Beta Adrenergic Receptors in Dog Heart
Characteriaed in vivo by 11C-CGP 12117 and
Positron Emission Tomography
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1C-CGP 12177 224 2 LBHX—FZ T FLv ) o~
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AXLBRBIEIR-FTNVFY Y RERODHE2, TOT VI T=AMNTH3
4-(3-t-butylamino-2-hydroxypropoxy)-benzimidazol-2 (*C)-one ("C-CGP 12177, kd=0 . 2nmol, in
vitro) ¥ & Uf positron emission tomography (PET) 2\ T, invivo KBWTHEHKRTRLE. Bt
HaTEED "C-CGP 12177 (#1500Ci/mmol) 2R WCHMEL , LHOFEBITE A 5 1 2D PET 4 A —9
%87, DEO "C-CGP 12177 WE BB AL, M30AMIIZIZ—CEE2EE, ZOHEP
DIZHA L7z . Saturation experiment %#477%Vv>y, PET THIE S N 7-0O@ Y & >~ FEE D > JEER
WiESsE2E 2, BENZEREEY 7~ FEBE %X % modified hyper bole function ¥ % &%
Lic. EBRLBCBT2R—57 FL U Yy REKEE (Bmax) i34 113pmol/cm® & HEFL /2.
WC-CGP 12177 OR—F 7 F LV + ) Vv EBFEEANDOHEEVRENTH2 I L 2EHAT DI,
displaement study ¥ & U pre-saturation study fifT L 7:. "C-CGP 12177 #{F 255342 i BRI & DO IEAZ
BCGPL2AITT 2 R —F RABELL L I3, LBV AT Y FBERESEHIETL, 272086 30 ET
L7, CGP 12177 OXKBIER (LHBOET) £ 254V # > FOBEHEEIX, displacement D7z
BETR27 S T=A+OHEBIZONTCHEAL THE®R L 7. Presaturation study 125w Tit,
UC-CGP 12177 #ELOFANCARIBOIEFR 7 > Y T =A P ERE LRI TN Vv ) Y EREEH
Lo TEHULLEZR, I VF Y FOLE/MKEELLZ control kinetic study DNt L TH
BEWET UL, "C-CGP 12177 OEKLCBIT 2 V7 FL i) Y EEHU~OBENESMED, X
ERAWLERY PET study THHHsN7:DT, "C-CGP 12177 2L 354 A —Y > 7iF in vivo BT
AHEMEGTCOSEGE2FM T2 C3BENAERTH 2 LBEbhi:.

Key words cardiac beta adrenergic receptor, beta blocker, “C-CGP
12177, positron emission tomography

HEBR DL - MBERDT 5 T = A MY A DULEBRBFRIZBOLTIRR—F 7 KL ) v ZEED
soburBETHE C EERLLBERYV S VR B D < EE (R— 7 BERTE], ~— 5 REHE) #5
¥ & UF positron emission tomography (PET) % B> WCIEKBRICAwL NIz ET W59,

T, P2 EOBHLAD Y VBT F LI ) VER In vitro B 2 ZFARBEHBRICE VL TR, ~-
&, RV OTPELZREE, fito b= REERE STRVFI UBEET vy T=X +TH 5 *H-CGP
DFEEY in vivo KBV TEBIET 2RA0MES N 12177, °H-dihydroalprenolol (DHA), & % » @
TW3"0 LGOI L CLREEFR &5 N — =] jodopindolol #HWT, A DB A ETY = 4 —
FTRUFY Vv REFRS REBCEETHY, £ b MIBFTBER=F T FL+ ) v EEGSHESATY

Abbreviations: CGP 12177, 4-(3-t-buthylamino-2-hydroxypropoxy)-benzimidazol-2-one;
DHA, dihydroalprenolol; NA, noradrenaline; PET, positron emission tomograbhy;
MQNB, methiodide quinuclidinyl benzylate
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»™® “Ljodopindolol L H v A AT EAVH I L
wEoT, R=FT7RNVv+ )Y UEZEEE invivo IZB
WITETIEBRAENIY. L L%k S pindolol
TR 2 & & 4-(3-t-butylamino-2-hydroxypr-
opoxy)-benzimidazol-2-one (CGP 12177) it LIEH
BRESNEVL I LICE D, l-Hiodopindolol @ [ d
ERPFERCEL Y F 777 1B ol LHE
PAMEET LR TH B

DHA 8 & U pindolol o1 & H|AERAME Y &~ NIzt
g15 L, CGP 12177 M T ORIE»sH 5. T4b
LEMMESE < (Kd=0.2nmol) RS MTEA
YRwE, 7 CGP 12177 @AM Y #> FT7
= A b AR EFEOME L LI EIERE % 88
Lnksd (MRA/NE BB L 7 desensitized
receptor ¥ BEB LR WD), R=F T FLF+ ¥
B desensitization H M H T & 5 Fl & 48 &
%9 U LA 6, in vitro REGESHEROME
Ak, ZEEROY T4 FADENELZDT TR
FBEBVWRT VI TR OEEMR L OBFKERT
eHEETH S . B 51T in vitro REFREARR
ORI, in vivo O EBIERRZENE BT
BIPRBREEFRHF LIS RR3. g1t—% 7T
Ry 2RI B 1T 2 noradrenaline (NA) &
HEOHESHEITRIEEBBL AT 22— P THE
BoTwa? XoT PET BLUWUAF U FELTI
UC.CGP 12177 VT, R—=F T PV ) v ZE&HE
R IEFBERYIC in vivo WBWLTHEHKE L THET S Z
CIEREWERbNRS.

