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SUMMARY

Background: The uterus undergoes intense remodeling in pregnancy and subsequent involution in
the postpartum period. Previous studies have demonstrated that a rise in parity affects obstetric
outcomes; probably by affecting endometrial and myometrial cytoarchitecture. Parity has been shown
to be protective against certain endometrial pathologies. The findings of the current study may help

provide the anatomical basis for different traits noted as the parity rises.

Objective: To describe the effect of parity on the structure of uterus in pregnant rabbits

Study design: Comparative cross-sectional study.

Materials and methods: Nine rabbits, california white breed (oryctolagus cuniculus), were obtained
from a private farmer. The subjects were grouped as follows; para 0 (Primigravida) rabbits in group 1,
Para 1-3 (bigravida-quartigravida) in group 2, and Para >4 (>Quintigravida) in group 3. These rabbits
were mated. Following mating, they were housed in a pen and were provided with a constant food and
water supply. On day 18 of pregnancy, the rabbits were euthanized by injection of 20 mg/kg of
phenorbarbitone. The abdominal cavity was accessed and uterus obtained en bloc. Tissue slices were
obtained from different regions of the uterus by systematic sampling. These specimens were
processed for paraffin embedding. The sections were stained with the Haematoxylin and Eosin stain
to demonstrate general tissue architecture. Other sections were processed for immunohistochemistry
for the proliferation marker, Ki-67 and anti-apoptosis protein Bcl-2. The sections were examined
using a Zeiss® photomicroscope at magnification X 40 and X 100 and X 400. The endometrial gland
duct density and vascular density of the myometrium and endometrium were quantified using the
Image J grid system. A tool from Image J was used to obtain endometrial gland circumference as well
as myometrial thickness in pixels. This was then converted to metrics. The data collected was

analyzed using SPSS® version 18 for Windows® for means and variances.

Results: Endometrial gland density was noted to decrease with a rise in parity such that the
percentage proportion in the primigravid rabbit was 45% compared to that of 34% and 37.5% in the
bigravida-quartigravida and quintigravida groups respectively. Endometrial and myometrial vascular
density increased with rise in parity. The myometrium in the primiparous was characterized by
hapharzard organization of muscle fibres. In the multiparous uterus, the myometrium revealed an
organization of the muscle fibres into the three layers namely; the inner submucosal zone, vascular
layer and the supravascular zone. Myometrial thickness was noted to increase with parity. Ki-67 and
bcl-2 showed regional variation in staining. Ki-67 stained most intensely in the endometrial glands

and vascular elements. Bcl-2 stained most intensely in the endometrial lining.

X



Conclusion: The primigravid uterus is characterized by higher density of endometrial glands, reduced
vascular density of the endometrium and myometrium, and reduced myometrial thickness.
Myometrial smooth muscle layers become more organized as parity increases. This architecture of
smooth muscles as parity rises, may be the reason why the multiparous uterus is efficient for fetal
expulsion The higher vascularity in the higher parity group was as a result of both increased
proliferation and reduced apoptosis evidenced by intense staining of the proliferation marker Ki-67
and the anti-apoptotic protein Bcl-2 in this group. The increased vascularity observed in the
multiparous rabbits provides an explanation of higher likelihood of postpartum hemorrhage in the

higher parity females.



CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW

1.1. INTRODUCTION
The non-gravid uterus is a thick muscular organ situated in the pelvic cavity between the urinary
bladder anteriorly and the rectum posteriorly (Williams et al., 1995). During pregnancy it enlarges
displacing the abdominal viscera to reach the epigastric region (Cunningham et al., 1997). Within the
pelvic cavity it is held in place by peritoneal ligaments: uterosacral ligaments, cardinal ligaments and
the pubocervical ligaments (Williams et al., 1995). The wall of the uterus comprises the endometrium

(mucosa), myometrium (smooth muscle layer) and serosa or adventitia (Williams et al., 1995).

The endometrium comprises of an epithelium (glandular and luminal), and the underlying endometrial
stroma (Williams et al., 1995). The main function of the endometrium is to support the nascent
embryo via its glandular secretions (Lessey, 2000). Endometrial glands have been shown to increase
in number during pregnancy and regress gradually at the end of pregnancy (Hempstock et al., 2004).
Parity has been shown to be an independent prognostic factor in endometrial pathologies such as
malignant mixed mesordermal tumors (Marth et al., 1997). There is evidence that grand-multiparty (5
or more pregnancies) is protective against endometrial cancer; likely as a result of the repeated
protective role of progesterone (Hinkula et al., 2002). Since endometrial carcinoma has been shown to
have a higher incidence in the nulliparous and low parity females, we postulated that repeated
pregnancies have got an effect on the distribution of endometrial glands. Reports on the effect of

parity on the endometrium are scarce.

Blood vessels within the endometrial stroma proliferate during pregnancy (Girling et al., 2007).
Endometrial vasculature is important in early pregnancy as it plays a role in uterine receptivity and
subsequent fetal survival (Rogers, 1996). Myometrial vascularity also increases significantly in
pregnancy (Osol and Mandala, 2009). While studying rats, Skurupiy et al., (2010) demonstrated that
the vascularity of the uterus diminishes with increasing pregnancies. Blood vessels in the uterus have
been demonstrated to change structurally with a rise in parity (Moreira et al., 2008), suggesting that
parity does have an effect on uterine vascularity. Moreira et al., (2008), found that higher parity
resulted in more collagen deposition, elastosis and disorganization of the vascular wall. It is, however,

not known whether parity has an effect on the vascular density of the endometrium and myometrium.

The myometrium consists predominantly of smooth muscle cells but also contains fibroblasts, blood
and lymphatic vessels, immune cells and connective tissue (Williams et al., 1995). Ultrasonic studies
have shown that myometrial thickness increases in all parts of the uterus, more so at the placental site
and the fundus during the first and second trimesters (Degani et al., 1998, Celeste et al., 2008). Grand

multiparity is one of the common etiologic factors of uterine rupture in unscarred uteri (Golan et al.,
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1980), which may be as a result of thinner myometrial thickness in these muliparous females.
Further, uterine volume has been shown to correlate positively with parity (Olayemi et al., 2002),
probably due to thinning out of the myometrium. Ultrasonic or anatomic studies showing the effect of

parity on myometrial thickness are scarce.

Proliferation, differentiation and apoptosis are processes by which the uterus maintains its
homeostasis to prepare for pregnancy and to accommodate the growing fetus (Shynlova et al., 2006).
Whereas cellular proliferation is augmented, apoptosis is halted in order to maintain the gravid uterus
in a relatively quiescent state, a process governed by production of various anti-apoptotic proteins
(Jeyasuria et al., 2011). In the rat endometrium, epithelial and stromal cells have been shown to
undergo extensive proliferation in pregnancy (Goodger and Rogers, 1993). Myocytes hypertrophy
and proliferate in pregnancy followed by their destruction in the postpartum period (Skurupiy et al.,
2010). According to the latter, subsequent pregnancies result in increased intensity of the myocyte
proliferation. In literature, studies exploring the effect of parity on proliferation and apoptosis of the
gravid uterus are rare. There is evidence that parity does have an influence on the proliferation
pathway of other estrogen/progesterone sensitive cells such as those found in the mammary gland

(Meier-Abt et al., 2013).

After parturition, the uterus undergoes postpartum involution, which is governed by hormonal
withdrawal (Lobel and Deane, 1962). Uterine involution allows the post partum uterus to return to a
state capable of supporting another conceptus (Kiracoffe, 1980). An ultrasonic study done in humans
indicated that uterine involution is affected by parity (Negishi et al., 1999). Indeed uterine volume in
non gravid females has been shown to correlate positively with parity (Olayemi et al., 2002,
Benacerraf et al., 2010). The uterus of an adult nulliparous female measures 6-8cm in length and
weighs 50-70 g compared to a length of 9-10 cm and a weight of 80 g in multiparous females
(Langlois, 1970). Whereas postpartum involution ensures resumption of reproductive capacity; some
changes may be retained as evidenced by the differing obstetric characteristics and ultrasonic uterine
dimensions with rise in parity. These obstetric characteristics include increased uterine rupture (Golan
et al., 1980) and higher risk of placenta abruption (Ananth et al., 1996) as well as exercising caution
when administering syntocinon for labour augmentation in multiparous females (Dawood et al.,
1974). It is also known that a parous uterus requires significantly less effort to effect normal vaginal
delivery than its nulliparous counterpart (Arulkumaran et al., 1984). The anatomical basis for these
observations has not been elucidated. Data on the anatomical changes with parity are useful to inform
intervention strategies to mitigate the poor obstetric outcomes. This study was therefore undertaken to
elucidate how parity affects the distribution of endometrial glands, vascularity of the endometrium

and myometrium as well as its influence on proliferation and apoptosis in these layers.



1.2. LITERATURE REVIEW

1.2.1. GENERAL FEATURES

The uterus is the major female reproductive organ of most mammals, whose main function is to
support a fertilized ovum. It is a hollow organ that opens at one end at the oviducts and terminates on
the other end in the cervix and vagina (Williams et al., 1999). Four main types of uteri have been
reported to occur among the different mammalian orders based largely on differences in the
prominence of the body and the two horns. The simplex type is seen in primates, has no horns, duplex
type as in rodents and rabbits, these have large horns as well as 2 cervices (Akinloye and Oke, 2010)
and the bicornuate type present in ruminants and pigs, which have uterine horns and a body
terminating on one cervix (Hafez, 1970).

The adult human uterus is a pear shaped organ that weighs 40-70 g and measures 7-8 cm long in non-
pregnant, nulliparous females (Cunningham et al., 1997), whereas in parous females it averages 80 g
or more (Langlois, 1970). It is situated in pelvic cavity between the bladder anteriorly and the rectum
posteriorly (Williams et al., 1997). Microscopically, it comprises the endometrium; an inner mucosal
lining, which provides the environment for foetal development, the myometrium, which makes up the

bulk of the uterus, and the parametrium.

