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Internalization and recycling profiles of p—opioid receptors induced
by remifentanil ; Implication for the mechanism of tolerance and
hyperalgesia
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Remifentanil occasionally induces acute tolerance and postoperative hyperalgesia. Development of
acute tolerance and opioid-induced hyperalgesia might be related to accelerated internalization and
impaired recycling of p-opioid receptor (MOR). We thus examined the internalization and recycling
profiles of MOR induced by remifentanil. We further investigated the effects of co-treatment with
S(+)-ketamine and remifentanil on the internalization and recycling of MOR. We demonstrated that
higher concentrations of remifentanil caused impairment of MOR recycling, which may explain acute
tolerance or hyperalgesia after infusion of remifentanil at high concentrations in the clinical settings.
Furthermore, we found that co-treatment with S(+)-ketamine prevented the impairment of MOR
recycling induced by remifentanil. Combinational use with S(+)-ketamine and remifentanil may prevent

the acute tolerance and postoperative hyperalgesia.

TR ERA
(BEHHAL - )
[ERESE LiEESE & &t
2009 £ 1,000, 000 300, 000 1, 300, 000
2010 £ 1, 300, 000 390, 000 1, 690, 000
2011 £ 800, 000 240, 000 1, 040, 000
FIE
I
it 3,100, 000 930, 000 4,030, 000




FFIE 05 - [ s
BRI O - S
T 1 R,

ZEBHAR Y F) DT 5

VTR A BRI P O 88 1L, BRI
HMEAEAA R THDH LI Tz X =)L)
fEHINTWD, VI Tz ¥ = Vi35
PRIER A BT 20H72 63, EHFEL -
KM, L LT RIPEHER O3 R0 > 72 T R
EMRCTE D, LovL, DREARIFINEZ IS
LWl 22 51 &k 2 U 8 b SR A e
D% b Y . BT T O IE O W]
fEtE L @ME SN TW5, (Guignard B, et
al. ‘Anesthesiology 2000393 (2) :409-17.
Angst MS, et al. :Pain 20033106 (1) :49-57.)

ZIDOZEND LI T =X = VEREETI

DVETPEERS d5 X OYE IR B R D T8 &
HAIC, BFEHEH 2 0 UIRGET L7 BR SRS
Y & 5 (Joly V,
2005;103 (1) : 147-55.) 28, = DH M
TIFELE T2 W5 - #ERA STV,
DXV T =2 Z = DEMEMEIC
B D BRI X2\ 8, ZEREAFZEIC B
TIEBEBXEBFLNEN N2 S TWD DA
ThHY, V7= X =VOMmMEES DT
BRI W TIEERIFEAEH S ATY
AN

FeAA FANL, uwAEF A FZRE
MOR) IZFEAT 2 & U U ERLEEE B FEA L,
SREOY BN Z 5, U rEBbs iz
ZREIZIZB-T VAT UBHEAL, SRR
WA EIAENLD., ZThE
internalization (Hil@NFELT) & W9,
Internalization SAU7ZZZZRIL 80%23 i U
UL S TTHIFIELZ recyele &AL, FE VY IX
IREND, TER R ORI RE = L R
RLZEPALNTEY, TORKRDO—DL
LT, RO pu A A A FZEROMILN~

et al.: Anesthesiology

ZOWN

D SRR - B RHRR
L7z H )b, TR, R

W

W, AEAA FZEE

@ internalization 5 £ OVHH i€ ~ @
EVRIR SN TN D, (Imai S,
et al.: Jpn. J.
2006;26 183-192)

recycling DE

Neuropsychopharmacol

2. WEDOEK

(1) VvIT7xrZ=)LOEECERER O
EWDMORDHININHIEIZ ED & 5 725
BEREThERTLI8ICEY, £

DA =ZALERBNCT 5,

@2 oz blicrIrgor =
IV DT RAZ MBI R & D &5 %
LN TWHENRAI (SH-r2Iv) %
OF A U [RER I AT 3 K OVl - BRET L,

