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Synthesis of near—infrared light-controllable chitosan—-based
hydrogels and their application for drug delivery system

Hansol Park

Department of Smart Green Technology Engineering,
The Graduate School, Pukyong National University

Abstract

Chitosan 1s one of the most widely used materials to fabricate
hydrogels. It has low toxicity, immune-stimulatory activities and
excellent biocompatibility. In addition to these advantages, a
biodegradable and near-infrared (NIR) light-responsive hydrogel is one
of the most promising strategies as a on demand drug releasing

carrier.

In this study, Biodegradable and NIR light-triggered chitosan—based
hydrogels were prepared as drug delivery carriers for antibiotic drug

ciprofloxacin (CIP).

The ex situ—forming hydrogel that have covalently bonded
cross—linked networks fabricated readily via inverse electron demand
Diels-Alder (iEDDA) click chemistry between
norbornene-functionalized chitosan (Cs~Nb-COOH) and
methyl-tetrazine cross-linkage containing diselenide bonds (Se-MeT2z).
Cross-linking densities were multipleized into three conditions to

manipulate their properties.

NIR sensitive indocyanine green (ICG) and a drug, CIP were

post-loaded into the dried hydrogel matrix in phosphorate-buffered



saline (PBS) at three different pH values (3.7, 52, and 7.4). The
release profile for the hydrogels was examined in three different PBS

media same as drug loading.

The results indicated that the release profile has pH-dependent
influences and rapid release of CIP under NIR light. ICG generated
reactive oxygen species (ROS) which could cleavege diselenide bonds

in the polymer matrix, inducing release of entrapped CIP.
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3.1 Al eF

A fF2 EA Chitosan(CS, low molecular weight, Mw=50-190 kDa,
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anhydride(CA, mixture of endo and exo, predominantly endo, 99%)+
ACROS Organicsell A ufste] o] AGAlgdg  glo] AREHATH
Selenium powder(Se, -325 mesh, 99.5% (Metals basis))2} 4-Bromobutyryl
chloride(4-BBC, 97%)&  Alfa  Aesar®l| A TFujst . Sodium
borohydride(NaBH4, powder, 98%) <} Tetrabutylammonium
hydrogensulfate(TBA)(97%)+ Sigma-Aldrichel A *wistsich vl E gz -
AYF 7FuA S WHE7] 938 Methyltetrazine-amine (MeTz-Amine, HCI
salt, 95%)% Click Chemisty ToolsollA Fujsl$ith.  Ciprofloxacin
hydrochloride monohydrate(CIP)(98%)= TCIol| A Fustath. 7FuAl &
A< 93k Tetrahydrofuran(THF, HPLC)S SK Chemicalsol A -1l &} o]
gk WMo SR OAAS AA AT F O FF FEHE AREESTH
Triethylamine(TEA, 98%)< JUNSEI| A Fvjgtdth. &= vt & Al eka)
L] 52 Analytical grade(HPLC)® DUKSAN, JUNSEI A Fufste] &
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(UV-vis) 2=~FE™ L Optizen POP UV-vis SpectrophotometerES 3
ojFtl o=z Aol ZFAHM FAF BAE 9l 808 nm 9
NIR-laser photo diodeE #¢ o2 A&, 2 Wem* ¢ 89S 2%

% Mgt

33 94 R 43 89

°
M7
iﬂ NHAC o‘v\@ </,0H° NHA /‘i//%/ Ho//\JNHA
T 7 7T — % TR 4] - T
NH, { NH n
’ \ \ < o7
OH n

S D e (I ]
el 3
o 7/) 7 N

A\
e [~ Hoc” N
Ho,c— b ;
Cs-Se Gel
Cs-Nb-COOH IEDDA click +
A COoH
HyC N, : -
NN MeTzAmine Loy ; L
[} 8 X " A D@

o s ~J =
J ' @\/ er NEE o o g T
el NaseH Juttyion I H ‘)L CHy o~
¢ g S N 1
&/Er / T Y . e

