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ABSTRACT
Deterioration of pelvic support and urinary and fecal control in women occurs after the
menopause but it is not clear whether these manifestations are age or hormone related.
Furthermore, it is not known whether estrogen deficiency after the menopause accelerates
the adverse effects of biological ageing on female pelvic support and urinary and fecal
continence mechanisms. This hypothesis can be tested in a female rat animal model with
a long life span (Fischer 344) after ovariectomy and postoperative administration of
estrogen and/or growth hormone releasing peptide (hexarelin) that has an anti-ageing
effect, or no intervention. The results can be compared between aged and young adult rats
using functional and morphological assessments at different hierarchical levels. These
include the indicators of estrogen deprivation at the menopause such as amount and
distribution of collagen fibres types I and III, number of vascular plexus in the urethral
and anal canal submucosa, expression of estrogen receptors in the pelvic floor, urethra

and anal canal and amount or relative distribution of muscle fibre types and the specific
cellular markers of ageing such as expression of cytoplasmic p27kip1 protein in the
pelvic floor and the urethral and anal sphincter muscles. This work may assist in
understanding changes caused by biological versus reproductive senescence of the pelvic
floor with a potential for improved and preventive therapeutic interventions in the
climacteric population.
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INTRODUCTION
The study of the menopause has received much attention recently for two main reasons.
The first is the increased life expectancy of women and of subsequent postmenopausal
manifestations. In the United Arab Emirates [UAE], for example, the median age of
natural menopause is 48 years (mean = 47.3 ± 3.3, range = 40-59) and the average life
expectancy of UAE women is 76.2 years . The improved health services and recent
affluence in the country allows for UAE women to live longer and therefore experience
postmenopausal complications during approximately one third of their life span 1. The
second reason is the current medical and public concern about the serious adverse effects
of hormone replacement therapy in postmenopausal women as reported in the Women's
Health Initiative Trial 2.
In particular, there is considerable interest in the recent literature concerning the
deterioration of pelvic support and urinary and fecal control in women after the
menopause 3-6. Although it is generally assumed that these manifestations are related to
a fall in circulating estrogen levels at the time of menopause, changes due to the ageing
process itself cannot be excluded. Furthermore, the contribution of age as independent
risk factor for pelvic floor dysfunction in climacteric women is rarely, if ever, described
in Anatomy or Physiology texts. We have also been unable to locate a discussion of this
subject in monographs about female pelvic floor disorders in Urogynecology or
Colorectal texts 7,8. In contrast, changes induced by ageing are widely appreciated in the
pathogenesis and management of other degenerative geriatric disorders in women such as
bone, joint and neurological diseases 9.
HYPOTHESIS
To date, the relationship between the pure effects of estrogen deficiency as opposed to
normal ageing on the functions of the pelvic floor and urinary and fecal control after the
menopause has rarely been studied in elderly women. Presence of the characteristic
changes of ageing in the pelvic floor and /or the lower urinary and gastrointestinal tracts
and the ability of these changes to induce structural or functional defects in individual
components of pelvic support apparatus would provide evidence for non-estrogenmediated effects on the pelvic floor in postmenopausal women.

The hypothesis that estrogen deficiency after the menopause accelerates the adverse
effects of biological ageing on pelvic support and urinary and fecal continence
mechanisms in climacteric women needs further investigation. These effects can be
studied in a female animal model with a long life span after ovariectomy (castration) and
postoperative administration of estrogen and/or growth hormone releasing peptide,
hexarelin [HEXA], replacement or no intervention. Hexarelin is a synthetic growth
hormone releasing hexapeptide that reverses the effects of ageing in experimental
animals 10. HEXA can be administered to confirm that it can reverse the ageing process
using several indicators. One of these is the p27kip1 protein, a cycline-dependent kinase
inhibitor required for cell cycle arrest that plays an important role in the regulation of
skeletal muscle differentiation and apoptosis. Elderly postmenopausal patients with
pelvic floor disorders show strong expression of cytoplasmic p27 in the pelvic floor
muscle cells associated with shrinking and fragmentation of the cells compared to
younger patients 11.
The classical indicators of estrogen deprivation to the pelvic floor at the menopause
include amount and distribution of collagen fibres types I and III and number of vascular
plexus in the urethral and anal canal submucosa, expression of estrogen receptors in the
pelvic floor, urethra and anal canal and amount and distribution of muscle fibre types in
the pelvic floor muscles, urethral and anal sphincters 3-6.
BACKGROUND
Pelvic floor disorders such as pelvic organ prolapse, urinary incontinence and fecal
incontinence are prevalent conditions in elderly women causing significant physical and
psychological morbidity with obvious detriment to social interactions, lifestyle,
emotional well-being and overall quality of life 13-15. These disorders occur as a result
of weakness of the connective tissue and muscular support of pelvic organs due to a
number of factors mainly vaginal childbirth. There is also a consistent increase in the
incidence of female pelvic floor disorders after the cessation of reproductive function but
it is not clear whether this represents an age- or hormone- related phenomenon 11, 13-17.
In the last two decades, several animal and human studies have shown the presence of
estrogen receptors in the urinary bladder, urethra, external anal sphincter and levator ani
muscles and other pelvic support ligaments 18-23. This finding provided evidence for a
direct action of estrogens on different components of the female pelvic floor that was
subsequently considered important in the pathogenesis and management of pelvic floor
disorders in postmenopausal women 3-6,11,17. Anatomical data simultaneously revealed
that the morphology of pelvic floor musculature is estrogen-dependent since histometric
studies have shown that in females, type I muscle fibers were larger than type II 24. This
is the reverse of the normal relationship of the diameters of these two histochemical fiber
types in all other striated muscles studied in men or women. Epidemiological research
further supported this hypothesis because the prevalence of pelvic floor weakness showed
a female to male preponderance of 8:1 at the climacteric with a possible benefit of
estrogen replacement therapy in affected postmenopausal women 13-15,17. Recent metaanalyses, however, found that estrogen therapy alone was not an effective treatment for

