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Background: Yunnan Baiyao, as a traditional Chinese herbal remedy with definite curative effect, has recently been proven can
promote the proliferation of osteoblasts and differentiation of human periodontal ligament fibroblasts. Bio-Oss® scaffold is a porous
bone graft material of natural and antigen-free bovine bone origin.
Methods: To observe the effect of Yunnan Baiyao on the differentiation of HPDLFs on the Bio-Oss® collagen scaffold in vivo, the
HPDLFs-Bio-Oss® collagen complex was constructed in vitro, and Yunnan Baiyao aqueous solution was added, respectively. The
complex was divided into Yunnan Baiyao group I (50 μg/mL), Yunnan Baiyao group II (100 μg/mL), positive control (rhBMP-2)
group and sham group. HPDLFs were identified by immunocytochemistry and immunofluorescence. The compatibility of HPDLFs
with Bio-Oss® collagen was observed by fluorescence microscope and scanning electron microscope. The specimens were taken for
HE staining after 8 weeks since the complex was implanted into nude mice, and the expressions of osteocalcin (OC), bone sialoprotein
(BSP), osteopontin (OPN), and collagen I (CON-I) were detected by immunohistochemistry and qRT-PCR.
Results: The number of capillaries and osteoblasts increased significantly after Yunnan Baiyao stimulation, and the expressions of
BSP, OC, OPN and CON-I were increased after Yunnan Baiyao stimulation in a dose-dependent manner.
Conclusion: Yunnan Baiyao solution can promote the differentiation of HPDLFs and the generation of capillaries on Bio-Oss®

collagen scaffold in a dose-dependent manner.
Keywords: Yunnan Baiyao, human periodontal ligament fibroblasts, Bio-Oss® collagen, differentiation

Introduction
Chronic periodontitis (CP) is a common bacterial infectious disease.1 It is an aggressive and extended form of gingivitis
that has been present in the mouth continuously with deep periodontal tissue.2 The development of chronic periodontitis
at an advanced stage can lead to bone loss in the periodontal area.3 Guided bone regeneration (GRB) is a proven and
widely accepted method of bone augmentation that allows the growth of soft tissue fibroblasts around the barrier tissue to
ensure that the slower migrating precursor osteoblasts have priority access to the bone defect area, allowing bone repair
and regeneration in the defect area.4 HPDLFs are the main cells derived from periodontal ligament tissue. Studies have
shown that HPDLFs can differentiate into cementum, alveolar bone, and periodontal ligament, which is conducive to
tissue regeneration.5–7 Therefore, HPDLFs are considered as an ideal seed cell for periodontal tissue engineering. Bio-
Oss® scaffold, as a bioactive material, is a porous bone graft material of natural and antigen-free bovine bone origin,
whose natural structure determines that its physical and chemical properties are very similar to human bone, representing
good biocompatibility.8 Bio-Oss® collagen is composed of Bio-Oss cancellous particles and 10% highly purified porcine
collagen.9 It combines the advantages of bone and collagen. Collagen can support and protect cells, and at the same Bio-
Oss® collagen is closely related to cell adhesion, growth, and phenotypic expression.10 The pressure of Bio-Oss®
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collagen has a pressure of 35 MPa and fine porosity (75–80% of volume), which can greatly raise its surface area. Such
an increased surface area provides a matrix for the formation of blood vessels and a favorable scaffold condition for bone
formation.11,12

Yunnan Baiyao is a traditional Chinese herbal remedy with definite curative effect.13 It is reported as a mixture of
multiple herbs, such as borneol, stasis grass, bitter ginger, and geranium.14 The effect of Yunnan Baiyao on promoting
tissue healing has been affirmed worldwide and has been widely applied in clinical practice.15 It is mainly used as an
external or internal hemostatic drug since it enhanced prothrombin content and induces platelet aggregation and release.16

