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Abstract 

BACKGROUND: Pulsed radiofrequency (PRF) has been used to treat chronic pain for years, but 
its effectiveness and mechanism in treating diabetic neuropathic pain are still unexplored. The aim 
of this study was to elucidate the modulation of diabetic neuropathic pain induced by 
streptozotocin and the release of spinal excitatory amino acids by PRF. 
METHODS: Diabetes was induced by intraperitoneal administration of streptozotocin. Pulsed 
radiofrequency was applied to L5 and L6 dorsal roots at 42 °C for 2 min. The responses of all of the 
groups to thermal, mechanical and cold stimuli were measured for a period of 6 d after this 
process. Seven days after PRF treatment, intrathecal microdialysis was used to examine the effect 
of pulsed radiofrequency on the formalin-evoked spinal release of excitatory amino acids and 
concurrent behaviour responses from diabetic rats. 
RESULTS: Three weeks after intraperitoneal streptozotocin treatment and before PRF application, 
mechanical, thermal and cold hypersensitivity occurred. Application of PRF significantly alleviated 
hyperglycaemia-induced mechanical, thermal and cold hypersensitivity and also attenuated the 
increase in formalin-evoked CSF glutamate concentration, compared with sham treated diabetic 
rats.  
CONCLUSION: It may be concluded that PRF has an analgesic effect on neuropathic pain by 
suppressing the nociception-induced release of excitatory neurotransmitters. PRF may provide a 
novel promising therapeutic approach for managing diabetic neuropathic pain. 
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Introduction 
Diabetic neuropathic pain (DNP) is one of the 

most challenging complications of diabetes mellitus 
[1]. Patients with DNP experience distal extremity 
burning or "shock-like sensations" with increased 
sensitivity to both painful (hyperalgesia) and 
non-painful stimuli (allodynia), which can be 
disabling and devastating [2, 3]. Despite the high 
morbidity of DNP, the treatment remains unsatisfied. 
Current therapeutic options are limited to 

symptomatic treatment with tricyclic antidepressants, 
selective serotonin noradrenaline reuptake inhibitors, 
capsaicin, anticonvulsants, opiates and membrane 
stabilizers [2, 3]. However, their use is often 
associated with problems such as insufficient efficacy, 
development of adverse side effects, and cost 
effectiveness. The development of better treatment 
modalities for diabetic neuropathic pain should be 
based on pathogenetic mechanisms. 
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The excitatory amino acids such as glutamate 
and aspartate are major neurotransmitters released 
from central and peripheral terminals of nociceptive 
primary afferent fibres critically important in 
modulating the transmission of peripheral painful 
stimuli within the spinal cord [4]. Activation of 
glutamate receptors underlies central 
hypersensitivity, whereby the level of transmission of 
noxious messages is potentiated [5]. The development 
of diabetic neuropathic pain is associated with 
increased nociceptive input, neuronal hyperactivity 
and sustained stimulation of particular glutamate 
receptors in the spinal cord [6-8]. 

Pulsed radiofrequency (PRF) has been suggested 
as a therapeutic modality of various painful 
conditions, such as radicular pain, facet joint pain, 
sacroiliac joint pain, and other chronic pain 
syndromes [9, 10]. Its popularity has increased 
significantly in recent years most likely due to its lack 
of neurodestructive effects and its potential clinical 
efficacy compared to continuous radiofrequency 
therapy [11]. PRF offers broader applicability to 
pathological conditions such as neuropathic pain in 
which continuous radiofrequency therapy is 
relatively contraindicated [12].  

In this study, we investigated the potential 
beneficial effect of PRF on hyperalgesia and allodynia 
in diabetic rats, and on the involvement of EAA 
release, to examine the mechanism of action of PRF in 
a DNP pain model. 

Materials and Methods 
All experimental protocols were reviewed and 

approved by the Institutional Animal Care and Use 
Committee of Chang Gung Memorial Hospital, 
Taiwan. Adult male Sprague–Dawley rats (250–300 g) 
were used in this study.  

