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a b s t r a c t

In this study, different concentrations of 17-b estradiol silk fibroin (SF)porous scaffolds (SFPS) were
prepared using freeze-drying technique, with a hope for optimal concentration and apply it locally to the
bone defect area. In this study, the porous scaffold morphology structure was characterized by SEM, FTIR
and universal capacity testing machines, and the in vitro cytocompatibility and biological activity of
scaffold materials were studied by cell adhesion, viability and proliferation experiments. The results
showed that SFPS boasts better physicochemical properties, while 17-b estradiol SF scaffolds with low
concentrations of 10�10 mol/L and 10�12 mol/L had more growth and proliferation of SF scaffolds with
higher concentrations, and 10�10 mol/L was the optimal concentration of 17-b estradiol SFPS, which was
more conducive to cell adhesion and proliferation. On the other hand, after osteogenesis induction of
BMSCs inoculated on 17-b estradiol SFPS at different concentrations, it was found that the expression of
alkaline phosphatase in BMSCs on different concentrations of 17-b estradiol porous scaffolds was not
large. No conflict of interest exits in the submission of this manuscript.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Oral and maxillofacial bone defects caused by accidents (traffic,
labor, sports, shooting), surgical removal of benign lesions (cysts,
dental tumors) or malignant tumors, congenital deformities such as
fissures, visceral skull dysplasia, periodontitis, dental abscesses or
tooth extraction will not only cause functional disorders such as
chewing, swallowing, and sucking, but also destroy the facial shape,
reducing the aesthetics of the oral and maxillofacial area [1]. With
the development of bone reconstruction, many approaches are
available to repair these jaw defect areas, such as bulk autologous
bone grafting technique (Onlay technique) [2], stretch osteogenesis
[3], bone tissue engineering [4]. Among them, the second is
tomatology, Shanxi Medical

se Society for Regenerative

ative Medicine. Production and ho
considered the “gold standard”. Yet, it's come with limited sources,
complications and other defects [5]. Stretch osteogenesis makes
more bonemass possible, but it's accompanied by excessive trauma
and requirement of early-stage hospitalization. Bone tissue engi-
neering offers a new solution, which has received extensive
attention and becomes a research hotspot.

Estrogen is subjected to C-18 steroid characterized by the
presence of an aromatic ring on C-3. There is a phenolic hydroxyl
group on C-3 and a hydroxyl group (estradiol) or one ketone
(estrone) on C-17. During their lifetime, women produce three
types of estrogens, including 17-b estradiol (17-b estradiol E2) from
puberty to menopause, estriol E3 during pregnancy, and estrone
(Estrone E1) after menopause [6], of which 17-b estradiol is the
most abundant and important one. Estrogen is essential for bone
growth and development and for maintaining bone health in
adulthood [7,8]. Since estrogen is important for bone balance
regulation, its deficiency represents one of the primary causes of
osteoporosis in postmenopausal women [9], causing changes in the
balance, bone structure, and bone resorption activity of the cells
that make up the bone marrow.
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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It has been shown that estrogen can regulate a variety of bone
metabolism factors, which could directly or indirectly be involved
in the regulation of bone marrow mesenchymal stem cells and
osteoblastic progenitor cell differentiation. Also, estrogen could
promote the synthesis and secretion of osteoprotectin (OPG),
inhibit the secretion of interleukin 1 (IL-1), interleukin 6 (IL-6),
tumor necrosis factor a (TNF-a), prostaglandin (PGE2) and other
bone resorption-related cytokines, thereby promoting osteogenesis
and inhibiting bone breaking [10e12].

Bone Marrow Mesenchymal Stem Cells (BMSCs) offer multidi-
rectional differentiation potential, allowing for differentiation of
BMSCs into osteoblasts [13]. Besides, BMSCs could differentiate into
multiple types of tissue cells with weak cell immunogenicity,
vulnerable transfection of foreign genes, making it a hot spot in
tissue engineering research and enjoying great prospects in gene
and cell therapy.

Silk fibroin (SF) is a natural polymer organic material from silk
with excellent properties [14,15]. Numerous studies have shown
that SF represents an excellent biological material with good
cellular compatibility and histocompatibility [16]. With an in-depth
understanding of its intrinsic properties, such as mechanical
strength, elasticity, biocompatibility and controllable biodegrad-
ability, SF has been made into films, porous scaffolds, hydrogels or
non-woven nets [17e20], and are widely used in the repair and
regeneration of skin, bone, blood vessels, nerves and other tissues.

