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ARTICLE INFO ABSTRACT
Article history: Background: Postmenopausal period is associated with a high incidence of symptoms
Received 12 October 2014 in the lower urinary tract. Aim: to investigate the beneficial effect of defatted flaxseed
Received in revised form 26 December (FS), as a natural alternative to hormonal therapy, on the deterioration of urinary
2014 bladder in experimentally menopaused albino rats in view of the health risks associated
Accepted 1 January 2015 with hormones. Methods: Thirty 3-month old non pregnant female albino rats were
Available online 27 February 2015 randomized into five equal groups: Group | (Sham-operated), Group Il (Sham-operated
with FS), Group Il (ovariectomized), Group IV (ovariectomized + estrogen) and Group
Keywords: V (ovariectomized + FS). The experimental period lasted for 12 weeks. Animals'
Defatted flaxseed, urinary bladder, bladders were processed for light and scanning electron microscopic examination. In
ovariectomy , rat. addition, quantitative assessments of collagen fiber content as well as estrogen receptor

a (ER-a), estrogen receptor B (ER-B) and desmin immunoexpression were performed.
Results: Our results revealed a significant protective effect of defatted flaxseed on the
urinary bladder of ovariectomized rats. These beneficial effects of flaxseed were mainly
due to its estrogenic action, upregulating ER-R expression. Conclusion: Defatted
flaxseed has promising effects on improvement of altered structure of the urinary
bladder in ovariectomized rats. This may provide a potential therapeutic approach for
lower urinary symptoms among menopaused women.
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INTRODUCTION

The female genitals and lower urinary tracts share a common embryologic origin, arising from the
urogenital sinus. Both are sensitive to the effects of female sex steroid hormones (Yang et al., 2009). Females
are exposed to periods of marked hormonal changes as during puberty, pregnancy and menopause. These
hormonal changes induce significant variations in different body tissues including the lower urinary tract (Levin
and Longhurst, 1996). Among these changes is the decrease in circulating estrogen after menopause. The
urinary bladder is considered a target organ for the action of estrogen (Aikawa et al., 2003). The cellular effects
of oestrogen are mediated via its interaction with oestrogen receptors (ERs). Two distinct estrogen receptors, ER
alpha and ER beta, encoded by separate genes, have been identified in rat, mouse and human (Cheskis et al.,
2007). Estrogen receptors (ERs) have been shown to be present in the vagina, urethra, bladder, and pelvic floor
musculature. However, ER beta appears to be the predominant estrogen receptor type in the urinary bladder and
urethral epithelium of both sexes (Taylor and Al-Azzawi, 2000).

Estrogen replacement therapy (ERT) has been used for many years to relieve urinary symptoms in
postmenopausal women. Supplementary estrogen can improve bladder function which may be due to inhibition
of collagen hyperplasia and increased smooth muscle density (Yang et al., 2009). However, ERT is associated
with a higher risk of hormone-related cancer (Anderson et al., 2003) and other unfavorable adverse events
(Morabito et al., 2002). Consequently, it is necessary to develop safer and natural alternatives to ERT.

Phytoestrogens are naturally occurring plant compounds which were reported to have the ability to mimic
the actions of oestrogen. They include the lignans, found in most plant foods but in the highest concentrations in
flaxseed (Thompson, 2003) and the isoflavones, which are abundant in soy and soy products (Turner et al.,
2003). Flaxseed (Linum usitatissimum) is an oilseed increasingly used as an ingredient in food products because
of its high alpha-linolenic acid and dietary fiber content, but recently also because of its secondary metabolites
(Feng et al., 2008). Important secondary metabolites are lignans, which are present in flaxseed in a higher
concentration than in other edible sources (Milder et al., 2005).The main lignan in flaxseed is
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secoisolariciresinol diglucoside (SDG), which is present in defatted flaxseed flour in concentrations up to 3%
(w/w) (Johnsson et al., 2000). It is metabolized into the more biologically active mammalian lignansenterodiol
(END) and enterolactone (ENL) by microbiota in the colon (Jacobs et al., 1999).

