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Background: Numerous researches manifested that remifentanil infusion might be re-
sponsible for opioid- induced hyperalgesia (OIH), but most studies exploring OIH
were hardly designed to clarify underlying mechanisms. Chemokine (C- C motif) li-
gand 1 (CCL1) was found to be implicated in neuropathic pain, and our previous
study has also shown that proinflammatory cytokines have been associated with the
induction and maintenance of OIH. However, whether CCL1 could contribute to hy-
peralgesia induced by remifentanil in rats remains unclear.
Methods: To explore effect of CCL1 on OIH, a neutralizing antibody against CCL1
(anti-CCL1) was administrated intrathecally after remifentanil infusion in rats. West-
ern blotting and immunohistochemistry (IHC) were applied to analyze time course of
CCL1 and CCR8 (specific CCL1 receptor) expression in dorsal horn after remifent-
anil administration. Expression of inflammatory mediators such as tumor necrosis fac-
tor-α (TNF-α), interleukin (IL)-1β, and IL-6 was evaluated by real- time quantitative
polymerase chain reaction (RT- qPCR). Paw withdrawal threshold (PWT) and paw
withdrawal latency (PWL) were measured and recorded for 48 post-infusion hours to
evaluate mechanical and thermal hyperalgesia.
Results: We discovered that CCL1 and CCR8 expressions in dorsal horn were in-
creased and maintained at a high level from 2 hours to 48 hours, the last examina-
tion time, after remifentanil infusion. We found that intrathecal delivery of anti-
CCL1 could ameliorate remifentanil related thermal and mechanical hyperalgesia
without affecting baseline nociceptive threshold. It was also shown that enhancement
of inflammatory mediators (TNF-α, IL-1β, and IL-6) expression in dorsal horn after
remifentanil infusion was reversed by anti-CCL1 administration.
Conclusions: Our current results indicated that CCL1 and CCR8 might be implicat-
ed in the development of remifentanil- induced hyperalgesia via regulation of cyto-
kines (TNF-α, IL-1β, and IL-6) in dorsal horn in rats.
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R
emifentanil is a highly potent and ultra-
short- acting analgesic of general anesthe-
sia in the clinical setting. However, an in-

creasing number of papers showed that remifent-
anil at clinically relevant dose (0.1 – 0.5 μg/kg/
minute) as an intraoperative analgesic could gen-
erate opioid-induced hyperalgesia (OIH), charac-
terized by enhancement of mechanical pronoci-
ception and postoperative opioid requirement
(1- 3). Molecular mechanisms underlying OIH
have been considered to be multifactorial and re-
main elusive (4, 5).

There is no denying the fact that OIH is relat-
ed to central glutamatergic system and N- meth-
yl- D- aspartate (NMDA) receptor- activation in-
duced central sensitization (6- 8). Furthermore,
it is well revealed that inflammatory mediators
potentiate the glutamatergic synaptic transmis-
sion and NMDA receptor NR1 and NR2B sub-
units activation in the spinal cord during noci-
ceptive responses (9, 10). Our previous study
has also indicated that up- regulation of tumor
necrosis factor- α (TNF- α), interleukin (IL)- 1β,
and IL-6 in dorsal root ganglion might be impli-
cated in generation and persistence of hyperalge-
sia caused by remifentanil (11). However, wheth-
er and how expression of inflammatory media-
tors in dorsal horn is elevated in OIH remains
unclear.

Although involvement of chemokines in mac-
rophage/monocyte chemotaxis has been well un-
derstood, the roles of chemokine in nociceptive
process in central nervous system require to be
increasingly established. Experimental studies
have found that several chemokines might be as-
sociated with the induction and maintenance of
inflammatory and neuropathic pain (12, 13).
Chemokine (C- C motif) ligand 2 (CCL2) has
been demonstrated to cause rapid and sustained
tactile allodynia and thermal hypernociception
through spinal microglia activation (14- 16).
CCL1 might be one of the crucial mediators in
the development of nerve injury- related neuro-
pathic pain, via up- regulation of inflammatory
cytokines in spinal cord (17). However, whether
CCL1 could induce release of inflammatory cy-
tokines and contribute to OIH has not been re-
ported yet.

This study was performed to test the hypothe-
sis that CCL1 and CCR8 (specific CCL1 recep-

tor) in spinal cord dorsal horn might be in-
volved in OIH through modulation of expres-
sion in inflammatory cytokines (TNF- α, IL- 1β,
and IL-6) in a rat model of remifentanil-induced
hypernociception.

