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HENERETH I EL LR CNT 2BENRIAR P - 2R
) PIHIALIEORMMICTFEET 3 2 L WI9TIHEZ Goldstein Sk VEFSH
WKENY . THRIITHE Hughes SIZ XV T ¥ bk o “BEHON Y INT
F F+ methionine-enkephalin (Met-Enk) BXU leucine-enkephalin
(Leu-Enk) DSHBEXH. Zh o BHEMELE ZBXRTFF (FEAFLF
NTFF) THRZEPHLIRENED . FhlE. B-endorphin.
dynorphin HEOBRADFES 4 FANTFIFBRMBLUTERLVERIN
DU ENSGNRTTF FOEFNTON ., HEHREE LUEEEHRRD
CVTHELOMBEBRENTE R, —F. DEBRINT B4 4 1 FEE
OFHEEE U THBROA CL— F 2EREZNT3PRIEASEL 60
TERD 1O, Fift. (DRI Met-Enk. dynorphin ¥ &3 2 ¥EDA
EAARFNTFFBEETZIEW bioassayB & U radioimmunoassay 2
KVHOHREN'V D T ERTFFHOBHU CEBEREEU
TOL RN RBEINTV SE, UDURBSFEF AL FXTF FODE
KHBIBLMOV TOFMBMBILFHMELRL. T DEEEY
B3AEL 4 FEOBHEERC OV TOEEZN. E{LEMHRL BB,

AWMRETE. FEFAFRTFFOLDERBI 2EHERLBERT 3
HEYT. Met-Enk B&U Leu-Enk @lﬂ\ﬁ@?a)ﬁ’fﬁ&%@ﬁ?'fﬂﬁ,@ﬁl?h‘f
RIRHBILFNTFEREHOTHAN, FL2HHOBERONMHE T 284
OAEF A FREOFRODLTRE U, ¥ai2. ZOEABFERH oM
FBRBOBO Na* K, -ATPase FEHEHT B IHE D0 TRE Lz,
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FEFAFNTFFFTHS Met-Bnk & Leu-Enk IE. Bl B K URMEH
BRIJARHHTZZEPHMOATEYY 10, —RAEMBOEEWEES
2 6RTWVS substance P (SPYOMHREK D & OEHE MR T 5T &1
ERYIABBELCBOT /AT F LTI YBBEOEER K ORI
TR REBROEHEHLELU TV A EPREINTV 5. &ill.
ZHheEDFEF A FNRTFFBOEIEET S 2 EBELEHRRIEKY
HEMEER D0, F . FEL— F BRROTER OV THREEN
TV 8 Uh URB OB S ink OFEERB I UZAL
DOV T OEMRBRIBE LRV FETOBICBTS Met-Enk BLUlLeu-
Enk ORI OV THREMABILENFRLAVTRAL. Tob

WHEETSZEBHMoNTVS SP1O 20 B X UMEHRENENT F
F (vasoactive intestinal polypeptide, VIP) 217 ?2) B89 % Mg
HEOEERZOVTHHANE, T, BB LEMRHLEBLT Enk &7
Fa—L7 IVHAHERNEHEET S EBREIN T B2 20 2
XV, DEBRBYZEYEORFRDVWVTHRHT A2 OITFI—-ILTIY
OB OVWTHHFANE,



E—fi T2V T77UYEEMES XUMRREDS

x B OHF &

EBRUWEUTHER22 (KE2.5-3.0kg) 2HL R, 22T %
—VEHB TR TESAKSRL VEERIEKEFAT S &L MBRE
UHIU. WV TKS Zamboni %25 (2% NIRLATAFEFR. 0.2%
EZUYBRET of 1.0 0V YBEGH) TEREE TRk, LRE
HHUAHEOLE. DEHRE. EHFOL0E. KEk. HElkEOZBAIL
NEURE. XoRABERICZTRIEMZEEER2IT>R. ZO®K.
ZFABE 20mM VU VBREGR (ph 7.4) 22T HHEAEIEK (Phosphate-
“buffered saline, PBS) THHU. X HIZ 30% EERLEY PBS W4Tk
TUBEBREAUVER. RRERARRZNIVWT Y JRZAEU. BEREXTH
HUBAYRY I Y RQUEETON YR &Y EEE. 7UFAF Y PR
T 20-30um ODEXOREUIFEERL. BIH7 AT IV ERA U L HE
A5 4 FHIARMY D0 Coons & DFHIEFES it - TRIBS YLK
EiFol. —RHKE UTRRE VIERUR Met-Enk BEU Leu-Enk @
PER. FhZRPiEKE U T fluorescein-isothiocyanate (FITC) 2k
YEZBINEHRRA LT VIWFEmMFER2HAVE. SERTHEHE
YRERE L CHRUSERE UK. AT SV Y —T4Y YREL
THEBOMREITo %o

£ B g R
2ANERBOVT Met-Enk $30IE Leu-Enk 2 8H T 3B EENE
BIN. fiIiFEDDEEBVTHRZLL Aoh. DETHIZEAERDS N



Pk, Tho® Enk BHWEREMIE. OFEORRHIREOEF ICFE
T 3REIREMRHERORMZBICEZ (BRI NE (Fig. D . k. #d
EREEEOHHBLCBLTD Enk SEHBRHEITD on. OBHHIR
ALTVWEbObAEONE (Fig. 2) « HEDBOLHLEORLERFBI
BOTH Enk SEMBBESEREINE (Fig. 3) .

