosorbent assay (ELISA).

Results: Fourteen days after sciatic nerve ligation, rats in Groups C and D had a shortened TWL (P<0.001) and
a reduced HWT (P<0.001) compared to those in Groups A and B. After PRF treatment, the TWL of the rats
in Group D gradually extended with HWT increasing progressively. Prior to PRF treatment (Day 0), CGRP
mRNA expressions in the L4-L6 DRG of Groups C and D increased significantly (P<0.001) and were 2.7 and 2.6
times that of Group A respectively. ELISA results showed that the CGRP content of Groups C and D
significantly increased in comparison with that of Groups A and B (P<0.01). After PRF treatment, the mRNA
expression in the DRG of Group D gradually decreased and the mRNA expression was 1.7 times that of Group
A on the 4th day(P> 0.05). On the 8th and 14th days, the mRNA levels in Group D were restored to those of
Groups A and B. Meanwhile, the CGRP content of Group D gradually dropped over time, from 76.4 pg/img
(Day 0) to 57.5 pg/mg (Day 14).

Conclusions: In this study, we found that, after sciatic nerve ligation, rats exhibited apparent hyperalgesia and
allodynia, and CGRP mRNA and CGRP contents in the L4-L6 DRG increased significantly. Through lowering
CGRP expression in the DRG, PRF treatment might relieve the pain behaviors of NP.

Key words: Neuropathic pain, pulsed radiofrequency, analgesia, chronic constriction injury, dorsal root
ganglion, calcitonin gene-related peptide

Introduction

Neuropathic pain (NP) has been recently consequence of a lesion or disease affecting the
redefined by the Neuropathic Pain Special Interest = somatosensory system [1]. Although there have been
Group (NeuPSIG) as pain arising as a direct progresses in several studies on its mechanism and
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treatment, NP remains a type of pain which is
clinically refractory. Pulsed radiofrequency (PRF) is a
minimally invasive technique and differs from
continuous radiofrequency (CRF) in several aspects.
The radiofrequency current emitted in PRF has an
interim period of 480 msec following each 20 msec
emission, which allows heat to disperse to the
surrounding tissues so that the temperature of the

therapy target site will not exceed 42 °C through

which it could avoid a series of side effects caused by
irreversible nerve damage in the case of CRF [2]. Since
its invention, PRF has been proven by an array of
clinical studies in treating kinds of NP, including
postherpetic  neuralgia [3], painful diabetic
neuropathy [4], trigeminal neuralgia [5, 6], etc.

Animal experiments have confirmed that PRF
can perform actively in treating allodynia and
hyperpathia in rat NP models [7-11], albeit through an
unclear analgesic mechanism. Some researchers have
speculated that PRF played an analgesic role via
thermal effects. However, studies applying PRF to the
dorsal root ganglion (DRG) or sciatic nerve have not
demonstrated the irreversible effect of thermal
damage [12, 13]. In fact, more studies support the
biological effects of PRF rather than its thermal effects.
Calcitonin gene-related peptide (CGRP) is a
neuropeptide consisting of 37 amino acid residues
and it exists in humans and rats in two different
CGRP subtypes: CGRPa and CGRPp respectively.
CGRPa is mainly produced in the central and
peripheral nervous systems, especially in the DRG,
trigeminal ganglion and so on. The primary sensory
fibers in the DRG project to laminae I and II of the
spinal dorsal horn, the majority of which are
pain-conducting Ad and C fibers [14, 15]. At the spinal
cord level, CGRP plays an important role in chronic
pain through facilitating the introduction of synaptic
pain information via both protein-kinase-A along
with protein-kinase-C second-messenger pathways
[16-18] and participating in the generation and
maintenance of allodynia as well as hyperpathia [19,
20].

Studies have revealed that applying PRF to the
peripheral nerve of normal rats can reduce the
proportion of CGRP-positive neurons in the DRG [21],
which suggests that PRF may control the pain
symptoms of NP by affecting CGRP expression in the
pain transduction pathway. In this study, we
employed a rat chronic constriction injury (CCI)
model to simulate NP. And we applied PRF to the
oppressed portion of the rat sciatic nerve to
investigate the pain behaviors at multiple time points
before and after PRF treatment and to examine CGRP
mRNA and CGRP levels in the L4-L6 DRG, thereby

elucidating the possible mechanism of analgesic effect
of PRF.

