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Introduction

Objective This study aimed to investigate the effects of alendronate (ALN; a bisphos-
phonate) on adhesion and viability of preosteoblasts using different cell passages on
sandblasted and acid-etched (SLA) Ti surfaces.

Materials and Methods Preosteoblast, MC3T3, cells (passage 42; P42 and
passage 62; P62) were cultured with ALN (1 and 5 uM) on cell culture plate for 7 days.
Cells were lifted, counted, and seeded on SLA Ti surfaces. Cells were incubated on
the discs for 6 hours to examine cell adhesion by using confocal microscopy and for
24 hours to determine cell viability by using MTT assay.

Results ALN interfered with cell adhesion on Ti surfaces by reducing the cell num-
ber in both cell passages. Nuclei of untreated cells showed oval shape, whereas some
nuclei of ALN-treated cells demonstrated crescent and condensed appearance. ALN
at 1 and 5 pM significantly decreased nuclear area and perimeter in P42, while ALN at
5 UM reduced nuclear area and perimeter in P62. After 24 hours, cells (P42) grown on
Ti surfaces showed decreased cell viability when culturing with 5 uM ALN.

Conclusion ALN reduced cell adhesion and viability of preosteoblasts on Ti surfaces.
ALN treatment seemed to exert higher inhibitory effects on nuclear shape and size as
well as cell viability in lower cell passage. This led to the reduction in cell to implant
surface interaction after encountering bisphosphonate treatment.

also acquire dental implants for tooth replacement. Dental
implant procedure is defined as dentoalveolar surgery, which

The rehabilitation with dental implants for replacing teeth
has become more attractive and efficient than conven-
tional fixed and/or removable prosthesis. The implants
have been inserted in patients of all ages, especially in the
elders. Patients receiving a drug called bisphosphonate may
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can increase a risk of developing medication-related osteone-
crosis of the jaw (MRON]) in bisphosphonate-administered
patients.'? Patients who obtain implant placement either
during or after bisphosphonate treatment can accelerate the
development of MRON]. The occurrence ranges from 0 to
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66 months after implantation.?2 However, survival rate of den-
tal implant placement in patients receiving bisphosphonate
is still controversy.>’ Bisphosphonate administration reduces
the survival rate of the implants to 86%° and causes exposure
of implant thread.® The implant failure rate in patients taking
bisphosphonate is estimated with a risk ratio of 1.73.# On the
contrary, several studies report that bisphosphonates do not
have a negative impact on implant success rate.>”

Bisphosphonates have critical impact on bone remodeling
process with the primary effect on osteoclasts. Other target
cells include osteoblasts.®!! Bisphosphonates affect osteo-
blast viability, differentiation, function, and gene expressions
associated with differentiation such as Runx 2 and collagen
type .31 Osteoblasts play an important role in osseointegra-
tion by secreting collagen type I and subsequently deposition
of hydroxyapatite to form the new bone around the dental
implant.’? Bisphosphonates could interfere with new bone
formation/bone healing around the implant by inhibiting
osteoblast activities and may subsequently lead to failure of
implant placement.

Many studies have reported the effects of bisphospho-
nates on osteoblast activities grown on cell culture plates
as well as epithelial cell and gingival fibroblast adhe-
sion on Ti surfaces.*'* However, little is known about
bisphosphonate-influenced adhesion and viability of osteo-
blasts on Ti surfaces. Since dental implant placement is not
limited to a certain age, response of different cell passages
to bisphosphonates might differ. Therefore, the purpose of
this study was to investigate the effects of ALN on preos-
teoblast, MC3T3, adhesion, and viability on the implant
surfaces at different passages. MC3T3 cells have been used
as in vitro model for studying cell viability and the effects
of senescence.'*'> According to Chung et al and Peterson et
al, MC3T3 cells at passage less than 20 is considered early or
low passage, passage 40 to 60 is high passage, and passage
more than 60 is considered late or very high passage.'>'¢ This
study utilized and modified by using passage 42 and 62 as
middle-aged and old cells, respectively. This finding would
gain the basic knowledge of the drug effects on cell adhesion
and viability on Ti surfaces.

Materials and Methods

Titanium Disc Preparation

A 0.5-mm thick commercially pure Ti grade 4 sheet was cut
into 8 mm in diameter discs by using wire cutting machine
(Sodick, AQ325L, Japan). Ti discs were blasted with aluminum
oxide particles (size 50-270 um) for 10 seconds. The dis-
tance from the tip of the blasting gun and the specimens was
90 mm. The air pressure for sandblasting was set at 0.4 MPa.
After sandblasting, specimens were immersed in H,50,-HCl
liquid (45:15% wt) for 10 minutes, sonicated in distilled water
for 10 minutes, and then air dried.’” All specimens were
sterilized by ethylene oxide gas. Prior to cell seeding on the
Ti discs, the discs were immersed in the o-minimum
essential medium (a-MEM; Gibco, New York, United
States) supplemented with 10% fetal bovine serum and 1%

penicillin/streptomycin (standard media) overnight for pro-
tein adsorption onto the Ti surfaces.

