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BHEOERIBERICR YD, BREROSHKEOHRZL
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—#B1Z in vitro TORFES F— PN T 24 ET
— M OMEBRIES DS L in vivo TOHEBENE
BEKCHEBETBEELNTEY, ERDREOMS
BEWER T H 2t - e & IZIZFITEIRICH
B3I Ehs, BEREADER L ZNIODDLRIGOR
bRAND 2 LAMHE - REREBELEET 5 LT
BEETHIZEEZONG,

ek & MOR MR BERERR 1 = & U TRIBHE
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—FHEMRROET L E LTH, SEMEE A
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& &N, 7285 5 norepinephrine (LA T NE & B8)
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IGL BST RAET2B0OEME2IH T 2 e 28HEL
Tw3, Lizat-> T MOR RS »0ME %
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MOR Tt MR RS % fFER 4 5 720, ()EF Bz B0
T, AT — MEEWMEN BST =2 —a v d
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MOR it E#)1%, Gibson & Tingstad'¥® Hi%kiz
UTIERIL 7 MOR =V w h (EEELE R 75 mg &
) 2ENF2—T7 W8S, BWER Z—T VIRE:
Lictk, 1EH7D 2 EEHME TICEHDAATERL
Jo. B, BABOEYENRE L TR, EEREE,
NEFEL DI S5~6EE 1 D207y —YDRTHEL
TTEEEE AR (B2 VKR BROBEIXE
BiEth»o 1~ 2 L5 3A T, MOR OBENFEFET
% % naloxone (LAF NAL £B8) 5 mg/kg % [EFEMIC
S L, B & 1 2 BWHEIR % Goldstein & Schulz!®,
Wei & 9D FHUER SEIC U THE L2 NAL i
® Sawada & Yamamoto'™¥DEET, BST DAL
— PRERCATHECHESLTLES 2k, 250
ESEORROD 7 2 B ERERFEHEORET
e <, MHMERERERO (L2 RAND Z it h o el o,
NAL F&HNT & D ZBEHERO IR L 28 LIT DR
WIER Lo,
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H U 72 % DRI - TR, RN E 2 BREL,
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R, BE, FREBH& W, 20T, BELE
RO TRES %2 GT0TH, AN oD W (R 7 5 20 % BT Py (8
F~BREL BST 2B &%, 85 0EBEERELTST
EBHSELRICH IV VI 2R ST OR, Sl
UM, ST BLUBST &0V 280 E L. 2
DY 5 T HRME T RS EBE 2 5k,
BST #R%E & 300~400 um OEYIRGEIE & L1, £
LT8R 772 5 Bl rhic i L, 36°CTh %L &
b1FMRAI v Fan— Lo bBEER

(Yamamoto'”) 2B L BERIEBI £ 508 L 72, Bl

(FH1.2m)) OREIL 36°Clzffb, 36°CIff -4
#¥5 % 1.5 ml/min OEE TRER AW L 2. B3
ERPC—EREOEYEMAL 2 FETHEAL 2.
MOR 3L OBEREM E T, 7L kAL
TEHEH L, EEBEUTOMEBEO LD L L (&
BE, mM), R 95 % 0,+5% COIREY A %
30 LA EBW&R U7z @ NaCl, 124 ; KCl, 5 ; KH,PO,,
1.24 ; MgSO,, 1.3 CaCl,, 2.4 : NaHCO,, 26 ;
glucose, 10.
2. BAIFSRO T

ST HIBUZ I, RIS 2 H1& U 7= SUBRSERE (5
UfERE 0.2~0.3 mm) 27, BOEREG I,
SEROARE 10~20 gm @ 150 mM NaCl #obi-45
AEBEA, BERICHEES LB 2 BIER, 7—
g7t yd— (ATACIS0, AANE) THEL, X
—YVa——bEREFEFRREL.BOBMOKE 31T,
HERNr S HEETORS 2FHHILKD 72, Mbss—
HREAIRE B ERER I, RIBOKE 3~4um D 3M
NaCl #2014 7 A B E AWz,