Also, it is prevalently used in treatment of bleeding,17 ulcer,18 infection,19 and inflammatory bowel disease.20 Recently, it
was found that Yunnan Baiyao can promote the proliferation of osteoblasts and differentiation of human periodontal
ligament fibroblasts (HPDLFs).21 Recombinant Human Bone Morphogenetic Protein-2 (rhBMP-2), as a mature cell
growth factor, has achieved wide recognition from scholars all over the world.22 It has good osteoinductive activity and
function of promoting cell differentiation. The addition of rhBMP-2 into fibroblast lines can evoke the expression of
osteoblast phenotype, which stimulates the expression of osteocalcin and the activity of alkaline phosphatase.23 Thus far,
rhBMP-2 has been proved by the US Food and Drug Administration to be used in localized alveolar ridge augmentations
for tooth extraction defects.24 However, the high price limits the wide application of rhBMP-2 in clinical practice. Thus,
Yunnan Baiyao, with its low cost and proven preparation process, is regarded as a promising substitute for clinical use in
promoting cellular osteogenesis in patients with periodontitis with bone loss.

Therefore, in this study, HPDLFs have been selected as seed cells and Bio-Oss® collagen acted as scaffold material.
HPDLFs-Bio-Oss® collagen complex was prepared in vitro and transplanted into nude mice for culture. HE staining,
immunohistochemistry and qRT-PCR were applied to investigate whether Yunnan Baiyao could induce HPDLFs to
differentiate into osteoblasts in vivo.

Experimental Materials and Methods
In vitro Culture and Identification of HPDLFs
Three healthy bicuspids from patients for orthodontic treatment (aged from 12 to 25 years old) were harvested from The
Second People’s Hospital of Yunnan Province in 2019. This was approved by the Scientific and Research Ethics
Committee of The Second People’s Hospital of Yunnan Province (No. 20180764). Patients were fully informed about
specimen usage and data retrieval before the acquisition of specimens. Informed consents were obtained from patients, or
from a parent and/or legal guardian for subjects if the subjects were under 18 years old. The surgical area was disinfected
before extraction. After extraction, the tooth was rinsed with physiological saline with the crown facing down and the
root facing up. The teeth were immediately placed in sterile PBS solution (Beijing Solarbio Technology Co., Ltd.,
Beijing, China) after the bloodstain was washed, and primary HPDLFs were isolated by enzyme digestion method.25,26

To be brief, the teeth were immersed in α-MEM medium (Yan’an Hospital, Kunming, Yunnan Province, Yunnan, China)
containing 10% fetal bovine serum (FBS, Life Technologies, Carlsbad, CA, US), and 1/3 of periodontal ligament tissue
in the root was carefully scraped with a sharp blade in the culture dish. The scraped tissue was cut into 5 mm2 pieces and
was evenly spread on the wall of the 25 mL culture bottle at 3 mm intervals, in which 4 mL α-MEM medium containing
20% FBS and Penicillin-Streptomycin Solution (100 U/mL penicillin + 100 U/mL streptomycin, Life Technologies,
Carlsbad, CA, US) were added. The culture bottle was inverted placed in a CO2 incubator (Thermo, CA, USA) and set at
37°C, 5% CO2, and 100% humidity as the experimental conditions, flipped after 3–4 hours, and the fluid was changed
every other day. When the cells reached 75–80% of the bottom, the culture medium was aspirated and rinsed 3 times with
PBS to prevent the digestion of trypsin by FBS. The cells were digested with 0.25% trypsin (Beijing Solarbio
Technology Co., Ltd., Beijing, China) for 1 min, observed under an inverted microscope (Nikon, Japan), and the
digestion was terminated by adding medium containing serum when the cells were found to be shrunken and rounded,
the cell bodies were translucent and the gap between cells was enlarged. After centrifugation (1000 r/min, 5 min), the
supernatant was removed and the cells were resuspended by adding the appropriate amount of medium. The 4th to 6th
generation cells were taken for subsequent experiments.
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Identification of HPDLFs was performed by immunocytochemistry and immunofluorescence.26 To conduct immu-
nocytochemistry, the well-grown cells at passage 4 were selected and inoculated into the culture dish with a cover glass.
After the cells covered the slides inside, the slides were taken out and fixed with the fixed solution (95% ethanol: absolute
methanol = 1:1) for 30 min. 0.3% TritonX-100 was dropped on the surface of the slides. 3% hydrogen peroxide was
added into the incubator at 37°C for 20 min, and sheep serum was sealed at 37°C for 30 min. After incubated with the
first antibody, including antibody against Vimentin (ab92547, 1:500, abcam, Cambridge, UK) and Keratin (ab222116,
1:100, abcam, Cambridge, UK), at 37°C for 2 hours, the second antibody was incubated at 37°C for 30 min. Then,
Horseradish peroxidase complex was added at 37°C for 30 min. Color reaction was developed by DAB (3, 3-
diaminobenzidine, Beijing Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, China) chromogen solution. The color
reaction by DAB color development kit continued for 3 min. Images were acquired by microscopy.

