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Ci/mmol), GABAV ¥ 7 7 —{F 8 E T » % *H-
muscimol ([& 7.9 Ci/mmol), # A A Fv 7% —
£ ¥ %l ¢ » % *H-diprenorphine (& 10.5 Ci/mmol),
Lo b=y 7Y —iERE T H % *H-ketanserin
(Rl 61 Ci/mmol), g v 7% —$EHHITH 2 *H-di-
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mmol) O 6EEFERL: FIEFI7 Vv LYy
Sy, W, %% 13 NEN Research Products,
USA), &7z, VA4 v Far—vay, {yFak—
vay, BREDHOEER L LT, *H-spiperone IiZ
WpH7.7050mM bV XEEE (0.1%7Aa0E
v, 120 mM NaCl, 5mM KCl, 2 mM CaCl,, 1 mM
MgCl, #&tr), *H-QNBZiE pH7.4 D 50mM K Y
2 ¥EEE, *H-muscimol 1213 pH 7.05® 50 mM b+ Y
A — 7 I BB, *H-diprenorphine 121X pH 7.05

Rat brain was frozen with compound at —60 to ~70¢C.

Tissue sections were prepared.

Cut (204 m) by a cryostat microtome.
Thaw-mounted onto slide glass.
Stored for 1 to 2 days in a refrigerator.

Preincubation.

Tissue sectoins were rinsed in 50mM phosphate buffer.

Incubation.

Tissue sections were incubated with radioactive ligands.

Washout.

Tissue sections were rinsed in the same buffer.

Dry.

Generation of autoradiogram.
Exposed to LKB Ultrofilm.

Fig. 1. Basic procedure of receptor autoradiography.
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Fig. 2. Block diagram of drum scan densitometer
and general purpose computer. Autoradiograms
are digitized by drum scan densitometer. The
data are transported to general purpose computer
via magnetic tape (MT). Data analysis is
performed by the computer.
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Fig.3. Block diagram of video digitizer system.
Image memory board has 128Kbyte RAM and
analog-digital converter. It is inserted to PC-
9801 and connected to CCD camera and monitor.
Digital data of 256 X 240X 6 bits are obtained in 1/
60 sec, and displayed as 16 color scale.
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Fig. 4. Time course of association of *H-ligands to the sections at the level of striatum of

rat brain.
mean value of three measurements.

®——e, specific binding ; A——2, non-specific binding. Each plot shows

(A) *H-spiperone, (B) *H-QNB, (C) *H-muscimol, (D) *H-diprenorphine, (E) *H-ketanserin,

(F) *H-DHA.
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Fig.5. Time course of dissociation of *H-ligands from the sections at the level of striatum
of rat brain. ®——® specific binding ; A——a2, non-specific binding. Each plot shows

mean value of three measurements.

(A) *H-spiperone, (B) *H-QNB, (C) *H-muscimol, (D) *H-diprenorphine, (E) *H-ketanserin,

(F) *H-DHA.
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Fig.6. Saturation kinetics of *H-ligands in the sections at the level of striatum of rat brain.
®——@, specific binding ; A——A, non-specific binding. Each plot shows mean value of
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(A) H-spiperone, {(B) *H-QNB, (

(F) *H-DHA.

C) *H-muscimol, (D) *H-diprenorphine, (E) *H-ketanserin,
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a. At the level of frontal lobe.

b. At the level of striatum.

Fig. 7. Autoradiograms of coronal sections of rat brain.
(A) *H-spiperone, (B) *H-QNB, (C) *H-muscimol, (D) *H-diprenorphine, (E) *H-ketanserin, (F) *H-
DHA. -
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c. At the level of thalamus.

d. At the level of cerebellum.
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Fig.8. Total and non-specific binding images of autoradiograms by *H-ligands.
Total image: (A) *H-spiperone, (B) *H-QNB, (C) *H-muscimol, (D) *H-diprenorphine, (E) *H-
ketanserin, (F) *H-DHA Non-specific image : (A’) SH-spiperone, (B)) *H-QNB, (C’) *H-muscimol,
(D’) *H-diprenorphine, (E’) *H-ketanserin, (F’) *H-DHA.
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Y IR RIS ERBEGEsE s, FT7AAFr >
Fuy b A—Fiz074 b A—F OEOHEREGRE
(r) 13 0.9994, FILRAFY+ YTy b A=FELEET
FF4PIAF = AT LADMEOrix0.9982, 27w
TP AT EETFAT A IAF—Y AT LOMOD
ri30.9983 T, ZEMTHEVEEETRLZ.

