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Antinociceptive effects of dezocine on complete Freund's
adjuvant-induced inflammatory pain in rats
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Abstract. Inflammatory pain is known to severely impact
the life quality of patients. Notably, dezocine is widely used
for the treatment of pain. Therefore, the current study aimed
to examine the effects of dezocine on a complete Freund's
adjuvant (CFA)-induced inflammatory pain model in rats and
to investigate the possible underlying molecular mechanisms.
Rats were randomly divided into three groups, including the
control, CFA and dezocine+CFA groups, and then subcutane-
ously injected with 100 ul saline, subcutaneously injected with
100 pl CFA or pretreated with 1 ml dezocine (0.4 pg/kg) at
30 min before CFA injection in the plantar surface of right
hind paw, respectively. The paw withdrawal threshold (PWT)
and paw withdrawal latency (PWL) were measured with a
dynamic plantar esthesiometer at 1 day before and 6 h after
CFA injection. The ipsilateral lumbar spinal cords of all
the rats were harvested for detecting the expression profiles
of phosphorylated (p)-p65, p-extracellular signal-regulated
kinase 1/2 (p-ERK1/2), cyclooxygenase-2 (COX-2), interleukin
(IL)-1p and tumor necrosis factor (TNF)-a by western blot
analysis and/or reverse transcription-quantitative polymerase
chain reaction. In addition, prostaglandin E2 (PGE2) expres-
sion was determined by enzyme-linked immunosorbent assay.
Compared with the control group, CFA-induced peripheral
inflammation downregulated the PWT and PWL values of
rats, which were significantly alleviated by dezocine treat-
ment. Furthermore, the protein levels of p-p65, p-ERK1/2,
COX-2, PGE2, IL-1p and TNF-a were significantly upregu-
lated following CFA injection, while they were suppressed
by dezocine pretreatment. In conclusion, the analgesic effect
of dezocine on inflammatory pain induced by CFA may be
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associated with the inhibition of the spinal ERK1/2-COX-2
pathway.

Introduction

Pain has been classified into three different categories by
Woolf et al (1) and Woolf (2), including nociceptive, inflam-
matory and pathological pain. Tissue damage and infiltration
of immune cells have been suggested to be associated with
inflammatory pain, while pathological pain is considered to
be induced by damage or abnormal function of the nervous
system (1,2).

Inflammatory pain, a complicated pathological process that
occurs at the central and peripheral nervous systems, severely
impacts the life quality of patients. Mitogen activated protein
kinase (MAPK) is a type of protein kinase specific to the amino
acids tyrosine, threonine and serine, and is known to modulate
cell proliferation, differentiation, mitosis, survival and apop-
tosis (3). In addition, the MAPK family, which is located in
the spinal cord, has been reported to modulate inflammatory
pain (4). Furthermore, extracellular signal-regulated kinase 1/2
(ERK1/2) was verified to be activated in inflammatory pain
that was induced by complete Freund's adjuvant (CFA) (5).

The features of inflammation are known to include
accumulation of various pro-inflammatory cytokines and
prostaglandins, as well as increased expression of cyclooxy-
genase-2 (COX-2) (6,7). Notably, ERK1/2 activation followed
by COX-2 expression was identified to serve a crucial role in
generating inflammatory pain (8).

Dezocine is an effective opioid analgesic and has been used
for the treatment of pain (9). A previous study has demonstrated
that dezocine may be a novel molecular target, with clinical
implications (10). Dezocine was also revealed to antagonize
morphine analgesia upon simultaneous administration in mice
models of acute nociception (11). In the current study, the aims
were to examine the effects of dezocine on a CFA-induced
inflammatory pain model in rats and to investigate the possible
underlying molecular mechanisms.

Materials and methods

Animals. Animal care and handling procedures were
approved by the Northwest University for Nationalities
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(Yinchuan, China), and conducted according to the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. A total of 30 adult male (6-8 weeks) Sprague-Dawley
rats (weight, 220-250 g) were obtained from Department of
Anesthesiology, the Northwest University for Nationalities
(Yinchuan, China). Rats were housed under controlled
temperature (23+1°C), humidity (70+10%) and 12-h light/dark
lighting, and were provided with distilled water and food ad
libitum.

