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Introduction:
The Fallopian tubes are paired tubes that extend bilaterally
from uterus towards the ovaries. They are involved in ovum
transport and providing the environment needed for fertilization
and development of zygote (1). The Fallopian tube secretes various
substances like mucoproteins, enzymes and electrolytes to fulfill
this purpose (1). Fallopian tubes being part of mucosa associated
lymphoid tissue has many immune cells like neutrophils, dentritic
cells, monocytes and mainly T lymphocytes (2).
Microvasculature of a tissue is a part of the circulatory
system which includes the small blood vessels namely arterioles,
capillaries, post capillary venules or high endothelial venules
(HEVs) and venules. The number of microvessels determine the
metabolic activities of the tissue. Microcirculation provides tissue
perfusion and delivery of oxygen and nutrients (3). The vascularity
of any tissue can be accurately determined by the capillary density
which is based on an actual count of the capillaries in a given
volume of tissue (4).
Defect in microvascular anatomy causes deficit in tissue
healing (5). Microvascular density is an important feature in
angiogenesis of tumour. Angiogenesis is crucial both in the growth
and treatment of tumours (3). Rivard et al. showed a decrease in
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growth of new blood vessels in the aged due to impaired
mechanisms (3).
The microvessels plays an important role in the female
reproductive organs. Blood vessels development, growth and
regression form main steps in reproduction. The vascular system
of the uterus has a unique remodelling capability associated with
the menstrual cycle, implantation and pregnancy (6). Walocha et
al. in his study showed the presence of high density of
endocervical mucosal capillaries which they corelated to extensive
remodelling due to parturition. The high density of capillaries
could retain their ability to supply the stretched mucosa (7). The
microvasculature architecture of Fallopian tube plays a vital role
in the transport of ovum within the tube and the zygote to uterine
cavity (8).

High Endothelial Venules
The HEVs are specialized post capillary venules and the
migratory route of naïve lymphocytes in the secondary lymphoid
organs and tissues. They are found in all secondary lymphoid
organs except spleen (9). HEVs are key players in the process of
filtering incoming antigens. They extract naive and memory
lymphocytes from the bloodstream, regardless of antigen receptor
speciﬁcity and deliver them into the lymph node under
2

homeostatic conditions (10). Emigration of lymphocytes occur
through microvillous processes on them that interact with pits on
HEVS (11).
On light microscopy HEVs are identified by their polygonal
endothelial cell lining and perivascular sheaths. They have a thick
basal lamina supported by pericytes (12). Otsuki et al. reported
that there were no HEVs in the Fallopian tube and the lymphatic
capillaries were said to be the migratory route of lymphocytes (13).
Yet, Rabi et al. (2014) had shown the presence of HEVs in human
postpartum Fallopian tube.
Immune cells in Female Reproductive System
There are various immune cells that reside in the female
reproductive tract. They are either present singly or as aggregates
in the epithelium, stroma or lamina propria. The predominant
cells are T cells, macrophages/dendritic cells, natural killer (NK)
cells, neutrophils and mast cells. B cells are rarely seen (14).
Kutteh et al. in their study showed the presence of T cell
subpopulations and NK cells in the reproductive tract, thereby
proving the reproductive tract to be a mucosa associated lymphoid
tissue (15).
Immune cells in the Fallopian tube are involved in both humoral
and cell mediated immunity. T cells are the main cells in cell
3

mediated immunity. There are two types of T cells, namely CD8
and CD4 cells. CD8 cells are suppressor or cytotoxic cells and CD4
cells are helper cells.
CD4 cells are called helper cells because they send signals
to other types of immune cells like CD8 killer cells, which then
destroy infectious particles (9).
CD8 cells on the other hand are also called cytotoxic T cells
because they kill target cells by the delivery of cytotoxic proteins
that induce apoptosis (9). They function by release of cytokines,
cytotoxic granules or by Fas/FasL ligand interactions (9).
Immune cells can be seen both in the epithelium and lamina
propria. Of the immune cells seen in the epithelium other than T
lymphocytes and dentritic cells, macrophages are rarely seen in
the epithelium (16) but plasma cells and B cells have not been seen
(13) (17).
Intraepithelial Lymphocytes
The

intraepithelial

lymphocytes

(IELs)

are

migratory

lymphocytes found in the epithelium lining the gastrointestinal
and reproductive tract. They transiently occupy strategic positions
against surface antigens (18).

4

The presence of IELs in the mucosa of Fallopian tube is
considered physiological. It was proposed that they might act as a
first line of defence against infections and thereby prevents
infertility (15). They are more in number during pregnancy and
play a significant role in immune tolerance facilitating transport of
sperm and blastocyst (15). IELS are more in number during the
secretory phase compared to the proliferative phase of menstrual
cycle

and

more

in

the

reproductive

group

compared

to

microvasculature

in

postmenopausal (19) (17).
For

the

better

understanding

of

Fallopian tube and the effect of hormones on microvasculature,
there is a need to quantify the microvasculature. To quantify the
presence of microvessels, semithin sections are used to get a
clearer view of vessel structure. Semithin sections of Fallopian
tube provide better resolution about the minute details of tissue
including the nucleus of cells (20). In a previous study done in our
department, quantification of IELs was done in postpartum
Fallopian tube but categorization of IELs was not done. There is
no report on correlation between IELs and microvasculature in
non-pregnant Fallopian tube.
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AIM & OBJECTIVES

AIM:
To study the microvasculature of nonpregnant Fallopian tube
under light microscopy
OBJECTIVES:
1. Quantification of mucosal arterioles, capillaries, high
endothelial venules and venules in non-pregnant Fallopian
tubes under light microscopy.
2. To count and compare the number of CD4 positive IELs and
CD8 positive IELs per unit length of epithelium in nonpregnant
Fallopian tubes.
3. To count and compare the number of CD4 positive IELs and
CD8 positive cells per unit length of epithelium in postpartum
Fallopian tubes.
4. To look for correlation between CD4 and CD8 IELs with the
number of mucosal arterioles, capillaries, venules and HEVs.
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LITERATURE REVIEW
Anatomy of Fallopian tube
The Fallopian tube is a tubular, seromuscular organ
attached proximally to the lateral aspect of the uterine fundus (9).
Its length averages 11-12 cm. It is divided into 4 main segments:
1) the infundibulum, the terminal part of which contains the tubal
ostium; 2) the ampullary region; 3) the isthmic portion; and 4) the
intramural or interstitial portion, which is contained in the wall of
the uterus (9). The longest part is the ampulla which is the site of
fertilization.
The wall of the Fallopian tube has three layers – mucosa,
muscularis and serosa. The mucosa of the Fallopian tube shows
numerous folds. The folds form an irregular lumen. The folds
become smaller as the tube nears uterus (9). The mucosa is made
up of simple columnar epithelium and lamina propria. The
epithelium consists of both ciliated and non-ciliated cells.
Prominent basement membrane is seen below the epithelium. The
main function of ciliated cells is to direct the transport of egg and
sperm by rhythmically beating cilia. The ciliary movements are
orchestrated by the cyclical changes in hormone levels during the
menstrual cycle (21) (22) (23). The non-ciliated or peg cells are
7

secretory in nature which provide nutrition for the ovum (24).
Under the influence of estrogen, ciliated cells undergo increase in
growth in cilia and secretory activity of non-ciliated peg cells
increase (16).
A third cell type was described electron microscopically by
Abughrien et al. (2000) in bovine uterine tube. They are located
principally in the basal part of the epithelium and are hence called
basal cells. Two types of basal cells were observed. Type I had a
nucleus with much condensed heterochromatin and very sparse
cytoplasmic

organelles

and

type

II

had

a

nucleus

with

heterochromatin typically clumped around the nuclear envelope.
Its cytoplasm contained many organelles including a number of
lysosomes. Immunocytochemistry revealed that type I basal cells
were lymphocytes and type II basal cells were macrophages (16).
Lamina propria is made up of loose connective tissue with
collagen, reticular fibres and blood vessels. The muscularis is
organized as an inner thick circular layer and outer thinner
longitudinal layer (9).
Serosal layer is lined by flat endothelial cells. It was thought
to provide a non-adhesive protective layer initially but it now
provides movement of substances, leucocyte migration, synthesis
of proinflammatory cytokines (25).
8

The main blood supply of the Fallopian tube is from uterine
artery which supplies the proximal two thirds of the tube. The
ovarian artery, which supplies lateral one third anatomoses with
the uterine artery. The venous system accompanies the arterial
distribution. Networks of capillary are found in subserosal,
muscularis and mucosal layers. Capillary plexus is most
confluent in the subserosal layer (25).

Functional anatomy of Fallopian tube
The main function of Fallopian tube is the mechanical
transport of gametes. Apart from this main function it also helps
in capacitation of sperm, capturing oocyte after ovulation,
controlling migration of spermatozoa to site of fertilization. It also
provides an optimum environment for fertilization (1).
1. Transportation of ovum through Fallopian tube:
The ciliated cells, secretory cells and myocytes of oviduct
effect tubal transport, generating forces that cause movement of
ovum in the lumen (1).
(i) Ciliary beating
The ciliated cells are numerous in the infundibulum and in
ampulla. In the isthmus, they are much more fewer than
9

ampullary part. Wave of ciliary beating is directed towards uterine
cavity. Ciliation is maximum in periovulatory period and estrogen
enhances the process of ciliation. The beating of the cilia causes
movement of tubal fluid which helps in transport of ovum (1).
(ii) Tubal secretions
The

Fallopian

tube

secretions

consist

of

metabolic

components, including glucose, lactate, pyruvate and amino
acids. They are produced by two processes namely, transudation
and specific secretion. Transudation produces watery highvolume fluid with electrolytes and low molecular weight proteins.
Specific

secretions

are

produced

by

the

epithelium.

