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n}$-2 w)3}el] 0] 21 X171 2441 EHSK-HEPDol &

Holmium -1662] &=}

o918 - o FEZ - FAAL - B YRl w0 FFE . rin)?
A5 - QA5 - ANE - AE - 193 - 0194

2 A Holmium-166(Ho-166)-2 3L ollvi=]2] we}Ad () 1.85MeV)} #-2 ubzl7]
(26.83 A]17H & 7H 9K AE A X E A A7 A7 93 vl gley o)=
A7} E7s 3 ZHA E3ol] g AW WA X Bell 0] 82 = 9lS Zlolr) o] AT B
e FEAYPE 3l 74 £ Ho-16628 Q13 | Abe] f5F 2 ¥ $]9} FoF=7]0
£ A A3 79 8§35 AHE3te] Ho-1662] ZHA| Egtel gt &35 2| stx] o 2 Zv s}
QA& 7ol B3t A[A 2 2 Frlslr] $17F Zlo] o)
et 9 2y [ 71vte] o] p= w920 9]3lo| SK-HEPIA| Z5 o] o] 4] 3te] & 71709
A 9} o] A slg o v, ok =7]E BF 2ecmu]to]gdt). 0.5mCi(18.5MBq) oA 3
mCi(111MBq)-8-%2] Ho-166 &3 Ffell 23 FARE F, ZHolotvzl2 Foh whAA
PGS ZA3l T JAS Foslgeh i x2F o A Al9d59} chitosan £ 0.025ml=

I

77} 109}el ] P2 wh-2] ZhA) £kl Fodshe] RAshaAch 2HA 23] B4} £75 1
2 axsh o 2 AN 3, 4 #4712 799 SR sk,

Z B:Hol66% 7% LE ellol A Bt 2atel g Tl Abe] 27 B o}
=Tl A A Eke] #a WAbe B3H A Wskeh Ho-1669] 9142k 2o ul#lah
o] FAPEE FIHAL 0|8 TAR FES) PHIAAE & 5 e Ho-1669] WHAls
Fe A2 5 9gich Av} Fhuleh o3 gk wablek 24 A 1% Ho-l66E Fokol

F4% 7 AN

FAAE AL FoF] Aol A A edgken, FAF BAMd AT 2] F9]8F Ho-166
)
=

Z E:Hol66& 72a we} ol U2 1 £HE w02 B A 76, o} o))
A7\t 240l A et selel o8 Fahgo] A9l glod, 7hH Eate) A A A
WA A A2 s o] 88 4 e Ae2 A7,

WA 2 e] A ] £ AW WA X E(internal radi-
ation therapy)+= 7919 A4 2ol 249 WM& 248}
A 54 Fgole Al E54 (cytotoxic) §32] WAbsE =
Abste] FARA7)= Aolth 53] AL oA 9] vl S wEs
= 5944y A5x4 AF T+ H7 25mm, Fd 10.3
mm= 0] A HAIX 5ol A gsiet. AA7HA] A L
2 M EG A8 AMEEAW 5994 2E Todine-131
(I-131) 3} Yttrium-90(Y-90)°] itk Y-90& 53t wiebAd
TS WE3le FHYNAR NS 53t Tl sk
o 2 Aol A Zh5otat A ZHH Eotell A X587} B

Lebsto) sk o) el st Al shubAbAd et
2 ) A st o) e &} Al xkuk b4l 9o} aal
Sl Ao st o) wpe 8} v sh et Al
ot Ao st o) e 5} o] sh et Al
Sl A et o) shof et e el
o] =52 1997 6 2 HFsle] 19973 104 6ol A= =S

A1, 2). 1131 A9 29A] AHSE= 74 294
2l lipiodol ZHAlel] Hi=oisle 1127455 11312 X34
7 1-1319] wlepAd whalsol <3 A £ 5} 9} lipiodol A}
o] AdeA e At 7hqkEol A= 714 we} 7t
A Ztell ARAI} ASS Easldoh(3, 4). a2, ol
FUYAEL Foko] 3 Bxo upe} 1 A o5y} AA
B2, ¥k itdo] A Aol FAWd(arteriov-
enous shunt)o] &A= 735, £l BXsl= B2
A 3gF = 3AFa] (catheterization) o] A 9dE A -$oll= AHA
k24, 9, A 5 AA A7)0 WaAle] 2AME = AlZRE F
8- dogd 5 gl