The aim of this study was to investigate the beneficial effect of defatted flaxseed on the urinary bladder
morphology in experimentally menopaused albino rat and whether hormonal therapy could be replaced with
natural compounds with similar effects.

MATERIALS AND METHODS

Experimental substances:

- 17alpha ethinylestradiol (E2) (Kahira pharmaceutical and Chem. Ind. Company. Cairo-Egypt), in the form
of 50 pg tablets. The tablets were crushed in powder form, dissolved in distilled water and given by a gastric
tube in a dose of 25 pg /Kg body weight/day (Elbostany et al., 2013).

- Anti-Desmin (DE-R-11) mouse monoclonal antibody (Ready to use for immunohistochemical staining). It
was supplied by Neomarkers Laboratories and Lab Vision Corporation.

- Anti ER alpha (ER-alpha) rabbit polyclonal antibody (Ready to use for immunohistochemical staining). It
was supplied by Neomarkers Laboratories and Lab Vision Corporation.

- Anti ER beta (ER-beta) rabbit polyclonal antibody (Ready to use for immunohistochemical staining). It was
supplied by Neomarkers Laboratories and Lab Vision Corporation.

Preparation of defatted flaxseed (lipid extraction):

This preparation was done at Food Technology Research Institute, Dokky, Egypt. Flaxseed was purchased
from the local market, washed and dried. The seed oil content was determined using the Soxhlet extraction.
Flaxseeds were defatted by petroleum ether 40-60°C using Soxhlet apparatus. Residual solvent was evaporated
from defatted flaxseed using hot air oven (rotavapor) at 40 °C. Lipid content was expressed as g/100 g of seed
fresh weight (Elbostany et al., 2013).

Animals:

Thirty Sprague-Dawley female albino rats (3 months old, weighing 180-200 g) were obtained and housed
in the animal house of Faculty of Medicine, Menoufia University, Egypt. Animals of each group were housed in
separate hygienic cages at the room temperature. The cages were provided with white paper bedding to allow
complete collection of any remaining food. The animals received a standard diet for rodents and allowed free
access to water. The food was introduced daily and any remaining food was removed, weighed and recorded.
The animals were treated humanely and care was taken to ease suffering. This study has been approved by the
ethics committee on animal research, Faculty of Medicine, Menoufia University, Egypt.

Experimental design:
Rats were randomly divided into five equal groups as the following description:

Group | (Sham-operated): were fed on BD for 12 weeks and served as controls. Group Il (Sham-operated + FS)
were sham-operated and kept for 4 weeks after which, were fed on 10 g defatted flaxseed per 100g standard diet
for 8 weeks. The other three groups were ovariectomized. Rats of Group 111 (Ovx) were fed on standard diet for
12 weeks. One month after ovariectomy, rats of Group IV (Ovx+ E) received 17alpha ethinylestradiol (E2) (25
ug /Kg body weight/day) orally by gastric tube, in addition to standard diet, for 8 weeks. Group V (Ovx+ FS):
were fed on 10 g defatted flaxseed per 100g standard diet for 8 weeks.

Ovariectomy:

Rats were placed in supine position under light ether anesthesia. Bilateral ovariectomy was performed
through a midline incision, after shaving and disinfection of the anterior abdominal wall by povidone iodine
(Betadine). The abdomen was explored for identification of the bicornuate uterus and then along the two uterine
horns towards the ovaries, followed by ligation of the ovarian pedicle and vessels using vicryl 30 (synthetic,
absorbable, polyglyctan) sutures (Ethicon Company, America) and then excision of the ovaries was performed
(Waynforth, 1980). Aqueous penicillin (Epico pharmaceutical company, Egypt) in powder form was dissolved
in distilled water and poured intraperitoneally at the time of the operation before closing the incision. Closure of
the wound was done using the same suture material. Garamycin cream was applied locally as a wound dressing
for 5 days post-operative to reduce the risk of wound infection (Kalu et al., 1989). Sham-operated group
underwent a similar surgical incision exposing the ovaries and replacing them in the same position, just to be
exposed to the same stress of the operation. The same antiseptic precautions and the same way of wound closure
were followed as for the ovariectomized rats (Behari and Behari, 2009).

