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Estrogen and alendronate
therapies may prevent the
influence of estrogen
deficiency on the tooth-
supporting alveolar bone: a
histometric study in rats
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Estrogen and alendronate therapies may prevent the influence of estrogen deficiency
on the tooth-supporting alveolar bone: a histometric study in rats. J Periodont Res
2006, 41: 541-546. © 2006 The Authors. Journal compilation © 2006 Blackwell
Munksgaard

Background and Objective: The aim of this study was to evaluate histometrically
the influence of estrogen deficiency, and its therapies, on the quality of the tooth-
supporting alveolar bone.

Material and Methods: Seventy-three female rats were randomly assigned to one
of the following groups: group 1 (n = 15), sham surgery; group 2 (n = 15),
bilateral ovariectomy (OVX); group 3 (n = 14), OVX plus calcitonin (16 IU/kg);
group 4 (n = 14), OVX plus estrogen (20 pg/kg); and group 5 (n = 15), OVX plus
alendronate (5 mg/kg). Eighty days after surgery, the animals were killed and their
mandibles were removed and processed for histology. Bone density (BD) in the
furcation area of the first mandibular molar (i.e. the percentage of demineralized
bone tissue in a 1,000 um zone under the furcation) was histometrically obtained.

Results: Data analysis demonstrated that estrogen deficiency negatively affected
the tooth-supporting bone density (79.45% =+ 4.22 and 55.23% =+ 6.45, for
groups 1 and 2, respectively), and that estradiol and alendronate therapies pre-
vented this effect (61.67% =+ 6.87, 78.09% =+ 3.12 and 81.47% =+ 4.58, for
groups 3, 4 and 5, respectively).

Conclusion: Within the limits of this study, it can be concluded that the density of
tooth-supporting bone is affected by estrogen deficiency, and that estradiol and
alendronate therapies, but not calcitonin, provide protection against this effect.

© 2006 The Authors.
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For many years, clinicians have
reported observations indicating that
systemic bone quality and quantity are
reduced in postmenopausal women.
Postmenopausal osteoporosis and os-
teopenia are common skeletal disor-
ders characterized by low bone mass
and microarchitectual deterioration of

bone tissue, following the cessation of
ovarian function, either naturally or
surgically induced (1,2). Both diseases
have a complex etiology and are con-
sidered to be multifactorial diseases in
which genetic determinants are modu-
lated by hormonal, environmental and
nutritional factors (1,2). It has been

suggested that the loss of ovarian
function at menopause could be asso-
ciated with the loss of postcranial and
oral bone. Although some studies have
reported associations between oral and
skeletal bone mass, others have pro-
duced conflicting results (3,4), prob-
ably because of differences in
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measurement methods and confound-
ing risk factors (5).

Estrogen is known to play an
important role in regulating bone
homeostasis and preventing postmeno-
pausal bone loss (6-9). Based on the
protective effect of estrogen on bone
tissue, estrogen hormone replacement
currently remains among the most fre-
quently used treatments for menopausal
symptoms and prevention of osteopor-
osis (10,11). However, the possibility of
clinical contra-indications, and the risk
of side-effects, have prompted the
search for alternative approaches (12).
Thus, calcitonin (CT) and bisphospho-
nates, such as alendronate (ALD), have
been proposed as promising alternative
therapies for the treatment of post-
menopausal osteoporosis (13—15).

We have previously reported the
influence of estrogen deficiency and its
therapeutic possibilities (CT, estrogen
and ALD) on bone loss resulting from
experimental periodontitis in rats. Our
data provided evidence that estrogen
deficiency promoted increased bone loss
resulting from ligature-induced perio-
dontitis, and that during estrogen defi-
ciency, ALD showed a beneficial effect
on periodontitis-induced bone loss,
while the administration of estrogen or
CT was unable to prevent the negative
influence of estrogen depletion (16,17).
Similarly, other studies have shown that
estrogen deficiency may increase oral
bone resorption, attachment loss and
tooth loss in the presence of dental pla-
que accumulation (3,18,19).

Based on these considerations and
on the role of alveolar bone in dentis-
try, it also seems relevant to study
whether estrogen deficiency and its
therapies may affect tooth-supporting
alveolar bone under local healthy
conditions. Thus, the aim of this study
was to evaluate in rats, by histometric
analysis, the influence of an estrogen-
deficient state, and its treatments, on
the density of tooth-supporting alveo-
lar bone.

