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Bupivacaine effectively relieves inflammation-induced pain by
suppressing activation of the NF-kB signalling pathway and
inhibiting the activation of spinal microglia and astrocytes
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Abstract. The pain induced by local acute inflammation
results in mild to severe discomfort, in addition to the possi-
bility of physiological dysfunction and psychiatric disorders,
such as sleep disorders and depression. However, the patho-
genesis of pain is yet to be fully elucidated. In the present
study, the effects of bupivacaine were explored in rat models
inflammatory pain in order to investigate the anti-pain mech-
anism of bupivacaine. Complete Freund's adjuvant (CFA) was
injected into the right rear foot of the rats to establish a model
of transient inflammation-induced pain. Rats were randomly
divided into four groups (n=8): CFA, CFA plus bupivacaine,
CFA plus saline and untreated. The mechanical withdrawal
threshold (MWT) of the rats was detected prior to and
following CFA injection, and the results demonstrated that
the MWT in the right rear foot significantly decreased from
the 1st day of CFA injection (P<0.01; n=8), as compared with
the untreated controls. Bupivacaine treatment was demon-
strated to significantly increase the MWT of rats treated with
CFA stimulation, as compared with the CFA group (P<0.01).
Rotarod testing was performed to assess the motor activity of
the rats, and the results demonstrated no significant differences
among the four groups (P>0.05). Furthermore, the respective
body weights of the rats were determined every two days
before and after CFA injection, and no significant differences
were detected among the four groups (P>0.05). Western blot
analysis was performed to analyze expression levels of IkB
and nuclear factor (NF)-«kB, and the results demonstrated that
bupivacaine increased the expression of IkB and decreased
the expression levels of NF-xB, as compared with the rats
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with CFA-induced inflammatory responses, suggesting that
bupivacaine inhibited NF-kB activation in the dorsal horn
of the lumbar spinal cord of the model rats. Furthermore,
reverse transcription-quantitative polymerase chain reaction
analysis was performed to analyze the expression levels of
inflammatory cytokines, which demonstrated that bupiva-
caine significantly inhibited the expression of TNF-a, IL-1$
and IL-6, as compared with the untreated group (P<0.01).
Moreover, bupivacaine treatment significantly decreased the
expression of spinal microglial marker OX42 and astrocyte
marker-glial fibrillary acidic protein, as compared with
the rats in the CFA group (P<0.01). The present findings
demonstrated that treatment with bupivacaine significantly
decreased the activation of microglia and astrocytes in rat
models of inflammatory pain. Therefore, the present results
may provide clarification of the pathogenesis and mechanism
of inflammation-induced pain and may provide novel thera-
peutic strategies for the clinical treatment of pain.

Introduction

Inflammation not only induces discomfort or pain, but it may
also cause physiological dysfunction and psychiatric disor-
ders, including sleep disorders and depression (1,2). There
are two main types of chronic pathological pain, neuropathic
pain caused by nerve damage and inflammatory pain caused
by tissue damage (3,4). Inflammatory pain is common in
clinical therapy, characterized by spontaneous pain and
hyperalgesia (5,6). From a therapeutic perspective, inflamma-
tory pain often exhibits tolerance to the existing methods of
treatment (7,8). Therefore, it is essential that the cellular and
molecular mechanisms of inflammatory pain are elucidated
in order to develop novel treatments for pain.

Inflammatory pain refers to the nerve pain caused by
local acute or chronic inflammation (9,10). There are two
main mechanisms of inflammatory pain, one of which is the
release of inflammatory mediators, such as prostaglandins,
bradykinin and P substance (11,12). These mediators cause
swelling and fever in the inflammation sites through the dila-
tion of blood vessels, in addition to inducing hyperalgesia by
acting on the corresponding receptors. On the other hand,
due to inflammation-induced cell damage and metabolic
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abnormalities, local pH in inflammatory sites can be reduced to
pH 6.0 to form an acidic environment (13,14). H* can be gener-
ated by activating the outer peripheral nociceptors, which have
an important role in inflammatory pain. During inflammatory
pain conduction, noxious stimulation signals are transmitted by
the primary sensory neurons in trigeminal ganglia (TG) and
dorsal root ganglion to the dorsal horn of the lumbar spinal cord
by synaptic transmission (15,16).