R (20.493) ORY rurREZETHD 'C
OEBEORRIT, BEHEZEE) » o FPERICER
TH35. PET BEANETEIC & » TL O BRTILE,
R, £1F% in vivo ICBWTEE T & 2 {2
BETH22% FHEREMCBEVLTELEBRICIRE
FOLEERB BT 3 RO EREE & ZEEEN
HORE2FMTE LIRS E b oo L™ &
RTR, X—=F TPV F ) oBEET LV IFT=ZALT
H% "C-CGP 12177 DR EFEh~= v E v 7RI AV P &
LT invivo BT 2 BERAESEZIAT L Z &
FRHEELT, A X0HEALTERKY PET Higs
B

TEE L URE
I. "C-CGP 12177 &R
"C-CGP 12177 i3 Crouzel 5O FHEIC L D ERKL
EYCEEEY A 70 oz T ICO, & LT UC A
E&h, phosgene "C-COCl, zZ#1 L 7z . "C-CGP

12177 BT E TH % 1-(3-t-butylamino-2-hydro-
xypropoxy)-2, 3-diamino benzene Iz "C-phosgene %
RitgFz riwk Lz, 20 "C-CGP 12177 @
BEGRBICHIB0EEL, 1 X ANDEEREORFRERS
BEIL 498+284Ci/mmol TH - 7.

1I. BYoREE

WD E— 7R (10—-20kg) #AVT61EID
PET REZMITL /. 4 21324 PET BRED 2 FFH
Bl g ¥~ v E Sy — 1 (25mg/kg) THRREEL ,
Z L% pancronium sulfate (7 3 — 1) 0.15mg/
kg/hr THIMBE 20, L ERY PYALE Y —
NEEERS (0.25mg/kg/hr) 1o TREGERREEL 72 A X
121R% & h ventilator £ WL TERNZEL 300ml/kg/
min CTHRLL. 73—V OEERYE Y 7,
"C.CGP 12177 ®thDFEABHT > ¥ T= A b DiEST,
BLUMBRRODIZ, A7 —F L E2NEHERLD
BAL, RFELENICEEL. PET ®ETH
BRI LER 2=y — LTz,

M. PET (=& 54 X0RCH 175 "C-CGP 12177

BREOAE

4EDERITBE—-RX T4 2ADAHES>NS PET v A
7 4 (ECAT2, ORTEC, Oak Ridge, TN) A > TH
BL7. 2cm BEOLEBEMEO 7 — 5 220 TR L
72, 12@ D EER L time-of-flight ¥ A 7 A% % PET
(LETI, CEA, Grenoble, France) &\ CHfTE 1,
Z0 PET Y AT AT T AT 4 AARFZHEERS LD
fREENE 12mm Th 7. REEINICIE, 1 X DMERE
BEFD UC 2SHH T B 511Kev O MEHERSS £ 1ET
Bldiz, *Ge V= REIN IV ATy a3y AFy
YEINELI. ECAT ¥ A7 A2 B #EENT —
SWEIZEZOFHOL NLERIRL, 23y a
YA FE Y IE3.8,532.6 mCi (141-1206MBg) @
"C-CGP 12177 ORBEANOHEE®R L VBRI Nz,
6053 51803 DIz Tz D, F—1r <~ TD48E I
Hi:d PET A% v U0 RLEHEI N, 1HO
PET R % % > iz B 2 INERRIE, #ER X D920
SRIE 1 SINE, BHRA F v VL TIRI0AICE & &
IWEEITRV, BAF > T EH500,0004
vinEenBd L3zl ECAT Ay 74l B Y
55481 1Tmm Th -7,

PET R %+ > BHERBGIIBILEZEORED V>
P O8O DML LESEREL:. £ F v
v ORGEEE R O "C-CGP 12177 BE #RE L 72,
“Ge DH—REE2SCHB 7 v v M A 2RO TEE
¥y ) TV —vardftobhil. PET EGRORH
DM & FREIC L, 20 "C ORETEES: 7 >~
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AT —EAGCTHEEL:. “Ge DIFREFR LS
77> bATERNIZKR® S5 N7z calibration
factor 2T, FE & Nz Ll "C-CGP 12177 #
B, BHECHTAZL0HI 77480 0FSET
EbhTh, LI "CCGP1217T DEEEERFTL T
pmol/g TRb L.

IV. "C-CGP 12177 HRME S 4LAT 20D

PET ®&E%

1. Control kinetic study

BgttE ) H Y FEREER L D60—-18040 0 PET
2AFr BT BER—AT A ADLBNEGESD
"C-CGP 12177 B % R0 IC 08k, MPBEHED #
Y PEEORBNELL &b TFHMOL 7. FRE
BU2BENZAEREE2EMUI MR LL TE, &
S A Y REEEOLFENOTAAMBEEICFEL,
FOEENVEZ L EHIAHULORIBM—EL TY
¥F22ETHD, TORRBZDY X FOEHRERMME
(Kd ofEfE) #2RLTw35.

