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1. Introduction

In this section, we provide supplementary characterization
datafor mesoporous bioactive glass nanoparticles (MBGNs)
and gelatin methacryloyl enriched with MBGNs (GelMA-
MBGNs composites). These supplementary analyses aim
to further elucidate the structural and physicochemical
properties of MBGNs and their composites with GelMA,
providing complementary information of their role in our
bioprinted constructs.

2. Methods

2.1. Scanning electron microscopy (SEM)

Figure S1A depicts visualized MGBNs using a scanning
electron microscope (EVO/MA25, Zeiss, Oberkochen,
Germany) operating in high vacuum mode. For this,
MBGNs were dried into a coating pin using isopropyl
alcohol as the solvent. Once the nanoparticles were evenly
dispersed on the coating pin, they were allowed to dry
completely. Subsequently, a thin layer of gold was sputter-
coated onto the dried nanoparticles to enhance their
surface conductivity and improve imaging quality during
SEM analysis. Image analysis was performed using Image]
software to obtain the nanoparticle diameter distribution.

2.2, X-ray diffraction (XRD)

GelMA hydrogel (control), GeIMA enriched with MBGNS,
and the MBGNs were subjected to XRD analysis using a
Rikagu Miniflex 600 (Rikagu Corporation, Tokyo, Japan),

operated with Cu-Ka as a radiation source, a current of 15
mA, and a voltage of 40 kV. Hydrogel samples were freeze-
dried and cut into small sizes for XRD analysis.

2.3. Fourier-transform infrared spectrometer (FTIR)
GelMA hydrogel (control), GeIMA enriched with MBGNS,
and MBGNs were analyzed using a FTIR spectrometer
Spectrum-400 (Perkin Elmer Waltham, MA, USA) at a
frequency range of 4000-400 cm—1. SpectrumTM software
from Perkin-Elmer was used for analysis of spectra, and the
spectra were normalized and the baseline was corrected.
Hydrogel samples were freeze-dried and cut into small
sizes for FTIR analysis.

3. Results and discussions

Figure S1A shows an SEM image of MBGNs. The
SEM image reveals that the MBGNs exhibit a round
morphology and appear to be clustered. Notably, the size
of these particles is 159 + 29 nm (see Figure S1B), which
closely corresponds to the size reported in the literature.’

The XRD analysis results for the hydrogels are illustrated
in Figure S2. The absence of significant peaks in the
diffraction patterns of freeze-dried hydrogels corroborates
the anticipated amorphous structure.” Conversely, MBGNs
exhibit an amorphous silicate state, evidenced by a broad
band at 20 = 23°.° Notably, there are no pronounced peaks
indicative of the crystallized structures commonly seen in
glassy materials.
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Figure S1. Scanning electron microscopy (SEM)-based analysis and size characterization of mesoporous bioactive glass nanoparticles (MBGNs). (A) SEM
image. (B) Bar chart showing the size distribution of nanoparticles based on diameter.

Figure S3 corresponds to the FTIR analysis. The black
spectrum represents the control GelMA without MBGNS,
while the blue spectrum represents GelMA with MBGNSs.
Both spectra exhibit characteristic bands associated
with hydrogels: the bands located at approximately 1540
and 1634 cm™! are attributed to the -NH amino group.
These bands are indicative of the bending and symmetric

stretching vibrations of the -NH amino group. The band
at approximately 3306 cm™ is associated with the ~-OH
group. This band is typically broad due to the hydrogen
bonding of the ~-OH groups between molecules. The bands
at approximately 1425 and 1450 cm™ are assigned to the
carbonate group. The presence of these bands in the spectra
confirms the incorporation of MBGNSs into the GelMA
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Figure S2. X-ray diffraction (XRD) spectra of various samples. The spectra reveal distinct patterns for each sample suggesting their respective amorphous

structure.
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Figure S3. FTIR spectra of different samples. The spectra demonstrate the distinct vibrational frequencies of each sample.

without altering its fundamental chemical structure. The
red spectra representing the MBGNs shows the presence
of two bands at approximately 450 and 799 cm™, which
are attributed to the bending and symmetric stretching
vibrations of Si-O-Si, respectively. Furthermore, the band
observed at around 1062 cm™ is indicative of the vibrations
associated with Si-O-Si bridging bonds."*”
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