MATERIALS AND METHODS

Animals
Adult male Sprague- Dawley rats (250 g), used
throughout all experiments, were obtained from
the Laboratory Animal Center of the Military
Medical Science Academy of the Chinese Peo-
ple's Liberation Army and housed under a 12-
hour light/dark cycle with food and water avail-
able ad libitum. All procedures performed in
this study were approved by the Institutional An-
imal Care and Use Committee of Tianjin Medi-
cal University and based on the National Insti-
tutes of Health Guide for Care and Use of Labo-
ratory Animals. All efforts were made to mini-
mize animal suffering.

Drugs Administration
Rats were anesthetized with sevoflurane (induc-
tion, 3.0%; surgery, 1.0%; batch number: 100628;
Maruishi Pharmaceutical Co., Osaka, Japan) by
a nose mask under sterile conditions. Remifent-
anil hydrochloride (batch number 090907; Ren-
Fu Co., Yichang, China) was dissolved in nor-
mal saline (NS) and infused 1 μg/kg/minute for
60 minutes, or NS was infused 0.1 ml/kg/minute
for 60 minutes via caudal vein. A neutralizing
antibody against CCL1 (anti- CCL1, R&D Sys-
tems, Minneapolis, MN, USA) was injected intra-
thecally in a volume of 5 μl (50 ng) followed by
10 μl NS to flush the catheter, or vehicle (NS)
was administrated intrathecally in a volume of
15 μl after remifentanil or NS infusion. Intrathe-
cal delivery was performed using a microsyringe
through an intervertebral space between the L5
and L6 of the spinal cord.

Nociceptive Behavioral Tests
Von Fred Test
Mechanical hyperalgesia was evaluated using
electronic Von Frey filaments (BSEVF3, Har-
vard Apparatus Co., Holliston, MA, USA) by a
previously described method and recorded as
the paw withdrawal threshold (PWT) (18). Rats
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were housed individually in a cage (20 cm × 20
cm × 20 cm) with a wire mesh bottom (1 cm ×
1 cm) and were allowed to acclimatize for 30
minutes to the new environment. Von Frey fila-
ments were applied vertically to the plantar sur-
face of right hind paw and repeated three times
at 5-minute interval at each time point. The aver-
age value of that filament in grams was consid-
ered to be PWT. A maximal cut-off value of 50 g
was used to prevent tissue damage. A positive re-
sponse was defined as complete lifting of the
hind paw off the surface of the cage or flinching.

Hot Plate Test
Thermal hyperalgesia was determined by hot
plate test which was consistent with our previ-
ous study (11) and recorded as the paw with-
drawal latency (PWL). Rats were placed into a
clear plastic chamber on a hot plate (YLS- 6B,
Huaibei Zhenghua, Biological Instrument Equip-
ment Co., Ltd., Huaibei, China). The hot plate
is a round heated surface surrounded by plexi-
glass and maintained at 52℃ . The device is con-
nected to a manually operated timer that re-
cords the amount of time the rat spends on the
heated surface before showing signs of nocicep-
tive response (clear paw withdrawal, shaking, or
licking). Test was repeated three times at 5-min-
ute interval at each time point. A cut-off time of
30 seconds was used to avoid tissue damage to
the hind paw. The average of the measurements
was used as PWL.

Western Blot
The animals were deeply anesthetized with sevo-
flurane (3%). The L4-L6 segments of spinal cord
were isolated rapidly and snap- frozen in liquid
nitrogen. The dorsal horn was homogenized in
ice- cold lysis buffer containing protease inhibi-
tors (Sigma- Aldrich Co., St. Louis, MO, USA).
The lysate was centrifuged and supernatant was
removed as the total protein. The loading and
blotting of equal amount of total proteins were
detected and verified by membrane with mono-
clonal mouse anti-β-actin antibody (1:5000; Sig-
ma- Aldrich, St. Louis, MO, USA). Samples were
separated on 10% sodium dodecyl sulfate- poly-
acrylamide gel electrophoresis (SDS- PAGE), and
transferred onto polyvinylidene fluoride (PVDF)
membrane. The membranes were blocked incu-

bated overnight at 4℃ with polyclonal rabbit an-
tibodies against rat CCL1 or CCR8 (all 1:1000,
Abcam, UK), then developed with horseradish
peroxidase- conjugated goat anti- rabbit IgG anti-
bodies (1:2000, Jackson Immuno Research, West
Grove, PA, USA) for 1 hour. Membrane bound
secondary antibodies were detected using en-
hanced chemiluminescence solution and visual-
ized using a chemiluminescence imaging system
(Syngene, Cambridge, UK). The results were ex-
pressed as the percentage of endogenous control
(β- actin) immunoreactivity. The density of each
specific band was calculated using Gene Tools
Match software (Syngene, Cambridge, UK).

