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 Quality of life is markedly influenced by inflammatory pain, with current therapeutic 
options frequently necessitating extended treatment periods and resulting in many 
undesirable side effects. In the present study, a Complete Freund's Adjuvant (CFA)-
induced model was employed to examine the therapeutic potential of electroacupuncture 
(EA) in conjunction with subhypnotic doses of dexmedetomidine (DEX) administered 
at acupoints for managing inflammatory pain. The experimental design involved 36 
healthy male C57BL/6 mice equally divided into six experimental treatments: saline 
(SAL), CFA, diclofenac sodium standard treatment (ST), DEX, EA and combined 
DEX-EA, with six mice in each group. Treatments commenced 48h following CFA 
administration, consisting of four treatment sessions at two-day intervals. Following 
each treatment session, nociceptive thresholds were evaluated. After the last session, 
paw tissue samples collected from affected paws were subjected to histopathological 
and immunohistochemical examination, and RNA seq was performed on spinal cord 
specimens. Results revealed that the DEX-EA therapy produced significantly higher 
nociceptive thresholds compared to the CFA, DEX monotherapy, and EA monotherapy 
(P<0.05). Additionally, inflammatory indices showed significant improvements with 
the DEX-EA, with decreased levels of CD45, MPO, TNF-α, IL-6, and IL-1β 
compared to the CFA, DEX monotherapy, and EA monotherapy (P<0.05). Compared 
to the CFA, non-significant variations were found in nociceptive thresholds and IL-6 
level in the DEX and EA monotherapies; however, a significant decrease was found 
in the level of CD45, MPO, and IL-1β (P<0.05). Transcriptomic data revealed 65 
differentially expressed genes (DEGs), demonstrating enhanced expression of genes 
associated with GABAergic neurotransmission, degradative pathways, and autophagic 
mechanisms. The findings demonstrate that combining EA with DEX produces 
synergistic anti-nociceptive and anti-inflammatory effects mediated through spinal 
cord mechanisms. 
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INTRODUCTION 
 

One of the widespread health issues worldwide is pain 
that is mediated by inflammation. It affects millions of 
individuals and pushes medical services to the limit 
everywhere. The traditional pharmacological methods of 
managing inflammatory pains such as non-steroidal anti-
inflammatory drugs (NSAIDs), corticosteroids, and 
opioids are conventional treatment modalities. 
Nevertheless, these drugs require prolonged administration 
and have high chances of adverse reactions. Subsequently, 
the creation of therapeutic options with proven efficacy and 
positive tolerability profiles is an urgent topic in the 
management of inflammatory pain syndromes (Lynch and 
Watson, 2006; Ho et al., 2018). 

Because acupuncture is combined with the use of low 
doses of therapeutic substances, it is an effective method 
known as pharmaco-puncture (Park et al., 2023). This 
integrated program works well in the management of pains 
and the disorders associated with it. It focuses on pain 
modulation and some biological pathways associated with 
inflammation. Medications placed at the acupoints have a 
direct effect on local immune cells, blood vessels, and 
nerve endings, which stimulate better therapeutic effects 
using small amounts of systemic drugs and reducing side 
effects (Vieira et al., 2018; Son et al., 2024). 

Electroacupuncture (EA), which is a modern form of 
manual acupuncture, i.e. the combination of manually 
inserted needles and electrically-induced stimulation of the 
needles at the particular acupoints, is often employed to 
treat the neurological, musculoskeletal, and pain-related 
disorders (Li et al., 2018). Electroacupuncture could be 
used to decrease inflammation and pain through the 
stimulation of the expression of endogenous opioids and 
through the regulation of the release of inflammatory 
cytokines (Gondim et al., 2012; Park and Namgung, 2018; 
Lan et al., 2024). Moreover, EA has an opportunity of 
enhancing the effectiveness and multimodal synergistic 
effects of acupoint drug injections in pain relief. 