Roughness of specimens was evaluated for the consistency
of surface preparation. Three discs were randomly sampled
for surface topography testing by using surface profiler
(Surftest, Mitutoyo, United States). The degree of roughness
of the substrate surfaces was processed with SURFPAK-SV
software (version 1.300) and presented as arithmetical mean
deviation of the assessed profile (Ra). Surface profile and the
means Ra were shown in =Fig. 1A and Table 1, respectively.
The SLA surfaces of all discs tested had significantly higher
roughness than the smooth surface, while there was no
roughness difference among the SLA discs.

Cell Culture and Treatments

MC3T3 cells, mouse osteoblast precursors obtained from
ATCC (CRL-2593) were cultured in standard media at 37°C
and 5% CO,. In this study, two cell passages were used: cell
passage 42 to 44 and cell passage 62 to 64. These passages
were referred to P42 and P62, respectively. MC3T3 cells were
first cultured at a density of 50,000 cells/well in six-well cul-
ture plates. Cells were treated with ALN at 1 and 5 uM for
7 days. Untreated cells were served as control. After 7 days
of treatment, MC3T3 cells were then trypsinized with 0.25%
trypsin/EDTA. Cells were counted and 7,500 cells were
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Fig. 1 (A) Surface profiles of Ti discs before (smooth; upper panel)
and after sandblasting and acid etching (lower panel). (B) Diagram
shows the experiment design of cell culture and testing assays.

Table 1 Surface roughness of smooth and sandblasted and
acid-etched surfaces

Surface Roughness (um) p-Value
Smooth 0.12 £0.01

SLA1 0.69 +0.06 <0.01
SLA2 0.73+0.02 <0.01
SLA3 0.76 £0.03 <0.01

Abbreviation: SLA, sandblasted and acid-etched.
Note: Values are expressed as mean Ra # standard deviation.

European Journal of Dentistry Vol. 15 No.3/2021 © 2021. European Journal of Dentistry.

503



seeded on each Ti disc. For cell adhesion and nuclear mor-
phology assays, cells were incubated for 6 hours. For cell via-
bility assay, cells were cultured for 24 hours.

Cell Adhesion and Nuclear Morphology

Cellswere cultured asdescribed in “cell culture and treatments.”
After seeding on Ti disc for 6 hours, nonadherent cells were
removed by gently washing the discs with phosphate-buffered
saline (PBS) solution. Cells were fixed with 4% paraformal-
dehyde for 15 minutes. Cells were permeabilized with 0.1%
Triton-X-100 solution (Sigma-Aldrich, Missouri, United States)
for 15 minutes. MC3T3 cells were thoroughly washed with
PBS and stained with 4',6-diamidine-2-phenylindole dihydro-
chloride (DAPI; Sigma-Aldrich) at the dilution of 1:1,000 for
5 minutes for nuclear visualization. Cells were viewed under
confocal microscopy (Nikon Eclipse Ti, Nikon Instruments).
Images of nuclei were captured at x200 magnification by
using NIS element AR 4.11.00 software. The number of nuclei
is counted, which represented the number of cell adhesion
on Ti discs. Image] software (National Institutes of Health
version 1.8.0) was used for analyzing the nuclear projected
area (um?) and nuclear perimeter (um).

Cell Viability

After seeding the cells on the discs for 1 day, MC3T3 cells were
incubated with 0.2% (3-[4,5-dimethylthiazol-2-yl]-2,5-diph
enyltetrazolium bromide) (MTT) solution (Sigma-Aldrich) at
37°Cfor4hours. The reaction was then stopped with dimethyl
sulfoxide (Sigma-Aldrich) and glycine buffer (research organ-
ics). The formazan color was then analyzed by measuring the
absorbance at 620 nm (A620) with Megellan software, V6.6.

Statistical Analysis

Data presented as means + standard deviation. Three indepen-
dent experiments were conducted. To assess the drug effect
at various concentrations, the mean values were compared
by one-way ANOVA followed by Tukey’s test. Significance was
assigned as *p <0.05 and **p <0.01.

Results

Cell Adhesion

To evaluate MC3T3 cell adhesion on Ti surface, confocal imag-
ing of nuclei was assessed in three dimensions (Xyz axis).
DAPI-positive nuclei, representative of cells, were shown in
blue color. In untreated control, adherent cells were seen
throughout the surface of Ti discs. Blue nuclei were less con-
fluent in ALN treatments in both P42 and P62, especially at
higher concentration (5 uM; =Fig. 2A).