The

bicarbonate ions produced with the help of epithelial carbonic
anhydrase, helps to disperse cumulus cells as well as helps in
sperm respiration (26).
The glucose concentration of the fluid changes according to
the stage of menstrual cycle. The prostaglandin component helps
in myosalpingeal contractile activity. Fallopian tube specific
glycoprotein is also present in the fluid (1).
(iii) Tubal contraction:
Smooth muscle of the Fallopian tube exhibits brief
contractions for movement of ovum (27). It is organized into an

10

thick inner circular layer and an thin outer longitudinal layer (9).
The contraction of the smooth muscle of Fallopian tube is brought
about by three factors: (i) estrogen-progestrone (ii) adrenergicnoradrenergic (iii) prostaglandins.
(i) Estrogen stimulates tubal contractions by acting on a
receptor and progesterone inhibit motility. The contractions
increase during ovulation thereby bringing the tube in contact
with the ovary and motility decreases after ovulation to allow the
ovum to be transported by cilia into the uterus (1).
(ii) Adrenergic innervations are involved in tubal motility.
During the proliferative phase, human Fallopian tube is sensitive
to adrenergic compounds like norepinephrine. After ovulation that
response

decreases

and

inhibitory

effect

of

ß-adrenergic

compounds is evident.
(iii) Estrogen increases the effectiveness of a receptors and
progesterone ßreceptors (1) Prostaglandin F2 (PGF2- α) stimulates
tubal contractions, whereas PGE1 and PGE2 inhibit tube
contractions. All the three prostaglandins stimulate ciliary activity
(1).
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2. Storage and migration of sperm
Capacitation involves stepwise interactions between sperm
cell and female reproductive tract at successive stages between
the uterus and ampullary‐isthmic junction (28).
Capacitation involves molecules absorbing or integrating
into the sperm plasma membrane during epididymal maturation.
The addition or removal of these molecules prepares the sperm
toward successful binding to the egg resulting in fertilization (29).
Following entry of sperm into the female reproductive tract,
the Fallopian tube ensures suitable number of viable sperms are
maintained for a functional sperm reservoir pre ovulation. As
ovulation approaches a suitable number of sperms are released
towards the ampullary isthmic junction and individually activated
by stepwise process of capacitation (30).

3. Immunological role
The Fallopian tube forms part of the mucosa associated
lymphoid tissue and thereby shown to have presence of
lymphocytes, neutrophils and dendritic cells (2). Tubal mucosa
with the presence of lymphocytes is involved in immune tolerance
against sperm and blastocyst (15) and provides protection against
infection (14).
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4.Hormonal influence on Fallopian Tube
Lee et al. (2015) in his study quoted that the female
reproductive tract is highly sensitive to sex steroid hormones
which in turn allows for rapid proliferation and differentiation of
cells during the menstrual cycle. Estrogen is produced by the
growing follicles in the ovary that peaks at the end of proliferative
phase (31). Initial high levels of estrogen prevent deciliation of
epithelial cells (32).
Estrogen also regulates the implantation process. It is
critical for the attachment of embryo to uterine luminal epithelium
(33). High levels of estrogen can disturb tubal motility and cause
ectopic pregnancy (34) (35).
In Fallopian tube the epithelial cell thickening changes
during the various phases of menstrual cycle. Cytoplasmic and
nuclear receptors concentrations in different parts of Fallopian
tube don’t differ much in various phases of menstrual cycle. The
nuclear progestin receptor concentrations were higher in follicular
phase than luteal phase. Estrogen receptor concentration was low
compared

to

the

higher

concentration

concentration in pregnancy (36).
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of

progesterone

(i) Changes in Fallopian tube epithelium during menstrual
cycle
Fallopian tube epithelium undergoes cyclical changes under
the influence of estrogen and progesterone. During menstrual
cycle they are low in height and increases in height during
proliferative phase and reaches maximum in the periovulatory
period (37). At this time, both secretory cells and ciliated cells
reach equal height. Secretory cells form tufts between ciliated cells
(37). At the time of ovulation, the secretory cells reach maximum
height.
(ii) Changes in Fallopian tube epithelium during pregnancy
A light and electron microscopic study on day two pregnant
mice showed that the epithelium contains mainly secretory cells
with microvilli and occasional ciliated cells (37).
(iii) Changes in Fallopian tube epithelium during puerperium
Progressive diminution of the numbers of ciliated cells and
deciliation of individual cells were noted in specimens obtained
during the puerperium (38).
Microvasculature
The microvasculature composed of arterioles, capillaries,
high endothelial venules and venules help in the transport of
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nutrients to tissues. While arterioles control the blood flow to
tissues, capillaries transport substances across their walls (39).
The different components of the microvasculature play critical role
in regulating the microcirculation.
(i) Arterioles
Arterioles are vessels with overall diameter of 100µm. These
are classified as arterioles, small arterioles, terminal arterioles
and meta arterioles. The wall of an arteriole is contains three
layers namely the tunica intima, tunica media and tunica
adventitia from within outwards (Figure 3.1). The tunica intima is
made up of endothelial cells with or without fenestrated internal
elastic lamina. The endothelium of arterioles is similar to that of
arterieoles except that at electron microscopic levels, gap
junctions may be seen (9). Tunica media is made up of smooth
muscle cells limited by external elastic lamina. These smooth
muscle cells control vascular diameter via contraction and
relaxation process (40). The tunica adventitia is as thick as media
and consists of few fibroblasts embedded in an extracellular
matrix made up of thick bundles of collagen fibres oriented along
the longitudinal axis of the vessel (11).
The major roles of arterioles are to control pressure, flow and
nutrient delivery to the capillary beds. The arborizing branches of
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arterioles provide a physical buffer or resistance to normalize
pressure gradients generated throughout the cardiac cycle (41).
The smooth muscle intrinsic response of the arteriole is critical for
maintaining constant flow to vital organs, such as the brain,
kidney and heart. Endothelial cells in arteries and arterioles can
sense changes in flow and release local substances such as NO,
lipid metabolites and other mediators to increase or decrease
vessel diameter (41).

Figure 3.1 Electron microscopic view of an arteriole.
L- Lumen, E- endothelium, SM- smooth muscle
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(ii) Capillaries

Capillaries are the smallest diameter blood vessels. Each is
made up of a single layer of endothelial cells and their basement
lamina. There are three different types of capillaries: continuous,
fenestrated, and discontinuous.
Continuous capillaries are characterized by uninterrupted
endothelium resting on a basal lamina. Endothelial cells have
short microvilli and a number of electron dense granules.
Individual endothelial cells are joined by tight junctions (9).
Fenestrated

capillaries

have

endothelial

cells

with

fenestrations. They are also characterized by numerous pinocytic
vesicles.

Figure 3.2 Electron microscopic view of capillary.
E – Endothelium, L- Lumen
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Capillaries are associated with perivascular cells exhibiting
cellular processes that wrap around vascular endothelial cells
called pericytes. Pericytes are irregular shaped cells. They are
considered to be undifferentiated cells that can give rise to
different type of cells (9).
Recent

studies

have

shown

that

the

thecal-derived

microvasculature is responsible for vascularizing the developing
corpus luteum, and that both capillary endothelial cells and
capillary pericytes are involved in this process (42) (43).

(iii) Venules

Figure 3.3 Electron microscopic view of venule.
L – Lumen, E – Endothelium, SM- Smooth muscle cell,
P- pericyte, R - RBC
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They are small blood vessels that connect capillaries to
veins. They are classified as postcapillary and muscular venules.
Venules are lined by flattened endothelial cells lying on a
basement membrane. The endothelium of post capillary venules
is the principal site of formation of serotonin and histamine.
Pericyctes and endothelial cells share the basal lamina. In
comparison to post capillary venules, muscular venules have one
or two layers of smooth muscle that make up tunica media (9).

(iv) High Endothelial Venules
The HEVs form a branching network of post-capillary
venules which are fully integrated into the normal blood vascular
bed of all secondary lymphoid organs except the spleen.

Figure 3.4. Shows electron microscopic view of HEVs
E- Endothelium, L – Lumen, P- Pericyte
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The HEVS are made up of three layers: an inner layer of
endothelial cells lined by cuboidal epithelium, a middle layer of
pericytes and an outer basal lamina (44). Under electron
microscope, endothelial cells of HEVs exhibit golgi apparatus,
abundant polyribosomes and a network of rough endoplasmic
reticulum. A large number of secretory vesicles are seen in their
cytoplasm as well (9).
The HEVs have been reported not only in secondary
lymphoid organs, but also in other organs including appendix
(45), small intestines (46) and retinal tissue (47).
Lymphocytes migrate from the blood stream through HEVs
to reach the secondary lymphoid tissue. But, lymphocyte
migration in lung, liver and spleen doesn’t occur through HEVs
(48). Otsuki et al. (1989) reported that there were no HEVs in the
Fallopian tube and the lymphatic capillaries were said to be the
migratory route of lymphocytes. Yet, Rabi et al. (2014) had shown
the presence of HEVs in human postpartum Fallopian tube (49).
Lymphocyte migration across HEVs
The migration of lymphocytes from the blood stream through
the HEVs is a prerequisite for the detection of processed antigen
on mature dentritic cells and initiation of immune response (50).
20

Gowans and Knight clearly demonstrated the migration of
lymphyocytes via HEVs from blood into lymph nodes (10).
The steps in leucocyte migration involves slow rolling,
adhesion strengthening, intraluminal crawling, paracellular and
transcellular migration and migration through the basement
membrane (51).
There are two views regarding the migration of lymphocytes
across the HEVs. They are transendothelial and inter-endothelial
migration. Marchesi and Gowands proposed the transendothelial
emigration of lymphocytes. But on the basis of electron
microscopic

studies,

other

investigators

concluded

that

lymphocytes migrated between the endothelial cells (11) (51) (52).