2 . displacement study

9 B EERIC BT "C-CGP 12177 257K
fEx OEOIEER C-CGP 12177 »REEEL, 735(5?
BUVHY ROR=F T FL ) U ERERRENES
MUNDFEEDBRE H’J[‘Eg%’m’b‘%#@iﬁ%xﬁﬁbf’
RHEIIBWVT, FFERT > 5 T A MESICTOH
NC.CGP 12177 B EE T (Bt » displacement) % &
&, 27 70IEERT 5 TA M58 displac-
ement DK E 2DEE L CHEBHIIE, "C-CGP
12177 BENZEREOBMT LS.

3 . pre-saturation study

UC-CGP 12177 BE10380, 2 Blhic v TIEER
CGP 30nmol/kg, 2 #ll iz & «» T propranolol
2000nmol/kg ## 5L, BEBOEL D~ — ¥ EH
Flzrh ZERBEEHRU 2o » U D SR T
O BEMHUSCREEROLEBABE % cotrol
kinetic study ®Z# L LB L7z REBRICE W T,
cotrol kinetic study ZHb U TOBERMETE D A > F
WEEDS-HMEEICHE & N B2 51T, BRIZAKRE
EOEMFIT LS.

"C-CGP 12177 ZRUBEE DO EBNMBNEL LT
1, Patlak O 2IGH L 72, "C-CGP 12177 O
MRS E 2 EHRREz 7 1 v b L [C=Ae” *'+
Be A, Mty & FREDEKMT £ TOM
SEEZBEHAT TOMTEE TR LUCEHMORETSH 2
normalized integral [ 4 = fT Ct)dt/C(TY] 2K 1.
WS TLES & i & OBEHE Y 7> FEEL (volume
of distribution) % normalized integral (4 ) OBEE$ T

i

£bTE, M (0)/C(6)=P, (1-e T2)+P,g Lix2
[M(6) BLUC(9) I3EERE (6) W BUAUHB LY
me"C-CGP 12177 ). ER» — 7RI RO BERS
MOEETH2 PARHUTSEREEB I o1,
4 . saturation study

#8552 YC-CGP 12177 #8 18 BF % & FER T THHgR
seExEErREL, SFERBCBY 32AKLD
BEIVFYFBERRETZ LD, ROUBOS
FEERE (Bmax) 8 & UHEHEY # > F OBERIMEOE
BThLVPHER Kd) 2HELL.

V. MERRNREE

BohfBiEIE TN TTEHELFEERETCRLE.
HEHMOVFHEOEDOREIR, —TLAMITEODS
Scheffé D& BEHIKRTITV, p<0.05%2BEL L1,

1 #

I. PET A Xx—2 12 & 508 "C-CGP 12177 oy
kil
UCGP 12177 (6.2mCi, 913Ci/mmo], 0.6nmol/kg) #
EI0HBO PET 4 XA —Y Tk, BEMEY A > F ol
FEER ORISR L TWw528 (1, A), 53%K
BOHHABCHEE S, FEB X CEHEE ST
Wwizw (1, B). "C-CGP 12177 #2443 PET 4
A=TYDRE—id, 5 HBBEARBRTELERDR
Yy (E1, C). MEEY &> FEE2S BRI BT ED
JERER: CGP 12177 (25nmol/kg) #BEHFHEL L
2z, 20300%CE SN PET XA F v T, B
BB PR A O MBI EESE T L TB Y, H—~=-57
FL+ U rBEEEaTes RO THET 2EER
C-CGP 12177 i & 5 "C-CGP 12177 fEEHESTRL
w3 (@1, D).
II. “"CGP 12177 mE:—sttEdigE /4 -~
Control kinetic study = 8\ Tl , &Lmsts
(913Ci/mmol, 0.6nmol/kg) @ "C-CGP 12177 Z&#
EHBRESNT, br—9— @Lﬂl*?ﬁf*bi#ﬁ EEL
HoTwd (K2, A . —7#, "C-CGP 12177
@:Dﬁ?%ﬁ{bi%?ﬁ?ﬁ%loﬁ’éﬂﬂ@?ﬁfgo)ﬁ%@*ﬁ%
EEih, KSMITIFIF—EEERE, BREPHE
BEFLTWS (@2, Q-0 AUA X 2RV
HEETIE, BEME) H 2 REESS AR REOHE
% CGP (25nmol/kg) #&EL 25, [/ — 5 &
AEHE->TORMEY F > F EIEERYV AP $20):4
SOESR, "C-CGP 12177 O.LHEE IR EFIETL
2 (2, @ @®). FEEH CGP 12177 gk Lo
T EE D FR I ABUCET L, CGP 12177 03EHE(F
B LMY A FOBS L IABLTHRALL @
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2’ D ...... D)

. CGP 121TT 58 ¢ ~X~2 7 F L+ » 2R
BeEE L CGP 12177 & ¢ B %
(saturation study)

Control kinetic study 1} 3 “"C-CGP 12177 ®.{»
AR FE DR —RET R D 15532 52553 & TOEMR
wmuEsEL, FERIIBI S 080 CGP 12177 &
E (pmol/g) 2K, BEZI LKL RED CGP
12177 Bizxtd % function TZww b L7z (K 3).
CGP 12177 #F £ 10nmol/kg AT OBEL, L

Fig.1. PET images of a dog chest after intravenous injection of "C-CGP 12177.