After 6 hours of cell seeding on Ti surface, approxi-
mately 13.5 and 14.5% of untreated cells adhered to the disc
surfaces in P42 and P62, respectively (=Fig. 2B and 2C).
ALN affected cell adhesion by decreasing the numbers of
nuclei on Ti discs. Both concentrations of ALN (1-5 pM) sig-
nificantly reduced the number of cell adhesion when com-
pared with control. The peak reduction was seen at 5 uM ALN
treatment. The numbers of adherent cells decreased up to
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62 and 65% in P42 and P62, respectively. However, there was
no statistically significant difference between 1 and 5 uM
ALN groups (=Fig. 2B and 2C).

Nuclear Morphology and Size

From two-dimensional fluorescence microscopy images,
the morphology of DAPI-positive nuclei in untreated control
cells were oval shape (=Fig. 3A and 3D). Some nuclei treated
with ALN at 5 uM appeared as condensed and crescent moon
shapes as pointed with arrow heads and arrows, respectively
(=Fig. 3C and 3F).

The average nuclear area of P42 control cells was 208 pm?,
whereas that of P62 was 163 pm? ALN at 5 pM significantly
decreased nuclear projected area on both P42 and P62 when
compared with control group by 23 and 17%, respectively.
ALN at 1 uM significantly reduced nuclear projected area over
control by 18% only in P42. There were no significant differ-
ences between 1 and 5 1M ALN on both P42 and P62 (=~ Fig. 3G
and 3H). The average nuclear perimeter of P42 control cells
was 53 pm, whereas that of P62 was 48 pum. The result in
the nuclear perimeter had a similar trend as that in the aver-
age nuclear area. The peak reduction effect was found when
treated cells with 5 uM ALN (=Fig. 3I and 3]J).

Cell Vviability

MTT assay was used to examine cell viability of MC3T3 cells
after 24-hour seeding on titanium discs, In P42, the lowest
percentage of cell was found in 5 uM ALN group. This concen-
tration significantly reduced cell viability when compared
with control. There was no statistical difference between
control and 1 uM ALN group (=Fig. 4A). In P62, cells treated
with 5 uM ALN also displayed the lowest percentage of cell
viability; however, no statistical difference was shown among
control and experimental groups (=Fig. 4B).

Discussion

Ourstudy revealed the negative effects of ALN on preosteoblast
adhesion, viability, and nuclear size on Ti surfaces. The con-
centrations used in this study were accounted for free bisphos-
phonate levels found in saliva or released from bone samples
taken from patients with active MRON] or receiving bisphos-
phonate.' It has been shown that bisphosphonates interfere
with adhesion in other cell types. Bone slices pretreated
with ALN reduce the number of adherent osteoclast cells.!
Treatment with ALN at 0.5 to 5 uM for 24 to 48 hours decreases
epithelial and gingival fibroblast cell attachment on Ti discs
by up to 30%. In this study, we found higher reduction of cell
adhesion on Ti discs by up to 65%. This could be due to the
types of cell tested, experimental design, and the duration of
treatment (7 vs. 1-2 days).

ALN can cause positive or negative effects on osteoblast via-
bility depending on the concentrations and treatment dura-
tion.'%2%2! A stimulating effect is seen at low concentrations
of ALN ranging from 0.01 to 1 uM on human osteoblast-like
cells.22! On the contrary, the inhibitory effect of ALN is found
at higher concentrations (>5 pM) on mouse primary osteo-
blast cells and human mesenchymal stem cells.®!° The results

European Journal of Dentistry Vol. 15 No.3/2021 © 2021. European Journal of Dentistry.
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Fig. 2 Inhibition of preosteoblast adhesion on Ti surfaces after the treatment with alendronate. (A) DAPI-stained confocal imaging of
MC3T3 cells, passage 42 (upper panel) and passage 62 (lower panel). (B) Percentages of cell adhesion, P42. (C) Percentages of cell adhesion,
P62. Values are expressed as mean percentages + standard deviation; *p <0.05 and **p < 0.01 versus untreated control; n = 3.

of this study showed no difference between cell viability
of control and that of low-dose ALN treatment (1 puM). The
reduction of viable cells was observed only on cells treated
with higher concentration of ALN (5 uM), which is in an
agreement with previous study by Patntirapong et al.’®

The inhibition of osteoblast viability by bisphosphonates
is reported primarily through the induction of cell apop-
tosis.>'" One of the hallmarks of cell undergoing apopto-
sis is the characteristic changes in nuclear morphology.??-?4
The early stage of nuclear change starts peripherally along
the nuclear membrane, thus forming a crescent-like shape
nucleus.? This is followed by nuclear condensation and frag-
mentation.??>* The promotion of apoptosis can be detected
by DAPI staining of the nuclei.®*® Then, nuclear shape is
monitored and nuclear size is measured.”?* Cancer cells
treated with cycloheximide, a potent activator of apoptosis,