Met-Enk 5V Leu-Enk 2ETHREBLEREBVTEECHBEINR,
U URPODEBLIUDLETRIEEAERD o2, BEYRT
DI LY Met-Enk EHMKEE Leu-Enk & FMIEN I >R @AHKOR
B LUBEFRRTHZIE PRI R, CH o0 Enk 2R3FT S#MED
BRERI10-15umTH V. BB EVEEREERUTHEL. RVERE
(20-100pum) BT 5b0dF® IR (Fig. L . ARFEEELE
EY SRR BREBEEHCGEEUT bk 8EROERABEZE HAoh. —#
DdHOEZORBL2AWRHOFRMEUV TR (Fig. 5) o Fh. HEHR
FEDOBHEPICD Enk BEHERBA 6. K<RLERRLHN-
THEUTVWEHDOLEEIhE (Fig. 6) » KENREIOER & FFEIRE D
HOMOBAGHEBTEAMHT 3AVELEORIEICEL LD Enk SHH
BEDsh. — OB ZORELOMEA F THILILV T S088
gxhk Fig. D . k. SRERE. HEEHS XU TRERFEALEN
FOOHRHETRS EBWEL O Enk EEHRPA . —BOMREZ
OFEELRMO Enk EFMERCRIMIILV TR (Fig. 8) » LBERBY
% Enk @EMROAHC OV TERME Fig. 9 KRUE.
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Fig. 9. Schematic representation of the distribution of
Enk immunoreactive cells in feline heart. Dotted area
represents heavily stained region, and striped area
represents moderately stained region. (S.V.C ; Superior
vena cava, I.V.C.; Inferior vena cava)



Legends

Fig. 1. Immunofluorescence micrograph of the coronary sinus
region. Several varicose Met-~Enk immunoreactive nerve fibers
(arrows) are observed around some non-immunoreactive ganglionic
cells. Bar indicates 50 um.

Fig. 2. Immunofluorescence micrograph near the sino-atrial
node. Met-Enk immunoreactive nerve fibers (arrows) with
varicosities are localized in the myocardium, penetrating
into the musculature. Bar indicates 50 um.

Fig. 3. Immunofluorescence micrograph near the sino-atrial
node. Leu-Enk immunoreactive nerve fiber is observed running
along the coronary blood vessels. Bar indicates 50 um.

Fig. 4. Immunofluorescence micrograph between the aorta and
pulmonary artery. Met-Enk immunoreactive cell clusters

and single cells are present in the connective tissue.

Bar indicates 50 um.

Fig. 5. Immunofluorescence micrograph near the sino-atrial
node. Met-Enk immunoreactive cell cluster is observed to be
closely contact with ganglion, and the single cells extend
their processes in the ganglion. Bar indicates 50 um.

Fig. 6. Immunofluorescence micrograph near the sino-atrial
node. Leu-Enk immunoreactive cell with long process is
observed along the myocardium. Bar indicates 50 um.

Fig. 7. Immunofluorescence micrograph between the aorta and
pulmonary artery. Several Leu-Enk immunoreactive cells are
iocated around small blood vessels (asterisks). Bar indicates
50 um.

Fig. 8. Immunofluorescence micrograph near the sino-atrial
node. Met-Enk immunoreactive cells extend their processes
toward other Met-Enk immunoreactive cells. Arrow indicates
the cell process terminated near other immunoreactive cell.
Bar indicates 50 um.









B_H IO TI7UVEEMREYTAY APBAUVIPEE
MR & O BE

x B G &

BRI FBROTE TR OB E W REVFRERU. SP & VIP DL
TRIBEAFHWEL RV RBERERIT >R T A—HIHRBL THet-
Enk & SP OEBERERER. ZOBEEYIA T VIP ORBERBERITo R,
ZERATERYUEE UTH SP £/ 7 — k& Met-Enk KR
MFOREGER. ZXEE LT FITC EBHMERAI A /7T Y VLE
& & rohdamine-isothiocyanate (RITC) BRFiS5v b4 A/ a7y
IFEMBFOREGERR AV k. VIP ORBERE—RIAKE UTRRTERU
Pt VIP iERHV 2,

£ B # %

SP 5B VIP RATHERESLE. 0EESRESMERIhL,
DBEAHETS P 530 VIP SHAERED > 5—BObOU Enk
EEMRCEBELTHHLUTE. Figs. 10,11 RE—YIFTD Met-
Enk & SP OBREORRERL k. Enk @ EEROEROHRE SP &
BFHREREIATU TV E0PBBRI N, COYRRBEZELRYFRS
WTVIP ORERITS & (Fig. 12) . Enk 2 MROEROHE FERL
£ O VIP SEWERESAHLTLEOPEREN R, BXO. Enk &
HHBECOWTHBETZE. SP 530 VIP 2867 2B/ Enk
SHEMPERUTHEL. ZORELMVEATOE (Figs. 13-15) .



B2 TV 7YVEEAREAFIA-ATIVEEHREORE

DECHF AL IVEFRRRESI T TSI LU LSHONTE
Y. Fh. IFaA-L7IVESC/PEOMIA (small intensely fluo-
rescent cell, SIF cell) OEFER PV THW|E IR TS 29, —F,
BIEY LEMRHMICBVT Enk &EBF -7 IV PE—HMREILHEFT S
ZEBWEIND 2D | HHEOBEHEENRBIN TV S, KETU.
AFA—=N7 I VOLBBTFEAHLEO0TT YA VBRIEY 2HL
THN. Enk EEHBROL M & DBBRZD2VTREU 2.

£ B A

$hiE 3 2 RERE. BODIGDERMEBU. 4% NI RILATLFEF.
0.5% FLILTZLFTEF. 0.2% ©2 U VEE. 2% JUF RV ILEE. 15
% BEEREE 0.IM U UBEER (o 7.4) WACTHMBREL 2. 20
®’. DEERAXOTOAYIRASEUTHE. JUAAY Y PIIT20-304m
OFFNF BVERU. SFE7AT IV RBA U RBENXATIF T I AL
ook, ZhE 4% NIRLATZLFEFR. 2% 7 UA L VLB,
15% EEE2EL 0.1M U VBEER (o 7.4) KICRKTIKMREU RR.
60°CC30A M. VL YHAU THS B LEME I TR U,

=z B & R
NFA—NT IVEARF > RARBRMEDOE. LERHEEHBED SN
BUMBEFREBLULHPIRZBBEINE, Sk IFA—-LT IV
HAEEFOMEBLBELBVWTEHRA N, TOEETI0-15umTH Y.
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RVEEEETID0bH SR, ThoOMIEE. BiCHBEFHREL.
A B R B T 8B & Eh R B 18 o0 R o0 ) S Ik i 1 1 B 0 5 L R B L2 5 %
LBEEhk (Figs. 16,17)

Legends

Figs. 10,11. Immunofluorescence micrographs near the sino-
atrial node. Double immunostaining of Met-Enk (Fig.10) and
substance P (Fig.1l1l). Many Enk immunoreactive cells are
observed in clusters (Fig.10) and several substance P immuno-
reactive nerve fibers are localized around Enk immunoreactive
cells (Fig. 11). Bars indicate 50 um.

