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Effects of 'Holmium and "“Holmium-chitosan Complex(***Ho-CHICO)
on Normal Brain of Rats
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complex(**Ho—CHICO) on the normal brain of rats and to determine the sublethal dose of **Ho—CHICO.

bjectives] We performed an in vivo experiment to investigate the effect of ***Holmium and **Holmium—chitosan
O 166

Materials and MethodsL *®Ho is a beta and gamma ray emitter. **Ho—CHICO is a novel radio—pharmaceutical
complex with chitosan to facilitate the transport of **Ho obtained from Korea Atomic Energy Research Center(Taejon,
Korea). It is in acidic form and becomes gel state at alkaline pH.

One hundred and seventy consecutive rats were divided into four groupst **Ho treated(nC] 50), ***Ho—CHICO
treated(n(] 57), saline treated(n(] 5) and chitosan treated(n 5) groups. ***Ho and **Ho—CHICO were injected into
the rat brain stereotactically with various doses of 0.1mCi/20u I, 0.2mCi/20u |, 0.3mCi/20u |, and 0.4mCi/20u | using
an automated microinjector. Nuclear imaging, histopathological and hematological studies were performed in 10 rats
in each group at 1 day, 3days, 7 days, 1 month and 3 months after the injections.

Results(] An infiltration of inflammatory cells and necrotic changes were noted in **Ho treated group at 1 week after
the injection. A wedge—shaped tissue defect due to necrosis, lined with infiltrated glial cells in 166Ho treated group
and a cystic defect lined with reactive astroglial cells in ***Holmium—CHICO treated group at 3 months after the inje—
ction were observed. *®*Ho alone without chitosan leaked out and caused necrotic lesion on the cerebral surface but
%Holmium—CHICO treated group did not show this feature. As the dose of *®Ho increased, the mortality rates were
also increased. The mortality rate of the ***Holmium—CHICO group was higher than the **Ho treated group at a dose
of 0.4mCi/20p 1/300g. There was no detectable radioactivity due to the leakage or extravasation from the injected site
of the brain on the scintigraphy performed at 1 hour, 24 hours and 48 hours after the injection. There was also no
detectable activity of **Holmium—CHICO in other organs including spleen, liver and kidney.

Conclusions] "*Ho—CHICO did not leak out to the critical cortical surface of the brain from the injection site and
induced radiation changes of the parenchyma around the injection site without cortical damage. The sublethal dose
of *®*Ho—CHICO for the normal brain in rats was determined to be 0.2mCi/20u 1/300g.

KEY WORDSO ***Holmium- Chitosan- Normal brain of rats: Radiation.
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00 00000 00 D000 000 0000, 000 O
00 00 0,0 0000 0D 00D OO0 000 000
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Table 1. Comparison of physical characteristics between
166Hol-mium and 32Phosphorus

166Holmium 32Phosphorus
Nuclide 16¢Ho 32p
Half life 26.83 hrs 14.3 days
Emission B &y B
Emax/av(MeV) 1.84/0.67 1.71/0.695
Maximum range 8.4mm 8.7mm

Holmium-chitosan 32P-chromic

complex(1¢¢Ho-CHICO) phosphate
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1200 0000 000 000 000000 0000 O
00 00 000 000 0 000 000 100 00 0
00 00 D00 00000, 00 00 *Ho 000@0),
%Ho—CHICO ODOO(20), 0000 0O0O0@O) O O
00 000(40) 00 4000 00000.010 200
00 0000 0.4mCi/20p |, 0.2mCi/20u |, 0.3mCi/20y |,
0 0.4mCi/20u 10 00000 (Table 2).

%*Ho O *Ho—CHICOD 00000 D00O000 OO0
00 00000 00 00 00000 000 O 100y Ci,
500u Ci, ImCi, 0 2mCi0 0.2ccO0 00000 **Ho O
%8Ho—CHICOO 00 0O000. 00 00000 000 O
0000 0000 0000 00 00000 00000, 0
0 0 0000 00 000 0000 0000 00000.

000 0000 0000 *Ho 0O 0@O)D **Ho-
CHICOO O 0O(20)00 OO0 DOO0O0OOO (pentotal
sodium) 0.05mg/kgd OO0 00 D000 00000, O
OO0 O00@uwon, Korea)l OO0 OO0OO ODO OO
O 0000 3000 00 00 The Rat Brain(Paxinos &
Watson, 4th ed)0] 0000 00000, 000 0000
O0OBregma O 32mm, OO0 3mm)d 000 OO OO
000 (Hamilton syringe) 000000 (Buwon, Korea)
0 0000 5u W0 000 000 0000 000 0000
5000 OO0 000 0000o.