Based on the above theories and previous studies, this study
aimed for the effects of 17-b estradiol silk fibroin porous scaffolds
(SFPS) loaded with different concentrations on the proliferation
and osteogenic differentiation of BMSCs. SFPS loaded with 17-b
estradiol were prepared by freeze-drying and the physicochemical
properties of the scaffolds were characterized. Afterwards, BMSCs
were seeded on SFPS loaded with different concentrations of 17-b
estradiol, and the effects of different concentrations of 17-b estra-
diol on the proliferation and differentiation of BMSCs were
observed, hoping to find the optimal concentration and apply it
locally to the bone defect area. As such, it could clinically repair the
oral andmaxillofacial bone defect area, shortening the healing time
of bone augmentation surgery, and providing a new idea for new
therapies for bone defect.

2. Materials and methods

2.1. Materials

Bombyx mori raw silk fibers were purchased from Dingsheng
Silk Co. Ltd (Wujiang, China);Bone Marrow Mesenchymal Stem
Cells were purchased from Tongpai Biotech-nology Co. Ltd.
(Shanghai, China);Dulbecco's Modied Eagle's Medium (DMEM)and
fetal bovine serum (FBS) were purchased from Gibco Invi-
trogen;Dexamethasone, L-ascorbic acid and b-glycerophosphate
were purchased from Cyagen Biological Tech Co. Ltd. (Guangzhou,
China);The cell counting kit-8 (CCK-8) was purchased from Boster
Biological Tech Co. Ltd. (Wuhan, China);The living/dead cell stain-
ing kit (Calcein-AM/PI double staining method) was supplied by
BestBio Biological Tech Co. Ltd. (Shanghai, China);The reagents
used in this study were of analytical grade and used without any
further purification. The deionized ultra-pure water was used
throughout the experimental trials.

2.2. Preparation of SF solution

SF solution was prepared based on the methods mentioned in
the published papers [21e24]. That is to say, household silk is
degummed in Na2CO3 (0.05wt%) solution at 100 �C for 30 min,
repeatedly treated three times, rinsed thoroughly with distilled
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water, and dried overnight in a drying box at 60 �C. The degummed
silk fibers were dissolved with CaCl2: CH3CH2OH: H2O (molar ratio
of 1:2:8) ternary solution at 72 �C for 40min. Use a dialysis bag with
an intercepted molecular weight of 8000e14000 to remove the
inorganic salts by dialysis for 4 d at room temperature, then
centrifuge at 3000 r/min for 5min, and store the clear in a refrig-
erator at 4 �C.

2.3. Preparation of 17-b estradiol silk fibroin solution at different
concentrations

Weigh 27.238mg of 17-b estradiol powder, dissolve it in 10ml of
absolute ethanol with an ultrasonic cleaning machine, and prepare
10�2 mol/L of 17-b estradiol stock solution 1; Take 100 ml of 17-b
estradiol stock solution 1 dissolved in 10 ml of phosphate buffered
saline PBS to obtain 10�4 mol/L of 17-b estradiol stock solution 2.
PBS stock solution 2, 3, 4 and 5 containing 10�4 mol/L, 10�6 mol/L,
10�8 mol/L, and 10�10 mol/L of 17-b estradiol was finally obtained
by gradient dilution. Add 30% glycerol to 10 ml of 4wt% SF solution
to obtain a SF solution that does not contain 17-b estradiol; Simi-
larly, a 17-b estradiol silk protein solution containing 0, 10�6 mol/L,
10�8 mol/L, 10�10 mol/L 10�12 mol/L was obtained by gradient
dilution.

2.4. Preparation of 17-b estradiol SFPS

In this experiment, different concentrations of 17-b estradiol silk
protein solution prepared according to the above method were
injected into a silica gel tube with a diameter of 8 mm and a height
of 2 cm, the bottom of the silicone tube was close to the �80 �C
subcooling surface, the top was open, frozen in a �80 �C low-
temperature freezer for 24 h, vacuum freeze-dried for 36e48 h,
and a 17-b estradiol SFPS was obtained.

2.5. Performance characterization of materials (scanning electron
microscopy, infrared spectroscopy)

The above five groups of material samples were vacuumed, and
sprayed with gold, and their morphology was observed by JSM-
7001 F scanning electron microscope (SEM). Image J software was
used to measure and analyze the aperture size of the porous
scaffold.

