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Nuclear Imaging Evaluation of Galactosylation of Chitosan

Hwan-Jeong Jeong, MD. "  FunMi Kim, MS. * * Inkyu Park, PhD.’, Chong Su Cho, PhD’,
Chang-Cuhn Kim, MD. "%, Hee-Seung Bom, MD.'

Department of Nuclear Medicine’, Wonkwang University School of Medicine, Wonkwnag Institute of Medical Science
Iksan, Korea

School of Agricultural Biotechnology”, Seoul National University, Seoul, Korea

Department of Nuclear Medicine®, Chonnam National University School of Medicine, Gwang-ju, Korea

Purpose: Chitosan has been studied as a non-viral gene delivery vector, drug delivery carrier, metal chelater, food
additive, and radiopharmaceutical, among other things. Recently, galactose-graft chitosan was studied as a
non-viral gene and drug delivery vector to target hepatocytes. The aim of this study was to investigate the
usefulness of nuclear imaging for /n vivo evaluation of targeting the hepatocyte by galactose grafting. Methods
and Materials: Galactosyl methylated chitosan (GMC) was produced by methylation to lactobionic acid coupled
chitosan. Cytotoxicity of FMTe-GMC was determined by MTT assay. Rabbits were injected via their auricular vein
with ®"Tc-GMC and #™e-methylated chitosan (MC), the latter of which does not contain a galactose group, and
images were acquired with a gamma camera equipped with a parallel hole collimator. The composition of the
galactose group in galactosylated chitosan (GC), as well as the tri-, di-, or mono-methylation of GMC, was
confirmed by NMR spectroscopy. Results: The resufts of MTT assay indicated that #Te-GMC was non-toxic.
I e-GMC specifically accumulated in the liver within 10 minutes of injection and maintained high hepatic uptake.
In contrast, “™Tc-MC showed faint liver uptake. #MT-GMC scintigraphy of rabbits showed that the galactose
ligand principally targeted the liver while the chitosan functionalities led to excretion through the urinary system.
Conclusion: Bioconjugation with a specific ligand endows some degree of targetability to an administered
molecule or drug, as in the case of galactose for hepatocyte in vivo, and evaluating said targetabililty is a clear
example of the great benefit proffered by nuclear imaging. (Korean ) Nuc! Med 38(3):253-258, 2004}
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FEAd Al BUTEE AMEAY, AlEY 4B A
Fote SIRES ol&dAY, == 54 A7V A9 A4
A AAEE SIRES o83ty ddkes A7V 239 %S
Btk WA FHE HtE ¢ Je AeE A ok
o)gt gAHeE 7+ 715S Friskedle 71kl wel A
7 E ER7E ¢ Jdok sivks AR 715 239 A%
g Hrlske Roly, tE s 9 M E(Kupffer cell) <
F45E H718k= Aolth Dyest 31212 A (lipophilic) AgS
AR a0, A FEE AREE AL FAd &t
R0 2F 7p2e A FAATE AT ofd BAAE
A HHAHBE AR 715& HHF O wgditie A
Hol A gakdt AFEopIA A A7=g 23
EAE olg3te] ZHEE X3 - X3shs 4go] 75T 3
=H 4 E2X apolipoprotein E, FEA ¢ o 7S
ZHZ 3 AYES0] 2 dolti™ Holstelx T ZA)
s 54 s E 232 g TEoR WY gEogE
A YE Medi-Physics (Nishinomia, Japan)olA 7jdkgl *m
Tc galactosylated human serum albumin (GSA)©] .oH,
2 FWAME P Tc lactosylated human serum  albumin
(LSA)7F AEEY 052 BE 7hxe] Azee) 27
&= asialoglycoprotein receptor (ASGP-R) ol A%l 5&E A%
B AP e oFE o Y