After 12 weeks, all animals were anaesthetized with Phenobarbital sodium and were sacrificed by cervical
dislocation. The bladder was removed through a lower midline abdominal incision. Using a sharp stainless steel
razor blade, the bladder is divided longitudinally from the neck to the bladder fundus into equal ventral and
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dorsal parts maintaining the ventral to dorsal orientation. Half of the ventral bladder was processed for light
microscopy and saved in 10% neutral buffered formalin for 24h, dehydrated in ascending grades of ethanol,
embedded in paraffin and processed to obtain paraffin blocks. The other half of the ventral part was prepared for
scanning electron microscopy (SEM) by fixing in 2.5% glutaraldehyde in 0.1 mol/l phosphate buffer for 24 h.
The specimens were rinsed twice in phosphate buffer for 15 min each, followed by the postfixative 1% osmium
tetroxide in 0.1 mol/l phosphate buffer (pH 7.2) for 2 hours (Babinski, 2007).

Histological and immunohistochemical studies:

Paraffin sections were prepared with a thickness of 5 microns, mounted on glass slides and stained with
H&E and Mallory's trichrome technique (Drury and Wallington, 1983). Immunchistochemical preparation was
done for detection of desmin reaction in the smooth muscle cells, estrogen receptor alpha (ER-alpha) and
estrogen receptor beta (ER- beta) using the labeled Avidin-biotin peroxidase complex technique (Bancroft and
Cook, 1994). Formalin-fixed, paraffin-embedded sections of the urinary bladder were dewaxed and dehydrated
with ethanol. Endogenous peroxidase activity was stopped by treating the sections with hydrogen peroxide.
Sections were rinsed, treated with normal horse serum to reduce nonspecific background staining, rinsed, and
then incubated with the 1ry antibody. Sections were counterstained with hematoxylin, examined with an
Olympus light microscope (BX51TF; Olympus, Tokyo, Japan) and photographed.

Quantitative Morphometric assessment:

Data were obtained using "Leica Qwin-C500" image analyzer computer system (England). The following
parameters were measured:
1) The area percent of connective tissue in Mallory's trichrome stained sections.
2) The area percent of positive desmin immunoreactivity in smooth muscle fibers.
3) The percent of ER-alpha and ER-beta positive cells in urothelium in immunostained sections. The number of
positive cells was counted and the data were presented as percentage of the total number of cells.

For each parameter, 10 non overlapping fields for every specimen, at magnification X 400, were examined.

Statistical analysis:

The data obtained were presented as mean + SD. Data analysis was performed using GraphPad Prism
version 4.03 for Windows (GraphPad software Inc., San Diego, California, USA).The obtained data were
analyzed through the use of the analysis of variance (ANOVA) and the differences among groups were
determined by Newman-Keuls multiple comparison test as post test. The results were considered statistically
significant and nonsignificant when the P values were <0.05 and more than 0.05 respectively (Dawson and
Trapp, 2001).

Ultrastructural studies (SEM):

After postfixation, specimens were rinsed with two changes of buffer for 15 min each to remove unbound
osmium tetroxide out of the tissue. Dehydration was then carried out in graded series of ethanol, for 15min each.
All the specimens were then dried with a Baltec 030 critical point dryer (Natick, Massachusetts, USA) and
coated with gold using Baltec 030 sputter coater. Examination was carried out using Philips XL30 SEM
(Amsterdam, Netherlands) under a high tension of 25 kV (Hayat, 1981; Bozzola and Russell, 1999). SEM
processing and examination were carried out at electron microscopy unit, Faculty of Medicine Tanta University.

Results:
There was no significant difference between sham operated and flaxseed treated rats in all the
outcomes of this study; therefore, these two groups were pooled in one group (control).

Gross observations:
There were no deaths in any of the groups. No abnormal signs were detected in the animals.