@ CGP 12177 BE Xz 0S5 &AL (K3,

A, y=4.04x0.52, r=0.966). CGP 12177 &5 & »
l0nmol/kg 8z 2+, VAV FOBREELEER
THRONTOEHBEDEMEREELr Lo
B, DEHBED YT BB ShTRMLE T (&
3B). EFimP Yy NEEB XU CGP 12177
FRRNZARESITHYT 54 LT pxqd ©F
% hyperbole function iZ: BT 2 Z L2k b, LUTO
RO PET k> THIES R OIICBT2 Y 4
YIFRBEL SHENZFRESOA2RXAT 2§k

A, PET scan obtained lmin after injection of "C-CGP 12177 (6.1mCi, 367Ci/
mmol) shows a high activity or the blood pool in the cavity of the heart. B,
The same PET section 5min after radioligand injection shows a high
accumulation of activity in the myocardium.The lungs are not visualized. C,
24min after injection the shape of the PET scan and the radioactivity of the
myocardium do not change compared with panel B. D, 25min after radioligand
injection unlabeled CGP 12177 (25nmol/kg) was injected rapidly. PET scan
obtained 30min after injection of unlabeled CGP 12177 shows a decreased
radioactivity in the heart, indicating a binding inhibition of radioligand by
unlabeled ligand, which competes for the same binding sites.
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2 #£%2 #-. C=Bmaxxqo/(Kd+qo)+pX qo,Z T
T C 13 PET ot s 0iics) 3 CGP #Ri
B, Bmax BRLHOR—F T RV F ) ZHERE
&, Kd iz "C-CGP 12177 @ in vivo BT B FHEE
., qo BEEKREINLYYYNE, BXU p il
B CGP 12177 ¥ & ERENZTEHHEEITHEYET 2
HEMEE N CGP Bz & - THAMT 2R
TH%. Z® modified hyperbole function %72
AR a—F T 4vTF A TWELT, LHOY V>
FIREED S — 7 (T) 2 S B ENZERBEE SN DORK
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Fig.2. "C-CGP 12177 radioactivity-vs.-time
curves. Concentrations are expressed as
pmol/cm® of tissue, After bolus injection of
6.2mCi of “C-CGP 12177 at a high specific
activity (913Ci/mmol) in a control study, the
tracer is rapidly cleared from the blood (&)
By contrast, the activity in the heart is very
high and reaches a plateau in 10-15min. In
the control curve, the radioactivity concentra-
tion remains nearly constant for about 30min,
before decreasing slowly (O). In another
subject (@), a similar dose of "C-CGP 12177
was intravenously injected, but 25min later
(arrow) an additional intravenous injection of
unlabeled CGP 12177 (25nmol/ kg) was perfo-
rmed. The injection of competetive inhibitor
results in a binding inhibition of UC-CGP
12177 for its binding sites. The injection of
unlabeled CGP 12177 leads to a rapid fall in
heart rate synchronously ((J). Just after the
injection of unlabeled CGP 12177 at 25min,
very small increase in the blood concentration
of the tracer was observed ().

F

S (F) #2353 ER, RO BT 3 CGP 12177
OEBRNZAEEZESHMMUEE (Bmax) i3 113pmol/
cm*ERHHN (F3, B).

IV. 368 CGP 12177 (= & » displacement

study

UC-CGP 12177 #E 250 % 0 & 5 & 7 FE4RH CGP
12177 12 & % displacement DK% & DRE X, FiE
2 CGP 12177 E5430930% 0 "C-CGP 12177 O/

40 A

N
(=]

CGP concentration (pmol/cm3)

|

Lj’ 100 200 300

CGP injected (nmol/kg)
Fig.3. “C-CGP 12177 concentration in the
heart (pmol/cm® of myocardium) vs. amount
of CGP 12177 injected (nmol/kg body weight).
The concentration values measured in 34
separate experiments are plotted against the
amount of CGP 12177 injected as a bolus in
the right atrium. The first part of the curve
is enlarged (upper). The cardiac concentrati-
on of CGP 12177 is proportional to the amo-
unt injected for doses below 10nmol/kg body
weight (y=4.04%0.52; n=30; r=0966). The
slope of the regression line (1079 is equal to
the ratio of myocardial blood flow to cardiac
out put. Above 10nmol/kg body weight, total
ligand concentration in the heart (T) increased
nonlinearly with the amount of ligand injecte-
d. Subtracting the fraction corresponded to
circulating CGP 12177 and non-specific binding
(F) from the total ligand concentration in the
heart measured by PET, the curve of specific
binding of CGP 12177 (S) was obtained. Beta
adrenergic receptor density in the dog heart
(Bmax) was found to be 113pmol/cm®
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g & control kinetic study 2 ¥ 13 % R K NGRS
uC.CGP 12177 BES54®) OLHEELOEE
control kinetic study @ .LETBE T 5t (%) TF
L7 (#1). Displacement study D79 1z 5 shiz
s CGP 12177 D&% 4nmol/kg LT OH A
i, FRFNHMEE T 5o T displacement DK
=x0EE (4@ @) L CGP 12177 iz & 2 ¥E
R (R DET (K4 - 0O) cEFAAL TEL
kot JEEES CGP 12177 #5824 25nmol/kg LA E
i, BEgEr U EEEI R TH "CCGP
12177 @ displacement D& B L U CGP 12177 D
BERL bCHEINET 77 b—%RL7 (B4). KBk
s AR TIXFEER CGP 12177 5B O LEEET
RIBH T/HhS vy, BHMEROBMER D (&
1).