IV, BE{LFrEER

1. ¥REE 5> % v % [3H] ~dihydromorphine (L4

T [*H] -DHM :88) #&6EHIERE

Simantov &' & (f Pasternak 50D IC# L
T [*H] -DHM ®&#E2RE L 72, L ek
%, WD BST 2YI0 HL, 7272510 —20°CIz {872,
2BEMLINICHERBRET ok, REL Th - 1
ERERIE, 3UCED, 1ml @ 0.1 M NaCl 24t 50
mM Tris-HCl buffer (pH 7.4) 21 2 BR:L, 1,000
g T 10 min .0 B % & 502 30,000Xg T 20
min Bl#EL L7z, ¥EE#0.1M NaCl # &% 50 mM
Tris-HCI buffer (pH 7.4) 3ml 2&@L, WIEKA
Er— rEERL 2H,3°CT 45 min 4 » F 2~
— M L7D% 30,000Xg T 20 min BHEOLL, E 15
7z.NaCl 2 < 72 NaCl £4 % # 50 mM Tris-HCl
buffer (pH 7.4) C k&R B BB L, BB L UER
Z 3EHR DR LGS L 2 BRENC B o nt- g S 1.3
ml @ 5mM Tris-HClI buffer (PH 7.4) B s

HEEBRICHERL,

Z DIBIR 130 w1 12 20 11 @ Tris-HC buffer # 3
W 20 p] DEEE 1 M O levallorphan %M 720
5 50 ] DFRYREE 0.25 nM % 721 2nM DO [*H]-DHM
EMZ, HBEE 20041 £ L, 37°C30 min 4 > F 2~
= U7 A ¥ F 2= Mg, X Tris-HCl buffer 5
mlT3EEHELEBET Y be S ZRT 4 VY —

(GF/C) L THBIL2DFB LTz, 74 VY —251R
EE72DB N1 T LizFE L, toluene-triton scintillator
Z10ml Mz, WS Y Fr—varvhorry -2 TR
SEEERBE L 2. 7 4 V¥ —I13FE AT Medzihrad-
sky” D JTEIZHE > C, K TEFL 72 tertial-amylal-
cohol THHEL, *H]-DHM »S3ERINIZ 7 4 L5 —
ANBE S BDE O, BREAE, 1 4M levallor-
phan FHET, FEETOBEOELLTRDR, 8
EERBICAOIBEBBRDOS v 87 BB 20 4] DRI
WHT- D100 ug TH -7z,

2. WY&y [PH] -DHM &880 BIE
Yamamoto'" DRI > THEYIH 2 /E8IL,
Davis 52D /7EIC# U T [SH] -DHM &t % s
L7z, FREBC L > TEENTHEIIC L D 251G
BZE»nbHD, HABELY bSEAEEZRPEN T
Endbhirodciz®, 2EAOEETIE 2B, A—&
BREMNICEANER & EREE DY £ Ah TEE
&S REEBR/NREW Lz, EBL L 2 BYT % 750 ul
@ 50 mM Tris-HCl buffer (pH 7.4) iZiBES ¥,
125 41 @ Tris-HCl buffer & % W I3 EF 0.1~128
nM &7 3 & 5 JERE MOR # 125 ] ¥R/, & 512 125
1l OEE 2nM O [PH]-DHM M2 BEE 1ml &
LT37C30minflil4 v Fax—F Lz, 4V Fa—
Mg, EBEERL, Zo—ifEs 27 BIERICER
DD IF EERIV—1ICE L BB U RSt 2 HIE
U7z, REMFE 1 levallorphan 100 xM ZETF, 3E
FETOREOEL LTRDI:, RIGHE Lml 720 D
F NI BEII~1.5mg THotz, ¥ 088
& Lowry 52D FHITED, Y VMBE T LT 2 v 3 fE

®’REELTERDT

HO%

L - norepinephrine - HCI(NE)(Sigma), D - Ala2-
Mets- enkephalinamide (DAMA & %), D-Ala*D-
Leu®- enkephalin(DADL & #) (peninsula Lab.),
naloxone (Endo Lab.), [*H]-dihydromorphine(70.7
Ci/mmol) (New England Nuclear), levallorphan