postmenopausal pelvic floor disorders but may have a role when combined with other
therapies 11,25,26.
There is presumptive morphological and physiological evidence that the process of
ageing might be involved in pelvic floor weakness and impaired urinary and fecal control
at the climacteric in addition to the effects of estrogen deficiency 9,11,15,17,27-35.
However, the relative contribution of each factor to pelvic floor dysfunction has rarely
been investigated in postmenopausal women 11,30-36. The use of female rats as animal
models to study normal pelvic floor function and structure as well as experimentally
induced dysfunctions such as castration- and ageing- related changes is well established
because of their unique properties 31,33-41. In particular, virgin female Fischer 344 rats
(Harlan Industries, Indianapolis, Indiana, USA) seems an ideal choice because the mean
survival time of animals in this colony is 30 months.
METHODS
A study is urgently needed to ascertain whether biological senescence per say has an
additional negative effect on pelvic support components after castration in old female rats
with and without estrogen and/or HEXA replacement compared to younger rats subjected
to the same intervention. The indicators of ageing can be compared between the control
groups of young adult and senescent rats. The ageing effects of estrogen deficiency can
be investigated by comparing both the ovariectomized young adult and senescent animals
with the senescent control group. The impact of estrogen deprivation can then be
confirmed by comparing the effects of administering estrogen to these ovariectomized
rats with the senescent control group. The plausible ability of HEXA to reverse the
ageing changes can be assessed by comparing the effects of administering HEXA to both
the ovariectomized young adult and senescent rats with the young adult control group.
The experiments may include functional and morphological assessments at different
hierarchical levels as part of a comprehensive study examining the pelvic floor.
1. At the tissue level: whether administration of estrogen and/or HEXA influences
the amount or distribution of collagen fibres types I and III and the number of
vascular plexus in the urethral and anal canal submucosa as well as the amount or
relative distribution of muscle fibre types in the pelvic floor and the urethral and
anal sphincter muscles of ovariectomized aged and young adult rats.
2. At the cellular level: whether administration of estrogen and/or HEXA affects the
expression of estrogen receptors in the pelvic floor, urethra and anal canal of
ovariectomized aged and young adult rats.
3. At the molecular level: whether administration of estrogen and/or HEXA affects
the expression of specific cellular markers of ageing such as cytoplasmic p27kip1
protein in the pelvic floor and the urethral and anal sphincter muscles of
ovariectomized aged and young adult rats. Potential application
It has been suggested that the symptomatology of the climacteric may be a culture-bound
phenomenon. Our previous results, however, showed that it is experienced by women in
the UAE despite the differences in culture and in ambient temperature 1. The expression

of human climacteric, therefore, appears to be a universal biological phenomenon.
Urinary incontinence was admitted frequently in this study indicating that such problem
is common yet underreported in UAE women after the menopause 1.
We recommended a study to test the hypothesis that estrogen deficiency after the
menopause accelerates the adverse effects of biological ageing on female pelvic support
and urinary and fecal continence mechanisms. This work may provide evidence for a
possible role of ageing on pelvic floor support and urinary and fecal control in climacteric
women. This knowledge may assist in understanding changes caused by biological versus
reproductive senescence with a potential for improved and preventive therapeutic
interventions in the climacteric patient population.
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