Estrogen deficiency reduces the expression of estrogen
receptor-beta in Wistar rats’ periodontal tissues
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Objectives: To assess the effect of ovariectomy on
the expression of estrogen receptor-beta (ER-f) in
periodontal ligament and alveolar bone.

Methods: This animal study was conducted at King
Fahad Research Center, King Abdulaziz University,
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Jeddah, Kingdom of Saudi Arabia from March to
October 2012. Thirty 12-week-old female Wistar rats
were divided into 2 groups (15 each): ovariectomized
(OVX) and sham-operated. Levels of estrogen and
progesterone in the sera were measured using the
enzyme linked immunosorbent assay (ELISA). To
detect the expression of ER-f§, immunostaining was
performed on the tibia, alveolar bone, and periodontal
ligament  specimens followed by quantitative
histomorphometric analysis.

Results: Estrogen (p=0.001) and progesterone
(p=0.007) levels were significantly decreased in the
OVX rats compared to their controls. Histologically,
the thickness and area percentage of the tibia and
alveolar bone trabeculae were significantly reduced
in OVX rats compared to the controls (p=0.001).
The periodontal ligament fibers in the control
group exhibited well-organized and appropriately
oriented fibers, while in the OVX group they
appeared disrupted with loss of orientation. The
ER-f8 expression in the OVX rats was significantly
decreased in the periodontal tissues (p=0.005) and
tibia (»=0.008).

Conclusions: Estrogen deficiency resulted in a
significant decrease in the expression of ER-{§ in both
tibia and periodontal tissues.
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here is a growing interest in the association between

osteoporosisand craniofacial boneloss, periodontitis
and tooth loss. It was suggested that certain systemic
conditions could predispose individuals to osteoporosis
and periodontal tissue destruction. A recent review
found several similarities and correlations between
osteoporosis and periodontal disease.> Osteoporosis and
periodontitis are bone-resorptive and non-symptomatic
diseases, where symptoms develop late in the disease
process. Some of their common risk factors include
age, smoking, and certain systemic diseases, and both
diseases appear to have a hereditary component. The
endocrine hormones play a fundamental function
in the stability of the periodontium by regulating
reproduction, growth and development, preservation
of cellular activity, and energy production, utilization,
and storage.’® Estrogen and progesterone play a
crucial role in several vital activities, as well as having
significant biological actions that can affect the oral
cavity.>”? For example, estrogen affects gingival
epithelium keratinization and cellular proliferation and
differentiation, whereas microvasculature permeability
and collagen production is affected by progesterone.”!*!2
An increased concentration of sex hormones in the
serum, saliva, crevicular fluid, and gingival tissues
has been reported during pregnancy, and observed
throughout womens’ menstrual cycle. These hormonal
changes can cause biological changes in tissues of the
periodontium, and may impact periodontal health."
Regulation of most cellular processes by hormones
occurs through its interaction with receptors. When
estrogen is rapidly transported across the cell membrane
by simple diffusion, it binds to its receptor; this causes
an activation of the receptor as a conformational change
of the hormone-receptor complex, revealing a binding
site that causes gene activation.'® Both estrogen and
progesterone receptors have been demonstrated in
fibroblasts of the gingiva, periosteum, and periodontal
ligament.*" Estrogen acts as a ligand for estrogen
receptors-alpha (ER-a) and estrogen receptors-beta
(ER-3), which show a tissue specific distribution.'® The
ER-o and ER-f§ are not only expressed in typical organs
for estrogen, such as the ovary, uterus, and breast, but are
also commonly expressed on other tissues, such as the
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periodontal tissues.””'® Estrogen deficiency accelerates
the bone remodeling process leading to higher levels of
bone resorption than formation." Estrogen affects bone
metabolism and regulates the function of several cell
types, including those of the periodontal ligaments. It
has been suggested that estrogen could play a central role
in the pathogenesis of periodontal disease.'” Estrogen
receptors are suggested to play a role in estrogen-induced
effects on the differentiation of osteoblasts, proliferation
of periodontal ligament cells, and expression of key
molecules that contribute to the structural integrity and
function of the periodontal tissues.”’ The objectives of
this study were to assess the effect of ovariectomy on the
expression of ER-{§ in the periodontal ligament, and to
study alveolar bone changes using immunohistochemical
and histomorphometrical analyses. The null hypothesis
was that there is no difference in the expression of ER-3
in the tibia, alveolar bone, and periodontal ligament
between ovariectomized rats (OVX), and sham-operated
controls.