- ! T X
o IACHN \
oH HO™ i

[1¥ 6] NIR-responsive chitosan-based hydrogel, Cs-Se Gel &4

N A
N7 CHy
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Gelation

. j/L\/j\Xj o ﬂ\

IEDDA
e Reaction ‘
HoR, 7 —] Oxygen
Nop - NIR~~ Species
gas X u NIR
al indocyahine - \
HN-N ] Green

Chitosan-Norbornene-COOH -~ Oxygen & ® . :
Cs-Nb-COOH | r & " % % W
M / @ Ciprofloxacin HCI o e b
« \ / i Indocyanine Green /PBS DS
< ;o, N~ /A \j _.,{,r. X - i &
i i i T r ] ° ama ° 8 ° 5
i DMSO B T g »
» e, L3 — | e — ——__\%
RT, 1d e~ A Py ] o fi° ° & o
A e ' L R
NI L # L 1 $ * 5 a®
Organogel Lyophilized Drug Loading Degradable Hydrogel Drug Release

HC__ N
il 1]
Hag AN
W NN

‘ ] H
I N

e hery

Diselenidylbis-Methyltetrazine = W ] /
Se-MeTz SN ey
©/PBS °/M

[2¥ 7] NIR-responsive chitosan-based hydrogel, Cs-Se Gel 43 %Z2]

3.4 Cs-Nb-COOHY %4

tE dAdel v Axrt tdetal, AAARZ S a3 TE

EAE 2340 E AAE F U=, 7150l Ead 4 Wy we [
g 6] #o] Norbornene-functionalized Chitosan iiAHE A3+
th[65] ## nwk SpollAl 100 mLe 2 wt% OoFAEAHACOH) -8 <4

CS( g, 59 mmoD& &MAIAT. FHIF Fdoz 5 FafA7l ol F

)
offt

o
rE
oo
>,

CA(972 mg, 59 mmol)<= F7}ste] 50T 2] ==l A 484
ATk 48A17F o] % FAYHMWCO, cut-off 14 kDa)S ©]&3Fo] 5% NaCl
Fedo UNL B9 1 FAIAT, SHFE ol 3ol 48413 Bt
23} FAHTh B4 ol F Aozl BAS dfdtel 397 $AAEH F

HEH 02 Cs-Nb-COOHE At}
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35 Cs9 2431 %9 Cs-Nb-COOH X &= &4

7|99 "olAdst whgoR YFAgdE JEA HAA @AY gakse
(Degree of deacetylation, DD, %)%} 339 @A o]F w==2rHU H3%
(Degree of substitution, DS, %) & #413}7] ¢la] 7] Haud #HHS
w2} 1H NMR peak integralsS ©]-&3te] o592 [4] 1]3 [4] 215 &3l
Aol Mt

I

CHj
[4] 11 Degreeof Deacetylation, DD = 1— Ii
H2
IN?)
[4] 2] Degreeof Substitution, DS = 1— 7
H2

where ICH3 is the integral of CH3 peak of acetyl group in GlcNAc(3H,
orange highlight, see Fig 8., INb is the integral of the alkene peak of
norbornene (2H, blue highlight, see Fig 8.) and IH2 is the integral of H2 in

GlcN, GlcNAc GIeN-Nb units (1H, green highlight, see Fig 8.)

3.6 y-BSeL9 A4

Selenolactones®] A4S tF1 A= 7|9 Haud A HHo uwet
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&7 50 mLe 5% NaHCO; 8o
Fd &3 Fo] B BAE AAAY. odAd FY £ EFAdS A%
&2

ZUAZ F 45% goonyy ¥ FRE Fd w4 %

RN
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2
=
M
=
(e}
wm
o
il
>
o
_0|_4
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y-BSeL& 53t yield @ 77%; bp 120-122C/30 mmHg. 1H NMR
(400 Mhz, Chloroform-d): & 354 - 343 (m, 1H), 242 (td, J = 6.8, 1.5
Hz, 1H), 2.28 - 2.17 (m, 1H) [71¥ 10].

