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ABSTRACT

Background and Objective: Radiofrequency ablation (RFA) is a safe and less invasive technique that uses an electric current to damage
nerve tissue to stop it from sending pain signals. This study was aimed to determine the molecular mechanism of neuropathologic damage
induced by RFA at different temperatures.

Methods: A total of 36 Sprague Dawley rats were used as model with neuropathological injury. These rats were divided into six groups
based on the temperature stimulation at 42°C, 47°C, 52°C, 57°C, 62°C, and 67°C. Conduction time, distance, and velocity were recorded
after thermal injury. Hematoxylin and eosin staining was used to observe the histopathological changes of sciatic nerve. Neural ion channel
proteins such as sodium voltage-gated channel alpha subunit 9 (SCN9A), sodium channel B3 subunit (SCN3B) and neurofascin (NFASC)
expression in sciatic nerve tissue were detected detected by Western Blot.

Results: Nerve conduction velocity (NCV) gradually decreased with the increase in temperature and neuronal damage was seen at 67°C.
H&E staining showed increased degeneration of neurons with an increase in temperature from 47°C to 67°C. SCN9A and SCN3B expression
at 57°C, 62°C, and 67°C was much higher; however, NFASC expression was lower at same temperatures.

Conclusion: Neuropathological damage caused by RFA at different temperatures shows positive correlation with NCV. Heat transfer injury

affects the expression of SCN9A, SCN3B, and NFASC in sciatic nerve tissue.
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Introduction

Radiofrequency ablation (RFA) is a minimally invasive
technique being developed in recent years. The main
principle behind the thermal ablation is the constant
vibration of ions in the tissues under the action of the current
of the radiofrequency electrode, resulting in friction, and
increasing the temperature around the tissues.! Thermal
effect induced by RFA increases the temperature of tissue
as the radio frequency current flows through it. However,
after reaching a certain temperature, the water inside and
outside the cell evaporates, and denatures cell protein to
achieve the purpose of treatment.? Radiofrequency refers to
the electromagnetic waves with a certain range frequency. At
present, there is no clear dividing standard so, the frequency
range of 200~750 kHz is often used in medical applications.>*
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RFA now has been widely used in clinical therapy with good
efficacy for certain diseases like liver and lung cancer.>”
However, the mechanisms of neurological disease and
neuropathologic injury have not been reported.

Transfer of heat to the surrounding tissue during
ablation of diseased tissue cause thermal damage of
recurrent laryngeal nerve. In clinical practice, controlling
the temperature to ensure complete ablation of the lesion
without causing damage to the peripheral tissues and nerves
is still a worth studying problem. This study was conducted
to determine the molecular mechanism of neuropathologic
damage induced by RFA at different temperatures. It is
always important to clarify the “heat transfer damage effect”
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of RFA in order to guide clinicians to control the clinical RFA
threshold.

Methods

This randomized controlled experimental study was
conducted at the Department of Thyroid and Breast Surgery,
People’s Hospital of Ningxia Hui Autonomous Region,
China, from April to December 2020 after approval from
the Institutional Ethical Review Committee. A total of 36
Sprague Dawley (SD) rats of both genders, 9 to 10 weeks old
and weighing 250 to 350 g were obtained from the Animal
Experiment Center of Ningxia Medical University, China.
[Animal Use License: SCXK (Ningxia) 2020-00010]. These
experimental rats were uniformly fed at (22 + 2) °C, with
40%-50% relative humidity by the animal experiment center.

Rat anti human primary antibodies sodium voltage-
gated channel alpha subunit 9 (SCN9A), sodium channel B3
subunit (SCN3B), neurofascin (NFASC) (1:500), horseradish
peroxidase (HRP) labeled sheep anti-rat secondary antibody
(1:5, 000), and Hematoxylin and Eosin (H&E) staining kit were
purchased from Beyotime Biotechnology, China.

Rats were divided into six groups based on the temperature
with six rats in each group. The group 1 (42°C), group 2
(47°C), group 3 (52°C), group 4 (57°C), group 5 (62°C), and
group 6 (67°C) were segregated for temperature ranges. At
the same time, a control group was set without temperature
damage intervention. All animal experiments were carried
out in accordance with the national regulations on medical
animal experiments. After 1 week of adaptive feeding, 36 SD
rats were randomly stimulated with self-made temperature
injury probe for 10 seconds, and the temperature was
recorded respectively.

Neuropathological injury model and conduction time

After anesthesia, the sciatic nerve of the hind limb was
exposed by making a cut through the skin, and the visual
field of the central segment of the sciatic nerve was seen by
detaching piriformis muscle. The hind limbs of the rats were
straightly extended in a longitudinal plane along the passage
and direction of the sciatic nerve. The distance between
the stimulus and the receiving probe was measured using a
vernier caliper.

