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ESTRADIOL REPLACEMENT THERAPY PREVENTS BONE
MICROVASCULARDYSFUNCTION AND BONE LOSS
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Abstract

Estrogen deficiency leads to various problems in different systems especially vascular system
and bone remodeling, producing vascular disease and osteoporosis. The objective of this study was to
examine roles of estradiol in postmenopausal induced-endothelial dysfunction and bone loss, the
ovariectomized rat model was used. Eighteen female Wistar rats were divided into three groups of
sham, Ovariectomized rats (OVX), and 17[-estradiol treated-ovariectomized rat (OVXg,, 5ug/kg/day;
sc). At 3 weeks after the ovariectomized surgery, the number of leukocyte adhesion in bone
postcapillary venules (diameter = 15-30 um) of each group was determined by Intravital fluorescence
video microscopy. Bone mass density (BMD) and bone formation marker were determined and
represented by percentage of ash/dry matter and osteocalcin activity (using radioimmunoassay (RIA)),
respectively. The results showed that in 3-wk OVX, leukocytes adhesion was significantly increased
compared to their age-matched sham groups. Interestingly, 3-wk-OVX, leukocytes adhesion was
significantly decreased. Besides, in 3-wk-OVXg,, the values of BMD was significantly increased and
osteocalcin activity was significantly decreased as compared with 3-wk OVX. Therefore, our findings
suggested that hormone replacement therapy could effectively prevent bone microvascular dysfunction

and bone loss.
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Introduction

It is know that estrogen deficiency lead to various problems in different system including
cardiovascular system and bone loss. It is believed that cardiovascular disease and bone loss were
caused by endothelial dysfunction, and imbalance of bone formation and bone resorption, respectively.
Estrogen clearly inhibits bone resorption, but enhances bone formation. The process of bone
remodeling is determined by complex sequential interaction involving bone cells and its microcirculation
(Laroche, 2002). Furthermore, the relationship among blood flow within bones, growth factors, and
pro-inflammatory cytokine levels have been revealed for their roles on bone remodeling, bone
formation and resorption (Passeri et al., 1993; Bismar et al., 1995 Roxane et al., 2001 and Salvatore et
al., 2003). We believe that there is a close link between the abnormalities of microvascular function
and subsequently bone remodeling after estrogen depletion. Therefore, in the present study we will

monitor both alteration of bone microcirculation and bone loss in bilateral ovariectomized rats.
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Especially, the effects of estradiol replacement therapy will be evaluated whether its molecular
mechanisms on endothelial function will be accompanied by preventing bone microvascular dysfunction

in associated with preserving bone remodeling or not.

Materials and methods

Animal preparation

Female Wistar rats, 10-weeks old (BW; 220-280g; obtained from National Laboratory Animal
Center of Salaya Campus, Mahidol University, Bangkok), were used in this study. The animals were
feed on normal food and tap water ad libitum under controlled environmental conditions of 12-hr
light/dark period. After the rats were anesthetized by intraperitoneal injection of sodium pentobarbital
(45 mg/kg), a bilateral ovariectomized was then performed (OVX rats) (Khemapech et al., 2003).
Sham operated animals were used as controls.

Animals were divided into three groups of sham, ovariectomized rats (OVX), and OVX-treated
with estradiol (17p-estradiol 5 ug/day; sc; OVXg,). 17B-estradiol was given by subcutaneously
injections immediately after the ovariectomized surgery for prevent estrogen depletion (Case and
Davison, 1999 and Khemapech et al., 2003). All animals were fed by normal food and tap water ad
libitum under controlled environmental conditions of 12-hr light/dark period until the experimental
periods of 3 weeks.

Femur chamber preparation

On the day of experiment, the rats were anesthetized with intraperitoneal injection of 45 mg/kg
of sodium pentobarbital. After the tracheostomy, polyethylene catheters (PE 20) were inserted into
the left external jugular vein for intravenous drug administration. A 150 mm longitudinal skin incision
was made approaching the femur from lateral. The femur was carefully exposed by blunt dissection
between the flexors and extensors muscles to visualized bone vasculature. Prior to monitors of
leukocyte adhesion the femur chamber was position exactly on the study area for enhanced the
focusing of bone microcirculation (Hansen-Algenstaedt et al., 2005).

Intravital fluorescence video microscopy

The rat was anesthetized with intraperitoneal injection of sodium pentobarbital (45 mg/kg).
A constant level of anesthesia was maintained throughout the experiment by supplement dose (20%
of original dose) every 30—-45 minutes. The tracheotomy was performed. The arterial blood pressure
was recorded in the common carotid artery via a pressure transducer (Nihon-Kohden, Japan). The
jugular vein was cannulated for injection of acridine orange (Sigma Chemical Co., USA; 5 mg/100 ml
in normal saline) to label leukocytes. The bone microcirculation was observed using an epi-illumination

fluorescence videomicroscope (Optiphot-2, Nikon, Japan) with a 50 W mercury lamp.
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After femur chamber was put on the study area, the video images were achieved through a
silicon intensified target television camera (Hamamutsu Photonics, Japan, USA), which was projected
on a video monitor (GM-1411 QM, Sony, Japan) using 20 ( or 40) objective lens (CF Plan Fluor,
Nikon, Japan). The selected area was then recorded in real-time by a videotape recorder (SLV-X311,
Sony, Japan) connected to a video timer (VTG-55, FOR-A, Japan) throughout the experimental period.