Fig. 12. Immunofluorescence micrograph near the sino-atrial
node, adjacent section of Figs.10,11. Many VIP immunoreactive
nerve fibers form dense network over Met-Enk immunoreactive
cells. Bar indicates 50 um.

Figs. 13-15. Immunofluorescence micrographs near sino-atrial
node (Fig.13) and between the aorta and pulmonary artery
(Figs.14,15). Subatance P immnoreactive nerve fibers with
varicosities (Figs.13,14) and varicose VIP immunoreactive
nerve fibers (Fig.l1l5) are observed around Enk immunoreactive
cells. Bars indicate 10 um.

Figs.16,17. Histofluorescence micrographs between the aorta
and pulmonary artery. Catecholamine-containing cell clusters
(Fig.16) and single cells with processes (Fig.17) are present
in the connective tissue. Bars indicate 20 um.
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FHE F R & bR

DEOXEHRTHIXEMES XU LEWREERO—38Y Enk 28
BHUTVBRZERMETNTEYO 3D | Tk, FHD X AOREHEN
W Enk BEMREPEET A ERMBU TV S, ThaDI &LV AR
BRTHEICELED Enk SEHRBREOHREIARMETH S EHER
>h 3P, LDERAMT S Enk EFMRBRVEELBELUTWRIEDS
Enk @FMREHEO—HoboRZOMENEXEBL 6N S, '

DB % Enk EEMROERIRRS XURRE. IF2—L7 3
VEHNEFETAHMROENEIEFTR & CHEBU TR, OETFa—IL
CVIVRBETS SIF cell BEETAZEBMETHTHYE 29 K
RETERIA R Enk @FMILLL SIF cell THBEEZ SN B, Enk B
SET 3 SIF cell OFERDOVTU. BLEY } O LHEHELD . 22
DIEREMEHC® . b F RROXBEWREY LB THEEINL TV S,
SIF cell OBEEREUTUREEOEZ 3 HARIEHE ORI N TVRNLS,
MEHAO ATERE . NARERL. 53V IHEEBERE U TORIER
RPUTWAZEPRBEIA TS 30, KERTO Enk 8FHMRKD
W OMBH LT R RN Fig. 18 WRU BB, Met-Enk BLU
Leu-Enk 2 8F 7 S Mall. TOEERMO Enk SFME. B RMEH
Mg, M. DHBREELTVWE. 2ThoOERLVOED Enk WLEBD
e BBVEIF AT I YOEHEN U TOMED X UEERE HL
UTWAZ ENRBINE, T SP 50 VIP 2EHT % MG
2 Enk SEMBORBMRBCAHLU TV RIE LY. Enk DIEEABI NS
NTFFREAVFAHRRI TS EEDREI N, SP PEMEREFE

- 13_



UTWVABZERT 0, VIP BLBONK NI RIEET 52 &3 PIREINT
BY., ThaXTFFOERR Enk BESUTVWSaEED SR ok,

Sp CA  Enk-IR
cells .
Enk,CA @ Enk.CA
n

;\)\

Q2

Enk,CA
Enk-IR cells n Enk
Enk CA Ggl
(D

Atrial muscle ®I

Fig. 18. Schematic representation of relationships
between Enk immunoreactive cells and parasympathetic
ganglion (Ggl), blood vessels (B.V.) and atrial muscle
cells. (CA; catecholamine)

N

o~ hfE

1) Met-Enk. Leu-Enk EFMR S L UMEREDORE. RHHEFKERYU.
KENRF AR & WEHIRE OB O, FEREIRE S & U T KEIRE AR
FUREKBEETZIEBHoPR B>k, Tk, Enk FMEE
RVWERELET 3HOPH0. ZOREBLARWEN. mE. LB
RHEI U TV,

2) Enk 2@HHRE. #F7a2—-A7IVEEHETS SIF cell THHI &
BREN. $h. FZORBERIE SP BLU VIP EHEEREDE LS
HUTV R,
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B oE fmbhoBEESsryge S
H A 17 FEEOVEH

FEF 1 FEOLBRRCH T B MG EE UTHRBERRAT 55
DEEXSHTEIO 19 FUF 4 FHOMMES 5 VI ABREEL
X OHUES 3 VIR OHEC AL U 3 2 &GS h Tl 509 40
Z QI ERBWOME D 40 | AL 44 FORBED . FREREOH
W3O A RERXKOKELERS>TWVWS, —FH. DB Enk ®dynor-
phin BHDET A A4 FNTF K BSEET 52 & B ELENERE
KOREAID D Fh. WERBOT Enk SEMIS & IR
DECESEAM L. BEREERO LG ERCEEL TV R E L UD
BOWEH U THEA 4 FEDSERPEES 2 3THENEL 503,
ZZTAETIETY | OREOEEAR LT, ZONEE DK
SBAOAEA A FEHOEHIZDLWTRIFU L,

B GOROBE#HNEECY BER

FEI— PEZBEBRRZE L, 6,k DEZD200T YA THEELV. ThoR
BEANOKEORIMOBLI VA A A FHDBZBHCAHES AT
BA904D 0 yp-FALTEULTERIE R, §-F4TEUT Met-Enk BLU
Leu-Enks - 47 &L T ethylketocyc!azocine(EKC) H & Udynorphin
(1-1DRAVT. HLEOEHIEICH T 3EH L TRFA LU L,



£ B B %

HEPE Sprague-Dawiey (SD) %I v b (KE250-300g) % B#HK. L
2 U 959%02-5%C02 CHIFI U 7= Krebs-Henseleit (KH) @ TOES
DRYVELU. SORFLEEELERAHU . KHEOMAMIL. 118mM
NaCl, 4.8mM KC1, 27mM NaHCOs, 1mM KH2POs, 1.2mM CaClz, 1.2mM MgCl2
11.1mM glucose & U k. Fig. 19 WRUEL D IEEETD KHERHEE
URITIAENZ 1g ORATHLBRBEL. TOEBNER 5>
AF1—%—, RYTS5TENUTEHE U L. EXE0DE KHEPIKE
Us ZONFEP—EREVRRREEEYEERU L.

