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     ABSTRACT 

 

TITLE OF THE ABSTRACT :   Transmission electron microscopic study of  

             the microvasculature of the human  

    postpartum Fallopian tube. 

DEPARTMENT   :  Anatomy 

NAME OF THE CANDIDATE :  Minu Rekha B. 

DEGREE AND SUBJECT :  MD Anatomy 

NAME OF THE GUIDE  :  Dr. J. Suganthy, M.S., DNB, Ph.D. 

OBJECTIVES OF THE STUDY: 

To quantify the mucosal microvessels and intraepithelial lymphocytes (IELs) 

in the human postpartum Fallopian tube under light microscope and to look 

for the presence of high endothelial venules and their association with 

antigen presenting cells under transmission electron microscope. 

 

METHODS: 

The human postpartum Fallopian tube samples were processed for electron 

microscopy. Semithin sections, stained with 1% toluidine blue and ultrathin 

sections, stained with uranyl acetate and Reynold’s lead citrate were 

obtained. 

Semithin sections were examined under Olympus BX43 light microscope 

connected to a computer with cellSens image analysing software. Using 



which, the number of mucosal microvessels and intraepithelial cells were 

quantified. Ultrathin sections were examined under transmission electron 

microscope (TECHNAI T12 SPIRIT) wherein, the microvessels were studied 

and mucosal mast cells quantified. Descriptive analysis, spearman’s rho 

correlation and simple regression analysis of the data were obtained using 

SPSS version 17.0.  

RESULTS: 

The mean number of mucosal arterioles, capillaries, high endothelilal 

venules (HEVs) and venules per mm2 were 29.23 + 6.87, 161.38 + 7.05, 

19.23 + 7.05 and 39.50 + 9.96 respectively. The mean number of 

intraepithelial lymphocytes per 100 mm length of epithelium was 771.30 + 

300.85. There was a significant positive correlation between the number of 

IELs and HEVs (p<0.001) and IELs regressed on HEVs with the regression 

coefficient of 42.002. The mean number of mucosal mast cells per 1.5625 

mm2 was 40.30 + 15.68. Migration of lymphocytes through mucosal HEVs 

and the association of antigen presenting cells (dendritic cells and 

macrophages) with microvessels were also observed. The presence of IELs, 

HEVs and the manner of interaction of IELs with the neighbouring epithelial cells 

proves that Fallopian tube is a member of MALT. It is hoped that these data 

from the study may provide some insights into the understanding of 

microvessels in the Fallopian tube under the influence of hormones during 

pregnancy and their association with immune cells.  

 

Keywords: High endothelial venules, intraepithelial lymphocytes, mast cells, 

telocytes, clear cell variant. 



1. INTRODUCTION 

THE FALLOPIAN TUBES: 

Gabriele Fallopio, one of the famous anatomists of the sixteenth 

century was the first to give the exact description of the Fallopian 

tubes and called them the ‘trumpets of the uterus’. He considered 

that these tubes, extending from ovary to uterus, act as sperm 

conveying vessels (1). Fallopian tubes are otherwise named as 

oviducts, salphinges or uterine tubes. 

 

ANATOMY OF FALLOPIAN TUBES:  

Fallopian tubes are paired tubular structures that are attached to 

the upper part of the body of uterus. Its length ranges from 10 – 

12cms. Each Fallopian tube opens at one end into the superior 

angle of the uterine cavity and at the other, into the peritoneal 

cavity. It consists of four parts, namely: (i) intramural, (ii) isthmus, 

(iii) ampulla and  (iv) infundibulum with fimbriae (2).   

 

TUBAL INNERVATION AND LYMPHATICS: 

Fallopian tubes are innervated by autonomic nerves containing 

both sympathetic and parasympathetic nerve fibres (2–4). The 

parasympathetic preganglionic fibers are from pelvic splanchnic 



nerve for the medial half and from vagus for the lateral half of the 

Fallopian tube (2,5). The preganglionic fibres of the sympathetic 

system are from T10 to L2 spinal segments (2). Lymphatics from 

the Fallopian tube drain into para-aortic nodes, internal iliac group 

of lymph nodes and can also reach the inguinal nodes via the 

round ligament (2). 

 

HISTOLOGY OF FALLOPIAN TUBE: 

Microscopically Fallopian tube has (i) mucosa (epithelium, 

subepithelial connective tissue and lamina propria), (ii) muscular 

layer and (iii) vascular serosa (2). Mucosa is highly folded and 

branched with narrow grooves separating them, thereby forming an 

irregular lumen. The epithelium of the Fallopian tube is simple 

columnar with both ciliated cells and non ciliated cells, namely 

secretory and peg cells lying on a prominent basement membrane 

(6). Cilia are about 10μm long and 0.25μm in diameter. The 

ciliated cells gradually decrease in proportion from the fimbrial end 

(50%) to the isthmus (less than 30%) (7). The secretory cells are 

columnar cells with microvilli. Peg cell are narrow cells with a dark 

stained nucleus and are considered to be secretory cells that have 

exhausted their secretions (8). Peg cells that are considered to be 

the variant of secretory cells, project into the lumen beyond the 

level of their neighbouring ciliated cells (2). The lamina propria of 



the Fallopian tube is composed of loose connective tissue with 

abundant blood vessels (3). The muscular layer has inner thick 

circularly arranged and outer thin longitudinally arranged smooth 

muscle layers. The serosa consists of a thin layer of connective 

tissue lined by mesothelium (3,7). The epithelium of Fallopian tube 

is under the influence of oestrogen and progesterone. Oestrogen 

increases the number of ciliated cells and also the height of the 

cells. At the time of ovulation, the cells reach a maximum height of 

about 30µ. Progesterone, on the otherhand, increases the number 

of secretory cells (3,4). 

Functions: 

The Fallopian tube, besides serving as a mere conduit between the 

ovary and the uterus for the transport of gametes, is also the site of 

fertilization that occurs in the ampullary part, and transports the 

blastocyst into the uterus. This is effected by the epithelial ciliary 

activity, muscular contraction and composition of the tubal fluid 

(9). The secretory products of the epithelium also nourish the 

gametes and the blastocyst. It also serves to delay the transport of 

the embryo into the uterine cavity until it is well prepared for 

receiving the blastocyst for implantation (10) and has a role in 

sperm capacitation (11). The caudal part of isthmus in animals act 

as a reservoir for viable sperms until ovulation (12). 

 



MUCOSA ASSOCIATED LYMPHATIC TISSUE (MALT): 

The lymphatic aggregates located on the mucosal surface of tissues 

without a capsule is called mucosa associated lymphatic tissue 

(MALT). This diffuse lymphatic tissue is exposed to the external 

environment and provides an active defence against pathogenic 

organisms. They are the sites of innate immune response of both 

cellular and humoral varieties (4,13). Their presence in the 

gastrointestinal tract (gut associated lymphatic tissue - GALT) and 

respiratory tract – (bronchus associated lymphoid tissue – BALT) 

(4) and larynx (larynx associated lymphoid tissue – LALT) (14) are 

well known. Recently, their existence is also shown in conjunctiva 

(conjunctiva associated lymphoid tissue - CALT) (15) lacrimal 

glands (lacrimal duct associated lymphoid tissue - LDALT) (16) and 

salivary glands (duct associated lymphoid tissue - DALT). Cases of 

primary MALT lymphomas was also been reported in breast (17) 

and thyroid gland (18). In addition, the genitourinary system is 

also found to have aggregates of lymphoid tissue that are 

considered to be a member of MALT (4,19). The characteristic 

features of MALT include aggregation or diffuse arrangement of 

lymphocytes, other free immune cells like plasma cells and antigen 

presenting cells in the subepithelial layer of  lamina propria (4). 

Most of the lymphocytes are B cells and among T cells, CD4+ 

helper T-cells predominate (20). It provides secretory immunity by 



a) IgA secretion, b) immune response through T helper cells and c) 

immune tolerance through cytotoxic T cells (21). 

 

MICROVASCULATURE: 

Microvasculature or microvascular bed of a tissue is a part of the 

circulatory system which includes the small blood vessels namely 

arterioles, capillaries, postcapillary venules and venules (22).  

(i)  Arterioles: 

Arterioles are described as arterial vessels with overall diameter 

less than 100μm. They are classified as arterioles, small arterioles, 

terminal arterioles (30μm-50μm) and meta-arterioles. The 

thickness of their walls seen in fixed section is only slightly less 

than the diameter of the lumen (8,23). The wall of an arteriole is 

composed of three layers from within outwards, namely tunica 

intima, media and adventitia. The tunica intima is lined by 

flattened endothelial cells with their basal lamina applied onto the 

fenestrated internal elastic lamina (8). Tunica media has circularly 

arranged smooth muscle cells limited by an external elastic lamina. 

The adventitia is as thick as the media in arterioles and is 

composed of collagen and elastic fibers (23–25). Arterioles are 

recognized based on the following features: 



1) The wall thickness and the luminal diameter: as the 

arterioles branch, their wall and lumen becomes thinner but 

the ratio between their wall thickness and the luminal 

diameter remains unaltered 

2)  The number of layers of smooth muscle cells in the 

tunica media: typically arterioles have 1 – 3 layers of 

smooth muscle cells. 

The internal and external elastic laminae become very thin in small 

arterioles and are absent in the smallest arterioles (23). The 

terminal arterioles are 30-50nm in diameter with a single 

continuous layer of smooth muscle cells. The meta-arterioles are 

wider than true capillaries with scattered smooth muscle cells in 

the first half of their course (8,23). 

(ii) Capillaries: 

Capillaries are the smallest blood vessels, usually of 8 – 10μm 

diameter, that connect the arterioles and venules. They enable 

exchange of oxygen, carbon-di-oxide, nutrients, water and many 

other waste products from tissues. They are lined by a layer of 

endothelium surrounded by a thin perivascular layer and are 

devoid of smooth muscle cells (23,25). The endothelial layer is 

made up of pavement like cells with centrally located oval nuclei 

cemented edge to edge with crenated margins, resting on a 

basement membrane. The perivascular layer is made of loose 



connective tissue along with a discontinuous layer of pericapillary 

cells like histiocytes, fibroblasts and pericytes (23,25). There are 

three types of capillaries namely continuous, fenestrated and 

sinusoidal capillaries (2,26).  

Under electron microscopy, the endothelial cells show an 

endocapillary layer made of glycoprotein lining their luminal 

surface. Some may show microvilli. Membrane bound electron 

dense granules (diameter 0.1 - 0.2μm) are present (25). They also 

show numerous pinocytotic vesicles. The open vesicles are called 

caveolae. The endothelial cells show tight cellular junctions which 

can be either end to end, overlapping or ‘S’ shaped (23,25). The 

pericytes are irregular shaped cells distributed at intervals along 

the capillaries. They are enclosed by the basal lamina of the 

endothelium. These cells are considered to be undifferentiated cells 

that can give rise to different types of cells including smooth 

muscle cells (24,25). 

(iii) Venules:  

Venules are small blood vessels in the microvascular bed that 

connect the capillaries to the veins. Their diameters range from 8 – 

100 μm. They are classified as post capillary venules (8 – 30μm), 

collecting venules (30 - 50μm) and muscular venules (50 - 100μm) 

(8,24). The venules are lined by flattened endothelial cells lying on 

a basement membrane. The collecting venules have a thin 



adventitia and a single layer of veil cells (primitive smooth muscle 

cells). The muscular venules, in addition, have two layers of 

smooth muscle cells and a thin ill-defined internal elastic lamina. 

All venules look alike under light microscopy except for the 

diameters (23,25).  Ultra structurally, the endothelial cells of the 

venules lie over a 50nm thick basement membrane. There are gaps 

of 10-20nm instead of tight junctions (23,25). The endothelial cells 

are rich in actin containing microfilaments so that they can alter 

their shape and enable fluid and leucocytes to leave or enter the 

vessels. The adventitia is made of collagen fibres (25)  

(iv) High endothelial venules (HEVs): 

High endothelial venules are anatomically distinct post-capillary 

venules that are found in lymph nodes and secondary lymphoid 

tissues except for the spleen (27,28). Thome in 1898 was the first 

to describe these venules with a plump endothelial cells bulging 

into the lumen of the vessel. Endothelium of HEVs have a 

characteristic cuboidal morphology and a prominent Golgi 

complex, where unique sulfated glycans are synthesized (29).   