Dexmedetomidine (DEX) is a selective α2-adrenergic 
receptor agonist, which is a sedative, analgesic and anti-
inflammatory agent. It has been previously demonstrated 
that DEX has the ability to inhibit the nuclear factor-kappa 
beta (NF-κB) inflammatory pathways and inhibit the 
production of cytokines, further broadening its potential 
role in pain management (Li et al., 2015; Ji et al., 2017). 
Transmembrane glycoprotein (CD45) and 
myeloperoxidase (MPO) are regarded as key markers of 
inflammatory cellular infiltration linked with immune cell 
response, which is positively correlated with the level of 
the released cytokines (Oikonomou et al., 2023). The spinal 
cord has a pivotal role in the management of inflammatory 
pain through regulating the expression of genes related to 
pain pathway, including the gamma aminobutyric acid type 
A receptor (Liu et al., 2025) and chemokine-related genes 
(Cao et al., 2014).  

However, there is relatively little information available 
in the literature regarding the use of EA as an intervention 
together with DEX administered at acupoints to reduce 
inflammatory pain. Hence, this study was planned with the 
following objectives: 1) To investigate the antinociceptive 
and anti-inflammatory effects of DEX and EA given at 
particular acupoints in a Complete Freund's Adjuvant 

(CFA)-induced inflammatory pain model; and 2) To assess 
the RNA-seq of the spinal cord to reveal the potential 
underlying mechanisms and enriched functional pathways. 
The hypothesis was that EA and acupoint-administered 
DEX would be synergistic and would be more effective in 
pain relief and less inflammatory than either treatment. 
This multimodal strategy has the potential to provide an 
innovative and integrative method of dealing with 
inflammatory pain with reduced systemic side effects. 
 

MATERIALS AND METHODS 
 

Animals: The study used 36 healthy male C57BL/6 mice 
aged between 6-8 weeks and 18-22g to serve as the 
experimental units (licensing number SCXK (Hubei) 2020-
0019). Animals were maintained under controlled 
conditions with ambient temperatures at 22±1°C, relative 
humidity between 50 and 60%, and alternating 12-hour 
periods of illumination and darkness, with unrestricted 
access to a standard mice diet and water. Following a 
seven-day adaptation period, the experimental units were 
tested for baseline mechanical and thermal threshold values 
before the start of the formal experiment. During the 
preliminary test, seven mice were excluded from 
subsequent experiments because they showed delayed or 
exaggerated responses and were replaced with animals 
displaying normal baseline responses. 
 
Experimental design: Mice were randomly assigned 
(n=6/group) to: (1) SAL: given normal saline injection 
(25µL, plantar left hind-paw); (2) CFA: given 20µL CFA 
(1mg/mL Mycobacterium tuberculosis, H37Ra) (Yu et al., 
2021); (3) ST: given CFA+diclofenac sodium standard 
treatment (10mg/kg IP) (Gupta et al., 2015); (4) DEX: 
given CFA+subhypnotic DEX (1.4µg/kg) at ST36; (5) EA: 
given CFA+EA at ST36; (6) DEX-EA: given CFA+DEX 
at ST36+EA. In this study, the ST36 denotes the 
acupuncture point stomach 36. Treatments began two days 
post-CFA and were repeated every two days for four 
treatment sessions. Pain thresholds were measured before 
CFA and after each treatment session (days 2, 4, 6, 8). After 
the last session, blood was collected for testing blood 
cortisol, and animals were then sacrificed for tissue 
collection. Paw tissue samples were preserved in 4% 
paraformaldehyde (PFA) for histology and 
immunohistochemistry, while L4–L6 spinal cords were 
snap-frozen for RNA-seq. Schematic representation of 
experimental procedures and therapeutic interventions 
implemented throughout the CFA inflammation study, 
depicting timepoints of treatments, evaluation points, and 
specimen collection is shown in Fig. 1A. 
 
Acupoint-delivered DEX and EA: Before the start of the 
formal experiment (pretest period), several subhypnotic 
doses of DEX were injected at the ST36 acupoints, pain 
thresholds were tested, and the dose of DEX selected for 
this study was determined to conduct the formal test. A 
subhypnotic concentration of DEX (1.4µg/kg, TCI, Japan) 
diluted in 100µL saline solution (50µL per side) was 
administered bilaterally at the ST36 acupoint (positioned 
4mm lateral from the tibial tubercle at 2-3mm insertion 
depth). Anatomical illustration depicting ST36 acupoint 
localization  utilized  for  both   EA   stimulation   and  DEX 
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Fig. 1: A): Schematic representation of timepoints and experimental procedures. B): Anatomical illustration depicting ST36 acupoint localization. C): 
Mechanical nociceptive thresholds(g) across treatment cohorts. D): Thermal latency(s) among treatment cohorts. E): Cortisol concentrations (ng/mL) 
across experimental cohorts. Letters (a–d) denote statistically significant deviations from SAL controls (P<0.05); capital letters (A–C) represent 
significant inter-group variations (P<0.05). (*) signifies notable differences from CFA controls (P<0.05); (#) demonstrates significant between-group 
distinctions (P<0.05). 
 