2. "Ho X ""Ho-CHICO ZQ MAQ| WA ZAt $ 4
A LY H3l 2
%Ho0 *Ho—CHICO OO O O OO 2400, 30, 70,
100, 3000 00 00 2000 OO0 00 O 000 O
0000. 000 000000(Hemo/GPH 4) 0000 O
0 000,000,pH 0 00 OO0 0ODOO OO0 Co-
ulter STKSO 0000 0OO0DO.

Table 2. Classification of group according to the injected
materials, its volume and dose of radioisotope

Grou Injected SUb arou Dose of Number
P material group radioisotope  of rats
1-1 0.1mCi/20p | 10
. 1-2 0.2mCi/20p | 10
1 166Holmium .
1-3 0.3mCi/20p | 10
1-4 0.4mCi/20p | 10
2-1 0.1mCi/20p | 10
'Holmium- 95 gomci/20p | 10
2 chitosan .
Complex 2-3 0.3mCi/20p | 10
2-4 0.4mCi/20p | 10
Saline 20u | 5
Chitosan 20u | 5
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¥Ho DD DD00O **Ho—CHICO OOOOOO single
headed gamma camera(Siemens Orbitor, Germany)O
0000 00 00,2400 O0,4800 O plannar image
scan] 00 0O 000 0000 O0O0OO O 00O0OO O O
0 0oodbo ooooo gooood.

2400,30, 70,100 0O 300 00O OO0 00O 2000
0 O0O0O0O0O OO0 Ooboo@edismi/Ood OO, 2000
300mi)d, 4% paraformaldehyde(200ml) OO OO OO,
0,00 0000 00 0bob.H&EOO O OO OOO
00 0000 000 00000. 000 oo,00 00
Jo0odo 00D 0o bob gogod.

0 000 00 00 00 0000 000 00 000 O
goodo.

2 1

1.'%Ho & "®Ho-CHICO % WMol Xzt Z 1}

0 000000 00D 000000000000 ao
0 00000, *HoOd 00 0O(nO53)0 0.1mCi/20y |
0O 000 0000 00D 000 0000, 000 0000
0000 OO0 0O 0000 0000 04mCi/20p 10 OO
0 00000 0000 33.3%0 000 (Table 3). **°*Ho-
CHICOD 000 0000 000 000 0O 0.4 mCi/20
D D00 00000 0000 524%0 000, *Ho
0 *Ho-CHICO 00D OO0 0000 000000 OO0
0O 000 00D0(p<0005). OO0 000 00 0000 O
0 2050000 0DO0DO00, 00 000 00 00 00
0O 0000 000 000 OO0 OO0 000 000 OO0
ood.

2."%Ho U "®Ho-CHICO Q| WA{Q| 3} Rt

%8Ho0 Ho—CHICO 00O O O OO 2400, 30,70,
100,300 0 000 000 0000 000 00 000
0 0000 000 OO0 *Ho O **Ho—CHICO 0000
0.4mCi/20p 100 000 70000 OO0 OO0 OO
%Ho 00O (D 2)0 *Ho—CHICO OO0 (O2)d O O
OO0 OO0 56x 10%ul, 76x 10%u 1000 00 OO O
00 000D 000 OO0O0(Table 4).

000 O 0000 OO0 000D 00000 000 O
00 D00 OoO.

00 0000000 00 OO0 0000 (Hemo/GPH,)
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Table 3. Difference of mortality rate according fo the radi-
ation dose and volume of isotope in '¢Ho and
166Ho-CHICO injected rafs

Number of rats

Injected Dose/ . - Mortality
materials  volume Total  Survived Expired gig(%)
rats rats rats
0.1mCi/20yp | 10 10 0 0.0
0.2mCi/20p | 12 10 2 16.7
166H0
0.3mCi/20yp | 14 10 4 28.6
0.4mCi/20p | 15 10 5 33.3
0.1mCi/20yp | 10 11 0 0.0
166Ho-  0.2mCi/20y | 11 10 1 9.0
CHICO  0.3mCi/20u | 16 10 6 37.5
0.4mCi/20p | 21 10 11 52.4
Total number of rats 109 80 30 27.3

Table 4. Changes of WBC number according fo the inje-
cted materials and dose of radioisotope

Injected Dose/ Number of WBC(x 103/u I)
materials  volume | gay 3 day 7 day 1 Month 3 Month
Saline 20p | 55 38 63 42 6.2
CHICO 20y | 47 83 52 4 4.6
0.1/20 29 47 76 7.6 6
o 0.2/20 45 23 88 59 6.8
0.3/20 56 46 64 42 6.6
0.4/20 67 65 143 88 7.6
0.1/20 7 27 79 57 5.2
166H0- 0.2/20 4 79 53 57 5.4
CHICO 0.3/20 58 53 77 87 8.8

0.4/20 6.4 4.6 627 3.4 5.6

oooo oo ooo,000,pH 0 OO OO0 OoOo
ooo0O 00 OO0 00 0000 oooooo, oooo
300100mg, pHO 508000 OO OO OO0 0000 O
oooo 000 0ooo. 00 oo ooooo oo oo
ooo ood.