The nerve stimulation probe was placed at the efferent
site of the sciatic nerve (sciatic notch). The signal was
received at the sciatic nerve of the rat ipsilateral ankle joint
with the receiving probe electrode. The reference electrode
was placed between the nerve stimulation and the nerve
receiving probe (1 cm away). The self-made temperature
injury probe was connected with the thermostatic hot water
and placed 1 cm away from the nerve stimulation probe.
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BL-420E data acquisition & analysis system was used to
control and adjust the stimulus intensity repeatedly. The
stimulus intensity was used as the stimulus threshold, and
the time value after temperature damage was recorded.

Nerve conduction velocity (NCV)

NCV was calculated as following: NCV (cm/ms) = conduction
distance / conduction time (CT).

Haematoxylin and eosin staining

The rats were sacrificed by general anesthesia, and damaged
sciatic nerve tissue by labeled heat range was removed. The
rats were fixed in the supine position on the operating table,
and 1 cm incision was made along the direction of the sciatic
nerve at the junction of the left gluteus and femoral nerve.
The sciatic nerve was freed with the hand, and intercepted
5 mm above and below the injury for reserve. Then, the
skin and muscles in the middle of the rat’s back were cut
longitudinally and stripped to expose the spine. The spinal
cord located at L4-L5 was removed. Sciatic nerve tissue was
washed with normal saline at 4°C and fixed with neutral
formalin for 12 hours. Then, the tissue was processed to
make blocks and slides. Staining was performed according to
the procedure of H&E staining kit, and morphology of sciatic
nerve was observed under microscope.

Western blot

About 20 pg of proteins was extracted from the heat
damaged sciatic nerve tissue of each group of rats. These
proteins were isolated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis. Objective and internal
proteins were transferred to Nitrocellulose (NC) membrane,
then closed with 5% skimmed milk powder sealing fluid
for 2 hours at room temperature. Rat anti human primary
antibody (1:500), and rat anti human primary antibody
B-actin (1:1000) were added and incubated at 4°C overnight.
Tris-buffered saline was used to wash four times, then HRP
labeled sheep anti rat secondary antibody (1:500) was added
and incubated at 37°C for 1 hour. Color was developed with
the electrochemiluminescent solution, protein bands were
exposed by gel image analysis system, and images were
photographed and quantitatively analyzed. The experiment
was repeated three times.

Statistical analysis

The data were analyzed by using Statistical Package for
the Social Sciences version 22.0 software. The quantitative
variables were measured as mean * standard deviation (SD).
One-way analysis of variance was applied for three or more
groups. P < 0.05 was set as statistically significant.
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Results

The conduction time was noted as 0.27 + 0.12, 0.32 *
0.14, and 0.37 + 0.11 ms, in controls and at 42°C and 47°C,
respectively. Conduction time was shortest in control group
but no statistical difference among the controls, group 1 and
2 was seen. However, the conduction time (0.48 + 0.15 ms)
at 52°C was lower than at 57°C (0.96 £ 0.23 ms) and 62°C (1.7
+0.20 ms). There were obvious differences in the conduction
time of ablative groups as compared with control group.
Moreover, the value of groups at 67°C could not be recorded,
indicating the damaged neurons (Table 1).

The conduction distance between the stimulus and
receiving probe measured by vernier caliper was 2.73 *
0.36,2.64 + 0.50, 2.69 + 0.80, 2.70 + 0.68, 2.8 = 0.52 cm in
controls, and first four (1-4) groups, respectively. However,
the distance was shortened significantly to 1.5 + 0.34 cm at
62°C. Moreover, at 67°C, the distance between the stimulus
probe and the receiving probe could not be measured,
indicating the damaged neurons

NCV was found as 11.28 + 4.07, 8.99 + 2.61, and 7.27 +
0.01 cm/ms in controls and group 1 and 2, respectively.
Statistically, no significant difference between the control
and group 1 was seen. However, NCV (5.71 + 0.38 cm/ms)
was significantly lower at 52°C compared to 42°C, 47°C, and
controls. When the temperature reached at 67°C, NCV could
not be calculated because the time and distance were not
recorded thus showing neuronal necrosis (Figure 1).

H&E staining showed that the nuclei of rat sciatic nerves
were centered in controls and group 1. Degenerated neurons,
increased intracellular vacuoles, and shrunken neuroplasm
were seen in groups 2 to 6. In addition, destroyed neuronal
structure, nuclear changes and coagulation necrosis occurred
at 67°C (Figure 2).

