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SUMMARY

— Gelatin and hyaluronic acid are abundant components extracted from human tis-

TISSUE sues and therefore, they have an inherent biocompatibility.
ENGINEERING — Photocrosslinkable gelatin and hyaluronic acid allows a better control over their
final viscoelastic properties.
— The crosslinking kinetics under visible light exposure of the PhotoHA® and
HYDROGEL PhotoGel® products from Advanced BioMatrix were successfully measured in real
FORMULATION time with the ElastoSens™ Bio.
— Higher concentration of the PhotoHA® and PhotoGel® products accelerated the
crosslinking kinetics and led to stiffer hydrogels.
TIME
MEASUREMENTS — The crosslinking reaction continued even after light exposure observed by the
continuous increase in the viscoelastic properties.
— Higher light intensity accelerated the crosslinking kinetics and led to stiffer hydrogels.
BIOLOGICAL — Lightintensity and exposure time can be varied to tune the viscoelasticity of hydro-
MATERIALS gels according to the application afterwards.
INTRODUCTION
BIO
CHEMISTRY Gelatin and hyaluronic acid (HA) are biomaterials widely used in the biomedical research
field. HA is the most abundant glycosaminoglycan in the body and is an important

component of several tissues. HA contributes to tissue hydrodynamics, movement and
proliferation of cells, and participates in a number of cell surface receptor interactions.
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Gelatin is a hydrolyzed form of collagen, which is the most abundant protein in the
human body, and contains many of the same amino acids and cell binding sites. In an
effort to provide an in vivo-like environment for cells, researchers often grow them in
gelatin and HA hydrogels.

Gelatin and HA have been chemically modified (methacrylated) with photosensitive
groups to allow a better control over the viscoelastic properties of the final hydrogels
through photocrosslinking. For this reaction (photocrosslinking) to take place, the modi-
fied gelatin and HA should be mixed with a photoinitiator such as lithium phenyl-2,4,6-tri-
methylbenzoylphosphinate (LAP) that absorbs blue light creating free radicals. These
radicals react with the acrylate groups to induce crosslinking. This technology allows
the researcher to mimic the mechanical properties of various tissues in the human bodly,
while still providing native cell binding sites [1,2].

The use of photocrosslinkable hydrogels offers many different strategies to control their
final viscoelastic properties. The concentration of the biomaterial and photoinitiator,
their degree of modification, the light intensity and exposure time can all be varied
to fine tune the outcomes. With these many variables, it can be challenging to ana-
lyze the possible combinations in an effective way. In this work, two concentrations
of PhotoHA® and PhotoGel® provided by Advanced BioMatrix (CA, USA) were tested
in the ElastoSens™ Bio (Rheolution Inc, QC, Canada) under light exposure (405 nm)
to obtain their crosslinking kinetics in real time. In addition, different exposure times
were applied to the higher concentration of the PhotoGel® product. The effect of the
biomaterial concentration and the exposure time on the viscoelastic properties of the
hydrogels was then evaluated.

MATERIALS AND METHODS

Methacrylated Hyaluronic Acid (PhotoHA®, 5274, Advanced BioMatrix) and Methacrylated
Gelatin (PhotoGel®, #5272-1KIT, Advanced BioMatrix) were prepared according to the
manufacturer’s instructions. Briefly, LAP was dissolved in PBS (17 mg/mL). PBS was added
into the PhotoHA® and PhotoGel® vials and kept at 4 °C and 60 °C, respectively, until
complete dissolution. PhotoHA® was prepared at 1% and 2 % and PhotoGel® at 5 % and
10 % (w/v %). 3 mL of PhotoHA® or 2 mL of PhotoGel® was pipetted in the sample holder
ElastoSens™ Bio and the test was immediately started.

One complete test consisted of 3 sequences that were preprogrammed in the ElastoSens™
Bio (Table 1). In the first sequence (1), measurements were taken at 20 °C without light to
ensure that all the conditions had the same starting temperature. In the second sequence,
the visible light (405 nm) was switched on at different intensities and duration (2A, 2B, 2C)
and measurements were taken at 20 °C. Finally in the last sequence (3), measurements
were taken at 20 °C without light to observe the viscoelasticity after light exposure.

Table 1: Sequences preprogrammed in the ElastoSens™ Bio

Time step between

405nm light in- . Sequence Testing tempe-
Sequence . 2 successive ) . o
tensity (mW/cm?) duration (min) rature (°C)
measurements (s)
10
20 20
8 5s 2,4 and 6 20
4,8,15 5s 20 20
- 10s 20 20
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Fig. 1: Shear storage modulus (G’, Pa) as a function
of time for the two concentrations of PhotoHA®
(left) and PhotoGel® (right) products.

