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Mechanism of normal menstruation and abnormality associated with
menorrhagia

Jeanne Adiwinata Pawitan

Abstrak

Pada haid normal terjadi peluruhan jaringan endometrium dan perdarahan, diikuti oleh hemostasis dan ‘repair’. Kelainan dapat
terjadi pada berbagai tahap dari proses di atas, dan dapat mengakibatkan perubahan jumlah darah haid. Haid dengan jumlah darah
lebih dari 80 ml disebut menorhagia. Sari pustaka ini membicarakan mekanisme haid normal, dan berbagai faktor yang berkaitan
dengan menorhagia. Faktor tersebut adalah ‘endometrial bleeding associated factor (ebaf)’, peran berbagai sel (lekosit migran,
makrofag, dan sel mast), peran berbagai zat (enzim lisosom, berbagai prostaglandin, endotelin, faktor pertumbuhan, dan reseptor-
nya), gangguan pada fibrinolisis dan proses hemostasis, dan perubahan aliran darah endometrium. (Med J Indones 2001; 10: 121-6)

Abstract

Normal menstruation involves endometrial tissue breakdown and bleeding, followed by hemostasis and repair. Abnormality of this
process at any stage may result in changes in the quantity of menstrual blood loss. When menstrual blood loss is greater than 80 ml, it
is called menorrhagia. This review discuss the mechanism of normal menstruation, and factors associated with menorrhagia. Those
Jactors are the endometrial bleeding associated factor (ebaf), the role of various cells (migratory leucocytes, macrophages, and mast
cells), the role of various substances (lysosomal enzymes, prostaglandins, endothelins, growth factors and its receptors), impairment
of fibrinolysis and hemostatic proces, and changes in endometrial blood flow. (Med J Indones 2001; 10: 121-6)
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Figure 1. Mechanism of normal menstruation
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Endometrial tissue breakdown and bleeding

Markee (as cited from Brenner. 1996) noted that the
first and most reliable sign of impending menstruation
was a slowing of blood flow in the upper endometrial
regions. accompanied by a reduction in endometrial
thickness due to fluid reabsorption. This shrinkage, or
premenstrual regression, began 2 days before bleeding
and continued throughout the bleeding episode. The
second key event was compression of the spiral
arteries. These coiled vessels buckled to accommodate
shrinkage of the endometrium. As a consequence,
blood flow through these vessels was greatly reduced.
The third event was an extensive vasoconstriction of
the spiral arteries which further reduced blood flow to
the upper zones. The vascular stasis induced by such
compression and vasoconstriction led to anoxic insult
that weakened the capillary bed.®

Induction of local tissue ischemia by a prolonged
vasoconstriction of the end arterioles of the spiral
arteries is possibly induced by specific prostaglandins
secreted during the second half of the ovarian cycle,’
which exerts paracrine influence. Secretion of
prostaglandin. particularly PGF2a by the epithelial
cells. is be due to progesterong

withdrawal at the end of the cwcle.
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endometrial blood vessels in the basal zone. The
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granules of a variety of cytotoxic lymphocytic cells
contain perforins that mediate target cell lysis.
However it is not clear, if granulated lymphocytes
ever mediate such toxicity against blood vessels
locally."

Macrophages can be cytotoxic to tissue by release of
H202, TNF alfa, and various lysosomal enzymes.I1
The secretion of hydrolytic (lysosomal) enzymes into
the extracellular space is a mechanism that could
initiate endometrial bleeding, either directly by
dissociation or destruction of endothelial cells or
perivascular tissue, or indirectly by degradation of the
extracellular matrix."?

