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Abstract
We have been investigating thermoresponsive hydrogel nanoparticle composite networks to
develop photopolymerized hydrogels in order to deliver drugs for prevention of restenosis after
angioplasty. These composite systems can form a gel under physiological conditions and release
drugs in response to temperature changes. Our novel system consisting of poly(N-
isopropylacrylamide) (PNIPA) thermoresponsive nanoparticles, photo cross linker poly(ethylene
glycol) diacrylate (PEGDA), and UV photoinitiator, 2-hydroxy-1-[4-(2-hydroxyethoxy)
phenyl]-2-methyl-1-propanone-1-one (Irgacure 2959), would be photopolymerized in situ in the
presence of UV light. The focus of this study was to evaluate the effects of a photoinitiator and
UV exposure on human aortic smooth muscle cells (HASMCs). We found that exposure to UV
light did not significantly affect cellular survival within doses required for photopolymerization.
The photoinitiator was cytocompatible at low concentrations (≤ 0.015% w/v); however,
cytotoxicity increased with increasing photoinitiator concentrations. In addition, free radicals
formed in the presence of a photoinitiator and UV light caused significant levels of cell death. An
antioxidant (free radical scavenger), ascorbic acid, added to the cell media significantly improved
relative cell survival, but increased the hydrogel gelation time. Finally, HASMC survival when
exposed to all potential cytotoxic components was also evaluated by exposing HASMCs to media
incubated with our composite hydrogels. In summary, our studies show that the photoinitiator and
free radicals are responsible for the cytotoxicity on HASMCs, and the addition of antioxidants can
significantly reduce these harmful effects.
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Introduction
Our long term goal is to develop an in situ photopolymerized thermoresponsive hydrogel
nanoparticle composite system to aid in the prevention of restenosis after angioplasty.
Coronary balloon angioplasty involves clearing the blocked artery by inflating a balloon and
compressing the plaque against the arterial wall, commonly resulting in damage to the
endothelial layer. Restenosis, the re-narrowing of the treated artery, is caused by a major
loss of the endothelial cell population (a natural vascular barrier), resultant smooth muscle
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cell (SMC) migration, and subsequent SMC proliferation at the injured arterial wall site.1-3
Our system, consisting of poly(N-isopropylacrylamide) (PNIPA) thermoresponsive
nanoparticles, photo cross-linker poly(ethylene glycol) diacrylate (PEGDA), and UV
photoinitiator 2-hydroxy-1-[4-(2-hydroxyethoxy) phenyl]-2-methyl-1-propanone (Irgacure
2959), would be photopolymerized at the injured wall with exposure to UV light following
angioplasty for local drug delivery.

The advantage of our hydrogel nanoparticle composite system is that it would provide both
local and stimuli-responsive drug delivery capable of releasing a drug in response to
temperature changes.4 The drug would be selected based on its ability to prevent further
human aortic smooth muscle cell (HASMC) migration and proliferation, major causes of
restenosis. In addition to releasing the drug in a temperature responsive manner, the
hydrogel film would also act as a protective barrier against the recruitment of blood cells
such as platelets and leukocytes, major causes of thrombosis and inflammation at the
damaged arterial wall.5 Another advantage of our system would be the ability to quickly
photopolymerize at the injured arterial wall after angioplasty. Photopolymerization of
hydrogels has been investigated extensively for use in various biomedical applications,
including drug delivery 6-10 and tissue engineering.11-19 Upon exposure to UV light,
photopolymerization allows rapid conversion of a liquid monomer or macromer solution
into a gel in situ.20,21 Other advantages of photopolymerized hydrogels include spatial and
temporal control of reaction kinetics, fast curing rates to provide rapid polymerization, and
effective control over cross-linking density, thereby governing the release rate.22-24 These
advantages make photopolymerized hydrogels extremely desirable as systems for smart
local drug delivery.21

