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Abstract

Hyperglycemia-generated oxidative stress would result in impaired osseointegration of implant and high rate of implantation
failure. Previous studies have demonstrated that 1a,25-dihydroxyvitamin D, (1,25VD,) favored glucose homeostasis and
implant osseointegration in diabetic rats. However, its concrete mechanisms in osteogenesis still remains unclear. We
investigated herein that 1,25VD, might ameliorate the osseointegration through suppressing oxidative stress in type 2
diabetes mellitus (T2DM). T2DM rats was induced by administration of streptozotocin and received implants insertion,
with or without 1,25VD3 treatment for 12 weeks. After sacrifice, the plasma oxidative stress-related biomarkers level, bone
microarchitecture and biomechanical index of rats were measured systematically. Osteoblasts were isolated and exposed
to high glucose, and osteogenic differentiation was evaluated by alizarin red staining, alkaline phosphatase (ALP) staining,
revers transcription-qPCR and Western blotting analysis. The reactive oxygen species (ROS) level, malondialdehyde (MDA)
level and superoxide dismutase (SOD) activity were detected to evaluate oxidative stress. The results suggested that 1,25VD3
could reverse the impaired osseointegration and mechanical strength by suppressing the hyperglycemia-generated oxidative
stress. Our study also provides a new theoretical basis that the application of 1,25VD, might be a novel approach to suppress
oxidative stress and enhance implant osseointegration in diabetic patients.
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Abbreviations: T2DM: Type 2 Diabetes Mellitus; ALP:
Alkaline Phosphatase; ROS: Reactive Oxygen Species; VDR:
Vitamin D Receptor; SOD: Superoxide Dismutase; BV/TV:
Bone Volume/Total Volume; TB/TH: Trabecular/Thickness;
BCIP/NBT: Bromo-4-Chloro-3-Indolyl Phosphate/Nitro
Blue Tetrazolium; MDA: Malondialdehyde; SD: Standard
Deviation; FBG: Fasting Blood Glucose.

Introduction

Currently, implant restoration has become a predictable
and effective treatment option for the rehabilitation of
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Stress

edentulous or partially edentulous patients. Although
high success rates of implant restoration have been widely
reported, therestillexistsriskfactorswhich could compromise
the biological process of osseointegration, even result in
implant failure. Type 2 diabetes mellitus (T2DM) is one of
these risk factors [1]. T2DM is a complex chronic metabolic
disease characterized by abnormal metabolism and durable
hyperglycemia [2]. The pathophysiological mechanisms of
T2DM, such as abnormal bone mineral density, reduction of
vascular supply due to microangiopathies, decrease of host
defense, disturbances in vitamin D, reduction of collagen
production and increased collagenase activity [3,4], can
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adversely affect implant osseointegration [5,6]. Therefore,
how to improve implant osseointegration among T2DM
patients has important significance.

Agrowingbody of evidences indicate that oxidative stress
is one of the main causative factors that are responsible for the
pathogenesis of insulin resistance, impaired insulin secretion
from the B-cells of pancreatic islets and pathogenesis of
T2DM via activation of various pro-inflammatory mediators,
transcriptional mediated molecular and metabolic pathways
[7,8]. As reported in studies, oxidative stress inhibits the
maturation of osteoblasts and osteoblastic differentiation
[9-11], induces osteoblast insults and apoptosis [12,13], and
is associated with diabetic osteopenia [14]. This leads to a
vicious cycle of metabolic stress and results in the increased
production of reactive oxygen species (ROS), which has a
direct impact on the function of osteoclasts, osteoblasts and
osteocytes [15].

1a,25-dihydroxyvitamin D3 (1,25VD3), the active
form of vitamin D, exerts its biological function by directly
binding to the vitamin D receptor (VDR) [16]. 1,25VD, is
responsible for regulating calcium-phosphorus metabolism
and bone mineralization [17,18]. It is also recognized as a
regulator of both osteoblast mediated bone formation and
osteoclast mediated bone resorption [19]. According to
epidemiological studies, vitamin D deficiency is associated
with a higher incidence of T2DM [20], while the considerable
inverse correlation between circulating 1,25VD3 levels and
risk of T2DM has also been demonstrated [21]. Recently,
researchers found that 1,25VD3 could promote bone
remodeling, inhibit bone resorption and improve the
impaired implant osseointegration capacity in diabetic rats
[22]. Nevertheless, the concrete mechanisms by which the
1,25VD, regulates implant osseointegration under poor
glycemic control conditions still remains unclear.