Methods

All procedures on animals were approved by the
Beijing Neurosurgical Institute Experimental Animal
Welfare Ethics Committee. The 4-month-old adult
male Sprague-Dawley rats (220-250 g) used in this
experiment were provided by Vital River
Laboratories, Beijing and were raised in a 12-hour

light-dark alternation environment at 22-24 °C. One

hundred and twenty rats were randomly divided into
four groups and were treated as follows:

Group A (n=30): sham-CCI and sham-PRF, in
which the right sciatic nerve was exposed, without
nerve ligation. Fourteen days after the surgery, the
right sciatic nerve was exposed again. A trocar with
an electrode needle used for PRF treatment was
placed at the sciatic nerve, without applying a pulse
RF current.

Group B (n=30): sham-CCI and PRF, in which
the right sciatic nerve was exposed, without nerve
ligation. Fourteen days after the surgery, the right
sciatic nerve was re-exposed and treated with PRF.

Group C (n=30): CCI procedure and sham-PRF,
in which the right sciatic nerve was exposed and
ligated to create the CCI model. Fourteen days after
the surgery, the right sciatic nerve was once again
exposed. A trocar with an electrode needle used for
PRF treatment was placed at the sciatic nerve, without
applying a pulse RF current.

Group D (n=30): CCI procedure and PRF
procedure, in which the right sciatic nerve was
exposed and ligated to create the CCI model. Fourteen
days after the surgery, with the exposure of the right
sciatic nerve, PRF treatment was conducted.

Fourteen days after the sciatic nerve ligation
surgery, each group was subjected to pain behavioral
tests before (Day 0) and after 2, 4, 8, and 14 days of
PRF treatment. Following the same time points of the
behavioral tests, the rats were sacrificed, and the right
L4-L6 DRG was sampled to analyze the CGRP mRNA
expression and neuropeptide content.

Sciatic nerve CCIl model

The CCI model was established on the basis of
the method from Bennett and Xie [22]. After being
anesthetized via intraperitoneal injection of sodium
pentobarbital (40mg/kg), the rat’s sciatic nerve was
exposed, and then ligated in four strips with 1-mm
spacing using 4/0 chromium catgut, and just not to
block the surface vessel of the sciatic nerve is the most
appropriate. The wound was closed in layers and
cleaned.
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PRF

Fourteen days after the surgery, PRF treatment
was performed. The rat’s right sciatic nerve was once
again exposed, and the trocar (PMF-21-50-2, Baylis,
Canada) and electrode needle (PMK-21-50, Baylis,
Canada) for PRF treatment were placed vertically at
where the sciatic nerve was ligated and after that
connected to a PRF generator (PMG-230, Baylis
Medical, Inc., Montreal, Canada). The settings were a
pulse emission frequency of 2 Hz, a voltage of 45 V, a
treatment period of 120 seconds and with the

temperature less than 42 °C. While rats under the

sham-PRF treatment took a trocar with electrode
needle but no PRF current.

Behavioral tests

Rats in each group (n=6) were subjected to pain
behavioral tests before PRF treatment (Day 0) and
after 2, 4, 8, and 14 days of treatment respectively.
Thermal withdrawal latency (TWL) and hindpaw
withdrawal threshold (HWT) were used to measure
the thermal pain threshold and mechanical pain
threshold of the rat’s right hind paw.

TWL

In accordance with the methodology of
Hargreaves et al [23], the rats were placed in a
bottomless cage made of a plexiglass plate. The
mobile radiant heat source of the Plantar Test
Instrument (Ugo Basile 37370) which was located
under a quartz glass plate would be aligned to the
surface of the third metatarsal bone of rats' hind paw.
The instrument automatically recorded the duration
from the start of radiation to the emergence of the
escape reflex, i.e., TWL (sec). The measurements were
repeated thrice in 10-min intervals at the same spot,
and later averaged. The maximum heat exposure time
was set within 22.5 seconds, to avoid burns to the rat’s
plantar surface.