High endothelial venules control the extravasation of naive 

lymphocytes from the blood into the afferent lymphatics (30). 

Gowans and Knight showed that radioactively labelled lymphocytes 

that were transfused into the blood of rats migrated rapidly into 

lymph nodes by HEVs. This experiment conclusively demonstrated 



that HEVs are the site of  large-scale migration of lymphocytes 

from the blood into lymph nodes (31). Naive T and B cells migrate 

through HEVs by the following steps, namely: rolling, sticking, 

crawling and transmigration (29). 

Under light microscopy, HEVs are lined by cuboidal endothelium 

with the presence of infiltrating lymphocytes and a surrounding 

reticular sheath. An abrupt transition from flat to cuboidal cells 

can be seen where the capillaries join the HEVs and polygonal to 

flat endothelium seen at places where HEVs join the small veins 

(32). 

Ultrastructurally, HEVs are lined by cuboidal endothelial cells 

(23,32). Their nuclei are large and lobular with loose chromatin 

condensed at the periphery, 10 - 12 nuclear pores and one or two 

prominent nucleoli (32).  

The HEVs are surrounded by two to three layers of concentrically 

arranged reticular cell plates (32). The lymphocytes migrate 

radially across the successive laminations by insinuating 

themselves through gaps between the overlapping reticular plates 

(32).  

The vascularity of the female reproductive system changes 

periodically under the influence of oestrogen and progesterone 

during each menstrual cycle (7) and pregnancy (33).  Though many 



studies on the microvasculature have been done in normal 

Fallopian tube and during early pregnancy in animal models, there 

is no information about this in the postpartum Fallopian tube. In 

addition, previous studies have shown that HEVs are absent in 

human Fallopian tube (34) yet an incidental finding in our 

department demonstrated HEVs in postpartum Fallopian tubes. In 

addition to lymphocytes, the HEVs act as a migratory route for 

plamocytoid dendritic cells (35), precursors of dendritic cells (36) 

and probably natural killer cells (37).  The presence of HEVs, which 

are considered crucial for the immune cell trafficking, needs to be 

confirmed in the Fallopian tube. For the better understanding of 

the hormonal influence on the vasculature of Fallopian tubes, 

there is a need to estimate the microvasculature of the human 

postpartum Fallopian tube.  

 

 

 

 

 

 

 

 

 



2. AIM AND OBJECTIVES 

 

AIM: 

 To study the microvasculature of the human postpartum Fallopian 

tube under light and transmission electron microscope. 

 

 

OBJECTIVES: 

1. To quantify the number of mucosal arterioles, capillaries, 

high endothelial venules (HEV) and venules per unit area under 

light microscopy. 

 

2. To quantify the number of intraepithelial lymphocytes per 

100 millimetre length of the epithelium under light microscopy. 

 

3. To look for the correlation between the number of 

intraepithelial lymphocytes with the number of mucosal HEVs. 

 

 

4. To quantify the number of mast cells in the mucosa per unit 

area under transmission electron microscope (TEM). 

 

5. To look for high endothelial venules and their association 

with lymphocytes and other antigen presenting cells under TEM. 

 

 

 



3. LITERATURE REVIEW 

FUNCTIONAL ANATOMY OF FALLOPIAN TUBE: 

Fallopian tubes are paired tubular structures connecting the 

ovaries to uterus and are the sites of fertilization. Fallopian tubes 

play an important role in the transport of gametes and the zygote 

(38). The ovum released in the peritoneal cavity is captured by the 

fimbrial end of the Fallopian tube. The increased number of ciliated 

cells in the infundibulum beat towards the uterine cavity and 

transport it to the ampulla (3). Fertilization takes place in the 

lumen of the ampulla and the zygote formed is then transported to 

the uterine cavity (39,40). The non-ciliated peg cells are secretory 

in function and provide nutrition to the ovum and the fertilized 

zygote. The secretions also nourish the sperms and help in the 

process of capacitation (3).  

Transportation of egg and zygote through Fallopian tube is 

facilitated by: 

(i) muscular contraction under the influence of prostaglandin F 

alpha which in turn are influenced by the oestrogen and 

progesterone (41) 

(ii)  ciliary activity of the ciliated epithelial cells of the Fallopian 

tube (40,42)  



(iii)  tubal secretions (5) 

(iv) microvascular architecture of the Fallopian tube (43). 

These factors have been discussed in detail below: 

(i) Muscular contraction 

Smooth muscle contraction is produced in an oscillatory 

pattern in the isthmus which modulates the transport through 

the Fallopian tube. Stimulation of alpha adrenergic receptors 

promotes contraction of the oviductal muscle, although 

stimulation of beta receptors inhibits contractions (44). 

Adrenergic neurons may not be the primary means for controlling 

embryo transport since experimental depletion or inhibition of 

these neurons does not prevent transport nor decrease fertility 

(45). The sex steroid hormones and other factors produced by the 

oviduct itself, such as prostaglandins, nitric oxide and 

prostacyclin may also modulate muscle contraction and play a 

lead role in embryo transport (44,45). 

 

(ii) Ciliary activity: 

In addition to tubal smooth muscle contractility, tubal 

transport of embryo is influenced by ciliary activity. Factors such 

as sex steroid hormones and interleukin 6 (IL-6), found within the 

follicular fluid and released into the Fallopian tube during 

ovulation, have also shown to affect the ciliary activity of the 



Fallopian tube epithelium. Although the relative importance of 

each of these mechanisms is not clearly understood, studies have 

shown that oocyte and blastocyst transportation within the 

Fallopian tube is mainly due to the ciliary activity of the 

epithelium (40,45). Studies have shown that when the tubal 

smooth muscle activity is inhibited by a β-adrenergic agonist like 

isoproterenol, there was no change in the time of transit of the 

embryo through the Fallopian tube. This proves that ciliary 

activity alone is sufficient to transport the embryo into the uterine 

cavity for implantation within the appropriate time period (45). 

Furthermore a Fallopian tube with a tubal ectopic pregnancy 

demonstrated a marked reduction in the number of ciliated cells 

in comparison with an intrauterine pregnancy of the same 

gestational stage. Marked de-ciliation is also sometimes seen 

subsequent to a tubal ectopic pregnancy and in biopsies from 

women undergoing tubal surgery, who later develop a tubal 

ectopic pregnancy (45). 

 

(iii) Tubal secretions: 

The Secretion of the tenacious mucus at the isthmus of the 

Fallopian tube during the oestrous phase of menstrual cycle, 

facilitate sperm passage into the tube. The disappearance of this 

mucus  after ovulation facilitates the transport of embryo into the 

uterine cavity (5). The secretions of the secretory epithelium 



contains an oviduct specific glycoprotein which has a crucial 

effect on the function of sperm, fertilization and the development 

of the zygote (46). The contents of the luminal fluid of the 

Fallopian tube have been found to harden the zona pellucida of 

the embryo thereby preventing polysomy. The proteins that play a 

role in hardening of zona pellucida are oviductal glycoprotein-1 

(OVGP1) and heat shock protein (HSP) and  protein disulphide 

isomerase (PDI) family members (47).  

 

(iv) Microvasculature of the Fallopian tube: 

 The microvascular architecture of the Fallopian tube is also 

found to influence the transport of ova. Verco et al. demonstrated 

the existence of a sub-epithelial capillary plexus with high pressure 

blood in the isthmus and low pressure blood in the ampulla of 

rabbit Fallopian tube. They postulated that the net luminal 

secretion and absorption modified the luminal flow of fluid that 

resulted in the transport of ova from the fimbrial end to the uterine 

cavity (43). The presence of  a sub-serosal venous plexus acting as 

a sphincter in the isthmic region, results in the delay of ova 

transport in the ampullo-isthmic junction (43) .   

Derangement of any of these mechanisms may result in the 

improper transport of ova and zygote that may result in infertility 

or ectopic tubal pregnancy (45). 



HORMONAL EFFECT ON FALLOPIAN TUBE EPITHELIUM: 

(i) Changes of Fallopian tube epithelium during menstrual 

cycle: 

  Fallopian tube epithelium with both ciliated and secretory cells 

respond cyclically to estrogen and progesterone (48). Both the cell 

types are low cuboidal during the menstrual phase. During the 

proliferative phase the cells increase in height and reach their 

maximum height. Both cells attain equal height. During ovulation, 

the percentage of ciliated cells is more (49) and the secretory 

activity of the secretory cells is the maximum (50). The contents of 

the secretory cells are discharged into the lumen and therefore 

there is a relative decrease in the number of secretory cells (50). In 

addition, they fall short in height from the ciliated cells thereby 

facilitating the transport of the released ovum by the ciliary beat 

(51). In luteal phase both cell types decrease in size and partial 

deciliation is also seen. The epithelium also expresses estrogen and 

progesterone receptors. Estrogen receptors are predominant in 

midcycle and progesterone receptors are seen throughout the cycle. 

Estrogen stimulates the increase in cell size, secretion, and 

number of cilia, whereas progesterone causes cell atrophy and 

deciliation (50). 

 



(ii)  Changes of 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 (33). 

 

(iii)  Changes of Fallopian tube epithelium during puerperium: 

   In a study, human Fallopian tube specimens obtained on the 

5th postpartum day were examined to evaluate puerperal changes 

in the tubal epithelium by scanning and transmission electron 

microscopy. Ciliated cells were most densely distributed on the 

fimbria and in the ampulla, and were relatively infrequent in the 

isthmus. There was a progressive decrease in the numbers of 

ciliated cells and deciliation of individual cells was also noted. The 

non-ciliated cells that were in resting stage at term pregnancy 

regained their secretory activity during the puerperium (52). 

 

(iv) Changes of Fallopian tube epithelium during the 

perimenopausal and postmenopausal period: 

   Twenty biopsy specimens of human Fallopian tube were 

studied under TEM and Field emission scanning electron 

microscope (FE-SEM) to look for the changes in the luminal 

surface of the Fallopian tube epithelium in perimenopausal to 

postmenopausal women.  It was observed that there was a gradual 

shortening of the microvilli and deciliation followed by development 



of microplicae like structures.  This transition was a slow gradual 

involutional process that happened over a period of 20 – 30 years 

after menopause probably accounting for the altered hormonal 

status (53).   After menopause, the percentage of ciliated cells and 

the height of the epithelial cells are significantly decreased (49). 

Another study on eighteen women also confirmed that deciliation 

was found 20 - 30 years after menopause (54). 

 

(v) Changes of Fallopian tube epithelium during hormonal 

therapy: 

      While estrogen influences ciliogenesis and increase in height of 

the epithelium, deciliation and decrease in height of cells was 

observed under progesterone therapy, these changes being easily 

reversible (49).  

 

 

BLOOD SUPPLY OF FALLOPIAN TUBE: 

The blood supply of Fallopian tube is derived from uterine and 

ovarian arteries. The lateral third is supplied by the ovarian artery 

and the medial two third by the uterine artery. The veins of the 

lateral two third drain into the IVC on the right, and the left renal 

vein on the left side via the pampiniform plexus. The medial one 

third drains in to the internal iliac veins (2).  



Alterations in the blood flow to the uterus have been found to play 

an important role in reproductive physiology and also in a number 

of pathological disorders of uterus (55). 

Verco et al. have studied the architecture of the microvessels of the 

isthmic, ampullary and fimbrial part of twelve virgin female rabbits 

using vascular corrosion cast with scanning electron microscopy. 

They noted that the presence of large veins in the plical core was 

one of the unique features of ampulla. Mucosal arterioles were 

infrequently identified. The sub-epithelial capillary density was 

greater. The fimbrial vascularity was also found to be more 

pronounced (58). 

Their study further showed that the arteriolar supply was more in 

the isthmus and the venous drainage was more in the ampullary 

region. So in the ampulla, there was a net fluid absorption and in 

the isthmus there was a net fluid secretion and this current of fluid 

helped in the ovum pickup and also the gamete transportation 

(58). 

 

 HORMONAL INFLUENCE ON FALLOPIAN TUBE VASCULARITY: 

The vascularity of the reproductive tract undergoes changes under 

the influence of the sex steroids oestrogen and progesterone. 

