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Studies on photoresponsive and photocrosslinked

hydrogels based on polysaccharides

Abstract

In recent years, environment-sensitive hydrogels have been widely investigated.
Among them, light as an external stimulus to control structure and volume of the
hydrogels has received increasing attention. Since the light is readily available,
inexpensive, safe, clean and easily manipulated, light-sensitive hydrogels may possess
special advantages over others and have been used in diverse applications, such as
chemical valves, shape memory switches, drug delivery, immobilization of enzymes,
and tissue engineering.

Polysaccharides are an important class of natural polymers with good
biocompatibility, biodegradability and low toxicity. As a result, they are widely used
as functional materials in medical and pharmaceutical applications. In this work,
photoresponsive and photocrosslinked hydrogels based on polysaccharides have been
designed and synthesized. Moreover, their properties such as swelling, mechanical
strength, photoresponse and drug release were investigated.

The innovative points in this work are as follows. (1) Photo- and pH-responsive
hydrogels based on azobenzene-containing dextran derivatives were prepared as a
new carrier for controlled drug release. The release rate of drug could be modulated
by 365 nm UV irradiation. (2) Azobenzene-modified amphiphilic amylopectin
derivatives were synthesized and could self-aggregate into the nanogels by the
hydrophobic association interactions of incorporated azobenzene groups for
controlled drug release. (3) A novel water-soluble chitosan derivative having a
nitrocinnamate moiety was synthesized and characterized. Different from the
photocrosslinkable polysaccharide derivatives reported previously in the literature,
this modified polysaccharide has an unique photogelation ability in the absence of
potentially toxic photoinitiator or catalyst, which makes it to be suitable particularly
for the preparation of photocrosslinked hydrogel Biomaterials. (4) It has been firstly
revealed that a novel amylopectin derivative with nitrocinnamate as pendant groups is
suitable for the photoencapsulation and controlled release of lysozyme in the absence

of photoinitiators. The secondary structures of the encapsulated lysozyme could be
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maintained and its biological activities with more than 83 % could be kept.

The main contents and conclusions in this dissertation are as follows:

(1) Studies on photo- and pH-responsive hydrogels based on dextran

The photo- and pH-responsive hydrogels were obtained from radical
copolymerization of methacrylated dextran with
4-[(4 -acryloyloxy)phenylazo)Jbenzoic acid in dimethyl sulfoxide with
2,2-azobisisobutyronitrile as an initiator. The FT-IR and '"H-NMR analyses were used
to characterize the chemical structure of modified dextran, azobenzene monomers and
their hydrogels, and elemental analysis was used to determine the azobenzene amount
in the hydrogels. The obtained hydrogels showed good pH- and photo-responsive
properties due to the ionization of carboxyl groups and the cis—#rans isomerization of
azobenzene, respectively. By changing the azobenzene content, the properties of
hydrogels could be modulated. The swelling degree of the hydrogels increased with
the decrease of azobenzene content and the increase of pH of the medium. A
relatively high azobenzene content could make the hydrogel have a denser network
structure, as confirmed by the scanning electron microscopy observation. In addition,
the drug release behavior of resultant hydrogels was investigated in pH 2.2 and 7.4
phosphate buffer solution (PBS) before and after 365 nm UV photoirradiation by
using vitamin B;; as a model drug. The result showed that the release rate of the
encapsulated vitamin B;, increased with the decrease of azobenzene content and the
increase of pH of the medium. Moreover, the release rate of vitamin B;; had an
increase after 365 nm UV photoirradiation due to frans to cis photoisomerization of

azobenzene groups in the hydrogel.

(2) Studies on photoresponsive polymeric nanogels base on amylopectin

Azobenzene-modified amphiphilic amylopectin derivatives (Amy-Azo) were
synthesized and could self-aggregate into the nanogels by the hydrophobic association
interactions of incorporated azobenzene groups, as confirmed by fluorescence
measurements, particle size analyses and transmission electron microscopy
observation. Meanwhile, the content of incorporated azobenzene groups and UV
photoirradiation were found to have a great influence on the property of resultant
nanogels. A higher azobenzene content resulted in the decreases of the critical

aggregation concentration and mean size of the nanogels. Moreover, the mean size of
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the nanogels had an increase after 365 nm UV photoirradiation due to frans to cis
photoisomerization of incorporated azobenzene groups. Furthermore, the trans-to-cis
photoisomerization rate and the isomerization degree of Amy-Azo in H,O/DMSO
media were investigated by UV-vis spectroscopy. It was found that the
photoisomerization rate and the isomerization degree at the photostationary state
decreased with the increase of the water content in H;O/DMSO media. In addition,
the drug release behavior of resultant nanogels was investigated in PBS solution
before and after 365 nm UV photoirradiation by using indomethacin as a model drug.
The result showed that a relatively high azobenzene content could make the nanogels
have a slower drug release rate. The release behavior of encapsulated indomethacin
from these nanogels could be regulated by (trans—cis) photoisomerization of the

azobenzene moiety present in the crosslinker.

(3) Studies on photocrosslinked hydrogels based on chitosan

A novel water-soluble chitosan derivative having a nitrocinnamate moiety
(CMCS-NC) was synthesized and characterized. The UV-vis spectra showed that the
gelation phenomenon of aqueous CMCS-NC solution upon exposure to 365 nm
irradiation in the absence of photoinitiator may be caused by the intermolecular
cycloaddition formation of the incorporated nitrocinnamate groups under the
photoirradiation. By changing the photoirradiation time and incorporated
nitrocinnamate content, its photogelation property could be modulated. For the
hydrogels incorporated with various nitrocinnamate contents, their properties such as
swelling, viscoelasticity, in-vitro biodegradation and drug release were investigated. It
was found that a relatively high nitrocinnamate content could make the
photocrosslinked hydrogel have a greater mechanical strength, a slower swelling
degree, biodegradation and drug release rate. Furthermore, when the drug-loading
CMCS-NC hydrogel was placed in PBS solution containing 4 mg/mL lysozyme, both
the released rate and amount of the drug were higher than the hydrogel placed in PBS

solution without lysozyme.

(4) Studies on photocrosslinked hydrogels based on amylopectin
A water-soluble amylopectin derivative (Amy-NC) with photoreactivity was
prepared by the conjugation of amylopectin with 4-nitrocinnamate. Upon 365 nm UV

irradiation, Amy-NC PBS solution underwent an intermolecular crosslinking by
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means of photodimerization of cinnamoyl groups, resulting in the hydrogel formation.
The UV-vis spectra showed that the crosslinking degree of cinnamoyl groups was
38% after UV irradiation for 1800 s. By changing the photoirradiation time and
Amy-NC concentration, its photogelation properties such as swelling, viscoelasticity,
in-vitro biodegradation and drug release were investigated. In the cases of a longer
irradiation time and a higher Amy-NC concentration, the photocrosslinked hydrogels
have a denser network structure, a greater mechanical strength, a slower
biodegradation and drug release rate. Based on rheological method and the scaling
model, the fractal characteristics were confirmed for the hydrogel systems. Moreover,
the in-vitro drug release behavior of the photocrosslinked hydrogels in the absence of
photoinitiator was investigated in PBS solution by using lysozyme as a model protein
drug. It was found that there was a sustained release behavior in all cases, and the
release mechanism was confirmed to follow the Fickian diffusion. The circular
dichroism spectroscopy showed that the secondary structure of encapsulated
lysozyme could be maintained. The biological activity of released lysozyme could be
kept to be more than 83% after 48 h.

Keywords: Polysaccharide; Photoresponsive; Photocrosslinked; Hydrogel; Drug

carrier
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Figure 1-1 Reversible ionization of triphenylmethane derivatives
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Figure 1-2 Photochromic process of spiropyran and spirooxazine
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Figure 1-3 Photoresponsive deformation of a cross-linked spiropyran hydrogel[m]
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Figure 1-4 Dimension changes of isomerization of trans-cis azobenzene

1.2.2 &

AR B A P 7K R B 1) 2% 7 AN ) T e D R A BBk R K B PR A 4 E S BB
RUKEER -

1.2.2.1 YEBATHE B KBRS
JEm R KB F E R E I R B ERE R EDEKE S A

4



Pl RFE S 2R

ARSI AT =PI . YRR AY /K BRI — LR AT, SX AR i Bl
Sh I AF AR, B - BB 2R

P9 55 1 5 ) T £ K P O K 4 A ST HR M T A = R 450
Patnaik FWH A KESEHNBREERRMEMER L, ZHREREDEK
P R AEBRK RATE A MR P QU KBRS . Lee %52 M BK Bkt RO R 8
HBREBRAERTFEREERE, L3 7% P57 0 BE7E i 5B R B LA L
i, BERRMEEFRERELRR, FESREAERTORAKE—EE
£, RYERRE, WE 1-5Fim. JRRIDCHEGRRY, BRESFhER
R AZA VRIS H, BT RARRBRESR AL, FHFRKOM
AMBBBREN T EHK SRR MRS, SBRORGWMRE, GR
Eh R 1) Y 22

Figure 1-5 Illustration of the proposed mechanism of reversible gelation light>*)
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Figure 1-6 Photographs for a ternary mixture under photoirradiation with visible (a) and UV light
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Figure 1-7 Supramolecular inclusion complex 1 form from deoxycholate-B-CD derivatives 2 and
azobenzene-branched poly(acrylic acid) copolymer 3121
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Figure 1-8 Reversible photoregulated drug release and uptake process with molecularly imprinted

photoresponsive hydrogclsm]

1.2.3.2 B FBRALER

BT SR RE R A K B IR L AR BB A, TT A TR B AL A 2
BT . Kodzwa Z00M & = X BBt AR RS BLIBR FI 1 3 T 5
PR, ERSMERT, = XRRASERSHTEE T, SEHETHETER
K. LuZ"%I& T AEBEEAEEANEBMENKRSILE, FELMLRT,
BB ERES T REARRLER, 4 FRIRAD, SHPRERENFLEY
K, %270 s FENINBEEABABEL: BT RGN LRBEREE, BT
FE AL B e B B ) K T2 BT/, BT LRI 200 s 5 5 R BATRER IR M FL2
WA, B3RS RIFOTES . Sugiura ZH—5 K25 NIPAM
FIFERER R (PS-NIPAM) IR . W 19 Fiw, BEARAHTEERE
EHEM AR PS-NIPAM %, 7R8I FBEE P RMEREREAR, YK
F AR 18 s, ATMB A G E LR BN BIRR THEMEE S, WY HEL
F T HIAR 25  PS-NIPAM e FH V55 1 B % e 3R A4 o Bk i B, S BRI 77
BRI PR



PR L ZAR X

blue light

v

Figure 1-9 Simultaneous control of the PS-NIPAM gel microvalve by means of local light .

irradiation*

1.3 BRI A YK

MAZERBR YK B R A A BUREF L&, 7RI ERAT 66
T RESFRESTFRIMZBE R =M. SHEZRT AL, X
BT IR KRR R I TR A (1) TR A TR K i R AT B
0o A Tl & gk (2) EERIVERRE FTHRERSHAKER: 3)
YIRS T 4) BRARESEETFERKNORES. XS
LR RS VKRR LD IR U LU R TRESFTERE ZHINA.

1.3.1 JERTERHLE

HAl, ¥R RKREYEZGRE: ~KEFTH LERDEENES
Y, TEESIRAOERTIRES RFERER: H—RRATIMNIESIRA,
BHURRER MRSV AIER T RER AR RN BER, Mg, BR
BZH, URAHER. TR, EFRAEATRRNAILH.

1.3.11 §ZH/BEDRANEED

ERZH/EDRANREY, EBESIAN, Witk 1>300 nm FIE5ME
SIREATITERER . S RFRREBRANEZARBS, RIEFRRERS
HEEMTHEENFEREZ—. ASIRAREBSIZHNERORF, o4 0RRE
MFARHEE, B 1-10 ARLASIRAERREH TIRARAOAEE. %
A>300 nm RIMERT, RBEDL5IRFE O=C-C. C-Cl. C-OHC-S LRAERN
W, EERFERBENAY), MEBENEY. ELRRTLEDE. EX5IRHA



Uik F 2R

SIRKINEERMS, —E53 KRR T R ROCRMER T 2R BRI E R
h, BFSTBBRERE, JXFCRARKNAZIEMENN, 5BREERK
AERETRFIRASTBRHRABEDH G T EHE. Hit, 3ETEREY
BN R TEMERRER, FTEEATIRFMEDEE. EHRE. Rt
EAREHRE. Hp, 2-BE- 1MW BREZEE)XE]2-FE-1-WNE
(2-hydroxy-1-[4-(hydroxyethoxy)phenyl]-2-methyl-1-propanone, Irgacure 2959) M
2,2-“ R E-2-FHEEXZE (2,2-dimethoxy-2-phenylacetophenone, Irgacure 651)
BRI R AN MR N, KEmmE 1-11 Brr.

C—R Ce
L || + Re
0

_ h
(b) /c——o + DH i C—OH + De

~

Figure 1-10 Radical Photopolymerization of photoinitiators by (a) photocleavage and (b)

hydrogen abstraction
: O OCH
Irgacure 2959 Irgacure 651

Figure 1-11 Structure of photoinitiators of Irgacure 2959 and Irgacure 651

1.3.1.2 HETRXBREEY

FEESMABIRAKEG T, —EEEABRERANREVEALHERT
RERBK RN RER, WMAER. FEF. BEER, #7365 nmEIM LR
TREAZRRM; BAET RAEMER T4 B BE, 5IRREMTBR R
BRERAERI R T B RN F R AENE T AT 51 RS .
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K2 AR I

() RERR. FEE. B

cinnamic acid HOOC O O
5 ©/\/ COOH 80 nm B + ||
e som O COOH O COOH

truxillic acid truxinic acid
coumarin O O (o]
0 > 280 nm + 0
2 / <260 nm o} | o}
0o 0 o
H-H H-T
anthracene
L~ ) O
>280 nm Q
(I 0 —m IS
R ‘ R D
H-T H-H

Figure 1-12 Reversible photodimerization of cinnamic acid, coumarin and 9-substituted

anthracene derivative

PIEE® (cinnamic acid), ¥ EH3-HKE-2-WER, BUTELEEH, F
JERA A2 R, EE U RERAFE AR R R RN, ££4>280
nmfJ SRR, RAERD2IMBUR N BF T b4 TfEI<260 nmif &M
BT, REIRREMEITIF, EFHANE, WEL-120R. AERHZE™Y
k7 0 18] — R (truxillic) A & BT 48 — MR (truxinic) B Ry, 1T 2 1) {7 B R &5 s HE /54
A, LAErfTiE =Bk EM,

ShiZ1 )4 i F 46 & BRI 3L WP (3,4DHCA-co-4HCA), %It R Y IE L %
PR A BAK RSB T; 54> 280 RSB T, WEREAEE K
R MBS AIAKRL T, SBARRLF IR : 2254 nmi RSN
if, WERKELBRERN, FKRTRNEXER, KW RERNRAL-1357
Ne FIBHVER 57T Wk %% 22 T P(3,4DHCA-co-4HCA) ¢ — 5 | B () A i3
t, WE1-14. %4> 280 nmffy % 7F JE B 5 P(3,4DHCA-co-4HCA)E BT, AHE
BREAREA BRI, HBEXREELHBAEEBEAMNRPE02ESL; K
Fi254 nmf &5 R BET, ATHRI W EERRIEE R A BRI, AMEEHA 0.4
A AR TR AT ERER N SOCEE, RV R RN AF 45 E .
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PR R 22 R 3T

\ UV | %4

A >280 nm @ Bl L
_— —
A > 280 nm
Reversible size change

P(3,4DHCA-co- Crosglinked Partly decrosslinked
4HCA) Nanoparticle Nanoparticie (cleavage) Nanoparticle

= ! croaslinking bond

g0t —-?V}S:‘%W—-zw%m%

Figure 1-13 Schematic representation of size change behavior of P(3,4DHCA-co-4HCA)

nanoparticles with UV irradiation: chemical structure of UV-induced [2 + 2] cycloaddition

formation (cross-linking) and deformation (cleavage) (46l

T ®)
| et o
g 28 g0 “
€15} 4 38% :
el \ 18 08 ¢ 03
i \ ¥ ssesazas H
i adokn T b g02
w6 Ll \ <,
u - S o
W W e W 08
Veneiorgh ()

Figure 1-14 UV-vis absorbance of the nanoparticles in THF during UV irradiation at 4 > 280 nm
for 30 min (a) and subsequent irradiation at A =254 nm for 30 s (b) (46]

#F 9 #(coumarin), XAZBFEENHERNRE, SRBEMREHWAEL, fxET
WX _RRN, HHEZEK WA k- kH-H)AL-BH-T)HFERE T, AU
H-Hi& 20974 A W7,

YamamotoZ " HERMAMAK LARMBETIAFT T EER, H365 nm%E
HhIEH24 Wil R . ZER A BIFRAEYIRERYE, TTHSE. IEEEA
B R DI BE AR . Nagata® V4 bR T WIS & B 5 £ MPEGRTAMI(ICME). £5ht
BICMERES min, REEFECERTIAFIR0%LL L, XEE [AMPEGH 4B ek
R PERE A R W B S Ah-a] WG T ICMERR b & G % R 7]
Wtk (nE1-15), SGRRNFITHEMOE R RN AE RIFHTTNYE,



P2 AR

Aw 284 nm

thne (sec)

(®)

Figure 1-15 Changes of the UV spectra absorbance of ICME thin film during UV irradiation at 1>

280 nm for 20 min (a) and subsequent irradiation at 1 = 254 nm for 130 s (b) ©%!

