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Abstract: The hyaluronic acid (HA) with excellent biocompatibility has been combined with lactide, the ester dimer of
polylactide, with good biodegradability to produce biocompatible materials which can control the period of degradation in
a human body. By freeze drying method, HA and lactide were crosslinked with crosslinking agent, 1-ethyl-3-(3-dimethyl
aminopropyl) carbodiimide (EDC). Degree of lactide and EDC reaction was determined by the analysis of nuclear
magnetic resonance spectroscopy. Both lactyl group and EDC conversion increased as the mole ratio of lactide to HA
increased from 5 to 13. The membrane swelled less and became more brittle with the more addition of lactyl group
resulfing from the higher mole ratio of lactide to HA. Swelling ratio decreased and tensile modulus increased due to the
more addition of lactyl group as the EDC concentration increased or reaction temperature decreased. Drug release
experiment from various membranes with different degree of crosslinking showed that permeability decreased with
increasing degree of crosslinking. The degradation became slower with the more addition of lactyl group. Mechanical
property and degradation rate of the synthesized membrane were shown to be controlled through adjusting operation
parameters such as mole ratio, temperature, and crosslinking agent concentration.
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Figure 1. Experimental setup for drug release.
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Figure 2. Structure of ester group : (o) connected to lactide end group and (B) crosslinked to HA.
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Figure 5. Effect of mole ratio of lactyl group to HA on swelling ratio for
HA membranes crosslinked at different EDC concentration.

Table 1. Tensile Properties of HA Polymers with Mole Ratio of
Lactide to HA(Temperature: 15 C, EDC Concentration: 10 wt%)

Moleratio  Tensile strength  Young's modulus Elongation
(lactide/HA)  (kgd/mm’) (kgfmm’) (%)
5 0.14 2.67 9.21
8 0.20 307 9.19
10 0.22 4.03 7.99
13 043 7.97 7.73
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Table 2. Tensile Properties of HA Polymers with Temperature(Mole
Ratio: 10, EDC Concentration: 10 wt%)

Temperature Tensile strength  Young's modulus Elongation
©) (kgd/mm’) (kgy/mm’) (%)
15 022 4.03 7.99
23 0.16 2.52 8.74
28 0.15 2.04 10.44
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Figure 7. Effect of EDC concentration on reactivity and swelling ratio.
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Table 3, Tensile Properties of HA Polymers with EDC Concentration
(Mole Ratio: 10, Temperature; 15 C)

EDC concentration Tensile strength ~ Young's modulus Elongation
(Wi%) (kg/mm?’) (kgd/mm’) (%)
5 0.17 222 10.54
10 0.22 4.03 799
20 041 6.09 6.85
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Figure 8. Release profiles of indomethacin from HA membranes cross-
linked at different mole rato of lactide to HA.

Polymer(Korea), Vol. 29, No. 6, 2005



604 dAX G - B9

1.6x107%{ =
1.4x107°1
1.2% 107
1.0x107%

8.0%x107"1

Permeability coefficient(cm?/s)

6.0x107'1

02 0.4 0.6 08 1.0 1.2 1.4 1.6 1.8
Degree of lactide reaction

Figure 9. The relationship between permeability and lactide conversion.

1004 —H— mole ratio 8
—®— mole ratio 10

= —A&— mole ratio 13
& oo .
5 T
2 80 T~ e
2 T
= 707
g
§ 604 '\.
o —

50 T

0 5 10 15 20 25 30 35 40
Time(day)

Figure 10. Degradation profiles of HA membranes crosslinked at different
mole ratio of lactide to HA.

o) ASE Avingieh Azke] Aol wek BE FRe) TEAT}
setgion) Bulzk A Fetol =t ol WY AEAATE
I $57h =gch Sefolmd slohRRAY BuE 2AFoRA
A WA B 58 2A% & ol dwg

4. 48

o ¢ Mt

ri)‘

T WS o83l HolREAT YHol= $4AE Jla
A EDCZ FlmAlA 884 Uue Azsign. 4498 28w
g NMRZ ¥4310] SEle|=st EDC} Slols-84ks} A T
28 SUB olZRE WIET AHAYUT. HolE R 1)
& etol=e] BulE FANAIRN A A Bab) Bew
StEDC W27} Z7kstich 27k S7beke] 2abo)7h wo) 3
EFE BEEE gasa, JAY FEE SRS E e
A BEF FAEES, b LE7) FaBES A Zrhet
o BEEE B2 AN FEE FAAGT AR BE b
£e) don og SALE 24T Fit W] WeETt FAh
of me} ke FiEs gasgrh Bult A 27 el 3
Fe EAUSE 24 ReHodeh

M 1R ATE 20059 AAAAR) AdAARR] Aut
A ATE FAAY ATAHE $AHYS.