delivery is shown in Fig. 1B. Electroacupuncture 
procedures were conducted according to established 
protocols (Koo et al., 2010; Wan et al., 2020). After 3 days 
of being habituated on restraint equipment, stainless steel 
acupuncture needles with a diameter of 0.30mm and a 
length of 13mm were inserted at ST36 points, attached to a 
WQ-6F Acupunctoscope device and subjected to electrical 
stimulation with square wave pulses of 2.0Hz frequency 
and 133mA intensity, over a 30-minute period. 
 
Nociceptive threshold measurement: Nociceptive threshold 
assessment was carried out in terms of mechanical 
sensitivity assessment and thermal sensitivity evaluation. 
For mechanical sensitivity assessment, paw withdrawal 
threshold (PWT) evaluation utilized an electronic Von Frey 
aesthesiometer equipped with a 0.5mm probe. Force 
application to the plantar region continued until a withdrawal 
response occurred; measurements from three consecutive 
trials were recorded for mean calculation. For thermal 
sensitivity evaluation, paw withdrawal latency (PWL) 
assessment employed a heated platform maintained at 55°C 
(maximum exposure duration 30s). The plate surfaces were 
cleaned between the individual assessments using 75% 
alcohol (Manglik et al., 2016).  

Serum cortisol: Blood samples (0.5–0.7mL) obtained via 
submandibular venipuncture underwent centrifugation 
(1,000–2,000×g for 10min). The obtained serum samples 
were stored at –20°C. Cortisol was quantified using ELISA 
(Shanghai Yuanju Biotechnology) following manufacturer's 
protocols. The cortisol assay sensitivity was less than 
0.1ng/mL. Also, the intra-assay and inter-assay CVs were 
less than 15%. The assay optical density was measured at a 
450nm wavelength. The standard curve was plotted in an 
Excel spreadsheet, and the concentration of each sample 
was calculated from the equation derived from the curve.   
 
Histopathology: Paw width (PW) was measured with 
calipers. For microscopic examination, paw tissues were 
kept in 4% PFA, embedded in paraffin, sectioned at 5µm 
thickness, and stained with H&E (Suvarna et al., 2013). 
Inflammation was scored at a scale of 0 to 5, as described 
earlier (Hussein et al., 2013), and quantified by ImageJ, 
with infiltrating cells counted relative to SAL controls. 
 
Immunohistochemistry: Paraffin-embedded paw slices 
(5µm) were treated with Tris-EDTA antigen retrieval (pH 
9.0), H₂O₂ peroxidase blocking solution (3%), and serum 
blocking solution. Sections were incubated in the refrigerator 
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(4°C) overnight with primary antibodies. The primary 
antibodies used in the study included rabbit anti-CD45, 
rabbit anti-MPO, rabbit anti-IL-6, rabbit anti-IL1-β (1:100, 
Wanleibio Co., Ltd, Wuhan, China), and rabbit anti-TNF-α 
(1:100, Abclonal, Wuhan, China). The secondary antibody 
used was an HRP-conjugated donkey anti-rabbit antibody 
(1:100, Abclonal, Wuhan, China). Signals were visualized 
with DAB and examined under an Olympus BX53F 
microscope (Tokyo, Japan). Marker-positive areas in the 
treatment groups were quantified with ImageJ (National 
Institutes of Health, USA) relative to those in the control 
SAL group.  
 