The Fourier transform infrared (FTIR, Bruker, Germany) spec-
troscopy was used to measure the absorption spectra of the above
five groups of porous scaffold materials with a wavelength of
4000e400 cm�1 and perform infrared spectral analysis.

2.6. Degradation study

The freeze-dried composite scaffolds material (n ¼ 3) was
weighed and placed in a 24-well plate and incubated at 37 �C in PBS
buffer containing 1U/mL proteinase-XIV for 14 d. Fresh PBS buffers
(with and without enzymes) should be replaced every 3 d. At the
specified time point, the relevant sample is removed and carefully
and thoroughly washed with deionized water to ensure that the
material does not contain enzymes. After freeze-drying, the mass
loss percentage was weighed and analyzed [24].

2.7. Analysis of mechanical properties of materials

Different concentrations of 17-b estradiol SF solutionweremade
into a cylindrical shape with a diameter of 26 mm and a height of
12 mm, and the mechanical properties of the porous scaffold were
determined by a universal ability testing machine. In the experi-
ment, a 1000 N sensor was used to compress the material thickness
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to 9 mm (n ¼ 5) at a speed of 0.2 mm/min, and the elastic modulus
(E) and compressive strength (P) of the porous scaffold were
determined according to the following formula.

P¼ F
S
ðF : force; S : area of squareÞ

E¼ P
DL=L

ðP : pressure;DL : change in length; L : lengthÞ

2.8. E2 release from SFPS

The 17-b estradiol SFPS (8 � 10 mm) were immersed in 4 ml of
PBS solution and incubated at 37 �C with gentle shaking (50 rpm).
At specific time points, the 3ml PBS solutionwas collected and used
for the estimation of released E2 using ELISA assay (17-b E2 ELISA
kit, Shanghai Hengyuan Biological). The scaffolds were then
replenished with 3 ml of fresh PBS. This process was repeated until
the completion of the study.

2.9. Cell compatibility and osteogenic activity studies

2.9.1. Cell proliferation and adhesion experiments
Cut the 8 � 10 mm SF scaffold into 1 mm thick slices and ster-

ilize using autoclaving. 3� 105/well BMSCs were seeded on five 17-
b estradiol scaffolds of different concentrations, 5 control groups
were set up for each sample, and when BMSCs were cultured on
scaffold material for 1 d, 4 d, 7 d, and 10 d, respectively, the scaffold
was placed on a new plate and 500 ml of DMEM (Dulbecco S
Modified Eagle Medium)medium and 50 ml of CCK-8 (Cell Counting
Kit-8) working solution, and at the same time, 500 ml of DMEM and
50 ml of CCK-8 working solutionwere added to the scaffold material
as a blank control. Incubate in a 37 �C, 5% CO2 incubator for 1 h, then
transfer 100 ml of each well to a 96-well plate, and the microplate
reader determines the Optical density OD value at a wavelength of
450 nm and calculates its survival rate.

Fluorescent staining observed the surface adhesion of bone
marrow mesenchymal stem cells to determine their proliferation.
The cells were seeded on each set of scaffolds, cultured for 1 day, 4
days, and 7 days, then the original culture medium was aspirated
and discarded. Subsequently, 1 ml of paraformaldehyde fixative
solution (2.5%) was added per well, followed by 0.5% TritonX-100
solution for penetration. Then add 500-fold diluted rhodamine-
phalloidin staining solution under dark conditions for staining.
Add DAPI staining solution for nuclear staining. Finally, the state of
the cytoskeleton and nucleus is observed under a laser scanning
confocal microscope (LSCM).

Cells were seeded on each set of scaffolds at a density of
1 � 104 cells/well and cultured for 7 days. Discard the medium and
wash the PBS solution. Then, an appropriate amount of 4% para-
formaldehyde is addedwithin eachwell and the cells are fixed at 4 �C
for 4 h. Afterwashing the PBS solution, dehydratewith 20%, 40%, 60%,
80%, and 100% gradient alcohol. Finally, the cells are naturally dried
and subjected to scanning electron microscopy after gold spraying.

