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Abstract. Lidocaine is a commonly used local anesthetic 
that also confers analgesic effects, resistance to hyperalgesia 
and anti‑inflammatory properties. The present study aimed 
to explore the effects of lidocaine on complete Freund's adju‑
vant (CFA)‑induced inflammatory pain. In the present study, 
rats were subcutaneously injected with CFA to investigate the 
molecular mechanisms associated with lidocaine in an inflam‑
mation‑induced pain model. Firstly, CFA was subcutaneously 
injected into the paws of Sprague‑Dawley rats, following 
which lidocaine or saline and the ERK agonist recombinant 
human epidermal growth factor (rh‑EGF) were injected via 
the tail vein. Rat behavior was then assessed at 0 and 4 h, 
1, 4, 7 and 14 days after CFA treatment. Proinflammatory 
cytokine levels in the serum were measured using ELISA. 
Western blotting was performed to detect the protein levels 
of phosphorylated (p)‑ERK1/2, ERK1/2 and NF‑κB subunits 
p‑p65 and p65. Reverse transcription‑quantitative PCR was 
used to measure the mRNA expression of ERK1/2 and p65 
in rat spinal cord tissues. The results showed that injection 
of CFA significantly reduced the mechanical withdrawal 
threshold, thermal withdrawal latency and the frequency of 
responses to cold stimulation in rats, whilst promoting tumor 
necrosis factor‑α, interleukin (IL)‑1β, IL‑6 levels in addition 
to ERK1/2, p65 protein phosphorylation. These effects were 
alleviated by lidocaine treatment. Furthermore, treatment 
with rh‑EGF reversed the protective effects of lidocaine on 
inflammatory pain caused by CFA. In conclusion, lidocaine 
inhibits the inflammatory response and pain through the 
MAPK/ERK/NF‑κB pathway in a rat model of pain induced 
by CFA.

Introduction

Pain is comprised of both physiological and pathological 
pain (1). Pathological pain can be further sub‑divided into 
inflammatory, neuropathic and cancerous pain (2). Among 
them, as one of the common clinical symptoms, inflam‑
matory pain affects 25‑35% of adults in major European 
countries  (3,4). Current treatment strategies for pain 
combined with inflammation mainly consists of nonsteroidal 
anti‑inflammatory drugs (NSAIDs) (5). However, long‑term 
use of NSAIDs may cause gastrointestinal bleeding and 
other side effects, including acute myocardial infarction, 
heart failure and acute kidney injury  (5). Therefore, it is 
necessary to discover novel safe and effective medication 
for inflammatory pain.

Lidocaine has been previously reported to improve 
tumor‑free survival and overall survival by inhibiting the 
growth and metastasis of breast tumor cells (6,7). In addi‑
tion, lidocaine is a commonly used local anesthetic that 
also confers analgesic effects, resists hyperalgesia and 
anti‑inflammatory properties  (8,9), which is conducive to 
postoperative analgesia and controlling the inflammatory 
response. Accumulating evidence has shown that lidocaine 
serves an important regulatory role in numerous aspects of 
the inflammatory response (10‑12). It was also reported that 
the NF‑κB signaling pathway is activated during inflam‑
mation  (13), such that lidocaine has been found to exert 
anti‑inflammatory effects by inhibiting the Toll‑like receptor 
4/NF‑κB pathway (14).

Complete Freund's adjuvant (CFA) is a mixed oil that is 
often used to study the pathology and mechanism underlying 
inflammatory pain  (15,16). Nagakura et al  (15) suggested 
that CFA can cause mechanical hyperalgesia in rats, where 
its inflammatory pain course can last for >2 weeks, making 
it a superior model for chronic pain research. In addition, 
Bai et al (16) previously established a rat model of inflam‑
matory muscle pain by injecting CFA into the rat masseter 
muscle.