Progesterone is well known to increase 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 (57). VEGF, produced by the 

theca lutein cells of corpus luteum during early pregnancy is 

responsible for the angiogenesis of reproductive tract tissues 

(59,60). In a study, the endothelial cells did not show immune-

reactivity for progesterone or oestrogen receptors in both uterus 

and Fallopian tubes, whereas immune-reactivity was seen in the 

muscle cells of uterine arteries. Thus sex steroid hormones may 

regulate uterine blood flow through a direct effect on uterine 

arterial walls. These receptors were also found in the arterial walls 

of the Fallopian tubes (56). 

A study on day two pregnant mice showed that there were very few 

fenestrated capillaries in Fallopian tube and it was concluded that 

fenestrations were under hormonal influence, progesterone 

decreased the fenestrated vessels (33). 

 

MUCOSA ASSOCIATED LYMPHATIC TISSUE IN FALLOPIAN 

TUBE: 

The genital tract is considered to be a part of the common mucosal 

immune system. Fallopian tube, being  a part of female genital 



tract has lymphoid aggregations in the mucosa which are more 

abundant in the interstitial part (34).  The functioning of such  

local immune system in the human Fallopian tube acts as a first 

line of defence against tubal infection and also prevents tubal 

factor infertility (61,62). 

Intraepithelial lymphocytes (IELs): 

Intraepithelial lymphocytes have been demonstrated in the 

Fallopian tubes (34,63,64). These cells show round to oval nuclei 

with peripherally condensed chromatin and electron lucent 

cytoplasm with few mitochondria and ribosomes.  Complex 

interdigitations have also been observed between the cell 

membranes of the IELs with adjacent epithelial cells (61). It has 

been noted immunoelectron microscopically that the IELs are T 

cells and not B cells. The source of IELs is the follicles similar to 

that seen in GALT and BALT.   They involve in immune tolerance, 

so that sperm and blastocyst transportation is possible without the 

trigger of local immune response (61). 

Many studies have been done to estimate the frequency of IELs in 

the Fallopian tube during different phases of the menstrual cycle. 

Boehme and Donat studied 20 human Fallopian tube specimens 

and showed that there was no significant difference in the number 

of IELs between secretory and proliferative phases. The 

predominant types were CD3+ and CD8+ lymphocytes (65). Ulziibat 



et al. demonstrated that the percentages of IEL per total number of 

epithelial cells were increased in the late proliferative and late 

secretory phases and in tubal pregnancies, whereas there were 

significant decreases in the proportion of IEL in the early secretory 

phase and post-menopausal specimens. They have also showed 

that none of the IELs were CD4+ or plasma cells and all the IELs 

were positive for estrogen receptor-β and not for estrogen receptor-

α (66). 

High endothelial venules in the Fallopian tube: 

Lymphocytes continuously migrate from the blood stream to 

secondary lymphoid organs in search of their cognate antigens. 

Their circulation in the secondary lymphoid tissues or organs is 

achieved by their migration through lymph, followed by the blood 

stream and then back to the lymphoid tissues. Such a circulatory 

phenomenon is known as lymphocyte homing and is a crucial 

process for immune surveillance (67,68). The lymphocyte migratory 

process is mediated by sequential adhesive interactions between 

lymphocytes and specialized post-capillary venules, called high 

endothelial venules, in the secondary lymphoid organs (28,69–73). 

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 the lymphocytes (34).    

 



MAST CELLS: 

Mast cells are immune cells first described by Paul Ehrlich in his 

doctoral thesis in the year 1878 (74,75). They are seen in various 

organs and connective tissues. They appear in the tissues close to 

blood vessels or in tissues that are exposed to the environment like 

the gastrointestinal tract (GIT), respiratory tract and skin. 

Therefore, one of the functions of mast cells, is to defend against 

invasion by foreign agents (76). 

The mast cell progenitors are derived from CD34+ haematopoietic 

stem cells in the bone marrow and do not mature until they leave 

the marrow. They then disperse in various tissues, complete their 

maturation and settle there (77).  Based on their location, types of 

granules and the proteins they contain, they are classified into 

three types: 

(i)  Mast cell tryptase (MCT) – found in the mucosa of GIT and 

lungs  

(ii) Mast cell tryptase-chymase (MCTC) – found in the connective 

tissue of skin, breast, heart, conjunctiva of eye and submucosa of 

stomach and intestine  

(iii) Mast cell chymase (MCC) – found in the mucosa and sub-

mucosa of stomach, small and large intestine. Of these MCT are 

immune associated and are found in association with T cells (76). 

 



Stucture of mast cells: 

Human mast cells are round to oval in shape with a diameter 

of about 8 - 20μm. They have round to oval nucleus with the 

cytoplasm having lots of secretory granules of diameter about 

1.5μm. The secretory granules contain different types of proteins 

like tryptase, chymase, histamine, heparin, cytokines, urokinase, 

vascular endothelial growth factor (VEGF) and fibroblast growth 

factor (FGF). These proteins allow the mast cells to migrate, cause 

smooth muscle contraction, change their environment, cause 

allergic symptoms, cause chemotaxis of immune cells, promote 

blood vessel growth, and repair the injured tissues (76,78). 

Mast cells can be demonstrated using various staining methods 

that include Giemsa stain, toluidine blue, stains for sulfated acid 

mucopolysaccharides (AMP), Leder (chloracetate esterase) stain 

and immuno histochemistry for cell markers like CD2 , CD23, 

CD25, CD68, CD88, CD117, CD203c and for tryptase and 

chymase (76). 

 

Functions of mast cells: 

Mast cells contribute to immunological reactions by affecting 

lymphocyte growth, recruitment and function. Recent studies have 

shown that mast cells also play a crucial role in innate immunity 

(79).   



Some of the diseases that involve mast cells are allergies, 

autoimmune diseases, interstitial cystitis, cardiomyopathy (80), 

atheroscelerosis (81), endometriosis (82) and mast cell related 

tumours like mastocytosis, mast cell leukemias and sarcomas (76). 

Tryptase, secreted by mast cells, has an inhibitory effect on sperm 

motility (83). It has been demonstrated that pregnancy rate has 

improved after treatment of infertile men with mast cell blockers 

like ketotifen (84–86).  

Studies of mast cell in female reproductive organs reveal that in 

the uterus, there is no apparent difference in the number of mast 

cells between the normal proliferative and secretory phase 

endometria. Mast cells are seen exclusively in the basal layer of the 

endometrium and the relative paucity of mast cells in the 

functional layer may contribute to the immune tolerance of 

gestational endometrium to the implantation of the blastocyst (87). 

In intrauterine contraceptive device (IUCD) users, mast cells are 

found to be more in the muscularis externa than in the lamina 

propria. Moreover, in the muscularis externa, they are found 

predominantly related to smooth muscle fibres as opposed to the 

blood vessels. The increase in the mast cell number in IUCD users 

might be a factor in the pathogenesis of pelvic inflammatory 

disease and the ectopic pregnancies that occur in IUCD users (88). 

 



ANTIGEN PRESENTING CELLS: 

Antigen presenting cells are specialized cells that play an important 

role in the mucosal innate immunity. They have been 

demonstrated in the skin, mouth, lung, small intestine and 

genitourinary tract (89,90). Antigen presenting cells include 

dendritic cells, macrophages (89) and B lymphocytes (91).  

Dendritic cells are the ‘professional’ antigen presenting cells with a 

spider-like morphological appearance and their main function is to 

capture antigens, process them, migrate to lymph nodes, 

differentiate, mature and present the processed antigens to the T 

lymphocytes to initiate an immune response (89). Dendritic cells 

interdigitating between the epithelial cells of the mucosa are called 

Langerhans cells and those in the submucosa are called 

submucosal dendritic cells (92). The female genital tract is 

immunologically unique with a property of immune tolerance to 

sperms and blastocyst. Dendritic cells and macrophages play a 

crucial role in this. Constitutionally, Langerhans cells and 

submucosal dendritic cells are located in the epithelium and 

lamina propria respectively. During inflammation, monocyte 

derived dendritic cells are recruited from the peripheral blood (92).  

Dendritic cells and macrophages are also under the influence of 

sex hormones (87).  



During pregnancy, strict regulation of innate and adaptive 

immunity at the maternal–fetal interface is needed for the survival 

of the embryo. Simultaneously, effective immunity must be 

maintained in mucosa to protect both mother and foetus from 

harmful pathogens. Dendritic cells play an important role in 

immune tolerance and immune surveillance (93). 

 

TELOCYTES: 

A new cell type which was initially called interstitial Cajal like cells 

(ICLCs), were named “telocytes” by Popescu, as they differ in their 

electron microscopic, immunochemical and cell culture behaviour 

(94). Electron microscopically, telocytes are identified by the 

presence of their long, thin cytoplasmic processes termed as 

telopodes. Telocytes might contain 1 – 5 telopodes of length 

ranging from ten to hundreds of microns. The telopodes are made 

of alternating thin and dialated segments which are called 

podomeres and podoms respectively. The podoms contain 

numerous caveolae, mitochondria and rough endoplasmic 

retinacula. The thicknesss of telopodes are usually less than 

0.2μm (95,96). According to the number telopodes, telocytes are 

classified as 1) piriform (one telopode) 2) spindle (two telopodes), 3) 

triangular (three telopodes) and 4) stellate (more than three 

telopodes)(94). Immunohistochemically, telocytes are c-Kit/CD117 



positive and co-express CD34+ (95), connexion 43. However, their 

negativity for CD1a and CD62P help to differentiate them from 

other immune cells (94). They can also be identified using vital 

methylene blue stain based on their typical stucture (97). 

Telocytes in female reproductive organs: 

(i) In uterus: 

Telocytes have been isolated from the uterus and Fallopian 

tube wall, cultured and studied for the presence of estrogen and 

progesterone receptors using monoclonal antibodies (98). These 

cells were c-kit positive and CD117 positive. Most of the CD117 

positive cells co-expressed CD34 and vimentin. The telocytes in the 

uterus were found to be positive for both estrogen receptor α and 

progesterone receptor (98). In the uterine myometrium, telocytes 

establish relationships with capillaries, nerve fibers and with other 

interstitial cells like macrophages, mast cells, lymphocytes and 

eosinophils. They are interconnected with each other and with 

smooth muscle cells through cell-to-cell point contacts or gap 

junctions (98).  

 

(ii) In Fallopian tube: 

Telocytes in Fallopian tube are predominantly seen in lamina 

propria and in between smooth muscle fibres. Telocyte spatial 

distribution gradient decreases from the sub-epithelial area to the 



serosa (98). They are associated with nerve endings but their 

association with blood vessels and immune cells have not been 

established in Fallopian tube unlike the telocytes seen in uterus 

(98). 

 

Functions of telocytes:  

1. Telocytes are proposed to act as stretch receptors if 

located near smooth muscle fibers in Fallopian tubes and 

uterus (95).  

2. It has also been suggested that telocytes could themselves 

be stem cells (99), playing a part in muscle regeneration 

(100).  

3. Telocytes have also been found to establish contact with 

the immune cells like plasma cells and eosinophils (98). 

4. The presence of steroid hormone receptors in telocytes 

could behave as sensors, controlling the Fallopian tube 

peristalsis by signaling mechanisms depending on ovarian 

hormone levels (accelerated by estrogens and delayed by 

progesterone) (98).  

 

 

 

 

 



4. MATERIAL AND METHODS 

 

This study was approved by the Institutional Review Board, 

Christian Medical College (CMC), Vellore, India (IRB Min. No. 8314 

dated 18.06.2013). 

STUDY SUBJECTS: 

 

Pregnant women at term admitted for lower segment caesarean 

section with sterilization in the Department of Obstetrics and 

Gynaecology, CMC, Vellore from August 2013 to April 2014 were 

recruited into the study.  

INCLUSION CRITERIA: 

 

This study included ten pregnant women, who underwent lower 

segment caesarean section with sterilization by modified Pomeroy’s 

technique. 