Immunohistochemistry
The spinal cord samples (L4- L6) were isolated
and postfixed in 4% paraformaldehyde in phos-
phate-buffered saline (PBS, pH 7.4) for 6 hours,
and embedded with paraffin. The spinal cords
segments were cut into 7 μm- thick sections. Af-
ter deparaffinization and rehydration, sections
were first blocked with goat serum for 1 hour at
room temperature. Sections were then incubat-
ed overnight at 4℃ with the primary antibody
of rabbit polyclonal CCL1 or CCR8 (1:100; Ab-
cam, UK), followed by biotinylated secondary
antibody (1:300, Boster Biological Technology,
Ltd., Wuhan, China) for 1 hour at room temper-
ature. Then the sections were incubated with avi-
din- biotin peroxidase for 20 minutes and dec-
tected with diaminobenzidine (DAB substrate
kit, Boster Biological Technology Co. Ltd, Wu-
han, China). Sections were briefly counter-
stained with haematoxylin, dehydrated in grad-
ed alcohols, cleared in xylene and coverslipped
with gum. Images were captured with an Olym-
pus eclipse 80i microscope (Olympus, Tokyo, Ja-
pan) for data analysis.

Real-Time Quantitative Polymerase Chain Reac-
tion (RT-qPCR)
The levels of inflammatory mediators (TNF-α, IL-
1β, and IL-6) mRNA in the dorsal horn were deter-
mined after the last behavioral testing. Total
mRNA was extracted using RNA 4 Aqueous kit
(Ambion Inc., Austin, TX, USA). Reverse tran-
scriptase reaction was performed for each mRNA
sample using Retroscript kit (Ambion Inc., Aus-
tin, TX, USA). 1 mg of total mRNA was used as
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template to synthesize first strand cDNA. RT-qP-
CR was performed with 3 independent repeti-
tions using the Applied Biosystems (ABI Prism)
7900HT Sequence Detection system according to
the instruction of SYBER Green PCR Master Mix
(Applied Biosystems, Foster city, CA, USA). The
reaction program included 2 minutes at 50℃ , 10
minutes at 95℃ , 40 cycles for 15 seconds at 95℃
and 60 seconds at 60℃ . Every gene expression
was calculated from the standard curve; quantita-
tive normalization in each sample was performed
using the expression of the glyceraldehydes 3-
phosphate dehydrogenase (GAPDH ) as an inter-
nal control using the delta-delta-Ct method (19).
Data were presented as fold change over control.
Gene primers sequences were: TNF-α: Forward
5'- CCAGGAGAAAGTCAGCCTCCT-3', Reverse
5'-TCAT ACCAGGGCTTGAGCTCA- 3'; IL- 1β:
Forward 5'- AGAGTGTGGA TCCCAAACAA- 3',
Reverse 5'- AGTCAACTATGTCCCGACCA- 3';
IL-6: Forward 5'- ACACTCCTTAGTCCTCGGC-
CA- 3', Reverse 5'- CAC GATTTCCCAGAGAA-
CATGTG- 3'; and GAPDH: Forward 5'- AACAG-
CAACTCCCACTCTTC- 3', Reverse 5'-
CCTCTCTTGCTCAGTGTCCT-3').

Statistical Analysis
All data were expressed as means ± standard de-
viation (SD). Statistical analysis was computed
using SPSS 18.0 software (SPSS, Inc., Chicago,
IL, USA). The statistical analyses of behavioral
testing data were performed by two-way analysis
of variance (ANOVA) with repeated measures.
The results of Western blot, RT-qPCR and immu-
nohistochemistry were compared using one- way
ANOVA. In all cases, P value <0.05 was consid-
ered as the criterion for statistical significance.