Rats were randomly divided into three groups as follows:
i) Control group, subcutaneously injected with 100 ul saline
(n=10); ii) CFA group, subcutaneously injected with 100 ul
CFA (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany;
n=10); and iii) dezocine+CFA group, pretreated with 1 ml
dezocine injection (0.4 ug/kg) at 30 min before 100 ul CFA
injection in the plantar surface of right hind paw (n=10).
Subsequently, the rats were anesthetized with 10% choral
hydrate (0.35 ml/100 g; intraperitoneal injection) and the
ipsilateral spinal cord (L4-L6) was removed on the 10th day
following experimentation, immediately applied for the extrac-
tion of mRNA and protein for the determination of mRNA
level and protein level, respectively.

Behavioral testing. At 1 day before the experiment (baseline)
and 6 h after CFA injection, the paw withdrawal threshold
(PWT) and paw withdrawal latency (PWL) of the rats
were measured with an automated von Frey testing device
(Dynamic Plantar Aesthesiometer 37450; Ugo Basile,
Gemonio, Italy). Rats were allowed to adapt to the new envi-
ronment for ~30 min. A steel rod (0.5 mm diameter) was then
pushed against the hind paw of the rat with an ascending
force between 0 and 50 x g over a period of 20 sec. The
mechanical stimulus was stopped when the rat withdrew
its hind paw and the corresponding force and latency were
recorded.

Western blot analysis. The ipsilateral lumbar 4-6 spinal cord
samples obtained from the rats were homogenized in lysis
buffer containing a mixture of phosphatase and proteinase
inhibitors (Roche Diagnostics Ltd., Burgess Hill, UK). Next,
the protein concentration was determined using a BCA
assay kit (Beyotime Institute of Biotechnology, Haimen,
China), protein sample (10 pg) was separated by 8-12%
SDS-polyacrylamide gel electrophoresis and transferred onto
nitrocellulose membranes (EMD Millipore, Billerica, MA,
USA). Subsequent to blocking the membranes with 5% skim
milk at 37°C for 1 h, the samples were incubated overnight at
4°C with primary antibodies: COX-2 (cat. no. 12282, 1:1,000;
Cell Signaling Technology, Inc., Danvers, MA, USA); IL-1p
(cat. no. 12393, 1:1,000; Sigma, St. Louis, MO, USA); TNF-a
(cat. no. OAAB21998, 1:1,000; Aviva Systems BIOLOGY,
San Diego, CA, USA); p-ERK1/2 (cat. no. 5726, 1:1,000; Cell
Signaling Technology, Inc.); ERK1/2 (cat. no. 4696, 1:1,000;
Cell Signaling Technology, Inc.); P65 (cat. no. 8242, 1:1,000;
Cell Signaling Technology, inc.) and p-P65 (cat. no. 3033,
1:1,000; Cell Signaling Technology, Inc.). The membranes
were incubated for 1 h at 37°C with the horseradish peroxi-
dase-conjugated secondary antibody (1:10,000; Cell Signaling
Technology). GAPDH antibody (1:1,000; Cell Signaling
Technology) was used as internal control. The bands were
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visualized by an enhanced chemiluminescence kit (Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

