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ABSTRACT The combination of nanoparticle with radioisotope could give the in vivo information with high sensitivity and
specificity. However, radioisotope labeling of nanoparticle is very difficult and radioisotopes have different
physicochemical properties, so the radioisotope selection of nanoparticle should be carefully considered. '®F
was first option to be considered for labeling of nanoparticle. For the labeling of ®F with nanoparticle, Prosthetic
group is widely used. lodine, another radioactive halogen, is often used. Since radioiodine isotopes are various,
they can be used for different imaging technique or therapy in the same labeling procedures. *™Tc can easily
be obtained as pertechnatate (*"TcO.) by commercial generator. lonic ®Ga (Ill) in dilute HCI solution is also
obtained by generator system, but 68Ga can be substituted for ’Ga because of the short half-life (67.8 min).
%Cu emits not only positron but also 3 particle. Therefore %Cu can be used for imaging and therapy at the
same time. These radioactive metals can be labeled with nanoparticle using the bifunctional chelator. #Zr has
longer half-life (78.4 h) and is used for the longer imaging time. Unlike different metals, #Zr should use the
other chelate such as DFO, 3,4,3-(LI-1,2-HOPO) or DFOB.
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Table 1. The comparison of molecular imaging modalities.

Y 7IE S sid=E AlZh s = AL ZFH|
Ultrasound 50 uym Seconds-Minutes 10 Mol Microbubbles
CT? 50 uym Minutes 10 Mol lodine

MR®) 100 pm Minutes-Hours 10 Mol Gadolinium,
iron oxide 1.69+0.23 GBq 1.69+0.23 GBq 1.69+0.23 GBq 1.69+0.23 GBq
PET® >1mm Minutes 10'-10"2 Mol 8F, 11C, N
SPECTY >1mm Minutes 10'°-10"" Mol 9mTc, 1M|n
BLI® 1-3 mm (depth) Minutes 10 Mol Luciferins

4CT: X-ray computed tomography. °MR: magnetic resonance. “PET: positron emission tomography. “SPECT: single-photon emission computed tomography. ¢BLI: bioluminescence imaging.

= table 19 B]5jo]glet (4, 5). 21 Be)d E4of utet A A EAULES e 4 ek
AdubH oz o) Ei Aofa Bopol A ALgEE FHA & Holth (table 2) (6). TH WAMIEIUAE EAISH A
W AEL AR S FFo] HlF B WIS 2 L 2 o] ofnE Lo ofE WAEYULE AL
ok, o HiE 7hA AukA o2 Abgw o] ghd R W @) o A2 2 Aol gt WA AES AWsHA dest
Fo 8p, 10, BN 9 150Q08] 43 AJo|FRERA Bl B o) 5l5bA0) EHES ek B a45S 29] 7
47 AR 2= Q). FTol Gad] - ¥Ge/"Ga WA A aefsfobst ek
A S B3 447 2L 4 om0l gt $27} Sofut AukA o F FAAL B AupS Y A ES I UAE
3 9leh, e ol AR WE WEL BT FHe g Zutdo] B2 EuES 7w AXE B ot 44 A5
7)ebe WS 74T Qe 0|2t uizk) 7} 7] oA} 7)o]l ket 4 917 o] AYA| Woll Al e qixhe S5}
ZF ol #7r (T, = 78,41 A17), “Cu (Ty, = 12,7 A7), L o 9830 AHeE S ok U Ak Aolgle
2 (Ty, = 100,22 A7) S0] 9k, 713 Hell A MR A7) 7} oFskE Rs A (Aeflui] 2t
W& AE U gy BB L Q7kA 203 5= 9le)o] 9
L= X BX[2] Ee on@ Haksl o] FakS 7 Y AW A B
Ao} g}, Lefsjor 3 E O F2T a4k e

heglA7} A ojstiofo] H8E7] RE 714 2 of QRS FA5He A17E golch, qhok Wby
-7

‘?T‘
Fo) St g E A o Folstge W sk 2 g

o] YETH= Holth, AAZ et 4] R Solzke 7] BE Rolw, B Wl U Ack $71A %
o R PR B AR eBS A e W AMIS Zuashl gel W 8 sl Eg w712 X

$ olele yiolth AR theglde] 4K W el & = ALY sl 29 Rolurks Fas AL WAt
SRS A7) 919 T b ok Lol HESl AESINIA X BRIEe] 4 QHAelth %, PETolU
ULE Holt A, Z P4 TS Yo e WANE  SPECTE BbdS FESH: /1Ml A8 B3 BAAE
91942 Lheglabo] EASH Aolch, oleleh BAESY 9184} a2 e Hol A Uitk PETe]u SPECT
A2 ool 2902 Holeh 1 HS ol g3 kel 9 HAL AGE LA S5 o ¢ TE A
O A W A P 4 ek WA B VI L) WS x5 otk IHEE PIEIALS thegin
S FAS P 2 AR B PEeh 4B AY T o EASH S B AFeA aefsiop gk,
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Table 2. The physicochemical characteristics of radioisotopes for nuclear medicine imaging.