F1EARS GEAY AU SARAE HEE AE-37] 93
Mg B3 AL 7THAE Aol wie- 23, ol dF=
Me ZAE A g A7t Bol o]F oA gt 714
T AFYE A3A AAA AT ASGP-R3 AEA717]
A3l 7B AEE ) FEX HPEE AT E W
o] gol o]-&5o gt} T} diREe AFEL AFHY
A HepG2¢t 22 AXFE YL Z A=A gon,
71BN 2= EX e g AR b AulelA A
Exd om WsE 7P X Uig dF A Folr )
7t FECY. ZFES 4 J1EAY] AW 94 53 7
A A ARE Gelsls AL 7| EAHS backbonel & 3 A
YA A" (delivery system) FHAATFA oA wj$ Fadt
B uk ohU gl 71Bde] Bt sel o] 8 4 e A
=+ ¥l del= F83tha sl

AAES AFES 4] 7B A 93-S Y5se=
Fojet gago] wl-- FE8 ACE A, AFEA 4
FIEAME AZ3 Foll A3AE AMSER &3 HAEF X
g e EE IR o) o8-8k AU A4S do
7 A 55 gelse Ry g

—
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1. Galactosyl methylated chitosan (GMC)<] 34

EDC(1-ethyl-3-(3-dimethylaminopropyl) -carbodiimide
hydrochloride) £ NHS (N-hydroxysuccinimide), 22]2 lactobionic
acidE- 10 mM NNN,N-etramethylethylenediamine (TEMED)/HC]
buffer solution (pH 4.7)91 ¥of %2 | 71EAHM » 5k: 97%
deacetylated) & ¥ stiming 3FHA 72A17F REEAIA T HES-E
o)l 50% hydroxylamine solution 0.6 ml-& 23, NaOHE ¥¢] 3
ZWMLES Aotk o|AE  Spectra/Por?7 membrane
(MWCO = 3500)° oA 3d Ft FAed 52 Az
% B E2 54 71 EAN(Galactosylated chitosan, GC)& @
At 01 g ZHELS 4 JEARS 024 g sodium iodide <t
4 ml N-methyl- 2-pyrrolidoned] 2¢] 60°C oA stirring3l
ot} =<9 Foll 15% aqueous sodium hydroxide solution
055 ml 3} 0.6 ml methyl iodideE @] 1417t E¢F stirring
st WS AT NS EL gL ARAA 94 B
. 10% NaCl aqueous solution 5 ml ol o] 95% N&ESZ
FAANZAY QA F dgLgH JeHER gHE JHAAA
AZAZ F AFHSEL D09 o 'H-NMRZ #1381
o} (Bruker, 600 MHz, Germany).

2. GMC®] *"Tc ¥

100 ug/ul GMC9l *"Tcg EA317] 91t #LA SnCl, -
ALOE AHE319H SnCl - ZH0E HClS| =9 AME-8kdch.
A Ao FEE A HEkE Foirin HF9)
EA £8¢ Holk FEZ ARaYch Az AEHE 2
Foe FA7MAE 08 o R ALSE AT ¥HE-Eol
222 MBq (6 mCi) ]l Na®"TcOs& ol A2l A 308 v
A7 3 022 um BE (Millipore, Bedford, Mass,, USA)E o
Falhth. PTe-GMCe EA &2 Instant thin layer
chromatography-silica gel (ITLC-SG, Gelman Sciences
INC) & A3t o] T2 oHEF A FTE A
sl AMA AT, 0] TLC scanner (BIOSCAN, Washington
DC, USA)& AMg-3td E1skich

3. GMC9] A X =44

FEAZ g FEY NEEGS SHS] Y8t
HepG2 (human hepatocellular cancer cell line)$} Hela
(human cervix carcinoma cell line) X Z& 96-well platesell
MES7} 2424 5 x 10" cells/ml ©] HEE 58 o2 37T,
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Fig 1. Schematic structures of galactosylated chitosan (GC) and galactosyl methylated chitosan (GMC).