Enzyme-linked immunosorbent assay (ELISA). The prosta-
glandin E2 (PGE2) level in the protein samples was measured
by a Parameter™ PGE2 Immunoassay ELISA kit (R&D
Systems, USA) according to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). Total RNA from the ipsilateral lumbar 4-6
spinal cord specimens was extracted using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The RNA concentration was then
quantified by spectrophotometry. Next, cDNA was synthe-
sized from 1 yg RNA by PrimerScript RT reagent kit with
¢DNA Eraser (Takara Bio, Inc., Otsu, Japan). qPCR was
subsequently conducted with a CFX96™ real-time PCR
detection system (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). The PCR mixture contained 5 ul RT-qPCR mix (Takara
Bio, Inc.), 0.5 ul forward primer (GenScript Co., Ltd., Nanjing,
China) and 0.5 ul reverse primer (GenScript Co., Ltd.), 1 ul
c¢DNA and 3 ul ddH,O (Invitrogen; Thermo Fisher Scientific,
Inc.). Reactions were incubated at 95°C for 3 min, followed by
40 cycles of 10 sec at 95°C and 30 sec at 55.9°C. The primers
utilized were as follows: IL-1p forward primer 5'-AGAGTG
TGGATCCCAAACAA-3', reverse primer 5'-AGTCAACTA
TGTCCCGACCA-3'. TNF-a forward primer 5-"TTCTCATTC
CTGCTTGTG-3', reverse primer 5-TTGGTGGTTTGCTAC
G-3'. COX-2 forward primer 5'-CACGGACTTGCTCACTTT
GTT-3, reverse primer 5-~AAGCGTTTGCGGTACTCATT-3"
GAPDH forward primer 5-"TGCTGAGTATGTCGTGGAG-3/,
reverse primer 5'-GTCTTCTGAGTGGCAGTGAT-3". The
quantification cycle (Cq) value was used for the detection of
gene expression levels according to the formula 244%4, with
GAPDH serving as the internal control (12).

Statistical analysis. Data were analyzed using GraphPad
Prism5 software (GraphPad Software, Inc., La Jolla, CA,
USA). Data are expressed as the mean =+ standard error of the
mean. Analysis of variance followed by a post-hoc Newman
Keuls was used for independent samples to compare differ-
ences between groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

Effect of dezocine on rat behavior as a result of inflamma-
tory pain. At 6 h after CFA injection, the rats began to limp
and to guard their injected limb. The PWL and PWT values
were measured in rats of the three groups at days 1, 3, 7 and
10 after the corresponding treatments. A statistically signifi-
cant difference was identified among the control, CFA and
dezocine+CFA groups. The PWL and PWT values of the rat
hind paw in the CFA group were significantly decreased as
compared with those in the control group (P<0.01). However,
upon pre-administration of dezocine, the PWL and PWT
values in the dezocine+CFA group were significant higher
compared with those in the CFA group (P<0.01; Figs. 1 and 2).
These results were consistent with the findings of a previous
study, which also detected the effects of dezocine in pain
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Figure 1. Dezocine ameliorates the CFA-induced PWL downregulation in rats. The PWL of the rat hind paw in the CFA group was significantly decreased
compared with that in the control group, while pre-administration of dezocine resulted in an increase in the PWL in the dezocine+CFA group in comparison
with the CFA group. #P<0.01 vs. the control group; "P<0.05 and “P<0.01 vs. the CFA group. CFA, complete Freund's adjuvant; PWL, paw withdrawal latency.
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Figure 2. Dezocine ameliorates the CFA-induced PWT downregulation in rats. The PWT of the rat hind paw in the CFA group was significantly declined
compared with that in the control group, while pre-administration of dezocine in the dezocine+CFA group significant increased the PWT compared with that
of the CFA group. #P<0.01 vs. the control group; "P<0.05 and “P<0.01 vs. the CFA group. CFA, complete Freund's adjuvant; PWT, paw withdrawal threshold.

behavior (13). In conclusion, the results of the behavioral tests
suggested that dezocine successfully reduced CFA-induced
inflammatory pain in rats.

Effect of dezocine on COX-2 expression. To detect whether a
COX-2 response was induced by the analgesic effect of dezo-
cine, the mRNA and protein expression levels of COX-2 in the
rat spinal cord were assessed. The results demonstrated that,
compared with the control group, CFA evidently induced the
protein expression of COX-2, whereas dezocine pretreatment
markedly inhibited the upregulation of COX-2 protein level
that was caused by CFA administration (Fig. 3A). In addi-
tion, the mRNA expression profile of COX-2 in the different
groups was detected by RT-qPCR. It was observed that the
mRNA expression of COX-2 in the CFA-treated group was
significantly upregulated as compared with that of the control
group (P<0.01). By contrast, COX-2 mRNA expression was
significantly downregulated by pretreatment with dezocine
(P<0.01; Fig. 3B).

