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Objective: This study aimed to evaluate the effect of pulsed radiofrequency (PRF) treatment with various time courses on rheumatoid
arthritis (RA)-caused joint pain and pathological damage in rats.

Methods: SD rats were randomly assigned to five groups: a sham group, an RA group, a PRF/Imin group, a PRF/2min group, and
a PRF/3min group. RA model rats were established by injecting a mixture of type Il collagen and Freund’s adjuvant. Four times after
8 weeks, the dorsal root ganglia (DRG) of L4-6 segments were stimulated with PRF for 1, 2, and 3 minutes, respectively. Joint
diameters were measured weekly before and after modelling. After 14 days of PRF treatment, morphological changes in cartilage were
scored using pathological staining. ELISA determined TNF-a, IL-6, and IL-1f in peripheral blood. Ki67 expression in synovial tissues
was detected using immunohistochemistry. Finally, the expression of transient receptor potential ankyrin 1 (TRPA1) and transient
receptor potential vanilloid 1 (TRPV1) in synovial tissues were examined by Western blotting, qRT-PCR, and immunofluorescence.

Results: Among the RA rats, PRF treatments of 2 minutes and 3 minutes ameliorated joint damage, and both were superior to the
1-minute treatment. Compared to the RA group, the PRF-treated groups showed significantly lower Mankin and OARSI scores, and
reduced levels of TNF-a, IL-1f, and IL-6 in peripheral blood. Additionally, there was a decrease in Ki67 expression and levels of
TRPA1 and TRPV1 in synovial tissues.

Conclusion: RA rats treated with PRF experienced reduced cartilage damage, which appears to be associated with inhibition of joint
inflammation.
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Introduction

Rheumatoid arthritis (RA) is a common immune-mediated inflammatory disease that occurs more frequently in women
than in men, particularly among the elderly. Studies indicate that the prevalence of RA ranges from 0.5% to 1% of the
general population, depending on regional differences.'* This condition is characterized by inflammation of the synovial
membrane and destruction of cartilage,® primarily affecting the synovium, tendon sheaths, and synovial bursae in the
joints.* Symptoms include joint pain and stiffness, swelling, deformity, and impaired function. Current treatment for RA
focuses on reducing joint inflammation, swelling, and pain. The most prescribed medications include non-steroidal anti-
inflammatory drugs (NSAIDs), glucocorticoids, and disease-modifying antirheumatic drugs.” However, it is important to
note that these treatments often lack specificity and may require prolonged, high-dose use, leading to significant side
effects. Additionally, many patients struggle with compliance due to the complexity and cost of oral, intravenous, and
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intra-articular injections, which often have low bioavailability.®® These challenges highlight the urgent need for safer,
more effective, and cost-efficient treatment options for RA.

Pulsed radiofrequency (PRF) is a pain management technique first proposed by Sluijter in 1997.” It is widely used in
clinical practice for various pain conditions due to its safety, ease of application, and minimal side effects. Several
clinical studies suggest that PRF can be applied to many conditions, including small joint lesions, sacroiliac joint lesions,
peripheral nerve injuries, postherpetic neuralgia, and cervicogenic headaches. Moreover, PRF treatment can be adminis-
tered to various sites, such as the dorsal root ganglia, nerve roots, nerve trunks, posterior branches of spinal nerves, and
peripheral nerves. Li et al examined the effects of PRF on rats with chronic sciatic nerve compression injuries.'” The
results showed that PRF significantly improved tactile pain sensitivity in these rats.'® Ma et al demonstrated that PRF
treatment effectively alleviates both inflammation and pain responses in a rat model of neuropathic pain, highlighting its
potential as a valuable therapeutic option.'' Furthermore, PRF has also effectively treated conditions involving the
suprascapular nerve,'” the occupital nerve,'? and other peripheral nerves in clinical practice.'*'> However, the optimal
duration of PRF treatment for RA, its effects on joint pathology, and the underlying mechanisms remain largely
unexplored. Therefore, this study was designed to compare the therapeutic effects of different PRF durations (1, 2,
and 3 minutes) in a rat model of RA.