2.9.2. Live/dead cell staining experiments
To detect the viability of cells on scaffolds, cells are seeded on

each set of scaffolds. After incubating at 37 �C, 5% CO2 for 1 d, 4 d,
and 7 d, remove the stent from thewell plate andwash 3 timeswith
sterile PBS. Then, follow the manufacturer's (live/dead cell staining
kit) to stain for calcein (AM) and propidium iodide (PI). Place the
stained scaffold at room temperature or 37 �C for the reaction for
30 min. After washing with PBS, observe the growth of cells on the
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scaffold using LSCM at a wavelength of 488 nm. Live cells and
scaffold-attached cells appear green (green calcein: Ex/Em 490/
515 nm; Red PI: Ex/Em 535/617 nm).
2.9.3. ALP detection
BMSCs were induced to osteogenesis with a medium supple-

mented with 10 mM b-glycerophosphate sodium (Sigma-Aldrich),
10 nM dexamethasone (Sigma-Aldrich) and 50 mg/ml antioxidant
acid (Sigma-Aldrich), induced 4 d, 7 d, 14 days and tested with ALP
kit, and 4 samples per group were washed with 4% para-
formaldehyde. Qualitative staining was performed with an ALP
staining solution. Subsequently, the specimen is rinsed with PBS
and lysed with 2% Triton X-100. Select the 96-well plate and
measure the OD at 510 nm as described in the Alkaline phosphatase
ALP kit (Leagene, Beijing).
2.10. Statistical analysis

In this study, data were expressed as mean ± standard deviation
or median and quartiles, as appropriate. The test level is set at
a ¼ 0.05, and P < 0.05 indicates a significant difference. SPSS (26.0)
and R (3.2.0) were used for data analysis. LSD-t test and Scheirer-
Ray-Hare rank sum test were used for difference comparison, as
appropriate.
3. Results

3.1. Microscopic morphology of SFPS

As shown in Fig. 1, the SFPS features a uniform porous structure,
in which the pore structure is interconnected. With the increase of
estradiol concentration of 17-b, the pore structure of the SF porous
scaffold didn't show a sign of significant change, with the pore size
of the measured multi-porous scaffold reaching an average of
113.85 ± 3.3 mm.
3.2. Secondary structure analysis of porous scaffolds

The molecular conformation of the 17-b estradiol SFPS was
characterized by infrared spectroscopy. According to previous
studies on infrared absorption spectroscopy of SF materials, the
absorption peaks of Silk I appeared near 1650-1655 cm�1 (amide I),
1525-1540 cm�1 (amide II), 1266 cm�1 (amide III) and 669 cm�1

(amide V). The absorption peaks of Silk II occurred around 1620-
1635 cm�1 (amide I), 1515-1530 cm�1 (amide II), 1230-1235 cm�1

(amide III), and 700 cm�1 (amide V). Also, random coiled absorption
peaks occur around 1655e1660 cm�1 (amide I), 1535e1545 cm�1

(amide II), 1235 cm�1 (amide III), and 650 cm�1 (amide V) [24]. As
shown in Fig. 2, thefive groups of curved absorptionpeaks appeared
at 1232 cm�1, 1517 cm�1, and 1623 cm�1, showing a typical Silk II,
while the molecular structure was not significantly different be-
tween the different groups.
3.3. Analysis of mechanical properties of materials

Mechanical properties are one of the important technical
parameters for the study of various biological materials. Those
biomaterials for tissue engineering scaffolds must have a certain
mechanical strength for the effective promotion of the repair and
regeneration of supporting tissues. Fig. 3 demonstrates the stress-
strain curve of the SFPS. The compressive strength and elastic
modulus of the stent material were 26.37 ± 4.25 kPa,
83.86 ± 9.77 kPa, respectively.



Fig. 1. 17-b estradiol SFPS SEM at different concentrations.

Fig. 2. FTIR spectra of SFPS with different concentrations of 17-b-estradiol.
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3.4. Degradation behavior

Fig. 4 shows the quality change of silk fibroin porous scaffolds
during degradation. It can be seen from the figure that themass loss
Fig. 3. Stress-strain curves of 17-b estradiol concentration SFPS at different
concentrations.

79
of the scaffold increases with the extension of degradation time.
When the scaffold is immersed in enzyme solution for 14 days, the
mass loss reaches 50.31%.

3.5. The release of E2 from SFPS

As shown in Fig. 5, sudden release of silk fibroin scaffolds of
different concentrations occurred 4 days before the release. With
the extension of time, the drug release rate slowed down, but the
slow release effect was not obvious. On the 10th day of drug release,
the drug release amount reached about 50%.