L2 7 = F = VRIS X B T
W U152 BREWE 2 /e 5,
3. WL IE

HERRRE 280t & > /X7 Venus G u A A
A RZRR%Z 5B S 72 BHK (Baby Hamster
Kidney) fildic L X 7 = v ¥ = V& {EH & 4,
T BEROAE I IRe ] oD 38 R0 45 Tl 880 A1) 0 OF
23, MOR OMFINRIE, T7205
internalization (Hil@NEIT) BL O
recycling (FREME) ORBEIZED LD e

B 5.7 5k, AL — I — B
WFFIT %
JoHLR

(1) VITzvZ=)LbTxr X=Xk
% S AR ] 6 L OV BE D33,
MOR DHIFINEAT I L OF I AERR T
B2 5B ONWTHEL L —P—HH
s TR L7z,

7T 70%, FREOLVI 7 =& =1 (10 nM,



100 nM, 1 pM),
Sy fE LTV 120 4

[ZDOWTART,

[30 4 R ]

inter ization (30min after

7 = A =)L (100 nM, 1 pM) 30
S RETHILA% 0> MOR RPN R {E

ion for 30min) n = 8 in each group
[ owsol Il plasma membrane

754 784 udl

70.6

AR RN

drugs and concentrations

BBEDLI T ZoVBLIORT X
=L, HTE 30 4ITIEE AL D MOR 25
NIRRT S iz,

localization of MOR (%; mean = SEM)

recycling (180 min after agonistic stimulation for 30 min) n=8 in each group
B cwse B plasma mesbrane

1004

ﬂl I ﬂl

dr'u‘,, s and concentrations

localization of MOR (%; mean + SEM)
3

—J7, R 180 43121%, 100 nM 7 = ¥
=)L TIEZ < O MOR 23 HlE I~ EAE S iz
(T4%) 23, L2 7 = v & = VT IREERIFIINC
FRAED A & 7= (10 nM, 755 100 nM, 49;
1 uM, 35%), EFE—REDT =¥ =)L
RV R 7 = v X = VIS EE AR
il L7z,
[120 > TR ]

ion (30min after ion for 120min) n = 8 in each group
[ otesol [ plasma membrane

100

186.6) 86.9

62.8

localization of MOR (%; mean + SEM)

| i 1

100 mM fentanyl EpMfentanyl 10 mM 100 i

HIE % 30 4

: P<0,0001

ASEBWVWTI10 nM L 7;/5'41/

T AN BAIT OB D 5
776

recycling (180 min after agonistic stimulation for 120 min) n=8 in each group
[ otosol B plasma manbranc

3

localization of MOR (%3 mean + SEM)
&

6839
59.6| T
503
|:L‘ 422 [
a4
100 aMpeotanyt 1 ToaM !

drugs and concentrations

tP=00003, % P <001, 8 PCO05

R 180 4 TlEL I V= X =)L Tz
2 = VAR IR AR AT RO PR E &2 B L 7=,

2) SH-»rEILNLITor A=)k
DMORDHIFENFEAT 5 L OV ERERUIC
52 ARz ONTHIEH LT,

7771, LI T Z =)L 100 MBI
S(H) =A% 3 (10 + 30 + 100 pg) fHHIZ X 530
4 TR % OMORFA AL N SR I DUV TR T,

ion { 30min after stimulation )
Wcytosol  plasma membrane

Lﬁhﬂ

remifentand 100 nM ketamine 10 uM + ketamine J0 M+ ketamine
rifpntani 100 rl mifertanil 100nM

drugs and concentrations

BEEDOSH -2 I Ik LI 7 =
VB = K AMORD MM NI T 25k & 4
7=,

8

—
@

B
@

localization of pOR { % mean®SEM )
w
=)

recycling (180 min after stimulation )

100

W eytoss! plasma mambrane

=
I
75
3 7
£ 545 39
= 513 533 -
- 487 * 467 1 455
=50 T
Q
° 26.1
3 1
E 25
=
E:

0

remufertard 100 nM katames 10 UM + ketaming 30 M + ketasrers 100 UM +

reenifuntand 100 il remfentand 100nM remidentand 100 rM

drugs and concentrations



SH-#7&Z 3 100 MPFHIZCEY, LIT =
A =)1100 nMIZ XD MORO il ik~ oD FE&
TEMRMREIE S 7=,

U EoRER LY,

O V7= X = U EERAENEIC MOR
DAARANE~D FHIEAE (recycling) Z #1ii
L7,

@ EBEELI 7z H =Tk DR
DORFE L, R MOR IR~ D Fk
fF (recycling) Z#il L7z,

ZOZ LI, BRELITZ=Z=1h L

EERMOLV I 7 = % =)L 25, MOR &

internalization/recycling MfEIZ 2% 5

., ORERBVEMHECIN % T T 108 il 0> Ak

[ZBI5- LT D ATREME DS RIS S Tz,

E

@ SH-rFIFLIT=HF=LICK
ZMORD AL NFEAT Z il L . 100 pM T i
FHEIEARE L 72,

D&V, THE I ORMEET IR
TINMDASZ BARFEHTE R D A 72 & F"MORD
internalization/recyclingfE=Ic 2%

A TUND ATREMEDS R S 4LT2,

LI, LI 7 2 H oL FOMATEER
il - FER NS E M &2 > 27 B (f5i] ; PP2A + Rab4 «
ERK72 &) GFHIC & 2 8B SV TR 21T 9
L LB, in vitroTELN IR A HIZ,
L7z Z = ERFIOMBEDEE AN
T, EBREW (7 v hBLOW- T R) TOIT
SRR 21TV, IR AR L TIT &
72U,

5. EAFERMILE
(WFZEARFKHE . WFFE A M ONERERTFE# (2
(ER Y

(MEsSam ) (FE 1)

1. Yuka Sudo, Minoru Hojo, Yuko Ando,

Masafumi Takada, Hiroaki
Murata, Shinji Kurata, Noriyuki
Nishida, Uezono, Yasuhito: GABAB

receptors do not internalize after
baclofen treatment, possibly due to a
lack of PB-arrestin association:
study with a real-time visualizing

assay, Synapse, 2012, in press.

Fa¥R] G314

1. ABHEE, ZHRET, SHES, bR
RERE, RIPAET, LR R
remifentanil (2L B u-F A A K5
FRAR DRI PN JRITE O AT —32 28 (R P 5
3 LONREIC X 288, A ARKRITE
SR 5T BIFEANE R, 201046 H 3 H
-5 H, @

2. Kurata S, Ando Y, Sumikawa K, 0i K,

Uezono Y., Remifentanil-induced
impairement of p—opioid receptor
recycling, The 2009 American Society
of Anesthesiologists Annual Meeting,

Oct 17th-21st 2009, New Orleans, USA.

3. AW EIR, KEET, mEIES, defk

EHEW, KRHAEF, LRERC
LIz F =Ml E b p TS A R
SRR OKBANBAT I X ORI
DFEMNT—7 = X =)V LD LW
S(H) -7 & I UOFH O E-, B AREE
SR 56 B ES, 2009 4 8 H 16
A-18 H, /7



6. BFICHERK

() BFFERFRE

Al EJs (Kurata Shinji)

R R - b - B
oeEF: 20325666

(2)WF7etn 1)

R (= (UEZONO YASUHITO)

E LS AMFGEE 2 — « BFAERT - B R
e 20213340

53 =RE (AYUSE TAKAO)

Rl R « KFBilE e K S it se st -
HeHd=

9% 5 20222705

WFE EF (KAWAI MARI)
FIGRY - RFEFEE SR SR -
Kb

% FZZ (WATANABE TOSHIHIRO)
Tl KA« KREFEBEE th SR S 5e et -
KEBEAE




