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anaerobic conditions and further combined with the emulsion method,

biodegradable PLLA microspheres (PM) with sizes ranging from 60-100 um
and with good sphericity were prepared. In addition, to further improve the
surface morphology of PLLA microspheres and enhance their bioactivity,
functionalised porous PLLA microspheres loaded with magnesium oxide
(MgO)/ magnesium carbonate (MgCO,) (PMg) were also prepared by the
emulsion method. The results showed that the loading of MgO/MgCO,
resulted in the formation of a porous structure on the surface of the

microspheres (PMg) and the dissolved Mg** could be released slowly during
the degradation of microspheres. In vitro cellular experiments demonstrated
the good biocompatibility of PM and PMg, while the released Mg* further

enhanced the anti-inflammatory effect and osteogenic activity of PMg.
Functionalised PMg not only show promise for controlled preparation of
drug carriers, but also have translational potential for bone regeneration.

Introduction

Biodegradable polymer microspheres
many advantages, such as good biocompatibility,
low dosage and few side effects, and therefore
have a wide range of applications in medical
fields such as medical aesthetic fillers,'?
drug delivery* * and tissue engineering,® ’
whereas the preparation of microsphere with
controlled morphological diversity remains a
significant challenge.'® Polylactic acid (PLA)
is a biodegradable polymer approved by the
U.S. Food and Drug Administration with good
biocompatibility and can be absorbed by the
human body after implantation,'”'* and is now
widely used in biomedical applications as drug
delivery microspheres, resorbable membranes
for bone defect repair, and surgical treatment

have

sutures.”'” However, the poor biological activity
of PLA and the acidic degradation environment
can easily cause tissue inflammation, which has
significantly hindered the further application of
PLA. 18-21

Mg** is an important trace element in the
human body and an important component of
bones and teeth. It can regulate cell behaviour,
such as improving cell adhesion and stimulating
cell differentiation, and local
bone formation and healing by promoting
thereby bone
regeneration. Studies found that the controlled
of Mg?* promoted angiogenesis,
thereby synergistically promoting in situ bone

stimulate
angiogenesis, promoting

release

regeneration by developing a new magnesium
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Magnesium-doped microsphere for bone regeneration

doped double crosslinked hydrogel.?>* Magnesium oxide
(MgO) and magnesium carbonate (MgCOa) are bioactive
materials with good biocompatibility,”* and have different
rates of Mg** dissolution.*”*' MgO and MgCO, are alkaline and
can neutralise the acidic environment caused by the degradation
of PLA, thus maintaining a stable pH environment,” *» 3
and the loading of MgO and MgCO, changes the surface
morphology of the microspheres.* However, when different
mass ratios of MgO and MgCO, were added, the release rate of
Mg?* and the surface morphology of the microspheres changed
accordingly,* therefore, an appropriate MgO/MgCO, mass
ratio can effectively enhance the bioactivity of microspheres,
which has a crucial impact on osteogenic transition.*

As shown in Figure 1A, poly(L-lactic acid) (PLLA) was
successfully synthesised by ring-opening polymerisation,

A PLLA
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and the microspheres (PMg) loaded with MgO/MgCO,
with uniform particle size and controlled morphology were
prepared by the emulsion method. The loading of MgO/
MgCO, led to the appearance of porous structure on the surface
of the microspheres, which facilitated the interactions with
the cells compared with the conventional solid PLLA.% 3% 37
The MgO and MgCO, could further neutralise the acidic
environment generated during the degradation process of the
PMg. In addition, the Mg?* rich microenvironment and porous
structure of PMg facilitate the migration, proliferation and
differentiation of tendon-derived stem cells (TDSCs)* (Figure
1B). Therefore, this study provides an advanced strategy to
synthesise microspheres with controlled morphology and
bioactive properties for bone healing.
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Figure 1. Schematic preparation of poly(L-lactic acid) microsphere loaded with magnesium oxide (MgO)/magnesium
carbonate (MgCOj) microspheres (PMg) and influence of PMg on tendon-derived stem cells (TDSCs). (A) PMg
microspheres were obtained in the form of oil in water, dichloromethane (CH,Cl) is the oil phase, and polyvinyl alcohol

(PVA) is the water phase, the oil phase and the water phase are incompatible, so an oil-in-water system is formed, and
during stirring, CH,Cl, gradually evaporates, and poly(L-lactic acid) microsphere (PM) and PMg are formed. (B) PMg
microspheres can maintain the continuing release of Mg?* to promote the TDSC migration, proliferation, osteogenesis.

