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Physical and Biological Evaluations of Cross-linked Hyaluronic Acid Film
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Hyaluronic acid (HA) has been employed as a typical biomaterial in various medical areas such as dermal filler, scaf-
folds for tissue engineering and drug delivery, and etc. In this report, the HA films were fabricated by controlling the
concentrations of 1,4-butanediol diglycidyl ether (BDDE) as a cross-linking agent, and their physical and biological
properties have been evaluated. After swelling in water and dehydration by lyophilization of the cross-linked HA films,
their morphologies and swelling behaviors after swelling in water for 24 hrs have been observed with scanning electron
microscopy and measured with a microbalance, respectively. After homogenizing the films into microparticles, cell via-
bility of the films was indirectly performed on the particles by covering the films with the HA films. Their cell com-
patibilities were evaluated by the assays of live & dead, thiazolyl blue tetrazolium bromide (MTT), bromodeoxyuridine
(BrdU) and neutral red, by using extracts of the microparticles of HA films. The HA particles showed excellent cell com-
patibilities, showing possibilities of its applications as biomaterials.
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Hyaluronic acid (HA) (MW: 575 kDa)= (F)SH|A4ZC2E
B MSREUCE. 1,4-butanediol diglycidyl ether (MW: 202.25
Da)= Sigma - Aldrich (ST. Louis. MO, USA) OfAf FI5I%
Ct Sodium hydroxide (MW: 40 Dap= Yakuri Pure Chemical
Co. (JapanPilM TASIACE. M ZHHF HHX] FCM-2= Lonza
Co. (Switzerland)Z2FE TI5IU2MH, live & dead viability/
cytotoxicity 7|E= Invitrogen Co. (USAOIAM FRISIACE =
d87t 7IEQ!I bromodeoxyuridine (BrdU), thiazolyl blue
tetrazolium bromide (MTT) and Neutral Red = Sigma-
Aldrich (ST. Louis. MO, USA), Roche Co. (Germany) %
Gibco BRL (AustraliaQilA 2+Zt 215104 AESIRULCE.
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Figure 1. Morphological observation of the HA films with SEM. The films were fabricated with different concentrations of cross-linking agent,
BDDE, such as 0.4% (A, D), 0.5% (B, E) and 0.6% (C, F). While the pictures of A, B and C show the film surfaces, those of D, E and F show their
x-sections (x 500).
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Figure 2. Swellings of the HA films (7.5%) in PBS for 24 hrs. The films
were synthesized with different concentrations of the cross-linking
agent such as 0.4, 0.5 and 0.6%.
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Figure 3. Cell viability inside the HA films at day 3. While the pictures of A, D and C were observed by light microscopy, those of D, E and F
stained with the live & dead assay were observed by the fluorescence microscopy.

Biomaterials Research 2013



TtESlE SUFELM | SEE/MESE Hot 157
120 120
T

100 I 1 3 100 L
|-
: ] :
2 8 X T
o 80 80
2 £
° 2
e 60 - 2 60 - *
2 =2
s < -
2 2
e i
g >
= °
S 20 - * S 20

0 . . ! ; : 0 . A Ha A =

1t
Teflon HA HA HA Latex " 04BDDE  0.5BDDE 0.6 BDDE o

0.4BDDE 0.5BDDE 0.6 BDDE

Figure 4. MTT assay of the HA films with adult human dermal fibro-
blast. The Teflon and Latex films were employed as positive and neg-
ative controls, respectively. The asterisk means significantly different in
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Figure 5. Neutral red assay of the HA film with human dermal fibro-
blasts. Teflon and Latex films were employed as positive and negative
controls, respectively. The asterisk means significantly different in sta-
tistics between the samples.
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