Polymer (Korea), Vol. 34, No. 1, pp 79-83, 2010

Poly(A~isopropylacrylamide-co-dimethylamino ethyl methacrylate)7}
DYSE AXHOIE HIE HE U Ws EY

ol - 2z’
A AFeEE JEaAe gy
(2009 109 64 A, 20099 1149 29 574, 20099 114 594 A=)

Preparation and Release Property of Alginate Beads Immobilizing
Poly(A-isopropylacrylamide-co-dimethylamino ethyl methacrylate)

Mi Kyoung Kang and Jin-Chul Kim'
School of Biotechnology & Bioengineering and Institute of Bioscience and Biotechnology,
Kangwon National University, 192—1, Hyoja 2 dong, Chunchon, Gangwon—do 200—701, Korea
(Received October 6, 2009, Revised November 2, 2009, Accepted November 5, 2009)

ZEE&: Poly (M-isopropylacrylamide—co—dimethylamino ethy! methacrylate) (P(INIPAM—co—DMAEMA)) 7} 1
Asle A |E v|=g Azsn). dA|vlo]E9l P(NIPAM—co—DMAEMA) & A4 d8& o] 43}
P(NIPAM—co-DMAEMA) & FHE ZAdle]E 8]=e} P(NIPAM~co-DMAEMA) & #G3t dAvlo|E vlEg
231 PINIPAM—co~DMAEMA)-& A 2]z Wh-g-02 Azsisin 8] 3983715 53 gs19ich
HTe] 25 v WE A% #Eelgion] RElXeko® plue dextrand fluorescein isothiocyanate—dextran
= ARg2I3ItE PINIPAM—co-DMAEMA) 7} 17831e QAo E nl=2yEe] B A5 &% &40] W3
T, g ekl BxjEo] ZAE5E o i),

Abstract: Alginate beads were prepared using poly (N—isopropylacrylamide— co—dimethylamino ethyl
methacrylate) (P(NIPAM—co~DMAEMA)). First, P(NIPAM—co—DMAEMA) was immobilized on the
surface of alginate beads by taking advantage of electrostatic interaction between alginate and
P(NIPAM~—co—~DMAEMA). Second, P(INIPAM~—co—DMAEMA) was contained in the matrix of alginate
beads. PINIPAM—co—DMAEMA) were prepared by a free radical polymerization at 74 C for 12 h. The
weight ratio of NIPAM to DMAEMA monomer was 95/5. The copolymer was identified by *H-NMR,
Releases from the alginate beads were observed at 30, 37, and 45 C using blue dextran or FITC—
dextran (fluorescein isothiocyanate—dextran) as a model drug. The effect of temperature on the degree
of release from the beads was insignificant. FITC—dextran was released more than blue dextran possibly
due to its smaller molecular weight.
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SIeES0 obmo) Rag e Hasieky FAI F4EE BANA o

Ao E (alginate) & 2AFF9} sizFo) AxEEel F2 744
Fo7 AR tF(polysaccharide) ook 943t A2 54
AR 9 oRFsE S 7B Qo] SRR, BE, A% 5
o] F7HE FEASIA o)8E D Utk SAMoIEE gD
EHmannuronic acid) ¥ a—L—-ZFE 4 Hguluronic acid) 0% T+
Ao} Qe ekAldjo]E gole]) 2 o] &(Ca®) 3 e Tt o)
(multivalent ion)& go] 5 EA|vlo]|Ee EA5h= 71=2847]9)
#7123 918 (electrostatic interaction)©] 235107 A(gel) & A
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EUES FHsely XEENE Fulgklast ke BHoE A
ehlol] Bk A} AFH I Sl LAl E HI=E A= i
ok HebAle] GaS rto] & glrk o1F E9, poly (W—isopro—
pylacrylamide) (PNIPAM)-& &A|U|o] o] F3AIAHA, PNIPAM
o] 1A3E GAe|E HES Alzsle] SRS Bt
PNIPAME 313t 94 8948 2% (LCST, lower critical solution
temperatire) %S YER= tlEAQl mEAolt), a5t 7] &
2% oglefris 2 falEs} BaYE VR slet Al £
25 oPdeiriE W Salwe} ARl vERE 54E 7RI Q)
T} PNIPAMO] 3 2XUo|E vl=e PNIPAME H]= 7]
2] Win AgkS shA| vk wEbA, Bt Al £ 2 ofslelae