EXCLUSION CRITERIA: 

1. Previous history of pelvic inflammatory disease 

2. Immunocompromised patients 

3. Twins or multiple pregnancy 

4. Patients unwilling for the study  

 



SAMPLE SIZE ESTIMATION:  
 

In the absence of earlier data in this field, pilot measurements 

were conducted, wherein measurements of the mucosal 

arterioles, capillaries, high endothelial venules and venules of 

two postpartum Fallopian tubes were quantified under light 

microscopy. These values were used to calculate the sample size 

for this study. The required sample size to quantify the 

microvessels was calculated with the formula, 

 

   N = ____________ 

 

 

 

The sample size was found to be ten with a standard deviation of 

2.3, 95% confidence limits, 1.5 units precision, with an alpha 

error of 5% and power of 80%. 

 

COLLECTION OF SAMPLES: 

After getting informed consent from ten patients, who underwent 

lower segment caesarean section with sterilization in the 

Department of Obstetrics and Gynaecology, Christian Medical 

    Zα
2 x sd2 

            d2 

N - number of samples 

Zα  -   Z value of α error 

Sd - standard deviation 

d - precision 

 

 

 

 



College, Vellore, the ampullary part of both the Fallopian tubes 

were obtained.  The age of the patients ranged from 21 – 39 years. 

The fresh specimens were collected from the theatre in the 3% 

gluteraldehyde (EM fixative) solution in labelled airtight glass 

bottles, transported to the Department of Anatomy, CMC, 

surrounded in ice and were processed for electron microscopy.  

 

PROCESSING FOR ELECTRON MICROSCOPY: 

 

Chemicals used for tissue processing: 

 

(I) PRIMARY FIXATIVE: 

 

3% Gluteraldehyde in 0.1M sodium cacodylate buffer (pH 7.4) 

Solution A – 25% Gluteraldehyde  – 10 ml 

    Sodium cacodylate  – 1.78 gm 

    Millipore water  - 50 ml 

Solution B – Calcium chloride   – 21 mg 

    Millipore water   – 10 ml 

Solution A and B were mixed and pH adjusted to 7.4 using 1N 

sodium hydroxide.  

The volume was made to 83.3ml using Millipore water, the solution 

filtered and stored at 4°C. 



(II) WASH BUFFER:  

0.1M sodium cacodylate buffer (pH 7.4) 

Sodium cacodylate  – 2.14 gm  

Calcium chloride   – 73 mg 

Sucrose    – 4 gm 

Millipore water   – 100 ml 

The above chemicals were mixed and the pH adjusted to 7.4 using 

1N hydrochloric acid. The solution was filtered and stored at 4°C. 

 

(III) SECONDARY FIXATIVE: 

Stock solution – 2% osmium tetraoxide 

1gm ampoule of osmium tetraoxide was taken. After removing the 

label, the ampoule was washed with soap and water and rinsed 

with Millipore water and dried. A score on the ampoule was 

marked by a glass marker. The ampoule was dropped into a clean, 

dry, stout, brown coloured, glass bottle with stopper.  Twenty five 

millilitres of Millipore water was added and closed so that it was 

airtight. The bottle was shaken until the ampoule broke. To this 

25ml of Millipore water was added and shaken periodically for 24 

hours. A double container was used to store this solution at 4°C in 

dark place.  



0.2M sodium cacodylate buffer (pH 7.4) – (for preparation of 1% 

osmium tetraoxide) 

Sodium cacodylate  – 4.28 gm 

Calcium chloride   – 73 mg 

Sucrose    – 4 gm 

Millipore water   – 100 ml 

All the above chemicals were mixed and the pH adjusted to 7.4 

using 1N hydrochloric acid. The solution filtered and stored at 4°C. 

Working solution – 1% osmium tetraoxide 

Just before processing, the working solution was prepared freshly 

by mixing equal volumes of stock solution and 0.2M sodium 

cacodylate buffer. These were mixed well and added to the tissue 

for secondary fixation.  

 

(IV) GRADED SOLUTIONS OF ETHANOL: 

(i) 50% ethanol  

(ii) 70% ethanol 

(iii)95% ethanol 

(iv)100% ethanol 



The alcohol was diluted using Millipore water and stored at room 

temperature (20°C). 

 

(V) RESIN MIXURE PREPARATION: 

TAAB resin embedding kit (E008) was stored at 4°C. 

The resin was thawed before preparing the mixture. Resin was 

prepared freshly for each use. For preparing a resin mixture of 

volume 20 ml, the following chemicals were used: 

Araldite CY212 resin    - 10ml in a plastic syringe 

DDSA (hardner)    - 10ml in a plastic syringe 

Dibutyl phthalate (plastisizer)  - 4 drops in a glass pipette 

DMP 30 (accelerator)   - 0.2ml in a plastic syringe 

The above chemicals were added successively in the given order in 

a glass beaker. The mouth of the beaker was covered using a 

parafilm, mixed well using a magnetic stirrer for 30 minutes and 

allowed to stand at room temperature until the bubbles settled 

down. Excess mixture was stored at -25°C in airtight vials with the 

rubber stopper covered using parafilm. 

 

 



(VI) CLEARING AGENT OR LINK SOLUTION: 

Propylene oxide (TAAB laboratories) 

(i) Propylene oxide  

(ii) Propylene oxide + resin mixture is prepared by mixing equal 

volume of them at room temperature. 

 

(VII) STAINING SOLUTIONS: 

(i) 1% toluidine blue in 1% borax – for semi-thin Sectioning  

Stock solution: 

100 ml of Millipore water was taken in a glass beaker and 1 gm of 

sodium tetraborate was added to it and stirred well. To this, 1 gm 

of toluidine blue was added and stirred until it mixed completely, 

filtered and stored in an airtight bottle at room temperature. 

Working solution: 

Millipore water was added to the stock solution in the ratio of 3:1 

and the solution was prewarmed on a hotplate at 60°C.  

(ii) 2% uranyl acetate: 

Saturated aqueous solution was prepared by adding 0.5 gm of 

uranyl acetate to 10ml of Millipore water, stirred well for 5 minutes 



and centrifuged. The mid-portion of the centrifugate was taken and 

filtered through 0.2 Millipore filter and stored at 4°C in a plastic 

syringe with a Millipore filter attached to its hub.  

(iii) Reynolds lead citrate: 

Lead nitrate – 1.33gm 

Sodium citrate – 1.76 gm 

30ml of Millipore water was taken in a 50 ml volumetric flask. The 

chemical mentioned above were added to it, shaken for 1 minute 

and left in a magnetic stirrer for 30 minutes. Once a white 

precipitate of lead was formed 8ml of 1N sodium hydroxide was 

added gradually and stirring continued. 50ml of solution was made 

by adding Millipore water to it. It was aliquot in 10 ml disposable 

syringes and the air spells were removed as carbon-di-oxide would 

form a precipitate with lead citrate. This solution was stored in the 

plastic syringes with a Millipore filters attached to their hubs at 

4°C. 

At the time of staining, the required amount of solution was 

centrifuged, filtered through 0.2 Millipore filter paper and loaded in 

a plastic syringe without air bubbles.  

 

 



Procedure for Tissue processing: 

 

(I) PRIMARY FIXATION: 

The obtained samples were trimmed and cut into pieces 

approximately 1mm dimension using new razor blade. Tissues 

were then fixed in 3% gluteraldehyde with 0.1M sodium cacodylate 

buffer (pH 7.4) for 5 days at 4°C in labelled, glass bottles. Buffer 

wash was given with 0.1M sodium cacodylate solution, 3 changes 

each, for 30 minutes, at 4°C. 

(II) SECONDARY FIXATION: 

Tissues were then fixed secondarily with 1% osmium tetraoxide in 

a dark room with agitation at 4°C for 3 hours. This was followed by 

2 changes of buffer wash for 10 minutes each, at 4°C. 

(III) DEHYDRATION: 

Fixed tissues were then dehydrated with increasing grades of 

ethanol at room temperature, as follows: 

50% ethanol  – 15 minutes 

80% ethanol   – 15 minutes 

95% ethanol   – 15 minutes 

100% ethanol  – 15 minutes 

100% ethanol  – 15 minutes 



(IV) CLEARING: 

Tissues were then treated with two changes of propylene oxide 

followed by a mixture of propylene oxide with the resin. Clearing 

was done at room temperature.  

Propylene oxide I    – 15 minutes 

Propylene oxide II    – 15 minutes 

Propylene oxide + Resin (1:1) – 30 minutes 

(V) RESIN INFILTRATION: 

The tissues were infiltrated with 3 changes of resin mixture 

(Araldite CY212) in clean glass vials with rubber stoppers for the 

following time durations at room temperature:  

Resin I  – 2 hours 

Resin II   – overnight 

Resin III  – 24 hours  

(VI) EMBEDDDING AND CURING: 

The silicone moulds were prewarmed in the incubator. The tissue 

pieces were then embedded in the prewarmed silicone mould with 

the cutting surfaces properly oriented, labelled and kept in the 

incubator for hardening at 60°C for 48 hours. The blocks were 

retrieved from the mould and stored in air tight plastic containers 

until sectioning. 



Procedure for sectioning and staining: 

 

(I) SEMITHIN SECTIONING AND STAINING  

Semithin sections were taken from four blocks for each sample 

with a total of 40 blocks. The blocks were trimmed and 1µm 

semithin sections were taken using Ultrotome – Nova microtome 

with a glass knife made with a glass knife cutting machine. The 

glass knives thus made were fitted with a trough and the trough 

was filled with Millipore water during sectioning.  

From each block, ten to twelve sections obtained were allowed to 

float on water in the glass knife trough. Of these 5 - 7 sections 

were selected randomly and placed on a water drop on a 

precleaned, dry glass slide using a tooth pick. The slides were kept 

on the hot plate at a temperature of 60°C and allowed to dry so 

that water gets evaporated and the sections were fixed to the 

slides.  

The dried prewarmed slides were then stained with 1% toluidine 

blue in 1% borax solution mixed with Millipore water in the ratio of 

1:3 for 1 minute at 60°C. The slides were then washed in tap water 

allowed to dry, cleared by dipping in xylene and then mounted with 

a cover slip using Distrene 80, dibutyl phthalate xylene (DPX).  

 

 



(III) ULTRATHIN SECTIONING AND STAINING: 

After the slides were studied under light microscope, two blocks 

from each sample were selected and the areas of interest in the 

semithin sections were marked for ultrathin sectioning. The area 

for sectioning was first trimmed with a new clean razor blade 

washed in ethanol. The ultrathin sections were cut using an ultra 

microtome (Leica Ultracut UC7) with a diamond knife (DIATOME) 

and the sections were allowed to float in the trough filled with 

Millipore water fitted to the diamond knife.  

The sections of thickness 100nm were selected based on the 

golden-yellow colour of the sections when viewed under 

microscope. The sections were then allowed to flatten by applying 

xylene vapours using a brush dipped in xylene. The selected 

flattened sections were then mounted on the washed and 

precleaned 200 mesh copper grids, dull side up, using an eyelash 

stuck to a toothpick. The grids with the sections were then placed 

gently on labelled filter paper kept covered in a petridish. The 

sections were allowed to dry and stored.  

The copper grids containing the sections were lifted carefully using 

tweezers and were stained by placing them dull side down on 

droplets of freshly prepared solution of uranyl acetate on parafilm 

kept in a petridish, along with moist filter paper, for 2 hours. The 

petridish was closed in order to prevent light exposure during 



staining. After 2 hours, the copper grids were lifted using tweezers 

and gently washed in 3 changes of Millipore water in glass beakers. 

Each change involved 5 – 10 dips in the Millipore water.   

Copper grids were counter-stained by placing them dull side down 

over droplets of the Reynolds lead citrate on parafilm kept in a 

petridish along with moist filter paper and pellets of sodium 

hydroxide for exactly 6 minutes. The grids were then washed 3 

changes of Millipore water with 15 to 20 dips for each change. The 

grids were then gently placed on the labelled petridish using 

tweezers and allowed to dry for one day before examining under 

transmission electron microscope (TECNAI T12 SPIRIT) at 60KV. 

