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DA F A AASRE WHOR S Bgo] BASn 24, 28, $%9 o] 59
e BATLSA Be BHS] T WA oled WS Rebelr) e
SARY L FAF F 24 U] AFEH] U Az F wdFH] T B FIY

AT AAFAF 2N ALEH A FR, 1 FEG T Mg o] &
1L Sl+& chitosan®} &% ¥ Holmium-166 complex (Ho-166 chitosan &-3HA])7} o]#sF 42 S
ZHAAL flem HAlR wFe] ARdE AxRE F S AeE A4dEn.

Hepq B AT QN o HEG BANA AEs] 9P XJMM,
chitosan¥} &3%¥ Holmium-1667} F A HE4S g3t A JAo n]=x X
2 Bse QAHoR P4 87 M 2437 C6 A4 WE ALFE oF o4 I
A 5 270 Weg wm AT ol FA ¥H TF 2P AEEL FAsuA
&} w3} transferase-mediated deoxyuridine triphosphate nick end labelling (TUNEL)$ Y,
Bcl-29} Bax 94 &9 W24 38t A5 o] &t JE FTFA LM A EaLALe}
ikl Y FAS dotr At g

NIRRT

C6 A% MEFE 10% bovine serum (HyClone; Sigma, St. Louis, MO, USA)S 57}
Dulbecco’s modfied Eagle’s medium (DMEM; Pharmacia, Peapack, NJ, USA)ll 4] 1l &gl .
€ WYEANE 50pg/mld 2 mM L-glutamine®} gentamycino] X3HE ATt BEE HMEIE
5% CO2/95% air, X 37X HlFstAth. &AL AEZELE AF ] o]43st7] A
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Ketamine (75 mg/kg), acepromazine (0.75 mg/kg), 12] 3L rompun (4 mg/kg)S ©]-&3lo] &
HAE AR Y TF MEE 30 gauged BlZ HS 7FZ] Hamilton syringe (Fischer
Scientific, Tustin, CA, USA)S ©o]&3)A T/ FL3Ht. UL A3 2% HA =
bregmas 7| HOZ HZ 2.5 mm, AEolA 55 mm Zo|HTh F o] A3t Co A AFuF
MZ] = 51, 10000070 2, FAFE L 583 F4 F 7S WA A 423t Al
AAol] AHWZ F & 183 AH A3 A AT

T AE o] 59 F Ho-166 chitosan B FA S FEAE o] 25919} FATH 9ol F
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12um FAZ AHYoJA chrome alum/gelatin®. 2 FE S slide 9ol &5kt
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THFH9] cross-sectional WA H FTF AT o] ¥ A EFE Microcomputer Imaging
A FF &40 A FEA= HAd

DeviceE ©|-&3te] FFEAo = At Clls
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At 228 AAstal @A AS o] &3t #EE AT

gt} FuEo] Q& Ho-166 chitosan E-gHA o o8] £4S Hbe w Xk HFH B3
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2] Qo] ol A2 ¥HS-AlA proteolytic digestions F3 11 Foll X £
FAE =S3AAHY 24 &£20]=E 3% hydrogen peroxide in PBSOl Aol A 587 &
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(ApopTag Peroxidase kit, Intergen Co., NY, USA)E Al&-3le] G233 T =, equilibration
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midified chamberol] 4] 30%7F vkl ch Al 2Ad4Z HojWl & DAB §H o2 2120
A A Al T

&4 24 Yo A TUNEL®] tigh dxo] 718 Ho] dojd HHE FAHO=Z dlof 2000
o] Hu| st GAH MES FE SAHSIHT.

st A" HEHo|, Bel-2 family FolA AE IAME SR AoE dHA
Bax®] & A (Polyclonal rabbit anti-mouse/rat Bax antibody, PharMingen Co., CA, USA)%} A3
IALE GA|st= Aoz & F Bel29] &4 (Polyclonal rabbit anti-rat/mouse Bcl-2 antibody,
Pharmingen Co., CA, USA)E o]&3le] W %2 3}stz S Al3)&}3 1L, biotino] 2
= xﬂz A9} WHEA) 7] Zof] WA Al A

=, Sepa o J—%Q‘ﬂ Je HFY 5394 H 245 4mmd FAE AE o A
’ka}o] el Fol Ad&oM AEAIZ F, xyleneH 2] & st 23etd #4435 7 ]J_i o]
o] @Al dFER XJE]O}@ T3S A% FH 3% hydrogen peroxide®] =4S 5

:L

F7F v k3t 3 phosphate-buffered saline (PBS, ph 7.4)° &7} Aot Lat & i]
Bcl-2 Ab, anti-Bax Ab)S Z 2o =X 3l3L A L0 A 308, 4°Co| A dokz HjF3t & PBS
2 AlHskoh

PBSEZ A& ¥ kit (DAKO LSAB kit, DAKO Corp., CA, USA)9] biotinylated anti-rabbit/
anti-mouse immunoglobulins& =3 3}¢] 1087+ w3} . PBSE A H gk % streptavidin
peroxidaseE =33 & 10E7F vt PBSE A ojll & DAB (3,3-diaminobenzidine,
DAKO Corp., CA, USA) &S & ¥3}o] %leit}.

