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Abstract. Previous studies have focused on strategies for pain 
relief based on the peripheral opioid system. However, little 
is known with regard to the profile of the peripheral opioid 
system in long-lasting inflammatory pain. In the current 
study, the intrinsic changes of the peripheral opioids were 
investigated in long‑lasting inflammatory pain. A rat model 
of complete Freund's adjuvant (CFA)‑induced inflammatory 
pain was established. Paw swelling and thermal hyperalgesia 
(paw withdrawal latency, PWL) were analyzed until day 18 
after the CFA injection. The levels of peripheral opioids and 
their upstream inducers, corticotrophin-releasing factor (CRF) 
and interleukin (IL)-1β, were measured, and validation experi-
ments were performed using opioid receptor antagonists. 
Long‑lasting inflammatory pain was successfully induced in 
the rats, as shown by the significantly increased paw swelling 
and decreased PWLs. On day 18 after the CFA injection, the 
IL-1β levels were significantly elevated, while CRF remained 
at a normal level in the paw inflammatory tissue. In addition, 
met-enkephalin (Met-ENK) and dynorphin A (DYN A) levels 
were significantly increased, while the β-endorphin level 
remained normal. Local intraplantar administration of δ‑ and 
κ-opioid receptor antagonists resulted in more substantial pain, 
but did not significantly affect the PWLs of the normal control 
rats. Therefore, the results indicated that the increased levels 
of local Met-ENK and DYN A in CFA-induced long-lasting 
inflammatory pain may be involved in peripheral intrinsic 
analgesia.

Introduction

The involvement of peripheral opioids in inflammatory pain 
regulation has been well demonstrated (1‑4). Under inflam-
matory conditions, opioid peptides are released from local 
immunocytes upon the stimulation of corticotrophin-releasing 
factor (CRF) and a number of cytokines, including interleukin 
(IL)-1β (5-7). Among the released opioids are met-enkephalin 
(Met-Enk) and dynorphin A (DYN A); however, the predomi-
nant opioid involved in immune cell-mediated intrinsic 
antinociception is considered to be β-endorphin (β-END) (6,8). 
The majority of these findings were obtained from complete 
Freund's adjuvant (CFA)-induced inflammatory pain with 
a duration of no more than four days. Considering that 
long‑lasting inflammatory pain is more often encountered in 
clinical practice than that with a short duration, the changes in 
peripheral opioids during long‑lasting inflammatory pain may 
provide more valuable insight towards chronic pain control. 
However, limited data in this area are available at present. 
In addition, since locally infiltrating immunocyte lineages 
at different inflammation stages are distinct (9), the profiles 
of peripheral opioids in long‑lasting inflammatory pain may 
differ from the aforementioned observations.

Thus, the aim of the present study was to systemically 
assess the profile of peripheral opioids in the later stage of 
CFA‑induced inflammatory pain on day 18 after the CFA injec-
tion (10). The levels of β-END, Met-Enk and DYN A, as well 
as their upstream inducers, CRF and IL-1β, were analyzed, and 
validation experiments were performed to confirm the intrinsic 
analgesic effects induced by peripheral opioids in long-lasting 
inflammatory pain.

Materials and methods

Animals. Sixteen male Wistar rats (weight, 180-200 g; 
six-weeks old) were obtained from Shanghai Laboratory 
Animal Center (Shanghai, China). The rats were housed in a 
temperature‑controlled animal facility (25±1˚C) under a 12‑h 
light/dark cycle, with access to food and water ad libitum. The 
experiments were conducted in accordance with the National 
Institutes of Health Guide for the Care and Use of Laboratory 
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Animals (11). The present study was approved by the Ethics 
Committee of Zhejiang Chinese Medical Hospital (Hangzhou, 
China).

Inflammatory pain model. Rats were randomly divided into a 
normal control group (normal) and CFA‑induced inflamma-
tory pain group (CFA), with eight rats per group. Inflammatory 
pain was induced by an intraplantar injection of 100 µl CFA 
(Sigma-Aldrich, St. Louis, MO, USA) into the right hind paw. 
The normal control rats were injected with the same volume 
of saline. All the rats were sacrificed on day 18 after the injec-
tion and samples of the right hind paw inflammatory tissue 
were obtained. The Wistar rats were used in the first experi-
ment to evaluate the profile change of the peripheral opioids in 
CFA‑induced long‑lasting inflammatory pain.