# (anthracene) & B SN EIR P& B0, 5H7E9, 10R R A AR R 5L 38
BNG, B TRR N R ES R R AR AWk, D4R mR
KRBTk HF-BURERY, TFIa—RRERE, I0RMRE L, K
RISk H)R-BE-DF MRk, W 1-12877. ERBR, K
SRENEWA TR BRI LAH-TEE, FEH-THE Y602 A
g HE AR RIS N, ,

Zheng %5459 B R H 5 \BPEGR R, 783 63X BEHIPEG A 24k (L
1-16). FISE5M-AT OGERFR T A B AR RO, WE1-17, %ERY
16 TR RLRLA B4 AT HE A B AT A6 AT T

i &

96"93&0

THF, &

Figure 1-16 Synthesis of PEG-anthracene macromer (PEG-AN) 154
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P KFREZAR I

1.0 1

0.8

3

L 365 nm

go'o_ \ /254nm

8

3(M--

gu-

o 2 4 & 8 W0 12 14

No. of Cycles

Figure 1-17 Number of reversible cycles of PEG-AN hydrogel monitored by UV-vis
spectroscopy at 366 nm®*!

(2) PB4

BE4L (cosin), B—FRRIEGLRl, BH M KR — Mk, XFREELLY (cosin Y).
EARARNT, B4 THRETRTERS, KRBT 8 diX(Eosin*),
REF IR BhEAL IR AR RLC_E WA R BT BB AL H thi Z(Eosine), BF SR THI
REEHEREEE, B EOERENRLIEEBRHREAY, Ei-184H
THTRMZRLE, dEBRERE, BAEIT-HFEAEETIRM, W
RIS TR FRBEH, CRRCTHOE R BN FRAE RS R AR

Fukayal**V45@53 Bk R RO R LB R L, ZERIEIERF, AT ROLH
GHRATEY LT A RE B BRI . SRR LA BE AL IR (8], W] 2 e
B ML R, BABEBRIKKABRTEM AR RNARE
th SBORKRERREN, BRATEDREAREE.

by

Eosin — » Eosins

Eosin—\ /
‘ i £ N-R-
- -N’
He' 2 NcHy *HA ,CH; / N\—E"s“‘
Eosine + y N—R—N_

Eosin—Eosin

0
c—om E —ONa
Br
Eosin = Eosins = Eosine =

Figure 1-18 A possible photocrosslilnking mechanism of eosin in the presence of amine
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Pl REB A8

(3) 2R

BRNE Y (azides) BN RN;, ERSMCHBHT, BEERRHASN,
A R R MR E O AUSERAR-N], WE 1-19 fiR. BER—MEAER
N FEREE PR, K—ROERETREhEPREEREE, Tk
T SREE R, WMRRMN., BN, UESREYHRESFHE C-H.
O-H I N-H B R AT ABA RN,

R-N; —Ye RN + N,

Figure 1-19 The formation of nitrene intermediates from organic azides upon UV irradiation

IshiharaZ S I AR MABELTREREES FTHFHEEETHER
B, B3|—FE TR EIKE RN £ P(Az-CH-LA). 365 nmff)&5hk
4 Az-CH-LARIKE B, 60 sHTBEIRER . RPRKEE. HEFLR
RFAz-CH-LARK BRI KB AR A M stk KRR kst Kk
P B BN KRt R AL R R B AR R B S AL AR, TR E Z T
iR RNAEEREAR, ErEEXNEXNHGR. 50T RHRE, %20
uIf Az-CH-LATK ¥ B (R E 7130 mg/mL)RBAEARKEIO L, BEIIEGE-W)
S ST IR 530 sER AT A B IE M AR

1.3.2 REYIKER K

V& AR ] AR SEIR T W R AR RN, BRI Z MMM, EX
ZHEAETREAREETARE TEYEHLT. Hit, ATAMELTL
(IR K B T 2 K 4 TR IR AR 2], XK FRTRRBE I T K,
HFERIRE NN, FNNAT RFOEDHEEE. FRTAMERTUR
RSB RRK R, K48 3 EE BB RIETT 74 & A 4 T R BOK B AR
R\ T I BAKEEL -

1.3.2.1 R FRETBHAK BB
ITEMERAREEYRBENE SRS FREATHRKERNES EEFN
%: BRERER-2-BEIFE. RLFEENEREE. RZ 8K, BLERL.
H, RPEABR2-BEIENRZHEEUE RO BOKER, £iEit
—FRE RN FRER LA | RHFE THET IR RN,
MR Z_ENR ZERASRAE N RERE, B2 RSN R
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PR B ZAR

REEEE, RETECHER T RAENRTER RN SRR S YR, HEERFRRTR
FEHREEAFBURRIN R EASIAZIRE VKB E T, R A5 EihiE
5 e 3 B R KRR I SRR TR L

(1) REERGR-2-BELHE

B E T HR-2- 2% Z.M(poly(2-hydroxyethyl methacrylate), PHEMA) & —
KFRKERESY, BB RENEDHENE, KHRYBARIWKEREFLRUE
FARKIKEE, EEVBRRNRRAEDESE, EVEDHR ZENETEDRE
B BORE . BAaHIE S YR TR0,

Li%4% 5 A HEMA . 3= 7, — B P 4 MR MG A 6 31 & il Trgacure 651
BEVEHRET365 nmifEI LT, RALRATBRERER, Wi T £/ EREM
BARBEMNERAEENE . KALMNET 5485, LWE®¥HEMA
RABRSAHYNBERBETHERY, XASEARERMCGHEEY, wE
12057, EAETERENEEUREBERKEPRBENAGYEE, FHAIANE
BRI T LA R ) S AT R

UV-light UV-light

2y 11

Cr— e —)]
(2) (b)

Figure 1-20 A schematic plot of the preparation of multiaminated samples. (a) Polymerization of

the first layer; (b) polymerization of the second layer[“]

(2) B mEME LR

B 245 0% 52 i (polyvinylpyrrolidone, PVP)E—FF EE /KBRS,
H Z.J% B0t % £ B (N-viny Ipyyrolidone, NVP)E— € %1 T R & T Bk PVP4r ¥4
HERRBREMBEZARABREDR, FERBESe— SRS FTUOERE.
BE. EERHMSERANLEY. BPVPEE REFNEMHENE, A&25A
EEFERAE, k. BENSESREEMASHRE, EEYESFHR
BEIZ MRS,

WhiteZ5"V A XU Z, 45 St i S KA 0Bk Irgacure 6510651 K7, H#NVP
BABRBOLRH SRR, LRRMZTHAGEGIMNVPHIREGEER. W5
AT PVPAR BRI BB, LRERRPEINCEE R MZEREBE
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K EE L2 A8 3

t, B EARIIRE SR, BRNRREGEEESH. D Erico%/ il
RS B AR EYHBERPVPER, B RARIE T %ER K%
fie, LR R ZBIR N N FRE S EWARKEEARLL, AT A THRLEIK.

3 Bz—-§

3 Z.—®(poly(ethylene glycol), PEG) HIEE FRKEREY, BATHTFK,
XUBETHEREZHEIER, BAFREFFEYHENE. L8, LEREKER
A, HAYHAHCEdXERA5AYEREFDAYAIE, T ENATEYE
7. s, PEG MEBFEHRT —e¥ B, EHS TH ERRNEE
BARMNEYE, SF#—PHERHE.

ZEPEG_ESINRDE BRI E, % Rl RE R C B R AT Wi 2
SIN(RE)RMERE, RETEE3IRMER THAT AR RN BE S YRR .
SawhneyZE P& B TR TR Z - B-B-o-BEMNA BRI N XS T84k, #—
SEIAREHIBKER. BB RY Po-BERFER K ENALE /T
 HERER, BT RS TFRANRENR Z - BERNKEEH AR NBERE
M EYEgE. ShahZVHRE TAABIEILRNRAR-BZ M- RAR=RBSt
Y, X651 R Flrgacure 2959EH T, HAMCHER AT A YIEMRIER. LR
R, NFRpHEE R RE R . HuEPIA R T ERR - PRBERRE
MR, BHERZZRRRMA K65 K Mlrgacure 65 1R S, TERIME
BTIRREI-EH R, LR RRHZRAMERET RIFNEDHEENE
MR SN, THTHARTEEMH.

WA RS _REEATIAT PEG L, ZEREFASIRFAEHGT, @it
I =Bz AT B T Ak I - Andreopoulos 276V it B4k Sz B KE TP PA B 3 B 2 DY
B PEG L, ZERESYHEHA 365 nm ZMCRE U REE (WA 1-21 Biw). 1EE
#—H7E/\BE PEG ESIAMERNERTY, HRAFEAMBENEE T %k
BZUA R 254 nm AR EERRIRAES. FEELRTXHEATDEHRERANRE
EWE, TRAATHEENBENRE, ZRBE2/MNAEREAEENE, 5A
365 nm ESMERABTE BB X HEREREFAARE, EEBTHEG6
M RAEEREAREF.
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FlREE LA

g W

Om“—

>< T

>< = Branched polycthylicne glycol chain

ananns =Ci yﬁdene group

Figure 1-21 Photopolymerization-photoscission of PEG-cinnamylidene in the presence of UV
light”®!

(4) BZK®

R L} B (poly(vinyl alcohol), PVA)R—Fr i . L. THIBHKIEKHER
&Y, BEREFNEDEEE, EREAEEME. XTRE. AYBREEFED
E SRR Z A .

MiihlebachZ B () G BB PVA SIS R BL T K B4k, ZEXSIEH
Irgacure 29597776 F, BT E/ LR BB L EERMREVKER, KB
BA BIFREMERE RS, TRERBIRSEME . SchmedlenZiE 345
B 5PVANIERE R NFIANE, TR S RPVAR S YRR E LSRR
RIS IR & BB R K BE AU SR B, 4441 40 i S 36 GE SE X PV AR 41 R
Bk, MEATASRTRESE. BaderZ LR AMBTBRRIE T HATBPVALEK
M2, RIZER S AR RA R B RARML, B S A TR
SR EH RN AR

1.3.2.2 RRBSTRAIBK B

RAZERTEA RS . REZ UK RIFNEDEEENEDRERE
ZMh, EBATERIMRAANRNSZRKE. ERREZE LSINRAARME
HEEA, EXAREATUHARRREY TRER. ¥HORRE) THENR
B, AR, BEE. BER. REMAK.

(1) B R
% B M (hyaluronic acid, HA)R HIN-Z Bt EEE 55 SR A ERRHE /M
B BAREEREY, KEFETARNMER, XTRFEWERS. B
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iR 2 ALE 3

SRR 7K R T LASE L 1k P B8 B B AR B R — S L R R HEAT B AR AR KRB
HEHER.

Park 25 B4V it R AL F B AR B S 4 SHA R ML /2 BIHA K 514k, 7EX65
Rllrgacure 295977 T, #H—FlBd AR S HIBHAKER, "W#EdHZHAK
2F B R INAPEG K SR VA2 B 0 7 S PR RV IR B, (B0 BUAS BB A R AR
LUK, EEHAKEA EBEIIARGDE K, BAEABHEHERGDE M
BB, DB BEAE BRI G HF 4 . Burdick S BSEITHA S P AR BT R
MEIBRAAAREFEENHANEY, PIATHAS FRAHAKBAARRER B
PRI, MRS RRIIRIHAK 46 & B AFRMA B, (EREHA
KEAKESBEHA, ARGFEEZETR. EricksonZ PR HRAHMEE SR THA
Kk, B ATBHEMAIEE SRR R THAMR, E8THAKBAREXN B
AR T AME MM RS A ERE, TRERRE, MMHAKBARE,
FelR B BRI R T AR A KT, (BXEAREE M, SRR MRS
HEE, HROEHZERSBHARAMEN L. WengZlTHE ARG %
T BB AEK H MBS GMA) B MHART VKRR, R RN, %58
ERE; HHERRETNN-Z R ERKRBE BT R AR, KRR
FIEAWE NS EMNKEER, ZRRAHFRERK, BRARIFHERE.
FEREURN e, WiXERE 48 RA TR AR RER RS
SORRE, SN MSER R LB L BN, WEREYEIERA. Miyamoto
ZBZEHA FBINAERER, B3E-RBRNMERER, KERMEANTHE
R RAE R R- WEREER AT RIFNEDHEBTERNEY .

(2) FERFE

FE B PE (chitosan) X4 N- ZBE)LT i, HALZEHRRARKREH AR,
RIEAH 1 BRR T RACE——FRIEDS 5, BA RFREYREHEREE
e, KRR ERERELT REEEUE R MR TR, BT 7R HREN
ELER RIS BB, BoRE T—RAE ST PRERAN TP, TRTRERE
W hTIRBERNRAEER, THRAREES T EERNBEMZEERET
Htk, PASiERRERKAE .

AmsdenZF K BH N Z B RRE EGMAR MBS TRE KB 1F, 7R
BE K SR B BE RS B 5 RE O ST IR 2 JR B VBRI A ik B A 7 3 R ¥R K B 9
B, RSMKLRR P R AE RFNOEYHABETRAA RS, 558
HE IR T RIR T 218 M7 . Nie%sUUE it Michael kR BEAE TR RAE L3IAZ
“ERERNGRE, BEKBEMNTREMEY, TRANZTREXLGAT
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iR A

BERRNEE, 65Kk Irgacure 2959/EHTF, KB LKL FELES
5RN, FEERHERSRENFREONE. E—EHali%y, Z8REL
AfEE, BTEREERRERFRCRMNEE, aTHETEHEDME .

(3) HEPE

HRME (dextran) 2—FAE L0, FAETRRMRMOAE. B, BEX
FHAMREEP, THEd D-MMAEEREU o-1,6 BiEE, HOEMU 012, 1,3,
a-1,4 BERNIHE. AREATREFNEYREENEEYE, EEAThEER
FEREIERE .

KimZP & BT HEBA R, X3 RMlrgacure 6514 T, #—H AR
ERIEEBKER, PR T ARE LRRRREE DR R K T R R
Wi, Pitarresi® MG HIRME K1k 5 RLEM KRR AR ABIBERIK, HH
TR BRI A Y6 R N (B X R ™ 2 RIS KPR BE O W, SRR, S HIRAE
RIREHRERIEA T2 MM, BRRERSTBRERX; MAARELER
7y IR RR, EHIR BB/ A T80 R AR BRI T oL T AR O S R
EURSIANRLERANRLAZYNTERR. BT AGEHLEFEERE
A, BXFERBERRE T4 BERNRBIAR.

(4) BER

¥R (alginic acid)R NBER T E R — ML REBR, dihBR
BRELIGRAAH EERRAM SRR, ROT AR+ 8
PVERRPE, AAREFNADHARNENSE. BERS 5 E-MHHEET
W Ca™. Mg™. Ba" S4BT, XHEFRBKNEEREBRAAE
B, EETABART IR, KERKRNTE.

