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ABSTRACT

In the present study, we investigated the possible development of tolerance to the antihyperalgesic effect of p-opioid
receptor (MOR) agonists under a neuropathic pain-like state. Repeated treatment with fentanyl, but not morphine or
oxycodone, produced a rapid development of tolerance to its antihyperalgesic effect in mice with sciatic nerve ligation.
Like the behavioral study, G-protein activation induced by fentanyl was significantly reduced in membranes obtained
from the spinal cord of nerve-ligated mice with in vivo repeated injection of fentanyl. In B—endorphm-lmockout mice
with nerve ligation, developed tolerance to the antihyperalgesic effect of fentanyl was abolished, and reduced G-protein
activation by fentanyl after nerve ligation with fentanyl was reversed to the normal level. The present findings indicate
that released B-endorphin within the spinal cord may be implicated in the rapid development of tolerance to fentanyl

under a neuropathic pain-like state.
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INTRODUCTION

Although drugs that act on p-opioid receptor (MOR),
such as morphine, fentanyl and oxycodone, have been
used clinically as analgesics, these MOR agonists also
have undesirable effects, such as tolerance, and physical
and psychological dependence (Ventafridda and De
Conno, 1981; Raynor et al. 1994). It has been considered
that opioid tolerance is, in part, the end result of a coor-
dinated balance between processes that govern the desen-
sitization, internalization and resensitization of MORs
(Claing et al. 2002; Gainetdinov et al. 2004). The initial
process in these events is the phosphorylation of intrac-
ellular domains of MORs. Phosphorylated MORs are
mostly internalized via clathrin-coated pits into early
endosomes and subsequently dephosphorylated by
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intracellular protein phosphatases. The dephosphory-
lated MORs may either be recycled to the plasma mem-
brane or transported to lysosomes for degradation.
Previous biochemical studies on cultured enteric neurons
have indicated that fentanyl induces either the functional
desensitization or internalization of MORs (Minnis et al.
2003). In contrast, under the same condition, morphine
does not promote the detectable internalization of MORs
in cultured cells after prolonged or acute treatment in
healthy animals, although it has been well-established
that morphine causes the development of tolerance to its
pharmacological actions (Minnis et al. 2003). On the
other hand, recent studies have demonstrated that
morphine activates MORs with promoting internaliza-
tion of MORs via B-arrestin-2-dependent mechanisms
in striatal neurons (Haberstock-Debic etal. 2005).
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Thus, the mechanisms that underlie the development of
analgesic tolerance to MOR agonists are very much
complicated. To further understand properties of
analgesic tolerance to MOR agonists, it has been neces-
sary to investigate possible changes in analgesic efficacy
following repeated treatment with MOR agonists at
optimum doses just for the relief of chronic pain associ-
ated with physiological changes in the endogenous MOR
systeni.

In a previous study, we demonstrated that repeated
treatment with fentanyl caused a rapid desensitization to
its ability to block hyperalgesia under an inflammatory
pain state, whereas morphine did not have a similar effect
(Imai et al. 2006). In addition, repeated treatment with
fentanyl, but not morphine, resulted in the attenuation of
MOR resensitization, and a subsequent increase in the
levels of phosphorylated-MOR in the spinal cord of mice
with inflammatory pain. These findings raise the possibil-
ity that chronic treatment with fentanyl may cause a
different modulation of either the desensitization, inter-
nalization or resensitization of MORs in the spinal cord
under a pain-like state compared with chronic treatment
with morphine, )

One mechanism for the MOR desnsitization or attenu-
ation of MOR resensitization by fentanyl in the spinal cord
under chronic pain could be a sustained increase in
release of the endogenous p-opioid neuropeptide B-
endorphin after sciatic nerve ligation. In fact, it has been
reported that B-endorphin is released within some brain
regions during pain state (Zangen et al. 1998; Zubieta
etal. 2001). In their reports, they mentioned that the
extracellular levels of B-endorphin in the arcuate nucleus
increased by 88% under pain-like state. Based on these
findings, we assumed that B-endorphin might be released
within the spinal cord, as well as brain regions, under
pain-like state, as compensatory mechanism for the inhi-
bition of pain transmisson. As sustained exposure to
B-endorphin could results in receptor phosphorylation
and uncoupling of receptors from effector systems, and
thus desensitization, neuropathic pain associated with
release of B-endorphin may interfere MOR resensitization
by fentanyl.

