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In the diagnostic imaging field of nuclear medicine, functional imaging has been
taking the place of morphological imaging, and quantitative consideration has be-
come more important. The rapid advance of nuclear medicine is mainly due to the
development of high-performance instruments and excellent radiopharmaceuticals.
These new radiopharmaceuticals have been designed on the basis of knowledge
of physiology and biochemistry to achieve high specificity to target tissues. In
elucidating the mechanism for specific accumulation of particular radiopharma-
ceuticals to target tissues, the application of cumulative knowledge of energy
metabolism, receptor binding and antigen antibody reactions to functional imaging
is now under extensive and active study. In this paper, we presented an over-
view of recent developments in radiopharmaceuticals for diagnostic imaging,
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especially with regard to the labeling of metabolic sources, receptor binding

substances and antibodies.
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HAHERITEE RD X » TE#R I h iy
BxERNCEE L, TORNEE % BETEED
PR X b AR B iR 2 BB, v v F
757 4 & LTHRERLD JEL fibhTw5b.,
ZOHM Huvbh s BSHHERLE® L in
vivo S E KW (in vivo radiopharma-
ceuticals) LIEENTkbh, E#HREEL%5RI
LLToMREIT, BRI ERE T 5 3HA
L LT, in vivo ORI L o ENE R X
ns.

B R Ihs RI oMtk LTz, BE
gAY EZ B L, B, $ENDINC
LB TH B, T Dd YRR - LT
X, D o, BEE& ¥y pure /s v T
HDHD, FRERSIrrVYEETHS &,
2) BB B =F ¥ —, $7obb 100~
200keV ROz &, 3) EAFWPTHBHZ &
(Fef2l, HBEHO GRS RE 5 FR
VETH %) IeEDEMLEICTZ ENRRDE
N5, BFBHTH D Z Lk, BEYDUED
Bhb il merit L7k,

B o5 “EH” L LUK BN
&ML LT, BRI~ HRENS
EORHETH A, ThEFBIC, imaging i
1z background & /g% FEEERYIRALIC 9 5 4
BophZwz b, 2%, HEEBEOBHMAY
NTEENEETHS.

¥io, OO BSHHEERERL, Ak
MICEEE « GROTTRETH b, Lad, 5%
BT 5L DTS L,

2. ERICAVWLIIEE
BAE, in vivo HAHERFEMICH VBT

% RI DX/ o4 Table 1 i@ %155, «
BifE <k, mTc X, P 6w, =%

(® Receptor imaging

(® Radioimmunodetection

Table 1. Radionuclides used in
radiopharmaceuticals.

v-Emitter:
(a) ®mTc, iy, 67Ga, 2017T]
(b) 1281, (1311)
(C) SlmKr, 188Xe
positron-Emitter :
(a) $%Zn, %2Cu, ©Ga, Rb
(b) 1uC, BN, BF
(€) HC (COy, COY, 10 (0p),

(a) Metal Compound, (b) Organic Compound
(c) Gas

¥ —t' — 7 140keV @ pure 75 v M TH
BEVSEsREROMECEN, Lad, Y=k
Ve fl— s VAT AR LD AFVRELSTHDB

L Xb, in vivo HKEHEIRS O FZEELT
FEWC HFE L EFE Hr T\ 5. 68
R, s v g0 =z~ 171keV 0
WIn, ey 78 MefiEl, 93 keV o %°Ga, f4¥it]
73.5 BEfE], 167 keV o 21T1 7¢ & 4 fE IR A <
FRLEPEETHS.

B ~e v, Hima vk, HnD
B EHBCBOBRT WS, HbtE=a v #E
V3BT, 18], B e E o FRMES bR T w5
2, TR b0 in vivo ZEiEEEL L ToO HER
PERA NS &, 16 K, =3 ¥~
v — 27 159keV o pure 7¢ y ffETH 5 1231
DL ERTOL S, RIELHCLRTE
7o B R » T, HF Cik B OfFH»—
BEL T\ 5%,

R r VEBED 5, 2Cu, BGa iy = %
V=2 —ZXD B ENTES. ¥, ®Ga
126874y, BFiX1104r&, E2 v VERED
TR R B3 5858w L.