Jeon ZP\E R T HERTPENGREALE, H—PLREBIEERK
B, TIEE SR R LR R AR A AR R R I R B AR . Tyt RE L
B R, AN R SE R R U B R K B A L R FOR SRR R R R A 5
¥E. Chou ZU—PRIA T HKAM Tk g HERR K B AL7E HE 1] 81 IR ARV 7 o 9
F, RA Ca™ Bk B RRERE 55 6 38 Bk 5 SE MR R [ AL . 48 4 B B (NP) A
i, BT NP AMERFER T OARMHERREER. TRERRH,
R EREREERE, ERASRER, RREFFTERERRMS S,
AFTFRREIHIETE; K EA B NP 4K R R R R AR,
LR RSB A 1 2R 1 R RIITERL, 8 P JG BRI (R 5 78 4 0 P 4% 45
¥, BERAERREAEARIE, XRE NIRRT AL 6
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PR FGEEAR S

it =3 dinki e

() REMBR

BB (collagen) E AP A BREFEN—HEHNEL. RESAREYIGS
HEANEERS . BALNMAMIE RO EERS, TIRATBOHR. KR
MFEE, ERAEASTEMMNEERIN, THAIRKE, KE LG /T
W R A e, (BB RN E B R, TR
VESR IR T BRI 7 2 PE RS . IR (gelatin) RZNWIRCEUR 13 HOEBAN AK WRF=H,
S HA. BRI, AXVIRREKESMAENARY, BAYKRKRZMLE
(KRR

Brinkman %507 B PR BB AG T BURERER AR T AR S,
e S A M PR RS, EL AL AF R R 0% . LT MR /5 £
BB B SO B M B S R S BB 44, SRARE—HE, 55
BWAMRZHRA, BH RIFRAEMIATE, Dong SUNEITIE ERKRES W
ROBEATAE Y b RO RO (B B, #5 PR RO AL 13 [ BB b POEERRE S
PE IR S0 60 min, 178 B4 RAT /22 MUBR B, e A
LB R AR TREME . Gatts-Asfura SN it 3001 i 1B B R REZE AR EBIA
I RR PR, AN BN B B R A AR A

1.3.3 FEAEYEF TR N A

KEERET —MRE T RKBR T, SFURSEANREVE
YR T RAEXBE R RE A YRR, BTARREORAY, HTHE
REVKET ZRAEAYEE. ARMERE FEA, ZRBEK, TEHFER
%3,

1.3.3.1 84k

BE, KERGBGWHTTEEERRM, NYBERARMEERAE. Y
BMGERFERNOGDRETTE, LREBARE, TR Ytk £ 38
K1Y BERE R AW B, R a8 BB JE R E; BREXAR
AL B AR A B B RBT R AP FERERRAR, HREHRI,
B RS RP AW HBBERR, FRERKIY. WERAREKAYS
FEERSYH THLEBURBRR, XM T EEEHAMN AR R AR
—E R EE R B RE .

21



Pk AR I

BT AR AR R, HRBKREE TR G EAEAYN, EE KA
B8, Obara KA BREBAGIAFERE L, ERINBTAR
BRI AR AR R, SBEARREZHERPESRERN, S THEE
W R B R KB IR IFIENE: SRR, HABR AP
Ak, BMSIRBLEREBHNEZET. Han SO SREFRRNHEREE SR
5 N-RRERGBREILRACER, $18AH pH MG EXEBUSERI &, B
BRYERE 8 0 S-FBRMERE AR AY), TS T ERPREBRAESERNE pH HH
YIRBOE LR KM . Kim 200 50 3R A3 B B A A A KR
BREBHRRER, SEMAREKEETE 12 RNFEZBER, BRIGE
REBHEER, BESH, BROEEHR. Leach ZMEMERMUE PEG X
BARNEZHT, RAXRETESE T EHRRERIREAES LEEEBSA)
B8R, R RIE T SR E R AR FIRE X PEG I BB XA BSA B
B, Lin £l PEG WA KEE KK, FEXSIEFNGFAT, il
FARBR RN AEE RS, TR TSI RANKE . LB EX E A _—REHR
HiEtHEMRm, £RRIE5IAFEEREEERNRBKE, BB HBRS
ETH#MKRNEZS PEGH# L, SBUAFERKE.

BV FEEIREY S THEL, TUREAYR —EARARERENKENE
&, AARFEREES, REXEHDRE N FE L EERABRENRE
WG BEAR . EFERRERAK. 2590 AL 716 LA R SR = 7 A8 £ 408 ) 4 2100,
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Figure 1-22 Schematic diagram of GM-COS/Pluronic hydrogel for anti-cancer tl'l«:rapy[I t
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Sh 3 R AE R TR BB (1 S SR AE .
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Figure 1-23 Schematic illustration of photo-crosslinked Pluronic/heparin composite hydrogel
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Figure 1-24 Schematic of procedure for cartilage tissue engineering by using transdermal
[129]

photopolymerization

Figure 1-25 Demonstration of photocuring of the photo-crosslinkable material by using the root
cavity of a dental study model. (A) Filling the root cavity with the precursor solution, (B)

photoirradiation for 40 s, 4 times, (C) photocured material, and (D) extraction of the materiall %%
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T AP, Chen UM AEB B E X SWHMILRFIE T —FER pH XNEW
PERIEERS . LR BRI LR T AR, BELRERTEEEXSEN
B, BEERMWCAERERAR . X R R K B AR SR BT R AV AR - 48 AT A
HAERIRMTIF., TiREERP YR HERE. Tomer Al Florence! &M T
MBEES N-RRAEREBENPAM)MLRERATAHYRR, —#HEH 4-
RIEBREMEARLE NIPAM tRTBERSHEEAXNERRE, 5—FRELU
4,4 -SRI BB (R B D AT A8 NIPAM BRIEC: H5iX Pk 25 B 7 4 51
KB THITHYRER, SEREEH T HIAMBRBAT ML, SR KNSR
MZ IR ER K, T LAMBE S A TR MR AR E D .
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4-(A-HHBAEEEMA)EPRILELEK, SR TAAERK pH MNHHER
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2.2 SERERS

2.2.1 BERSEHA

HEHERI4FEHR 2000000 B EX PR, HAEBLFRAFRAA;
ARENKRAK H B GMARNEBR, LBRARARERA; 4 —HEE
itoE (DMAP), Alfa Aesar; BE R T FE(AIBN), 4L24l, REBRFELERN,
APMESR AL 4°C R =2k, REBXERFIF, AR 6h 5E
WA DOEmcR, Aira, ©OMNEERFIT, RBIER 6 h FRMER —F
WHU(DMSO), S#rat, I"MUFERAN, H4 ApFRgRE—AEEH: XE
RAGATESA, BEEA.

pH 2.2 #1 pH 4.0 MEMER BB X _FRAH M EMACH, pH 6.0 # pH
74 FIZME R BB _SMANBRE _MRE, pH 9.0 WEMBRH=EHE
KEFL (Tris) MK ERACH, pH 10.8 MEHPEB AWM BBRMEH, 2
B BT ORI R S AL AR 0.05 moVL, pH & pH #H#ll .

2.2.2 BAEKEBRERI

2.2.2.1 HREPENEREKBENE R

SRICEAEER. ENEAT, ¥ 10 g BREMN 2 g 1) - FE KM
BT 90 mL —FEROMSO)F, REMA—EBHFERKRAEKHE s
(GMA), f# GMA 8 5% 55E it vt 3 49 58 5o K BE /R EL 43 31 A 123 #1010,
FRBHR Y 48 h. RISEEE, ¥R NVRESBZERER NS 400 mL Z I,
¥, HEAEET 20mL —REBFKP, AEREVWERpHER 8, #£10°C
TEH 72 h GEFFRHEILD TELA KN 8000), REAGTIER, FiBAGIYE
B PR N R B K B 1A (Dex-GMA), 7= 2 7 80% LA L .FT-IR (KBr, cm™):
2935 (s), 1710 (s, C=0), 1011 (m), 810 (w, C=C); 'H-NMR (300 MHz, D0, ppm): &
1.80 (s, 3H), 3.38-3.84 (m, 6H), 4.81 (d, 1H), 5.05 (m, 1H), 5.15 (m, 1H, in a-1,3
linkage), 6.05 and 6.56 (m, 2H).

2222 BRYPKRERE
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Figure 2-1 Synthetic route of the azobenzene monomers

(1) 4-(4-REZEBE) X FR(HAPB)

SRR EESRM, % 6.85 g (0.05molFTEEXFR. 15 mL KELMA
30 mL 2ETKES, BKBRBAZE0°C, REHM 30 mL NaNO, K14 KE#K
(3.80 g, 0.055 mol), FHITMERE, FEEHREMRIFESCUT, HHERNEE
WAEFER KRR, FHEIZ) 30 min, FNDBKREFRYN KRKAEA,
4842 Y 30 min, BRBABEHERLER.

# 4.5 g (0.048mol)ZEMA! 5.0 g (0.125mol) NaOH ¥ T 60 mL £ & F K+,
FUKEHAE 0°C, ¥ LREREBRRBNEIEBOEBAT, HnsERG 30
min), 4KEERM 1.5h, BEREAIIRE. AREEREpHER 2~3 BREHE,
REKGEZEBESYE, FIBEGET S0°CEETHR12h. £S50°CT, ¥R
B A TH Obe- 2 ZEEG:, viv)REBER D ER LB N> B L),
WEREEAAREY; BB NaOH KEBZEN, WAKHERLE, MHER
A, 2HKAHBRERE pH 4 2~3, MZIHMBEAITE, HiE, KEEiE
BRI, B3 HIE 4 50 °C LA T4 24 h. =% 81.8%.IR (KBr, cm™): 3120 (m),
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2844, 2680, 2538 (m, OH from H-bonds between carboxylic groups), 1680 (s, C=0),
1592, 1502, 1465 (m, Benz ring), 1285, 1245 (s, C-O); "H-NMR (300MHz, DMSO-ds,
ppm): 4 6.94 (d, 2H), 7.85(t, 4H), 8.08(d, 2H).

(2) 4-(4- R BEE X BB R) X FR(AOPAB)

SRR A ). % 1.21 g (5 mmol) 4-(4-BREEREBE)EFTRET 50
mL [UEREE(THF) S, BN 2.8 mL (20 mmol)f#)= Z k& (Et:N), i& N, B2 15 min
JEEH, BTFKKBPAEH, 1R NIEERFEZE 0 °C, B2 IN 1.6 mL (20 mmol)
RGBS, RREFIEHES °CUT, WinxkEEBRMN 24 h. 1§ R LBIR
AKF, BUEER, T8, HFHEZEFREZERE2PHE, SREFTREHR
ERAFREE. BREASBT THF 40 mL)F, FIRBREMHBMERATER
H pH {Eh 7~8, EEBH 24 h. KNWA THF BB, FFATWHRK pHER 8,
WEREAEY, BREARLRKERIE, S8 KEZERESHE, 54
HTRBECTY. P 65.2%. JTLEMT: SLRAE(BRIRAE): C: 64.75% (64.86%);
H: 4.14% (4.05%); N: 9.32% (9.46%). IR (KBr, cm™): 2990 (m), 2844 (m), 2655 and
2549 (w, from H-bonds between carboxylic groups), 1744 (s, BgC=0), 1680 (s, &
C=0), 1601 (w, C=C), 1557, 1502, 1420 (m, Benz ring), 1407 (m), 1293 (s), 1251 (s),
1201 (s), 1150 (s); '"H-NMR (300MHz, DMSO-ds, ppm): & 6.21and 6.58 (m, 2H),
6.45(d, 1H), 7.46(d, 2H), 7.98(dd, 4H ), 8.15(d, 2H) , 13.21(s, 1H).

2.2.3 KR KIHI%

ENAT, %1 g Dex-GMA T 8 mL DMSO 1, REMA—EEN
AOPAB X 0.02 g K5I KAMBRE_RTHE, FHZL2EME, BRNBHEBEE
BREP, $4EN,4 15 min FHFH, 60 °C R 24 h. B IR IRE
B4R 2mm MEE, BMAZESRREIR, REEKFRE1A, AETEE
BLRFEA.

2.2.4 Z5iHRAE

K Fi 2% H Nicolet 2 &7 Nexus 670 #3722 B 21 5G] e AR 40
AANIEE (KBr EF); ¥ A2 HE Varian 2 8] 7F Mercury-Plus 300 MHz 3t 4%
A0 2 iRFE A "TH-NMR;; SR 2 Elementar 2 8770 & M &R+ N T
K& B; KA Varian Cary 300 £5M A0 E BRI 2 50-7T WokE, AT
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FCRETEAMT K 250 W BT KRIERAT, EBHAH 365 nm, KA 2.8 mWiend,
B LETRBHESZEMRAR. XHHXK Hitachi AF S-520 FA#iH 7 BME
MEERRAA, AT REOERESMAGTREHRANY, 5%e W
ZHMEEE.

2.2.5 JKER AR R W 2

7 25 °C, HTRAKEREFHERRAEZE TKEAF pH ERENE
W, EFUE KB REY, ARERRBUKERRENKSERE, HRKERK
REIE R Rk, KB ¥ M (Swelling degree) A :

S=Ws—Wy | Wa ' 2-1)
K, S AKBIRIMEKE, W, ABKEKEROER, W, A THEKERNE
&,

2.2.6 ZNHBEEEHIREBHA

) AYHE .

PAEAE By (VB WERIZY), BHHABTEEFKP, EREKEHN 05
mg/mL . FE4°CF, BEFRTERKET 15 mL VB, FIKBRPERNE,
48 h FEUH RS, REAEZEFRPE MBI RE, BARRE FTREEL
RiF&H.

() HYHEENE

BESH VB MR, AeBERMEE FREREERENAYR
FR— ZRFVIRE AR, PSSR E VB 72 375 nm ALK SLEE, L)
L. REHBABRKTERNR, E—CBNEEFKFRMEMKELY
Bk, A 0.22 pm KA LT uE 28 18,  PRIEWAE 375 nm EHITRIEE,
WIEFRAE LT R RAE.

(3) FIL IR

ERAECEIERT, REF VB MTSEMA 20 mL pH 2.2 5 7.4 )
B, EFFREBURE R 37 °C, BiE—EREFEUE 2 mL BEH, e
RAFARI B BB AR, UERFBERAERMERAE. BUERBBORAE 375
nm &0 R, REREMEZTERBRT VBLIEE, MESERUER
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BHERT.
23 HR5TR

2.3.1 AR5 EWRIE

(1) HEEFERHERIEK R ANEHRE

WS ERFES GMA KIBEL RN P ERGREESIAZERE L, 838
R FEABREKRIE(Dex-GMA), WA 2-2 Pim. B 2-3 SHTHEREMN
" Dex-GMA K IR J6i . 5HITHE IR JHATH, Dex-GMA KL% ZE 1710 F1 810
em’ REEWR OIS IET W, B BIARER P EREREEE feH O BE(—C=0)F
BRBOWE(— C=C—) KIS E R g . '"H-NMR 2HriEL T Dex-GMA HI4L¥ 4
FI(E 2-4), 61.80 HFERIGEREE P FHEM T, §3.3~3.9 K H RKEEMLm
W ERFTFIE, 54.81 F15.05 A% FE R LK MEE R T4, 56.05 #16.56 4 H
H R E R A AR T, #— 5 '"H-NMR i 8 Dex-GMA F AT
RREEE A BE(DS, 100 MR E SR ERERAEES), DSHJ 6.05
1 6.56 &b ARV FHETI AR 6 4.81 1 5.05 ALHIH B BE 7 KB R e MR A EL
ERVE, B GMA 5HEEREIRRTHERER 1:3 %ﬂ 1 10 1 DS 351K

18.7 M 1.5,
s
)\r\/Q+ &;gﬁ )ﬁ(%

0
e

'V‘O

Figure 2-2 Reaction of dextran with glycidyl methacrylate (GMA)
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Figure 2-3 FT-IR spectra of dextran and Dex-GMA (DS=18.7)
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Figure 2-4 'H-NMR spectrum of Dex-GMA (D$=18.7) in D,O
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(2) BERANSHRIE

ERREEESHES, 4-@-BREREBR)EXFRMHAPB)SREB TR,
RESBEEARNAERR, FNRELSSBEAERRMNERRE, HTHE2
REAFY) 4-(4-HBBAEEEBE) X PR(AOPAB), FEFGHMERKMH T X BREF
EHIT KA,

&l 2-5 3 HPAB H1 AOPAB f IR i & . 7E HPAB £ IR B, 1601, 1502, 1420
em™ Ak IR A HE ORI, 1680 cm™ BRI SMAT P C=0 BHH 4IRS,
5 HPAB #EHEL, 1744 cm™ & HBLAR KIS R BERE P C=0 B MZEIRSIIE,
RPATHEBSE S HPAB FHBERNAER T B, B 2-6 f12-7 ) 'H-NMR &4}
HI &M KB T HPAB I AOPAB B EANAEEE LML E, BRBEIETR
SR AR TR ——X M.

