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ABSTRACT

Chitosan is a polysaccharide derived from chitin by deacetylation. Chitosan is non-toxic, biodegradable,

and biocompatible, so that it can be used in wide variety of medical applications such as wound healing and

antimicrobial biomaterials. It also used as dermal fillers due to its ability to inject with liquid formulations. For

investigation on in vivo distribution of these chitosans, Bolton-Hunter-conjugated chitosan (Chitosan-BH) was

synthesized by the reaction between the primary amino group of chitosan and N-hydroxysuccinimide ester group

of Bolton-Hunter reagent. Then Chitosan-BH was radiolabeled with | (Chitosan-BH-'**I) using a Chloramine-T

method. The effects of each radiolabeling step on the radiolabeling yield of the final product were tested. The

results showed that purification step had significant effects on the radiolabeling yield of the final product. Finally,

SPECT/CT images were obtained to evaluate in vivo uptake of the radiolabeled chitosan (Chitosan-BH-'*I) in

several organs. The highest uptake was found in the site of injection at 21 days post-injection. The results of this

study suggest that chitosan is expected to be useful for biomaterials of dermal fillers.
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Materials and Methods

Al
AJof| AREE 7|EAKChitosan, 70-100 kDa)2 alaska
snow crab<r YA &2 5}+= medical grade (>97%)Z Matex-
cel (Shirley, NY, USA)OJ| A FLufj5}%3.0.
idyl-3-(4-hydroxypheynyl) propionate (sulfo-SHPP, Bolton-

™, sulfosuccinim-

Hunter reagent)+= Thermo Fisher Scientific (Waltham, MA,
USA)of|A], HFAMAS- 2194 Na'®19} Pierce™ 20X borate
buffer= Perkin Elmer (Shelton, CT, USA)o|A Z+ Z+
Fulistict ¥h8of AREH acetic acid, hydrochloric acid
(HCI), dimethyl sulfoxide (DMSO), sodium hydroxide
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(NaOH), phosphate buffered saline (PBS), Chloramine-T,
sodium metabisulfite, acetone< Sigma Adrich (St. Louis,
MO, USA) 2 Alfa Aesar (Ward Hill, MA, USA)°]A|
Fofst o, Mxe] JAug glol AT,

2. 7|E2t3} sulfo-SHPP (Bolton—-Hunter
reagent, BH) ZAFH|0|M

7| EARS 2% acetic acidO]| 10 mg/mL S &2 FH|5H &
4 °ColA T =E FEHA WHAA 3101, sulfo-
SHPP+= DMSO9]| 500 uL/mL 5L & =0 A FH|5|H LT
EAHIE L1 5to] §EE517] I8l 7] EA4F (70 nmol, 5 mg)
3} sulfo-SHPP (70 nmol, 25 ug)S- 0.1 M borate buffer (pH
014 4101 ALLOIH 1A1HERL IS 8-S
U7 HASA %L ChivsanBHE o}83fo] 25
Ao ARE-sHH

3. Chitosan-BH2| HAINQQE ('%5]) EX|

3.1 Chitosan—-BH ZiFAI0|M £ HE o] HN|aPd
210] 125] EX|

A HAZ Bolton-Hunter reagent (BH)2} 7|EAM 75T
Aol & ko] AT glo] 15 FARE -, 50 kDa
centrifugal filter (amicon ultra - 0.5 centrifugal filter unit, 50
kDa, Merck Millipore, Burlington, MA, USA)E ©]-&3]
FA O FrofsiA] Rt w19 7| B4R AFA 0l HA|
53F BH-Z15 gHlo] AASHs o8 HAE Al
o}t &4 A TA-S A 2] A] -2 Chitosan-BH 100 uL
(Z1EAE 712 1 mg)of] Na'®I (2 mCi)@} Chloramine-T 10 pL
(5 mg/mL in PBS)E 4] 0]& & thermomixer (Eppendorf)&
o] &3] AL2ofA 3E7t 500 ppm O HWESA|A F

123 HRE-S HE7] 95) sodium metabisulfite 10 pL
(12 mg/mL in PBS)E- ¥ 0] & & thermomixerS ©]-8-5}0]
Al2ofA 187F 500 ipm O & WRSA|AFT, WS A&
radio-TLCA7RH (AR-2000, Eckert & Ziegler, Berlin,
olgsto] WA &EF skt
(Figure 1). o] @ 37140 2= iTLC-SG (Agilent, Santa
Clara, CA, USA), 0|54 0 2= acetones ARESIAITH
(Rf = 0.0: Chitosan-BH-'*I, Rf = 1.0: free ']). 9]
Chitosan-BH-"#1& 7] 93}] 50 kDa centrifugal filterS