To further understand the mechanisms that underlie
the development of tolerance to this opioid analgesic-
induced antihyperalgesic effect under chronic pain, we
evaluated the effect of repeated administration of mor-
phine, fentanyl or oxycodone on neuropathic pain-like
hyperalgesia and the possible development of tolerance
following sciatic nerve ligation. As in the mouse model
of inflammatory pain, we demonstrated that repeated
treatment with feantanyl, but not morphine or oxyc-
odone, caused a rapid desensitization to its antihyperal-
gesic effect in nerve-ligated mice. Furthermore, we found
that B-endorphin could be a key modulator for the high
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degree of antinociceptive tolerance to fentanyl caused
by sciatic nerve injury. Based on this phenomenon, the
present study was performed to investigate the effects of
fentanyl on antihyperalgesic effect in [-endorphin
knockout (KO) mice.

MATERIALS AND METHODS

The present study was conducted in accordance with the
Guiding Principles for the Care and Use of Laboratory
Animals of Hoshi University, as adopted by the Commit-
tee on Animal Research of Hoshi University. Every effort
was made to minimize the numbers and any suffering of
animals used in the following experiments.

Animals

Male and female B-endorphin derived from proopiomel-
anocortin (POMC) gene-KO mice (8-13 weeks old,
22-30g) (The Jackson Laboratory, Bar Harbor, ME,
TUSA), which had a C57BL/6] and 129S2/SvPas mixed
genetic background as described previously (Niikura
et al. 2008), their wild-type (WT) male and female
C57BL/6] mice (813 weeks old, 2230 g) (The Jackson
Laboratory, Bar Harbor, ME, USA) and male ICR mice
(7-9 weeks old, 20-25 g) (Tokyo Laboratory Animals
Science Co., Ltd., Tokyo, Japan) were used in the present
study. Animals were housed in a room maintained -at
23 = 1°C with a 12-hour light-dark cycle. Food and
water were available ad libitum. Each animal was used

only once.

Drugs

The drugs used in the present study were {entanyl citrate
(Hisamitsu Pharmaceutical Co., Inc., Tokyo, Japan), mor-
phine hydrochloride (Daiichi-Sankyo Co., Tokyo, Japan),
oxycodone hydrochloride (a kind gift from Shionogi Phar-
maceutical Co. Inc., Osaka, Japan) and B-endorphin
(Sigma-Aldrich Co., St. Louis, MO, USA), which were dis-
solved in 0.9% physiological saline (Otsuka Pharmaceu-
tical Co. Inc., Tokyo, Japan) for in vivo experiments or
assay bulifer for in vitro experiments.

Neuropathic pain model

Mice were anesthetized with 3% isoflurane. We pro-
duced a partial sciatic nerve injury by tying a tight
ligature with a 8-0 silk suture around approximately
one-third to one-half the diameter of the sciatic nerve
on the right side (ipsilateral side) under a light micro-
scope (SD30, Olympus, Tokyo, Japan), as described pre-
viously (Seltzer et al. 1990; Malmberg and Basbaum
1998). In sham-operated mice, the nerve was exposed
without ligation. ‘
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Guanosine-5’-0-(3-thio) triphosphate ([**S]GTPYS)
binding assay