RNA-seq: RNA-seq was performed on spinal cords from 
SAL, CFA, and DEX-EA groups (n=4/group). Total RNA 
from tissue samples was extracted by QIAGEN RNeasy 
method, and Nanodrop2000 was used to detect the 
concentration and purity of the extracted RNA (Masago et 
al., 2021). Agarose gel electrophoresis was applied to 
detect RNA integrity, and Agilent5300 was used to 
determine RQN value. The total amount of RNA required 
for a single library construction was 1µg, the concentration 
≥30ng/µL, RQN >6.5, and OD260/280 between 1.8 and 
2.2. PolyA mRNA was enriched with oligo (dT) beads, 
fragmented (~300bp), and reverse-transcribed to cDNA. 
After end repair, A-tailing, adapter ligation, and PCR, 
libraries were quantified by Qubit 4.0 and sequenced on an 
Illumina NovaSeq X Plus (Majorbio®, Shanghai, China). 
The RNA-seq datasets underwent processing via RSEM 
with TPM normalization and DEGs determination through 
DESeq2 analysis (criteria: |log₂FC| ≥1, Padjust <0.05). 
Hypergeometric distribution was used in enrichment 
analyses such as Gene Ontology (GO) and Reactome 
analysis which identified significantly enriched functions 
in gene sets. The Benjamini-Hochberg (BH) correction 
method on P-values was used to make corrections on 
default. The corrected P-value (padjust) which was less 
than 0.05 was regarded as significantly enriched. 
 
Statistical analysis: Results have been expressed as 
mean±SD. Inter-group analyses were performed through 
one-way ANOVA, followed by Tukey's post-hoc testing. 
Verification of normal distribution of data was carried out 
by Kolmogorov–Smirnov testing; relationships between 
cortisol concentrations and nociceptive thresholds underwent 
evaluation through Pearson's correlation coefficient. The 
statistical significance threshold was established at P<0.05. 
 

RESULTS 
 

Mechanical pain sensitivity: In this study, a significant 
increase (P<0.05) in PWT was recorded in the DEX-EA 
and ST treatments relative to the CFA controls at the 
second, third and fourth treatment sessions. Inter-treatment 
group comparison revealed non-significant differences 
between the DEX-EA and ST treatments. Nevertheless, the 
DEX-EA therapy demonstrated significantly elevated 
(P<0.05) PWT measurements relative to both DEX and EA 
monotherapies at all four treatment sessions (Fig. 1C).  
 
Thermal pain sensitivity: Compared to the CFA controls, 
the DEX-EA treatment demonstrated significant reductions 
(P<0.05) in PWL at the first, second, third and fourth 

treatment sessions. Non-significant PWL variations emerged 
between the DEX-EA and ST therapies. However, 
significant PWL increases (P<0.05) were documented in 
the DEX-EA therapy compared to both DEX and EA 
monotherapies following the second, third, and fourth 
treatment sessions (Fig. 1D).  
 
Serum cortisol levels and their correlation with pain 
sensitivities: The CFA controls displayed a significant 
increase in serum cortisol concentrations relative to the 
SAL controls (P<0.01). In contrast, cortisol concentrations 
were significantly decreased in the ST, EA and DEX-EA 
treatments compared to the CFA controls (P<0.05). 
Furthermore, cortisol concentrations significantly decreased 
(P<0.05) in the DEX-EA therapy relative to the DEX 
monotherapy (Fig. 1E). It is worth noting that the DEX-EA 
combination therapy was superior to the two monotherapy 
treatments, which was demonstrated by stronger and highly 
significant negative correlation between serum cortisol levels 
and the nociceptive thresholds (Table 1). These results 
validate the ability of DEX-EA combination therapy to 
generate a more stable and potent analgesic effect 
compared to a monotherapy regimen. 
 
Table 1: Pearson correlation analysis between serum cortisol 
concentrations and nociceptive mechanical and thermal thresholds in the 
CFA control, ST, EA, DEX, and DEX-EA groups.  
Group Threshold Type Correlation (r) P-value 
CFA control Mechanical  

Thermal 
-0.9704 
-0.9562 

0.0013 
0.0028 

ST therapy Mechanical 
Thermal 

-0.9349 
-0.9872 

0.0062 
0.0002 

DEX monotherapy Mechanical 
Thermal 

-0.9802 
-0.8849 

0.0006 
0.0191 

EA monotherapy Mechanical 
Thermal 

-0.9393 
-0.8616 

0.0054 
0.0274 

DEX–EA therapy Mechanical 
Thermal 

-0.9722 
-0.9590 

0.0012 
0.0025 

 
Gross evaluation of paw inflammation: A significant 
increase in inflammatory swelling was recorded in paws of 
mice from the CFA controls and DEX monotherapy 
compared to SAL controls (P<0.05) (Fig. 2A). Treatment 
interventions resulted in decreased inflammatory responses. 
Particularly, a significant reduction (P<0.05) in paw dimensions 
of mice was recorded in the DEX-EA treatment compared 
to the CFA controls (Fig. 2B). 
 