To the best of our knowledge, the effects of lidocaine 
on MAPK/ERK/NF‑κB signaling in CFA‑induced chronic 
inflammation has not been reported previously. Therefore, in 
the present study, CFA was injected into Sprague‑Dawley rats 
to establish a rat model of inflammatory pain, following which 
the role of lidocaine in inflammatory pain was assessed.
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Materials and methods

Animals. A total of 50 healthy male Sprague‑Dawley rats (age, 
4‑6 weeks; weight, 150‑200 g; Beijing Vital River Laboratory 
Animal Technology Co., Ltd.) were fed in a standard animal 
room with a 12‑h light/dark cycle at a temperature of 22‑25˚C 
with 40‑50% humidity and free access to food and water. 
All protocols strictly followed the Institutional Animal Care 
and Use of Laboratory Animals by the National Institutes of 
Health (17). The experimental protocols were approved by 
the Animal Care and Use Committee of the First Affiliated 
Hospital of Xinjiang Medical University (Urumqi, China).

Establishment of a rat model and study groups. To establish a 
rat model of inflammatory pain, the plantar surface of the right 
hind paw of the rats was subcutaneously injected with 100 µl 
CFA (Sigma‑Aldrich; Merck KGaA). All rats were randomly 
assigned into five groups (n=10). In the control group, 100 µl 
normal saline was injected into the tail vein of rats once a day 
for 4 days (18). In the CFA group, 100 µl CFA was subcutane‑
ously injected into rats. In the CFA + lidocaine group, rats were 
firstly treated with 100 µl CFA, followed by injected with 1, 3 
or 5 mg/kg lidocaine (Sigma‑Aldrich, Merck KGaA) into the 
tail vein 1 h later; lidocaine injections were performed once 
a day for 4 days. In the CFA + lidocaine + human epidermal 
growth factor (rh‑EGF) group, rats were firstly injected with 
100 µl CFA, then 5 mg/kg lidocaine and 10 µg/kg rh‑EGF 
were injected into the tail vein 1 h later. Lidocaine/rh‑EGF 
injections were performed once a day for 4 days.

In total, 4 days after CFA injection, rats (4 rats from each 
group) were anesthetized with an intraperitoneal injection of 
50 mg/kg pentobarbital and sacrificed by cervical dislocation. 
The peripheral blood and spinal cord tissues were subsequently 
harvested following euthanasia. Other rats (6 rats from each 
group) were subjected to behavioral tests (mechanical with‑
drawal threshold, thermal withdrawal latency and frequency 
responses to cold stimulation) at 0 and 4 h, 1, 4, 7 or 14 days 
after CFA injection.

Behavioral tests. Rat behavioral tests assessed the mechanical 
withdrawal threshold (MWT), thermal withdrawal latency 
(TWL) and frequency responses to cold stimulation.

Mechanical hyperalgesia was evaluated using Von Frey 
monofilaments (Stoelting Co.). Von Frey monofilaments 
includes a set of 8 nylon filaments. The stimulus generated 
by the tip when it is bent is ~0.5, 1, 2, 4, 6, 8, 10 and 12 g 
(g, intensity unit). These eight stimuli were used to stimulate 
different positions on the plantar surface of the rats. The back 
paws of the rats were first put under increasing pressure lasting 
5‑6 sec, where the minimum force required to induce paw 
withdrawal was termed as the MWT.

For the thermal preference test, the response of each 
back paw was evaluated at intervals of 3 min after a radiant 
heater (‑3‑65˚C; cat. no. BME‑410A; Institute of Biomedical 
Engineering, Chinese Academy of Medical Sciences) was placed 
under the plantar surface of the back paw. The TWL was defined 
as when the hind paws were removed from the thermal plate.

For the cold allodynia testing, a syringe was connected to 
a thin polyethylene tube to smear a drop of acetone to each 
back paw. A brisk paw withdrawal response was considered as 

a sign of cold hyperalgesia. The test was performed for three 
times and there were intervals of 5‑10 min between each test.

All tests were performed after CFA injection for 0 and 4 h, 
1, 4, 7 or 14 days.

ELISA. After 4 days of CFA injection, ELISA kits (Beyotime 
Institute of Technology) were used to measure TNF‑α 
(cat. no. PT519), IL‑1β (cat. no. PI303) and IL‑6 (cat. no. PI328) 
levels in rat serum according to the manufacturer's proto‑
cols. Antibodies were purchased from Beyotime Institute of 
Biotechnology. Each set of experiments was performed in 
triplicate.