Materials and methods

Animals

The experimental animals were 73 fe-
male Wistar rats (90 d old) that

weighed an average of 211 g (208—
214 g) at the beginning of the study.
During the period of the experiment,
the animals were kept in plastic cages
with access to food and drinking water
ad libitum, with the exception of the
ovariectomized rats (pair feeding) (20).
This protocol was approved by the
University of Campinas Institutional
Animal Care and Use Committee.

Ovariectomy and sham surgery

At the beginning of the study, the
animals were anesthetized by intra-
muscular administration of ketamine
(0.5 ml/kg). Bilateral ovariectomies
(OVXs) were performed in 58 rats
from a dorsal approach, and sham
surgeries (in which the ovaries were
lifted up and returned intact to the
original position) were performed on
the remaining 15 rats. Postoperatively,
the animals received antibiotic given as
a single intramuscular injection (1 ml/
kg) (Pentabidtico®; Wyeth-Whitehall
Ltda, Sao Paulo, SP, Brazil).

Estrous cycle

In order to confirm the success of OVX
and estrogen administration, the es-
trous cycle was monitored 2 wk after
the OVX surgeries. Changes in the
vaginal smear during 4-5 d of the estrus
cycles were observed for each group. At
autopsy, success of the OVX was also
confirmed by the absence of ovaries and
atrophy of uterine horns in ovariec-
tomized rats, and success of estrogen
administration was confirmed by the
presence of normal uterine horns.

Experimental design

At the beginning of the study, the
animals were randomly assigned to one
of the following five groups:

e group 1 (n=15): sham surgeries
(negative control);

e group 2 (n = 15): bilateral OVX
(positive control);

e group 3 (n = 14): OVX plus 4 d/wk
subcutaneous injections of CT (Mi-
acalcic®; Sandoz A.G., Fertigung
Schiitzenstrsse, Ravenburg, Ger-
many) at a dose of 16 IU/kg body
weight, for 80 d;

e group 4 (n = 14): OVX plus a daily
subcutaneous injection of 17B-estra-
diol (E) (Sigma Chemical Co., St
Louis, MO, USA), dissolved in
100% ethanol and diluted in mineral
oil at a dose of 20 pg/kg body
weight, for 80 d;

e group 5 (n = 15): OVX plus 4 d/wk
subcutaneous injections of ALD
(Teva Pharmaceutical Ltda, Petach
Tikva, Israel) at a dose of 5 mg/kg
body weight, for 80 d.

Therefore, the animals from groups 3,

4 and 5 began receiving the drugs 1 d

after the the OVX was performed until

the time that they were killed.

Alkaline phosphatase analysis

Blood samples were collected in the
morning to measure serum concen-
trations of alkaline phosphatase at
the time of death (80 d after OVX
and sham surgery). Using automated
laboratory techniques, total alkaline
phosphatase activity was colorimetri-

cally  obtained (Gold  Analisa
Diagnostica, Belo Horizonte, MG,
Brazil).

Histometric procedure

At the end of the experimental per-
iod, the animals were killed. The jaws
were removed and the specimens were
fixed in 4% neutral formalin for 48 h
and subsequently demineralized in a
solution containing equal parts of
50% formic acid and 20% sodium
citrate for 45 d. Paraffin serial sec-
tions (6 pm) were obtained in a mes-
io—distal direction and stained by
hematoxylin and eosin. After exclu-
ding the first and the last section in
which the furcation region was evi-
dent, five equally distant sections of
each tooth were selected for histo-
metric analysis. Using an image-ana-
lysis system (Image-Pro®; Media
Cybernetics, Silver Spring MD,
USA), bone density (BD) (i.e. the
percentage of demineralized bone tis-
sue in a 1,000-um zone under the
furcation) in the inter-radicular area
of the first mandibular molar was
histometrically determined using the
point counting technique by a blinded
and calibrated examiner.



Statistical analysis

Mean values of alveolar BD were ob-
tained for each group and compared
statistically by the Kruskal-Wallis test
(o0 = 0.05). In order to test the hypo-
thesis that estrogen deficiency and its
therapies did not influence alkaline
phosphatase level, a one-way analysis
of variance (anova) (o = 0.05) was
performed. If statistical difference was
detected, a pairwise multiple compar-
ison procedure was used (Bonferroni
t-test).

Results

Clinical observations

Clinical appearance of uterine horns
and assessment of the estrous cycle
confirmed the success of OVX and es-
trogen replacement. Groups 2, 3 and 5
(OVX, CT and ALD, respectively)
presented diestrus smear, characterized
by a predominance of leucocytes, and
their reproductive organs atrophied,
confirming the reduction of serum es-
trogen levels in these groups. In con-
trast, the animals submitted to SHAM
surgery (group 1) presented the four
regular stages of estrous cycle (estrus,
diestrus, proestrus and metestrus), and
a pink and fluid-filled uterus. Finally,
animals that were ovariectomized and
administered with estradiol (group 4)
remained in the estrus stage (enucleat-
ed cornified cells). These animals also
presented normal uteri, demonstrating
that the serum estrogen levels had been
maintained as normal.