2— T1=2a
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PNIPAMo] #&Ho] 7]3-& 9A =Hoj Yol odr}. & o=
o2 LAUPRIE H]= Ue] PNIPAMS 3312 Qlar, &AM
o|ES] FIERATI9} 7|EAL] ol)e) AHV|A QlHEE o] g-3lo]
HEE 7|ERe R Fsle] pHet 2% O AFS Bk )
= ojgje]l PNIPAMS] 217 E44S o]§3}e], PNIPAMS 2% ¥
A WEe) A o83 EEY Y 18w selur
AofP! thgh ¢} wo w1 gluk,

B Ao M= AR o) whE-0 = poly (V-isopropylacryl—
amide— co—dimethylamino ethyl methacrylate) (P (NIPAM—co—
DMAEMA)) & 483101 2% WIzH 318418 Atk PINIPAM -
co-DMAEMA) & o]43fo] %ol ud WE7sS 1] 99,
P(NIPAM~co-DMAEMA)-& "E&] Ao 3331 YAM[o]E v|=
g} PINIPAM—-co—DMAEMA) & ®E™ 2o 38§ dA|djo]E
H|EE 473180t Blue dextran® FITC—dextrans Z@AJeko.
2 IAMe]E vl 25 izt BEAES SEsiginh

4 ¥

Ao 2 x| 2. LR||o]E (sodium alginate), blue dextran(MW
3000000), fluorescein isothiocyanate —dextran (FITC—dextran,
MW 40000), 2— (dimethylamino) ethyl methacrylate (DMAEMA)
= "= Sigma—AldrichAtollA T8}, 32 (calcium
chloride) & ¥ tPgsha () ol 7¥sigict. M-isopropylacryl—
amide (NIPAM) &= 2 Tokyo Kasei KogyorllA 2lski,
a,a—azobis (isobutyronitrile) (AIBN)2 9 Junsei Chemical*}
o] Alekg AMgBISITE Aol ARSE B AleFE2 A9k (reagent
grade) olde] & ARESIACh

P(NIPAM-co-DMAEMA)S| &d X 54, P(NIPAM-co~
DMAEMA) & ARt 2itizt uh5-& ol gslo] 480k 37 5
= vpg Zak T NIPAM(9.5 mmol), DMAEMA (0.5 mmol) 1
232 7§21 A1 AIBN(0.05 mmoD) < Y3 1,4—dioxaned]] %Itk
308 W ¥, Alkell g Wb o] ame) o 203 WX
a17] 913l 1A BRF AATEAE F9ste] iR ARE AASI
ok 74 CollA 122 BEGART] $(2594k £1 0), &S F=
3laL dofzl H3EE tlelEoH|E (diethyl ether) ol FAAA 12
AL FEEilar, whEel ARl & dgAle At 34
H 2EAE 40 T 52204 dFd Bt AZsitE: Aol 1
FARR] FREAE A8 P(NIPAM~co—DMAEMA) 100 mg& 1
mL2] CDClz¢ll 5994 Szl7] 378847 (NMR, Bruker Avance
600, 600 MHz) & AHE-313]tt.

P(NIPAM-co-DMAEMA)Z FEE UX|Y0|E HIE HIZE. &=
Ylo|E(0.6%, w/v) 8k @A eke S5 50 mL(pH 5.0)o ¢4
3] fajAZ ). FEAekC 2 blue dextran ¥ FITC—dextran
& 472 0.2%(w/v), 0.02% (w/v) A 5 AFEEIgIT) o] S o
34 FAPIE A1 B32%(1.1% w/v) 400 mL(pH 5.0) ]
ket & vz =E Btk 28, A3 1.1%, w/iv) 7
. PINIPAM-co—DMAEMA) (2.0%, w/v) 7} =0} Q1= 400 mL
(pH 5.0) 0l RI=E £ 212 @HERHmagnetic bar) & 30% myk
% H=E Bt Az V=S SRR SR AR S A