3. "Ho ¥ "*Ho-CHICO ¢ & £& U HAl
2t HAt 23t

%Ho 0 Ho—CHICOO 0000 O OO0 00 OO0
00,2400, 0 4800 OO0 OO0 OO0 O OO 0000
OO0 OO0 000 00 000 00 00 00000 OO0
00 0000 0000 DO0OO0.00 000 000 OO0
OO0 00 D00 000 000 000D 0000 000
(Fig. 1, 2).
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1%Ho0 ¥*Ho—CHICO OO0 O O OO 2400, 30, 70,
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166Ho-CHICO| *

1hr 24 hrs 48 hrs

Fig. 1. Brain scan finding of ratfs after injection of ¢Ho and
166Ho-CHICO. Radioactivity was localized in the focal
injected site of brain at 1 hour, 24 hours and 48 hours
after injection.

[

166H0-CHICO

1hr 24 hrs 48 hrs

Fig. 2. Whole body scan finding of rats after injection of ¢¢Ho
and 1¢Ho-CHICO. There are no radioactivities in the
whole body except focal injected site of brain at 1
hour, 24 hours and 48 hours after injection.

000 0D OO0 00 0 00 00 000 00000.0
00 **Ho—CHICOOOOUO 0OOOD OO O 00 OO
0 Ho 00000 UO0OOO. 00 OO0 OO0 OO0
0000 000 00D 00 D000 D00 000 00
00, ™Ho D000 0O 00 000 0OOOO OOOOO
%8Ho—CHICO 000000 **Ho—CHICOO 00O O O
00 000D 00000 0o0(Fg. 3).

%8Ho0 '®Ho—CHICO OO0 30 000 OO 000 O
0O 00 000 000 000 000 00 00 00000,
00 70 000 *Ho ODDDOD OOOD OOOD OO O
0000 0000 000 000004, *Ho—-CHICO O
00000 DO 000000 000 00 0O 000 OO0
0O 00000 00, 000 000 000 00,000 O
0000 000 000 00000.000 0000 000
0 0000 000 0000 000.00 100 O *Ho
000000 000 0000 000 0000 00 00
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O (fibrohyaline) OO, 00000 OO0, 00 000 OOO
(hemosiderin) 00O, 0000 OO, 00000 OO0 O
0 0000, *Ho-CHICO 00000 00 00 000
0000 000 000 O 0000 000 00 0000
00000 0000 0000 (microglial cell)OD 0000
0 000 OO0 000 00 0O 0 000.0000 00
0 30000 0O 000 00 0O0 000 00,000 OO
0,00000 000,00 00 000 00 00 000
0 00 00 00000 00000 0000 000 OO0
00 00000. 0d, *Ho—CHICO 000000 000
000 00000 Russeld O 00000 OO0 O O
000 (Fig. 4).
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00 000 000 000 000 000 0000 00
000 0000 0000000 00 00 000 0 00
0 000 000000 0000 0000 0000 000
0 000 0000 oooo?.

00 OO0 000 0000 *HoO B-0OOO@ ™
emitten)] 000, 000 0000 OO0 0000 OO
O *™HoDO OO0 0000 OO0 0O0OOO0O0 000 O
00 00 0000 000 0D00o0™,p 0 00000
0000 D0O0(ENDD 000, 00 1.84MeV, OO 0.
67MeVD 000 beta 0O(DOO OOOOOOO 84
mm, 00 1.23mm)0 000 5% 000y )0 0000,
000 0000 26830000 00 0000 0000
00000 000 000 00000 0000 000 O
00 00 000000 (Table 2). *Hod 0OOO OO
0 SPECT 00 D000 O gamma 000 0000 OO
000 ®HoOD 00 0O 0O 000 0O 00 OO0 0O 000
0000000000 00."%HeO 000 00 00
00 0000 00 00 00 0000 000 0000 O
O macroaggregatel] 0000 0000 D00, 00 O
000 0000 00O Holmium—chitosan complex
(**Ho—-CHICO)O 000 U000 0000 00 00O
0 000 OO0 000 0000 0000 0000009,
OO0 000 00 00 O0((malignant effusion), 000
0O 000 0000 000 00 0000 00 000 O
000 00 00000 0000 nd0 00000 00
00 00000 O 0000, 00 00 1000 00 30
0 000 0000 0000 300 500 000 000
00.0000 000 00 *HoO 0000 000 OO
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000 (40,0000 50,000MW)00 D000 00000 00 000 0000 *Holmium—chitosand 0000 O
00 0000 O 0000 000 00 00 0O 0000 000009 00 *Ho-CH-ICoO pH 4 00000 O
0 00 000000 000 000 O 00.000 00 OO0 00000 0000 000 0000 000 000
000 00 0000 000 000 ODOO(EDDD OO0 OO0 pH 65 0000 0000 OO0 00O 000 OO