Figure 3.5. Figure depicts migration of IELs.
Black Arrow- IEL, E – Endothelial cell.
Adapted from Wang et al. Pathogenic Triad in Bacterial Meningitis: Pathogen
Invasion, NF-κB Activation, and Leukocyte Transmigration that Occur at the
Blood-Brain Barrier. Front microbiol. 2016 19;7:148.
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Figure

3.5

depicts

both

the

types

of

migrations

schematically. In the inter-endothelial route, migration of a
lymphocyte through the wall of the HEV begins with the
lymphocyte adhesion to the surface of endothelial cells by
means of a short cytoplasmic projection in the vicinity of
intercellular space. The cytoplasmic projection extends into the
cleft

present

between

adjacent

endothelial

cells.

The

lymphocyte migrates through HEV by diapedesis. After the
lymphocyte passes through the inter-endothelial space, it
occupies the subendothelial space. In the trans-endothelial
route, migration of a lymphocyte through HEV is initiated by
adherence of the lymphocyte to the endothelial cell. The
adherent lymphocyte is invaginated into the cytoplasm of the
endothelial cell. It then enters the endothelial cell and is
completely enclosed within the endothelial cell cytoplasm, and
emerges from the endothelial cell to occupy the subendothelial
space (61). Both types of migration have been seen in the HEVs of
human tonsil (53).
Immune markers for HEVs
Differentiation

markers

such

as

vascular

endothelial

cadherin/CD144 and CD31 are expressed by HEVs. But these
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markers are expressed by all vascular endothelial cells and are
not speciﬁc for HEV. A more reliable marker for HEV is the
expression

of

peripheral

and/or

mucosal

addressin

(54).

Addressins are expressed on the inner, apical surface of
endothelial cell lining HEV and are ligands homing receptors on
lymphocytes. Thus, addressins identify the functional capacity of
HEV to recruit lymphocytes from the bloodstream into lymph node
(54).
The MECA-79 carbohydrate epitope decorates a family of
HEV counter-receptors for L-selectin, both in mouse and human.
HECA-452 is another marker which recognizes a carbohydrate
epitope expressed on human HEVs (46). Migration of lymphocytes
into the lamina propria of the small intestines was studied in mice
using HEV marker – MECA325 (46).

The entire microcirculatory system of arterioles, capillaries
and venules has a common and continuous lining, which consists
of endothelial cells. The endothelial cells serve major physiological
functions like controlling blood flow, regulating the diffusion of
substances

and

cells,

regulating

coagulation,

selectively

phagocytosing harmful substances such as polypeptides and
biogenic amines. In the presence of infection, endothelial cells
23

produce number of molecules that have secondary effects on other
cells and play a major role in producing disease (55).
During infection or inflammation, endothelial cells may
undergo a change in state and become activated. This involves
changes in level of expression of specific gene products (43).
Endothelial cells help in the recruitment of inflammatory
cells to sites of infection and tissue injury. They produce cytokines
and growth factors which serve as signal to leucocytes (56). The
endothelial cells and leucocytes express cell adhesion molecules
which helps to mediate attachment of leucocyte and migration
across endothelium. Platelet activating factor is also secreted by
activated endothelial cells and stimulated platelet aggregation and
neutrophil adhesion (57).
The microvasculature in the major organs exerts functions
specific for each organ. The microvasculature in the brain is an
integral part of the tight blood-brain-barrier, whereas in the liver,
the sinusoidal endothelial cells engage in the efficient clearing of
numerous molecular entities from the body. In the kidneys, the
glomerular endothelium acts as a semi-permeable membrane for
the filtration of blood-borne components, and the descending and
ascending vasa recta or peritubular capillaries engage in the re-
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absorption and excretion of components into, respectively from
the blood circulation (58).
The intestinal microvasculature plays a central role in the
absorptive and secretory functions of the small and large intestine
and changes in the microcirculation contribute to diarrhoeal
diseases (59). Koshi et al. (2003) reported microvascular changes
in the duodenal microvasculature in shigellosis and cholera.
Congestion and dilatation of capillaries and venules, stagnation of
blood, thinning of endothelial lining and platelet clumping (60)
Hence, microvascular involvement in health and disease is
strongly controlled by the behaviour of the endothelial cells (61).
Hormonal influence on vascularity of Female reproductive
tract
The tissues of the female reproductive tract including ovary,
uterus and placenta grow at an extremely rapid rate and at regular
intervals (62) (63). This phenomenal growth rate is associated with
rapid rate of cell proliferation. To support this phenomenal rate of
tissue growth, microvascular growth and development also are
extremely rapid in the female reproductive organs, and these
tissues are highly vascular (62).
The vascularity of the reproductive tract undergoes changes
under

the

influence

of

the
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sex

steroids

oestrogen

and

progesterone.

Progesterone

increases

the

vascularity

of

reproductive organs. Vascular endothelial growth factor (VEGF)
within the Fallopian tube luminal epithelium induce angiogenesis
and may increase vascular permeability, modulate tubal luminal
secretions and plays an important role in the cyclical changes of
vasculature in the Fallopian tube (64).
Lam et al. (2003) in his study showed that VEGF mRNA
expression was highest in periovulatory stage. Ampullary and
infundibular regions showed higher expressions than isthmus.
There was a significant positive correlation between VEGF mRNA
and FSH and LH concentrations (65).
Microvasculature in female reproductive organs
The vasculature of female reproductive tract is involved in
ovulation, menstruation and parturition. This tissue has a unique
property of angiogenesis (66). There is a periodic regression and
growth of vessels unique to female reproductive system (66). The
microvasculature also serves to delay the transport of the embryo
into the uterine cavity until it is well prepared for receiving the
blastocyst for implantation.
The microvascular architecture of Fallopian tube plays an
important role in the transport of ovum within the tube and the
transport of the zygote for its implantation in uterine cavity. It has
26

been proposed that a derangement in this architecture may lead
to the disruption of their function which may predispose to ectopic
pregnancy (67).
Immune cells in Female reproductive organs
Immune cells are traditionally believed to be a major source
of inflammatory mediators. Recent studies have shown that
immune cell lineages are composed of different subsets capable of
a immense range of specialized functions (68). The different
subsets of major immune cells are including T cells, B cells,
dendritic cells, monocytes, and macrophages. The immune cells
that are seen predominantly in Fallopian tube are T cells,
macrophages, dendritic cells, natural killer (NK) cells, neutrophils,
and mast cells. B cells are rarely seen (14). There are two types of
T-lymphocytes, the CD4 (T-helper cells) and CD8 (T-supressor)
cells. In the peripheral blood, CD4 cells were more whereas in the
female reproductive tract CD8 cells were more and less of CD4
cells were seen (14)
The function of the female reproductive system is to
maintain pregnancy and protect against infection. These immune
cell subsets in female reproductive system regulates innate and
adaptive immune functions.

They contribute to both immune
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activation against pathogens and immune suppression response
against sperm and embryo (68).
T lymphocytes in the endometrium are either aggregated in
the basal lymphoid, scattered in the stroma and epithelium (69).
Yeaman et al. in his study showed the presence of organized
lymphoid aggregates in the stratum basalis of endometrium. The
lymphoid aggregates had a core of B cells surrounded by T cells
halo. The T cells were made up of CD8 cells and CD4 cells. These
T cell populations were significantly larger in the secretory and
midcycle phase and relatively low or absent in proliferative phase
(70). Lee et al. (2015) in their study showed that CD8 cells were
seen within the periphery of lymphoid aggregates in endometrium
(14).
The vagina had a higher concentration of CD8 cells in
comparison to CD4 cells. Majority of these cells were found in the
lamina propria but also seen in the epithelium (14).
The leucocytes in the Fallopian tubes are either distributed
as aggregates or sparsely in the lamina propria, epithelium and
stroma (14).
Ardighieri et al. in their study on Fallopian tube showed that
T cells were the most abundant lymphoid population. She also
demonstrated the average ratio of immune cells to epithelial cells
28

was 1:400 for CD4+ T cells and 1:15 for CD8 positive T cells,
respectively, with a CD4 positive cells: CD8 positive cells ratio of
1:25 (17).
Vassiliadou (1998) in his study showed that T lymphocytes and
macrophages were the predominant leucocyte population in the
tubal implantation site. The abundance of T cells at tubal
implantation site along with abundance of T cells in endometrium
at time of implantation indicate the role of T cells during early
implantation events (71).
White et al.(1997) in their study found that CD8 cytotoxic T
lymphocyte activity is supressed in Fallopian tube during the
secretory stage of cycle (72). This suppression is seen without a
decrease in number of CD8 cells. CD8 positive lymphocytes in the
Fallopian tube were seen elevated during mid-luteal phase of the
menstrual cycle, proving that tubal immune cells may also be
influenced by hormonal changes during the menstrual cycle (73).
Intraepithelial lymphocytes
Lymphocytes can be seen both in the epithelium and lamina
propria. The lymphocytes interspersed in the epithelium are called
IELs. They are primarily T cells with potent cytolytic and
immunoregulatory capacities,

which they use to

sustain

epithelial integrity (74). The IELs have the capacity to limit the
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dissemination of infectious pathogens and malignant cells and to
control the infiltration of epithelial surfaces by systemic cells.
But, Kutteh et al. (1990) in his study showed that the IELs in the
human Fallopian tube were mostly T helper cells (15).
The IELs vary from lymphocytes in lamina propria in that
while lamina propria lymphocytes consist of a heterogeneous
population of cells, including B cells, helper T cells and
suppressor/cytotoxic T cells. The IELs consist predominantly of T
cells (75) (76) (77).
Though studies are being done on the microvasculature,
there

is

paucity

microvasculature

of
in

literature
Fallopian

on
tube.