As for immunofluorescence, the cells were inoculated in 24-well slides respectively. After grown to about 80%, cells
were fixed by 4% polyformaldehyde for 30 min at room temperature and washed with PBS. After blocking with 5%
normal goat serum, cells were stained with antibody against Vimentin (bs-8533R, 1:300, bioss, MA, USA) and Keratin
(bs-16952R, 1:250, bioss, MA, USA) at 4°C overnight. Then the primary antibody was visualized with Affinity purified
Antibody Daylight 488 Labeled Goat anti-Rabbit IgG (H+L (5230–0385, 1:1000, KPL, MD, USA). Cell nuclei were
stained with DAPI. Fluorescence images were taken using a fluorescence microscope.

Preparation of HPDLFs- Bio-Oss® Collage Complex
Yunnan Baiyao extract was obtained from the Yunnan Baiyao group Co., Ltd., Yunnan, China, Bio-Oss® collagen was
obtained from Geistlich, Switzerland, and rhBMP-2 was obtained from Beijing Yinqiao Shenzhou Biotechnology Co.,
Ltd., Beijing, China. The suspension of HPDLFs at passage 4 (at the concentration of 2×106 cells) was combined with
Bio-Oss® collagen by the two-step precipitation method. Excess α-MEM medium was aspirated during pre-wetting of
Bio-Oss® collagen scaffolds. Also, 100 μL HPDLFs cell suspension was slowly dropped into both sides of the Bio-Oss®

collagen. Afterwards, it was placed in the incubator with 5% CO2 at 37°C for 30 min. Six-well plates were cultured in
CO2 incubator for 4 h, and 2 mL culture medium containing 79% α-MEM, 10% FBS and 1% Penicillin-Streptomycin
Solution were added to continue cultivation for 24 hours, and then the medium containing 1% FBS was added as new
culture medium for 24 hours. Finally, the culture medium was changed according to four groups: (1) Sham group:
HPDLFs- Bio-Oss® collagen complex + 1% FBS, (2) positive control group: HPDLFs- Bio-Oss® collagen complex +
100 ng/mL rhBMP-2, (3) Baiyao I: HPDLFs- Bio-Oss® collagen complex + 50 μg/mL Baiyao, (4) Baiyao II: HPDLFs-
Bio-Oss® collagen complex + 100 μg/mL Baiyao. Yunnan Baiyao infusion was diffused and prepared as 100 mL of
Baiyao solution with α-MEM medium at a concentration of 10 μg/mL. It was then diluted into α-MEM medium
containing 50 μg/mL of 1% FBS and 100 μg/mL of Yunnan Baiyao when needed to be dosed. HPDLFs- Bio-Oss®

collagen complex was cultured for 7 days, and the state of HPDLFs cells in the complex and the combination with
scaffold materials was observed by scanning electron microscope (SEM) and laser scanning confocal microscope
(LSCM).