Transient receptor potential (TRP) channels are considered potential sensors and transducers of inflammation-related
pain.'® TRPAI1 (transient receptor potential ankyrin 1) and TRPVI (transient receptor potential vanilloid 1) play

significant roles in the perception of inflammation and injury in sensory neurons and non-neuronal tissues.'’ "’
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TRPV1 is a non-selective calcium channel whose expression and activity significantly rise following DRG inflammatory
stimulation, leading to chronic nociceptive sensitization.”® Furthermore, TRPV1 is also expressed in sensory neurons and
nerve terminals within the synovium. It has been demonstrated to mediate peripheral hyperalgesia and is considered
a nociceptor in knee osteoarthritis.*' Similarly, TRPA1 is widely expressed in sensory neurons and non-neuronal cells,
including synovium, underscores its relevance to sensory perception and inflammatory processes.*>** Extensive research
has established a connection between the TRPA1/TRPV1 and inflammation-related pain, highlighting their potential as
targets for treating RA."'® In a significant study by Fu et al, PRF effectively decreased pain sensitivity in rats with chronic
constriction injury (CCI).>* It is possible that one reason for this remarkable outcome may be because inhibitory
mechanisms were used to inhibit key chemokines like SDF-1/CXCR4 and TRPVI1, along with modulating pro-
inflammatory markers like TNF-a and IL-6.>* Based on this, the expression levels of TRPV1 and TRPA1 in synovial
tissue were further examined in this study. The rationale is that the synovium is the primary site of joint inflammation in
RA, and that these channels are expressed not only in DRG sensory neurons but also directly in nerve endings and
synovial cells within the synovium. By detecting changes in TRPV1 and TRPA1 in synovial tissue, the impact of PRF on
local joint pain signaling pathways and peripheral sensitization can be more directly assessed. These compelling findings
suggest that PRF could serve as a promising approach to relieving joint pain in RA by effectively suppressing TRPA1
and TRPV1 by reducing inflammation.

In this study, we established a rat model of RA to systematically explore the impact of PRF treatment at varying
exposure times. We hypothesize that PRF exerts a duration-dependent analgesic and anti-inflammatory effect in RA rats
by suppressing pro-inflammatory factor release and modulating the TRPA1/TRPV1 signaling pathway. Our aims are to:
(1) evaluate the effects of different PRF durations on joint pain and tissue damage; (2) examine PRF-mediated changes in
pro-inflammatory factor levels; and (3) elucidate the underlying mechanism involving TRPA1/TRPV1 and inflammatory
responses, with the ultimate goal of alleviating RA-related joint pain and injury.

Materials and Methods

Animals and Surgical Procedures

To ensure the welfare of laboratory animals, all experimental procedures with animals were performed in compliance
with the Guide for the Care and Use of Laboratory Animals (National Academies Press, 2011). All animal experiments
were approved by Wuxi Ninth People’s Hospital Affiliated to Soochow University for Scientific Research’s Ethics
Committee (Grant number: KS2025020). Sprague Dawley (SD) rats aged 6—8 weeks, provided by Yangzhou University
Laboratory Animal Center, were of clean-grade and healthy. During the experiment, rats were maintained at 22+2 °C,
50-60% humidity, 12-hour cycles of daylight and darkness, and sufficient food and water was available.

The model was established using the collagen-induced arthritis (CIA) method, a reliable approach to studying the
disease. Initially, all rats were acclimatized and kept for one week to ensure their readiness. The mixture inducer for the
RA rat model was prepared by thoroughly mixing equal parts of 4 mg/mL bovine type II collagen (C7806, Sigma, USA)
and 4 mg/mL complete Freund’s adjuvant (CFA) (F5881, Sigma, USA). Following this, the rats were anesthetized with
isoflurane, and a 100 pL dose of this induced mixture was injected subcutaneously at multiple sites on the first day, with
an additional immunization dose after one week to reinforce the response. The model typically becomes evident within 3
to 7 days. In contrast, the Sham group received the same volume of saline to serve as a control.