Polygraph
Transducer
Recorder
Stimulator < V;
n | e
Water bath @: <+95%0,-5%CO0;

Fig. 19. Arrangement of apparatus for measuring the
contraction of isolated rat atrium.

£ R #H R
HOBEOHBHNHBRHWLUTu- Y4 TOEILE R, 6-F 47D Met-Enk
B LU Leu-Enkll. 100 uMOBELHWTH T 2R ECEERSARP >,

- 16-



UDURB S, k-¥ 47D EKC I Fig. 20 KWRU R & 5 KFEEBIZHE
> TEWHRNGEAOER (BUYEAER) & ARGLHBOED (BT
EHEM) BUXBIUER. £k k-¥ 47D dynorphin(1-13) HEER
REBHEAEREZRU S EKC SHERTZOERDED L (B0uNT
$910%) o EKC OBHZEAEAWE 10 uMP EORETEEFERY . 50uM

10 sec
2
o
< | 30pMEKC l |
% - i i ‘I%!
ey I MM’M il
0 5 10 15

Time (min)

Fig. 20. Inotropic effect of ethylketocyclazocine(EKC) on
spontaneously beating right atrium of rat heart. After
equilibration, the atria were exposed to 30 uM EKC at time
zero. Typical tracings from several experiments.

200
~ 50uM
R
[ =
O
F
2100
E 30uM
o
[+
3 10pM
[}

0

0 5 10 ' 15

Time (min)

Fig. 21. Inotropic effect of EKC on spontaneously beating

right atrium of rat heart. After equilibration, EKC was

added to the medium to yield indicated final concentrations
at time zero. Each point represents the mean of four sepa-
rate experiments. Vertical lines indicate S.E.
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¥ CTHEBREEDED oL (Fig. 21) o Fh. EKC ORMERERR
DVTHIOuMP S50 uMOBRETHEBERKEESRDohE: (Fig. 22) .

200}

Frequency ( beats/min)

0

) 3 10 15
Time ( min )

Fig. 22, Chronotropic effect of EKC on spontaneously beat-
ing right atrium of rat heart. After equilibration, EKC was
added to the medium to yield indicated final concentrations
at time zero. Each point represents the mean of five sepa-
rate experiments. Vertical lines indicate S.E.

EKC OREZERERIHTIAES 4 FEAFEOFORY Y. BIUHR
AV VEOQ7 MO VOEERFARS 2D EKC OBRF0450EEY L E
AUk (Fig. 23) . 100uMOF 13 VEMIZ & O DIHEOED (30%)
BHronkHB. MEPLDH EKC OFEFARIEE > EERRIBP -,

-18-



200 o0—o0 EKC(30uM)
- e—e Naloxone(100uM) 4 EKC
Ls: &—  Atropine{2pM)+ EKC
3
s
-3
s s
~ 150
>
Q
[ =4
[}
3
o
4
u

100

o 5 10 5

Time ( min )

Fig. 23. Effect of naloxone or atropine on the negative
chronotropic effects of EKC. Right aria were equilibrated
for 60 min. Subsequently, an indicated concentration of
naloxone or atropine was added to the medium. EKC (30 uM)
was added 30 min later at time zero. Each point represents
the mean of four experiments. Vertical lines indicate S.E.

BIH EOBONEEWT SEH

T PBLTOHEOELBNENHOEIREFERT 52 EPREI N
TW348 4O DT, FIfiOALBRBLVTRD N - YL TOFES
1 PR BBHENEABOLHBOBEA K 5 ZRIROPE PR
T A5 OELEOREETNMICLVFERI L AWM TSERHLCOL

TR Uk,

® R A &

E—HEEBOFELLIVEBRLESY POELER KHRRIZSREL.
HE&MWBERBIC & B1.5Hz, dusec duration O TRET SIS

1T-7% (Fig. 19 B8 ,

- 19_



£ R & R

EKC & 30-100 uMOBER B THBIKFEH B HIOEERUE S
ZU% (Fig. 24) o Fi. EKC LRABC K- YA TOFTEFAFTHS
dynorphin(1-13) & HBKENIEIOMEEL20OEBI LR (Fig. 25 .
DY 4T DEILE R Met-Enk. Leu-Enk IR EF - EERE5AR
Poke k-4 TOAEAFA FRKXBBHENEHIZ. sEHEOTOT
50—l (GuM) « Ca2* OMBEPITEARBEET Z3XI NI =L (0.1 M)
CUNLFTEL QM) « BRUFEA 4 FEREOFORY Y (100 uM)
WXV FE-oR{EERZRTRDPo L,

100}
100pM

S0uM I

Wﬁ
of &

0 1 2 & 4 5 "% 16
Time ( min )

Developed tension ( % )
o
=

Fig. 24. Inotropic effect of EKC on electrically stimulated
left atrium of rat heart. Left atria were electrically
stimulated at 1.5 Hz. After equilibration, EKC was added to
the medium to yield indicated final concentrations at time
zero. Each point represents the mean of four to eight
separate experiments. Vertical lines indicate S.E.

-20-



[2 N
(=] O

Developed tension ( % )
N
[«]

=3
-
o
=
b

o

o 1 2 3 4 § ~ 10
Time (min)

Fig. 25. Inotropic effect of dynorphin(l-13) on electrical-
ly stimulated left atrium of rat heart. After equilibration,
dynoxrphin(1-13) was added to the medium to yield indicated
final concentrations at time zero. Each point represents the
mean of five separate experiments. Vertical lines indicate S.E.

