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ABSTRACT
The Fallopian tube is essential for human reproduction. Transport of the spermatozoa, the
egg, and later the pre-embryo is believed to be aided by muscular contractions in the wall
of the Fallopian tube and cilia in the mucosa. An optimal environment in the Fallopian tube
is of importance for fertilization of the egg and development of the pre-embryo.
Progesterone (P) and prostaglandins (PG) are important regulators of reproductive
processes. Leukemia Inhibitory Factor (LIF) is an important cytokine involved in embryo
development and endometrial receptivity. The function of the Fallopian tube and its
correlation to fertility is still not fully investigated.
The aims of the studies were to investigate (i) the uptake of intra-abdominal particles into
the Fallopian tube, (ii) the transport of particles from the pouch of Douglas to the cervical
mucus, (iii) the effect of hormones on the muscular contractions in the Fallopian tube, (iv)
the presence of receptors for PGE2 and PGF2Į in the human Fallopian tube and how they
are regulated by hormones, and (v) the presence of receptors for LIF and gp130, and their
regulation by P in the human Fallopian tube and the endometrium, as well as their
localization in the pre-implantation embryo.
Healthy volunteers and patients undergoing surgery for benign causes or legal sterilization
were included in the studies. All subjects were of fertile age and had regular menstrual
cycles. Using gamma camera imaging and autoradiography we found evidence for uptake
of radio labelled particles in the Fallopian tube after intra abdominal deposition. In-vitro
contractility studies of longitudinal strips of the Fallopian tube showed different effects of
hormones and drugs on muscular contractions. P, mifepristone, PGE1, levonorgestrel,
human chorionic gonadotrophin (hCG), and oxytocin decreased, whereas PGF2Į and PGE2
increased the contractions.
Immunohistochemistry (IHC), confocal microscopy, reverse transcriptase PCR, and real
time PCR were used to detect and confirm the expression of PGE and PGF2Į receptors, and
c-kit in the Fallopian tube. The PG receptors were mainly expressed in the apical part of the
luminal epithelial cells, in the muscular wall, and in the vessels. Treatment with
mifepristone reduced the staining. IHC showed staining of LIF receptor (LIFR) and gp130
protein in the Fallopian tube, the endometrium, and pre-implantation embryos. LIFR was
mainly seen in the apical and basolateral parts of the luminal epithelial cells, in the
muscular wall, and vessels. The staining for gp130 was weak. Real time PCR showed
expression of mRNA for LIFR and gp130 in the Fallopian tube and the endometrium. In
the pre-implantation embryo, LIFR staining was seen in all cells, at all stages. Gp130 was
present in all cells up to the morula stage, but only in the inner cell mass of the blastocyst.
In conclusion: Uptake of particles in the Fallopian tube suggests a retrograde transport
mechanism. Muscular contractions in the Fallopian tube are regulated by PG and P. PG
receptors are expressed in the human Fallopian tube and regulated by P. LIFR and gp130
are expressed in the human Fallopian tube, the endometrium, and the pre-implantation
embryo. The pattern of LIFR expression indicates that LIFR is likely to be of importance
for communication between the embryo and the Fallopian tube.
Keywords: Fallopian tube, endometrium, embryo, transport, prostaglandin, receptors,
progesterone, mifepristone, LIF, LIFR, gp130.
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1 INTRODUCTION
The Fallopian tube is of vital importance for human fertility. This is where the sperm
fertilizes the egg and human life begins. The Fallopian tube provides the optimal
environment for fertilization and transports gametes and the pre-embryo.
In the past, surgery of the Fallopian tube was an important part of infertility treatment.
After the development of in-vitro fertilization techniques (IVF) (Clarke 2006) (Edwards
2001), the interest in the Fallopian tube and its reconstructive surgery has markedly
declined. However, there is still a need for more knowledge about the physiology of the
Fallopian tube in order to improve the understanding of its functions. This knowledge
can be of great importance for the development of strategies for improving the results
of assisted reproductive technologies (ART), in management of ectopic pregnancies, to
increase the knowledge about the mechanisms of action of existing contraceptive
methods, and in designing new and more effective contraceptive drugs.
1.1

INFERTILITY

Fertility is of great importance for both the female and male in a couple, for the self
esteem and the well being of the individual. Being able to form a family has a strong
social impact in all societies of the world, both in developed and developing countries
and in all cultural and religious groups. Special fertility rituals are present in primitive
cultures throughout the history of mankind, in the whole world (Figure 1).

Figure 1: Ancient Swedish fertility symbols, Freya and Frey.
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Infertility is a common problem worldwide and has been classified as a major medical
issue by the World Health Organization (WHO). Infertility is defined as inability to
achieve a pregnancy in spite of one year of attempts. About 15% of all couples have
difficulties in achieving a pregnancy at some stages of their life. About half the
infertility problems are caused by problems in the female and about 14% of those are
caused by impaired function of the Fallopian tubes (Jose-Miller et al. 2007) (Figure 2).

Figure 2. Causes of infertility in a population of infertile couples at Karolinska
University Hospital, Stockholm, Sweden, during the years 2002-2006.
1.2

FERTILITY REGULATION

Regulation of fertility is an important issue worldwide. There is an unmet need for
contraception, both in developed and developing countries. Unwanted pregnancies and
unsafe abortion with the subsequent morbidity and mortality are, unfortunately, still
common. Lack of contraceptive methods and safe abortion leads to the death of around
100.000 women worldwide every year according to WHO (www.who.int). There is a
need for new, more effective and less harmful contraceptive methods that are easily
available and acceptable for the women.
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1.3

THE FEMALE REPRODUCTIVE ORGANS

1.3.1 Hormonal regulation of the female reproductive organs
The female reproductive organs are regulated by two glycoprotein hormones, follicle
stimulating hormone (FSH) and luteinizing hormone (LH), both synthesized and
secreted by the anterior lobe of the pituitary gland. The two hormones have an identical
Į-chain combined with a specific E-chain and sugar attachments. Both hormones are
governed by pulsatile secretion of gonadotrophin releasing hormone (GnRH) produced
in the hypothalamus. FSH acts on the ovary by stimulating the growth of ovarian
follicles, which will start producing the female sexual hormone estradiol (E2). LH acts
on the mature follicle to induce ovulation and to transform the follicle into a corpus
luteum after ovulation. E2 and its metabolites have actions on many tissues in the
whole body. In the uterus it has many physiological functions. Most important is
probably the stimulating effect on the endometrium. After ovulation the corpus luteum
starts to produce progesterone (P), that will act on the endometrium and make it
receptive for implantation of the pre-embryo (Figure 3).
The pituitary hormones are regulated by a feed-back system by the reproductive
hormones E2 and P.

Figure 3: Follicular development, gonadotrophin and sex hormone serum levels, and
endometrial development during a normal menstrual cycle.
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1.4

THE OVARIES

The ovary is the female source of gametes and also an important hormone producing
organ. During fetal life, primordial germ cells migrate from the yolk sac to the genital
ridge, where they differentiate to oogonia and then multiply through mitosis. At 8-13
weeks of pregnancy the oogonia convert to oocytes through meiosis, and primordial
follicles are formed (Motta et al. 1997a). The maximum number of oocytes,
approximately 7 million, is reached during the 20th week of pregnancy. At birth less
than 2 million remain and at puberty about 600.000 (Djahanbakhch et al. 2007).
During the woman’s fertile life only a limited number of oocytes, approximately 500,
will become mature and ovulated while the majority undergoes atresia (Motta et al.
1997b). During follicular development and growth the follicles produce hormones, of
which the most important one is E2. Preceding ovulation, there is also a rise in
prostaglandin (PG) secretion in the follicle, which is involved in the rupture of the
follicle at ovulation (Brannstrom and Enskog 2002; Hellberg and Brannstrom 1990;
Janson et al. 1988; Priddy et al. 1990). After ovulation the follicle converts to a
corpus luteum, which produces P in addition to E2.
1.5