(Hoffman-La Roche), HEEEL L X (Z3) 2 Hu,
ZOMOBEIED TRTHERAZ AV,
75 BHEEHERAIEIC 1T Student’s t-test & a7z,
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I 10 msec D REDBOENL (LATHOBEAL L)
DEL, BEHivR o ZREMBOENICERT
ZOMNRoN(FL, k1), EWOERERANS
AN OB OMWE IC DWW TR 202 72, SHED Ca?t
BIU Mg EBEL2ZNFN0.46mM,5.3mM £723%
XIFEEED L, BOBMRKRLICEILTOE,
5 ABITIEOBMIZIZLALRDONELEREICE
CTIHl s v, BOERE R T &, 10~15 5,
BOEMBNAEOERZELEEIHOKE SICEE
L7 (BRERET), ZORKBRIE Sawada 622 L D
HEINIERE—B LT T4bb ST MBS
U BST o4& UEOBMIEFEFELTBST =a—w
OBy ;T AEMREES R RRU-BEUTHE L
MR ERNT, W ST i 2 FHB GRIBRERE 20 msec)
EANA T, FNFRORBUCIE U T BST o BOENR
HBEULH, 1RDORBIECTELULEBNDOKRE
FWHLT2RDORBIISCTELZEMNOKRE S
FERPESL TR (BREAKTRET). ZOFRDY
Sawada 5@ X > TEE &Nz ST FBUIGL BST

| 22— /\F 3—-—' a M..'
+
DAMA ’ az2av
*NAL +NAL -
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Fig. 1. Suppression of field potentials elicited in a
bed nucleus of the stria terminalis (BST) slice by
stria terminalis (ST) stimulation during administ-
ration of D - Ala?- Met®- enkephalinamide
(DAMA) or morphine (MOR), and the blocking
action of naloxone (NAL). Record 2: 4.5 min
after DAMA was administered at 2.5 ¢M. Record
3: 6min after MOR 50 4M. Record 5: 10 min
after NAL 2 ¢M. Record 6: 4.5 min after DAMA
25 uM was added to the medium containing
NAL at 2 uM. Record 7: 6 min after MOR 50 M
was added to the medium containing NAL at 2
uM. After records 2, 4 and 6 were taken, the slice
was washed with the standard medium until the
potential amplitude recovered to the control
level. In this and the following figures, solid
triangles indicate the time of ST stimulation.
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WCHETZBOBMOME £ —BL Tz, BOEMI
Dl £ 3~5 HHTEICILHTRETDH o7z,
ENK #E{WE TH 5 DAMA 2.5 p M ZFEHIITHR
s 3 &, #94.5 2BCHOBAIGEARTON 50% i<
melan (K1, 08k2), BHEWICT 10 oMk T
3r, HBOBMZIZIZEANOKE SKEMELKL. E
—1EAR T MOR 50 M %@ T 2 L#) 6 FRICHOE
firid, EHAROK 50% imfElsn (B 1, Lk 3), &
HEFGIZ T 10 SR¥ER T 2 LI ERATOK & SR
L7z (F1, 8% 4). MOR DBEMETELEDN
2 NAL 2uM) O ZEAsETCHHOEMIIIEFL
A CEERZ T 5105, DAMA 2.5 M % MOR 50
M NAL2 M 2R C#EAT 5 £, DAMA®
MOR OEAANGIER M AL RRICHELZ(K L,
208k 6, 7). L7=s8> T DAMA 8 X U MOR @ BST
B ABMNEIERR, T8 — M BEEENT 2
ERThBLEZLND,
WICIEEEZ 51> T, MOR B L B0 ERIIMHIE
H e oG 2HE~7. MOR BERBE»SHAT AL
L, ¥RTCOEHIE MOR 2HHA L TH» o 6 441
oz, EEERIT T 40 IEHERIC T ¥ LN &
NIBOBMSHERIOKE SICEET 2D 2HERL
The, BEHEED MOR 2EAT AL L.
UTOERICHT 2, BE—RICHELEROFTET
Rz,