During pregnancy, the uterus undergoes profound tissue remodeling, increasing in both capacity and
weight. It is consequently transformed into a relatively thin-walled muscular organ of sufficient
capacity to accommodate the fetus, placenta, and amniotic fluid. By the end of pregnancy the uterine
capacity is 500 to 1000 times greater than in the non-pregnant state (Cunningham et al., 1997). The
structural changes responsible for this occur mainly in the myometrium (Cunningham et al., 1997).
The endometrium also undergoes benign proliferative changes in pregnancy on account of higher

progesterone levels (Groothius et al., 2007). These changes are discussed below.

1.2.2. ENDOMETRIAL GLAND DUCT DENSITY AND SIZE
The endometrium is vital for normal fertility in all mammals. It comprises of a luminal epithelium,
glandular epithelium and the underlying endometrial stroma (Williams et al., 1995). Found within the
endometrial stroma are blood vessels, nerves, immune cells as well as endometrial glands. The
endometrial glands are tubular; they run perpendicular to the luminal surface and penetrate the
myometrial layer. In mammals, endometrial histology varies throughout the menstrual cycle and is
influenced by estradiol and progesterone (Cunningham et al., 1997). Estradiol induces proliferation of
the basalis and functionalis endometrial layers and progesterone promotes glandular development and
secretion, and initiates the necessary changes for allowing embryonic implantation to take place.
Progesterone is therefore responsible for converting the estrogen primed endometrium into a receptive

state suitable to support pregnancy (Groothius et al., 2007). The Arias Stella reaction is a benign,
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proliferative change that occurs in the uterine epithelium in response to an increase in progesterone
levels as is seen in pregnancy (Arias-Stella 1954). It is characterized by intraluminal budding, nuclear

enlargement and hyperchromatism, cytoplasmic swellings and vacuoles.

All mammalian uteri contain straight tubular endometrial glands, which secrete and transport
substances that are essential for the survival and development of the conceptus (Gray et al., 2002).
Uterine secretions are particularly important for the nourishment in the early stages of pregnancy,
before establishment of the hemotrophic nutrition by the placenta (Gray et al., 2001b, Hempstock et
al., 2004). In sheep, endometrial gland density has been shown to be directly related to survival and
development of the conceptus (Gray et al., 2001a). Morphologically the endometrial glands are said
to be best developed and most active during early pregnancy (Hempstock et al., 2004). The glands
then gradually regress over the late phases of pregnancy. Factors that have been shown to affect
endometrial gland density include dietary supplements, gestational age as well as hormones (Amira et
al., 2011). In non-pregnant human females, progesterone, both endogenous and synthetic, is reported
to inhibit endometrial glandular proliferation in premenopausal females (Moyer and Felix, 1998).
Deligdisch (1993) demonstrated that the histologic effects of the steroid sex hormones on the

endometrium depend on the hormone type, potency, dosage and the host receptor status.

Following parturition, the endometrium has the capacity to repair and regenerate (O’shea and Wright,
1984). Huang et al., (2012) described a parturition induced repair of the endometrium characterized
by stromal-epithelial transition. According to these authors, there exists a subpopulation of stromal
cells that are capable of differentiating into glandular or luminal epithelial cells (Huang et al., 2012).
Uterine glands undergo gradual regression in the postpartum period (Krajni¢dkova et al., 1999).
Reports on the effect of parity on the endometrium are scarce. However, parity has been shown to be
an independent prognostic factor in endometrial pathologies such as malignant mixed mesordermal
tumors (Marth et al., 1997). There is evidence that grand-multiparty is protective against endometrial

cancer; likely as a result of the repeated protective role of progesterone (Hinkula et al., 2002).

1.2.3. VASCULAR DENSITY OF THE ENDOMETRIAL STROMA AND THE
MYOMETRIUM

The human uterus has an anastomotic blood supply arising from uterine, ovarian and vaginal arteries

(Ramsey, 1994). Bilateral uterine arteries penetrate the myometrium and give rise to the

circumferential arcuate arteries (Farrer-Brown et al., 1970). These in turn branch to form the radial

arteries, which traverse the myometrium and perforate the endometrium as small calibre conductance

vessels, known as spiral arterioles. Blood supply to the endometrium arrives through the radial

arteries, which arise from the arcuate arteries within the myometrium. After passing through the



myometrial-endometrial junction the radial arteries split, to form the smaller basal arteries that supply
the basal portion of the endometrium and the spiral arterioles, which continue towards the endometrial

surface.

Sufficient uteroplacental blood flow is essential for normal pregnancy outcome and is accomplished
by coordinated growth and remodeling of the entire uterine circulation in addition to a new fetal
vascular origin; the placenta (Osol and Mandala, 2009). During pregnancy, the diameter of the uterine
artery approximately doubles its size (Palmer et al 1992). This enlargement in arterial caliber occurs
more often with little or no thickening of the vascular wall (Osol and Mandala, 2009). Smaller arcuate
and radial arteries remodel in a similar pattern, with documented enlargements in luminal diameter
ranging from 25-220% with no change or increase in thickness (Moll et al., 1983). There is

documentation of dilation of uterine vascular beds in pregnant rabbits (Sullivan and Tucker, 1975).

In humans, the spiral arterioles, which supply the functional layer of the endometrium, have a
distinctive coiled appearance that becomes more pronounced during the secretory phase of the
menstrual cycle (Rogers, 1996). Each spiral arteriole provides blood to a uterine luminal surface area
estimated at 4-9 mm® (Bartelmez, 1933), with little or no overlap between areas. Capillaries branch
from the spiral arterioles at all levels supplying the stroma and periglandular networks. Just below the
endometrial surface the spiral arterioles break up into the prominent subepithelial capillary plexus.
This plexus drains into a number of venules that pass down through the endometrium, collecting
blood from other capillaries on the way. The numerous venules join to form veins, which pass out of

the endometrium into the myometrium (Rogers, 1996).

The endometrial stroma is composed of endometrial stromal cells and vessels of which the spiral
arteries predominate. Other components include stromal granulocytes and stromal foamy cells. These
stromal components proliferate, differentiate and disintegrate throughout the reproductive cycle in
response to steroid hormones (Maksem et al., 2007). Progesterone has been reported to decrease gland
to stroma ratio (Wheeler et al., 2007). Some of the other changes that have been noted to occur in the
endometrial stroma include; a predominance of stromal granulocytes (Pace et al., 1989), increase in
thickness and branching of the stromal vessels (Hafez and Tsutsumi, 1966). The two main
mechanisms of endometrial vessel formation include intussusception and sprouting (Weston and
Rogers, 2000). The former consists of internal division or splitting of pre-existent vessels. In the
latter, endothelial cell activation, degradation of basement membrane, migration and proliferation lead
to formation of tubules, stabilization of pericytes, and extracellular matrix formation (Makanya et al.,

2009).



The capillary density of non pregnant sows has been shown to vary during the different stages of the
estrous cycle (Kaeoket et al., 2002). In fact, the vascular density of the uterine mucosa in ewes
exhibits a 2-fold increase (Reynolds and Redmer, 1992). Some authors have also demonstrated that
the vascular density of endometrial tissues increases gradually throughout the gestation period (Parry,
1950, Reynolds and Redmer, 2001). In pregnant mares, endometrial maternal capillaries have been
shown to have an ongoing supply of angiogenic and vasculogenic factors throughout pregnancy to
ensure continuing development of maternal capillary networks (Allen et al., 2007). In addition to
increased vascular density, endometrial vessels become more permeable in pregnancy (Keys and

King, 1988).

The myometrial vascular channels established during pregnancy diminish during postpartum
involution (Skurupiy et al., 2010). It is known that abnormal uterine blood vessels and angiogenic
factors are part of the theories to the pathophysiology of myoma formation (Stewart, 2001). It is also
known that parity reduces uterine myomas, an observation which may be related to a reduction in
endometrial vascularity. If this concept is verified, follow up studies can check whether myometrial

healing is slower in multiparous females following caesarean section.

1.2.4. MYOMETRIAL SMOOTH MUSCLE ORGANIZATION AND
MYOMETRIAL THICKNESS

The myometrium is the middle layer of the uterine wall consisting mainly of smooth muscle cells as
well as supporting connective tissue, immune cells, vascular tissue and lymphatic tissue (Williams et
al.,, 1999). The myometrium is organized into three layers; the inner and outer layers mainly
composed of smooth muscle disposed circularly and longitudinally respectively and an intermediate
layer which has hapharzard/criss-crossing smooth muscle fibers which act as ligatures during
involution after parturition to prevent blood loss (Brown et al., 1991, Cavaill¢ et al., 1996, Williams et
al., 1999). The smooth muscle in the inner and outer layer are compact with little extracellular matrix

while the intermediate layer has an abundance of interposed blood vessels (Brown et al., 1991).

The main function of uterine smooth muscle is to remain quiescent during fetal development, then to
contract at term to expel the fetus (Cunninghams et al., 1999). Bundles of smooth muscle within the
myometrium are anchored by a connective tissue framework that also allows for uterine distention
during pregnancy (Rehman et al., 2003). Myometrial immune cells have been noted to increase in
number towards the end of pregnancy and are thought to be involved in labour activation and
postpartum involution of the uterus (Shynlova et al., 2013). Unlike other smooth muscle, the
myometrium is largely under hormonal control (Hertelendy and Zakar, 2004). Hormones such as

estrogen and progesterone promote its growth and ensure its quiescence during gestation, while



hormones such as oxytocin, prostaglandins and nitric acid control its contractility (Hertelendy and

Zakar, 2004).

The myometrium is the main component of uterine enlargement during pregnancy (Cunninghams et
al., 1997). Although uterine growth during the first few weeks of pregnancy is accomplished by
increased numbers of smooth muscle cells, i.e., hyperplasia, and a small contribution from increased
cell size, hypertrophy, the predominant growth of the uterus during pregnancy is by stretch induced
myometrial hypertrophy (Ramsey, 1994). This myometrial transformation that occurs during
pregnancy is said to be different in the various parts of the uterus because of specialized functional
load in the different parts (Dolgikh et al., 2012). Ultrasonic studies have shown that myometrial
thickness increases in all parts of the uterus, more so at the placental site and the fundus during the
first and second trimesters (Degani et al., 1998, Celeste et al., 2008). The greater fundal thickness is
proposed to increase the efficiency of fundal dominance during labor (Buhmischi et al., 2003). It has
also been shown that the myometrial thickness at the fundus can be used as a predictor of successful
external cephalic version (Buhimschi et al., 2011). In humans, the upper uterine segment has more
contractile phenotypes of smooth muscle to push down the baby and initiate delivery while the lower

uterine maintains a more relaxed phenotype to facilitate delivery of the baby (Lye et al., 1998).