Western blotting assay. The rats were euthanized after 
4 days of CFA injection. RIPA buffer (Beyotime Institute 
of Technology) containing PMSF was used to extract total 
protein from the L4‑L6 spinal cord tissues. Protein concentra‑
tion was determined using a bicinchoninic acid protein assay 
kit (Pierce; Thermo Fisher Scientific, Inc.). Proteins (40 µg per 
lane) were separated using 10% SDS‑PAGE. Separated proteins 
were then transferred onto PVDF membranes. Subsequently, 
membranes were blocked with 5% skimmed milk for 1 h at 
room temperature. Membranes were then incubated with 
primary antibodies: Erk1/2 (cat. no. 4695; dilution 1:1,000; 
Cell Signaling Technology, Inc.), phosphorylated (p)‑Erk1/2 
(cat. no. 4370; dilution 1:1,000; Cell Signaling Technology, 
Inc.), p65 (cat.  no.  8242; dilution 1:1,000; Cell Signaling 
Technology, Inc.), p‑p65 (cat.  no.  3033; dilution 1:1,000; 
Cell Signaling Technology, Inc.) and GAPDH (cat. no. 5174; 
dilution 1:1,000; Cell Signaling Technology, Inc.) overnight 
at 4˚C. After three washes, membranes were incubated with 
horseradish peroxidase‑conjugated secondary antibody 
(cat. no. 7074; dilution 1:2,000; Cell Signaling Technology, 
Inc.) for 1 h at 37˚C. Protein bands were visualized using 
Clarity Western ECL Substrate (Bio‑Rad Laboratories, Inc.). 
Band densities were quantified using the Gel‑Pro Analyzer 
densitometry software (version 6.3; Media Cybernetics, Inc.).

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Spinal cord tissues were used to extract total RNA 
using an MagMAX™‑96 Total RNA Isolation Kit according 
to manufacturer's protocols (Invitrogen; Thermo Fisher 
Scientific, Inc.). cDNA was synthesized using a PrimeScript™ 
RT reagent kit (Takara Bio, Inc.). The reaction conditions were 
as follows: 70˚C for 5 min, 37˚C for 5 min and 42˚C for 60 min. 
Power SYBR™‑Green master mix (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) was used to quantify mRNA 
expression. The following thermocycling conditions were used 
for the qPCR: Initial denaturation at 95˚C for 5 min; followed 
by 40 cycles of 15 sec at 95˚C, 1 min at 60˚C and 30 sec 
at 72˚C; and a final extension for 10 min at 72˚C. GAPDH was 
used as the internal control. The following primer sequences 
were used: GAPDH forward 5'‑TTT​GGT​ATC​GTG​GAA​GGA​
CTC‑3' and reverse, 5'‑GTA​GAG​GCA​GGG​ATG​ATG​TTC​
T‑3'; Erk forward 5'‑GGC​ACC​AAC​CAT​TGA​GCA​GA‑3' 
and reverse, 5'‑GAT​CAT​TGC​TGA​GGT​GCT​GTG​TC‑3'; p65 
forward 5'‑CGC​GGA​TCC​GCC​ACC​ATG​GAC​GAA​CTG‑3' 
and reverse, 5'‑CCG​CTC​GAG​TTA​GGA​GCT​GAT​CTG‑3'. 
Gene expression was calculated using the 2‑ΔΔCq method (19). 
Experiments were performed in triplicate.
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Statistical analysis. Data are presented as the mean ± SD 
from three independent experiments. Statistical analysis was 
performed using SPSS 18.0 (SPSS, Inc.). One‑way ANOVA 
with Tukey's post hoc test was used for all comparisons. P<0.05 
was considered to indicate a statistically significant difference.

Results

Effects of lidocaine on the behavior of rats treated with CFA. 
Rats were first treated with either CFA alone or CFA + lido‑
caine. The TWL, MWT and frequency responses to cold 
stimulation were then assessed. The results showed that 
CFA significantly reduced TWL, MWT and the frequency 

responses to cold stimulation by rats after treatment for 1, 4, 7 
and 14 days. However, 1, 3 and 5 mg/kg lidocaine significantly 
reversed these effects (Fig. 1A‑C).

