
Cytotoxicity evaluation of sodium alendronate
on cultured human periodontal ligament
fibroblasts

Dental trauma is a common occurrence in young
patients. The most common physical dental trauma
is crown fracture, with favorable prognosis. How-
ever, avulsion and intrusive luxation present more
severe consequences for the teeth and periodontal
tissues. The most alarming consequence observed is
dental root external resorption (1).

Damages, according to Trope (2), that are caused
to periodontal and pulp structures can result in
three different kinds of dental root resorption:
superficial, inflammatory, and by substitution.
Superficial resorption does not require treatment
because it is a repair process that occurs after low
intensity injuries to the periodontal structures.

However, inflammatory and substitutive resorptions
require therapy with intracanal medication in order
to avoid or control osteoclast activity.

Osteoclast inhibition could improve the prognosis
of tooth replantation, however, nowadays therapies
for tooth avulsion are only able to delay rather than
inhibit the resorption process (3). Some of these
therapy modalities are based on the use of calcium
hydroxide (4), association of antibiotics and corti-
costeroids (5), and calcitonin (6). More recently,
Levin et al. (3) employed an anti-osteoclastic drug in
order to inhibit the root resorption of replanted dog
teeth. This drug, alendronate, which is a third
generation bisphosphonate with demonstrated oste-
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Abstract – External root resorption processes are usually associated
with dental trauma, mainly avulsion and intrusion. In such cases
endodontic therapy aims to prevent this process by using
medications that can inhibit osteoclastic activity, such as bisphos-
phonates. However, these drugs must be biocompatible to the
periapical tissues. The aim of this study was to analyze the
cytotoxicity of a bisphosphonate (sodium alendronate) on human
periodontal ligament fibroblasts (PDL cells). Cells were plated in a
density of 1 · 103 cells per dish. The experimental groups were GI
(control) no sodium alendronate, and GII, GIII, and GIV with
sodium alendronate at the concentrations of 10)5, 10)6, and
10)7 M, respectively. The experimental times were 1, 6, 12, and
24 h (short-term) for viability and 2, 4, 6, and 8 days (long-term)
for cell survival. Data in triplicate were statistically analyzed.
Cultures treated with the highest alendronate concentration (GII)
showed cell viability percentages significantly lower (P < 0.01)
than those of the other groups (GI, GIII, and GIV), at 12 and
24 h. Cell growth on GII and GIII groups was similar. GII
presented smaller growth than the other groups (P < 0.05). We
concluded that sodium alendronate, on direct contact with human
periodontal ligament fibroblasts, is cytotoxic in concentrations
higher than of 10)6 M.
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oclast inhibitory activity, enhanced healing and
preservation of tooth mass subsequent to replanta-
tion (3).

Bisphosphonates are substances analogous to
pyrophosphate and are able to reduce the bone
mineral hydroxiapatite dissolution index, preventing
the bone resorption process by inhibiting osteoclas-
tic resorption activities (7). They are used as
therapeutic agents on hyper resorptive bone diseases
such as Paget’s disease, hypercalcemia of malig-
nancy and osteoporosis (8).

Based on the anti-osteoclastic characteristic of the
sodium alendronate, the use of this drug in the
therapeutic approach to dental trauma is promising.
But, for this purpose sodium alendronate must be
biocompatible to the periodontal tissue. Before
testing this drug in vivo, the aim of this study was
to evaluate the sodium alendronate cytotoxicity on
human PDL cells in culture.

Materials and methods

The cytotoxicity of three different concentration
solutions of sodium alendronate (10)5, 10)6, and
10)7 M) was measured in vitro. Human periodontal
ligament (PDL) cells (9) were grown at 37�C in
Dulbecco’s modified Eagle’s medium (DMEM,
Sigma Chemical Co., St. Louis, MO, USA) supple-
mented by 10% fetal bovine serum (Cultilab,
Campinas, SP, Brazil) and 1% antibiotic–antimycot-
ic solution (Sigma) in a 5% CO2 atmosphere with
95% humidity. The experimental groups were: (I)
control, cultures grown on fresh DMEM; (II) DMEM
containing 10)5 M sodium alendronate; (III)
DMEM containing 10)6 M sodium alendronate;
and (IV) DMEM containing 10)7 M sodium alendr-
onate. Both an immediate or short-term response
and a long-term survival that measured the retention
of the self-renewal capacity of the cells were analyzed.