3.6. Cell proliferation and adhesion experiments

The CCK-8 assay was used to study the viability and proliferation
of cells in different concentrations of SF scaffolds. The results of
CCK-8 cell proliferation assays (Fig. 6) showed that the cell prolif-
eration rate was greater than 1 in all groups, and the cell prolifer-
ation rate was highest on day 7, followed by a decrease in cell
proliferation rate. There was no statistical difference between the
groups of cell proliferation on the scaffold materials of day 1 and
day 4. Besides, by the 7th day, the number of cells on the five groups
of scaffold materials was greatly proliferated, among which, the
cells on the 17-b estradiol silk protein scaffold with different
Fig. 4. Degradation curves of SFPS.



Fig. 5. Cumulative release profile of E2 from SFPS.
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concentrations were more proliferating than the cells on the blank
scaffold, with a significant statistical difference between the groups
(P < 0.001). Among them, the 10�10 mol/L and 10�12 mol/L 17-b
estradiol silk protein scaffold cells with higher concentrations were
proliferated, and the cells on the scaffold material of each group
continued to proliferate after 10 days, with the same trend as the
7th day, and there were obvious statistical differences between the
groups (P < 0.001).

For cell adhesion, rhodamine-labeled phalloidin and DAPI were
used to bind to F-actin and nucleus, respectively, andwere analyzed
using laser confocal microscopy. As shown in Fig. 7, there are a large
number of cells attached to the inside of the SFPS, and the cells
stretch and form a spindle-shaped. Also, rich stress fibers are
formed by F-actin, and the cells proliferate rapidly, leading to a
network-like fully mature cytoskeletal distribution, and tight
junctions with surrounding cells. As time increases, BMSCs prolif-
erated rapidly, and there were more obvious cell proliferations on
the 17-b estradiol SF scaffold at different concentrations compared
with the cells on the blank scaffold, among which the number of
cells on the 17-b estradiol silk scaffold at 10�10 mol/L and
10�12 mol/L increased significantly.

SEM observationswere consistent with laser confocal outcomes,
and BMSCs showed good growth performance on all porous scaf-
folds. As shown in Fig. 8, after 7 days of in vitro culture, cells are
tightly attached to the well wall, gathered into sheets, and wrapped
in secreted matrix.

3.7. Live/dead cell staining experiments

We observed and tracked the viability of BMSCs inoculated on
17-b estradiol SFPS. As shown in Fig. 9, the results of calcein-am/PI
dual staining showed that most BMSCs are bright green with a
small number of dead cells (red fluorescence). As the culture time
increases, the number of cells gradually increases. Additionally,
compared with other concentrations of SF scaffolds, the number of
cells of 10�10 mol/L and 10�12 mol/L 17-b estradiol silk protein
Fig. 6. Determination of survival (A) and absorbance (B) of 450 nm in di
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scaffolds with higher concentrations of SF scaffolds was signifi-
cantly increased.
3.8. In vitro osteogenic induction differentiation of porous scaffold
materials

The ALP activity of BMSCs cultured on SFPS for 4 days, 7 days,
and 14 days is shown in Fig. 10. Different from cell proliferation
experiments, ALP activity increased significantly at day 7 and
decreased after day 14. The expression of BMSCs on 17-b estradiol
SF scaffolds at different concentrations was consistent with that of
alkaline phosphatase on BMSCs on blank scaffolds, not affecting the
osteogenic differentiation of BMSCs.
4. Discussion

Estrogen plays an important role in the regulation of bone mass
balance. Estrogen deficiency is one of the major reasons for oste-
oporosis in postmenopausal women. The lack of estrogen signifi-
cantly changes the balance, bone structure, and resorptive activity
of the cells that comprise the bone marrow [25,26]. Recently, it has
been shown that 17-b estradiol (E2) can effectively enhance the
proliferation and differentiation potential of BMSCs [27], but its
effect on BMSCs concentration is disputed [28e31].