The DNP rat model was produced by 
intraperitoneally (i.p.) injecting streptozotocin (STZ, 
50 mg/kg dissolved in 5 ml saline) dissolved in saline. 
The control group received normal saline. Diabetes 
was confirmed 6 days and 12 days post-injection 
(glucose >12 mmol/L). Only rats with confirmed 
diabetes were included. Animals were divided 
randomly into five groups and treated as follows. 
Group A (naïve control, n=10) included naive 
animals. The rats in group B (NS+sham, n=10) were 
administered a saline intraperitoneal injection (5 ml) 
and received PRF electrodes placement without 
radiofrequency current delivered. The rats in group C 
(NS+PRF, n=10) were administered a saline 
intraperitoneal injection (5 ml) and received PRF (20 
ms of 500 kHz RF pulses, delivered at a rate of 2 Hz; 
maximum temperature 42 °C) to the L5 and L6 
anterior primary ramus, just distal to the 

intervertebral foramen. The rats in group D 
(STZ+sham, n=10) were administered a STZ 
intraperitoneal injection and received PRF needles 
placement without radiofrequency current delivered. 
The rats in group E (STZ+PRF, n=10) were 
administered a STZ intraperitoneal injection and 
received PRF to the L5 and L6 anterior primary ramus 
just distal to the intervertebral foramen. On the 18th 
day after STZ or saline, all of the animals were 
implanted with a microdialysis catheter as previously 
described [13]. 

In the PRF groups, percutaneous electrode 
placement was performed as described by Ferrai et al. 
[14] with some modification. The electrode (10 
cm-long, 22 G, 5 mm active tip; SMK-10; Radionics, 
Burlington, Massachusetts, USA) was inserted 1.5 cm 
laterally to the vertebral column, approximately 0.5 
cm caudal from a line passing the rostral borders of 
the iliac crests. The electrode was then connected to a 
PRF generator (RF-5; Radionics) to expose the nerve to 
RF fields. Proximity of the needle to the nerve was 
determined by appropriate motor stimulation at 2 Hz 
(0.5V) was used. The generator output (500 kHz 
electric current at two bursts per second of 20 ms 
duration each) was increased automatically until an 
electrode tip temperature of 42 °C and maintained for 
120 s. In the sham-treated rats, identical electrode 
placement was performed, but no PRF electric current 
was applied. 

A behavioural assessment of thermal and 
mechanical sensitivity was performed at five time 
points before and after PRF treatment (0, 3 h, 1 d, 3 d 
and 6 d after PRF). Immediately after behavioural 
assessments on the 6th day, body weight and blood 
glucose in the blood were measured.  

To assess the mechanical hypersensitivity, an 
electrical version of the Von Frey test (Dynamic 
Plantar Aesthesiometer; Ugo Basile, Milan, Italy) was 
used. Rats were placed in a Plexiglas chamber, and a 
servo-controlled mechanical stimulus (a metallic 
filament of 0.5-mm diameter) was applied to the 
plantar surface repeatedly at 5-min intervals; the wire 
exerted a progressively increasing punctuate pressure 
(2.5 g/s) until the rat withdrew the paw. A maximum 
cut-off value of 50 g was established to prevent tissue 
damage. The threshold was determined three times 
for each time point, and the mean of three 
experiments was used in the analysis. The MPWT 
were measured before saline or STZ injection every 
week for three weeks and then at 3 h, 1 d, 3 d and 6 d 
after PRF treatment. The experimenter was blinded to 
treatment classification throughout the study, 
although body weight loss related to STZ injection 
was evident during behavioural testing. 

To assess the thermal hyperalgesia, a paw 
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thermal stimulation system was used to measure the 
nociceptive response to heat [13]. A radiant heat 
source was used to stimulate the plantar side of the 
hind paw. Then, an automatic timer was used to 
record the paw withdrawal latency in seconds when 
the rats withdrew the paw. If the animals did not 
withdraw the paw for 20 s, the heat stimulation was 
stopped to prevent thermal injury. All of the tests 
were repeated three times at intervals of 5 min 
between each application. 

Before the formal experiment of cold allodynia, a 
series of temperatures was tested in the preliminary 
studies. It was found that the diabetic rats were 
sensitive to cold simulation, and 21 °C was the 
threshold which elicited significantly different 
response latency in our study. To minimize the risk of 
tissue injury by low temperature, the temperature of 
21 °C was used in the present study. Briefly, to apply 
cold stimulation, rats were placed on a cold stainless 
steel plate (model 35100, Ugo Basile) maintained at 
21 °C. The latency (s) to the first lifting or shaking of 
the hind paws was measured. If the animals did not 
withdraw the paw for 180 s, the cold stimulation 
would be stopped to prevent tissue injury. The cold 
stimulation was repeated twice at intervals of 5 min 
between each application. 