16017 1420
4000 3200 2400 1600 800
Wavenumber (cm")

Figure 2-5 FT-IR spectra of 4-(4 -hydroxyphenylazo)benzoic acid (HPAB) and
4-(4’-acryloyloxylphenylazo)benzoic acid (AOPAB)
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Figure 2-6 "H-NMR spectrum of HPAB in DMSO-ds
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Figure 2-7 '"H-NMR spectrum of AOPAB in DMSO-de

(3) TKBRIELH) & RS RAE
DRI PR AR A SR B4, BE S 1K AOPAB HAEXHT (WA 2-8),
it B EERATKE T £ pH WAL w R KK R, B TR Hk it
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BERTRERANESE, MR 21 Fin. 3T DGA4, BT Dex-GMA FH &
RERRENIERE, RESTRER, A 4 wi%ZZEEH N,N-T H H R
R B s o] 18 BB .

2-9 & DGA3 & IR &, EFHBTERES C=0 BOMAERSE
(1725 cm™), ¥ C=0 BABLEIREN(1640 cm™), I T BE P EFHIFIE
T I4(1560, 1502, 1420 cm™). B 2-10 4 DGA1 %RMBeRE 6 IR B ] 38 4k i 42 4b- 7]
Rk, AL PRATS%E Mohan 25U BHRRE B B T4 40-77 Wk 2
P75 ¥, KRR BT AR, EEETFKPRSER, A 0.22 pm #158
i ug, BEMEABRSBTEE K, SRR LA GE TP RERERT
ERBER, RIEHEEEE ST KT SRR LR,
2-10 fi7n, DGA1 BURIIK 3 BUBREA BEE R AW HREIESM-0T R B0
WA, HBAXRIKEHBZE 335 nm, REBEEGHAN v B TKT. K
K4 365nm EIMTHART, BERECHARERRZMRAFHHRMN, HLBEX
Wb B S H B OB T M. 24856 120 min J5, DGAL B HIK 8L
B B KR 0 I % 2 327 nm, HL7E 335 nm &b A9MRBCR A FE R, B DGAL
KoBRPRELEAHARRIINR A TE. BRECHNRALEETHT
RER:

D (%)= (do—Ac) x 100/ Ao (2-2)
R, 4o RANEIMEIRAT 335 nm MBRBOEIRE, 4. RREIABEIRR FHF
#)5 335 nm KRIKIEIRE . 5 3CH B S HALTR I (D=70%)" 4 L, DGAL
B G R SLFR LY 25%, Kang B A LB RK MUY R 4 R0,

Table 2-1 Conditions and characterization for hydrogel preparation with different AOPAB

contents

AOPAB content (wt%) AOPAB content (wt%)

Samples DS

in feed in the hydrogel®
DGALI 18.7 3.57 3.09
DGA2 18.7 8.37 6.58
DGA3 18.7 15.47 11.7
DGA4® 1.5 8.37 —

* determined by Elemental Analysis.
® partial gel.
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Figure 2-8 Illustration for connection of MA moieties of Dex-GMA with AOPAB bridging
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Figure 2-9 FT-IR spectrum of DGA3
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Figure 2-10 UV-vis spectra of DGA1 dispersed in water upon UV irradiation at 2 = 365 nm
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HERAD, BRAAEBENMELEH.

TREBE IR BN 27 0T B T T — K 3 R sk RSl

1S = 1/(kS:”) + 1/S. (2-3)

KA, SHTFEBICEE, « HEMKETRE, L AEKEREES. B8 2-11 IR
US ~tfEE, ZRWME 2-13 Frax. BTN, KEREEKEEER ZIKEE R
FurrE, AARFOEERR, HEROMERNBERINIFEEE £ A SMH
FFF2-2%. HE2-2 04, SKRFEEKE (S5 HIR T E KR (SR,
BREERPHEEES RN, S TR, MEKERFR MK, RPBRIETEE
YERKEIBTEI#EAD, Guilherme 2B BLEH0 Scid 4 R 19,

8
26 _—t .
o i)
Q
e 44
2, | ]
= “] —=— DGA-1
% —A— DGA-2
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Figure 2-11 Swelling kinetics as a function of time for the hydrogels with different azobenzene

contents in water at 25 °C

(2) DGA1 (b) DGA2 (c) DGA3
Figure 2-12 SEM images of the hydrogels with various azobenzene contents for DGAI (a),
DGA2 (b), and DGA3 (c)
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Figure 2-13 Experimental data of time-dependent swelling for the hydrogels plotted according to
eq. 2-2 (second-order swelling kinetic)

Table 2-2 Swelling rate parameters for the hydrogels with different azobenzene contents

Samples k x 10* (min™) S (g/g) Seq (8/2) R

DGAL 3.72 7.11 6.73 0.9999
DGA2 5.39 4.07 3.83 0.9998
DGA3 7.37 3.01 2.83 0.9997

A THFR BT KER R pH BUktt, il e T A RIBEE BH/KERER R pH
ZMPBER PO TERKE. WE 2-14 FiR, 72 pH2.2 M 7.4 ZyE#+, DGAL
K ERREEE 2 B4 6.06 M1 6.92, ¥4 pH #MZE 10.8 Y, HFEAMERME
8.22, H7ZEARF pH SrEHRPHTESKEZUAKR; MARRFBREATER
i, BE pH %, DGA2 A DGA3 E4HKEHENM, 44 5% pH @it
74, RPEBERARBYK, #KT DGAl W TPERKE. ASETERANER
P, BTETFEAMNER, TENRE TN TRRABHBEER, ZUERRA
BRIB VA Tt s T 400 1 vk P R 7K 7 Py R0 3 2 ik g o R R P 48 O AR BB b, B AT B

B XEMRERERRATKERD. ALK, B pH Hm, BEF
WHEBEENRRERS R, BN FEEKEERSIEX. Z£/M% pH < 74
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i, BRNENRKREERREEEFH, WEERRBAASTENEN, dTFH
TEEENm, RO TERKERA: T4 pH A 9/ 108 5, EKRERS
Bi#, BRAIMIBTEEERYK, BFBEERARREKNEFHRE, FH
BESEBREMER DGA2 f1 DGA3, HF&HEMKEXT DGAl.

B 2-15 45 7 DGA3 7 pH 2.2 f1 7.4 BB R BB KERR
7EpH 22 f1 74 BHHERPREBK=K, L FPEARETLED, HBKE
B R pH MR YR R B kT 6E.

B 2-16 87~ T8 DGAl 7EK-ZEF R EBK- 4817 R. tETR,
BIEKPER, ZEBRER%E, REBRTEEK- 84T RE=ZKE, &
TKHIZ B P I IR 3 B T B A

(9/9)
o

S
°

2 4 6 8 10 12

Figure 2-14 Equilibrium behavior of the hydrogels in different pH buffer solutions at 25 °C

53



iR E A3
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Figure 2-15 Equilibrium reswelling behavior of DGA3 transferred from pH 2.2 to pH 7.4 for

several cycles at 25°C
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Figure 2-16 Solvent-induced expansion and contraction pattern of DGA1 at 25°C. open circle, in

water; closed circle, in ethanol
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2.3.3 KBRS 2 YRR

BEAEREATEVERR T KA THIR- K24, WA 2-17 Bi7R. 46 365 nm

MR BHET, BEESFTFHEBERORAWEEZ L VERHE, 27
RFRETRRZW, STFBEENMMHEMKEFREZEMN 9.0 AN 55
AP, SEAEECHANERK, £LIERT, TR} FHRMNERRESE,
SEER R K- ET R, W AT SRR AR BOE R,

AR AF pH WL REW R KB ZEARFE pH BA R RSN i 44
L HMBERUTH, URBRBAB SN RERBIZGYREBNL, wE 2-18 B
R HEMTUEY, MEARPEASEMGN, AVBRERHD, XRAT
BB EREMIREN, SEKAE—. 4, FRAERSEBNERE
pH 7.4 B P A YIRBOE R B T1E pH 2.2 S AR BEE,
W ZIOKE M ELEF pH BURRAWRIAT A . B7E pH 7.4 BEMPHE RS,
LA KN 365 nm FIEIRRE R, KERHBAEEURBELAVRRED
BT REMEIKE, Tomer ZthBRIRIM LB L RN,

R THFUKER SRR, it Peppas 7 FE000 R I ih £k AT 2t
P

M,/ M.=kt" (2-4)

K, M/MAHYERE—RZIE BB, « ABBAE; kAER nA
P RUEE, SRBWEEX. ¥ FEIARFFNS, 2 =058, HYEB
%4 Fickian ¥ &¥ 6, Yo FEEBIY TV EBEH: 4 0.5n<1.0 B, %
YIBHHLHY non-Fickian ¥ &8, #4145 FIBHZ Fickian 3 ORI &34 H(E
BRI FIER: & =l i, AYHFRBIRFEZ &R mILEIE
il

it Peppas KRN AR R MAEHITRMERE, WHEHARKY BIEH n E
W% 2-3. BEERKRTEESENEM, n{ER/D. 7 pH 2.2 ZHEHET, AR
EEEBRIRH n EIREIE 0.5, HBAENAYBRREELY BUzHIIRE, &
4 Fickian ¥ €. £ pH 7.4 Z0PHEES, FHEER n AR TE pH 22 25
B E nfE, KT 0.6, KU HIZ5YBEBUTFE 2 Fickian § BB 220 0K
HEFEH.

MRS T AT YRR, ¥ 8IS 0 HETRCBE M nE, X
RPERIMERT, BEES FhERORAHRET AV R MRS, o
FREWD, SIREBERABRRERL, NUEEAY S TGRS B k.
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Figure 2-17 Dimension changes of isomerization of trans-cis azobenzene
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Figure 2-18 Effects of pH and UV irradiation on drug release for the hydrogels at 37 °C

Table 2-3 Diffusion exponent (n) for release of VB, from the hydrogels

(cis, under 365 nm UV irradiation; frans, in dark condition) .

pH 2.2 (trans) pH 7.4 (trans) pH 7.4 (cis)
Samples
n R n R n R
DGALl 0.59 0.987 0.70 0.992 0.69 0.991
DGA2 0.53 0.986 0.65 0.985 0.62 0.995
DGA3 0.47 0.989 0.62 0.990 0.60 0.987
24 &t

(1) AZHETFAER, BRZRTREATIRA, & PEREREKH
ERE R AR SR A AR 4-@-AHEBAE X BR) R TR B B EIRITEK,
AT BB K pH MM KB R KER . FT-IR #1 'HNMR EE T & 58
R ROKERC R, B TEMTHE T RRTBEAES R,

(2) ERKSII R BT ARK BRI A0 T 40 v B BEBE A R pH (B8 K AR B 18
AEBFEMIER, AfEEMNELBRASBRENRRATEAFNMSELS

.

(3) LMEER B AERZAY), BIATRAKEBRERFR pH RESIET
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KIAYIRBATH . BALYRBLRRY, BMBRRUER & RN IR
TERRASEEMTED:; ARBEES BRI pH 74 SHEBTREAY
BRERS R T pH 2.2 RrrEBRPHAYRBOER, BHZIKERAHR
H pH MNMAWRERIT H: BE pH 74 MEMERP, HJAKKH 365 nm i
RO R, KB R IE R AR B A MR BIE T A0 KRR,
B AT AR RS b AR A R BGE R
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WIE  RMEE TR R R

oif

3.1 Hj

VLR, HHEMNER S VBRI A GOR B A AR B4R R
ZHFRRMNAN, KK E Rt AYRAMEER, BREVRRN
SHTESN TR T s it R A AR AL, BT AT SE LN SR S R T 2 AL A
BB SHEERSMFRBATL, A RIBTF BRAMFNNS. HAREZE.
HiE. ZTEAMES, WS N R S YRR TR, Y
B2 A (R AR

BRERFEATAEYR —RBBRABRELF, R T REEIRR 74
L. FIR RS T RGBS, B8 BA m S KRS YRR K B
BRBINMBIRE. HF, NESHERANSRALS TERREREY, HARE
BB RMAAT h BB H0E. RIS A U BB R N A EhE
BERAGREE L, BRANPRERSYET B AR BN TR SYK
. ZhaoB!' Y T H B B HEFHRABAS BEAL AN EERBIER
Y1, FEERFEEERPE KA EER B HRERAARBERKER. 1£365 nm
REIEAA WEHEH T, REVRRRETEMBRRRENBRIT A, X
WHEZRESEBRBREM R AT LR FERERSE, RBUBRAS FE
KR SN FR TR A T AV AR R A2 BT R I Y R e B RT i i YR 25
Bn B AR BN EERD TIIARF R RS SRR T, MALRARENE
RS T B R AR PR P s AL, BT9T T S RARA M RS
A AR RSN RGO B T M N AT

K2 bk, X FURRES T AL, BEAGKUENBRESE
BRI B R ROCWIRAT AR R IREM. A TS, RAUAET R
EVRERB R WA LRSI A RR, SRS BERRK MR PR
BRI YI(Amy-Azo), FIF Amy-Azo ZEKIHRTFHIHKAGSEKIEM, B
B e B Y 7 GETE R R AR K BRI o T B BE 2 A RE S e B e SO R
FIJE Amy-Azo 9KKERHIRIAR KA R 5370 , FIF 25071 G EBF T Amy-Azo
# H,0/DMSO BB HHHKRELE, FHHTHRKBRBI B 2P0
FHRMSERBATA.



LR 283

3.2 SRS

3.2.1 BRI RAH

SHER, RRRITLHRS; ¥, Sigma A7, HZBEL&: B
%£¥, Fluka 2F]; 1,6-ZRCOHEM 4-BEBEE, Alfa Aesar AF; “HIER
(DMSO): 4Hifidl, - MALERM, 4 AHTRBE—ARMER; LR,
B AT EMTA.

3.2.2 AERIE

(1) 4-0-REEEBEEK G B

N AT, %25 mL (39.8 g, 0.163 mol) 1,6-—RE%E, 12.1 g (0.0875 mol)
K,CO; 1 0.5 g B9 KI IIAZ] 125 mL &I, BB THRZE 65°C, #4.95¢
(0.025 mo) ] 4-BZHMAEKAE T 65 mL KEIH, 7 | h AEHHMB| LRBER
WP, WS EMmAEGR 20 h, REEHTER T, FHNEEDEE, B
| BORGE R BT MEIKA K Z Py, S8, BUEHIRES R, ARER
RE &, =2 72.6%. "H-NMR (CDCL, ppm): & 1.52-1.60 (m, 4H, CHy(CH,),CH,Br),
1.81-1.97 (m, 4H, CHy(CH>),CH,0Ar ), 3.45 (t, 2H, CH,CH,Br), 4.06 (t, 2H,
CH,CH,0Ar), 6.98-7.01 (d, 2H, aromatic), 7.4-7.53 (m, 3H,aromatic), 7.84-7.94 (dd,

4H, aromatic).

(2) M & R BUR R R S e BB Y (Amy-Azo) & X

FET0°CTF, ¥ 1 g XHIEMET 25 mL FHEK DMSO &, REBREER,
i N, 30min JF A 250 pL 20 wi% B EEBIKER, 78 No ] T4REEHH 1 b,
BAHEZE 60°C, FN—E &N 4-HOAEBEAXK, A 5 ml ) DMSO B#, &
TR E S MR . 760 °C RN 5h /G, MARLIRRTN, EHmME
ZEPYUE, B, VRACERERE, R MOEEETRIEER
HHABEARN R, BRNERDE 40 °C EET# 48 h. 'HNMR
(DMSO-dg, ppm): & 1.21-1.83 (m, 8H, CHx(CH5)sCH,), 3.03(CH,CH,0-Amy), 4.02
(m, 2H, CH,CH,OAr), 3.40-5.71 (H-glucopyranose unit), 6.94-7.95 (9H, Ar-H).
FT-IR (KBr, cm™): 3400 (broad), 2928 (m), 1595, 1502, 1248 (m, Benz ring), 1011
(s).
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(3) LRI :

K% H Nicolet 2 &7 Nexus 670 B {§ 37 - 35 41 M6l A B e R A
AMEiEE (KBr IEF); FKHI%HE Varian A F7*F Mercury-Plus 300 MHz #% B3t 1R
153 2 RAEAT "H-NMR; KA E Elementar 2 8] 7= T £ E R N 5T
F&8; KA Varian Cary 300 561G RAFE KR40 7T WOk, F 45
FRREEIMT K 125 W B EFERT, EHKN 365 0m, HIEA 0.9 mWiend,
WE LETREBHAREERAR.

3.2.3 FUKKEEH &

RS, KRBT H £ 91K KB . 4 100 mg () Amy-Azo
¥ F 10 mL i DMSO &, %A 0.22 um 4t B RS EBAe, BEBEEEN
[P 1 L ZkZEEKEN 24 h (MWCO 14000), 4 5 h B &K, RiE
R BIRGKE K R A 0.22 pm £t a8t iE . R BN —E AN
KEEBK S BABRHEAT AT 1R, DA EAKEBK 2 BRI, BROGKE
BB EBET 4 °CUKBTHREEH.