Leukocyte adhesion

Based on the recorded video images, we counted the number of leukocytes which adhered to
the endothelial wall or remained stationary during 30 seconds or more in postcapillary venules (15-30
um in diameter). Using the mean total number (N) of adherent leukocytes measured from three
venules in one rat with the length ( L, um), we expressed the degree of leukocyte adhesion (Cn) in

terms of cells/100 um vessel length as follows (Jariyapongskul et al., 2006):

Cn=N x 100
L

Bone ash

At the end of each experiment, the right femur bone was removed and placed in 70% alcohol
and dried at 100°C for forty-eight hours, then weighed. After that the dried bone was burned in
covered crucibles at 600°C for 16 hours. Finally, the cooled bone ash was weighed and expressed by
the percentage of Ash/Dry matter (Farzad et al., 2003).

Serum osteocalcin

At the end of each experiment, blood sample was collected by means of cardiac puncture, and
the serum was stored at —70°C until the day of analysis. Serum level of osteocalcin (OC), which is
normally represented as an index of bone formation was determined by radioimmunoassay (RIA) with
a commercial available kit. (Biomedical Technology Inc.) (Zeni et al., 2000).

Statistical analysis

Results were expressed as mean + SD. One-way analysis of variance (ANOVA) was used to
determine the difference of means. Tukey Post-Hoc test was used for multiple comparisons among

groups. The statistical differences were considered at the probability level (p-value) of lower than 0.05.
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Results

Leukocyte adhesion

The degrees of leukocyte adhesion (Cn) calculated for sham, OVX, and OVXg, groups are
shown in Figure 1. On 3 weeks the leukocyte adhesion were increased significantly (p < 0.001),
compared to the corresponding. However, in estradiol treated groups, the leukocyte adhesion were

reduced significantly (p <0.001), compared to OVX group.
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Figure 1 Effect of 173-estradiol on leukocyte adhesion in postcapillary venule of femur

bone at 3 weeks after ovariectomized rats. (n=6). ***p<0.001 vs. sham, and " p<0.001vs. OVX.

Figure 1 showed an example of fluorescence video image to demonstrate leukocytes

adhesion to the venular wall in three groups.
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Figure 2 Fluorescence videomicroscopic images to demonstrate leukocyte adhesion on 3 weeks

after treatment in sham (a), OVX (b), and OVXg, groups (c) (x20
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Figure 3 Effect of 17p-estradiol on serum osteocalcin at 3 weeks after ovariectomized

rats. (n=6). ***p<0.001 vs. sham, and " p<0.001 vs. OVX.
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Figure 4 Effect of 17-estradiol on bone mass at 3 weeks after ovariectomized rats.

(n=6). *p<0.01 vs. sham.

Figure 4 showed the results of bone ash content of the right femur .The results demonstrated
that 17P-estradiol could attenuate the decreases of bone ash content significantly as compared to 3

week- OVX group ( p<0.05)
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Discussion

This study demonstrates that estradiol replacement therapy can prevent bone microvascular
dysfunction and bone loss in OVX rats. After treatment with 17[3-estradiol for 3 weeks, the leukocyte-
endothelial cell interaction had significantly prevented compared to OVX rats (p<0.001), suggesting that
estrogen play a role in anti-inflammation properties to prevent endothelial dysfunction. Several studies

have suggested that the decline in ovarian function with menopause is associated with spontaneous

increase in pro-inflammatory cytokines, IL-1, IL-6 and TNFOL by monocytes, bone marrow
macrophages, and osteoblasts (Pacifici,1991; Kitasawa et al., 1994; Tostes, 2003). Therefore, the
recruitment of leukocyte adhesion may be enhanced via the consequence of estrogen deficiency-
induced pro-inflammatory cytokines production. Besides, estrogen has been demonstrated for its role
in up-regulating endothelial nitric oxide synthase (eNOS) expression and so increase NO generation.
Constitutive NO production by endothelium is well known for its anti-adhesive properties (Hudetz,
1999). Therefore, we believe that the recruitment of leukocyte adhesion may be enhanced by this
reduction of NO bioavailability.

Roberto (2000) has showed that during ischemia in the cerebral circulation of female rats, the
significant increase in basal leukocyte adhesion was obtained in estrogen depletion as compared to
normal. And after treatment with estrogen, the abnormality has been attenuated. Their finding showed
that ovariectomy-induced chronic estrogen depletion was associated with an enhanced leukocyte
adhesion similar to our results of bone microcirculation.

Osteocalcin is a protein secreted by mature osteoblasts, and it has been shown to correlate
with the bone turnover rate, including both active bone formation and resorption. Multiple studies have
demonstrated a rise in osteocalcin levels in postmenopausal women with osteoporosis (Aleksandra et
al.,, 1999). Our results showed the correlation of osteocalcin activity and bone mass density in each
group, therefore, it supported the evidence that estrogen has its role on bone formation (Binbin and
Shifeng, 2003).

In conclusion, the results of our experiment demonstrated that both bone mass density and
endothelial dysfunction as characterized by leukocyte adhesion were occurred 3 weeks after OVX.
Therefore, it may be indicated for a correlation between blood supply and bone remodeling.
Interestingly, our findings suggested that estrogen replacement therapy could effectively prevent both

vascular endothelial dysfunction and bone loss.
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