Methods. Animals. All procedures were performed
at King Fahad Research Center, King Abdulaziz
University, Jeddah, Saudi Arabia from March to
October 2012, according to the animal care guidelines.
The study was reviewed and approved by the Research
Ethics Committee, Faculty of Dentistry, King Abdulaziz
University. Thirty, 12-week-old, female Wistar rats
weighing between 200-250 g were divided into 2 groups
with equal number, and randomly assigned to either the
OVX, or the sham-operated group. Both groups did not
receive medications during the study period (16 weeks).
All rats were fed normal chow, and allowed free access to
water with light/dark cycles of 12/12 hours at constant
temperature and humidity.

Surgical procedure. The rats were either bilaterally
OVX, or sham-operated (control) using the dorsal
approach.? Briefly, under aseptic conditions, anesthesia
(100 mg/kg ketamine, intramuscular) was administered.
The dorsal aspect of the lumbar region was shaved, and
a small one to 2 cm midline incision was made in the
skin, approximately halfway between the midline of the
back (the hump), and the base of the tail. Both ovaries
in the OVX rats were dissected, ligated, and removed.
The same surgical procedure was performed on the
sham-operated group, except for the removal of the
ovaries.

Blood sample collection and measurement of serum
estrogen and progesterone. By the end of the sixteenth
week, blood samples were collected through retro-
orbital route, left to coagulate at room temperature,
and centrifuged at 3000 rate per minute (rpm) for
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30 minutes. The clear supernatant sera was separated
and stored at -2°C. The levels of both estrogen and
progesterone in the sera were then measured using the
enzyme linked immunosorbent assay (ELISA) system
kit according to the manufacturers instructions (EIAab,
Wuhan, China for estrogen assay, and ALPCO, Salem,
NH, USA for the progesterone assay). The ELISA for
estrogen level was performed as follows: samples were
placed in a 96-well microplate coated with the primary
antibodies and incubated for 2 hours at 37°C. Liquids
were then removed from each well without washing,
and a detection reagent-A was added, and the plate was
incubated for one hour at 37°C. The plate was then
washed 3 times and detection reagent-B was added, and
the plate was incubated for another one hour at 37°C.
The plate was washed 5 times, and a substrate solution
was added, and the plate was incubated at 37°C. After
30 minutes, a stop solution was added. The ELISA for
progesterone assay was performed as follows: samples
were added to each well, an incubation buffer was added
followed by enzyme conjugate. The plate was incubated
for one hour at room temperature. The plate was then
washed 4 times and the substrate solution was added,
and the plate was incubated for another 30 minutes in
the dark. A stop solution was added, and the absorbance
was then measured.

Sample collection and preparation. After 16 weeks,
6 rats were randomly selected from each group and
were euthanized with diethyl ether. Marked atrophy
of the uterine horns, and no evidence of ovarian
tissue indicated the success of ovariectomy procedure.
The tibia and mandible were harvested by carefully
detaching the soft tissues, and then they were fixed in
formalin for 2 days and decalcified in 10% buffered
ethylenediaminetetraacetic acid (EDTA) for one
week, and embedded in paraffin. Slides from the
paraffin blocks of the tibia and periodontal tissues at
the interradicular septum of the second molar were
prepared for Hematoxylin and Eosin stain (H&E stain)
and immunohistochemical staining.

Immunohistochemical ~staining. Immunostaining
for ER-8 was performed on the slides from the paraffin
blocks. This was carried out using a primary anti-serum
to ERs according to the manufacturer instructions
(DAKO Corp, Denmark) followed by biotinylated
horse anti-mouse anti-serum, avidin-biotin complex
and 3,3’-diaminobenzidine (DAB) in chromogen
solution (DAKO Corp. Denmark). To confirm the
reliability of the technique, a control slide was used, in
which the primary antibody was omitted.

