Korean Chem. Eng. Res., Vol. 43, No. 2, April, 2005, pp. 299-304

o
}
oL

Ko
o R
T

mﬁr

Z2TAE B S0I2 S0I=2WO| pH USY SN WRAS
A A

.D:o] EHUL"! ;4.6_]1—_6_25_]—1

121-791 A&A] vl A% 72-1
2004 112 1Y H4, 20049 129 289 A&

pH-Sensitive Dynamic Swelling Behavior of Glucose-containing Anionic Hydrogels

Bumsang Kim"

Department of Chemical Engineering, Hongik University, 72-1, Sangsu-dong, Mapo-gu, Seoul 121-791, Korea
(Received 11 November 2004; accepted 28 December 2004)

o OoF

RS =
8018 S| T50] AT L pH 439 B wiEe) B opEel Aiels daEdw B
o e v ol B Qo Sole Hol el pi sl B B9 95 dAUZS e St

methacrylic acid®} 2-methacryloxyehtyl glucosideE 3531517 P(MAA-co-MEG) }0| =2 A4S 5”‘*?5} S pH A3}
- sl °] B4 Wi sE FESITh gle] AT w7 UEe] Fickian B non-Fickian 1A1E A3
A= 59AF ns M/M, =kt" #ﬁ]“jﬁ*ﬁ AFstsict. sto| =2 el it fuie] JF WAUSS 9] pHE] %
s Wol Hmlo‘ﬂ ALl pK, BT} 2 pHR! 7.0004= AT wiAUSe] ez ﬂ‘ﬂj‘x}/‘]‘* ] ]QLOﬂ ol A
WS go] W=t 3 o 7 °]°4‘3]- SHH, pH 7.00114 124} o] gkel] 2]$t fwlj] HEF w| 2 lo] =z Al
Al 7] o3l 7115 Z190S ATR-FTIR #3248 o]gsto] Ikt

_{

Abstract — There have been many efforts to use anionic hydrogels as oral protein delivery carriers due to their pH-
responsive swelling behavior. The dynamic swelling behavior of poly(methacrylic acid-co-methacryloxyethyl gluco-
side) [P(MAA-co-MEG)] hydrogels was investigated to determine the mechanism of water transport through these
anionic hydrogels. The exponential relation M,/M,=kt" was used to calculate the exponent, n, describing the Fickian or
non-Fickian behavior of swelling polymer networks. The mechanism of water transport through these gels was signif-
icantly affected by the pH of the swelling medium. The mechanism of water transport became more relaxation-con-
trolled in the swelling medium of pH 7.0 that was higher than the pK, of the gels. Experimental results of time-
dependent swelling behavior of the gels were analyzed with several mathematical models. Using ATR-FTIR spectros-
copy, the effect of ionization of the carboxylic acid groups in the polymer networks on the water transport mechanism
was investigated.
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Fig. 1. Dynamic swelling of P(MAA-co-MEG) hydrogels MAA:MEG=1:0.5)
swollen in buffer solutions of pH 2.2 ((J) and 7.0 () at 37 °C.

Table 1. Parameters n and k, of Eq. (2) for P(MAA-co-MEG) hydrogels
with various molar ratios of MAA and MEG, and swollen in
pH 2.2 and 7.0 buffer solutions at 37 °C(average+SD, n=3)
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Fig. 2. Fractional water uptake, M/M_, of P(MAA-co-MEG) hydro-

gels (MAA:MEG=1:0.5) swollen in pH 2.2 buffer solution at
37 °C; experimental data (<), equation (2) (—), and equation

@ (...

) (average£SD, n=3).

MAA:MEG n

(molar ratio)  pH 7.0 pH2.2 pH 7.0 pH2.2
1:0 1.05 (£0.03)  0.72 (£0.01) 0.71 (£0.09) 5.20 (£0.04)
1:0.25 1.05 (£0.01)  0.67 (£0.03) 0.91 (£0.04) 5.43 (£0.43)
1:0.5 1.06 (£0.07)  0.69 (£0.04) 1.03 (£0.21) 5.02 (£0.69)
1:1 1.05 (£0.07)  0.79 (£0.04) 1.18 (£0.30) 3.61 (£0.24)