Holmium-166(Ho-166)-2 Holmium-165(Ho-165) 2] &4i3}
(activation)ol| o) A=, w7t 26. 83x|7 o2 #a,
94%2°] wle} A(F 0.61MeV, FHo| 1.766MeV(48%), 1.
855MeV(51%))3} 6% ZHahAd (0.081MeV(6.24%), 1.379
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MeV(0.93%))S w&sle], Y90(HA 093MeV, Hd 2
MeV)dl| AH&-& wigt & ouA]& 7129, 3hat 7he|Etel| A
Ak Ql GAke s o= AAeo] AUk(5). Ho-1669] 4%
zZAo] EREAE= 1.23mm, HW 84mmE Fohl e 3]
g 735 SRt AFALE A=, F92 BAAEA
€ A9 JFe vAA goernz AW WX RS FEAE
o o]&=l u} 9lth(6). Brown 5(1991)L fHbehA]Ee}
Ho-1662] wje¥(incubation)4ld Z3}, DNA(deoxyribonuc-
leic acid) &4 (replication)Z ®&l|3}, FEul$2o) o]F
o]A1xX]7] @17} fHkelE(human mammary carcinoma) el
Ho-166S A4 FAkste, ¢ dAE b5 2719 HaE X2
T THT). A, T ESte A e o] & FAaA o2 F4)3)
W x5 a3} A et Fpuletel] oJqt FoFo] A & T
As Aoz Y=, o] TN AAE YA Z A E
ot ] Fol| o]&s}7] $laiAE Ho-166¢ 27 FoF FAF #-5F
3 w9} Fofo] F7]of W A F9]43F] AbEo] I8
3jck. wheba] o] Aol EAL FEAPL T3] Ho-l66=
ZHA Egtell AR ¥ 1 35 2APH o2 FtaL, 7t
Fheltel 213 Ak JAHE Fo JAHE Aol F3h
AR o 2 Frlshe ol Ak

et 3 Y

2

Ho-166-chitosan2| A4

Z276] 23]% 165-Ho(NO3)35H202 NaOHel| £-3=
NaBH42} ¥H$-x|7]"H Ho-165% 2] o]-8-% (macroaggrega-
tes)o] WAEH, o] 1x103°n/cm® sec?] neutron fluxe]
Ax} 2ol 4] A 3}x]7]H 166-Ho(NO3)3 £ o] =}, Chito-
san< (1—4)-inked, 2 amino-2-deoxy-B#-Dglucopyranose =
A t}rteko]- 24 (polycationic), &334 (biodegradable),
F=A 9] zled Z3H4| (natural polymer)o]t}. chitosan$- -
PH 3.0¢] gA4Atefjo 4] Ho-16634 uH-g-A1A A= Ho-166-
chitosan 5-3H| (complex) S Z-5-3x 2], UAE=], v|AA A
2] (microsieving)3tgic}. o] A3} PAIF Ho-166-chitosan
FA0] A 2 Imlell 20mCie] WAFsS F-3haL ek

NEHEET ZMES

o] ATl AHEH AFPFEL v|5 B & K Universal Inc.
ALZAE 913 FE vheA2 A daAasE B3 WAe At
s AAREA FFAetHA filter-top cagetfiell A4t
L5 249 FEAYANANA AHS3kch

Algo] AH2" Ql7t 719HH| £5= ATCC(American Type
Culture Collection)?] SK-HEPIA|ZF24], o]+ Zie}3iA}
o] B2 e wjoksl Al EFo|c} o] A EF= 56°CellA] 30
ZF 714 ¥ n| &3} o190 10% F-elo} E A (fetal bovine
serum ; GIBCO, Grand Island, NY, USA)°] &% RPMI
1640 #§#](GIBCO, Grand Island, NY, U.S.A)%} strepto-
mycin 100.g /ml& #718le] 5% CO29] EA3tel] 37°C &

ufoF7 ol 4wl oFst it

gy

ZIQEM|ZZF SK-HEP12| 0|Z0|Al

wjekl SK-HEP1 1x10770¢] A& = kg0 55}
A FARE F 109004 1427 A3 F 714 £bo] T3}
FFoz =] AAe] 1-2emel =3t Ew YL 3}
ek

yeiz
SK-HEP1 A| L& o]F0]Al3}t & v
At
Al 1+ A2 A 94 0.025ml F417
A 23 : chitosan 0.025ml F3} T
A 37 : Ho-166chitosan -
3-A  0.25mCi(0.013ml)2] Ho-166-chitosan 4T
3-B  0.5mCi(0.025ml) <] Ho-166-chitosan -
3-C  1.0mCi(0.05ml)®] Ho-166chitosan <
3-D 1.5mCi(0.075ml) 9] Ho-166-chitosan -
3-E  3.0mCi(0.15ml)#] Ho-166-chitosan <
1, 2, 3% B5 FA% 1, 3, 7, 114 2ula), 14, 170 2+ 1
ope]d w1, 3EelAE 21do & 1nfe] S EAbsle] &
HNFRL dglon 1, 276E 7} 10vke], 37l &= 51vte] e
Evpe A2 AYSN I, AR7F AFRE 52 371 A
<+ 233l % 83vte)r) A8 Egich

fa2 3T0E U

A

Fig. 1. Photogram of a mouse showing a 1.8cm sized
hepatoma as a subcutaneous nodule 10 days after injec-
tion of 1 X107 SK-HEPI cells.
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Fig. 2. Results of necrotic area of hepatocellular carci-
noma according to the dosage of Ho-166 injected. As the
dosage of Ho-166 increases, the necrotic area of
hepatocellular carcinoma increases.
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Fig. 3. Results of radioactivity measured according to the
dosage of Ho-166 in gamma camera. As the dosage of
Ho-166 increases, the radioactivity measured by gamma
camera increases and is well correlated(correlation coef-
ficient 0.94) with each other.