 

QUANTIFICATION OF MUCOSAL MICROVESSELS AND INTRA 

EPITHELIAL CELLS BY LIGHT MICROSCOPY: 

 

The stained slides were examined under light microscope Olympus 

BX43 fitted with Olympus DP21 camera connected to a computer 

installed with cellSens image analysing software (version 1.4) 

1. The number of mucosal arterioles, capillaries, high 

endothelial venules and venules were counted under 40X 

magnification using the closed polygon measuring option of the 

image analysing software in 20 fields, each field measuring 



approximately 50,000µm2 (Figure 4.1). Thus, the above vessels 

were counted for a total area of 1mm2 for each block. 

 

2. The number of intraepithelial lymphocytes were counted 

under 40X magnification using the polyline measuring option of 

the 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. 

 

3. Areas of interest in the mucosa including the arterioles, 

capillaries, HEVs and venules were photographed under 4X, 10X, 

20X, 40X and 100X (oil immersion) magnification using Olympus 

DP21 camera. 

 

Statistical analysis of light microscopic data: 

The data was statistically analysed using the SPSS version 17.0. 

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. Spearman’s rho correlation test was done to look for 

correlation between the number of mucosal HEVs and IELs. 



3.  Simple regression analysis was done between HEVs and 

IELs and the regression coefficient was calculated. The 

regression between IELs (the dependent variable) and HEVs 

(the independent variable) was sought. 

4. Spearman’s rho correlation test was done to look for 

correlation between age and the number of microvessels and 

IELs. 

5. Spearman’s rho correlation test was done to look for 

correlation between the parity and number of microvessels 

and IELs.  

QUANTIFICATION OF MUCOSAL MAST CELLS AND THE STUDY 

OF THE HEV ASSOCIATION WITH APCS UNDER TEM: 

 

The dried sections on the copper grids were examined under 

transmission electron microscope (TECNAI T12 SPIRIT) at 60KV. 

1. For each sample, the number of mast cells in hundred 

squares of the copper grid was counted.  Each square enclosed an 

area of 15,625 μm2.  Therefore the number of mast cells per 

sample was counted in a total area of 1.5625mm2. (Figure 4.3) 

2.  In each section, the arterioles, venules, capillaries and HEVs 

of interest were photographed. 

3. Antigen presenting cells and their relation with blood vessels 

were studied. 



4. HEVs with associated lymphocytes and granulocytes were 

photographed.  

5. Telocytes and their relation to blood vessels were looked for 

and were photographed. 

 

Statistical analysis of TEM data: 

The data were statistically analysed using the SPSS version 17.0. 

1. The descriptive statistics, namely, minimum, maximum, 

mean, standard deviation, median and inter-quartile intervals were 

obtained for the mast cells in the mucosa of the Fallopian tube. 

2. Spearman’s rho correlation test was done to look for 

correlation between the age, parity and number of mast cells. 

 

 

 

 

 

 

 

 



 

 



5. RESULTS: 

The microvessels of the ampullary part of the human postpartum 

Fallopian tube were studied in females of mean age group 29.45 + 

6.53 and parity ranging from 2 – 4.  

LIGHT MICROSCOPY: 
 

The mucosa of the ampullary portion of the human postpartum 

Fallopian tube was highly branched and folded. The core of the 

mucosal folds contained lamina propria which was composed of 

fibroblasts in a reticular network of collagen and reticular fibers. 

But most of the folds also contained a longitudinally arranged 

smooth muscle layer within their core.  

Epithelium: 
 

The mucosal epithelium consisted of simple columnar epithelium 

with ciliated cells, secretory cells and peg cells lying on a wavy 

basement membrane (Figure 5.1). In some places the epithelium 

was observed to be stratified (Figure 5.2). The ciliated cells were 

pale stained, with numerous cilia on their apical surfaces which 

protruded into the lumen. Their cytoplasm showed numerous 

granules and a large, round, euchromatic nucleus, usually with a 

single, prominent nucleolus (Figure 5.3).  In contrast, the secretory 

cells (Figure 5.3) were darkly stained, narrow columnar cells with a 

darkly stained, vertically oriented, oval nucleus with 1 - 2 



prominent nucleoli (Figure 5.3). The peg cells were small cells with 

very little cytoplasm usually seen intercalated between the adjacent 

ciliated and secretory cells. The apical portion of these cells bulged 

into the lumen (Figure 5.3). The epithelium also showed numerous 

intra epithelial lymphocytes (Figure 5.1 & 5.2). In addition to these 

cells, a clear cell variant of the ciliated cells was also observed. 

They had very pale, clear cytoplasm with a large, euchromatic 

nucleus located at the centre of the cell, with prominent nucleoli 

and cilia on their apical surfaces (Figure 5.4). 

In the mucosal folds, arteries and veins were present in addition to 

the microvessels. The muscular layer showed inner circular and 

outer longitudinal smooth muscle layers but an innermost spiral or 

longitudinal smooth muscle coat was also observed in most of the 

samples (Figure 5.5). Numerous mast cells were seen in both 

mucosal and muscular layers (Figure 5.6). 

 

 



 



 

 

 



 

Micro vessels: 

 

Under light microscopy, the microvessels were found to be 

abundant in the lamina propria of the human postpartum 

Fallopian tube (Figure 5.1).  

Arterioles: 

The arterioles were seen predominantly in the basal and 

intermediate portions of the mucosal folds. They showed a tunica 

intima with endothelium, a tunica media with a single layer of 

smooth muscle cells and a thin tunica adventitia externally (Figure 

5.7). Their lumina were regular and contained blood cells. The 

mean number of arterioles per square millimetre area was found to 

be 29.23 + 6.87 (Table 1, Chart 1).  

Capillaries: 

 Capillaries were the most abundant vessels found. The mean 

number of capillaries per square millimetre area of the mucosa was 

found to be 161.38 + 36.86 (Chart 1, Table 1).  The capillaries were 

most often found just beneath the basement membrane of the 

epithelium (sub-epithelial). They were all of the continuous type, 

lined by flattened endothelial cells. Erythrocytes, lymphocytes and 

granulocytes were also seen within the lumen of the capillaries.  



 

High endothelial venules: 

High endothelial venules, which are considered to be the migratory 

routes of lymphocytes in the mucosa associated lymphoid tissue of 

the body, were also seen in the mucosa of the human postpartum 

Fallopian tube. They were seen predominantly in the apical and 

intermediate portions of the mucosal folds and also close to the 

basement membrane of the epithelium similar to the capillaries 

(Figure 5.1). They showed a single layer of endothelial cells that 

were cuboidal in nature. The endothelial cells appeared to protrude 

into the lumen. The endothelial lining was surrounded by a thin 

layer of adventitia. The tunica media with smooth cells was absent 

in these vessels. Pericytes were also seen in these vessels. Their 

lumina showed the presence of erythrocytes and lymphocytes 

predominantly. But neutrophils were also found within the lumen 

of the HEVs (Figure 5.8). The mean number of the mucosal high 

endothelial venules per square millimetre area was 19.23 + 7.05 

(Table 1, chart 1). 

Venules: 

The venules were also found more towards the basal and 

intermediate portions of the mucosal folds, similar to the arterioles. 

However they had irregular and dilated lumina in contrast to the 



arterioles. Their lumina also showed presence of various blood cells 

(Figure 5.1 & 5.7). The venules were found to be more in number 

compared with the number of arterioles. The mean number of 

venules per square millimetre area was found to be 39.50 + 9.96 

(Table 1, Chart 1).  

 

Table 1: Microvessel frequency (mean per 1 mm2 mucosal area) of the 

human postpartum Fallopian tube studied under light microscope. 

S. 

no 

Name of the 

microvessel

s studied 

Mean 

number of 

vessels per 

mm2   area of 
the mucosa 

 

 

SD 

     Range       

Median 

(IQR) 

Min Max  

 
1 

 
Arterioles 

 
29.23 

 
6.87 

 
18.25 

 
38.00 

 
30.00 

(23.38 -35.63) 

2 Capillaries  161.38 36.86 103.25 223.00 167.50 

(136.38 – 189.69) 

3 High 

endothelial 

venules 

19.23 7.05 8.50 31.50 18.50 

(13.25 –24.31) 

 

4 Venules  39.50 9.96 23.25 56.75 40.38 

(33.63 – 45.25) 

SD – Standard deviation, Min – minimum, Max - maximum IQR = Interquartile 

range (25 percentile and 75 percentile). 

 



 
 

 

 

 

The mean numbers of the four categories of microvessels studies 

were compared as pairs by one way ANOVA followed by post hoc 

(Scheffe) test. Statistically significant differences (p < 0.001) were 

detected between the mean number capillaries and arterioles, 

capillaries and HEVs, and capillaries and venules (Table 2). 

 

 

Chart 1: Bar chart showing the mean number of micro vessels per mm2 

area of the mucosa of human postpartum Fallopian tube studied under 

light microscope.  

 



Table 2: Multiple comparison of the mean number of microvessels in the 

human postpartum Fallopian tube using one way ANOVA followed by 
Scheffe test. 

(I) grp (J) grp Mean 

Difference      

(I-J) 

Std. 

Error 

Sig. 95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Arterioles 

Capillaries -528.60000* 35.27009 .000 -632.0250 -425.1750 

HEVs 40.00000 35.27009 .734 -63.4250 143.4250 

Venules -41.10000 35.27009 .717 -144.5250 62.3250 

Capillaries 

Arterioles 528.60000* 35.27009 .000 425.1750 632.0250 

HEVs 568.60000* 35.27009 .000 465.1750 672.0250 

Venules 487.50000* 35.27009 .000 384.0750 590.9250 

HEVs 

Arterioles -40.00000 35.27009 .734 -143.4250 63.4250 

Capillaries -568.60000* 35.27009 .000 -672.0250 -465.1750 

Venules -81.10000 35.27009 .172 -184.5250 22.3250 

Venules 

Arterioles 41.10000 35.27009 .717 -62.3250 144.5250 

Capillaries -487.50000* 35.27009 .000 -590.9250 -384.0750 

HEVs 81.10000 35.27009 .172 -22.3250 184.5250 

*. The mean difference is significant at the 0.05 level. 

 



 

 



Arterioles showed a statistically significant increase with parity     

(p < 0.05), whereas the capillaries (p < 0.05) and HEVs (p < 0.05) 

showed a statistically significant decrease with parity (Chart 2, 3, 

4). Venules showed increasing trend with parity but was not 

statistically significant (Chart 5). No significant correlation was 

found between age and microvessels. 

 

 

 

Chart 2: Bar chart of mean number of arterioles per mm2 area of 

mucosa of human postpartum Fallopian tube plotted against parity. 

Chart shows an increase in trend of arterioles with increase in parity. 

N = 10 
P < 0.05 
 

 



 

 

 
 

Chart 3: Bar chart of mean number of capillaries per mm2 of mucosa of 

the human postpartum Fallopian tube plotted against parity. Chart 

shows a decrease in trend of capillaries with parity. 

 

Chart 4: Bar chart of mean number of HEVs per mm2 of mucosa of 

the human postpartum Fallopian tube plotted against parity. Chart 

shows a decrease in trend of HEVs with parity. 

 

N = 10 

P < 0.05 

N = 10 
P < 0.05 
 

 



 
 

 

 

Intraepithelial lymphocytes: 
 

In the resin embedded 1 μm semi-thin sections of the 10 human 

postpartum Fallopian tubes stained with toludine blue, the 

intraepithelial lymphocytes lying within the ciliated columnar 

epithelium of the mucosa were identified.  The cells had either 

round, oval or irregular shaped, darkly stained, heterochromatic 

nuclei with a thin rim of cytoplasm around the nucleus.  They were 

arranged either singly or in rows like a ‘string of pearls’, within the 

epithelium (Figure 5.9).  The IELs were seen at different levels 

within the epithelium, either close to the basement membrane or 

Chart 5: Bar chart of mean number of venules per mm2 of the mucosa 

of the human postpartum Fallopian tube plotted against parity. Chart 

shows an increase in trend of venules with parity. 

 

N = 10 
P = 0.186 
 

 



halfway along the epithelium or close to the surface of the lumen 

(5.11). The mean number of IELs per 100mm length of the 

basement membrane was 771.30 + 300.85 (Table 3). There was a 

significant positive correlation between the number of HEVs and 

the IELs with a Spearman’s rho correlation coefficient of 0.985, at 

the level of 0.01 (2-tailed) (Chart 6 and Table 4) 

The results of regression analysis show IELs regressing on HEVs. 