Created with BioRender.com.

Methods

Synthesis of PLLA

In our previous work, we have successfully synthesised PLLA.*
PLLA was synthesised by anhydrous and anaerobic ring-

opening polymerisation, briefly, a certain amount of L-lactide
(Jinan Daigang Biomaterials Co., Ltd., Jinan, China) was mixed
with 0.1% Sn(Oct), (Titan Technology Co., Ltd., Shanghai,
China) in the dry flask, the temperature was raised into 140°C,
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and the reaction was maintained in an inert atmosphere,
7 hours later, the crude products were dissolved with
dichloromethane (Anhuai Chemical Technology Co., Ltd.,
Nantong, China), followed by precipitation in ethanol (Anhuai
Chemical Technology Co., Ltd.), and then lyophilisated.

Micro-structural analysis of PLLA

The microstructure of PLLA was detected by Fourier
transformed infrared spectrophotometer (Thermo Scientific,
Franklin, MA, USA) in the wavelength range of 500-4000 cm™.
The chemical structure of PLLA was examined by nuclear
magnetic resonance spectroscopy (Bruker, Karlsruhe, UK).

Preparation of microspheres

PLLA microspheres were prepared using a previously
reported method.” To obtain microspheres, 200 mg of PLLA
was dissolved in dichloromethane and mixed with MgO/
MgCO, (Shanghai Nai Cheng Biotechnology Co., Ltd.,
Shanghai, China), 1 hour later, the mixture was dropped into
the 1% polyvinyl alcohol (Shanghai Macklin Biochemical
Co., Ltd., Shanghai, China), emulsified for 3 hours, and kept
stirred for overnight at room temperature to remove the
dichloromethane. Finally, the collected microspheres were
then washed by centrifugation three times and freeze-dried,
designated as PMg. The above steps were repeated without the
addition of MgO/MgCO,; to obtain microspheres and named
as PM.

Characterisation of microspheres

The surface morphology of microspheres was observed with
a scanning electron microscope (S-3400N, Hitachi, Tokyo,
Japan), and the particle size and pore size were calculated by
Image]J software (1.52t, National Institutes of Health, Bethesda,
MD, USA).* The water contact angle of microsphere samples
PM and PMg was measured using a contact angle meter
(Shanghai Zhongchen Digital Technology Equipment Co.,
Ltd., Shanghai, China) by spreading a 1 cm x 1 cm piece of
double-sided adhesive flat on a slide, then weighing the same
mass of microsphere samples and spreading the microspheres
uniformly and densely on the surface of the double-sided
adhesive.® Three parallel samples were tested in each group
and three different points on each parallel sample were taken
for measurement.

In vitro degradability of microspheres

The mass and pH value changes of the microspheres were
measured to assess the degradation of microspheres in
phosphate buffer saline (PBS) (Shanghai Sehan Co., Ltd.,
Shanghai, China). Briefly, 10 mg PM and 10 mg PMg were
dispersed in 10 mL of PBS solution, stored in an incubator at
37°Cand rotated at 80 r/min. The microspheres were separated
from PBS at different time points (1, 3, 5, 7, 15, and 30 days),
followed by determining the pH of the degradation solution of
microspheres by using a pH meter (MTD, Zurich, Switzerland)
and the number average molecular weight of microspheres by
gel permeation chromatography. While polystyrene was used
as the standard sample, and tetrahydrofuran (chromatographic
grade) was used as the solvent and eluent at a flow rate of 1.0

Liu, C,; Zhao, J.; Li, Y; et al.

mL/min. Finally, scanning electron microscopy was used to
observe the morphological changes of the microspheres during
the degradation process.