RESULTS

Time Course of CCL1 and CCR8 Expression in
Dorsal Horn after Remifentanil Infusion
Our Western blot analysis showed that com-
pared with NS infusion, CCL1 and CCR8 ex-
pressions in dorsal horn significantly increased
from 2 hours, peaked at 24 hours and started de-
creasing from 48 hours (the last examination
time) after remifentanil infusion (P<0.01, Fig-
ure 1). Peak changes of CCL1 and CCR8 in dor-
sal horn after remifentanil delivery were also de-

Figure 1. Time Course of CCL1 and CCR8 Ex-
pression in Dorsal Horn after Remifentanil Infu-
sion by Western Blot.
Remifentanil was dissolved in normal saline (NS)
and infused 1 μg/kg/minute for 60 minutes, or NS
was infused 0.1 ml/kg/minute for 60 minutes via cau-
dal vein. The dorsal horn L4- L6 segments were col-
lected for Western blot. A. Bands of Western blot for
the expression of CCL1 and CCR8 at 2, 6, 24 and 48
hours after remifentanil infusion. β- actin was the in-
ternal standard. B and C. Values for the ratios of
CCL1/β- actin and CCR8/β- actin were normalized to
NS infusion group. Data were expressed as means ±
SD (N=4). **P<0.01, *P<0.05 vs group NS infusion.
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Figure 3. Antihyperalgesic Effect of Anti- CCL1 on Mechanical

and Thermal Hyperalgesia Induced by Remifentanil.

A neutralizing antibody against CCL1 (anti-CCL1, 50 ng) was injected

intrathecally after NS or remifentanil infusion. PWT (A) and PWL (B)

were evaluated at 24 hours before (baseline) and 2, 6, 24 and 48

hours after remifentanil or NS administration. Data were expressed as

means ± SD (N=8). &P<0.01 vs baseline, #P<0.01 vs group NS infu-

sion, *P<0.01 vs group remifentanil infusion.

-24 hours 2 hours 6 hours 24 hours 48 hours

tected and supported by immunohistochemistry
staining (Figure 2). Remifentanil caused behav-
iorally expressed mechanical and thermal hyper-
algesia was detectable and maintained from 2
hours to 48 hours after remifentanil delivery (P<
0.01, Figure 3). Time course of CCL1 and
CCR8 proteins in dorsal horn after remifentanil
infusion was well correlated with results of noci-
ceptive behavioral testing. These data indicated
that remifentanil infusion could cause a rapid
onset (2 hours) and long-lasting (greater than 48
hours) increase in the expressions of CCL1 and
CCR8 proteins in spinal cord dorsal horn, and
these changes might be involved in hyperalgesic
effect of remifentanil.

Pretreatment with Anti- CCL1 could Ameliorate
Remifentanil Induced Mechanical and Thermal
Hyperalgesia
A neutralizing antibody against CCL1 (anti-
CCL1) was intrathecally injected after remifent-
anil or NS infusion. PWT and PWL were mea-
sured at 24 hours before and 2, 6, 24 and 48
hours after remifentanil or NS infusion (Figure
3). Rats treated with remifentanil induced a re-
markable decrease in PWT and PWL in compari-
son with NS infusion (P<0.01). Moreover, rats
treated with anti- CCL1 partially and effectively
attenuated the decrease of PWT and PWL after
remifentanil infusion (P<0.01). However, intra-
thecal injection of anti- CCL1 after NS infusion
had no influence on baseline nociceptive thresh-
old (P>0.05). Together, pretreatment with anti-
CCL1 could significantly reverse remifentanil-in-
duced thermal and mechanical hypernociception.

Up- Regulation of Inflammatory Mediators in
Dorsal Horn after Remifentanil Infusion was Re-
versed by Anti-CCL1 Administration
Through the review of literatures on chemo-
kines- cytokines interactions in nociceptive pro-
cess, we found that changes of cytokines expres-
sions might be measured by RT- qPCR (17, 20,
21). So we performed RT-qPCR to evaluate cyto-
kines levels in our study. As shown in figure 4,
we evaluated the gene expressions of inflamma-
tory mediators (TNF-α, IL-1β, and IL-6) in dor-
sal horn at 24 hours after remifentanil infusion
by RT- qPCR. Our current results showed that
gene levels of TNF-α, IL-1β, and IL-6 were sig-

nificantly elevated in dorsal horn in hyperalgesia
caused by remifentanil infusion (P<0.01). More-
over, anti-CCL1 intrathecal delivery successfully
blocked the increase of TNF-α, IL-1β, and IL-6
gene expression in dorsal horn after remifent-
anil treatment when compared with remifent-
anil administration alone (P<0.01). The current
results manifested that increase of inflammatory
cytokines (TNF- α, IL- 1β, and IL- 6) in dorsal
horn after remifentanil infusion could be signifi-
cantly reversed by anti-CCL1 treatment, suggest-
ing that CCL1 might be implicated in the gener-

Figure 2. Expression of CCL1 and CCR8 in Dorsal Horn was In-

creased in Remifentanil- Induced Hypernociception by Immuno-

histochemistry Staining.