It is thought that pain is only regulated by neurons and
is not associated with glial cells of the spinal cord (17,18).
However, recent studies demonstrated that subcutaneous
injection of formaldehyde, complete Freund's adjuvant (CFA),
phospholipase A2 and zymosan activated the spinal microglia
and astrocytes (19-21). In the present study, rat model of inflam-
matory pain were constructed in order to further investigate
whether bupivacaine was able to activate spinal microglia
and astrocytes. Furthermore, the role of local anesthetic in the
suppression of inflammatory pain was evaluated, which may
provide experimental evidence to support the alleviation of the
occurrence and development of chronic pain.

Materials and methods

Apparatus and antibodies. von Frey aesthesiometer (2390CE)
and rotating rod apparatus were purchased from IITC Life
Science (Woodland Hills, CA, USA). Anti-IkB-a rabbit
polyclonal IgG (C-21; 200 pg/ml; sc-371) and OX42 mouse
monoclonal IgG2a (200 pg/ml; sc-53086) primary antibodies
and goat anti-rabbit IgG-horseradish peroxidase (HRP)
(sc-2030) secondary antibody were purchased from Santa
Cruz Biotechnology Inc., (Dallas, TX, USA). Anti-nuclear
factor (NF)-xB p65 (ab17742), anti-glial fibrillary acidic
protein (GFAP; ab7260) and anti-f3-actin (ab8227) rabbit poly-
clonal primary antibodies and goat anti-rabbit [gG-HRP and
HRP-conjugated goat anti-mouse IgG H&L secondary antibody
(ab6789) were purchased from Abcam (Cambridge, UK).

Rat model establishment. A total of 32 rats (age,
6-8 weeks; weight, 180-210 g) were obtained from the
Department of Physiology at the Affiliated Hospital of
Weifang Medical College (Weifang, China). Rat models of
inflammation-induced pain were established by subcuta-
neous intraplantar injection of CFA. Rats were randomly
divided into four groups (n=8): CFA, CFA plus bupivacaine,
CFA plus saline and untreated. Rats were deeply anesthe-
tized by intraperitoneal injection of sodium pentobarbital
(50 mg/kg; n=8/group). Subsequently, the right hind paw of
the rat was sterilized with iodophor and CFA (1 ul/g) were
injected into the rear portion of the plantar site. Once the rats
had regained consciousness, they were returned to captive
animal management. Rats were maintained at 20-25°C with
a normal circadian rhythm, no light glare or strong noise
stimulation, and free access to water and food.

Mechanical withdrawal threshold (MWT) determination.
The MWT of the rats was assessed between 9:00-11:00 in
the morning. Mechanical paw withdrawal threshold was
detected using an electronic von Frey aesthesiometer. In a
quiet environment, the rats were placed in the bottom of a
plexiglass container with metal mesh cages (10x10x15 cm),
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and were allowed to adapt to the environment for 20 min.
Once the rats exhibited a calm state, MWT was measured.
The central skin of the foot was vertically stimulated by a
Von-Frey filament from bottom to top. The duration of stim-
ulation was set at 20 sec and stimulus gradually increased
from O to 50 g. Stimulation was automatically terminated
in response to rapid paw withdrawal. The experiment was
repeated in triplicate, with 5-min measurement intervals. The
mean of these three repeats was recorded as the mechanical
withdrawal threshold.

Rotarod test. The rotarod test was used to assess the motor
activity of the rats using rotarod apparatus. Data were
recorded prior to treatment (day 0) and on days 1, 3,5 and 7
post-treatment. Briefly, rats were placed on the round bar of
the rotarod apparatus and the rotating rods were set in the
Uniformly Accelerating mode. Rotational speed increased
from 3 to 30 rev/min over a period of 180 sec. The duration
that the rats were able to remain on the rods was recorded.
Experiments were repeated in triplicate and the mean was
subsequently calculated. Two days prior to the experiment,
the rats were trained on the device in order to ensure they
were familiar on the day of assessment.