MOR #E % 10 yM 2 & RBICED D &, FHICD
NTHOBEMOIRIEIZEL L, MOR 100 uM T35

A . B-

%

CONTROL 100 w

10 }M/\/’\ w,\su 10 pM
25 PM 500

0.2mV
50 pM Iom J\/‘

Fig. 2. Supperssion of field potentials by morphine
in non-treated control and morphine-pellet-
implanted guinea pigs. A: non-treated control.
B: 3days after morphine-pellet implantation.
Each record was taken 6 min after morphine was
administered at the indicated concentration.
Thereafter, the tissue was washed with the
standard medium for at least 10 min and the
potential amplitude was made to recover to the
control level before the next administration.
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BALIEARION 0% sl e - (2, A), Ly
L MOREE#% 100 yM U ECED THIHBDBERLIZ
Nl EciEls g »rotz, ZOLI I MORBE S
+REDHLBEEEEINIBMMEOKRE & %,
MOR EHBTOBMEE & DLLTRDOL, UTIhi &K
KN4 (maximal inhibition) & FE.

& 52 DAMA, MOR B X ' NE @ 8 Mk
BICBIIFTREECODOTHANL. ST KHEB(ER 1
E) 2Nz %6, 5 3~44m D 3MNaCl 229
7SR EM % BST NEA SV T WL &, BOEMICE
B L H—RRE RS Nz, iR
MR S SHDOEAL & D REFTHRbNIZD, /250
WHCERSELT S Z e, LieasoTUT
DEBRTIE STHIEIC LD BST KiEFKashs, KE&
0.2~0.5mV (¥ 5~20 msec) OB —HEMMKE
28 X1FT DAMA, MOR 8 & U NE OEFIc2WT
BRI, TORFDAMA 2.5 .M BER#& 4.5 2RAA,
MOR 50 p M #fi# 6 7LAN S % i NE 50 M @
% 3.5 LRI E—EMEREIHET 2 hH2 v
EEHYEAD U 135S I B A v S T 2 40
ERH D LHEL L, ORI, Zhe 3BOXEY
HIBDEMEZIE T 2D CETIRMESEIC L TR
Sz, B HRE OB AL L RS,
BLUBE—HREBI L2 ELEE Lo B
WA R B R A LS HEL. 2BINS 3BOEY
WWEDHEERY oMo a—uridhotz,

BST =2—u > 62 {ff NE & 53 @ &2iMEI L7, &
72, 2O =2—0 DI B2HED = 2 — ik
DAMA, MOR M Az & 0l i, 6{FIZ MOR D
Z, 3{#iz DAMA OAz L Dl sz, 50 278
D=a—0u ik DAMA, MOR iZ & » T3 & %%
ol Tiabb BSTDA P — MNEFH=2—D
> 35fED D B TEBITHET L 26D =2 —o i
DAMA, MOR @AWk hiiEl&s s Z e aibhho i
(&1).

2. ENEATEEYIRERZICBITA2EVE X,
Iy 77 ) YEBIUP/ VI ERATY YD
H
1) EVEADERBLURIF BT ZELE X
A ERROEE
MOR~V vy rEDAHKIEE (UT3HB L)
OB TIX NAL FHNC & 0 BEERBIERSHRT
3 &3 b, {TEIEEFEIC MOR ORI %2
Sl edbrol, Ny MEDRALE6H, 9H
DT FER BIERHHIR L %2, Wiz, MOR O
2 3HO OB L BEEL THB L, SEODEY
TH MOR BE% 10 uM DS REIIED TV L2 N
EONTHOBANHIERIZEA L 1228, NEBICH
LTRBEONHEH 2820 FEED MOR 2 48 L
L7z (K2, B). bbb TiE MOR 100 yM T
BAIMSISBEE s (K2, A), 3EDOEBYT
i, BRI 2 HET 31013 & 5 ICHIEE DO MOR 500
uMEHEE LR (K2, B).
2) BEEIAIC BT 3 E L E ATRMERROZREEL
wiz, vy MEDALE—EREI L DBE-R
TEEIR 5 ECs (RRRDBOUDOIR2LET S
MOR #E) 2K, MOR MMERFAE S 2 RFHERRE
PR, vy MEDAAE 1 HDHTIE MOR I3
TE2RZERLZIFELALRED SRz, 3H
DOETIE, BE-RICHREE~BEL. T4b
5 ECsp I XHHBMED 13 uM 5 19 uM AL 6fF LHL
7. MOR IZR ¥ 3 BRMEET IRV v MEDIALRK 6
H, O HDICbIERL TW(K3), Lizd->TMOR
MRS TREANG 2EHET 2 -0, EE
WHL TREED MOR 28R L adhidaskd-o
7z. L L, MOR &4 S#HORAIMSEREED W
iR BLT O NERORAIIGIE EEEER
ot (BRERET).
3) ELEATHEERICBIZZ 77 7 ) VD
ER B & UR XHERRE OF B

