
Research Article

Fang-Fang Li, Wei-Feng Tang and Qiu-Fei Xie*

The viability of cell that encapsulated in calcium
alginate hydrogel beads

https://doi.org/10.1515/secm-2022-0156
received March 09, 2022; accepted August 30, 2022

Abstract
Objective ‒ To prove that calcium alginate beads can be
used as scaffolds during in vitro culture.
Methods ‒ Mouse preosteoblastic cells (MC3T3-E1) were
encapsulated in calcium alginate hydrogel beads. The Cell
Counting Kit-8 (CCK-8) assay was used to assess cell via-
bility at 2, 5, 8, 11, 14, and 21 days. Calcein-AM and pro-
pidium iodide (PI) were employed for live/dead staining.
Results ‒ MC3T3-E1 cells were alive on day 21 and had
the highest viability on day 14.
Conclusion ‒ MC3T3-E1 cells could be encapsulated in
calcium alginate hydrogel beads and cultured. Calcium
alginate hydrogel beads can be used as scaffolds for
three-dimensional in vitro culture.

Keywords: calcium alginate hydrogel beads, scaffold
material, in vitro three-dimensional culture, cell viabi-
lity, mouse preosteoblastic cell line

1 Introduction

Three-dimensional (3D) culture technologies have been
heralded as alternative and more accurate models than
two-dimensional (2D)monolayer cell cultures. 3D cultures
often provide more complete cell-to-cell and cell-to-matrix
interactions than 2D cultures, mimicking the natural envir-
onment in which stem cells reside. Furthermore, many
desired cellular characteristics are maintained or even
promoted in 3D cultures, further supporting their use
in basic and translational research. Different scaffolds
have been used to study the 3D cultures of stem cells
from different sources [1–3]. An Al2O3 scaffold with a pearl
layer structure was prepared using a freezing–dry method
[4]. An Al3Ti/ADC12 composite was synthesized by an ultra-
sonic-assisted direct melt reaction [5]. Furthermore, Guo
et al. developed a novel superabsorbent copolymer by
grafting acrylic acid onto pretreated soybean straw using
gamma-ray irradiation [6]. Such scaffolds have been applied
to the food, pharmaceutical, and medical industries.

Cell encapsulation into 3D scaffolds aims to entrap
viable cells within immobilization devices surrounded by
semipermeable spheroids. The scaffolds are expected to
be permeable to molecules essential for cell survival,
such as nutrients, oxygen, and growth factors but
impermeable to the inward diffusion of molecules larger
than a desired critical size. Hydrogel beads, in which bio-
polymers are crosslinked with divalent cations by injection
[7], emulsion templating [8], electrostatic complexation
[9], and antisolvent precipitation [10], have been designed
to address this need. Alginate is unique among polysac-
charides in terms of its chemical stability, pH sensitivity,
capacity to form strong gel barriers to water and gases, and
its biological functionality for appetite regulation [11].

Hydrogel bead composition was optimized to achieve
the highest swelling capacity, greatest erythrocyte adhe-
sion, and minimal in vitro cytotoxicity [12]. Fathi et al.
suggested that a polymer hydrogel-aluminosilicate com-
posite material may serve as a suitable platform for
an effective hemostatic agent that incorporates multiple
mechanisms of action [12]. Yadav et al. and Zhang et al.
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[13,14] fabricated sodium alginate beads to adsorb copper
ions in water spontaneously. The beads were promising
adsorbents for large-scale water remediation. Addi-
tionally, Jing et al. [15] described the facile synthesis
of pH-responsive sodium alginate/carboxymethyl chit-
osan hydrogel beads. Those beads exhibited excellent
pH sensitivity, pH reversibility, and lactoferrin loading
capacity, revealing that the hydrogel beads could be
used as potential protein carriers for oral delivery.

Calcium alginate gel beads are one of the sodium
alginate microcapsule systems. Sodium alginate mole-
cules contain free carboxyl groups and hydroxyl groups
and can react with divalent metal ions such as calcium to
form an “egg-box.” The structurally insoluble metal com-
plex is also a gel.