Ho-166-chitosan2| F+| Bt

Ho-166-chitosans 7} £3fol] B2 FAl7|o] Y& F 7+
Azse) FAeA] A4 So2 Fastch dEroD 4
2] 21932} chitosans Z+72b 0.025mlE 7HA| E9k2] FAl )
ST o 2 FALSl )

Zta} F10| 210l o|BF HIARAMZE A4 2X o A

77) g2k T 379 F= b 7} Inke)H EF Sete)

= e S

R A A Ao,

A B

Fig. 4. Gamma camera images obtained at the first(A) and
third day(B) after injection of 1.0mCi of Ho-166 on hepa-
toma nodule in right abdominal wall of nude mouse.
Increased activity is clearly noted at injection site with-
out diffusion throughout the body(A). The radioactivity
became faint after 3 days(B).

= 14, 39, 7d =AF AZo) ztw} FhuEk(Prism 2000
Picker, US.A.)E o] &3le] =& n}$-~9} S5cme #2lE
I 587 v RS S sl g AkstslgiTh

455mCi, 2.09mCi, 0.98mCi, 0.45mCie] $=Fo2 7=
(dose calibrator)el|4] =A%t Ho-1662 7o} 7pdj2}=S o] 4
3to] A}719} 53 27122 5eme A 3L 5E7 WAt
AFFS A o) F 14, 3do] At F whHE: =Aslo], o] 5
<72 Ho-1669] &3} ﬂ“]”‘d%kﬂ]—’f‘ Abole] AFAAAE 3
HAEA 8L, A A T5 Ho-1669] §-22o.2 3hAks}gc).

ELE R

77) thE $eF9) Hol66% FAKE P& ohgrs 1,3, 7
11, 14, 17, 2194l 747 =AR3lo] hA| 29 2A FE-S o],
AlZtel w2 A} WA Q] xo]7} 9lE=R| 9} A7}l HE HE] 2
A5tA ]l zpel Qo] AUEAE FAsIATh &, 4] A7lel =
AR 29 7 Z 232 71 & 9HS A5 E A,
Hematoxyline-Eosine(H & E) A3t 3 333} 3] n] 73}l A
°dA+#-47] (image analyzer : CAS 200, Becton-Dickenson,
US.A.) 9] micrometer T2 738 o] &3}o] AL A £ HA
< £22 AF a8 A 44 & AR F A
e Aslom, F91%F Ho-1669] 423} zjApd 2]z} Abgbat
AL 3]HEA 3kt 7913 Ho-1662] ¥ Als ofel] w2 A}
AZ 4o 83} 9 FUF A AL B A4 HAe)
W3HE v A sl o, A 21 Feke] A7t #idle) npE &
FF A g F9) 22 e Wl zA] 3ty A8 #Asc
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Fig. 5. Microphotograph of hepatoma after injection of 0.025ml of normal saline(A) and 1.0mCi of Ho-166(B) on nude
mice (H & E stain, X 4). There was no evidence of cell death in saline injected hepatoma specimen(A). Ho-166 injected

hepatoma showed central coagulation necrosis(B).

Fig. 6. Microphotograph of Ho-166-chitosan in injected hepatoma specimen(A) and direct slide smear(B)(H & E stain X
4). In hepatoma specimen, violet colored multiple thread-like material(arrows) is noted and this may represent injected
Ho-166-chitosan(A). No definite staining materials were seen in direct slide smear(B).

Z2

de S29 B3

TE vh§2e| SK-HEPL ZHHIEE F4} 3 F 104414
149 Fofl 1-2cm?] 255 71 Fj8t22 9 £3071 HE=
tH(Fig. 1). 3ETY 19914 3 F Foke} <A A4 7 7%
A8 278 B g A WeiA 385 1, 27 24
AZke] 7ol - FoF 2719 M= A

Ho-1662] E2kof| u} £ ZHA|Zto| TA} HE o] B3}

Ho-1669] £2F& 0.25mCi, 0.5mCi, 1.0mCi, 1.5mCi, 3.0
mCiZ2 Az} 53 FARE ¥ A7t} §-3fo w2 714 2949 =)
AbHA-S =43 A3}, Ho-1669] 4aFo] 0.25mCid w¢] B
A AL 1681 £ 1.90mm% 05mCiel A9 26.26 +