2) EF AT 4 VA Y —v AT LAOERERET
EFATF 4 P54 F— v AT LDOEBIRET 21T -
fo. 1IEDONY 2759 FOREBWTT4YS
MEDSFIEE—FEHRLMILTE 1~ 2BEHICES
L, E¥EZY 0.4 ANTH -2, N2 7T F
20 EBEIELIE IS, T4 P8 NMEOFEEDLEE
DOIEIE 0.4 LA, T— RIEELEDL»72, &6
CEEOH—EERN L 25, 16 BEOFEHED ST
FOIEIE 0.35, EHEREIRIY 0.4 BN, E—FIZ
BELERD LT,

3) HEHEdER

I F VI, Me— A MEB X UTTEREHEREEO
SETELAEEREOY - I VT ST AL, ThE
EFAF 4 95 A F—v AT LI TEREL TRIE
e 2 10 1R, BLOFEE (region of interest,
ROD) DK Z &1 32X327T, 74 9% MEFFHET
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Fig.9. Correlation between cumulative activity
and optical density or digitized number.
Measuring instrument : a) microphotometer, b)
drum scanner, ¢) videodigitizer system.
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Fig.10. a. Autoradiograms of standards. upper,

gelatin ; middle, brain paste ; lower, commercial-
ly available standard scale. b. Correlation
between cumulative activities and digitized
numbers.
brain paste; €——®, gelatin; s—mn,
commercially available standard scale (tissue
equivalents).

Materials of standard: O - o,
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4 v Fan—v 3 YEMBORIEE (&F8E)
R 13a Ry, B BHET &, BENE kS
WKONTHEEHSEMLEL, Z0F—5 %8 Licfis
7 Scatchard BE#7 2 B 13b w2, 2 h» 5 &7
Buax & KA DEZ3ER 2 1KY, Bpa, KditiZ, 4>
FaR—va VEEBNEL B2 ONTENNE %
2fEM%ERL 2. Bumex Tl, 3 HEFHT 456 pmol/g, 8
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Fig.11. Scatchard analysis of cerebellum by *H-

muscimol.. ®——®  granular layer, Bmax =240

pmol/g, Kd=3.0nM; 0——0O, other structure
of celebellar cortex, Bmax =116 pmol/g, Kd=5.8
nM.

Table 1. Comparison of binding of ‘H-Ketan-
serin to frontal lebe of the brain of normal
and Clomipramine administered rat.

Binding (pmol/g)

Normal Clomipramine
Frontal 1. A. 17.0£1.7 13.8+2.4*
B. 26.3+3.1 18.6£3.0*
C. 19.3+3.8 13.442.4*
Frontal 2. A. 19.3£3.4 17.8+2.8
B. 33.6+52 30.0x£2.8
C. 238+43 17.8+3.6
Frontal 3. A. 19.3+3.6 16.0+3.0
B. 32.8£4.6 27.6+4.0
Cg 3 32.0+4.7 28.5+3.6

Cg, cingulate gyrus

Values are mean®+SD.N=6 for normal,
N=5 for Clomipramine-model).

*p<0.05, vs. normal value by Student t-test.
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Fig.12. Digitized color image by *H-spiperone at the level of striatum. total image (left), non-
specific image (middle), specific image (right). Specific image is obtained by subtraction

procedure.
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Fig.13. a. Saturation kinetics at the various
incubation time in *H-QNB. b, Scatchard analy-
sis of saturation kinetics at the various incuba-
tion time. X——X, 2hr; ® m, 3hr; o

o, 4hr; e——®, 6hr; O o, 8hr; B,

bound ; F, concentration of free ligand.

BT 341 pmol/g e B LOIBIZ/NE VA3, Kd i, 3
BERET 524 pM, 8 B¥RATT 113 pM A E < B{L L.