HWT

In line with the research of Vivancos et al [24],
absolute withdrawal thresholds were measured by an
electronic von Frey apparatus (Electronic von Frey
Anesthesiometer 2390, IITC, Inc.). The rat was placed
in an experimental cage with a perforated metal sheet
(mesh size 0.5 * 0.5 cm) and the measurement
commenced after 10-15 minutes. The non-footpad
area of the rat’s middle plantar was stimulated by an
electronic von Frey rigid tip through the mesh bottom,
and the stimulated spots were the same as those in the
case of TWL. The operator gradually increased the
pressure to induce the foot withdrawal response in
the rat, in which the maximum strength (g) was
recorded by the instrument. The rat would be placed

on the cage for 10-15minutes before commencing the
measurement.

CGRP expression

Before PRF treatment (Day 0) and on the second,
fourth, eighth and fourteenth day after the treatment,
the right L4-L6 DRG of the rats (n=6/group/time
point) was quickly excised after anesthesia and rinsed
with saline to remove excess tissue and blood. All
operations were conducted at 0-4 °C, and the sampled
tissue specimens were stored immediately in liquid
nitrogen for later RT-qPCR or enzyme-linked
immunosorbent assay (ELISA) analysis.

RT-qPCR

The sample was homogenized, from which total
RNA was extracted using the Trizol reagent
(Invitrogen, Carlsbad, CA) and quantified through
light absorption at 260 nm. The first strand cDNA was
obtained through reverse transcription using the
ProtoScript ™ First Strand cDNA Synthesis Kit (NEB,
USA) according to the manufacturer’s instruction. The
CGRP primer sequences are listed in Table 1, with
B-actin as the reference gene. CGRP mRNA
expression levels in the sample tissues were detected
with the cDNA as the template using the fluorescent
quantitative PCR method and the Fast SYBR Green
Master Mix qPCR kit (Thermo Fisher Scientific, USA)
on the ABI StepOnePlus ™ System (ABI, USA). The
reaction conditions referred to the user’s manuals of
the StepOnePlus ™ System and the Fast SYBR Green
Master Mix qPCR kit. Each sample was made into
three aliquots and subjected to RT-qPCR with
averaged the result made. The resultant quantification
cycle (Cq) was adopted to calculate the relative
amount of CGRP mRNA expression by aid of the
2-AACT method [25] and P-actin as the reference.

Table 1. Primer sequences for the rat genes characterized in this
experiment

Gene GenBank
numbers

Product Primer
length

(bp)

Sequences (5'-3")

CGRPa NM_017338 160 Forward CAGGAGGAGGAACAGGAGGCT
Reverse TCTTGCCAGGTGCTCCAACC
Forward CCCATCTATGAGGGTTACG

Reverse TTTAATGTCACGCACGATT

p-Actin  NM_031144 150

ELISA quantification of CGRP

The specimens were collected as described
above, after which accurately weighed and
homogenized. The homogenized sample was
centrifuged with the supernatant collected, from
which the CGRP content in the [4-L6 DRG was
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analyzed. The experiment stuck to the manufacturer’s
instructions for the ELISA kit (Elabscience
Biotechnology Co, Ltd., Wuhan, China). Absorbance
at 450 nm was measured through a microplate reader,
and a standard curve was generated. The CGRP
content of the sample was calculated based on this.

Statistical Analysis

All the data were presented as the meantSEM
and analyzed with SPSS 20.0. For behavioral test data,
two-way repeated measures ANOVA was used, and
the Bonferroni post-test for inter-group comparisons.
RT-qPCR results of each time point were analyzed in
single-factor ANOVA, and the SNK method was
utilized for pair-wise inter-group comparisons. ELISA
results were analyzed using two-factor ANOVA,
whereas the Bonferroni post-test was in use for
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Figure 1. Effect of pulsed radiofrequency (PRF) on the thermal withdrawal latency
after sciatic nerve ligation *: Comparison between Group D and Group A (*¥¥*: P<0.001;
*#: P<0.01); #: Comparison between Group C and Group A (###: P<0.001); A: Comparison
between Group C and Group D (AAA: P<0.001; AA: P<0.01). Data are expressed as the mean

+ SEM.

inter-group comparisons. P<0.05 was set as the
significance level of the tests.