2.36mm?, 1.0mCi% 33.70 + 286mm?, 1.5mCit 44.03 + 3.
0lmm?, 3.0mCi% 57.55 + 1.68mm?Z, 43ko] Z7}a}e| u}e}
IAHAE F7sle &73S E9ch(Fig. 2). o] 3984
sho] 2 Ax}
N = 14.62xD+17.64
N(Necrosis) : ZH4 £3}re] 7 ApH 2 (mm?)
D(Dosage) : A+ Ho-1662] 42 (mCi)
olghe FAlo] AtEEg)om (A5 0.95), ©] & Akl A
437] A A2 ksl $i8), A HAE o)
2} 714 & F 393 3 A,
R = 0.69xD+2.45
R(Radius) : 2] 473 (mm)
D(Dosage) : %3+ Ho-166 ¢] 42 (mCi)
o] FAle] AEE oA, AA1A Q] AR & BTk
o] D = (R—245) /0.69
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Fig. 7. Microphotograph of central cell necrosis(A) and peritumoral fibrosis(B) of hepatoma at 14 days after injection of
1.0mCi Ho-166(H&E stain, X4). At 14 days after injection of Ho-166, necrotic cells lose their configurations(A). Many
inflammatory cell infiltration and fibroblasts proliferations(FB) are noted around the necrotic tumor(NT)(B).

o2 leme AL 71 F9ko 79+ 3.70mCi, 2cm 2]

% 1094mCi, 3emE 18.19mCi, 4cm2 25.41mCi, 5ecme
32.68mCi, 6emS 40.00mCi, 7eme 47.17mCi, 8cm- 54.42
mCi, 9em2 61.67mCi¢ Ho-166S Zk o F418hH 7HA)
Eg& ok FAtg ez Zd =t

<
A2 4 Qs Ho-1669) k& 74 4= alrh. wheba] oAt
7

Zot 7tz SEE YAMIE AT ¥ G4

A7)l A EA 37 Ho-1669] $-3Fl ot wWhAAIEF Al
2 A= 455mCi 4 o 267,649 counts/5minutes(o]3}
cpbm), 2.43mCix 207,997 c¢pSm, 2.09mCie= 152,813 cpSm,
1.12mCi¥ 115,367 cp5m, 0.98 mCi+= 80,575 cp5m, 0.70mCi
= 82,554 ¢pbm, 0.52mCi+= 61,892 cpbm, 0.45mCi+= 41,259
cpbSm, 0.33mCi+ 45,802 c¢pbm, 0.24mCi+ 30,408 cpdm, 0.15
mCit 24,134 cp5m, 0.07mCiE 12,802 cpSme] A= 2
m, o] & 3| HEAT A3 2 ARIAE oo (BHAT
0.94), the 22 FA& AFEskdch(Fig. 3).

y = 58801.2x + 26928.6

y 7wt gtz 243 9 A S (counts /5 minu-

tes)

x : Ho-1662] 42 (mCi)

ol& o]&3le] zivt iR A wAMER ATE
Ho-1669] &=k 2 3hxkgF A= 50,000 cpbm o = 0.39
mCi, 100,000 cp5Sm-2 1.24mCi, 150,000 cpSm ¥ = 2.09mCi,
200,000 cp5m ¥ o 2.94mCi %t}

w3 S vhg2o Ho-1668 91t § 197} 3ol A3
A EA e} Ab7)9] FAlell oA ] AlAlRE WAt
Ho-166 415 144 WA= Al 3.0mCi & o, A3
143,100 cp5m, |25 122,186 cpSm, 15mCi & o, AZ3]
72,988 cpbm, == 74,557 cpbSm, 1.0mCi o o, A=x|

59,592 cpbm, 4]=3 58,681 cpSm, 0.5mCi o o, AZ3] 38,
990 cpSm, <=3 42,804 cpSm, 0.25mCi¥d of, A=%] 37,
216¢cp5m, =3 35,160 cpSm, 3UA] vAMA 2 A9~ 3.0mCi
o o, A& 62,065 cpSm, d|Z=] 54,565 cpSm, 1.5mCi 4
uf, A=3] 43,748 cpSm, 4=% 41,040 cpSm, 1.0mCi & o,
Al &2 37,200 cpSm, 9| &%) 36,336 cp5m, 0.5mCi & =, A=
=] 33,270 cpbm, 9|&*] 29,280 cpSm E, ¢ &x] e} A=A Alo]
o Attt Apo]7} glsict.
7ot FHlEtE Fo whgse] Ak 4L A=

Ho-166-2 i3t o Wlollvt whals A S Balod, 74
ZAo|} d], 55 AAe R A 2742 gk S
AR A A2 95 1960 71 Tk o, 3 Folle &

73] oz en, 7d Fel= A9 S A tcH(Fig. 4).

F9

e | xA|3N LA

FE vhg-29] g3fel] X3 7 xS HE 94 274
o] TN HFY] £7& Bo|x gigl e, F FH
e o GFAE Afo] FAE T, o= T Yol
T 9}

A2 299} chitosand T3 Tl e FoF el FAL
7o) gl ovt, dA] B JFA X5 Ffo] FAFHNUG
(Fig. 5A).