Quantitative  histomorphometric analysis. The
thickness of bone trabeculae and trabecular numbers per
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square millimeter was measured and calculated in the
tibial bones. Similarly, at the site of the interradicular
septum of the second molar, changes in the thickness
of the alveolar bone and area percentage, as well as
the periodontal ligament width and orientation were
assessed. An image analyzing system (Leica Q 500 MCO
Analyzer, Germany) was used for histomorphometric
analysis. Quantitative measurements for ER-f§ were
performed on the immunostained slides by selecting
5 fields from each slide that best reflected the overall
immunostaining. Brown cytoplasmic and nuclear DAB
chromogen stains of ER-f§ were considered a positive
reaction. The mean area percentage of ER-§ expression
in the trabecular bone of the tibia and in the alveolar
bone and periodontal ligament were analyzed, and
automatically measured using the image analyzer.
Statistical analysis. Data set is presented as means +
standard deviations. Comparison of data between both
groups was performed using the independent Student’s
t-test. Statistical significance was considered at p<0.05.

Results. There was no difference in the weight of
the rats between the groups at baseline. Sixteen weeks
after the surgical procedure, a significant increase in the
weight of OVX rats compared to the sham-operated
controls was observed (p=0.001). There was a significant
decrease in the serum level of both estrogen (p=0.001)
and progesterone (p=0.007) hormones in the OVX
rats compared to their sham-operated controls. The
estrogen/progesterone ratio in the OVX rats was higher
compared to sham-operated rats (p=0.004) (Table 1).
Histologically, the trabeculation of the alveolar bone
at the interradicular septum of the second molar in
the OVX rats appeared less than the control rats.
Similarly, in the proximal epiphyseal area of the tibia,
the trabeculation was also reduced. Both the alveolar

Table 1 - Body weights and calculated mean weight changes and serum
levels of estrogen, progesterone, and estrogen/progesterone
ratio in the ovariectomy group (OVX) rats after 4 months
compared with the sham-operated control rats.

Sham-operated

Variables OVX rats P-value
rats

Initial weight (gm) 211 +4.56 218 +13.84  0.083

Final weight (gm) 236 + 16.46 321+25.30  0.001

Final - inicial weight 36.36+17.38  103+2227  0.001

(gm)

Estrogen (pmol/L) 143 + 66.35  49.61 +19.21  0.001

Progesterone (nmol/L) 52.26 + 6.25 6.97 +4.16 0.007

Estrogen/progesterone 4.82+2.82 9.01£435  0.004

ratio

Data are expressed as mean + standard deviation
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Figure 1 - Histological sections of sham-operated rats (A) and ovariectomized rats (B) showing the periodontal ligament (PDL), dentin (D), cementum

(C), and alveolar bone (AB).

Figure 2 - Estrogen receptor (ER)-f§ immunoexpression in the periodontal tissue: A) sham-operated rats, showing strong ER-8 expression (arrows); and B)
ovariectomized rats showing very weak immunostaining, (original magnification x 200).

qgl P'{,

Figure 3 - Estrogen receptor (ER)-8 immunoexpression in the tibia: A) sham-operated rats, showing strong ER-§ expression (arrows); and B) ovariectomized
rats showing very weak immunostaining with large marrow spaces, (original magnification x200).

bone and tibia presented a larger area of bone marrow
in the OVX rats when compared with the control
group. The control group exhibited well-organized
and appropriately oriented periodontal ligament fibers
(PDL) while in the OVX group, the PDL space appeared
wider and disrupted with loss of orientation (Figure 1).
These findings were confirmed statistically by higher
mean thickness and trabecular area percentages of tibia
and alveolar bone in the sham-operated compared with
the OVX rats. Furthermore, there was a significant
decrease in the mean weight of tibia and alveolar bone
of the OVX group compared with the control as shown
in Table 2. The immunoexpression of ER-f in the
OVX rats was weak in the periodontal tissue (Figure 2)

and tibia (Figure 3). The mean percent area of ER-§
immunoexpression was significantly lower in the OVX
group when compared with the sham-operated group
(Table 3).

Discussion. This study was conducted to evaluate
the effect of estrogen depletion on the expression of
ER-f§ in the periodontal tissues and tibia. The results
demonstrated a decrease in the expression of the
ER-f§ in the periodontal ligament and alveolar bone
of ovariectomized rats compared with sham-operated
controls. This substantiates the important role of
estrogen hormones in the maintenance of the periodontal
structures. Few studies have investigated the expression

Saudi Med ] 2014; Vol. 35 3) 245

WWW.Smj.org.sa



Estrogen deficiency and ER-8 level ... A-Sherbini et al

Table 2 - The weight and trabecular bone thickness and area percentage

of the tibia and mandible.
Variables Sham:;fs erated Og‘;irlili::_::y P-value
Tibia
Weight 0.73 + 0.06 0.68 + 0.05 0.001
Trabeculae thickness 85.78 + 10.68 47.09 +5.14 0.001
Area percentage 42.01 +5.30 25.09 + 3.80 0.001
Mandible
Weight 0.66 + 0.07 0.58 £ 0.03 0.035
Trabeculae thickness 89.02+11.96  64.74x14.19  0.001
Area percentage 83.50 + 7.70 60.45 +9.20 0.001

Data are expressed as mean + standard deviation

of ER at the molecular level using mesenchymal cells
and periodontal ligament cells, while there are sparse
data regarding the effect of altered estrogen levels on
the expression of ER in periodontal tissues,'* which was
addressed in the current study.