The thickness of the lower uterine segment has been used as a predictor of uterine rupture in scarred
uteri (Qureshi et al., 1997). Grand multiparity is one of the common etiologic factors of uterine
rupture in unscarred uteri (Golan et al., 1980), which may be as a result of thinner myometrial
thickness in these muliparous females. In the third trimester however, the lower uterine segment
remarkably reduces in thickness (Degani et al., 1998). Grand multiparity is one of the common
etiologic factors of uterine rupture in unscarred uteri (Golan et al., 1980), which may be as a result of
thinner myometrial thickness in these muliparous females. Further, uterine volume has been shown to
correlate positively with parity (Olayemi et al., 2002), probably due to thinning out of the

myometrium.

Parameters that are known to affect myometrial thickness in pregnancy include; site of placental
attachment (Degani et al., 1998), diabetes (Favaro et al., 2010), part of the uterus in humans, the lower
uterine gradually reduces in thickness (Degani et al., 1998). Studying the uterus of pregnant mice,
Favaro et al., (2010), established that prolonged uncontrolled diabetes significantly reduces
myometrial thickness: the myometrial thickness being 152.3 + 2.35 um in the control group and 71.22
+2.35 um. Through extensive search of literature there are no ultrasonic or anatomic studies showing

the effect of parity on myometrial thickness.



1.2.5. CELL PROLIFERATION AND APOPTOSIS IN THE
ENDOMETRIUM AND MYOMETRIUM

During pregnancy the human uterus undergoes increase in volume and weight, mostly as a result of
myometrial remodeling, where both hypertrophy and hyperplasia are evident (Ono et al., 2008).
Uterine cell proliferation in early pregnancy is mediated by locally produced growth factors many of
which are under the influence of progesterone (Graham and Clarke, 1997, Ogle et al., 1999).
Androgen receptors found in uterine cells are highly expressed in the proliferative stage of pregnancy
and are known to be central in regulation of cellular proliferation (Liu et al., 2013). Oestrogen has
also been known to be key in the up-regulation of markers of proliferation such as Ki-67 and Bcl-2 in

the receptive endometrium (Shao et al., 2013).

The expression of Ki-67 protein is strictly associated with cell proliferation (Scholzen and Gerdes,
2000). It is an excellent marker for determining proliferation given that it is expressed in cells during
the active phases of the cell cycle (G1, S, G2) and is absent in the resting phase, GO (Scholzen and
Gerdes, 2000). On the other hand, Bcl-2 and related cytoplasmic proteins are key regulators of
apoptosis and therefore promote cellular survival (Adams and Cory, 1998). Apoptosis is an essential
physiological process for selective elimination of cells. Apoptosis is driven by a family of caspases,
which are regulated by Bcl-2 (Tsujimoto, 2000). The Bcel-2 and related proteins comprises of both

anti-apoptotic and pro-apoptotic members of which Bcl-2 and Bcl-XL are anti-apoptotic.

The pre-ovulatory endometrium in humans is highly proliferative and expresses high amounts of
proliferative markers such as Ki-67, while the post-ovulatory endometrium hardly stains for
proliferative proteins (Ferenczy and Mutter, 2008). The equine endometrium undergoes cellular
proliferation throughout the reproductive cycle (Gerstenberg et al., 1999). During pregnancy in mares,
all endometrial layers have been found to be Ki-67 positive (Silva et al., 2011). It is also known that
the non-gravid human endometrium undergoes cyclical apoptosis (Otsuki, 2001). Decreased
expression of the anti-apoptotic marker Bcl-2 during the secretory phase of the endometrium is
consistent with the appearance of anti-apoptotic cells during the same phase (Grompel et al., 1994,

Otsuki, 2001).

The myometrium also undergoes repeated cycles of cellular proliferation and degeneration in
response to hormonal signals during a normal mammalian reproductive life span. In humans, the
proliferation marker Ki-67 has been found to be higher in myocytes during the luteal phase (Suzuki et
al., 2012). Uterine growth in the first weeks of pregnancy is accomplished mainly by hyperplasia with

a smaller contribution from hypertrophy in both humans (Ramsey, 1994), and rats (Shynlova et al.,



2006). During this early phase of myocyte hyperplasia, there is a concomitant increase in anti-

apoptotic markers (Shynlova et al., 2006).

The number of muscle cells in the human uterus at term is estimated at 200 billion, each minute
fusiform cell measuring about 5-10 um in diameter and about 200 pm in length (Tabb et al., 1991).
The origin of the new smooth muscle cells is unclear, they may arise from existing smooth muscle
cells or they may be a product of smooth muscle differentiation (Ono et al., 2008). It has been
hypothesized that there may be adult myometrial stem cells responsible for myometrial hyperplasia

(Maruyama et al., 2010).

1.3. JUSTIFICATION OF THE STUDY

The relationship between parity and pregnancy complications continues to be of interest to
obstetricians (Bai et al., 2002). Parity is defined as the number of times a female has given birth to a
viable fetus and not the number of fetuses delivered (Cunningham et al., 1997). Multiparity and
maternal mortality are closely related since with each successive pregnancy females are repeatedly
exposed to the complications of labour and gravidity (Begum 2003). Pregnancy in the multiparae has
been considered risky for many decades (Solomons, 1934). Linear association has been found
between parity and adverse maternal and neonatal outcomes such as malpresentation, labour dystocia,
postpartum hemorrhage, placentation abnormalities and the need for caesarian section (Shechter et al.,
2010). Uterine rupture is one of the most appalling obstetric emergencies (Bujold and Gauthier 2002).
On the contrary, other studies have shown that women with a high parity with no previous
complicated pregnancy have a low risk of obstetric complications (Majoko et al., 2004, Yasmeen et
al., 2010). There are reports that a parous uterus requires less effort to significantly expel the fetus in
normal vaginal delivery than is nulliparous counterpart (Arulkumaran et al., 1984). In addition, parity
is believed to be protective from uterine fibroids (Baird and Dunson., 2003) and endometrial cancer
(Albrektesen, 2009). This study sets out to provide an anatomical explanation to these differing

obstetric features as a result of parity.

1.4. STUDY QUESTION

What are the differences of the structure of the uterus with increasing parity in pregnant rabbits?

1.4.1. GENERAL OBJECTIVE

To determine the effect of parity on 3" trimester uterine structure in rabbits.



1.4.2. SPECIFIC OBJECTIVES
To determine whether the following uterine features are affected by parity
1. Endometrial gland density and size
2. Vascular density of the endometrial stroma and the myometrium.
3. Myometrial smooth muscle organization and myometrial thickness.
4

Proliferation and apoptosis within the endometrium and myometrium.

10



CHAPTER TWO: MATERIALS AND METHODS
2.1. EXPERIMENTAL ANIMALS

Use of experimental animals is acceptable as long as the benefits of the proposed study outweigh the
suffering of the animal (Baumans, 2004). Rabbits maintain pregnancy up to 28 days. Their short
gestation span and their similarities to humans in placentation make the rabbits a suitable study model
for investigating uterine remodeling. The rabbits, California white rabbits (Oryctolagus cuniculus)
were obtained from a private farmer. The rabbits used in the study were grouped as described in table
1 below. The rabbits were mated. The existence of a copulation plug in the vagina of the rabbits was
used as evidence of successful mating. In the laboratory the rabbits were kept in pens floored with
saw dust. They were fed on commercial rabbit pellets, half a cup of pellets per 5 kilogram body
weight daily. They were also supplied with a steady supply of fresh water.

2.1.1. ETHICAL CONSIDERATIONS
Ethical approval was obtained from the Animal Use and Welfare Committee of the University of
Nairobi.

2.1.2. SAMPLE SIZE
This is a descriptive comparative study that compared means of continuous data amongst the 3 groups
to be studied. For this reason, the formula below was used, appropriate for such a study, as described
by Eng (2003);
N= 46" ZeictZpur)

D>

Where N is the desired total sample size, ¢ is the SD (standard deviation of each group), D is the
smallest meaningful difference and Z.; and Z,, are constants determined by the specified
significance criterion (for our case 0.05) and the desired statistical power (0.8 for this study)
respectively. With the above assumptions from previous workers studying similar parameters
(myometrial thickness), where D was 2.1 mm, and ¢ was 2.5 mm the calculated sample size was
found to be 3 rabbits per group and a total of 9.

2.1.3. SELECTION CRITERIA
Pregnant rabbits within the third trimester were placed into three groups as illustrated in the table

below:

Table 1: Grouping of the rabbits

Group Parity of the rabbits

1 Primigravida

2 Bigravida-Quartigravida
3 > Quintigravida
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Each group utilized 3 rabbits. Rabbits that qualified to be in any of the above groups were selected by
the simple random method. For example, if there were 5 rabbits that met the inclusion criteria
specified below; those rabbits were given numbers and thereafter selected using the Excel computer
program to randomly generate numbers. These rabbits were within 3 months of age of each other.
Rabbits with known systemic comorbidities, previous surgery or those on therapeutic medication were
excluded from this study. The nulliparous, non-pregnant rabbit was excluded as the study sought to

decipher the changes of the uterus resulting from parity with all the rabbits in the same uterine state

(pregnancy).

2.1.4. WEIGHING THE RABBITS, ANAESTHESIA AND DISSECTION
On day 18 after mating, the pregnant rabbits were moved from their pen. Their weight was taken
using a kitchen scale. They were then euthanized with an overdose of phenobarbitone (20 mg/kg),
through intravenous infusion. The abdominopelvic cavity was accessed via a ventromedian incision.
The anterior abdominal wall was retracted laterally to gain access into the pelvic cavity. The uterus
was harvested en bloc, separated from the other reproductive organs and its weight obtained using a

kitchen scale. The weighing of all the rabbit and the uterus were done with the liters in situ.