AlgE #|Abe] 4718 24l Ho-166-chitosanF el A= £
Fe] FAld AE9] el fAI=EZ glor), G o] HoiA]
o A Exdo] FaAEA ge SaIAE AEZER 7153 U
o, FAabgl FF A XSS v (cord) BoFe] widS 3k U
t}(Fig. 5B). o]2dt A AL A EE Alo] Alojoll= Befpdeg
AAse nAYsE EdEe] IEHW, o] Ho-l66-
chitosan®d] Z-& olof] gt A £2] uk-g-EAo|z} Y=,
I A A3 4 5 dcH(Fig. 6A). Ho-166-chitosans
AH &eto|to) £asle] H & E A3 A= 22 F 8
Aol 2o ol FAE A= R dskH(Fig. 6B). FAH £




ola3s] I -

T} F R Holole T Aloldle £3H LR 5=
F-E 4279 w7 2Rt Zo] delA FE= A i"oh]
AA 7} HAaE o] AE7FeR TN EE 3okE T Qe

= qlgled, 49 FstxAH FFFH7HA] FAb 2 44]°<}°]
Jdojut 497} 3mCie] Ho-166-chitosana F413F 1ol 4] 2
A= et

A7re] Ageuie}l Ak AEes HA 2 JEHE Ho
Ho-166-chitosan ¢ 11Y o= A £ e & ZolE

A =3, A Foke) FHzAde AFEAPAHA XY
| ZA S 03 fA A 2] 233 3 A3 2l
Ack(Fig. 7).
o &
A v X BE 4 T A A6l 2ARERS

L B

A3}slar EA7E FoFo A EZ5A *9“1*4 "]”ﬂ% A% XA
of otAFFE HAA| 7= A Helt) o] N EuHE e
o o3 FHI FFFFS B U= Tl 5“’}:‘3 | Wi
A & A E3H S vl -85 AHE 5 e X8
olg} Az=H, AHLE T e F9194a2E 1131, Y90, Rhe-
nium-186, Phosphorus-32(P-32)%-¢] it} I-131-lipiodol<]
739~ lipiodole] ZHEofol A=A o2 7|7t A== 54
< 0] 43 o2 whalsdl 3t T XSt AALE YA AR
E3E Bwgloy uzby|7) 4o (8Y) HA R2U7HAE kx
Aol 2 WAool AEH, 4 ARz BIe¥ 2
Ab R ARt} pEA) v g Eo] o] Hrh(3). Y90,
Re-186, Ho-1669] 3% AL 2 w71 & 7HA3 3L 4
Uiz 9] wjel A& W&, P49 AHE(daughter product)
2 3tk FHelth(s, 9).

Ho-1662 -8t vlepAl st w3l Y9034 vl wste] o
o] v ylo] {4 EA 3=, 5] S wEsleE,
Zhat Fie|elE o] 43t AT WA FS ABH R AT
T+ 9l AAo] 9lth. Ho-166-microsphere?] A A& ¥4 3} )
AR A2 ZE (biodistribution)d] &+ A A, &
719] ZFE9-& %3 Ho-166-microsphere®] F¢% =212
ZAAA) A 64744 microsphere?] 94.5%7} 7k2Ale| o}
AE AL FFIGI, 9] A7) 53] A, AR D AF-2A e
A HAEE A oo} 7HEek X Fe A3E Ao g AAET(5).
Ho-1662 Y-903} 7to] glass microspheret} poly(L-actic
acid) microsphere® 8] & A3 3}7] = a2 H(6, 7), o] A+
o 4]+ Ho-166-chitosan 534 2 A3 3}¢ic}. ChitosanE2
£ (1—4)inked, 2 amino-2-deoxy-8-D-glucopyranose 2]
tirkeko] A (polycationic), A§-E5-314d (biodegradable), ¥
E=X¢ =4 "f{}iﬂ (natural polymer)24] &-3-314do] gl
o, AAXH-5 FAAFN I, Ao 27 AFEAEZE 3
T o —5’—"]7‘1] 3}, shatolg2aA] ATt 9l Q17 A £
(monocyte) 25-E] k3] A}l AHTNF : tumor necrosis fac-
tor) & FABEF Fxdle ALZ dEA Ack(10).

Ho-166% ot FoFo] A5l o] 43 €24+ Browns

_l

Ot TSt O1AIAIZ!

