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ABSTRACT

Hyaluronan (HA) and aliphatic oligo-carbonate based biodegradable hydrogels were synthesized via
photopolymerization of a methacrylated HA (HA-GMA) with oligo(2,2-dimethyltrimethylene carbonate)-
block-poly(ethylene glycol)-block -oligo(2,2-dimethyltrimethylene carbonate) diacrylate (DPD-DA).
Hydrogels with tunable physical properties such as swelling behavior, crosslink density, and mesh size
were fabricated with different concentrations of HA-GMA or DPD-DA. Hydrogel-bovine serum albumin
(BSA) construct was prepared by in situ photopolymerization. BSA release from the construct was evalu-
ated in vitro and the release behavior can be controlled by adjusting the concentration of the precursors.
By tailoring the concentration of different precursors in the hydrogels, more sustained release of BSA can
be achieved (i.e., 120 h). The cytotoxicity of this novel hydrogel was also investigated and the hydrogel
proved to be comparably cytocompatible to PEG hydrogels.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Due to their excellent biocompatibility and similarity to mam-
malian tissue, hydrogels have been extensively investigated for
applications in regenerative medicine research such as scaffolds
in tissue engineering and matrices for bioactive drug deliver-
ies (Carvalho, Coimbra, & Gama, 2009; Gombotz & Pettit, 1995;
Lee & Yuk, 2007; Peppas, Hilt, Khademhosseini, & Langer, 2006;
Slaughter, Khurshid, Fisher, Khademhosseini, & Peppas, 2009; Yin,
Wang, Han, & Nie, 2010). Besides their bio-/chemical characteris-
tics, the physical properties of the hydrogel such as water content,
internal/external morphology, and permeability of water/nutrients
play vital roles in their applications in regenerative medicine.
Hydrogels with high equilibrium water content (EWC) and tun-
able physical properties are especially desirable in aforementioned
applications. Those parameters can be tuned to meet specific
requirements such as fast diffusion in/out of nutrients and wastes
so as to achieve optimal cell growth and subsequent tissue regen-
eration (Leach & Schmidt, 2005).

Among those approaches that can be utilized to adjust the
physical properties of hydrogel, copolymerization of different
monomers/precursors is frequently used because of its versatility
and wide applicability. Poly(ethylene glycol) (PEG) is a biocom-
patible, nontoxic, and nonimmunogenic water soluble polyether
and is extensively studied as building blocks of hydrogels (Mellott,
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Searcy, & Pishko, 2001). The physical properties of PEG hydro-
gel can be tuned by changing the concentration or the molecular
weight of precursor; however, PEG hydrogels are non-degradable
under physiological condition, which has hindered its further
applications in biomedical fields. Incorporation of biodegradable
moieties into the PEG-based precursor has been very success-
ful as an effort to introduce biodegradability to the hydrogel.
Hubbell et al. (Sawhney, Pathak, & Hubbell, 1993) have syn-
thesized a PEG triblock copolymer precursor with biodegradable
poly(a-hydroxy acid) segments, and the hydrogel from this pre-
cursor proved to be biodegradable. Until now, aliphatic polyesters
such as polylactide and poly(e-caprolactone) have been investi-
gated as biodegradable moieties in the PEG hydrogel. Poly(alkyl
carbonate)s, such as poly(trimethylene carbonate) (PTMC) and
poly(2, 2-dimethyltrimethylene carbonate) (PDTC), follow the
slow surface erosion mechanism during their degradation; the
degradation products (carbon oxide and diols) are considered to
have less inflammatory response in vivo compared with those of
poly(a-hydroxy acid)s (Habraken et al., 2008; Nair & Laurencin,
2007; Zhang, Kuijer, Bulstra, Grijpma, & Feijen, 2006). Zhang,
Aung, Liao and Varghese (2009) reported a mechanically tough
biodegradable hydrogel with a single precursor comprised of PEG
and oligo(trimethylene carbonate) (oligo-TMC) segments. The cell
culture results showed that the hydrogels based on PEG and
TMC are biocompatible and did not exert any adverse effect on
cells.