3.2.4 GUKKE BRI 2

H—% Amy-Azo 4UKEHEK 28U T 200 BB S MEMN L, BARA TR
5 min, ERBERRTHMN LB, REIEHPIRE 2 wt%BHSRER+
R I min, FETBHRTHE, KAHK JEM-2010HR BB BT BRHEGENE,
IS B8R R 100 KV 9K 7K BRI 2 B 393 45 % F Brookhaven 2 5] = Mastersizer
2000 BIERLEE ST AR RE , R 4K BRK 4 OB K A 0.22 pm £F3id 38285t
EERAE.

3.2.5 Im BRI 2

PAYEAE R e e, FOAR 0.1 me/mL (I ZBEHH, B 1.2x10° L I Z. B
BT 10 ml ARIED, AASKAREZE, BMA—EEBE Amy-Azo /K5
B, BRAREHRLKREN 6107 molVL. AHIMFHFMABRAEZEBA 30
min, BT KBRGHFPRE 1 b, REELHE 24 b 5K, XA Shimadzu
RF-5301 A5 E T EREMRIER I, BURMKK 1,=335 nm, FHijk
KIEH A=350~450 nm, ERIEHMERH AR MKEDRENR 3.0 nm, BEHE
B ARG HILE 25 °C.
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3.2.6 ZYRBESEHEBHIR

(1) i

FH 5 & 2 KK B B AR R B 7 HE ] & B GRKE L. # 100 mg K
Amy-Azo T 10 mL DMSO #', RGHEMA 60 mg fM5|Mk3E3¥E, HHRA 0.22 pm
FrR SR ERE, BEBEENRTA 1 L ZK&BKEN 24 h (MWCO
14000), % 5h#H—%KK, KHEAPKER KB 0.45 pm 5 T IERTE
PARR R S B 21 46— 58 2 HE B R B I B 2 KB ROK 2 OB R TR v
HBANKEEOK S BRARE, BREOBGFKBEBIKIBBRET 4 °C k58
P REEH.

() BB ERE
HELBIGIREFRIRME LR, BRI — 2 R MNIRREE, A ZEE#,

BRAEZEFKRBER—RIIKRERRERR, FAREIEEIHEBREFEE
320 nm ZERYROGEE, fIbRdEfhER. RIEHEFHRIN—E B FTIRE B
KIKEERE, MARBEAYEY, BEREAEZEEFS 10 min, REHIHHE
8h, 022 pm $IERTIE, ARSI EEETHIIRE 320 nm FKALH
WOLRE, MIBIREHZEABNANEE. BEHPKKERE 51 H Z (Loading
capacity, LC)F1 51 £ 3 # (Loading efficiency, LEYR#E LA T A1+ -

LC (%) = My x100 / My G-1)

LE (%) = M; x100 / M; (-2)
K, Mok Amy-Azo BIFRR, M, AMARIBIREZRFTR, M, AHENZEY
g

(3) AN YRR

B 1 mL BZGKERBK B, BABIEE S TER 14000 MBNTES,
RIEET 10 mL PBS (pH 7.4)%E B+, 7 25 °C MiERIRG KEPHTADREK.
iR fE— B AU 1 mL BRSO, FIRTAN AR AR T i, DA FF
B RAOBBRAE., @i g2 e EE N e BB P EIREFN S &, DA
EHEMIPKEERK S BB OB B, tHEAY BRBRRE, FIELRPIT=
KBTI
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33 R 51HE

3.3.1 FRMEEBM NSRRI

B 3-1 B S EEERRE X EERATEY(Amy-Azo) & B LR . 7
SEAPNERTIY, % 4 RCERBEXERIEENER L, BlTE
AT HE Amy-Azo FEAEEMEURE, FRNEK3-1.

Bl 3-2 AT HIERER 5 Amy-Azo ) "H-NMR i#, B9 61.21~1.83 HTHE
HEEERTPERE EMFRTIE, 6 3.4~5.7 AXBEREMER LNFRTIE, §
6.94~7.95 ABEEER LHFR T 4. B 3-3 b2 B F kS Amy-Azo i) FT-IR
EE, EFHRT RN EETRN C-0-C FBEIRENIE1011 cm™), R
T BE A TTEIR B (1595, 1502, 1248 cm™). 'H-NMR #1 FT-IR 2-#7#)
RABARAGOEREZ B E® L.

N
O *N—@—ou + BICH,(CH,)CH,Br  —2cctone o

K,CO;

ou O
oH N —OCH,(CHz)4CH.Br
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Figuire 3-1 The synthetic scheme of Amy-Azo
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Table 3-1 Synthesis of Amy-Azo with various DS of the azobenzene moiety

Samples Amylopectin (g) Azo-Br (g) DS§* (mol%)
Amy-Azo-4 1.00 0.15 3.86
Amy-Azo-10 1.00 0.60 9.92

® Azobenzene groups per 100 anhydroglucose units of amylopectin determined by elemental

analysis

fr———e—'—'ld b b a
Wm@a
f g Eowlcb e

ba ¢ e -
L~
Amy-Azo-10
Native amylopectin k
8 6 4 2 0

Chemical shift (ppm)

Figure 3-2 '"H-NMR spectra of native amylopectin and Amy-Azo-10 in DMSO-ds
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Figure 3-3 FT-IR spectra of native amylopectin and Amy-Azo-10

3.3.2 GURKBB & 5RAE

FIA Amy-Azo 7EKEH T IIBE K45 & S BRAE A (0 B 3-4), "IA3 3 Ema A
GRS R EE KBRS« B S BAVR A AT R T R B B R L e T A
YITEKBEPHIEFERRKRE . ZEHRHTOERIRIEP, HE—-C72m), F=
(383 nm)$5) R E I LA (7o L) BEFA RARME I R T 4L JHHAFIRES
VIR BRI, Boo/bss Ry, FIRXAN BT € B & P 7K R
WU, ] 3.5 44 T BRI K (Le) 2 335 nm B R RIIRBE Amy-Azo-10 ¥R
RICEE L, B 3-6 Bt—B A M T Ly/hs B Amy-Azo-10 BRI R

B 3-6 AT R, ERKIKRET Li/bs BEXRRFAE, E—IKRE)G Ln/bss
A, BEERRITEER, X—KERAEAKRRKE; dHBH
Amy-Azo-4, Amy-Azo-10 HIIG S ECHREBE S 7% 36.7. 12.1 mg/L, BREREIREL
REXK Amy-Azo-10 RHFE/PHIIGFRRIKE .



Pl RFE B 2RI

amylopectin

; 3 esterification self-aggregation \W
+ . + >

4-(6-bromohexyloxy)
azobenzene

Figure 3-4 The hydrophobical aggregation of Amy-Azo amphiphilic grafts in aqueous solution
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Figure 3-5 Emission spectra of pyrene at A,,=335 nm in aqueous Amy-Azo-10 solutoins with

different concentrations
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Figure 3-6 Changes of the intensity ratio(/s72//2s3) from excitation of pyrene with various
concentrations of Amy-Azo-4 and Amy-Azo-10

H— S B BOCHLE TR T £SO ETE Amy-Azo GUK/KER AR

KRS B 3-T 5 H T Amy-Azo-4 1 Amy-Azo-10 9K K BRI FE 6 AT JE AL
BRPES R, BRBHEEBETITE 3-2 P FIEFRKERIRRY
ERHEHRS 40, —FRBRSTR/M), B—FHRARRTEKA(). B/AKIHR
BATRER Amy-Azo TE/KIEHPERES FHEBIR, TRXMRBARIRE—D
REFREANRER, HE 3-7 MK 32 A UEH, Amy-Azo-4 4K A%k
BB KT Amy-Azo-10 FKKEERE, BIFE Amy-Azo 8 EUR AR
K GRKEBRMRRRAD. XA RERER Amy-Azo FHKERBRE, BHALE
R A&, BEHMREFENGKYE, FEIKRKERMRZHE . T Amy-Azo
GIKKEERZ 365 nm [ESMERHAE, HTFRENRIABEETARREN.
FOSEKHIMRR G, RULBKER SR, BKRERRE, BB,
. B 3-8 % Amy-Azo-4 fl Amy-Azo-10 G KKE KBS HEE . HETUE
H, SRR TFRREMBHERE, HEEERARHRTIH, BAARTHRZY
£ 25 nm £ 4, Amy-Azo-4 KK BRI KRLARLE 75~90 nm, il Amy-Azo-10
B BB AR 45~65 nm, BARFBOLRLE U A M BIRGE A 119.4 nm
A1 88.2 nm). F=AXFIILE R B A SRR (U B 45 R B AIKR FEEKER 1
2, TESHRENRNETE THEEENRED,
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Figure 3-7 Size distributions of Amy-Azo-4 and Amy-Azo-10 nanogels before and after 365 nm
UV light

Table 3-2 Properties of Amy-Azo self-aggregated nanoparticles

b

Samples cac trans cis
(mg/L) di° dy’ ds dy°
Amy-Azo-4 36.7 26.0 119.4 45.1 140.9
Amy-Azo-10 12.1 241 88.2 38.9 128.6

® Critical aggregation concentration (cac) determined from f5,/f5¢3 data

¢ Mean diameter (d, nm) determined by laser particle size distribution analysis
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(b
Figure 3-8 TEM images of Amy-Azo nanogels for Amy-Azo-4 (a) and Amy-Azo-10 (b)

3.3.3 FEEEEYE H,ODMSO PRIEEITH

WL ER A, BAVE Amy-Azo K DMSO WREZLE /K&, FA
Amy-Azo B EURGUK W 7E A I BRK 45 & 2SR AT R ) ok ma R g oK
KB, BEERATEL RS- AAETRKT Amy-Azo 7£ HyO/DMSO ¥+ ]
HKRELE

BEFEMEFIAT A S BER LT ANFERX, FlmETRF RS
B, BERERIECRTEAIABRENRUUERNREUEERTREK.
3-9 A TAFRRIEEKE T, Amy-Azo-10 ) DMSO % KGR B BK 781
V2 S-1T IR - Amy-Azo 7E R %577 DMSO # 23 BEES F RPN
FFAER WL : 352 nm (trans n-n* transition)F! 440 nm (cis n-n* transition); 2/ 365
nm ‘EH AT, KAME -t KT RBYE (352 nm)ALIREEZEET AR, WA
FIRRAE! n-n* BRIT FI R4 (440 nm)ib i BEEATIE K, XEBBAS FE
DMSO ##F RAE T RABIMKXH B 2 Amy-Azo TEKPREFKE
T RAKKER S, FRS-7T RIRWOL & B AR 545 DMSO ¥4, 8
NIRRT B KB () P R, (LB{EIE 15 nm, FTEA Amy-Azo HEE
K4t HUK BRI PR H-B L4,

H-B B A4 . B 6E 89 WA T Kasha S22 XU TRV R . 2418
BAGAREN, BRAERERMEERAME, BTHAT RSN, L8
BAEGHHTIR H-BEAN, BFoRNEERIEME, ERKTIBRAN MR
BEK, BRI R e 7 B WA o A A R AR B B R H-BRAE B LB A1 .

Fdilxt Amy-Azo PEEEA AR N RABR AR FHT THA.
B 352 nm AbWREREX CHERER, SR U R EEREHE, A
R EBRR T A
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In[(ArA)(Ao-Ae)] =- kt (3-3)
Hep, 4o AR A RRAESCRAET. BT ¢ MESMERBIRR R FEE
352 nm EHIBOLE, K ARHBAEEES. B 3-10 44T Amy-Azo ) DMSO
BB AR B K S R L BUR R B —B 3 S dh 2k, B AL A R A
Hi Amy-Azo 7 DMSO ¥ )38 % % 3 komso= 0.095 s, FLAKERBK 2 B
R 2% 3 kipo=0.090 57, B&{KT7E DMSO Wl PR ¥, £ Amy-Azo
o B VAR £ R ZE QU KR B o ) 6 R 7 3 L DMSO 18

Irradiation Gme (s) 1.2

Irvadiation time (s)

o
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o
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Figure 3-9 UV-Vis spectra of Amy-Azo-10 upon UV irradiation in DMSO solution (0.1 mg/mL)
(a); dispersed in water (0.12 mg/mL) (b); before UV irradiation in DMSO solution and dispersed

in water (c)
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Figure 3-10 The dependence of In[(4-A.)/(A¢r-A.)] on irradiation time of Amy-Azo dissolved in
DMSO solution (m) and the nanogels in water (0)

R4 AR EFEE N R 4E H-REX Amy-Azo FtRNHH ZEHE
W, BRATFRT Amy-Azo-10 ZEA[FACLL DMSO/KE B T IEMRAT . B,
FAVE & A R L DMSO//K i Amy-Azo-10 Bi#. ¥ Amy-Azo BT DMSO 4,
EFHHHEHT, LIREES pl/s B E M EE Y ) DMSO ¥l h Z 18w %
BFK, BE—EBFARLEFEL EFRTELHESZD 240 5.

SRJG A 365 nm EAM RS LR AR AL LE DMSO//K B Amy-Azo-10 ¥, f#
FZ ik B R FHAG 4, FIAS R BRI 1R) IR 6 B (40 5 6 R AT IR K B (4o)
B L8 (/o)A YR B IR ¢ VR, 10 3-11 B . BEELIRETRIZER, A/do BH#F
®W, 30s EABETR. BREGCHNAWCERTTHTART:

D (%) = (Ao — Ae) % 100 /4, (3-4)

# 3-3 5| T AR L DMSO/K ) Amy-Azo-10 ¥, 728 SN E R AT Amax
T ROLB R FEN BEEARN RRRAAREE. BR3-3 TR, BE
BRPKEESH, imax AEZEGRANRBFERSRD, XEHBAR
AEFR H-RESIRN. BERECHARYE H-RER, « BTFRAKIREES
FIREE, N5 imax 5%; MRE H-BREBKNBAEEHERITRRXERA
St R AR, TR ARERMAIBERN, SR A4 AR RIRF IR ER
e
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Figure 3-11 Plot of the relative absorbance (4y/4o) of Amy-Azo-10 in various media vs the

irradiation time

Table 3-3 Ay and the isomerization degree (D%) at photostationary state of Amy-Azo-10 as a

function of water content

water content (v%) 0 17 33 41 50 60 80 100

Amax (nm) 352 351 345 342 339 337 337 337
D (%) 4 38 25 17 15 14 12 10

3.3.4 AYRBEEHBRBETR

BitBEN A, Amy-Azo 7ERAEBKEEE1E R RAKAKEER 8 R 512
BUKZY5IEE, B 3-12 Gl T ARBERACE R Amy-Azo 49K7K BB
MEZWFBRERNGEE. AETLEY, Amy-Azo-10 GKKER T 4K
HBERMGBREHEN B E. ZREANFE Amy-Azo PEEFIAEEK, 4
FRANKEERZ % g K B B N, 5Bkt 2997 BAH B4R A AR X 3 i, 38
BENKERABGR AN TIEE, SBOKERNGYHEEIGK. EIAE
FIE R ENNREHE T, KK YN FEEBR, HARUELRS.

Bl 3-13 2§ Amy-Azo EZGKKEEIFESE S (PBS, pH=7.4)F IR I
%. HETLEN, Amy-Azo FERERANAEBKR, HEHHKKERNIZ
YIB HUH R BRI E IR/, X 0T R R B A B 4 IR B A% K 2
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HEEEM, SHKGVHFRNMGENRER, HYLTT AEHKGRA SN
TR, RBAVRBERR/, BRMAYNRERD, EREMMRE. W,
7E pH 7.4 MZEMERT, BRABEKR 365nm KRS ERH R, BAPKKER
R BEE LA R B A AR BB TR EREFARKER. ERIERT, B
AFECHMRENRAGHHEZAAIEE. BHFRKRIRALEH, FORERRE
HKABEEIBIR, W TFERHARKAGPT Bk, SBAMBERGER
K, Patnaik ¥ AMHBERIRLIMERLER.
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Figure 3-12 Indomethacin loading capacity and loading efficiency of Amy-Azo nanogels
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Figure 3-13 Indomethacin release profiles of Amy-Azo nanogels in PBS (pH 7.4) at 25 °C
(cis, under 365 nm UV irradiation; frans, in dark condition)
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34 it

) AT EBERG AN 0555 M S E R B (Amy-Azo), FIF
Amy-Azo ZE/KEFHFPIGKEEERHRER, B EEmI N T B KK
.

(2) BOERESTMES BB ER Amy-Azo FKKEBHIRZEE Amy-Azo
PEREEFARCEB KT, B Amy-Azo FIK/KEEZ 365 nm 5 EH
e, HRRMK.