Transplantation of HPDLFs- Bio-Oss® Collagen Complex
Eleven healthy male BALB/c-nu nude mice (six weeks old, weight: 17–23 g, Beijing Vital River Laboratory Animal
Technology Co. Ltd., Beijing, China) were selected for operation at SPF standard environment. A longitudinal incision of
about 6 mm was made along the spine, concretely, the center of the scapula and the center of the hind limbs. The
mosquito forceps were bluntly separated along the two sides of the incision. The scaffold materials were implanted into
the four parts of subcutaneous tissue, respectively, and then the incision was sutured tightly. All experimental procedures
involving animals were performed in accordance with the guidelines of the Animal Experimentation Center of Kunming
Medical University and were approved by the Animal Ethics Committee of Kunming Medical University (No. kmu-eac-
20183416). All experimental animals were operated under anesthesia, and every effort was made to minimize pain and
death.
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The mice were monitored at 30°C until fully awakened. Then, the mice were housed in a single cage with new
bedding in SPF standard environment. After 14 days, the stitches were removed, and after 8 weeks, all nude mice were
euthanized and all specimens were removed and numbered.

HE Staining and Immunohistochemistry
Routine decalcification, dehydration, paraffin embedding and sectioning were performed. Subsequently, the slices were
immersed in the hematoxylin and hydrochloride alcohol and washed with running water. Afterwards, slices were
dehydrated with ethanol at gradient degree, and then transparented with dimethylbenzene. The tissue slices were
observed using the microscope. The number of capillaries and osteoblasts was calculated.

Subcellular localization and expression of osteogenic related proteins, ie, Osteocalcin (OC), Bone sialoprotein (BSP),
osteopontin (OPN), and Collagen I (CON-I), in HPDLFs-Bio-Oss® collagen complex was detected by immunohisto-
chemistry. To be specific, the animal tissues were routinely cut into sections, and the primary antibody against Collagen I
(1:1500, Epitomics, CA, US), OPN (1:300, Epitomics, CA, US), OC (1:100, Santa Cruz Biochemistry, CA, USA), and
BSP (1:500, Santa Cruz Biochemistry, CA, USA) was added and sections were stained overnight at 4°C overnight. Then,
a biotinylated second antibody (IgG, 1:1000, Hebei Bio-High Technology Development Co., Ltd., Hebei, China) was
added on the slices at 37°C for 20 min. DAB reagent kit was used for color reaction enhancement. The results were
analyzed by Image pro-plus 6.0.

qPCR
The expression difference of osteogenic related proteins in transcription level was detected by fluorescence quantitative
PCR. Total RNA was extracted using a TRIzol reagent (Invitrogen, CA, USA). The RNA was reversely transcribed to
cDNA according to the instructions of PrimeScrip RT Reagent kit (Takara Biomedical Technology (Dalian) Co., Ltd.,
Dalian, China), primer synthesis was conducted by Sangon Biotech (Shanghai) Co., Ltd., Shanghai, China. PCR reaction
system was prepared using cDNA and SYBR Green Real-Time PCR Master Mixes (Thermo Fisher Scientific, USA). The
samples were processed using an ABI StepOne. The PCR amplification included an initial denaturation at 95°C for 1
min, 35 cycles of denaturation at 95°C for 1 min, annealing at 60°C for 2 min, and extension for 30s, at 72°C. β-actin was
applied as an internal reference gene for mRNA level detection. The data were analyzed by −2ΔΔCt method. The primer
sequences amplified by fluorescent quantitative PCR are shown in Table 1.

Statistical Analysis
SPSS 13.0 statistical software was used for statistical analysis, and the experimental data were expressed as mean ±
standard deviation (�x± s). The comparison of difference significance between groups was conducted by one-way
ANOVA, and further two-way comparisons were conducted by LSD-t-test, where P < 0.05 means there is statistical
significance that exists.

Table 1 Primer Sequences for Real-Time Quantitative PCR

Gene Forward Primer Reverse Primer Product Length
(bp)

OPN GTGGGAAGGACAGTTATGA CTGACTATCAATCACATC 140
AACG GGAAT

BSP AACCTACAACCCCACCACA AGGTTCCCCGTTCTCACT 94

A TT
CON-I GTGCGATGACGTGATCTGTG CGGTGGTTTCTTGGTCG 91

A GT

β-actin TGGATCAGCAAGCAGGAGTA GCATTTGCGGTGGACGA 74
TG T
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Results
Identification of HPDLFs
After passaged culture, most of the HPDLFs presented long shuttle or star-shaped morphology, and a few cells were flat
and polygonal, resembling epithelioid cells (Figure 1A). Immunocytochemical staining showed that the vimentin was
positively expressed in cytoplasm, and evenly distributed (Figure 1B). The keratin was negatively expressed in HPDLFs
(Figure 1C). Identically, results of immunofluorescence showed that, vimentin was positively expressed in the membrane
and cytoplasm of HPDLFs, while, Keratin was negatively expressed, indicating that the cultured cells were fibroblasts
derived from mesoderm.