2) AYE BT v 24k

ER, 4 vFa—ya VG 6IEMTES L
FOh#R % b &1 Scatchard #4735 &, Buax #& 262
pmol/g, Kd i3 100 pM & W3 EMBE SN, T D
Bz, B—&EDOF -+ 5V F 7774 RCLBE
(Bmax 332 pmol/g, Kd 130pM) BL U4 > E i
BT vEABECBWTITC, 1 v F a~—v 3 VK
45 3 TESNIE (Brax 289 pmol/g, Kd 87 pM) &
B TEBLL BT L.

2. REGREHAR

1) A= 79475748

2EBDBEOEEHROT -5 2 REELEERL 2
WEFIL IR ETROE NI A-FREHTEL,
k, 0.0313 nM~'min~%, k_, 0.00042 min~!, Kd 13.5 pM,
Brax 250 pmol/g &\ 3 {ESF SNz,

2) A vENORET v EAE

EEEEthR 2R 1da izRT. I eFohicx
FL1DBEDENT A—F DEI, k, 0.516nM™!
min~1, k-, 0.0060 min~!, Kd 11.7 pM, Buax 211 pmol/
gTHY, A—+3VFT57 4 KT 2 EHEM
TEREZEND S 720 k, ko OEIZEL 52, Kd, Bmex
3R TIHEPLL S fERRL T,

3. ¥YIab—¥var

1) A vFan—yaz/RE EBE-VAFE
toiz & 3 Scatchard fAT~OEE

A= IVF T T LD 2EBOBEOEEHBBE,»OH
EL7 Ky, koy, KA 8 & U Brax OfER AW THEBOE
YUHF Y FOBOHNRERZ ZBEHOBEHBELY S 2
v—varlk (15, 4 ¥ Fa—va  FHES
BULigd, BEEMNKE S, FHEDOHER & —BL 7,
7z, HEBE-) Y FEINEC RS, BEER
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EEEZRLE, 72bb S H-QNB D4 v Fa—¥ 3
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2) EMEERLIIBEOY I aVv—va Yy
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X, MI0HTE—2IEL, ZOBRBLATEILL.
BEi(b U7, B L 3 2 R R L7,

3000

2000
€
g
o
5
2

10004

0 50 120 180 240 200
Time(min.)
3000 b
Jd
L

€
§ 2000 .

Bound
L ]

1000 { N
0 60 120 180
Time (min)
Fig.14. a. Time course of association and dis-

sociation curve of °*H-QNB. Association of
brain homogenate with *H-QNB was performed
up to 60 min, thereafter 10 xM of atropine was
added. An arrow stands for administration of
atropin. Solid line shows a hand writing curve.
b. Time course of dissociation and its fitting
curve to the following equation in the isomeriz-
ation model. Bound=A-e *+B-.e, X=
0.00468, Y=0.120. ®, observed value.

re

Table 2. Bmax and Kd value at variable
incubation time of °‘H-QNB binding to
striatum of rat brain.

Bmax (pmol/g) Kd (nM)
2hr - —
3hr 456 524
4 hr 370 237
6 hr 332 130
8 hr 341 113

\\\
N\

w /S
[
&

100 200 300
F (pM)