ZHMIZEH(SK-HEP1) 0l [H&! Holmium -1662] Z 1t

(1991) ] §uket A Zoll A Ho-1660] DNAEAE whs)|5le] &
Fo| A7 & #AaA]71 3 A7PAL7] 24 (autoradiography) o
93t F9 0.7mm7}A] 9] A E FALE #As ok B st
det o] AFdMe F= w2 ZHHESH] Ho-166-
chitosang F¢3le] Leko)| o2 ulabAd F<2FS Wollner 5
(1988)9] wletAlol| o3t FpAlmF 324, F74%F (rad)=
73.8X Teff x CXE(73.8 : conversion factor, Teff: 87}7]
(26.83217}), C : Ho-1662] uCi/g, E:Ho-1662] 37 w|ele]
2] (0.61MeV))el| 2)&te] AkZ=3}ed(11), 18.5MBq(0.5mCi)
d o 252Gy, 37MBq(1.0mCi)ell4 504Gy, ¥ 55.5MBq
(1.5mCi)o]™H 765.3GyE A2 Ho-16622 3] P oF
o] whatAle] ZAE S-S 4 F UK SR A A9
£ 71 5 sk o] § 2712 Ho-166 7<) $%} b4 ]
AHE Ao g ole e HAE AR ¥ 5 e, A
o] lemgl FofollA] 136.9MBq(3.70mCi), 2cmo]™ 404.78
MBq(10.94mCi), 3cm Z¢fo]™ 940.17MBq(25.41mCi) <] 4
gold shd #ALE doa 4 9lrka A=) we} Ao A
F7Zlo]7} HH 1.23mme]|w, Ho-166-chitosan®] x| F.odo]
HH73 lmmo| 2 B3¥ v} 9lom2(7), F49 75 =
AbElE WA o] AR 317] s, Tl Fodol &
Fo] ubg FAREE 2 FHESE HES UA HEE FA}
38 x23}¢l 3, Ho-166-chitosane] A7} & oA x| Abe 2}
= A, Ho-166-chitosans F3F +¢ =3 AAM 3mCis
FAlste] 5712 AR 1) & Al 93tae BF Sopelut
i} &7d0] F3kE ] Sl AT E w|Fe, JAL HAH S B4
ot 2 23 do71A] detia sk o, Fofdel
913t Ho-166-chitosan®] &35 HEEX = 78l A&
g 7o)t 7 Fo Al A dol A, Ad A 74 F 1o
A5 F743] 2 =92 Ho-1669 42o] 371 73 )
AFHZ | Frtele, S3 HA = DA AAIATE U
H(AFA T 0.95). HAPHA L A7k Az 2 Wshe ¢l
o] Ho-1669] WA &= g2 A)7F 5ot 73t wEl oy
o Wit FFe] F4% =AM 2 A9 = qlAlch o]’
AR Tian 5(1996)¢] Y-90-microsphereS 7hA| Egtel]
A FAE FokH Aol 23t FF =27] A7) 90.6%0A4 A
Aoty ®wg 73 wlwste] Y907 Ho-1669 wpAbA =) Ab
At FUFE o= ARHcH(12). wpebA] ZHAEFY] A5
Alfle o] =29 AFRE & xS Z7|d %E
Ho-166-chitosan®] *|5-82FS 2| F 2 AMS- = ¢J& Zo|t}.

o] Ao Ay, d2Fo 2 Pe|Xg4e} chitosand F4)
g Tl A FHAF 27do] AR Yo rnz, FoFo] FA}
3= 25 7343 Ho-1669] wiAlAd =) A2 A zH=c), 220,
chitosane 0.025ml% wi-$ A2 F915}5) 3, SK-HEP1 714
Fohks gate g g em 2 o}k chitosanS FYUF 4
T, TS ARRIALY S frEste] ] HALE FEA]T
Ak, @A FI% FH94 JAAHE oS ASAIAE 7S
e 3] wiAl & 5 germ =, S5 o2k chitosan] ¢
Foll A A5AF= A AS 22 722 4=

I-131dipiodol& lipiodole] ¥WAFAlY] BIEFHAo|mZ T3}
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A ¥ Aeshes e A S 58, g el
FAASES A Fohl HAHE AA & 5 deH, At
AR5 A712Y FYAEE & F ok Y909 A= 54
Aol o]¢} A8 Tc99m-MAA (Technitium-99m-macroagg-
regated albumin) S 0] &3 AP0 2 7FHAH 2 Aol 4] 2]
TE, 53] 49 g 55 AP A3k o] 9o,
T4 YO0 8339 Al AR FA Xj)h o] A7l
A= Ho-1669] ZHvhlE& w&she 5A4E o] &3] Ziviid
22 JAe A3 i AIERE SR, 7 X9 1S3
& 4 sislch Ho-166% Z7] of& &322 5871 vt 71+
2t2 AR AlTE A8, Ho-1668-3 WhAI=Al T
Atolell= AR A7 S5 & T UAL(AATAIT 0.94),
o]& Joz Ftste, Fiut szl WAt A el o8 F
oFell 37t Ho-1669] &35 AHE® = A =t} @A
587F 243} vkALA 245 (counts / Sminutes ) 7} 50,0001 7
£ 14.43MBq(0.39 mCi), 100,000¢] 7% 45.88MBq(1.24
mCi), 150,000¢] 7% 77.33MBq(2.09 mCi) 2] Ho-166 §-2o]
FHEASS & T domze, F9433 iz HHEX g9
oA R HEE A& 7 UL A2Z A=)