ALY SHEL E sl AlZh siiE= AL ZEH| ZEH|
e 20,412 8* (100) 0.511 200 PET 24t
N 9.96 =2 8 (100) 0.511 200 PET 24t
1oF 100.8 2 B (97), EC(3) 0.511 194 PET 24}

“Cu 12.7 AlZH B (;52;)?‘-‘38), 0.511 38.6 PET 24}, 22
“Ga 326 2 EC(100) 5500 0008 o SPECT &4
®Ga 67.8 2 6" (89), EC(11) 0.511 178 PET 24t
T 6.02 AlZt I (88), IC (12) 0.140 90 SPECT 24}
i 28 EC(100) 0.171,0.245 90, 94 SPECT 24}
12 13.2 A7t EC(100) 0.159 83 SPECT 24}
124 417 B (23), EC(77) 0511, 46 PET 24t
0.035
125 59.49 2 EC(100) Xray 7,140 HIZAL
(0.027-0.032)
5] 8.02 2 B (97), 0.364, 0.637 81,7 e

9EC: Electron capture. YIT: Isomeric transition. ?IC: Internal conversion.

1.1 2418 (F)

PR 100% A &0l 7P 53] HES 7HA]AL §
o B0(p,n)18F & kg0l &Jsloifluoride ([UFIF-) E=
fluorine ([*FIF,)9] 2 714] 38t e = AYAkd 4= Slek (7).
[SF]F—2] AJAkS AutA o2 8-18 MeVe oY HYS
7IA = GRS B00] FHSE B (95-98%)° RAFSE T
£ 4 Sl [BFIF,0] AJARS 49] “Bl& A (double—shot)”
of wiro] 7WkE FaL glow, & o] A @A E 7l
o}, A WA Ao A= 243 [F0]0.00 A 2ALSTO]
BpS *J)“éﬁhﬂ e RS Bl JH O] Bd o] FARET

Fe SA2o 8 Yrhsto] A AskaL el =
THAR AL F T HA AR ARG £
7 Zi*} 2, B A O] BlHo|| F21E BRI} F, Afolo] &

rE
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Tl AR A kg0 Yt 26 N EAsts 12 MIAMNQOC: 2QE-123 (F), 29=-124 (1),
Rolct, 2 gk jhg-2 F2 A [PFIF-F AMg-dh= LR=-125 (%)), Q2 =-131 (1)
dl, [PFIF—& o7l A< = W 18] 2|3 vks-
< o] 83t BFE #X|57] {18l AR, o] Wi #A) 212 dofst PAdo]] 2 ARGET), P2 vlad 11 vt
A PET AE oA o AJAFSEL Qs 2-dl A -2—-F 7] (13.22A170) & 7HA AL QoL 1A} 2 28S Fof PTe o2 &
FLE-D-FFIAA(EF) FARY ([BFIFDG)E AAFst=d = HA 159 keVe] ZHuf oW A& W& 12 1A, o
ARG AR, [PFIFDGE WA FFol AH o o A, 714 B oA 2Te(p, 2n)*T WHE-S Faf AJAT
Ab SRR A TRt Foke] Aol ek whge] 27] A 4= ot Ao} 7|A| ebzlo] BT AYite] F2 ARG
o3} g7t grhet 39S sholct AWM Baste] 7 (19). AAE ol AP o]dhFol AAE = =l dE &
9 7P UubA 0 2 AMEE = Aok [18F]F2 gas o}, [*F] 24Te(p, n) ot *Te(p, 2n) AH3-S F3f »I7} wH=o1X
F, gas= AHA 02 ARGEAL 52 & T ntd =gt Ao EAUIE l 2 TS MEER *l%‘f?}—t— o] &t} L
2l opAIEsto]2E iE}OIE(CHSCOO[“F]F)(S), [*FI1Z= A AU A 24 BUL HRE YA B2 Asl R g
SR E(9), [PFIEE L -N-%E ol =(10) Ei= [4F] ojct, 2A ?— P2 ZHE T3l et oy 714 §Hol
Selectfluor(11)9} 28 thE BF-Z2 0 23} N-F A|FER Zeit W R 2ARE B AbskE del g =
WSSl A ARESE 4= Qlrt Ao RN HRFL Ub AR YA L B AT
BRE FAohs ® of2 Ak 7hdEQl 32 o)t F LS o83 FHelste] 2 e Eol2(I)S et AR
1AL BF-AE BE 5 o838k 2 4l 3 Y2 E F42 o3 Fall AAsHL I ol 1wt 47|
Q3 7Ieh R Bhg 2 A] Eget AR BAke] WAk £ AHg3te] A gt
F2of 2 AMGECE thro] BF A H BA TF0] HE e oAt W o R 71 W] (4.179)E 7
o] 12} opu]le7] Ei= ElE 2]9) PSR 0 2YUBH12), =2 oY) HupAET} oA} (EBmax=2.14 MeV, 23%)
BR-ZR 0 Rolsl Fi BF-FFQ 2ol =3K13-16)0] £ HES P ofy o2 aeh-S Fal Ak 4 Qe
AREE| AL E= Huisgen 122]3} BH3-(17)& $=35k=t] ©] o] #Te(p,n)™1 ¥hg-o] @AY 7Hg Guha] 0 & A= 71 9lck
=%t (Fig 1). (20, 21). BARS Slelide A7) =gbd 9RE 94 52 41
ZHA A0 B A WP 8P-F R H U QRS whE = go] 3} ARES Ko Bl 3ol =Ykl A e R ARgg
T o] o]gx]o] rH(18). oh A} & 2O A= 1231} FYUHA SR B EF
0l EE2 o838 BHlste] [ THEaL ofol w424
e — S Sa—
o NO2 [o]} o Q 0
:IF)LO/@ . /@*H . /@*ofﬁj . /@/\HJ\,&
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Figure 1. Prosthetic groups for "®F-labeling
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BT W7)7h 59,49 Yol HA} 23S A o7]"
»TeR BIEHA 35.5 keV] | oUAE 7= 7t
A8 Wity Zhabd o] oy 7h W) whiel] AW AREAl
Wabso] okstElo] FEo] of#eung APt A 9
A (ex vivo)oll 2 ARGEITH22), W= “Xe(n,y)* Xe
Ee PXe(n,y) P Xeot T2 WSS T A==,
X e} X e ERMYSHA Zk7E 57 291 16,9 Ak Wizt
718 7ML A o 8 R guE), &, S4AF He &
£ 5o WHEol A= A2 Wizl 9] o] S E|o] vhEo]
A& Zolek, o] ZA|ZE 59 AIEAl WHEOIAE PiXer
2R 3|50} HEF Solo] ZYH I o] o] 2 w3t
AL ofg-al gAY,