For membrane preparation, the mouse spinal cord
was quickly removed after decapitation and rapidly
transferred to a tube filled with ice-cold bufferh. The
membrane homogenate (3-8 |g protein/assay) was pre-
pared as described previously (Narita et al. 2001) and
incubated at 25°C for 2 hours in 1 ml of assay buffer
with various concentrations of each agonist, 30 uM
guanosine-5'-diphosphate and 50pM  [**S]GTPYS
(specific activity, 1000 Ci/mmol; Amersham, Arlington
Heights, IL, USA). The reaction was terminated by
filtration using Whatman GE/B glass filters (Brandel,
Gaithersburg, MD, USA) that had been presoaked in
50 uM Tris-HCl, pH 7.4, and 5 uM MgCl, at 4°C for 2
hours. The filters were washed three times with 5 ml of
ice-cold Tris-HCl buffer, pH 7.4, and then transferred to
scintillation-counting vials. Next, 4 ml of clear-sol 2
(Nacalai Tesque, Inc., Kyoto, Japan) was added to the vials
and equilibrated for 12 hours. The radioactivity in the
samples was determined with a liquid scintillation ana-
lyzer. Nonspecific binding was measured in the presence
of 10 uM unlabeled GTPYS.

Measurement of thermal hyperalgesia and
tactile stimulus

To assess the sensitivity to thermal stimulation, each of
the hind paws of mice was tested individually using a
thermal stimulus apparatus (UGO-BASILE, Biological
Research Apparatus, Varese, Italy). The intensity of the
thermal stimulus was adjusted to achieve an average
baseline paw-withdrawal latency of approximately 9 to
12 seconds in naive mice. Only quick hind-paw move-
ments (with or without licking of the hind paws) away
from the stimulus were considered to be a withdrawal
response. Paw movements associated with locomotion or
weight-shifting were not counted as a response. The paws
were measured alternating between the left and right
with an interval of more than 3 minutes between mea-
surements. The latency of paw withdrawal after the
thermal stimulus was determined as the average of three
measurements per paw.

Statistical analysis

The data from the [**S]GTPYS binding assay are expressed
as the mean = standard error of the mean (SEM) of %
Stimulation. The data regarding hyperalgesic responses
are shown as the mean * SEM of the paw-withdrawal
latency. Receptor binding curves were fitted using Graph-
Pad Prism 4.0 (GraphPad Software Inc., La Jolla, CA,
USA). The statistical significance of differences between
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groups was assessed by two-way analysis of variance fol-
lowed by the Bonferroni/Dunn multiple comparison test
or Student's t-test.

RESULTS

Effect of single or repeated subcutaneous (s.c.) injections
of morphine, fentanyl or oxycodone on the neuropathic
pain-like state induced by nerve injury in mice

In the present study, mice with partial sciatic nerve liga-
tion exhibited marked neuropathic pain-like behavior
only for the ipsilateral side at 7 days after nerve ligation
(***P < 0.001 versus sham-saline group, Fig. 1). The per-
sistent painful state caused by sciatic nerve ligation lasted
for more than 21 days after surgery in mice (Fig. 2). A
single s.c. injection of either morphine (1-10 mg/kg), fen-
tanyl (0.003-0.01 mg/kg) or oxycodone (0.1~1 mg/kg)
at 7 days after sciatic nerve ligation recovered the

decreased thermal threshold observed on the ipsilateral

side in sciatic nerve-ligated mice in a dose-dependent
manner, and maximal antihyperalgesic responses were
seen at 30, 15 or 15 minutes after the injection of mor-
phine, fentanyl or oxycodone, respectively (*P < 0.05,
P <0.01 or ¥P <0.001 versus sham-saline group,
Fig. 1). Atadoseof 5.0 mg/kg, 0.03 mg/kgor0.5 mg/kg,
s.c. administration of morphine, fentanyl or oxycodone
almost completely reversed the decrease in the thermal
threshold without excessive effects in sciatic nerve-ligated
mice. Therefore, we proposed that the optimal doses for the
morphine-, fentanyl- or oxycodone-induced antihyperal-
gesic effect in nerve-ligated mice were 5.0, 0.03 or 0.5 mg/
kg, respectively. As shown in Fig. 2a and ¢, the thermal
hyperalgesia observed on the ipsilateral side after nerve
ligation was clearly reversed by each repeated s.c. inj ection
of morphine (5 mg/kg) or oxycodone (0.5 mg/kg) once a
day for 14 consecutive days from 7 days after nerve liga-
tion. In contrast, the antihyperalgesic effect following
repeated treatment with fentanyl (0.03 mg/kg) was
gradually tolerated (**P <0.01 or ***P < 0.001 versus
sham-saline group; Fig. 2b).

