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Abstract : In the present study we have analyzed the characteristics and distribution of the
mu-opioid receptor(MOR) by raising anti-peptide antisera to the C-terminal peptide of MOR. The
antisera against MOR was produced in New Zealand White rabbit against 15 residue cor-
responding to amino acids, 384-398 of the cloned rat MOR. The antigenic peptide was syn-
thesized using an Applied Biosystems 432 solid-phase peptide synthesizer. The specificity and
identification of the antisera were tested by analysis of transfected cells, epitope mapping and
immunohistochemical method. COS-7 cells electroporated with MOR ¢cDNA were used to evaluate
the characteristics and subcellular distribution of MOR. MOR immunoreactivity was prodominent
in the plasmalemma and subcellular compartments such as endoplasmic reticulum, Golgi apparatus
and vesicle like structure. Furthermore, both tissue sections and transfected cell lines could be
immunostained with these antisera and the immunoreactivity was abolished when anti-MOR sera
were preincubated with the peptide against which they were raised. Based on epitope mapping
analysis, all antisera appeared to have a similar epitope, which was determined to be within the
last amino acid, 391-398. Moreover, immunchistochemistry showed that MOR immunoreactivity
was observed in many brain areas including cerebral cortex, striatum, hippocampus, locus
coeruleus and the superficial laminae of the dorsal horn.

These stained spinal cord and brain areas showed the mirrored pattern observed in auto-
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radiographic studies of mu-opioid binding as well as a pattern similar to that seen by in situ
hybridization for MOR. Thus, several lines of evidence support the conclusion that the antisera
produced in the present study most likely recognize mu-opioid receptor.

These results suggest that MOR antisera may be utilized as useful tool to analyze the phy-
siological and pharmacological studies for mu-opioid receptor in the future.

Key words : mu-opioid receptor, rabbit antisera, immunohistochemistry, COS-7 cell, confocal

microscope.
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AR THEES AAANA §3Z opioid pep-
tideso] thgh FEAo)E Ao 3714 FF9] opioid
&7 subtypeEol EAsE ALE F5HH o 3%
opioid 4> | subtype delta, mu ¢ kappe-opioid receptor
Q Aoz d#fA YUt o] & 242 opioid 78 A subtype
e ¥ og PAE TR 4R F4L Y
Ehfin, AAAEE A BH)Z4, respiratory depression,
pain modulation, neuroendocrine secretion ¥ #2359 =
A 53 2& oqsa 4EREC FQse A=
g A o>,

A AUl A §4 5 & opioid peptidesS of & enkephalin,
dynorphin A1-8, dynorphin A1-13, dynorphin A1-17 ¥ beta-
endorphin 5] EAJsE Ao WA vk Proenke-
phalin geneoll ¢]8] §HE0{ x| & enkephalin® delta opioid
Fgie B ME94E Yehun prodynorphin geneo]
)& AA+5lE dynorphing - kappa opioid 849 ¥ &
A4 e vehlo] A AHA A @ B3
+ Aoz &eA 3o, $¥ deltat} kappa opioid F-& A
st ¢2] mu opioid FEA Y & AR E JYElE
WA opioid peptided] th&jrie obF7tA] =] o
7} B2} proopiomelanocortin gene®} #Ajel o] AAts]
= beta-endorphinT} enkephalino] mu opioid =&} W
A opioid peptide 24 2§ @i Ro] FHojr}. £3| v}
ok ANEAZ %2 morphined ZH P FEAFAE Y
R A gt 47159 A, EFAA, ), tolerance X de-
pendences} 7+ ¥ 28L& Fudd o] ¥ A48 Ug
e 7)Ao mu-opioid 847t B e AR

g3 A A

H2de F4A g 4718 #dH i A
59l agonist®} antagonist®] 7j'de] §31o} mu-opioid
s g Ao thg subtypeo] EAstn ol HHAL Y
t}h &, muld} m2E ohA] AR E A o] E mu-opioid
S84 subtypeg& G o2 FEIAANE EA
£ YYD Qe Ao WA Yo AAHOE o
£ subtypeEo| 2|7tz A @A A F
ojFog godeAd daiME oF deA AA &
% g;gol E}Zﬂ,lo‘

getd B aFdME AA7X $3 7 mu-opicid T
£ 9} cDNA cloning dataZ 7]% 2 3o} &% amino
acid A A E& YA & YEh & amino acidE pep-
tide synthesizers o] 83le] A3 x, ol& YYL B o]
§3to] mu-opioid 4&d ¢ ¥IHE JdnA
stk ®oh opujel AitE F¥HE WH2A3YY
& o} §8}e] screening 31 J o] +-¢ FUYL §
2] 8o} absoption control L 3419} sub-epitoped ©] &3}
o} epitope mapping& A T3t} T3 13} screeningE
olx BYH L o] 83 mu-opioid & A E transfection
A7) cell lineo] #-§3te] AAtE F¥Y9] Sojga A
94¢ AAQstaA 3o