Microscopic evaluation of paw inflammation: The progression 
of inflammation and the cellular infiltration of inflammatory 
cells across treatment protocols have been shown in Fig. 
3A. There was a significant increase in the inflammatory 
scores in the CFA controls, ST, DEX, and EA therapies 
compared to the SAL group (P<0.05). However, non-
significant differences were recorded in the combined 
therapy of DEX-EA compared to the SAL group. Treatment 
interventions attenuated inflammatory responses, with the ST 
and DEX-EA therapies achieving significant inflammation 
score reductions compared to the CFA controls (P<0.05). 
Additionally, the DEX-EA therapy showed significant 
decreases in inflammation scoring compared to the DEX 
monotherapy (Fig. 3B). Proportional inflammatory cell 
count was significantly increased in the CFA controls, ST, 
and DEX therapies compared to the SAL group (P<0.005). 
A  significant   decrease   in   the   relative   cell   count  was 
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Fig. 2: Paw swelling and thickness (A) and relative paw width (B) 
comparison between the experimental groups: Saline control (SAL), 
Complete Freunds Adjuvant (CFA), Standard (ST), Dexmedetomidine 
(DEX), Electroacupuncture (EA) and Dexmedetomidine-Electroacupuncture 
(DEX-EA). (*) indicates statistically significant differences (P<0.05). 
 

 
 
Fig. 3: Inflammation progression and inflammatory cellular infiltration 
(black arrows) across treatment cohorts (A). Histograms showed inflammatory 
scores (B), relative cellular infiltrate count (C), and relative cellular 
infiltrate area (%) (D). Scale bar represents 100μm. (*) denotes statistically 
significant differences (P<0.05). 
 
observed in the DEX-EA therapy compared to the CFA 
controls and DEX monotherapy (Fig. 3C). The 
proportional inflammatory cell area was significantly 
increased in the CFA controls and DEX monotherapy 
compared to the SAL group (P<0.05). Moreover, a 
significant decrease in the relative cell area was noted in 
the combined therapy of DEX-EA compared to the CFA 
controls (P<0.05; Fig. 3D). 
 
Immunohistochemical detection of cellular infiltration 
markers in paw tissue: Representative 
immunohistochemical images exhibited the expression 
level of CD45 (Fig. 4A) and MPO (Fig. 4B) in the 
treatment cohorts. The CD45 immunoreactivity 
demonstrated significant decrease in the ST, DEX, EA, and 

DEX-EA treatments relative to the CFA controls (P<0.05). 
Within treatment groups, the DEX-EA therapy exhibited 
minimal CD45-positive regions, showing significant 
reduction compared to the DEX monotherapy (Fig. 4C). 
Correspondingly, MPO immunoreactivity was 
significantly decreased in the ST, DEX, EA, and DEX-EA 
treatments relative to the CFA controls (P<0.05). The 
DEX-EA therapy also displayed significant MPO-positive 
area decrease (P<0.05) compared to both ST and DEX 
treatments (Fig. 4D).  
 
Immunohistochemical detection of inflammatory 
cytokines in paw tissue: The level of expression of TNF-
a, IL-6 and IL-1b was shown using representative 
immunohistochemical images (Fig. 5A, Fig. 5B and Fig. 
5C, respectively).  The CFA controls demonstrated higher 
immunoreactivity for TNF-α compared to the ST, DEX 
monotherapy, and DEX-EA combination therapy (P<0.05). 
The expression of TNF-α was the lowest in the 
combination therapy, and a significant decrease (P<0.05) 
was observed in the DEX-EA therapy compared to the 
DEX monotherapy (Fig. 5D). The CFA controls showed a 
significant increase in the expression level of IL-6 
compared to the ST and DEX-EA therapy (P<0.05). The 
DEX-EA therapy exhibited a significant decrease in the IL-
6 expression (P<0.05) compared to DEX and EA 
monotherapies (Fig. 5E). The expression level of IL-1β was 
significantly higher in the CFA controls compared to the 
ST, DEX monotherapy, EA monotherapy, and DEX-EA 
therapy (P<0.05). The DEX-EA therapy showed 
significantly lower IL-1β expression compared to the ST 
and DEX monotherapy (Fig. 5F). 
 