V. Pre-saturation study ICH(} 5 X—27 K L

) v REEOE BRI

JEEH CGP 12177, pindolol, propranolol & & %
pre-saturation study, ¥ & USFtiER 2> bo—n,
FREEED > b o —ViZ BT 3 "C-CGP 12177 &R D
DHEB L URBRESOHEETHS PEER2 K
FLTz. HEEE > P o— ORI EERHD v b
oAt L TEREICEL (p<0.05), B0:EMmi s
BPEvIZyhrb oY, "C-CGP 12177 OR—% 7
FroY) o BEEES 2RT volume of distributio-
nDh—7 (@ @) BHBMEES bu LD —

Z7ERU$F — > ERL (M5), ZOEKMIOEE

40 40
£
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Fig.4. The percentage of "C-CGP 12177 displ-
acement (@) and of the decrease in heart
rate(C]) (%) vs amount of unlabeled CGP
12177 injected for displacement study (nmol/
kg). Percetage of displacement was calculatd
as the ratio of the myocardial radioactivity
30min after unlabeled CGP 12177 injection and
that of the control study at the corresponding
time. Both the percentage of displacement
and decrease in heart rate are synchronous
with increasing amount of unlabeled CGP
12177 injected.

Tablel. Binding inhibition of "C-CGP 12177 by unlabeled CGP 12177

Amount of

Heart rate before
unlabeled CGP and after unlabeled

Changes in
heart rate

Binding inhi-
bition 30 min

Case 12177 injected S after unlabeled after unlabeled
for displace.  CCF 12177injection oep 19177 CGP 12177
(beats/min) el el

ment injection injection
(nmol/kg) before after (%) (%)
*CGP42 1.0 195 175 —10.3 11.0
*CGP41 2.0 150 130 —13.3 13.0
*CGP24 4.0 195 155 —~20.5 20.2
*CGP21 25.0 190 140 —26.3 34.6
*CGP09 230.0 195 145 —25.6 36.0
tCGP45 4.0 160 150 — 6.3 18.7
£CGP46 25.0 170 165 — 2.9 31.2
£CGP17 77.0 160 230 +43.8 29.5
£CGP08 300.0 130 160 +23.0 32.9

* curarized ; £, anesthetized.
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Volume of distribution (cmalg)

Normalized integral (min)

Fig.5. Volume of distribution (tissue/blood
concentration ratio) of “C-CGP 12177 in
myocardium as a function of the normalized
integral (/ {C(t)dt/ C(T)) in curarized control
study (@), anesthetized control study (O), and
pre-saturation study with unlabeled CGP 12177
(V¥), pindolol (A), and propranolol (%). In
pre-saturation study, 30nmol/kg of unlabeled
CGP 12177, 400nmol/kg of pidolol, or 2000n-
mol/ kg of propranolol were injected 10min
before “C-CGP 12177 injection. The slope of
volume of distribution as a function of nor-
malized integral in pre-saturation experiments
with unlabeled CGP 12177, pindolol, and
propranolol are 105+0.03, 0.55%+0.12, and
0.73+0.11 (10~%m?% g. min), respectively. All
of these values are significantly low compared
with that of control srudy (2.46+0.13, p<0.0-
5), while the slope of anesthetized control
study was 2.67%0.14 and the same value as
curarized one in spite of significantly low
heart rate.

=i

P.3EEErRO Lo (F2). —HIEER CGP

12177 (% -weeer %), pindolol (A------ A), B I U
propranolol (-« V) & & % pre-saturation study
Wi} 3 volume of distribution O —7iF, a v}
o— AL TEEEZED (K5), 2OEREIO
iz PsREBCE»-N (R2, p<0.05).

% .

FFE THIFBBRNEGZHETH 2 PET A
T, RUEFR—F 7RV FY UBEKDOSH % in
Vivo EBWTRT ZENTER . REBEEBWTIRE
HHERGET CLHREELE R L TFlis 354
BH5. BECRBOR=FZTFFVvFY UREE) Y
> F LT, "C-propranolol % % \»ix "C-practolol &

PET 2RV TLEHR—F 7 P L) U REKR D
Ao, EREMEOR—-F 1B LUR—%2
BN T7 v ¥ T =X FTH 3 "C-propranolol i,
BB REAMIICE DR Eh, PET X F v 22T
DESIXREH & i 2 - 7. “C-practolol & “C-pro-
pranolol 2L LU THIL000FHMAMD ~— 2 1 FIRW
FrIdTZANTHL. BEESED PET 42—y
TIROERBIFCHEEBE 2o 288, #500mCi/ x
mol DEHEBEETH > T HLHBEHMEY VP
EO7S b —3Boh TR LET . 2 REDH
1% practolol B EHE L X 5 displacement study T
i, HatiEY) 4> R @ displacement 23D o,
Z OFERIE practolol DEFRMME FENE Kd 0F