Alkaline phosphatase analysis

Alkaline phosphatase serum concen-
trations (& standard deviation),
determined at the time of death, were

29.13 TU/I + 10.93; 80.47 TU/
1 £ 20.16; 98.20 TU/l + 14.27;
33.29 U/l + 14.91; 40.93 U/

1 + 11.05, for groups 1-5, respectively.
Alkaline phosphatase levels were sta-
tistically higher for groups 2 (OVX)
and 3 (CT) (p < 0.05) and, as
expected, confirmed a high bone turn-
over in these groups. Figure 1 graph-
ically illustrates the results observed
for alkaline phosphatase levels.
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Fig. 1. Mean and standard deviation (IU/l) of alkaline phosphatase serum levels for all
experimental groups [SHAM, ovariectomy (OVX), calcitonin (CT), 17B-estradiol (E) and
alendronate (ALD)]. *Significant differences among the groups (p < 0.05) [one-way analysis

of variance (ANOVA)].
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Fig. 2. Means and standard deviation (%) of bone density (BD) for all the experimental
groups [SHAM, ovariectomy (OVX), calcitonin (CT), 17B-estradiol (E) and alendronate
(ALD)]. *Significant differences among the groups (p < 0.05) (Kruskal-Wallis and Dunn’s

tests).

Histometric results

Data analysis demonstrated a signifi-
cant difference in BD in the furcation
area (p < 0.05) among the groups
(Fig. 2). Estrogen deficiency (group 2)
resulted in a lower BD in the inter-
radicular area of the first mandibular
molar, and this negative effect was
prevented in the OVX animals that
were administered with E (group 4)
and ALD (group 5). On the other
hand, CT administration (group3)
did not prevent the influence of
estrogen deficiency on the tooth-sup-
porting alveolar bone (p > 0.05)
(Fig. 3). Figure 3A-E illustrates the
histological aspects of the inter-radi-
cular BD.

Discussion

In addition to anchoring the teeth, the
maxillary and mandibular alveolar
bone allows dental rehabilitation, such
as dental-supported implants and
removable prostheses. It has been
recognized that the success of some
dentistry treatments may be influenced
by the quality and quantity of this oral
bone. Changes in microtrabecular
alveolar bone following estrogen defi-
ciency and its therapies have rarely
been reported in oral bone under per-
iodontally healthy conditions. There-
fore, the present investigations aimed
to evaluate histometrically structural
changes in the tooth-supporting
alveolar BD of ovariectomized rats
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Fig. 3. Photomicrographs (A) to (E) illustrate the histological aspects observed within the
limits of the inter-radicular bone for groups 1-5, respectively. Original magnification x12.5.

Hematoxylin and eosin.

under CT, estrogen or ALD therapies.
Data analysis showed that an estrogen-
deficient state may negatively affect the
tooth-supporting alveolar bone,
resulting in a lower density of bone
tissue than observed in estrogen-suffi-
cient animals. Furthermore, it has been
clearly demonstrated, in the present
investigation, that E and ALD, but not
CT, given immediately after OVX, are
able to prevent the influence of the
estrogen deficiency on the alveolar
bone. These findings are in line with
previous reports which showed that
estrogen deficiency promoted an in-
creased bone loss resulting from liga-
ture-induced  periodontitis  (16,17),
decreased bone healing and density
around titanium implants (21), and
changes in the alveolar bone of ovari-
ectomized rats (22).

Clinical studies that assessed osteo-
porosis in the jaws have reported that

the reduction in total skeletal mass is
directly related to the mandibular BD
in estrogen-deficient women (23,24).
There have been some reports on the
mechanisms involved in the estrogen
regulation of bone metabolism. It is
known that interleukin-6, interleukin-1
(8,9) and two key bone molecules,
receptor activator of nuclear factor-
kappa B ligand (RANKL) and osteo-
protegerin (OPG) (7) co-operatively
control osteoclastic bone resorption
during estrogen deficiency. In brief,
bone resorption is significantly reduced
by RANKL function inhibition via its
decoy receptor, OPG. As estrogen has
been reported to control bone resorp-
tion acting on OPG, it may be sug-
gested that estrogen deficiency induces
an imbalance in the RANKL/OPG
system, favoring osteoclast differenti-
ation. In addition to this indirect effect
of estrogen upon osteoclasts (7-9),

there is increasing evidence to suggest
that estrogen can also directly modu-
late osteoclasts (6). Although one can
assume that the balance between pro-
and  antiresorptive  molecules is
responsible for the present findings,
further studies are required to elucidate
the predominant molecular mechanism
of estrogen deficiency on the alveolar
bone.