The preparation of calcium alginate gel beads is
uncomplicated, the process is mild, and the cell har-
vesting method is simple. Thus, calcium alginate gel
beads have received attention as 3D scaffolds for cell
culture in vitro. Currently, the cells that have been suc-
cessfully cultured [16] using this system include bone
marrow mesenchymal stem cells, adult cells chondro-
cytes, and Lactobacillus. Calcium alginate gel beads have
the following characteristics: they are biodegradable;
they require mild preparation conditions; they have
porous permeable structures, and a microenvironment
with internal hydrogel properties. The preparation of
calcium alginate gel beads includes (1) drop methods,
(2) backdrop methods, (3) double emulsification methods,
and (4) complex coacervation methods. Drop methods
mainly include the air spray encapsulation method and
high-voltage electrostatic encapsulation method. The
preparation of calcium alginate microgel beads by the
high-voltage electrostatic method has the advantages of
requiring mild preparation conditions, retaining high
levels of biological activity, exhibiting high efficiency
and rapid, and is often used in the pharmaceutical
and biotechnology research fields. The application of
calcium alginate gels include (1) cell culture, (2) con-
trolled drug release, and (3) soft tissue filling materials.
The most common use of calcium alginate gel beads to
encapsulate cells in cell culture is for use with immobi-
lized cultures, which are also known as 3D cultures. Weir
and Xu [17] wrapped hBMSC in calcium alginate gel beads
and found that the cells remained active, were osteo-
genic and differentiated, and were capable of synthe-
sizing minerals.

In this study, calcium alginate gel beads were used
to encapsulate mouse preosteoblastic cells (MC3T3-E1),
which were cultured for 21 days and maintained viability
in vitro. The Cell Counting Kit-8 (CCK-8) assay was used to

detect cell activity. Calcein-AM and propidium iodide (PI)
were used for the double staining of living and dead cells
and to observe the cell activity. This study aimed to
demonstrate that calcium alginate hydrogel beads can
be used as scaffolds for 3D culture in vitro.

2 Materials and methods

2.1 MC3T3-E1 cell culture

MC3T3-E1 cells were purchased from the Basic Medical
Cell Center, Chinese Union Medical University (Beijing,
China). MC3T3-E1 cells were grown in a culture medium
containing 10% fetal bovine serum and cultured in a
37°C, 5% CO2 incubator. The cell morphology and growth
status were observed under an inverted phase contrast
microscope. The medium was changed every two days,
and the cells were subcultured every three to four days.

2.2 Preparation of calcium alginate gel
beads loaded with MC3T3-E1 cells

Referring to the method reported by Zhang et al. [18],
MC3T3-E1 cells in the logarithmic growth phase were col-
lected and resuspended to 2.5 × 106 cells/mL in 1.5% (w/v)
sodium alginate solution (produced by Dalian Aquacul-
ture Plant, filtered and purified by Dalian Institute of
Chemical Physics, Chinese Academy of Sciences, Dalian,
China). The bead preparation instrument consisted of a
YD-05 high-voltage electrostatic microcapsule preparation
instrument (Dalian Institute of Chemical Physics, Chinese
Academy of Sciences, Dalian, China), a WO109-1B injec-
tion pump execution unit, and a TJ-3A Syringe Pump Con-
troller (Baoding Lange Constant Flow Pump Co., Ltd.,
Baoding, China). The cell suspension was added to 1.11%
(w/v) CaCl2 solution (analytically pure anhydrous CaCl2,
Shantou Xilong Chemical Plant, Shantou, China) using the
bead-preparation instrument to perform the gelation reac-
tion. Calcification was performed for 15min to obtain cal-
cium alginate gel beads (A-cell) containing cells.

2.3 Preparation of cell-free calcium alginate
gel beads

We obtained cell-free calcium alginate gel beads (A-no cell)
using the same method as above, without MC3T3-E1 cells.
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2.4 CCK-8 assay to detect cell activity

Cells were divided into the experimental group (A-cell
group) and the control group (A-no cell group), with
eight replicates per group. A total of 100 µL of A-cell +
1,500 µL of culture medium was added to each well of the
experimental group, while a total of 100 µL A-no cell +
1,500 µL of culture medium was added to each well of the
control group. Cells were incubated at 37°C in a 5% CO2

incubator. Media was changed every 1–2 days. The corre-
sponding 24-well plates were removed at 2, 5, 8, 11, 14,
and 21 days, washed three times with Tyrode’s HEPES
buffer, and 500 µL Tyrode’s HEPES buffer + 50 µL CCK-8
reagent (DOJINDO, Japan) was added to each well. The
plates were next incubated in a CO2 incubator for 12 h at
37°C, after which a total of 300 µL of the liquid from each
well was transferred to a 96-well plate. The optical den-
sity (OD) was then measured at 450 nm using a TECAN
Sunrise microplate reader (Tecan, Switzerland).