Table 2. Pre-saturation with unlabeled CGP 12177, Pindolol, and Propranolol

Heart rate at the time of
UC.CGP 12177 injection

Slope of volume of distri-
bution curve as a function

Case (beats/min) of time (10 %cm®/g min)
mean=+SD mean=*SD

Curarized control

(n=3) 196.7+8.5 2.46+0.13
Anesthetized control

(n=5) 129.4+27.8* 2.67£0.14
Pre-saturation with
CGP12177 (n=2) 142.5+7.5 1.05%0.03*
Pre-saturation with
Pindolol (n=2) 152.5£7.5 0.55+0.12*
Pre-saturation with
Propranolol (n=2) 113.0+15.0* 0.73+0.11*

*p<0.05 vs curarized control by one way ANOVA followed by Scheffe’s multiple

comparison.
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{, 110nmol in vitro) 2 X% b DTH 5.

CGP 12177 ORFMIIEERMEDO R —F 1 =%
QBRI RN—=F TRV F ) VZEET VI T=A b
THb, in vitro HERTIXEAERE <, FErFRNE
ERBHTHRL, HERANOBABIZLEA TRV
FEEN TV R, In vitro BEGESEER BV
<, *H-CGP 12177 D&M HRKTH D , Kd i
0.2nmol, BLUZ v bLEIREY =2 A —bIIBT 2
SREFEE (Bmax) 13 28fmol/g TH -7z (Majiere,
unpubished data). % 7z CGP 12177 1Z % » & Mk
HONERA~BE L - TELZ A4 (desensitized
receptor) L EFEEL R WP, ko TLHR—F 7 R
VI U BBREDENL BT VI T=ZAMNTH B
CGP 12177 %, PET 2R W EHAEHANC & - THESR
EOMEEMICEMRL LI —F 7 R Vv + ) VBEE
%, in vivo WBWTIHMET 2 3 EARLZ Y H > F
THHETZ LIV P> THRPFETIE, CGP 12177
CELEEEEIC R B &5 WC pMERE h, 4 X ICEE
L PET #®EXZHIT LY. PET 4 X —Y kL4 XLEHIZ
B33 NA BeBosmriAc b snl.

DFREEY T FBERSERTIE, 2o0BCE
75RO OB R KT 590, PET i &
nRIER N CGP 12177 i, Z0&5&E»
10nmol/kg LAT Tlx CGP 12177 &z tb@ L 72
MBI 2EREROEE I, LAHE (ml/min/
kg) 3t 2. LA MEE (ml/min/ecmd OEXRL T
VN2 JNEIO KB, RO SN Z DEL.04 X
107*4%, Seroussi D4 X & EiERI L 3 HE
fH8.5X10 P L Db Th-¥.

CGP 12177 &5 &5 10nmol/kg 282 2 &, D
BREEFWMEBR 2 ONTLBBEDEMI RS
Behbiold, 77 bR/ s THIMLEY
f. TRk CGP 12177 O~R—3 7 F L+ Y »2A G
DEENKECHY T2 0B I TS, MY &>
FEEYT20E L EFRNBECHET 208
%, PET TREEL TRELTWE D THS. -
&2 Syrota SDHREL L ALY VBT LF V2
VY EREEY F v K TH5H "C-methiodide quinucli
dinyl benzylate ("C-MQNB) O5& 13, %O RS
HUF Y ROMPBE L FHENFESIERLELRE
Hie &, #€ - T saturation study 128513 3 7 — 713 #%
S5EOHBICIRIZT I — B SN, in vitro TO
hyperbole function # Z D % FHIGT 2 2 LA T &
729 UL Lzt s "C-MQNB ol & RS
ey &y FEESER LELEENY A Y FEHT
HY, KEAOY F > FIIHBFENEEEEETH0

BNEETH 2. BENBEEREE L 20O AEHE Y
ez PET WE->TRAIT A LIR#ETHB EW
bNTERY. EFIMPYY Y VEE L ERENT
BHREE Lk CGP 12177 58\ tfl L TiEind 3
EELD, 20OYSE LT Pxqgo DE*% hyperlole
function Z&A L 7= modified hyperole function % %
L. ThxRwvwharEa—9 749720k
D, RUBFCBIBR—F T FVv+ ) v REGBTE
(Bmax) i 113pmol/cm®*e KD 57z, *H-DHA £/
Wiz in vitro I B 3 RBERBEESHEB T, ROBHOD
Bmax & 3llpmol/g Th o7 L HES N TS,

In vitro FEEBESHBEIC T, BB R—%
TRV U ZBREFEEBS LIV NA SEEORFRY
FHOBOSREINTVE., R—FTFFLF IR
FREEREZE LR CRERTHD, LEFITTL
EONTETT 259, iz NA 8EBEOAFIELE
BHBRARTLRENEITCONTET T2,
DOWFETIF PET A% v Y ICBLTEEFEL LD
1294 ADARPHEL 22, in vivo RRETO
NR—=F T FL ) »ZERORAEFHAOR FFAR
shTwRL. BRirsHT, LV HBEOENT
PET v A7 A%MWT, PET REIERA L 72.DiFD
KEIZEOE POLBIZOWTHREENETH S S
LA NS

ZEEVT PORBRHNZERESE*RTLODE
HFRUTOM<TH 3",

1. 20V ¥y NOEEMME (Kd 0E(E) Ran
% Z & . Bi® control kinetic study B L TETERD
VA Y FERDAADBELS, ZOBESREBHE—-ELT
HErZ L.