3.7 Se-MeTz9 A

[2% 613 #Zo] A3 mrk stellA AAE THF F5 &9 0.5 mLel
MeTz-Amine(261 mg, 1.1 mmol)¥ TEA(0.334 g, 3.3 mmo)E &334
0% &<k otvivle] ikl FErt 1A ofWl o Wt E REGAZITH
g o] 3 333004 Al ® y-BSeL(149 mg, 1 mmol)S THF ¥4 &vuj
05 mLell &3jAIA =l HF38] H7lsto] &fF &7]o =¥ FH=
12A)3F & ¢k WA T wkS o] % Zkol THFE 3o 2 Al AL, TEA
o] dikde AAS] f& 5mLel IN HCl 898 H7lste] 1417 &<t
WS TE wgk o] % EFAl S ofytete] SRR Aol Bk 1AE
S AF Axse] 53519 yield © 89%; 1H NMR (400 Mhz, Dimethyl
Sulfoxide-d6): & 852 (t, J = 6.0 Hz, 1H), 842 - 838 (m, 2H), 751 (d, J
= 83 Hz, 2H), 4.38 (d, J = 59 Hz, 2H), 298 (s, 3H), 2.94(t, J = 7.3 Hz,
2H), 2.30 (t, J = 7.4 Hz, 2H), 1.97 (p, J = 7.3 Hz, 2H) [Z2¥ 10].
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3.8 Cs-Se Gel9 A=

(2% 719 el A o] &8 wkgS T3 7|EAN @A F9] 7}
o AgS 98] €m Dimethyl Sulfoxide(DMSO)e] Cs-Nb-COOHZ 29l
S A3} Se-MeTzE 59 &9 A2o|a Egtato] 1247F Sk WX A A

th o] BAAA Folm=zAe Zel-stety SA4S wuds] 9

Cs-Nb-COOH¢ =2xHudl x]3t7]¢} Se-MeTzo HWEH-glEzA ZH-87] 9]
= HE&S 1Este A X9 g 2o E FASET 350 ple

DMSO°l 8 mg Cs-Nb-COOHE &3ato] £Hl= AL, 50 nLe DMSO
Se-MeTz #4715 247 2 v]& % 10/10, 10/7, 10/4(Nb-COOH/MeTz)qt+
= &3lste] FrEHAT -4 4 HslE 9SAIZE o] F Wk &7]E H
ANS w 25 A3yl S4uHddSES sl ol &IldA F5
AL FAU(MWCO, Cut-off 14 kDa)S ©] &3ty THFTZE FAAZATH

54 o]F ojn 2R FH4ael 37 FANEY F AEAow 1z

ro

o,
(o
o

37904 Qo1 AxAE e Cs-Se Gel& thAl DMSO®] 3% %<t
AR e AR vakge] wEAsh AuAE AAANAL o F thA
N3 5AA% BAS AR AL A2 CsSe Geldl FAZ

9. 7t7te] b B Wgw #HE CsSe Geldl §F %49 A3
1ot ol tebeda, v miAe} sbaAle] FAE ned 2

[+ 313 o] AAts A,

m

e

;g‘

s
b

ot
T —
flo  Ed
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[Z 1] Cs-Se Geld Az v &F F

Gel Feed ratio Nb-COOH/MeTz* Gel Content (%)"
Cs-Se Gell 10/10 94
Cs-Se Gel2 10/7 93
Cs-Se Gel3 10/4 91

*Theoretical mol equivalent of norborene-carboxylic acid and methyl - tetrazine
groups.

"Measured by a general gravimetrical method.

[2] 3] GelContent (%) = W,/ W, <100

where WO is the primary weight of the dry hydrogels and W1 is the dry
weight of hydrogels after swelling and washing with DMSO. The test was

conducted in triplicate.

Cs-Se Gel ¢ HHE FAL vlo]d= AHE&E F3F 74 FAo=2 A4

stdth BAe A7) % dee Axd Cs-Se GelS PBSo| &zt 7tue
zfolo] WE HEgr BAS 9] Cs-Se Gell/2/3& 7} 7o HEAA L
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obel [4 4le} #Zo] AtE At

[4 4] Swelling ratio (%) = (W; — W;z)/w;z < 100
where Wy is the weight of swollen hydrogels and Wd is the weight of finally

dried hydrogels.

