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Abstract: Vinpocetine (Vinp), a natural compound extracted from the leaves of Phyllostachys pubescens with apop-
tosis modulatory properties in variety of disorders. In the present study, we investigated the possible mechanism of
Vinp in alleviating of the progress of osteonecrosis of the femoral head (ONFH) both in vitro and in vivo experiments.
The results showed that treatment with Vinp suppressed the dexamethasone (Dex) induced over-regulation of ROS
level and apoptotic factors. Mechanistically, the Vinp activated Akt signaling pathway in osteoblast. Moreover, Vinp
exerted a protective role in animal ONFH model. To summarize, this work illustrated Vinp possessed a new potential

therapeutic drug in ONFH.
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Introduction

Osteonecrosis of the femoral head (ONFH) is a
chronic malady may lead to the collapse of the
femoral head after severe osteoarthritis [1].
Chronic alcoholism, thingfection, long-term glu-
cocorticoids (GCs) therapy are thought to be
the principal factors of nontraumatic ONFH [2].
GCs is the most common element among them.
Nowadays, numerous hypothesis have been
proposed to explain the pathological process of
ONFH [3, 4]. Among these, apoptosis and oxi-
dative stress in osteoblast are considered to be
the vital factors of the molecular mechanism of
ONFH. At present, it is generally believed that
ONFH is a multi-origin disorder, which need the
development of more in-depth study and better
therapeutic drugs.

The imbalance between the activity of osteo-
blasts and osteoclasts, by promoting osteo-
blasts apoptosis, will eventually result in osteo-
necrosis of femoral head [5, 6]. Osteoblast,
which is the principal target cells of GCs, plays
an important part in promoting osteogenesis
[7, 8]. Using dexamethasone (Dex)-induced
osteoblast apoptosis to establish an ONFH cel-

lular model has been proved been feasible [9].
Previous study showed that the level of ROS
was increased by Dex treatment and excessive
ROS lead to cell apoptosis via the BAX/Bcl2/
caspase3 apoptotic pathway [10].

Vinpocetine (Vinp), a small molecule natural
compound extracted from the leaves of
Phyllostachys pubescens with apoptosis modu-
latory properties in variety of disorders [11].
Numerous studies have illustrated that Vinp
has a wide range of protective activities such as
anti-inflammation [12], apoptosis [13], an anti-
oxidant [14] Zhao et al. found that Vinp inhibited
the apoptosis in the rat cerebral cortex after
cerebral I/R Injury via PI3K/AKT pathway [15].
The PI3K/Akt signaling pathway is a vital path-
way associated with numerous cellular pro-
cesses, such as proliferation and differentia-
tion [16]. Currently, a research demonstrated
that the inhibition of the PI3K/Akt signaling
pathway resulted in osteoblast apoptosis. To
our knowledge, the anti-apoptosis effect of Vinp
in osteoblasts and ONFH is still limited. In the
present study, we detected the anti-apoptosis
effect of Vinp in Dex induced rat osteoblast and
explored the mechanism.
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Materials and methods
Cell culture

As previously reported [9], osteoblasts were
isolated from neonatal rats’ calvariae. Cells
were cultured ina-MEM contained 10% serum
and antibiotics. All operations are approved by
the Animal Care and Use Committee of this
institution and comply with the guidelines of
international regulations.

Cell viability

To determine the cytotoxicity of Vinp on osteo-
blast, CCK-8 was performed. Briefly, 5 x 103
osteoblasts were seeded in 96-well plates for
24 h and then incubated in different concentra-
tion of Vinp for 24 h or 48 h. The absorbance at
450 nm was measured with a spectropho-
tometer.

Western blotting

In vitro experiments, the total protein extracted
from osteoblast was separated using RIPA lysis
buffer with proteinase inhibitor. In vivo experi-
ments, the unilateral femoral heads of all rats
were washed twice in ice-cold PBS, and then
dissolved in a RIPA, and then ground in liquid
nitrogen for about half an hour followed by 10
min microcentrifugation at 12000 rpm for 10
minutes at 4°C. The protein concentration was
measured by BCA assay kit. 40 ng of protein
was separated by SDS PAGE and transferred to
a PVDF membrane. After blocking with 5% BSA
for 2 h, the membranes were incubated with
the primary antibody overnight at 4°C, and fol-
lowed by incubation with secondary antibodies
for 2 h at room temperature. Finally, the expres-
sion of protein was quantified with Image Lab
3.0 software (Bio-Rad).

ALP staining

After 7 days cultured, cells were fixed with 4%
paraformaldehyde. Then, they were stained wi-
th 5-Bromo-4-chloro-3-indolyl phosphate and
Nitroblue tetrazolium chloride. Digital images
were captured through a stereomicroscope.