JUESE: Oy

ool 4A % B4 - 839 mu-opioid FEH 9 o
g ¢DNA library' "*& u}¥} 2.2 MacVector 4.1.4 computer
program® & A 23 & & FUHE el AL
2 UEld mu-opioid & # 9] C-terminalel] ¢ X% 157§
9] peptide(NHQLENLEAETAPLP/amino acids 384-398)&
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Y A0S A% Y928 493 e A
€% 1570 ¢ amino acidE Applied Biosystem 432A solid-
phase peptide synthesizerg o] &3} A g o, 4
¥ peptide(%} 10mg/ml)}E 7% glutaraldehyde(Sigma ; 30pl/
ml)Z bovine thyroglobulin (Sigma : 40mg/ml)oll conjugate
AlA B8 B A8 New Zealanddt 7)) ZF 3}
Atk HE A4 U2 01M2) Sorenson's phosphate
buffer2 4 3}a] FE7} Img/mlo] HTF ¢ ohg ALE
& W7tA 20CoA Basic

BUE YUE 2t SEHE U YUY BN
New Zealand?t E7|(70}2])E o] 838t mu-opioid &
Ao W gAY S A4stnz dJqt A FFde
1mge] peptide-thyroglobulin conjugate & § Y& ¥] Freunds
complete adjuvant(Difco) 9} 4101 M A3} ¢ & 4YFEY
Ry 4208 Uo] FAL8I¢ T} Boosting effect
€ A% AHFAAE A ALY $939 128
593 %9 Freund's incomplete adjuvanto] 3427
A HFF 257U AR FHE 270G F4
gt 330 2A 4L AT F 15Y0] AHEAAE
BF 75 A HFE AYTEE RAT F ear vein
oA FAZ|E AMEE 2% A¥dn AL Bas
o obgfo}t 2 27AA AHLEAT AREH At
H #8Ho] 2L q71s} 5ol & Hol: AAE MY
3te] OhA] 2702 YoM 7] HEoR AHF
3o} FEY S 4718 Folnz A T3¢t

MOR transfected COS-7 cell & 0|28t B8&o| #E:
COS-7 cell lineg o] 484 mu-opioid 4=& 3 9} human in-
fluenza virus hemagglutinin epitopeE 5] transfection
Al# A 24t epitope-tagged opioid receptor COS-7 cell &
Dr. Horance H. Loh(e|% 59|46 222 o) sheje}
estma)z ¥8 FFU & AT PAIE A7
232 PAg mu-opioid receptore] o @ 384 9] spec-
ificityE 733t CoverslipifollA] #j<k3} transfected
COS-7 cell 4% paraformaldehyde 9}t 0.2% picric acidE ¥
g%+ 0.1M phosphate buffer(pH 6.9)2 1A]ZFE<SH A 2] 3}
o AT 1A 0] E COS-7 cell phosphate buff-
erZ AFuAAE AAE T 1% normal goat serum, 1%
bovine serum albumin & 0.3% Triton X-1002 H]E0] &)
F&E dAsAT

A48 MORY| tigh #¥H(1:5000)3 human influ-
enza virus hemagglutinin eptopel] o} $ monoclonal antibody