(3) AR HET Amy-Azo ZEKEBRPHIRABIRKE, HAH
AT BN T Amy-Azo 7 H,O/DMSO BHRFHIHKRELRE, ERER
B A R R AR BRI R AL E R B BER & R PR & BN/ .

(4) DA NI Y, BT BTG 49 K K B xT 25U S B e
71, RBBEEIAUE XK Amy-Azo FTTEBRMAKKER BB m 259 578
BB RE. EABRELERERY, B Amy-Azo PRBAXEANAEHGK, &
BHKKBRAZMBEBEER BRBRERD: ZAEKA 365 nm KI5t
RS, BAGKKERNBRGEEURBRAAYBRREN R TRAEREM KK
B, BRIBERTIEE A R AR AR K B 25 DR UE '
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F4E ARRKEERERKERATR

ifllg

4.1 |y

PARIRZ HE 0 H R K B T RA RIFRAE BN E YRR, fEh
SV EE YR, S, A4 TESSERE T enNnA. 51
ERBF R, ATBHEFEHEKERAFWTHRAEY: (1) TEREDITE
KB REAARE, B AT E & TR KER: Q) EERREBEE TR
ERETERAKEEE: () FWILFERRE FEH: @) BRAUREEES=4EBIE
MRS, XHRANBR T EHEES TR & EYRRM e, Fil, RTBRER
YR Z R ERAD. ARaEKETEA SR KI%,

ABBIRRBM S FERTAEY), B E R P RERERAKH M. BRRE.
(FE)AERRRE Rk S L RN SIARR T, REELTIZANERATIIR
BE RNTGBREE, (B3R BB AR R P HDES R A KA BH R R — A
MEE. PERTTRAERE_RRMN, FEREKI>280 i EIEET, RAE[2+2]
MR RBEFERIAT Hegs ', WEREN R RNERERNER, 2N
AT LR R AT, TH AEREEDIZE LR NREE
B, BRIRENEHNERTAEYERE IR SEHRRY L, B4R
ERT B ERRNEKERRAREE, MR %EER. EEYEHTEN
R R — PR, ERLRD, RITEEERT KEHENRPETRRE,
Fidil4-E N ERIEILE SR P ETRE LR R NE B R B R F
R REATEY(CMCS-NC). EELAMEEIRFIMEET, FIHCMCS-NCH R
FERRERIETE365 nmBR SN ER F A Z R R AL, HI&E & FAEEDME AT A
BREPRETRBEE KRR, 78T &5 6 R RIFCMCS-NCH R R U E
ST BAKER S AR TERE . BBtk YRR DA RSN SRR .

4.2 LR

4.2.1 BRI 55

FEE, RZBER 75-85%, KT ECEE 20-200 cp), %E Aldrich A
A]; 4-FHENERNC), LESAEFNERAR; NN-ZHCER T DCC),
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%[ Aldrich A7); N-BET ZBEKNHS), BEAERALEARMERAF; &
MBTE &K, USP 4, & X BioBasic A 7); WHEF, 2 F& 14300, &% /12 20000
U/mg, F#MH Aldrich 28); HERXAhmEsrind, EEFH.

4.2.2 THERNEBERFERERETEDR SR

(1) K& O- R EZEFECMCS)IIE B

BE P18 K. 110 g BARRFRE P A 50 mL 50%H¥ NaOH %3,
7£-18 °C TR, BVR/E A 100 mL R AR RE, EAREHUBHE: T M 100
ml & 25 g HZ MM R RBER, BmidEs KR EFARREE 25°C, 1
h AR, RIEE25°C FTAERMN 6h,. RNERE, FhBPm, i,
B Z B RtEAIaeRRRITE, EETH. AR TRERNEET
K, EEBTFKPEN 48 h (BB TFEN 14000), REHL, HEBAHT
BBIELKER 0-RPEZEB(CMCS), % 31.8%. FYMRBERE
(DS)F AR EER G, R 0.5 ¢ RFEFSER, BT 50 mL 0.1 molL
B ERBRPRAERRF, F 0.1 moVL S AIFRUE WG, 43 73CF pH 2.1 F1 pH
4.2 R BTN EEMER Vi Ve BET IR

DS =0.2034 / (1 - 0.058 4), A=(V,-V))NI W -1

o, N REEAHRERBNOYRNBIRE (moVL), W RBRPEZRIERNR
B(g). ¥ LidiEmER P AR X0.72.

(2) N-BE B i %o B 5 P EE BR RE(NC-NHS) & &

£ 40°CF, % 1.93 g (10 mmol) 4-FHEEPIERRE T 35 mL I N, N-ZHE
FBERZ(DMF)H, FEMA NHS (1.2 g, 10 mmol)F! DCC (2.1 g, 10 mmol), 7 40 °C
BRI 24 h. RNSEHERE, SERZERMEIFEY_FCER, BHREAKS
UUiE, BIMEGETTRGH DMF/ZEES S, % 752%. 'H-NMR
(DMSO-ds, ppm): 2.85 (s, 4H), 7.18 (d, 1H), 7.23 (d, 1H), 8.12 (d, 2H), 8.26 (d, 2H).

(3) 4- T R R R PR R R B (CMCS-NC) & B

# 0.4 g CMCS #F 50 mL pH 8.3 () NaHCO; %+, fEZ#E T 40 mL
- DMF, ¥—E & NC-NHS % T 10 mL DMF, 218§ nz| ti® CMCS B+,
BEEBRAEZRBNRN 72h. RNEHEE, BRESEBZEEHME 150 mL [
PSRk (THR) e, 38, B THF i EEE TR, ¥ TRENEAS
FEEFKD, THF fiE, BIMEEMA-THF k Sk ZERAEM 0T N5k
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SO Z A EERR T %, A5 40 °C EZTHE 48 he
4.2.3 JEATBRBEIB ) h) &

IEB K CMCS-NC KBEBTREURZEEA S, FF 365 nm KIEIMTT
FERA R ) RS R ZE T 48 h, MEFEXZHTKPRIE 24,
LABRX 22 RATEKII CMCS-NC, BEET# 48 h GHRE, BEANTRKBET XS
FKHRH 24 h LUAFIH K- . CMCS-NC 550 R AR A= R A Ak i 4 5l
FH Gelation efficiency ! Swelling degree k&7, THHAXWT:

Gelation efficiency (%) = (M2 x100) / M, “4-2)
Swelling degree = (M; — M) / M, 4-3)
e, My R RE TRIRER, My AR ZETKREER LRI CMCS-NC
ETRENER, M AEXZETKTRIBEIEKFEERKNER.

4.2.4 GHRIE

F A% E Nicolet A &7 Nexus 670 BEIL 2R HAT S GIE (I RAE AL
ShiER (KBr [EH); KA E Varian A 7] Mercury-Plus 300 MHz # B3t 1R
A RN "TH-NMR;  SRAALR 4T TU-1901 8 5h-77 W4 6 Y65 T i 2 A%
A Sh-A] WG, TR EREVESMT A 200 W I CFIHERIT, EHK K 365
nm, X3RK 0.9 mW/em?, WH LETERHBRER AT . XAHA Hitachi
A7) S4800 T BB MBBRRRTEE, AT UERNERERSGTRE
RRENE, 2%, UEEMERS: #aRRMERXAH TA ARES/RFS
AT BRERSE, KA 25 mm PITHIER, LREFEREEE 25°C. HFRIEH
mF AR RELETGEN, 8N REREMEITHENERDR, BEmER 1
Hz, B#EE 0.05%~300%; HHE3EMELH, ELAETENEENRA
0.5%, FRTEE 0.1~100 rad/s.

4.2.5 JEICERBEIRIN EYI R 1

# CMCS-NC K ¥TE 365 nm B AMT T OEHE 45 min, BENEBKEELESH
FKHPEH 24 h, PABRERZEEN CMCS- NC, BZETHR S hFHE. BT
BCE T 10 mL 4 mg/mL ¥ A PBS ¥ (pH 7.4, B HEH 0.1% NaN3),
fE 37 °C MIERIRGKETHITME. F5 10 REGEER, FAEE Kot
B, ZRTH S hEHRE, BRERETHHNEER PBS Bl P HTH®.
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PR BRI B B P AT B MR ERAL, FEHIRE (Massloss) A TRIH:
Mass loss = (Wy— W)x100 / Wy 4-4)
K, wo REBRERNVIGRE, W B tNATREKERARE.

4.2.6 ZZYHRAEEIEEEHIRRPTR

¥ —ERERICMCS-NCKHER 5 MM B R NKFRRSHS, EHRF
FIEENSEN20 mg/g, BAERA365 nmiIESMT FHIHA5 min, BERAL
AR RORBRR.

(1) FEERHEMENLH: BRI —RIIRERFMEEER(, 2,4, 8, 16,32
pg/mL), FHEAM-TT WA e A E 481 nm AEHIBOLEE, F—HE M= IKECE
WA, DR ABAR, TGRSR HERIZR, #l& AN A=0.02439
x C+0.00524 (A AN, CHPIBHEERKE, R=0.99998).

(2) BGRRHIESIEWERBUT A

FIE 20 AR F N 10 mL PBSZEMH¥AM(pH 7.4, 0.01 moVL), 7E37 °CHYER
WHKEFETEHYRER. SRR ERE1 mLBEBRR, ReFEHEE R
HIFT R E R, DR RERAZ. B AR BRE48] nmib#iil
WOLEE, MEREME T EARNRFEZNERPBERHLHEE, BEdsRU
BRBRERTR.

43 GR51HE

4.3.1 THERERERPERTEENTEDNESRERIE

WA 4-1 PR, i =5 R A B L 4-T 5 P EERR A I ZE f /K B v ST R BB AT
Y. BN TRBITR P RS, BRBEE-18 °C THANE, HER
IRAREET (25 COBTRFEMRY, DGIERFRME O TP, Py
BEEONE, THITEKENR O-RPELZRBECMCS). REFA NHS Xt
4-THEE AR T RERTEL, BEERRNMIAZRFECZRENTR L,
B R ARG LRGSR, SRAARNERSBNRFERREGTED,
SRFFE AT R Sk ) 52 P EERR AU HUARBE(100 AMBERR BT LB 28 B R EERR 2
50 RARMEWT : MERAC I & — R 5 4-BIZ W ERR ) DMF #1981, 2.5, 5,7.5,
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10, 15 pg/mL), FIESA] W4 663 ACRIE 311 nm EMBOLE, B 4-THERN
R EE/REEREHN 1.93 x 10°L - mol - cm™, HIriRIEP R, dititE
RPETREEMTEY D EREANBAERE 4-1). BTFHSH CMCS-NC-0.6
PREREANSERE, FERMERT, HARRMHERE.

El4-25CMCS M1 CMCS-NC-11fIFT-IRi% & . MEHTTLAFEH, CMCSH
1662 e 4k 4 BERRI R4S AE R0, 1602711415 om™ 3R BE e 45 45 5 W i e,
1325 HC-NHZEIRZITAMEE, 1070 co™ HC-OMAE RN M. 5CMCSi%E 4
Eb, CMCS-NC-11#JIRi% B H1662 cm™ &b TR Wi 1838, 1500F11400 cm™ &b 4L
B 55 TR b Ay AR ER BORFTE RO b, IX R AR F R AR B P MR 54-HENER
FEIRERMNAER T BiR.

l4-3 3CMCSHICMCS-NC-11 /" H-NMRZ B . BB R, CMCSH61.95
ARPETRECBEEPRENRTE, §2.60% 50KEHENCHFHTFIE
B3, §3.1~4.0 9 BEFRHCs, Co, CSRICHIR T8, 54.35 RPN FEM AT
#; CMCS-NCi¥E AT AERERMNATFIE, 66.72M7.53 W LK AT
%, 57.71H18.14 %K LR, RPNEREFALEIRPESEE TS
L.

Table 4-1 Synthesis of CMCS-NC with different DS of the cinnamate moiety

samples CMCS(g) NC-NHS(g) DSofcinnamate®  Yield (%)
CMCS-NC-0.6 0.400 0.105 0.6 81.4
CMCS-NC-2 0.400 0.150 1.9 71.2
CMCS-NC-11 0.400 0.240 11.2 65.5

* cinnamate groups per 100 sugar residues of CMCS determined by UV-vis spectroscopy
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(1)Preparation of carboxymethylated chitosan (CMCS)

+
OCH,COONa OH

CICH,COOH /&/
HO. HO O/
NaOH /NH H,

O=C\CH3

CH3

Chitosan CMCS

(2)Preparation of NHS-activated nitrocinnamate (NHS-NC)

0 0
DCC 0 0,
HOOC DMF
s}

NHS NC NHS-NC

(3)Conjugation of CMCS with NHS-NC

OCH,COONa* OH
NaHCO;
o s + NHS-NC —-
NH HO i 0 DMF
o=
CHy OCH,COO'Na* OH
CMCS
HO %ho
NH H
o=< l
_C
CMCS-NC

Figure 4-1A three-step reaction strategy for the preparation of water-soluble chitosan derivative

(CMCS-NC) containing nitrocinnamate moiety
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Figure 4-2 FT-IR spectra of CMCS and its conjugate (CMCS-NC-11) sample (KBr pellets)

CMCS-NC

CMCS

Chemical shift (ppm)

Figure 4-3 'H-NMR of CMCS and its conjugate (CMCS-NC-11) (D,0, 25 °C)
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4.3.2 ABRBR & 5 RIE

PIEERR EE R 076365 nm B SN T AT R AR Z R RN BRI T ks
#. B, RIACMCS-NCHHWHEREEENE -RRN, wIHl&ETHRAR
FERFEREKERB (M 4-4). AV RIM-7] WA R T CMCS-NCH R
e RATBE R, WE4-SPR. HETR, E£5MEHAT, CMCS-NCH WA
BREERAE314 nmAb HBRE KRIE; 24365 nmft) K 5P % BCMCS-NCH#I
BEE R —RRMARE, WEREEENRICHETMEEERNRBENERERE.
FeH20 s, HBEEE TR TE16%, BATHEM314 nmiEH F309 nm, X
BRZS2T I 58 T 8B A

(a) Intermolecular cycloaddition formation

CMCS-NC molecule

Ne
CHOCH,CO0- e W ot\
ro. NOz []
b @m ,
T
- i
)

L i—;. m/\/O UV irradiation
[o]

) Q\/\ @‘—g 365 nm . /. L;’; g

/
CMCS-NC molecule Cyclobutane ring

(b) Network structure formation

NC group
Y
w UV irradiation
% 365 nm

N
CMCS chaln Crossiinking point

Figure 4-4 A possible mechanism for the photogelation of aqueous CMCS-NC solution
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Figure 4-5 UV-vis absorbance of aqueous CMCS-NC-11 solution with a concentration of 0.24
mg/mL during UV irradiation at 4 = 365 nm (irradiation time, 0-1200 s)

4.3.3 JEATERER IR Ak 1k R

—SEWR Y CMCS-NC KR 7E 365 nm RSB T REXR_BERN, B
BB A £ BT /KPR RN CMCS-NC, R4FHTRRERSX
FEHT CMCS-NC JRE Z LURR A BRI =2, W 4-6 Fin. BELRNBENEK, #
=g, LeREEE 45 min 5, BRFFEENBEEERSE. XEFE A
KA AN, FEMRNEREARENR_BERN, SHEF=REM; LR
B} [A]IA %) 45 min B, CMCS-NC P REHAEREARE T R _BRMN, J4E5E
KICHAta], AR BRI, M 4-6 BT LIEH, FEE CMCS-NC H
EEMEABCE B 2 AR 11 8, BRF=FEEMM; TRERERERRA
BEARZE, CMCS-NC-11 #RE i 5% K3 7%, K™ E2B UK.