PRF Treatment

SD rats were randomly assigned to five groups: Sham, RA, PRF/1 min, PRF/2 min, and PRF/3 min, with six animals in
each group. A random number table was used for randomization, and the allocation sequence was generated by an
independent researcher. On the first day of the ninth week following the RA model construction, the rats were carefully
anesthetized by inhaling 1% isoflurane. A trocar needle was strategically inserted at the location of the DRG in the L4-6
segments of each rat. After the trocar was removed, PRF stimulation electrodes were precisely placed. The animals
designated for the PRF treatment group received targeted stimulation using a 20 Hz pulse frequency current at
a controlled temperature of 42°C, provided by a reliable radiofrequency lesion generator (R2000B, Beijing Neo
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Science Co., Ltd, Beijing, China). PRF/1 min, PRF/2 min, and PRF/3 min groups were experienced by stimulation for
varying durations of 1 minute, 2 minutes, and 3 minutes, respectively. Each rat received one PRF treatment every
20 minutes, for a total of four treatments. The investigator who performed the PRF treatment was blinded to the group
allocation. The blinding code was revealed only after all experimental procedures and data collection were completed.In
brief, each animal was placed in a transparent sealed euthanasia chamber, and CO,was gradually introduced at
a moderate flow rate until a concentration of 60-70% was reached, to minimize distress caused by rapid gas flow.
Euthanasia was performed until respiratory arrest and absence of the corneal reflex were confirmed, after which CO,
exposure was maintained for an additional 1-2 minutes to ensure that death was irreversible and to minimize animal
distress.

Joint Swelling Test and Pain Threshold Measurement
Since the beginning of RA rat modeling, ankle diameters have been measured weekly using vernier calipers and
statistically analyzed.

To assess all rats’ pain threshold accurately, we measured tail-flick latency in a hot water bath on days 1, 3, 7, 10, and
14 following PRF treatment. The process began when 1/3 of the rat’s tail was immersed in a 48°C-water bath, and timing
commenced. It stopped when the rat instinctively removed its tail from the water, marked by tail wagging or curling. This
reaction time was recorded as tail-flick latency. Each rat underwent this measurement three times, with at least 20 minutes
intervals between each test to ensure reliability. The average latency was calculated from these three measurements.

Histological Evaluation of RA

To effectively assess RA severity, we carefully isolated the femoral condyle and tibial plateau on the operative side. We
then fixed these tissues in a 4% (vol/vol) paraformaldehyde solution (P1110, Solarbio, Beijing, China). Following this
critical step, we performed decalcification using a 0.5M EDTA solution (E1170-100, Solarbio, Beijing, China). After
thoroughly dehydrating the specimens through a progressive alcohol gradient, we embedded the decalcified tissues in
paraffin and sectioned them into 5-pum slides. These sections were prepared in both the coronal plane at the midpoint of
the tibial plateau and the sagittal plane at the midpoint of the medial femoral condyle. We then applied H&E staining
(PK10031, Proteintech, Wuhan, China) and Safranin O/fast green staining (G1053, Servicebio, Wuhan, China) to the
sections. We utilized both the Osteoarthritis Research Society International (OARSI) grading system and the Mankin
grading system to evaluate RA severity. The Mankin scoring system is crucial for evaluating RA severity. It comprehen-
sively examines vital aspects such as cartilage structure, chondrocyte health, cartilage matrix staining, and tidemark
integrity. Scores range from 0 to 14, with higher numbers indicating increased severity. The OARSI bone damage
assessment criteria were evaluated as previously described.”> To enhance the reliability of our findings, three colleagues
independently assessed RA severity in a blind manner.

Enzyme Linked Immunosorbent Assay (ELISA)

Before euthanizing the rats, a blood sample was taken from the abdominal aorta. Then, the blood sample was rested at
room temperature (20-25 °C) for 1 hour. Afterward, the upper layer of serum was separated by centrifugation at 3000
RPM for 10 minutes. The levels of pro-inflammatory factors, including TNFa, IL-6, and IL-13, were measured in
peripheral blood following the instructions provided with the ELISA kit (E-EL-R0015, Elabscience, Wuhan, China).

Western Blotting

The total protein extracts from each sample were prepared using RIPA lysis buffer (PO013B, Beyotime, Shanghai,
China). Following 10-minute centrifugation, the supernatant was collected, and the protein concentration was measured
using a BCA protein assay kit (P0009, Beyotime, Shanghai, China). For sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), 20pg of protein per sample was separated and transferred to PVDF membranes (Millipore,
Billerica, MA, USA). The membranes were blocked with 5% milk in TBST-20 for 1 hour at room temperature. They
were then incubated overnight at 4°C with primary antibodies targeting TRPA1 (19,124-1-AP, Proteintech, USA) and
TRPV1 (66,983-1-Ig, Proteintech, USA) After a rinse with TBST, the blots were incubated with goat anti-rabbit IgG
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Table | Gene-Specific Primer Sequences Used for qRT-
PCR