The role of proteolytic enzymes and its inactivator

Several proteolytic enzimes have been implicated in
tissue breakdown. They are present in the lysosomes
(aspartic lysosomal proteinase cathepsin D and
lysosomal cysteine proteases), or secreted either at the
cell surface or in extracellular matrices or fluids
(metallo- and serine proteinases). The nonsedimentable
fraction of lysosomal enzymes from endometrial
homogenates has been reported to increase from about
23% at the proliferative phase to about 50% at the late
secretory phase.””
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Altogether. these events leads to tissue shedding. The
desquamative process probably follows a topographic
sequence and the process might not have reached the
same stage in each segment of the uterine cavity.
There is still controversy about the extent of tissue
shedding at menstruation. Some investigators stated
that at no time during menstruation was there
extensive denudation of surface epithelium. The
largest breaks were not more than 2 mm in diameter
and most were less than 100 um. Some other stated
that most part of surface lining epithelium are shed,
with only the epithelium at the glandular stumps left
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and, adjacent to it, naked endometrial stroma forming
the surface. However, isles of non-shed endometrium
may be preserved within the fundal cavity.14

Hemostasis, repair and angiogenesis

The normal hemostatic process can be divided into
three phases. The first phase, primary hemostasis,
consist of platelet adhesion and aggregation. After
vascular injury, proteins in the subendothelium are
exposed and promote platelet adhesion. Platelet
adhesion is uniquely dependent on von Willebrand
factor, a plasma protein that serves as a molecular
bridge between components of the vessel wall and the
platelet glycoprotein Ib/IX receptor. Activation of
adherent platelets promotes additional platelet
recruitment, culminating in the formation of the
platelet plug.]5

In the next phase, secondary hemostasis, the plasma
coagulation factors are sequentially activated, which
lead to fibrin formation and cross-linking. These
reactions take place primarily on the surface of
activated platelets and are essential in maintaining the
stability of the initial platelet plug. Finally, in the final
phase, fibrinolysis occurs. The f1br1n clot undergoes
an orderly process of degradation. '

In addition, hemostasis relies to a considerable extent
on the timely and adequate constriction of bleeding
vessels. These events are controlled by prostaglandins
and endothelins, which appears to be powerful
vasoactive substances, and their production s
regulated by circulating oestrogen and progesterone
concentrations.

Endothelins, located predominantly at the endometrial-
myometrial junction, act as powerful vasoconstrictors.
Tissue endothelin concentration may interact with
relaxing factors such as endothelium- derlved relaxing
factor (EDRF), also known as nitric oxide.”

For menstrual bleeding to cease, there must be repair
of the epithelium and vascular endothelium initiated
from the remaining basal layers of endometrium. In
addition, local factors are likely to play a central role
in this reparative and angiogenesis process. It is
suggested that cells or cellular products from residual
areas of the functional layer are important in normal
endometrial remodelling and repair. Regeneration
begins within 24 hours and is complete within 4-5
davs of the onset of menstruation. Growth factors in
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the endometrium may be crucial to the speed and
efficacy of the reparative and angiogenesis process.
These growth factors are: epidermal growth factor
(EGF), transforming growth factors (e.g. TGF-beta).
platelet-derived endothelial growth factor/thymidine
phosphorylase (PD-ECGF/TP), tumor necrosis growth
factors, and vascular endothelial growth factor
(VEGF).16 The secretion of potent endometrial growth
factors, such as VEGF, basic fibroblast growth factor
(bFGF) and EGF, is influenced by ovarian steroid
hormones™'® However, it is unclear how important
any direct effect of oestrad101 may be on epithelial
proliferation and repalr

FACTORS ASSOCIATED WITH MENORRHAGIA

Endometrial bleeding associated factor (ebaf)

A novel human gene, endometrial bleeding associated
factor (ebaf), was reported. This gene is located on
human chromosome 1 at band g42.1. " In normal
human endometrium, this gene is transiently
expressed before and during menstrual bleeding in the
stroma without any significant expression in the
endometrial glands or endothelial cells. In endometriem.
strong expression of this gene is assoctated with
abnormal endometrial bleeding.” Therefore. ebaf
might have a role in menorrhagia.