Reactive oxygen species (ROS)

ROS in osteoblast was measured by using a
ROS assay kit. In breif, osteoblasts were
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washed with HBSS. Cells were then loaded with
1 uM DCFH-DA in a-MEM and cultured for 15
min in darkness at room temperature. Then,
Osteoblasts were washed with PBS and photo-
graphed in fluorescent microscope.

ROS quantification by flow cytometry

To determine the oxidation of the intracellular
fluorophore DCFH-DA, we used Reactive Oxygen
Assay Kit according to its protocols [17].

Apoptosis analysis

Apoptosis was determined by using an PE
Annexin V/7TAAD kitaccording to its protocols
[18]. Osteoblasts were harvested and resus-
pended in 200 pL of 1 x binding buffer and
stained with PE/7AAD. After incubated in dark
at room temperature for 30 min, we analyzed it
by a flow cytometer (EpicsAltra; Beckman
Coulter, Fullerton, CA, United States).

Micro-ct scanning

The specimens were scanned with a micro-CT
scaning (Bruker, Billerica). The diagnostic stan-
dard for femoral head necrosis is as reported
[19]. BMD, BV/TV, Th.N, and Tb.Sp as previous-
ly reported [20].

Rat model in vivo

12-weeks-old adult male SD rats were choosed
to build ONFH animal model. We divided 45
rats into three groups (the control group, the
MPS group and the MPS+Vinp group). The
ONFH group and the MPS+Vinp group were
received intraperitoneal injection with LPS on
first two days and got intramuscular injection of
40 mg/kg MPS on the next 3 days. Afterwards,
the rats in the MPS+Vinp group received Vinp
(10 mg/kg/d) for seven days. The rest of the
rats were injected with NS. 8 weeks later, all
the rats were sacrificed, and bilateral femoral
heads were collected.

Histological analysis

The samples were decalcified in 12.5% EDTA
solution for 2 weeks and embedded in paraffin
blocks. Lanteral sections (4 um thickness) were
stained with HE. Under the microscope, empty
bone lacuna of bone cells, bone marrow cell
necrosis and trabecular bone fracture were
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Figure 1. Phenotype determination and viability of rat primary osteoblast. A. The morphology of normal passage
two primary osteoblast. B. ALP stain was performed to stain the proteoglycan in osteoblast. C. Chemical structure
of Vinp. D. The cytotoxic effect of Vinp on osteoblast was determined at various concentrations for 24 and 48 hours
using a CCK8 assay. The values presented are the means + S.D. of three independent experiments. **P < 0.01 vs.
control group.

observed. Record the percentage of empty Vinp. Figure 1D showed that Vinp was cytotoxic
lacunae. to mice osteoblast at 20 yM after 24 h and 48

h, but cell viability was not affected by Vinp (<
Statistical analysis 10 uM). Thus, the concentrations of Vinp (5 and

10 uM) were used in subsequent experiments.
Data are expressed as means + SD. One-way

ANOVA analysis was used for the statistical Vinp attenuates Dex-induced osteoblasts apop-
comparison of multiple groups. Nonparametric tosis via activating the Akt pathway
data were analyzed by the Kruskal-Wallis H
test. Values of P < 0.05 were considered statis- The flow cytometry results revealed that apop-
tically significant. SPSS 21.0 software was totic cells signifcantly elevated when treated
used for statistical analysis. with Dex (Figure 2A, 2B). Moreover, treatment
with Vinp (5, 10 uM) significantly decreased
Results apoptotic cells compared with the Dex group.
To investigate the mechanism, WB was per-
Effect of Vinp on osteoclast viability formed to explore changes in the Akt pathway.
Compared with the control group, Dex signif-
The morphology of primary osteoblast is illus- cantly decreased the p-Akt expression (P <
trated in Figure 1A. As shown in Figure 1B, the 0.01). Interestingly, treatment with Vinp obvi-
phenotype was determined by ALP staining. ously reversed p-Akt level in Dex-induced osteo-
Figure 1C illustrated the chemical formula of blasts apoptosis (P < 0.01).
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Figure 2. Vinp attenuates Dex-induced osteoblasts apoptosis via activating the Akt pathway. Osteoblasts were
treated with various concentrations of Vinp (5 and 10 uM) and with or without stimulated with Dex (10 uM) for 24 h
or 2 h. (A) Apoptotic osteoblasts detection by flow cytometry. Quantitative analyze of Apoptosis rate was conducted
(B). The protein expressions of Akt and p-Akt in osteoblasts were visualized by western blotting (C), and quantified
in (D). The data in the figures represent the averages + S.D. #P < 0.01 compared with Control group. **P < 0.01

compared with Dex group. n = 3.