=

e

Fig. 2: PhotoGel® before (left) and after (right)
photocrosslinking in the ElastoSens™ Bio.

G'_PhotoGel 10 %

40
Light on
32 — 2min
24 — 4 min
— 6 min

16 ) /"

Time (min)

o

Fig. 3: Shear storage modulus (G, Pa) as a function
of time for the 10 % PhotoGel® crosslinked for 2, 4
and 6 min with blue light (405 nm).

Average results are expressed as mean * standard deviation (n = 3). Statistical analysis
was performed using GraphPad Prism version 9 (GraphPad Prism Software, La Jolla, CA,
USA). Unpaired t test with Welch's correction was applied. Significance was retained
when p <0.05.

RESULTS AND DISCUSSION

Fig. 1 shows the evolution of the shear storage modulus (G’, Pa) as a function of time for
the two concentrations of PhotoHA® (left) and PhotoGel® (right). Measurements were
taken without light during the first 10 min of the test to identify the initial viscoelastic prop-
erties of the gels. The light was then programmed to be switched on by the instrument
at 10 min and its effect was clearly observed with the increase in G’ over time. During
light exposure, the LAP photoinitiator absorbs energy from the 405 nm blue light cre-
ating free radicals. These radicals continuously react with the acrylate groups inducing
crosslinks between them which is responsible for the reinforcement of the hydrogels
and the gradual increase in G’. All the hydrogels were homogeneously crosslinked after
the tests (Fig. 2).

The hydrogel’s concentration resulted in an impressive effect on its viscoelastic proper-
ties. The crosslinking speed (observed by the slope of the curve, Fig. 1) was higher for
the more concentrated hydrogels (p < 0.05). The G’ at 24 minutes of testing was 3.7 times
higher for the 2 % PhotoHA® (12,227 + 350 Pa) compared to the 1 % PhotoHA® (3,307 £
134 Pa) and 7.3 times higher for the 10 % PhotoGel® (39,437 + 1,251 Pa) compared to the
5 % PhotoGel® (5,398 + 106 Pa).

In addition to the concentration, other parameters such as intensity and duration of light
exposure can also affect the crosslinking density of the hydrogels and therefore, its
viscoelastic properties. Fig. 3 shows the evolution of the shear storage modulus (G’, Pa)
as a function of time for the 10 % PhotoGel® under light exposure for 2, 4 and 6 minutes.
Similarly, the light was programmed to be switched on at 10 minutes of testing with the
mentioned duration.

As expected, the curves were nearly the same during the first 12 minutes of testing for the
PhotoGel® 10 %. After this time point, the G’ continued to substantially increase over time
for the samples under longer light exposure. Interestingly, the increase in G’ continued
even after the light was switched off but at a lower rate. This means that the crosslinking
reactions were still occurring for some minutes more (10-20 min). Therefore, the continu-
ation of the reaction and the consequent increase in the hydrogel strength over time
should be considered when applying photocrosslinking to mimic certain tissue strengths.

Fig. 4 shows the evolution of the shear storage modulus (G, Pa) as a function of time for
the 1 % PhotoHA® under light intensities of 4, 8 and 15 mW/cm? switched on at 10 min.
The higher light intensity accelerated the crosslinking process (lower initiation time and
higher slope of the curves) and led to stiffer hydrogels. This result is in accordance with
the theory, since the rate of polymerization (crosslinks) is directly (but not linear) propor-
tional to the intensity of the incident light [3].

CONCLUSION

PhotoHA® and PhotoGel® products from Advanced BioMatrix were successfully photo-
crosslinked in the ElastoSens™ Bio and the evolution of their stiffness was captured in
real time. The hydrogel concentration resulted in a pronounced effect on its viscoelastic
properties. The results showed the great sensitivity (among the products and concen-
trations) and repeatability (triplicates) of the measurements. Higher light exposure and
intensity led to stiffer hydrogels. The G’ continued to increase even after light exposure.
These two parameters (light duration and intensity) can be used to tune the viscoelastic
properties of the crosslinked hydrogels.
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PERSPECTIVES

— Photocrosslinkable HA and Gelatin products offer better control over the viscoe-
lastic properties of hydrogels for tissue engineering applications.

— ElastoSens™ Bio is able to capture the crosslinking kinetics under light exposure
of photocrosslinkable hydrogels in real time (3 wavelengths possible).

— Different light intensities and exposure times can be easily combined in the
ElastoSens™ Bio aiming at tunning the viscoelastic properties of the hydrogels.
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