Lidocaine af fects the levels of pro‑inf lammatory 
factors in the serum of CFA‑induced rats and inhibits 
MAPK/ERK/NF‑κB pathway activation. After 4  days 
of CFA treatment, ELISA was used to evaluate the levels 
pro‑inflammatory mediators in the rat serum. The results 
showed that CFA injection significantly promoted TNF‑α, 
IL‑1β and IL‑6 levels compared with those in the control 
group, all of which were significantly reversed by lidocaine 
(1, 3 or 5 mg/kg) (Fig. 2).

Figure 1. Effects of lidocaine on the behavior of CFA‑treated rats. Rats were treated with lidocaine and CFA or CFA alone before rat behavior was assessed. 
(A) The effects of lidocaine on the MWT of CFA‑treated rats. (B) The effects of lidocaine on the TWL of CFA‑treated rats. (C) The effects of lidocaine 
on frequency responses to cold stimulation by CFA‑treated rats. Data are presented as the mean ± standard deviation. **P<0.01 vs. Control; #P<0.05 and 
##P<0.01 vs. CFA. CFA, complete Freund's adjuvant; MWT, mechanical withdrawal threshold; TWL, thermal withdrawal latency.

Figure 2. Effects of lidocaine on the levels of pro‑inflammatory factors in the serum of CFA‑treated rats. After 4 days of CFA treatment, the effects of lidocaine 
on the levels pro‑inflammatory mediators were evaluated using ELISA. The effect of lidocaine on (A) TNF‑α, (B) IL‑1β and (C) IL‑6 levels in CFA‑treated 
rats. Data are presented as the mean ± standard deviation. **P<0.01 vs. Control; #P<0.05 and ##P<0.01 vs. CFA. CFA, complete Freund's adjuvant; TNF, tumor 
necrosis factor; IL, interleukin.
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Western blotting and RT‑qPCR were then performed to 
assess the signaling pathways in rat spinal cord tissues. The 
results showed that protein levels of p‑ERK1/2 (Fig.  3A) 
and p‑p65 (Fig. 3D) in addition to the ratios of p‑ERK1/2/
total‑ERK1/2 (Fig. 3B) and p‑p65/total‑p65 (Fig. 3E) in the 
CFA group were significantly elevated. However, lidocaine 
(3 or 5 mg/kg) significantly reversed the effects of CFA on 
ERK1/2 phosphorylation. Lidocaine (1, 3 or 5 mg/kg) signifi‑
cantly reversed the effects of CFA on p65 phosphorylation. 
Furthermore, the mRNA expression of ERK1/2 and p65 did 
not significantly differ after CFA treatment (Fig. 3C and F).

Lidocaine reduces inflammatory pain following CFA injection 
by affecting the MAPK/ERK‑NF‑κB pathway. Compared 
with those after lidocaine treatment alone, in the presence of 
CFA, lidocaine + rh‑EGF significantly reduced TWL, MWT 
and frequency responses to cold stimulation at days 1, 4, 7 
and 14 (Fig. 4A‑C) and significantly increased TNF‑α, IL‑1β 
and IL‑6 levels in the rat serum at 4 days after CFA treat‑
ment (Fig. 4D‑F).

In addition, in the presence of CFA, lidocaine + rh‑EGF 
treatment significantly increased the levels of p‑ERK1/2 and 
the p‑ERK1/2/total‑ERK1/2 ratio when compared with those 

after lidocaine treatment alone (Fig. 5A and B). There were no 
significant differences in ERK1/2 mRNA expression between 
the lidocaine and lidocaine + rh‑EGF groups (Fig. 5C). In 
addition, lidocaine + rh‑EGF significantly increased the levels 
of p‑p65 and the p‑p65/total‑p65 ratio compared with those 
after lidocaine treatment alone (Fig. 5D and E). There were 
no significant differences in p65 mRNA expression between 
either treatment groups (Fig. 5F). The results suggested that 
lidocaine relieved inflammatory pain caused by CFA, which 
was reversed by rh‑EGF in rats, suggesting that lidocaine 
relieved inflammatory pain caused by CFA via inhibiting the 
MAPK/ERK/NF‑κB pathway.