(12CAS, 1:800)8 AP $9422 4TA 1247 04
Aot A2 gEH )zt B transfected COS-7
cell2 fluorescein isothiocyanate(l : 50) &= lissamine rho-
damined} conjugate Hof ¢l o|AYAZ 71N 3
t}.
immunohistochemistry & 0|8 #¢Ne| #Z:
A% 150~200g 2] Sprague-Dawley% 317 & 7% chloral
hydrate(350mgkg, ip)2 AT} A2} % 4% paraformaldehyde
9} 0.2% picric acid® ¥ 3% 0.1M phosphate buffer2 Al
e B FUNA 148 ¢ F brain3} spinal cordE £
3to] HHUE AZs}7] AAhA 10~20%9) sucroser}t i
¥ PBS9 #elatglch”. Sucrose 4{2)7} E brains} spinal
cords= cryotome2- Al-§-8te] F 47} 10~14pm HEZ sec-
tiongt ¥ indirect immunofluorescent histochemistry**oj]
At AT A AL sectiondt Ao FEE
Z}7] @&l 3ked(1: 500~1:10,000) X 2] § F 18~24X| 7 F
¢ 4TAA B FESYT. UEFE 242 PBSE
ALgste 25 $¥H L Mol ¥ lissamine rhodamine
o] conjugate = o] gl donkey secondary antibody(1 : 100,
Jackson Lab. MN)& A &AM 4587+ A2)sta] ¥Hgo]
dojutA ATt ¥H&-E vh3 232 Odyssey Laser Con-
focal Microscope system$ o] £3le] WMy J2E
#atn, 332AH AE7A ligand binding autoradio-
graph®¥l 2 in situ hybridization®§ & o] &3] WA o|&
mu-opioid receptor®] ligand binding site$} transcription site
o] #3¥xx9 dlmslgct. E§ immunohistochemistrys]
AHEE R L 2o AX3}) Mol gPoz A
S synthetic peptide® A-2oA 1A ZHESH AAX
F YoM Jled w4 YT IO absorption
control 2 o] -&3gic}.

Epitope mapping : &Y< sub-epitope o] &3t 2
AYA ANE gAY o] Fd oF HYE FYo
2 3o AHA=EAY 92 E A3 98H 39
22 AME% peptideZ b33 go] 3713 sub-epitopeE
T2sto A2t £ A9 epitope mappingsl) A}-§-3}
%t} ( 1) NHQLENL, 2) ENLEAET ¥ 3) AETAPLP). ¢4
A upeh o] A YFH & 27 A3 A
of Z42te] sub-epitopeE FF AT AN 1NTFS
3H-&- A7 absorption ¥H-g-0] Yo E 1S T}, Absortion
o] ¢ 383 ¢ 249 A3z A sl
A% FUG B2 22+ subepitopec] tfs) drh}
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absorption HRAEA Y AR E HdzAYRYo2 IF
B

e 4 : A9 A4 ¥ 23 Y transfected COS-
7 celle HYxZgMo] 25 H ¥ Bio-Rad MRC-1024
Confocal Imaging System(Bio-Rad Microscience Division)&
ol g3t NHNEY 44§ TS B4 AL

. 4% JAEL digital image analysis system(Meta-
Morph, Universal Imaging Co.)& o] &3] ¥43}9ic}

d

Epitope-tagged opioid receptor 2 MZuf £X :
Transfected COS-7 cell oA #& = mu-opioid =4
Ao ¥ immunoreactivityMOR-ir)= Fig 1Bolx H&
u}s} gro| plasmalemma oA FE2 #AHJUT. ¥t
ot g} endoplasmic reticulum3} Golgi apparatus$} 22
subcellular componentEd|ME WA GHA L BBY &
At T Dr. LohZ H ¥ FF¢L transfected COS-7
celle] AA o 5% A Eo)Agro] MOR-ir& UYellE A
o2 BFHA o MOR-irg #AH & YUY ZE A
¥ A& TAG-immunoreactivity(TAG-it)S &2 5 4l
o] UM T MORT TAGE FAd $&8E A &
AF & AT TAG-ird] Y44 Y-S MOR-ire] G4
A A% YA dASA(Fg 1A% 1B). ¥ of
Y2 MORTAG COS-7 celld] MORY| tj g ¥ &
A&7 Aol "o ALY A2 absorption A|F &
A% TAG-ir& Q9 wz] ghgtA vk MOR-ird ¢4 3]
$iold & B2 + JArH(data not shown).