°

Fig.15. Simulation of saturation curve when
incubation time or volume of free ligand is
changed. ©0——0, 10hr, 100ml; ® e, 10
hr,4ml; o——0,2hr,100m]; = w 2hr 4
ml; B, bound; F, concentration of free ligand.
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Fig.16. Time course of association curve in the
isomerization model. O——0O, total ligand-
receptor complex ; ®----- ®, isomerized ligand-
receptor complex ; & e A, non-isomerized
ligand-receptor complex.
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BEHMLIEZ A, 10.8pM LW HENE SN, BE
EERBLAEVETLIOEET veAEOILT
oM, #—+3 Y4777 43R0 13.5pM LD TE
ML EERL.
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PET c& B L7y —= v E V7 &R, £IEFHIR
Pz D < e OFEMIRRBORGHEN, 2, B
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32, i, AMEADOLV 7y —OEE{t C, ¥F &
YORY b o BB TERLBEME Y A FERL
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;}25)27), f[]'ZUGC %};ﬁ V/\*)bﬂ)ﬁf%’%“m)b??}h\%éiié 2T
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BRNETHD, BoNKHBRTLIEBTE 2,
—BEEO DI, YL T v BEE
(single photon emission computerized tomography,
SPECT) OAHEE L, Bl SPECT e LTl
EHY # Y FORBEMNBAICENDDHD, TOFK
ADHIZA & 1O (PET & SPECT ##8# L T
ECT (emission computerized tomography) &
3), LALZODE S % invivo 12 & BRIEDHEE, 1)
MMy & OMIMEAKOEE, 2) BROESLHE
BRESORE, 3) MEEEWED LD KA
BETAE2ONRTOESE, 4) B5snEH
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AFFEeTid, £ 9R#C *H-spiperone, *H-QNB,
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DHA ® 6 BOREEY v Rz Dn»wTA =79
75 MERBOEEME, ThRbbA ¥ Far—T 3
LR, PoeEoMN S X URMEREEA. £
DERE, ThFhOUF Y FicEDfrFa—va
VR B & UUEM SRR 28, B RFEGT TR
TWRRT LD IHEHEEL - 59777 LR ERT 5
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EE, FOIARF YU TFrybrA—F, EFAT4Y
FAF—YRTFLREMDDB, 07 b AR
2% v Y HAROBEST, BondF—sR7rus
THHBEMEEICENLE, —FAVTFOORET
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YATFABVL OMRES N TS, 3 =arytPa—
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1) ZERSRELE  EROBHERNERTH S, 2)
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23t L, 3H-spiperone @ & 5 IR RS DEIE L
B, L Z0EEHIIEICRE 2587
Z7yvav4A A-YRERTHS. BETFEAVA
EFTRE S X CBEMR R L DRSS A —Y
SR A A —VDER IR TTHBH, EEITIER
SARHIACYF 2 ]/E 3 & S IC{BE, Bk ey
EUB R, BEC—HT 3 LREST, T5H0H
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vk, &b, Sobel, Laplacian %% ED 7 1 L ¥ »3F|
RWEET, ¥ S WEH, EEMOINRER T2 20
T, REMmT COBRE S A - b ERTE 3,

Ve 7y B, TRbERAEAE Bna B
UHREEES (Kd) 13, EHEUA2AVwTZhzhE
BolRBETREEETA—F5 V4 75 45l
L, EF4F 44— AT L2BOTERLY
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FROBEREIAEL A FL e 7y —ToWEZINTLH
I TDEIN, A= TIXFTT T 4L ER
7 v EAET Buax, Kd OEOHEBENSHEE 2o TW
% *H-QNB 2 DWW T, B THRFRET 2EL {IfTo 72
LA, F—NIIXF T ATORBESREESICIBVLT,
PHEPRREIE T 5 E TORMMIHES M ICERLE, &
Toviab—varCREBERCHLTY M E
BORCBEEROBERRA SN, TR,
Scatchard A7 Clx, RIGHTFHEITEL T3 I e
DHBETHZ0IZ, 28H»S 3BEORIGER T
12, BEECBWTRIESFEIEY T, BEEND
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BB 0T S 7 TERDARMNE KD, £
%%Kd@ﬁké<ﬁ&énéﬁﬁiﬁ%§@ﬁ@ﬁ
EEMERE S § % 2 LT & o T Scatchard AT THE
a7 v AETEWKIERES ZenTE L
o TRISERGZEENCT 5 2 LIz X DHEOEIZE
L<&O,W&Kﬁﬁé3HQNB%%®$@@%@&
wrEZonsd,

# 8, Scatchard fB4i» 5B S5h7- Kd &, S
&, EhE» s B o Kd bidei D EBE% R
U728, Z#%k SEEMEDA v Fax—ya>»Th °H-
QNB 0BE, EBECBL TIRZFEFCEL T
#tz b, Scatchard AT T Kd 2@ KFHiE L T8
N, EEMEEEES SESNLEN L D EOEIEY
LorBbhs,

% 7- Scatchard AT T3 R IGHE E EHCE BB K
B3I L IXTEEETH % 08, SR, MR O 7 —
s%, EFARPSEINBYF VP —L Ty
ESEOMEFHRC Y TR TRNEREEEAVT
HET 3 & Buaw Kd D&% 6 TERGEEERIHE
WAlBETH 5. *H-QNBOBE, TFL1E2ELT
A= bIVFTITABEHET v BRI T D
FPREEREOR VO OEEERDMEIZREL 525,
Buax (ZF#L2H1, 250 pmol/g, 211 pmol/g), Kd (%
h#h 13.5nM, 11.7nM) & & I28BD TERL L 72{EH3
Bgani.