3.11 3dd FAHEH

Cs-Se Gell/2/39] U5 FeEE F4317] a8 W& I AH =dst
sfol=E2 A sAAZSAT o]F A Ao U Aoz A I
oA (Cross—section)©]  HolEE  AdA gt MES Ty 93

MIRA3 TESCAN SEM #H| & A-&stAt

3.12 CIP #HZA

stol=2 Ao ofm WE SEAS Wrketr] fal FAA o= T sl A
I8 Z 224 A (Ciprofloxacin hydrochloride, CIP)S AF-&3F$ith. thAl
7FA %= CIP/PBS®] UV-vis §#=5 48t 24 sxodAM Ye=
Fwe 12 FAFQU ol PBSE pH 37, 5.2 F 74 27l



3.13 ICG/CIP & A

CIP ¢F=9] A% "EAAAEL 719 Baud WAs wgith[68] 74 o
T 54 Ax" Cs-Se Gell(Nb-COOH/MeTz 10/10 feeding ratio)S 1
mg/mL %9 CIP/PBS &9 1 mLol H&EAA FES stej=zad iy
2 Ak olul PBSE pH 372 wvsle] Sujz ALEET  10GE)
gAZ Y= CIPe 7 ICGE 1 mLe PBSol| 1 mgvd F7Fshe]

S A2 o] F Cs-Se GellS H&A AT

312604 gAlE CIP &S W& Ass w437l A3l Al 7FA 9] PBS
pH 37, 52 274 #A=HAh A& A4S AA CIP7F 94" 971%
3y Cs-Se GellE TR AAW vle]E & 15 mLe PBSel EUth
o #AS Adsty] Hs AWE A9 A AEelM RHpENL, &=
=

AL A3 FABES 37Ce 5 FAAZAG. THYN £AF Al
= 808 nmo] # o)A t}o] 9 A1 gae] 1587 vAlHS o A
Foll ZARAHIL(ON), 15% o]Fel= v MEEF 2o 7AX7E A9z

Gl = BAEHATHOFE). nfoldelAx 54 AlZknf
FE8te] UV-vis §3% 545 Fd 4 A Avtd WE5 = CIPY

FAE 3119 AFAGFAD) 2ol ddstel 248 5 AAT =
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714 FH 9 #8715 Vlestete d dubdg o AgHY. T JE
2k ol 7] = 2R Al 753kt = Yo w =
Norbornene-carboxylic acid& ©}917]¢t Coupling W&<& 3t7] <3
Coupling agent® 1-ethyl-3-(3(dimethylamino)-propyl)carbodiimide(EDC),
N-hydroxysuccinimide(NHS) 9} 22 agent7} AF8 = 1tk A7k kg o]
F 7IEARel AAFRAAAN FAoly HH oA o|Fdr=  wwkE
EDC/NHS7F it 2 &8s So Exdo] vzt tlie 7]&9 B
aLo] LRERS ol g A = ol Norbornene functionalized

Chitosan(Cs-Nb-H)2 kA Z Aoy A= UE f3&5 5= A S

2,
o,
:(!)l:
[
4>
oX,
o,
o|\
N
X
rot
il
i
ules
o,
£
o
)
4o =
o,
il
4
o
ol
N
Ho
e
f
1_4
A,

2 71E4ke] ofyl 73 wEES7] 918 Carbic Anhydride(CA)E
Abg-3te]l Coupling agent®] AR §lolk= 7HEF Rb&S F3) ofnfol= A
Fd3ste] Cs-Nb-COOHE #A8E + Athl65] +4 dAAE [19 6]
of Yety dnk 71EA Fafol EAsts o7 e East JhE whES
Tal7] Ysk CA°l &9 H &S aEste] o242 & 100%(1:1) Ao
HAF 7 EA SHo] CAZ 7ttt

o
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4.2 Cs9 24zt =4 Cs-Nb-COOH | = #4

7o 2 RE & ol Edse o JAHdE 7EL T & A [
g 8lol A vEbd 'H NMR Spectra peaks®] IntegralS A}g3te] [2] 112

g

mh A QS W oF 92060 B AelEE 2= Ao® ek

n H:
(GIeN, GleNAc,
and GleN-nbn)