The mechanism by which estrogen depletion
decreases the expression of ER-{§ is not fully understood.
A possible explanation is that the expression of ER-f8 is
dependent on the continuous intra- and extra-cellular
presence of estrogen. Estrogen regulates the transcription
of ER- intracellularly. This could be caused by the ability
of estrogen to affect its own receptor concentrations
through increasing target tissue responsiveness to
itself." Female sex hormones act via specific receptors.
Thus far, 2 estrogen receptors have been identified and
existed in 2 isoforms; ER-o. and ER-§8."* Regulation
of most cellular process by hormones occur through
its interaction with intracellular receptors. It has been
shown that periodontal tissues contain receptors
for androgens, estrogens, and progesterone.” These
receptors have been identified in the basal and spinous
layers of the epithelium and connective tissue and
are suggested as targets to manifest hormonal effects.
Mamalis et al*” identified the major receptor for estrogen
in the periodontium and examined how estrogen
through its major receptors can regulate proliferation,
osteoblastic  differentiation, collagen synthesis, and
periostin gene expression in periodontal ligament cells.
They concluded that estrogen receptors play key roles in
estrogen-induced effects on proliferation of periodontal
ligament cells, differentiation of osteoblasts, and
expression of important molecules for the functional
and structural integrity of the periodontal tissues.

The current study demonstrated that estrogen
deficiency in ovariectomized rats caused a significant
decrease in alveolar bone mass. A significant reduction
in trabecular number and thickness was also observed.
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Table 3 - The percentage of areas expressing estrogen receptor (ER)-f in
the ovariectomy group (OVX) and control rats.

Sham-operated

Variables OVX rats P-value
rats

Trabecular bone of 7.39£0.02  0.450+0.01  0.008

the tibia

Periodontal tissues 5.501 +0.01 0.36+ 0.01 0.005

Data are expressed as mean + standard deviation

Both the alveolar bone and tibia presented a larger area
of bone marrow in ovariectomized rats when compared
with the sham group. Moreover, the current findings
showed that the mean weight of mandible and tibia
was significantly reduced in ovariectomized rats. These
findings are in line with earlier studies.”»* It has been
documented that estrogen deficiency stimulates bone
resorption by increasing the number and activity of
osteoclast cells due to enhancement of their formation
and reduction in their apoptosis.** Wattanaroonwong
et al® documented that estrogen inhibits osteoclast
formation produced by periodontal ligament fibroblasts.
For this reason, estrogen deficiency has been suggested as
a risk factor for periodontal disease in postmenopausal
women, and seemed to enhance the loss of alveolar bone
volume resulting in the progression of periodontitis.*>*’
Al Habashneh et al® found that osteoporosis was
significantly related to severity of alveolar bone loss and
prevalence of periodontitis. Jabbar et al* concluded
that periodontitis is more common among women
affected with osteoporosis, and is correlated with
lower vitamin D and higher concentration of receptor
activator of nuclear factor kappa-B ligand (RANKL)
and osteoprotegerin (OPG).

The current study has limitations. This is an animal
study, and thus, the results might not be generalized
to human subjects. Furthermore, the expression of
ER-f§ was measured using a semi-quantitative method.
Another limitation is that only ER-f§ was assessed.
Future studies to detect and quantify the expression
of ER-§ and ER-a in the periodontal tissues using
real-time polymerase chain reaction are warranted.

In conclusion, this study demonstrated that ER-3
is expressed in the periodontal and bone cells. Estrogen
deficiency resulted in a significant decrease in the
expression of ER-f in both tibia and periodontal
tissues, and also caused osteoporotic changes.
Continued research is very important to understand
the mechanism and relationship between osteoporosis
and periodontitis. It is necessary to conduct further
research to characterize the expression of ER-§ using
ovariectomized animals with periodontitis.
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