In vitro Mg* release from microspheres

10 mg of PMg was immersed in 10 mL of PBS and incubated
at 37 + 1°C for 30 days. On days 1, 3, 5, 7, 15, and 30, 1 mL
of sample liquid was removed and diluted to 10 mL with PBS
(three parallel samples were tested at each time point), and
then analysed by high-performance liquid chromatography-
inductively coupled plasma mass spectrometer (NexION 2000
- (A - 10), PerkinElmer, Waltham, MA, USA).

In vitro cytocompatibility

Preparation of leachate

Firstly, 10 mg of each microsphere was accurately weighed
and immersed in 75% ethanol for overnight sterilisation,
followed by washing the microsphere three times with PBS
and twice with serum-free Dulbecco’s modified Eagle medium
(Gibco Life Technologies, Grand Island, NY, USA) medium,
respectively. The microspheres were immersed in serum-free
Dulbecco’s modified Eagle medium (10 mg of microspheres:1
mL of Dulbecco’s modified Eagle medium), and then placed in
a thermostatic shocker (Taicang Hualida Co., Ltd., Taicang,
China) at 37°C and 30 r/min for 24 hours. The leachate was
collected and filtered with a 0.22-pm biofilter filtration, then
10% fetal bovine serum, 1% penicillin/streptomycin were
added to prepare culture medium containing material extracts
for cells.

Evaluation of cytotoxicity

All animal experiments were approved by the Ethics
Committee of Shanghai Sixth People’s Hospital affiliated with
Shanghai Jiaotong University School of Medicine (approval
No. DWSY2023-0115) on August 22, 2023. Tendon-derived
stem cells (TDSCs) were isolated from the achilles tendon of
3-4-week-old male Sprague-Dawley rats (Shanghai Bikewing
Biotechnology Co., Ltd., Shanghai, China) according to a
previous protocol,*> and the isolated cells were inoculated
in Dulbecco’s modified Eagle medium containing 10% fetal
bovine serum, 1% triple antibiotic, and cultured at 37°C, 5%
CO, environment. The medium was replaced every 2 days. The
cells were passaged when they reached 80-90% confluence, and
the experiments were conducted using passages 3-5 cells in this
study. After 2 x 10° TDSCs/mL were seeded in 96-well plates,
the cells were treated with the corresponding leachate for 24,
48, or 72 hours. The cells were incubated with 10 uL of CCK-
8 (Beyotime, Shanghai, China) for 2 hours. The absorbance
peak at 450 nm in each well was measured by a microplate
reader (Molecular Device, Sunnyvale, CA, USA) to obtain the
optical density (OD), and the cell viability was calculated as
follows: Cell viability (%) =100 x % , where OD,_cimencar
and OD___ are the optical densities for the experimental and
control groups, respectively.

Live-dead staining

The cytocompatibility was evaluated by live-dead cell staining
assay (Beyotime). Briefly, 5 x 10° TDSCs/mL were seeded in
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24-well plates and placed in a 37°C, 5% CO, incubator for 8
hours. After the cells were adhered to the wall, the leachate
of the corresponding material groups was used to treat cells
for 24, 48, or 72 hours. After washing with PBS, cells were
stained with calcein yellow chlorophyll and propidium iodide
for 30 minutes at 37°C at 24, 48, and 72 hours. The result was
observed by using confocal laser scanning microscope (Air,
Tokyo, Japan).

In vitro osteogenic capacity evaluation

Alkaline phosphatase staining assay

TDSCs were seeded in 24-well plates and material-extract
medium was then mixed with osteogenic medium (Beyotime)
at a ratio of 1:10. After 7 days of incubation, the cells were
fixed with 4% paraformaldehyde for 15 minutes, stained
with alkaline phosphatase (ALP; Beyotime), stained at 37°C
for 1 hour, washed twice with PBS, and photographed for
observation using confocal laser scanning microscope.