The number of IELs was significantly related to the number of 

HEVs. For every raise of a single HEV/mm2, there was an increase 

in the number of IELs/100mm by 42.002 (Table 5) 

 

 

 

 

 

 

 

 

 



 

 



 
 
 
Table 3: Frequency of number of intraepithelial lymphocytes per 100mm 
length of the epithelial basement membrane studied under light 
microscopy. 
 

   Mean Standard 

deviation 

        Range Median   Interquartile 

       range 

  771.30 300.85 396.00 – 1316.00 735.50   534.50 – 957.75 

 

 
 
 
 

 
 
 

 

Chart 6: This scatter plot shows a significant linear correlation of 

the number of intraepithelial lymphocytes (IELs)/100 mm with the 

number of high endothelial venules (HEVs)/mm2 in the mucosa of 

the human postpartum Fallopian tube.   

 

Y = -36.36 + 42.002X 

r = 0.985 

P < 0.001 

N = 10  

 



 

 

Table 4: Correlation coefficient between HEVs and IELs using 

Spearman’s rho correlation test. 

 

Parameters 

             

            IELs 

  

P - value 

HEVs            0.985* < 0.001 

Correlation is significant at 0.01 level 

 

 

 

Table 5:  Analysis of IELs (the dependent variable) against HEVs (the 

independent variable) of the human postpartum Fallopian tube using 

simple linear regression. 

 
Regression 
Coefficient  

 
Standard 
error (β) 

 
Constant 
(a) 

 
Standard 
error (α) 

 
R- 
square 

 
P- 
value 

 
95% CI 

42.002 2.601 -36.256 52.952 0.970 <0.001 36.007 

– 
48.004 

CI = Confidence interval ; IEL/100 mm = -36.256 +  42.002 HEVs/mm2 

 



 

ELECTRON MICROSCOPY: 

MUCOSA: 

Epithelium: 

The epithelium of the human postpartum Fallopian tube showed 

both simple columnar epithelium with cilia (Figure 5.11) and 

stratified columnar epithelium (Figure 5.12). Epithelium showed 

ciliated cells, secretory cells and peg cells (Figure5.11).  

 The ciliated cells were pale with round euchromatic nuclei and 

usually a single, prominent nucleolus. Their apical surface showed 

numerous cilia with the typical arrangement of microtubules 

within them. The supranuclear portion of their cytoplasm 

contained many globular mitochondria, numerous vacuoles and 

free ribosomes (Figure 5.13). Two different types of ciliated cells 

were observed. They were the dark (fig 5.12) and light ciliated cells 

(Figure 5.13).  

The secretory cells were more numerous than ciliated cells. They 

were also narrower than the ciliated cells, containing microvilli on 

their apical surface. They had electron dense oval vertically placed 

nuclei with one or more prominent nucleoli.  While a few cells 

showed highly electron dense vesicles both in their basal as well as 

apical regions (Figure 5.13), others showed secretory granules 

which were less electron dense in their supranuclear region (Figure 



5.14). In women more than 30 years, apical surface of a few 

secretory cells also showed microplicae-like structures (Figure 

5.15). Peg cells were also dark cells that were seen interpolated 

between the ciliated and the secretory cells with their apical 

portion protruding into the lumen (Fig 5.11 and 5.14). A dendritic 

cell with an indented nucleus and a single cytoplasmic process 

without intercellular junctions was also seen within the epithelium 

(Figure 5.16).  

Numerous intraepithelial lymphocytes were seen in the epithelium 

(Figure 5.17 & 5.18). They were irregular shaped cells with 

numerous cytoplasmic extensions. IELs had either round or oval 

nuclei with dense, peripherally condensed chromatin and 

prominent central nucleoli. Their cytoplasm was minimal, forming 

a rim around the nucleus and showed cytoplasmic extensions 

making membranous contact with the ciliated and secretory cells 

of the epithelium.  IELs were seen migrating within the epithelium 

and also seen being expelled into the lumen. In addition to the 

lymphocytes, eosinophils (Figure 5.19) and plasma cells (Figure 

5.20) were also seen within the epithelium. At places the 

epithelium was found denuded (Figure 5.21). In a specimen 

belonging to a woman of late reproductive age, the height of the 

epithelium appeared to be much less than the others (Figure 5.22). 

 

 



 







 



LAMINA PROPRIA:  

The lamina propria of the human postpartum Fallopian tube was 

edematous and fibrinoid changes were noted.  It had numerous 

lymphocytes (Figure 5.18), plasma cells (Figure 5.23), mast cells 

(Figure 5.24) and occasionally eosinophils (Figure 5.19). The 

subepithelium showed numerous dendritic cells, either singly or in 

rows (Figure 5.25) with their cytoplasmic processes establishing 

membrane contact with the epithelial cells. 

The plasma cells had eccentrically placed nuclei with alternating 

dark and pale appearing nuclear peripheries and prominent 

nucleoli. Their cytoplasm was less electron dense than the 

lymphocytes and showed abundant rough endoplasmic reticulum. 

Eosinophils in the lamina propria showed bilobed nuclei with 

cytoplasm containing typical rod shaped crystalline particle 

containing granules.  

 

Mast cells: 

The mucosa contained numerous mast cells in the lamina propria. 

They were seen widely distributed within the core of the mucosal 

folds and were usually seen close to blood vessels. The mast cells 

were round, oval or elongated cells. They usually showed 

numerous slender (Figure 5.26a) or blunt cytoplasmic extensions 

(Figure 5.26b). Few cells had no cytoplasmic extensions (Figure 



5.26c). These cytoplasmic extensions also made membrane 

contacts with the adjacent cells of the connective tissue. Their 

cytoplasm had numerous granules and cellular organelles like 

mitochondria, golgi complexes, free ribosomes and endoplasmic 

reticulum.  The granules of the mast cells were electron dense, 

membrane bound and round to oval in shape. The granules 

contained finer components that were rod-shaped or round with 

either completely electron dense or completely electron lucent or 

electron lucent periphery and electron dense centre, lamellar, finely 

particulated (Figure 5.26c).  The mean number of mast cells in the 

mucosa of the human postpartum Fallopian tube per 1.5625mm2 

area of the mucosa was 40.30 + 15.68 (Table 6). 

 

Table 6: Frequency of number of mast cells per 1.5625 mm2 area of 

mucosa of the human postpartum Fallopian tube calculated under 

transmission electron microscope. 

 

Mean 

 
Standard 
deviation  
(SD) 

             

             Range 

  

Median  

 
Interquartile 
range 

Minimum Maximum   

40.30 15.68 20.00 62.00 38.00  (25.25 – 56.00) 

  

 





 

 



Microvessels: 

The lamina propria of the human postpartum Fallopian tube 

showed numerous microvessels including arterioles, capillaries, 

high endothelial venules and venules, in addition to the collagen 

fibers, fibroblasts and other immune cells. 

 

Arterioles: 

The lamina propria showed numerous arterioles. The walls of the 

arterioles were made up of tunica intima, media and adventitia. 

The tunica intima showed a single layer of endothelial cells with a 

clear, highly wavy, less electron dense internal elastic lamina. The 

endothelial cells protruded into the lumen giving a wavy outline to 

the lumen. Blood cells were also found within the lumina of the 

arterioles. The endothelial cells were connected to each other by 

tight junctions. The tunica media showed a single layer of smooth 

muscle cells. The smooth muscle cells had electron dense 

cytoplasm with electron dense nuclei with thin, condensed 

chromatin in the periphery. The tunica adventitia was thin with 

fibroblasts and collagen bundles. The fibroblast cells had 

cytoplasm which was less electron dense and oval to elongated 

euchromatic nuclei (figure 5.27). 

 

 



Capillaries: 

Numerous capillaries were seen in the subepithelial region of the 

mucosa. Capillaries were lined by flattened endothelial cells 

enclosing pericytes within their basal lamina. Endothelial cells 

showed tight junctions between them. Fenestrated capillaries were 

not observed. Their cytoplasm contained numerous pinocytotic 

vesicles and their surfaces showed numerous elevations and 

caveolae. Red blood cells were seen within the capillaries but they 

did not have the typical biconcave appearance. The basal lamina 

was, in turn, surrounded by fibroblast cells and dense collagen 

bundles (Figure 5.28).  

 

High endothelial venules (HEVS): 

Under electron microscopy, the HEVs were easily identified by their 

large cuboidal endothelial cells having faintly electron dense 

cytoplasm. The endothelial cells were connected to each other by 

tight junctions. Their cytoplasm contained rounded or lobular 

mitochondria and prominent Golgi bodies. They had numerous free 

and clustered ribosomes and sparse endoplasmic reticulum. The 

luminal surfaces of the endothelial cells were usually smooth. 

Their cytoplasm also contained pinocytotic vesicles. The electron 

dense, typical Wiebel-Palade bodies that are characteristic of the 

endothelium were not seen. The nuclei of the endothelial cells were 

large, lobular or irregular with loose chromatin condensed at the 



periphery, each usually with a single, electron dense prominent 

nucleolus (Figure 5.29a). Pericytes were also seen in association 

with the HEVs, enclosed within the basal lamina of the endothelial 

cells (Figure 5.29b).  

The lumen of the HEVs showed the presence of platelets (Figure 

5.29a), neutrophils (Figure 5.29b), red blood cells and lymphocytes 

(Figure 5.29c). The lymphocytes seen within the lumen of the HEVs 

had membrane contact with the endothelial cell membranes 

(Figure 5.29c). Transendothelial migration of lymphocytes through 

the high endothelial venules was also observed (Figure5.29d).  

 

Venules: 

The mucosa showed numerous dilated, thin walled venules 

showing tunica intima, media and adventitia. The tunica intima of 

each was lined by a single layer of flattened endothelial cells with a 

smooth surface giving the lumen a smooth outline. The typical 

internal elastic lamina seen in arterioles was absent. The tunica 

media contained a single layer of smooth muscle cells and the 

tunica adventitia was thin, containing fibroblasts and less dense 

collagen bundles. Numerous blood cells namely red blood cells, 

lymphocytes, platelets, basophils and neutrophils were seen within 

their lumina (Figure 5.30a). Activated platelets were also seen 

within the lumen of a venule (Figure 5.30b).  









 



ANTIGEN PRESENTING CELLS ASSOCIATED WITH 

BLOOD VESSELS: 

Dendritic cells were predominantly located in the subepithelial 

region. These cells were seen arranged singly or in rows just 

beneath the basement membrane of the epithelium making 

numerous membrane contacts with it (Figure 5.25).  The dendritic 

cells showed single to multiple cytoplasmic processes and oval 

highly indented nuclei. They were seen in association with the 

HEVs (Figure 5.31) in the lamina propria. They were also seen in 

apposition with mast cells in the lamina propria (Figure 5.24). 

Plasma cells were also seen in association with capillaries, HEVs 

(Figure 5.32) and venules (Figure 5.30a). 

 

TELOCYTES: 

The interstitial Cajal like cells (ICLCs), called telocytes, were seen 

located in the mucosal and the muscular layers of the human 

postpartum Fallopian tube. These cells were found abundantly in 

the lamina propria, predominantly underlying the basement 

membrane of the epithelium. Their thin podomeres and dialated 

podoms with caveolae and mitochondria were clearly seen (Figure 

5.33a). These cells were also seen in association with the blood 

vessels (Figure 33b). The telocytes seen in the muscular layer 

showed triangular cell bodies with heterochromatic nuclei, 



prominent nucleoli. A thin rim of cytoplasm surrounded each 

nucleus. Three thin and long cytoplasmic processes were seen 

extending from the cell body (Figure 33c).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 



6. DISCUSSION 

 

MUCOSA OF THE FALLOPIAN TUBE: 

EPITHELIUM: 

The human Fallopian tube has innermost mucosa, middle 

muscular layer and outer serosal layers. The mucosa is thrown 

into folds and these folds are more numerous and highly branched 

in the ampulla, converting the lumen into a shape that resembles a 

labyrinth (2–4). Each fold has a lining epithelium that is simple 

columnar  with ciliated cells , secretory cells, peg cells and 

indifferent cells (101), and a core of lamina propria which is made 

of loose connective tissue richly supplied by blood vessels and 

lymphatics (2–4). Ciliated cells are predominantly seen in the 

ampulla and fimbriae. The secretory cells are taller than the 

ciliated cells and are more numerous in the mid cycle. Their 

secretions have been found to nourish the gametes and the 

developing blastocyst (46).  