Fig. 3. AO Photomicrograph showing a V-shaped necrotic defect at 3 months after 1¢éHolmium injection. BO Photomicrograph
showing a round necrotic defect at 3 months after 16Holmium-CHICO injection.

h Qi L S N SR

Fig. 4. H&E stained sections(A—D). A0 Disinfergrating PMNs, necrosis, hemorrhage, fibrinoid necrosis of vessel and infiltration of
macrophages are seen at 1 week after 166Ho injection. BO Necrosis, hemorrhage and mild infiliration of macrophage
are seen at 1 week after 1¥Ho-CHICO injection. CO Calcification, fibrinohyaline change and gliosis are noted at 3 months
16¢Ho injection. DO Shrunken cavitary lesion, hemosiderin laden macrophage and gliosis are noted at 3 months after Ho
injection.
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0 0000 0000 000 OO0 O 0000 000 O
00 0000 O 0O0.000 000 0000 000 O
0000 00 00 000 0000 000 00 0000
oo.

0 00000 D00 00 **HoO Ho-CHICOO O
000 0 000 00000, *HoO **Ho—-CHICO OO0
00000 000 00 00 2050 000 0000 OO0
00 00000, 00 00000 000 000 000
000 (p<0.005). 00 **Hod **Ho—CHICOO 0.4mCi/
2001 000 OOOOO 0000 OO0 33.3%0 52.4%
0 000.0 00000 00000 000 00000 O
0 Ho0 ®Ho—CHICODO OO OO0 000 000 OO0
00 D00 000 5000 00 000 00000, *Ho
0 00 000 00000 0000000 0000 00
00 00000 00 00 00000 O 00 0000,
Ho—CHICOD O OO 00 OO0 pHO 65000 O
00 000 0000 0000 O 000 000 0000
00 000 00 000000 000 00 00 0O 00
000 00 00000 OO0 000 000, 0 0000
000 O 000 0000.000 000 *Ho OOOO
00 0000 000 000000 *Ho-CHICO OO0
000 0000 000.000 000 *Ho 00 **Ho-
CHICOD 0000 000 U00000 0ODO0OD O 00
0 000 000 D000 00 0 00 0000.000
0000 0O 000 000 000 000 000 0000
O(Fig. 5). 00 00 OO0 000 0OOOO 000 OO0
0 OO 0000 000 000 0000, *Ho 0OOO
0 00 000 0000 0000 *Ho-CHICO 000
000 0O 000 000 0000 000 000. *HoO
o—CcHICO OO0 0 00 O 000 00 000 000
30000 00 0000 000 3000 000 0000
0 0000 OO(gliesis)d 0000 000 OO0 OO
00 OO0 0000. 00 *Ho-CHICO OO0 0000 O
00 *Ho-CHICO 00 0000 *Ho OOOOO OO
00 00 000 000000 000 D00 00000
Russel 0 O 0OO0O0O0 OO0 OOOOO.000 0O0OO
0000 Ho—CHICO, 0.1mCi/20u 100.2 mCi/20p 10
0000 00 0000 0000.0000 00 1,3, 70
0000 000 0000 O D0000 000 0000
00 000 0000 00,00 OO0 O 00000 00
0. *¥Ho—CHICOD 0 00 OO 00 (intrahepatic apply)
000 00 000 00 0 000 00 00 000 00
0 000D 000 00 000 OO0 O 000 00 OO0
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000 0000 00 00 miceD OO0 000000 O
0000% 0 00000 *Hod *Ho—CHICO OO0 O
00000 00 000 OO0 D00 0000 O 00, 00
00 000 0O 000D 00 000 0000, 00000
00 00000 000 0000 HoO ®Ho—CHICO
0 000 000 0000 000 00 00 000.

4 £

%600 **Ho—CHICO 00D OO0 OO0 00O 00O
000 000.%HoD 00 0O 0000 000D 0000 O
00 00 OO0 000 00 *Ho-CHICOO OO OOOO
00 OO0 00 00 0 00000 000 00 O 000
000 DODOOO0. 00 O0000 OO0 0.1mCi/20u I/
30090 0.2mCi/20p 1/300g0 000 OO0 00000
0 OO0 000 00 D000 0000 HoO **Ho—
CHICOU 000 00D 0000 00 0 0000 OO0
00 00 000 00000. 000 *¥Ho-CHICO, 0.2mCi/
20p I/300g0 OO OO OO OO 000 D000 OO0 O
Oooo ooooo.
e[]J00OOO20000 80 110
e[1000O0OO20010 10 80O
e1O00OOO O O

442—-721 000 OO0 OO0 OO0 O 500
o000 Ooooo ooooooo
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