2. FEBRVA IR ZOMOT 5 TR S
WED, BEHEY AV N EOBTHR-Z2EEEE T
b4 S BEMEARHE (displacement) AR E N 2 2
k.

3 . Displacement study @792 5 & L2 FEE
BTy I A OEEERIE, TOREEB LUK
MY & > K¢ displacement DA % & DIRE & +HA8
ERDBZ L.

4. UHEEREMSTEND Z . HIHEEPIC
ENEEOUKRESEEOAIIL T, BEMEY V¥
OWHEHESZ T2 2. CGP 12177 kR
BRENT, AEBEREMERE S hE» 20 E
FBOREREL, 2, 30FFEERMTHLLL (B2,
4). & 5 ZFEAEFH CGP 12177, pindolol, B & U
propranolol % fiv>72 pre-saturation study 12k > T
b, "C-CGP 12177 DR ENZARFEE B REN (H
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5). Pre-saturation study 28 \» TIZFREMEER & U'F
MERE control study 2EEL T, (ESE X UCIEDOK
BHE ) A v RO EEL (volume of distribution) &
BYLUTICMEI s, B508025—7THFOER
S DOEE Paid control study D #DEIZLEL TEE
W{E» o7z (3B2). T pre-saturation study 281
5 NA BEEEL~D"C-CGP 12177 DEERFESET
I, BB (b ERENR) LD Tu<,
MM &> REEAICERS S HER T vy o=
AMILZFHRAOBETMIORINCLZ2ODOTHS.
g SiE, BEEY 2> FEERO LB, B
O MO —IZ B Tl pre-saturation study & [f
B, gy o — oI L TEER
Buic bbb s 3, HE#Fa Y bo— "CCGP
12177 OFsEE # — 7 (volum of distribution) i% 55tiEE
Haorbto-rozheENoL, PECLEEE:
EHsnwhsTHD, E T HIE "C-CGP 12177 O
NR—F 7R+ ) ZEEESIENR»S5DY &>
FEFSHEICBEE S BILVWEE L2006 THS.

BC.CGP 12177 7 v # T=A M E LTI TERL,
HDFPCTT=APELTEREEEDE TS,
displacement study iZ8BIF 2R bV EFY -V T
FREr S Lz 2 Blic BT, FEBERER CGP 12177 % 5%
DHBOLREZFED TS (1), ZOBEIILE
BOEREICEL S, NA OR=F 7R 5 v2
BEEENTR V<, NA % displace 75 Z &R L
s s n-JEER CGP 12177 A TE R e E 2
SN5 . LIHEDHERIICE W Y T — vl & 2 EE
BOBEIT, JEEH CGP 12177 OB LE->TKE
® NA #% displace s ¥ 38F L LT, CGP 12177 ©
FryIaIZA b LTOEBEMRE (LHEEDET)
EHTWw3 (E1).

UC.CGP 12177 & PET 2HAWw/lR—F 7 FLv F
L BRED in vivo AT OIFRIC B 1 B BERIGH DA
ML BETH S . Invitro BEEBEREB IR, &
BIZEBbE bEhidA R0E, HdETy FERE
LDEFAEY 23—t EAVT, B2 ORBOODERRE
BUAR—FT7FL ) UBRERENHFRESATH
5. FEATERICEL T YT A ML BEERE
down-regulation (R—% 7 F L 7+ VU v ZEEEEE
T) 2&kL, BTV TAMILIRMEET
I3 up-regulation &##2 2 LR— & EWAC & % BEHH
BN FMLBOR—F T v ) RREEE EEM
BELY. EBRNICRCAEOHRLEEL E, 2O
MoR—g 7R v+ o Z2REFEREMT 2. 2
NRBMIZE > TR—=F 7 P v25EH, il

Tl

WD S EREABMEL T 220 TH29 &
B LHEEE 7 VEER L RLB BT,
R—FTFVT) U ZERFEEOHEMRABD Ty
W FRIRBEETTEES T AUER T v N TR, oy
FO— VL TR=F 7 R L) U REGEMNER
WE»o7Y APV T MM UERIC L DERRE
Sy bEBVBTIR, R=FT7 K+ vEEFEES
ETFTLTW. BREELCHECETIIBWTRE,
R=FTF7RFVvF) v REREEOELLZEEKD
adnylate cyclase ¥ @ coupling BWEELZEHE » LT
W3 5LV REcbLD Iy McRERBED b
V- SR E8RREEE, MRS T AT Vi
BELREBEETRLEY, X=F7 v Y BRER
BREBCETLTED, AR—YEFZBT 580K
BLURZBROBRBMBRECO—BHLZ>Tw
54,

PET X & DM £ URIZZHMHRO A BT
KBFREBLOR—FTFLFY YRBEKD in
vivo SRS AIEE L R B DT, KEWRER—F 7R+
Y v BEAOEBRRICIEMEL L RBRIMET 3101
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in vitro fIE I L 2H|ER, BRI P OLBERK
BT in vivo T+ 33E& 1, "C-CGP 12177 &
PET #Bwicr—¥F 7 FL+ ) VSR EBIFERLE
KR ERTH 2 L HRrEns.