B=E BR M

S5v } OWHOBERAONHEIHLU TuB LU -FLTOFEA AP
MeEELPRIBM >R, Saunders 55 HBRDE-F¥ LA TOFEFAF
ERVTI Y b OBEONEEN T AR RHU. onHERS
AR EBBELTVS. —H. k- 1TOAEF 4 FTHS EKC »
PR RRU B, COEARY FOE Y, FOEY IR & OISR
EhBPohIEk VAANY 2T BEES 3V E I REKO
BEEORVDOEEL Shi. 100 uMOF I %Y Y EHIT & 0 LHRO
T35 5 hie b [ERE (1-102M) TRELIBPoRZEXVFET
— }BERRATELOTURL FOFY Y OEEROBIEHEER S
N3, EOEOHBEHCHUTHE N k-4 TOFEF L F 2 & 515
WESER . EORORBRERIMC L VHRSARIHEH L THA

_21-



2hZE&ELY. EKC BLU dynorphin(l-13) &k 3 IDOERIEL. O
AEOBEDPECLXVEUVLRZRUBRDOTERVZENREh. Th b T E
T4V BBEENERZET 3 EBPEMER -T2, Laurent S EKC
B LU dynorphin(1-13) O v P AHERRSFL LI VMEOETHOEBI
TN BB FRNRG TUMECEHREILEA GNP > REHBELT
WA, HODMELAETOHEREEZEZASOES &, EKC 5501
dynorphin(1-13) BE#RMICES U LGS ICIPRMRREN T 2 BEE
BEOBANDERFHR L3 FEFREBHEN. ZOFR. MEXFHLR
BB BEI oRVETEEDE X 6N S, EKC BLU dynorphin(l-13) OfF
HEAVERE. BEBED S IL Ca®* -channel BWIRIC X VEEERZY
BPoRIEXVTZFLFYIRHBWVIE Ca®t -channel & OB 5 IR
W EBRBEI R,

IR
T v P ORHOBEEAONFELCH U T -1 TDFEF A F TS BEKC
DERRBEEREFHAEBHENFERE TS & £ dynorphin(l-
13) BEMENEHEREUTVWAEZER2RVELUR, OY 4T (B &
U8) OFEFAFRE. ThoDEFARE B oniah >k,
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Em—E O Nat, Kt— A TP ase
iwmEMEICT I B F w4 7 FEEO
e B

D5 Na* K*-ATPase WEMOEILIE. DHONBIAX L EER 52 3
CEDBHONTBY . TOEEOIHENILTIN 4> OBOEROE R 30
ABFEEZ BN TVSS2 539, —F5. FEF 4 FEE Na*,K* -ATPase
EORBELZDVTE. ELEZOBSR VMO Na*,K* -ATPase JEMIE
BId 35, in vitro ORTCLELE RSBV Met-Enk o8
BREARBOVZEPMEINTVES 59, UnURBSLH Nat,K -
- ATPase NI 3FE A4 FHEOEHZ DV TOWEE RV, M DB
Na*,K"-ATPaseld. ZOMEMNER STV EPWEILTBYSD 58
FEA A VEABLHORBRERLCH U TER >R IEH AT 2 gty
%_;’mn%f, HELEBOVT. k- Y4 TDFEF L FTHB EKCE dynor-
phin(1-IDPEFERRBUEANERAEET 2 E2HOM R LR, 2 TK
ETW. 2OBUENEROBTERE T 5 HITOH Na* K -ATPase
EHWLXTT 34 E A £ FEOER DV TRE Uk,

B DB Na*,K*-ATPase &Mt d BVERH
X B A &
iR Na*,K* -ATPase DERDRSELL Jorgensen DOFHES IH# L TiF -

oo HEYE SD R5v b (1KE100-2008) 2BH/K. LEEMHEUAGSE
DIVEED 0.25M FEHE, 1nM EDTA, 0.1% FA % ¥ a—LEE AL 20mM
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imidazolefB &K (pH 7.25) CTREF FAAUkR. REY 22—} 210.000
x & CIHMEOLDEL k. TOLBERKEY 100.000 x g TIKHEOE
DRERIToR. BonkRE (I 70V —ASE) % 0.324 FEFE, 1nM
EDTAZEE 20mM imidazole BEEHE (pH 7.25) K THHB L. TOWERL.5
mg/ml FFVINEEET P YU A, 30M ATP, 2u0M EDTARE L 50mM imida-
zole BREHE (pH 7.25) B C22°CT30RMID A Yk a X—Y 7 r T
oo EDW%E 0.1mM EDTA, 5mM imidazole & LHEME (10%, 15%, 25
%) Wk O EBEAWRBOLAHERITL. 10%EI5%OEROBRFEYD 5mM
imidazole BB (pH 7.25) THIK. 78.000 x g TIFFOELNEER
Toke BohkifE%E 0.32M EHE, loM EDTA 2ET 20mM imidazole
ZEE (of 7.25) WBHUBRESEME Uk,

Na*,K*-ATPase #f{ElL Na*,K*,Mg2*-ATPase i&tEEB LU Mg?* -ATPase
FHERAEL. TOELORDE, Na* K ,Mg?* -ATPase #EPEIL. 25mM
imidazole & (pH 7.25) , 3mM MgCle, 140mM NaCl, 20mM KC1, 3mM
ATP, BEREARAURISHT. 7 Mg?' -ATPasedftElL 25mM imidazole
SEE (pH 7.25) , 3mM MgClz, 3mM ATP, BRBARSLVRIGETITC.
IO A4 Y F a2 X =y a3y BIiT0. £ U RERY > %Fiske-SubbaRow
DHEO WHU TRET B2 L& VMEL |
K* -phosphatase #EMELL. 25mM imidazol eBBEHE (pH 7.25) , 3mM MgCle
30mM KC1, 3mM p-nitrophenyl phosphate, BEEXEH 2 S LW £ 3T°CT305
M4 YdaR—PU. UL p-nitrophenol 2EET 32 & & VllE
Ul

Na* fKEFHED Y VEBEALIE 25mM imidazole BRI (pH 7.25) , 0.2mM
MgClz, 100mM NaCl, 10uM [ 7 -22PJATP (5-8 x 10'4cpm/mmole) , BEEE
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HE2ELWRCTBE A Y a2~ Uk, 5% P IOOERR2N
2 CRISREBEU. RISEE T« LY — (0.45um) THFIEER. T+ N
P —ORSEHERMET R LR & VITo %,