HPDLFs Have Good Compatibility with Bio-Oss® Collagen
To establish the HPDLFs Bio-Oss® collagen complex, the suspension of HPDLFs at passage 4 was cultured with Bio-
Oss® collagen for 7 days. Then, we observed the complex under the fluorescence microscope and scanning electron
microscope (SEM) (Figures 2A and B). The spontaneous green fluorescence from Bio-Oss® collagen was observed under
fluorescence microscope. Both fluorescence microscope and SEM results showed that, the human periodontal ligament

Figure 1 The identification of HPDLFs. (A) cell morphology of HPDLFs at passage 4 (x40). (B) The expression of Vimentin was detected via immunocytochemistry. (x100)
(C) The expression of Keratin was detected via immunocytochemistry (x100). (D) The expression of Vimentin was detected via immunofluorescence. (x200) (Green
represented Vimentin, blue represented DAPI). scale bar = 20 μm. (E) The expression of Keratin was detected via immunofluorescence. (x200) (Green represented Keratin,
blue represented DAPI). scale bar = 20 μm.
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fibroblasts were fully extended along the direction of collagen fibers, with long spindle, short spindle, or polygonal
shapes. Small villi and folds were present on the cell surface. The cells are attached to the surface of Bio-Oss® collagen,
and extended pseudopods adhered to and wrapped around the fibers. Some protrusions extended from the cell body and
interconnected, some cells proliferate and join into multiple layers and arrange closely with each other, and some of these
cells grow into the deep space. As shown in the laser scanning confocal microscope (LSCM) observation, Bio-Oss®

collagen showed spontaneous green fluorescence in HPDLFs-Oss collagen complex, and the Hoechst33342-labeled
nuclei showed blue fluorescence with uniformly sized nuclei that were uniformly attached to the surface and pores of the
material. In some areas, cells and materials were completely fused together, indicating that HPDLFs have good
compatibility with Bio-Oss® collagen (Figures 2C).

Yunnan Baiyao Can Promote the Differentiation of HPDLFs to Osteoblasts
The cells in each group were implanted inside the scaffold. HE was conducted to observe the differentiation of HPDLFs
into osteoblasts. In the sham group, the adhesion of cells to the scaffold was poor, and very few osteoblasts were arranged
in layers. The material had capillary growth at the edges, but no blood vessels were seen in its center. It can be obviously
noted that, in the Yunnan Baiyao I group, Yunnan Baiyao II group and positive control group, there are square or short
columnar osteoblasts arranged in layers, and capillaries are seen growing into the edge and center of the material
(Figure 3A). Five fields of view of each sample were randomly selected for capillary and osteoblast counts. The number
of capillaries and osteoblasts in the Yunnan Baiyao II group was significantly different from that of sham group
(Figure 3B and C). It indicates that Yunnan Baiyao can promote the differentiation of HPDLFs to osteoblasts.