1.0

0.9

8% 7

—&

e vepdoh. =, 25 FH9] 3 ngtell o=t & 80 J5
HAYSE 2H=1), n=0.5°]= Fickian 2} n>0.5°] non-Fickian
Y= anomalous transport, 72|31 n=10]" case Il(relaxation-controlled)
transports 2|W| 3} Fig. 2014 57FA1= pH 2.23} 7.00114] o318
7};(] e O-gfsl 43S 7F P(MAA-co-MEG)sRo| =240 5
AR} FE-E 7R SAIE VbR T2Efismolh TRlel A
}LJ A fﬂol‘ﬂ% o]-g3te] In(M/M,,) vs. In t5 AlALElIA plot
s 7]&7)9F WH O ZRE] 242 AP o kS T T 1
A= Table 10 F33ith 2 () ol&ste] AXkst Ao+
Fig. 2-5014 Ao A= 30t. pH7E 7.09 o nd: 1o 2%
e 7HE AE & T o A 8] AT wAYUESO] case 1T
(relaxation-controlled) transport2i= 2-& WERATE Whdef| pH 2.2
o2l HAE MFAYUES non-Fickian transports LERE=T], 2bA
AFg vie} o] Tk uEAH AL MEX )2 52 WE715E
Sufjo] Sk} 1EA; AR 7] o] ¢h(relaxation), T 7FA] @42
’E}EH@ ]l 7]ofell gl&staL, o387} 7hsd atAl vIES] oA
HZ]-Q] o|¢to] Aol EAsH= o3} 172 o3}l &
5 Wt o3t Jee Sk IR AKE 1R Wb
Jff} ARES WA T e a AR 0 R ARZR] AKE o] ¢t

= o

éro r1

/g
0.8 g@
0.7 ;

/

/

0.6 <§
{
/

0.5 -

M/ M..

04 |

034 !

0.2/

0.1

0.0 T T
G 50 100 150 200 250 300
Time (min)

Fig. 3. Fractional water uptake, M/M_, of P(MAA-co-MEG) hydro-
gels (MAA:MEG=1:0) swollen in pH 2.2 buffer solution at
37 °C; experimental data (), equation (2) (), and equation
4) (-..) (averagexSD, n=3).
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Fig. 4. Fractional water uptake, M/M_, of P(MAA-co-MEG) hydro-
gels (MAA:MEG=1:0.5) swollen in pH 7.0 buffer solution at
37 °C; experimental data (<), equation (2) (), and equation
(4) (...) (averagexSD, n=3).
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Fig. 5. Fractional water uptake, M/M_, of P(MAA-co-MEG) hydro-
gels (MAA:MEG=1:0) swollen in pH 7.0 buffer solution at
37 °C; experimental data (<), equation (2) (), and equation
4) (...) (averagexSD, n=3).
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Table 2. Parameters A and k, of Eq. (4) for P(MAA-co-MEG) hydrogels
with various molar ratios of MAA and MEG, and swollen in
pH 2.2 and 7.0 buffer solutions at 37 °C (average+SD, n=3)

MAAMEG A kyx10% (min™)

(molarratio)  pH 7.0 pH22 pH7.0 pH22
1:0  4.90(0.94) 0.99 (£0.00) 3.61 (£0.13) 3.12(£0.30)
1:025 193 (*0.17) 0.95(x0.00) 2.94(x0.18) 235 (x0.12)
1:0.5  1.52(20.08) 0.96(£0.02) 2.89 (x0.16) 2.45 (£0.13)
1:1 112 (20.03)  0.96 (£0.03) 227 (0.05) 2.41 (£0.24)




FO1 sjol==Ae] pH 7+ 54 Bals 303

1.0 PN

0.9 |
0.8
0.7 o
0.6 |-;|

0.5

M/ M.

0.4

0.3

0.2

0.1

0.0 &
0.0 3.0 6.0 9.0 12.0 15.0 18.0

112 (mmﬂz)

Fig. 6. Fractional water uptake, Mt/M_,, of P(MAA-co-MEG) hydro-
gels (MAA:MEG=1:0) as a function of the square root of time
swollen in pH 2.2 () and 7.0 () buffer solutions at 37 °C.
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Fig. 7. ATR-FTIR spectra of P(MAA-co-MEG) hydrogels (MAA:MEG
=1:0.5) hydrated with pH 2.2 and 7.0 buffer solutions, (a) pH
7.0 and (b) pH 2.2.
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