European Journal of Dentistry Vol. 15 No. 3/2021

demonstrate nuclear shrinkage as shown by diminished
nuclear area and perimeter.?* The changes in nuclear shape
and area were observed after treatment with 5 pM ALN.
Some nuclei showed sign of early apoptosis (crescent shape),
whereas some nuclei illustrated the later stage of apoptotic
nucleus (a near spherical shape together with decreasing
nuclear size). Furthermore, nuclear projected area data were
in accordance with the trend of cell viability. This data sup-
port the notion that bisphosphonates cause cytotoxicity to
osteoblasts, possibly through the initiation of apoptosis.®!
ALN reduced cell adhesion, nuclear size, and cell viability
in both passages in a similar trend. However, it was notice-
able that the percentage of reduction was a little lower in
higher passage except for the percentage of cell adhesion.
Generally, cell activities begin to decline when cells age.
In osteoblasts, cell activities decrease as passage number inc

© 2021. European Journal of Dentistry.
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Fig. 3 Alteration of nuclear morphology and nuclear size of preos-
teoblasts after ALN treatment. Fluorescence microscopy images
show DAPI-stained MC3T3 cells in two dimensions. (A) Control, P42.
(B) ALN 1 pM, P42. (C) ALN 5 uM, P42. (D) Control, P62. (E) ALN T pM,
P62. (F) ALN 5 pM, P62. White arrows label crescent nuclei and arrow
heads label nuclear condensation. Inset demonstrates another view of
nuclear condensation. Magnification at x200. (G) Nuclear projected
area of cells at P42 (um?). (H) Nuclear projected area of cells at P62
(um?). (1) Nuclear perimeter of cells at P42 (um). (J) Nuclear perimeter
of cells at P62 (um). Values are expressed as mean area/perimeter per
field £ standard deviation; **p < 0.01 versus untreated control; n =
18. ALN, alendronate.

reases.!52>26 Bisphosphonates are reported to be internalized
into cells via endocystosis.?’ This cellular process is decreased
in aging cells or senescent cells.?® It could be possible that
higher passage cells altered in cell response to the drug treat-
ment by internalizing less ALN. However, this speculation
needs to be investigated in the future. In addition, the limita-
tion of this study was that only two passages were employed,

European Journal of Dentistry Vol. 15 No. 3/2021
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Fig. 4 Reduction of cell viability grown on Ti discs by alendronate.
Cell viability were examined by MTT assay after seeding for 24 hours.
(A) P42. (B) P62. Values are expressed as mean percentages * stan-
dard deviation; **p < 0.01 versus untreated control; n = 3.

and the data might not represent the whole range of other
passages.

An implant insertion creates a wound in bone tissue.
Naturally, bone tissue regenerates around the implant, thus
generating a firm anchoring of an implant. The key factors
of bone/Ti implant interaction requires good cell health
including cell attachment and viability. Bone surface pro-
vides a population of osteogenic cells, while the implant
surface relies upon the recruitment and migration of the
osteogenic cells. Later on, new bone formation develops on
the implant surface (contact osteogenesis), which finally
joins with bone formation forming on the host bone (dis-
tant osteogenesis; =Fig. 5A). In bone microenvironment
treated with bisphosphonates, osteogenic cells expose to
the drug. Uptake of ALN negatively affected osteogenic
cells/Ti implant interaction by reducing cell adhesion to the
implant surface and cell viability, thus interfering with the
interaction process of bone/implant (=Fig. 5B). It should be
noted that the results of in vitro study with bisphosphonates
might not be relevant to in vivo occurrence. The data should
be interpreted with caution. Patients treated with oral

© 2021. European Journal of Dentistry.
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Fig. 5 A proposed schematic diagram of effects of ALN on preosteo-
blast adhesion and viability. (A) ALN-free bone microenvironment.
(B) ALN-treated bone microenvironment. ALN, alendronate.

bisphosphonates appeared to have good results for implant
placement.” However, failure of implant as well as the risk of
developing MRONJ still exists.>? Patients treated with bis-
phosphonate should be considered with precautions when
undergoing implant surgery.”*

Conclusion

This study revealed negative effects of ALN on preosteoblast
viability by the induction of cell apoptosis. ALN also inter-
fered cell adhesion on Ti surfaces. Both cell passages were
affected by the drug. The data demonstrated the role of bis-
phosphonate on bone cell/implant interaction. This should
raise awareness when considering an implant placement.
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