The essential components needed to form our photopolymerized composite hydrogel
network are the photo cross-linker, photoinitiator, and UV irradiation. Poly(ethylene glycol)
(PEG) functionalized with diacrylate group (PEGDA) was chosen as the photo cross-linker,
as it cross-links quickly in the presence of UV light and a photoinitiator to form hydrogels.
4,21 Additionally, PEGDA is considered biocompatible and nontoxic as it is a derivative of
PEG.25 When photoinitiator molecules are exposed to specific wavelengths of visible or UV
light, they dissociate into free radicals, which initiates the polymerization reaction.20,21 The
UV photoinitiator Irgacure 2959 was selected based on the results of previous studies where
Irgacure 2959 was found to be the most cytocompatible UV photoinitiator compared to other
photoinitiators for different cell types.20,22,26 However, one such study on the effect of
Irgacure 2959 also noted that different cell types displayed different sensitivities to the same
concentration of this photoinitiator.22 Therefore, it is essential to determine the sensitivity
of HASMCs specifically to Irgacure 2959.

The use of UV light and photoinitiator molecules makes it necessary to determine the
compatibility of these systems before their use in biomedical applications. The cells can
undergo cellular damage during photopolymerization as a result of exposure to
photoinitiator molecules, reactive macromers, and free radicals.20 For our system, inhibiting
HASMC migration and proliferation is necessary to prevent restenosis. However, the
photoinitiating system must not have a deleterious effect on the existing HASMC
population. Thus, it is critical to evaluate the biocompatibility of our system on HASMCs
and minimize the cytotoxicity of its components. Therefore, the aim of this paper is to
evaluate the cytotoxic effects of the composite system components on the HASMCs. First,
these cells were exposed to different photoinitiator concentrations with or without UV light
exposure for various periods. Cell survival was then determined by MTS assays. Ascorbic
acid, an antioxidant, was also tested for its efficiency in reducing the cytotoxicity of free
radicals. In addition, studies were performed to evaluate the effect of antioxidant addition on
the gelation time of our composite hydrogels. Finally, media was incubated with our
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composite hydrogels for 8 hours and cell survival was determined after HASMCs were
incubated with this media for 3 days.

Materials and Methods
Materials

Chemicals, if not specified, were purchased from Sigma-Aldrich (St. Louis, MO), including
N-isopropylacrylamide (NIPA), N, N’-methylenebisacrylamide (BIS), potassium persulfate
(KPS), and sodium dodecyl sulfate (SDS).

Human Aortic Smooth Muscle Cell (HASMC) Culture
Human aortic smooth muscle cells (Cascade Biologics, Portland, OR) were cultured in
complete medium consisting of Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin
(Invitrogen, Carlsbad, CA). Upon 80-90% confluency, the cells were passaged or used for
experiments. For all experiments, the cells were seeded in 24-well plates (Corning Inc.,
Corning, NY) at a density of 7000 cells per well. Following seeding, the cells were
incubated at 37°C and 5% CO2 in a humid environment for 2 days to allow cellular
attachment and growth. After 2 days, the HASMCs were exposed to varying concentrations
of the photoinitiator Irgacure 2959 (Ciba Speciality Chemicals, Tarrytown, NY) and/or UV
exposure.

Preparation of Photopolymerized Thermoresponsive Hydrogels
PNIPA nanoparticles were first prepared using the previously described method.4,27,28
Photopolymerized hydrogels were then produced using the method outlined by Ramanan et
al.4 Briefly, PNIPA nanoparticles (20% by weight of PEGDA) were added to a solution
containing PEGDA (3400 MW) with a final PEGDA concentration of 100 mg/ml. The UV
photoinitiator, Irgacure 2959, was then added at a final concentration of 0.015% (w/v). 200
μl of this solution was added to a 48-well plate and exposed to long-wave, 365 nm UV light
at about 10 mW/cm2 for five minutes to form the composite hydrogels.