Hyaluronan (HA) is an important component in extracellular
matrix (ECM) and can bind specifically to proteins in the ECM
and on cell-surface receptors, regulate cell adhesion and motil-
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ity, and mediate cell proliferation and differentiation (Chen &
Abatangelo, 1999). In addition to its important role in many phys-
iological processes, HA offers unique advantages such as being
non-immunogenic and enzymatically degradable as a building
block of biomaterials (Kirker, Luo, Nielson, Shelby, & Prestwich,
2002). However, the fast enzymatic degradation of HA in vivo has
prevented it from exerting long-lasting effect in biomedical appli-
cations; many efforts have been made to lower the degradation rate
of HA by chemical modification or chemical cross-linking (Burdick,
Chung, Jia, Randolph, & Langer, 2005; Jeon et al., 2007; Leach,
Bivens, Patrick, & Schmidt, 2003; Zhang et al., 2011).

The aim of this paper was to synthesize hydrogels with tunable
physical properties through copolymerization of precursors based
on PEG, oligo(2, 2-dimethyltrimethylene carbonate) (oligo-DTC),
and HA. The influences of chemical composition of the hydrogels
on their crosslink density, equilibrium water content, reswelling
kinetics and interior morphology were evaluated. Hydrogel-bovine
serum albumin (BSA) construct was successfully prepared by in situ
photopolymerization and their release behavior was examined in
details.

2. Experimental
2.1. Materials

DTC was synthesized according to the literature (Matsuo,
Aoki, Sanda, & Endo, 1998; Sarel, Pohoryles, & Ben-Shoshan,
1959), recrystallized from anhydrous ethyl acetate for three
times, and vacuum-dried before use. PEG with a molecular
weight of 6000 g/mol (PEG6000, Shanghai Sinopharm Chemical
Reagent Co., Ltd.) was purified by dissolution in dichloromethane
(CHyCly) and precipitation in diethyl ether, the precipitate
was dried in vacuum prior to use. Tin (II) 2-ethyl hexanoate
(Sn(Oct);) was vacuum-distilled and dissolved in fresh anhy-
drous toluene. Acryloyl chloride was purified by distillation in the
presence of hydroquinone. All the other reagents were used as
received.

2.2. Synthesis of DTC

2,2-Dimethyl-1,3-propanediol (41.6 g, 0.4 mol) and ethyl chlo-
roformate (86.8 g, 0.8 mol) were dissolved in 500 mL of anhydrous
tetrahydrofuran (THF) in a round bottom flask at 0 °C, triethylamine
(82.6g, 0.816 mol) was added drop wise to the flask. The reaction
mixture was stirred for 2 h at room temperature, and the white
precipitate was filtered off. The solvent was removed from the fil-
trate by distillation under reduced pressure, then excessive diethyl
ether was added to the filtrate and the product was crystallized
at0°C.

2.3. Synthesis of DPD-DA

DTC, PEG6000 and 0.1% (mol/mol) Sn(Oct), were charged into
a glass ampoule and vacuum sealed (<50 Pa). The reaction mixture
was heated in an oil bath at 140°C for 24 h. After the reaction was
completed, the reaction mixture was dissolved in 10 mL of chlo-
roform (CHCl3) and precipitated in excessive diethyl ether. The
precipitate was collected by filtration and dried under vacuum at
room temperature.

2.50 g of the polymerization product was dissolved in 100 mL
of anhydrous toluene and dried by an azeotropic distillation.
0.2 gK,CO3 (Wang, Lu, Gruetzmacher, Currier, & Yaszemski, 2006)
was added and then 0.12 mL acryloyl chloride in 10 mL CH,Cl, was
added drop wise at 0 °C. The reaction mixture was stirred overnight
at 40°C. The mixture was filtered and the filtrate was concentrated
on a rotary evaporator and precipitated into diethyl ether. The

white precipitate was collected and dried under vacuum at room
temperature for 48 h. The chemical structure of the product was
confirmed by TH NMR as DPD-DA.