Table 1. Suppression of single cell discharges by D-Ala2Met3-enkephalinamide, morphine and

norepinephrine

Number of neurons

Drug Suppression No clear effect Total
D-Ala-Met5-enkephalinamide 29 (47%) 33 (53%) 62 (100%)
Morphine 32 (52%) 30 (48%) 62 (100%)
Norepinephrine 53 (85%) 9 (15%) 62 (100%)

The results were obtained from 62 neurons recorded extracellulary from 24 BST slices of control
guinea pigs. Effects of morphine (50 uM), D-Ala®-Met®-enkephalinamide (DAMA) (2.5 uM) and nore-
pinephrine (50 xM) were determined 6 min, 4.5 min and 3.5 min after administration, respectively.

BST : bed nucleus of the stria terminalis.
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Fig. 3. Dose - response curves for the supperssion of field potentials by morphine after implantation
of morphine pellet. Dose - response curves were obtained by the method described in the legend of
Fig. 2. Since the magnitude of responses to morphine was variable from slice to slice, the data were
plotted as % of maximal effect. Each point is the mean * S. D. of 5 to 7 guinea pigs. Significantly
different from the control value, *: P<0.01, **: p<0.005, ***: p<0.001.
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Fig. 4. Dose-response curves for the suppression of field potentials by DAMA (A), D-Ala*-D-Leu®
-enkephalin (DADL) (B) and norepinephrine (NE) (C) in non-treated control and morphine tolerant
guinea pigs (3 days after pellet implantation). In each panel, the values of EC;, and the magnitudes
of maximal inhibition are shown on the right for the control (C) and the morphine tolerant animals
(T). Dose-response curves were obtained by the method described in the legend of Fig. 2. The effect
of DAMA and DADL was recorded 4.5 min after administration, and that of NE was recorded 3.
5 min after administration. Each point is the mean + S. D. of 5 to 10 guinea pigs.
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BST T ENK b 5B0BM 2 MET 2. 22T
MORWKNLMHE L L2723 B DEHHZBVT
DAMA, DADL #% ¥ @ ENK #1Z & 2 EMEIER I
Y 2 BENE (e Tz, DAMA, DADL £2Ww»T
BE—RICHRE2HAND LB L 3 B OEMOM
IR ERAONT, BAIHIORE, ECoHE L bE1
Biamol (B4, A, B). T4bb MOR MEEY
Tid ENK $izx 3 2 BREMELIELCTE 5T, MOR
£ ENK #: OB RZRXHERER s h Tk hore,

4) ELEATHERSICB T2 / LIERAT7) VD

43l

BST Cit NEEDOHFI—ATF I VL BOEN*
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Fig.5. Reversibility of morphine tolerance.
Morphine pellets were removed at the third day
after pellet implantation, and BST slices were
prepared immediately after (0) or 3, 7 and 14 days
after removal of morphine pellets. On each slice,
ECs, values were measured for suppression of
field potentials by morphine. C: control. Each
point is the mean + S. D. of 5 to 10 guinea pigs.