Formalin test 
Following 50 microliters of formalin 5% injection 

to the left hind paw, the number of flinches of the 
afflicted paw was counted in 1-min bins for 60 min 
post-injection [15]. Phase 1 was quantified as the sum 
of flinches measured during minutes 0–5 after paw 
formalin injection, phase Q as the sum of flinches 
during minutes 5–6, 10–11 and 15–16 and phase 2 as 
the sum of flinches during minutes 20–21, 25–26, 
30–31, 35–36, 40–41, 45–46, 50–51, 55–56 and 60–61.  

Intrathecal microdialysis 
The recovery rate of the microdialysis for each 

catheter was measured before each experiment [13]. 
After 2 d, the dialysis catheters were perfused with 
artificial cerebrospinal fluid at a rate of 5 µl/min. All 
experimental manipulations were preceded by a 
30-min washout period, followed by two control 
sample collections (10 min each). Ten microliters of 
dialysate was assayed using on-line high-performance 
liquid chromatography (HP1100; Hewlett-Packard, 
Palo Alto, California, USA) coupled with a 
fluorescence detector. The detection sensitivity was 
up to 10-8 M. Sensitivity was 5–10 pmol/10 µl tube. 

Statistical analysis 
All data in the study were expressed as the mean 

± standard deviation (SD). One way or two-way 
analysis of variance (ANOVA) was applied to 

compare the data using SPSS16.0 software (SPSS Inc., 
Chicago, IL, USA). Tukey’s test for single and 
multiple comparisons, respectively. P values <0.05 
were considered statistically significant. 

Results 
Metabolic effect of STZ injection in rats 

STZ-injected rats were hyperglycaemic 
(18.3 ± 1.8 vs. 6.1± 0.9 mmol/l) and lighter (219 ± 19.4 
vs. 280.5± 21.2 g) than age-matched controls (both 
P < 0.05) at the conclusion of the study.  

Effect of PRF on mechanical hypersensitivity  
STZ induced significant mechanical allodynia by 

decreasing the mechanical threshold induced by 
mechanical stimuli. As shown in Fig. 1, the 
mechanical threshold in the STZ-induced diabetic rats 
was significantly decreased after 14 d of STZ 
treatment, suggesting the establishment of mechanical 
hyperalgesia in diabetic rats. The decrease of paw 
withdrawal responses to mechanical stimuli in 
diabetic rats was diminished by PRF, which lasted for 
at least 6 d, suggesting that PRF is capable of 
inhibiting mechanical hyperalgesia in diabetic rats 
(P<0.05, Fig. 1). PRF had no effect on mechanical 
sensation in normal animals (P>0.05, Fig. 1). 

Effect of PRF on heat hyperalgesia 
STZ caused significant heat hyperalgesia by 

decreasing paw withdrawal latency to heat. As shown 
in Fig. 2, the paw withdrawal latency to heat kept 
declining after STZ-treatment. Three weeks after 
STZ-treatment, the paw withdrawal latency to heat in 
STZ group was significantly lower compared to that 
in the normal group (P<0.05 Fig. 2), suggesting the 
establishment of heat hyperalgesia in diabetic rats. 
PRF had no effect on paw withdrawal latency to heat 
in normal animals (P>0.05, Fig. 2). The decreased paw 
withdrawal latency to heat in STZ-treated rats was 
partially reversed by PRF at time points 1 d and 3 d 
(P<0.05, Fig. 2).  

Effect of PRF on cold allodynia 
Cold allodynia was induced in diabetic rats as 

shown in Fig. 3, and the paw withdrawal latency to 
cold stimuli kept declining after STZ-treatment. Three 
weeks after STZ-treatment, the paw withdrawal 
latency to cold stimuli in STZ group was significantly 
lower compared to that in the normal group, 
suggesting the establishment of cold allodynia in 
diabetic rats. PRF had no effect on paw withdrawal 
latency to cold stimuli in normal animals. The 
decreased paw withdrawal latency to cold stimuli in 
STZ-treated rats was partially reversed by PRF, which 
lasted for at least 6 d (P<0.05, Fig. 3).  



Int. J. Med. Sci. 2016, Vol. 13 
 

 
http://www.medsci.org 

987 

 
Figure 1. Effect of L5 and L6 PRF treatment on mechanical hypersensitivity in diabetic rats. The mechanical threshold in STZ-induced diabetic rats was significantly 
lower than that in normal rats. PRF alleviates diabetes-induced mechanical hypersensitivity (n=10 in each group). PRF significantly increased the mechanical threshold 
in diabetic rats. Data are mean ± SD, *p<0.05 for the comparison to the diabetic rats treated with sham operation. 