Polymerase chain reaction assay

Quantitative polymerase chain reaction was tested to
study the gene expression of Arg-1 (anti-inflammatory),

Table 1. The primer sequence for polymerase chain reaction

Biomaterials Translational

Runx2  (osteogenic differentiation gene) and Ocn
(osteogenic differentiation gene) in TDSCs. TDSCs were
seeded in 6-well plates and treated with the osteogenic
medium containing material leachate (1:10) for 14 days.
RAW?264.7 cells (Cell Bank, Chinese Academy of Science,
CSTR:19375.09.3101MOUTCM13) were pretreated with 10
ng/mL lipopolysaccharides (Beyotime) for 24 hours to mimic
inflammation and then incubated with extracts from each
group of microspheres for 48 hours. Total RNA was isolated
using the EZ pressRNA Purification kit (EZBioscience,
Roseville, MN, USA) and reverse transcribed into
complementary DNA using the ColorReverseTranscription
kit (EZBioscience). A 10 pL reaction system was prepared
using 2x SYBRGreengPCRMasterMix (EZBioscience) and
complementary DNA from each group, and quantitative
polymerase chain reaction was performed on the ABI7500
polymerase chain reaction instrument (Thermo Fisher
Scientific) (95°C for 30 seconds, 1 cycle; 95°C for 5 seconds;
60°C for 30 seconds, 40 cycles). The primer sequences were
shown in Table 1. Expression levels’ normalization was based
on glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
expression. The gene expression level was analysed and
calculated by the 224t method.®

Gene Primer sequence (5'-3)

Arg-1 Forward: ATC AAC ACT CCG CTG ACA ACC
Reverse: ATC TCG CAA GCC GAT GTA CAC

Runx-2 Forward: CGA ACA GAG CAA CAT CTCC
Reverse: GTC AGT GCC TTC CTT GG

OCN Forward: ACA AGT CCC ACA CAG CAA C
Reverse: CCA GGT CAG AGA GGC AGA

GAPDH Forward: CAA GAA GGT GGT GAA GCA G

Reverse: CAA AGG TGG AAG AAT GGG

Note: Arg-1: arginase-1; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; OCN: osteocalcin.

Statistical analysis

Student’s unpaired t-test and one-way analysis of variance
followed by Dunnett's multiple comparisons test were
performed using GraphPad Prism (version 8.0.2 for Windows,
GraphPad Software, San Diego, CA, USA, www.graphpad.
com). Differences with P values of less than 0.05 indicated
significance.

Results

Characterisation of PLLA structure

Nuclear magnetic resonance spectroscopy and Fourier
transform infrared spectroscopy were used to analyse the
chemical composition of PLLA. The nuclear magnetic
resonance spectroscopy spectrum is depicted in Figure 2A,
PLLA has two typical chemical shifts at 1.57 ppm and 5.17
ppm,* corresponding to the typical (-CH,) and (-CH) of PLA.
A typical Fourier transformed infrared spectrophotometer
spectrum of PLLA is shown in Figure 2B, where the absorption
peak at 2996 cm™ corresponds to the stretching vibration of

Biomater Transl. 2023, 4(4), 280-290

-CH in PLLA, and the absorption peaks at 1456 and 1361 cm™
correspond to the bending vibration of -CH, the absorption
peak at 2881 cm™ corresponds to the stretching vibration of
-CH, in PLLA; the absorption peaks at 1760 and 1187 cm™
correspond to the stretching vibration of -C=0 and C-O-C.*#
All these results indicate that PLLA has been successfully
synthesised.