Y

VIS 8,02 U WH71E 2k i A S s
o] 3} 2|t 364 keV (81.7%)2] oUA S 2= 7ubAl L f
Fol7|= Sk, FA0] wEPTE ZHoba S WEely] oo

S F2 A7 52408 ol ARHETH23), PI2 A4 +
7HA] RS Fel Ak 4= et A dREl S48
£ 2] ¥Te(n,y) "' Te] W& AA ¥IZ WHEAU
(T tyy = 25 &), E= $ohy 2A & THEolA]= dE
A AP ERRE dojd & ok A A dud 0=
BE SHEAES YA AR 4= ATk

HAM] 8.9 =81 small molecules 8] FEfo=, A,
Tl gl Weiatel] o] =27171A] IRt BAb =) v

AP Ao SIS AHgElol et oleftt Ay B4

1. Direct iodination
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Figure 2. The major strategies for radioactive iodination.
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F 4 ok, WeQjAke) wigtoll A & uff 71 ol ARE-E]
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A B T A Y gRte oS skl EYAl B NN-
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< T2 e A 7 WA FA5h= Hl gol AR
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Ga(OH)s7} B/d= o] AJA|=)= Rhdo] v AHd 1 pHollA]
of A= w9 9o FARLE 2diste] wile] Ao &
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Figure 4. Extrinsic or Intrinsic labeling of nanoparticle with radioactive gallium(lll).
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40713 B WA AHE9). LhieglAte] TGad

SYsht WHS B4 ABHE hegae] o] 2B
o12% AY FRAIAL FS vheddite] Fo] Leo]
EAlg AR F 2R el Aalsto) T 4 gk

(Figure 3) (40).
2.3. 712|-64 (%Cu)

$1Cus RH717F 12,7 AIREC. & HAbESl s 53 43.8%,
FHAAE WEsHEA “NIZ 17.8%7F B-2okal HlepslS v
Z3HHA oFl-642 38.4%7} S H3tT), e 64 @A A
Aot obA wetE sl ol el 6471 A RGO R
AHEE]7] A FhAadS HolEr)

HCus YRR T 7HE7]A Ak
Aol B HAF vouol o FAAE 2ARRoA
%Cu(n,y)*Cu SRH3-& Fol A4Fe 4= qlct. shA|RE o] ¥y
2 specific activity7} Yth= o] 1Tt Specific activity
£ Eo|7] Y3l 14 FAAE 2AEY] %Zn(n,p)*'Cu 5k
oo

E3f] MCusS AR o QIX|RE 114 AR} 3

ot

b

=
b RIS G BAARE AR o) O A oE
o At <eg 7). uk Al FEEES o] gto]

Fol A S gty of e

B YAe 2E taae] B39 5 RS 248 fou
%

Sh 2 ol-gel FAIsk: S AREStaL vt
“Cue iAoz et seh vk Hlvk, GeljofAf

oF oSt B3 E AT o+ = Ao EAlE toksi),
1 3 7P wo) ALgEl= A2 DOTAQF NOTAo]H o]2]3k

ZAYo|EA= A7t Y=Y A} (silica—gold core—shell
NPs)(42), FE% (Quantum dots)(43), ©4H Safe®
H (SWCNTs)(44), AFshE b I 24(45)9F 22 thekeh thie
EA 0| $I0uS FA|eHR=1| ARLEo] Yt
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24 X|2325-89 (V1) 8kl Qlef, ey 2 5 ZAatellA DFOE /\}%ﬂ 7
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Figure 5. Structure and coordination scheme of bifunctional chelators for Zr-89
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