UG, BN, B0 Ig Kl EEILEM OB TR T
B BT, B LEWORE Y E 2 TR L
520T, RHMMESWEEOIEMH LR, Bk
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YEGLLELFHHEBL, SO EhbEY
Bgo gl Pishsbotchs. L
L, Zhbo LEgii: 1C 204, BN 104,
B0 Tk b3 2o0L BELEIgETH B
, TOFHTRBEAF 17t r VOREY
DELEFTHHH03D 5.

RIOAFHELELTUL, RTFFE FE 412

eV THEEINCRI Y, BR7A4Y b —
THEEBL CAFTHORNEETH A2, H
BBEOHBEDO Y - AV — & — « Y RAF AR
WAL CHWEKELX G2 HERD S, KB T
7=9mTc, $Ga, “ZCu % jhd &35\ DD
BICOWTUIY 2 FV — & — o Y AT ADKES
TNTkY, FEBEOBECRY b = VB
KB TBITT, HECGU T, AHTHEHA
FTBIENAREE s TW B, 4, HFLW
TRV —Z— e VAFADBRKCT LY, fHx
O RUDEHZ, X h BB ENEER
5.

3. WS EERROEADHILRE
BBEZEDBED 1D IE, BEAHEE I O &
HEIRER X OOl 2 BMAEETH
%. in vivo JECHHEER IS O BRSO K
BRFEL T BEBRKCEHIATHSLOK
i, ol O et s K g
o, B, il CoOMNERSLAEERIRED
RLrfise, Mm% — A nqm, B« e e L
DR 7 &, FOHEEBRF & U TSR
o HBERHZ L\ L ons, RECERRIE,
receptor ~D#EA, PEHGKIGRE, 44k
%, R, SRR R MO &G
HFIHLICS DR H 5. BIFEH L\ IBEH RS
mnBHRE DL H B UL, B, A LFRIE R
DT, BRI O R e SRR & )
MU T SRR OB LR & 78> TE T
W5, DX I GHERIER DBRT M »
T, RO LAt 5 B
7o, (RS REENER IR D Z LTl
B, FReom v RS BIC X SR, BE
L&D L ODOEFRENEO D EITITE
AETL L, BEEC X » TRMEMLEY DS ITE

(128 #4%5 1986)

b 57D, WHTEBC X HHELIL 50
LW RIS ST, HEEA i X % metabolic
trapping = receptor @ blocker & L TDF|
H7s &, native 7e4pBE 26 O ki HHEA
FIHL X 5 &% drug design OB KA
b h T b,

i) metabolism % GH L7 imaging

DI, e E 0SB TR, FRENT, BAE
SO T D BEFAD JIFHE KREW. B
4, metabolism % i A L 7 radiopharma-
ceuticals DBIFE L, EIVERTTHA T
5.

BE, OEO =31 ¥ —RE kT B
BHGBR DA, ABREBOZLC X - T,
glucose NWEE M =F AL F—JHLins, Fi,
73 B 2 v ERIC bbb KT Tk
{, aminotransferase 2 X %7 3 7 HEixBa
2, =xA¥— @ HAarEhs,
HHORBEELY RIC kb ERLcb D, =
FF — BRI O 88L& 7z 5 radiopharma-
ceuticals & LT, KEOBGEEBD ZHCH
WHR T3,

—75, B4TIL glucose DRBMIKATH B D
T, glucose RZDOFFEM A F\ 7z image (¥,
B0, T X pFHER L, MMitE o image
LR, BBSREOMBIC R R HlE 52 TL
hs.

ChBRHMEEOE#RCIL, £Y e VM
D UC 7n & FIFL T, native 7o#& & o gk
AT, ARD TORBE ZL S L THHE
L, bato fEEET L, REHEREN %
hE T Lo T L7, Wb @5 metabolic
trapping #FIHL L5 & 255D 22> O
HAENIEEINT 5,