THE FALLOPIAN TUBES

The oviduct was first described by the Italian anatomist Gabriello Fallopio (1523–
1562) (Figure 4). He discovered ducts leading from the uterus to the ovaries which he
described as ‘trumpets of the uterus’.
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Figure 4: Gabriello Fallopio.
1.5.1 Anatomy
There are two Fallopian tubes attached to either side of the upper part of the uterus
and leading to the sides of the ovaries. The human Fallopian tube is about 7–14 cm
long and can be divided into four parts: The intramural part, isthmus, ampulla, and
infundibulum. The intramural part is located in the uterine wall. The isthmus is a
narrow part of the Fallopian tube, about 3 cm long and leading to the wider and 5-8
cm long ampulla. The outermost section is called the infundibulum, which describes
the funnel shaped manner in which it opens up near the ovaries, where it splits into
many fringes, the so called fimbria (Eddy and Pauerstein 1980)(Figure 6). The
Fallopian tube is embedded in the upper free margin of the broad ligament,
connecting the uterus to the pelvic wall, where it extends to form the mesosalpinx,
enclosing the Fallopian tube (Rohen and Bergmann 1973).
1.5.2 Embryology
The Fallopian tubes and the uterus are formed from the Mullerian ducts. The cranial
part forms the Fallopian tubes and its coelomic part develops into the fimbriae, while
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the caudal parts of the Mullerian ducts fuse and form the uterus. Disturbances in this
development may lead to a number of anomalies (Simpson 1999).
1.5.3

Histology

There are three layers of the Fallopian tube: The mucosa, the muscular layer (Figure 5),
and the serosa. The mucosa consists of the luminal epithelium with three different types
of simple columnar epithelial cells: The ciliated cells, which have a transport function,
are most abundant in the ampulla and the infundibulum. The other two cell types are
secretory cells and intercalated peg cells.
The lamina propria of the mucosa consists of a network of thin fibers, stromal cells,
wandering cells, and mast cells. The mucosa has longitudinal folds, which are most
extensively developed and branched in the ampullary part, where they form a labyrinth
like structure. They are less pronounced in the isthmus, and in the intramural part the
folds only remain as small ridges. The muscular layer consists of three layers of smooth
muscle bundles. Most predominately existing are the middle circular layer and the outer
longitudinal layer. There is also an additional thin inner longitudinal layer in the
isthmic region of the Fallopian tube. The muscular bundles are embedded in loose
connective tissue. There are numerous small vessels, especially veins, extending into
the fimbriae, forming an erectile tissue that gets filled with blood at the time of
ovulation. The serosa is the outer surface of the Fallopian tube facing the peritoneal
cavity and consisting of a peritoneal layer (Bloom and Fawcett 1968).
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Figure 5: Sections from the isthmic and ampullary part of the Fallopian tube.

1.5.4 Blood supply
The arterial blood supply of the Fallopian tube comes both from the uterine and the
ovarian side. The uterine artery is a branch of the internal iliac artery, which is the
internal branch of the iliac artery that in turn comes from the aortic bifurcation. The
uterine artery runs along the side of the uterus and supplies the uterus until it divides
into one branch to the Fallopian tube and a second one to the ovaries. The tubal branch
forms an arch in the mesosalpinx along with the Fallopian tube. The ovarian artery
originates directly from the aorta. Arteries leading to the Fallopian tube are in close
contact with the corresponding veins and it has been suggested that there is a
countercurrent mechanism for exchange of substances such as prostaglandins (PG)
(Bendz 1977).
The venous plexus of the uterus is responsible for the venous drainage through the
uterine veins into the internal iliac vein and through the pampiniform plexus to the
ovarian vein (Petren 1969).
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1.5.5 Lymphatic drainage
There is a submucus lymphatic plexus in the Fallopian tube draining partly through the
ovarian lymph vessels to the lumbar lymph nodes, and partly through the uterine
lymphatic vessels to the superficial inguinal lymph nodes. The peritoneal lymph is
mainly drained through the left subphrenic space and later by numerous lymphatic
channels in the diaphragm. After leaving the abdomen, the lymph is transferred via the
large collecting ducts, associated with the internal thoracic vessels, into the venous
circulation (Granger and Barrowman 1983). Particles introduced into the peritoneal
cavity are transported differently according to size (Flessner 1991; Rippe and Stelin
1989). Smaller particles, with a size less than 60Å, are rapidly equilibrated
transperitoneally with the blood through diffusion, while larger particles are almost
exclusively transported to the blood via the peritoneal lymphatic flow (Granger and
Barrowman 1983)

1.5.6 Nerve supply
The uterine plexus receives sensory and parasympathic nerve fibers from the lumbar
and sacral spinal nerves in the lumbosacral plexus. Sympathetic nerve fibers reach the
female pelvic organs from the inferior hypogastric plexus (Rohen and Bergmann 1971).
The Fallopian tubes have a rich supply by adrenergic nerves. The nerves run along with
the vessels but will also infiltrate into the smooth musculature. In the ampullary isthmic
junction the muscular innervations are more abundant. The innervations are mainly
confined to the circular muscular layer which has been proposed to have a sphincter
function (Brundin 1965; Sjoberg 1967). Contractions in the isthmic smooth muscle
can be induced through adrenergic Į-receptors (Sporrong et al. 1982).

