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nerve-ligated mice was higher than that under inflamma-
tory pain, whereas the optimal doses for fentanyl and
oxycodone under a neuropathic pain-like state and an
inflammatory pain-like state were similar. Under these
conditions. the antihyperalgesic effect induced by fentanyl
in mice with sciatic nerve ligation rapidly disappeared
during the consecutive administration of fentanyl
(0.03 mg/kg), whereas the potencies of morphine (3 mg/
kg) and oxycodone (0.5 mg/kg) with regard to their anti-
hyperalgesic effects were preserved in nerve-ligated mice
even after repeated s.c. treatment with morphine or oxyc-
odone. Furthermore, even relatively higher doses of fenta-
nyl (0.056-0.17 mg/kg) failed toreverse the hyperalgesia
in sciatic nerve-ligated mice under the consecutive admin-
istration of fentanyl (0.03 mg/kg). Consistent with these
results, the dose-response curve for G-protein activation
induced by fentanyl was significantly shifted to the
right and its maximal response was dramatically
decreased in membranes of the spinal cord of nerve-
ligated mice following the repeated injection of fentanyl
(ligation-fentanyl group) compared with those in the
sham-fentanyl and ligation-saline group. In contrast,
these phenomena were not observed in nerve-ligated mice
with the repeated administration of morphine or oxyc-
odone. These findings provide evidence that the consecu-
tive injection of fentanyl, unlike morphine and
oxycodone, may extensively induce the development of
tolerance to its antihyperalgesic effect under a persistent
pain state. Thisevent could be associated with the repeated
administration of fentanyl-induced functional desensiti-
zation of MORs under a neuropathic pain-like state.
Several lines of evidence indicated that, in responée to
a pain stimulus, endogenous B-endorphin is released
within some brain regions (Zubieta et al. 2001). We pre-
viously reported that $-endorphin released in the ventral
tegmental area is a key factor in regulating the dysfunc-
tion of MOR to negatively modulate opioid reward under
a neuropathic pain-like state (Niikura et al. 2008). There-
fore, we next examined using B-endorphin KO mice
whether a lack of B-endorphin expression could affect
fentanyl-induced tolerance to antinociception under a
neuropathic pain-like state. These B-endorphin KO mice
showed no changes in the expression of other peptide
products (e.g. ACTH and MSH) from the POMC gene
(Rubinstein et al. 1996). With B-endorphin KO mice, we
began by investigating whether a deletion of the
B-endorphin gene could influence the development of a
neuropathic pain-like state induced by sciatic nerve liga-
tion in mice. As a result, there were no differences in
decreased thermal hyperalgesia or increased tactile
allodynia between B-endorphin KO and WT mice. Under
these conditions. the fentanyl-induced antihyperalgesic
tolerance under sciatic nerve ligation was abolished in
-endorphin KO mice. In addition, the reduced activation

© 2011 The Authors, Addiction Biology © 2011 Socicty for the Study of Addiction

of G-proteins by fentanyl observed in the spinal cord of
nerve-ligated mice after the repeated s.c. injection of fen- -
tanyl was dramatically suppressed in the spinal cord of
nerve-ligated P-endorphin KO mice treated with the
optimum dose of fentanyl for 14 days. These results
suggest that released endogenous B-endorphin, in
response to long-lasting pain, may play a critical role in
the fentanyl-induced antihyperalgesic tolerance under a
neuropathic pain-like state.

It has been widely accepted that receptor desensitiza-
tion appear to play a key role in the development of opioid
tolerance (Bohn et al. 2000; Gainetdinov et al. 2004;
Walwyn et al. 2004). Furthermore, it has been considered
that opioid tolerance is, in part, the end result of internal-
ized MORs (Whistler & von Zastrow, 1998, 1999; Claing
et al. 2002; Kieffer & Evans 2002; Koch et al. 2005;
Zollner et al. 2008). The initial process in these events is
the phosphorylation of intracellular domains of MOR.
Phosphorylated MORs are mostly internalized via
clathrin-coated pits into early endosomes and subse-
quently dephosphorylated by intracellular protein phos-
phatases. The dephosphorylated MORs might either be
recycled to the plasma membrane or transported to lysos-
omes for degradation. A growing body of evidence sug-
gests that among diverse serine (Ser)/threonine
(Thr) residues of the intracellular domain of MOR, the
phosphorylation of Ser 375 in the mouse MOR is essential
for the internalization of MORs (Schulz et al. 2004). In a
previous study, we found that repeated treatment with
fentanyl, but not morphine, resulted in an increase in the