2.1.5. TISSUE SAMPLING
Once obtained, the uterus was divided into ten approximately equal portions numbered 1-10 as shown
by the black lines in the diagram below (Fig.1). The parts obtained closest to the fallopian tube were
put in one place, the parts from the mid-cornual regions in another as well as for the cervical regions.
Each of these parts as described, from each animal, were bunched together and the lottery method
used to obtain a sample to undergo histological processing. The number that had been given to the

sample prior to bundling them up could be used to trace back specimens to the specific animal.
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Figure 1: Diagram of the internal genitalia of a rabbit showing some of the pelvic organs including the uterus.

This diagram was adapted from Jones (2013). It shows how sampling of the uterus was carried out as
represented by the numbers 1-10. ‘F’ is the fallopian tube, ‘UriB’ is the urinary bladder ‘Vag’ is the

vagina and ‘Cer’ represents the cervix.

The regions of the bicornuate uterus of these rabbits studied included the following; central region of
one of the cornua, part of the uterus bordering to the fallopian tube and the cervix. Specimens picked

from the placental site were discarded.

2.2. PROCESSING FOR LIGHT MICROSCOPY
Fixation of the specimens for microscopy was done using 10% formaldehyde solution. Smm samples
were obtained from the fixed specimens. These underwent dehydration through increasing
concentrations of ethanol 1 hour in each (70%, 80%, 90%, 95%, 100%) and clearing in xylene (2
stations 30 minutes each). Infiltration and embedding were done using paraffin wax. The wax blocks
were then supported on wooden blocks then cut using a base sledge microtome, floated in a water
bath and left for drying in an oven, overnight. The sections were then analyzed by light microscopy
after mason trichrome staining to assess myometrial vascularity as well as thickness of the

myometrium as described in standard textbooks of histological techniques (Drury et al., 1967).
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2.3. THE ENDOMETRIUM AND ENDOMETRIAL GLAND DENSITY AND SIZE
The specimens processed for light microscopy as described above were used to study the
endometrium. The H and E stained slides were studied at X 40, X 100 and X 400. The proportion of
glands/ducts within the endometrial stroma was used to represent the “density of glands/ducts.” This
was determined using the point intercept method by dropping a grid in ImagelJ software (Fig. 2) as
described by Baecker. (2010). The numbers of glands in each box of the grid were counted and the
total area where the counting was done was also obtained. In each group of the pregnant rabbits the
systemic random sampling was employed to select the sections to be measured. Five slides of the
endometrium were selected randomly, from each section; the counting was done at 5 random points.
An average was obtained for each group. The proportion of the area of the endometrium occupied by

endometrial glands was presented as a percentage as follows:

100 X Total pixels occupied by endometrial glands

Total pixels occupied by a given area of the endometrium
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Figure 2: Illustration of how to determine endometrial gland density

A black and white photomicrograph transformed by the Image J program, with a superimposed grid
from the same program. It is a section of a primiparous rabbit uterus from the mid-cornual part,
stained with H and E, at X 100 magnification. The numbers of endometrial glands within each box

were counted. L is the lumen of the uterus.

In each group of rabbits, the circumferences of 15 endometrial glands were measured at X400 and
their average obtained per field. Five sections were studied per group. This was done using the
program Image J. A tool on this program measured the circumference of the glands in pixels. The
flexible tool was taken round the inner circumference of a gland and the measurement obtained was
recorded in pixels. The equivalent of Imm in pixels was done by marking a distance of 1mm between
two points on a piece of paper that was mounted on a slide. This slide was examined at X400 and
photographed. The distance between these two points was used to calibrate the grid of image J to give
its equivalent in pixels. The images were converted to black and white and their binary form to
remove color as a confounder in measuring pixels. For each groups of rabbits 15 glands were counted

and an average was obtained. The figure was then converted from pixels to millimeters.
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Figure 3: Illustration of how to determine endometrial gland size

A binary/black and white photomicrograph of the endometrial stroma of a primigravid uterus at X400,
following H and E staining and subsequent transformation using the program image J. A tool was
used to draw around the gland as shown by the purple line to get the circumference. The glands are as

shown by the red arrows.
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2.4. DETERMINATION OF VASCULAR DENSITY WITHIN THE
ENDOMETRIAL STROMA AND THE MYOMETRIUM

Endometrial and myometrial vascular density (vascular area as a proportion of total tissue
area) were determined using the point intercept method by dropping a grid from the Image J
software as shown in the figure below. In each group of the pregnant rabbits, 5 sections of
the endometrium were selected randomly, from each section; the counting was done at 5
random points. An average was obtained for each group. The proportion of the area of the
endometrial stroma occupied by endometrial blood vessels was presented as a percentage as
follows:

100 X Total pixels occupied by stromal vessels

Total pixels occupied by a given area of the endometrial stroma

Figure 4: Determination of the vascular density of the endometrium

A photomicrograph of the endometrial stroma of a multiparous rabbit, obtained from the mid-cornual

section of the uterus stained with H and E at X 400. An image J grid has been superimposed on this
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photomicrograph. For the purpose of demonstration, this photograph remained colored, since the

blood vessels (Bv) are more discernible.

The procedure described above for the endometrium was applied for the myometrium. In
each group of the pregnant rabbits, 5 sections of the myometrium were selected randomly,
from each slide, the counting was done at 5 random points. An average was obtained for each
group. The proportion of the area of the myometrium occupied by blood vessels was

presented as a percentage as follows:

100 X Total pixels occupied by myometrial blood vessels

Total pixels occupied by a given area the of myometrium

Figure 5: Determination of vascular density within the myometrium

Photomicrograph of the vascular zone of the myometrium of a multiparous uterus at X400, H and E
stain. An Image J grid has been superimposed. The number of times the blood vessels (Bv) fell on the

intersect were counted as well as the entire field of the grid
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2.5. MYOMETRIAL MORPHOMETRY
The sections prepared were assessed for myometrial muscle fiber disposition and myometrial
thickness. The myometrial thickness was expressed as a proportion of the entire wall as well as the
average thickness of the myometrium in the sections studied for each group. This was done using a
tool on the program Image J. Image J processed the length in pixels. The equivalent of Imm in pixels
was done by marking a distance of 1mm between two points on a piece of paper that was mounted on
a slide. This slide was examined at X40 and photographed. The distance between these two points
was used to calibrate the grid of image J to give its equivalent in pixels. The average myometrial

length in each group was then converted to mm.

The proportion of the junction wall occupied by the myometrium (Fig. 6) was determined by:

100 X Thickness of myometrium (a) /pixels

Thickness of the myometrial wall (b) /pixels
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Figure 6: Determination of myometrial thickness

A photomicrograph of a group 2 rabbit (biparous-quadriparous) at X40, H and E staining in the black
and white form, as transformed by Image J for the purpose of measurement. L is the lumen, End the
endometrium. The lines “a” and “b” measured the myometrial and the entire thickness of the uterus

respectively.

2.6. IMMUNOHISTOCHEMISTRY FOR PROLIFERATION AND ANTI-
APOPTOSIS MARKERS

The standard protocol for immunohistochemistry was carried out for apoptosis regulatory protein,
Bcl-2, which is an anti-apoptotic protein, (Adams and Cory 1998) and an endogenous marker for
proliferation and Ki-67 (Scholzen and Gerdes 2000). Monoclonal antibodies against these two
antigens were used. Tissue sections obtained from the uterus of the rabbit via simple random sampling
were taken through microwave fixation in paraffin, deparaffinized in xylene three times, and

rehydrated through a graded ethanol series from 99.5 to 60%. After quenching the intrinsic peroxidase
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activity by immersing the sections in 0.3% (vol/vol) hydrogen peroxide containing 0.1% (wt/vol)
sodium azide for 30 min, the sections were incubated with 10% (vol/vol) normal rabbit serum for 30
min. The primary antibody were applied to the sections respectively and incubated overnight at 4° C
in a moist chamber. After washing with 10 mM PBS, the primary antibody was detected and
visualized by means of biotinylated secondary antibody-streptavidin peroxidase using a Histofine

according to the manufacturer’s instructions.

2.7. STATISTICAL ANALYSIS AND DATA PRESENTATION

Morphometric data were entered into SPSS software (Version 17.0, Chicago Illinois) for statistical
analysis. Means and standard deviations for these morphometric measurements were calculated and
standardized with the weight of the uterus. The Fisher’s exact test was used to test statistical
significance of the data obtained in the different parity groups and the chi square to compare

proportions.
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CHAPTER 3: RESULTS
3.1 GENERAL FINDINGS

Nine rabbits met the inclusion criteria and were categorized into the 3 groups described above. The

rabbits had an average liter size of 7. The body mass of the rabbits and the weight of the uteri are as

shown in tables 2 and 3 respectively. The average weight of the uterus was observed to increase in

size (P=0.58), not statistically significant. The body-mass normalized uterine weight was obtained by

dividing the weight of the uterus by the mass of the rabbits. This parameter was noted to increase

with parity but it was not statistically significant (P=0.09). The results are as shown in table 4.

Table 2: Body mass of the rabbits.

Variable Primigravida Bigravida-Quartigravida Quintigravida
(Weight in grams) (Weight in grams) (Weight in grams)

Animal 1 1978.00 2509.80

Animal 2 2000.80 2879.50

Animal 3 2403.05 1509.50

Mean 1939.40+ 590.64 2050.27+ 805.63 2005.23+ 454.89

Table 3: Weight of the uterus of the rabbits used in the study.

Variable Primigravida Bigravida- Quintigravida
(Weight of the uterus | Quartigravida (Weight of the uterus
grams) (Weight of the uterus | in grams)

grams)

Animal 1 40.10 41.15 53.10

Animal 2 38.75 45.15 43.40

Animal 3 50.90 55.01 49.40

Mean 43.25+ 6.65 47.10+ 7.13 48.63+ 4.89
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Table 4: Body mass-normalized uterine weight

Variable Primigravida Bigravida-Quartigravida Quintigravida
(Body mass | (Body mass normalized | (Body mass
normalized uterine | uterine weight, g/g) normalized  uterine
weight, g/g) weight, g/g)

Animal 1 0.0301 0.0323 0.0252

Animal 2 0.0195 0.0225 0.0180

Animal 3 0.0202 0.0191 0.0327

Mean 0.02326 + 0.0059 0.02463 + 0.0073 0.02530 + 0.0068

All regions of the uterus were found to have the three layers namely the endometrium, myometrium

and the outer parametrium (Fig. 7).