Significantly different from the control value, *:
P<0.01, **: P<0.005, ***: P<0.001.
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Fig.6. Specific [*H] - dihydromorphine ( [*H] - DHM) binding to the guinea pig brain. (A)
Specific [*H] - DHM binding to BST. Bilateral BSTs from three guinea pigs were pooled and
homogenized in ice cold 50 mM Tris - HCI buffer (pH 7.4) containing 0.1 M NaCl, then centrifuged
at 1,000 X g for 10 min. Thereafter, the supernatant fraction was centrifuged at 30,000 X g for 20
min. The sediment was suspended in 50mM Tris - HCI buffer containing 0.1 M NaCl and incubated
at 37 °C for 45 min to dissociate endogenous opioids. This suspension was recentrifuged at 30,000 X
g for 20 min and washed three times in 50 mM Tris - HCl buffer (NaCl free). Specific binding was
assayed in duplicate by incubating 130 x1 of the suspension (about 100 xg protein) in a total volume
of 200 g1 with 2nM [3H] - DHM (70.7 Ci/mmol) at 37 °C for 30 min in the presence and absence
of 1 M levallorphan (for the non - specific binding). Bound [*H] - DHM was separated from free
ligand by rapid filtration under vacuum through Whatman GF/C filters. C: control, T : morphine
tolerant animal (3 days after implantation). Values are shown as mean = S. D. of 6 and 7
experiments. (B) Specific [*H] - DHM binding to the hippocampal slices determined by the
displacement method. Hippocampal slices were incubated at 37 °C for 30 min in 50 mM Tris - HCI
(pH 7.4) with 2nM [*H] - DHM and varying concentrations of non - labelled morphine (indicated
on the abscissa) in a total volume of 1 ml. Non - specific binding was determined as [*H] - DHM
binding in the presence of 100 uM of levallorphan. After the incubation, slices were homogenized
and bound [*H] - DHM was separated from free ligand as described above. Control : non -
treated control, 3rd day: 3 days after pellet implantation. Values are shown as mean * S. D. of
at least 6 experiments.
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Abstract

In order to elucidate the mechanism of morphine tolerance in the central nervous system, the
neuronal sensitivity to opiate and opioid peptides in the bed nucleus of the stria terminalis(BST)
and effects of chronic morphine treatment were examined with thin brain slices of guinea pigs.
"Both morphine (u agonist) and enkephalins (§-agonist), such as D-Ala?-Met>-enkephalinamide
(DAMA) and D-Ala®-D-Leu® -enkephalin(DADL), suppressed field potentials in thin BST sections
elicited in vitro by a single shock to the stria terminalis. Single cell discharges were recorded
extracellularly from sixty-two BST neurons altogether. Of these neurons, twenty-six were
suppressed by morphine and DAMA, six were only by morphine and three were only by DAMA.
These results showed that a considerable amount of neurons (75% of opiate sensitive neurons) in
the BST carried both y and § receptors, which are entities different from each other. Three days
after morphine pellet implantation, guinea pigs were rendered tolerant to morphine and ECg,
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(the concentration required for morphine to cause 50% of the maximal effect) was 79uM,
nearly six times the value in the control animals (EC5o=13uM). These results showed that
tolerance to morphine could be observed in the thin BST sections and that the thin BST sections
were one of the valuable models to elucidate the mechanism of development of tolerance to
morphine in the central nervous system. No significant changes occurred in sensitivity to en-
kephalins three days after implantation of morphine peliets. Thisindicated thatno closs-tolerance
developed between morphine and enkephalins. Additionally, sensitivity to norepinephrine,
a putative inhibitory transmitter in BST, was not changed. Reversibility of morphine tolerance
was examined by pellet removal on the third day after implantation. After pellet removal,
tolerance to morphine was gradually lost and the tissue regained normal sensitivity to morphine
(ECs59=19uM) within fourteen days. Changes in receptor characteristics of the BST from mor-
phine-tolerant guinea pigs were examined by radioreceptor assay by using [*H] -dihydromorphine
as a ligand, but the binding capacity was not statistically different between the controls and
morphine-tolerant guinea pigs. These results indicate that morphine tolerance cannot be ex-
plained by changes in the number and affinity of opiate receptors. Tolerance probably results
from modification of the mechanism mediating receptor activation and successive neuronal
inhibitory effect of morphine.