Morphological analysis

The overall morphology of the cultures of all groups
was monitored throughout the experimental time
using phase microscopy. Additionally, the individual
morphology of the cells, as well as the presence of both
living and dead cells was analyzed. Phase photo-
micrographs were obtained form a phase inverted
microscope TMS (Nikon Co., Tokyo, Japan).

Short-term assay (cell viability)

Cells (1 · 104) were plated on 35-mm Petri dishes.
Three days later, the experimental culture medium
was exchanged for the medium containing the
dilutions of the testing solution (GII, GIII, GIV),
while the control cultures (GI) received fresh

medium. The media inside the dishes were discar-
ded and replaced by the solutions diluted in fresh
DME medium containing 10% fetal bovine serum.
After 0, 6, 12, and 24 h the cells of three dishes per
group were counted, and viability curves were
plotted. Because cultured cells can be prepared in a
uniform suspension in most cases, the provision of
large numbers of replicates is often unnecessary.
Usually three replicates are sufficient, and for many
simple observations, e.g. cell counting, duplicates
may be sufficient (10).

Long-term assay (cell survival)

Cells (1 · 103) were plated on 35 mm diameter
culture dishes. After 6 h, when the cells were all
attached, the culture medium was exchanged with
culture medium containing the dilutions of the test
solutions (GII, GIII, GIV) while the control cultures
(GI) received fresh DMEM. The attached cells were
harvested from the dishes 1, 2, 4, 6 and 8 days after
seeding, using a 0.25% trypsin solution (Sigma). The
cells in suspension were then counted and growth
curves were plotted. Maintenance of cell viability
was obtained by exchanging half of the culture
medium with fresh DMEM every other day.

Growth and viability cell curves

Growth curves were made as described in other
studies (10–12). Briefly, the cell number was deter-
mined by counting the viable cells in a haemo-
cytometer using the Trypan blue dye exclusion
assay. For each period, cells from three dishes of
each group were harvested using 0.25% trypsin
solution and then, these cells in suspension were
counted. The number of viable cells harvested from
each Petri dish was obtained by the following
mathematical equation: UC · D · 104/# SQ,
where UC ¼ unstained cell count (viable cells),
D ¼ the dilution of the cell suspension, and
#SQ ¼ number of squares of the hemocytometer
counted. The viability percentage of the cell pop-
ulation of each Petri dish was obtained by applying
the following mathematical equation: UC/
TC · 100, where UC ¼ unstained cell count
(viable cells) and TC ¼ total cell count (stained plus
unstained cells).

Statistical analysis

Each data point corresponded to the mean ± stand-
ard error of mean (SEM) of either the percentages of
cell viability or the cell number from three dishes.
The data were compared by anova complemented
by the Tukey’s test. The level of significance was 5%
(P £ 0.05).
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Results

Morphological analysis

The morphological aspects of the human PDL cells
under the influence of sodium alendronate in
various concentrations (10)5, 10)6, and 10)7 M) at
8 days are shown in Fig. 1.

The usual morphological aspects of the human
PDL cells are depicted in Fig. 1a. These control
cells were fusiform and arranged as bundles in
different directions. When under the action of
sodium alendronate at 10)5 M (Fig. 1b) the cells
had their cytoskeleton disrupted and assumed a
globular shape detaching from the substrate. Most
cells were clumped and weakly attached to the
substrate.

Figure 1c shows the culture of PDL cells under
the effect of 10)6 M sodium alendronate solution.
These cells lost their fusiform shape and assumed a
triangular shape with some cytoplasmic extensions.
Some cells detached from the substrate. Under the
sodium alendronate at 10)7 M concentration the
cultures of PDL cells present the morphological
aspects of control cells after 8 days in contact with
the substance (Fig. 1d).