Discussion

Lidocaine is a commonly used anesthetic in clinical prac‑
tice  (20). In recent years, studies have previously shown 
that lidocaine exerts beneficial pharmacological effects for 
treating inflammatory reactions, such that it has been success‑
fully applied to a variety of inflammatory diseases, including 
acute thyroiditis and inflammatory pain (21,22). The present 
study found that lidocaine reduced inflammatory pain in rats 
induced by CFA based on the results of behavioral tests.

Figure 3. Effects of lidocaine on the MAPK/ERK/NF‑κB signaling pathway in CFA‑treated rats. To investigate the pathways in this rat model, after 4 days of 
CFA treatment, western blotting was used to measure ERK1/2 and p65 phosphorylation in rat spinal cord tissues. Reverse transcription‑quantitative PCR was 
also used to detect the mRNA expression of ERK1/2 and p65. (A) The effect of lidocaine on p‑ERK1/2 levels and the p‑ERK1/2/ERK ratio in CFA‑induced 
rats, (B) which was quantified. (C) The effect of lidocaine on ERK1/2 mRNA expression in CFA‑treated rats. (D) The effect of lidocaine on p‑p65 levels and the 
p‑p65/p65 ratio in CFA‑induced rats, (E) which was quantified. (F) The effect of lidocaine on p65 mRNA expression in CFA‑treated rats. **P<0.01 vs. Control; 
#P<0.05 and ##P<0.01 vs. CFA. CFA, complete Freund's adjuvant; p, phosphorylated.
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Lidocaine is known to have a short half‑life when given 
intravenously (23,24). Studies have previously investigated the 
potential use of lidocaine for many headache disorders, primarily 
via injection or infusion (24). A previous study reported that 
intravenous systemic lidocaine infusion is beneficial for patients 
with pain uncontrolled by opioid medications and can improve 

pain scores whilst reducing the need for opioid treatment (25). 
Systemic administration of lidocaine is antinociceptive in both 
chronic and acute pain states, especially in acute postoperative 
and chronic neuropathic pain (26). In the present study, 1, 3 and 
5 mg/kg lidocaine were used to treat CFA‑induced inflammatory 
pain in rats via tail vein injection based on a previous study (27).

Figure 4. Protective effects of lidocaine on the behavior CFA‑treated rats is reversed by rh‑EGF. CFA treated rats were treated with the ERK agonist rh‑EGF 
based on aforementioned studies. The effect of lidocaine and rh‑EGF on the (A) mechanical withdrawal threshold, (B) thermal withdrawal latency and 
(C) frequency responses to cold stimulation by CFA‑induced rats were analyzed at 0 and 4 h, 1, 4, 7 or 14 days after CFA treatment. The effect of lidocaine and 
rh‑EGF on the serum levels of (D) TNF‑α, (E) IL‑1β and (F) IL‑6 in CFA‑treated rats were determined at 4 days after CFA treatment. **P<0.01 vs. CFA + lido‑
caine. CFA, complete Freund's adjuvant; rh‑EGF, recombinant human epidermal growth factor; TNF, tumor necrosis factor; IL, interleukin.