The skeletal benefits of the antire-
sorptive medications have been repor-
ted in several clinical trials involving all
types of treatments for postmenopau-
sal osteoporosis (13,25,26). To the best
of the authors’ knowledge, the effect of
antiresorptive drugs, associated with
an estrogen-deficient state, on the
density of tooth-supporting bone has
not yet been reported. Therefore, this is
the first study to compare the impact of
three antiresorptive agents on the
tooth-supporting alveolar bone around
periodontally healthy teeth in estrogen-
deficient animals. The findings presen-
ted herein are in agreement with pre-
vious reports showing that estrogen
and ALD, but not CT, protect against
the development of osteopenia in OVX
rats (16,17). Moreover, the results of
the present study support animal and
clinical studies suggesting that CT may
not be as effective as estrogen and
ALD for the prevention of skeletal
bone loss resulting from an estrogen-
deficient state (15,27).

CT is a polypeptide hormone that
inhibits bone resorption by acutely
blocking osteoclast activity, and is used
in the treatment of postmenopausal
and senile osteoporosis (25). In the
present investigation, the administra-
tion of CT did not protect alveolar
bone against the effect of estrogen
deficiency. As previously reported, this
phenomenon may be explained on the
basis of an important drawback to CT
therapy (28-30). It has been demon-
strated that bone response to CT may
decline with the length of treatment,
probably as a result of CT-induced loss
of CT receptors, resulting in hormone-
induced resistance (28,29) and, finally,
skeletal resistance to CT may develop
as a consequence of antibody forma-
tion (30).

In contrast,
reported the

several studies have
benefits of estrogen-



replacement therapy on skeletal bone
(26), oral bone, periodontal tissue and
tooth loss (31). The present study
demonstrated that E therapy provides
protection against the development of
osteopenia in the alveolar bone to an
extent similar to that provided by
ALD. The mechanism by which exo-
genous estrogen inhibits bone resorp-
tion is likely to be the same as the
mechanism of endogenous estrogen,
that is, by controlling the production
and stimulation of cytokines (i.e.
interleukin-1 and interleukin-6) (8) and
molecules (i.e. RANKL and OPG) (9)
that promote osteoclast differentiation.
In agreement with the results of the
present study, in general, ALD has
been shown to prevent alveolar bone
resorption and to preserve oral bone
mass in animals (32) and clinically to
increase bone mineral density and to
prevent bone loss (13). At an ultra-
structural level, studies have shown
that ALD exerts a positive influence on
mesenchymal progenitor-cell metabo-
lism, influencing the modulation of the
osteoblastic cell cycle and enhancing
the transition towards greater osteo-
blast differentiation (33). In addition,
ALD acts by attaching itself to the
osteoclast surface, preventing the deg-
radation of the calcified tissue and
acting as an osteoblast kinase (33). The
data of the present study demonstrate
that ALD induced a positive balance in
the alveolar bone, supporting the
hypothesis of this metabolically posit-
ive action of the bisphosphonates on
bone cells.

In conclusion, the results of the
present investigation provide import-
ant evidence to suggest that estrogen
deficiency may negatively influence the
tooth-supporting BD, and reinforce
the hypothesis that, like skeletal bone,
oral bone may be affected. Further-
more, E and ALD, but not CT, pro-
tected against this negative -effect.
Despite the benefits of E and ALD
observed in the current study, caution
should be used to interpret these find-
ings. Estrogen therapies may present
relative risks for cardiovascular dis-
ease, for breast, colorectal and ovarian
cancer, and for pulmonary embolism
(12,34). Similarly, recent reports have
focused on osteonecrosis of the jaws,

gastrointestinal and ocular side-effects
as potential complications of bisphos-
phonate therapy (35-37). Because each
osteoporosis treatment has a unique
benefit-risk profile, deciding whether
estrogen, bisphosphonates or another
treatment is appropriate for an indi-
vidual requires assessing the risks and
benefits of each treatment. Therefore,
information exchange between doctors
and dentists is sometimes essential to
determine the patient’s risk factors
(age, race/ethnicity, antecedent risk
status and prior disease),
medications and personal preferences.

Finally, in addition to the evidence
of the importance of estrogen in the
oral bone status, the findings of the
present study may also constitute an
exciting approach for future clinical
explorations.
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