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SUMMARY

— Alginate is a natural biomaterial obtained from algae widely used for cell and pro-
tein delivery, and tissue engineering applications.

— Alginate quickly crosslinks in the presence of multivalent cations (e.g., Ca%') in agueous
solutions resulting in a hydrogel with tunable mechanical properties.
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— The lowest concentration of the calcium chloride solution provoked swelling and led to
a slower crosslinking of the alginate gels.

— The higher concentration of the calcium chloride solution offered a fast crosslinking
resulting in the shrinking of the alginate gels.

— The higher concentration of the calcium chloride solution led to stiffer alginate gels.

TISSUE

ENGINEERING — Alginate hydrogels can dissolve once incubated in a saline solution without calcium

chloride (e.g., PBS).

INTRODUCTION

HYDROGEL . . .
FORMULATION Alginate is a polysaccharide present as a structural component of algae and a capsular

component of soil bacteria. The polysaccharide is typically obtained from brown sea-
weed and used in many industries such as medical, pharmaceutical, food, textile due to
its viscosifying, gelling and stabilizing properties. Alginate can quickly crosslink in the
TIME presence of multivalent cations (e.g., Ca?") in aqueous solutions resulting in a hydrogel

MEASUREMENTS with tunable mechanical properties. This simple and cost-effective process and its ability
to retain large quantities of liquid make alginate a valuable biomaterial for biotechnology
applications such as drug and cell delivery and tissue engineering [1].

BIOLOGICAL

MATERIALS Alginate hydrogels can be injected in the body or implanted in a preformed shape.
For the latter case, alginate has been frequently processed using extrusion-based 3D
printing which requires a fast gelation process. The polysaccharide offers fast gelling

BIO in mild conditions (when mixed with multivalent cations) and in this way, cells can be

CHEMISTRY easily and quickly encapsulated [2].

The viscoelastic properties of alginate can be tuned by changing different parameters
such as polymer concentration and molecular weight, and type and concentration of the
crosslinking agent. In this application note, 1% alginate from CELLINK was crosslinked
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Figure 1: Average shear storage modulus (G’) and height (mm) as
a function of time of Alginate 1% crosslinked with a 10 mM CacCl,
solution (*p<0.0001 for O versus each hour).

with calcium chloride (CaCl,) solution at different concentrations (10 mM and 50 mM)
and its viscoelastic properties were measured in the ElastoSens™ Bio after successive
incubations with the solution. In addition, the mechanical stability of one crosslinked
alginate formulation (10 mM) was evaluated over 24 hours under the incubation with a
saline solution (PBS).

MATERIALS AND METHODS

Alginate 1% and CaCl, solutions (10 mM and 50 mM) were obtained from CELLINK
(Boston, USA). 3 mL of alginate was poured in the ElastoSens™ Bio’s sample holder
and 3 mL of the CaCl, solution was gently added on the top of the sample and left for 15
minutes. The solution was then removed for the measurement of the alginate’s viscoe-
lastic properties in the ElastoSens™ Bio at 25 °C for 5 minutes (with a temporal step of 10
seconds). This last procedure was repeated for the first couple of hours. For the samples
crosslinked with CaCl, at 10 mM, the solution was left overnight at room temperature
and a last measurement was taken after approximately 24 hours after removal of the
solution. Calcium free PBS was then added to these samples to evaluate their dissolution
with time at 37 °C. Measurements were taken each hour for the first 6 hours (during 5
minutes with a temporal step of 10 seconds) and a last measurement was taken after
24 hours of incubation. Average results are expressed as mean + standard deviation.
Number of samples was equal to 3 (n = 3). Statistical analyses were performed using
GraphPad Prism version 9 (GraphPad Prism software, La Jolla, CA, USA). Comparisons
among groups were evaluated by one-way ANOVA with post-hoc Tukey test to correct
for multiple comparisons. Significance was retained when p < 0.05.