Effects of UV Exposure Durations
To evaluate the effects of UV exposure on cell survival, cells were seeded and cultured as
described above. The cells were then exposed to varying durations (1, 3, and 5 minutes) of
long wave, 365 nm UV light (Model B-100AP/R, UVP) at about 10 mW/cm2. These
durations of UV exposure were chosen because they are sufficient to photopolymerize the
hydrogels. Cells not exposed to UV light served as the control. Following exposure, the cells
were incubated for another 3 days before quantifying the cell survival.

Effects of Photoinitiator Concentrations
To evaluate the cytotoxic effects of photoinitiator concentrations on HASMCs, the cells
were seeded and cultured as described above. Irgacure 2959 was directly dissolved in
complete media to obtain final concentrations of 0.01%, 0.02%, 0.04%, 0.08%, and 0.16%
(w/v). These photoinitiator concentrations were well within the range required for
photopolymerization in a short period of time. The photoinitiator solutions were carefully
protected from exposure to light to preserve their activity. These solutions were then
sterilized using 0.2 μm syringe filters before they were added to the HASMCs. The control
wells consisted of cells incubated with photoinitiator-free complete media. After the
addition of the photoinitiator, the cells were incubated for 3 days and then cell survival was
determined using MTS assays.
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Combined Effects of Photoinitiator and UV Exposure
The cellular damage due to the combined effects of photoinitiator and UV exposure was
evaluated using the previously described method.22 Briefly, the HASMCs were seeded onto
24-well plates and allowed to grow for 2 days. Irgacure 2959 solutions with final
concentrations of 0.01%, 0.015%, 0.04%, and 0.08% (w/v) in complete media were
prepared. After adding these solutions, cells were incubated for 30 minutes to allow for the
mixing of the photoinitiator. The well plates were then exposed to 1, 3, and 5 minutes of UV
light. Wells containing cells not exposed to either UV light or photoinitiator solution served
as controls for this experiment. Cell samples were incubated for 3 days before analyzing the
cell survival.

Effect of Antioxidants
An additional study was performed to evaluate the efficiency of the antioxidant, ascorbic
acid, in scavenging the free radicals in an effort to increase cell survival. Ascorbic acid was
chosen based on the observation by Williams et al. that ascorbic acid present in bovine
chondrocyte specific media may be responsible for reducing the cytotoxic effects of Irgacure
2959.22 HASMCs were exposed to 0.15% (w/v) solution of Irgacure 2959 in complete
media supplemented with varying concentrations of ascorbic acid (0-200mg/L). After
incubating for 30 minutes, the cells were exposed to 5 minutes of UV light and cell survival
was quantified after 3 days.

To evaluate the effect of added antioxidants on the gelation time, the gelation times (i.e. the
time required for the materials to form a gel) were determined using three methods on 96-
well plates. For this study, 50 mg/L of ascorbic acid was added to the hydrogel precursor
solution, containing 0.15% (w/v) Irgacure 2959. In the first method, the gels were exposed
to the UV light, and viscosities of the gel solution were observed.29 The end point was
demonstrated when we were able to pick up the gel with the pippet tip. In the second
method, a stir bar was placed in a well containing the hydrogel solution, and the gelation
time was defined as a time required for the stir bar to stop stirring.30 In the last method,
UV-Vis spectrophotometer was used in order to monitor for the change in the intensity of
the gelation solution from 340 nm to 1020 nm wavelength to choose the optimal
wavelength. The highest change in the intensity was observed at 610 nm. Then, the solution
was monitored at that this specific wavelength (610 nm) over a time course. The result was
graphed as function of time, and the gelation time was defined as the time that had the
highest changes in the absorbance intensities.

Effect of Photopolymerized Hydrogels
Finally, a study was performed to evaluate the cytotoxic effects of the photopolymerized
composite system on the HASMC population. This was done to evaluate how the whole
composite hydrogel system affected cell survival. Here, hydrogels (n=4) were
photopolymerized (as described above) with 0.015% and 0.15% (w/v) Irgacure 2959
concentrations. HASMC media was then incubated with the hydrogels for 8 hours to allow
the leaching of all potential cytotoxic components from our hydrogels into the cell media.
After 8 hours, this media was added to the HASMCs which had been grown for two days.
For the controls, fresh media (not incubated with hydrogels) was added to the cells. After 3
days of incubation, the cell survival was evaluated using MTS assays.