L
3
i
i
v z :
65 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15
GleN-ubu COOH GlaVA. GleN
OH
Ho NHAL
sz |
NH
E]
2 H CH
HO,C T H GIcNA
H nbn H [\ H_(GIcN, GleNAc,
(Gle-nbn) | g ;h‘u‘ "-.‘\ {p‘.\ﬁf“md G{lcanbn) |
| YNy
}‘I\I\ .J F l J b \ I I\
o N st AN y N T— A
H : 3 3
6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15

Chemical Shift (ppm)

[28 8] Cs(Y)% Cs-Nb-COOH(¢}#)2 'H NMR Spectra

=
o

o= ZIEAF Fo] ofvlVIe} AR dhoA EAstE FAE
A #(E=4 stoletelE, 1.00 114) wiH] ofAlE7] #9] CH3 4



RE W oF 325%9 ANFEE e S G F A} FIEA FH o}
T T2t Ja AR HEEA sholgo]
E, 1.00 )] w21 d7]e] o]FAF fA|elA e F4 27H7F F A s
= g3 HE gH(IE A slolgtol B, 0.65)S 28 Ul S HAER A
et ol 71Eel Ha® Cs-Nb-COOH® ¢4 At dAsk= A
° 2 vErskth[65]

‘ 11654 1504
Cs-Nb-COOH | 1

Se—MeTi

Transmittance (%)

3291—="' 3076 1641
Cs-Se Gel 1 | | 1 1550

——
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

[28 9] Cs, Cs—-Nb-COOH, Se-MeTz, Cs-Se Gel 19 FT-IR

Spectra

(2™ 9]el A YEld FT-IR SpectraZs =3 <3 A3 Cso zg7]¢l

_25_



lol =224 7](-OH)2} o} 7](-NH) 2] stretching vibrationsol <] 3429
-19] d=Z7F vebsteh 1654 ecm '9F 1594 cmt ol vEbd vae 7t
7} - CONH.9} -NH, #H&7]e] 7]elstth. 4 g o2 HE CsollA 24
717} 325% A #E Cs-Nb-COOHOlAM =, A2 A ofnfel= Agow
FE] 7]Q18F C=0 stretching ¥ =7} 1764 cm'elA #EHow, 1693

em ¥ 1389 cm oA =ERW7] Ao dFAE COO0-7]1¢ asymmetric,

)
3

symmetric stretching ¥ 27} e}k

4.3 y-BSelL 9 A

o\

Zul 24 TBA Zvj7} AL&E o] 124 7F HFS o] & Selenolactones®] 3+
Fol y-BSelo] dAE A [27 10]o14 ZdE 'H NMR ~3 E & o A
y-BSeLol &A= 2/2/270 €] 44~ peak?} 747t 354 - 343, 242, 2.28 -

2.17 ppmel A 22 integral #S Zt S g0 5 QlSlth
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7.26 Chloroform-i —

1 T T
g g =
8.5 8.0 T8 7.0 6.5 6.0 55 50 4.5 4.0 L5 3.0 25 2.0
R, M. ‘
he L
S T 0 |
[ l N \/\/lL
Sy B e P
; N .
T\/\ “,\—/J\ - ‘
. ﬂ S |
g
- wONE
| i\ Y
il L i A\ L/ L JAL N
g5 80 [ 75 yo oSN [G0ONNNSSH SHINEEEE a0 0 15 am0l 25 20

Chemical Shift (ppm)

[Z38 10] y-BSeLt($])9 Se-MeTz(¢}l=)2] 1H NMR Spectra

4.4 Se-MeTz9 4

[2¥ 6]2F #Z°] NaSeH=4E Al 4% y-BSeL¥} 12} ofils 2
MeTz-Amine Alo]l¢] Amine-Oxidation Coupling %3S =3 5
Diselenide(-Se-Se-)Z2&& 2zt F&Ho=m ofmfol=  ZAFo] FAH o
Se-MeTz7F A4 A. o] @AY {7138 Z2EZS w¢
THE &vwloll A kst AgS f18] 2% &7l =242 A 42 ZHE