RESULTS AND DISCUSSION

Three samples of each crosslinking condition (10 mM and 50 mM CaCl,) were tested
periodically in the ElastoSens Bio. The average value at each time point of the shear
storage modulus G’ (Pa) and the sample height (mm) of alginate with 10 mM CaCl, solu-
tion are represented in Fig 1and 2. For the samples crosslinked with 10 mM CaCl,, the
gels swelled at initial time points, which is confirmed by the increase in their average
height. The height showed a less pronounced increase after 45 minutes to 4 hours of
incubation (Fig 3A). The final height after 24 hours showed that the samples still had
a significant swell (68% higher than the initial height). The slight decrease in the G’ in
the first 30 minutes suggests that the swelling was more significant than the crosslinks
formed up to that moment. After that, the G’ showed a gentle and expected increase with
time achieving 645 + 55 Pa after 4 hours of incubation with the solution of CaCl, (with
statistical differences at each 15 min). The final G’ of the crosslinked gels after 24 hours
of incubation was equal to 887 + 9 Pa. Tan(8) showed to be stable from 15 minutes to up
to 4 hours of incubation (¥ 0.15), however, it showed an increase after 24 hours reaching
the value of 0.3 (data not shown). This increase suggests that the viscous portion of the
hydrogel became more predominant with time.

For the samples crosslinked with 50 mM CaCl,, the contrary behavior was observed:
samples shrank with time. Due to this behavior, the test was stopped once the sample
lost its complete contact with the inner wall of the sample holder (Fig 3B), which is a
requirement for the test. The G’ increased with time achieving the level of 2832 + 53
Pa after 1.5 hours of incubation (with statistical differences at each 5 min). The height
decreased with time (due to the shrinking) and the tan(8) remained stable (~ 0.15).

The dissolution of the Alginate 1% samples crosslinked with 10 mM CaCl, solution and incu-
bated in calcium free PBS was evaluated over 24 hours. The values of G’ (Pa) as a function
of time is presented in Fig 4. The dissolution of alginate by the release of calcium ions in the
PBS was significant during the first 24 hours of incubation at 37 °C as shown by the decrease
of G’ with time (20% decrease after 24 hours). The monitoring of the dissolution was pos-
sible during the first 24 hours, after that the sample was not a cohesive hydrogel anymore.

Rheolution - ElastoSens™ Bio Application note



Shear storage modulus G’
average for each point

*

4000

3000

o
A

2000
1000 *

0——

Shear storage modulus G’ (Pa)
Ht

T 1 T T T T T T T T T T T T T T
0O 15 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Time (minutes)

Height average for each point

*

——

Height (mm)
©

(o}

T T T T T T T T T T T T T T T T T
O 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 24h

Time (minutes)

Figure 2: Average shear storage modulus (G’) and height (mm)
as function of time of Alginate 1% crosslinked with a 50 mM CacCl,
solution (*p<0.0001 for O versus each hour).
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Figure 4: Average shear storage modulus (G’) as a function of
time during incubation with PBS without calcium of Alginate 1%
crosslinked with a 10 mM CaCl, solution (*p<0.0001 for O versus

each hour).
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Figure 3: Alginate 1% crosslinked with (A) 10 mM and (B) 50 mM of CaCl, solution.

CONCLUSION

The concentration of the CaCl, solution led to different behaviors during the crosslink-
ing: alginate swelled and shrank with lowest and highest concentrations, respectively
(p<0.05). This was related to the speed of crosslinking which was higher by increasing
calcium concentration. Higher calcium concentration led to stiffer hydrogels (p<0.05).
Dissolution of alginate hydrogels crosslinked with 10 mM of calcium solution was ob-
served during incubation with calcium free PBS (p<0.05).

PERSPECTIVES

— Alginate hydrogels from Cellink can be easily crosslinked with CaCl, and their
viscoelastic properties tuned by varying the calcium concentration.

— The viscoelastic properties of the same sample can be measured in the ElastoSens™
Bio after successive incubations with the crosslinking agent.

— Understanding the behavior of alginate hydrogels with different crosslinking solu-
tions is valuable to better design experiments.

— ElastoSens™ Bio is able to detect slight differences in the viscoelastic properties of
alginate hydrogels during crosslinking and dissolution.
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