LY Sk

Figure 7: Structure of the uterus in gravid rabbits

A photomicrograph of the uterus of a Quintigravid rabbit showing the mural components, at X40
magnification, H and E staining. L is the lumen; E is the endometrium and the myometrium (M), the

outermost layer is the parametrium depicted by the asterix.
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3.1.1 ENDOMETRIAL GLAND DUCT DENSITY AND SIZE

The endometrium of the uteri studied comprises of an epithelial lining and the endometrial stroma. In
all cases the epithelium was of the simple columnar type. Simple tubular glands lined by a columnar
epithelium ran from the lining epithelium into the endometrial stroma. Found within the endometrial

stroma were blood vessels and loose connective tissue.

In the mid-cornual endometrium, the mucosa of the primigravid endometrium (group 1) had a
predominance of simple tubular endometrial glands. Simple columnar cells lined these glands. These
cells contained hyperchromatic nuclei. In the second group (bigravid-quartigravida) and the group 3
rabbits (> quintigravid) had fewer endometrial glands compared to the primigravid. The cells lining
these glands displayed columnar morphology, with hyperchromatic nuclei. With a rise in parity it was
also noted that the glands have a wider lumen. The glandular epithelium in the quintigravid
endometrium also exhibited papillary-like projection (Fig. 9C). The endometrium bordering the
fallopian tube displayed similar characteristics as reported above. In the region of the cervix, the
endometrium appeared similar in all the parity groups (Fig.10). The mucosa in all the groups in this

region exhibited papillary-like projections into the lumen (Fig. 10).

Endometrial gland density of the uterine mucosa at the mid-cornual section was determined as
described in the methodology section above. The proportion of the endometrial glands/ducts within
the endometrial stroma was 45% in the primigravid group, 34% in the biparous-quadriparous rabbits
and 37.5% in the multiparous rabbits. The results are as shown in the bar chart (Fig. 8) below. The
luminal circumference of the endometrial glands/ducts was noted to increase with a rise in parity as

shown in Table 5
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Figure 8: Chart of endometrial gland density in the different parity groups

Table 5: Illustration of the difference in luminal endometrial gland density in the different parity groups

Parity of the Rabbits Luminal circumference of endometrial glands in micrometers
(nm)

Primigravida 247.13 +£0.02

Bigravida-Quartigravida 771.86 +0.01

> Quintigravida 797.31+0.01

Circumferences of lumen of endometrial glands in the different parity groups, P=0.01. The values are

given as mean + SD
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Figure 9: Distribution of endometrial glands in the different parity groups

Endometrial glands in the different parity groups stained with H and E:
A: The endometrium of a primigravid uterus taken at the mid-cornual section, at X100. Note the

numerous endometrial glands (arrows).
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B: B is inset from the rectangle in A at a higher magnification, X400, Note the hyperchromatic nuclei
of the simple columnar cell lining the gland as shown by the arrow and the narrow glandular lumen.
Bv is for blood vessels

C: The endometrium of bigravid uterus at the mid-cornual section, at X100. Note that the endometrial
glands (arrows) are fewer compared to A above.

D: The endometrium of bigravid uterus at the mid-cornual section, at a higher magnification, X400,
the lumen of the glands (shown by arrows) is larger. Bv is for the blood vessels with red blood cells
within them.

E: The endometrium of quintigravid uterus at the mid-cornual section, at X100. Note that the
endometrial glands are fewer compared to A above. Papillary-like projections of the mucosa project
into the lumen L.

F: The endometrium of quintigravid uterus at the mid-cornual section, at a higher magnification,
X400, reveals a wider glandular lumen and the hyperchromatic nuclei of the simple columnar cell

lining the gland as shown by the arrow.
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Figure 10: Illustration of the cervical mucosa

Similarity of the cervical mucosa in the different parity groups (H and E stain):

A: The mucosa of the cervical region in a primigravid rabbit at X100, L is the lumen. The asterix
shows the papillary projections of the mucosa.

B: The mucosa of the cervical region in a tertigravid rabbit at X100, L is the lumen. The asterix shows
the papillary projections of the mucosa.

C: The mucosa of the cervical region in a Quintigravid rabbit X100 magnification, L is the lumen.

The asterix shows the papillary projections of the mucosa.

3.1.2 VASCULAR DENSITY OF THE ENDOMETRIAL STROMA AND THE
MYOMETRIUM

The endometrial stroma was examined for vascularity. In all the groups an abundance of blood vessels
was observed. However, the vessels increased as the parity increased such that the multiparous
endometrial stroma displayed the most blood vessels (Fig.11).

The same feature was observed with the sections taken closer to the fallopian tube and at the cervix
(Fig.12 and Fig.13 respectively). The vascular density of the endometrial stroma of the three regions
of the uterus has been presented in table 6. The endometrial stroma of the multiparous female

exhibited the highest vascular density in the three regions.
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Figure 11: Blood supply of the mid-cornual region of the endometrial stroma

Stroma of the endometrium in the three parity groups at X 400 magnification, H and E stain, at the
mid-cornu section of the uterus.

A: Stroma of the endometrium of a primigravid rabbit at the mid-cornu region. Blood vessels with
red blood cells within them are shown by the stars.

B: Stroma of the endometrium of a tertigravid rabbit at the mid-cornu region. Blood vessels, within
which are red blood cells are shown by the stars.

C: Stroma of the endometrium of a quintigravid rabbit at the mid-cornual region. Blood vessels are
shown by the stars. Note that the blood vessels increase progressively, such that C has the most blood

vessels.
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Figure 12: Blood supply of the endometrium in region bordering the fallopian tube
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Stroma of the endometrium at part bordering the fallopian tube, at X100, H and E stain.

A: Stroma of the endometrium of a primigravid rabbit at the part bordering the fallopian tube. Note

that blood vessels (asterix) are fewer in comparison to photomicrographs B and C.

B: Stroma of the endometrium of a tertigravid rabbit at the part bordering the fallopian tubes. The

vessels (asterix) are fewer in comparison to photomicrograph C

C: Stroma of the endometrium of a quintigravid rabbit at the section bordering the fallopian tubes.

The vessels (asterix) in this photomicrograph are more compared to A and B.

Table 6: Vascular density in the endometrial stroma in different parts of the uterus

Parity of the Rabbits Vascular density in | Vascular density of | Vascular density of
the endometrial | the endometrial | the lamina propria of
stroma of the mid- | stroma of the part of | the cervical mucosa
cornual section (%) the uterus bordering | (%)

the tubes (%)

Primigravida 15.8 11.1 16.3

Bigravid-Quartigravid 37.0 333 46.4

> Quintigravid 46.2 61.1 62.2

P value 0.02 0.01 0.01
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Figure 13: Blood supply of the cervical mucosa

Increase in vascular density with a rise in parity within the stroma of the cervical epithelium at X 100,
after H and E staining.

A: Stroma of the cervical mucosa of a primigravid uterus. The blood vessels (asterix) are fewer in
comparison to photomicrographs B and C. the arrows are pointing on the red blood cells within the
vessels

B: Stroma of the cervical epithelium of a tertigravid uterus. The vessels are fewer in comparison to
photomicrographs C.

C: Stroma of the cervical epithelium of a quintigravid uterus. The vessels in this picture are more

compared to A and B.
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As parity increased, the vascular density within the myometrium also increased, such that the

primigravid myometrium was less vascular than the multiparous gravid myometrium (Fig. 14).

Figure 14: lllustration of myometrial vascularity in the

different parity groups

Distribution of blood vessels in the “vascular
zone” of the myometrium

A: Section taken from the mid-cornual
primigravid uterus, focusing on the middle
zone of the myometrium (vascular zone), H
and E stain, at X400 magnification. Note the
numerous smooth muscle cells (arrows
pointing on their nuclei) and the smaller
vessels (asterix),

B: Section taken from the mid-cornual section
of a bigravid uterus, vascular zone of the
myometrium, at X400, H and E stain. The
smooth muscle cells are less compared to A
above. The blood vessels, shown by asterix,
are larger and numerous

C: Section of a quintigravid uterus, vascular
zone of the myometrium, stained with H and E
at X400 magnification. Note the larger blood
vessels with red blood cells within (asterix)

and the fewer smooth muscle cells (arrows).

Across the width of the myometrium, the intermediate zone of the uterus is noted to have the most
blood vessels and is designated; the vascular zone. Comparison of the different parts of the uterus
revealed no regional variations in vascularity (Fig. 15). The consistent finding is that the myometrium

of the multiparous uterus is more vascular.
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The calculated vascular density within the vascular layer of the myometrium revealed that the
multiparous gravid myometrium had the highest density (70%) while the primigravid was the least
vascular layer (25%). The intermediate group had 45% of the vascular layer of the myometrium
occupied by blood vessels (Fig. 16). These measurements were obtained from the mid-cornual section
of the uterus. The specimens of the uterus obtained from the part bordering the fallopian tubes and the
cervical region, revealed similar findings, with no notable regional

variation (Fig. 15).
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Figure 15: Blood vessels within the vascular zone of the myometrium

Distribution of blood vessels in the different parts of the myometrium, following H and E staining at
X400. Photomicrographs A, C and E represent the group 2 rabbits (Bigravid-quartigravid), while B, D
and F are the group 3 rabbits (>quintigravid). The first row is the myometrium at the mid-cornual

region, the second at the part bordering the fallopian tubes and the last row at the cervical region.
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Note that in all cases the multiparous myometrium (group 3) has more blood vessels than the
intermediate group (group 2). Additionally, no regional differences in vascular density were observed.
SM is smooth muscle.

A: The myometrium of the mid-cornual section of a bigravid rabbit. Note that the vascularity is
similar as C and E

B: Myometrium of the mid-cornual region of a quintigravid rabbit. Note that the vascularity is similar
as D and F.