Crosstalk alterations in the spinal cord with DEX-EA 
treatment in CFA-induced mice: RNA-seq analysis 
showed distinctive gene expression patterns in the SAL, 
CFA, and DEX-EA groups: 118 genes (0.75%) in the SAL 
group, 180 genes (1.14%) in the CFA group, and 254 genes 
(1.61%) in the DEX-EA group (Fig. 6A). The volcano plot 
showed a clear separation of differentially expressed genes 
(DEGs), passing the significance and fold change threshold 
(Log2FC and an FDR-adjusted P-value <0.05) (Fig. 6B). 
There were 65 DEGs between the CFA and DEX-EA 
groups, with 18 genes significantly upregulated and 47 
genes downregulated (Fig. 6C). Expression magnitudes of 
gamma-aminobutyric acid (GABA) A receptor beta 2 
subunit (Gabrb2; Fig. 6D1), nicotinamide nucleotide 
transhydrogenase (Nnt; Fig. 6D2), guanylate binding 
protein 6 (Gbp6; Fig. 6D3), and c-Maf inducing protein 
(Cmip; Fig. 6D5) demonstrated were significantly 
increased in the DEX-EA therapy compared to the CFA 
controls (P<0.05). However, chemokine (C-C motif) ligand 
19 (Ccl19; Fig. 6D4) was significantly decreased compared 
to the CFA controls (P<0.05). Additionally, the CFA 
controls exhibited a significant decrease in the Gabrb2 
(P<0.05) and an increase in the Ccl19 (P<0.05) compared 
to the SAL group. 

The heat map illustrates the differential expression of 
genes in each spinal cord sample across the SAL, CFA, and 
DEX-EA groups (Fig. 7A). Inspiring patterns emerged in 
the GO analysis between the CFA and DEX-EA groups. 
Our findings revealed enriched processes related to 
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catabolic pathways, including cellular catabolic processes, 
nuclear transcribed mRNA catabolic processes, processes 
utilizing   autophagic mechanisms, and cellular nitrogen 
compound catabolic processes (Fig. 7B). In addition, 
Reactome revealed that there was an enrichment of 
metabolic processes related to cell energy production and 
expenditure, pyruvate metabolism, citric acid (TCA) cycle, 
and respiratory electron transport (Fig. 7C). Statistical 
assessment via one-way ANOVA identified significant 
variations in mitochondrial gene expression between the 
CFA and DEX-EA cohorts, specifically involving 
mitochondrially encoded ATP synthase 6 (mt-Atp6), 
mitochondrially encoded 16S rRNA (mt-Rnr2), 
mitochondrially encoded NADH dehydrogenase 3 (mt-
Nd3), and mitochondrially encoded cytochrome c oxidase 
I (mt-Co1; Fig. 7D). 

 
DISCUSSION 

 
The present study examined the impact of acupoint-

injected DEX and EA in the reduction of inflammatory pain 
in the CFA model. The DEX-EA treatment exhibited a high 
level of pain thresholds as compared to both DEX and EA 
monotherapies. This demonstrates the possibilities of 
synergism in using DEX and EA to counter inflammatory 

pains. Our findings concur with earlier studies that 
indicated the efficacy of multimodal therapies over single 
treatment strategies for pain management (Creighton et al., 
2019; Shi and Wu, 2023). A negative relationship was also 
found for blood cortisol and pain threshold. This seems to 
be due to the consequence of the stress response to 
inflammation and tissue injury. A study on chronic 
inflammatory pain in rats also showed high concentrations 
of circulating corticosterone, with associations between 
anxiety-like behavior and changes in DNA methylation in 
the amygdala (spinieli et al., 2022). The current study 
indicated that the CFA without treatment intervention had 
significantly higher paw inflammatory changes compared 
to the treatment groups. It has also been demonstrated that 
CFA administration leads to inflammation and migration of 
macrophages, in addition to the production of pro-
inflammatory cytokines, such as TNF- a, IL-6 and IL-1b 
(Lazarević et al., 2024). Animals receiving DEX-EA 
therapy had better mitigations in the form of inflammation 
scoring, and the extent of inflammatory cell accumulation, 
than to DEX alone. These results indicate the possible 
synergistic effect of DEX and EA, which causes greater 
therapeutic effects. This novel treatment regime can 
suppress inflammation and subsequently pain by 
suppressing inflammation signaling pathways.