Results
Behavioral tests

TWL

Fourteen days after sciatic nerve ligation, while
before PRF treatment (Day 0), the TWLs of Groups C
and D were significantly shortened compared to those
of Groups A and B (P<0.001), whereas there was no
significant TWL difference between Groups A and B
and so was the situation between Groups C and D.
Four days after PRF treatment, the average TWL of
Group D rose from 7.0 to 11.1 seconds, being
significantly extended compared to that of Group C
(P<0.01). On the 8th and 14t days after PRF treatment,

the average TWLs of Group D returned to
12.6 seconds and 14.7 seconds respectively,

Group A being insignificantly different from those of
GroupB  Groups A and B but significantly longer than
GroupC  the average TWLs of Group C (P<0.001). At
GroupD  €ach time point, the average TWLs of Group

C were always distinctly lower than those of
Group A or Group B (P<0.001). (Figure 1)

HWT

The trend of how HWT changed in each
group was similar to that of the TWL in each
group. Before PRF treatment, the average
HWTs of Groups C and D were overtly
lower than those of Groups A and B
(P<0.001), whereas the average HWT
differences between Groups A and B as well
as between Groups C and D were marginal.
On the 4t day after PRF treatment, rats in
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Figure 2. Effect of pulsed radiofrequency (PRF) on the hindpaw withdrawal
threshold after sciatic nerve ligation *: Comparison between Group D and Group A (*¥*:
P<0.001; * P<0.05); #: Comparison between Group C and Group A (####: P<0.001); A:
Comparison between Group C and Group D (AAA: P<0.001; A: P<0.05). Data are expressed

as the mean+SEM.

Group D recovered to 50.4 g, which was
apparently higher than that in Group C

Group A (P<0.05) but still not reaching the levels in
GroupB Group A (P<0.05). On the 8 day and 14t
Group C day after PRF treatment, the HWTs of Group
Group D D further recovered but there was no

significant difference from those of Groups
A and B. (Figure 2)

RT-qPCR

Fourteen days after sciatic nerve
ligation and before PRF treatment (Day 0),
the CGRP mRNA expression in the DRG of
Groups C and D significantly increased
(P<0.001) and was 2.7 times and 2.6 times
respectively while the level of CGRP mRNA
expression in the DRG of Group A. there
were no differences between Groups C and
D. After PRF treatment, the mRNA
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expression in the DRG of Group D decreased
gradually, and on the 4" day, it was 1.7 times that of
Group A, albeit an insignificant difference (P> 0.05).
On the 8t and 14t days, the mRNA levels in Group D
were restored to levels of Groups A and B. (Figure 3)

ELISA

On Day 0, the CGRP contents in the L4-L6 DRG
of Groups A and B were significantly increased
compared with those in Groups C and D (P<0.01).
After PRF treatment, the CGRP content of Group D
decreased from 76.4 pg/mg (Day 0) to 57.5 pg/mg
(Day 14). On Day 4, although the CGRP content of
Group D was still higher than that of Group A or
Group B, the difference was not obvious. On Day 8,
the CGRP content of Group D went up again to the
level of Group A and B. The CGRP content of Group C
was consistently higher than that of Group A or
Group B (P<0.001). (Figure 4)

Discussion

PRF performance on the oppressed site of the
sciatic nerve improved hyperalgesia and
allodynia in the rat CCI model.