In the present study, a higher number of secretory cells was noted 

in the epithelium of human postpartum Fallopian tube as 

compared with that of ciliated cells. The ratio of the numbers of 

ciliated and secretory cells is known to depending on the hormonal 

status. Estrogen induces ciliogenesis and increase in cell size and 

secretion, whereas progesterone causes decrease in cell size and 



deciliation (50,52). In the present study also, secretory cells were 

more in number than the ciliated cells. The secretory cells had 

both electron dense and less electron dense secretory granules in 

the cytoplasm. Though most of the epithelium was lined by 

columnar epithelium either simple or stratified, the Fallopian tube 

from a 39 year old woman with parity four showed very low 

cuboidal epithelium. In another 35 year old woman, epithelium 

was denuded and deciliation was markedly noted. This could be 

due to long term exposure of the Fallopian tube epithelium to 

progesterone, or age could be a factor involved.   

True microplicae are the surface modifications that occur in the 

stratified squamous epithelia of cornea, oesophagus, pharynx, 

ectocervix, vagina and vulva where they are exposed to the external 

environment and are exposed to repeated abrasions (53). Correr et 

al. 2006 reported that secretory cells show gradual shortening of 

microvilli and form microplicae-like structures  20 – 30 years after 

menopause (53). However, in the present study, microplicae-like 

structures were seen in postpartum Fallopian tube of two women 

above 35 years. 

INTRAEPITHELIAL LYMPHOCYTES: 

As any other mucosal associated lymphoid tissues like gut, nasal 

mucosa, bronchus, urinary system, conjunctiva, lacrimal gland 

(16). The female genital tract also has intra-epithelial lymphocytes 



(mainly T- lymphocytes) and lymphoid aggregations. They have 

been reported in uterus (102), vagina & cervix (103).  They were 

initially mistaken for basal cells and were also seen populating the 

mucosa of the Fallopian tubes (64–66,103–106).  The IELs were 

found to be exclusively situated in the basal regions of the 

epithelium (65,104).  In the present study, many IELs were seen 

within the epithelium of the postpartum Fallopian tubes. They 

were seen predominantly in the basal regions but were also seen at 

different levels of the epithelium and extruding into the lumen of 

the Fallopian tube, in contrary to earlier reports (65).  

IELs are considered to be migratory lymphocytes that were found 

to transiently occupy strategic positions against surface antigens 

(102). They are predominantly cytotoxic T cells and suppressor T 

cells [(CD8+) and (CD3+) cells] (61,65,104). Rarely macrophages 

are also seen within the epithelium (104,106) but T helper cells 

(CD4+), plasma cells and B cells have not been seen (34,66,104). In 

addition to the Fallopian tube, it has been reported in other female 

reproductive organs like cervix and vagina that the IELs are 

cytotoxic T cells (103). However, the primary MALT type B cell 

lymphomas of the Fallopian tube contained B lymphocyte lineage 

(CD 20) infiltrating the epithelium and it has been suggested that 

these tumours should be kept in mind if lymphoid cells of B cell 

lineage are observed in surgical specimens of Fallopian tubes (107).  



In the present study, in addition to the IELs, plasma cells were 

seen in the postpartum Fallopian tube epithelium under electron 

microscopy. Thus, the types of IELs in postpartum Fallopian tube 

need to be studied further using specific markers for the various 

lymphocytes. 

The numbers of intraepithelial lymphocytes in different parts of the 

Fallopian tube and during different phases of the menstrual cycle 

have been disputed. In the uterus of rats, IELs were more in the 

diestrus phase, less in the proestrous phase and lowest in early 

pregnancy (102).  In one report of the human Fallopian tube, there 

was no significant difference in the number of IELs in the 

ampullary part in different phases of menstrual cycle and in 

tubectomy specimens (65). However in few others, IELs were seen 

more numerous in the secretory phase compared to the 

proliferative phase (66,104) and were more in the reproductive age 

group when compared with postmenopausal women (104). During 

pregnancy, in the human Fallopian tube, the IELs were much 

higher than during the phases of menstrual cycle and were seen 

arranged as a “string of pearls” (104). The number of IELs were less 

in tubal pregnancy  compared to nonpregnant women of the 

reproductive age group (104). In the present study the mean 

number of IELs per 100mm was 771.30 + 300.85. They were seen 

singly or in rows. 



The presence of IELs in the mucosa of the Fallopian tube was 

considered to be physiological (65,108) and not due to salphigitis 

(108). It was proposed that they might act as a first line of defense 

against infections and thereby prevent infertility (61,65). They were 

also found to play an important role in immune tolerance,  

facilitating the transport of sperm and blastocyst without triggering 

a local immune response (64,65).  

All the IELs were found to be positive for estrogen receptor β in 

addition to the stromal cells and the vascular endothelial cells. 

Estrogen receptor β positive IELs and stromal cells were found to 

be abundant in tubal pregnancies (66).  

Interaction of IELs with the neighbouring epithelial cells through 

multiple cytoplasmic extensions was noted in our study. The close 

apposition of plasma membranes of the intraepithelial lymphocytes 

and the epithelial cells is due to the complex inter-digitations and 

laminations. These arrangements significantly increase the total 

contact area between the two cells.  Though multiple contacts were 

seen between the IELs and neighbouring epithelial cells, no cell 

junctions were observed at the site of interaction in the present 

study. These findings were consistent with earlier reports (63,105). 

 

High endothelial venules are the migratory route of naive 

lymphocytes in the secondary lymphoid organs and tissues (68).  



In the present study, there was a significant positive correlation 

between the number of HEVs and the IELs with the number of 

IELs significantly regressing on the number of HEVs. The presence 

of IELs, HEVs and the manner of interaction of IELs with the 

neighbouring epithelial cells proves that the Fallopian tube is 

indeed a member of the MALT. 

 

LAMINA PROPRIA: 

In the present study, the lamina propria of the human postpartum 

Fallopian tube showed stromal edema and fibrinoid degeneration. 

Numerous blood vessels were seen with lymphocytic, granulocytic 

and mast cell infiltration in accordance with previous studies 

(108,109). No lymphoid aggregations were found in the ampullae of 

the postpartum Fallopian tubes studied. 

MICROVASCULATURE: 

Study of the microvasculature of any viscera is important as it can 

be an indicator of pathological changes. Microvascular diseases are 

now a major burden in the world. Some of the conditions that 

predispose to microvascular diseases are high blood pressure, 

diabetes, autoimmune disorders and certain genetic disorders. 

Several studies have been done on the microvascular diseases of 

the heart, eye (retina), brain, kidney, skin and lung (110,111). 



Pathological changes in the structure of microvessels were found 

responsible for the degeneration of cardiac muscle leading to 

cardiomyopathy (112). Determination of the number of 

microvessels in tissues is of great importance in the assessment of 

its metabolic function.  Microvascular density is used as one of the 

predictors to assess tumour growth and prognosis (113).  

Metabolically active tissue contains abundant capillaries (114). The 

vascularity of any tissue can be accurately determined by the 

estimation of the capillary density based on an actual count of the 

capillaries in a given volume of the tissue (23).  

The microvasculature of the Fallopian tube includes the arterioles, 

capillaries, postcapillary venules (also called HEVs) and venules. 

The microvascular architecture of Fallopian tube plays a vital role 

in the transport of ovum lie within the tube and also the zygote to 

the uterine cavity. It has been proposed that a derangement in this 

architecture may lead to the disruption of their function which may 

predispose to ectopic pregnancy (115).  

A previous study of the microvasculature of the Fallopian tube in 

virgin rabbits using corrosion vascular casts with scanning 

electron microscopy has shown that the ampullary part has few 

arterioles in the mucosa that terminate in capillaries in the apex of 

the folds and the density of the sub-epithelial capillary plexus was 

less. The veins were seen to originate high in the plical core. Based 



on the diameters of the vessels, it was hypothesized that the 

arteriolar supply is more in the isthmus for net fluid secretion, and 

the venous drainage more in ampulla for net fluid absorption, that 

helps in the acceptance of the ovum at the fimbrial end during 

ovulation (58).   

In the present study, the quantification of the microvessels of the 

mucosa of ampullary part of the human postpartum Fallopian tube 

under light microscopy revealed that the capillaries were the most 

abundant vessels seen followed by venules, arterioles and HEVs, in 

that order. Statistically significant mean differences were observed 

between the capillaries were compared with arterioles, venules and 

HEVs.  The capillaries and HEVs were seen predominantly in the 

subepithelium of the apical and intermediate portions of the 

mucosal folds. Arterioles and venules were seen mostly in the basal 

and intermediate portions of the mucosal folds. Significant positive 

correlation was found between arterioles and parity, whereas the 

capillaries and HEVs were negatively correlated with parity. 

The capillaries studied under electron microscopy showed that 

they were all of continuous type. Fenestrations were absent.  

Fenestrations are under hormonal influence. Progesterone 

decreases the fenestrated vessels in the ampulla of the postpartum 

Fallopian tube (33).  



All secondary lymphoid tissues have a specialized vascular channel 

called high endothelial venules (HEVs) which are lined by cuboidal 

endothelium. They act as a migratory route for the circulating 

immune cells to reach lymphoid tissues (28,70–73). Though the 

Fallopian tube is considered as a member of MALT, Otsuki et al. 

reported that there are no HEVs in the Fallopian tube and 

lymphatic capillaries were proposed as the migratory route of the 

lymphocytes (34). However, the present study showed many high 

endothelial venules (mean 19.23 + 7.05) in the mucosa of the 

postpartum Fallopian tube both in light and electron microscopy 

and there was a significant positive correlation between the 

number of IELs and HEVs.  

Under electron microscopy, the HEVs were lined by cuboidal 

endothelium surrounded by layers of concentrically arranged 

reticular cell plates. Pericytes were also seen in association with 

the HEVs. Blood cells including red blood cells, lymphocytes and 

neutrophils were seen in their lumina. Transendothelial migration 

of lymphocytes was seen. Naive T and B cells are known to migrate 

through HEVs by the steps described as rolling, sticking, crawling 

and trans migration (29).  In the present study, the adherence of 

the cytoplasmic processes of the lymphocytes to the luminal 

surface of the endothelium was noted. HEVs are known to 

specifically express adhesion molecules called vascular addressins, 



which mediate selective lymphocyte attachment to the HEVs (69). 

The interaction of lymphocytes to the endothelium of HEVs was 

reported to be mediated by L- selectin which mediates the tethering 

and crawling processes of lymphocytes (29). After the 

transendothelial migration, the lymphocytes leave the HEVs by 

passing through the successive laminations of the reticular plates 

(32). 

In addition to lymphocytes, neutrophils were seen in association 

with HEVs in the present study, contrary to earlier reports that 

neutrophils are not associated with the walls of the HEVs (116). It 

was presumed that under normal conditions, the endothelium of 

the HEVs prevent the migration of leukocytes other than 

lymphocytes. HEV-neutrophil association was commonly seen in 

lymphnodes from newborn rats in the state of prevailing immune 

incompetence (117). The association of neutrophils with HEVs 

needs to be further explored. 

 

MAST CELLS: 

Recent studies have shown that mast cells play a crucial role in 

innate immunity (79).  In the present study, numerous mast cells 

were observed in the mucosal and muscular layers of the 

postpartum Fallopian tube under both light and electron 

microscopy. Most of the mast cells in the lamina propria were seen 



closely related to the blood vessels. The study of mast cells in 

salivary gland tumours has revealed that mast cell density was 

significantly increased in mucoepidermoid carcinoma and its 

aggressive behaviour was attributed to this. A possible role of mast 

cells in angiogenesis has also been postulated (118). In the uterus, 

there was no apparent difference in the number of mast cells found 

between normal, proliferative and secretory phase endometria. 