- levels of phosphorylated-MOR (Ser 375) associated with

the enhanced inactivation of protein phosphatase 2A and
areduction in Rab4-dependent MOR resensitization in the
spinal cord of mice that showed inflammatory pain (Imai
et al. 2006). Althoug further studies are still needed,
the present study raise the possibility that released
B-endorphin within the spinal cord may result in a loss of
the coordinated balance between processes that govern
the desensitization, internalization and resensitization of
MORs. Thisephenomenon could be associated with the

. mechanism that underlies the rapid development of toler-

ance to fentany! under a neuropathic pain-like state.

~

CONCLUSION

We have demonstrated that repeated treatment with fen-
tanyl at an excessive dose causes a rapid antihyperalgesic
tolerance in sciatic nerve-ligated mice, whereas mor-
phine and oxycodoné do not produce this phenomenon.
This condition may reflect the clinical observation that
tolerance to mdrphine analgesia is not a major concern
when patients suffer from severe pain. In addition, the
discrepancy between the present findings and classical
basic understanding that chronic morphine treatment is

Addiction Biology



believed to lead to severe analgesic tolerance may result
from the fact that most previous studies concerning
molecular events in opioid tolerance have been performed
using an excessive dose of MOR agonists in naive rodents.
Furthermore, the present findings strongly indicate that
B-endorphin within the spinal cord-may be involved in
the prolongation of the {entanyl-induced desensitization
of MORs. This phenomenon may explain the high degree
of tolerance to fentanyl-induced antibyperalgesia under
a neuropathic pain-like state in rodents. ‘
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Severe Adverse Effects of Nonsteroidal
Anti-Inflammatory Drugs and
Acetaminophen

BT AR > 5 —FZA
$RARHESE
FERICY

IRFTOA FEEERZE (NSAIDs) (&, REMERICKDER. &, DMERLEED
FERBCHEEEZRIOURMENDD. —5, PN/ T VE, BUICALNE
BEERZEUDTERAEVD, XERSICKDIFEEZS|ITIECT. METIE, R
RTRAETNTLSNSAIDs &, &ilt, ABIADERSN7 7S/ T V(T
FRDERFEHERORREEFICOVTHIE T S.

EU®IC

BURENS | SR TRIERIZZRICD2Y, & &I
EEHPIHEEEL LT 2Lbdb. bolkd
BRI HE LT ShTWaBIERA T u A FEEH
# (nonsteroidal anti-inflammatory drugs : NSAIDs)
i, B, B, DMERZEDITEALOESIIEHEE
AU EEEEDH L. ko, ARIEKPRES R, KK
KEFMEDWFBREE B o7cT X PT I 7 7 2 VI3,
BRBGACE ) EERITFEENEHT 28D 5.
HlE LA DTEAEROBEIE, £ OEBEHREL,

S OEWEWHA LTV B0, BEERBWEAAHBEL
RV, AT, BERCBODTHEHVWOh TV
NSAIDs & b N7 b7 I 72 Vil EHT, Th
5 OFFFIEAIGET L) 2 EELREWERICOWTRAMT 5.

JERTOA RHEERE

NSAIDs DEURIEH OFREBETL, Y7t F o7 —
¥ (cyclooxygenase : COX) Ot LZHET S Z &1
LB 7uR¥ 75 Y (prostaglandin : PG) ¥o&
B TH BV, COXiE, COX-1&COX-2M 22035
NTWA, COX-1iZHERE, B, M/ Mz & DIEH#

BN AMR Y55 DA BEREEERR S EF
1) Masami Suzuki DAAFRZRISRIRRZRE
1) Yasuhito Uezono &

Anesthesia 21 Century Vol.13 Neo.2-40 2011 (2591)
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