Short-term assay (cytotoxicity)

The percentages of cell viability in the short-term
assay are illustrated in Fig. 2. Control cells (GI) had
stable cell viability around 90% in the first 24 h.
PDL cells treated with sodium alendronate at

10)5 M concentration presented significantly smal-
ler percentages of cell viability than control cultures
after 6 h of contact with the cells. Groups III and IV
presented similar cell viability percentages as control
cells (GI).

Long-term assay

The cell growth curves are shown in Fig. 3. After
4 days in contact with different concentrations of
sodium alendronate (GII, GIII, GIV) or with fresh
medium (GI) the PDL cell cultures presented
increased cell growth. Culture treated with sodium

Fig. 1. Phase photomicrographs of control PDL cells (a, GI) and cells treated with sodium alendronate at 10)5 M (b, GII), 10)6 M

(c, GIII) and 10)7 M (d, GIV). Observe the usual shape of the fibroblasts (a, d) and the alterations of cytoskeleton (b, c). Cells from

GII are detached from the substrate (b).
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Fig. 2. Graphic representation of the viability curves of PDL

cells in the short-term assay. Note the decrease of cell viability

in 6 and 24 h at the GII treated with sodium alendronate at

10)5 M. Results are the mean ± SEM of three experiments. (a)

Significantly different from control (GI).
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alendronate at 10)5 M concentration (GII) presen-
ted diminishing in growth reaching total cell death
at the sixth day. Before that the cell numbers of this
group were significantly smaller than the other
groups from the second to the eighth day.

Cultures treated with sodium alendronate at
10)6 M concentration (GIII) also presented a
decrease in cell numbers after 4 days in culture,
reaching total cell death at the 8th day.

Cultures treated with sodium alendronate at
10)7 M concentration (GIV) and control cells (G
I) presented progressive cell growth reaching con-
fluence after 6 days in culture.

Discussion

Faced with more severe dental traumatic injuries,
such as intrusion and avulsion, there is an inflam-
matory response that causes damaged tissue resorp-
tion. This resorption process is directly associated to
PDL inflammatory response that exposes dentin
and promotes a direct communication with the pulp
through dentinal tubules. Damage to the PDL,
whether because of mechanical trauma, dehydra-
tion or others, affects the viability of the PDL cells,
worsens the prognosis for teeth replantation. In
replacement resorption, the resorbing cells may be
stimulated by parathyroid hormone (PTH), which
mediates root resorption in the same way as it
mediates normal bone remodeling. The root is
progressively resorbed and the alveolar bone fuses
with the dental hard tissues. This may occur because
of a mistake by clastic cells, which are unable to

distinguish between cementum, dentin and bone
once the organic coating of the root is removed (13).
There is currently no effective treatment for dento-
alveolar ankylosis and replacement resorption.

Inflammatory resorption treatment is related to
inflammatory reaction control and the removal of
the maintaining agent of this process. With know-
ledge about the processes that culminate and hold
back resorption, it is possible to determine more
adequate clinical conduct associated with the use of
medications that are able to reach damaged areas
and block or even inhibit the resorption process.
According to Vanderas (14), although numerous
substances have been proposed for such cases the
ideal intracanal medication has not been found yet.
However, the substance is not the only factor that
needs to be accounted for, the correct canal
preparation is also important, using instruments
and chemical substances that promote an increase
in root dentin permeability and allow a means of
medication diffusion so as to reach the external root
surface.

To accomplish an endodontic therapeutic success
it is first necessary to control possible contamination
through the use of medication that maintains the
sanitation of the region obtained during chemical-
surgery preparation. Second, the medication used
must be biocompatible and effective on the resorp-
tion control process action.

The selection of drugs used in the intracanal
medication phase, in cases of avulsion, has presen-
ted many difficulties in that the resorption processes
are extremely challenging to control. Faced with
this, the need to develop methodologies that are
able to evaluate the cytotoxicity of substances and
drugs used during endodontic therapy becomes
clear.