2.4. Synthesis of HA-GMA

HA-GMA was synthesized according to literature with slight
modification (Bencherif et al, 2008). Briefly, 1.00g of HA
(M =5 x 10° g/mol) was dissolved in a mixture of 200mL of
phosphate-buffered saline (PBS, pH 7.4) and 50mL of N, N-
dimethylformamide. Then 13.30 g of glycidyl methacrylate (GMA)
and 6.70¢g of triethylamine were added and stirred for five days,
the solution was then precipitated twice in excessive acetone, fil-
tered, dried under vacuum, and dialyzed for three days in distilled
water.

2.5. Photopolymerization of precursor

The photopolymerization was carried out under 365 nm UV light
according to the literature (Leach & Schmidt, 2005). Typically, a
solution of HA-GMA, DPD-DA, Irgacure 2959 photoinitiator, with or
without 2% BSA were prepared in phosphate-buffered saline (PBS);
the solution was then transferred to a cylindrical molds (diameter
6 mm, height 4 mm) and subjected to photopolymerization under
365nm UV at 0.8 mW/cm? for 30 min. After the polymerization,
hydrogels was removed from the mold for further steps and char-
acterizations.

2.6. 'H NMR characterization and interior morphology

The 'H NMR spectra of DPD-DA and HA-GMA were recorded on
a Mercury VX-300 spectrometer using CDClz and D,0 as solvents,
respectively.

The synthesized hydrogels were first washed in distilled water
for 48 h to remove un-reacted reactants, and then hydrogels were
lyophilized. The dried hydrogels were fractured carefully in liquid
nitrogen, sputter-coated with gold and subjected to observation
under scanning electron microscopy (SEM, FEI-QUANTA 200, the
Netherlands).

The width and height of each pore was measured manually
and the mean value of width and height was defined as pore
size.

2.7. Swelling behavior of hydrogels

The hydrogels were immersed in distilled water and swelled to
equilibrium. The samples were weighed (Wyg) after blotting off the
water on the surface and then dried under vacuum (Wjyg ). Five mea-
surements were taken for each sample and the EWC was calculated
by the following equation:

Wso — Wao
s0

EWC% = x 100

The vacuum-dried hydrogels were weighted (Wy) and
immersed in distilled water. The samples were weighed at
regular time intervals (W;) until reaching swelling equilibrium
(Wx). The swelling ratio at time t was defined as follows:

. . Wi
Reswelling ratio = W

d
The equilibrium swelling ratio (ESR) was calculated by the fol-
lowing equation:

Wa
ESR= —
5 W,

d
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2.8. Calculation of crosslink density

The crosslink density of hydrogels was calculated based on
Flory-Rehner theory. The swelling ratio based on mass (Q;;) and
swelling ratio based on volume (Q,) of hydrogel were calculated
with the following formulae (Marsano, Gagliardi, Ghioni, & Bianchi,
2000):

_ WsO
Wao
Pp
=1+ ————
& ps(Qm —1)

where p; is the density of the solvent (1 g/cm? for water) and p, is
the density of the dry polymer. pp was calculated according to the
method reported by Wieland, Houchin-Ray, & Shea (2007). Subse-
quently the average molecular weight between crosslinks (M) was
calculated using a simplified Flory—-Rehner equation (Flory, 1953;
Metters, Anseth, & Bowman, 1999):

v

Me = (05— )"

where vis the specific volume of the dry polymer, V; is the molar
volume of the solvent (18 cm3/mol for water), and  is the Flory
polymer-solvent interaction parameter. The values of vand y were
calculated using the weighted average according to the composi-
tion of each hydrogel type (Wieland, Houchin-Ray, & Shea,2007).
The x value of PEG (0.426) was used as that of DPD-DA precursor,
assuming that the presence of much shorter ODTC segments would
not change the x value significantly. The y value of HA-GMA was
0.473 as described in literature.