E2IH, #3438 A1z, 20104

ZERA] kol vlE WE Al ARgSISIT

P(NIPAM-co-DMAEMA)2 £33t UX|H|0IE HIE HIZ. ¢
o] E(0.6%, w/v)$ PINIPAM—co-DMAEMA) (2.4%, w/v)
783 BEAekS E534 50 mL(pH 5.0) ol ¢313] S3AFE =
dA)oko F plye dextran = FITC—dextrans 44 0.2% (w/v),
0.02% (w/v)#) o] Rerjeke] Bajegel] tlE WEwe] AlolE 574
BhaLz} sjgitk o] §A4E U3E FAPE ARSI 1.1% (wh) H3t
24 400 mL (pH 5.0) ©ll Z3l3Igich A4 wNkAlE 308 wHkgh 5
H=E Bt Ad HEg SRFE 7 ¥ AR 3 xR
%1 HiE g Al ARt

UXIHIO|E. HISHIMS| B Al2k Bl £5 UAo|E H|=F &
R $8(1.1% 32 400 mL) S AW/ 85|
(Jenway 6505, UK)Z ©183le] 630 nme] gl 5355 &
7 = 33 B PEA (HITACHI F-2500, Japan) S 083}
o]7] s (excitation wavelength)S 495 nm=2 24310 520 nm
(emission wavelength) oM B34S 573 T Hapda vjwsie]
HIZ AZ Al WA UTE kg ARG

AN

0

HEE EA AIE. 90 g9 AR RS B=E 712+ 30, 37,45 C
©1 90 mL 2] 2— (N-morpholino) —ethane sulfonic acid(MES) €+
£l (pH 5.0) ol BAMZ 5, AR WRIRLE o] gaje] YT 5%
2 malepar AEE st 9 ARKBOE, 1, 2, 4, 68D
o 1 mLe $F8Ne 3 T v B2 dRiFe] ¢S
th] Ho] B399t Blue dextran®] WEFHE A7 AEA 7
FFEA Jenway 6505, UK)E 01831 630 nme] sl %
T2 =43 & g ogRe ARSIt FITC—dextran®] '
280 33 23 JTA ITACHI F-2500, Japan) & ©]4351
o)7] s (excitation wavelength)2 495 nm& 4734 520 nm
(emission wavelength) olX B34S &4 & A7 vlwst

o} Z73l3dck
o Y EE

TEX} 8 2 P 2N NIPAMS DMAEMA S 714 AIBNS
ARgate] 74 ColA dioxane &1l WiolA A Bl WRES o]
galo] FEAAAT BAE FETAE NMR AFEHES 24
slo] Frlskich

Figure 1] PNIPAM—co-DMAEMA) F9 3325 #3234,
NIPAM¢] 71218t —CH-(CHs) ;9 -NH-CH-7} 242+ 3.9, 1.1
ppmeiA] vERdH, CH; CH—-$} CHo-CH— 9327} 242} 1.6, 2.1
ppmelA UERdth, DMAEMAS] 71918 -N~ (CHs) ¥ 5= 2.3
ppmel] UEh, —CHe—CHp—N= St —CH,~CHz~N-9) 3|3
724 4.3, 3.5 ppmeAl YRt Zhang S0l B31gH P(NIPAM—
co-DMAEMA) 2] #x}7] g8&47] 939} fARE 28 &
Atk

UR|HO|E HIE FoiMe| 2 A2 SFE. YAU0IE H=
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Figure 1. '"H-NMR spectrum of synthesized P(NIPAM—co—DMAEMA).
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Figure 2. Release of blue—dextran from alginate beads coated
with P(NIPAM—co—DMAEMA).

7} PNIPAM—co-DMAEMA) & 3331 o1& wllg} PNIPAM—
co-DMAEMA) & 3853 o, blue dextran EJ&T&L oF 20%
AER UERdTh PINIPAM-co—DMAEMA)©] §lE dAdolE
B]=9] blue dextran BUEES 2F 18% F5= Yepdrr 24 A
oro] FITC—dextran® ul, P(NIPAM—co—DMAEMA) & 853t
H = ¢} P(NIPAM—co—DMAEMA) 2 789 8]=8} P(NIPAM-
co-DMAEMA)©] gliz dAMIe|E HI= B a82 oF 15% 4%
2 e Blue dextrans T AJeko 2 3lo] LRYjo|E nj=
& Ax3I9E Wl FITC—dextrang AMH3131S wjbc) 59880
3~5% &=A JERST) o)== blue dextran® #x}&ko] FITC—
dextran®rt AM AHZEA B|= oJF-2 WAUZEA] 987) wiEo|ct,
UX|YIO|E H|=ZXE]| Blue Dextran2| U4& HS. Figure 2+
30, 37, 45 CollX] PINIPAM-co—DMAEMA) & FE¥ <2
olE H|=¢] blue dextran W& %58 UERA Aoltl 30 ToflA &
Ae)E Bl=i= 1412 B4 ¢F 9% WES BT, T o)F R AA
3| WEslo] 6AIE Bt 19%2] s HSivh 37 TollA ¢Avlo]
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Figure 3. Release of blue—dextran from alginate beads con—
taining P(NIPAM—co—DMAEMA) .

