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Abstract: Stimuli—responsive polymers have been investigated as the materials playing the critical roles
in various applications. Thermoresponsive graft copolymers, poly (N—isopropylacrylamide) —g—hyaluronic
acid (PNIPAAm~—g—HA) and elastin—like peptide— g—hyaluronic acid (ELP—g~HA), were synthesized by
coupling carboxylic polymers (PNIPAAmM~COOH or ELP) to blocompatible HA through amide linkages.
Thermoresponsive behavior was observed in both the copolymers, and the results of turbidity measure—
ment were consistent with the results of rheological examination. Among the two copolymers, the ELP
graft copolymer shows less cooperative LCST transition than the PNIPAAm case. As the content of
graft chains of PNIPAAm and ELP increases, viscosity increases, and the increase was larger in
PNIPAAm case at a graft content. These results shows us that the introduction of grafts provides
thermosensitivity to biocompatible HA, whose characteristics can be engineered.
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Alef. thE AFEL Sigma—Aldrich(USA) o TrafiEisict. )
AFEA} sodium salt(HA) (M,=~1.6%10%, N—isopropylacryl—
amide NIPAAm) (97%), adipic dihydrazide(ADH), N—{(3—di—
methylaminopropyl) — N —ethylcarbodiimide hydrochloride (EDC),
1—hydroxybenzotriazole hydrate (HOBt), 4,4—azobis(4—cyano—
valeric acid) (ACA) & A glo] AME=ISITh N-isopropyl—
acrylamidets N—-34F HollA 424 Wpie B35t FAEgE A
# ARgEITE &, 100 mLe) N-3Ake] NIPAAm 12 g& 50 T,
300 rpm & 2A17F EREF o] o] GolE HeF 2o L5F
A3s| ol A Shg B W] AAsA7 F PTFE &
BRI0.5 pm, 90 mm) < o]8351e 24& o). Elastin—like
peptide (ELP) ([(GVGVP GVGVP GEGVP GVGVPGVGVP
GVGVP)4(GVGVP) D)= o] @ HAEAHUS.A) oM 7443isich
E{Clomasolv, HPLC) #} N—&4Hanhydrous, 95%) £ Sigma—
Aldrich(USA) el -eiiaisict. we 2:2(99.9 %)L HiHKorea)
oAl FSleksict.

PNIPAAM-COOH2| &H(ak81). 5 g9 N-olAxid of 1Y
ol =(NIPAAM) 9 60 mg?] 4,4'—azobis (4—cyanovaleric acid)
5 25 mL wELFe] 501 20 wi% A £A4S wher) ¢ {0
S A Bl 68 T 3AIRY <k A Hell 60 T2 Eof
yo] PNIPAAm—COOHE HzAZIth AHEE oW J= A
E2 AolE F 20 T2 £l ThA] 3521 - —50 Tol F47dz1171
ok 9] o] wkeAlE Figure 154 Zth

ELP9] Z-olli= B4 Aol ¥k57IR] 71254717} EA15k] E
8 e FaskA gtk

HALl 77 E(2PY2). 0.5 g9l 3|¢FEARE 100 mL B9
=0} 5 mg/mL §9E ¥EECL 10 g2) ADHE 9] gollof] =t} 0.8
g EDCSH0.7 g HOBLE 5 mL DMSO2}H5 mlL el H<1u}, 9} g
£ 3|¢FEAE} ADHE W &9 Wit 1 N HCl o4& 01834
pHE 5.0¢] 22 24ARF B1F Aol @Al 5 MWCO
10000 AFFHCelluSep®H1 high grade regenerated, cellulose

E2IH, A3548 A3F, 2011

tubular membranes Membrane Filtration Products, Seguin,
US.A)E o]g3le] 39 ¢t F49395 AFTH2000 mLe) &=
S 7|02 24A710) 3R 22 WA, T & GshERS ¢
0] 5% (wiv) €4& Weo] 7 500 mLe] o Uzl FHe
AR o] FAEE Bl T 321 % MWCO 10000 455k o
3] thA] 3 FRF FAHEE AR § O daR o sEdx
(FD~1000, EYELA, Japan) A2tk 9] 3782 ¥h&-2l& Figure 2
o} 3t

HA ZI2=E ZFEH S(2P3). 0.1 g HAE 20 mL Eol 594
5 mg/mL &< wHET) PNIPAAm~COOH (-2 ELP) ¢} EDC
o) BAWIE 242} 5/1, 10/1, 20/40F. 507 48A1RF B1E4 CTo B
A3tk 9] 898 725 mg/ml HA $9of 93 5 24 A7F A20]
A] gk, MWCO 25000 4HFERs o183le] 5kt FH3ge 4
3 5 FAAx Stk 9 F92] wheAS Figure 3% 2t