Figure 2 HPDLFs have good compatibility with Bio-Oss® collagen. (A) The complex was observed under the fluorescence microscope (x40); scale bar = 200 μm. (B) The
complex was observed under the scanning electron microscope (SEM); HPDLFs were fully extended on Bio-Oss® collagen surface and grew vigorously (x700) and HPDLFs
were closely arranged on the surface of Bio-Oss® collagen, and the cytoplasmic processes were interconnected (x1200). (C) The nuclei of HPDLFs were labeled by
Hoechst33342 (blue) and spontaneous green fluorescence in complex was observed under laser scanning confocal microscope (LSCM) (x100); scale bar = 50 μm. Yellow
arrows pointed to HPDLFs.
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Yunnan Baiyao Promote the Expression of Osteogenic Related Proteins
To further investigate the mechanism of differentiation of HPDLFs into osteoblasts, the expression of osteogenic related
proteins was detected by qRT-PCR. The results showed that, compared with sham group, the mRNA expression of
osteogenic related proteins, BSP, OC, OPN and CON-I were increase in HPDLFs-Bio-Oss collagen complex after
stimulation of Yunnan Baiyao and rhBMP-2 (Figure 4A–D). Also, the results of immunohistochemistry showed that
osteogenic related proteins were all expressed in the interstitium and cytoplasm of the cells. BSP was negatively
expressed in sham group, and expression of BSP was significantly increased after Yunnan Baiyao stimulation compared
to sham group (Figure 4E and F). OC was low-positively expressed in sham group, and positive expression was observed
after Yunnan Baiyao and rhBMP-2 stimulation (Figure 4G and H) Positive expression of OPN was observed after Yunnan
Baiyao and rhBMP-2 stimulation, mainly around osteoclasts, while OPN was negative in the sham group (Figure 4I and
J). Positive expression of CON-I was observed in Yunnan Baiyao I groups and Yunnan Baiyao II groups, and low
positive expression was observed in rhBMP-2 group, while negative expression was observed in sham group (Figure 4K
and L). There was significant increase in mean optical density and integrated optical density value of osteogenic related
protein after Yunnan Baiyao stimulation in dose dependence, indicating that Yunnan Baiyao, as a cell like substance, can
promote the osteogenic differentiation of HPDLFs.

Discussion
In the experiment, the results of HE staining showed that Yunnan Baiyao could effectively promote the formation of new
capillaries of HPDLFs on Bio-Oss® collagen scaffold, indicating that Yunnan Baiyao could effectively promote the
formation of new capillaries in nude mice. The formation of capillaries provides the cells enough nutrition. Previous
study showed that if there is no oxygen supply and nutrient supply vessels within 200μm around the living cells in vivo,
the cells will have metabolic disorders and cannot function normally.27 Previous study has shown that Yunnan Baiyao can
promote the expression of basic fibroblast growth factor (bEGF) and vascular endothelial growth factor (VEGF), thus
accelerating the growth of blood vessels.28 VEGF is a significant regulator of angiogenesis and endothelial-cell-specific

Figure 3 Yunnan Baiyao can promote the differentiation of HPDLFs to osteoblasts. (A) HPDLFs- Bio-Oss® collagen complex by HE staining (x400). a: capillaries; b:
osteoblasts; c: HPDLFs. (B) The number of capillaries in each group. (C) The number of osteoblasts in each group. **, P < 0.01.
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mitogen,29 and recent studies showed that exogenous VEGF in the conditioned medium of osteoblasts can stimulate the
formation of calcium nodules in a dose-dependent manner.30 In this experiment, the formation of new capillaries may be
promoted through this mechanism, and it is confirmed that 100 μg/mL Yunnan Baiyao is an effective concentration for
promoting osteogenic differentiation and angiogenesis of HPDLFs and generation of new capillaries.

Both BSP and OC are markers of the late stage of osteogenic mineralization, and their appearance indicates the
terminal differentiation of osteoblasts. BSP is a marker of bone metabolism, which can activate osteoblasts, dental
osteocyte, or osteoblast like cells, and promote the differentiation of cells into osteoblasts, thus leading to bone
mineralization.31,32 Due to the high expression of BSP in differentiated and mature osteoblasts, BSP can be used as a
late marker of osteogenic differentiation.33 Our results showed that BSP was highly expressed in Yunnan Baiyao II
group, which indicated that Yunnan Baiyao at concentration of 100 μg/mL could promote osteoblast maturation,
mineralization, and deposition, and promote bone formation. In addition, BSP also played an important role in the
process of angiogenesis, and the endothelial cell surface of new capillary endothelial cells could express and recognize

Figure 4 Yunnan Baiyao promote the expression of osteogenic related proteins. (A–D) mRNA expression of BSP, OC, CON-1 and OPN was detected by qPCR. (E and F)
Immunohistochemical results of BSP in HPDLFs-Bio-Oss® collagen complex (x400) and mean optical density in each group. (G and H) Immunohistochemical results of OC
in HPDLFs-Bio-Oss® collagen complex (x400) and mean optical density in each group. (I and J) Immunohistochemical results of CON-I in HPDLFs-Bio-Oss® collagen
complex (x400) and mean optical density in each group. (K and L) Immunohistochemical results of OPN in HPDLFs-Bio-Oss® collagen complex (x400) and mean optical
density in each group. ***, P < 0.001, ****, P < 0.0001.
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BSP, which could support vascular growth in bone matrix calcification,34 therefore, BSP is closely related to the growth
of blood vessels during the bone formation process.