SCN9A and SCN3B expressions at 57°C, 62°C, and 67°C
were much higher than controls and in the groups below
57°C (P < 0.05) thus presenting a positive correlation with
higher temperature. However, the expression of NFASC
at 57°C, 62°C, and 67°C was lower than the other groups
(P<0.01) (Figure 3).

Discussion

RFA is considered as a thermal damage caused by electric
current passing through tissues.® RFA is characterized by
increased local temperature, causing damage to the lipid
bilayer of cell membrane followed by rupture and cell lysis.®

Nerve tissue has the lowest resistance and therefore
more vulnerable to thermal damage. The pathological
manifestations in peripheral nerve after electric burn are
characterized by cell disintegration, axonal degeneration,
nerve fiber swelling, and demyelination.’® The changes in cell
structure and function after RFA have been widely observed,
but the changes of macromolecular functional proteins and
their effects on cell function have not been studied. There
are different kinds of neural ion channels including SCN9A
a large molecular protein that undergoes thermal damage
both structurally and functionally. In addition, nerve damage
is gradually strengthened with the increase in temperature
induced by voltage and electricity.!!

SCN3B is up-regulated in the dorsal root ganglion during
nerve damage.> A series of plasticity changes occur in
each subunit of SCN3B ion channel in neuropathic pain.? If
SCN3B expression is decreased throughout the body, other
complications may appear. It has been found that SCN3B
knockout mice show changes in the electrophysiological
characteristics of the heart. In the current study,
higher expression of SCN3B protein with the increase in
temperature was reported indicating neuropathological
damage. Therefore, down-regulation of SCN9A and SCN3B
expressions could inhibit the neuropathic response, such as
nerve injury and nerve pain. This can be used as a potential
target for treating neuropathic injury.

NFASC, a transmembrane protein and also an important
glial cell adhesion molecule, expresses primarily at the
peripheral and central myelin axon-like junctions.®> NFASC is
abundant in the adult central nervous system, especially in
the cerebellum and peripheral nerves.’**” NFASC mutations
have recently been associated with neurodevelopmental
disorders. NFASC plays a key role in the development
and function of the axon initial segment (AIS) and Ranvier
nodes.’®¥ The main role of NFASC is to connect the
extracellular matrix and the intracellular skeleton of glial cells
and neurons.? In adult animals, chronic intrathecal injection
of antibodies also leads to NFASC loss and changes in motor
nerve conduction.? In the present study lower expression of
NFASC protein was seen at higher temperatures. The loss of
NFASC expression caused a barrier to the formation of the
initial axons, resulting in significant ataxia and decreased
nerve conduction rate. Moreover, NFASC also plays an
important role in the formation of myelin sheath structures
and post-injury repair.?

Table 1. Conduction time at different temperatures.

027=20.12 | 03220.14

Time (ms)

0.37 % 0.11

0.48 = 0.15" | 0.96 +=0.23"" | 1.7 +=0.20"" Unable to record

“P < 0.01, P < 0.001, compared with NC group.
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Figure 1. Nerve conduction velocities in different temperature groups. (n = 3). "P < 0.01,”P < 0.001 compared with NC group.

Figure 2. H&E staining in sciatic nerve tissue in different groups (400x).
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Figure 3. Protein level of SCN9A, SCN3B, NFASC in different groups determined by the Western blotting (Mean + SD, n = 3). A: Gray value;
B: Statistical analysis. "P<0.01, "P<0.01,”"P<0.001 compared with control group.

In the current study, neural damage is reported with the
increase in temperature which is in accordance with the
other study.” The mechanism behind the pain relief caused
by radiofrequency current is destructive neural damage
and the permanent impulses blockage through nerve
pathways. Though excellent response can be achieved at
low temperature with minimum neurodestructive effects.
Therefore, it is recommended to avoid higher temperature
because it may cause serious tissue damage with
irreversible complications. Now -a -days certain guidance
like three-dimensional CT or neuronavigator are used in
order to improve the puncture precision and decrease the
complications.?*

Conclusion

Neuropathological damage caused by RFA at different
temperatures is positively correlated with the NCV. Heat
transfer injury affects the expression of SCN9A, SCN3B, and
NFASC in sciatic nerve tissue.

Limitations of the study

The limitation in the study was adoption of the higher temperature
ranges. Wide temperature ranges, including temperatures lower
than 57°C could have been used in order to get more precise
findings. Also, the histological parameters of the sciatic nerve could
have been assessed with using special staining techniques. Future
studies may be carried out incorporating these parameters.
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