1.5.7 Physiology
1.5.7.1 Cyclic changes in the Fallopian tube
The mucosa of the Fallopian tube undergoes cyclic changes under the influence of E2
and P. The mucosal cells are low during the menstruation, then increase in height
during the follicular phase to reach a maximum height at the time for ovulation (Lyons
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et al. 2006; Verhage et al. 1979). In the luteal phase, the mucosa gets thinner (Patek et
al. 1972). The tubal fluid is predominately produced during the follicular phase. After
ovulation, the mucus in the Fallopian tube disappears, leaving the cilia prominent and
capable of transporting the ovum (Jansen 1978; 1980). The ciliary beat frequency in
the fimbria of the Fallopian tube is higher after ovulation (Lyons et al. 2002). The
frequency of contractions in the Fallopian tube smooth musculature increases during
the peri-ovulatory phase (Lindblom et al. 1980). These changes are probably influenced
by changes in sex hormone concentrations. The tissue concentrations of sex hormones
in the Fallopian tube are related to the plasma levels; E2 having the highest
concentration peri-ovulatory, while P reaches its peak during the luteal phase (Batra et
al. 1980).
1.5.7.2 Transport of spermatozoa
The transport of the spermatozoa is aided by muscular contractions in the wall of the
Fallopian tube (Mastroianni 1999) and uterus (Bulletti and De Ziegler 2005; Kunz et al.
1997). The muscular activity is under the influence of adrenergic nerves (Sjoberg
1967), sex steroids (Helm et al. 1982), nitric oxide (Ekerhovd et al. 1997; Ekerhovd et
al. 1999), oxytocin (OT) (Jankovic et al. 2001), and PG (Lindblom et al. 1983;
Lindblom et al. 1979). The transport of spermatozoa from the vagina to the Fallopian
tube can be very fast and spermatozoa have been found in the Fallopian tube within
five minutes after insemination (Ahlgren 1975; Ozgur et al. 1997). More than 40
million spermatozoa are normally deposited in the vagina during coitus, but only
between ten and a few hundred spermatozoa arrive in the Fallopian tube. It has been
possible to demonstrate survival of spermatozoa in the Fallopian tube for up to 85 hours
(Ahlgren 1975). It has been suggested that the spermatozoa, after their initial transport,
can be stored in the isthmic part of the Fallopian tube until ovulation (Hunter 1987).
Epithelial cells in the Fallopian tube enhance sperm motility (Murray and Smith 1997)
and promote the ability of the spermatozoa to bind to zona pellucida (Ziskind et al.
2000). Chemotaxis of P from the cumulus cells surrounding the egg is believed to be
involved in the guidance of the spermatozoa during their movement towards the egg
(Teves et al. 2006).
1.5.7.3 Ovum pick up
At the time of ovulation the venous plexus in the lateral Fallopian tube gets filled with
blood and smooth muscle contracts, possibly as an effect of PG in the follicular fluid.
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This leads to an alignment of the fimbrial apparatus around the site of ovulation (Gordts
et al. 1998; Lyons et al. 2006). After ovulation, the ovum is picked up by the cilia of
the fimbrial apparatus and transported into the ampulla. (Lyons et al. 2006; Pauerstein
and Eddy 1979). Presence of spermatozoa can increase the ciliary beat frequency in
the Fallopian tube (Morales et al. 1996).
1.5.7.4 Locus of fertilization
The ovum is susceptible for fertilization for about 12 to 24 hours after ovulation. The
fertilization takes place in the ampullary part of the Fallopian tube where the egg is
waiting for the conceiving sperm in a labyrinth consisting of numerous folds of the
mucosa. When the spermatozoa reach the egg, they first need to penetrate the cumulus
mass to reach the zona pellucida. After binding to the zona pellucida, the acrosome
reaction takes place, which induces the release of proteolytic enzymes facilitating for
the sperm to penetrate into the perivitelline space. Here the head of the spermatozoon
reaches, and fuses with, the cell membrane of the ovum, which instantly becomes
impermeable for any additional spermatozoa (Green 1993).
1.5.7.5 Embryo nourishment and communication
The composition of the secreted tubal fluid is important for embryo development. Coculture of mouse embryos with cells from the human Fallopian tube results in
maintained mitochondrial function, decreased apoptosis in the embryo, and a higher
degree of blastocyst formation and hatching (Xu et al. 2000) (Xu et al. 2003; Xu et
al. 2001).
1.5.7.6 Transport of the pre-embryo
Transport of the pre-embryo is believed to be aided mainly by the cilia in the tubal
mucosa (Lyons et al. 2006). The ciliary activity is controlled hormonally by E2 and P
(Mahmood et al. 1998). The isthmus of the Fallopian tube is believed to act as a
physiological sphincter that prevents the pre-embryo from descending, until it is
prepared for implantation (Brundin 1965). The mucus in the isthmus of the Fallopian
tube is also believed to initially inhibit the transport, and when the mucus disappears
three to four days after ovulation the cilia can continue transporting the pre-embryo
(Jansen 1980). During its passage through the Fallopian tube the pre-embryo divides
and develops (Diaz et al. 1980), before it is transported into the uterine cavity to hatch
and implant (Pauerstein and Eddy 1979)(Figure 6).
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Figure 6: Schematic anatomy and physiology of the human ovaries, Fallopian tubes,
and Uterus and time schedule for transport and development of the pre-embryo.
1.6

THE UTERUS

The uterus, or the womb, is a pear-shaped organ situated in the pelvis, between the
bladder and the rectum. Uterus has two main parts, the corpus and the cervix. The
cervix connects to the vagina, while the corpus connects on both sides to the Fallopian
tubes. The main task of the uterus is to carry and nourish the fetus until term of
pregnancy. The uterine wall can be divided into three layers: The outer peritoneal, or
serosal, layer, the middle muscular layer, and the inner mucosal layer.
1.6.1 The corpus and the endometrium
The mucosal layer of the uterine cavity is called the endometrium. The endometrium
consists of two main layers, the basal and the functional layer. The basal layer is
relatively constant during the menstrual cycle and is believed to be the source of
regeneration of the functional layer. The functional layer, under influence of sex
steroids, changes through the menstrual cycle and sheds off at menstruation.
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1.6.1.1 The luminal epithelium
The luminal epithelium is the surface towards the uterine cavity and also the interface
between the uterus and the spermatozoa and the pre-implantation embryo, respectively.
It also functions as defense against micro organism invasion. The surface epithelium
consists of two types of cubal epithelial cells, microvillous, and ciliated cells. The
microvillous cells, with finger-like protrusions into the lumen that confluences and
converts to pinopodes at the time of implantation, are the dominant cells (Nikas and
Aghajanova 2002; Nikas et al. 1995). The ciliated cells are of importance for the
transport of uterine fluids.
1.6.1.2 The glandular epithelium
The glandular epithelium consists of a single layer of columnar epithelium which is
influenced by steroid hormones. During the proliferatory phase the cells divide as a
response to E2. After ovulation, during the secretory phase, the cells differentiate and
secret a number of substances such as leukemia inhibitory factor (LIF) (Arici et al.
1995), glycogen, and glycoproteins (Dockery et al. 1988).
1.6.1.3 The endometrial stroma
The endometrial stroma houses a number of different cells such as fibroblasts,
perivascular cells, and cells of the immune system, i.e. granulated leukocytes,
lymphocytes, and macrophages.
1.6.2 The cervix
The cervix is the gate in and out of the uterus. One of its functions is to keep the fetus
inside the uterus until term of pregnancy. The middle layer of the cervix consists of
mainly fibrous connective tissue instead of the smooth muscle seen in the corpus.
1.6.2.1 Cervical mucus
The cervical mucus is produced in the glands of the cervical crypts. It acts as a barrier
against micro organisms and abnormal sperm, preventing those to enter the uterus. The
mucus changes according to a cyclic pattern during the menstrual cycle. Peri-ovulatory,
as an effect of high E2 levels, the mucus increases in amount and gets watery and
elastic. At this point it acts as a transporting vehicle for spermatozoa. After ovulation,
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due to rising P levels, the mucus gets thicker and impermeable (Adamopoulos et al.
2000).
1.7

PRE-IMPLANTATION EMBRYOS

After fertilization the pre-embryo develops both during its passage through the
Fallopian tube and in the uterine cavity before it is able to implant in the endometrium.
The first stage of embryo development is called the cleavage stage. During this stage,
no growth of the pre-embryo takes place, merely divisions. This results in duplication
of blastomere number and reduction of the blastomere size. The first cell division takes
24 hours while the following cleavage cycles takes about 18 hours. The first three
cycles are finished in approximately 60 hours. After the first division, the pre-embryo is
in the two-cell stage, after the second division the four-cell stage appears (Figure 10A),
and after third division, the eight-cell stage is reached (Figure 10B)(Edwards et al.
1981).
During the cleavage stages, all blastomeres have equal development potential, although
some polarities of the pre-embryo seem to exist (Gardner 1999; 2007). After this stage
the blastomeres start to differentiate while the pre-embryo develops into the morula
stage. During this stage, the cells bind together and the pre-embryo undergoes
compaction. After four to five divisions, the outer cell layer forms tight junctions and
fluid is pumped into the intercellular space, forming a blastocele. The pre-embryo now
enters into the blastocyst stage (Figure 10C). The inner cell mass (ICM) is formed by
division of the innermost cells of the pre-embryo. The outer cell layer forms the
trophectoderm (TE). During this stage the pre-implantation embryo starts to secrete
hCG (Fishel et al. 1984; Woodward et al. 1993). After six to seven days, the preembryo hatches and implants into the endometrium. The ICM will form the embryo
and the TE forms the chorion, and, together with maternal cells, the placenta.
1.8

THE EJACULATE

The ejaculate typically has a volume of 2-5 ml. According to WHO criteria for a
normal ejaculate, it should contain at least 40 million spermatozoa of which more than
50% have good progressive movements. The seminal fluid surrounding the
spermatozoa is rich in prostaglandins. The seminal prostaglandins are mainly produced
in the seminal vesicles (Bendvold et al. 1985). PGE in seminal fluid is important for
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human reproduction (Bygdeman et al. 1970). Seminal plasma has been suggested to be
of importance for sperm transport by stimulating sperm motility and uterine
contractility (Bygdeman et al. 1985). An increased proportion of spermatozoa is
transported into the Fallopian tube in the presence of PGE (Troedsson et al. 2005).
Seminal fluid also contains cytokines, such as TGFE, which are of importance for
fertilization, embryo development, and implantation (Robertson 2005)
1.9