OC mainly occurs in the bone mineralization stage, whose expression boosts during bone growth and hydroxyapatite
deposition, which is a biochemical marker of late differentiation of osteoblasts, which can reflect the activity of
osteoblasts and bone turnover level,35 and has been applied as one of the markers for osteoblasts identification. The
results showed that OC was highly expressed in Yunnan Baiyao groups, indicating that the osteoblast activity of Yunnan
Baiyao II group was significant, which therefore contributed to the formation of bone mineralization. OC can also
promote the combination of Ca2+ and Hydroxyapatite (HA), inhibiting the formation of abnormal HA crystals, inhibiting
the mineralization rate of growing cartilage, and promoting a series of normal mineralization processes of bone tissues
such as the mineral deposition of bone tissue.36 In this experiment, HE staining results showed that no cartilage was
found. Therefore, it is speculated that OC may inhibit the formation of cartilage growth factors and only form a channel
to promote osteogenesis and mineralization.

OPN is a negatively charged secreted phosphorylated glycoprotein, most of which are synthesized by pro-osteoblasts,
osteoblasts, and osteocytes.35 OPN can induce the differentiation and mineralization of osteoblasts, promoting the
maturation of bone matrix, regulating the formation of HA crystals, promoting the formation and reconstruction of
mineralized bone tissue, which plays an important role in the mineralization and absorption of bone matrix.37 Therefore,
OPN is also considered as one of the main markers of osteoblast maturation and differentiation.38 Our results indicated
that Yunnan Baiyao could promote the synthesis of OPN in osteoblasts. The high expression of OPN could regulate the
growth of hydroxyapatite crystals and promote the mineralization of osteoblasts.

The secretion of CON-I began at the early stage of osteoblast differentiation, and gradually increased with the maturation
of the matrix.39 The results showed that CON-I is highly expressed after Yunnan Baiyao stimulation, indicating that Yunnan
Baiyao continues to promote osteoblast differentiation. CON-I is one of the main components of the bone matrix and plays a
vital role in the differentiation of osteoblasts, and the normal structure and quantity of CON-I are the basis for such
functions.40–42 Studies have shown that Yunnan Baiyao can promote the mRNA expression of OC, OPN, CON-I, OSX,
RUNX2 and ALP during tooth formation and osteogenic process of apical papilla stem cells.43,44 Wang et al44 showed that
Yunnan Baiyao can promote the production of BMP and TGF-β.

In recent years, some researches have shown that Yunnan Baiyao can promote the repair of bone defects and promote
guided bone regeneration.14,43,45 Yang et al46 have proved that in the early and middle stages of fracture healing, Yunnan
Baiyao can improve the gene expression of VEGF and CD31 in callus tissue after fracture, accelerating the reconstruc-
tion of microvascular at the broken end, improving the blood supply of fracture sites, which accelerates fracture healing.
Wang et al44 showed that different components of Yunnan Baiyao could, respectively, increase the mRNA expression of
OC, OPN and BSP, and the results of this experiment were consistent with it.

In conclusion, Yunnan Baiyao group can effectively promote the osteogenic expression of HPDLFs, and the effect of
Yunnan Baiyao with the concentration of 100 μg/mL was more obvious. This provides a theoretical basis for Yunnan
Baiyao as a cell-like substance to promote the osteogenic differentiation of HPDLFs and the generation of capillaries, and
verified the promising value of Yunnan Baiyao to be used in clinical applications to promote cellular osteogenic
differentiation and help patients with periodontitis who have bone defects.
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