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FIG. 2. SEM microphotographs and size distribution of different types of CaCO, particles submitted w
to different combinations of ultrasound treatment time and surfactant concentration. = E
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The combination of ultrasound treatment and the addition

e o0 000 0 of TWEEN 20 allows to obtain particles of different sizes

(TABLE 1), depending on the conditions. According to
the literature, various sizes of CaCO; particles may be
obtained with the use of different methods of manufacturing
and the conditions used. The size of CaCO; particles has
been reported to vary between 50 nm and 6 pym while the
precipitation method is used with most particles greater than
1 um [29]. However, the use of different additives during
the precipitation allows to control the size of the obtained
particles. This corresponds to the findings of other scientists
that presented particles of different sizes [4,6,7,10,29].
The smallest particles in our investigation were manufactured
when 5 min of ultrasound and 0.5% of surfactant were used
and have a size of 0.7 £ 0.2 um. On the other hand, the
size distribution in the case of this sample is relatively
wide. Therefore, the most optimal conditions appear to be
10 min of ultrasound with the addition of 1% TWEEN 20.
The size is slightly higher, but the size distribution is narrower.
Smaller particles may be obtained with the use of different
combinations; however, apart from the size distribution,
the shape of the particles changes. Furthermore, the use
of different methods of manufacturing can be utilized to
fabricate much smaller particles [4,6]. We chose 10 min of
ultrasound treatment and the addition of 1% TWEEN 20 as
the most optimal conditions and they were used for further
investigation. The addition of Aln has no impact on the shape
of the obtained particles. Furthermore, the size of the Aln-
loaded particles, fabricated under the same conditions, is
not significantly different compared to the empty particles
(TABLE 2). Although the precipitation method is simple
and relatively effective, it is nonetheless a manual process.
Its automation would improve the accuracy of the technique
and allow obtaining particles of a specific, predefined size.
Future research should focus on the use of other surfactants,
as well as the use of homogenizers and/or a milling process
to obtain smaller particles.

The encapsulation efficiency decreased, while the drug
loading increased with the amount of alendronate used.
Different polymers have been reported to encapsulate
sodium alendronate, and the efficiency was dependent on
the material used. Jing et al. presented three compositions
of alendronate-loaded nanoparticles based on poly(lactic-
co-glycolic acid) (PLGA) in which both encapsulation
efficiency and drug loading exceeded 70% [20]. Moreover,
chitosan nanoparticles have been reported to have EE
in the range of 40 to 70% [22]. On the other hand, Miladi
et al. demonstrated polycaprolactone (PCL) particles that
were characterized by EE and DL in the ranges of 15-34%
and 2-21%, respectively [21]. According to the literature,
calcium carbonate particles are being used to encapsulate
various drugs. The encapsulation efficiency of gentamicin
in CaCO, particles was reported to be 38% with a drug
loading of 25% [6]. Sudareva et al. showed CaCO; particles
loaded with doxorubicin with a drug content greater than
90% [30]. Encapsulation efficiency and drug loading are
highly dependent on the drug and material used. However,
in this study, EE was relatively high in each case and varied
between 40 and 50%, depending on the addition of Aln and
DL was approximately 9% for the addition of 5 and 10% of
alendronate (TABLE 2).

TABLE 1. Size of CaCO, particles fabricated under
different conditions.

Time of Surfactath Size + SD
ultrasound concentration
treatment [min] [%] [bm]
0 0 17.8+7.5
0 0.5 25+0.7
0 1 22+0.2
0 2 1.8+0.1
5 0 51+1.7
5 0.5 0.7+0.2
5 1 21+0.5
5 2 14+04
10 0 46+2.1
10 0.5 0.8+0.2
10 1 1.3+0.1
10 2 1.1+04
15 0 44.+11
15 0.5 0.8+0.3
15 1 1.3+0.1
15 2 1.2+0.1

Osteoblast-like MG-63 cells were cultured in 10%
extracts of manufactured particles to evaluate their potential
cytotoxicity. Cells were contacted with extracts for 24 h and
then their metabolic activity was checked (FIG. 3 A) and
live/dead staining was performed (FIG. 3 B). Compared
to the control, cells activity was significantly lower while
cultured in extracts of each type of particles. Interestingly,
the resazurin reduction in the case of samples conta-
ining Aln was higher than that of empty CaCO, particles.
No decrease of greater than 70% compared to the control
can be observed, which means no toxicity of the investigated
extracts according to ISO 10993-5 [31]. Interestingly, the
metabolic activity of cells cultured in the extracts of Aln-
loaded particles (both 5 and 10%) was higher compared
to empty ones. This suggests that sodium alendronate
supports the proliferation of osteoblast-like cells.