Vinp reduces ROS levels in osteoblast

Osteoblasts were treated with Vinp, in a man-
ner with 10 yM, suppressed the upregulation of
ROS stimulated by Dex (Figure 3A-C).

Effects of Dex, Vinp with Dex, and AT7867 with
Dex on the Akt signaling pathway, apoptosis
and ROS level

To figure out whether the Akt pathway plays
an important part in Dex-induced apoptotic
response, we used AT7867, an Akt inhibitor. As
shown in Figure 4A, 4B, AT7867 partially sup-
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pressed the phosphorylation of Akt after treat-
ment with Dex. Consistent with the above data,
the number of apoptotic cells (Figure 4C, 4D)
and the level of ROS were also rebounded
(Figure 4E, 4F).

Vinp protected against ONFH in rats by de-
creasing the percentage of empty lacunae

As shown in Figure 5A, 5B, the percentage of
empty lacunae increased signifcantly in the
MPS group. Moreover, MPS+Vinp decreased
the percentage of empty lacunae compared
with the MPS group.
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Figure 3. Vinp reduces ROS Levels in osteoblast. Osteoblasts were stimulated with Dex in the presence or absence of Vinp at the concentrations of 10 uM for 24 h.
A. Reactive oxygen species (ROS) detection by flow cytometry. B. Quantitative analyze of ROS mean flourscence was conducted. C. Intracellular ROS was determined
by DCFH-DA staining; Data are expressed as mean + SD. All experiments were repeated three times.
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Figure 4. Effects of Dex, Vinp with Dex, and AT7867 with Dex on the Akt signaling pathway, apoptosis and ROS level. (A, B) Vinp significantly increased levels of p-Akt,
an effect which could be partially reversed through the addition of Vinp or by treatment with AT7867. The effects of Vinp on apoptosis and ROS were abolished (C-F).
The values are mean + SD of five independent experiments. #P < 0.01 compared with Dex group. **P < 0.01 compared with Dex+Vinp group.
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and apoptosis was examined by
WB analysis. However, Vinp had
no effect on osteoclast differenti-
ation. In contrast, Vinp obviously
inhibited Dex-stimulated upregu-
lation of protein expression, inclu-
ding Cleaved-caspase3 and Bax,
while significantly inhibiting the
downregulation of Bcl-xl and Bcl2
(Figure 7A-D).

Discussion

ONFH is one of the most wide-

= ;\: spread chronic joint diseases [21].
; #Ht e The specific molecular mecha-
g 807 nism of ONFH remains unsuspect-
§ €0~ ed and without any effective drug.
- mlm Among various hypothesis, apop-
= = tosis of osteoblast is one of the
g Gl " most studied mechanisms. PI3K/
S 20. —ph- Akt-Bax/Bcl-2/caspase3 pathway
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®© totic signal in several orthopedic
E 0L —eslglinn- ' ' diseases [20, 22]. Vinp, extracted
g Control MPS MPS+Vinp from the leaves of Phyllostachys
o pubescens, has been reported

Figure 5. Morphological changes in the femoral head as seen on H&E
staining in the control, MPS, and MPS+Vinp groups. In the femoral head
of control group, no empty bone lacunae could be found (A). Massive
empty lacunae (black arrows) surrounded by necrotic marrow cells are
seen in the MPS group, with fewer empty bone lacunae in the MPS+Vinp
group. The ratio of empty lacunae was visibly higher in the model group
than in either the control or Vinp group (B). *P < 0.01 compared with
Control group. **P < 0.01 compared with MPS group.

Vinp prevents bone loss in ONFH rats

Micro-CT was taken to detect the osteonecro-
sis. The femoral heads in control group was
smooth and integrated. However, in the MPS
group, the subchondral trabeculae were severe-
ly destroyed. Compared with MPS group, the
subchondral trabeculae in MPS+Vinp group
were reversed. The quantitative analysis of
BMD, BV/TV, Tb.N, and Th.Sp were signifcantly
higher in the MPS+Vinp group compared to the
MPS group (Figure 6A, 6B).

The in vivo protective effect of Vinp against
apoptosis

To explore whether the protective effect of Vinp
in MPS-induced ONFH involves osteoclast dif-
ferentiation and apoptosis, expression of the
proteins related to osteoclast differentiation
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relevant to a large range of anti-
apoptosis activities in numerous
apoptosis-associated disorders
[24, 23]. Nevertheless, its specific
mechanisms involved in ONFH
remain unknown. In this study, we
evaluated whether Vinp was pro-
tective against Dex stimulated
apoptosis in ONFH.