The effective crosslink density (ve) was then calculated as fol-
lows (Huglin, Rehab, & Zakaria, 1986):

_ P

Ve =
e MC

2.9. Determination of diffusion coefficient

The diffusion coefficient (D) was determined using BSA, which
is a widely used protein drug model. BSA was introduced into
hydrogel in the photopolymerization process by adding prede-
termined amount of BSA to the polymerization mixture. The
hydrogel-BSA construct was carefully transferred to 10 mL PBS in
a 30mL tube and incubated in a water bath at 37 °C. At specified
time intervals, 0.5 mL of the solution was taken for analysis and
the tube was replenished with 0.5 mL PBS solution. The BSA con-
tent in each solution was analyzed using the Bio-Rad protein assay
(Leach & Schmidt, 2005). Measurements were done in triplicates
and their average value was taken for calculation. The BSA mass
released at time t (M;) was calculated with the following formula
(Leach & Schmidt, 2005):

M =GV + Z Ce1Vs

where C; is the concentration of BSA in the release solution at
time t, V is the total volume of release solution (10 mL), and Vs is
the sample volume (0.5 mL).

2.10. Cell culture and cytotoxicity

HEK 293T cells were culture in Dulbecco’s Modified Eagle’s
Medium (DMEM high glucose, Hyclone) containing 2 mM glu-
tamine complemented with 1.5g/L sodium bicarbonate, 0.1 mM
non-essential amino acids, 1.0 mM sodium pyruvate, and 10% fetal
bovine serum (Hyclone) an incubator at 37 °C in the presence of 5%

CO,. Cells were trypsinized at 80% confluency using 0.05% trypsin
and 0.02% EDTA in DMEM for seeding on the hydrogel surface. Cyto-
toxicity of the hydrogels was investigated via MTT assay (Park et al.,
2007). Hydrogels were made by photopolymerization of 200 L of
corresponding precursor solutions on the bottom of wells of a 24-
well plate. After the polymerization, the gels were washed with
sterile PBS for 24 h, followed by sterilization in 70% ethanol for 12 h,
then changed back to sterile PBS for 24 h; right before seeding HEK
293T cells, the gels were equilibrated with the culture medium for
12h. 5 x 10° cells were then seeded in one well and incubated for
24, after which the medium was removed and the wells were
washed with PBS twice, then 300 L of MTT (0.5 g/L) solution in
PBS was added into each well and incubated for 4 h. Hydrogel and
MTT solution was transferred to a 15 mL eppendorf tube and tubes
were centrifuged at 1000 rpm for 5 min. After removal of super-
natant and hydrogels, 2 mL of DMSO was added and the tubes were
shaken on a shaker at a speed of 100 rpm for 10 min at room tem-
perature. Then the solution was centrifuged at 3000 rpm for 10 min,
40 L of the supernatant for each sample was transferred to a 96-
well plate, diluted to 200 wL with DMSO, and the absorbance was
measured at 550 nm on a plate reader (Bio-tek Synergy MX, U.S.A.).

3. Results and discussion
3.1. Preparation of precursors

The chemical structure of the DPD-DA and HA-GMA precursor
was characterized by TH NMR (Fig. 1). As shown in Fig. 1(a), the
peaks at § 4.10 ppm (-0-CH,-) and § 1.40 ppm (-CH3) belong to
protons in the repeating unit of the PDTC segment. The peak at §
3.66 ppm (-CH,-CH,-0-) can be assigned to the repeating unit of
PEG segment. The peaks at § 5.86-6.44 ppm belong to protons in
the diacrylate end group of DPD-DA and can be used to calculate
the degree of acrylation of the precursor. The degree of polymer-
ization of DTC in the DPD and DPD-DA precursors was 6, which
was calculated from the relative integrals of proton peaks assigned
to —CH3 (6 1.40 ppm) in oligo-DTC segment and —-CH,-CH,-0- (8§
3.66 ppm) in PEG segment.