In this study, SFPS were used as the carrier to load different
concentrations of 17-b estradiol on the scaffold, and the surface
morphology, secondary structure and mechanical properties of the
materials were first studied by SEM, FTIR and universal capacity
testing machines. Through SEM observation, SFPS have relatively
uniform pores, and the pore size is 89.5 ± 1.3 mm on average, which
is within the optimal spatial range for cell growth [18]. Structural
analysis by FTIR showed that SFPS were relatively subjected to
stable Silk II structures. Mechanical properties are one of the
important parameters of biological materials, any kind of biological
materials should allow for sufficient mechanical properties to
maintain the regeneration of new tissues Mechanical analysis
shows that as scaffold material, SF scaffold offers a goodmodulus of
elasticity, providing a more suitable biological environment for the
growth of bone cells. The degradation rate of ideal scaffold material
should match the growth rate of damaged tissue. The results of
degradation experiments showed that with the progress of tissue
repair, the scaffoldmaterial gradually degraded to provide space for
new tissue. The drug release results show that the drug release
effect of the stent is not obvious, and it can be further improved
later.

Good cellular compatibility of scaffold materials is critical for
tissue engineering [19]. Cell-scaffold materials require good con-
nectivity and suitable pore size to enable cell migration and sub-
stance metabolism, as well as to support and induce tissue
regeneration. To further analyze the biocompatibility of 17-b
fferent groups on day 1, 4, 7, and day 10 (**P < 0.01, ***P < 0.001).



Fig. 7. On the first day (A), the fourth day (B) and the seventh day (C) 17-b The BMSCs cultured on porous scaffold with estradiol concentration silk fibroin were stained with
Phalloidin DAPI. Blue stains for nucleus, red stains for cytoskeleton.

Fig. 8. Morphological observation of BMSCs on 17-b estradiol SFPS at different concentrations.

Fig. 9. Laser confocal microscopic images (2D) of BMSCs incubated on 17-b estradiol concentration SFPS for 1 and 4 days. Laser confocal microscope images (3D) of BMSCs cultured
for 7 days. Live cells are labeled with calcein (green) and dead cells with propidium iodide (red).
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Fig. 10. ALP activity after 4 days, 7 days and 14 days of osteogenesis induction.
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estradiol SFPS, BMSCs were seeded on 17-b estradiol porous scaf-
folds at different concentrations, and LSCM was used to charac-
terize cell viability in the cell-scaffold complex. After a total of 1 d,
4 d, 7 d, and 10 d, CCK-8 assay was used to quantitatively detect cell
viability and proliferation on different scaffolds. SEM was used to
observe the adhesion andmorphological distribution of cells on the
surface and inside each group of scaffolds. Based on the staining of
live cells (green marker) and dead cells (red marker), the growth of
cells on the scaffold was observed.

Overall, SEM images, LSCM images and CCK-8 analysis showed
that SFPS had good biocompatibility, and BMSCs had a good growth
trend in 17-b estradiol silk protein scaffolds loaded with different
concentrations, while cells with low concentrations of 10�10 mol/L
and 17-b estradiol SFPS with higher concentrations of 10�10 mol/L
and 10�12 mol/L had more growth and proliferation. 10�10 mol/L is
the optimal concentration of 17-b estradiol SF porous scaffold,
which is more conducive to cell adhesion and proliferation.

Of these, bone marrow mesenchymal stem cells (BMSCs) have
the potential to differentiate into various types of cells, including
osteoblast, and are found in various tissues including bone marrow,
adipose tissue, umbilical cord blood, and cancellous bone [32].
Because of its high proliferation capacity, it is possible to directly
perform cell transplantation or implantation on biological material
to repair the defect of tissue. The activity of ALP is regarded as one
of the characteristic parameters of osteoblast maturation, and its
activity can reflect the tendency of differentiation to osteoblast.

ALP represents an early marker of osteogenic differentiation of
BMSCs. In this study, we inoculated BMSCs on scaffolds, induced
osteogenic differentiation, and measured ALP values. The results
showed that the expression of BMSCs on 17-b estradiol SF scaffolds
at different concentrations was consistent with the expression of
alkaline phosphatase on BMSCs on blank scaffolds, and different
concentrations of 17-b estradiol had no effect on osteogenic dif-
ferentiation of BMSCs.
5. Conclusion

In this study, different concentrations of 17-b estradiol silk
fibroin (SF) porous scaffolds (SFPS) were prepared using freeze-
drying technique. Through experiments, we found that
10�10 mol/L represents an appropriate concentration of 17-b
estradiol SFPS, which could be applied to bone defect areas. Yet, its
effects in vivo animal models require further study.
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