EARBUFMBE 7L T I VR EEYHEE UT Lowry SOFFESY Wi
UTiT» ko

x R & R
Sy FDBO Na*,K* -ATPase 1EMEWL30 #MOD dynorphin(1-13) KKV #H
Heisxhk. ZOHBREBREREAE dynorphin(1-13) &OTL A2
RaR—YaryBPHBETHY .. HAOHEE (60%) W2202H0TL 1Y
Ckan—vavesLTED SRR Fig. 26)
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Fig. 26. Inhibition of rat cardiac Nat,K*-ATPase activity
by dynorphin(l1-13). The enzyme was preincubated with
(closed circles) or without (open circles) 30 pyM dynorphin-
(1-13) at 37°C in a volume of 0.04 ml. The reaction was
carried out for 15 min by addition of 0.06 ml of reaction
mixture. The control activity was 1.08 X 0.13 umole Pi/mg
protein/min. Each point represents the mean of three
separate experiments X S.E.
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PROERTUBREIEEWEOT LA Y aN—y a YRR &
UTRIGEIT> 2o (0l Mg?* -ATPase WEHEWEA EA 4 FEHR A D o721
TEZRIRPoR. Table 1 WOHH Na*,K* -ATPase iEHEICXI 9 514
DOAEF A FEOVERARRUV R, #- Y4 TOEALELZ2BLUS-¥LTD
Met-Enk. Leu-Enk X1ImMOBERZA L THE L ACKBREHICEZERS
AIgMolee —F. K-¥ 4T D EKC & dynorphin(1-13) XEHHRBLEVE
HZRUE,.

. Nat,K*-ATPase
Opioids (m) activity (% of control)
Morphine 1073 93 £ 5
{MetS]-enkephalin 1073 96 % 4
[Leusl—enkephalin 10'3 85 * 2
Dynorphin(1-13) 104 17 %1

Ethylketocyclazocine 5 x 1074 33 £ 3

Table 1 Effect of various opioids on cardiac Nat,Kt-ATPase
activity of rat. The enzyme was preincubated with each drug
for 20 min at 37°C, and then the reaction was carried out
for 15 min. The control activity was 0.84 X 0.21 umole Pi/
mg protein/min. Each value represents the mean of four
separate experiments * S.E.

BRADKk-94TOFEL A FiZk% Na* K -ATPase WO EOCHE
JRIGHER % B OEEEDO I TN 4 2 L B U T Fig.27T WRU ke dynor-
phin(1-13) & dynorphin(1-17) @ ICsefBlIRA 12uM. 21 uM &RY.
TINA D ICsofE(150 uM & B U ThNEWERRU 2o 10uM dynor-
phin(1-13) & 0.5mM EKC 12k % Na*,K*-ATPase FEMDBEEW T %410
Y (1-100 M) OYEFRRE U PE > SEELRRIRH > ko
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100} Dyn.(1-7)

Dyn.(1-13)

Enzyme activity (% of control)
[
[=]

o X
1076 1075 10™4 1073
Concentration of drug ( M )

Fig. 27. Dose-response curves of cardiac Nat,xt-ATPase
activity versus the concentrations of K-type opiate
agonists. The control activity was 1.08 + 0.13 umole Pi/

mg protein/min. Each point represents the mean of four
separate experiments + S.E.

Na*,K*-ATPase EHEWZX T % dynorphin(1-13) OBEEHOEFR
DVWTHHT S % 2% dynorphin(1-13) FET. EBETFRBLT ATP
DREREAIT CEREREERIFE L. Lineweaver-Burk 71y p 62 %
Tok (Fig. 28) o dynorphin(1-13) & ATP OEBEZE~ OEAME (Knif)
KWL R S A9, RARIGEE (Vmaxif) 2ETI® L, M EBEB L
U K BERELIE THABOBITRITVEALAD KnfE. Vnaxi@R KDk
(Table 2) o ATP OIF&EFEHEIC dynorphin(i-13) W Na* BT K
OBFAOHAMEC WL E 52 T BARSEELETEE R,
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7wV
Dynorphin{1-13)

Control

0 4 8 qiate
Fig. 28. Effect of dynorphin(1-13) on the kinetics of
activation of cardiac Nat,Kt-ATPase by ATP. The enzyme
was preincubated with (closed circles) or without (open
circles) 10 uM dynorphin(i-13) for 20 min at 37°C, and
then the enzyme assay was carried out. The concentration
of ATP was varied as shown in the figure. Result is
representative of three separate experiments. V is
expressed as umole Pi/ mg protein/ min. The specific
activity of the enzyme was 0.76 umole Pi/mg protein/min
under the standard assay condition.

c + Dynorphin(1-13)
ontrol (10 M)

Kn 0.43 0.41
ATP

Viax 0.63 0.41

. Kn 8.92 8.70
Na.

Vimax 0.28 0.13

Kt Kn 3.85 3.51

Vmax 0.22 0.10

Table 2 Effect of dynorphin(l1-13) on Km and Vmax values of
Nat,K*-ATPase for ATP, Natand K*. Km and Vmax values are
expressed as mM and umole Pi/mg protein /min, respectively.

_28_



Na* ,K*-ATPase i Na'fAZIED Y Y BALRGE K K HEORY Y B1L
RIEDZ OO RIS XY ATP OIKDERITI. O Na'lKFHD
U UBIERIGE KIRFEHOR Y VBILRIG T % dynorphin(l1-13) @
VERIZ DB L OFABU L Na* K -ATPase BERERKZHL TR L. Na*,
K*'-ATPase X3 Ve E LK U (Fig. 29) o Na"iKFEH Y Y BILRIS
BIU KR YT O BILRES (K -phosphatase &) &I dynor-
phin(1-13) Wk VBEIN 2, K -phosphatase &ML Na*,K* -ATPase
HEPED dynorphin(1-13) W&k SHEFWEL & » < AHROHERISHBELZ R U
T Na' IKAEMED Y D BALRIS OB E WL Na*,K*-ATPase EMERIHE T
ZEECHBRUTCRBERLEE Uk,

100t #

3

50t

Percent of control

106 105 04
Dynorphin{1-13) (M)