TRPAI | Forward primer | ATGAGTTGGCATACCCGGTC
Reverse primer | CCACTTTGCGCAAGTACCAG
TRPVI | Forward primer | GGCCGAGTTTCAGGGAGAAA
Reverse primer | GGTTCCCTAAGCAGACCACC
p-actin | Forward primer | CACCCGCGAGTACAACCTTC
Reverse primer | CCCATACCCACCATCACACC

conjugated with peroxidase (1:5000 dilution; CST, USA). A rabbit anti-actin antibody (1:5000, CST, USA) was used as
a loading control to ensure equal protein loading across samples. Data analysis was performed using a ChemiDoc XRS
Plus luminescent image analyzer (Bio-Rad, USA), following enhancement with chemiluminescence reagents
(36222ES60, Yeasen, Shanghai, China).

Quantitative Real-Time PCR (qRT-PCR) Analysis

Total RNA was extracted from each sample using TRIzol reagent (R0016, Beyotime, Shanghai, China). One pg of total
RNA was reverse-transcribed for each sample into single-stranded cDNA using the 2xQ3 SYBR qPCR Master Mix
(Universal) kit (KCD-M1004, Cronda, Shanghai, China). Quantitative real-time PCR (qQRT-PCR) was performed with the
HiScript IT QRT SuperMix for qPCR kit (R222, Vazyme, Nanjing, China) on a real-time PCR system (5200multi, Tanon,
Shanghai, China), which was employed to process and analyze all reactions. Relative gene expression levels were
calculated using the 22" method, with target gene expression normalized to B-actin. Table 1 shows the primer
sequences for qRT-PCR.

Immunohistochemistry and Immunofluorescence
For immunohistochemistry, paraffin sections were deparaffinized sequentially using xylene, followed by a gradient of
alcohol, and then rehydrated in distilled water for 5 minutes. The tissue sections were placed in a repair cassette filled
with citrate antigen retrieval solution (Beyotime) and subjected to microwave heating for antigen retrieval. After
allowing the slides to cool naturally, they were placed in PBS (pH 7.4) on a decolorizing shaker and washed by shaking
three times for 5 minutes each. At room temperature, 3% hydrogen peroxide was incubated for 15 minutes to inactivate
endogenous peroxidase activity. Next, the sections were permeabilized with 0.3% Triton X-100 for 30 minutes, blocked
with 5% BSA for 1 hour, and immunolabeled overnight with Ki67 (ab15580, Abcam, USA) antibodies. Next, following
the manufacturer’s instructions, we conducted Ki67 staining on the synovial tissues of rats in each group using the
Universal Rabbit Two-Step Assay Kit (PV-900) from ZSGB-BIO (Beijing, China).

For immunofluorescence, after the antigen retrieval, the sections were permeabilized with 0.3% Triton X-100 for
30 minutes, blocked with 5% BSA for 1 hour, and then immunolabeled overnight with TRPA1 (19,124-1-AP,
Proteintech, USA) and TRPV1 (66,983-1-1g, Proteintech, USA) antibodies The sections were rewashed with PBS and
incubated with the goat anti-rabbit IgG H&L (ab6939, Abcam, USA) or goat anti-mouse IgG H&L (ab6785, Abcam,
USA) secondary antibody at room temperature for 1.5 hours. Finally, the sections were mounted using Fluoroshield with
DAPI (GeneTex Inc. USA). Every sample was examined using fluorescence microscopy (DMI1, Leica, Germany). The
resulting images were then quantified with ImageJ software for comprehensive data analysis. Quantification of histolo-
gical staining was performed by an independent investigator who was blinded to the experimental groups.

Statistical Analysis

All data were analyzed and plotted using GraphPad Prism 9.0 software. Measurement data were assessed for normal
distribution, including Mankin and OARSI scores, inflammatory cytokines, Ki67-positive expression, TRPA, TRPV1,
and related protein expressions. Following this test, those with a normal distribution were expressed as mean =+ standard
deviation. Analysis was conducted using a one-way ANOVA with Tukey’s post-hoc test. Multifactorial ANOVA
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examined differences in ankle diameters and pain thresholds among different groups with Tukey’s post-hoc test. A two-
sided Alpha level of 0.05 was established for statistical significance.