*

R=F TRV ) REFEOT VI IT=ZALTHS
UC.CGP 12177 @ in vivo 287 3 LEZEEAOH
HEBEmE2ERT2 I L 2ENELT, 1 X05H%
Hu7-288 PET study 21T -7 2%, UTO
mEFEwmeBL.

1 . Control kinetic study & & \» T, "C-CGP
12177 BB O A X LEHIC BV 2R — B R0
LEZ YA H Y FBERVIOST—EELAD, %
D75 b =230 UERR L. —AFZ Y407
YR BEEREEISUATED TREE 2D, 7V4
DAY REBEOMMEOLHLmMR S o4 )7y FOR
B 5~ 6z,

2 . Displacement study = ¥ > T, "C-CGP
12177 BE255012 AR B OFEER CGP * AEEHE
Ltk 23, R=F7 Fv+ Y v REEOR—RHEEH
Mz d 2 BENESHEEREC L, LEBIIAVT
VREBERARICKES L. FncRAFL T CGP
12177 OEERER (MEROET) 2RECREDL.
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3. Displacement study 728 U /- JEE 5%
CGP 12177 05 E 2 E T 312D T, displac-
ement DA EXSOREL LIERETOHE X VT L
N L 748, FE4EE CGP 12177 25nmol/kg LA L
i3 displacement ORE H LHEEETOHEEG LTI
PLEKET, 4 XTIk 25nmol/kg #% saturable
dose THDEEZ bz,

4 . Pre-saturation study & B\>Tix, "C-CGP
12177 B¥EL043RT1C 25nmol/kg D IERER, CGP &5
Lo LOR—FT V) U 2FEEEFMLTE
Wik Z %, control kinetic study 2L L TLEST ¥
FVH Y FPEREIERCETL, LHLmFI o4
FYRBEHEIY e —LOKS SO 1 IETL
t:. EROREEEENH %18 3 /2 912 pindolol T
1 400nmol/kg, propranolol Tit 2000nmol/kg D £
Tayh—EbBEEL.

5 . Modified hyperbole function DX % EE T %
z ek Y, saturation study {28175 ROLBHDR—
FTE VY CREKEE (Bmax) &, # 113pmol/
cm* KD SN

HERZRAWREREN PET study 2T, _—5%7F
FvrY oZBEDO7 T2 THhH 3 "C-CGP
12177 @ in vivo BT 2 HENFESHEEMIT 2%
HBEEBR & iz, In vitro REGESHE T, 7T
KEZ ORBIZB T 2 LBR—F 7 P v v RBER
FEELC>WTOHRESED 5N B 28, "C-CGP
12177 £ PET 2 & - C invivo BV T L ABEOR
AEFMOMTEMI RSN, Lo TRARIE, K
ro v CT ORFEBIHA~OFER, 8L UHELOE
BB 2 LBREAD, EROKEFICE T2 .08
MERREOFMICINZL T, BEKLEOIFLLES
BoO77Fu—FOREL L TBD THERLHETH
rriE@mIns.

Eif B

KRERZDIZHD, FEOES, IKHMBLUERE
HIEERBOLY L AHFRAFEFTIMEEHE AMRK—
BRcESR L LT, £ REEMRERN S LUK b
oy CT HEROR2 CRETED E L7 7 ARFHEE
KEMEFIZ L FY v 2« ¥ a ) AR A. Syrota fRBERC
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Abstract
Beta adrenergic receptors in the dog heart were demonstrated in vivo using a potent

antagonist, "C-CGP 12117 (Kd=0.2 nmol/kg, in vitro), and positron emission tomography
(PET). "C-CGP at a high specific radioactivity (approximately 500 Ci/ mmol) was
intravenously injected in dogs. Axial transverse slices of the heart were obtained. The
concentration of "C-CGP 12177 in the myocardium rapidly increased and then remained
nearly constant for about 30 minutes, before decreasing slowly. Designing a new method
to distinguish specific receptor binding from the total ligand concentration in the heart
measured by PET, beta adrenoceptor density in the dog myocardium (Bmax) was found to
be 113 pmol/cm®. Displacement and pre-saturation studies were performed to demonstrate
the specificity of "C-CGP 12177 binding for noradrenaline binding sites. The bolus
injection of unlabeled CGP 12177 25 min following "C-CGP 12177 injection led to a rapid
decrease in the myocardial ligand concentration and a rapid fall in the heart rate. Both
the pharmacological effect of CGP 12177 and the binding inhibition of radioligand were
synchronous with the increasing amount of antagonist injected for displacement. In
experiments of presaturation with an excessive dose of unlabeled antagonist injection 10min
before "C-CGP 12177 injection, the heart/ blood radioligand concentration ratio as a
function of time was significantly lower than that in the control study. Thus, the specific
receptor binding of "C-CGP 12177 for noradrenaline binding sites in the living heart was
proved by PET, which might be the ideal method to study the physiologically active form
of receptors in vivo.