In Fig. 1(b), the peaks at § 2.01 and § 1.93 ppm belong to
the methyl group of HA and GMA, respectively. The peaks at
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Fig. 1. 'H NMR spectra of (a) DPD-DA and (b) HA-GMA.
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Table 1

Physical properties of photopolymerized hydrogels.
Sample HA-GMA (w/v%) DPD-DA (w/v%) Ve (mol/m?) M. (g/mol) ESR EWC (%)
Gell 2 0 2.52 + 0.02 490,400 + 3121 379+ 20 974 +5.3
Gel2 2 4 10.38 £ 0.22 111,700 + 2187 272 +£26 96.3 + 8.8
Gel3 2 8 18.55 +£0.28 63,200 + 986 212+19 95.3 + 8.7
Gel4 0.2 8 22.32 +£0.10 50,100 + 203 203 + 0.8 95.1 + 4.2
Gel5 0.2 20 30.14 £ 0.19 38,500 + 250 175+ 0.2 943 + 34

6 5.75-6.10 ppm belong to the acrylate protons. The degree of
methacrylation (DM) of HA-GMA was defined as the amount of
methacryloyl groups per disaccharide in HA-GMA and calculated
using the following equation:

3y

DM:ZX—3y

where x is the relative peak integral of the methyl protons in HA-
GMA, and y is the relative peak integral of the acrylate protons. The
DM of HA-GMA was found to be 30%.

3.2. Physical properties of photopolymerized hydrogels

In addition to the covalent crosslink generated through free
radical polymerization of acrylate groups in the precursors, the
hydrophobic moieties, such as oligo-DTC segments in DPD-DA pre-
cursor and carbon-carbon single bond from methacrylate groups
in HA-GMA can form clusters via hydrophobic interaction and con-
tribute to the physical properties (Lin-Gibson, Jones, Washburn,
Horkay, 2005). By adjusting the concentration of either DPD-DA
or HA-GMA in the precursor solution, the physical properties of
synthesized hydrogels (e.g., M and v.) can be altered remarkably
(Table 1). For example, the crosslink density of Gel1, Gel2, and Gel3
increased from 2.52 to 18.55 mol/m3 when the concentration of
DPD-DA increased from 0 to 8% while keeping the same concen-
tration of HA-GMA (2%). The M. of the hydrogels decreased from
490,400 to 63,200 g/mol as a result of the increased crosslink den-
sity. At the same time, the ESR decreased from 37.9 to 21.2. The
same trend was also observed on Gel4 and Gel5 at a lower concen-
tration of HA-GMA (0.2%). It was also noticed that for Gel3 and Gel4,
the crosslink density increased and the M. decreased while low-
ering the concentration of HA-GMA, which was quite surprising.
This could be attributed to the presence of negative charged COO~
groups in HA-GMA. The static charge repulsion between negative
charged COO~ groups in hyaluronan can affect greatly the swelling
ratio of hydrogel (Masters, Shah, Leinwand, & Anseth, 2005), thus
slightly higher swelling ratio was observed with Gel3 which was
synthesized from 2% of HA-GMA as compared to that of Gel4 from
0.2% HA-GMA. When the concentration of HA-GMA decreased to
0.2%, the effect of negative charge repulsion became less signifi-
cant and led to decreased swelling ratio (21.2) and consequently
increased crosslink density of 22.32 mol/m3. It should be noted
that the concentration of precursors and the hydrophobic interac-
tions synergistically affect the swelling ratio and crosslink density
of hydrogel. By carefully manipulating of these factors, the prop-
erties of hydrogel can be fine tuned to meet various criteria in the
biomedical applications.