PROGESTERONE

Progesterone (P) is a C-21 steroid, central in several functions of female reproduction,
such as ovulation and endometrial development (De Ziegler et al. 1994). P is
synthesized by the corpus luteum from cholesterol via its precursor pregnenolone. The
serum levels of P increase after ovulation to a peak level after one week. If implantation
of the pre-embryo occurs, P levels will rise and stay high throughout the pregnancy. P
is important for endometrial development, and has a relaxing effect on the uterine
musculature. P is also believed to have an inhibitory effect on tubal muscular activity,
since high P levels in the luteal phase coincide with reduced frequency of contractions.
(Lindblom et al. 1980). P from the cumulus cells surrounding the egg is suggested to be
involved in chemotactic guidance of the spermatozoa during their movement towards to
the egg (Teves et al. 2006).
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1.10 PROGESTERONE RECEPTORS
The physiological effects of P are mediated by its two receptor isoforms, PR-A and PRB, coded for by the same gene (11q22), which is differently transcribed for the two
isoforms (Conneely et al. 2003). The P receptors are intracellular, nuclear steroid
receptors. PR-A and PR-B exhibit different responses in different cell types and organs.
Their relative concentrations are crucial for the specific tissue response to P. The
presence of PR-A and PR-B has been demonstrated in the human Fallopian tube (Amso
et al. 1994).

1.11 MIFEPRISTONE

Mifepristone, a synthetic 19-nor steroid, is a potent antiprogestin that blocks the action
of P at the receptor level (Klein-Hitpass et al. 1991). In the absence of P, mifepristone
can have agonistic properties. Treatment with mifepristone has been shown to increase
the P receptor levels in the human endometrium and the Fallopian tube (Christow et al.
2002; Sun et al. 2003).
Mifepristone increases the sensitivity to PGE2 in human myometrium (Bygdeman and
Swahn 1985). This coincides with decreased levels of PGF2Į in uterine fluid and
decreased expression of PGF2Į, PGE2, and COX 1 and 2 in human endometrium
(Gemzell-Danielsson and Hamberg 1994), (Nayak et al. 1998), (Marions and
Danielsson 1999). Mifepristone is widely used for medical abortion (Fiala and GemzelDanielsson 2006).
1.12 PROSTAGLANDINS
Prostaglandin (PG) was first described in the 1930´s by Goldblatt and von Euler. The
substance was found in human seminal fluid and was defined as a soluble lipid with
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acidic properties that had a stimulatory effect on smooth muscle and lowered the blood
pressure. The chemical structure of prostaglandins was determined in the 1960´s by
Bergström et al. (Bygdeman 1964). All PG have a 5-carbon ring and contain 20 carbon
atoms. PG are important regulators of many reproductive processes, such as
menstruation (Baird et al. 1996), ovulation (Janson et al. 1988), fertilization (Hizaki et
al. 1999; Tilley et al. 1999), implantation (Dey et al. 2004), and parturition (Olson
2003). They are also involved in several pathological processes, including
inflammation (Minami et al. 2001), dysmenorrhoea (Ueno et al. 2001), and cancer
(Sales et al. 2002). PG are classified into three different series (1, 2 and 3), depending
on the number of double bonds in their side chains. PG can also occur in two stereo
isomers, Į and E. The PG in series 2 are metabolites of arachidonic acid, which is
released from plasma membrane phospholipids or dietary fat by phospholipase and
subsequently metabolized by cyclooxygenase (COX 1-3) (Chandrasekharan et al. 2002;
Morita 2002). From the intermediate PGH2, the terminal PG, PGD2, PGE2, PGF2Į,
PGI2, and TXA2, are synthesized by their respective synthase (Hizaki et al.
1999)(Figure 7). The PG is after biosynthesis, rapidly transported out of the cell, by
means of a PG transporter (Schuster 1998). Expression of COX-1, COX-2, and PGI2 is
found in luminal epithelia and smooth muscle cells of the mouse oviduct (Huang et al.
2004). Mouse oviducts have been shown to produce PGI2 and PGE2, with the highest
production 2-3 days after coitus, which corresponds to the time when mouse embryos
transform from the 2-cell stage to morulae. PGI2 is essential during the second and third
day of the development of mouse embryos, and later for hatching and implantation
(Huang et al. 2003)
Previous studies have shown that cells from human Fallopian tubes express COX-1,
COX-2, and PG synthase (Huang et al. 2002) and that the human Fallopian tubes
produces PGE2 and PGF2Į (Ogra et al. 1974).
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Figure 7: Prostaglandin synthesis.
1.13 PROSTAGLANDIN RECEPTORS
Outside the cell, PG act in an autocrine, juxtacrine, or paracrine manner through
binding to their specific transmembrane receptors. There are four types of PGE
receptors (EP1-EP4), which are encoded by four separate genes (Narumiya et al. 1999).
The receptors use alternate, and in some cases opposite intracellular pathways. EP1 is
coupled to diacyl glycerol/inositol triphosphate turnover and increases intracellular
Ca2+ levels. EP2 and EP4 are coupled to adenylate cyclase activation. EP3 is coupled to
inhibition of adenylate cyclase and can also activate phospholipase C (Coleman et al.
1994). There is one receptor for PGF2Į, FP. FP is coupled to stimulation of
phospholipase C / inositol (IP3) pathway and Ca2+ mobilization (Negishi et al. 1993;
Sando et al. 1994; Watabe et al. 1993) (Ashby 1998; Sugimoto et al. 1992)(Figure 8).
PG, and their action through their receptors, have been suggested to be involved in the
maternal-embryonic communication, to promote embryo development, in addition to
involvement in vasodilataion/constriction and regulation of muscular contractility.
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Figure 8. Prostaglandin receptors and their respective pathways of action.
1.14 HUMAN CHORIONIC GONADOTROPHIN
Human chorionic gonadothrophin (hCG) is the hormon of pregnancy. The hormone is
excreted from the trophoblast cells, and can be detected in culture medium from the
blastocysts (Fishel et al. 1984). hCG can be detected in urine after implantation and is
therefore used as a pregnancy test (Chard 1992). The main function of hCG is to
support the production of P in the corpus luteum. hCG has a similar structure and
function as lutenizing hormone (LH) which is excreated from the frontal lobe of the
pituitary. Among other effects it induces the ovulation. LH and hCG both act through
their common, transmenbrane, G-coupled, LH/CG receptor (LHR). hCG is commonly
used for ovulation induction as well as for luteal phase support in assisted reproductive
therapies (Daya and Gunby 2004). hCG can also be used as a marker for different
tumors (Cole 2007). LH / hCG have a relaxant effect on the Fallopian tube in pigs
(Gawronska et al. 1999). LH in combination with E2 has been shown to stimulate
production of PGE2 and PGF2Į in cow oviductal cell (Wijayagunawardane et al. 1999).
Expression of receptors for LH/hCG has been demonstrated in the human Fallopian
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tube (Dufau 1998; Lei et al. 1993), although the physiological role of hCG in the
Fallopian tube is still not known.
1.15 OXYTOCIN
Oxytocin (OT) is a hormon which is produced in the hypothalamus, and is transported
into the posterior lobe of the pituitary, where it is secreted. OT is a peptide hormon
consisting of nine aminoacids. OT exerts its actions through its specific G-coupled
transmembrane receptor. Apart from central nervous effects, OT is known to affect the
mammary gland, where it induces smoth muscle contractions, leading to ejection of
milk during brest feeding. OT also has a stimulatory effect on muscular contractions in
the uterus (Kunz et al. 1998) and is therefore used for labor induction and treatment
of postpartum hemorrhage. On the contrary, OT inhibits muscular activity in the
Fallopian tube (Jankovic et al. 2001).
1.16 C-KIT AND INTESTINAL CELLS OF CAJAL
C-kit is a membrane bound receptor showing tyrosine kinase activity. It is also referred
to as the stem cell factor receptor. Specialized c-kit positive pace making cells have
been found in the smooth muscle cells of the human gut; the intestinal cells of Cajal
(ICC). ICC have a star- or spindle-like shape and a morphologic resemblance with
neurons. ICC were first identified in gastrointestinal tissues, but have later been
described in various tissues throughout the body (Popescu et al. 2007).
It has been suggested that the ICC of the gut act as pacemakers through generation of
electric waves (Rumessen et al. 1992). ICC like cells have been found in the human
Fallopian tube, where they are proposed to regulate muscular activity (Popescu et al.
2007; Popescu et al. 2005; Shafik et al. 2005). C-kit can be used as a marker not only
for ICC, but also for mast cells and stem cells.
1.17 ENDOTHELIAL NITRIC OXIDE SYNTHASE
Endothelial nitric oxide synthase (eNOS) is an enzyme that generates NO in blood
vessels and is involved in regulation of vascular function. eNOS is present in vessels
and can therefore be used as an immunohistochemical marker for vessels when
performing immunohistochemistry (IHC).
19