In this study, the TWLs of rats in Groups C and
D were shortened and the HWTs were declined on the
14th day after sciatic nerve ligation indicating the
emergence of allodynia and hyperpathia, which
proved the successful establishment of the CCI model.
The CCI model is a widely used, reliable NP model
which can simulate clinical symptoms of human NP
such as spontaneous pain, allodynia, and
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Figure 3. Effect of pulsed radiofrequency treatment on the calcitonin gene-related peptide mRNA
levels in the dorsal root ganglion after sciatic nerve ligation *: Comparison between Group D and Group A
(***: P<0.001; **: P<0.01); #: Comparison between Group C and Group A (###: P<0.001; ##: P<0.01; #: P<0.05); A:
Comparison between Group C and Group D (AAA: P<0.001; AA: P<0.01; A: P<0.05). Data are expressed as the

meanSEM.

hyperpathia, among others. On the 2"d day after the
application of PRF to the oppressed site of the sciatic
nerve stem (Group D), thermal hyperalgesia and
mechanical allodynia were only slightly relieved. On
the 4t day, approximately 50% of pain relief was
achieved. The pain was mostly relieved on the 8th day
and it was almost completely relieved on the 14t day.
These results are consistent with those in previous
studies [7, 26, 27] and confirm that PRF on an
oppressed site of a peripheral nerve can gradually and
significantly alleviate the hyperalgesia and allodynia
of an NP model.

Consisting with the time for PRF to take effect on
analgesia, ie. approximately 4 days after PRF
treatment of a peripheral nerve in the spared nerve
injury (SNI) model reported by Vallejo et al. [27], it
also took four days for PRF treatment of the CCI
model to achieve satisfactory effectiveness. Erdine et
al. [28] believed that PRF mainly acts on the A5 and C
fibers of the rat’s primary afferent nerve fibers and
achieves its analgesic effect by interfering with the
integrity of incoming nerve impulses. Tun et al. [13]
considered that PRF might interfere or block the
signal transduction of nerve pathways by causing the
separation of myelin in nerve axons and might further
cause reversible inhibition of nerve cell synapses.
However, our investigation, consistent with most
studies, did not show the immediate interfering effect
of PRF on the transduction of nerve impulses,
suggesting that PRF may function through other
analgesic mechanisms.

In this study, PRF acted directly on the sciatic
nerve stem of the NP model.
Currently, clinical PRF
targets of NP include
peripheral nerve and the
DRG, and in both cases, the
treatment exhibited
satisfactory effectiveness.
PRF treatment on peripheral
nerve only requires simple
operations, has little
puncture risk, and can be
positioned using
ultrasonography instead of
radiological imaging
equipment, such as X-rays,
CT, etc., thus having certain
advantages. However, when
PRF acts on the peripheral
nerve or DRG of NP, which
approach improves better
efficacy is still in dispute.
Further in-depth studies will
lay the foundation for the
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clinical practice of PRF treatment on NP.

CGRP expression increased in the rat CCI
model.

In this study, it was found that 14 days after
sciatic nerve ligation and after the successful
establishment of the rat model (Groups C and D),
CGRP mRNA expression in the L4-L6 DRG
significantly increased, and the CGRP content was
significantly higher than that of Group A or Group B
(which had no sciatic nerve ligation). This result is
different from that gained by Bennett et al. [29], who
found that the number of small-sized neurons
expressing CGRP in the L4 and L5 DRG of the rat CCI
model continuously decreased for 2-3 months, and on
the 10t and 20t days after the establishment of the
model, the CGRP content of the nerve injury region of
the corresponding spinal dorsal horn decreased by
16% and 19% accordingly. Currently, findings on
CGRP changes in the nociception transduction
pathway of NP model have been inconsistent. The
majority of the studies report that the animal NP
models derived from peripheral nerve injury exhibit
up-regulated CGRP expression in the DRG [30-32] or
spinal cord [32, 33] and the accumulation of CGRP at
the nerve injury site is due to blocked CGRP
transport[34, 35]. After peripheral nerve injury, many
medium and large DRG neurons begin to express
CGRP and play an important role in generating and
maintaining pain behaviors [36, 37]. Actions
antagonistic to CGRP can ease the pain behaviors [19,
38]. Our findings support there is an increase of CGRP
expression in NP rats. The cause of the inconsistent
findings in previous studies may be associated with
the CGRP detection method (measuring the number
of immunologically positive cells or the optical
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Figure 4. Effect of pulsed radiofrequency (PRF) treatment on the calcitonin gene-related
peptide content in the dorsal root ganglion after sciatic nerve ligation * Comparison
between Group D and Group A (¥: P<0.01; *: P<0.05); #: Comparison between Group C and Group
A (###: P<0.001); A: Comparison between Group C and Group D (AAA: P<0.001; AA: P<0.01). Data