 
Figure 2. Effect of L5 and L6 PRF treatment on heat hyperalgesia in diabetic rats. STZ caused significant heat hyperalgesia by decreasing paw withdrawal latency to 
heat (n=10 in each group). PRF alleviates diabetes-induced heat hyperalgesia. Data are mean ± SD, *p<0.05 for the comparison to the diabetic rats treated with sham 
operation. 

 
Figure 3. Effect of L5 and L6 PRF treatment on cold sensitivity in diabetic rats. STZ caused significant cold hypersensitivity by decreasing paw withdrawal latency to 
cold (n=10 in each group). PRF alleviates diabetes-induced cold hypersensitivity. Data are mean ± SD, *p<0.05 for the comparison to the diabetic rats treated with 
sham operation. 
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Effect of PRF on behaviour responses in 
formalin test 

The formalin-evoked flinching behaviour and 
spinal glutamate release were measured in conscious 
and freely moving rats. Flinching behaviour of the 
paw that received formalin injection was measured 
concurrently with spinal microdialysis. Control rats 
exhibited a bi-phasic flinching response with the 
active phases separated by a quiescent period of 
inactivity (Fig. 4). In diabetic rats, flinching was 
increased within minutes of the injection of formalin, 
and this increase was maintained throughout all three 
phases of the monitoring period (Fig. 4). PRF 
decreased formalin-evoked flinches throughout all 
three phases of the monitoring period after the 
intraplantar formalin injection (Fig. 4). 

Effect of PRF on formalin-evoked release of 
amino acids in spinal CSF dialysate 

The basal concentrations of the excitatory amino 
acid glutamate in spinal dialysates were significantly 
lower in diabetic rats than in controls (7.8 ± 0.8 vs. 
3.4± 0.5 mmol/l, NS+sham vs. STZ+sham), whereas 
there was no difference in the basal levels of aspartate, 
taurine, glycine or citrulline between the control and 
diabetic rats (aspartate: 1.1 ± 0.2 vs. 1.2± 0.3, taurine 
8.6 ± 0.8 vs. 9.4± 0.9, glycine: 24.3 ± 3.2 vs. 22.3± 2.9, 
citrulline 6.5 ± 0.8 vs. 6.9± 0.9 mmol/l, P > 0.05). 
Injection of 5% formalin into the hind paw of control 
rats evoked a significant increase in glutamate above 
basal levels that was most marked in the first fraction 
following paw stimulation (Fig 5). Transient increases 
of aspartate, taurine, glycine and citrulline were also 
noted in the fraction immediately following formalin 
injection. Diabetic rats also exhibited a marked 

increase in glutamate levels above baseline following 
paw formalin injection (Fig. 5). Absolute levels were 
significantly lower in the fractions collected during 
the initial 10 min after formalin compared to those of 
control rats, although the change relative to the basal 
levels of the same animals was of a higher magnitude 
to that observed in control rats (Fig. 5). PRF 
significantly attenuated the formalin-induced release 
of glutamate in diabetic rats during the initial 20 min 
after formalin compared to those of sham-treated rats 
(Fig. 5. STZ+PRF vs. STZ+sham). PRF also 
significantly suppressed the formalin-induced release 
of glutamate in nondiabetic rats during the initial 5 
min after formalin compared to those of sham-treated 
rats (Fig. 5. NS+PRF vs. NS+sham). PRF had no 
significant effect on the formalin-induced release of 
aspartate, taurine, glycine and citrulline 
(supplemental figures in supplementary material). 

Discussion 
PRF was developed to reduce neuronal damage 

[11], making it potentially suitable for patients with 
DNP. The mechanisms underlying PRF-induced 
analgesia have not been fully elucidated. The 
application of PRF adjacent to the DRG is related to a 
short- and a long-term increase in neuronal markers 
in the DRG and the dorsal horn [16-18]. Electron 
microscopic studies demonstrated small histological 
changes including enlarged endoplasmic reticulum 
cisterns or increased cytoplasm vacuoles. Conversely, 
conventional radiofrequency (CRF) resulted in 
significant changes: mitochondrial degeneration and a 
loss of nuclear membrane and neurolemma integrity 
[19, 20].  