Treatment of specimen. In the CFA-induced inflammatory
pain model, symptoms of pain were evident on days 1-3
following establishment. Postoperative pain lasted ~2 weeks.
Spinal cord samples were harvested at 3 or 5 days post-CFA
injection. Briefly, rats were anesthetized with 10% chloral
hydrate (3 ml/kg) by intraperitoneal injection. Following the
onset of anesthesia (diethyl ether), the rats were fixed on the
small animal anatomy desk. The lumbar enlargement part
of the rat's spinal cord was harvested and weighed. Samples
were kept at -80°C.

Western blot analysis. In order to examine the protein expres-
sion levels of OX42, which is a spinal microglial marker, and
GFAP, which is an astrocyte marker, western blotting was
performed. Samples were lysed with RIPA buffer and whole
proteins were obtained in cell lysates. A total of 15 ug/well
protein was separated by 10% SDS-PAGE and subsequently
transferred onto polyvinylidene difluoride membranes.
Membranes were blocked with 5% bovine serum albumin
for 30 min at room temperature prior to washing three times
with PBS buffer for 5 min. Following this, membranes were
incubated with anti-IkxB-a rabbit polyclonal IgG (C21),
anti-OX42 mouse monoclonal IgG2a, anti-NF-kB p65 and
anti-GFAP primary antibodies (all 1:1,000) overnight at
4°C. Following washing with Tris-buffered saline with
Tween 20 three times (10 min each) at room temperature, the
membranes were incubated with goat anti-rabbit [lgG-HRP
and goat anti-mouse IgG H&L (HRP) secondary antibodies
for 40 min at room temperature. Images were captured
and the blots were visualized using a gel imaging system
(Bio-Rad GelDoc XR; Bio-Rad Laboratories, Inc., Hercules,
CA, USA).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis. The mRNA expression levels of
TNF-a, IL-1p and IL-6 proinflammatory cytokines were
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detected by RT-qPCR. Total RNA was extracted from the
lumbar spinal cord by TRIzol (Takara Biotechnology Co.,
Ltd., Dalian, China). Subsequently, cDNA samples were
transcribed using the PrimeScript® RT reagent kit (Takara
Biotechnology Co., Ltd.) according to the kit protocol.
The contents in the kit included PrimeScript RTase, 5X
PrimeScript buffer, RNase inhibitor, dNTP mixture, oligo
dT primer, Ex Tag HS DNA polymerase (5 U/ul) and RNase
free dH20O. Following DNase treatment (D2215; Takara
Biotechnology Co., Ltd.), qPCR analysis was performed to
evaluate the expression levels of inflammatory cytokines on
an ABI 7500 system (Applied Biosystems; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The 20-ul reaction
volume contained 2 ul template, 0.25 uM of each pair of
primers and 12.5 1 SYBR Green real-time PCR MasterMix
(Applied Biosystems; Thermo Fisher Scientific, Inc.). Thermal
cycling was performed as follows: 95°C for 10 min followed
by 35 cycles of 95°C for 15 sec, 58°C for 20 sec, and 72°C
for 30 sec. Primers were as follows: TNF-a, forward ACT
GAACTTCGGGGTGATTG and reverse GCTTGGTGG
TTTGCTACGAC; IL-1p, forward CACCTTCTTTTC
CTTCATCTTTG and reverse GTCGTTGCTTGTCTC
TCCTTGTA; IL-6, forward TGATGGATGCTTCCA
AACTG and reverse GAGCATTGGAAGTTGGGGTA;
and B-actin, forward CATGTACGTTGCTATCCAGGC and
reverse CTCCTTAATGTCACGCACGAT. mRNA expres-
sion levels of target genes were normalized to those of B-actin
according to the 2244 method (22)

Statistical analysis. SPSS software (version 18.0, SPSS, Inc.,
Chicago, IL, USA) was used for data analysis. Differences
in the data were analyzed with Student's t-test and were
presented as the mean + standard error of the mean. P<0.01
was considered to indicate a statistically significant differ-
ence.