1.18 LEUKEMIA INHIBITORY FACTOR
Leukemia Inhibitory Factor (LIF) is an important cytokine, which regulates
differentiation, proliferation, and survival of various cells in the in the embryo as
well as in the adult (Gearing 1993), such as embryonic stem cells (Smith et al. 1992),
primordial germ cells (Matsui et al. 1991), and peripheral neurons (Yamamori 1992).
LIF is involved in a number of processes in reproduction, e.g. enhancement of motility
and survival of spermatozoa (Attar et al. 2003), and also in the physiology of ovulation
(Arici et al. 1997). LIF enhances blastocyst formation and hatching (Lavranos et al.
1995). In the mouse, LIF produced in the endometrium has been shown to be
essential for implantation (Stewart et al. 1992). LIF also increases implantation rates
in sheep (Fry et al. 1992). Addition of LIF to the IVF-culture medium significantly
increases blastocyst formation of human embryos (Dunglison et al. 1996).
The importance of LIF in human implantation is still uncertain. Infertile women can
have dysfunction in LIF production and it has been observed that some infertile
women have less LIF in uterine secretion than women with proven fertility
(Hambartsoumian 1998; Laird et al. 1997) (Lass et al. 2001). However, the LIF
content in uterine secretion at the time of oocyte retrieval does not seem to be
correlated to pregnancy rate (Olivennes et al. 2003).
LIF is produced in the human Fallopian tube. The highest levels are seen in the
luminal epithelium of the ampulla, where the embryo first develops before its
transport into the uterine cavity for implantation (Keltz et al. 1996; Li et al. 2004).
Cultured Bovine oviductal cells synthesize LIF which conditions the embryo for
implantation (Reinhart et al. 1998).
1.19 LIF RECEPTOR
LIF exerts its biological effects through interaction with its specific LIF receptor
(LIFR). LIF is believed to be a regulatory factor essential for implantation of the
blastocyst through autocrine and paracrine interactions with its receptor in the
luminal epithelium of the endometrium (Cheng et al. 2002; Cullinan et al. 1996).
The LIFR forms a high affinity heterodimer complex with glycoprotein 130 (gp130)
(Robinson et al. 1994). LIFR and gp130 are also of importance at later stages of
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embryogenesis and fetal development (Lavranos et al. 1995; Mitchell et al. 2002;
Modric et al. 2000).
The expression of LIF and its receptor in human endometrium increases about the
time of implantation and was reported to appear simultaneously with pinopodes
(Aghajanova et al. 2003). Expression of mRNA activity for LIFR and gp130 has
been demonstrated in human pre-implantation embryos (Chen et al. 1999; Sharkey et
al. 1995; van Eijk et al. 1996).

1.20 GP130
The glycoprotein 130 (gp130) trans-membrane subunit can act as interleukin-6
(IL-6), interleukin-11 (IL-11), and ciliary neutrophic factor (CNTF) receptor (Arzt
2001; Auernhammer and Melmed 2000). In the endometrium gp130 is most
abundantly expressed at the time of implantation (Classen-Linke et al. 2004), when
increased secretion of soluble gp130 is seen (Sherwin et al. 2002). Soluble gp 130
was also found in human serum (Muller-Newen et al. 1998). LIFR and gp130
mRNA is also expressed in the decidua and may play a key role during the
decidualization and placentation (Ni et al. 2002). It has been shown that the uterine
secretion of gp130 is reduced in infertile women (Sherwin et al. 2002).
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2 AIMS OF THE STUDIES
The overall aim of the thesis was to study the function and regulation of the human
Fallopian tube.
The specific aims were:
I.

To study the uptake of intra-abdominal albumin particles in the Fallopian tube.

II.

To study the transport of particles from the pouch of Douglas to the cervical mucus.

III.

To study the effect of hormones on the muscular contractions in the Fallopian tube.

IV.

To detect and map the presence of receptors for PGE2 and PGF2Į in the human
Fallopian tube and how they are regulated by hormones.

V. To detect and map the presence of receptors for LIF and gp130 and their regulation
by P in the human Fallopian tube and the endometrium, and their localization in the
pre-implantation embryo.
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3 MATERIALS
3.1

STUDY MATERIAL

All women participating in the studies were of fertile age, had regular menstruations
and had not received any hormonal treatment or used an IUD for at least three months
prior to the studies. The characteristics of the patient are listed in Table I.
3.1.1 Study I
Six healthy women, waiting for tubal sterilization, were included in the study. All
investigations were performed during the periovulatory phase of the menstrual cycle.
3.1.2 Study II
Ten healthy women, waiting for tubal sterilization, were included in the study. All
investigations were performed during the anticipated periovulatory phase of the
menstrual cycle.
3.1.3 Study III
Twenty-two healthy women, undergoing hysterectomy for benign causes, or
sterilization were included in the study. None of the women had received any hormonal
treatment, except two who received pre-treatment with an oral dose of mifepristone, 50
mg every other day for three months, before the operation. The investigations were
performed during the follicular, periovulatory or luteal phase of the menstrual cycle.
3.1.4 Study IV
Sixteen healthy women, requesting tubal sterilization, were randomly allocated to a
study group (n=8) receiving pre-treatment with a single dose of 200 mg mifepristone
immediately after ovulation (LH+2) or to a control group (n=8). Laparoscopic
sterilization was performed on day LH+4 to LH+6.
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3.1.5 Study V
Eight women were randomized to treatment with a single dose of 200 mg mifepristone
immediately after ovulation (LH+2), and eight women were randomly allocated to a
control group. Laparoscopic sterilization was performed on day LH+4 to LH+6. From
six healthy volunteers, endometrial biopsies were obtained on day LH+6 to LH+8, in a
control cycle and in a subsequent cycle after treatment with a single dose of 200 mg
mifepristone immediately after ovulation (LH+2).
Eighty human pre-implantation embryos were received from patients undergoing IVFtreatment.
Table I
Patient characteristics
Study

Number of women

Median age

Range

Surgical

years

years

procedures

number
I

6

36

33-39

LSA, VP

II

10

39

35-42

LS, AP

III

22

45

33-50

AH, VH, LS

IV

16

37

31-43

LS

V

22

38

31-44

LS, EB

LSA=Laparoscopic salpingectomy VP=Vaginal puncture LS=Laparoscopic sterilization
AP=Abdominal puncture AH=Abdominal hysterectomy VH=Vaginal hysterectomy
EB=Endometrial biopsy

3.2

CONSIDERATIONS REGARDING THE STUDY MATERIAL

In the first study the number of subjects was limited. However, the patients were
healthy and had proven fertility. The study was descriptive and designed to reveal novel
findings with a technique not previously used in the Fallopian tube.
In the second study, more patients were included. The advantage of this study was that
it was designed as a randomized study.
In the third study the patients were a little older. However, only regularly menstruating
women were included in the study. The main reason for surgery was uterine fibroids.
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This patient category is usually older than sterilization patients. The advantage with
patients undergoing hysterectomy is that there are no adverse effects to be considered
when salpingectomy is performed at the same time, which was necessary for this study.
Studies IV and V were controlled, randomized studies, which is to prefer in the design
of studies.
3.3