Epitope Mapping : ¥ 9794 443 MORe] tf &
g8Ho] YA FH2Z AT synthetic peptide
9 ojdd R o HAHAE/E AF3H] AHA
epitope mapping] & ©] 43 Ach YU 2 ALZ G peptide
& N2 234 ZFHIEE peptide synthesizerZ A 2
subepitope( 1) NHQLENL, 2) ENLEAET ¥ 3) AETAPLP )3}
U g 2o A3} Aol oA WEAN F
zAd Az s Fig 2014 BE vt go] amino
acid 384-390(Fig 2A ; NHQLENL) % 388-393(Fig 2B ; EN-
LEAE)E o] 43to] MOR 38 H & AAHA 8RS 4%l
£ 10°Mol = MORe| tf ¢t 8RS g4y 9%2
uhx] ok9kt}. 3} |9 amino acid 391-398& o] £3la] A
A EGE H$ 10°Mo) 4 = MORY) chg ¥ Y @

o) 43 AgH e A& BBYE F AN HFig 20).
o2t B 4¥o)AM B4 MORY iy ¥4 L amino
acid 391-398 A}o] ¢] 5~871 9] amino acidE epitope2 31
ANE Rog 4744

mu-opioid $&H 9 MEU EXT : 39 F3A
AAY AZAEUAAM BF2EHE MOR-irg] £X & AH
AXY e FF g g de2 ALHJAG
(Fig 3A~C). Spinal cord dorsal horn®} superficial layerol] A]
F2 FEHUD AZ A XN MOR-ir2 B 72 A A
X A (perikaryon)®] 4] 2H(Fig 3A, amows)ol X #&F 3l 2.
o] 74 welA & dendrite FEANAE AL #2E
4 9% thFig 3A, arrowheads). WHA fasciculus retroflexus
(Fig 3B, arrowhead), medial optic tract(Fig 3B, arrow) ¥
sciatic nerve(Fig 3C)o| A #& 5+ MOR-r& ti#& axon
of §A 5ol #FE A Fig 3BAXN B vpgh o] 4
HMEZ oA enucleationd 2 A3} medial optic tracte)
2 24478 AANAE A AYAHY BEHF
71 7}A 1 9l medial optic tract)@} enucleationg A&
3 28 duHHH enucleationd] &3 FZ9] medial
optic tract} ¢] MOR-iro] 445+ A& B2E + U
th(Fig 3B, open arrow). 7t o} &} sciatic nerveE &
Hog A% 9 ASAE A2F Agto] ZHgd
& MOR-iro} ZZ% 4o FAsE @48 BdE
21 91 th(Fig 3C).

EFMAA S MOR-ir Z% : Spinal cord dorsal
homn9} superficial layero A MORdY| o3 7§ HE Gy
A& JehlE A7 networkg #EY 4 IATHFig
4A). o] A7 networko) A Fa5]E MOR-re Fig 3A0
M B g o] AZMEY NTAE T4 glE
A X3 dendritef A F2 FEED, AFHEY var-
icositys] = #2 5 ¢ t}(data not shown). Dorsal rhizo-
tomyE A &3 4E& A S AEF £ spinal cordif o] Al
73 M ¥ varicositys] A 25 91e MOR-ir @43 A
& 9 2] 9HFig 4B, arrows), ©] ¥4 9] A A M X perikaryon
AolM BEHY ga840 s 9 vAA ZId
(Fig 4B). #7} o}y 2} dorsal root ganglionjo] 4 = MOR
of g#t A9GAN S JeEhdlE AFAEY AEHE
A2 & U rH(data not shown). o} 2] & ALA 2 1] 0}
E ' spinal cord superficial dorsal homolA #HZEHE
MORY %4& YelulE axond] thF#-& domsal root
gangliono] A fe#j€ Ao Hld
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Fig 4C%} Do) B v} o] striatum3} subcallosal
streakol] | & patch FE)e] MORd W@ 78 WggdH
g2 F2E 5 AU patch ¥ ej 2] MOR-ir ©] 9] 9]
BRAMNE 57 AP MORS tig Huhg&
U ERY Q1 th(Fig 4C). Patch 3 €] &) MOR-ir& A 2 stri-
atum$] rostral-lateral portionol| 4| 743} @§AH LY o
g VAL in situ hybridization Yo o3 A F7A ¥
&7 MOR mRNAY| ¥¥4%3 U@} Pachrfo]
MOR-ir& Tl &2 333 Z3} MORd tis] HIEH
422 HolE 2T u| A vesicleE o] patch Ul A &
F = Ach(Fig 4D). 0] ] o| = nucleus accumbens$} island of
Callejao]] 4 = MOR-ir& #2+8 = 2l th(data not shown).