5% COz ¥ &71elA 18A17F vl 3ttt GMCE 0, 0.25, 05, 1,
2.5, 5, 10, 259 100 ug/mle] &= X3t o 2417 v ofat
Atk B Foll A& WL FBS free WA Z A48 & MTT
(Sigma, USA, 5 mg/ml) 7} F-5-¥ PBS 20 ulg 24 A7t &
37T oA 4 A7 A AT wiek ol BiAE W] T wellol
DMSO (dimethyl sulfoxide) 100 ulE Yol 5E7F HEXA|A
MTT formazeng -S3|A 717 £33 A ELISA readers AHe-
&t FFE 570 nmoll A I SAFEE FA6h 33 nhE &

B3kl e

5. *™Tc-GMC*| Imaging

At BES 419 HZ Ef8 F Er9 sojgy
15 mis AUFAleted miHAzl o
FTe-GMCS ™ Te-methylated chitosan (MC) 555 MBq (15
mCh)E E719] SjolAM o2 FARIATE AL FAlo Azt
w2H(Vertex: ADAC laboratories, Milpitas, CA, USA)E ©]&
3l 108, 302, 608, 0% ZHALE WU AUk

(auricular vein)ell

6. FAE

A& o] B2 SPSS 11.0 version (standard version, SPSS
Inc. Chicago, USA)& ©]&3lH o, MEFAS 4317 93l
Alge GMC ZF 258 8|73 paired t-testE AlF3laEeH, p
005 o3l AF BAFLE 999ie Aol dvkw HA &
et

it

i

2 1

1. GMCY| 34

F)EAF 5 kDaoll lactobionic acid 30 mol%E ¥HEAIA 42 &
FEL 'HNMR 929] AL A2 23 74 mol%e) e
27} 7\ BAtol A 21& IRASHTE AHEXS 4] 7B
o 98k A= tr, di, mono?t 742 88, 46, 35.2%%1 A& 1
At (Fig. 1).

2. GMC®] ®"Tc %A

GMCel 222 MBq (6 mCi) @] Na™"TcOZ AHEshe A
o} o) FEE goFspA MskAlA ¥4 A7 A3 0.02N HC,
SnCly - 2H:0 10 ugs AHSES of =& 84 #&3 HAth
ITLC-SGE o443 AZvETNIAE ABPS o otAlEANA
= 1583 181700 A 242} 97.7%9F 964%E Hehi T, Al
A= 747} 96.3% S 96.8%9) BA &S Ho] B 147
A 9%6%01del BA A& eI *MTe-GCY A$E
SIHEANME 96%1A 88%=, AHAAFANE 739%NA
7292 P Tc-GMCell Wisted bgAdo] Folxl A& Felstieh

3. GMC9 M 5497}

96-well platesd] 253 HepG29}t HelLa N5 GMCE &
Toll wkeh @3k MTT assay & A3 hE2HGMCE wiA 4
2] 814 & £, HepG2: 100453, HeLa: 100+1.6) 3} ¥ w8}
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Fig 2. The viability of GMC in HepG2 and Hela cells. There were
no significant differences in the viability of control group when
025, 05, 1, 25, 5, 10, 25, and 100 ug/m! of GMC were added
to each well against HepG2 (human hepatocellular carcinoma
cell line) and Hela cells (human cervix carcinoma cell ling) (p
>0.05).

REFE 47t FEHE HepGolAle 1063457, 104.6£16.9,
10754131, 9994159, 94431, 935416, 113.1£11.6, 109.3+12.7
o)A, HeLaolMi 968438, 99.7+79, 96215, 100.2+38,
98.8+9.1, 97.8+16, 87.9+13.9, 885+9.6 o.M, FAHLE Fogt

Holg Bl ATHFig. 2).

5. ¥™Tc-GMC®] Imaging

E7Y 9joldde Eg PMTe-GMCS P Tc-MCE FAME
Anirbleke ol g8 ARdye de A3 " Te-GMCE %
4o ] FAHE AAE BT FAF 102 o) &

9T . GMC
(galactosyl methylated chitosan)

10 min 30 min

T MC
(methylated chitosan)
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o] o ol JAHALH PEIIA] WAFs ¢ £X £ ¥
7t e REE O 7 dNeH, #HI9E I At £
A FAF F 10EAE AN BARSS) 27%7E FARE 0=
B%eVEel 2l A lFS @ F AN olgE xF
o2 FTe-MCY] 739 7 ¥ARs-S GMCe) wis) okl BaE
EE Az Fod wpbo T ujdss GAMS RYTHFg 3).