MENSTRUAL CYCLE MONITORING (STUDY I, II, III, IV & V)

Menstrual cycles were monitored in all women included in the studies. Serum levels
of E2, P, FSH, and LH were measured to evaluate the status of the menstrual cycle in
at the time of surgery. In study IV and V the day of the LH surge was estimated by
using a self-test detecting urinary LH twice daily from cycle day 10 to the LH peak
(Cekan et al. 1986). The time of the LH surge was used to plan the day for surgery,
when the collection of tubal and endometrial biopsies was preformed.
3.4

ETHICAL ASPECTS

All studies were approved by the local ethic committees at the Karolinska University
Hospital or at the Örebro University Hospital. All women gave their informed consent
to participate in the studies. The research procedures performed in relation to the
sterilization or hysterectomy procedures were not considered having any additional
negative effect of significance for the patients.
Pre-implantation embryos were received from couples undergoing IVF-treatment, who
accepted to donate their surplus embryos to research. The donated pre-embryos were
scored as being of lower quality and were not suitable for treatment of the couples. The
donors of the pre-embryos gave written informed consent for use of the pre-embryos in
the study.
3.4.1 Ethical considerations
The patients in the first study were undergoing salpingectomy for sterilization. This is a
more extensive surgical procedure than what is necessary and the sterilization can not
be reversed if the patient should regret the sterilization. However, the patients were well
informed and counseled regarding this matter. In addition, after the introduction of
IVF-treatment, reversals of sterilizations are seldom performed.
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In study V, the embryos donated for research were not suitable for treatment of the
patients and the option was to discard the embryos. All participants (couples) gave their
written informed consent prior to the study.
3.5

STATISTICAL ANALYSIS

The criteria for significant radioactivity in samples of blood, saliva, and cervical mucus
were set at three standard deviations (study I, II).
Kruskal-Wallis One Way Analysis of Variance on Ranks and Friedmans repeated
measures analysis of variance on ranks (Chi-square test) was used to evaluate the
contractility data (study III, IV). Pair wise multiple comparison procedures were
performed according to Dunn’s method.
Kruskal-Wallis one-way Analysis Of Variance on Ranks was used for statistical
analysis of staining intensity (study IV, V). Mann-Whitney Rank Sum Test was chosen
for statistical evaluation on results for the number of stained vessels (study IV).
Mann-Whitney Rank Sum Test was performed to compare the mRNA levels (study
III, IV, V). A p value of <0.05 was considered statistically significant.
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4 METHODS
Table II
List of methods used in the different studies

4.1

Method

Study

Transvaginal puncture

I

Radionuclide solution

I, II

Autoradiography

I, II

Cervical mucus sampling

I, II

Blood sampling

I, II, III, IV, V

Saliva sampling

II

Laparoscopy

I, II, III, IV, V

Transabdominal puncture

II

Gamma camera imaging

I, II

Hysterectomy

III

Collection of Fallopian tube tissue

I, III, IV, V

Collection of endometrial tissue

V

Collection of pre-implantation embryos

V

In-vitro contractility studies

III, IV

Fallopian tube explant culture

III

Immunohistochemistry

III, IV, V

Light microscopy

III, IV, V

Confocal microscopy

IV

Fluorescence microscopy

V

Western blotting

III

RT-PCR

III, IV, V

Real-time PCR

III, V

TRANSVAGINAL PUNCTURE (STUDY I)

In the first study a solution of radio labelled albumin particles were injected into the
pouch of Douglas under supervision of transvaginal ultrasound. After disinfection of
the vagina, the ultrasound probe, equipped with a needle guide, was introduced into the
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vagina. The pouch of Douglas was punctured and a radionuclide solution was injected
followed by approximately 5 ml of 0.9% sodium chloride solution (Figure 9).

Figure 9:Deposition of the radionuclide solution through ultrasound guided vaginal
puncture. The gamma camera is aligned over the abdomen of the woman, so that the
scan can start directly after the deposition.

4.2

RADIONUCLIDE SOLUTION (STUDY I & II)

A solution containing human serum albumin particles labelled with 10 MBq, Tc-99m
was prepared. The labeling yield of the ALBU-RES solution was more than 95%. This
indicates that not more than 5% of the administered solution was in the form of Tc-99m
pertechnetate. More than 90% of the particles were 0.2-1.0 µm in diameter.

4.3

AUTORADIOGRAPHY (STUDY I & II)

In the first study the excised Fallopian tubes were used for autoradiography to detect
radio-labelled albumin particles in the tubal lumen. The peritoneal surface of the tube
was wiped dry with a compress to avoid contamination of radioactivity to the mucosa.
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The Fallopian tube was thereafter cut open longitudinally and fixed with needles to a
cork support to expose the mucosa. The Fallopian tube was then placed in an X-ray
cassette. A 5 µm thick foil was stretched over the mucosa and a photographic film was
pressed against the foil over the Fallopian tube when the cassette was closed. The film
was then exposed for about 20 hours, and thereafter developed.
In the second study, cervical mucus was examined with autoradiography in order to
detect Tc-99m labelled albumin particles in the cervical mucus. The cervical mucus
was smeared onto glass plates which were placed in X-ray cassettes in the same way
as described above. The film was exposed for approximately 24 hours before
development.

4.4

CERVICAL MUCUS SAMPLING (STUDY I & II)

Samples from cervical mucus were taken at specified intervals of time after
radionuclide deposition. The samples were obtained using a thin plastic “Aspiglaire”
tube, approx 2 mm in diameter, with a suction piston inside. The radioactivity of the
samples was measured in a scintillation counter.
4.5

BLOOD AND SALIVA SAMPLING (II)

Samples of blood and saliva were collected at specified intervals after deposition.
Blood samples were taken by venous puncture and saliva with a swab from the mouth.
All samples were measured in a scintillation counter.
4.6

LAPAROSCOPY (STUDY I, II, III, IV AND V)

Patients included in study I, II, IV, and V, and one patient included in study III were
undergoing laparoscopic sterilization. All operations were performed under general
anesthesia. Standard laparoscopy procedures, including introduction of a Werres needle
through the abdominal wall, distension of the abdomen with CO2, followed by insertion
of a trochart and laparoscope in the lower margin of the umbilicus was performed. In
the first study laparoscopic salpingectomy was performed using bipolar diathermy and
scissors. In the second study laparoscopic sterilization was performed by closure and
division of the tubal isthmus using bipolar diathermy and scissors. In study IV and V
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sterilization was performed by application of a silicone ring around a loop of the lateral
isthmus of the Fallopian tube. Thereafter the biopsies were obtained from the Fallopian
tubes.
4.7

TRANSABDOMINAL PUNCTURE (STUDY II)

Under general anesthesia and during laparoscopy, a “heart needle” was introduced
through the lower midline of the abdominal wall. The tip of the needle was placed in
the pouch of Douglas. Radionuclide solution was injected and the needle was thereafter
rinsed with approx 5 ml of 0.9 % sodium chloride solution.