Light microscopic results:

Hematoxylin and Eosin (H&E) stained sections in the urinary bladder of control rats showed different
layers. The mucosa was formed of transitional epithelium (urothelium) and underlying lamina propria of
connective tissue (C.T.). The muscularis propria was formed of smooth muscle bundles that appeared intact. The
adventitia was formed of loose C.T. The transitional epithelial cells were arranged in order on indistinct
basement membrane; the basal cells, intermediate cells, that appeared polygonal, & the superficial large cells.
Lamina propria was formed of C.T. in the form of superficial dense layer and deep loose layer. The muscularis
propria showed intact, well distributed smooth muscle bundles separated by C.T. Mallory's Trichrome stained
sections showed compact well-arranged smooth muscle bundles with collagen fibers in-between (Fig.1 a,b,c
&d).
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H&E stained sections in the urinary bladder of Group Il (Ovx) showed that the transitional epithelium
exhibited exfoliation and shedding in some areas of the bladder mucosa. Some transitional epithelial cells
showed vacuolization and pyknotic nuclei in addition to widening of intercellular spaces. Lamina propria
showed marked mononuclear cellular infiltration. Invagination of the urothelium was observed in the form of
nests. At higher magnification, epithelium showed detachment and disruption. The remaining cells exhibited
cytoplasmic vacuolation & pyknotic nuclei. In addition, bundles of smooth muscle fibers appeared widely
separated and cytoplasm appeared pale with marked vacuolation. In Mallory's trichrome stained sections,
smooth muscle bundles appeared less compact with widening of the spaces in-between and significant
increased content of collagen fibers (P < 0.001) as compared to control (Fig.2 a-f) & histogram (1).

Sections in the urinary bladder of Group IV (Ovx+ E) revealed a well-organized general architecture similar
to that seen in Group I, however; some nuclei were still pyknotic. Smooth muscle cells appeared more or less
normal. Mallory's trichrome stained sections showed a significant decrease (P < 0.001) in collagen fibers when
compared to Group Il (Fig.3 a-d) & histogram (1).

In Group V (Ovx+ FS) H&E stained sections showed restoration of all layers and smooth muscle fibers
appeared compact. However at higher magnification, details of transitional epithelium were detected in the
form of cellular vacuolation and wide intercellular spaces. Lamina propria showed dilated congested blood
vessels. The smooth muscle fibers appeared more or less normal; however, some showed cytoplasmic
vacuolation. The collagen fibers stained with Mallory's trichrome were significantly decreased (P < 0.001) in
lamina propria and between muscle bundles, when compared to group I1 (Fig.3 e-h) & histogram (1).

As regards the immunostained sections for intermediate filaments of desmin, the control rats showed
positive reaction in the smooth muscle cells. In group 11 (Ovx), there was significant decrease (P < 0.001) in the
area percentage of desmin immunoreativity, compared to control group, due to decreased muscle bulk. In
Groups IV (Ovx+ E) and V (Ovx+ FS), the immunostained sections did not record a significant difference from
that of control group but showed a highly significant increase (P < 0.01) when compared to group 11 (Fig.4 a, b,
¢ & d) & histogram (1).

Immunostained sections for ER-alpha in control rats showed that, the transitional epithelial lining cells
exhibited positive reaction in some of their nuclei. In Group Il (Ovx), the mean percent of ER-alpha positive
cells was significantly upregulated (P < 0.001) compared to control. administration of oestrogen and defatted
flaxseed in groups IV and V' respectively showed a non- significant decrease in ER-alpha expression compared
to group 111 (Ovx) (Fig.5 a, b, ¢ & d,) & histogram (2).