Assessment of inflammation. Inflammation was assessed by 
the extent of paw swelling. The paw volume was measured in 
duplicate, using a water displacement plethysmometer (LYS-7A; 
Shandong Xinhua Medical Instrument Co., Ltd., Zibo, China), 
prior to the injection of CFA or saline and at the indicated time 
points following the injection of CFA or saline. Paw swelling 
was expressed as an increase in paw volume compared with the 
initial volume.

Evaluation of inflammatory pain. Inflammatory pain was evalu-
ated by assessment of the paw withdrawal latencies (PWLs), as 
described in our previous study (12). The PWL was measured 
in triplicate, using a plantar tester (Ugo Basile Srl, Varese, Italy), 
prior to the CFA or saline injection and at the indicated time-
points following the injection of CFA or saline. Briefly, the rats 
were placed in a clear plastic chamber and allowed to acclima-
tize for 30 min. A radiant heat stimulus (high-intensity projector 
lamp bulb) was positioned under the glass floor directly beneath 
the right hind paw. When the animal withdrew its hind paw, the 
heat stimulus was automatically stopped, and the time recorded 
was the PWL. A 20-sec cut-off was used to prevent tissue injury.

Enzyme‑linked immunosorbent assay (ELISA) for CRF and 
IL‑1β. Rats were anesthetized with 10% (w/v) chloral hydrate 
at a dose of 3.5 ml/kg (i.p.) on day 18 after the injection. 
The right hind paws were immediately removed and rinsed 
in ice-cold saline. The samples were pulverized in liquid 
nitrogen, resolved in cell lysis buffer (Beyotime Institute of 
Biotechnology, Haimen, China) containing protease inhibitor 
cocktail (10% v/v; Bio Basic, Inc., Markham, ON, Canada), 
sonicated on ice (5x5 sec) and stored for 1 h at 4˚C. The 
samples were subsequently centrifuged at 13,201 x g for 
30 min at 4˚C for protein extraction. The levels of CRF and 
IL-1β were measured using a rat CRF ELISA kit (Bachem 
Americas, Inc., Torrance, CA, USA) and rat IL-1β ELISA kit 
(Enzo Life Sciences, Inc., Farmingdale, NY, USA), according 
to the manufacturers' instructions, respectively.

Radioimmunoassay (RIA) for β‑END, Mek‑ENK and DYN A. 
Samples for the RIA were collected using the same method as 
those for ELISA. A RIA was performed to measure the levels of 
β‑END, Mek‑ENK and DYN A in the paw inflammatory tissue 
at the Department of Neurobiology of the Second Military 
Medical University of Chinese PLA (Shanghai, China). The 

levels of β-END, Mek-ENK and DYN A were measured using 
a rat 125I β-END RIA kit, rat 125I Met-ENK RIA kit and rat 125I 
DYN A RIA kit (Phoenix Biotechnology, Inc., San Antonio, 
TX, USA), according to the manufacturer's instructions, respec-
tively.

Validation experiment by intraplantar injection of δ‑opioid 
receptor (DOR) antagonist. To determine whether the 
upregulation of Met-ENK mediated analgesia, the analgesic 
effect of a DOR antagonist, administered locally on normal 
control rats and rats with CFA‑induced inflammatory pain, 
was investigated. Thirty male Sprague-Dawley rats (weight, 
180-200 g; six-weeks old) were obtained from Shanghai 
Laboratory Animal Center. These were maintained in the 
same way as the Wistar rats and were randomly divided into 
three groups, which included the CFA + saline, CFA + DOR 
antagonist and normal + DOR antagonist groups (n=10 per 
group). The rat model of inflammatory pain was established 
by the same method as aforementioned. For the DOR antago-
nist groups, the rats received an intraplantar injection of 4 µg 
ICI 154,129 (DOR antagonist; Tocris Bioscience, Ellisville, 
MO, USA) on day 18 following the saline or CFA injection. 
Rats in the CFA + vehicle group received the same volume of 
0.05 ml saline. The PWLs were measured prior to the saline or 
antagonist injection and 30 min after the saline or antagonist 
intraplantar injection.

Validation experiment by intraplantar injection of κ‑opioid 
receptor (KOR) antagonist. To investigate whether the upregula-
tion of DYN A suppressed chronic inflammatory pain, the effect 
of a KOR antagonist, administered locally on normal control 
rats and rats with CFA‑induced inflammatory pain, was inves-
tigated. Thirty male Sprague-Dawley rats (weight, 180-200 g; 
six-weeks old) were randomly divided into three groups: 
CFA + saline, CFA + KOR antagonist and normal + KOR 
antagonist (n=10 per group). The rat model of inflammatory 
pain was established by the same method as aforementioned. 
In the KOR antagonist groups, the rats received an intraplantar 
injection of 4 µg nor-Binaltorphimine dihydrochloride (KOR 
antagonist; Tocris Bioscience) on day 18 after the CFA or saline 
injection. Rats in the CFA + vehicle group received the same 
volume of 0.05 ml saline. The PWLs were measured prior to 
the saline or antagonist injection and 30 min after the saline or 
antagonist intraplantar injection.