native 7 flgf5ME <k, 1-[*'C]Jpalmitic acid?
NHEHWVBR, PETIZ X % imaging < kinetics
DEFB EDHhTWAB, T, Zhicflb
D185 = — F EERIES®E & L T, 1{YC]
palmitic acid & LD OLEFAD BUD AL E R
T, ofuxEEa - FICX DEE#RLA, o2
heptadecanoic acid® %, <vEvE» /L
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T #E3 L 7= o—(p-iodophenyl) pentaacetic
acid® ZREH IR T3, B #EfT T X
D, BIZETIE7 Y —0 I3, $HETIE p-1¥I
REBEBIAELLEELDBR TS, ThbD
-] EEEENRNIR X, BR(L © &) O BT
UCO, &4 U % 1-[1C]palmitic acid 1zl
D~ D retention 2E I A ERAND .
X5, BRI AFAFEE EAL fo B-methyl-
[1-1'C]-heptadecanoic acid® <=, 15(p-[**°I]
iodophenyl)-3-methylpentadecanoic acid®
T, JEER & LT IR D A ¥ 5 A%, B
LIk T L 7o\ e, Bk T RO
RELHEEETS. b, B, 0BT T
7e <, afig{t® { 521) s\ > 15-(p-iodophenyl)-
3, 3-dimethylpentadecanoic acid® % #ify &
nTws., Zoffticd, JEHRO KEHOK
I, BEHALE, B EOFETOWTY
M XT3, Ffe, in vivo jf
SHEERES - LT BRI EEY F 5 *mTc
B OWTh, = — FERC KT S5 R E B
¥y, B, ofnic *mTc LoF U — FBRE
fr A b ofEkm (Fig. D 2aRshTky,
SHOFENES S,

HOOC~(CHz);;-C= N-NH-C-NHCHjs

Il
HC=N-NH-C-NHCH3
HOOC-(CHz)1r© ‘C=N—NH—(I3|—NHCH.3
S

1}
HC=N-NH-C-NHCHj3

Fig. 1. Structure of fatty acid analogues.

—7, glucose & L Cix, [1'Clglucose,”[11C]-
[8F]-2-fluoro-2-deoxy—
D-glucose” (BF-FDG) 2 H\wbhT W5,
e Th &b L Huwbhn BF-FDG 3z,
glucose & [RE, MMPNC ELD A EHh, hex-
okinase |2 X b BF-DG-6P = ZF# I 52,

methylglucose,®

DG-6P DEFBEEIEL, X508, A
Tl G6 phosphatase D EM:EVD T FDG
R IZ\ied, #iflgpnc trap Shs.
Z DT, Iipab D @ clearance &k
ANDEGED RAENEBR, IHIL, HE~D
£\ retention 23 B 5 h % OT, imaging |
Bh T35, glucose I o\WT, {FHICYSK
> TOHID SN FHY F v VBRI - T,
v A X A EHSAOBBErEE NS, 3~
FEERC DLW TE, BER DLW EEZBRD
2 (DGR A B R T 5 (Fig. 2).

CHz0H CHz0H
0 0
H,0H H, OH
OH
o HO\OH
OCH; @1 NHCO @I

(a) (b)
Fig. 2. Structure of sugar derivatives.
(a) 2-O-(p-iodo-benzyl)-glucose.
(b) N-(p-iodo-benzyl)-glucosamine.

7 3 2B onTi, U6 BN o RS
v ViR I X b, glutamate,!® asparagin,'V
alanine!® 7o FAMED T I BOEHEN TR
TWwb, 73 7%, 27 5CHACLR
L, 73 BEBEZT COMEEREHE
HIRBMEZT D, £7 3 7ML, ThFEREE
Bd b EEy R, SR HL
biodistribution #7733 KKR7 3 /i D FHR L&
i, = — FEERAEGBD, FERREHET 1/
RO TORF D bR T S,

ii) receptor ~DEE % FIH L /- imaging

receptor {EH D A&, estrogen receptor,
DD B-adrenergic, muscarinic receptor, ¥
Py dopamine, muscarine, benzodiazepine,
opiate, serotonin 7z }t, fH 4 ®D receptor I
DNT KN eZhT v, BICHAD re-
ceptor IO\ TiL, #AERO BREMEITPHE
W X % WBIESERO BE e ENER SR T
5.