o~ AN ALY Vi SR LR
Fig. 1: Light microscopic pictures of urinary bladder from control rats showing (a) transitional epithelium (T),
underlying lamina propria (LP), smooth muscle bundles (M) of muscularis propria, connective tissue
(CT) between muscle bundles, blood vessels (arrow head) and loose connective tissue (arrow) of
adventia (H&E, x200). (b) superficial epithelial cells (arrow), intermediate polygonal cells (notched
arrow) and basal cells (bent-up arrow), plasma membrane of the luminal surface of the superficial cells
(double headed arrow), superficial dense (star) and deep loose (arrow head) layers of lamina propria
(H&E, x400). (c) smooth muscle bundles (M) of muscularis propria with homogeneously oesinophilic
cytoplasm and oblong nuclei (arrow) and separated by connective tissue (H&E x400). (d) compact well-
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arranged smooth muscle bundles (M) with collagen fibers (blue) in-between and in lamina propria (LP)
(Mallory's trichrome, x200).
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shedding of the transitional epithelium (arrow) & mononuclear infiltration in the lamina propria (arrow
head) (H&E, x200). (b) vacuolization and ballooning of epithelial cells (arrow), some cells with small
pyknotic nuclei (notched arrow), widening of intercellular spaces (arrow head)& marked leucocytic
infiltration (1) in the lamina propria (H&E, x200). (c) an invaginated nest of urothelium (N) in the
lamina propria (H&E, x200). (d) detachment and disruption of the epithelium (arrows), cells with small
pyknotic nuclei (arrow head) & a dilated congested blood vessel (BV) in the lamina propria (H&E
x400). () smooth muscle bundles with wide spaces in-between (star). Pale cytoplasm (arrow) with
marked vacuolation (arrow head) (H&E, x400). (f) apparent increase in collagen deposition (blue) in
lamina propria (LP) and between the widely separated muscle bundles (M) (Mallory's Trichrome x200).

In ovariectomised rats, there was significant downregulation of ER-beta immunostaining (P < 0.001) in
urothelial cells compared to control. This downregulation was significantly increased (P < 0.01), compared to
group 111 (Ovx), to become insignificant from control (Fig.6 a, b, ¢ & d,) & histogram (2).

Electron microscopic results:

Scanning electron microscopy of urinary bladder surface epithelium of control group showed normal
picture of epithelial surface in the form of flat, large cells without necrosis or proliferation. Group Il (Ovx)
exhibited multifocal urothelial necrosis and exfoliation. In some areas, the surface epithelium exhibited
prominent pleomorphism and pilling up of cells indicative of epithelial hyperplasia. In groups IV and V, the
picture was more or less similar to that of control. In group V, however, pilling up of cells was still observed in
some areas (fig.7 a-e).

Discussion:

Postmenopausal estrogen deprivation has been suggested as the major risk factor for lower urinary tract
dysfunction including stress incontinence, overactive bladder and recurrent urinary tract infections as well as
urogenital atrophy. These symptoms associated with hypoestrogenism could have enormous effects on
individuals and health-care providers in terms of impact of quality of life (Valentini et al., 2011).Several clinical
studies suggested that estrogen replacement therapy is associated with beneficial effects on the lower urinary
tract in postmenopausal period (Aikawa et al., 2003). On the other hand, hormone replacement therapy increases
the risk for endometrial and breast cancer compared to other therapies (Beral et al., 2005).

In our experiment, defatted flaxseed was chosen as a protective agent with estrogenic action.
Secoisolariciresinol diglycoside (SDG), the most abundant lignan in flaxeed, is metabolized by colonic bacteria
into the more biologically active mammalian lignans, enterodiol (ED) and enterolactone (EL) (Simbalista et al.,
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2010). Because the mammalian lignans share structural similarity to the steroid hormone 17beta-estradiol, they
can elicit estrogenic action in hormone-sensitive tissues and have the potential to modulate hormone-related
diseases (Penttinen-Damdimopoulou et al., 2009). Lignans were reported to exhibit protective effects against
hormone-related types of cancer like breast cancer (Boccardo et al., 2004). Furthermore, flaxseed extract was
found to prevent bone loss resulting from oestrogen deficiency in aged female rats (Elbostany et al., 2013).