Statistical analysis. All data are expressed as the mean ± stan-
dard error of the mean, and were analyzed using the 
non-paired or paired Student's t-test. All statistical analyses 
were conducted using SPSS version 18.0 (SPSS Inc., Chicago, 
IL, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

CFA successfully induces chronic inflammatory pain. Rats 
that were administered an intraplantar injection of CFA 
developed chronic inflammatory pain in the right hind paw, 
as demonstrated by the significantly increased paw swelling 
(P<0.001; Fig. 1A) and reduced PWL (P<0.001; Fig. 1B) 
when compared with the rats in the normal group.
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CRF and IL‑1β levels in the paw inflammatory tissue. No 
statistically significant difference in the CRF level was iden-
tified between the two groups (Fig. 2A). However, the levels 
of IL-1β were significantly increased in the CFA group when 

compared with the normal group on day 18 after the CFA 
injection (P<0.001; Fig. 2B).

Local opioid levels in the paw inflammatory tissue. As shown 
in Fig. 3, the levels of Met‑ENK and DYN A were significantly 
increased in the CFA group when compared with those in the 
normal group on day 18 after the CFA injection (P<0.05 and 
P<0.01, respectively). However, no statistically significant differ-
ence in the β-END level was observed between the two groups.

Effect of the intraplantar injection of the DOR antagonist on 
chronic inflammatory pain. To investigate whether the upregu-
lation of Met‑ENK suppressed chronic inflammatory pain, the 
effect of ICI 154,129 (DOR antagonist) local administration 
was examined. Prior to the saline or ICI 154,129 injection, no 
statistically significant difference in the PWLs of the right hind 
paws was observed between the CFA + saline and CFA + DOR 
antagonist groups on day 18. The local ICI 154,129 injection 
significantly decreased the PWLs of the CFA‑injected rats when 
compared with the CFA + saline group (P<0.01; Fig. 4A). As 
shown in Fig. 4B, compared with the PWL prior to injection 
on day 18, local administration of ICI 154,129 significantly 
decreased the PWLs of the CFA-injected rats (P<0.01; Fig. 4B), 
but failed to significantly reduce the PWLs of the normal rats.

Effect of the intraplantar injection of the KOR antagonist on 
chronic inflammatory pain. To determine whether the upregu-
lation of DYN A played a role in intrinsic analgesia, the effect 
of local administration of nor-Binaltorphimine dihydrochlo-
ride (KOR antagonist) was investigated. Prior to the saline or 
nor-Binaltorphimine dihydrochloride injection, no statistically 
significant difference in the PWLs of the right hind paws was 
observed between the CFA + saline and CFA + KOR antago-
nist groups on day 18. However, the local nor-Binaltorphimine 
dihydrochloride injection significantly decreased the PWLs of 
the CFA-injected rats when compared with the CFA + saline 
group (P<0.01; Fig. 5A). As shown in Fig. 5B, when compared 
with the PWLs prior to injection on day 18, local administration 
of nor‑Binaltorphimine dihydrochloride significantly decreased 
the PWLs of the CFA-injected rats (P<0.01; Fig. 5B), but failed 
to significantly reduce the PWLs of the normal rats.

Figure 1. Chronic inflammatory pain was successfully induced by a CFA 
injection into the right hind paw. (A) Paw swelling was expressed as an 
increase in paw volume compared with the initial volume. (B) PWL was 
measured using a plantar tester to evaluate inflammatory pain. Data are 
expressed as the mean ± standard error of the mean (n=8). ***P<0.001, vs. 
normal group. CFA, complete Freund's adjuvant; PWL, paw withdrawal 
latency.

Figure 2. Levels of (A) CRF and (B) IL‑1β in the inflammatory tissue of the 
right hind paw on day 18 after the CFA injection. Data are expressed as the 
mean ± standard error of the mean (n=8). **P<0.01, vs. normal group. CFA, 
complete Freund's adjuvant; IL, interleukin; CRF, corticotrophin-releasing 
factor.