receptor O, HARYE §% receptor
L R Th0 BB R F o MO
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EHEMPLETH 525, FHIID ligand D
BIIEEPHC BE VET H 5 12, Bk
ligand 1335\ specific activity & ¥t e
YA

dopamine receptor DI, 3-N-[11C]-
methyl spiroperidol (NMSP),!® [8Fspiro-
peridol,'® [*'C]spiroperidol'® 7 ° receptor
o antagonist TH B FFr v . s vRELK
D5 %, receptor -~ @ affinity 23 Z \» spi-
peron O N HE L HLWbhT w5, [HMC]
NMSP &2\ Cik & b TO imaging 4 1Th
h, & OBRRRAHE IR TSP Zhb
DFEART, dopamine » D-2 receptor [Tk
9% L dtic, serotonin o S-2 receptor T
L E BRI A RS, [11C] spiroperidol i3,
D-2 receptor ~D &% sulpiride 1k b,
S-2 receptor ~ @ &% ketanserin iZ X b
HEX RS 7o, ShicX b BRI EEGD
kinetics Z B G 2 - & b XA T
.10 ZRIHLT, NV FRO [MC]
racloprid!® (¥ D-2 receptor Zi &\ ~EiFnM:
RTH, S-2EDfho receptor x5 H
AR, Zhd e b To imaging 233 %
bhTkb, BREREROHZFEE D D-2
receptor ¢ occupancy 75 FiC 2D\ T HETX
nTn5. 20

dopamine ZBJL Tix, BF-L-dopa i) %
imaging 3 G N T \WBH,20 = it re-
ceptor D& 5 X v, dopamine DL
HHREIIETHLDEELZLNS.

muscarinic receptor o f§ H < ik, UC-
MQNB??(the methiodide salt of quinuclidinyl
benzilate), 12[-QNB2?® ((R)-3-quinuclidinyl-
4[24 Jiodobenzilate) NEHVHR T\ 5. #
#-cix, SPECT Ik X % imaging A A[RETH
%. muscarinic receptor %, B4iE¥ b Tln
<, LD mBEC FEL TR, OO
imaging {RLBRT 5. ZOffl, LFHD
receptor }iH & L C, B-adrenergic receptor
x5 UC-practrol?® 7o & ML LR T
5.

(FE12% 45 1986)

benzodiazepine receptor o i H i, !1C-
flunitrazepam 12 X » T {74 L 72.? opiate
receptor DOz [CJcarfentanil 23 F\»
BT 5,29 serotonin receptor D\ T
1T [M'Cl ketanserin?® &I T 5,

receptor DHH Db DEFHE ligand DEAF
i, Bk d active Kffbh T\ 5 0B TH
b, IO OET, EAENUC RV
L DT, FOLDTIIREAY A7 = kv VD,
¥t PET B E s, fibdy, 21
75 & single photon DBfEIC X % EE3LIT,
12B31-QNB 23 #fifs X T\ % fili, spiroperidol
D B DL Th BF IR TV BEH R
REFIRCREL T, SRORBRIHIFIRT
W5,

iii) radioimmunodetection

radioisotope 2 X b Bk X huic bilkx £ 5
L, ZOHE%XHET 5~ DERE% radioac-
tivity DR E LT, ZEICHWL S &7
%78t radioimmunodetection & FE ¥,
=3 ¥~ JGH, receptor i &
AT, RWIRERZHED TS, T, 19744,
Kohler, Milstein 1z X » € monoclonal $i{&
(MoAb) EEA DT 2P I THE, <
DI BHIRE NN ED B TE T 5,

radioimmunodetection % 3 % % B i,
e OBRFAN BEE IS, £0 E LD
%, 1) target L HROFER, 2) (FHT2
PRIV 7527 2 v+ OFR, 3) EHE
L DR OBR, 4) B, BEE,
BBtk imaging ¥ CORFMID BE M E 23S
bihb.

PR O TUE,  DFEZEDZ WL LD
myosin R & T HHEIHCD RS,
MEBBIL Tk, CEA = AFP 7t & D
GRS, #REOREOMBRIEFURSFE S
T\ %, radioimmunodetection %17 5 1Zi¥,
BRI B0 2 LR OfFERS & OB
BT 2 A T KR E N 2 ENERE
ha. ¥ i mREC 2Wshs PiET
WX, M fEEST 5HR & Pk complex @
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TS, Pifko target ~DOEFIC FELY RIT
T2 ELERE LT IEES . R
DT, ZOMFRED EFCHES i To
complex <>, complex DWAHR~DELD
ABIT L % target M ~D HERET 7z & DR
EAHE IR TW5. UL, mAHREOEE
b b3, target k-~ 47l £5E
oz &S MELHR IR, F4DHE,
MR L OREC S EREH B LD LE
Zbhs. EEBEIFIC OV ULEHEDOER
ISHRRIC X D, SHOBROWENFEL AN
Hh T3, radioimmunodetection & EAHM
T EIC R RPIEY, REFBRIRTULRL
M, BHls radioimmunodetection 1t EY)
IRHUROFRIFEECEHETH 5.