They were seen exclusively in the basal layer of the endometrium 

and it was suggested that the relative paucity of mast cells in the 

functional layer might contribute to the immune tolerance of the 

gestational endometrium during implantation of the blastocyst 

(87). The increased number of mast cells in IUCD users might be a 

factor in the pathogenesis of pelvic inflammatory disease and the 

ectopic pregnancies that occur in IUCD users (88).  

Tryptase positive mast cells have been observed both in the 

mucosal and muscular layers of the Fallopian tube (109).  

Tryptase, an enzyme secreted by mast cells, has an inhibitory 

effect on sperm motility (83) and an increase in mast cell numbers 

has been reported to cause male infertility (119). In the present 

study, large number of mast cells was demonstrated in the lamina 

propria and muscular layers of the human postpartum Fallopian 

tube. Thus the presence of large number of mast cells in the 

postpartum Fallopian tube could be a factor for postnatal infertility 

and needs to be studied further.  



ANTIGEN PRESENTING CELLS AND THEIR ASSOCIATION WITH 

BLOOD VESSELS: 

Antigen presenting cells are those specialized cells that capture 

microbes and antigens and present them to the T- lymphoyctes 

after processsing them to set an immune response. They include 

dendritic cells, macrophages (89) and B lymphocytes (91). 

Dendritic cells are the professional antigen presenting cells which 

are usually seen interdigitating within the epithelium and lamina 

propria, for antigen capture. They are seen both in lymphoid and 

non lymphoid tissues (89).  

In the present study, many dendritic cells were seen in the lamina 

propria, predominantly in the subepithelium, arranged singly or in 

rows. This is consistent with a previous study done in our 

department using immunostaining for their markers. Migration of 

lymphocytes through HEVs was noted. The lymphocytes after 

entering the perivascular space, encounter the dendritic cells that 

are accumulated around the HEVs to set an immune response. 

Other immune cells like macrophages and plasma cells were also 

seen in association with the microvessels. 

 

 

  



TELOCYTES: 

Telocytes in the human postpartum Fallopian tube were 

demonstrated in the present study, mainly in lamina propria and 

in between smooth muscule fibres. In the muscular layer, they are 

believed to act as stretch receptors (sensors) or as pacemakers 

controlling Fallopian tube peristalsis (98). While telocytes have 

been seen associated with blood vessels and immune cells in the 

uterus, there was no such association observed in Fallopian tube 

(98). In contrary, in the present study, telocytes were seen in 

association with the blood vessels of the lamina propria of 

postpartum Fallopian tube thereby suggesting their role in the 

complex interplay between the telocytes and immune cell 

trafficking through the vessels. 

To summarize, in this study, the number of microvessels in the 

mucosa of the postpartum Fallopian tube were quantified. High 

endothelial venules were demonstrated. Although HEVs are said to 

develop in tissues with chronic inflammation or cancer, our 

demonstration of HEVs in the postpartum Fallopian tube shows 

the needs for a better understanding of its role in immune 

trafficking. It is hoped that the data from this study may provide 

some insight into the understanding of microvessels in the 

Fallopian tube under the influence of hormones during pregnancy 

and their association with immune cells. 



7. CONCLUSIONS  

1. The epithelium of postpartum Fallopian tube is lined by both 

simple columnar and stratified columnar epithelium. 

2. The epithelium of human postpartum Fallopian tube showed 

predominantly secretory cells when compared to peg cells 

and ciliated cells. 

3. Secretory cells of biopsies from women in the late 

reproductive age showed microplicae-like structures on their 

apical surfaces. 

4. A clear cell variant of ciliated cell was noted under light 

microscopy. 

5. The mean number of IEL per 100mm length of the basement 

membrane of the epithelium was 771.30 + 300.85. 

6. Significant positive correlation between the number of HEVs 

and the IELs with a Spearman’s rho correlation coefficient of 

0.985, at the level of 0.01 was found. 

7. By regression analysis it was found that for every single 

increase in the number of HEV/1mm2, the number 

intraepithelial lymphocytes/100mm of epithelium increases 

by 42.002. 

8. The mean number of arterioles per square millimetre area 

was 29.23 + 6.87. 

9. The mean number of capillaries per square millimetre area of 

the mucosa was 161.38 + 36.86. 



10. The mean number of the mucosal high endothelial venules 

per square millimetre area was 19.23 + 7.05. 

11. The mean number of venules per square millimetre area 

was 39.50 + 9.96. 

12. Statistically significant differences were found between the 

mean number of capillaries when compared with arterioles, 

venules and HEVs (P <0.001). 

13. Arterioles showed a statistically significant increase (p < 

0.05), whereas the capillaries (p < 0.05) and HEVs (p < 0.05) 

showed a statistically significant decrease with parity. Venules 

showed increasing trend with parity but was not statistically 

significant.  

14. No significant correlation was found between age and 

microvessels. 

15. The mean number of mast cells in the mucosa of the 

human postpartum Fallopian tube per 1.5625mm2 area of the 

mucosa was 40.30 + 15.68 studied under TEM. 

16. No obvious structural changes were noted in the 

microvessels under TEM. 

17. There were no fenestrated capillaries in the human 

postpartum Fallopian tube mucosa. 

18. High endothelial venules were seen and the 

transendothelial migration of the lymphocytes through it was 

also observed under TEM.  



19. Neutrophils were seen to be associated with high 

endothelial venules. 

20. Antigen presenting cells like dendritic cells, macrophages 

and B cells were also associated with the microvessels. 

21. Immune cells like dendritic cell, lymphocytes, eosinophils 

and plasma cells were also observed in the epithelium of the 

human postpartum Fallopian tube. 

22. Telocytes were seen within the muscular layer and in the 

lamina propria of human postpartum Fallopian tube. The 

association of telocytes with the microvessels was also 

observed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8. LIMITATIONS AND HIGHLIGHTS 

Limitations of the study: 

1. There was no baseline data available on human non-

pregnant Fallopian tube for the variables studied. So the 

study results could not be compared.  

 

 

Highlights of the study:  

1. Presence of microplicae-like structures in the secretory 

epithelium of the reproductive age group Fallopian tubes. 

2. Presence of clear cell variant of ciliated cell in postpartum 

Fallopian tube.  

3. Presence of high endothelial venules in postpartum Fallopian 

tube and transendothelial migration of lymphocytes in HEVs. 

4. Significant positive correlation between HEVs and IELs. 

5. Association of neutrophil with HEVs. 

6. Presence of interstitial cells of Cajal within the wall of 

arteriole and venule. 

7. Association of telocytes with blood vessels 

 

 



9. FUTURE SCOPE OF THE STUDY 

1. Microvasculature of non-pregnant Fallopian tube has to be 

quantified to get the baseline data on human Fallopian tube. 

2. As HEVs are exclusively for lymphocyte migration, the 

association of neutrophils with HEVs demonstrated both 

under light and electron microscopy warrants further study. 

3. The types of intraepithelial lymphocytes should be 

characterized based on specific markers for cytotoxic T cells, 

helper T cell and B cell lineage using immunohistochemistry 

for a better understanding of their role in the immune 

tolerance and immune surveillance functions of the Fallopian 

tube. 

4. Increase in the number of mast cells in the human 

postpartum Fallopian tube could possibly be a factor for 

postnatal infertility. Study of the mast cell numbers and 

phenotype changes in tubal ectopic pregnancy and non 

pregnant Fallopian tube could be done. 

5. The clear cell variant of ciliated cell that was seen 

consistently in the human postpartum Fallopian tube has to 

be further explored. 
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Annexure I 

Transmission electron microscopic study of the 

microvasculature of the human postpartum Fallopian tube 

Proforma for quantification of microvessels 

Date:    Patient Name:  

Sample No:   Hospital Number: 

Block No : 

Each field = 50000µm2. 

Field number  with 
Area 

Arterioles Capillaries HEVs  Venules 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     

16     

17     

18     

19     

20     

Total (1mm2)     

 



Annexure II 

Transmission Electron Microscopic study of 

microvasculature of human postpartum Fallopian tubes  
 

Proforma for quantification of Intraepithelial lymphocytes 
 

Date:      Patient Name: 

 

Sample:     Hospital Number: 

 

Block number: 

3 / 4 consecutive fields = 1 mm 

S.No. Fields No. of 
cells 

 S.No. Fields No. of 
cells 

1    8   

     

     

     

2    9   

     

     

     

3    10   

     

     

     

4    11   

     

     

     

5    12   

     

     

     

6    13   

     

     

     

7    14   

     

     

     



 
S.No. 

 
Fields 

 
No. of 
cells 

  
S.No. 

 
Fields 

 
No. of 
cells 

15    21   

     

     

     

16    22   

     

     

     

17    23   

     

     

     

18    24   

     

     

     

19    25   

     

     

     

20       

     

     

     

 

 

 

 

 

 

 

 



Annexure III 

Transmission electron microscopic study of the 

microvasculature of postpartum human Fallopian tubes 

Proforma for quantification of mast cell 

 Date:     Patient name: 

Sample:    Hospital number: 

Block :        Block: 

 

Square 
number 

Number 
of Mast 
cells 

 Square 
number 

Number 
of Mast 

cells 

 Square 
number 

Number 
of Mast 

cells 

 Square 
number 

Number 
of Mast 

cells 

1   26   1   26  

2   27   2   27  

3   28   3   28  

4   29   4   29  

5   30   5   30  

6   31   6   31  

7   32   7   32  

8   33   8   33  

9   34   9   34  

10   35   10   35  

11   36   11   36  

12   37   12   37  

13   38   13   38  

14   39   14   39  

15   40   15   40  

16   41   16   41  

17   42   17   42  

18   43   18   43  

19   44   19   44  

20   45   20   45  

21   46   21   46  

22   47   22   47  

23   48   23   48  

24   49   24   49  

25   50   25   50  

 



Annexure – IV (A) 
 

Christian Medical College, Vellore 

Department of Anatomy 

 

An Observational study on microvasculature of the postpartum human Fallopian 

tube under Transmission electron microscope – A pilot study 

Patient Information sheet 

 

You are kindly requested to participate in the electron microscopic study of the 

minute blood vessels of the human fallopian tube. As a part of the surgery 

(sterilization) you are undergoing, a small segment/portion of Fallopian tube will 

be removed.  That removed portion of 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 utilized 

to study the number of small blood vessels in the Fallopian tube.  This study also 

looks for the presence of a specific type of a micro-vessel in the Fallopian tubes 

and their association with immune cells. Participation in this study will not change 

the quality of the treatment provided by the 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. 

We hope to include about at least 10 people from this hospital in this study in the 

next 2 years. 

Participation in this study is purely voluntary, and that 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. Minu Rekha B., 

Department of Anatomy, 

Christian Medical College, 

Vellore - 632002 

Mobile no: 9750709249 

 

2. Dr. Santhosh Benjamin,  

Department of Obstetrics and Gynaecology,  

Christian Medical College, 

Vellore - 632004 

 



 

 

Informed Consent form to participate in an Observational study  

 Department of Anatomy, Christian Medical College, Vellore 

Study Title: Transmission electron microscopic study of the microvasculature of 
postpartum human Fallopian tube – A pilot study 
 
Participant’s name:  
Date of Birth / Age (in years): 
I_____________________________________________________________ 

___________, wife of ___________________________________ 

(Please tick boxes) 
Declare that I have read the information sheet provide to me regarding this study 
dated _______ and have had the opportunity to ask questions. [       ] 
 
I also understand that my participation in this study is entirely voluntary and that 
I am free to withdraw permission to continue to participate at any time without 
affecting my usual treatment or my legal rights [       ] 
 
I understand that the study staff and institutional ethics committee members will 
not need my permission to look at my health records even if I withdraw from the 
trial. I agree to this access   [       ]  
 
I understand that my identity will not be revealed in any information released to 
third parties or published [      ]   
 
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 [       ]  
 
I voluntarily agree to take part in this study   [       ] 
 
Name: 
Signature (or Thumb impression)  
of the participant / legally acceptable  ____________________ 
representative : 
Date: 
 
Name of witness: 
Relation to participant: 
Signature :  ____________________ 
Date: 

Study ID No: __________ 

Hospital No: ___________ 



 

 

Annexure – IV (B) 



 

 

 



 

 

 

 

ANNEXURE V  



 

 

 

 



 

 

 

 



 

 

 

 

 