Therefore, this study was performed to investigate whether defatted flaxseed has a protective effect on
changes in the urinary bladder morphology associated with estrogen deprivation in rats. The study also targeted
elucidating the possible mechanism of estrogen action via localization of ER-alpha, ER-beta in the urinary
bladder transitional epithelium by immunohistochemical means.
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Fig. 3: Light microscopic pictures of urinary bladder from group IV (Ovx+ E): a,b,c,&d and group V (Ovx+
FS): e,f,g&h treated rats showing (a) a well organized architecture of all bladder layers with restoration
of transitional epithelium (T), lamina propria (L) & smooth muscle bundles (M) which appear compact
and well distributed (H&E x200). (b) restoration of transitional epithelium (T) with epithelial cells lined
in order, Some pyknotic nuclei (arrow) & a rich network of blood capillaries (arrow head) in the lamina
propria (LP) (H&E x400).(c) normal appearance of smooth muscle fibers (M) with homogeneously
oesinophilic cytoplasm and oblong nuclei (arrow) (H&E x400).(d) closely compact smooth muscle
bundles (M) with less collagen fibers in-between and in lamina propria (LP) when compared to Group
111 (Ovx) (Mallory's trichrome x200). (e) nearly normal transitional epithelium (T), lamina propria (L)
& closely compact smooth muscle bundles (M) (H&E x200). (f) transitional epithelium (T) with some
vacuolated cells (notched arrow), widening of the intercellular spaces in a few areas (arrow) & a few
dilated congested blood vessels (BV) in the lamina propria (LP) (H&E x400). (g) compact smooth
muscle bundles (M) with cytoplasmic vacuolations in a few bundles (arrow) (H&E, x400). (h) compact
smooth muscle bundles (M) with less collagen fibers (blue) in-between and in lamina propria (LP)
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(Mallory's trichrome x200).

W R A 8% Sk, ¢
Fig. 4: Light microscopic pictures of urinary bladder sections immunostained for desmin from: (a) sham
operated rats showing positive desmin immunostaining in smooth muscle bundles (M). (b)
ovariectomized rats showing apparent decrease of desmin immunostaining in smooth muscle bundles
(M) which appear thinner and widely separated. (d) group IV (Ovx+ E) showing increased desmin
immunostaining as compared to ovariectomized rats. (e) group V (Ovx+ FS) showing a pattern more or
less similar to that of control (desmin immunostaining, x200)

In this experimental study, adult female albino rats aged 3 months old were chosen to be in the reproductive
period of life. According to Suckow et al. (2005) female rats reach sexual maturity at 2 months of age, their
reproductive system is fully functioning and their maximum fertility is reached at between 3-10 months of age.

Marked epithelial changes were demonstrated in the current study on examining urinary bladder Hx & E
stained sections of the Ovx group, ranging from disruption, exfoliation of some parts of the epithelium to
complete epithelial shedding in other areas of bladder mucosa. Some of the remaining epithelial cells exhibited
cytoplasmic vacuolation, while other epithelial cells showed pyknotic nuclei. Parekh et al. (2004) reported
similar findings of bladder mucosal atrophy after Ovx. They postulated that chronic Ovx resulted in decreased
level of circulating estrogen with significant decrease in the blood flow and increase in tissue hypoxia with
consequent mucosal atrophy. In the current work, the presence of large cytoplasmic vacuoles and widening of
intercellular spaces in some epithelial cells after Ovx might be related to bladder epithelial permeability or
barrier function disorders which cause osmotic and trans-epithelial bulk water flow and appearance of these
vacuoles (Cayan et al., 2006).

In the current work, the marked mononuclear cellular infiltration observed in the lamina propria of
connective tissue under the epithelium in the Ovx group, is probably resulting from estrogen deficiency and the
consequent decrease in blood flow and hypoxia occurring to the urinary bladder. Hypoxia is a well-known
stimulant for angiogenesis. Hypoxia inducible factor (HIF-lalpha) is an important mediator of vascular
endothelial growth factor (VEGF) expression (Kazi et al., 2005). This might lead to congestion & might explain
the mononuclear cellular infiltration found in lamina propria of the Ovx group. This finding was also observed
by Cayan et al. (2006) who reported marked increase in mast cell and leucocytic infiltration in cases of Ovx as
well as in cases of Ovx with chronic cystitis, resulting in significant decrease in the mean maximal bladder
capacity and compliance. Similar findings were reported by Tanidir et al. (2011) who reported significant
histological changes in Ovx rats in the form of epithelial damage and inflammatory cell infiltration when
compared to the control group. Further, parts of the urothelium were invaginated and formed nests. It was
recorded by other investigators that the urothelium could proliferate into buds (nests of von Brunn), which grow
down into the connective tissue beneath the epithelium in the lamina propria. It was considered a common
chronic reactive inflammatory disorder (Grignon and Sakr, 1995).
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Fig. 5: Light microscopic pictures of urinary bladder sections immunostained for ER-a. from: (a) sham operated
rats showing positive ER-a Immunostaining in some nuclei of transitional epithelial cells (arrow). (b)
ovariectomized rats showing apparent increase of positive ER-a Immunostaining in transitional
epithelial cells when compared to Group | (arrows). (d) group 1V (Ovx+ E) & (e) group V (Ovx+ FS)
showing a pattern more or less similar to that of ovariectomized rats (ER-o. immunostaining, x400 )