E 1= 1A1ZF 591 10%9) blue dextrans WEsIon, 1 o]
Sofi= vlmato] ekt Z71se] 21%2] blue dextrans HE3ISITL
45 Colx] LAUolE 1159 blue dextran ¥Ews B, A&

17 E9ke 10%2 VERLOM, 6AI7F B9k oF 20% 2 VFERITE 6
A7¥ A7} 3 P(NIPAM-—co-DMAEMA) £ F5E gAdlo|E nj=
2] blue dextran®) k& 30 ToW 19%, 37 CTolM 21%, 183
45 Colrd= 20% =2 kgt whe], PNIPAM—co—-DMAEMA)
7} glE GAUeIE Hl=e] wEas By 30 T 37 T, e
45 CoA B5F 25~28%% JeRdth(Figure 4).

By o] A= 2% WIS AL gl PNIPAME: o831
P(NIPAM—co-DMAEMA) & B|Eef| 133}slo] 25 wgAds
Yehfls 2A o) E B]=E vk A3tk

NIPAME #1424 28l ~CONH—- 153 A5 F45<9) —CH
(CHy)oZ 73 Qi) 318 Al g8 2% ofslellri= A4 ¥
Ho) 748t 24 Agle] olef] Bofl 2 =4, S5 A o 58
o} 22 2ol Ao sl o) AR, g el &
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T o] AXA Hol ARe)7} Yok NIPAMo] &) €
T} NIPAMo| DMAEMAS 43518, 294 Ho] Zoj51 3
74 F-2o| sofubaA Adde] ZeAA slet GA g L5t
32 TR Folxls Aojgka ofidct.

P(NIPAM—co—~DMAEMA) ¥&9=E 30 Colr= P(NIPAM—
co—DMAEMA)o] &= 9131 45 ColxE PINIPAM-—co—
DMAEMA)©] 53 Zlolg} Apdslsict: 2, nizeixe] P(NIPAM-
co-DMAEMA) ¢ “gZjo] HeR}A 45 TollA blue dextran W&
ol Fojd Aola} Yz}si3iy.

P(NIPAM—co—DMAEMA) & 759 4AYo|E n)= & 2
7 2%, PNIPAM-co—DMAEMA) T8 Ux]jo]E n|x 9]
blue dextran 'W&H0| P(NIPAM—co-DAMEMA) ¢ Q= ¢y
OJE H=WT} v Lo 24 dx|jolE H=}F P(NIPAM— co—
DAMEMA) % FRETh= 248 8 0% & 4= Qi) ojn] g
ol 2Jahd,® 32} obwlg Zkw glo] PHEHE wi= DMAEMAZ}
=% dextran YA (microsphere) $F 712EA71E 7R)1 Qo] -2
AlE vE methacrylic acid(MAA) 7} E31 v A7} 44714 91
Hog Fho] Ad 5 e RS & QT B e =L
P(NIPAM—co-DMAEMA) 8} 71284715 7R Qs A
(fatty acid)& St (salt bridge) 2 Vpr2Hnanoparticle) & Az}
Aok wepd, FH71A Qo (NIPAM-co-DMAEMA)©] 2]
dlo]E v B Fabek 5= Qi

FEL HAAT 0.6% SAM0)E] E28E 4= Q1= P(NIPAM—
co—DMAEMA)¢] #ojx P(NIPAM—co—DMAEMA) ¢] Azlo]
AFHAE A OR oPfFrh I, v= Uiio] Sx|lo)Eg) Zgo]
22] Ago] s PINIPAM—co-DAMEMA) & A33lo] 8k 2]
< Aoz A7t 2% PI(NIPAM-co—DMAEMA) 7F 2]
Hle|E9) Bl= #re] B 713% WolA blue dextran®] W& A
3] 938 30 PINIPAM—co~DMAEMA) 2 F8)8H0 23 blue
dextran®] WEHS Aoyg 4= Qlk

Figure 3& PINIPAM-co—-DMAEMA)-& &85 aAjo)E
H|=2] blue dextran WEAZS 30, 37, 45 TollA ek} 303
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Figure 4. Release of blue—dextran from alginate beads con-
taining no PONIPAM—co~DMAEMA).