Results

PRF Treatment Improves Joint Pain and Histopathology in RA Rats

The ankle diameter measurements in each group of rats demonstrated that the RA group had significantly larger ankle
diameters than the sham group (11.30 + 0.53 mm vs. 8.98 + 0.37 mm), confirming the successful establishment of the RA
model. Remarkably, after administering PRF treatment, we observed a significant reduction in the ankle diameters of the
RA rats (Figure 1A). This compelling evidence suggests that localized PRF treatment effectively mitigates joint swelling
in RA rats and has preliminarily confirmed its promising therapeutic potential. Moreover, the behavioral tests revealed
that the PRF-treated group displayed remarkably longer tail-flick latencies compared to the RA group on days 7 to 14
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Figure | PRF treatment improves joint pain and histopathology in RA rats. (A) Measure the ankle diameters of each group in an RA rat model. n=6 per group. “-” indicates
that PRF treatment was not administered; “+” indicates that PRF treatment was administered at week 9 (Interaction: F (36, 250) = 5.927, P<0.001; n=6 per group). (B)
Latency of tail-flick of each group in an RA rat model (Interaction: F (20, 150) = 80.95, P<0.001; n=6 per group). BL: baseline. (C) Representative images of H&E staining of
rat osteoarticular joints in each group, with blue arrows representing synovial cell hyperplasia, black arrows representing proliferation of the underlying sponged fibrous
tissues, Orange arrows representing vascular hyperplasia, and green arrows representing lymphocytic infiltration. Scale bar, 500um (4x) and 200um (100x). n=6 per group.
(D) Representative images of SOFG staining of osteoarticular joints of each group in an RA rat model. Scale bar, 500um (40x), 200um (100x). n=6 per group. (E-F) Arthritis
severity was assessed in each group using the Mankin and OARSI scoring systems (Mankin F (4, 25) = 200.9, P<0.001; OARSI F (4, 25) = 88.02, P<0.001; n=6 per group). **P
< 0.01, **P < 0.001. ns, no statistical difference. For comprehensive information, please refer to Table SI.
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after treatment. Notably, the PRF/2min and PRF/3min group outperformed the PRF/1min group, achieving even greater
tail-flick latencies (Figure 1B).

Moreover, histopathological evaluation revealed that the RA group displayed typical characteristics of joint destruc-
tion. These included abnormal synovial hyperplasia with inflammatory cell infiltration and significant degeneration of the
articular cartilage when compared to the Sham group. H&E staining analysis indicated an increase in synovial lining
thickness, accompanied by fibrous tissue hyperplasia in the lower layer, an enlarged area of vascular neovascularization,
and a higher density of lymphocyte infiltration in the RA group in comparison to the Sham group (Figure 1C). These
findings reflect an active inflammatory state in the RA model (Figure 1D). Additionally, SOFG staining analysis showed
proteoglycan depletion in the articular cartilage of the RA group, characterized by diminished staining intensity
compared to the Sham group (Figure 1D), further confirming the severe destruction of the cartilage matrix. Notable,
PRF intervention effectively improved the previously mentioned arthropathic injuries by reducing the synovial hyper-
plasia index, inflammatory cell infiltration, and partially restoring cartilage proteoglycan content (Figure 1C and D).

Furthermore, we used the Mankin and OARSI scoring systems to objectively evaluate the effects of PRF treatment.
Our results showed that the articular cartilage structure remained intact in the Sham group. In contrast, the RA group
exhibited significantly higher scores (Figure 1E and F), indicating severe damage caused by the RA models. Meanwhile,
the scores for the PRF-treated groups were significantly lower than those for the RA group (P<0.05), suggesting that PRF
treatment helps mitigate articular cartilage destruction. Notably, the PRF/2 min and PRF/3 min groups were more
effective than the PRF/1 min group in relieving joint pain and improving the pathological symptoms of arthritis.

Based on these results, we conclude that the established rat model of RA possesses a typical arthritic phenotype, that
PRF treatment reduces damage to articular cartilage in RA, and that longer periods of PRF treatment result in superior
results.