 

 
Figure 4. Effect of L5 and L6 PRF treatment on the formalin-evoked behaviour response in diabetic rats. Formalin-evoked paw flinching, presented as sum flinches 
counted during minutes 0–1,1–2, 2–3, 3–4 and 4–5 (phase 1), during minutes 5–6, 10–11 and 15–16 (phase Q) and during minutes 20–21, 25–26, 30–31, 35–36, 40–41, 
45–46, 50–51, 55–56 and 60–61 (phase 2) of the formalin test in control (filled bars) and diabetic (open bars) rats. Data are mean ± SD of n=10 rats per group, 
*p<0.05 for the comparison to the diabetic rats treated with sham operation (STZ+sham). 
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Figure 5. Effect of L5 and L6 PRF treatment on the formalin-evoked levels of amino acid in spinal dialysate in diabetic rats. Amount of glutamate in spinal CSF 
dialysates from control and diabetic rats prior to, and following, injection of 0.5% formalin in the hind paw. The amount of glutamate (pmol) was collected per minute 
within each fraction. Data are mean ± SD of n=10 rats per group, *p<0.05 for the comparison to the diabetic rats treated with sham operation. 

 
An effect was seen on myelinated nerve fibers 

after the application of CRF or PRF on the sciatic 
nerve. The application of CRF resulted in severe 
degeneration [21] of the distal peripheral nerve, in 
contrast to the PRF group, where only separation in 
myelin configuration were observed [21]. 
Nevertheless, small electron microscopic changes 
have also been observed after application of PRF on 
the sciatic nerve. The damage appears to be more 
pronounced for the nociceptive C-fibers and Aδ- 
fibers than the tactile Aβ- fibers [22]. This might 
explain differential analgesic effects without greatly 
interfering with the tactile sensory input. 

The present study investigated the potential 
beneficial effect of PRF on diabetes-induced 
hyperalgesia and allodynia in rats. We found that PRF 
was capable of attenuating diabetes-induced heat 
hyperalgesia, mechanical hyperalgesia and cold 
allodynia. Further studies showed that PRF was 
capable of decreasing formalin-induced behaviour 
responses and suppressing the glutamate release 
following formalin intraplantar injection. 
Interestingly, although PRF inhibited the glutamate 
level increase by a small amount in control rats, PRF 
had little effect on nociception in these animals. This 
finding suggests that the PRF effect is not sufficient to 
affect normal nociceptive transmission in the spinal 
dorsal horn. Similar to these results, it has been shown 
that although PRF can reverse hyperalgesia caused by 
inflammation, it has no effect on normal nociception 
[13, 23]. All of the findings indicate the therapeutic 
potential of PRF in the treatment of diabetes-induced 
hyperalgesia and allodynia, without affecting the 

normal nociception, which might be associated with 
attenuating the glutamatergic neurotransmission. 

The spinal dorsal horn is a critical site for the 
transmission and modulation of nociception. 
Glutamate released from the central terminals of 
nociceptive primary afferents is an important 
neurotransmitter in the spinal dorsal horn. Consistent 
with a previous study [24], the basal concentrations of 
glutamate in the CSF were lower in diabetic than in 
control rats. In other studies [8, 25], the frequency of 
glutamatergic spontaneous excitatory postsynaptic 
currents (sEPSCs) and the amplitude of evoked 
monosynaptic and polysynaptic EPSCs were 
significantly higher in diabetic rats than that in control 
rats. The inhibitory effects of the glutamate receptors 
on sEPSCs and on evoked monosynaptic and 
polysynaptic EPSCs were significantly greater in 
diabetic than in control rats. The percentage of lamina 
II neurons in which sEPSCs and evoked EPSCs 
affected by glutamate receptor inhibitors was also 
significantly higher in diabetic rats than that in control 
rats. STZ administration significantly altered the 
postsynaptic glutamateric neurotransmission.  

The formalin test combined with intrathecal 
microdialysis offers the opportunity to measure the 
changes in pain-related behaviours and spinal 
neurotransmitter levels, which allows us to examine 
the effects of diabetes on ongoing spinal modulation 
of sensory processing. In our study, the percentage of 
glutamate change relative to the basal level after 
formalin intraplantar injection was much higher in 
diabetic than in control rats. These differences likely 
reflect increased glutamate release from the primary 
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afferent terminals to the spinal dorsal horn neurons in 
diabetic rats. This enhanced glutamate release 
contributes to the hyperexcitability of dorsal horn 
neurons and the enhancement of DNP [7]. 
Furthermore, PRF treatment at DRG suppressed the 
increased glutamate levels in the CSF after formalin 
injection in diabetic rats. These results suggest that the 
analgesic action of PRF involves the inhibition of 
glutamate release in the nociceptive transmission in 
the spinal cord.  