%51z, *H-QNB T3, EEEERIC BT 3 RiGihi
BB e, ZTOLVETI—— NN
BEOEEE—D LD TRE L, EBRMERED SER
FMEREICRITT 2 2 LER»SELNTED, B
¥4t (isomerization) £ FEIEN T 5B, THIZDNT
Galper 591, EELEBOETTLVR (E7TV2) %
REL, FREEHRO RO, BUBHEEREN Kk, ko,
YT TR 2T OKA (Kdapp=[ki/k-1 (1 +ka/
k)] aEHL, BEEEEELAZVETV (£T
LI)TESN KAEERESRZZELTNS, &
B O EHMERD T — 5 2 ZOAKETET L 212H
Tk 2 & Kdapp 14 3.5pM L EH &R, ZhidET
NIKCHTIEDBADMELLTpM t KEL R 3,
i, BEICEEEED ko, ke, ko, OREERD
Al rEbhsd, I TEFARCEELRFENE
ke ERL, VAL R—Lve 7y —EEhek &
HleLrwso, BEELzbDZhZRZDWTHE
EMERERYEHL, JhICHESRBERDOT -5 %
BTIIBENRT A —F (ky, ks, Koy, Kop, Kdapp, Bmax)
BEHUTS, ZORER, Kdapy £ LT, EFV1ILDE
HLREST ve A EQILIpMR A — b5 94 75
7 4350 13.5pM &R THEAR(T % 10.8pM &> 5

ExE, EFAREHL ERELLBNRORZ S
Faht, ERGEEEHERACEE TSI LORE
ELLTC KduEbnashiigs, BE LSO L
boNE b IZELLLrERTE, RIEHEICER
Thor I IbhbFonsd, SHEA-FIVL
75 AT RIS IER RSt 0 > B 72 o FREESEER I3
F—yBELNTVARVY, RINREL CE2BRET 2
Ik o TRRBOEBISTRE TH B LEL LT
PEX D REERA— T VTS5 T 4 I, HERD
HEET v A BLHELT, Move 7y — ORI
MO 2 5 2 L NTEETHY, RO
MR FABR AR ERSBMERVE I LI
FORET veA ThhohoERERD L8
T3 HASND, KRB E RV BRI
BUODARST,ECTIZE2vEFI—vEVS
OERTHOERERERU T 2EFNRFETD
rrEzZHND,

-]

BREA - N TVA I T4 BRIV
§—DERIZOVT, T v b ERLTERIRE 2
T, UTOER%2E:.

1. *H-spiperone, 3H-QNB, *H-muscimol, °H-
diprenorphine, *H-ketanserin ¥ & U**H-DHA iZ D
WTA v a— 3 VI, EREFROBRE B LU
BIEROBRI 2TV, £TOVH Y FIZBV TREF
BA—VI VAT ABHF LN

2. 1) 37a7xbA—=%, 2) FILAF¥ >
Fyybr—%, 3) EFATAIIAF -V AT A
DIEDA— NI TF T LADERBBEIONVT, E
B L REMOE THEBRE L L 22, EEROE
Tit 3 BEN TIEEOMBIEE <, BEEOH
TEFA T4V IA P AT LBERCELTY
7z,

3. EFATASIANF—VRATLERAVT, EE
(LOBERHRE 2T o7 L 25, EEGR: LTI3Y
SFVERELVENTVW, ZLERLEY DS T A
ERGWTH T NI IV avA A=Y, AT—A A=Y
e EERL, TIRFTHIREE TR TH o 72,

4. FiBFO s 793 10mg/kg® 1 H 2
[@l, 1 GER R T ST HRETEE L, *H-ketanserin Z V72
F—bIVFTTAREBL, TETy b EHBLR
25, RiEMOBEERD 20~30% B L Tl &
bizA— NI VF ST T 4TI, EHORESER
Twaicsh, BET v XA ETHTAELEZONS
SRRSO LB FRETH - 72,