HEF 22 WellA Bel-24k Baxoll g G4
200uH o] w7 stol A FHEst At
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1. Ho-166 chitosan =&}

Hjokel £ MEE o]23 & 5UA Ho-166 chitosan -34S 10p2] 100pCi, 5u2)
50uCi, 119 10uCi ¥ PBS 5WE 7t 7+e] o] Fog 7 oA 59 & 27 4R s
NI BE 2N FEY o)) AFHLRE o]FojH S

A AA ¥ x23 g%% d
4 F AdATHaE 1. LY A7) mm)E 431 x 7R, pm) x AZDb, pm) x 2o
(c, i) FAo = AEsAT. 2T T4 44 FF 1385 mm’, 179 TF 4
& B4 0036 mm’, 279 % %ﬁ—% Hit 0104 mm’, 379 T £ P 0.111
mm’ @k HE2F FF EH0] 3 WELL TS 974%, 2T 92.5%, 372 91.1% <]
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TUNEL 92 &7 %} Ho-166 chitosan B3| & Fojdt A B5FoA] o] AT =
GA Aol H PO Ho-166 chitosan E-3H o] &30 Hl#|ste] YA MEL HIEV} =
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X100

X400

Control Group 3

T2l 5. TUNEL ¥4 A7, Ho-166 chitosan B3 A S Fog AP EFAA do] A= g &70]
HolH(3HE EA]) Ho-166 chitosan H-3HA 9] &0l vlalsle] A Az Bzrt o 3F3dMe F
o AX FH HA AEMET HALA FALZ Hols FREAMET A ukdo] #AFHT

40 l
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0 T T 1
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Positive cells by TUNEL staining
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T2l 6. TUNEL g4 SAE Hl. 37oAE HT 19.6%, 270 =
304%, 17N HE 36.7%] ¥4 A27o] FEEULH
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E 2.7 78 TUNEL 94 kA A Wi

B

[e]
=

P

Positive cells by TUNEL staining (%)

Group 1 (n=4) 36.7£17.1
Group 2 (n=4) 30.4£10.7
Group 3 (n=4) 19.6£16.1
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Abstract

Therapeutic effects of Homium-166 chitosan
complex in rat brain tumor model

Ryoong Huh

Brain Korea 21 Project for Medical Sciences
The Graduate School Yonsei University

(Directed by Professor Yong Gou Park)

This investigation was undertaken to determine the effectiveness of Holmium-166 chitosan
complex therapy on malignant glioma. Wistar rats were chosen as the specimen for pre-clinical
testing and were injected with a malignant glioma model and afterwards treated with the
Holmium-166 chitosan complex therapy. From observing the prolongation of survival resulting
from the destruction of malignant glioma, the effectiveness of the Holmium-166 chitosan complex
therapy would be determined. In addition, adequate dosage according to varying tumor-volumes
was investigated, as well as complications resulting from over-dosage.

One hundred-thousand cultured 5ul C6 glioma cells were injected into the putamen of 200~
250 gram specimen wistar rats. Five days afterwards, Holmium-166 chitosan complex was
injected into the same site of the glioma injection. The injection dosages were given at four
variations: The first specimen was given a PBS 10Ul as a control group, group 1 received an
injection of 100pCi (10ul), group 2 received an injection of 50uCi (5ul), and group 3 received
an injection of 10uCi (1pl). Each group consisted of 10 specimen wistar rats, five of which
were left to die from the malignant glioma to determine the survival rate. Hematoxylin-Eosin
(H-E) staining was performed to determine the results of the Holmium-166 chitosan complex
therapy on the malignant glioma. Transferase-mediated doxyuridine triphosphate nick end
labelling (TUNEL) staining and immunohistochemical studies using Bcl-2 antibody and Bax
antibody were performed to determine the tumor’s destruction as either necrosis or apoptosis.

The average tumor volume of the different groups resulted as follows: the control group yielded
1.385 mm”, group 1 yielded 0.036 mm”, group 2 yielded 0.104 mm’, and group 3 yielded 0.111
mm’. Compared to the control group, the size of group 1 tumors was reduced by an average
of 97.4%, group 2 by 92.5%, and group 3 by 91.9%. The injection center of group 1 contained
a cavitation phenomenon. The Kaplan-Meier survival curve of group 2 was the longest, followed
by group 3, group 1, and the control group, respectively. The mean survival of the control group
was 22.8 days, 59 days for group 3, 60 days for group 2, and 44.6 days for group 1. H-E staining
revealed that group 2 yielded the best results in destruction of malignant glioma. TUNEL staining
and immunohistochemical studies suggested apoptotic features. Ho-166 chitosan complex proved
to be effective in the destruction of malignant glioma, however, as an over-dosage complication,
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the destruction of normal brain tissue resulted. Following destruction and growth arrest of the
malignant glioma, survival rate was effectively prolonged, but over-dosage would cancel out any
survival benefits.

These results suggested that Ho-166 chitosan complex could be of value in providing adjuvant
therapy in cerebral malignant glioma, and that the further study for optimal dosage of Ho-166
chitosan complex is necessary.

Key Words: Holmium-166 chitosan complex, malignant glioma, brachytherapy, therapeutic
effects
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