B 4-7 5 T ARBEREZ B FKPE B FERK 5 R. HERTTR,
Bt & . FR B[R] ZE 4 - CMCS-NC o P B RR A BT U AC B 3 K L & CMCS-NC-11 ¥R B
W, PFrEKERKEKE TR, X0l4eR gtk rA K E M ms R .
4-8 HERMAH R, NERTTUESY, EMARKRET(%), HERERR
HREREK CMCS-NC-11 BERHLEHREAD; MREFNEREARRESRE,
CMCS-NC-11 ¥R i 5% K E] 7%0F, BRHI MK 4R RREmBE.
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Figure 4-6 The gelation efficiency as a function of irradiation time, concentration and DS of
cinnamate for aqueous solutions of CMCS-NC samples upon exposure to 365 nm irradiation
in the absence of photoinitiator
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Figure 4-7 The swelling degree as a function of irradiation time, concentration and DS of
cinnamate for the hydrogels formed from aqueous solutions of CMCS-NC samples upon
exposure to 365 nm irradiation in the absence of photoinitiator

-
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Figure 4-8 SEM images of three CMCS-NC hydrogels obtained upon 45 min UV irradiation for
CMCS-NC-2, 5% (a), CMCS-NC-11, 5% (b), and CMCS-NC-11, 7% (c)

434 A BB FA A

# CMCS-NC K#HAE 365 nm EIMT TR 45 min, BT R FTEK
BRI SR AT RIE . B 4-9 5 CMCS-NC-11 K#H 5 H AR K BB
shAEMFERM L LB E R B % F CMCS-NC K##, MR XT3
AR, RUEBHER. TOEHK BRI MR IX ] Py (8 8 LB K 0.5%),
WA 4-10 Fi7n, BEE CMCS-NC P REREHADEY K, KERKMHEEE
B S 7024 CMCS-NC-11 3K i1 5% E] 7%0F, FrEKER e
RS HEmM: H=FoKBRISRA A BRARKRENE, EHRHBERITA.
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Figure 4-9 Dynamic storage and loss moduli of 5.0% aqueous CMCS-NC-11 solution before and
after UV irradiation (365 nm, 45 min, room temperature) in the absence of photoinitiator and
corresponding optical photos for their sol and gel states
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Figure 4-10 Storage modulus as a function of frequency for three CMCS-NC hydrogels

4.3.5 JERTIHRAR B H A0 5 A

Tomihata 2 AP*HRIEFR B RIS HMEM, BMEXEREE LB %
KU RERBERTEYKEERE M, TRENREERGMN. ERL8H, B
8T A RIATHRT B I EATHOR B R R R K B v B BB WP IO B e,
WA 4-11 fisn, BEE CMCS-NC F RHERERRAEE X, P&k CMCS-NC-11
W, PTR/KERR AR BN, EREESEEA SRR, SHER
HETHE. NEPRITTLUES, MR PR RE KB R R 518,
TEBMER T AR 60 K, JREHAKZEN 30%~50%, E L Amsden % \PHRiE
M2 R ARREEREEA R P RIEFEEEK.
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Figure 4-11 In vitro biodegradation of three CMCS-NC hydrogels in 4 mg/mL lysozyme solution
of pH 7.4 at 37°C

4.3.6 FBBER I YRR

BI85 Z (DOX) R —FhATT BB ME R, ERFMHIEEE MR,
OEFEHSRERC). BNERESHMBERIREY LD, RE AR
EYIRRCA, BRPANE R kb, B AR EEIRE, TTREME R AL
MERIEH. £XLED, BRIEMERERS CMCS-NC BRIES, TEEIME
BT, MERRMAET] CMCS-NC Bd. E 4-12 4H T OEMBEATEK
TKERREAE 37 C T MRSMERIBBUT A - NEHRTTLLE S, 2B AT (0~1.5
h), RERZHE, WUANBHKEROZVBEBELNE 20%L4. EXIHE,
—JTH, BRI DOX BREY BEIRBANIF; 5—HE, —#5% DOX
Bk [ R CMCS-NC MR ¥ th BB I Bih . SRR )it 1.5 h )5,
HYBRBGHEANEEN B, HBE#H CMCSNC THREBREARMAER LK, UK
CMCS-NC-11 WEHm, BRNBEHERBEEE, LR DLE 4-8),
B ZBARSY BEIBESN S, SBUKRRNBHERSRERUBRAENRE
/N BIEIRBE N 5% CMCS-NC-11 R BREERL B A BRI 4 mg/mL H%
WESET, T EERNER B RN ERIER, BKERNBEAERSRARBRE
HENNEEM. A THRMERNBHEYIE, #id Peppas 2 X ZWRIK
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WEBPRIEE, H o EYE 05 A£G, FMERNBEBYLHIET Fickian ¥ &,
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IR P I 4 mg/mL RS EHEER, BT REBERRRERNMRHIER,
&£ n EEKRZE 0.72, WY FRIRREEZEE R MPLERS.
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Figure 4-12 In-vitro release profiles of DOX from the photocrosslinked CMCS-NC hydrogels in a
pH 7.4 phosphate-buffered saline at 37 °C

Table 4-2 Release characteristics of DOX from the the CMCS-NC hydrogels (pH 7.4, 37 °C)

samples concentration lysozyme n R
CMCS-NC-11 5% 4 mg/mL 0.72 0.985
CMCS-NC-2 5% - 0.53 0.987
CMCS-NC-11 5% - 0.45 0.986
CMCS-NC-11 7% - 0.44 0.989
44 G

) BE=FPRNERT U +-HERNERINENKBERREETED
(CMCS-NC), FT-IR Al 'H-NMR IFSCTHENEREZFIRPEZTREAD) T
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CMCS-NC = Py EERRBEEEEUAUBE RS O, BT 78 7K Bk B 19 - 16 4 O P52 1 A ) P
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(3) UFM BRI E R R, EXRSIMATIRFNEGT,
IR T ZAK BB R £ R B 3 6 R A L8 5 RS IR TRUAT 0, SRR
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BEEYBARNERRE, BAREYRF FADAREER. BXLE5ERH
BEHREHEE, HHKRERREIFRE, DRAAER. BT, XSEZEPYREL
ES ABBEGET R AN TR, BRAYLENRE, TRERY, BE
MRS 2, JaiT SRR A, Bk, MRS ARSI EDEEIE
KHEFM, RARBRAGYHA RN —TREER TR,

BEARKSTFHDERETESYERY, FHEEL BREN 228K
pPHEI W, HAEEEIIZBEAIZR, T—EREMRFHEYEEIFEKILE
Y, AREHTRAERMERR. REAFEN. RMBIESRA, TR
KEBRREEDS FRENE, B4 TH &R EEYEES T RAKEEES.

AT EAREYKR S FAHYERBAERCTRE KGR, KB FEERR
RO 4} A& B TR IEATERK BRI R AR & 4 TR AT BRK B - ZE 63T HRK
BRI EIF LR, WE R RCRE R K 47 8K i TR 4% BRI T XY
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Pk B R WP E) R EREERTEY%. Dadsetan ZCIAR Z B REREN
Rk, EXSIRANEET, EATHREMAERENR. ERTRLZ-E
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MR B RE ARSI EFAER. Lu"ShH0E T AR RE Z — Bk A
FRABEEERE. HRXEMZSRITEESR & RFNEDERE, XN
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58 BRaFRKEBARL, RATFTERATBOKEREE LES FES
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FENGRAKHMERNSIANE, BF5F0EEOBRRES, XK
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Irgacure 2959 AXBIRF), WHFENGREREREEFREARES, 7365
nm KPESMERTRE, B4 REAM. BidaEta R fam MIT
LRRR, BEANAETARBREERERRTHFREARREE — L PiEtt.
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SIRFATREFEIEAREYAD TREBBEREMSBEOREY KDY TR
FEED, HE, AEARIET R A TR R ARG & EHRRA
BT RAKEERE, ERAEYEF TEMHSERN—REZRE.

EAERD, RINUAH RFEYERRNEYHERR SRR N ZERR
Bl ART S 4-ME AR SEERATEY(Amy-NC), EEIMIATIR
PRI 4T 6 E TR SRR KB . TR T Amy-NC ¥ R BERIESH
JERRR (R BT R K AR AR YL B 0 RE A RSN A YRR P R e s DAY
WEARAREY KD TEEGY, EX/IMAETIRFNOERST, AT ZEL
AZ IR 7K R 5 o ¥ o g O S L 5 4 BURE A, B9 T &R B SRR R =
FG R EDEE.

5.2 LRSS

5.2.1 E¥R5RAF]

TR, FRRTIHRSH; 4 HERER, LESARFEFRAF;
NN-ZHEEK T EDCC). 4-—FEEMIE(DMAP). HIKE. BHHEBOT
B4 14300, E§iES> 20000 U/mg), XM Sigma AF]; o-WEME, BE>50
U/mg, Fluka A7; ZHREEHDMS0), 4dl, S MLERA, B4 A5
FREE—ARER; LERRYATEIE, HEEER.

5.2.2 SCHETER-N A WEREB YIRS K

£ 90°C T, % 2.50 g XEEHE T 50 mL T DMSO, RJ5R#EZE 40 °C,
#MA DCC (0.62 g, 3 mmol)F1 DMAP (0.18 g, 1.50 mmol), Bi¥EEM#EE, # 4-TH%
PR (0.58 g, 3 mmol) ¥ T 25 mL DMSO, #inZE| LR Z#EMEHR T, BE
YEIRAE 40 °C IR R BY 24 he RISEHESE, R ZUTRY), K ugBOE iz
6 fEERM Z B, TEE RN 2B R Z G E T 66
TIARB) A EERR IR, SR)5 40 °C EE T 48 h, 7K 65% . FIESMEIEER
B EER - HERERESYP, § 100 MEF LS ENHEERNEREEE
HEH 1.6,
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5.2.3 JEATHREERE ] %

%R Amy-NC KBRS 2 22 ¥ (PBS, 0.01 mol/L, pH 7.4) TR IR Z5%
BAS, BT 365nm #R5MT TRARARN R, KREHRKBKAEZETFK
PR 24 h, UUBREERTEK Amy-NC, BEHE TR 48 h FHRE, BRKTE
BT E T PBS Zryr kR 24 h LUATIE K T4 . Amy-NC B P45 % Kk
& Al Swelling degree ¥R, HHEHARN:

Swelling degree = (Wwet — Wary) / Wary (5-1)
Hp, Way AAZBETFKEBEHRERZEKH Amy-NC FTRIRNER, W HE
ZMBERPRAEIGKPEERKRNER.

5.2.4 EWRIE

K Fi3 E Nicolet 24 5 7= Nexus 670 B2 28 e 4T 401 (00 B R AL
AL E(KBr EF); KA E Varian 24 87 Mercury-Plus 300 MHz # B3 #=AX
WERFEN THANMR; FAILFEHT TU-1901 264077 WA 6B T R B R AR
R0 WG, FTFRIMNEREEIT N ZF-6 = ERNEHMT BiKH
365 nm, Y634 0.6 mW/em®. S H A Hitachi 2 8] $4800 3348 T B M M
BIREEEA, ATUROEREMAGTRERARERY, 5848 U8R
WA BERRMARAR A TA ARES/RFS B&T BAREES%, ¥A 25 mm
FITRFER, TRBFEEELE2S °Co IRERSMHBRAELEERR, &
SeXTER R kAT Bh AN R, BEeMER 1.0 Hz, AMTER 0.05%~350%:;
HRNsEIAMERRE, FRUEEANBEENER 1%, FRTEH 0.1~100 Hz.

5.2.5 WS

Shih % AMF 1990 R T HREER, HEB AN E b AH
FHERITERA IR E BT BB BTG B BB B 1 7 A R R ER R 2 a1
FER D REXPFE AT, PR AR AR R T 5 h ik
HSSEEAM . HREZ R FIERRTE R WS 10, ERE TRk
RIgR; SREAABKERNEERKS N, ARNETHERTER. Rk
SR B (9t FR T 7 VR 2 AL ) MR AR B (G R M AR PR B 22 ML (o) S RLF AR S
B(pFELUTRAZ:

G’ ~ ¢(d+X)/(d-Df) (5-2)
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yo~ g HIEDD (5-3)
Hev, d RREJVTERCERRT d=3); DiREFNSTEL; x REANE
WATES, x FEUETEER 1.0 3 1.3 2. FEEERR BRI 2T X%
}?\: .

G'~ ¢(4-2)/(d-00 (5-4)

yo~ 9P (5-5)

HIKTEBE R B HEI T KR yo BEE Y FUVR BE A 18 In i 459 o 050
AR T IR R R T yo BEAE YR 5 A9 38 i A B U8 T3 e
",

SR, Shih B8 2B R T BRRIR KIS L, 7ERFMEF RN F7ER A RE4A
HRIFIIARRE. TREEMWER E, Wu I Morbidelli" T 2001 sE¥ % b #t—5
KR, AR (e e [0, 1) RS FRIFISF P BRI TR
BRI TXFF R AR EEM IR A R ARG SE . B oM
RAOFRERANDAER) PR EHET 0; MESFHERRO THEA
HAEDNHRAEERET 1 ELTHES, ZBAEEOM 1 ZE. Wu R
Morbidelli A M FERIER W T

G' ~ 4P (5-6)
Yo~ (d-5-1(d-Df) -7
B=d-2)+2+x)(1-0) -8

e, dHREJUATERCHEERT ¢=3); DIRSTEY; 8B L5 a Al x H
K a BREMHBHEERO <a<1); x BERYE AN TEELR1 <x<Dp. DM
B LA GH yo 5t o EEEH Y. FIASEK g X BESHERNIBREE
[LI3DATLAE XY o FIEE, FULA T B i R B HE TR R .

5.2.6 JEATHREEIR KW FE A 1

# Amy-NC [ PBS ¥ ¥7E 365 nm HIESMT TR, BRIMBKREZE FK
thigil 24 h, DABRERTEN Amy-NC, HEETH 48 hGHRE. BTHKE
F 5 mL 2 pg/mL o-{EHE PBS ¥ (pH 7.4), 75 37 °C HEIR AR F 31T B
B —sE B fa R R, PR B FKrPeeiie, ZBTIE 48 h FHRE, BIRKR
BT HEMo-TE NN PBS BT ER. B MERITEHNEETWN,
HEEHIRE(Weight loss) H TR+

Weight loss (%) = (Wo— W) x 100/ W, (5-9)
Heh, Wo RERHERIVIGRE, W& t N2 TFREERERNRE.
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5.2.7 WHEEKRAOLEE SRR

H— R EAmy-NCHIPBSH M S BIBE NPBSI IR 6195, EHERTH
BRI N2 mg/mL, BAEHAE36S nmf EIMT T BB . MERE
BB ARSI K BB N A\ 20 mL PBSZR ¥, 2E37 *CRITE IR IR K h 4T
YRR, TR E N B 4 mUBER, R R SR A RARR OB 6 R i v,
DARBRARMAERAE. Bid% Dk e R aaBn s ],
N &ERUBRBHERTR.

(1) AHERIRUE &I H)
1) EREAZ DHREG-250MEH]: #100 mg® S HZEG-250%T50 mL
95%HI Z.BEH, 100 mL 85% (w/v)KIBERR, B HZEME/KEAZ1000 mL.

2) HERGECHI— R IR E Y ERE PBS WK 10, 20, 40, 60, 80, 100 pg/mL.

3) [ 10 mL HZERET WA 5 mL M5 DR EEEA | mL MEHEBRER,
HABEFRBARBEZRRESYS, BE 5 min GRS
€ 595 nm AEKIBOCEE, Rl—FEMFATMERBORISE, DLIRBEABALR,
WL PR FIARAE R, BIA AR A=6.4811 x C+0.04748 (A h
BORRE, C MISEMIIRE, R=0.9989).

) B—faiksk

KRR _—figkJ-810H — Ak, HA JASCOA RN ERHEE _ %
IR, FEAMHTFE#260~200 nmiE H A FE#GES, F#EZES0 n/min,
HIEHEL nm, SIKIEHFECEE. PBSEMERIEBRASELMAH, FATR
2k .

(3) WHESHIIRICT

WHES R E R 5% KA Shimadzu RF-5301 %64 R EHME, BEK
BA Aex=295 nm, FHFEAKTEE A= 300~450 nm, FEICHK S ARk LES
WEN 5.0 nm, &EFHBBEREEHITE 25 °C.

4 BHEBEENE

CABAEREE R, FIREERERZE S #(pH 6.24, 0.1 mol/L)AC B BRI ¥R,
fEHAE 450 nm SRR EEEE 1.3 £4. KRB 2.5 mL MEREE®R, WA
F1lemMAELEBILF, HEZE25°C, BFMA 0.5 mL KEEEREEBERER
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B BXHEMHERYSEREYS, B UV-vis 266 E T E R BEE 450 nom T
Tt R (B A Rl AR AL . ARG BRI (/R B, HR M AR AREEREHE
P, DUFRECHIR SRR Y HIRS PBS WA ARAE, 104 100%4 M5, B
TBCHB ¥ B R TS YE R M TS HE SR R, ARRHE YR 4 B OB O B 15 1 S B e v
EEETERHE. BB PR AR % D ik E .