5. AATHVYHET2FLa) L7 —0D

4
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HXITHDHQNB TR, A — T 94757 45k
#&7 vt 4 TScatchard i » S BFE L LB AR
SEB L URBEROENERS L& TV, K
IGREESEYICT 2 I LI L 5T, BECBLTED
TEBIL - EBE SN,

6. BERDWATETH D Scatchard plot &, RIGH
NEEIZEL TRV ENR D OBRESEL, BT
BocBAL T b REREEN - BeEEEROLE LT
LB s, BEHRE & USR>S
EEAT AR RODFEEREFT L, ThicXh
i3, ErEREMTH L, BEB L UHRBHEER Y
BricBHERETH >, £7z, *H-QNB ORME/ALE
FRZDNT, TNV BE R EEENETTE 2R
L, tEABECTEEEEREEHR LI 5800
ORRBEESR (Kdap) DRMEEEZRLZVBAOE
rEHTHEPIL, ZOETFTVORYEMNTREINT,

UEXDSHRESX— S VX757 4 BT, A
Ve —-OERLEL, k04 E s
Ty 4 B, &R ERNTRETHS, &
54k, EXOMEEMRETTVEMERVLTE
BEFS 2Lk, FEKiZZEh s ORBOREREA
wEET OAR ST, WHERMRBORE, R
U reERcEFINTVWAECTIRIZ VY
§—< v v IO b DEREREREE T 2E
HEBFETHI LEZ NI,

o 3

FEik 2 2 s, REHEY, ARMEZEY & LRI
ABER—ERB I BATHERELE T, £, BERHE
N, HBE*BYELEERAETAY P—TRELY
5% BN, % FEhGE, SRAEERREITEN
KRETNE—ERIG, SRAFEZI BREREHREK
HRLEE, SRASEFTHMESBEMEEESE, BT
ICHREERMIEBREBLET.

AR O—HIZ, B 13EERHERAH SV HKIT A
(BEY MY A—, 1087) THRRERLL.

I OWFED—EIE XA RIETICE A, REHT 6144045
Loz,

# i3
1. SH-QNB B3 KinE T )V
1) =71 (BHEEEERLZVIES)

Q+R§lQR ................ (1)
T, QIEEMO) X FEE, RIAEEOL LT
5 —EF, QR XY # > K — L b 7y —HSHBE, k,

it Q+R » 5 QR ND RS HEEH, k112 QR
95 Q+R ~O—RIFHEEEH L BIKT 5. fEER
BROBE(LD 5 ROMSHTERER L.

r

%QTR:k.Q(Bmx—QR)‘k_xQR ............ (2)
25, B EEAEEETH S, (2127 77 AZHD
BT &

sQR(s) =198 _ 16,0 41 )QR(s)

QR(s)= KiQBmax (3)

S(S+k1Q+k~1)
BN T 7T ATHEHL TUATD

QR(t)= Qe ( —etwaewn)
IEEEEBRDBE, ki=027%2DT(Dh SROMAH
BAEES,

dQR _
dt

s U TOEEE L.
QR(t)=QRoe™ "
77 L, QRZ7 buErELNLEROEEROHE
ETh3.
2) =FNv2 (B LEEELIES)

fREHED,

k Ky
Q+RéQRiQW .......... 1)

nB, QUEHDY VY FEE, RIZEHDLV LT
& —E, QR IEMLELTVWEWI A F—1v e
§— A EBE, QR BEMLLZY T Y F—1v e
—HEEBE, k, 13 Q+R 25 QR ~DIREEEE
BEER Kk, 12 QR 20 & QR*AD—IEEHEEER, ko
X QR 25 Q+R ~D—IREHEEE ER, k_, i3 QR
56 QR ~NO—KFEHHEEEREERT 2, HEER
OBEDRD & LT OMAHER2), 3), WHEILT

5%,
dQB
dt

dQR
dt

==k Q (Brax— QB)—k-1 QR

:le (Bmax_QB)_(k» 1+k2)QR

t::‘o, QB—QR+QR*, Brax RS
N, (3), (N3 75 ATHET &

sQB(s)=102Bmx 11, q QB(s)—k-1QR(s) -.(5)

sQR(s)= kiQ QB(s)