MoAb ERRB: DB, HMED, H 5L
E XTIV HIFCH LT b HUEDOIER % 7]
BICL, Ibic, H—DHEOKRE Txiti
AFH eI % 7n & radioimmunodetection
LT DR mE b LA, BY v
ey =zm—<filan A7) F—=1c X
£ Xhb MoAb 1% IgG Fiik IeM gL,
M3 L {4 radioimmunodetection & 6
Tw525, IgG AL TS Z L2345\,
Fio, PURRFCBIE L\ Fe #aa 7
F(ab), Fab /s ¥ v 37 2xv+ O FIH §
ATW5D, IgG o 45 FE# 150,000 XL,
F(ab’), Fab o 4 F & 1% & 4 # 100, 000,
50,000& /XL, ZDID7 T 72V MUIZ X
D EEBIUAD RN AL, i AbD
clearance (3# < 70 5. % IgG I ~D
DA DKL, B F@b): (3E A~
DAL, S DIk Fab ¢k £ o
B SR 2 DR TR S RE 0 EE K
ML TWBbEDEEbhs. i, MFANLLD
clearance DR KL, EHH 75272 v
Tk B 18G X v b Bl |y target/non-
target [LasE b b DT imaging WAEFITH
5. RS, ERO BB X5 BTk
DRI %% 2 % Btk B\~ clearance (3
BT L D, 2L, EEAR~O TR
ELTO DY Rr&%E &5 L, IgG>F@@b),>

FabolEE s 2 bR T%, LaL,
F(ab”), Fab o\ hp' imaging @3 5 5
TEHRN DD, target I & 5T X H FFEL W
L DEFERTINENH S,

ZHETICAVWLR TS MoAb Xzt A
Exv ADLDTH BN, AL LT
BEE X VA T EERIGEER XSS
TP 5. B, human-human hybridoma
DIEEe, BEFILFEOFELE > TOBRIMN
AAEONTED, & FUEOFIM & FFR T
BEELA D,

PR DEERRC L, BUARIEYED (R & A
DEEWE X AFCE S5 2 ERANATH
B BB BT stk a v E 213 M,
Ga, *mTc Ig OB L - T fThh T
Wb, PERDOSTEIZKRE VDT, HikowE
CREEEEY L2 TICINDLORBEILRC X
LEHN T2, FOld EHTF O Eic i
~, B HEBENESTHS.

2V R2BO a — FiE#E & L Tix chlo-
ramine-T?»(CT),lactoperoxidase,?® Jodogen
B30 oMb TwA. ThbDHETI
Fr v VvEBREOXRVEVRICINEAIRS,
% 7- Bolton-Hunter 3#%2 1« X 3 =2 — N &3
TIX, Bt - Va2 ELREL 2V 2 EHD
TIVE—VCVEBEDT I s E—EREER
¥5. = - FEEE TR LRI T
3301k CT giTh b, CT OfFEHESH M
z2, i1 TS0 D IHFH1IUTR2 Y
PR = TENE, BAEEORRERIINS
EOTES,. LaL, 2 — FEERAT, B,
ik 7))V — DIt nFara<t 035
7 4 ETHHET RSN DH D, BEBRITEN
¢ dehalogenase 12 X % iz — ¥ Ktk 2t
%, LRI I & 5 B LT ot
23, BEOWEN imaging 1@ XF, A,
B Bl O AFENFRICIL e &b,
Blfe ik imaging # Hy& T2 Hifko =2~ F
0 e b G /N A YT (I AR

SREMEC X5 EHE, ThFRCELK
bifunctional chelating agent (BCA) % A\
Tfibhs., BCAL & v 7 B D AWML
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LERLDOF Vv~ RILEXEL, WELY
O 5 B xa#>. BCA #HW% BH#T
X, B0 UD BCA Lifkafia e, K-
T RI X BERHEIT5 1, Fv MLigEE
MHHECORFEF I L FFO.