Fig. 29. Effect of dynorphin(1-13) on Nat-dependent phos-—
phorylation (open circles}), XKt-stimulated phosphatase activity
(open triangles) and Nat,Kt-ATPase activity (closed circles)

of the cardiac enzyme of rat. The control activities for Nat-
dependent phosphorylation, K*-stimulated phosphatase and Na¥,
K*-ATPase were 0.12 * 0.0l nmole/mg protein/min, 0.10 * 0.02
umole p-nitophenol/mg protein/min and 1.23 + 0.15 pmole Pi/mg
protein/min, respectively {(mean * S.E.). Each point represents
the mean of four separate experiments * S.E.
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BIET Na*,K'-ATPase OBHZEOMES L UBISEN

Na®,K*-ATPase IHBIC LV ZOMEMBRR > TR I EPWEINT
BOSTV SV S, AUHBOBRETCHEPORBL &> THEBERST
VEZEBRRBEINTNVAE®Y ., FITCHERBOLTH SN E dynorphin
(1-13) EKC W&k % Na*,K'-ATPase iSO EFAOMB S L UBEN
KDV THREU 2,

x B A B
Fv b Ol BEED S DeRobertis®?’ BLU Jorgensens® O FiEcH#E
UT Na*,K' -ATPase DEBHEEEIToR. The TLEY . 41X, IV
DEBYO LD & B—HE FOTTHEIZK Y Na* K -ATPase DEBHHEEL
2iT-oko

ZARNOTN: Nl R ?E’i@ Na*,K*-ATPase {iEHEWC34d % dynorphin(l-
13) OFEBR OV THET 3L (Fig. 30) « DEOBRLZBLTRLEL
BEBASN. MOBETIE 0.1mM OBETH0%BDOI[VHEL HEDH S
nY. T, BEROBE dynorphin(1-13) RV FELACHELSUR
Pofze EKC DFFAR DV THHET 5 & (Fig. 31) . dynorphin(1-13)
DEEEAFRCOBOBRE BV THRLBOHEEEABID R M. I
DERCBLCHUHBIEVHESA shi. TROBETIE 1M O
THIB0BDFOHEFUDLAShIRD 5 2,
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100}

50

Percent of control

“‘)—6 105 10~4
Dynorphin(1-13) (M)

Fig. 30. Effect of dynorphin(1-13) on the activity of Na't,kt-
ATPase of brain, heart and kidney. The control activities were
6.46 * 0.85 (brain), 0.94 * 0.09 (heart) and 9.20 + 0.96 (kidney)
umole Pi/mgprotein/min (mean * S.E.). Each point represents the
mean of three separate experiments * S.E.

8

Percent of control
v
(=]

0.5 1.0
Ethylketocyclazocine ( mM )

Fig. 31. Effect of EKC on the activity of Nat,K*-ATPase of
brain, heart and kidney. Each point represents the mean of
four separate experiments * S.E. See legend to figure 30
for other details.

T by BLEY P AR TVDDLES Nat LK -ATPase MR IET B
dynorphin(1-13) OBEFEHR DO THERF Uk (Fig. 32) « v b
DBDOBEZLEBOTRDEBVHEHENA M. BLEY P BLU L X006
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OBFRTE 0.1mM OBE THI0XBOFVHEEUPAONGP > T,
DY DBOBRIEB VT, dynorphin(1-13) KK SHEERIIEEAE

100} ¢$i=§:55§¢::::::i§‘“““4~fﬁfffii

°
bord - .
= Guinea pig
<3
o
S Dog 04
-
<
@ 50}
0
L3
[}
o
1076 1075 1074

Dynorphin{(1-13) (M)

Fig. 32. Effect of dynorphin(1-13) on the activity of cardiac
Nat,Kt-ATPase of several species. The control activities were
0.94 * 0.09 (rat), 0.90 * 0.17 (guinea pig), 1.57 * 0.10 (dog)
and 1.27 % 0.07 (bovine) umole Pi/mg protein/min (mean * S.E.).
Each point represents the mean of three or four separate
experiments * S.E.

100 o—o Rat
A——a4 Guinea pig
e o—oDog
‘g &—= Bovine
(4]
-
<Y
€ 50t
[+
(&)
| .
[}
o
o 0.5 1.0

Ethylketocyclazocine ( mM )}

Fig. 33. Effect of EKC on the activity of cardiac Nat,K*-
ATPase of several species. Each point represents the mean
of three separate experiments * S.E. See legend to figure
32 for other details.
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BHohPolk. EKC KKEBHEEFEHOEECDVT Fig. 33 KRL
e, dynorphin(1-13) &EIRIZT Y POBHOBRLS LV TEDHEVEE
BHhonkB. ZOMOBPWOLBOBRFZBVTHHRIWREVHEENE
Honik.

BET B R &N

BAOFEA A FEHOP T -F 4T DHDHE Ty PDLBHD Na* K -ATP
ase WEMRHEFL. ZOMEFORI B OBBROY TN Y ZE#HD %
WEHENLDETS o COZ L EHIEOHHOEONEIHLUTH-5 1
7@ dynorphin(l-13). EKC BBRUENMEAREU TV RERMS. Th
DA EF A FH Na*,K*-ATPase DHEFRN T 2 LIEBA2BL TSR &
WRBEEN2, MO u-BIUS- Y4 TOFEA A FRUEHEEERELAS
NP ZEXY. OEH Nat K -ATPase DBLEN k- 4 TIWIERBR
TEHTH2ZEWRENES. ThOOEARFORY D RLVERIH
BPp->kZEXRVFIECL— P REKENT IAEEHEIDORVEZE LN S,
dynorphin(1-13) €& % Na*,K*-ATPase DBEZEVEM% Lineweaver-Burk
Ty PRk OEBHTURER. dynorphin(1-13) Ik ATP. Na*. K*OEEZEWR
MESHAMLC W EE Y. BEAREEERETIE TR, COZ W
dynorphin(1-13) HABED ATP. Na*\ k' W2k BREMALIREI & X B > 1
BAMZEALT. 20EHEHELTVLWAZEBEZONE, Na* LK -
ATPase DERZIRIETH % Na"IKFFMEY VEBERIG S KRB Y > Bk
IRIGW3td % dynorphin(1-13) Wk SHEOHBRISHED 5 Na* K-
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ATPase DB FUERCHY YRILEEOHEZLS3DDEZEZ bW E,