PRF Treatment Inhibits RA-Related Inflammation and Synovial Hyperproliferation

To further investigate whether the PRF treatment influences inflammation resulting from RA and synovial proliferation,
we evaluated the levels of the pro-inflammatory factor in peripheral blood using ELISA and the expression of Ki67 in
synovium using immunohistochemistry. The ELISA results indicated that the pro-inflammatory cytokines TNF-a, IL-6,
and IL-1P expression levels in the PRF-treated group’s peripheral blood were significantly lower than those in the RA
group. Moreover, the reduction of pro-inflammatory factors was more pronounced in the PRF/2min and PRF/3min
groups (Figure 2A). These results indicate that PRF treatment can significantly inhibit the activation of pro-inflammatory
cytokine networks in the RA rat model.

Furthermore, the immunohistochemical analysis provides critical insights, revealing that the positivity rate of the
synovial hyperproliferation marker Ki67 was significantly higher in the RA group versus the Sham group. In contrast,
Ki67 expression in RA rats was notably suppressed in the PRF/2min and PRF/3min groups, surpassing the effects seen in
the PRF/Imin group (Figure 2B). These findings advocate that PRF treatment reduces synovial hyperproliferation and
minimizes cartilage damage in RA.

PRF Treatment Improves Joint Pain and Histopathology via Inhibiting the TRPAI and
TRPV| Expressions

To further identify the key factors that contribute to improving joint pain and reducing cartilage damage, we performed
Western blotting and qPCR analyses to assess the levels of TRPA1 and TRPV1 in synovium from RA rats. Western blot
and qPCR analyses demonstrate that the expression levels of TRPA1 and TRPV1 are abnormally elevated in the synovial
tissues of RA rats compared to the Sham group (Figures 3A and B). Moreover, PRF intervention led to a significant
reduction in the expression levels of these proteins, with the 2-minute and 3-minute PRF treatments showing more
pronounced inhibitory effects than the 1-minute treatment (Figures 3A and B).

Additionally, immunofluorescence results further demonstrated spatial co-localization of TRPA1 and TRPV1 in the
synovial tissues, suggesting a potential interaction or synergistic relationship between these two channels at the
intracellular level. Furthermore, PRF treatment significantly reduced the expression of TRPA1 and TRPV1 in RA rats
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Figure 2 PRF treatment inhibits RA-related inflammation and synovial hyperproliferation. (A) Expression of pro-inflammatory factors, including TNF-a, IL-6 and IL-1p in
peripheral blood detected by ELISA in an RA rat model (TNF-o: F (4, 25) = 468.9, P<0.001; IL-6: F (4, 25) = 167.7, P<0.001; IL-1B: F (4, 25) = 123.9, P<0.001; n=6 per group).
(B) Representative images of Ki67 staining in synovial tissues for each group (F (4, 25) = 153.9, P<0.001, n=6 per group). Scale bar, 100um. **P < 0.01, ***P < 0.001, ns, no
statistical difference. For comprehensive information, please refer to Table S2.

(Figure 3C). These findings suggest that PRF may function as a powerful analgesic and anti-inflammatory agent by
modulating the expression dynamics of TRPA1 and TRPV1 channels in the synovium.

Discussion

In this study, we successfully established a rat model for RA and revealed that PRF treatments significantly alleviate joint
pain and attenuate cartilage damage in RA. Our findings indicate that different PRF treatment regimens can lead to
diverse outcomes, such as reducing joint pain, inhibiting synovial hyperproliferation, and reducing cartilage destruction.
Additionally, we explored the mechanisms of PRF treatments, which include lowering inflammatory factor levels and
downregulating TRPA1 and TRPV1 expression in synovial tissues. These results lay an important experimental founda-
tion for using PRF in chronic inflammatory diseases and highlight TRPA1 and TRPV1 as promising targets for future RA
treatments.

RA is a debilitating chronic autoimmune disease characterized by joint inflammation and synovial tissue proliferation.
Continuous immune cell activation induced by RA-specific autoantigens causes chronic joint inflammation and swelling
of the synovium.® This inflammatory environment further promotes the formation of vascular opacities that erode the
periarticular bone at the cartilage-bone junction, ultimately resulting in bone erosion and cartilage degeneration.”®
Therefore, modifying the inflammatory environment within the joints is a crucial strategy for treating RA effectively.