Figure 3. Levels of opioids in the inflammatory tissue of the right hind paw 
on day 18 after the CFA injection. Data are expressed as the mean ± standard 
error of the mean (n=8). *P<0.05 and **P<0.01, vs. normal group. CFA, com-
plete Freund's adjuvant. 
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Discussion

Peripheral opioids are attracting increasing attention for the 
development of peripherally restricted strategies for pain 
relief. However, limited data exist with regard to their profiles 
in long-lasting inflammatory pain. The present study, for 
the first time, demonstrated the involvement of peripheral 
Met-Enk and DYN A in intrinsic analgesia in a rat model of 
CFA‑induced long‑lasting inflammatory pain.

Inflammation can trigger the migration of opioid‑containing 
immunocytes to the inflammatory tissue, causing the release 
of opioid peptides (13,14). Unlike peripheral intrinsic anal-
gesia, which is primarily mediated by β-END in the early 
stage of CFA-induced inflammatory pain (on day 4 after 
CFA injection) (6,15,16), β-END was shown to remain at 
an almost normal level in the later stages of inflammatory 
pain (on day 18 after CFA injection). However, the levels of 
Met‑Enk and DYN A were significantly increased in the paw 
inflammatory tissue. The different profiles of the peripheral 
opioids in the early and later stages of CFA‑induced inflam-
matory pain may be the result of the distinct characteristics of 
the locally infiltrating immunocytes (9). The most commonly 
referred to stimulators of the peripheral opioids released from 
immunocytes in inflammatory sites are CRF, IL‑1β and other 

inflammatory cytokines (6,17‑19). A normal CRF level and a 
significantly elevated IL‑1β level were observed in the present 
study, indicating that the increased levels of peripheral opioids 
in long‑lasting inflammatory pain may be more closely associ-
ated with inflammatory intrinsic cytokines, such as IL‑1β, but 
not local CRF. CRF levels have been reported to be elevated 
and play an important role in immune cell-mediated intrinsic 
antinociception under stress conditions, such as a cold water 
swim (20).

To testify the hypotheses that upregulation of Met-Enk 
and DYN A may mediate intrinsic analgesia to prevent further 
injury or more serious pain (4,21), the effects of the local admin-
istration of DOR and KOR antagonists on inflammatory pain 
were investigated. Locally delivered DOR and KOR antago-
nists resulted in a more substantial pain to the CFA-injected 
rats. However, the antagonists did not significantly affect the 
pain thresholds of the normal rats, indicating that the upregu-
lation of Met-Enk and DYN A contribute to intrinsic analgesia 
in long‑lasting inflammatory pain. These observations are in 
accordance with a previous study, which demonstrated that 
locally administered naloxone (opioid receptor antagonist) can 
exacerbate pain under inflammatory conditions (4). Peripheral 
intrinsic analgesia mediated by Met-ENK and DYN A may 
be regarded as the body's negative feedback of inflammation, 

Figure 5. PWL was measured on day 18 after the CFA injection using a plantar 
tester to evaluate inflammatory pain. (A) Effect of nor-Binaltorphimine 
dihydrochloride (KOR antagonist) and saline administration on the PWLs 
of CFA-injected rats. (B) Effect of nor-Binaltorphimine dihydrochloride 
on the PWLs of normal and CFA-injected rats. Data are expressed as the 
mean ± standard error of the mean (n=10). ##P<0.01, vs. CFA + saline group. 
**P<0.01, vs. CFA + 4 µg KOR antagonist group before injection. CFA, com-
plete Freund's adjuvant; PWL, paw withdrawal latency; κ‑opioid receptor.

Figure 4. PWL was measured on day 18 after the CFA injection using a 
plantar tester to evaluate inflammatory pain. (A) Effect of ICI 154,129 (DOR 
antagonist) and saline administration on the PWLs of CFA-injected rats. 
(B) Effect of ICI 154,129 (DOR antagonist) on the PWLs of normal and 
CFA-injected rats. Data are expressed as the mean ± standard error of the 
mean (n=10). ##P<0.01, vs. CFA + saline group; **P<0.01, vs. CFA + 4 µg DOR 
antagonist group before injection. CFA, complete Freund's adjuvant; PWL, 
paw withdrawal latency; DOR, δ-opioid receptor.
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a subsequent protective mechanism to prevent further pain 
under long‑lasting inflammatory conditions.

In conclusion, the present study demonstrated that 
Met-ENK and DYN A, but not β-END levels, were increased 
in long‑lasting inflammatory pain, unlike that observed for 
early-stage of CFA-induced pain where β-END is the predom-
inant elevated peripheral opioid. In addition, upregulation of 
Met-ENK and DYN A were shown to contribute to peripheral 
intrinsic analgesia. The results provide valuable data for devel-
oping peripherally restricted strategies for pain relief under 
long‑lasting inflammatory conditions.
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