2.5 Calcein-AM and PI double staining to
detect live/dead cells

A-cell sets two replicates per group, except that there is
no control group, the above operation before adding CCK-
8 is the same as this experiment, plus 200 μL Tyrode’s
HEPES buffer per well + 200 μL of staining solution con-
taining Calcein-AM and PI (Calcein-AM with a final con-
centration of 2 μmol/L and PI of 2 μmol/L, DOJINDO,
Japan), placed in a CO2 incubatorfor 12 h at 37°C for
15 min, observed by a Nikon TE 2000U inverted fluores-
cence microscope (Nikon Optiphot, Japan). Live cells
were stained green, while dead cells were stained red.
Images from each group were obtained using the same
parameters. Blue light was used to excite live cells, and

green light was used to excite dead cells within the
same field of view. Image pro plus 6.0 software (Media
Cybernetics, USA) was used for cell count, fluorescence
amount, and area calculation, and Photoshop CS3 soft-
ware (Adobe, USA) for image overlap.

2.6 Statistics

SPSS software 13.0 for Windows (IBM SPSS Statistics,
USA) was used to perform t-tests or one-way analysis of
variance on the experimental data. When the variance
was homogeneity, the LSD test was used for between-
group comparison, while the Games–Howell test was
used if the variance was heterogeneity; α = 0.05.

3 Results

3.1 MC3T3-E1 cells

One day after the passage of MC3T3-E1 cells, long fusi-
form or polygonal cells were observed with good exten-
sion and clear cytoplasm (Figure 1).

3.2 Calcium alginate gel beads

Sodium alginate droplets and calcium chloride form cal-
cium alginate gel microspheres via a sol–gel phase
transfer process (Figure 2), with the following reaction
formula: 2nNaAlginate + nCa2+ → nCa(Alginate) + 2nNa+.

The particle size of the calcium alginate gel micro-
spheres was related to the liquid flow rate and the

Figure 1: MC3T3-E1 cells 1 day after subculture. (a) (×40 magnification) and (b) (×100 magnification).
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viscosity. The particle size is also related to the electro-
static voltage, electrode distance, inner diameter of the
needle, flow rate of the syringe, sodium alginate concen-
tration and surface tension, and gelation volume and
shrinkage coefficient.

3.3 Encapsulation of MC3T3-E1 cells by
calcium alginate gel beads

Under an inverted phase contrast microscope, the calcium
alginate gel microspheres appeared as semi-transparent
circles with uniform size and smooth and continuous
spherical contours. The cells in the microspheres were
transparent and evenly dispersed (Figure 3).

3.4 CCK-8 method for the detection of cell
activity

After different durations of in vitro culture, the cell OD
values were obtained and are shown in Figure 4 (n = 8,
X ± SD). The OD values of the A-cell group and the A-no
cell group were significantly different at each time point
(P < 0.001). The A-cell group had the highest OD value at
14 days. Compared to the OD values measured at other
time points, the differences were significant. No signifi-
cant differences were observed between the 2 day and
8 days OD values, while the 5 day OD value was signifi-
cantly lower than the 2 and 8 day values. The OD value at
11 days was the lowest, while the OD value at 14 days
increased until it was the highest, and then decreased.

Figure 2: Principle and schematic of the preparation of calcium alginate hydrogel beads using the high-voltage electrostatic encapsulation
method.

Figure 3: The alginate hydrogel beads with encapsulate MC3T3-E1 cells. (a) ×40 magnification; (b) ×100 magnification; (c) ×250
magnification.
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The OD value at 21 days was not significantly different
than that at 5 days.