In the present study, we utilized the collagen-induced arthritis (CIA) method to create a reliable rat model of RA. The
ankle diameters and tail-flick latency of the rats exposed to CIA were significantly larger and shorter than those of the
unexposed rats. Furthermore, RA dramatically alters joint health, leading to destruction. Key histopathological features
include increased synovial lining thickness, followed by fibrous tissue hyperplasia in the underlying layers. Additionally,
there is an increase in neovascularization, a higher concentration of lymphocyte infiltration, and a concerning depletion
of proteoglycans in the articular cartilage.®*” These changes highlight the severe impact of RA on joint integrity and
function.>?” In our study, the histological evaluation clearly demonstrated that CIA-treated rats showed distinct signs of
joint destruction, with their Mankin and OARSI scores substantially surpassing those of the untreated rats. These above
substantial differences demonstrate that we successfully established the RA rat model, as joint swelling and pain
sensitivity are typical characteristics of RA.
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Figure 3 PRF treatment improves joint pain and histopathology via inhibiting the TRPAI and TRPVI expressions. (A) Western blotting analysis of TRPVI and TRAI
expressions in synovial tissues of an RA rat model for each group (TRPVI: F (4, 25) = 289.7, P<0.001; TRPAI: F (4, 25) = 438.7, P<0.001; n=6 per group). (B) qRT-PCR
analysis of the mRNA levels of TRPVI and TRAI expressions in synovial tissues of an RA rat model for each group (TRPVI: F (4, 25) = 714.7, P<0.001; TRPAI: F (4, 25) =
317.1, P<0.001; n=6 per group). (C) Immunofluorescence images of TRPVI and TRAI in synovial tissues of an RA rat model for each group (F (4, 25) = 490.9, P<0.001;
n=6 per group). Scale bar, 100um. ***P < 0.001, ns, no statistical difference. For comprehensive information, please refer to Table S3.

Next, we then investigated the potential of PRF in reducing joint swelling and pain associated with RA. Our findings
demonstrated that RA rats treated with PRF experienced a significant decrease in ankle size and a longer tail-flick
latencies in response to pain, indicating that PRF treatment effectively alleviates joint swelling and reduces pain
sensitivity related to RA. This was also validated by the results of histological evaluation, which showed PRF
intervention effectively improved the previously mentioned arthropathic injuries by reducing the synovial hyperplasia
index, inflammatory cell infiltration, and partially restoring cartilage proteoglycan content. Moreover, the Mankin and
OARSI scoring systems also revealed the PRF-treated groups were significantly lower than those for the unexperienced
PRF. Further, the levels of the pro-inflammatory factor in peripheral blood were detected using ELISA to assess the RA-
caused inflammation. The results showed that the levels of IL-1B, TNF-a, and IL-6 were significantly decreased after
PRF treatment in an RA rat model. Abnormal synovial proliferation is one of the most significant pathological features
associated with RA due to its strong erosive and destructive effects on cartilage tissue.’*’” Therefore, we carried out an
immunohistochemical analysis to evaluate Ki67 expression, an essential marker of cell proliferation, in synovial tissue.
Our findings reveal that PRF treatment markedly reduced the positivity rate of Ki67 in the RA rat mode. These above
results demonstrate that PRF treatment may be a powerful strategy for inhibiting the joint inflammatory response,

relieving joint pain, and promoting the repair of articular cartilage damage in RA model rats.
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Clinical trials involving PRF for longer than two minutes are uncommon.”®>° Tanaka et al have reported a dose-
dependent enhancement of antinociceptive sensitization when PRF duration was extended from 2 to 6 minutes in a resin
toxin model with rats.>’ However, Ozsoylar et al found no statistically significant difference in antinociceptive effects
between 2-minute and 6-minute PRF applications in a sciatic ligation model.** Therefore, the optimal duration for PRF
exposure is still not well established and often varies in clinical settings. We evaluated the effects of 1-minute, 2-minute,
and 3-minute PRF treatments in the RA rat model to address this issue. Our results indicated that the therapeutic
effectiveness of the 2-minute and 3-minute PRF groups was significantly greater than that of the 1-minute group.
However, no statistically significant difference was observed between the 2-minute and 3-minute PRF groups. This finding
suggests the existence of a physiological saturation point in this model: a stimulation duration of 2 minutes may already
achieve maximal suppression of DRG neuronal hyperexcitability and downstream neurogenic inflammation, such that
extending treatment to 3 minutes confers no additional benefit. These results suggest that, in the rat RA model, using PRF
stimulation for either 2 or 3 minutes may provide superior therapeutic benefits compared to a brief 1-minute exposure.