FTHAAEY 2B g3 FRE 2= A BRI R
WAbso] F9l3t el W F-22] A thE A7)el| kx| A
71e 7359 =3t oFE Fsle] 2= A2 A R
v (11, 13), o]] A Hl=&= 9] upyel we} Afo]7} slch.
o] FAFoke| Al-4%= P(chromic phosphate)-32+= B-7}
W F F 8hF Fel| AFke] whapid o] HE oA
(14), 259 A= A3 WY, W ZHaF, 4w Fad
9 FEFo] A"y o, FAFTSF ke s FUYF
Holl= MAle 2ol Al Ao vk B u3tgch(15).
Y -90-microspherex= 15-30xme] 7|2, 7F5¥ F4] Fo|=
T4 BAE Ay wHUr ] Z3REE FF il 5
w3 ] MM S ZARRE ok skl o, B dhEho]
A= A5 FUIF HAle] ol F 53l HE EEeirt AL
g AAR3EE doad ¢ 9lerz F9] Ao Te99m-MAA
28-S B3t AW e 55 galslejof 3h(8).
Y-90-microsphere & ZHgH o AA FYgF F =2 73AMF A
o] x| A3} & Aol A] microsphere7} WAEGtH= X% gt}
(11). Ho-166-PLA (polylactic acid)-microspheres ©]-£3}F
AT A} oF 55%7} sl 1 F 76.9%7)F AA-S Ea ul
AR 3, 2= A3, Z, 8 A 1 wAAl o] HatE]g]
oun2 o ogt Falgo] dAl=EATH(5). A F1l9 A
= dlFol gt Fzhgo] FA|7E F Ao, Y-90-micro-
sphere & %3 QLA ESk] FAHE 23k, pslol, 58] 3]l
pel kil A4 A 2ol shelo] 9@ A4Rste) S
2 B w3}ledch(12). 28]t Ho-166-chitosan 24 FAk3k 7}
A Z} ool o= R A= whabs A o] As vehdr] ¢
ol, s ejell ©Jgt F2F80] gl= vil-5- gt WA T4
= o 3k

Y905 FH3le] A N9 xR F o= 7T
o] 3ol v)A| A (microinfarct), T2 Al oJFA4

e

O

2

o N
Fo Lo

o5

3}e] 278 vehln, 2 3¢l microsphereZ} Z2AA 2
Fa=}(11). 1-131-lipiodol?] #A-$-= lipiodol® FAHE &
AEo] 7kt A 8 W 2 sinusoid, ZFHAE Well 4] w4
5o, 2R 9] WAl 2AF F rAE R A A7) QS A
o2 Azt o4, 16). #19 FHYLELS BF 2ARE
At microsphere®} lipiodolg 214 &3t 4= 9] 21, chitosan
< G840 g AFAE o BZ, A} FF
g 7 s AR A=y, £ A7 E7AE Ho-166<hi-
tosand--& &ejolso] 23 Tatsle] H & E G4 A3}
FE=E Zo] §idleh 22 chitosang F41% F= vhe-x
o] 71k 2 A doA wAYs} 5, Bepo g AsH 4
A= A5A 2o EAES B2 & glen, =2 9
A FENM = o7 EAo] 3 FAE A o= AR v|Fo,
o] E4o| chitosan AH4|2}7] Brh= chitosanel g A Z2)
H-e-E4 52 chitosano] Aol 4] W3te EAolehes F4S
& A 23y, 2 E49 EAdes FasH ol =
213t ¢l A7S Kol & chitosano] FY= Zolzhe A
< A3 & 7 9le A2 s