Habenular nucleus®] lateral portiono] ] MORd gt 73
& WG Augo] A YUTHFig SA). o] F9]¢} MOR-
ire THj &2 BEY A A stratumii 9 patcho] A
#3Y 5 ANY R FYsA MORd 73 Hqutg
€ HolE vAE vesicleEE FAH UAHFig 5B,
arrowheads), ¥4+ o}1] 2} habenular nucleus®] & 9] Zojl A
= MAMEA plasmalemmai}o] A & 748 H QA gt
28 #4% 5 92U cHFig 5B, arrow). Locus coeruleusd]
AN AF7AA in situ hybridizationd o] oj&) ¥
MOR mRNAY] B ¥ 539} $U§ %Ae) MOR-irg #%
& 4 2l th(Fig 5C). #5t o} e} interpeducular nucleus
o= MORe| thd HHQukgE 2 + AL
W E3] interpeducular nucleus® caudal subnucleustl &= 7

¢ B deh AThFig SD).

Iz #

o] g0 PFH9 FFAH A EA3H= mu-opioid
443 t$ cloning data7} HEE ©]F'>' in situ hy-
bridization ¥ & o] &3 F3:NZANY mu-opioid T
£ mRNAS] 237} B 25} o]& mu-opioid
L4 E¥EE o4 ¥ A ligand binding autoradio-
graph' o] ] mu-opioid receptor®] binding siteol] i
BRYAgT & QA e Ao A g

2 7oA 4AHs MORe it &84 274
837 MORY] cDNA data® w& 2 C-terminus® v}
29 1578¢) amino acid$} ¢ X8} synthetic peptideE
gPog olgstd et YAt YFH L tissue
section} transfected cell lineo] A F3 o2 HHGAulg

& Yehile Aoz HEHUeH, oY Aggae
S FEYF AHEHAD YU AAXNPLEN &
A AANY & U £ epitope mapping Z 3ol
A Jehd vhe o] 44E A MORY Ceterminus
Z v}zj et 5~870 9] amino acidd] E& 33 Eol4
£ Yehuich 8ok ojujet Az GAYE o] &3
o 4YFEY FHUFANY MORY iy HHGuHE
& ZA¢ ZAx autoradiograph Y-S o] g3t L
mu- opiod binding site®} in siu hybridization Yo} &g
MOR mRNAS| #3873 443 dAge 222 &
Yt olH A o] & AFAA 44T
3¥ 32 mu-opioid receptors]] tha] ¥ Eolda HH
Ag Yehdle Aoz FFEUT

e FE3 L o] &3l MORY AZAMEY £X
g zA8 Y vk R 29 MORY & HAG At
2 NRBMEY HEA S dendritec] X FHHUT. 2
Ay AZHEY AXAA F2E = MORY EEY
Ao MAMNEY FFHG £EH YE AA TdPA
tad delz el o & SolA spinal cord dorsal
hom¢] superficial layerol A ##5E MOR-ird i &
AZHEA ] plasmalemma Ao 23k e
cerebral cortext} locus coeruleus®} 22 brain nucleiof A}
##5HE MORY gk HAGYH L AFNEAY
subcellular componentE-o| A BAHU. o]EHF Aol E
yehle 7139 dsiMe okzztA B wrt ge
1} receptore] turnover rate, trafficking mechanism 3 int-
emalization?] oA 7= ALE 54t

AZAA WolA ©aEE MORS axonal transport 34
& dorsal root gangliondl| A} spinal cord dorsal hom<] super-
ficial layer 2 accessory medial optic tract” o)A H3
@ v k. B A¥AME spinal cord dorsal hornol] 4]
varicose fiber Wol] v} M3 vesicle £.%¢ MOR-irg #%
T 4 2042, dorsal rhizotomy o] F dorsal homg] super-
ficial layero] A @& 5w MOR-iro] @43 ZAsHE ¥
A& BFY F AN ¥ ofy g} sciatic nerveE T
HoZ AU E A4 2EFNE FHLE MOR-iro]
%4590, unilateral enucleationd] 2]8] #Z 9] me-
dial optic fibere] MOR-iro] 2¥ = & 4T BEH UL
FH F£9 34 axon Yol A &5 = MOR-ir ax-
olemmad] oA FAE R Yl vesicle FeiZ #&F
SE Aoz v ALARAA FAHE MORO| vesi-
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ces] §912 wons] Yitol} BH7IE £45E 3
oz 329y