Effect of dezocine on the expression levels of interleukin
(IL)-15 and tumor necrosis factor (TNF)-a. To detect
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Figure 3. Dezocine inhibits the CFA-induced increase of the COX-2 expres-
sion. (A) Protein and (B) mRNA expression levels were observed by western
blot analysis and reverse transcription-quantitative polymerase chain
reaction, respectively. Compared with the control group, CFA markedly
upregulated the protein and mRNA expression levels of COX-2, whereas
dezocine pretreatment inhibited the upregulation of COX-2 levels. #P<0.01
vs. the control group; “P<0.01 vs. the CFA group. CFA, complete Freund's
adjuvant; COX-2, cyclooxygenase-2.
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Figure 4. Dezocine downregulates the CFA-induced increase of IL-1f3 and TNF-a expression levels. The mRNA levels of (A) IL-1f and (B) TNF-a, as well as
the (C) protein expression levels of these factors, are shown. The results revealed that, compared with the control group, CFA significantly induced the mRNA
and protein expression levels of IL-1f and TNF-a, whereas dezocine pretreatment inhibited the upregulation of these level. #P<0.01 vs. the control group;
“P<0.05 vs. the CFA group. CFA, complete Freund's adjuvant; IL-1p, interleukin-1p; TNF-a., tumor necrosis factor a.
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Figure 5. Dezocine represses the CFA-induced increase in PGE2 expres-
sion, as determined by enzyme-linked immunosorbent assay. A significant
increase in the PGE2 protein level was detected in the CFA group compared
with the control group; however, exposure of CFA-injected rats to dezocine
led to a significant decrease in the PGE2 protein level compared with the rats
injected with CFA only. ##P<0.001 vs. the control group; ““P<0.01 vs. the
CFA group. CFA, complete Freund's adjuvant; PGE2, prostaglandin E2.

whether IL-1p and TNF-a responses were caused by the
analgesic effect of dezocine, the mRNA and protein expres-
sion levels of IL-1p and TNF-a in the spinal cord samples
were also assessed. The results revealed that, compared
with the control group, CFA significantly induced the
mRNA expression levels of IL-1p and TNF-a (P<0.01),
whereas dezocine pretreatment inhibited the upregulation of
these levels resulting from CFA injection (P<0.05; Fig. 4A
and B). Furthermore, the protein expression levels of IL-1$
and TNF-a were detected by western blot analysis. The
results revealed that the protein expression levels of IL-1p
and TNF-a in the CFA group were clearly upregulated
compared with those in the control group, while these levels
were evidently downregulated by pretreatment with dezo-
cine (Fig. 4C).
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Figure 6. Dezocine attenuates the CFA-induced increase in the p-ERK1/2
and p-P65 expression levels, as observed by western blot analysis. Compared
with rats in the control group, the peripheral inflammation in CFA-treated
rats led to the enhancement of p-ERK1/2 and p-p65 levels in the ipsilateral
lumbar 4-6 spinal cord, which were reduced by dezocine pretreatment.
CFA, complete Freund's adjuvant; p-, phosphorylated; ERK, extracellular
signal-regulated kinase.

Effect of dezocine on PGE?2 expression level. PGE2 levels in the
different groups were measured by ELISA. The results revealed
a significant increase of the PGE2 protein level in the CFA
group compared with that in the control group (P<0.001). By
contrast, pre-exposure to dezocine in rats injected with CFA led
to an evident decrease in the PGE2 protein level as compared
with that in rats injected with CFA alone (P<0.01; Fig. 5).
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Effect of dezocine on the phosphorylated (p)-ERKI1/2 and
p-p65 protein levels. Compared with rats in the control group,
the peripheral inflammation in rats that was generated by
injection with CFA led to the induction of p-ERK1/2 and p-p65
levels. However, the phosphorylation levels were reduced by
dezocine pretreatment in dezocine+CFA rats as compared
with those in the CFA group (Fig. 6).