Germany)S



ol &3l A E MYt YA EE]7](Centrifuge 5424
R, Eppendorf, Franklin Lakes, NJ, USA)E- ©]-8-51] 15,000 G
2587 AR E JFeE T radio-TLC AU E B9
HAlslstd £ 5 I0lske A4S 335 HHES|o
HEEA9] YAt £rg IRlety BALES

AlAretTt.

C v I s | o
4 :;Wo; 7 ) ~ \ UL LR w h
Tl o X7l
S
A «% UTT T {ﬁ%%ﬁf}
X Lt
CL LSS
N o1 \( oH.
Figure 1. Synthetic scheme for Chitosan-BH-'*I.
3.2 Chitosan-BH ZIFA|0|4 = 2H301| F0{51X|

ote BH XMN| 5 125| TX|

A =] A] -2 Chitosan-BHE] FA|E 15 | MNaOHE
Z715l0] pHE $0J520] Chitosan-BHE-3- A1 7] 1L, 0| &
QA EE)7|Z 0]83}0] 15000 G 38
RS A A = IS 33] WSSl A
A2 Chitosan-BH 100 pL (7] EAF 7|2 1 mg)E 0]-85
okA] Argst v a}l 7o) AFSHA|Ql Chloramine-TS:
o]-g3}o] IS HA|5I) Wkl FojstA] P 119
AA YL centrifugal filterS 0] 8514 Pl Z 0|83t

ZHP o 2 188519 cHFigure 3A). | MNaOHE200 L
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go] pHE o] Chitosan-BH-*IE SHAIAFIL
e olgele] Fu wetoz ARAAE T

AyZolo] Eo}QlS 1512 A Aslo] = AL 23] HiE
31gitt. 212 1L radio-TLC A7 S o] &3lo] ZEH 9]
HIALSIeHY k2 BI85l HF EA4-8-S AL

4. SPECT/CT &4t
S50 Bl WE A3 1 AP 05 HUOIRAY

A AP E L2 A3 20 5L T4
of wh2} =Y} G tH5AH S : KBIO-IACUC-2021-233-1).
EE2 557%, YZ SKH-I hairless 515 ARSI
Small animal SPECT/CT (Nano PET/CT, Mediso, Budapest,
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Hungary) JH]E- 0]-&-5}o] 1 9 Chitosan-BH-">I(100 uCi/
100 L) S LEZ Q2o BSIFALS- 1,647 ,7, 14,
214210 BAAE F& G501 SRt ARE
A7) e CT FAR2 480 projection, THAY 50k Vp, TAF
720 pA, =EA]7Hexposure time) 300 msO 2 FAS F &
SIRH. BFIE Hl =0l Z2k9](prone position) 2 55 25
T}E(1 ~2% of isoflurane in 1L/min of oxygen)3t Al o] 4
oA W= 284 keV, LA Y& 20% (25.5 ~ 31.2
keV)= st 471 Sl == A4 T TS HRE- (mul-
tiphinhole) Z|HO|EE ARSI oW 7+ 3|==1674
9] 1.7 mm Y= (phinhole) 0 2 JLAJ ] o] Qlch YA1d
step-and-shootZ g HHA] O & uhQ-A HAIFARS: B &5
o AR, 21848 H83jo] B4He ATgeIson,
mEZA F7]% 128 x 128 x360, voxel T7]= 0.234 x
0.234 x 0.234 mm® 4}, InterView FUSION (ver3.0) 4~2E
Efo}E AREste] AEE FoRe19 #2AFAS
(standard uptake value, SUV)E JFH 7} 5199 ch