Results

MWT significantly decreases after CFA injection. A total of
100 1 CFA was subcutaneously injected into the right hind
foot of the rats to establish rat models of inflammation-induced
pain. Within 10 min, the right rear foot appeared red and
swollen. Spontaneous pain-related behaviors were observed,
including raising and licking of the rear foot on the right side.
MWT was detected in rats daily prior to and following CFA
injection. Variations in the MWT in the untreated left rear
foot were used as controls. As shown in Fig. 1, the results
demonstrated that the MWT in the right rear foot signifi-
cantly decreased since the 1st day of CFA injection (P<0.01;
n=8), and the MWT in the left rear foot exhibited no obvious
variation. The lowest MWT was detected 3 to 5 days after
CFA injection (P<0.01; n=8). Therefore, the subsequent
experiments were conducted 3 to 5 days after CFA injection.

Inflammation-induced pain does not affect body weight.
The respective body weights of the rats in the various groups
were determined prior to CFA injection and every two days
following injection. As shown in Fig. 2, the body weight of the
rats in the CFA, CFA plus bupivacaine and CFA plus saline
solution groups exhibited no statistical variations, compared
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Figure 1. Mechanical withdrawal threshold was detected in rats prior to and
following CFA injection. The right hind paw of the rat was sterilized with
iodophor after anesthesia and CFA (1 pl/g) was injected into the rear por-
tion of the plantar site. Untreated rats were used as the controls. Mechanical
withdrawal threshold was detected prior to CFA injection (day 0) and on
days 1, 3, 5 and 7 post-injection (n=8; “P<0.01). Data are presented as the
mean + standard error of the mean. CFA, complete Freund's adjuvant.

with the untreated group. The stable increase of the body
weight of rats observed among the different groups suggested
that 100 ul CFA was an appropriate dosage to construct the
inflammatory pain model.

Bupivacaine increases the MWT of rats treated with CFA.
Following the successful construction of the rat models of
inflammation-induced pain. In order to test the effects of
bupivacaine on the inflammation-induced pain response, rats
were randomly divided into four equal groups (n=8): CFA,
CFA plus bupivacaine, CFA plus saline solution and untreated
groups. As shown in Fig. 3, the mean MWT was significantly
increased in the CFA plus bupivacaine group, as compared
with the CFA group (P<0.01). The MWT in the CFA plus
bupivacaine group remained lower than the untreated group.

Inflammation-induced pain does not affect motor activity. In
order to test the effects of bupivacaine on the functional exer-
cise capacity of the rats, the rotarod test was used to assess
motor activity among the four groups. As shown in Fig. 4, as
the number of experiments increased, the duration that the
rats were able to remain on the bar gradually increased. No
statistical differences were detected between the CFA plus
bupivacaine group and the other groups (P>0.05). These find-
ings demonstrated that the motor activity of rats in the CFA
and CFA plus bupivacaine groups was not obviously affected
by the inflammatory response.

Bupivacaine inhibits NF-kB activation in the dorsal horn of the
lumbar spinal cord of model rats. NF-kB has an important role
in various physiological and pathological processes associated
with pain; therefore, NF-kB signaling pathway intervention
may have an effective antinociceptive effect (23,24). Activation
of spinal NF-kB/p65 has been demonstrated to contribute to
peripheral inflammation, and inflamed tissue may increase
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Figure 2. Body weight. To construct the rat model of inflammation-induced
pain, 100 x1 CFA was subcutaneously injected into the right hind foot. Body
weight of the rats was assessed prior to CFA injection and every two days
post-injection (n=8). Untreated rats were used as the controls. Data are presented
as the mean =+ standard error of the mean. CFA, complete Freund's adjuvant.