Chitosan @5 $o7 2 Ho-166chitosan FY+ A EE
°] H & E 2734 $F 79 243} FoF Ul A 4
FAEZY AEES T2 F T sk ole AESA dAAE
(cytotoxic macrophage) & §-53}3 T JI+9] 7158 &4
3}A]7]& chitosan®] Aol o3 A5H 27} FA=HUS AL
2 A7, 149 F5E $EE = AREAE E 2324y
A 22l 24 2 Af3tE o]2]¥ chitosand] 54 F R
A H(10). 53] ek AAE 24 395 Ede AR
= YA LR o7t ot 79t 3Rk X8 F A4 AAE
oFe] z7] wiste} AL o F-5 Udolr | $l8 A B
%344} Ho-166chitosan®] 3¢ ¥ 4YHEHE= G =
o &J3t FofF o] o] 2HF 0] 2YFHE A
i FAT HAk FokT) diulEle] Jeld = 9le Aol
, B 23F7k] Fake]A] G ool o Al Ee
574 7 g Zlo] ofze}, Foke] kA FAL ¥
2 Aol o3 A g lvhe A& A Ak 2
Aol A ZALe] of Fo) ukE- X85 AAsl=dl F
o]ct.
Brown 5-(1991)2 917ke] fabelS FE nhgol o]Fo]
AA17) & 20,Cie] Ho-166-glass fiberS 2qlaF 129 &, 2o}
o] Aol JAEAY FFe] =717} FHadee B g g vl
UTH(T). o] At M= HA 21 7 FA- 5k o, fARE Al
E AL A4S B ¥ F3 A Y 2719 FHas FEEA
@gket. o] S AR Foko] frlste] opd TR EFLE A
Eol o ukge] t}E 4 ks A3, Brown 5o] 20.Cid
2o 2 AFRIE B 7102 v|Fo] u)$ =& FofoldlS
ALE s = o o], & o] 44 F3 =27] 349
EIE E oS Aolgke F4E & 5 Aok o] Al
M= AE Ak FH g AE Foko] ALE Axshe &7
T o, A AEe A 2 JuE golrks AL
duong, 3= Fr] 2 717H5eke] F4 AALE B8
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TF 2719 FAaE
= Az
o] 3¢ A2 E3}o], Ho-166-chitosane Foke]e] A7
o sjejel] o3t WAt F1Ae] glomz, Fakge) 7hsAde] ¢l
HAg 5S4 T AN ¥ ohzh, vl Al
o] g3lod F9lqt Ho-1669) 43& -2 34 &
A= AEE Atk Ho-1669] 727 wle} ofui =7} b4 254
AR S FHHATL, A Gl DAl FF 2710
oz} A7 AFS U0 7] Ho-1669) x| 843& AHE3ls
2 7% 3] A A A8 A48 S AR
7|t =} 2 2 Ho-166-chitosang F4J3 Fol|A] HAH
£ o2 JAs s wAYsHE 40 A 93 4
o gt e} A3 Felge] ohd HE Y =R o] 83 AA
e 53 2] Al i A7 AlSE o # AR
A7t

el & 4 Sl D77} Fneer & A

o 30 mlm rlr
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Effect of Holmium-166 Injection into Hepatocellular Carcinomas
(SK-HEP1) Heterotransplanted in Mice'

Yeon Hee Lee, M,D., Jong Tae Lee, M.D.?, Hyung Sik Yoo, M.D.?, Yung Myung Moon, M.D.?,
Byong Ro Kim, M.D.%, Chan Il Park, M.D.’, Jong Doo Lee, M.D.>, Myeong Jin Kim, M.D.?,
Seung Cheol Kim, M.D., Jae Seung Kim, M.D., Tae Hoon Kim, M.D.

Sang Joon Kim, M.D., Young Hi Choi, M.D., Young Seok Lee, M.D.

IDepartment of Diagnostic Radiology, College of Medicine , Dankook University
& Department of Diagnostic Radiology, College of Medicine, Yonsei University
2 Department of Internal Medicine, College of Medicine, Yonsei University
4pepartment of General Surgery, College of Medicine, Yonsei University
5Department of Pathology, College of Medicine, Yonsei University

Purpose : Holmium-166(HO0-166) is a potent beta-emitter with a short half-life(26.83 hours) and
high beta energy(1.85MeV), and its necrotic effect on breast carcinoma has been proved. In cases of
hepatocellular carcinoma, Ho-166 can therefore be used for internal radiation therapy. The purpose
of this study is to evaluate the therapeutic effect of Ho-166 on hepatocellular carcinomas and to es-
timate the required dosage, according to their size.

Materials and Methods: Tumor cells ~€
heterotransplanted into 71 nud
were grown. Ho-166 was direc
and 3.0mCi(11MBq). After ini
indicated by gamma camera scan
injected with 0.025ml of normal
was performed and the necrotic tu

Results: All specimens of Ho-16:
consistent with radiation effect, wh
age of Ho-166 was increased, the ne

inomas(SK-HEP1) were subcutaneously
carcinomas less than 2cm in diameter
dosage of between 0.5mCi(18.5MBq)
or uptake and radioactivity were
» in a control group of 20 mice were
tion(n=10). Pathologic examination

\ image analyzer.
omas showed coagulation necrosis
g \ ow necrosis. As the injected dos-
. 7&‘)23& ally and the dosage required for

total necrosis was calculated accora \ 7\/\ 5 \ atigraphy showed that injected
Ho-166 had accumulated within the \ %/C (l Lr)(\ ation of radioactivity in other
organs; the required dosage could be i \Y(\ 7T /‘ : Jactivity count indicated by a
gamma camera. \\/9;(" A \\ 34

Conclusion: High-energy beta radiati )\\)\:b/‘“ ¢ © - sufficient to kill tumor tissue
without associated radiation damage to1 > \ _.auoral injection is thought to be a
promising therapeutic approach and a ne - wie treatment of hepatocellular carcinoma.

Index words: Liver neoplasms, therapy
Liver neoplasms, chemotherapeutic infusion
Radionuclide imaging, experimental
Radiations, injurious effects
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