In the current work, sections in the urinary bladder of Group IV (Ovx+ E) revealed a well-organized
general architecture similar to that seen in Group | however; some nuclei were still pyknotic and in Group V
(Ovx+ FS) sections showed restoration of all layers however at higher magnification, details of transitional
epithelium were detected in the form of cellular vacuolation and wide intercellular spaces. Lamina propria
showed dilated congested blood vessels. These morphological alternations clearly indicate that estrogen or
defatted flaxseed supplementations after Ovx resulted in epithelial growth and restoration. The presence of some
pyknotic nuclei and cytoplasmic vacuolation may be a remaining atrophic symptom that did not completely
improve with estrogen or defatted flaxseed supplementations.

Despite the obvious change in the thickness of the epithelium in the examined sections of different groups,
it was not considered one of the morphometric items for measurement. This was based on the fact that the
thickness of the urothelium of the bladder will not only vary according to the degree of distension and
anatomical location but also according to the plane on which the tissue is cut (Mills, 2007).

Thus, it is clear that estrogen and defatted flaxseed have profound effects on the female urinary bladder
especially at periods of hormonal changes. Such estrogenic effects are probably mediated through estrogen
receptors as indicated by upregulation of ER-beta expression. ER-alpha and ER-beta were seen mainly in
epithelial cells however, ER-beta appeared to be the predominant estrogen receptor type. In this study,
ovariectomy resulted in a significant increase in ER-alpha and decrease in ER-beta. Moreover, estrogen or
defatted flaxseed supplementation caused a significant increase in ER-beta towards control levels with no
significant effect on ER-alpha expression. This was agreed by Yang et al. (2009) who stated that, with estrogen
deficiency ER-alpha was upregulated and ER-beta down regulated. They added that after estrodiol
augmentation, ER-alpha expression had a trend to change to Sham levels but there was no statistical difference
when compared to Ovx. ER-beta increased significantly compared to Ovx group but did not reach the levels of
the Sham group. The mechanism by which ER-alpha was upregulated in Ovx group was not clearly understood.
It is well established that estrogen receptors mediate proliferation of epithelia, including human urothelial cells
probably through stimulation of nerve growth factor (NGF) synthesis (Bai et al., 2000). Such down regulation
of ER-beta in the Ovx group probably explains the atrophic changes induced in the urothelium, in the form of
exfoliation and shedding of epithelial cells, as detected by light and scanning electron microscopy, in some parts
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of the bladder mucosa. In groups 1V and V, the surface epithelium exhibited prominent pleomorphism and
pilling up of cells indicative of increased epithelial thickness (hyperplasia). Then, the up-regulation of ER-beta
in the groups treated with estrogen or defatted flaxseed clearly indicates that ER-beta expressed by urothelial
cells mediate estrogen-induced cell proliferation in these cells, causing restoration of the lining transitional
epithelium which appeared well-formed. These findings suggest that ER-beta isoform plays an important role in
modulating the effect of estrogen and consequently, further improvement of the urinary bladder (Teng et al.,
2008).

A 2 s

Fig. 6: Light microscopic pictures of urinary bladder sections immunostained for ER- 8 from: (a) sham operated
rats showing positive ER-B immunostaining in many nuclei of the lining transitional epithelial cells
(arrows). (b) ovariectomized rats showing a few cells of transitional epithelium expressing positive
immunostaining in their nuclei (arrows). (d) group 1V (Ovx+ E) & () group V (Ovx+ FS) showing a
pattern more or less similar to that of control (arrows) (ER-B immunostaining x400 ).