the

morphometry

Similarly

not

information is available on IELs in human Fallopian tubes.
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MATERIALS AND METHODS
This study was approved by the Institutional Review Board,
Christian Medical College, Vellore, India (IRB Min. No. 10954)
Study Subjects:

Pregnant women at term admitted for lower segment caesarean
section

with

sterilization

and

women

undergoing

interval

sterilization in the Department of Obstetrics and Gynaecology of
our institution from September 2017 to October 2018 were
recruited for the study.
Exclusion Criteria
1. Previous history of pelvic Inflammatory disease
2. Immunocompromised patients
3. Twins or multiple pregnancy
4. Diabetic or hypertensive patients
SAMPLE SIZE CALCULATION:
Pilot study was done on two samples. The mucosal
arterioles, capillaries, HEVs and venules were quantified under
light microscopy. These values were used to calculate the sample
size.
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The required sample size was calculated using the formula

where, n=number of samples; Z1-α/2 = Desired confidence level
tandard deviation (σ)=35; Precision(d)=20.
The required sample size was estimated to be 13 using the
above formula with 95% confidence interval with an alpha error of
5% and power of 80%.

The study has two parts.
1. Quantification of microvessels in the nonpregnant Fallopian
tube
2. Quantification of CD4 and CD8 positive lymphocytes in both
nonpregnant and postpartum Fallopian tube
COLLECTION OF SAMPLES:
After getting informed consent from 15 patients who underwent
sterilization after LSCS (Postpartum Fallopian tube) and 15
patients who underwent interval sterilization three months after
delivery (Nonpregnant Fallopian tube) in the department of
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Obstetrics and Gynaecology, Christian Medical college, Vellore,
the ampullary part of both Fallopian tubes were obtained. The age
of the patients ranged from 21 – 39 years.
The samples obtained from the patients undergoing LSCS with
sterilization and interval sterilization were stored in neutral
formalin and were processed for immunohistochemistry. In
addition, part of the samples obtained from interval sterilization
were stored in 3% glutaraldehyde and processed for electron
microscopy.
1. Quantification of micro-vessels in non-pregnant Fallopian
tube:
For the quantification of mucosal arterioles, capillaries,
HEVs and venules in non-pregnant Fallopian tubes, semithin
sections (1µm thick) were used.

Tissue Processing
Fallopian

tube

samples

collected

were

fixed

in

3%

glutaraldehyde in 0.1M cacodylate buffer, pH 7.4⁰C for 3 hours,
post fixed in 1% buffered osmium tetraoxide at 4⁰C. Then, the fixed
tissues were dehydrated with increasing grades of ethanol at room
temperature, as follows:
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50% ethanol - 15minutes
80% ethanol - 15minutes
95% ethanol - 15minutes
100% ethanol - 15minutes
100% ethanol - 15minutes
This was followed by clearing, which was done at room
temperature. Tissues were treated with two changes of propylene
oxide followed by a mixture of propylene oxide with resin.
The tissues were then infiltrated with three 3 changes of
resin mixture (Araldite CY212) over a period of 36 hours. Tissue
sections were embedded in resin mixture. The block was
polymerised for 48 hours at 60⁰C. Semithin (1µm) sections were
cut using an ultramicrotome with glass knife. The sections were
stained with 0.5% toluidine blue (pH 7), then mounted with a
cover slip using distrene 80, dibutyl phthalate xylene (DPX).
Morphometry
The stained slides were seen under light microscope
Olympus BX43 fitted with Olympus DP21 camera connected to a
computer. Measurements were done using Cellsens image
analysing software (version 1.4)
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The number of arterioles, capillaries, venules and high
endothelial venules were counted under 40X magnification using
the closed polygon measuring option of the image analysing
software in 20 fields, each measuring 50,000µm2 (Figure 4.1).
Thus the above vessels were counted for a total area of 1mm 2 for
each block. For each sample, a total of four blocks were counted.
2.Quantification of CD4 positive and CD8 positive IELs in
nonpregnant and postpartum Fallopian tubes
To quantify the number of CD4 positive and CD8 positive
IELs, immunostaining was done.
The tissues collected were stored in neutral formalin
solution for about 10 days to two weeks for fixation and then
processed as follows:
Tissues were taken from the specimen containers and
excess formalin was removed by placing the fixed tissues under
running water for about 8-10 hours. Then the tissues were
dehydrated with ascending grades of alcohol (70%, 80%, 90%,
95% and 100%) each lasting for an hour followed by clearing in
toluene. Once adequately cleared, the tissues were impregnated
with molten paraffin wax and eventually were embedded in
paraffin blocks. The blocks were labelled accordingly and stored
for sectioning.
35

36

Paraffin blocks were mounted onto block holders and 4-5
µm thick serial sections were taken using a rotary microtome. The
sections were allowed to float on a hot water bath at 45° C and
transferred to Poly- L-lysine (PLL) coated slides. The slides were
air dried and then placed in an incubator at 37°C overnight.
Approximately 10-15 slides were prepared from a block, labelled
and then stored in wooden boxes for staining.

PROCEDURE:
Two slides from every specimen, each with 4-5 micron
thickness

were

chosen

carefully

and

selected

for

immunohistochemical staining. They were incubated in a 57°C
oven overnight, a night prior to the staining. Prior to the
immunostaining, the solutions required for the procedure were
prepared and kept ready. Antibody kit checked and kept handy.
ANTIBODIES AND PREPARATION OF SOLUTIONS:
PRIMARY ANTIBODY
The primary antibodies used were the CD4 Rabbit
monoclonal antibody and CD8 Mouse monoclonal antibody
obtained from PathnSitu Biotechnologies Pvt. Ltd. (California,
U.S.).
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UNIVERSAL SECONDARY ANTIBODY KIT
PolyExcel HRP/DAB Detection system universal antibody kit
obtained from PathnSitu Biotechnologies Pvt. Ltd. (California,
U.S.) was used and the contents were:
a.

PolyExcel H2O2

b.

PolyExcel Target binder

c.

PolyExcel Poly HRP

d.

PolyExcel DAB- buffer

e.

PolyExcel DAB- chromogen

BUFFERS
Two buffers were prepared namely the EDTA buffer and TRIS
buffered saline
Ethylene Diamine Tetraacetic Acid (EDTA) Buffer:
Preparation of one litre of EDTA buffer required a mixture of
6.05 gm of Tris (hydroxyl ethyl) aminomethane, 0.7465 gm of
EDTA and 1000 ml of distilled water. The pH of the solution was
adjusted to 9.
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Tris (Hydroxyl Ethyl) Aminomethane Buffer:
Preparation of one litre of Tris buffer required a mixture of 8 gm
of NaCl, 0.605 gm of TRIS, 4 ml of 1N HCl and 1000 ml of distilled
water. The solution’s pH was adjusted to 7.6.
IMMUNOSTAINING METHOD:
Selected slides were taken from the 57°C incubator and then
deparaffinized in xylene for 30 minutes, following which the slides
were dexylenised in absolute isopropyl alcohol for two changes of
one minute each. The sections were rehydrated in running water
for 10 minutes and rinsed in distilled water. Once rehydrated, the
antigen retrieval was done using the heat retrieval technique,
using a pressure cooker. The slides were arranged in a slide rack,
adequately spaced and then transferred to a preheated EDTA
buffer and heated under pressure. After two whistles, that is,
approximately 10 minutes the cooker was taken off and was then
placed under running water to facilitate rapid cooling to room
temperature.
The slides were then transferred to distilled water for 5
minutes and then washed with TBS twice each for five minutes.
The remaining steps were carried out in an air conditioned room
were the slides were arranged in a humidified chamber.
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The next step was to block all the endogenous enzymes
within the tissues using a peroxidase block for ten minutes and
was done in the dark to avoid decomposition of H2O2 in the
solution.
Excess solution was drained from each slide and dipped in
two changes of distilled water and placed in TBS solution for 15
minutes.
Then the slides were first incubated with the primary
antibody and placed inside the humidification chamber for an
hour. Excess primary antibody was drained and slides were
washed in TBS, two changes, each for five minutes
Then the sides were coated with the diaminobenzidine (DAB)
chromogen. On completion of the above-mentioned process, the
slides were counterstained with Harris hematoxylin, rinsed in a
supernatured solution of lithium carbonate, a bluing agent.
Finally, the slides were rinsed in distilled water, cleared in xylene,
air dried and a cover slip was mounted using the DPX (Distyrene
Plasticiser Xylene) mounting medium.
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Quantification of intraepithelial lymphocytes:
The

number

intraepithelial

lymphocytes

present

in

Fallopian tubes were counted under 40X magnification using
polyline measuring option of the Cellsens image analysing
software. The length measuring line was drawn along the
basement membrane of the epithelium (Figure 4.2). A total length
of 25mm was measured per block. The number of CD4 positive
and CD8 positive lymphocytes present in the non-pregnant and
postpartum Fallopian tubes were counted and compared

Statistical Analysis:
The data was statistically analysed using the SPSS version 24
1. The descriptive statistics, namely, the minimum, maximum,
mean, standard deviation, median and inter-quartile intervals
were obtained for the variables counted and measured.
2. Mann-Whitney U test was done to compare the mean number
of CD4 and CD8 positive cells in post partum and non pregnant
Fallopian tube.
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3. Wilcoxon Signed Ranks test was done for comparison of

CD4+ and CD8+ in postpartum and nonpregnant Fallopian
tube.
4. Simple linear regression was done to find out the correlation
between microvessels and CD4 /CD8 IELs
5. Multiple comparison of the mean numbr of microvessels in the
human non-pregnant Fallopian tube using one way ANOVA
followed by Scheffe test.