2k

i

ol A7 A= st GAg ol 43Sl AHELT}F FAH
FEAre] 252 gk 7B vl 7Hl e A=t E
AA Z71EE ABAHOT HAFQon ol J|EAY]
glucosamine £¢A F = IFE 23] s ALHE
£ ool Fztert A2FHA ¥ E FHE FTEAHoZ WY
AR B s Havles ZAE F e e et
oM 7HEssaTh

71 EARS 7|98 EolA g3kt 210 2 glucosamine©] f-1,472
oz A S A Holg&H HP=S & 45}
030 =40] ¢ H3 RN AAGFA0] Hold wrt
oh e} thekdt Al -84 0) YA k. ol A A xS
Azbol A GMC7} 100 ug/ml®) ml$ & =47 GMCE
Wz g2 Q27 Hwale FAFLR oUE AolE Hol
A Gyths AL 718 ] A S glg A= & Aol
tHFig, 2). Bla2&-2 -CO0, -OH, -NH, -SH#ZE H)F
F AARE 7ML SR E 7 £33 iR A e 84
& 4 =6, 71524 subunit7} glucosamine©) B & €] Y]
&3 MATFEAES T & UL A0E A AHES

60 min 90 min

Fig 3. Planar gamma camera imag-
ing of “c-GMC and ®™Te-MC in
rabbit. “™c-GMC was located in
the liver intensely within 10 minutes
after injection. However, faint liver
uptake was shown in “"Tc-MC
injected mouse. Liver uptake pat-
tern was markedly different between
two materials because of galactose
residue positioned outside of chito-

san.




Meld Q| sHolst dAtS (|E8t chitosan®| galactosylation =0 CHSH -7}

FH B R Hadas BA & F= IO B4 89
Lkt T8 o= 71EAR subunit?! glucosamine®) AHA]
Z700A ckol2g HuA Hla g M 27} Fo
A Hed Aoy AASHAD o g FE] S8 o
& 71BN A} olq)l FEE 23, 33} ofRl O R A| 231 ul ¢
AY F9E sHo2A dalede] 34 782 54 F US4
o2 FHIYTEY EAEEE Eol7] 98] Yo de) so)
© 318k &3A9l ethylenediamine tetraaceticacid (EDTA),
diethylenetriaminepentaacetic acdd (DTPA), DTPA-Ca, DTPA-Na,
sodium tetramethylene diaminetetraacetate 52 o5 tjE-Eo)
ATZAL HL AT deA gom, ol @ A3A & A
73 € NEAS] AU Bxel| JFS nE FE 7] wFo,
7)ol 7“3 T2 71BN mjEst WS ARSIt
71EANS: SFHsHE H1 9on ojgd P APEES
TR BIAE AT F st WA g8 A X
Holl A =L o] F Al kS 2 FHAE A3 He vib)
olF2 FAA A HEZA ol&HE I 12U}t o]
2 7| BNk A xe] e AR AgL FaHge) opd A9
oA 71EAR] QAW Fxo tigt 7]E9] d7ES HH £ &
401 L& A 2ok ks, Onishi 50 Bad vl o3l#
71EARE B0 FALE B3l AA o FALSHA W Aj7ketel] 7}
& B H&(oF 8~15%ID/g &) o) Aelx AFHH, A%
< B3 ABOE WU = ol wiFEe FFF U A
o, mj-¢ AL u]&(F 1~2%ID/g AE) o] 7t} u)AFol
F2EQ)7) BRIt F, 7B SR} FES AFAA
AAW] FUsAE R 7| EAS AL Ea) A= u)
Zd Zo|7] WFeltt. Onishi 52 &3 ATE 71BN
FITCE ZZANA A7, 7 v, "o ot #4550
ol @ A= o] AT P Te-MCE FAIS %43 4
vl o}F fAREE Azjoln, Gl of Yem