 

 
 
Fig. 4: Immunoreactivity of CD45 (A) and myeloperoxidase (MPO) (B) within paw tissue specimens across experimental cohorts. Histograms showed 
the positivity area of CD45 (C) and MPO (D). Scale bar indicates 20μm. (*) shows statistically significant differences (P<0.05). 
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Fig. 5: Immunoreactivity of tumor necrosis factor-alpha (TNF-α) (A), interleukin-6 (IL-6) (B), and interleukin-1 beta (IL-1β) (C) within paw tissue 
specimens across treatment cohorts. Histograms show the positivity area of TNF-α (D), IL-6 (E), and IL-1β (F). Scale bar represents 20μm. (*) denotes 
statistically significant differences (P<0.05). 
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Fig. 6: A): Venn representation illustrating quantity and proportion of distinct and overlapping gene expression patterns within spinal cord tissue across 
saline control (SAL), Complete Freund's Adjuvant treatment (CFA), and combination DEX-EA therapy. B): Volcano plot visualization depicting 
significantly upregulated (red markers) and downregulated (blue markers) genes between the CFA and combined DEX-EA cohorts. C): Display of 
differentially expressed genes (DEGs) identified through inter-group comparisons: CFA versus SAL, DEX-EA versus SAL, and DEX-EA versus CFA. D): 
Comparative evaluation of log10-transformed transcript abundance (TPM+1) for Gabrb2 (D1), Nnt (D2), Gbp6 (D3), Ccl19 (D4), and Cmip (D5). Log10 
transcript abundance values expressed as mean±SD. Asterisks (*) signify statistically significant differences (P<0.05). 
 

 
 
Fig. 7: A): Visualization of a heat map illustrating the profile of gene expression of the spinal cord in the samples of treatment groups. The columns are 
individual samples and the rows to certain genes. The intensity of expression is represented by color gradients where red implies high expression and 
blue implies low expression. B): Gene Ontology (GO) enrichment analysis between DEX-EA and CFA cohorts. The vertical dimension represents GO 
terminology with a focus on catabolic process pathways and the horizontal dimension reflects the values of Rich factors. C): Findings on reactome 
pathway enrichment between DEX-EA and CFA treatment groups. Vertical orientation depicts Reactome pathway designations whereas horizontal 
orientation represents Rich factor measures. D): Statistical testing on the basis of one-way ANOVA revealed significant differences in the expression 
between the treatment groups. Y-axis shows the gene identifiers of the mitochondrial genes (mt-Rnr2, mitochondrial-Atp6, mitochondrial-Nd3 and 
mitochondrial-Co1) and the X-axis shows the relative magnitudes of gene expression.



Pak Vet J, 2026, 46(3): 670-680. 
 