A8t y-BSeLL¥} MeTz-Amine? One-Pot Ao 23] Se-MeTz9
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= 1= [e}
Zr=t}, 7FE 9] y-BSel AME- Jete] AbstAR S v Bl A]
tE A3dE vrgete] y-BSel thH] MeTz-Amine® %<& 11w #Fo=

“NHy719] =& whgA wie] dygdo= AAAdINH3+Cl-)e Jez &
THE AFS AMEEAEH, ol 1x oWl FHE A&y 93]
MeTz-Amine t®] 3819 & n]&& 2zt #&Fe] TEAE AM&3Hlth
TEAL 9443 9 TEA-HCIO] P2 Walsly] wiel, 3 o1 3
oA 01 M HCL =& =o} HA AAL § Atk [17 101904
%39 'H NMR 2= EHA 852 ppmelE= - NH-9 2H peak, 842 -
838 ppmolAl WAl g e "HEHHIY 77t =CH-¢ 4H peak, 7.51
ppmol A WAl aeje] ofmiol= Ay} Zh7kE =CH-¢ 4H peak, 4.38
ppmel A olrtol= AT I} 7}7hE -CH2-2] 4H peak, 2.98 ppmolA HE
271 & -CH39| 6H peak, 2.94, 2.30, 1.97 ppmol A z+z} Az F3} olwlo)

= Ag Abole] -CH2-¢] 4H peak?] integral ko] =33 y-BSelLo
ZZHY 5T F de 2 s AS AT
[28 9llA YEld FT-IR SpectraZ =213 A3 3291 cm-194 2%}

[

FR1e] stretching ¥ =27} EAet= As A = Ao, ¥IFS g
Yol C-H stretching ¥ =22 3076 cm-1& &g 4 At} &3 HE
b are] i ofmpel= Akl Ay A]]l C=N¥ C-N ¥aE 1641
cm-17 1550 cm-1elA4 gQl& = 3t 1406 cm-1e4 = HEZX £
o] -CH37]el ¢)&]l 4AY C-H bending vibration ¥ =7} YERRT) Wl
o Aua Aol YR Aoy -C-Se- A9 808 cm-19] &
A HaZzt AAG s G+ A}k
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4.5 Cs-Se Geld Ax

7haE zpolE S M2 uE A-87](-Nb-COOH/-MeTz) Hl &= 74
¥ Cs-Se Gell, Cs-Se Gel2, Cs-Se Gel3 & HEZHHI} =2 R U Alo]2]
IEDDA “click” ¥kg-oll oa] JQd= At 7kl whg 27 29 o] A4
H AT 7tk zpolo] whe} dEbx| = stol=g A AdH ] ths AbstY]
A8l Al 7 FRFE FAE Cs-Se Gel & [ 1] Zeo] A=A A
sheke nuk3- Cs-Nb-COOH/Se-MeTzE &dx o=z A As 7] Y8 =-
A o] Zhagkgo Al ALEg DMSO & ol A oAl Fh =Tt o] 7
ANA 7t ZAFE Cs-Se Gel WE=ZZE o] EAd=  HEHS
Cs-Nb-COOH¢t Se-MeTz7b &al¥ o] Hro =2 AAHAAL, o] w& A
5 FA HstE HAER YEAT [ 1A 3&E A3 Zo] B

~
[29 9]l A Yeld FT-IR SpectraZ %3 Cs-Se Gel Cs—-Nb-COOH
thH] Se-MeTz 7}ulA| 7} &3 -C-Se- 239 808 cm-19¢] &4 9=

7FAAG Ae g = A
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Cs-Se Gel 1/2/3
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Zhalte zpofel w
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of
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719.(30

—

Cs-Se Gel 1/2/3 7}7} PBS pH 3.7/5.2/7.4°14 5%

]
’

, 19, 29

s

4A1ZE, BAIZE, 6213E, 124

120, 1504, 180+,
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-

90
39, 49, 59) A W Zgo=

, 603,
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= Ak

2

—=a— Cs-Se Gell

+— Cs-Se Gel2

—4&— Cs-Se Gel3

§ g W 2 5 &8 °
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[Z2¥ 11] (a) pH = 3.7, (b) pH