Hoas DB, Bk OFARU S Na*,K*-ATPase @ dynorphin(l-13) 2
Wi EKC X BHEFRHICEHREN A ONEZE LY. Na* K -ATPase
OUHEPHEBLC LV ER > TV AT EWREEhE, F& dynorphin
(1-13) B VI EKC Wk B08 Na*, K -ATPase OBEVEAN I v M. &
LEY M AR IVORPPLVZOREZESIDONLEIEMS
DHOREXROUEIBVORBRZ L > TERS>TWBZEWEL shi,

N

1) BROAEF 1 FEHOBRTr-¥ 4 7D dynorphin(1-13) & EKC #3
v MOBEO Na* LK -ATPase {EHER ZHICHEL 12,

2) dynorphin(1-13) W5 MOEHD Na* K*-ATPase WiHd % ATP.
Na*. K OB ERSG2 T, BARICEERBL XY 3
CER RV KRBRELLHEEFU 2.

3) dynorphin(1-13) I Na*,K*-ATPase DEAFIED S BEREY VBt
BEZHEEISIERIVABREUHLREEFEL TV R EBREN 2,

4) dynorphin(1-13) & EKC 2k % Na*,K*-ATPase iEEDHEVEH WM
L 3EPBOHON. DHOBRIHU TRLBVHEERRU 2.

5) L5 Na*,K'-ATPase JEMEIZX T % dynorphin(1-13) & EKC OPEENE
HEZEPEDoN. T P OBRCHU TRELEVHEERRU 2.
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FE=PHE 5B = aEs

1.8 %
FEA A4 PEOOERRCHT BIEAE. & U TR0 S iR
AT BAE I P REEEANTAHBE B SATOEN. TOMM
BAEA A FOHTH 4T BEHES S92 k0. th. RREM
DR 49 ko T O RER > THY . ZOMMABFEBRE S h TR
Ve B LTI & O LM A E A A FATF FBET B2 &
PHES N A EF A FERS O U TEEIEAES U T 3 AT
EZBRTVE. 22 AR TRORE B ANEEA LA 4 F AT F
K OHAERT &AM D\ THBHEE M AR & DFN. X3 AE A4
PO LB B BRI DL TR, (LR £ 1T - 2.
A EF L FNTFFCH B Met-Enk. Leu-Enk O 2D B
BOEMBHEENRRIC LD . ChoNTF K BEET BUEEHES LU
AR S DR O R HID . KPR & BEREICROR. it
SRS & U FARIRBICIR DR L. BB, . e
EHCHE LTV B2 ERRERR, ThoOREL 0 LHEHET 3
Met-Enk. Leu-Enk 2H]HE T EFEF £ FNTF F BOBERE. B ICFDIY
BT U T hOBEREL TVEZEWRBE Db,

BB D7 077 4 VMRS LEMERD SIF cell Bz Enk HEEL.
NFA—LT Y OBWHOBLMRIT > Tl BT B HE TR T 329
2y KERBRIZBOVTD Enk BHFA—ALT7IVEEETS SIF cell 12
BEUTOAC ERRER. DBEBY 3 Enk OEABAFI—1L7
Y EEBCBIRU TV BTN E X Sh. &k Enk RAHT S SIF
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cell WU T SP BLU VIP 28 UHREMPELAOFHL TV RI L
KU, SIF cell »>D Enk EHBINSNTF P K VFKIRZT T
BZEBERON DRI S Enk OYEAE SP. VIP BERIESU
TVWBZEPRBE N,
WMHOREROIEICHT 344 4 FEOEAERFIULRER. «-
5 4 7®@ EKC & dynorphin(1-13) BFEWRBHEIEMHEZRLV . 2O
FFHRIAC L - RBEURENIRVIEERHEEZE X o0, S k. 7FLFVY
FH BT Ca®*-channel EDEEDHRVIEVWRENR, FIT EKC
dynorphin(1-13) X & ZBEHENEHOBF 2 AL HIIT. LEHEDNa”,
K*-ATPase X9 34X FEDIEHAERRE Uk, TOER. BROD
FEAAFPEHOPT- YL TODOBRIINA VIR T ZEFH RO
Na*,K*-ATPase MO EVEFHR BT S e BH o &Rk,

B LEEAONFET BEH &0 Na*, K -ATPase {EHECI T 5 1E
HOEREPO K- YA TOAEF L FTHS EKC & dynorphin(l-13) D
i3 Na*,K'-ATPase DERN T A3BUENEHREIT S B RENE,

2. % W

1) Met-Enk. Leu-Enk SEMRS K UMBREDNLE. FERBEFKEHR
. KENIREEOER & Mg IRGE M O, FRERIRIE B LK U T K##IRE
OMENCZREETSIENHHERY, £, ThoDMlEs
KU MRBHED B, OF. IECERBERULTVWEZ L
BRENE,

2) DD Enk 2B IFI—L7IVREHET S SIF cell TH3
ZEWREN. Tl ZOMBEORBEICIE SP BLU VIP 2HFMER
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MPBRZHHUTORIELY., Enk BZThoNTFF &R
EHUTLEZ EWREINE,

3) FHOBERAONBRIM U Tk- Y4 TOAEF A FTHS EKC BE
HRENERERACBYEENER R, $£2. dynorphin(1-13) HEEH
EIEHRZRBEUTWAZ BB RER- B,

4) DEO Na*,K' -ATPase SFHHERH U Tk -y A TOFEX A FTH 3
EKC & dynorphin(1-13) DEHRMEEFEEREE TSI ENH ML
Toke O ELY EKC & dynorphin(1-13) OBHESIERIL.
05 Na* K -ATPase D ERNU DD TH B ENRBI N2,
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E i &

WERAZBHR Y. ik, BBRUIRSHEE. HHERBVIIULE
BAf. RRREEER. SHPRBHEK. KRERFEFD. BAF=
BROLLOREBU T, k. REMBLPOMEOWRE. Wl
EERBHY EULKRREEZE. SH=ZTFBRHRCEHRL I I,

TR, AMRRKEAB IO RE X E ULKRAFEEREEFZHE.
F—OERNERERSURRIRRFEEBERZHZOERZESLH
LEULEFET,
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