T S S T
A LGS e el 17 AR Fof3)
of 1B ele) FHE o &AA A BEYS FolE 2
o] Z23tth ol ATIME AT APHE el BeES

ABES FAson] AL $AS A BE APYS
Y539E71E Ao IS £ao golstuA sty 19
39 FMTe-GMC A3Hes ZEEX 27k o8 7HHE <3k

l

o] YEHISE HolFT glony ASGP-R ATAE A kA
BE UnA] 7 ENES AL Eo) M43 RS HodF T
Atk

ol ATAANE A sk AEFH, P Te-GMCeF ™ Te-MC

£ 719 Qlolge ol FAE F A PN TTe-GMCE
78 47 BARE W, O TeMCE ZHAE Skl B

290tk GMCS MCE B43H: 08 2748 2% 27, @a

B2 fAeiRuio] o]z} glong AHEX s o
xlwﬂ 3215%} = ;z & 5 qlom, AF7AR e AP A HIE
AN AHE eyt AL B3
w 4 a}%% BeFE= Aste) A ol A oo
#o)5hs A771%ME bioengineering F-ok2 SHAIA ThekAIZH
FEAA Y 1F 7FeAS BAFTE Aot

ABHOZ ol AFNE ZFE~ PUEE ol B
o 7z a@—éo15~ N7, BANED B EAESS
]= GMCE BT & A%lom, o2 o83 SEAHS 54
GCY 7HIE AL ol dare B4 8T 5 Ut} 7

EAS AR fAAA g e}% Aol o] guo} gomE
B7esL g F A Age] 384 28 AP 52 8
Q5l7) Sia) A3t FAEES o) 3k AL AFIE MEAF
Ase} go] A72 AANIE O B 80| B ROE A}
z9t} =3 EHNE BlstgiEo] 7)EAe) AW
Aol NS 8 wE AAST QAT YT A= F49]
A 5o 71BN BF A B o]89 £ e
5L AT QLSS usiE HolBg, old) 3 FEW

ARHgo) okt S,
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B3 ol {27 Al ol &HE AAARYC] T2
1B R X AFAAE AsiA HAFELE Tk ol
gl o] &Eoix 2 Ut o] AT ASEXS 72 B
o) M E XA 35S Fristed gloix st dAde &
S0l tis) LetR A} shATh
oA 2wy 7124k NHS9F EDCE ©l-8-3F 30 mol%9
lactobionic acidE AFAIA AFEX 2] 71 BEARE: AT
dojA ZAHEA F2] F|EAS B A7 - T4 7Axso ¢
of Wl the F1EA] 7| E7Z4 glucoseaminedl methyl71& &
7 9H-S 3l AFSTES AT GMCY] AlEW
EA2 MTT assay & 531 It A= GMColl SnCl
C2HOE o]t e EAFATE EA F AL oA
=3 Y AA5E o3t (A7) 18tk P Te-GMC
9} *™Te-MC 555 MBq (15 mC) & E719] 9lo|gmog FA}
& 7hlglElE o) &3k 108, 308, 60%, 0% 7HECZ AW
FdE AT
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A7 7] 243 lactobionic acid 30 mol%E ¥HEAIA 74 mol
%2 galactose group®] 71EAM] Age A& gelasith Z&
EX §2] 7184k Weslgt A3 tn, di, mono?t 22 8.8%,
46%, 352%%) & st MTT assay 2345 §81 GMC
o A Lo v A= AL A Qe AL 89  Adh A
222 WEHATIA &L PMTe-GCT} oPMET AE) 2Pl
A 247k 88%, T72%% B9l Wi P Te-GMCE %%HES B

o Bt} B2 ¥AELS /HAE AL Flsgdnt P Te-MCE
FAF AL E7] QA 7IEAL UutEo 2 gRE %S
B8 wiEEn, 23 01y, A E S HL EXE Hol:
g vla), 2SEA7 $49 T Te-GMCAME Exo) W3t
AA 74 AR, DI WSl B Ao BREE 27
By

AE: YT PPYE BFES AVE 54 NER 2
I ARY ARE W] 9% A BPECE o8 &
e Aoz ARSI
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