Therefore, based on the well-explained background,
we assume that the application of 1,25VD, might improve
implant osseointegration in T2DM via inhibiting oxidative
stress.

Materials and Methods

Animals

All animal care and experiments were conducted in
accordance with international standards on animal welfare
experiments and approved by Institutional Animal Welfare
and the Animal Ethics Committee of Shandong University
(Jinan, China). Fifteen male Sprague-Dawley rats between 10
and 11 weeks old and weighing 180-220g were purchased
and fed in the Experimental Animal Center of Shandong
University (Jinan, China) under optimum rearing condition.
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Inducement of T2DM

After 1-week adaptive breeding, rats were randomly
divided into control group, T2DM group and 1,25VD_-treated
group. Each group consisted of 5 rats. Five control group rats
were given ordinary feed continuously, while rest ten rats
were fed with high-fat and high-carbohydrate diet to induce
T2DM model. Four weeks later, rats in model group were
intraperitoneally injected with 30 mg/kg streptozotocin (STZ,
Sigma, USA) solution after 12h fasting, and another group
rats were treated with citrate buffer. Rats with fasting blood
glucose (FBG) over 11.1 mmol/L at 1 week after injection were
validated as hyperglycemia and used for further research.

Implant Surgery and Treatment

After weighing, the rats were anesthetized by
intraperitoneal injections of 10% chloral hydrate (40mg/
kg, Sigma, USA). Special designed mini-Ti implants with
10mm in length and 1mm in diameter were implanted into
intercondylar fossa under aseptic conditions as previously
reported [23]. All the animals received intramuscular
antibiotic injection for three postoperative days. Three days
after implantation, the 1,2 5VD3-treated diabetic rats received
1,25VD, (Sigma, USA) at a dose of 0.5ug/kg [24] during
the entire period of experiment. 12 weeks after 1,25VD,
treatment, all rats were sacrificed, and the peripheral blood
and bilateral femurs with implants were harvested for
valuation. The specimens with implant were fixed in 4%
polyformaldehyde.

Estimation of FBG and Body Weight

Blood samples were collected from tail vein of each
animal after 12h-fasting on 0 day (before STZ inducement),
7th day and every 2 weeks after the 1,25VD, treatment. Blood
glucose levels were estimated by glucose oxidase method.
The body weight of rats subjected to different treatments
were recorded at the same time point mentioned above.

Plasma value of free 15-F2t-Isoprostane
(15-F2t-IsoP) and Superoxide Dismutase (SOD)

Plasma values of free 15-F2t-IsoP and SOD were analyzed
by commercial Kits strictly following the manufacturer’s
protocol (Cayman, USA). The plasma value of free 15-F2t-
IsoP was expressed by pg/mL and activity of SOD was
expressed by U/mL.

Microscopic Computerized Tomography (micro-
CT) Analysis

Fixed specimens were scanned by the micro-CT
instrument (Rigaku, USA). The region of interest (ROI) was
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defined as bone tissues from 200pm around the implant
for 3D reconstruction. The bone volume per total volume
(BV/TV), trabecular thickness (Tb. Th), trabecular number
(Tb. N), trabecular separation (Tb. Sp), and percentage of
osseointegration (%O0I) were analyzed by Mimics 19.0 [22].

Pull-Out Test

Pull-out test was performed by the universal material
testing instrument (Shimadzu, Japan). The maximum pull-
out force represents the maximum retention force obtained
by the implant in the bone. The specimen was fixed on the
machine, setting stretch speed was 1mm/min and the
maximum force was recorded at the moment of departure.

Histological Analysis

The histologic samples were dehydrated through
a graded series of ethanol solutions and embedded in
polymethyl methacrylate (PMMA, Merck AG, Germany)
without decalcification. Subsequently, the embedded
specimens were sectioned by hard tissue slicer (Leica,
Germany) with a thickness of 100 um. Then, the sections
were stained in methylene blue-acid fuchsin. The index of
bone-implant contact (BIC) was measured by NIS-Elements
image software, which was defined as the length percentage
of direct bone-implant interface to total implant surface in
the cancellous bone [25].