Cell Survival Using MTS Assays
After the experiments, the cell survival was quantified using the MTS assay (CellTiter 96®

AQueous One Solution Cell Proliferation Assay, Promega) following the manufacturer’s
instructions. The cells were incubated with the MTS reagent for four hours, after which 200
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μl of the solution was transferred to 96-well plates and absorbance was read at 490 nm using
a microplate reader (VMax, Molecular Devices). Relative cell survival was obtained by
dividing the absorbance reading of a cell sample by the mean absorbance value of the
control.

Statistical Analysis
Analysis of the results was performed using ANOVA and t-tests with p < 0.05 (StatView 5.0
software, SAS Institute). Post-hoc comparisons were made using the Fisher’s least
significant differences (LSD). For each study, four samples were tested (n = 4) and all the
results are given as mean ± SD.

Results
Effect of UV Exposure Durations

In our study, cells were exposed to UV light in the absence of photoinitiator molecules to
determine the effects of UV exposure time only. The HASMCs were exposed to 1, 3, and 5
minutes of long-wave, 365 nm UV light at 10 mW/cm2, which is enough to
photopolymerize the hydrogels. Following exposure, cells were cultured for 3 days to
evaluate the cytotoxic effects of the UV light. Cells not exposed to ultraviolet light served as
the controls and were used to determine the relative cell survival rate. The cell survival for
controls was determined to be 1 ± 0.09. The effects of varying durations of UV exposure on
the HASMC survival are shown in Figure 1. Exposure of HASMCs to 1, 3, and 5 minutes
did not show any statistically significant decrease in cell survival and the relative cell
survival rates were 0.96 ± 0.05, 0.97 ± 0.04, and 1.07 ± 0.02, respectively.

Effect of Photoinitiator Concentrations
HASMCs were incubated with various photoinitiator concentrations (0.01%, 0.02%, 0.04%,
0.08%, and 0.016% (w/v) Irgacure 2959) to evaluate the cytotoxicity of initiator molecules.
The controls, consisting of wells exposed to photoinitiator-free media, were used to
determine relative cell survival. The cell survival for the controls was determined to be 1 ±
0.09. The cytotoxic effects of the varying photoinitiator solutions are shown in Figure 2.
Irgacure 2959 did not show a significant decrease in cell survival when HASMCs were
exposed to 0.01% (w/v) photoinitiator solution, and relative cell survival was determined to
be 1.03 ± 0.10 (n = 4). However, upon increasing the photoinitiator concentrations above
0.02% (w/v), a statistically significant decrease was noticed in the relative cell survival.
Varying the photoinitiator concentration from 0.02% (w/v) to 0.16% (w/v) was found to
progressively decrease the relative cell survival from 0.85 ± 0.09 to 0.25 ± 0.01,
respectively.

Combined Effects of Photoinitiator and UV Exposure
It is essential to evaluate cytotoxic effects of the free radicals formed when photoinitiator
molecules are exposed to UV light. For this study, the HASMCs were treated with
photoinitiator solutions (0.01%, 0.015%, 0.04%, and 0.08% w/v) followed by exposure to
UV light (1, 3, and 5 minutes). Relative cell survival, shown in Figure 3, was calculated
using the control wells, which were not exposed to the photoinitiator solution or UV light.
The cell survival for the controls was determined to be 1 ± 0.09. For 0.01% and 0.015% (w/
v) of photoinitiator concentrations, the HASMCs did not show any statistically significant
decrease in relative cell survival for 1, 3, and 5 minutes exposure (n = 4). At 0.04% (w/v)
concentration of Irgacure 2959 in complete media, a significant decrease was observed at 1,
3, and 5 minutes of UV exposure, with relative cell survival values at 0.76 ± 0.05, 0.74 ±
0.04, and 0.67 ± 0.05 of the control samples, respectively. Finally, the relative cell survival
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rates were significantly reduced at 0.08% (w/v) photoinitiator concentration, ranging
between 0.54 ± 0.04 and 0.45 ± 0.03 for the three durations of UV exposure.