3.5 Calcein-AM and PI double staining
method to detect cell activity

The results of double staining with Calcein-AM and PI at
different times in A-cell cultures are shown in Figures 5
and 6. The green fluorescence of live cells was very bright
at 2 days, the cells were dense, and the fluorescence
intensity of live cells was the highest of all groups. Very
few dead cells were observed. The green fluorescence
intensity of live cells at 5 days was weaker than that at
2 days, while the red fluorescence intensity of dead cells
was enhanced. The green fluorescence of viable cells at 8
days was stronger than that at 5 days but was weaker
than that at 2 days. The number of dead cells did not
change significantly from day 5. The green fluorescence
of live cells at 11 days was weaker than that at 8 days,
while dead cells were similar to that at 8 days. The
number of live and dead cells was significantly increased
at 14 days, while the intensity of green fluorescence was
similar to that at 11 days. The number of viable cells was
significantly decreased at 21 days compared with 14 days,
while the fluorescence intensity was also decreased. The
number of dead cells increased further, which was the

most in all time points, and the red fluorescence intensity
was not significantly different from that at 14 days.

4 Discussion

4.1 Calcium alginate gel beads encapsulate
MC3T3-E1 cells

The preparation of calcium alginate gel beads was simple,
the preparation process was mild, and the method of cell
harvesting was simple. It has received certain attention
in cell culture. Currently, it has successfully cultured,
chondrocytes [19], and many more [20–22].

Sodium alginate molecules contain free carboxyl
groups and hydroxyl groups [23] and can react with
divalent metal ions such as calcium to form a gel of
insoluble metal complexes with an “egg-box” structure.
During the coagulation of sodium alginate and CaCl2
into beads, the long-chain polysaccharide molecules
collide, leaving many voids between the molecules.
The formation of such voids provides a path for the
penetration of solvent molecules. At the same time,
because the matrix sodium alginate used is a biological
polysaccharide, it is rich in hydrophilic groups such as
hydroxyl, amino, and carboxyl groups. Thus, the hydro-
philic gel microspheres formed from such biopolysac-
charides have strong water absorption capacity and
can quickly reach the swelling balance. The gel beads
provide good hydrophilic swelling performance and porous
characteristics to the spheres. During in vitro culture,
oxygen, carbon dioxide, and macromolecular nutrients
in the culture medium can enter the microspheres to
supply the cells. Similarly, the metabolic waste of cells
can also be discharged from the microspheres [23].

The supply of O2, CO2, and nutrients to the micro-
spheres primarily depends on the permeability of the
microspheres themselves, which depends on their pore
size, their surface area (penetration area), and the distance
between the surface of the microspheres and the cells within
the microspheres (penetration distance). Permeability is
proportional to the pore size and penetration area and
inversely proportional to the penetration distance.

Abbah et al. [24] used alginate microspheres to
encapsulate rat adipose tissue stem cells and induce
their proliferation and differentiation to synthesize
bone matrix. Weir and Xu [17] encapsulated hBMSCs
in calcium alginate gel beads and found that the cells
remained active, exhibited osteogenic differentiation,

Figure 4: The alginate hydrogel beads with (A-cell) or without (A-no
cell) MC3T3-E1 cells were cultured in vitro and the OD values are
shown. Groups with different letters, a, b, c, and d, were signifi-
cantly different (P < 0.001). Groups with the same letter were not
significantly different (P > 0.05).
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and synthesized minerals. Similarly, Wang et al. [25]
induced the differentiation of BMSCs into osteoblasts
using sodium alginate gel and detected the prolifera-
tion, growth morphology, and calcification of cells
after the induction of Nodal and osteogenesis-related
genes using MTT, toluidine blue staining, von Kossa
staining, and RT-PCR assays, respectively. Thus, those
data revealed that sodium alginate gel can promote the
differentiation of BMSCs into osteoblasts.

4.2 Discussion of experimental results

In this study, MC3T3-E1 cells were encapsulated in cal-
cium alginate gel microspheres, and cell viability was

detected using CCK-8 assays at 2, 5, 8, 11, 14, and 21
days in vitro. MC3T3 was not encapsulated at the same
time. Compared to the calcium alginate gel microspheres
of E1 cells, the OD values were significantly different;
Calcein-AM and PI was used to stain the live and dead
MC3T3-E1 cells in the A-cell group, with a large number of
live cells being observed at each time point. The results
revealed that the cells in the calcium alginate gel micro-
spheres were active after 21 days of culture, and that
MC3T3-E1 cells could maintain activity in calcium algi-
nate gel microspheres for a longer period of time.