80+ -e~ Untreated group -%- CFA+Bupivacaine
-= CFA -%- CFA+Saline

Mean threshold (mN)
& 8

n
s

c T Ll 1 |
0 1 3 5 7

Time after CFA injection (days)

Figure 3. Bupivacaine increases the mechanical withdrawal threshold of rats
treated with CFA stimulation. Rats were randomly divided into four groups
(n=8): CFA, CFA plus bupivacaine, CFA plus saline and untreated. The right
hind paw of the rat was sterilized with iodophor following anesthesia and
CFA (1 ul/g) was injected into the rear portion of the plantar site. Mechanical
withdrawal threshold in rats was detected prior to (day 0) and on days 1,3, 5
and 7 post-injection (n=8, “P<0.01 vs. the CFA group). Untreated rats were
used as the controls. Data are presented as the mean + standard error of the
mean. CFA, complete Freund's adjuvant.

the excitability of spinal dorsal horn neurons (25,26). In the
present study, the expression levels of IkB and nuclear NF-xB
were detected in the dorsal horn of the lumbar spinal cord
after CFA injection. As shown in Fig. 5A, IxkB expression
levels decreased as the time after CFA injection increased, as
compared with the untreated group. Conversely, the expression
levels of the p65 subunit of NF-kB in the nucleus increased
in a time-dependent manner after CFA injection. Notably,
bupivacaine treatment increased the expression levels of IkB
and decreased nuclear NF-xB expression levels, as compared
with the inflammatory group.

Bupivacaine inhibits the secretion of inflammatory cytokines.
The mRNA expression levels of inflammatory cytokines were
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Figure 4. Motor activity was not obviously altered in the different groups.
Data from the four different groups were recorded prior to (day 0) and
on days 1, 3, 5 and 7 post-CFA injection. Untreated rats were used as the
controls. Rats were placed on the round bar and the instrument of rotating
rods were set in on Uniformly Accelerating mode. Data are presented as the
mean + standard error of the mean. CFA, complete Freund's adjuvant.
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Figure 5. Bupivacaine inhibits NF-xB activation in the lumbar spinal dorsal
horn of rat models of CFA-induced pain. Spinal dorsal horn tissues of lumbar
segments were harvested from the different groups of rats and total cell lysates
were used to detect the expression of IkB and nuclear NF-kB by western
blotting analysis. (A) Samples in the CFA group at 6, 24 and 48 h post-CFA
injection. (B) Expression of IkB and NF-kB in four different groups were
determined by western blotting analysis. CFA, complete Freund's adjuvant;
Ctrl, control; Bup, bupivacaine; SS, saline solution; NF, nuclear factor.

detected by RT-qPCR. As shown in Fig. 6, rats in the CFA
group exhibited significantly increased expression levels of
TNF-a, IL-1p and IL-6, as compared with the untreated
group (P<0.05). Bupivacaine treatment decreased the levels
of inflammatory cytokines in CFA plus bupivacaine group
than CFA group (P<0.01).
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Figure 6. Bupivacaine inhibits the secretion of inflammatory cytokines. Total RNA samples were extracted from four different groups and transcribed into
cDNA to assess the expression levels of (A) TNF-a, (B) IL-1f and (C) IL-6 inflammatory cytokines via quantitative polymerase chain reaction analysis. Data
are presented as the mean + standard error of the mean. TNF-a, tumor necrosis factor-a; IL, interleukin; CFA, complete Freund's adjuvant. “P<0.01 vs. the

untreated group; “P<0.01 vs. the CFA group.
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Figure 7. Treatment with bupivacaine decreases the expression levels of OX42 and GFAP. (A) Spinal dorsal horn tissues of lumbar segments were harvested
from rats in the different groups and total cell lysates were used to detect the expression levels of OX42 and GFAP via western blot analysis. Histograms of
the expression of (B) OX42 and (C) GFAP relative to the untreated Ctrl in each group. Data are presented as the mean + standard error of the mean. “P<0.01
vs. the untreated group; *P<0.01 vs. the CFA group. CFA, complete Freund's adjuvant; GFAP, glial fibrillary acidic protein; Ctrl, control.

Bupivacaine decreases the expression levels of OX42 and
GFAP. The expression levels of OX42, which is a spinal
microglial marker, and GFAP, which is an astrocyte marker,
were detected by western blotting analysis. As shown in
Fig. 7, the expression levels of OX42 and GFAP were signifi-
cantly increased in the CFA group, as compared with the
untreated group (P<0.05). However, bupivacaine treatment
significantly decreased the expression levels of OX42 and
GFAP, as compared with the rats in the CFA group (P<0.01).
These findings suggested that bupivacaine administration
decreased the activation of microglia and astrocytes in the
rat models of inflammatory pain.