42

Results
The micro-vessels of the ampullary part of the Fallopian tube
was studied in women who underwent interval sterilization, age
ranged from 21 -30 years.
Mucosa
The mucosa of the ampullary part of non-pregnant Fallopian
tube was highly branched and folded. The epithelium was lined
with simple columnar epithelium, made up of ciliated cells and
secretory (peg cells) lying on the basement membrane. The ciliated
cells were pale stained with minute cilia on their surface
protruding into the lumen. The cytoplasm had a nucleus with a
prominent nucleolus. The secretory cells were darkly stained with
one or two nucleoli. The epithelium at times appeared stratified
(Figure 5.1 &5.2). The core of the fold consisted of lamina propria
which was made up of loose connective tissue with collagen and
reticular fibres. The lamina propria had microvessels in large
numbers (Figure 5.3).
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Microvessels
Under light microscopy there were abundant presence of
microvessels in lamina propria of non-pregnant Fallopian tube.

Table 1. Frequency of microvessels in the nonpregnant
human Fallopian tube per mm2

Microvessels
S.NO

Mean
number

SD

Range

Median IQR

Minimum Maximum
1.

Arterioles

11.87

12.14

0

38

6

15

2.

Capillaries

118.4

74.3

18

246

96

12

3.

Venules

21.6

24.4

0

94

12

28

4.

High
endothelial
venules

16.93

21.55

1

73

8

14
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Arterioles
Arterioles were seen in the mucosal folds mostly in the basal
regions. Their lumen was intact. They showed tunica intima with
endothelium, tunica media with a layer of smooth muscle cells
and a layer of tunica adventitia (Figure 5.4). The number of
arterioles per square millimetre in non-pregnant Fallopian tube
ranged from 0-38 with a mean of 11.87±12.14 (Table 1, Chart1).

Chart 1. Box plot chart showing the distribution of
arterioles / mm2 of nonpregnant human Fallopian tube
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Capillaries
The predominant vessels in the Fallopian tube were
capillaries. The mean number of capillaries per square millimetre
area ranged from 18 - 246 and the mean was found to be
118.4±74.3 (Table1, Chart2). They were all made up of a single
layer of endothelial cells and found to be associated with red blood
cells and lymphocytes (Figure 5.5).

Chart 2. Box plot chart showing the distribution of
capillaries / mm2 of nonpregnant human Fallopian tube
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High Endothelial Venules
The HEVs were seen mostly in the apical region of the
mucosal fold. They were lined by a single layer of cuboidal cells
and protruding into the lumen. There was no tunica media
surrounding these cells and a single layer of adventitia
surrounded the HEV. The lumen of the HEVs showed the presence
of lymphocytes and erythrocytes (Figure 5.6). Occasionally
neutrophil was seen in the vicinity of HEV. (Figure 5.7) The mean
number HEVs/mm2 ranged from 1 -73 and the mean was found
to be 16.93±21.55. (Table 1, Chart3)

Chart 3. Box plot chart showing the distribution of HEVs/mm2 of
nonpregnant human Fallopian tube
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Venules
The venules were seen in basal and intermediate portions of
the Fallopian tube. But in contrast to arterioles they showed
irregular and larger lumen. They also showed the presence of
different cells in their lumen (Figure 5.8). The mean number of
venules per square millimetre area ranged from 0-94 and the
mean was found to be 21.6±24.3 (Table1, Chart4).

Chart 4. Box plot chart showing the distribution of venules/mm2
of nonpregnant human Fallopian tube
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Intraepithelial Lymphocytes
The mucosa of the both the nonpregnant and postpartum
Fallopian tubes had both CD8 positive T-helper and CD4 positive
cytotoxic IELs in epithelium (Figure 5.9, Figure 5.10, Figure 5.11
& Figure 5.12). The CD8 cells were more in number compared to
CD4 cells. The cells were either round, irregular or oval stained in
brown colour. They were either arranged singly (Figure 5.13) or in
rows (Figure 5.14). The intraepithelial lymphocytes were seen at
different levels either close to the basement membrane, in the
intermediate as well as apical portion of the epithelium (Figure
5.15). Few lymphocytes were also seen in lamina propria (Figure
5.16).

The number of CD4 IELs per mm length of the basement
membrane of postpartum Fallopian tube was 14.06±12.12 and of
nonpregnant Fallopian tube was 27.33±33.34. There was no
significant difference in the number of CD4 positive IELs between
the postpartum and non-pregnant Fallopian tubes (Table 2)
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Table 2. Number of CD4 positive IELs /mm length of
epithelium of Human Fallopian tube
Fallopian
tube

Range

Mean

Minimum

Maximum

SD

Median

pvalue

0.477

1.

Postpartum

1

43

14.06 12.12

8

2.

Nonpregnant

0

108

27.33 32.33

14

Table 3. Number of CD8 positive IELs /mm length of
epithelium of Human Fallopian tube
Fallopian
tube

Range

Mean

SD

Median

pvalue

27.91

86

<0.001

Minimum Maximum

1. Postpartum

47

139

94.33

2. Nonpregnant

93

509

214.6 120.34

170

The mean number of CD8 IELs per mm length of the
basement membrane of the postpartum Fallopian tube was
94.33±27.9

and

in

non-pregnant
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Fallopian

tube

was

214.46±120.34.

The

number

was

significantly

more

in

nonpregnant Fallopian tube (Table 3).
The number of intraepithelial CD8 positive cells were much
more compared to CD4 cells both in postpartum and interval
sterilization Fallopian tubes. Wilcoxon Signed Ranks test for

comparison of CD4 and CD8 cells in post-partum Fallopian
tube was highly significant with a p-value of 0.001. Wilcoxon
Signed Ranks test for comparison of CD4 and CD8 cells in
nonpregnant Fallopian tube was highly significant with a
p-value of 0.001.

Correlation between microvessels and CD4 and CD8
Simple linear regression was done to find out the correlation
between the microvessels and CD4 and CD8 positive IELs. There
was no correlation between the arterioles, capillaries, venules and
HEVs and the CD4 positive and CD8 positive IELs (Table 4a,b; 5a,b;
6a,b; 7a,b)
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Table 4a. Analysis of CD4 (the dependent variable) against
arterioles (the independent variable) of the human postpartum
Fallopian tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p-value

-3.76

0.177

2.46

71.36

23.76

0.280

Table 4b. Analysis of CD8 (the dependent variable) against
arterioles (the independent variable) of the human postpartum
Fallopian tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p-value

11.308

0.189

7.62

197.42

73.51

0.146

Table 5a. Analysis of CD4 (the dependent variable) against
capillaries (the independent variable) of the human postpartum
Fallopian tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p-value

0.058

0.854

.303

34.79

34.38
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0.006

Table 5b. Analysis of CD8 (the dependent variable) against
capillaries (the independent variable) of the human
postpartum Fallopian tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p-value

0.989

0.284

.840

188

.15

0.188

Table 6a. Analysis of CD4 (the dependent variable) against
venules (the independent variable) of the human postpartum
Fallopian tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p-value

-.466

0.369

.481

52.81

18.72

0.136

Table 6b. Analysis of CD8 (the dependent variable) against
venules (the independent variable) of the human postpartum
Fallopian tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p-value

1.21

0.450

1.56

257.64

58.68

61

0.098

Table 7a. Analysis of CD4 (the dependent variable) against HEVs
(the independent variable) of the human postpartum Fallopian
tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p -value

-2.97

0.985

1.83

74.26

24.12

0.000

Table 7b. Analysis of CD8 (the dependent variable) against
HEVs (the independent variable) of the human postpartum
Fallopian tube using simple linear regression
Regression Standard Constant Standard r2
coefficient error (ß)
(α)
Error(α)