— (k-1 +k2)QR(s)+k-2 QR*(s)
sQR*(s)=k:QR(s)—k_.QR*(s)
(5),(6), (% QB(s)ikDWTEL &,

_ leBmax (S+kz+k—2)
QB(S) S{(S‘H{z"l"k—l)(S“‘kl Q'!"k-l)—kfl k—z}

k1 Q Bumax _
S
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z 2T, a=kiQtkoy, f=ketkos, r=kak: L BE,
&oll
(e+8) ¢a+b’ —4(aB—7)

X =
y= (a+pB)+v(a+B)—4 (aB—7)
- 2

LB L,
k1Qanx S+kz+k ) 1 1
QB(s)= /(e +Br—4(af—7) stX S+Y)
RABICEIRTE S, 51T,
A: leanx
Ja+BY—4(aB~7)
LBl E,
o (htke—X)  (ketka—Y)
QB(s)=A{ s{(s+X) s(s+Y)}
RS 7o ARHERT &,
QB =A =X g e
—M‘E—ZT—X(I—-K“)} .............. 8)

nEsns, ARk, (5),06),(1&D

QR*(s)= mQB(

— {1k2QBmax
{(S+k2+k—2)(s+k1 Q+k-;)—k-ika}

1
=ke Al s+x) S+v)

THIEHS ST ATMREYT L,
QR (t)=ks Al 1—e™)—

&5,
QR(t)=QB(t)—

2182, (8)(9)(10)25k o 2 B RNEREREE TH 5. R
EEIC BT 2, HmaHERR, OReB8nTki=0&£%
50T

QR¥(£) cvvrvrererennaeenns (10)

dQB _

9B QR an

9OR 11, Q (Bpax— QB)— (k-1 +) QR
F+koQR* (12)

dQR

=k, QR—k-2 QR* ... (13)
(11 ),( 2),(180Ne 7 77 AKHEHT &

sQB(s)—QBo=—k-1QR(s) ... (14)
sQR(s)— QRo= — (k-1 +k2)QR(s)
FRaQR¥(8) o (15)

SQR*(s)— QR*=k:QR(s)—k_: QR*(s) ....(16)

172U, QB QRo, QR% M}, 7 PO E Y EEMT 2E
MOEEEBOBRETH 2.

(14), (15),(16)2 QB(s e DWW THEL &,

- k-, QR‘o"‘QBo(S‘l‘kz +k—z)
QB(S) s+k-y ) (S+kz+k—z)-k-| k2

ZZT, @=k-, B=ketke,, y=kak L BE, 35K
= a8~ /la+BY~4(aB—7)
2

v= (a+B8)—V(a+BY—4(aB—7)
2

e,

 KLQRY 11
QB(s) Sa+B—4(af—7) s+X S+Y)

QB, ,ﬁ X B— Y)
/(a-i—b’ Y—4(af—y) stX st¥Y

3BT,
- k-1 QR% QBo
@B —4aB—7)  J(atBY—4laB—7)

LBE, I TSIAEREMT L,

QB(t)=Ale™* =) +B{(-Y)e ™ —(A—Y)e ™}

~QB()={A+B(A-X)}e™

—{A+BB—-Y)} e o an

F7z. (14), (15), (16)EQR* (sHe DWW THEL &

QR*(s)

k2 { k-1 QR o+ QBo(s+kz+ke2)
S+kz+k~2 (s+k-1)(s+kz+k-2)—k-1ks
_kA ( 1 1 )
Ts+B stX  s+Y

1 QR%
~keBlgix s+X s+Y s s+A

Zhds,
* —€ —e™¥
QR*(t)= ke ACE- =7 v= /3
—-Yt +QR* - At
k:A
Y-8

w5+ QR%)e”

-Xt —ﬂl

+ko B(e‘x‘

~QR(D)=(~ jg“}

k:A _ kiA
X-8 Y-8

QR(1)=QB(t)—QR*(t) ...t (19)