The OD value was the highest on 14 days. Compared
with the OD values measured at other time points, the
difference was significant, thus, suggesting that calcium
alginate gel microspheres encapsulated MC3T3-E1 cells

Figure 5: The representative images of A-cells staining by Calcein-AM (green, live cell) and PI (red, dead cell) are shown. The A-cell were
cultured in vitro for 2, 5, 8, 11, 14, and 21 days. A, B and C were ×40 magnified and displayed the same field; A and B were synthesized C. D, E
and F were ×100 magnification and displayed the same field; D and E were synthesized F. The green fluorescence of live cells was very bright
at 2 days, decreasing gradually to 8 days, then rise to the highest at 14 days, 21 days reduced to close to 8 days.
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during in vitro culture, and the activity was higher than at
14 days. Zhang et al. [18] prepared APA microcapsules
encapsulating recombinant CHO cells (Chinese hamster
ovary cells) using high-voltage electrostatic encapsula-
tion and found that the recombinant CHO cells in the
logarithmic growth phase could be used for encapsula-
tion. It enters the logarithmic growth phase 2 days after
encapsulation, following which, the growth rate gradually
decreased, and the viable cell density was 4.17 × 107/mL
of microcapsules at 14 days. In this study, calcium alginate
gel microspheres were used to encapsulate MC3T3-E1 cells
in the logarithmic growth phase, with the activity of the
cells being highest at 14 days. Our result was consistent
with Zhang Ying.

No significant difference was observed between the
2 and 8 days OD values in this study, while the 5 days OD
value was lower than that at 2 and 8 days. This difference
was significant, indicating that the encapsulation process
may cause cell damage. From 2 to 5 days, the poorly
viable cells slowly, at the same time, the cell proliferation
rate was slower than the cell death rate, and the OD value

decreased at 5 days. From 5 to 8 days, it is possible that as
the poorly activity cells died, the cells in good condition
gradually proliferated, and the number and activity of
cells increased. Cell viability increased from 11 days and
reached the highest point at 14 days, suggesting that
cell growth reached a stable period at 14 days. From
14 to 21 days, the cell activity was reduced and no sig-
nificant difference was observed between the OD value at
21 and 5 days. However, the OD value at 21 days remained
significantly higher than that at 11 days. After the cells
reached a stable period at 14 days, they gradually died,
leading to an increase in the number of dead cells and a
decrease in the number of live cells. The number of cells
continued to increase, the nutrient content of the culture
fluid decreased, and the supply of nutrients and oxygen
to the calcium alginate gel microspheres could not keep
pace with the rate of cell proliferation and the rate of
metabolite production; thus, the cells were affected by
nutrient depletion, causing cell division to stop.

Weir and Xu [17] encapsulated hBMSCs in calcium
alginate gel beads with a diameter of 2.2 mm. Cells were
then cultured in vitro, and their activity was assessed
using the Wst-1 assay. The results at 1, 7, 14, and 21
days, and the OD values were all approximately 1.0.
At 21 days, the cells were active, osteogenic and differ-
entiated, and they synthesized minerals. However, our
experiment was different from Weir. In this study, the
calcium alginate gel microspheres had a diameter of
200–300 µm and were cultured for 21 days in vitro. Our
alginate beads were smaller and only one-tenth com-
pared with Weir. Additionally, the cell activity was mea-
sured by CCK-8 assays; the OD values were 1.157 ± 0.053
at 14 days; and the calcium alginate gel microspheres had
different sizes, different cell types, different cell numbers,
and different reagents for measuring cell activity. How-
ever, the difference in OD values did not imply that the
MC3T3-E1 cells in this study had low activity.

5 Conclusions

This study reached the following conclusions: MC3T3-E1
cells were encapsulated by calcium alginate micro-
spheres, and the cells were active until 21 days in vitro.
The highest activity was observed at 14 days, suggesting
that calcium alginate gel beads can be used as scaffolds
for 3D cultivation in vitro.
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Figure 6: (a) Comparisons of the number of live (NL) A-cells cultured
in vitro at different times (n = 8, X ± SD). (b) Comparisons of the
fluorescence intensity of live (FL) A-cells cultured in vitro at different
times. The difference between groups with different letters (a, b, c)
was statistically significant (P < 0.05). Groups with the same letter
were not significantly different (P > 0.05).
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