Cell Culture

Osteoblasts were isolated from neonatal rat (<24h
old) calvaria according to a previous study Jonason JH
[26]. In brief, the calvaria were dissected and cut into 1x1
mm?2 pieces and inoculated in culture flask containing 5
mL Dulbecco’s modified Eagle’s medium (DMEM, Hyclone,
USA) medium supplemented with 10% fetal bovine serum
(FBS, BI, USA), 100U/mL penicillin G and 100U/mL
streptomycin (Beyotime, China), culturing at 37°C under 5%
CO2 atmosphere in a cell incubator. Cell culture medium was
changed every other day. Cells at the third passage were used
for further research.

Osteoblasts were seeded in multiple-well plates and
treated as following groups: (1) control group (NC), cells
were cultured in complete culture medium containing
5.5 mmol/L D-glucose; (2) high glucose group (HG), cells
were incubated with complete culture medium containing
30 mmol/L glucose [27]; (3) high glucose with 1,25VD,
group (HG+1,25VD,), cells were cultured in complete culture
medium with 30 mmol/L glucose and 10-8mol/L 1,25VD,
[28]. For osteogenic induction, osteoblasts were cultured
in an osteogenic induction medium containing DMEM
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supplemented with 10% FBS, 50 mg/L ascorbic acid (Sigma,
USA), 10 nM dexamethasone (Solarbio, China) and 10 mM
B-glycerophosphate (Solarbio, China).

Alkaline Phosphatase (ALP) Staining

After 7-day osteogenic induction, ALP activity was
determined by 5-bromo-4-chloro-3-indolyl phosphate/nitro
blue tetrazolium (BCIP/NBT) staining kit (Beyotime, China).
Cells were rinsed with PBS and fixed in 4% paraformaldehyde
and then stained with BCIP/NBT solution for 20 min in dark
at room temperature. ALP-positive cells were indicated by
dark purple staining under the light microscope (Olympus
1X73, Japan).

Alizarin Red Staining

After 4-week osteogenic induction, the formation of
mineralized nodule was detected by Alizarin Red staining.
Cells were fixed with 4% paraformaldehyde for 30 min
and rinsed with PBS, and then stained with 0.1% Alizarin
Red (Sigma, USA) for 10 min at room temperature. Next,
the mineralized nodule was observed by light microscope
(Olympus IX73, Japan).

Western Blotting

Proteins from whole-cell lysates were extracted in RIPA
buffer (Solarbio, China) containing 1% PMSF (Solarbio,
China). The protein concentration was determined by BCA
assay kit (Cwbio, China) according to the manufacturer’s
protocol. Protein extracts were separated by 10% SDS-PAGE,
transferred onto a PVDF membrane, and then incubated at
4°C overnight with primary antibodies RUNX2 (1:1000, CST,
USA), COL1 (1:1000, CST, USA), BGP (1:1000, CST, USA), VDR
(1:1000, CST, USA) and GAPDH (1:10,000, Proteintech, USA).
After the successful binding of HRP-conjugated secondary
antibody (1:20,000) to primary antibodies, immunoreactive
bands were detected by the ECL chemiluminescence
detection system and the gray values were analyzed by
Image] 1.8.0.

Reverse Transcription-Quantitative PCR (RT-
qPCR)

Total cellular RNA was extracted with Trizol (Takara,
Japan) and the mRNA was reverse transcribed to cDNA
using a PrimeScript RT reagent Kit (Takara, Japan). RT-qPCR
assay was performed by SYBRGreen PCR Core Kit (Takara,
Japan) according to the manufacturer’s protocol: one cycle
of 95°C for 30s, followed by 40 cycles of 95°C for 5s and
60°C for 20s. Relative expression levels of target genes
were calculated using the 22T method [29], normalizing
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with glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
levels. The sequences of primers used in this study were

as follows: GAPDH, 5’-ACCACAGTCCATGCCATCAC-3’
and 3’-TCCACCACCCTGTTGCTGTA-5’ ;
ALP, 5’-CATCATGTTCCTGGGAGATG-3’ and

3’-GGTGGTGTACGTCTTGGAGA-5"

Intracellular ROS Measurement

The level of intracellular ROS was measured by
peroxide-dependent oxidation of 2'-7'-dichlorofluorescein-
diacetate (DCFH-DA) (Beyotime, China). The osteoblasts
were stained with 10pM DCFH-DA for 20 min at 37°C under
dark condition. The images were randomly obtained by an
inverted microscope (Olympus IX71, Japan).

Measurements of SOD
Malondialdehyde

Activity and

The activity of SOD was analyzed by the Total Superoxide
Dismutase Assay Kit (Beyotime, China) according to the
manufacturer’s instructions. Values of malondialdehyde
(MDA) in the supernatants were measured strictly following
the manufacturer’s protocol (Beyotime, China).