Fig. 2 shows the re-swelling kinetics profiles of the hydrogels in
distilled water. All swelling kinetic curves are plotted as the mean
value of three samples and almost all hydrogels reached equilib-
rium within 30 min and the EWC was higher than 90% for all the
hydrogels. In the early stage of swelling in distilled water, the dried
hydrogels were quickly swollen, but the swelling rate (slopes of
swelling kinetics) became smaller from Gell to Gel5, which was
consistent with the result that the surface area decreased gradu-
ally from Gel1 to Gel5 presented in Fig. 2. It is no doubt that with

increasing the concentration of DPD-DA and decreasing the con-
centration of HA-GMA in the polymerization mixture, the hydrogel
would exhibit increased crosslink density and thus the diffusion of
solvent was hindered.

3.3. Interior morphology

The interior morphology of the hydrogels is displayed in Fig. 3.
All the SEM images show three-dimensional macroporous struc-
ture for each type of hydrogel. But they also clearly illustrate the
dependence of interior morphology of the hydrogels on the com-
position ratio of DPD-DA to HA-GMA. With increasing the ratio of
DPD-DA to HA-GMA from Gel1 to Gel5, the pore structure changed
from an irregular round shape having wavy thin walls to a well-
defined structure having thick wall (Fig. 2). The average pore sizes
for Gell, Gel2, Gel3, Gel4, and Gel5 were 190, 120, 100, 80, and
60 pm, respectively, which follow the same trend in the crosslink
density of these gels.

3.4. Protein release behavior

The protein release behavior of the hydrogels was investigated
using BSA as the model drug. The release profiles of hydrogel-BSA
constructs in PBS (pH 7.4) at 37°C are shown in Fig. 4. Hydrogel
with lower crosslink density usually accompanies larger mesh size,
which would allow faster mass transfer through the hydrogel net-
work. The release rate of BSA from the constructs decreased from
Gel1 to Gel5 with the increase of the crosslink density of the hydro-
gels (Table 2). As shown in Fig. 4(a), the cumulative release at 6h
was 90.8%, 88.6%, and 86.9% for Gell, Gel2, and Gel3, respectively.
Gell, Gel2, and Gel3 exhibited fast release of BSA and the release
rate in different constructs followed the trend of Gel1 > Gel2 > Gel3,
which was in good agreement with the trend of hydrogel mesh
size. The same phenomenon was also observed for Gel4 and Gel5
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Fig. 2. Reswelling kinetics of the hydrogels in distilled water.
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Fig. 3. SEM images of the hydrogels: (a) Gell, (b) Gel2, (c) Gel3, (d) Gel4, and (e) Gel5. The scale bar represents 100 pm.

(Fig. 4(b)). Similarly, change in the concentration of HA-GMA also
affects the BSA release behavior. When the concentration of HA-
GMA decreased from 2% to 0.2%, prolonged release was achieved.
The cumulative release at 6 h was 52.4% for Gel4, which was much
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Fig. 4. In vitro release profiles of hydrogels-BSA construct in PBS (pH 7.4) at 37°C.

lower than that of Gel3 (86.9%). It took almost 120 h for 89.0% of
BSA to be released from Gel4. By tailoring the concentration of
oligo-DTC-PEG-0ligo-ODTC or HA moiety in the hydrogels, more
sustained release of BSA can be achieved.

We next plotted the mean value of cumulative release of BSA
against the square root of release time at cumulative release
lower than 60% (Fig. 5), good linear correlation (R%>0.99) was
found for each hydrogel. According to the Ritger-Peppas equation:
MM, =kt" (k is a kinetic constant, t is the release time) (Ritger
& Peppas, 1987), n equals to 1/2 only if the BSA release is Fickian
diffusion governed. The linear relationship between the cumulative
release and the square root of release time suggests that BSArelease
from this hydrogel is governed by Fickian diffusion and implies
that the mesh size of the hydrogel was larger than the hydrody-
namic diameter of BSA in solution (Carvalho, Coimbra, & Gama,
2009; Censi, Fieten, Hennink, & Vermonden, 2010).