Figure 5. Effects of lidocaine on the MAPK/ERK/NF‑κB pathway in CFA‑induced rats is reversed by rh‑EGF. Effects of lidocaine on the MAPK/ERK/NF‑κB 
pathway in CFA‑induced rats were studied at 4 days after CFA treatment. (A) The effect of lidocaine and rh‑EGF on p‑ERK1/2 levels and the p‑ERK1/2/ERK 
ratio of CFA‑induced rats, (B) which was quantified. (C) The effect of lidocaine and rh‑EGF on ERK1/2 mRNA expression in CFA‑treated rats. (D) The effect 
of lidocaine and rh‑EGF on p‑p65 levels and the p‑p65/p65 ratio in CFA‑treated rats, (E) which was quantified. (F) The effect of lidocaine and rh‑EGF on p65 
mRNA expression in CFA‑treated rats. Data are presented as the mean ± standard deviation. **P<0.01 vs. CFA + lidocaine. CFA, complete Freund's adjuvant; 
p‑, phosphorylated; rh‑EGF, recombinant human epidermal growth factor.
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TNF‑α is a widely bioactive peptide substance that is 
secreted by activated macrophages, endothelial cells, neutro‑
phils, B lymphocytes, monocytes, dendritic cells, neurons 
and astrocytes (28). TNF‑α activates neutrophils and macro‑
phages, promoting the production of IL‑1β, IL‑6 and other 
Th2 cytokines, such as IL‑4 and IL‑5 to serve a key role in the 
inflammatory response (29). IL‑1β and IL‑6 levels has been 
used to objectively reflect the degree of inflammation and are 
usually highly expressed during inflammatory reactions (30). 
It has also been reported to be positively correlated with the 
severity of the inflammatory pain (31‑34). In the present study, 
the ELISA results were consistent with a previous study (35), 
which showed that CFA injection significantly increased 
inflammation‑associated factors TNF‑α, IL‑1β and IL‑6. 
The present results also showed that lidocaine reversed the 
inflammatory effects of CFA in rats.

MAPKs are located in eukaryotic cytoplasm that serve as 
key signal transductors to transduce extracellular signals to 
intracellular responses in eukaryotic cells. MAPKs can connect 
key regulatory factors and cell surface receptors, mediating 
a variety of biological responses to serve key roles in physi‑
ological and pathological processes (36,37). ERK is a major 
member of the MAPK pathway family. There are two types 
of ERK: ERK1 and ERK2. After phosphorylation, p‑ERK1/2 
enters the nucleus and regulates the expression of transcription 
factors, including cyclin D and cyclin E, to promote cell prolif‑
eration (38). NF‑κB is a protein with transcriptional activation 
function, with the p65/p50 complex being the main form (39). 
Inactivated NF‑κB is located in the cytoplasm, but when cells 
are stimulated by cytokines, NF‑κB then translocates into 
the nucleus to activate gene transcription (40). Studies have 
previously shown that NF‑κB can promote the expression of 
inflammatory factors IL‑1, TNF‑α and IL‑6 during hepatic 
fibrosis (41,42). In the present study, western blotting results 
showed that injection of CFA increased ERK1/2 and p65 
protein phosphorylation but lidocaine treatment reversed 
this. However, no significant differences in total ERK1/2 and 
p65 mRNA expression was observed by either CFA and/or 
lidocaine treatment.

Next, to further confirm that lidocaine inhibits the 
MAPK/ERK/NF‑κB pathway to relieve inflammatory pain 
caused by CFA, CFA‑induced rats were treated with rh‑EGF (an 
ERK agonist) based on data from the present study. The results 
suggested that compared with those after lidocaine treatment 
alone, lidocaine + rh‑EGF treatment significantly reduced 
TWL, MWT and frequency responses to cold stimulation 
whilst significantly increasing TNF‑α, IL‑1β and IL‑6 levels. 
In addition, the levels of ERK1/2 and p65 phosphorylation 
and the ratios of p‑ERK1/2/total‑ERK1/2 and p‑p65/total‑p65 
were significantly increased, whilst the mRNA expression 
of ERK1/2 and p65 were not significantly different between 
these two groups. These findings indicated that the effects of 
lidocaine on CFA‑induced rats were significantly reversed by 
rh‑EGF. Since rh‑EGF is an ERK agonist (43), data from the 
present study suggest that rh‑EGF + lidocaine significantly 
reduced TWL, MWT and frequency responses to cold stimu‑
lation but significantly increased TNF‑α, IL‑1β and IL‑6 levels 
through activating the ERK pathway.

In summary, these results indicated that lidocaine inhibited 
the activation of the MAPK/ERK‑NF‑κB pathway, to inhibit 

the inflammatory response and alleviate inflammatory pain 
caused by CFA. This study provides more theoretical basis for 
the use of lidocaine for the clinical treatment of inflammatory 
pain.
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