Characterisation of microspheres

Figure 3A and B depict the morphology and particle size
distribution of PM and PMg under the influence of mechanical
stirring, and it can be observed from scanning electron
microscope images that the PM was well sphericalised, whereas
the sphericalisation of PMg was slightly decreased after the
addition of MgO/MgCO,. Both PM and PMg showed a uniform
particle size distribution (Figure 3C and D). The results suggest
that there is a tendency for the particle size of the microspheres
to decrease after the addition of MgO/MgCO.,. The particle size
distribution of microspheres is shown in Figure 3E, and was
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in the range of 60-100 pm: the particle size of PM was 82.2 not change considerably when compared to the raw material
+ 15.3 pm, and the particle size of PMg was 80.4 + 14.6 um. during the creation of microspheres (Figure 3F). The addition
Infrared analysis may also be used to examine the structure of of MgO/MgCO, did not destroy the crystal structure of PLLA
PM and PMg, and the results showed that the structure did but further increased its crystallinity (Additional Figure 1).
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Figure 2. Chemical structure and microstructure analysis of poly(L-lactic acid) (PLLA). (A) Nuclear magnetic resonance
spectroscopy, PLLA is a typical structure of polylactide, and the chemical structure of the polymer can be clearly analysed
by measuring the chemical shift value of hydrogen. (B) Fourier transformed infrared spectrophotometer, the infrared
visible light spectrum can clearly reflect the characteristic functional group structure in the polymer, and the polymer
can be detected by the characteristic absorption peak. a.u.: arbitrary unit.
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Figure 3. Characterisation of poly(L-lactic acid) microsphere (PM) and poly(L-lactic acid) microsphere loaded with
magnesium oxide (MgO)/magnesium carbonate (MgCO,) (PMg). (A, B) Scanning electron micrograph image of PM
(A) and PMg (B). (C, D) Particle size distribution of PM (C) and PMg (D). (E) Particle size of PM and PMg. Data are
expressed as mean * SD. (F) Fourier transformed infrared spectrophotometer spectra of PM and PMg. a.u.: arbitrary
unit.

Figure 4A-D display enlarged electron micrographs of numerous holes on the surface of PMg, which may have been
PM and PMg, and the details of PM and PMg, respectively. brought on by the CO, production from MgCO, during the
Although the surface of PM was comparatively smooth, manufacturing of the microspheres. As shown statistically in
the addition of MgO/MgCO, resulted in the formation of Figure4E, the surface of PMg produced many pore structures
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with pore diameters in the range of 1-10 um. The contact
angle was measured according to previously reported work."
The contact angles of PM and PMg were 112.7° and 113.3°
at first second, respectively. After 10 seconds of stationary,
the contact angles changed to 110.2° and 103.8°, respectively.
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The corresponding contact angles decreased by 2.5° and 9.5°,
respectively, and the decrease in the contact angle of PMg
(which has a porous structure) was more obvious. This
decrease may be caused by that the porous microspheres
absorbed more water (Figure 4F).
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Figure 4. Enlarged microscopic images of poly(L-lactic acid) microsphere (PM) and poly(L-lactic acid) microsphere
loaded with magnesium oxide (MgO)/magnesium carbonate (MgCO,) (PMg). (A-D) PM surface is smooth and without
porous structure, and pores appeared on the surface of PMg, which was attributed to the generation of CO, from
MgCO.,. Scale bars: 50 pm (A, C), 10 pm (B, D). (E) The distribution of pore size on the surface of PMg. (F) The contact
angle test of PM and PMg. PMg is more hydrophilic and absorbent compared to PM. Data are expressed as mean + SD.

As indicated in Figure 5A, the number average molecular
weight of PM and PMg decreased during the 30-day
degradation cycle by 27.8 and 66.3 kDa, respectively, while
the number average molecular weight degradation rates were
33.7% and 60.1%, respectively. These results imply that the
addition of MgO and MgCO, significantly accelerates the
molecular weight degradation of microspheres. As shown in
Figure 5B, the pH of the degradation solution of PM and PMg
changed from the initial 7.30 to 7.17 and 7.33, respectively,
compared to PM, the pH of PMg was stabilised in the range
of 7.20-7.40 during degradation, which would not interfere
with the body’s typical acidic and alkaline environments. As
shown in Figure 5C, during the 30-day degradation cycle,
the release of Mg?* was slightly faster during the first 7 days,
and the release of Mg?* continued to be slow from days 7-30,
and there was no burst release throughout the degradation.
Figure 5D and G are scanning electron microscope images
of microspheres before degradation, when degradation

Biomater Transl. 2023, 4(4), 280-290

continued for 30 days, numbers of the “crater” structure on
the PM surface increased obviously (Figure 5E and F), and
the small pores on the surface of PMg gradually grew larger
(Figure 5H and I).