Changes in G-protein activation induced by repeated
subcutaneous (s.c.) injection of morphine, fentanyl
or oxycodone in the spinal cord of mice with

nerve ligation

We investigated the ability of morphine, fentanyl or oxy-
codone to activate G-proteins through the stimulation of
MOR in membranes of the ipsilateral side of the spinal
cord obtained from mice treated with saline, morphine,
fentanyl or oxycodone once a day for 14 consecutive days
from 7 days after sham operation or nerve ligation
(Fig. 3). The activation of G-proteins induced by
morphine (0.001-10 uM), {entanyl (0.001-100 uM) or

Addiction Biology. 18, 614-622
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Figure | Effect of s.c. injection of morphine, fentanyl or oxycodone on the latency of paw withdrawal in response to a thermal stimulus on
the ipsilateral side in sham-operated or sciatic nerve-ligated ICR mice. The thermal threshold was measured just before and 30, 15 or 15
minutes after s.c. injection of morphine, fentanyl or oxycodone, respectively. Groups of mice were treated s.c. with morphine (1-10 mg/kg) (a),
oxycodone (0.003-0.1 mg/kg) (b) or fentanyl (0.003-0.01 mg/kg) (c) 7 days after the operation. Each column represents the mean = standard
error of the mean of 8-10 mice. *P <0.05, **P< 0.0/ and ***P<0.00! versus sham-saline group. N.S. =not significant

oxycodone (0.001-10 puM) on the ipsilateral side of the  decreased in nerve-ligated mice by the repeated s.c.
spinal cord was examined by monitoring the binding of  injection of an optimal dose of fentanyl compared with
[*SIGTPyS to membranes. Morphine, fentanyl and the findings in sham-operated mice [F(2.81)=141.7;
oxycodone each produced a concentration-dependent P <0.001 versus sham-saline group, Fig. 3c]. In con-
increase in the binding of [**S]GTPYS to spinal cord mem-  trast, there was no difference in G-protein activation in
branes obtained from sham-operated mice (Fig. 3). In  the spinal cord between sham-operated and nerve-ligated
sciatic nerve-ligated mice following repeated injection of  mice with the repeated s.c. injection of an optimal dose
saline, the levels of [**S]GTPYS binding stimulated by fen-  of morphine or oxycodone (Fig. 3a or ¢). Purthermore,
tanyl, morphine or oxycodone were similar to that found  the maximal G-protein stimulation by fentanyl was
in sham-operated mice (Fig. 3a-c). The binding of significantly decreased in nerve-ligated mice with the
[**S]GTPYS stimulated by fentanyl was significantly  repeated s.c. injection of an optimal dose of fentanyl

© 2011 The Authors, Addiction Biology © 2011 Society for the Study of Addiction Addiction Biology, 18, 614-622
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Figure 2 Effect of repeated sc. injection of morphine (MRP) (a), fentany! (FEN) (b) or oxycodone (OXY) (c) on the latency of paw
withdrawal in response to a thermal stimulus on the ipsilateral side in sciatic nerve-figated ICR mice. Repeated s.c. injection of safine, morphine
(5 mg/kg), fentany! (0.03 mglkg) or oxycodone (0.5 mg/kg) was started 7 days after sciatic nerve ligation. ICR mice were repeatedly injected
with saline, morphine, fertany] or oxycodone once a day for 14 consecutive days. During the first 6 days after surgery, mice were not treated
with saline, morphine, fentanyl or oxycodone.The thermal threshold was measured 7, 10, 13 and 20 days after ligation. Each column represents
the mean = standard error of the mean of 810 mice. **P<00| and ***P<0.001 versus Sham-saline group on day |. N.S.=not significant

(***P < 0,001 versus sham-saline group, Fig. 3b). This
reduction was not observed in the nerve-ligated
B-endorphin KO mice treated with the optimum dose of
fentanyl for 14 days (Fig. 4).