On examining the musculosa of the Ovx group, the smooth muscle bundles appeared disrupted, widely
separated with marked cytoplasmic vacuolation and increased content of connective tissue in-between. These
changes could be explained by a drop in the blood flow caused by estrogen deficiency with subsequent
reduction of oxygen supply and hypoxia resulting in an ischemic environment within the detrusor muscle
compartment of the urinary bladder with consequent smooth muscle atrophy (Aikawa et al., 2003). Our findings
agree with those of Galvin et al. (2004) who hypothesized that smooth muscle cells respond to the presence of
hypoxia through significant up regulation of survival factors, (HIF 1 alpha) and (VEGF) in a time dependent
manner. Hypoxia doesn’t induce cell death, but significantly reduces the rate of proliferation overtime,
associated with an increase in the cell cycle inhibition. Azadzoi et al. (1996) reported that such ischemic insult
to detrusor smooth muscle causes activation of sensory nerves with subsequent detrusor overactivity, which may
be related to instability symptoms such as urgency, frequency and incontinence ( the components of overactive
bladder syndrome). So ovarian hormonal production is an important factor for mediating the integrity of adult
detrusor as well as its innervations in female mammals.

Following estrogen or defatted flaxseed supplementation, smooth muscle bundles appeared compact with
decreased content of connective tissue. Estrogen supplementation induces its effect on smooth muscle by
stimulating increased blood flow and angiogenesis. Estrogen is proposed to modulate angiogenesis directly via
effects on endothelial cells (Losordo and Isner, 2001). Marked changes in smooth muscle bulk were further
demonstrated and verified using desmin immunostained sections. Desmin-deficient mice showed structural
changes with a partial disruption of the wall of the urinary bladder. The authors concluded that desmin in the
bladder smooth muscle is not needed for growth but has a role in active force transmission and maintenance of
wall structure (Scott et al., 2008).
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Fig. 7: Scanning electron microscopic pictures of urinary bladder from (a) sham operated rats showing normal
urothelial surface in the form of large flat cells (X 750). (b) ovariectomized rats showing areas of
exfoliation (arrows) in superficial urothelial cells (X 1000). (c) group IV (Ovx+ E) & (d) group V (Ovx+
FS) showing a nearly normal urothelial surface with areas of pilling up of cells (X 750).
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Histogram 1: Comparison of the mean area % of collagen and mean area % of desmin positive
immunoreactivity between the different studied groups.
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Histogram 2: Comparison of the mean percent of ER-a positive cells and mean percent of ER-R positive cells
between the different studied groups.

The current results revealed that there was a highly significant increase in the area percentage of collagen
fibers in the wall of the urinary bladder in Ovx group. It was postulated that chronic inflammation could account
for the increased collagen fiber deposition in ovariectomized rats (Zeidel, 1997). Xin et al. (2009) reported that
in Ovx, collagen fiber hyperplasia induced weaker bladder compliance. In addition, it may interfere with
electrical transmission, increasing the bladder’s instability & influencing detrusor muscle contractility. Thus, it
could be suggested that increased collagen deposition in urinary bladder could certainly affect the functional
properties of the lower urinary tract and thereby interfering with bladder contraction and again having a great
contribution to urinary bladder dysfunction as in cases of females with urinary incontinence. In the estrogen or
defatted flaxseed treated groups, smooth muscle density increased with consequent decrease in collagen fiber
content. This might be a protective mechanism induced by estrogen as reported by Blacher et al. (2000) who
reported that there is evidence that estrogen exerts its cardioprotective action against collagen formation by
preventing the proliferation of fibroblasts and collagen deposition in the blood vessels of the heart and this
action may be via the endothelial release of nitric oxide and estrogen might probably protect the bladder by the
same mechanism of action.

Findings from this study revealed that defatted flaxseed may provide a dietary approach for maintaining
normal bladder morphology after cessation of endogenous estrogen production. Such dietary intervention may
act as a natural alternative to traditional hormone replacement therapy among postmenopausal women.
Therefore, the current study recommends that the partially defatted flaxseed (cake), produced from oil
extraction, can be reused and incorporated into human daily food as bread or another food product.
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