Discussion

Inflammatory pain is a chronic pain disease caused by
tissue damage, including rheumatoid arthritis, omarthritis
and postoperative pain (9,27,28), which has a particularly
high incidence in China. It has extremely important clinical
implications; therefore, it is crucial that the pathogenesis
and development of inflammatory pain are investigated. In
the present study, rat models of CFA-induced inflammatory
pain were constructed to simulate the human disease. Rats
models allow us to explore the pathogenesis of the disease,
clarify the mechanism of disease progression and effectively
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investigate the physiological and pathological processes. The
results demonstrated that the MWT of the right rear foot
significantly decreased by ~20 mN on the Ist day of CFA
injection, as compared with the untreated left foot (“P<0.01,
n=8). MWT data were stable from the 3rd day for >2 weeks.
The MWT in the untreated left rear foot exhibited no signifi-
cant variation. These findings indicated that rat models of
inflammatory pain were successfully constructed.

NF-«B is an important nuclear transcription factor that
regulates the expression of inflammation-related genes (29).
The inactive form of NF-kB, which is bound by members
of the IkB family, is typically located in the cytoplasm (30).
Various stimuli activate NF-xB, which leads to the phos-
phorylation of IxB, followed by ubiquitination and subsequent
degradation (31,32). This leads to the exposure of the nuclear
localization signals on NF-kB subunits; therefore, they trans-
locate to the nucleus. The present study investigated whether
bupivacaine affects NF-kB activation in the dorsal horn of
the lumbar spinal cord. As hypothesized, in the inflammatory
group with CFA injection, western blotting analysis demon-
strated that IkB protein expression levels were decreased and
the p65 subunit of NF-«B translocated to the nucleus, leading
to the activation of inflammatory genes. mRNA expression
levels of inflammatory cytokines, including TNF-a, IL-1p3 and
IL-6, were also analyzed, and the expression levels of these
cytokines were also increased. Notably, in the CFA plus bupi-
vacaine group, the activation of NF-kB was suppressed and the
expression levels of inflammatory cytokines were inhibited, as
compared with the CFA group.

Bupivacaine hydrochloride injection, which is a long
acting amide local anesthetic, is a commonly used clinical
anesthesia (33). Due to its rapid onset and increased dura-
tion of action, its application increases peripheral nerve
block, epidural block and subarachnoid block. Bupivacaine
is capable of combining with the membrane receptor of the
nerve and blocking the sodium ion channels (34). Moreover,
bupivacaine is able to raise the threshold of neural action
potentials, slow the spreading of nerve impulses and reduce
the speed of the action potential, thereby blocking the
transmission of nerve impulses (35,36). Previous studies
have demonstrated that the analgesic effects of isoflurane
and ketamine are associated with the glial cells in the spinal
cord (37,38); however, few studies have investigated the
effects of bupivacaine local anesthetic.

In the present study, the degree of glial cell activation was
detected in the L4-5 area of the spinal cord in rat models of
CFA-induced inflammatory pain. The results demonstrated
that the expression levels of OX42 and GFAP significantly
increased, suggesting that the activation of spinal microglia
and astrocytes may be associated with inflammatory pain.
Following treatment with bupivacaine, the expression
levels of OX42 and GFAP were significantly decreased, as
compared with the model group, which demonstrated that
bupivacaine was able to reduce the activation of spinal
microglia and astrocytes in the rat models of inflammatory
pain (39). The results of the present study are consistent with
a study by Suter et al (40), which reported that activation
of spinal cord microglia contributed to the development of
neuropathic pain and microglial activation was associated
with mechanical allodynia. Therefore, the intensity of pain
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stimulation and detection time of spinal microglia and astro-
cytes may be associated with the activation of microglia and
astrocytes. The present findings demonstrated that treatment
with bupivacaine significantly decreased the activation of
microglia and astrocytes by increasing the expression of
IxB and decreasing the expression of NFkB in rat models of
inflammatory pain. These results provide clarification of the
pathogenesis and mechanism of inflammation-induced pain
and may indicate provide novel therapeutic strategies for the
clinical treatment of pain.
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