The dorsal horn L4-L6 segments were collected for evaluating the ex-

pression of CCL1 and CCR8 by IHC at 24 hours after NS or remifent-

anil infusion. Representative photomicrographs of the dorsal horn of

the L4- L6 spinal cord were shown here (Scale bar=50 μm). Data

were expressed as means ± SD (N=4). *P<0.05 vs group NS infusion.
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ation and maintenance of remifentanil- induced
hypernociception via up-regulation of inflamma-
tory mediators in dorsal horn.

DISCUSSION

In the present study, we reported that thermal
and mechanical hypernociception could be in-
duced by remifentanil infusion, simultaneously,
hyperalgesia become detectable and maintained
from 2 hours to at least 48 hours. This is the
first time to indicate that expression of CCL1
and CCR8 in spinal cord dorsal horn might be
rapidly and remarkably increased within 2
hours, lasting for 48 hours after remifentanil ad-
ministration. Furthermore, it is demonstrated
that intrathecal suppression of CCL1/CCR8
could effectively attenuate remifentanil caused
pronociception, which may be through down-
regulation of inflammatory cytokines (TNF- α,
IL-1β, and IL-6) in spinal cord dorsal horn.

According to equivalent dose conversion ta-
ble between the species, the dose used in rat is
6.25 times of that in human to achieve the same
pharmacodynamic effect (22). Simultaneously,
the dose of 1.0 μg/kg/minute in rat converting
to human dose is 0.16 μg/kg/minute, which is
within the clinically accepted doses (1-3). More-
over, the dosage of remifentanil (1.0 μg/kg/min-
ute, 60 minutes) infused in this experiment has
been shown to induce hyperalgesia by our previ-
ous studies (8, 11, 18, 23). Therefore, we select-
ed and performed a rat model of remifentanil in-
fusion (1 μg/kg/minute for 60 minutes) to inves-
tigate opioid- induced pain sensitization to nox-
ious stimuli. Sevoflurane was used for anesthesia
because it had no action on baseline nociceptive
thresholds (24). In this study, we found that hy-
pernociception occurred from 2 hours and
peaked at 24 to 48 hours after remifentanil ad-
ministration. All data of nociceptive behavioral
tests definitely showed that the rat model of
remifentanil post- infusion hyperalgesia was es-
tablished successfully.

Most studies exploring and evaluating OIH
are hardly designed to clarify underlying mecha-
nisms (4, 5). It is safe to assert that activation of
central NMDA nociceptive system exerts a
prime effect on the development and mainte-
nance of OIH (6-8). Gu et al. (25) have provid-
ed strong evidence that the expression of
NMDA receptor tyrosine phosphorylation in su-
perficial dorsal horn boosts remarkably in the
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Figure 4. Anti- CCL1 Treatment Reduced Expres-
sions of Inflammatory Mediators in Dorsal Horn
after Remifentanil Infusion.
The L4- L6 segments of dorsal horn were collected
for real- time qPCR assay at 24 hours after NS or
remifentanil infusion. Values for TNF- α (A), IL- 1β
(B), and IL-6 (C) mRNA expressions were presented
as fold increase over group NS infusion and normal-
ized to the expression of GAPDH. Data were ex-
pressed as means ± SD (N=4). #P<0.01 vs group
NS infusion, *P<0.01 vs group remifentanil infusion.
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maintenance of OIH. Meanwhile, our latest liter-
atures (8, 11, 18, 23) have further disclosed that
enhancement of NR2B-containing NMDA recep-
tor expression and trafficking from cytoplasm to
surface in spinal cord and dorsal root ganglion
might be involved in remifentanil related pain
sensitization. It was also found that intraperito-
neal delivery of hydrogen- rich saline, an effec-
tive anti- inflammatory drug, could successfully
block expression and trafficking of NMDA re-
ceptor to manage OIH, suggesting the involve-
ment of inflammation in NMDA receptor activa-
tion in OIH (11). However, mechanisms under-
lying NMDA receptor activation were multifac-
torial and required further research.