Statistical Analysis

Statistical analysis was conducted by SPSS 20.0
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and GraphPad Prism 8. The results are given as the
mean + standard deviation (SD) of three to five independent
experiments. Data were analyzed by one-way ANOVA or
the Student’s two-tailed t-test. Differences were considered
statistically significant when P<0.05.

Results
1,25VD, Decreased Effectively FBG and
Maintained Body Weight

Before STZ administration, the blood glucose level of all
rats were within the normal range. While after STZ injection,
T2DM rats showed significantly greater blood glucose level
than control rats (P <0.05). Since the second week, 1,25VD3
treatment showed positive effects on lowering blood glucose
in T2DM rats (P<0.05), but still higher compared with
normal rats in control group (P < 0.05) (Table 1).

Changes on body weight of all experiment rats were
presented in Table 1. The body weight of T2DM rats was
significantly decreased after the administration of STZ
compared with controls (P<0.05), while the application
of 1,25VD, helped mitigate the weight loss in diabetic rats
(P <0.05).

Fasting blood glucose (mmol/L)
Group 0 day 7th day 2 weeks 4 weeks 6 weeks 8 weeks 10 weeks 12 weeks
Control 45+0.2 | 4.6+0.3 4.7+0.2% 4.5+0.2™ 4.7+0.3™ 4.6+0.2* 4.6+0.3" 4.7+0.2%
T2DM 4.6+0.3 19.5+1.5 23.4+1.7 24.7+1.8 23.7+1.6 24.9+2.2 24.3+1.2 24.3+1.1
1,25VD,-
treated 4.6+0.3 16.9+1.5 14.7+1.3" 13.7+£0.8" 11.1+1.1° 9.5+0.5" 10.1+0.8" 10.5+0.9
T2DM

n=3/group, *P < 0.05, data are presented as mean * SD.

0 day represented before STZ inducement, 7th day and 2-12 weeks represented after 1,25VD3 treatment, *: P < 0.05, for T2DM
vs. other two group, #: P < 0.05, for 1,25VD3-treated T2DM vs. Control, data are presented as mean +SD.
Table 1: Effect of 1,25VD3 on fasting blood glucose levels in experimental rats (n =5/group).

1,25VD, Inhibited the Level of Oxidative Stress
in T2DM Rats

As shown in Figure 1, the level of oxidant biomarker
15-F2t-IsoP was significantly increased in untreated T2DM
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rats and was relegated to nearly normal range by 1,25VD,
treatment (P <0.05). While as an antioxidant parameter,
the SOD activity showed a contrary tendency. These results
implied that 1,25VD, might carry on its effect through
inhibiting oxidative stress.
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Figure 1: 1,25VD, inhibited the level of oxidative stress in T2DM rats. The plasma values of free 15-F2t-IsoP (A) and SOD (B),
n =5 specimens/group, *P < 0.05, data are presented as mean * SD.

1,2 5VD3 Improved Implant Osseointegration in thinner and fewer than controls. Notably, 1,25VD, treatment

T2DM Rats could improve the structure of bone trabecula and implant

osseointegration in model rats. Furthermore, the results of

3D micro-CT images depicted and compared the peri- quantitative evaluation also demonstrated the statistically

implant trabecular microstructures among different groups significant differences between T2DM group and 1,25VD,-
(Figure 2A). The bone trabecula of T2DM rats were clearly treated group (Figures 2B-F).

Figure 2: 1,25VD, improved bone quality of T2DM rats. Micro-CT images of femur with implants (A) and quantitative results
of micro-CT evaluation (B, C, D, E and F). (A) The upper column showed transverse 3D images through cross-sectional plane
of implants, and the lower column exhibited coronary 3D images through the central portion of the long axis of implants; (B)
BV/TV: ratio of bone tissue volume to total tissue volume; (C) %OI: ratios between bone and total voxels in direct contact with
the implant; (D) Tb. Th: the mean trabecular thickness; (E) Tb. N: the mean trabecular number; (F) Tb.Sp: the mean trabecular
separation, n =5 specimens/group, *P < 0.05, data are presented as mean + SD.
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The BV/TV, %0I, Tb. Th and Tb. N showed the same
tendency that these indicators were remarkably decreased
in T2DM group while increased by the 1,25VD3 treatment.
Inversely, 1,25VD, treatment decreased the Tb. Sp by 37.8%
in contrast with untreated T2DM rats.