are expressed as the mean+SEM.
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density of positive reaction, etc.) or the applications of
different peripheral nerve injury models (SNI model,
CCI model, sciatic axotomy, etc.).

PRF might play an analgesic role through
reducing CGRP expression in the DRG.

The RT-qPCR results showed that the relative
amount of CGRP mRNA expression in the DRG of
Group D began to decline on the 27 day after PRF
treatment. And on the 4th day, it was restored to a
normal level (showing no difference from Group A).
The ELISA results revealed that after PRF treatment,
the CGRP content in the DRG of Group D was
decreased and then restored to the same level of
Group A on the 8th day. The above-mentioned results
indicated that PRF could inhibit the transcription and
translation of CGRP in the rat’s DRG. At present, no
consensus on the analgesic mechanism of PRF has
been reached, and it is believed that the mechanism
might be related to the influences from a variety of
neuropeptides, proteins, and inflammatory factors
[26, 27, 39], which may not be independent of each
other. Moreover, what type of connection and which
is the core part of the PRF role remain unknown.
CGRP is mainly synthesized in the DRG, in which
primary sensory neurons project nerve fibers to
laminae I and II of the spinal dorsal horn [40]. Once
peripheral nerve injury occurs, primary sensory fibers
that are projected to the spinal dorsal horn in the DRG
release CGRP, P substances, etc.,, leading to the
activation of glial cells, which in turn release various
pain regulators such as tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6), and nerve growth factor
etc., which are involved in central sensitization
[41-43]. It was hypothesized that PRF treatment
disrupts the above-described chain reaction through
inhibiting CGRP expression in the
DRG, which might be one of the
analgesic mechanisms of the treatment.
However, what type of role the CGRP
mechanism plays in easing NP after
PRF treatment and its relationship with
other mechanisms still requires further
investigation.

Group A

Group C
Group D

Limitations

Although our study showed that
PRF can down-regulate CGRP
expression in the DRG of the rat CCI
model and reduce pain behaviors, the
detailed relationship among PREF,
CGRP and pain behaviors still requires
further experimental clarifications. For
instance, after applying a CGRP
antagonist or supplementing CGRP,
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the role of PRF is monitored. This study examined
only the translation and transcription level of CGRP
in the DRG. The CGRP expression in other parts of the
nociception pathway, such as the dorsal horn of the
spinal cord, sciatic nerve, etc., was not investigated.
After sciatic nerve ligation, anterograde transport of
CGRP to nerve endings from the DRG is blocked, and
CGRP accumulated at the ligation site; with the
recanalization of nerve on the ligation site, the CGRP
accumulation is relieved [35, 37]. Whether PRF
directly affects the axial transport of CGRP in
peripheral nerve is uncertain, and our experiments
did not reveal through which mechanism PRF affects
CGRP expression and which physical characteristics
of PRF (e.g., the current versus the electrical field)
generate the biological effect. The therapeutic effect of
PRF may be derived from multiple mechanisms that
may intercrossed with each other. Our study did not
reveal the connection between the CGRP mechanism
and the other PRF analgesic mechanisms reported
previously. We observed changes in pain behaviors
and CGRP expressions only 14 days after PRF
treatment. However, longer follow-up is necessary to
ascertain whether PRF has long-term efficacy.

Conclusions

In this study, we found that after sciatic nerve
ligation, rats exhibited apparent hyperalgesia and
allodynia and that the CGRP mRNA and CGRP
content in the L4-L6 DRG significantly increased. All
in all, the research revealed that PRF treatment might
relieve NP pain behavioral performances by lowering
CGRP expression in the DRG.
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