53 R 51

5.3.1 ZEERR-XHENEREE YNGR SR

TR - N ERERY(Any-NC) K& RELmE s-1 Fix, U
DMSO A¥ 7, FIH DCC/DMAP iEX IR RERTIIRE, ¥ NERERS]
AR XM RS T L. B ESE%ETBAAE Amy-NC F, 4§ 100 M
®EEEMHEREREELSE N 1.6,

FI5-20 X M A1 Amy-NCHIIREZ B . Amy-NCi% B _EA{UB I T B A94F
AERMCE(1710 cm™), T EHBL T P BREE ] o K2R B RRAE R (1520 cm™),
RPN R AERER B XEERAY T L. Amy-NCHI'H-NMRi¥% &+ 31
T NERRE R R P Es-3), HF56.687.96 48X LR TFig, 5§7.738
8.18 0K LR T e, "H-NMRAHTE—HIEE T Amy-NCHIL L5
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Figure 5-1 Synthetic scheme of water-soluble amylopectin derivative (Amy-NC) containing

nitrocinnamate moiety
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native amylopectin

4000 3200 2400 - 1600 800

Wavenumber (cm™)

Figure 5-2 FT-IR spectra of native amylopectin and its conjugate samples (KBr pellets)

Amy-NC
dbc

A,

amylopectin

Ll oy T v T v

8 6 4 2
Chemical shift (ppm)

Figure 5-3 "TH-NMR of native amylopectin and its conjugate (DMSO-d6, 25 °C)
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5.3.2 AATBRER I Bl % 5 RIE

BT WX S WEAERIEEDTEDNER, EXIMETIRAK%
TR &R S R KBRS . i 2 A - AT WG B T Amy-NCH
WMEANEBREENR-RRNIRE, WES-4fR. BETR, ERICHE,
Amy-NCH W HREHE 6310 nmib B KR {li; %365 nmif RS bR
CMCS-NCH##iit, BEEX-RRNKRE, AERRRENTOLETMRAEXR
WA BRAERB. YIE1800 sif, FRLEE TR TE36%, BABIEMN310
nmiEH FE296 nm., :

Amy-NCH P = R R 5 7 5 A TR0 K Ak ) R Y6 P R A (A310) T R R L AT BER
RREED), HXBEMEARDT:

D (%) = [(4310)0 — (A310)] % 100/ (4310)0 (5-10)
He, DRNEREEERITERE, (431000M(4310)5) H1 870 BTG N E R B
7310 nmib ARG REE. ElS-5275 T Amy-NC PBSYHTE3 10 nmiEHIWER b RE 3T
R A BB () AR 4k, BRI, SRR E]EEIE600 s/5, Amy-NC PBSY¥KTE
310 nmfE IR EBAK, RFPERERENE_REZLS: HEHEI1800s
JEHIRTBRE A38%, X ERERENL R RNEERK, RRATRET—
o WHERBE R LR LRI RS SR R RH.

15
irradiation time:
0 s
20
40
g 1.0 60
®© 120
2 300
3 600
2 05 1200
< 1800
0.04+—

250 300 350 400 450
Wavelength (nm)

Figure 5-4 UV-vis absorbance of Amy-NC PBS solution with a concentration of 1 mg/mL during
UV irradiation at A = 365 nm (irradiation time, 0-1800 s)
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Figure 5-5 Plots of the absorbance (4310) at 310 nm and cross-linking degree (D%) of Amy-NC

against the irradiation time during photodimerization

5.3.3 JATBRBER ¥ A A R

Bl 5-6 FIfE 5-7 43 Bl T BE S IR [a] &2 Amy-NC ¥ #R EERAL, JEATHK
BEAE PBS WP IAEIFE IR B Ol hE W, BEECREIER, U
B Amy-NC #WREIK, P FEasmE TR, X6 tKRAR A
RERE TR . B 5-8 MMM EEE, hETR, B R E
K (& a, b, c), LK Amy-NC FHBREHIEK(E d, a, ¢), Amy-NC KERZHI AL
B, BRAHEBENMBEH.
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Figure 5-6 The swelling degree as a function of irradiation time for the hydrogels formed from
10% w/v PBS solutions of Amy-NC samples upon exposure to 365 nm irradiation in the absence

of photoinitiator
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Figure 5-7 The swelling degree as a function of Amy-NC concentrations for the hydrogels formed
from PBS solutions of Amy-NC samples upon exposure to 365 nm irradiation for 20 min in the

absence of photoinitiator
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@ (e)

Figure 5-8 SEM photos of Amy-NC hydrogels obtained upon UV irradiation for 5 min (a), 20 min
(b), 50 min (¢) with 10 w/v% concentration, and upon 20 min UV irradiation at a concentration of
5 wiv% (d), 15 wiv% (e)

5.3.4 JERHRER IR AR AR

# Amy-NC PBS ##7E 365 nm BIEHMT T J6HEA [ o [0) 73 26 28 K %k
B, BRI A KB R TRAE. B 59 4 Amy-NC K¥E#
563 BK R s AME LR g LB E B T Amy-NC PBS %,
HHHERGHRTHEEER(G), KRB MK B KRR
X N(EENAER 1%), HAMERK TSGR, HXH BOMmRKET,
B BRIT .

5-10 IR T LA )% Amy-NC BEBRS PRI R W, BEEM (] 18 A,
Fria/KEERmfERE RIS . B 5-11 Rl THER 10 Hz Y, BEERMAEAEEER
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SRR RRAERL, AERTLIES, KB EM S min ¥z
50 min, FrEEIRMMERE BRI K T HREE, YRS EERIN B W NAT
A, H GH GRHKBS, FilR LR BT 10 min 5, #EEESH
FEMRB I Z IR K, RYIBELR N EE K, BERIRE K 2ok R i 20 min
Ja, BRI GINIEE L.

Amy-NC BEBOREXT B s B S e E R B 5-12 M 5-13 By
~. MEIFAILLEH, Amy-NCEBIKREM 5 wivss EFH3] 20 wv%Bt, Bk
B GBIRT G", WHBREBERRAHMEMMNIT N, 3 BEE Amy-NC ##
WERIEKR, G'E5 G'HZEBRER(E 5-13). 5T % KRR E K mAE L,
Amy-NC HHIRBEXMBRRRE M YHEKX, KR FHE Amy-NC BBk
m, HEARANRERERS BN, BB ANE, SERRRNTREMRIfERE
Z3m.

AT HE— P E BB RMEIER, MAmy-NC/KEHEIT T3]
ANAERR. ES-140Amy-NCEER F3 RN ek, BEENZMIEmM, 7
—RINREVWRE T HBERNBEEE I EEE TRMGEE, HE
YRR T & 1 RS Yl BT X R MR AR (8 5 SO B RS YR B X s 2R (). AR
J5 P18 2 i B PR A P 65 18R 8 0K 4 ARG 380 X3 2 25 £ 4 31 %o Amy-NCR &
TR EAEE, 4RmES-15R. AESRATLUEER, BEEAmy-NCRERHM,
AR R S BB IN, T B R 2k Mok 580 DX 5 R AR AE 2 B P A 4 TR P BT
ZERLA 5 Fl WuRMorbide i BT b 38, FEAR(S-6)RI(S-T)HEAT HHE /8 1
DBy B R1.86712.31. RIEAARG-8)IHHEBRMMBMME R Ka, YUx=1/
0=0.56; Hx=1.381a=0.60. [KI}tT D] Bt BT L 3R 3h 1 2 4 F M F B
MYER I ERITARE, BT B AR,
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Figure 5-9 Dynamic storage (G') and loss moduli (G") of 10 w/v% aqueous Amy-NC solution

before and after UV irradiation (365 nm, 20 min, room temperature) in the absence of
photoinitiator and corresponding optical photos for their sol and gel states
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Figure 5-10 The frequency dependence of G’ for the photo crosslinking hydrogels with different
irradiation time. Hydrogels were prepared from 10 w/v% Amy-NC PBS solutions (1% strain)
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Figure 5-11 Effects of UV irradiation time on the G’ and G” for the photo crosslinking hydrogels
prepared from 10 w/v% Amy-NC PBS solutions (10 Hz, 1% strain)
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Figure 5-12 The frequency dependence of G’ for the photo crosslinking hydrogels with different

Amy-NC concentrations. Hydrogels were prepared from Amy-NC PBS solutions upon UV

irradiation for 20 min (1% strain)
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Figure 5-13 Effects of Amy-NC concentration on the G’ and G” for the photo crosslinking
hydrogels prepared from Amy-NC PBS solutions upon UV irradiation for 20 min (10 Hz, 1%
strain)
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Figure 5-14 The strain dependence of elastic modulus (G") for the photo crosslinking hydrogels
with different Amy-NC concentration. Hydrogels were prepared from Amy-NC PBS solutions
upon UV irradiation for 20 min (1.0 Hz)
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Figure 5-15 Double-logarithmic plots of the maximum elastic modulus (G,") and the critical strain

(7o) versus Amy-NC concentration for the photo crosslinking hydrogels

5.3.5 JEATIEREE A Y REAR T

FHER TR o- TN ERR, XEERN o1 4-BEREDN, MEAESE
B RAE B 5-16 FE 5-17 4 T e RB BRI B KB B 7E o- SE ¥ 5 PBS
EP PR L. BT, KRB E KR a- TN BT,
B REBWIR, 12 h GERRERRE®R TS, B Amy-NC KER R4 i# M
BEEERMEEL, BECREEZEK, U& Amy-NC KEREK, HLTBK
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Figure 5-16 In-vitro biodegradation as a function of irradiation time for the hydrogels formed from
10 w/v% PBS solutions of Amy-NC samples upon exposure to 365 nm irradiation in 2 pg/mL
a-amylase PBS solution of pH 7.4 at 37 °C
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Figure 5-17 In-vitro biodegradation as a function of Amy-NC concentrations for the hydrogels
formed from PBS solutions of Amy-NC samples upon exposure to 365 nm irradiation for 20 min

in 2 pg/mL a-amylase PBS solution of pH 7.4 at 37 °C
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5.3.6 HXBBRIE B RHT

DOARE A B AREYR TERRAY), EXIMAESIZFNFET, R
© Amy-NCHEATBRKEE e xt v PR R ) R AL 3 S5 B IR . AN KT B A RIS
MRS e —E W, BRI Rl R SR — AIEE R T Kk
BRI RT B E RSN . R340 nmA G M RIRFOLER B T
HM(Trp)7 %, EHRMTp FOLNHMAEMBBRER, TRRSEAR
HE SRR, 2 mg/mL Y HEFPBSH AL ZSMEHS5~50 minf5,
BB Z20.1 mg/mLBHTRICIR, WES-18FR. HETR, 4%4%ES50 min
J&, BWHEEBNTOLEERFHERNZL, W KAERMEA LB EEBISH
BEAZKZW. ES5-198EEEEPBSHRAER /ML S5~50 min/g KE — i E
(CDHl), HE®TR, HE/ERS0min/E, HFHENCDIEREHENEH, IF
BHKRERR RIS EBN SR E R B REmW.
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Figure 5-18 Fluorescence spectra of lysozyme PBS solutions subjected to low energy UV
irradiation (intensity 0.6 mW/cm? at 365 nm) for up to 50 min

114



K FEF AL

0.0
D
E 6
T -5.0x10" 1
Ng ——0 min
% ----5 min
T Y o R 10 min
240104\ A~ |77 20 min
w e 30 min
s !l N/ | 50 min
=
-1.5x10’ . . ——————
200 210 220 230 240 250 260

Wavelength (nm)

Figure 5-19 Circular dichroism spectra of lysozyme PBS solutions subjected to low energy UV

irradiation (intensity 0.6 mW/cm’at 365 nm) for up to 50 min

5-20 F15-21 45 7 Amy-NC BJBARRTE 37 °C &4 TV AREMASMEIK
thek. HETLLEL, ARDEBNREMARRER Amy-NC KEEST S HEEH
HF—EMNEBRR, £ 48h ARERN, BEXVENVIBSBRNS. BHE LR
A A SE A (B 5-20)BA B2 Amy-NC KRB BB A (B 5-21), Bl ERIIAC IR 48 454
BERERBHENE 5-8), WHBBAES YT BEIRKINE, FPEEBORE
HOEE S BRZBBBRELREAD. I THABEHBIBREAIE, @ik Peppas 5
B BR LTRSS, HHBANY B n WK 5-1. BEHAHEN
Amy-NC /K& 7E PBS ZEMP B, H n HI57E 045 £, HHABERE
KIBBHLER T Fickian ¥ 8, A94 FHRRRREL 4 F¥ BERM.
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Figure 5-20 Effects of UV irradiation time on lysozyme release from 10 w/v% Amy-NC hydrogels
(PBS, pH 7.4, 37 °C)
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Figure 5-21 Effects of Amy-NC concentration on lysozyme release from Amy-NC hydrogels
obtained from 20 min UV exposure (PBS, pH 7.4, 37 °C)
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Table 5-1 Release characteristics of lysozyme from the the Amy-NC hydrogels (pH 7.4, 37 °C)

irradiation time  concentration

Samples (enin) (Wiv%) n R
Amy-NC-1 5 10 0.46 0.987
Amy-NC-2 10 10 0.45 0.991
Amy-NC-3 20 10 0.42 0.989
Amy-NC-4 30 10 0.44 0.996
Amy-NC-5 50 10 0.45 0.993
Amy-NC-6 20 5 0.46 0.992
Amy-NC-7 20 15 0.44 0.989
Amy-NC-8 20 20 0.45 0.986

BARKA THYBEERRAXBERREARKS FREDEE, BT
HERAHMSBREAR _HEMRETUREARRENEZRRE. B 522 4
HT AR Amy-NC ERBBURF R EBNRE — A% -, N TARERE L&
R Amy-NC B2, 324 h BEHOR-F ¥ B0 CD i E7E 207 nm A1 222
nm FHEFFEB BRI FAKEH, KRB ENEHEES PBS BREAHEX
B, B 24 h BEBRFHEEBNRFLERTH_HER; AR—EK
(Amy-NC-3)ZE A i (R BE A M A A T B CD 2Rk E (I 5-23), H_KH%
EEmEnEin CD EEALBREAENTH, FRERACEEENEEE
R A AR R E AR .

WHEE A YEEAT LB S MR E B A LR A R EN A E &
AR 450 nm AEHIBOLEMERE 1.3 A4, REWMASHEEBMBLRR, &
WREHA, RGN EREEREN NN, RN R ERER
EYE. B 5-24 8 T ARIZHET Amy-NC 2 255 RR 5 H 75 B B AR X TS 1,
B pERmS 5L 5-1 PH—B. hETR, BEEZIFGRN R R
Amy-NC RERIH M, BH 1 hEEBEPAEBOEYEERARE BLEE
2k, HAXHEHIOZE 900% LA s REE R RIREK, BB My sy
EHEEPTRK, B 48 h BRI P A EEERNAEENIRE 83%LU L, HWLR
PR B EREEB AR RIFPEDEHE.
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Figure 5-22 Circular dichroism spectra of lysozyme released from Amy-NC hydrogels with
different fabrication conditions (24 h released samples)

0.0 //,_,,n___.
-.*_o ] ,r"
5 4 oot
‘5. 8
e -5.0x10 k I P
: native
g K el --~-1h
o 7] —— 13 h
ﬁ -1.0x10 S\ WV s 24 h
=] e g 48 h
= \/
-1.5x10°

200 210 220 230 240 250 260
Wavelength (nm)

Figure 5-23 Circular dichroism spectra of lysozyme released from the Amy-NC-3 hydrogel
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Figure 5-24 The relative bioactivity of lysozyme released from Amy-NC hydrogels with different
fabrication conditions
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(1) EFWEE 45 NERSTHERATEY(Amy-NC)HI &5, X5 N
HSIRFIKI R T H & T OCTBRR SR i3 K BRI . 8o 2840 v OGS A
T Amy-NC PENEREENA -RRNETE, KR NE 1800 s 5
HAHKEA 38%.

(2) WFEE T &40 R I AR Amy-NC %5 380 7 3 XoF B 78 7K g Jie v i ik A
TR R YRR Y, 458 SR RN EZEKA Amy-NC % #
WK, B3 7K BRI B0 °F 45 5 Bk B A AE D) B s e ks, T h B A b .
MEFEEN S AR B S rB R 2K BB R B 73 TRAF T, BEBTE 5] ) &
SFEMGFABRMERLSRATR, 8BTS ERERE.

(3) LAREBAEROREY Ky FEEGY), XIS ERGEET,
TR T %A BOK BB 3T W B R Y R AL L SRR RN B R R
B, KBTI — R B RRR, HBEGC R A R & Amy-NC
BRI R, BEBARERSRLRRBIAELYREA. @il Peppas 77
xR AT RS, oo BT 045 A4, HEABEBNERNLEE
F Fickian § . B AEFRIELERACEIEERE A TA AR —
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