Effect of Antioxidant
To explore methods of reducing cytotoxicity due to the released free radicals, a study was
carried out to evaluate the efficiency of ascorbic acid, an antioxidant, as a scavenger of free
radicals in reducing cellular damage caused by free radicals. HASMCs were incubated in
photoinitiator-media solutions supplemented with various concentrations of ascorbic acid. It
was observed that even at low concentrations (50 mg/L), ascorbic acid was able to
significantly improve the relative cell survival rates compared to samples without ascorbic
acid (Figure 4). In addition, a parallel study was carried out to study the effect of antioxidant
addition on the gelation time of the hydrogel. Hydrogels with 50 mg/L of ascorbic acid
required more time to form when compared to hydrogels with no antioxidants, with all other
conditions remaining constant (Table 1).

Effect of Photopolymerized Hydrogels
An additional study was performed to evaluate the cytotoxic effects of the photopolymerized
composite hydrogels. Hydrogels were photopolymerized with 0.015% and 0.15% (w/v)
Irgacure 2959 concentrations and then incubated with HASMC media for 8 hours. This
media was then added to the seeded HASMCs, and the relative cell survival rates for cells
incubated with hydrogel media for 3 days are shown in Figure 5. Controls exhibited a
relative cell survival rate of 1 ± 0.04. For hydrogels with 0.015% (w/v) Irgacure 2959,
relative cell survival of HASMCs did not show any significant decrease (0.93 ± 0.04).
However, for HASMCs incubated with media from hydrogels photopolymerized with 0.15%
(w/v) Irgacure 2959, relative cell survival was significantly decreased compared to the
controls (0.48 ± 0.19 of controls).

Discussion
Photopolymerizable hydrogel systems have been used in several applications including drug
delivery and tissue engineering. The ability to rapidly form a hydrogel in situ using
photopolymerization makes this system highly desirable for biomedical applications.4 In our
particular application, we are developing a thermoresponsive nanoparticle composite
hydrogel to aid in preventing restenosis. Following angioplasty, the hydrogel would be
photopolymerized at the site of the injured arterial wall to release drugs that inhibit
restenosis. It is critical that the drug delivery system components not cause additional
damage to the surrounding cells and tissues. Hence, the aim of this paper was to evaluate the
cytocompatibility of the components of the photoinitiating system, including UV light and
the photoinitiator. HASMCs, normally present at an injured site, were chosen for the
evaluation of the cytotoxic effects of the system components.

Short-time exposure to UV light did not cause significant cytotoxicity as shown in our study
(Figure 1) and in previous studies from other investigators. Our study, evaluating the
cytotoxicity of varying times of UV exposure, showed that UV light did not cause any
significant decrease in HASMC survival (1.07 ± 0.02) after 5 minutes of exposure. Similar
studies by others conducted on NIH/3T3 fibroblasts cells have shown relative cell survival
rates of 1.08 ± 0.03 even after 10 minutes of UV exposure.20 Williams et al. performed an
extensive study evaluating the effects of UV exposure on six different cell types, including
human fetal osteoblasts, bovine chondrocytes, rabbit corneal epithelial cells, human
mesenchymal stem cells, goat mesenchymal stem cells, and human embryonic germ cells,
and found that short UV exposure (5 minutes) did not alter cell survival significantly.22
These results, combined with our data, confirm that while its cytotoxic effects may vary
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slightly among cell types, UV exposure does not significantly contribute to cell death at
conditions (short-time exposure) required for photopolymerization.