The objective of the present study was to analyze
the sodium alendronate cytotoxicity in vitro using cell
cultures originated from human periodontal liga-
ment fibroblasts (PDL cells). Cytotoxicity tests using
cells in culture are fundamental for understanding
the biological behavior of dental materials as there
are considerable limitations to methods and the
interpretation of results involving cell cultures from
other animals (15).

Among bisphosphonates, sodium alendronate is
one of the most potent osteoclastic activity inhibi-
tors. Where bone metabolism is higher, in regions of
elevated physiologic activity, bisphosphonates con-
centrate themselves in a selective form and after
being absorbed, they link to exposed bone hydroxi-
apatite in regions of resorption. The mechanism of
osteoclast inhibition has been attributed to a
decrease in osteoclastic activity with minimal effects
on recruitment, the interference of receptors on the
osteoclasts for specific bone matrix proteins,
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Fig. 3. Graphic representation of the cell growth curves of PDL

cells in the long-term assay. Note that the cultures of GI and

GIV present progressive cell growth. Cultures treated with

sodium alendronate at 10)5 M (GII) present decrease in cell

growth after 2 days in culture and reach total cell death in

6 days. Cultures treated with sodium alendronate at 10)6 M

(GIII) present decrease in cell growth after 4 days in culture and

reach total cell death in 8 days. Results are the mean ± SEM of

three experiments. (a) Significantly different from control (GI).
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promoting the production of osteoclast inhibitor by
osteoblast, which reduces the lifespan and/or
the number of differentiated osteoclasts, and the
obstruction of resorption by interfering in the ruffled
border of the osteoclast (16).

In our experiment, we used three different
sodium alendronate concentrations: 10)5, 10)6,
and 10)7 M. These concentrations were based on
the results observed in a pilot study where concen-
trations higher than 10)5 M showed extreme cyto-
toxicity. Although the results obtained by Kum et al.
(17) demonstrated that osteoclast formation was
significantly inhibited at alendronate concentration
of 10)5 M. These results, as well as the results of our
experiments, revealed cytotoxicity directly propor-
tional to the sodium alendronate concentration.
Both results confirm those of earlier research carried
out by Sommercorn et al. (18), who showed that a
concentration level of 10)5 M is cytotoxic to
osteoblasts.

Other studies are in agreement with our results.
Evaluations carried out by Liewhr et al. (13) which
analyzed osteoclastic viability got a significant
decrease in dentin resorption using 10)5 and
10)6 M concentrations of two bisphosphonates,
while Garcia-Moreno et al. (19), found that for
alendronate concentrations of 10)4 M or higher no
viable cell was seen on osteoblastic cultures.

Although cytotoxic to PDL cells in culture, the
sodium alendronate and other bisphosphonates, as
observed in a number of studies in the literature (3,
8, 19–21), have demonstrated beneficial effects on
osteoclastic resorption protection caused by perio-
dontites or on mucoperiostal flap procedures.
Additionally, considering the binding kinetics of
this drug for hydroxyapatite, including a half-life of
10 years in humans, topically applied, dentin bound
alendronate could exert a long-term effect on the
inhibition or retardation of root resorption even if
ankylosis is present.

Based on our results and supported by results of
other research analysis, we suggest that the local
administration of sodium alendronate solution at a
concentration of 10)7 M, that is non-cytotoxic to
PDL cells and is still effective on osteoclastic
inhibition (19, 22), should be used for treating
traumatized teeth. This substance applied through
the root canal of avulsed and replanted teeth, using
it as a reservoir (23), or through the immersion of
the dental root for a period of time (3) may be an
effective preventive treatment for substitutive dental
root resorption. However, new in vitro research
should be carried out before further studies using
animal as well as human subjects for the treatment
and control of dental root substitutive resorption is
begun. These studies could analyze different
concentrations and application forms of sodium

alendronate, as well as examine the cytotoxicy of
dentin-bound alendronate toward PDL cells.
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