p-value

-.131

0.985

6.745

290.601

62

88.84

0.000

Discussion
The Fallopian tube has an important role in reproduction
and it has different functions in different parts. While the fimbria
helps in ovum pick up during ovulation, fertilization occurs at
ampulla. The isthmus affects the transport of sperm and ova (78).
Transport of gametes across the Fallopian tube is influenced by
hormones.
Estrogen increases the production of cilia on the cells of
Fallopian tube epithelium and progestrone decreases the ciliary
beat frequency of Fallopian tube, which is important for transport
of gametes (79). In addition, Verco et.al (1983) proposed that tubal
fluid flow is required for transport of ovum for fertilization. This is
facilitated by the pressure gradient in the capillary plexus in the
isthmus and the ampulla of the Fallopian tube. He hypothesized
that the subepithelial capillary plexus of apical region in isthmus
of Fallopian tube contains high pressure blood resulting in net
fluid secretion and that the plexus in ampulla contains blood in
low pressure resulting in absorption, thereby facilitating transport
of ovum (67).
The microvasculature consists of arterioles, capillaries,
HEVs and venules. The microvasculature of intestinal villi plays
an important role in the process of digestion and mucosal barrier
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protection (80). Intestinal diseases, such as diarrhoea and
enteritis are related to changes in the microvasculature (81) and
recent studies on the intestinal microvasculature demonstrate
that the damage to surface microvasculature is an early event in
intestinal mucosal injury. It also plays an important role in female
reproductive organs. The vascularization of the uterus is of
primary importance in the pregnancy success and vascular
disorders may play a role in pathological pregnancies. It plays an
important role in transport of ovum through Fallopian tube. The
number of micro vessels determine the metabolic activities of the
tissue. Microcirculation provides tissue perfusion and delivery of
oxygen and nutrients (3)
Soumya et al. (2014) in her study showed that beneath the
Fallopian tube mucosa the rich zone of blood vessels along with
the smooth muscle fibres appears to have mechanical functions
similar to cavernous erectile and hence stiffens the tube in
midcycle (82).
Rehman (2000) in his study showed that isthmus of the
Fallopian tube consisted of shorter and thicker unbranched folds
and ampulla has both branched folds and unbranched folds. His
study showed that the arrangement of different microvessels was
different in two types of mucosal folds. Branched folds in ampulla
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and infundibulum contained arterioles, capillaries and venules.
Arterioles were confined to the core and base of the folds, whereas
blood capillaries and venules were distributed in all parts of these
folds. Unbranched folds from the ampulla and infundibulum
contained blood capillaries and venules (82).
In

the

present

study

on

the

quantification

of

the

microvessels of the mucosa of ampullary part of the human nonpregnant Fallopian tube under light microscopy revealed that the
capillaries were the most abundant vessels seen followed by
venules, arterioles and HEVs. The unpublished data on the microvessels of the human postpartum Fallopian tube revealed that the
venules were more in number when compared to arterioles and
HEVs which indicate that there is no difference in the proportion
of micro-vessels both in postpartum and non-pregnant Fallopian
tubes.
A previous study on the microvasculature in virgin rabbits
using corrosion vascular casts has shown that the ampulla of the
Fallopian tube is supplied by smaller and less number of arterioles
(8). Arterioles are the blood vessels in the arterial side of the
vascular tree that are located proximal to the capillaries and, in
conjunction with the terminal arteries, provide the majority of
resistance to blood flow. Consequently, arterioles are important
contributors to the regulation of mean arterial pressure and tissue
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perfusion. They actively participate in the acute control of
vascular tone and permeability, with additional capabilities as
reservoirs of soluble and insoluble signals for the cells. (40)
According to Rehman (2000), the arterioles in the ampullary part
of the Fallopian tube is confined to the core and base of the
mucosal folds, which is in accordance to the present study. In the
present study, the number of arterioles per mm2 of the
nonpregnant human Fallopian tube was less when compared with
that of venules and capillaries. Most of them were seen at the base
of the mucosal folds.
Blood capillaries are the most widely distributed vessels in
the human body. Without capillaries substance exchange between
blood and tissues is impossible. The change in capillary lumen
diameter depends on a variety of factors including mechanical and
cellular factors. This includes hydration of surrounding tissue as
well, thereby determining the amount of tissue perfusion (83).
VEGF is shown to be an important regulator of capillary growth.
Reduction in production of VEGF reduces capillarization of tissue
(84). The number of capillaries is also determined by sex
hormones. Capillary hemangiomas of Fallopian tube is a very rare
benign tumour which develops after the onset of menarche or
menopause. It has been proposed that female sex hormones play
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a role in the development of hemangioma as the number and size
of blood vessels increases under the effect of sex hormones (85).
Venules are larger than capillaries. They are made up of
single layer of endothelial cells surrounded by an outer coat of
perivascular layer (86). They are involved in blood collection and
redistribution. They also secrete bioactive substances from their
endothelium. Leucocytes interact with the endothelium of venules
(86). In the present study on the nonpregnant Fallopian tube,
venules were seen in basal and intermediate portions of the
mucosal folds and were more in number when compared with
arterioles and HEVs.
Of the microvessels, the HEVs are present in the secondary
lymphoid organs. They are essential for the function of immune
system between the body and lymph nodes and are specialised
sites of antigen presentation and recognition. They can be present
in other organs, especially in cases of chronic inflammation (44).
They are also reported to be present in the tertiary lymphoid
organs (47). Tertiary lymphoid organs consists of aggregations of
lymphoid and stromal cells that organise at ectopic sites in case
of chronic inflammation in autoimmunity, microbial infection,
graft rejection, and cancer. They differ from the primary and
secondary lymphoid organs in that they arise in response to
inflammatory signals, rather than in ontogeny. They do not have
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a capsule and contained within the confines of the organ. The
components of tertiary lymphoid organs include T and B
lymphocytes, antigen presenting cells, fibroblast reticular cells,
stromal cells and vascular elements including HEVs and
lymphatic vessels (47). The Fallopian tube being part of MALT,
HEVs are present in them. Rabi et al. has demonstrated the
presence of HEVs in the lamina propria of postpartum Fallopian
tube by electron microscopy (87). In the present study, HEVs are
demonstrated in the non-pregnant Fallopian tubes.
In this study, neutophils were found in association with
HEVs. This is contrary to the previous reports that neutrophils are
not associated with HEVs (88). Marchesi and Gowans also
reported it was presumed that the endothelium of HEVs under
normal conditions prevent migration of leucocytes other than
lymphocytes (88).
Intraepithelial lymphocytes
The epithelium plays an important role in immunity. It forms
a barrier between the environment and host. It is a physical
barrier with many chemical and immunological properties (89)
The epithelium not only prevents the penetration of foreign
substances into the interstitium, but also senses their presence
and informs the immune system of the impending assault
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(90). The epithelial cells can trigger and modify the activation and
differentiation of dendritic cells, B cells and T cells (91).
In the respiratory system, the epithelium plays a vital role in
protecting the internal milieu of the lung. Damage to the
epithelium plays a key role in airway remodelling (92). The
intestinal epithelial layer also form physical barrier which
includes mucus layer covering the intestinal mucosa, the
glycocalyx on the microvilli and the cell junctions which firmly
adhere neighbouring intestinal cells (93). So also, mucosal
epithelial cells in female reproductive system function as sentinels
and thereby recognize antigens and respond in ways that lead to
bacterial and viral killing, they also signal underlying immune
cells when pathogenic challenge exceeds their protective capacity
(94).
In addition to its role in fertilization, Fallopian tube also acts
as a conduit for the variety of pathogens entering the pelvis. It
therefore contains populations of immune cells like T cells,
dentritic cells and macrophages that provide surveillance against
the pathogens, involving both innate and adaptive immune system
in the epithelium (17).
The IELS are engaged in constant and complex dialogue
with epithelial cells and other cells in the gut. Ramanathan et al.
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have noted that the epithelial cells interact bi-directionally with
intraepithelial lymphocytes and other adaptive immune elements
in order to coordinate an antimicrobial defence (95). The non
antigenic specificity and the adaptive and innate functional
specialization of IELs allows them to act as a first line of defence
against antigens (96). Though IELS have many beneficial roles,
they also mediate responses that exacerbate inflammatory
diseases.
Like any other mucosa associated lymphoid tissue like lungs
and intestine, the female reproductive tract is made up of immune
cells which are mostly T cells. The IELs were mostly found in the
basal region (97). But in this present study they were present at
different levels in the epithelium, present either singly or in a row.
Kutteh et al. (1990) in his study in the Fallopian tubes
showed that most of the intraepithelial T cells were T Helper cells.
The ratio of T-helper: inducer (CD4+) cells and T -suppressor:
cytotoxic(CD8 positive) cells in his study was in ratios of
approximately 67:33.

On contrary, Morris et al. (1986) in his

study showed that IELs were cytotoxic T cell/ CD8 cells. He also
showed the morphological evidence of interaction between
intraepithelial lymphocytes and epithelial cells. The function of
IELs is to assist in the induction of immune tolerance to sperm
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antigens in the Fallopian tube. This would in turn allow safe
transport of sperm and fertilized ovum without activating humoral
immunity (15).
Of the intraepithelial lymphocytes, CD4+ cells were sparsely
seen compared to large number of CD8+ cells. In the present study
though there was no significant difference between the number of
CD4 positive T lymphocytes in postpartum and nonpregnant
Fallopian tubes, there was a significant difference in the number
of CD8 lymphocytes between the two. Andrzej et al. 1993 in his
study said that in normal pregnancy there was a significantly
lower number of CD4 positive cells and the CD4/CD8 ratio almost
halved, when compared with non-pregnant women. Their study
also concluded that in pre eclamptic women a decreased absolute
and percentage content of CD8 positive T cells and an increased
number of CD4 positive cells were seen.
Watanabe et al. (1996) in their study showed that the serum
concentration of CD4 decreased throughout pregnancy but the
serum concentration of CD8 did not change significantly. His
study also showed that the number of CD4 and CD8 decreased
during pregnancy (99).
White et al. in his study found that during secretory phase
of cycle, CD8 cytotoxic T lymphocyte activity is supressed in
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Fallopian tube (72). CD8 positive lymphocytes in the Fallopian
tube were elevated during mid-luteal phase of the menstrual cycle,
proving that tubal immune cells may also be influenced by
hormonal changes during the menstrual cycle (73).
Meiqing et.al. in his study showed that antigen specific CD4
positive cells, only when activated by dendritic cells have the
capacity to stimulate expansion of memory CD8 cells. He also
demonstrated in his study that CD4 cells are involved in
development and expansion of CD8 T memory cells (100).
CD4 positive and CD8 positive lymphocytes are seen in the
lamina propria and in the lymphatic aggregates in this study.
There is considerable evidence that the IEL population is
remarkably different in composition when compared with the
lamina propria lymphocyte population (75) (76). Greenwood et al.
has reported that in intestines, while lamina propria consists of a
heterogeneous population of cells, including B cells, helper T cells,
and suppressor/cytotoxic T cells, IEL consist predominantly of T
cells with the T8 phenotype (100). This observation is in
accordance to the present study, where most of the IELs are CD8
positive lymphocytes.