Our second study evaluated the effects of different photoinitiator concentrations on the
survival of HASMCs (Figure 2). It was important to evaluate the cytocompatibility of
Irgacure 2959 as HASMCs would be exposed to the initiator molecules prior to
polymerization. Additionally, it is possible that some undissociated initiator molecules could
harm the cells after polymerization.20 Several groups have investigated the cytotoxicity of
different, commercially available, visible light and UV photoinitiators.12,26,31 Bryant et al.
investigated the cytocompatibility of four UV photoinitiators on NIH/3T3 fibroblast cells
and found Irgacure 2959 to be the most cytocompatible UV photoinitiator that does not
affect fibroblast survival at concentrations ≤ 0.05% (w/w). These studies also observed
positive results on chondrocytes.20 Williams et al. studied the cytocompatibility of three
UV photoinitiators with six different cell lines and found Irgacure 2959 to be the most
cytocompatible amongst these six cell lines with different cell types reacting differently to
the same concentration of a single photoinitiator.22 Based on the results from these studies,
we selected Irgacure 2959 as a photoinitiator for our composite hydrogel system, and thus, it
was important for us to evaluate the cytocompatibility of Irgacure 2959 specific to
HASMCs. In our study, HASMCs showed a higher sensitivity to Irgacure 2959 compared to
different cell types studied by other groups. Our results showed that below 0.02% (w/v)
concentration, there was no significant decrease in cell survival. At concentrations greater
than 0.02% (w/v), the cytotoxicity of Irgacure 2959 increased with increasing photoinitiator
concentrations and significantly affected cell survival. It is also important to note that even
low photoinitiator concentrations (0.015%) can photopolymerize the hydrogels within short
periods of UV exposure (5 minutes). Additionally, the HASMCs were exposed to Irgacure
2959 for 3 days whereas, in vivo, the cells would be exposed to the photoinitiators for a
shorter period.

The cellular damage caused by photopolymerization was also evaluated by studying the
combined effects of photoinitiator molecules and UV light (Figure 3). It was essential to
perform this study as initiator molecules dissociate into free radicals upon exposure to UV
light, and free radicals can damage cellular membranes.20 In our studies, at lower
photoinitiator concentrations (0.01% and 0.015% w/v) and UV exposure times (1, 3, and 5
minutes), cell survival rates were not statistically different from the controls. However, at
0.04% and 0.08% (w/v) photoinitiator concentrations, a significant decrease was noted in
cell survival rates for all durations of UV exposure. For high photoinitiator concentrations,
the increased cell death might be attributed to the free radicals released during
photopolymerization. Furthermore, cells may also be exposed to a toxic environment
consisting of initiator by-products and undissociated initiator molecules in addition to
generated free radicals following polymerization.20

To reduce the cytotoxic effects, we tried scavenging the free radicals released during the
photopolymerization process. Williams et al. reported that the presence of antioxidant
ascorbic acid in the culture media for bovine chondrocytes might have reduced the
sensitivity of these cells to the toxic effects of Irgacure 2959.22 In our study we evaluated
the ability of ascorbic acid to scavenge free radicals and reduce photoinitiator toxicity, and it
was found that ascorbic acid, even at low concentrations (50 mg/L), significantly increased
cell survival. It was previously reported that different cell types might respond differently to
a single photoinitiator due to variations in their expression of antioxidant enzymes, 32
receptors for antioxidant enzymes, 33,34 and the addition of antioxidants to their culture
media.35,36 Our results confirm these findings as we were able to significantly alter cell
survival rates by adding an antioxidant (Figure 4). However, it is important to note that free
radicals are critical to the polymerization process. Hence, it was necessary to determine
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whether the presence of ascorbic acid altered the gelation time of the hydrogel. Our studies
showed that upon addition of 50 mg/L concentration of antioxidant ascorbic acid, the time
required for gelation was increased compared to the gelation time in the absence of an
antioxidant. Although the addition of ascorbic acid significantly improved cell survival, its
increased gelation time may result in increased photoinitiator and UV exposure, making
ascorbic acid unattractive for use in our system.