C: Myometrium of the region bordering the fallopian tube of a bigravid rabbit.

D: Myometrium of the region bordering the fallopian tube of a quitigravid rabbit.

E: Myometrium of the cervical section of a bigravid rabbit.

F: Myometrium of the cervical section of a quintigravid rabbit.
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Figure 16: Regional variation in blood supply of the myometrium
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3.1.3 MYOMETRIAL SMOOTH MUSCLE ORGANIZATION AND
MYOMETRIAL THICKNESS

The myometrium of the primigravid uterus was noted to have the following characteristics irregular
arrangement of the smooth muscle fibers. With a rise in parity, the muscular fibres were organized
into inner circular and an outer longitudinal/oblique group. An even higher parity revealed an
organization of the myometrium into three layers namely; the submucozal zone, the vascular layer and
the supravascular layer (Fig. 17). The submucosal zone comprised tightly parked layer of circular
smooth muscle fibers. The vascular layer consisted of fewer bundles of longitudinal muscles
interspersed by blood vessels. The supravascular layer comprised tightly parked bundles of

longitudinal muscles.

The primiparous rabbits were found to have 54.3% of the uterine wall occupied by the myometrium.
The multiparous rabbits on the other hand had 70.6% of the uterine wall being the muscular layer.
This figure was 67.4% in the intermediate group. The myometrial length was thickest in the
multiparous rabbits. See Table 7. These findings were found to be statistically significant with a p

value of 0.01.

Table 7: Myometrial thickness in the different parity groups

Parity of the Rabbits Myometrial thickness | Uterine wall thickness | Myometrial thickness
(M) in mm (U) in mm (M)/Uterine wall
(mean+SD) (mean+SD) thickness (U) X100

1. Primigravid 0.44 + 0.04 0.88 + 0.06 50

2. Bigravid-Quartigravid | 0.89 +0.04 1.32+0.05 67.4

3. >Quintigravid 1.04 +0.01 1.47+0.01 70.7
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Figure 17: Disposition of myometrial smooth muscles

Organization of the myometrium in the
different parity groups at X100, after H and E
staining.

A: Myometrium of the mid-cornual section of
a primigravid rabbit. Note that myometrium
(arrow), has irregularly arranged smooth
muscle fibres. L is the lumen, Ed is the
endothelium.

B: Myometrium of the mid-cornual section of
a bigravid rabbit. Note that in this picture, the
myometrium is in two muscular layers; inner
circular (black arrow) and outer longitudinal
(white arrow). L is the lumen, Ed is the
endothelium.

C: Myometrium of a quintigravid rabbit at the
mid-cornual region. Of note is the organization
of the myometrium into the three myometrial
zones are more discernible; subendometrial
(arrow), with circular smooth muscle, vascular
(asterix), which is the largest, has blood
vessels and interspersed longitudinal smooth
muscle and the supravascular (arrow)

comprising of longitudinally disposed fibers.

3.1.4 PROLIFERATION MARKER (Ki-67) AND ANTI-APOPTOTIC MARKER
(BCL-2) IN THE ENDOMETRIUM AND MYOMETRIUM

In all the parity groups, more staining was noted in the glandular epithelium for the proliferation

marker Ki-67 than the endometrial stroma (Fig. 18). The multiparous stroma stained more intensely

for Ki-67 within the vascular elements as shown by the arrows (Fig.18D).
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On the other hand, the anti-apoptotic marker Bcl-2 was noted to stain intensely on the luminal
epithelium in all the parity groups (Fig.19). Of note, is the intense staining of the vascular tissue

within the stroma of the quintigravid uterus as shown by the asterix (Fig.19D).

Figure 18: Distribution of the proliferation marker Ki-67 in the endometrium

Proliferation marker Ki67 on the endometrial glands in the different parity groups, at x400

A: Photomicrograph of the control, tonsillar tissue, after immunohistochemical staining at X400. The
brown staining (arrows), is a positive finding, showing presence of the Ki-67 antigen within these
cells.

B: Primigravid endometrium from the mid-cornual section at X400, after immunohistochemical
staining. Note that the cells lining the glands stain positively for Ki-67 marker as shown by the
asterix.

C: Bigravid endometrium from the mid-cornual region of the uterus at X400 following
immunochemical staining. The cells of the glandular epithelium are staining brown as shown by the
asterix. Notably, the glands in B above stain more strongly.

D: Photomicrograph of a quintigravid endometrium from the mid-cornual section of the uterus at
X400. Note the more staining in the glandular epithelium than the lining epithelium. Ed is the lining
epithelium, the asterix demonstrate the staining on the glandular elements. Also note the intense

staining in D for the vascular tissue as shown by the arrows.
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Figure 19: Distribution of the anti-apoptotic marker Bcl-2 in the endometrium

Bcl-2 on the endometrial stroma in the different parity groups, at magnification X400

A: Normal tonsillar tissue acting as a control following immunohistochemical staining at X400, the
brown staining (arrows) denotes a positive finding within the cells of this tissue for the anti-apoptotic
marker Bcl-2

B: Primigravid endometrium, mid-cornual section after immunohistochemical staining at X400. Note
that the luminal epithelium (arrows) stains more strongly in comparison to the endometrial stroma (as
shown by the arrows).

C: Bigravid endometrium at the mid-cornual section following immunohistochemical staining at
x400. Note that the luminal epithelium stains brown while the endometrial stroma stains negatively in
this section.

D:A quintigravid endometrium at the mid-cornual section following immunohistochemical staining at
X400. Note that the luminal epithelium stains more strongly compared to the endometrial stroma as
shown by the arrows. In addition the vascular channels in the multiparous endometrial stroma (D)

stain with Bcl-2.

At the mid-cornual section, the primigravid and quintigravid myometrium were found to react
positively with the marker for proliferation Ki-67 (Fig. 20). The intermediate parity group did not
stain with this marker. The section bordering the fallopian tube demonstrated more staining in the
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primigravid female, although fewer compared to the mid-cornual section, fewer in the quintigravid
female and none in the intermediate group (Fig. 21). The cervical myometrium did not stain for Ki-67

(Fig. 22).

The staining for the anti-apoptotic marker Bcl-2 exhibited regional variation such that the section
taken at the middle of the cornua, the primigravid uterus stained the most strongly with Bcl-2,
followed by the quintigravid one. In the primigravid rabbits, it is the myometrial smooth muscle cells
that stained whereas in the multiparous rabbits it is the vascular endothelial cells and the stromal cells.
The bigravid rabbit did not stain for this marker (Fig. 23). In the uterus bordering the fallopian tube
the primigravid myometrium stained positively. In this case, in both cases, it is the endothelial cells of
the vascular channels that stained with Bcl-2. The bigravid and the quintigravid myometrium did not
stain (Fig. 24). In the cervical section, the multigravid myometrium stained positively while the

bigravid and the primigravid rabbits both stained negatively (Fig. 25).
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Figure 20: Variation of the proliferative marker Ki-67 in the mid-cornual part of the myometrium

A: A control, normal tonsillar tissue, following immunohistochemical staining for the proliferation
marker Ki-67 at X400. The brown (arrows) staining indicates presence of this marker in these cells.

B: Mid-cornual section of the primigravid myometrium following immunohistochemical staining for
the proliferation marker Ki-67 at X400. Note the presence of this marker in some cells of the uterus.
C: Myometrium taken from the mid-cornual region of a bigravid uterus following
immunohistochemical staining for the proliferation marker Ki-67 at X400. Note that this section
hardly has any brown staining.

D:Quintigravid myometrium from the mid-cornual region following immunohistochemical staining
for the proliferation marker Ki67 at X400. Note the intense in this section. The cells containing this

marker stain brown.
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Figure 21: Proliferation marker Ki-67 in the part of the myometrium bordering the fallopian tubes

Staining for the proliferation Ki-67 in the part of the myometrium bordering the fallopian tubes

A: Normal tonsillar tissue following immunohistochemical staining for the proliferation marker Ki-67
at X400. The brown (arrows) staining indicates presence of this marker in these cells.

B: Primigravid myometrium in the part adjacent to the fallopian tubes following
immunohistochemical staining for the proliferation marker Ki-67 at X400. Note the presence of this
marker in the cells of the myometrium, more so along the lining of blood vessels.

C: Myometrium taken from the region of the uterus closest to the fallopian tubes of a bigravid uterus
following immunohistochemical staining for the proliferation marker Ki-67 at X400. Note that this
section hardly has any brown staining. However, the vascular channels stain positively.

D: Quintigravid myometrium from the part bordering the fallopian tubes, following
immunohistochemical staining for the proliferation marker Ki-67 at X400. Note that it is the lining of

blood vessels that stain positively for this marker.
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Figure 22: Distribution of the proliferation marker ki-67 in the fibromuscular part of the cervix

Staining for the proliferation Ki-67 in the part of the cervical region of the uterus in the different
parity groups

A: Normal tonsillar tissue following immunohistochemical staining for the proliferation marker Ki-67
at X400. The brown (arrows) staining indicates presence of this marker in these cells.

B: Primigravid fibromuscular layer of the cervix, following immunohistochemical staining for the
proliferation marker Ki-67 at X400. Note the absence of this marker in the section. The brown
staining is noted along the vascular lining.

C: Bigravid fibromuscular layer of the cervix, following immunohistochemical staining for the
proliferation marker Ki-67 at X400. Note that this section hardly has any brown staining. However,
the vascular channels stain positively.

D: Quintigravid fibromuscular layer of the cervix, following immunohistochemical staining for the
proliferation marker Ki-67 at X400. Note that it is the lining of blood vessels that stain positively for

this marker.
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Figure 23: Variation of the Bcl-2 protein in the mid-cornual part of the myometrium

Staining for the anti-apoptotic marker Bcl-2 in the myometrium, mid-cornual section

A: Normal tonsillar tissue, following immunohistochemical staining for the proliferation marker Bcl-
2, at X400. Cells containing this anti-apoptotic marker take the brown stain (arrows).

B: Primigravid myometrium, staining for anti-apoptosis marker Bcl-2 at the mid-cornual section at
x400. Note the numerous brown stained cells (arrows).