The IELs migrate from the lamina propria across the
basement membrane to reach the epithelium. Mahida et al, has
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observed

that

the

basement

membrane

underlying

the

epithelium of the normal intestinal mucosa contains numerous
discrete pores, which is continuous with the tunnels in the
underlying lamina propria. The removal of the surface epithelium
results

in

migration

of

large

numbers

of

lymphocytes,

macrophages and eosinophils out of the intestinal lamina propria
via tunnels in the extracellular matrix that end as discrete pores
in the basement membrane (101). This represents an important
form of host defence elicited following injury and loss of epithelial
cells (101). However, McAlindon et al. are of the opinion that the
continual migration of cells via its pores may result in damage to
the basement membrane (102).
Correlation between HEVs and IELs
High endothelial venules are the migratory route of naïve
lymphocytes. There is no published data on regarding the
correlation of micro-vessels and the intraepithelial lymphocytes.
In an unpublished study, Minu et al. proved a positive correlation
between IELs and HEVs in postpartum Fallopian tubes but in this
study on nonpregnant Fallopian tube there was no positive
correlation between the microvessels including HEVs.
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This is a preliminary study which lays the groundwork for
subsequent studies correlating immune cell populations with
micro vasculature in Fallopian tube.
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Conclusions
1. The epithelium of non-pregnant Fallopian tube was made up of
both simple columnar and stratified columnar epithelium.
2. Of the microvessels, the capillaries were more in number,
followed by venules, HEVs and arterioles.
3. The mean number of arterioles/mm2 of mucosa was 11.87 with
a median of 6 and inter quartile range of 15.
4. The mean number of capillaries/mm2 of the mucosa was 118.4
with median of 96 and inter quartile range of 121.
5. The mean number of venules/mm2 area of the mucosa was 21.6
with median of 12 and inter quartile range of 28.
6. The mean number of HEVs/mm2 mucosa was 16.93 with
median of 8 and inter quartile range of 14.
7. The IELs were present in different levels of epithelium either
singly or in rows.
8. The mean number of CD4 positive IELS per millimetre length of
mucosa of postpartum Fallopian tube was 14.06±12.12 and of
nonpregnant Fallopian tube was 27.33±33.34.
9. The mean number of CD8 positive IELS per millimetre length of
mucosa of postpartum Fallopian tube is 94.33±27.9 and in nonpregnant Fallopian tube was 214.46±120.34.
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9. Association of neutrophil with HEVs were seen.
10. The number of CD8 positive IELs were significantly high in
nonpregnant Fallopian than in postpartum Fallopian tube.
11. There was no correlation between the microvessels and the
number of CD4/CD8 positive IELs.
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Highlights of the study
1. In this study high number in of IELs in nonpregnant Fallopian
tube were noted as compared with the postpartum Fallopian tube
which indicates that hormones play a role in regulating the
number of IELs in human Fallopian tube.
2. Association of neutrophil with HEVs were seen.

Limitation:
Though the number of microvessels in nonpregnant Fallopian
tube was estimated, comparison of the same has not been done
with pregnant Fallopian tube to determine whether hormones play
a role in the number of microvessels.
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Future scope
1. As association of neutrophils with HEVs demonstrated with
light microscopy warrants further study with electron microscopy.
2. The quantification of mast cells and other immune cells other
than CD4 and CD8 lymphocytes can be done in both postpartum
and nonpregnant Fallopian tube.
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Annexure I
Light microscopy study of microvasculature of nonpregnant
human fallopian tube
Proforma for quantification of microvessels
Date:

Patient number:

Sample No:

Hospital number:

Block No:
Each field -50000µm2.

Field
number with
area
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
Total(1mm²)

Arterioles

Capillaries

88

HEVs

Venules

Annexure II
Light Microscopy study of microvasculature of nonpregnant
Fallopian tube
Proforma for quantification of intraepithelial lymphocyte in
fallopian tube
Date:

Patient name:

Sample:

Hospital number:

Block number:
3-4consecutive fields = 1mm
S.No
1.

Fields

CD4+

CD8+

2.

3.

4.

5.

6.

7.

89

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

90

21.

22.

23.

24.

25.

TOTAL
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ANNEXURE – III (A)
Christian Medical College, Vellore
Department of Anatomy
Light microscopy study of microvasculature of nonpregnant
Fallopian tube
Patient Information sheet
You are kindly requested to participate in the study of
microvasculature of Fallopian tube. As a part of the
surgery(sterilization) you are undergoing, a small segment of the
Fallopian tube will be removed and discarded. That removed
portion of the Fallopian tube will be collected for the study. Your
hospital chart will be referred for information regarding history
and clinical examination that has been done on you. This
information will be utilised to study the microvasculature
(arterioles, capillaries, postcapillary venules and venules) of the
Fallopian tube. This study also looks for presence of a specific
type of micro vessel in the Fallopian tube and their association
with lymphocytes. Participation in this study will not affect the
quality of treatment provided by consulting doctors.
There is no potential harm or complication that can happen to
you by participating in this study.
All details including personal data will be kept highly
confidential.
Participation in this study is purely voluntary, and refusal to
participate will not involve any penalty or loss of benefits to
which you are otherwise entitled.
In case of doubts/questions please contact:
1.Dr Rubina Rachel Chandy,
Department of Anatomy,
Christian Medical College,
Vellore-632002
Tel:9952424733
2.Dr Swati Rathore,
Department of Obstetrics and Gynaecology,
Christian Medical college
Vellore-632004
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Informed Consent form to participate in an
observational study
Department of Anatomy, Christian Medical college,
Vellore
Study Title: Light Microscopy study of microvasculature of
nonpregnant fallopian tube
Study Number:

Hospital number:

Subject’s Name:
Date of Birth / Age:
I _______________________ wife of ________________________
(Please tick in the boxes)
(i)

Declare that I have read and understood the information sheet
dated ____________ for the above study and have had the
opportunity to ask questions. [ ]

(ii)

I understand that my participation in the study is voluntary and
that I am free to withdraw at any time, without giving any reason,
without my medical care or legal rights being affected. [ ]

(iii)

I understand that the study staff and the institutional Ethics
Committee and the regulatory authorities will not need my
permission to look at my health records even if I withdraw from
the trial. I agree to this access. [ ]

(iv)

I understand that my identity will not be revealed in any
information released to third parties or published. [ ]

(v)

I agree not to restrict the use of any data or results that arise
from this study provided such a use is only for scientific
purpose(s).[ ]

(vi)
I agree to take part in the above study. [ ]
Signature (or Thumb impression) of the participant/Legally Acceptable
Representative:
Date: _____/_____/______
Signature
or
thumb
impression
of
the
___________________________
Date: _____/_____/_______
Relation to the participant :______________________________
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Witness:

ANNEXURE III (B)

Christian Medical College, Vellore
Department of Anatomy

புல

ோபியன் குழோயின் மைக்ல ோவோஸ்க்யூலின் ஒளி நுண்லணோக்கி ஆய் வு

ந ோயோளி தகவல் தோள்
பல ோப்பியன் குழோயின் மைக்ல ோவோஸ்க்யூலின் (தமனி, தந்திகள்)
ஆய்வுக்கு ீங்கள் தயவுசெய்து வர நகோரிக்கக விடுக்கில ோம் . அறுகவ
ெிகிச்கெயின் ஒரு பகுதியோக உங்களுக்கு கருத்தகை செய் யப்படும் . அதி ்
பல ோப்பியன் குழோயின் ஒரு ெிறிய பகுதி அகற்றப்படும். ீக்கப்பட்ை
பகுதிகய ஆய்வுக்கோக லெகரிப்லபோம் . மருத்துவமகனயில் உங்கள்
மருத்துவ பரிநெோதகன பற்றிய தகவ ் களை நோங் கை் ஆய் வி ் கோக
எடுத்துக்சகோை் லவோம் . இந்த ஆய்வில் பல ோப்பியன் குழோயின் ஒரு
குறிப்பிட்ை வகக கமக்ந ோ தமனி மற்றும் அது எந்த ந ோசயதிர்ப்பு
உயி ணுக்களுைன் சதோடர்புளடயது என் பளத ஆய் வின் மூ ம்
கண்டறிய ோம் .
இந்த ஆய்வில் கலந்துசகோள்வதோல் உங்களுக்கு ஆபத்து அல்லது ெிக்கல்
எதுவும் ஏ ் பட வோய் ப்புகை் இ ் ள .
தனிப்பட்ை அகனத்து விவ ங்களும் மிகவும் இ கெியமோக கவக்கப்படும்.
இந்த ஆய் வி ் க ந் துசகோை் வது மு ் றிலும் தன் னோர்வமோக உை் ைது, லமலும்
பங் லக ் க மறுத்தோ ் உங்களுக்கு எந்தசவோரு தண்டளனலயோ அ ் து
நன் ளமகளை இழக்ககூடிய வோய் ப்புகை் இ ் ள .
ெந்நதகங்கள் / நகள்விகள் ஏ ் பட்டோ ் தயவுசெய்து சதோைர்பு சகோள்ளவும்:

1.Dr Rubina Rachel Chandy,
Department of Anatomy,
Christian Medical College,
Vellore-632002
Tel:9952424733
2.Dr Swati Rathore,
Department of Obstetrics and Gynaecology,
Christian Medical college
Vellore-632004
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ஒப்புதல் படிவம்

ஆய்வின் தலைப்பு: மனிதனின் சாதாரண மூக்கு திசு மற்றும் மூக்கு பாைிப்புகளில்
காணப்படும் ந ாய் எதிர்ப்பு சக்திக்கு நதலவப்படும் ைாங்கர்ஹான்ஸ் சசல்களின்
அலமப்பு மற்றும் பரப்பளலவ பற்றிய ஆய்வு.
ஆய்வு எண்: ____________
சபயரின்
முதசைழுத்து:
__________________
_________________________________________

சபயர்:

பிறந்த நததி / வயது: ___________________________

(i) நமற்கூறிய ஆய்வுக்காக ____________ நததியிட்ட தகவல் தாள் படித்து புரிந்து
சகாண்டு, நகள்விகலளக் நகட்பதற்கான வாய்ப்லபப் சபற்றுள்நளன் என்பலத
உறுதிப்படுத்துகிநறன். [ ]
(ii) ஆய்வில் பங்நகற்றிருப்பது தன்னார்வமாகத்தான் என்பலதயும்
ான் எப்நபாது
நவண்டுமானாலும்
விடுவித்துக்சகாள்ளைாசமன்றும்,
என்
மருத்துவ
கவனிப்பு
அல்ைது சட்ட உரிலமகள் பாதிக்கப்படாமநைநய
ான் விடுவிக்கப்படுநவன் என்று
புரிந்துசகாள்கிநறன். [ ]
(iii) என்னுலடய அனுமதியிலனப் சபறாமல் இந்த ஆய்விற்காக எனது உடல் ைம்
சதாடர்பான தகவல்கள் பயன்படுத்தப்படைாம் என்பலத ான் புரிந்து சகாள்கிநறன்
எனது அலடயாளத்லத மற்றும் எந்த தகவல்கலளயும் மூன்றாவது கட்சியினருக்கு
சவளிப்படுத்தப்படமாட்டாது என்பலத புரிந்துக்சகாள்கிநறன். [ ]
(iv) இந்த ஆய்வில் எழும் எந்த முடிவுகலளயும் அறிவியல் ந ாக்கத்திற்கு மட்டுநம
பயன்படுத்தப்படும் என்பலத ஒப்புக்சகாள்கிநறன்.. [ ]
(v) நமநை உள்ள படிப்பில் பங்நகற்க
சபாருள் / சட்டபூர்வமாக
(அல்ைது லக எண்ணம்):
நததி: _____ / _____ / ______

ான் ஒப்புக்சகாள்கிநறன். [ ]

ஏற்றுக்சகாள்ளக்கூடிய

பிரதி ிதிகளின்

லகசயாப்பம்

லகசயாப்பமிட்ட சபயர்: _________________________________ லகசயாப்பம்:
ஆராய்ச்சியாளரின் லகசயாப்பம்: ________________________
நததி: _____ / _____ / ______
ஆய்வு ஆராய்ச்சியாளரின் சபயர்: டாக்டர் செ. நரச்சல்
சாட்சியின் லகசயாப்பம் அல்ைது லக எண்ணம்: ___________________________
நததி: _____ / _____ / _______
சாட்சியின் சபயர் மற்றும் முகவரி: _____________________________
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ANNEXURE III ( C )
খৃস্টান মেডিক্যাল ক্ললজ, মেললার
এনাটডে ডিোগ
অণুিীক্ষণ যলের সাহালযয অ-গেভিতী নারীর ডিম্বিাহী নালীর আণুিীক্ষডণক্ অধ্যয়ন

মরাগীর তথ্য পত্র
আপনাকে ডিম্ববাহী নালীর আণুবীক্ষডণে অধ্যয়কন অংশগ্রহণ েরার জকনয অনুকরাধ্ েরা হকে। আপনি যে
অস্ত্রপ্রচারে(sterilization) ভাগ নিরে চরেরেি, যেই অস্ত্রপ্রচারেে অংশ নিরেরে আপিাে
নিম্বোিী িােীে একটি যোি অংশ েোরিা িরে এেং পনেেযাগ করে িরে। অধ্যায়রিে জরিয
আপিাে নিম্বোিী িােীে অপোেণ কো অংশ েংগ্রি কো িরে। আপিাে িােপাোরেে
চারিে উরেনিে আপিাে েম্পকেেুক্ত েথ্য এেং নিনিকাে পেীক্ষাে েথ্য এই অধ্যয়রিে
উরেরশয েংগ্রিি কো িরে। এই েথ্য নিম্বোিী িােীে আণুেীক্ষনণক ধ্মিী, নশো ইেযানি
অধ্যয়রিে যক্ষরে েযেহৃে িরে। এই গরেষণায় নিম্বোিী িােীে একটি নিনিে ষ্ট ধ্েরণে
আণুেীক্ষনণক নশোে উপনিনে এেং নেম্ফোইরিে োরথ্ োরিে েম্ভােয েংরোরগে অধ্যয়ি
কো িরে। এই অধ্যয়রি আপিাে অংশগ্রিরণে কােরণ কিোেরিন্ট িাক্তােরিে দ্বাো
আপিাে নচনকৎোয় যকারিা প্রভাে পেরে িা।
এই গকবষণায় অংশগ্রহকণর সাকে আপনার কোন ক্ষডি বা জটিলিা হবার আশঙ্কা কনই।
বযডিগি িেয সহ সমস্ত ডববরণ অিযন্ত কগাপনীয় রাখা হকব।
এই গকবষণায় অংশগ্রহণ সম্পূণভ
ণ াকব কেোেৃ ি এবং অংশগ্রহকণ অেীেৃ ডির জকনয আপনাকে কোকনা জডরমানা
ডিকি হকব না বা আপনার প্রাপয সুডবধ্া কেকে আপনাকে বডিি েরা হকব না।

কোনরেম সকেহ বা প্রকের কক্ষকে িয়া েকর ক াগাক াগ েরুন :
১. িা: রুনেিা যেরচে চন্ডী
Anatomy ডবভাগ
খৃষ্টান কমডিকেল েকলজ
কভকলার – ৬৩২০০২
ক ান: ৯৯৫২৪২৪৭৩৩
২. িা: োিী রাক ার
Obstetrics and Gynaecology ডবভাগ
খৃষ্টান কমডিকেল েকলজ
কভকলার – ৬৩২০০৪
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এক্টি পযভ লিক্ষণেূলক্ অধ্যয়লন অংশগ্রহলণর জনয জ্ঞাত সম্মডত পত্র
এনাটডে ডিোগ, খৃষ্টান মেডিক্যাল ক্ললজ, মেললার
অধ্যয়ন ডশলরানাে : অণুিীক্ষণ যলের সাহালযয অ-গেভিতী নারীর ডিম্বিাহী নালীর
আণুবীক্ষণণক অধ্যয়ন
অধ্যয়ন সংখযা:

হাসপাতাল নম্বর :

মরাগীর নাে :
স্বােীর নাে :
জন্ম তাডরখ/িয়স :
আডম,…………………………………………..
(িলে টিক্ ডিহ্ন ডিন)

১. ক াষণা েরডি ক উপকরাি অধ্যায়কনর জনয …../……/……. িাডরকখ উকেডখি িেযাপেটি আডম
পকেডি এবং বুঝকি কপকরডি এবং এই িকেযর ডবষয় সংলগ্ন প্রে ডজজ্ঞাসা েরার সুক াগ কপকয়ডি। [
]
২. বুঝকি কপকরডি ক আমার এই অধ্যয়কন অংশগ্রহণ কেোেৃ ি এবং আডম ক কোকনা সময়, ডবনা
মাসুকল, ডনজ কসোয় এই অংশগ্রহণ কেকে প্রিযাহার েরকি পাডর, ার জকনয আমার োস্থ্য কসবা বা
আইনগি অডধ্োর অডবচডলি োেকব। [

]

৩.েুঝরে যপরেনে যে এই অধ্যয়ি িরেে এেং প্রানেষ্ঠানিক িীনেশাস্ত্র কনমটিে এেং
নিয়ন্ত্রক কেৃপক্ষে আমাে স্বািযেম্পনকেে েথ্য যিিাে জরিয আমাে আোিা
অিুমনেে প্ররয়াজি িরে িা, এমিনক আমাে এই অধ্যয়রি অংশগ্রিি যথ্রক (েনি)
প্রেযািাে কো েরেও।আনম এে েম্মনে নিোম[
]
৪. েুঝরে যপরেনে যে আমাে পনেচয় , যকারিা েৃেীয় পরক্ষে কারে ো েৃেীয় পরক্ষে
কারে প্রকানশে েরথ্য, প্রকাশ কো িরে িা। [
]
৫. এই অধ্যয়ন কেকে উিভূ ি কোকনা উপাত্ত বা লা কল প্রোকশয বা বযবহাকর বাধ্া কিকবা না, এই
শকিণ ক এই িেয শুধ্ুমাে ববজ্ঞাডনে উকেকশয উপেরণ েরা হকব।

[

৬. উপকরর উকেডখি অধ্যয়কন অংশ ডনকি সম্মি হলাম।

]

[

অংশগ্রহণোরী / আইনি গ্রহণক াগয প্রডিডনডধ্র োক্ষর (বা আঙু কলর িাপ):
িাডরখ

………./………./……………

সাক্ষীর োক্ষর (বা আঙু কলর িাপ) :
িাডরখ ………/………./………………
অংশগ্রিণকােীে োরথ্ েম্পকে :
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