BM. FTIR (Fourier transform infrared spectroscopy: Magna
750, Nicolet, U.S.A)& o]g3o] §3& 2Is5l2™ NMR 600
MHz (nuclear magnetic resonance: VNS, Varian, US.A)E ¢}
$3lo} BS Felskck

B8k ) A (BX51TRE, Olympus, Tokyo Japan) & ol&ale] &
ol W 2% (turbidity) & EF3I000E 25 373 7Fs wele £
NG CHy
H,C=CH N—C—CHCH;COOH  Methanot oy,
=9 . Hooc~cnzcr42-c—+c -—c—}—
C=0 N i o
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Figure 1. Synthesis scheme of PNIPAAm—COOH.
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Figure 2. Synthesis scheme of HA—NH,.
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Figure 3. Synthesis scheme of PNIPAAm—g—HA.
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Figure 4. FTIR spectra of NIPAAm and PNIPAAm.

‘3

Pl A48 o 2 AFS selsly] 93t ZloH, 37x% opde
Zolrfiz Bl B He] e R et H4o 1@1845%%1:%. o] 4
& Zkzte]l 1 EALE B Ho] 4 wt% £98 7hE 95 Pad o
AL 7S W A7 1= IEE rheometer® =751
t} PNIPAAM(Z-& ELP) ~g~HA #F FHEQ 250 w4
o) §ishs Figure 79 22t} 7 sritalelr] Sealent e AL
&2 vjof] wle} o] Ajol5 B 4= gl PNIPAAmo[Y ELPS]
Al vigaE S5 Aot ARe 2SRRI 5 Uk 5 2
HIE RRo] olds s Huy Z 7}oFﬂUr 2| gEe] whE v
3 PNIPAAm#} ELP7F HAO Xgkel o7} visssheels Aol
o ATE 2ofFit|, PNIPAAmM- g—HAO] ELP—g-HA®} 8]3}

i

ol ru Lol

rﬁ,& ro

Polymer (Korea), Vol. 35, No. 3, 2011



296 a9 -

- AHA

Rt
gl V)
S s
E -k S s
€ I PNIPAAM-g-HA
7] 5
S ;
£y, ;

- ELP-g-HA

3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Figure 5. FTIR spectra of HA, PNIPAAm—g¢—HA and ELP—g—HA.

c==0

b
(':H3 Hy o
Hooc~cnqcny<‘:—+c -—c‘}—
CN |’
|

NH 1

o
N N PNIPHAAM
g oy
HY
o

f e
HAC - CHOH, o My oM o o o
LA/l PN i
o \/\( N/H( \I N T
A S | L

o e
o
e

SR

o]
ELP

H H
N
7 W\/\ /N
HN N .
© oo ;
\{ o oH &
HO i
o NS
Ho'  OH NH 5 .
o= 1
CTH, e A g &

55 50 45 40 35 30 25 20 15 10 05 00
ppm

Figure 6. 'H NMR spectra of PNIPAAm (or ELP) and PNIPAAm (or
ELP) —g—HA.

=24 .
w3l PNIPAAm—g—HA®] LCSTE zH= A8 g)leh 5= g)o
o o] ok 30 Colr] JeRATE! ELP—g-HAE w$ ¢halst Ao)

i

25 ool EAlEle], LCSTR £ 4 Y= g3t
Hol2 s velsly] ofejfirk ELPY 9% PNIPAAm—g-HA
o} go] Rhgu}t 45 At AxE AL B 4 ook 5k A

22 PNIPAAm—g—HA®} v3) vl}§- 3 M5 2h= v= 7218 &

e

2
U £8Y Eizo] 2EASY, LT BE B Sgsol
WEAES] SEARSSE et S ik o] ZE 2 witee] £
Aol Ssigon Ha dn) :
Figure 8:& £ wslel] et £33 Solo] 253t g0 v}

o
o
ofo
Ol
K3
i
i
olr
%
Ko

=M, A357 A|3%, 20114

o]Z3|
120+ O OO
100
W g
©
a
Z &
B
Q
2 40
2 40-
20+ 0 1.2 (HAPNIPARM )
-0 ,-,1-_!5!; —O— 1.1 (HAPNIPASAM }
P=s2isizisist A 105 (HAPNIPAAT
T ¥ k) T T Li
26 28 30 32 34 36
Temperature(°C)
26
e 12 (HAELPY .
244 lefe- 111 (HAELP)
~0— 105 (HAELP
22+ L
w
©
o
2
B
Q
Q
2
=
8
T T T L
28 30 32 34 36
Temperature(°C)

Figure 7. Viscosity of PNIPAAm (or ELP) —g—HA as a function
of temperature (4 wt% aq. solution).
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