C: Bigravid myometrium, mid-cornual section staining for anti-apoptosis marker Bcl-2 at the mid-
cornual section at x400. Note that the cells in this section are devoid of the brown stain.

D: Multigravid myometrium staining for anti-apoptosis marker Bcl-2 at the mid-cornual section at
x400. Note that some cells in this section take up the brown stain. Also note the presence of the brown

stain in the lining of the blood vessels.
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Figure 24: Distribution of Bcl-2 protein in the part of the myometrium bordering the fallopian tubes

Staining for the anti-apoptotic marker Bcl-2 in the myometrium, part bordering the fallopian tubes

A: Normal tonsillar tissue, following staining for the proliferation marker Bcl-2, at X400. Cells
containing this anti-apoptotic marker take the brown stain (arrows).

B: Primigravid myometrium, staining for anti-apoptosis marker Bcl-2 at the part adjacent to the
fallopian tubes at x400. Note the numerous brown stained cells (arrows) as well as the intense staining
in the blood vessels.

C: Bigravid myometrium, part adjacent to the fallopian tube staining for anti-apoptosis marker Bcl-2
at the mid-cornual section at x400. Note that the cells in this section are devoid of the brown stain.
However the vascular channels stain brown

D: Quintigravid myometrium staining for anti-apoptosis marker Bcl-2 at the part adjacent to the
fallopian tubes at x400. Note that some cells in this section take up the brown stain. Also note the

presence of the brown stain in the lining of the blood vessels.
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Figure 25: Distribution of the Bcl-2 protein in the fibromuscular part of the cervix

Variation in staining for the anti-apoptotic marker Bel-2 in cervical fibro-muscular region.

A: Normal tonsillar tissue, following immunohistochemical staining for the proliferation marker Bcel-
2, at X400. Cells containing this anti-apoptotic marker take the brown stain (arrows).

B: Primigravid cervical fibro-muscular region, staining for anti-apoptosis marker Bcl-2 at x400. Note
the cells in this section have not taken the brown stain. However, the cells lining the vascular
channels have.

C: Bigravid cervical fibro-muscular region staining for anti-apoptosis marker Bcl-2 at the mid-
cornual section at x400. Note that the cells in this section are devoid of the brown stain. However the
vascular channels stain brown

D: Quintigravid myometrium staining for anti-apoptosis marker Bcl-2 at cervical fibro-muscular
region at x400. Note that very few cells in this section take up the brown stain. Also note the presence

of the brown stain in the lining of the blood vessels.
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CHAPTER FOUR: DISCUSSION
4.1 GENERAL FINDINGS

Observations of the present study reveal a rise in body mass-normalized uterine weight as the parity
ascends. These findings were however not statistically significant. Other uterine parameters that have
been shown to correlate positively with parity include uterine volume and uterine diameters (Olayemi
et al., 2002). These differing uterine parameters due to parity may be as a result of retained changes of
uterine remodeling that have occurred in previous pregnancies. Indeed, uterine involution has been
shown to be affected negatively by parity such that it is much slower in multiparous females (Negishi
et al., 1999, Zdunczyk et al., 2004, Zhang et al., 2010). On the contrary, Ababneh and Degafa, (2005)
established that uterine involution is not affected by parity suggesting that there may be other

explanations to these findings.

The typical layers of the uterus were observed in the pregnant rabbits used in this study the
endometrium, myometrium and parametrium. Known differences between a gravid and non-gravid
uterus include; thicker luminal and glandular epithelium, numerous highly coiled stromal glands as
well as a thicker myometrium (Cruz and Selwood, 1997). Progesterone is the key hormone of
pregnancy that prepares the uterus for implantation and maintenance of the conceptus and is therefore

responsible for these pregnancy related changes (Nasar and Rahman, 2006, Young, 2010,).

In all the rabbits, the glandular and lining epithelia were of the simple columnar type with
hyperchromatic nuclei. It is known that the endometrium retains a columnar morphology in pregnancy
(Roberts et al., 1984). Studying rats, Intan-Shameha et al., (2005), established that the cells of the
uterine mucosa become taller in pregnancy and occasionally stratification is observed. A loss of the
columnar morphology may not be unusual as it has been reported in monkeys (Rosario et al., 2007).
Multinucleation of the endometrial lining as a result of fusion of the columnar cells can also occur in
pregnancy (Davies and Hoffman, 1973). These changes that occur on the endometrial epithelium in
pregnancy are referred to as the Arias-Stella reaction and were first described by Javier Arias-Stella
(Arias-Stella, 1954). They comprise nuclear enlargement, hyperchromatism with cytoplasmic
swelling and vacuoles. The main characteristic of the reaction is cellular enlargement, mainly of the

nucleus to double or many times its usual size.

4.2 ENDOMETRIAL GLAND DUCT DENSITY AND SIZE

In the present study, there was a decrease of gland duct density within the endometrium with a rise in
parity in pregnant rabbits, such that the percentage proportion within the endometrial stroma was
45%, 34% and 37.5% in the primiparous group, biparous-quadriparous and multiparous groups

respectively. To the best of our knowledge, this is the first study correlating endometrial glands with
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parity. The findings of this study could provide some explanation of observations of previous studies.
For example, endometrosis also known as chronic degenerative endometrial disease is characterized
by reduced endometrial glands. This condition has been shown to correlate positively with a rise in
parity in mares as opposed to age (Bracher et al., 1996). It is therefore possible that the progressive
loss if endometrial glands in higher parity groups as observed in this study is part of a physiological

degeneration.

It is known that endometrial carcinoma is more common in nulliparous and low parity females
(Albrektesen, 2009). Reduction in endometrial glands as the parity rises may be the reason why parity
is protective against endometrial cancer. Repeated strong exposure to progesterone has been thought
to play a protective role. While studying the effect of progesterone on non-pregnant bovine
endometria, Wang et al., (2007), proposed that the increased endometrial gland density after estrogen
exposure may be driven by changes in total endometrial area rather than by proliferation and
regression of glandular cells. According to these authors, a smaller endometrial area gives an

impression of higher glandular density.

In thoroughbred mares, surface endometrial gland density has been found to correlate positively with
the greater surface density of placental cotyledons observed in these animals (Lefranc and Allen,
2007). In a separate study, multiparous mares were noted to have the lowest microcotyledons surface
density (Wilsher and Allen, 2003). The lower density of placental cotyledons observed in multiparous
females by these authors may be explained by the reduced endometrial gland density in the higher

parity group as seen in the current study.

During pregnancy endometrial glands undergo extensive hypertrophy and hyperplasia to provide
increasing histotrophic support for the conceptus (Finn and Martin 1976). The secretory products of
endometrial glands are essential for the establishment of uterine receptivity and conceptus
implantation (Gray et al., 2001a, b). Inhibition of postnatal growth of these glands via gene knock out
resulted in infertility (Spencer and Gray 2006). Ewes that lack uterine glands and histotroph fail to
exhibit normal estrous cycle or maintain pregnancy beyond day 14. Development of uterine glands
(adenogenesis) in mammals typically begins in the postnatal period and involves budding of nascent
luminal epithelium and extensive proliferation as they grow into the surrounding stroma, elongate and
mature (Cooke et al., 2012). In rabbit, sheep and pig a servomechanism is proposed to regulate
endometrial gland development and differentiated function during pregnancy. It involves sequential
actions of ovarian steroid hormones, pregnancy recognition signals and lactogenic hormones from the
pituitary and placenta (Gray et al., 2001). In the postpartum period, the endometrial glands undergo
involution (Gray et al., 2003). A complete decline of progesterone shortly before parturition is what is
responsible for the postpartum endometrial degeneration (Degafa et al., 2006). In the equine
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endometrium rapid degeneration of the uterine glands occurs after pregnancy such that by day 7
postpartum the endometrial histology is similar to that observed during normal proestrous (Gray et al.,
2001a, b). It is therefore plausible that the intensity of endometrial gland proliferation reduces as

parity increases.

The current study observed that endometrial gland duct size increases with a rise in parity. While
studying non pregnant bovine uteri, Wang et al., (2007), established that whereas high progesterone
levels was associated with an increase in endometrial gland density, it was accompanied by a decrease
in endometrial gland size. These findings are in agreement with what was observed in the pregnant
rabbits used in this study. The primiparous rabbits had the highest endometrial gland density as well
as the smallest gland duct circumference of 217 + 0.02 um compared to a duct circumference of 797 +

0.01 um in the multiparous females.

4.3 VASCULAR DENSITY OF THE ENDOMETRIAL STROMA AND THE
MYOMETRIUM
The current study presents an increase in vascular density of the uterine mucosa as the parity rises. A
study on non pregnant human females using a power Doppler, Ng et al., (2006), reported that parity is
not one of the factors that affect uterine blood flow. According to these authors, parity, women’s age
and smoking habits did not affect endometrial blood flow while serum high estradiol concentrations
reduced blood flow to the endometrium (Ng et al., 2006). It is possible that the findings of the current
study are as a result of cumulative effect of endometrial remodeling in pregnancy. In sheep,
endometrial angiogenesis during pregnancy has been shown to occur from pre-existing capillary

networks (Grazul-Bilska et al., 2010).

In rabbits, during the early stages of pregnancy, as the cells of the uterine mucosa proliferates, there is
an intense angiogenesis accompanied by a corresponding increase in vascular density (Parry, 1950).
Given the early and prominent role that the endometrial vasculature plays in the endometrial response
to the implanting blastocyst, it is thought that the vascular changes may contribute to uterine
receptivity and subsequent fetal survival (Rogers, 1996). Indeed, weight and crown-rump length of
the fetus have been shown to be significantly influenced by the number of the blood vessels reaching
the endometrium such that the fewer the vessels the lower the weight (Argente et al., 2000).
Interestingly, there is evidence that low parity is a risk factor for low birthweight (Mavalankar et al.,
1992). It is therefore possible that the lower vascularity seen in endometrium of the primigravidae
could be part of the explanation of these observations. Other factors that have been shown to display a
decrease in the vascular density of the endometrium during pregnancy such as maternal age and poor

nutritional status have also been associated with low birth weight (Reynolds et al., 2005). Certainly,
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endometrial blood flow is important for fetal survival, women who have successful pregnancy
culminating in a live birth have been shown to have significantly higher endometrial blood flow than

those who suffer miscarriage (Ng et al., 2006).