We further examined whether a single s.c. injection of
fentanyl at relatively higher doses (0.03-0.17 mg/kg)
could produce an antihyperalgesic effect inn mice by using
repeated treatment with an optimal dose of fentanyl
under a neuropathic pain-like state (Fig. 5). Mice were
repeatedly injected with saline or an optimal dose of {en-
tanyl (0.03 mg/kg) for 14 consecutive days beginning at
7 days after nerve ligation. One day after the last injection
of fentanyl, mice were challenged with {entanyl (0.03—
0.17 mg/kg, Fig. 5). Fentanyl (0.056-0.17 mg/kg) failed
to recover the decreased thermal threshold in nerve-

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

ligated mice following the repeated injection of an
optimal dose of fentanyl (P < 0.05 versus sham-saline
group, Fig. 5).

Involvement of B-endorphin in the tolerance to
fentanyl-induced antihyperalgesia under a
pain-like state

We compared the potency of the antihyperalgesic effect
induced by the repeated injection of fentanyl between
nerve-ligated WT and B-endorphin KO mice (Fig. 6). In
the present study, both WT and B-endorphin KO mice
with partial sciatic nerve ligation exhibited a marked neu-
ropathic pain-like behavior to almost the same degree
(**P < 0.001 versus sham-saline group Fig. 6). Under

Addiction Biology. 18, 614-622
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these conditions, the single s.c. injection of fentanyl
(0.1 mg/kg) 7 days after nerve ligation almost completely
reversed the decrease in the thermal threshold without
excessive effects in sciatic nerve-ligated WT and
B-endorphin KO mice, and maximal antihyperalgesic
responses were seen at 15 minutes after fentanyl injec-
tion (Fig. 6). The antihyperalgesic effect following
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repeated treatment with fentanyl (0.1 mg/kg) was gradu-
ally tolerated from 14 days after sciatic nerve ligation in
WT mice. In contrast, the potency of the antihyperalgesic
effect of fentanyl was preserved in nerve-ligated
B-endorphin KO mice under repeated s.c. treatment with
fentanyl (##P < 0.01 versus knockout-ligation-fentanyl
group; Fig. 6).

Addiction Biology, 18, 614-622



% Stimulation

620 Minoru Narita et al.

DISCUSSION

In the present study, a neuropathic pain-like state induced
by partial sciatic nerve ligation was suppressed by the
single s.c. injection of morphine, fentanyl or oxycodone in
a dose-dependent manner. At doses of 5.0, 0.5 and
0.03 mg/kg, s.c. administration of morphine, oxycodone
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Figure 4 Effect of repeated injection of fentanyl on the fentany-

and fentanyl, respectively, completely reversed the
decreased thermal threshold without excessive effects in
nerve-ligated mice. Based on the present findings, we
proposed that the optimal doses for the morphine-,
oxycodone- and fentanyl-induced antihyperalgésic effects
in sciatic nerve-ligated mice were 5 mg/kg, 0.5 mg/kg
and 0.03 mg/kg, respectively. If we combine this result
with our previous findings, the optimal dose for a
morphine-induced antihyperalgesic effect in sciatic
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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 to reverse 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 {ollowing 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 repeéted 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. This event could be associated with the repeated
administration of {entanyl-induced functional desensiti-
zation of MORs under a neuropathic pain-like state.
Several lines of evidence indicated that, in response to
a pain stimulus, endogenous B-endorphin is released
within some brain regions (Zubieta et al. 2001). We pre-
viously reported that B-endorphin released in the ventral
tegmental area is a key factor in regulating the dysfunc-
tion of MOR to negatively modulate opioid reward under
aneuropathic 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 -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
B-endorphin KO mice. In addition, the reduced activation

© 2011 The Authors, Addiction Biology © 2011 Society for the Study of Addiction
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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 B-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. This phenomenon could be associated with the
mechanism that underlies the rapid development of toler-
ance to fentanyl under a neuropathic pain-like state.