tissue radioactivity concetration

injected activity/body weight

Results and Discussion

1. 7|EL B3l
7| EARS Eolu gl =A] U= 843014
OF 62 olaf] AL pHE 711
acid, formic acid 2] f714toA= & &ojE= 202
LA 00, Thuo] EA\a A piv} ol A A
SR == A4Eo] ATH(10). 7L o]f== pH 6 oJsloflA=
amine” |7} 944 SHprotonation)=] 1. FAAE ZA| E o]
7| EAto] /gl dofl =9k, BFHo] pH7F3zobA] Al =
amine” |7} ©9F4SHdeprotonation)=]o] Z5}E 2lojH ]
Al Ho] £-8/do] 7] flzolth(1). 7| EARS AN
[org HASH| Yl 2% acetic acid2} 0.1 M HCIo]
10 mg/mLe] T2 5L & o HQltt 5154 5214 °C
oA 5312 1) 5 AL ool B2 SRS Selet
919l o} 2% acetic acido] Tet 3=} o =2 A
Tsto] o]F AYoA= 2% acetic acidE 8=

acetic acid, hydrochloric
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AReste] A¥e ALt o] 7|EALo] acetic acid
oA 1-2%0] SIS HolErhs 7] Buieh AXFhe
Axjock(12).

2. Chitosan-BH ZAFAH0|M4 &
HINMEQ R E ('25]) EX|

2.1 Chitosan-BH ZiZH|0|M

NEARS R TEAEARA JY AR
9 A} ol BATEE AL dsk. A
7| B4R pyranose 1121 2] 2814 ¥40f amino” |7} A}

11 8 0] sulfo-SHPPL] N-hydroxysuccinimide (NHS) ester
719} o] /d £71R1 pH 7.2 -9.001 4] QFFRE offo] =
23S FA 4 07| "] Bolton-Hunter reagentS
28519t} Bolton-Hunter reagent™=phenolic ring 25
718k0 =2 Sh= tyrosine”| 2F -FARRE 20 A FH(bio-
conjugation)?] 7Fs3t NHS ester’/]& 7K1
e BgdoR A qEW AT
£ 71X 21 9ItK(13,14). 71 EAH} Bolton-Hunter®] 2-A}H]
£ 1:1=2 2235} 17, Bolton-Hunter7} 2 AFA 0] A A
sleid 37 AP PR T AL Bl
¥5e Aoz W) F1EAl] AFAIA  Bolion-
Huntero] 9 .40 8z 2 219514 gl

2.2 Chitosan—-BH ZAFAH|0|M & 9|

125' Exl

7| B4 A0 = A] 952 Bolton-Hunter®] 739
1 57 % 2elgA) FPHoIA AAR Ao Wkl
Wzo) gAY glo] 1o BANFS NG, 1
A3} AFSIAIQ] Chloramine-TES ©]-83F HEXAEH 751,5
radio-TLC AU E 53 ERIsH WAESH =
49.4% (Figure 2A) % 291 =] 9] © ™, 50 kDa centrifugal filter
£ o] &5 39 A AFsHHS W 2F === 95.7%
(Figure 2D) 2 SRRIE| ]It HAIE WHESHHAA] 50 kDaol
EX}7F 71 2 I (molecular weight cut-off, MWCO)E 721
centrifugal filterS: A-8-5}1% 0 1 & W-S-0f Zos}R] 9k
(Z12} 7| EA AFA 0] EA] 92 Bolton-Hunter]]
FAF 1 BHP)E AR AASE e Felgt 4
USNTH(Figure 2B-D). SHAIRE =2 95.7%2] Eol®

| ‘B2 g1o]
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Figure 2. Radiochemical purity analysis of Chitosan-BH-'*" using
radio-TLC scanner. (A) Before filtration of Chitosan-BH-">I.
(B-D) After filtration cycles of Chitosan-BH-""T by 50 kDa
centrifugal filter. B : first, C : second, D : third cycle. (E) The
relative radioactivity of Chitosan-BH-"’ obtained after each
filtration cycle.

2.3 Chitosan-BH ZIFAH|0|M = Ht30]| E0{5IX] 94
BH g = '] BX|

FASES AN 7]7] 8l 7| EAH} Bolton-Hunter
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Figure 3. (A) A scheme for a selective precipitation purification of
Chitosan-BH-"""I. (B) Radio-TLC chromatogram of Chitosan-
BH-""I after 3 min reaction with Chloramine-T. (C) Radio-
TLC chromatogram of supernatant ('*I) and (D) precipitate

(Chitosan-BH-"’I) after the selective precipitation purification.