The present study reveals that the vascularity of the myometrium increases with a rise in parity. These
findings are at variance with what was presented by Skurupiy et al., (2010), who established that the
vascularity of the pregnant uterus reduced in repeated pregnancy at the expense of more smooth
muscle cell hyperplasia. The effect of litter size was not assessed in this study although it was thought
to be a confounding factor. Nevertheless, in pigs, uterine blood flow has been demonstrated to have

no association with the litter size (Pere and Etienne, 2000).

An ultrasonic study done in humans established that parity significantly affects uterine blood flow
(Perfumo et al., 2004). According to these authors, parity notably increases the resistance index of the
uterine artery as a result of retained uterine remodeling changes that had occurred in previous
pregnancies. Supporting these observations is the findings of Keyes et al., (1997), who found that
DNA synthesis in uterine smooth muscles cells causes their proliferation to help sustain the rise in
blood flow to the uterus. In fact, progesterone has been demonstrated to be responsible for this
reorganization of the uterine circulation to support pregnancy by up-regulating angiogenic markers

(Milhiet et al., 1998).

In addition, the higher vascular density within the myometrium of multipara rabbits observed in this
study may be part of vascular degeneration. There is evidence that parity results in alterations in
vessel wall structure with resultant influence on uterine blood flow and oxygen saturation (Griininger
et al., 1998, Sabeckiene et al., 2008). The latter induces development of degenerative changes such as
degenerative angiogenesis (Sabeckiene et al., 2008). In a study done on mares, Esteller-Vico et al,
(2012), established that vascular degeneration in endometrial and myometrial vessels consisted of
enlargement and duplication and splitting of the internal elastic lamina. According to these authors,

the strongest association with vascular degeneration was parity with no association of age.

Inadequate vascular growth during early pregnancy may result in inadequate umbilical blood flow
which directly affects transport of nutrients to the embryo/fetus (Grazul-Bilska et al., 2010).
Additionally, ineffective vascular remodeling during pregnancy has been shown to be a prerequisite
of preeclampsia (Ong et al., 2005). Pre-eclampsia is more likely to occur in the primiparae (Long et
al., 1979). It is therefore plausible that the higher vascularity observed in the multipara may be
protective against preeclampsia. Moreover, the higher vascularity may be part of the anatomical basis

for higher likelihood of postpartum hemorrhage in multiparous females.
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4.4 MYOMETRIAL SMOOTH MUSCLE ORGANIZATION AND MYOMETRIAL
THICKNESS

A notable feature of the myometrium is that, as the parity rises; the myometrium is organized into
more smooth muscle layers such that the multiparous myometrium displays three myometrial layer
namely; the sub-endometrial zone, vascular zone and the sub-serosal zone. On the other hand, the
primigravid is markedly irregular. Interlacing of myometrial fibers characterized by their irregularity
contributes in controlling bleeding during the third stage of labor (Cunningham et al., 1997). It is
therefore likely that this irregular arrangement is what reduces the prevalence postpartum hemorrhage

in the low parity females.

It is possible that the arrangement observed in the multiparous gravid uterus contributes to the
efficiency of myometrium during labour. A study done on rabbits revealed that the smooth muscle
cells in the different layers possess different characteristics (Lambert et al., 1990). According to these
authors, adenylate cyclase activity was higher in circular than in longitudinal smooth muscle cells.
Adenylate cyclase is a second messenger in the smooth muscle contraction cascade (Kuriyama et al.,
1998). Higher amounts of adenylate cyclase may imply a more forceful contraction following
stimulation of the circular myometrial smooth muscle cells. Adenylate cyclase is also regulated by
mechanical stimuli as it is physically attached to the cytoskeleton (Bajo et al., 2004). On the other
hand, the longitudinal smooth muscle cells have a higher response to beta adrenergic isoproterenol
(Lambert et al., 1990). The longitudinal smooth muscles are more efficient in relaxation given that
isoproterenol is a smooth muscle relaxant. Isoproterenol causes myometrial smooth muscle relaxation

via stimulation of a net efflux of calcium (Kroeger et al., 1975).

Labour is a physiologic process by which a fetus is expelled from the uterus to the outside world as a
result of coordinated uterine contractions and concomitant cervical effacement and dilation (Norwitz
et al., 1999). Nulliparous females are more likely to have labour dystocia and subsequent necessity for
augmentation, operative vaginal delivery or caesarean section (Shields et al., 2007). Labour dystocia
in nulliparous females is usually secondary to ineffective myometrial contractility (Brennan et al.,
2011). On the other hand, in the multipara females, labor dystocia is likely due to obstructed labour
and not inefficient uterine contraction (Cluver and Odendaal, 2010). Use of oxytocin in females of
high parities is accompanied by higher rates of uterine rupture (Dawood et al., 1974, Cluver and
Odendaal 2010). It has also been reported that a primigravid uterus, if a mechanical obstruction to
labor exists, the uterine contractions gradually weaken and then stop. In the multiparous women, on
the other hand, contractions continue until delivery or uterine rupture occurs (Neilson et al., 2003).
The findings of this study as regards to the organization of the uterine musculature may contribute to

explaining such observations.
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This study reports increase in myometrial thickness with a rise in parity, the primigravid rabbits
having a thickness of 0.44 + 0.04 mm, while the rabbits with number of pregnancies exceeding five
had a thickness of 1.004 + mm. Closely related to the observations of the current study, are the
findings of am ultrasonic study in humans that revealed that the process of labor contributed to the
thickness of the lower uterine segment (Bérubé et al., 2011). According to these authors, women who
had undergone previous labor had a thicker lower uterine segment than those who had a caesarean
section before the onset of labor. There is evidence that myometrial thickness increases the efficiency
of labour by increasing intrauterine pressure (Buhmischi et al., 2002). The thicker myometrial width
in the multiparous rabbits maybe the reason why their duration of labour is much shorter. Their
thicker myometrium may not be due only to thicker myocytes and blood vessels but also as a result of
deposition of collagen and elastin which occurs with successive pregnancy as reported by Gunja-

Smith and Woessner (1985).

4.5 CELL PROLIFERATION AND APOPTOSIS IN THE ENDOMETRIUM AND
MYOMETRIUM
In the current study, the proliferative marker Ki-67 stained positively in the luminal and glandular
cells of the endometrium in all the parity groups. The endothelial cells within the stroma also stained
positively for this marker, the multiparous vascular channels showing the most intense staining. In
the early phases of pregnancy in mares, the Ki-67 protein is present in all endometrial layers to ensure
that angiogenesis and adenogenesis occur in order to support the growing conceptus (Silva et al.,
2011). The more intense staining observed in the vascular channels of the multiparous rabbits may be

part of the explanation why vascular density increases with parity.

The anti-apoptotic protein bcl-2 was found to stain in the luminal endometrium of all the parity
groups. Jones et al.,, (1998) reported similar findings in humans. These authors found that
progesterone treated and gravid endometria expressed high levels of bcl-2 and showed no evidence of
apoptosis. On the contrary, the “receptive” non gravid endometrium in humans shows a down
regulation of bcl-2 and apoptotic cell death occurs (Rango et al., 1998). According to these authors,
the apoptosis observed in the endometrium in the ovulation period is expected to assist the invasion of
the extravillous trophoblasts during implantation. In order to make such a conclusion accurately, more
studies are required around the peri-implantation period. The current study looked at the endometrium
in late pregnancy while Jones et al., (1998), studied an early pregnancy endometrium. The
endometrial stromal cells and the endometrial glands hardly stained for bcl-2 with the exception of the
multiparous endometrium, which also portrayed intense staining in the endothelial cells of vascular

channels within the endometrial stroma.
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In the present study, staining for the Ki-67 protein within the myometrium was such that the sections
in the mid-cornual parts and the fallopian tube stained positively in the primiparous and multiparous
myometria compared to the intermediate parity group. The parts of the myometrium that stained
positively were stromal cells and vascular elements. The cervical fibromuscular area hardly stained
for this marker. Lei et al., (2012), reported that the hormone progesterone as well as DNA damage
both encourages uterine cell proliferation. Multiparity has been shown to result in endothelial
dysfunction via increasing oxidative stress in this tissue (Tawfiq et al., 2008). For this reason, the
intense proliferation in the multiparous uterus shown in this study may be as a result of DNA damage.
On the other hand, maternal hormone profile has been reported to be affected by parity (Arslan et al.,
2006), with higher levels of hormones such as estradiol, progesterone, HCG, AFP and prolactin being
noted in primigravid females. The higher progesterone may explain the findings of this study in the

primiparous myometrial proliferation.

4.6 LIMITATIONS OF THE STUDY

One of the probable confounders of this study was the aspect of litter size. It is possible that litter size
affects the structure of the uterus. Nonetheless, this confounder was present in all the groups in this
study. Other studies can look into effect of litter size on the uterus. The fact that there may be inter-
individual differences regarding anatomical structures may warrant further exploration of this concept

with more studies looking into parity.

CONCLUSION

The primigravid uterus is characterized by higher density of endometrial glands, reduced vascular
density of the endometrium and myometrium and reduced myometrial thickness. Myometrial smooth
muscle layers become more organized as parity increases. This architecture of smooth muscles as
parity rises, may be the reason why the multiparous uterus is efficient for fetal expulsion. The higher
vascularity in the higher parity group was as a result of both increased proliferation and reduced
apoptosis evidenced by intense staining of the proliferation marker Ki-67 and the anti-apoptotic
protein Bcl-2 in this group. The increased vascularity observed in the multiparous rabbits provides an

explanation of higher likelihood of postpartum hemorrhage in the higher parity females.

SUGGESTIONS FOR FUTURE STUDIES

As an expansion of the findings of this study, future studies can look into the following;
1. Effect if liter number on uterine structure

2. Effect of parity on total endometrial size/volume

3. The type of angiogenesis that occurs in uterine layers during pregnancy
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