+k:B)e "“-l‘( 7~k Ble™

+(

7), (18), (19) 233k s> 2 RSB ERIR TH 5,
B st ES (Apparent Kd (Kdapp)) RO &
IR B,

dQB

—le(Bmax QB) k-1 QR ............ (20)
—d—Qﬁ— , Q (Boex — QB)— (kes+ke) QR+k-2 QR*
........................................... (21)
dgf e QR—K-3QRY  +orerereeiiin 22)

SEHHARETIE, (20) = (21) =(22)=0

(22)=0& b
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—K-2 Ape
QR={~QR
(20)=0& D

QR ky
Q(Bmax“

QB) k-:
23y 2 (23N KA
QR _
(Bma.x QB
(24) +(25)& D
QB ki S kik: _ ki
Q(Brex—QB) ko1 Koik-z

ki ke \y-1
Kdapp= {k kz)}

9. 4vEka~— s VI, BRE-VTVFE
Hoiz & % Scatchard B ~OHE
BToEFVRMBEILT % LIRET 5.

L+R:=_‘ LR

a+

&, LisiEso ) &> FE (amol/, R 1
E‘ﬁd) Vi 7y —#E (amol/l), LRIV AV F—vE
75 K& kmE (pmol/g), ki, B L+R»5 LR~
DoWRELSREEY, ko W LR2 5 LR AD—K
EEEEEER R E®T 5.
zrT, Aml@7V—)F Y FERTICB mg D
BEVLT, BET v LA ETI2ET 5. 11 L))
T rEEL B,
dLR . 1 1B o 10-s) (B —LR)—Kos
—a‘t':—“kl(LT LRA ><10 )(Bmax LR) k LR
k(LR %107 ~LR(E%107 Boax
+LT)+BmaxLT}—k1 LR
(LR)z
4k Lr+k-

T,

%10~k — LR(%X 10 Bux i

1)+ Bmaxki Lt
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c=BmaxXk1 Lt
rBll,
dLR
a(LR)*+bLR+c
& 5WD=yb*—dack B &, MUEHEIST S &,
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2LR4D=D _1 . o g
logsor Ryp D =Dt +0'(0, 0" RBUIER)

t=00p k&, LR=0&LY

s 1D~ D
o =logp D
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Abstract

The present study describes a quantitative measurement of brain receptor with an auto-
radiographic technique in rats to establish brain receptor mapping by emission computerized
tomography, which is expected to be useful for diagnosis and therapeutic evaluation of
neuropsychic diseases. Highly qualified autoradiograms were obtained using six different ligands
labeled with ®H after the investigation of appropriate incubation time and washing time, and of
presence or absence of saturation. In a comparative study on quantitation and manipulation
among the following three analyzing systems for autoradiograms: 1) scanning densitometer 2)
drum scanner 3) video digitizer system (VDS), the VDS showed by far the most convenient
manipulation along with a good correlation with the other two in quantitation. Therefore,
autoradiograms were analyzed by the VDS thereafter. Appropriate setting of conditions in the
ligand-receptor interaction revealed the similarity of the hitherto discordant values for the number
of maximum binding sites (Bpax) of the muscarinic acetylcholine receptor and equilibrium
dissociation constant (Kd) of its antagonist, *H-quinuclidinyl benzylate, between in vitro receptor
assay and receptor autoradiography in the conventional Scatchard analysis. The excellent spatial
resolution of the receptor autoradiography, unlike the in vivo receptor assay, made it possible to
compare the values for Bpgy, and Kd among the fine structures in the brain. Although Scatchard
analysis has been used for estimating the values for Bpay and Kd, this method has the following
limitations : 1) an equilibrium state should be attained in any concentration of free ligand, as
otherwise appreciable errors would arise in the obtained values; 2) the dissociation rate constant
(k_,) and the association rate constant (k,) cannot be obtained individually. To overcome these
drawbacks of Scatchard analysis, a mathematical analysis was used for estimating individual rate
constants and B, on the basis of time courses of association and dissociation. It is said that the
ligand-muscarinic receptor complex shows a conformational change from low to high affinity
form, which is called isomerization. Four rate constants (k,, k_,, k, and k_,) were estimated in
an isomerization model of muscarinic receptor by the use of a newly developed mathematical
equation. The validity of this new analysis was confirmed by the observation that the apparent
equilibrium dissociation rate constant (Kdagp) calculated from these four rate constants was in
good agreement with that from a non-isomerization model.