CONCLUSION

We have demonstrated that repeated treatment with fen-
tanyl at an excessive dose causes a rapid antthyperalgesic
tolerance in sciatic nerve-ligated mice, whereas mor-
phine and oxycodone do not produce this phenomenon.
This condition may reflect the clinical observation that
tolerance to morphine 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, 18, 614-622
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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
P-endorphin within the spinal cord may be involved in
the prolongation of the fentanyl-induced desensitization
of MORs. This phenomenon may explain the high degree
of tolerance to fentanyl-induced antihyperalgesia under
a neuropathic pain-like state in rodents.
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Study of cancer cachexia with cachexia model rats

LERE

SUMMARY. - N o

b hE P AMBYSSAS2E L, b FPABKE (cachexia) BWEEEBA-THYET N
EEEIL - BEFNEGRGT LY CBEFEEILSL, BRECHEI JLUVEREYER
Shiz. BEHFEORETFEIEELERUSVNEERLAQE, EERFOERFITL YL S
B (GHS-R) YT F N LA EPSTHY, REFBEIEREREDGHS-RY FF
EEBLERERETIEHNEASNE,

BEY WORDS. ..

B FAERYE

B gRuERTFrILYL
BAETS

BEHE

B 7Ly

I
R=Qb2 51

20074 K ) [ASARFsREARE] 29T
SN LT (B AN K
FEARETE ] PEESN, 2012FEIEE S
2 & DMl [EZHPA N RHEEER
Bl RS RV, RERFEDOD
L, BABEOQOLOMERT ED/HD
BT T S UNCE ORI ET R
PITbhTwd, LrL, BhTwado
PEEE BERE ELEF{0R
KEPABECHAONS [HFAERE
(cancer cachexia) ] D ERILE DN
BTHb, PABRENORRIEED
QOLZHUETHEERETH A7 b
PAERE*TRT L7200 EFIVEY
OERFEBEZZLLH YD, FIRIZEA
T,
bhbiudEMEE v+ Bh AR
(MKN-45) % 5 MR & L OBz
BE/-85A2MlE X~ FF v MIZET

24(272) | 59— SR L B vol30 nod

BETHILILLY, RERD BRE .

BT E0VABRE - LERE
RTPABREEFNS v P ERETS
TENTER, FIEE, EHEN1D
[AREFH] PPHPAFICL 2 BERIE
WENREETHI L, RETHE—D
BRYUERTF FTHE TV D50
FRET A EH|BFBEN, PAFERIC
B BAEBFHOWERBES R
HEHENTWAE L, 22 Thhbhid,
EELPAEBREET VG v DA
BEWEMEICERY, TLRETHIEE
WEREBICH P T T W5 E 1T
vV, SHIEABTHEOBRE~DOIER A
B =X LD EIT72OT, FRFICT

ZOWELEET B,
o . _H -
ES Yk

OF IR LZBREEFT VI v b O
[BEREREAEMEETV] ELTD
EREZHLPIZTALOOBFEE L

Presented by Medical*Online

T, BFOHEBIZOWTHE 2T 572

(1) 85As2HIIAI- BT » B EH R ik
B AHh = ALHBHOZD, il
R FERCHEETEZHL AL
v ORI

(2) SSAs2HIMA L AEE OH L AE
WEEIRIC T TEEORN,

(3) BHHEEFVI v FOBEGFH
vy, Antrogin-1/MAFbx, MuRF1
&, BEREORBICHETSLE
BbNaHRSBETFOERLN
W DRI

(4) 7Ly v %512 ABETEER
KowtT, EREERELES v
FEFAMIZTLVY X EEREL, B
E#£ 1 BEHOBEEORE,

G)BEEEFVIy bolp s LY
VEEEDHIE,

DELWARBFBOEREREMRIZD

WC, FETFAVERVTCHE 772,

(1) BEEEFVI v bedd 5K-E
TFBOTFHHB X OCHREHHRED
BEto0, 85As2HIl% TR
BoOKE HastmElEL, 0,
2B XU 3HABI, BREFHE-NE
B - hkGETBEL:. 20
LT, BEREERELLS Y b
WAREFH 1g/kg/BE 1A 2EI
ST T BHEDORS L, RE®
KRG Z R BB B L7,
EBRTH nH7vy viEEE
BE L, Ky, Brigss, mikes,
LI AHBLIUBRLEE - B -
BEERLOBFEEZHE L2

(2) e 7L EEME (GHS-R) &
HHEK293THIla B L 05 v b