E2H, A3498 A13E, 20109

37 C, 12131 45 Cold B 1A7F 51 15% WS RS0 641K
Fofi= oF 20~22% % YERATE H[=2 A2 o pl 5.0004 HA
Aol E9} P(NIPAM-co-DMAEMA) & &3lXA Azsle] &
Alo] 9] stz H47)9} P(NIPAM—co-DAMEMA) 7} A%
= 39t v|E Az Aol NIPAM—-co-DMAEMA)©] &
Aol E Y F-of 3 0e RAoje} ok e vgstd
P(NIPAM-co-DMAEMA) 3 ¢A)jo|E7} Alele] WiEo] Afsls]
o] P(NIPAM~co~DMAEMA) ©] $ii= &R dlo|E W& Figure 4)
B} 2 Ueoi= 28 o33 = Sitk PNIPAM—-co-DMAEMA)
o] Upel 17gdEe] gloje Bl= Aol ZHEEkA] Hal 257} Fo}
A WEells A9 Ko7t (iR oHe Akl (drug carrier) 7F
Z¥o]o} & A (slow release) S VFERJGIT)

UX|HI0|E H|EREE] FITC-Dextran2| W& HS. P(NIPAM-
co-DMAEMA) £ F¥HE &XU|o|E vl =ofA 6A17F 31
FITC—dextran®] BE3& 30, 37, 45 TolA 22+ 78%, 82%,
82% % EPHFigure 5). PINIPAM—co-DMAEMA) & 3+
F&t dAo]E B]=9) FITC—dextran®) HIE#& 30, 37, 45 T
o 22t 79%, 80%, 85% 22 WeldtHFigure 6). P(NIPAM-
co-DMAEMA) 7} EA15H4] ¢ LAU0)E vl=e] WE dre
30, 37, 45 CoM Z¥2}+ 70%, 69%, 77% 22 JegtH(Figure 7).
FITC—dextranE B¢ A|2FOF AMEg YA|Uo]E H|=9] HlE 4
et A, 257t S71el e wEe] 23 SvIssien Atk
o] A5 WEPo] Frkhe AWAdE B3ltk PNIPAM—co—
DMAEMA)©| H]= gbol] 3350 Qi H] = Blel] =3 o
H&ao] P(NIPAM—co—DMAEMA) ©] £A4131A] & wjxr} =
A e AL Lo wjE gssghl gl et Hoz Helth B
PAJeES 2 FITC—dextrans AFE3S of WEsko] blue dextran
HEgEt 4] Ax A Uit ExRE 2ol Qs vehd A
o BAR] rE85E g} Sk ulRe]® i
o7 ZR2 ¥l 7]F-S £ FITC—dextran®] T 2 W&¥ A
)= ‘
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Figure 5. Release of FITC—dextran from alginate beads coated
with PINIPAM—co—DMAEMA).
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Figure 6. Release of FITC—dextran from alginate beads con—
taining P (NIPAM—co-DMAEMA).
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Figure 7. Release of FITC—dextran from alginate beads containing
no P(NIPAM—co~DMAEMA).

4 =2

(=

¥ A7 NIPAM} DMAEMA S 2pfejc)z uhe-g o]45e]
P(NIPAM—co-DMAEMA)-& “354 02 3433134t} P(NIPAM—
co-DMAEMA) & HEg 2ol $hiaha s dAolE H)=9)
P(NIPAM—co—-DMAEMA) 0% FE¥ Ixo|E ¥|=2 A%
sfo] GAYO|E BE] 2% wI7HA) WEEA ) #ale] ATl
th HJE P(NIPAM—co-DMAEMA) o] &J5t &5 oA uleE2]
< YER R kARl mdajoke] Balgo] SeE ] B Hb
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