Discussion

In the present study, the effects of dezocine on CFA-induced
inflammatory pain in rats and the possible underlying
molecular mechanisms were investigated. It was observed
that CFA induced peripheral inflammatory pain in rats and
downregulated the PWT and PWL values; however, these
were significantly alleviated upon dezocine pretreatment.
In addition, the p-p65, p-ERK1/2, COX-2, PGE2, IL-1p and
TNF-a levels were markedly upregulated following CFA
injection, and this upregulation was suppressed by dezocine
pretreatment. Taken together, the analgesic effect of dezocine
on inflammatory pain induced by CFA may be associated with
the inhibition of the spinal ERK1/2-COX-2 pathway.

A rat model of inflammatory plain was established in the
present study subcutaneous injection with 100 1 CFA, while
1 ml dezocine (0.4 ug/kg) was injected at 30 min prior to CFA
administration in order to examine the effects of dezocine on
CFA-induced inflammatory pain in rats. At 1 day before the
establishment of the rat model and 6 h after CFA injection at
days 1, 3,7 and 10, the PWT and PWL were measured with a
dynamic plantar esthesiometer. The results revealed that the
PWL and PWT values of rats in the CFA group were signifi-
cantly higher in comparison with those of the control group,
while pre-administration of dezocine significantly increased
these values in the dezocine+CFA group (Figs. 1 and 2).
These observations suggested that dezocine reduced the
CFA-induced inflammatory pain in rats. However, the
molecules that were responsible for these alterations required
further investigation.

The inflammatory process involves the accumulation of
pro-inflammatory cytokines, prostaglandins and COX-2 (6,7).
A large number of studies have indicated that certain cytokines
directly stimulated nociceptors (14-16). Furthermore, elevated
mRNA and protein levels of IL-13/TNF-a were identified in
the anterior cingulate cortex (16), which area was indispens-
able for formalin-induced pain (17). Thus, in the current study,
the ipsilateral sides of the lumbar spinal cord were harvested
for detection of the expression levels of COX-2, IL-1f and
TNF-a. It was identified that, as compared with the control
group, CFA significantly increased the mRNA and protein
expression levels of COX-2, IL-1f and TNF-a, while dezo-
cine pretreatment inhibited the upregulation of these factors
(Figs. 3 and 4).

Under pathological conditions, COX-2 produces PGE2 at a
10-20-times higher rate in comparison with the physiological
levels (18). The ELISA results in the current study further
revealed a significant increase of the PGE2 protein level in
the CFA group as compared with the control group, while
prior exposure of CFA-injected rats to dezocine led to a clear
decrease in PGE2 protein as compared with the untreated
CFA-injected rats (Fig. 5).
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The MAPK family kinases are expressed in the spinal
cord and have been reported to regulate inflammatory pain (4).
A previous study revealed that ERK1/2 was activated in
CFA-induced inflammatory pain (5). Furthermore, ERK1/2
activation followed by COX-2 expression was observed to serve
a pivotal role in generating inflammatory pain (8). Nuclear
factor (NF)-«B is a heterodimeric nuclear factor (pS0 and p65)
that is widely expressed in the central nervous system (19,20).
In addition, the cytokines IL-1p3 and TNF-a, which are released
after stress, have been reported to also induce the activation
of NF-kB (6). In the present study, compared with rats in the
control group, the peripheral inflammation in CFA-injected
rats was observed to lead to the induction of p-ERK1/2 and
p-p65 in the ipsilateral lumbar 4-6 spinal cord, whereas these
levels were reduced by dezocine pretreatment as compared
with those in the CFA group (Fig. 6).

In conclusion, the analgesic effect of dezocine on inflam-
matory pain induced by CFA was associated with the activation
inhibition of the spinal ERK1/2-COX-2 signaling pathway.
Taken together, the current study demonstrated a novel treat-
ment for inflammatory pain in rats, which may be helpful for
the treatment of inflammatory pain in clinical patients in the
future.
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