3. SPECT/CT &4
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S| AR chafet Hofo] S8 QAT 2] Pel
QAo H54E 35 w1 ek, T4 $is
Chitosan-BH-'>15 LW AJF| Q] mlslo] FAKE & g
1) el 52 A AT
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Figure 4. Whole body small animal SPECT/CT images after S.C
injection of (A) free "I and (B) Chitosan-BH-"*I. (Yellow
arrows indicate thyroid, white arrows indicate stomach, blue
and red arrows indicate bladder and the site of injection,
respectively).

Conclusion
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8 & 15 HAT = AU AT | A radioactivity
9] &4Z £017] $13l NaOH H7HE 3l AHA7 =
WS Agstalon, o] WS Fdl AR &=
95.7%, 2% EATE 65.5%2 AHE 2S5 YA
o7 HA)¥ Chitosan-BH-I2 AJF| 9] T5}o] Foigt
3 SPECT/CTH/d= E 55131, Y32 HE 530 71 BA
o] Fe|2 A9 AME7 s ol Hish &Rl = AU

=
T
HAL

Acknowledgments

o] T B ARA R Hto| g Bolth] ul o] gAY
AAE Y AFY(HI19C0763020021)2] =YL wrof
seystolon, the o5 P glee Y
References

1. Chandy T, Sharma CP. Chitosan - as a biomaterial. Biomater Artif Cells
Artif Organs 1990;18:1-24.

2. Rinaudo M. Chitin and chitosan: properties and applications. Prog
Polym Sci 2006;31:603-632.

3. Foster LIR, Ho S, Hook J, Basuki M, Marcal H. Chitosan as a Biomate-
rial: Influence of Degree of Deacetylation on Its Physiochemical,
Material and Biological Properties. PLoS One 2015;10: ¢0135153.

4. Phillippart C, Hendrickx B, Rharbaoui S, Natalizio A, Boisnic S,
Micheels P, Gautier S, Douette P, Hermitte L. Safety and efficacy of a
carboxymethyl chitosan dermal injection device for the treatment of
skin defects: a first-in-man, pilot, comparative, split-body study. Eur J
Dermatol 2021;31:549-558.

5. Abduljabbar MH, Basendwh MA. Complications of hyaluronic acid
fillers and their managements. J Dermatol Dermatol Surg
2016;20:100-106.

6. Halimi C, Montembault A, Guerry A, Delair T, Viguier E, Fulchiron R,
David L. Chitosan solutions as injectable systems for dermal filler
applications: rheological characterization and biological evidence.
Annu Int Conf IEEE Eng Med Biol Soc 2015;2015:2596-2599.

7. Blankenberg FG, Strauss HW. Nuclear Medicine Applications in
Molecular Imaging. J Magn Reson Imaging 2002;16:352-361.

8. Khalil MM, Tremoleda JL, Bayomy TB, Gsell W. Molecular SPECT
Imaging: An Overview. Int J Mol Imaing 2011;2011:796025.

118 J Radiopharm Mol Probes Vol. 7, No. 2, 2021

12.

13.

15.

16.

17.

. McFarlane AS. Efficient trace-labelling of proteins with iodine. Nature

1958;182:53.

. Rinaudo M, Pavlov G, Desbrieres J. Influence of acetic acid concentra-

tion on the solubilization of chitosan. Polymer 1999;40:7029-7032.

. Cunha-Reis C, El Haj AJ, Yang X, Yang Y. Fluorescent labeling of

chitosan for use in non-invasive monitoring of degradation in tissue
engineering. J Tissue Eng Regen Med 2013;7:39-50.

Furuike T, Komoto D, Hashimoto H, Tamura H. Preparation of chitosan
hydrogel and its solubility in organic acids. Int J Biol Macromol
2017;104:1620-1625.

Hermanson GT. Bioconjugate Techniques. 3rd ed. Amsterdam: Elsevier

Sience; 2013. p. 1200.

. Bolton AE, Hunter WM. The labelling of proteins to high specific

radioactivities by conjugation to a '*I-containing acylating agent.
Biochem J 1973;133:529-539.

Sogias IA, Khutoryanskiy VV, Williams AC. Exploring the factors
affecting the solubility of chitosan in water. Macromol Chem Phys
2010;211:426-433.

Sun H, Liu XY, Zhu D, Gao D, Ding M. Preparation and reaction of
fluorescently-labeled chitosan nano particles. Asian J Chem
2013;25:5658-5660.

Chung JK. Sodium iodide symporter: its role in nuclear medicine. J

Nucl Med 2002;43:1188-1200.