678 

 According to the past reports, DEX can suppress 
inflammation through the inhibition of NF-KB signaling 
and the release of attenuated cytokines (Li et al., 2015; Ji 
et al., 2017). Also, EA could possess anti-inflammatory 
properties due to its ability to regulate vagal activity and 
promote endogenous opioid secretion (Wang and Liu, 
2021; Yang et al., 2024). Past research that employed 
chronic models of inflammation and arthritis revealed that 
EA reduced inflammatory response by regulating the 
synthesis of proinflammatory cytokines (Gondim et al., 
2012; Lan et al., 2024). The CD45 immunoreactivity in 
paw tissue was much lower in the DEX-EA therapy as 
compared to the DEX monotherapy. Likewise, MPO 
immunoreactivity was significantly reduced in the DEX-
EA group compared to the DEX group. In the published 
literature, DEX has also been shown to decrease oxidative 
stress and inflammation by decreasing leukocyte 
recruitment and modulating the expression of adhesion 
molecules in inflammatory cells. Therefore, it appears that 
the DEX+EA could both effectively decrease inflammatory 
responses through the reduction of inflammatory cell 
infiltration and neutrophil recruitment into the paw (Wang 
et al., 2019; Wang and Liu, 2021). Most importantly, DEX 
could reduce oxidative stress and the acute inflammatory 
process by interfering with the activation of neutrophils and 
the synthesis of MPO (Yao et al., 2023). 
Electroacupuncture could suppress neutrophil-driven 
inflammation as a result of increased hyperemia with 
modulation of local tissue anti-inflammatory responses 
(Park and Namgung, 2018; Lan et al., 2024). In earlier 
studies, it has been shown that the CFA induces substantial 
increases in inflammatory cytokines (Weng et al., 2021; 
Lazarević et al., 2024), which cause tissue damage with 
paw tissue damage and inflammation cell infiltration. The 
DEX-EA treatment showed reduced cytokines than the 
DEX treatment which showed reduced paw inflammation. 
Yamazaki et al. (2022) and Li et al. (2023) claim that DEX 
therapy leads to cytokine reduction through the regulation 
of the sympathetic nervous system activation, thus 
avoiding stress responses. Electroacupuncture suppresses 
the inflammatory process and favors the healing of 
inflammation (Wang et al., 2009). The current study 
incorporated the analgesic and anti-inflammatory 
properties of diclofenac sodium (DS) as a conventional 
management of CFA-induced paw inflammation. The 
combination of DEX-EA regimen and DS was discovered 
to be much more effective in enhancing the pain thresholds 
and in alleviating the paw inflammation. This implies that 
DEX-EA has the same effect as that of DS. These findings 
are consistent with the previous reports that used DS in 
inflammatory models as a positive control drug (Dina et al., 
2010; Gupta et al., 2015). Collectively, DEX-EA could be 
a great relief of inflammatory pain and could contribute to 
the reduction of adverse effects caused by traditional 
therapies by reducing the dose of anti-inflammatory 
medications needed.  

The RNA-seq analysis in this research detected an 
interesting discrepancy in the expression of the genes in the 
spinal cord of CFA control and DEX-EA groups. These 
results may give a potential reason why the DEX and EA 
were synergistic when it comes to alleviating pain in the 
case of inflammation. The pain (Gabrb2: GABA A receptor 
subunit beta 2), immune (Ccl19: chemokine ligand 19), and 

inflammatory (Cmip: c-Maf inducing protein) modulations 
through the involvement of the DEGs have been adopted to 
reduce pain and inflammation. The GO analysis revealed 
that there were important enriched pathways of autophagic 
and catabolic processes in the DEX-EX treatment in 
contrast to the CFA model. Gene regulation of autophagic 
pathways is also necessary in reducing the inflammatory 
response and reducing tissue damage (Yao et al., 2021; 
Stifel et al., 2022). It has recently been shown that DEX is 
capable of causing autophagic influx and subsequently 
lessening inflammatory damage (Yang et al., 2020; Xu et 
al., 2022).    

The dysfunction of mitochondria is a critical part of the 
development of pain and other inflammatory diseases 
(Doyle and Salvemini, 2021). On the contrary, the central 
improvement of mitochondrial work and the increase in 
energy production leads to inflammation reduction 
(Missiroli et al., 2020; Marchi et al., 2023). In the DEX-
EA regimen, there were significant changes in the 
expression of mitochondrial genes. Furthermore, the 
Reactome analysis revealed enriched metabolic pathways 
related to the mitochondrial energy production in the DEX-
EA treatment in comparison with the CFA model. Recent 
studies have proved that the alteration in the mitochondrial 
activity can affect the inflammatory processes and 
nociceptive inputs. Mitochondrial dysfunction may be a 
result of chronic inflammation, and this dysfunction will 
lead to a reduction in the generation of energy in the cells 
and the continuation of the pain signal (Ribeiro et al., 2022; 
Yang et al., 2023). The DEX-EA treatment that was 
performed showed a significant reduction in genes 
associated with immunological reactions, including Ccl19, 
which is a key factor in inflammation and pain (Park and 
Namgung, 2018; Lan et al., 2024). These findings support 
the role of the DEX-EA therapy in the process of 
inflammation, and possibly by reducing the recruitment of 
inflammatory cells in the injury sites.  

 
Conclusions: There could be a synergistic effect between 
acupoint-administered DEX and EA in the alleviation of 
inflammation and pain. We propose that the treatment of 
DEX-EA can regulate the genes associated with the 
immune cell response and the neurotransmission of pain. 
As a result, using DEX acupoint injections in conjunction 
with EA may offer a novel approach to managing 
inflammatory pain. 
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