In vitro cytocompatibility

The in vitro biocompatibility evaluation of the microspheres
was further performed using CCK-8. As indicated in Figure
6, the cell survival rate was over 80% after co-cultivating the
materials with TDSCs for 24, 48, and 72 hours (Figure 6A).
The number of cells gradually increased with the increasing
culture time. At 72 hours, the PMg group had the highest
number of cells, indicating that the synthesised materials had
no obvious inhibitory effects on cell proliferation. The live-
dead staining examination revealed that the number of live
cells (green) grew steadily while the number of dead cells (red)
was zero, demonstrating the biocompatibility of PM and PMg
(Figure 6B).
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Figure 5. In vitro degradation behaviours of poly(L-lactic acid) microsphere (PM) and poly(L-lactic acid) microsphere
loaded with magnesium oxide (MgO)/magnesium carbonate (MgCO,) (PMg). (A) Accelerated degradation of PMg
compared to PM, shows that MgO and MgCO, accelerate the rate of molecular weight degradation of microspheres. (B)
The degradation environment pH of PMg is stable in the neutral range and does not interfere with the body’s typical
acidic and alkaline environment. (C) No sudden release of Mg?* occurred during the 30-day degradation cycle. Data are
expressed as mean + SD, and were analysed by Student’s unpaired t-test. (D) The scanning electron micrograph images of
PM before degradation. (E) On the 30™ day of degradation, scanning electron micrograph image showed that there was
a significant increase in the number of “craters” on the surface of PM. (F) Enlarged scanning electron micrograph images
at 30 days of PM degradation (G) The scanning electron micrograph images of PMg before degradation. (H) At 30 days
of degradation, the electron micrographs showed that the pores on the surface of PMg were significantly enlarged due
to corrosion. (I) Enlarged scanning electron micrograph images at 30 days of PMg degradation. Scale bars: 50 pm (D, E,
G, H), 10 um (F, I).
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Figure 6. Cytocompatibility evaluation and live-dead staining of poly(L-lactic acid) microsphere (PM) and poly(L-lactic
acid) microsphere loaded with magnesium oxide (MgO)/magnesium carbonate (MgCO,) (PMg). (A) More than 80% of
cell viability of tendon-derived stem cells (TDSCs) on PM and PMg, which were normalised by control group. Data are
expressed as the mean + SD (n = 3). *P < 0.05, ***P < 0.001 (one-way analysis of variance followed by Dunnett’s multiple
comparisons test). (B) Cytocompatibility of TDSCs on PM and PMg. The live/dead staining assay demonstrated that
PM and PMg exhibits no cytotoxicity to cells. TDSCs cultured with osteogenic medium were used as control. Scale bars:
200 pm.