Increasing evidence also shows that glutamate 
receptor-dependent activation of the MAPK pathway 
is critical for the development of neuronal plasticity 
and is an important molecular mechanism for the 
long-lasting behavioural plasticity in various pain 
conditions [26, 27]. All three subtypes of ionotropic 
glutamate receptors and three subgroups of mGluRs 
seem to consistently modulate the MAPK pathway in 
a stimulatory fashion [28]. Active MAPKs translocate 
to the nucleus to activate a specific set of transcription 
factors for the facilitation of target gene expression 
[29]. This glutamate receptor-dependent, 
MAPK-mediated stimulus-transcription coupling 
controls the development of multiple forms of 
synaptic plasticity related to various normal and 
abnormal neural activities, including various pain 
conditions [30]. In an animal model of experimental 
painful diabetic neuropathy, ERK, JNK and p38 
phosphorylation was significantly increased in the 
spinal cord and in DRG, which reflects an increase in 
their activation [31]. MAPK inhibitor treatment 
attenuated diabetic-induced mechanical hyperalgesia 
confirmed that MAPK played a role in the 
development of DNP [31, 32]. 

The mechanisms underlying the effect of PRF 
treatment have not been well defined. Accumulating 
evidence shows that PRF may inhibit spinal 
sensitization by down-regulating spinal MAPK 
activations and reduce the synthesis of 
proinflammatory/pronociceptive mediators via 
distinct molecular and cellular mechanisms, resulting 
in the attenuation of persistent pain. In our previous 
study, PRF reduced CFA-induced mechanical 
hypersensitivity by attenuating JNK activation in the 
spinal dorsal horn [23]. In a spinal nerve ligation 
model, PRF significantly diminished nerve 
ligation-induced mechanical allodynia and thermal by 
downregulating p38 and ERK activation [33] and TNF 
production. In a spared nerve injury model, PRF can 
decrease mechanical and cold pain behaviours for 
more than 28 d and suppress the activation of ERK in 
the spinal cord [34]. All of these reports support that 
the analgesic mechanisms of PRF are closely 
associated with the suppression of MAPK activation. 
In diabetic rats, it is logical to infer that PRF decreased 

glutamatergic neurotransmission and subsequently 
suppressed the MAPK activation and decreased DNP. 

The application of PRF in the management of 
diabetic neuropathic pain should be considered 
carefully, as the mechanisms involved in the 
immediate versus the delayed phase may differ. In 
our examination, one time PRF at 21 d after STZ 
administration provided analgesia for one week. 
Diabetic polyneuropathy is primarily a symmetrical 
sensory polyneuropathy, initially affecting the distal 
lower extremities. In clinical practice, for example, 
PRF at L4, L5 and S1 DRGs might be able to produce a 
long-term relief of diabetic foot pain. Furthermore, 
PRF relieved both the first and second phases of 
formalin test. Given as a pre-treatment, PRF may be 
acting pre-emptively to prevent central sensitization, 
an effect that has been shown often for NMDA 
antagonists [35]. Our previous report showed that 
PRF relieved pain or hyperalgesia in animal models of 
inflammatory pain such as after complete Freund's 
adjuvant (CFA) injection [13, 36]. As these models 
reflect nociception starting immediately after 
injection, it shows that PRF can act rapidly on pain. In 
clinical practice, for example, we might apply PRF 
before the amputation, debridement or skin grafting 
of the diabetic foot to attenuate postoperative 
persistent pain. One more PRF treatment may be 
applied to provide optimal results for patients.  

Collectively, we provide a more logical and 
convincing explanation for the analgesic mechanism 
of PRF in DNP. The application of PRF may create an 
electric field at the tip of the electrode that does not 
induce a histological lesion but delivers brief electrical 
pulses or electromagnetic waves sufficient to inhibit 
glutamate release in the spinal cord of diabetic rats. 
The inhibition of glutamate release might further 
affect the activity of glutamate receptors, as well as 
expressing their downstream pain-related and MAPK 
expression that attenuated the pain sensitivity in the 
spinal dorsal horn to provide central sensitization. 
This central suppression effect of PRF attenuates pain 
hypersensitivity, as evidenced by our behavioural 
findings. 

Conclusion 
PRF is able to attenuate diabetes-induced 

hyperalgesia and allodynia, which might be 
associated with suppressing spinal glutamatergic 
transmission. PRF might be used as an effective 
treatment, especially with fewer side effects, for the 
management of abnormal sensation in DNP. 

Supplementary Material  
Supplementary figures.  
http://www.medsci.org/v13p0984s1.pdf 
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