4.8

GAMMA CAMERA IMAGING (STUDY I & II)

A gamma camera with a parallel hole collimator was used. The camera was aligned
over the abdomen of the women. Directly after the deposition of radionuclide solution,
a dynamic acquisition was started at 5 s/frame for 10 min, followed by 60 s/frame for
20 minutes. Static images were then obtained at defined intervals after the deposition
with the women lying in a plane supine position. The women could move around freely
between measurements. The documentation of the images was made on transparent
film.
In one woman enrolled in the second study, the abdomen was imaged 5 hours after
deposition with a tomography study. A Single Photon Emission Computed
Tomography (SPECT) was performed to get a three dimensional view of the
distribution of the radionuclide within the abdomen.
4.9

HYSTERECTOMY (STUDY III)

All patients in the third study, except one who was sterilized, were undergoing
hysterectomy for benign causes such as uterine fibroids and bleeding disorders. The
operations were performed under general anesthesia. A majority of the patients were
undergoing hysterectomy by laparotomy and three patients had a vaginal hysterectomy.
The Fallopian tubes were excised at surgery. After the uterus had been extirpated it was
cut open and endometrial biopsies were taken with scissors.
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4.10 COLLECTION OF TISSUES AND EMBRYOS
4.10.1 Collection of Fallopian tube tissue

In the third study Fallopian tubes were obtained during surgery. The Fallopian tubes
were immediately placed in ice chilled Krebs-Ringer buffer solution for contractility
studies, or Hanks balanced salt solution (HBSS) for tubal explant culture. The
ampullary isthmic junction of the Fallopian tube was used for contractility studies.
Biopsies from the isthmic and ampullary part were fixed in 4% paraformaldehyde for
IHC, or snap frozen for PCR. For Study IV and V biopsies were obtained during
surgery from both Fallopian tubes in a standardized way. The biopsies were
immediately embedded and frozen, or snap-frozen and stored in liquid nitrogen until
analyzed.
4.10.2 Collection of endometrial tissue
Biopsies were obtained from the endometrium using a Randall curette without prior
dilatation of the cervix (study V), or cut out from the uterine cavity after hysterectomy
using scissors (study III). Samples for IHC were fixed in 4% formaldehyde for a
maximum of 24 hours and then stored in 70% ethanol until embedding. Samples for
real time PCR were snap-frozen and stored in liquid nitrogen until analyzed.
4.10.3 Collection of pre-implantation embryos (Study V)
The pre-implantation embryos (Figure 10) were in different stages from two cell
embryos to hatching blastocysts. The embryos were fixed in 2.5% paraformaldehyde
in PBS and stored in PBS at 4oC until staining.
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Figure 10: Examples of pre-implantation embryos. A) Four-cell embryo with typical
appearance two days after fertilization. B) Eight-cell embryo, three days after
fertilization. C) Expanded blastocyst 6 days after fertilization with ICM and TE.
4.11 IN-VITRO CONTRACTILITY STUDIES (III & IV)
4.11.1 In-vitro experiments and data acquisition
The ampullary isthmic part of the Fallopian tube was excised after being identified by
inserting a 1 mm probe. Longitudinal tissue strips, size approximately 7x1x1 mm,
consisting of the tubal muscular wall and mucosa, were prepared under a
stereomicroscope. The strips were mounted in organ chambers filled with KrebsRinger buffer solution at a constant temperature of 37oC and oxygenated with a gas
mixture consisting of 95% O2 and 5% CO2. A tension with a load equivalent to
approximately 10 mN was applied to the strips. Contractions were recorded using a
Grass force-displacement transducer, registered on paper using a Grass polygraph
(Figure 11) and in a computer with a data acquisition program. Experiments were
carried out after approximately 30 min of equilibration. P, levonorgestrel,
mifepristone, PGF2D, PGE1, PGE2, hCG, and OT were administered separately and in
different combinations to the organ chambers at specified intervals.

4.11.2 Data processing
The contractions were measured for a period of five minutes after an equilibration
period of three minutes, measured from when the drugs were added to the chambers.
Contractility endpoints were frequency of contractions (f) and area under the curve
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(AUC). Measurements of contractions were made manually and in a computer
program. The contraction frequency (f) was calculated by dividing the number of
contractions by the calculated time in minutes (f= nc/T). Calculation of the AUC was
performed by adding all contraction measurements (fca-fcx), corrected for the
individual strip calibration (X1), dividing by the time in minutes (T), and adding the
change

in

baseline

measurement

(b)

according

to

the

formula

AUC1=((fca+…fcx)/Tx2xX1)+(b/X1)). The measurements and calculations for each
drug were compared to the status of spontaneous contractions before the drugs were
added and after pre-treatment with active drugs (Crankshaw 2001).

Figure 11: Contractions registered on paper with the Grass polygraph.
4.12 FALLOPIAN TUBE EXPLANT CULTURE
To investigate how the receptors for prostaglandins are regulated in the Fallopian tube,
explant cultures were performed from Fallopian tube biopsies. Preparations of the
Fallopian tubes were performed in sterile conditions under laminar flow. The Fallopian
tubes were opened longitudinally to expose the mucosa. The mucosa was cut into
small pieces, approximately 0.5 x 1.5 mm in size. The muscular layer was thereafter
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exposed and also cut in pieces of similar size. All pieces were put into culture with
different treatments. Apart from one control, additions to the different wells were P,
mifepristone, levonorgestrel, and hCG. Explants were cultured for three or 24 hours,
after which the explants were fixed in 4% formaldehyde for IHC, or snap frozen for
real-time PCR.
4.13 IMMUNOHISTOCHEMISTRY (STUDY III, IV & V)
4.13.1 IHC of Fallopian tube and endometrium
To evaluate the presence and localization of different antigens we used
immunohistochemical staining with primary antibodies raised against the receptors
we were interested in studying. The paraffin embedded biopsies were sectioned to
4µm and placed on glass slides. Before staining the samples were de-paraffinized
and rehydrated. The frozen biopsies in study IV & V were serially sectioned to 9µm
using a cryostat and placed on glass slides.
The samples were rinsed in phosphate buffered saline (PBS), incubated in H2O2 to
block endogenous peroxidase activity, and washed. The slides were then blocked
with serum. The sections were incubated with the primary antibody (Table III), over
night at 4qC. The slides were then washed and thereafter incubated with the
secondary antibody. After this, the slides were washed, incubated with ABC (avidin
biotin) complex, washed, and stained with DAB (diaminobenzidine-hydrogen
peroxide) that makes the antibody complex visible. Finally the sections were
counterstained with hematoxylin and mounted.
4.13.2 Light microscopy (Study III, IV & V)
Light microscopy (LM) was used to evaluate the localization and staining intensity of
the immunostaining. In the Fallopian tube the staining intensity of the luminal
epithelium, the muscular layer, and the serosal surface was determined. In addition the
number of stained vessels per field was counted in the muscular layer. In the
endometrium the staining intensity of the luminal and glandular epithelium was
determined.
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4.13.3 Confocal microscopy (Study IV)
To identify the celltypes seen, partly as “cell clusters”, in the muscular wall of the
Fallopian tube (study IV), co-localization studies were performed with c-kit as a marker
for intestinal cells of Cajal (ICC), mast cells or stem cells, and eNOS as a marker of
endothelial cells.
The same initial treatment was used for confocal microscopy as for IHC, but with
fluorescent secondary antibodies instead of biotinylated secondary antibodies. Confocal
microscopy pictures were taken using an inverted confocal laser microscope. With this
technique, the tissue was scanned using a laser beam and several planes of the tissue
could be analyzed for protein expression. By using different secondary antibodies with
diverse fluorescence it was possible to decide if the target proteins for the primary
antibodies co-localize or not.
4.13.4 IHC of embryos (study V)
We used immunohistochemical staining to evaluate the localization of LIFR and gp
130 in pre-implantation embryos. The embryos were washed in PBS containing 3
mg/ml PVP and fixed in 2.5% paraformaldehyde. Before staining the embryos were
permeabilized in using Triton X 100. The primary antibodies (Table III), were added
to the embryos in blocking buffer and incubated overnight at 4o C. The embryos were
then washed in blocking buffer to remove unbound primary antibodies. The
secondary antibody was diluted in blocking buffer and applied to the embryos, which
were thereafter washed and mounted.