BCA 0% i3, #Hifk: OREMMIC 7 3
EFlF R a2 B5T5. 737 8%
o BCA Ltk LD HEAEED 5b XK LD
i, BiEOT 3 ) HEOEEERTIAEALT
LFe P, AARFUAIEREDERGERT S
AESA I NERENBFORS. —F, H1
Ex v A ED BCA T, difko7 3 /H
L D& %<3 mixed anhydride 2 X < H
Whhb.

AHES B D 5 b, HiAoB L Mn
A d XSRS Hh, BRI TS SHIRT
W5, Win @ X 58 cix DTPA 23 BCA &
LTH-bIS.3® 3 Hifkl DTPA & %
cyclic DTPA anhydride #:* % 7-(% mixed
anhydride ghic X1 » &5 &%, RWTI D
DTPA-#ifk conjugate # KD DTPA L
B, W83 5. o DTPA-Hifk conjugate
GRTERTRETH b, AL T MInCly B
Nz C A 175 2%, EEERIT 100 BT R
W, DTPA/HUARE & O B FiikEE 0K
TEEx, KA, BELY 525 22
MHRTNB25,% Hilkl 45 FL47eh 15F0
DTPA OfEATIE 2D X 57k HEBIIR DI
A4

"Ga I L Az, deferoxamine (DF)
23BCA L LTHWHIS. % DF Ltk o
AT 2 Bypg glutaraldehyde B X D bk
%. IgG 1 5pTFY4ch 20 F LT o DF #EAX
PAEROE T & e 3§, BEEbiikoRER
bie s, DF-#ifk conjugate o {FH,
il b mild fefbTiTbh, ¥, ERRHE
TS5 DT, GEFEHD BGa b AN
TREE Ex bR, ZOFERC LS TGa @
Hitko specific activity ¥ 1 mCi/mg &£ET
B, B EEHE o 10 mCi/mg 1 5 & &
WAY, imaging RAEEE X B Pk E-E D
v (10~20 mg BE) bW

(5E12% 4% 1986)

HOOC~(CHz) z—@ —C=N*NH-|Ci—NHCH3

N

S
1]
HC=N-NH-C-NHCHjs

Fig. 3. Structure of CE-DTS.

r = o specific activity ¢ +o9ThHBEE
bhTnb,

HBGHRED WE, YRl — & —« YAFTA
ZX b AFO HEI»D, “mTc bk o
BRI RWCEER TR b, DETX b EEE
¥:,% DTPA % BCA L 4 % FE® It L i
DOWTHRE IR T &%, Arano HIZ X Y B
X k7= carboxyethylphenylglyoxal-di (N-
methylthiosemicarbazone) (CE-DTS)* (Fig.
3) 1k, *mTc LW FLr— bR BRTHZ &
DHIBLRTE D, Zhi BCAWHAWTHHAED
Bl ¥mTc #ik% 175 &8 T& 5. CE-
DTS 3% v— B & LT DTS &% #F
b, PilkE OfEEE, HARFT AL PED
73 Lo DPPA 7o PR LD ThH
5., ¥mTe L BEHICIE, Yorl—&—
Iy BHIhs 7T{io ¥nTc #2515 SHE
BHHH, OB MKGECLLarAFD
AR ENRIBZEND B, Thi it bic
DITIL, RICH], BERRBEREC OV TR
sehurie b, Flziy CE-DTS #Hw%
g vy, CE-DTS-#ifk conjugate (CE-
DTS/¥ifh#E & =1, 6 mg/ml) OEkR buffer
BWESHbR, BLAIE LT10*M @ SnCly
DA buffer BFRABHLRTWS, Z0
S TOBEHERIL 90 LA LT, Lavh Bkt
HROREELHREINDLDTHS.

ke BT X5 EEkPUAE, in vivo
Tt = — FLREE %0 % =2 — FEE AT
NTRETH S, TDled, target k~Di
SHO I ERE R = — PSR L D 3875
»3, —7Jj, clearance (1< Ie 5 ERT.
itk BE5 5% & %2 bh 3 FES
DR g 225 clearance DEIEIL,
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FEEI o imaging I RF|ITH D, ZDOHED TWaH, 1, §F, B2Ho clearance A3
BeEEN S BERTAOREL B b, i, BlehuE, X v FEc, Bhic image »75
#5#% imaging ¥ Cic 1 HEL B BREIAZEL bhabDEitEshs,
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