Z9 A Cs-Se Gel 1/2/39 3

[25] 11114 Al 7FA] PBS

Heth PBS 7.490 A
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£ 1247 ol F
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FE&A g Gajdo] EolA L HHEETF molbAH, AF WP =t
= S =EAE AEs & 7 oAdATh 7R EvE 7Y 52 Cs-Se Gel
12 XE PBS 2% ZHAA BEE7F 71 vk, 7fusrF b =2
Cs-Se Gel 32 BEL=7F 7M=& Ao =2 Yo

Fave] U4 S #dl SEMe ARES WiF x2S Zdsdn. (19

A % — |
7 2200 pm 200 pm ¢

[29 12] (a) Cs-Se Gel 1, (b) Cs=Se Gel 2, (c) Cs-Se Gel 39
W dgd SEM AR

23] Cs-Se Gel 1/2/3& U FxolA Mz ga =Zv|e oz
(porosity)S 2zt Aoz YWt 7Fuert 74 %S Cs-Se Gel 19
7| Z(pore)e] A7)t P 2 Acw Yehgon Jtuwrt spg e
Cs-Se Gel 3¢9 71& =Z717F 713 #AE& Aoz Yyt o)&

Cs-Nb-COOH¢} Se-MeTz2] 7tz Atg9 3}std wAYZANA, =
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2x 7 HEZGZ Ato]o] IEDDA wH&o = FA

o} 71&e @Y7} A:, thEA ]

7F4 @& Cs-Se Gel 39 7Mte4=

Lo

A7)

N
-

Zhal, s A

48 CIP A=A

°F& CIPY UV-vis 54

% Ny 7}2~7F Cs—-Se Gel

E49e a8 F Aok WA, 7
eSS BN N, b2 ol B
e e % & gl W stwEst

WA E N, k2ol Fo] Ho} /)T
2 o & 9ot

peak: 200-400 nm Alolo A #AHEFJow F

FE7F AR (Absma) € M B Ama) S LH 13014 9k o] 272-279 nm

Abol 2 WERETE Amac®l A9 Absmaxs

ZF =2ty

4

7}

o —! (25/5/10/15/20 ug/mL)E

=]

RSN

Zqete] FANE 483 A%, PBS pH 376274 242tel 174 w44
SE-FHE G52 A HAh o8 BEF] 1A CP FEE
PBS 4&olo] 5o} Qi CIPS & Axtaisitt

T T T T T T T T T
Calibration curve of CIP in PBS 3.7 at Ay,=279 nm

y=0.116x+0.2058
R™=0.9958

el

Absorbance (arb. units)
w©

T T T T T T T T
Calibration curve of CIP in PBS 5.2 at A, =278 nm

y=0.10333%+0.2372
R?=0.9953

Absorbance (arb. units)
'

T T T T T
4 6 8 10 12

Concentration (ng/mly

[Z2¥ 13] (a) pH = 3.7, (b) pH

CIPe AZFAH(FA

T T T T
14 16 18 20 22

T T T T T T T T T
4 6 8 10 12 14 16 18 20 2

Concentration (ug/ml)

52 ¢ ¥ 7}A PBS A

M) g4 2 AFASF R
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19 0(a), PBS 379149 34 y=0.116x+0.2058, 2 A A< R?*=0.9958 & &
vetstth. 27 0(b), PBS 520014 ¢] 4 y=0.10333x+0.2372, 278 A
R*=0.9953 ©.2 uyElgth e wx9 CIP/PBS &M% F3%E7 A
2 02 S vegla, PBSe| atxdz HFA(FAA) e =T34
0E 718718 7H dAESe] geEE AAEHAY ARAS R g A
HAG R Al Fo= Fole] & vrebdiw o] AlFe] Fhe] 1e 7

Nes% FAAe) ARAe] Eee Yehltd, B ol BF 1o 21 @

o

o
B
—_
>
)

213l Diselenide A%< X 3ste 7HuAl 2 7ha

A Cs-Se Gel2 AW & Aol ZXHNA AE

=
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