£2|H, #2974 Al6E, 2005

EHozEd

1. Y. D. Park, N. Tirelli, and J. A. Hubbell, Biomaterials, 24, 893 (2003).
2. G. D. Prestwitch, D. M. Marecak, and J. F. Marecek, J. Control. Rel., 53,
93 (1998).
3. Y.Luo, K. R. Kirker, and G. D. Prestwich, J. Control. Rel., 69, 169 (2000).
. S. N. Park, H. J. Lee, K. H. Lee, and H. Sub, Biomaterials, 22, 1205
(2002).
5. S. N. Park, H. J. Lee, K. H. Lee, and H. Suh, Biomaterials, 24, 1631
(2003).
6. H.S. Nam, J. H. Kim, J. H. An, and D. J. Jung, Polymer(Korea), 25, 476
(2001).
7. 1. A. Hunt, H. N. Joshi, V. J. Stella, and E. M. Topp, J. Control. Rel., 12,
159 (1990).
8. L. Benedetti, R. Cortivo, T. Berti, A. Berti, E. Pea, M. Marzzo, M. Moras,
and G. Abatangel, Biomateials, 14, 1154 (1993).
9. I. Aigner, J. Tegeler, P. Hutzler, D. Campoccia, A. Pavesio, C. Hammer, E.
Kastenbauer, and A. Naurnann, J. Biomed. Mater. Res., 42, 172 (1998).

10. G.P. Chen, Y. Ito, Y. Imanishi, A. Magnani, S. Lamponi, and R. Barbucci,
Bioconjugate Chem., 8, 730 (1997).

11. N. E. Larsen, E. A. Leshchiner, E. G. Parent, and E. A. Balazs, Cosmetic
and Pharmaceutical Applications of Polymer, Plenun Press, New York,
1991.

12. J. W. Burps, L. Buigess, K. Skinner, M. J. Coit, R. Rose, and M. P.
Diamond, Fertil. Steril., 66, 814 (1996).

13. Y. Tokita and A. Pkamoto, Eur. Polym. J., 32, 1011 (1996).

14. S. P. Zhong, D. Campoccia, P. J. Doherty, R. L. Willians, L. Benedetti, and
D. E Williams, Biomaterials, 15, 359 (1994).

15. J. S. Lee, D. J. Choo, S. H. Kim, and Y. H. Kim, Polymer(Korea), 22, 880
(1998).

16. C. Grandfils, P. Flandroy, and R. Jerome, J. Control. Rel., 38, 109 (1996).

17. H. Fukuzaki, M. Yoshida, M. Asano, and M. Kumakura, Eur. Polym. [, 25,
1019 (1989).

18. S.Li, M. Tenon, H. Garreau, C. Braud, and M. Vert, Polym. Degrad. Stab.,
67, 85 (2000).

19. J. Y. Kwon and S. I. Cheong, Membrane J.(Korea), 15, 8 (2005).

20. J. H.Kim, J. Y. Kim, Y. M. Lee, and K. Y. Kim, Polymer(Korea), 15, 695
(1991).

21. J. W. Kuo, D. Swann, and G. D. Prestwich, Bioconjugate Chem., 2, 232
(1991).

22. K. R. Park, D, Kim, and Y. C. Nho, J. Korean Ind. Eng. Chem., 12, 718
(2001).

23. L. F. Miranda, A. B. Lugao, L. D. B. Machado, and L. V. Ramanathan,
Radia. Pgys. Chem., 55,709 (1999).

24. E.K. Choi, H. 1. Kim, K. R. Park, and Y. C. No, J. Korean Ind. Eng. Chem.,
14, 505 (2003). ‘

25. E.Milella, E. Brescia, C. Massaro, P. A. Ramires, M. R. Miglietta, V. Fiori,
and P. Aversa, Biomaterials, 23, 1053 (2002).

26. Y. L.Luo, K R. Kirker, and G. D. Prestwich, J. Control. Rel., 69, 169 (2000).

27. E. Payan, I. Y. Jouzeau, F. Lapicque, K. Bordji, and P. Netter, J. Control.
Rel., 34, 145 (1995).

28. T. Coviello, M. Dentini, G. Rambone, P. Desideri, and F. Alhaique, J.
Control. Rel., 55, 57 (1998).

>