Osteogenic capacity of PM and PMg integration of the material with the host bone tissue. ALP
Osteoconductive capacity is the ability of a material to support  is an important biomarker of osteoblast activity. Currently,
the growth of bone cells on its surface. It is an important ALP activity has been used to study bone mineralisation
property for bone grafts and implants, as it facilitates the mechanisms and bone-active biomaterials, among others.?
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To demonstrate the osteoconductive ability of the materials,
we performed a co-culture of TDSCs with the material-
extract medium and evaluated ALP activity and osteogenic
gene expression levels. As shown in Figure 7A, PM showed
a stronger osteogenic capacity as indicated by the significantly
higher ALP activities compared with the control, and the
PMg with added MgO/MgCO, had the strongest osteogenic
capacity. The above results suggest that the PLLA material
had a certain osteogenic capacity,”® and Mg** as well as the
porous structure of microspheres play a more significant role
in promoting the osteogenic differentiation and proliferation
of TDSCs.” To examine the potential effect of microsphere
degradation on local immune response, the expression of anti-
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inflammatory gene (Arg-1) was examined in RAW264.7 cells
treated with PM and PMg, and the results showed that PMg
increased the expression of Arg-1 compared with PM (Figure
7B), which indicated that Mg?* released from microspheres
could effectively inhibit inflammation. The effects of PM and
PMg on osteogenic differentiation of rat TDSCs continued
to be detected by polymerase chain reaction, after 14 days of
co-cultivation with the material, there was an increase in the
expression of Runx2 and Ocn in PM and PMg compared to
the control group, whereas the gene expression in the PMg
group was the highest (Figure 7C and D), which indicated that
the Mg®* produced by PMg group significantly enhanced the
osteogenic differentiation of TDSCs.
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Figure 7. Osteogenic capacity evaluation of poly(L-lactic acid) microsphere (PM) and poly(L-lactic acid) (PLLA)
microsphere loaded with magnesium oxide (MgO)/magnesium carbonate (MgCO,) (PMg). (A) The level of alkaline
phosphatase (ALP) was more obvious in PMg compared to PM. PMg has more osteogenic properties compared to PM,
while PLLA material has some osteogenic properties compared to the control. (B) The expression of anti-inflammatory
gene (arginase-1, Arg-1) was more obvious in PMg compared to PM. (C, D) The expression of osteogenic differentiation
gene (osteocalcin, Ocn) and (Runx2) was more obvious in PMg compared to PM, while PLLA material can promote
osteogenic differentiation of tendon-derived stem cells (TDSCs) compared to the control. RAW264.7 cells were induced
with lipopolysaccharides as controls in B and TDSCs cultured with osteogenic medium were as controls in C and D. Data
(normalised by control group) are expressed as the mean + SD (n = 3). *P < 0.05, **P < 0.01 (one-way analysis of variance
followed by Dunnett’s multiple comparisons test). GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

Discussion

PLLA was a promising U.S. Food and Drug Administration-
approved biomaterial with excellent biocompatibility and
degradability properties.®® Therefore, the synthesis and
application of PLLA become important, but it was a challenge
to use a simple and efficient method to synthesise the PLLA and
apply it to biomedical applications.** In addition, PLLA can
be prepared into different shapes and structure, and employed
for biomedical applications, such as, antibacterial,®® bone
regeneration,’ anti-inflammatory,” anti-tumor.”* Among
them, bioabsorbable microspheres have been widely used for
drug delivery*® and translational bone regeneration.*

Herein, we prepared biodegradable PLLA with good
biocompatibility by a simple and green synthesis method,
and porous PLLA microspheres (PMg) loaded with MgO/
MgCO, have a controllable range of particle sizes using the

Biomater Transl. 2023, 4(4), 280-290

double-emulsion method. Compared with conventional
smooth microspheres, PMg has a rougher surface morphology,
which facilitates cell adhesion and proliferation and increases
material-cell interactions. In addition, the freeing of hydroxide
ions (OH-) by PMg degradation not only neutralised the acidity
of the PLLA, but also the controlled release of Mg** promoted
the osteogenic differentiation of TDSCs.

Through the results of a large number of literature studies, it
was found that when the microspheres were loaded with the
same mass of MgO and MgCO,, the optimal Mg** release rate
of the microspheres was achieved,* therefore, this study only
explored the effect of the same mass of MgO/MgCO, on the
surface topography of the microspheres and the release of Mg?*
and did not further investigate the effect of the different mass
ratios of MgO/MgCO, on the topography of the microspheres
and the Mg?* release rate.
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In this study, we successfully prepared porous magnesium-

containing microspheres

with uniform particle size,

combination oflarge and small pores, and good biocompatibility
using solvent evaporation method. The average particle size
of the microspheres was 60-100 pm, and the average pore
size was 1-10 um. The generation of pore structure made the
surface morphology of the microspheres more controllable,
which was more favorable for cell adhesion and proliferation.
In addition, the slow release of Mg** during the microsphere
degradation maintains a suitable concentration of Mg?** at the
treatment site, which inhibits inflammation and promotes the
proliferation and osteogenic differentiation of osteoblasts.
Therefore, this study provided an advanced strategy to prepare
functionalised microspheres for bone regeneration.
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