To evaluate the cellular response of CaCO, particles,
osteoblast-like MG-63 cells were cultured in direct contact
with particle suspensions. Depending on the type of
particles, the metabolic activity of cells (FIGs 4 A,C,E) was
decreasing with increasing concentration of particles present
in MEM. However, for empty particles, the relevant decrease
is observed for the concentration of 100 mg/mL. In the
case of 10% addition of alendronate, concentrations of 50
and 100 mg/mL were toxic for cells; however, a statistically
significant decrease, compared to the control (0 mg/mL),
can also be observed for lower concentrations (FIGs 4
A,C,E). ltis visible that cell activity is significantly lower for
a concentration of 100 mg/mL, even for empty particles.

TABLE 2. Characteristics of CaCO, particles loaded with alendronate.

Time of ultrasound Surfactant Addition of Size £ SD Encapsulation Drug loading (DL)
treatment [min]  concentration [%] alendronate [%] [um] efficiency (EE) [%] [%]
10 1 0 1.3+0.1 - -
| 10 1 5 11202 49.6 2.0 9.2+04 |
| 10 1 10 1.1+0.3 39.7 +1.3 9.6+0.3 |
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FIG. 3. Metabolic activity (A) and live/dead staining (B) of MG-63 cells cultured in the presence of 10% extracts
of empty particles, particles loaded with 5% and 10% addition of sodium alendronate and in MEM, as control.
No decrease in metabolic activity greater than 70% compared to the control can be observed.

However, the metabolic activity of cells when contacted with
empty particles is not significant for lower concentrations,
which is comparable to the results of other researchers
[32,33]. The resazurin reduction is lower, compared to the
control for each suspension of particles containing Aln,
indicating that alendronate may be toxic for MG-63 cells,
especially at higher doses. Although the CaCO, particles
with Aln showed great performance during the study with
extracts, it is not the case when we study them in direct
contact with the particle suspensions.

Conclusions

The aim of this research was to optimize the process
of manufacturing calcium carbonate particles with sodium
alendronate encapsulated and to investigate their cytotoxic-
ity and cytocompatibility with osteoblast-like MG-63 cells.
Different times of ultrasound treatment and concentrations
of surfactant were used to control the size of the fabricated
particles. The use of 0.5% of surfactant combined with 5 min
of ultrasounds allows to obtain the smallest particles. How-
ever, a combination of 1% and 10 min gives slightly larger
particles, but with a narrower size distribution. The extracts
of empty and loaded particles (5 or 10% alendronate) were
tested with MG-63 cells and did not show signs of cytotoxicity.

Furthermore, the cellular response of the particles was
investigated by contacting MG-63 cells with particles
suspended in a culture medium. According to the results,
a higher concentration of sodium alendronate present in
the system may be toxic to the investigated cells. However,
the particles are cytocompatible with MG-63 cells in lower
concentrations even with a 10% addition of sodium alen-
dronate. Depending on the application and requirements,
different compositions may be used to obtain particles of the
required size. The presented process is simple, low-cost,
and effective to fabricate calcium carbonate particles that
are cytocompatible with MG-63 cells.
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FIG. 4. Metabolic activity (A, C, E) and live/dead staining (B, D, F) of MG-63 cells cultured in direct contact with
empty particles (A, B), particles loaded with 5% (C, D) and 10% (E, F) addition of sodium alendronate. A high
concentration (100 mg/mL) of particles is toxic for MG-63 cells in each case. A lower resazurin reduction is

observed for particles loaded with sodium alendronate compared to empty ones, which indicates the toxicity
of sodium alendronate in high doses.
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