Expression and release of inflammatory cyto-
kines in spinal cord have been previously dem-
onstrated to enhance pronociceptive input trans-
mission (26). IL- 1β could modulate NR1 phos-
phorylation and activity to facilitate initiation of
pronociception (27). Synaptic efficacy was pro-
moted by TNF- α via modulation of the surface
expression in α- amino- 3- hydroxy- 5- methyl- 4-
isoxazolepropionic acid (AMPA) receptors (28).
IL- 6 was discovered to be one of the essential
mediators of neuropathic and inflammatory
pain (29). Spinal IL- 17 was known to facilitate
and promote inflammatory hyperalgesia
through regulation of NMDA receptor phos-
phorylation (30). In our previous paper, it was
convinced that proinflammatory cytokines
(TNF-α, IL-1β, and IL-6) in dorsal root ganglion
were increased in remifentanil-induced pain sen-
sitization and pretreatment with hydrogen- rich
saline could significantly reduce cytokines re-
lease to reverse OIH (11). However, whether in-
flammatory mediators in dorsal horn are in-
volved in hyperalgesia caused by remifentanil re-
mains unclear. As expected, this study found
that up- modulation of TNF- α, IL- 1β, and IL- 6
occurred in spinal cord dorsal horn of remifent-
anil treated rats, suggesting the involvement of
inflammatory cytokines in dorsal horn in remi-
fentanil induced hyperalgesia.

Chemokines and their receptors are highly ex-
pressed by neurons, microcytes and astrocytes in
the central nervous system, and the glial- neuro-
nal interactions mediated by chemokines and
their receptors are increasingly considered to be
implicated in the generation and maintenance of

pathological pain (12, 13). Combination of frac-
talkine (CX3CL1) and its receptor could stimu-
late further release of microglial mediators and
sustain the chronic pain state. Furthermore, the
interaction among CX3CL1, IL- 18 and IL- 23
pathway in the spinal cord exerts a crucial effect
on the development of sciatic nerve injury in-
duced neuropathic allodynia (31). CCL3/CCR5
signaling is revealed to be one of most critical
pathological mediators in central mechanism of
spinal nerve injury caused pain facilitation (20).
Chemokines and their receptors are highly and
nonspecifically generated and expressed by neu-
rons, microcytes and astrocytes. CCL2 is released
from primary afferents and acts on CCR2 on mi-
croglia (32). CCL2, which can also be expressed
and released from astrocytes and act on CCR2 on
neurons, might rapidly cause neuropathic pain
sensitization by facilitation of excitatory synaptic
transmission (14). More importantly, Akimoto et
al. (17) have demonstrated that CCL1/CCR8, ex-
pressed not only in neurons but also in micro-
cytes and astrocytes, has been discovered and
manifested to contribute to neuropathic pain
through release of inflammatory regulators and
activation of NMDA receptor in spinal cord.

In our current study, we sought to determine
whether CCL1/CCR8- cytokines was associated
with development of remifentanil induced hy-
pernociception. It is demonstrated, for the first
time, that expressions of CCL1 and CCR8 in
spinal cord dorsal horn after remifentanil infu-
sion increase within 2 hours, peak at 24 hours
and start decreasing from 48 hours, the last ex-
amination time. Whether level of CCL1 and
CCR8 has a long-term change in remifentanil-in-
duced hyperalgesia still needs to be confirmed.
As is acceptable, molecular mechanisms underly-
ing OIH have been considered to be multifacto-
rial and remain elusive (4, 5). Simultaneously,
we have pointed out that intrathecal injection of
anti-CCL1 could significantly reduce production
of TNF- α, IL- 1β, and IL- 6 in dorsal horn and
successfully ameliorate mechanical and thermal
hyperalgesia caused by remifentanil, indicating
that CCL1/CCR8 signaling might be implicated
in development of OIH. But it didn't reverse the
increase of PWT, PWL, and cytokines complete-
ly, suggesting that other mechanisms might also
participate in induction of OIH, despite the criti-
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cal role of CCL1/CCR8 network in OIH. How-
ever, whether NMDA receptor in spinal cord
might be activated by hypernociception of
CCL1, and whether spinal CCL1 is associated
with antihyperalgesic effect of pretreatment
with hydrogen-rich saline require further study.

CONCLUSION

In summary, it is conceivable to assert with our
present data that CCL1/CCR8 might be in-
volved in hyperalgesia induced by remifentanil,
through up- regulation of expressions in inflam-
matory mediators (TNF- α, IL- 1β, and IL- 6) in
spinal cord dorsal horn. Furthermore, pretreat-

ment with intrathecal delivery of anti- CCL1
could effectively and efficiently ameliorate remi-
fentanil- induced mechanical and thermal hyper-
algesia. Our current results also suggested that
targeting CCL1/CCR8 signal pathway might be
a novel therapeutic approach for the treatment
of opioid induced hyperalgesia in clinics.
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