The approximation equation of Fick’s second law was then
applied to calculate the effective protein diffusion coefficient (D)
in the early release stage (Leach & Schmidt, 2005; Ritger & Peppas,
1987):

M. =2

762

where M, is cumulative mass of released protein after two weeks,
M;/My, represents the fractional mass of released protein, D, is
the effective diffusion coefficient, t is the release time, and § is the
hydrogel thickness.

M; (Det>1/2

Table 2

Calculations of D, for BSA of the hydrogels.
Sample De x 107 (cm?[s) De/Do
Gell 1.50 + 0.23 0.164 + 0.025
Gel2 0.90 £+ 0.11 0.098 + 0.012
Gel3 0.61 £ 0.16 0.066 + 0.018
Gel4 0.34 + 0.07 0.037 + 0.008
Gel5 0.28 £+ 0.10 0.031 + 0.011

Do and D, /Dy are defined as infinite-dilution diffusion coefficient and normalized
diffusivity respectively, and Do for BSA in water at 37°C is 9.14 x 10~7 cm?/s (Censi,
Fieten, Hennink, & Vermonden, 2010; Leach & Schmidt, 2005).
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Fig. 5. Release kinetics of the hydrogels as a function of the square root of time.

The slopes of trend lines in Fig. 5 were used to calculate
the D, and D./Dy of each type of hydrogel (Table 2). From Gell
to Gel5, the value of D, and D./Dy for BSA decreased dramati-
cally from 1.50 x 107 to 0.28 x 107 cm?/s and from 0.164 to 0.031,
respectively. The decreasing diffusion coefficient of hydrogels fur-
ther demonstrated that by changing the precursor concentration,
not only physical properties of hydrogels can be tuned, but also
controlled drug release can be achieved. This hydrogel can be a
potential matrix for sustained protein drug release.

3.5. Cytotoxicity of hydrogel

MTT assay was performed to investigate the cytocompatibility
of this novel hydrogels. Since hydrogels made from PEG3400 has
been widely used as drug delivery carrier and tissue engineering
scaffolds due to its excellent cytocompatibility, we used a hydrogel
synthesized from PEGDA 3400 as a control to study the cytotoxicity
of the novel hydrogel. As shown in Fig. 6, no statistically signif-
icant difference in absorbance at 550 nm was observed between
the control and the novel hydrogels (Gel3 and Gel4) after 1 day of
culture. This result suggests that oligo(2,2-dimethyltrimethylene
carbonate) and GMA portions along with the presence of HA did
not exert adverse effect on HEK 293T cells. This novel hydrogel
showed comparable cytotoxicity with the widely recognized PEG
hydrogels, and could be used safely in protein delivery or other
biomedical applications.

0.4
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o (e}
N w
——
—
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=]
—_
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Gel3 Gel4

Fig. 6. Viability of HEK 293T cells cultured for 24 h on the pure PEG hydrogels, Gel3,
and Gel4.

Control

4. Conclusion

A series of hydrogels were successfully prepared by photo-
copolymerization of an oligo-DTC based precursor and HA-GMA. All
the hydrogels showed three-dimensional macroporous structure
and the physical properties of the hydrogel can be tuned by adjust-
ing the concentration of the precursors. Both the concentration of
precursors and the hydrophobic interactions synergistically have
influence on the crosslink density of hydrogel. With the increase of
the crosslink density of the hydrogel, the release rate of BSA from
the hydrogel-BSA constructs decreased due to the decrease of the
BSA diffusion coefficient. This novel hydrogel system has showed its
biocompatibility and could be potentially used in controlled protein
release.
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