The balance between osteoblasts and osteo-
clasts determines the fate of the femoral head,
which has been widely accepted [6]. Contrary
to Zhu's research [24], we found that Vinp
didn’t inhibit osteoclast differentiation in ONFH
model. Numerous researches have concentrat-
ed on osteoblast apoptosis [9, 10]. Conse-
quently, we focus on the osteoblasts. In our
flow cytometry result illustrated that Vinp inhib-
ited Dex-induced apoptosis in ostoblast. Addi-
tionally, activation of Akt pathway can inhibit
osteoblast apoptosis [25]. Moreover, activation
of Akt pathway is considered to be an option for
treatment of ONFH. In our study, we found that
Vinp activated Akt phosphorylation in osteo-
blast, which was partly in accordance to previ-
ous study showing that Vinp exerted inhibitory
effects on RANKL-induced osteoclastogenesis
via inhibition PI3K/Akt signaling pathway [24].
Previous study showed that Vinp attenuated

Am J Transl Res 2020;12(11):7211-7222
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Figure 6. Vinp prevents bone loss. Yellow blocks indicate the region of interest (ROIl, 1.5 mm x 1.5 mm x 0.5 mm) in
the rat femoral heads of the three groups (A). Horizontal and coronal CT images show damage to the subchondral
trabeculae MPS group. Quantitative analysis of trabeculae revealed that bone mineral density, bone volume/total
volume, trabecular number, and trabecular separation were significantly higher in the Flu group compared to the
model group (B). Data represent the average + S.D. #P < 0.01 compared with Control group. **P < 0.01 compared
with MPS group.

the Osteoblastic Differentiation of Vascular promotes necrosis of the femoral head. Our
Smooth Muscle Cells [26]. From our perspec- animal experiments showed that Vinp inhibited
tives, if vinpocetine simply inhibits osteoblast cell apoptosis and inhibited the progress of
differentiation, there will be a phenotype that ONFH. Therefore, we believed that osteoblast
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Figure 7. The in vivo protective effect of Vinp against apoptosis. Protein expression was assessed by Western blot
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differentiation may involved in ONFH but not
the dominant mechanism. Osteoblast apopto-
sis might be the dominant factor.

Dex can increase the expression of reactive
oxygen species (ROS). Excess ROS may lead to
apoptosis through the mitochondrial caspase
apoptosis pathway [22]. Moreover, the accumu-
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lation of ROS will cause oxidative stress and
activate the JNK pathway in osteoblasts, there-
by inactivating the Akt pathway and promoting
osteoblast apoptosis [2]. Deng et al. demon-
strated that reducing ROS is effective for ONFH
[25]. Our results illustrated that Vinp reduced
Dex-induced increased levels of ROS, thus
demonstrating the potential value of Vinp in
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down-regulating oxidative stress. Our experi-
ments showed that AT7867, an Akt inhibitor,
partially suppressed the Dex-induced Akt acti-
vation. The effects of Vinp on apoptosis and
ROS were abolished. A previous study showed
that caspase3, an important member of the
caspase family, is activate in ONFH [3]. Mean-
while, some researchers have found that the
level of caspase-3 is dramatically elevated in
ONFH [27]. Xue et al. reported that phosphory-
lation of Akt in osteoblasts to can enhance the
anti-apoptotic function of Bcl2 [28]. The Bcl2
protein family includes the pro-apoptotic pro-
tein Bax and the apoptosis-inhibiting proteins
Bcl-xl and Bcl2 [29]. In our in vivo experiments,
MPS stimulation obviously elevated the level of
Bax and cleaved caspase3 while decreasing
the levels of Bcl2 and Bcl-xl. All changes above
were reversed in Vinp-treated rats.

To further explore the protective effect of Vinp
in vivo, we established an animal model of
ONFH in this study. The scheme of LPS and
MPS is a highly efficient method to make an
animal ONFH model for this in vivo analysis.
The empty lacunae represent the degree of
osteonecrosis and reflect the effect of bone
repair to a certain extent. However, all the histo-
logical changes were attenuated by the pre-
treatment of Vinp. Compared with the MPS
group, the Vinp group had lower empty lacunae.
These in vivo experiments above were in keep-
ing with the in vitro studies and suggested that
Vinp was safe and effective in vivo.

Taken together, we demonstrate that Vinp
impeded the Dex-stimulated apoptosis via acti-
vating the inhibition of Akt signaling via block-
ing the activation of ROS level in osteoblast. All
these data suggest that the use of Vinp as a
promising regimen in the treatment of ONFH.
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