ANE FYHE o83 AFY FRAAARS
MOR.ire] RE¥T & AF74A ¥82 mu-opioidol %
ligand binding autoradiograph & & WHH F5474
A9 mu-opioid 5g ¢ £X 592 caudate putamen,
thalamus, interpeduncular nuclei, locus coeruleus, nucleus of
the solitary tract ¥ spinal cord¢] dorsal hom -9 A ¥&
gz g FRYYG . B3 mu-opioid FEA7t EL
binding density® UEh & FHEL THFEY NAEA
Wjo) A sensorimotor integration, pain modulation % tol-
erance A4 3 BHSA A A& 23 A
Abstn Tk

Spinal cord dorsal hom®] superficial layero] ] ¢] MOR-
ire R AAALY HE A} dendrited] A FEFHA
o dorsal rhizotomy o] § 9] o] MOR-iro] ¥#3] 7
AdtE AOZ Hol o)F B2 dorsal root gangliond]
A HaEE AL #A8 & AU 82 2 dorsal thizo-
tomyE AAN BT & Fol & AFsHE MOR-ro] 3l A
o2 v]&o0] spinal cord 1} 2] mu-opioid receptor:= dorsal
root gangliono] Al 23} presynaptic siteS} spinal cord
ol EAste NAMEY HEAY dendrite} 2L
postsynapses] 25 EAsE A& §U¥ & AN
E spinal cord }¢] MOR¢ primary afferent fiber2| A7
AgEAe Bu§ 2AY Bt ol1je} spinal cord ol
91281 ¢l= dorsal hom neurond] ¥H3-& A3
o) Boi¥ Ao AR Y. ol AE olv] ¢

A FEE et 2 374984 2UIRER ¢
2L L

i £

2 7oA A4 mu-opioid receptorMOR)d o &
gy e AF7A §8 72 MORY cDNA datad H}F2
2 MORS] C-terminusZ u}A| 2+ 15749] amino acidst
A& synthetic peptide® FUOZ o] &3t AU
o AaE 3P Boln Mgy L 4rtg AF9
7] $14 tissue section3} transfected cell line:& ©] &3 £4
ABgAQ Wed Bz ygage 5 AR
v} 44bd MOR 83L& 233 WFAR EAe
MORS H¥Hog #Ad: AL & &+ YU £
epitope mapping A ol A Lheb vhgh go] Au¥ FF
A& MORY C-terminusZ v} 5~8709] amino acidol]
we ABAT Bol4 L Yehich B okt BY
2AGAN g o]f3d AYFEY FFAZEA U9
MORd| did HEure g 2ALE AFE 7| &) 93
autoradiograph ¥-& ©]-83to] A& mu opiod binding site
9 jn situ hybridization ¥ 9] 2] 3 MOR mRNA9) ¢d 7
g3 $As] dAsE Ao FFHJUT. o]HE Y
A3 v 20| B A7 P 883 L mu-opioid re-
ceptord] Ui B & EolAs} HEA & UeiE RoE
A28 4 Yo o3 MORY WE $53 YHH
& ugoz ¢oz Mgy MORY AEAEHAHA 7|
B¢ uled §83A ol =g ArER

Legends for figures

Fig 1. Testing of MOR antisera specificity on transfected cells. Immunofluorescence confocal images of COS-7 cells transfected with
MORTAG. MORTAG cells were stained with anti-Human Agglutinin epitope(A) or anti-MOR antisera(B).

Fig 2. Epitope mapping of MOR antisera. The MOR antisera were pre-treated with epitopes of MOR : amino acid 384-390(A), 388-

393(B), and 391-398(C).

Fig 3. Cellular localization of MOR-ir in the central nervous system and the sciatic nerve : Sections of spinal cord(A), midbrain(B) and
sciatic nerve(C) stained with anti-MOR using immunofluorescence as visualized by confocal microscopy.

Fig 4. Distribution of MOR-ir in the spinal cord(A and B) and striatum(C and D). (A) Immunofiuorescent confocal images of the dor-
sal hom stained with anti-MOR. (B) Seven days after a unilatera! dorsal rhizotomy, a reduction of the labeling was apparent on
the ipsilateral side. (C) MOR-ir was abundant within patches as well as in the subcallosal streak. A fine punctate labeling as
well as a more diffuse labeling were seen in the patches at higher magnification(D).
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Fig 5. Localization of MOR-ir in habenular nucleus(A and B), locus coeruleus(C), and interpeduncular nucleus(D). Confocal images of
coronal sections stained with anti-MOR.
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