Staining slices showed the details of implant
osseointegration and peri-implant bone microarchitecture
(Figure 3A). The peri-implant bone mass was decreased
and scattered in T2DM group and that was conspicuously
ameliorated by the application of 1,25VD,. Results from
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histomorphometric analysis certified the manifestation of
histomorphology. As shown in Figure 3B, the BIC of T2DM
rats appeared as 24.6%, significantly less than controls and
1,25VD-treated diabetic rats, which respectively had 65.6%
and 43.4% BIC (P < 0.05).

The biomechanical properties and the degree of
osseointegration were examined by pull-out test. Compared
with T2DM group, a significantly increase of maximum pull-
out force by 1.4-fold was observed in 1,25VD,-treated group
(P <0.05) (Figure 4).

presented as mean * SD.

Figure 3: 1,25VD, promoted bone microarchitecture of T2DM rats. (A) Histological evaluation with methylene blue-acid
fuchsin staining (scale bar: 100 pm); (B) Bone-implant contact ratio (BIC, %) , n=5 specimens/group, *P < 0.05, data are

are presented as mean * SD.

Figure 4: 1,25VD, increased biomechanical index of T2ZDM rats. Results of pull-out test, n = 5 specimens/group, *P < 0.05, data
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1,25VD, Inhibited the Oxidative Status of
Osteoblasts in High Glucose Conditions

The intracellular ROS level of osteoblasts was measured
by fluorescent probe DCFH-DA staining. As shown in Figure
5A, the DCFH-DA fluorescence intensity of high glucose
group was significantly increased as compared with control
group. Whereas, the generation of ROS was significantly
inhibited by 1,25VD, (P <0.05). Moreover, the oxidative
stress-related biomarkers SOD activity and MDA were also
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detected to analyze the anti-oxidative effect of 1,25VD..
The SOD activity was significantly suppressed by high
glucose concentration, and the declined SOD activity in high
glucose environment was restored by the administration of
1,25VD, (P < 0.05) (Figure 5B). As for the lipid peroxidation
biomarker MDA, which is closely related with oxidative
stress status of cells, was significantly increased in high
glucose group but effectively decreased by 1,25VD,
(P <0.05) (Figure 5C).

Figure 5: 1,25VD3 inhibited the oxidative status of osteoblasts in high glucose environment. (A)Representative DCFH-DA
staining images (scale bar: 100 um); (B) SOD activity of osteoblasts with different treatments; (C) MDA levels of osteoblasts
with different treatments, n = 3/group, *P < 0.05, data are presented as mean * SD.

1,25VD, Restored the 0S-Mediated Damage in
Osteogenesis

To further confirm the role of 1,25VD3 in osteogenesis
under high glucose condition, we detected the Alizarin Red
staining, ALP staining, gene expression levels of ALP and
the expression of associated proteins in cells. After 7-day
osteogenic induction, high glucose remarkably inhibited ALP
activity, while significant higher ALP activity was detected in
1,25VD-treated high glucose group as compared with high
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glucose group (P < 0.05)(Figure 6A). Similar tendencies were
observed in Alizarin Red staining (Figure 6B), which was
determined to evaluate the mineralized nodules after 4-week
osteogenic induction. Less calcium nodules were found in
HG group (P<0.05), while 1,25VD, treatment promoted
the calcium deposition and mineralized nodules formation
in high glucose environment. Besides, results pf gene and
protein expression profiling pointed toward the same trend
(Figures 6C-H).
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quantification analysis.

Figure 6: 1,25VD3 restored the OS-mediated damage in osteogenesis. (A)Representative ALP staining images (scale bar: 200
um); (B) Representative Alizarin Red staining images (scale bar: 1000 um); (C) Gene expression levels of ALP after 7-day
induction; (D, E, F G and H) Protein expression levels of RUNX2, COL1, BGP and VDR assessed by Western blot and the

Discussion

In the present study, the hyperglycemia of rats was
induced by high-glucose and high-fat diet with low-dose
STZ injection, which is described to closely resemble T2DM
[30]. We successfully established the T2DM model that the
increased fasting blood glucose level and decreased body
weight are similar to previous reports [31]. The adverse
effects of T2DM on implant osseointegration have been
widely studied, and the reduction of bone mineral content
and impairment of bone healing and remolding in T2DM
patients and rodents has been confirmed by previous
experiments [32,33]. Results of histological evaluation,
micro-CT scanning and biomechanical analysis in our study
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demonstrated that the implant osseointegration, bone
microarchitecture and implant fixation were significantly
reduced in untreated T2DM rats.