Recent investigations have underscored the pivotal roles of TRPA1 and TRPV 1 channels in mediating inflammation.**
Atoyan et al revealed that TRPA1 plays a crucial role in regulating the expression of inflammation-related genes in
keratinocytes, notably by enhancing the production of IL-la and IL-1B.** Additionally, exposure of keratinocytes to
capsaicin or UV radiation triggers a TRPV 1-mediated influx of Ca**, resulting in increased levels of inflammatory factors
such as IL-1p, IL-2, IL-4, IL-8, and TNF-a.>* Thus, activating TRPA1 and TRPV1 is a clear pathway to amplifying the
inflammatory response. In our current study, we utilized Western blotting and gPCR techniques to assess the impact of PRF
treatment on the expression of TRPA1 and TRPV1 in synovial tissues in an RA rat model. Our findings indicate that PRF
treatment effectively inhibits the expression of TRPA1 and TRPV1 in RA-induced swollen synovial tissues. It is worth
noting that although PRF acts on DRG distant from the knee joint, its effect on synovial TRP channels is likely mediated
through modulation of sensory neuron activity and subsequent alterations in peripheral neurogenic inflammation.*® By
inhibiting the secretion of calcitonin gene-related peptide (CGRP) and substance P (SP) into the knee joint due to impaired
axonal transport in DRG neurons,’’ PRF reduces the levels of pro-inflammatory cytokines, which are key mediators of
inflammation and pain.*® Furthermore, immunofluorescence analyses confirmed the spatial co-localization of TRPA1 and
TRPV1 within these tissues, suggesting a potential interaction or synergistic relationship between these two channels at the
intracellular level. Collectively, these results strongly support the notion that reduced TRPA1 and TRPV1 expression is
associated with the alleviation of inflammatory responses in RA following PRF treatment, presenting a promising
therapeutic strategy for managing this debilitating condition.

Our previous study clearly demonstrated that targeting the DRG with PRF results in significantly greater analgesia than
intra-articular PRE, by effectively downregulating TRPA1/TRPV 1 channels and reducing inflammatory factors.*® Building on
this critical finding, the current study focuses on determining the optimal PRF duration at this crucial site (DRG). By creating
groups with PRF durations of 1, 2, and 3 minutes, we address the critical issue of PRF parameter optimization, thereby
enhancing the clinical applicability of the protocol. Furthermore, by evaluating the synovial proliferation marker Ki67,
performing quantitative cartilage damage assessments using the Mankin and OARSI scales, and conducting Safranin O/Fast
Green staining, we expand our evaluation beyond mere pain relief to include histopathological repair. This comprehensive
approach enables more thorough validation of therapeutic efficacy, underscoring the potential impact of our findings.

The current study presents compelling insights but also highlights important limitations: (1) The effects of PRF were
assessed over a brief 14-day period. Considering the slow improvement in joint pain and damage associated with RA, it’s clear
that continued observation over a more extended timeline is essential for understanding long-term benefits. (2) The tail flick
test measures nociceptive reflex rather than joint-specific pain; future studies should include von Frey testing or weight-bear-
ing asymmetry for mechanical allodynia to better characterize arthritis-related pain. (3) While this study suggests that PRF
may enhance joint symptoms in RA by inhibiting the expression of TRPA1 and TRPV1, the underlying mechanisms remain
unclear. A deeper exploration into how PRF provides analgesic effects is crucial for validating its efficacy. (4) Moreover,
future investigations are vital to identify the optimal parameters for PRF therapy, enabling more effective treatment strategies.
Addressing these limitations will enhance the understanding and application of PRF therapy in managing RA.

10 htps: Journal of Pain Research 2026:19



Li et al

Conclusion

PRF treatment ameliorated joint swelling and pain, decreased inflammatory factors released, inhibited synovial prolif-
eration, and reduced cartilage damage via inhibiting synovial TRPA1/TRPV1 expression in an RA rat model. Moreover,
PRF treatment with various exposure durations showed differential therapeutic effects; the 2-minute PRF treatment
proved to be more effective overall.
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