Migratory leucocytes, macrophages and mast cells

Migratory leucocytes. macrophages. and mast cells
may contribute to the mechanism of excessive blood
loss. An excessive leucocyte infiltrate has been
associated with the copper intra-uterine device. one of
the several causes of menorrhagia. Macrophages may
release  platelet-activating  factor (PAF: and
prostaglandin E, both of which are potent
vasodilators, and mast cells may secrete a range of
vasoactive substances, all of which could augment
menstrual blood loss. Mast cells may also play a role
in the defective haemostatic process. They have been
shown to degranulate pre-menstrually to secrete
heparin, histamin and other substances. Heparin
stimulates endometrial fibrinolysis via the secretion of
tissue plasminogen activator, and histamin causes
endothelial cell contraction, creating gaps between
vascular endothelial cells to allow increased vascular
fluid loss. In dysfunctional uterine bleeding, the
secretion of heparin-like substances has been showed
to be increased.”
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Lysosomal enzymes

Endometrial lysosomal enzyme activity in women
with ovulatory dysfunctional uterine bleeding and
menorrhagia secondary to intrauterine device (IUD)
use is increased. Excessive or prolonged tissue
degradation due to lysosomal enzyme activity such as
matrix metalloproteinases could result in increased or
prolonged menstrual bleeding.9

Prostaglandins and endothelins

Ovulatory dysfunctional bleeding is associated with a
shift in the ratio of endometrial vasoconstricting PGF
2o to vasodilatory PGE2, and an increase in the total
concentration of prostaglandins. There is also an
increased capacity for myometrial generation of
prostacyclin (PGI2) from endometrial precursors.
PGI2 is a vasodilatory prostaglandin and a potent
inhibitor of platelet aggregation. Successful treatment
of ovulatory dysfunctional uterine bleeding with
prostaglandin sythetase inhibitors leads to a reduction
in endometrial concentrations of PGF2o and PGE2,
and inhibits the binding of PGE to its receptor. In
addition, in women with menorrhagia, there is an
increase in prostaglandin receptor concentrations,
Therefore, endometrial tissue may be more responsive
to the action of the increased vasodilatory protaglandins.

Endothelin has potent vasoconstrictor and growth
factor properties, and has been proposed to have a
paracrine role in the regulation of uterine blood flow.
In menorrhagia, endothelin is reduced in glandular
epithelium.18 Its concentration in the endometrium of
women with ovulatory dysfunctional uterine bleeding
may be depressed substantially. Disrupted patterns of
endothelin production may prolonged or increased
menstrual blood loss.” In addition, its metabolizing
enzyme, neutral neuropeptidase, is increased in the
glandular epithelium of women with menorrhagia.
Therefore, endothelin and neutral neuropeptidase
might be a factor in menorrhagia.IS

Growth factor receptor

Angiogenic growth factors play a critical rele in the
cyclic growth and vascularizauen of normal
endometrium. Fibroblast growth factor receptor-1
(FGF-R1) colocalized with basic fibroblast growth
factor (FGF-2). FGF-R1 is markedly reduced or
absent in women with menorrhagia throughout the
cycle relative to that of normal cycling women. This
suggests that FGF-RI is critical for endometrial
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‘maturation’ and regeneration of the normal
endometrium following menstruation."

Fibrinolysis and hemostatic process

Active fibrinolysis within the normal endometrium
and uterine cavity at menstruation prevents organized
clot formation and the development of intrauterine
adhesions. Ovulatory dysfunctional uterine bleeding is
associated with an increased in endometrial
fibrinolysis, and an increased concentration of tissue
plasminogen activator. Overactivation of these
fibrinolytic mechanism may unbalance the haemostatic
system, and may result in excessive blood loss. In
addition, quantitative or qualitative defect in either
phase of hemostatic process is important to consider
when evaluating women with menorrhagia.

Changes in endometrial blood flow

In women with ovulatory dysfunctional uterine
bleeding there is a significant increase in endometrial
blood flow compared with normal, and this is seen
during the period of raised oestradiol secretion in the
follicular phase. There is a subsequent decrease in
flow in the secretory phase, with a late premenstrual
rise equivalent to that seen in normal cycles. It is
unclear whether the increased endometrial flow in the
follicular phase has any direct influence on menstrual
blood loss.”

CONCLUSION

The mechanism of normal menstruation is preceded
by endometrial tissue breakdown and bleeding, and
followed by hemostasis and repair. Excessive
menstrual blood loss might be due to the abnormality
in the the role of leucocytes, macrophages and mast
cells. 1in the concentration of lysosomal enzymes.
prostaglandins and its receptors, and endothelins.
Furthermore it may be due to overactivation of
endometrial fibrinolysis mechanism and changes in
endometrial blood flow.
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