Itis well known that VD, plays an important role in bone
mineral homeostasis and maintaining glucose homeostasis.
In our study, the 1,25VD,-treated T2DM rats showed a
statistically significant decrease of blood glucose level and
elevation of body weight compared to untreated T2DM rats.
These findings confirm the ability of maintaining glucose
homeostasis of 1,25VD, as reported in previous studies
[34], and also explain the result of micro-CT, histological
staining and pull-out test which indicated that 1,25VD,
therapy could obviously promote the bone formation and
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reconstruction around implant and reverse the impaired
osseointegration capacity to a certain extent in diabetic rats.
Whereas, there was still a certain difference between the
1,25VD-treated rats and the normal rats. This might be the
result of uncontrolled hyperglycemia condition, in which
1,25VD, couldn’t play its largest role in bone remodeling and
glucose homeostasis [35]. These findings in our study are in
accordance with the results in Wu'’s [22] study, in which the
effect of reversing the impaired osseointegration capacity of
VD, treatment in diabetic rats was firstly reported while the
related mechanism was not illuminated.

To figure out the possible mechanism of this therapeutic
effect, our group has done a host of researches. Our
previous research had confirmed that 1,25VD3 promoted
osseointegration of implant via downregulating AGEs/
RAGE pathway in T2DM [36]. Given the complex and
diverse mechanism of 1,25VD3 on osseointegration, in this
study, we verified the effect of 1,25VD3 on oxidative stress,
which has been widely considered as an important role in
the development of diabetic bone loss [10,37]. Hamada et
al. found that STZ-induced diabetic rats had low-turnover
osteopenia associated with increased oxidative stress and
the markers of oxidative stress were inversely associated
with the histomorphometric parameters of bone formation
[10]. As is well established, diabetes promotes oxidative
stress through the production of ROS [20]. Several studies
have demonstrated the involvement of ROS in modulating
redox-sensitive signaling pathways that play major roles in
bone cell differentiation, including mitogen-activated protein
kinases (MAPKs) and Wnt/ (-catenin. Lee et al. showed that
osteoclast differentiation stimulated by RANKL was mediated
by ROS production and the subsequent activation of JNK, p38
and ERK1/2 [38]. By diverting the pool of B-catenin, ROS
inhibited Wnt-induced osteoblastic gene expression and
played a role in causing increased osteoblast and osteocyte
apoptosis [39]. Results showed that the increased generation
of ROS in high glucose condition was significantly inhibited
by 1,25VD,. It has been widely reported that patients with
T2DM show a decrease in antioxidant defenses and an
increase in oxidative damage markers [40]. Data in present
study corresponded with the foregoing research. All the
results indicated that these positive effects of 1,25VD, on
bone metabolism may be achieved through the decline of
oxidative stress.

Subsequently, we verified these findings by in vitro
experiments. ALP staining, alizarin red staining, RT-qPCR
and western blot were used to evaluate the osteogenic
capacity of osteoblasts. ALP is an early osteogenesis
marker that can mediate calcium phosphate into insoluble
phosphate salts which is necessary for osteogenesis [41].
Alizarin red staining is one of the commonly used methods
to observe the mineralized nodules, which are the markers of
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maturation of osteogenesis. Data showed that ALP activity of
osteoblasts was inhibited and the malnourished mineralized
nodules was observed in high glucose condition, while
the application of 1,25VD, could attenuate these adverse
effects. Moreover, the relative mRNA expression of ALP and
the translation level of osteogenic proteins such as BGP,
COL1 and Runx2 obtained similar results. Besides, research
has certified that high glucose indirectly down-regulates
VDR expression in osteoblasts and weakens osteoblasts
response to 1,25VD, [42]. In the present study, high glucose
suppresses the expression of VDR, which can be rescued by
1,25VD, treatment. These evidences prove that the impaired
cell differentiation caused by high glucose can be improved
by 1,25VD3 treatment.

Taken together, the results of this study reveals the
beneficial effect of 1,25VD3 on implant osseointegration in
T2DM and expand our understanding of the effect mechanism
in a new perspective. In brief, our results demonstrated that
1,25VD, inhibited the production of ROS and oxidative stress,
thus regulated glucose homeostasis and bone metabolism,
and further promoted implant osseointegration. However,
the definite molecular mechanism of the inhibitory effects
of 1,25VD, on oxidative stress remains to be further
investigated.
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