Finally, we tried to evaluate the cytotoxic effects of the photopolymerized composite
hydrogels as a whole. During photopolymerization, the reactive macromers would react with
the free radicals, thereby possibly reducing the harmful effects of the radicals on the cells.22
Thus, it was essential to perform this study to determine whether there was a potential
cytotoxic effect of all components in our drug delivery system on SMCs. This study was
also essential to evaluate the cytotoxicity of the PEGDA and PNIPA polymers, which are an
integral part of our system. Our results showed that there was no significant decrease in cell
survival when hydrogels were photopolymerized with 0.015% (w/v) Irgacure 2959, which
our earlier results had also shown to be biocompatible. For hydrogels photopolymerized
with 0.15% (w/v) Irgacure 2959, the cell survival decreased significantly compared to the
controls. It is important to note from our photoinitiator study, relative cell survival for
HASMCs at 0.16% (w/v) Irgacure 2959 (but without polymers) was 0.25 ± 0.01. However,
from Figure 5 we can see that relative cell survival for HASMCs exposed to media
incubated hydrogels photopolymerized with 0.15% (w/v) Irgacure 2959 was 0.48 ± 0.19.
Therefore, these results may be used to conclude that the reactive PEGDA macromers
indeed react with the free radicals and reduce the system cytotoxicity.

Conclusion
The focus of this study was to investigate the cytotoxicity of the photoinitiating components
of our composite hydrogel system on human aortic smooth muscle cells. Studies conducted
to evaluate the effects of UV dose, photoinitiator concentrations, and combined effects
conclusively showed that the photoinitiator and free radicals were the most cytotoxic
components. At the same time, it was found that UV light did not significantly affect cell
survival. Additionally, it was shown that ascorbic acid could significantly increase cell
survival, but it also increased the gelation times of the hydrogel, potentially inducing cellular
damage due to prolonged exposure times. Finally, relative cell survival was evaluated after
exposure of HASMCs to media incubated with our composite hydrogels. Future work will
involve testing other antioxidants or strategies to minimize cytotoxicity and optimizing our
composite hydrogel system by altering various components in our system such as molecular
weights of PEG and concentrations of nanoparticles.
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Figure 1.
The effects of varying durations (0, 1, 3, and 5 minutes) of long wave, 365 nm UV light
exposure at about 10 mW/cm2 on the survival of human aortic smooth muscle cells, in the
absence of a UV photoinitiator. Controls were cells not exposed to UV light (0 minutes of
exposure).
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Figure 2.
The effects of photoinitiator (Irgacure 2959) concentrations on the survival of human aortic
smooth muscle cells, in absence of UV light.
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Figure 3.
The combined effects of photoinitiator concentrations at four concentrations 0.01%, 0.015%,
0.04%, and 0.08% (w/v)) and UV exposure (with three durations 1, 3, and 5 minutes) on the
survival of human aortic smooth muscle cells.
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Figure 4.
The effects of ascorbic acid on HASMC cell survival when exposed to 0.15% (w/v) Irgacure
2959 and 5 minutes of UV exposure. Controls were not exposed to the photoinitiator and
UV light. * = Significant Difference (p<0.05) ** = significant difference (p<0.05) with
respect to 0mg/L ascorbic acid concentration.
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Figure 5.
The effects of Photopolymerized Composite Hydrogels on HASMC cell survival. Controls
were not exposed to the photopolymerized hydrogels. * = Significant Difference (p<0.05).
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Table 1

Effects of antioxidants (e.g. Ascorbic Acid) on the gelation time.

Samples Gelation Time (Minutes)

Observation Stirring Spectrophotometer

Without Ascorbic Acid 3.44 ± 0.230 3.59 ± 0.290 4.00 ± 0.009

With Ascorbic Acid* 4.05 ± 0.100* 4.20 ± 0.060* 4.42 ± 0.016*

*
significantly difference compared to samples without ascorbic acid, p < 0.05
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