4.13.5 Fluorescence microscopy (Study V)
In order to visualize the staining of the pre-embryos we used an inverted microscope
equipped with fluorescence optics and the appropriate filters. Images showed red
Alexa 568 staining of LIFR and gp130, and blue staining of the nuclei.
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4.14 WESTERN BLOTTING (STUDY III)
Immunoblotting, or so-called western blotting (WB), was used, to confirm the presence
of protein for EP1-4 and FP receptors in the Fallopian tube. Endometrium was used as
positive control. To prepare extracts of protein for immunoblotting, frozen tissue from
the Fallopian tube and endometrium was cut into small slices, homogenized, denatured,
heated, and loaded on an acryl amide electrophoresis gel. After electrophoresis, the
proteins were transferred to a nitrocellulose membrane.

The membranes were

incubated over night with the primary antibodies (Table III). The next day the
membranes were incubated with the secondary antibody. The proteins were visualized
using fluorescents and exposed.

Table III
Antibodies used for immunohistochemistry and immunoblotting.
Study

Ag

Ab

Type

Catalogue nr.

Producer

III, IV

EP1

rabbit

polyclonal

10740

Cayman Chemical, MI, USA

III, IV

EP2

rabbit

polyclonal

10750

Cayman Chemical, MI, USA

III, IV

EP3

rabbit

polyclonal

10760

Cayman Chemical, MI, USA

III, IV

EP4

rabbit

polyclonal

10770

Cayman Chemical, MI, USA

III, IV

FP

rabbit

polyclonal

P8622

Sigma, Saint Louis, MO, USA

IV

C-kit

rabbit

polyclonal

PC34

Calbiochem, Darmstadt, Germany

IV

eNOS

mouse

polyclonal

610296

Transduction Lab., KY, USA

V

LIFR

goat

polyclonal

AF249NA

R&D Systems Inc. Abingdon, UK

V

gp130

goat

polyclonal

AF228NA

R&D Systems Inc. Abingdon, UK

4.15 POLYMERASE CHAIN REACTION (STUDY III, IV & V)
Polymerase chain reaction (PCR) technique was used to verify that the mRNA
expression corresponded to the protein expression for the receptors we wanted to study.
In eukaryotic cells mRNA is transcribed from the DNA in the cell nucleus. It is
thereafter transported into the cytoplasm where it is translated through ribosomal
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action. The mRNA is the template coding for the production of the different proteins, in
our case the proteins of the receptors.
4.15.1 Preparation of cDNA
The first step in the PCR technique is to extract mRNA, which is then reversely
transcribed into cDNA using deoxynucleotide triphosphates, ribonuclease inhibitor,
reverse transcriptase, and the appropriate primers.
4.15.2 Reverse Transcriptase PCR (RT-PCR)
Besides mRNA for the receptors we wanted to analyze, GADPH or 28S tRNA was
used as internal standards. The cDNA was amplified using PCR in the commercially
available Mastercycler gradient and Master Taq Kit. Primers for PCR were chosen
from available references or designed using the Invitrogen on line program (Table IV).
The cDNA was duplicated in amplification cycles under specified conditions for the
product analyzed, including hot start melting, annealing, and extension. To verify that
the amplified products originated from mRNA, and not genomic DNA, a PCR was
performed excluding cDNA and including RNA. A negative control PCR without
template cDNA was performed to rule out any other contamination. The PCR products
were then analyzed by subjecting them to electrophoresis on an agarose gel. The image
was captured using a camera with a documentation system.
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Table IV
Primers used for PCR
Gene
EP1a

Sequence
Sense 5'-GAT GGT GGG CCA GCT TGT C -3'
Antisense 5'-GCC ACC AAC ACC AGC ATT G -3'

Study
III

Sense ( Hs00168752_m1, Applied Biosystems, Foster City, Kalifornien, USA)
EP1

Antisense (Hs00168752_m1, Applied Biosystems, Foster City, Kalifornien, USA)

III

Probe 5'- GTG CCG GCA CCC CTG GCG CCT GAC A-3'
EP2 a
EP3 a
EP4 a
FPb
GAPDH
EP1c
EP1d
EP2c
EP3 c
EP4 c
FP
gp130 e
28S
a

Sense 5'-GAC CGC TTA CCT GCA GCT GTA C -3'
Antisense 5'-TGA AGT TGC AGG CGA GCA -3'
Sense 5'-AAG GCC ACG GCA TCT CAG T-3'
Antisense 5'-TGA TCC CCA TAA GCT GAA TGG -3'
Sense 5'-ACG CCG CCT ACT CCT ACA TG-3'
Antisense 5'-AGA GGA CGG TGG CGA GAA T-3'
Sense 5´-GCA GCT GCG CTT CTT TCA A-3´
Antisense 5´-CAC TGT CAT GAA GAT TAC TGA AAA AAA TAC-3´
Sense 5’ – GAA GGT GAA GGT CGG AGT CAA C – 3’
Antisense 5’ - CAG AGT TAA AAG CAG CCC TGG T-3’
Sense 5'-CCTGTCGGTATCATGGTGGTGTC-3'
Antisense 5'-GGTTGTGCTTAGAAGTGGCTGAGG-3'
Sense 5'-GGT ATC ATG GTG GTG TCG TG -3'
Antisense 5'-GGC CTC TGG TTG TGC TTA GA -3'
Sense 5'-GCCACGATGCTCATCCTCTTCGCC-3'
Antisense 5'-CTTGTGTTCTTAATGAAATCCGAC-3'
Sense 5'-GCATAACTGGGGCAAACCTTTTCTTCGCC-3'
Antisense 5'-CTTAACAGCAGGTAAACCCAAGGATCC-3'
Sense 5'-TGGTATGTGGGCTGGCTG-3'
Antisense 5'-GAGGACGGTGGCGAGAAT-3'
Sense 5´-AAGACATCAAAGACTGGGAA-3´
Antisense 5´-GTGCTTGCTGATTTCTCTG-3´
Sense 5’-ACAGATGAAGGTGGGAAGGAT-3’
Antisense 5’-AGATGACATGCATGAAGACCC-3’
Sense 5´-GTGCAGATCTTGGTGGTAGTAGC-3´
Antisense 5`- AGAGCCAATCCTTATCCCGAAGTT-3´

III
III
III
III
III
IV
IV
IV
IV
IV
IV
V
V

(Perez-Novo et al. 2006),b (Sales et al. 2004), c (Spinella et al. 2004), d (Timoshenko et al. 2003),

e

(Yamazaki et al. 1996).
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4.15.3 Real Time PCR (Study III & V)
To verify and quantify the amount of mRNA for the studied receptors in the examined
tissues we used real-time PCR. Using this method, the amount of cDNA was measured
after every duplication cycle by detection of fluorescence in the product. We used two
types of commercially available products, Taqman real-time PCR, and SYBR green
real time PCR.
Experiments were performed on a 96 well array format using a real-time PCR
instrument incorporating the target assay genes for the examined receptors along with
28s or GAPDH as internal controls, used to normalize the expression levels of target
genes in each sample. The reaction volume included a commercial mix with dye and
substrates required for duplication, the target assay genes, ddH2O, and cDNA. A
standard curve for the analyzed receptors was performed. All reactions were performed
in duplicate or triplicate and the mean value of the threshold cycle (Ct, the start of
exponential amplification) of each sample was normalized with their respective
threshold cycle of the internal control, obtaining the 'Ct value. Data was analyzed
using a computer program. Relative expression was calculated using the following
formula: 100 x 2-''CT. (User bulletin number 2 from Applied Biosystems).
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5 RESULTS
5.1

STUDY I

After introduction of radio labelled particles in the pouch of Douglas, images from the
gamma camera revealed an increasing intra-abdominal spread of radio labelled particles
over time. Radioactivity could be detected in blood approximately five minutes after
deposition into the pouch of Douglas and then the levels of radioactivity increased
during the first two to three hours, thereafter it tended to stabilize. Samples from the
cervical mucus showed significant amounts of radioactivity within 30 minutes after
deposition. The autoradiography images demonstrated small, clearly defined black dots
on the inner surface of the Fallopian tube. These so called hot spots are caused by
conversion electrons from the Tc-99m labelled particles and confirm their presence
inside the Fallopian tube. An example of autoradiogram of the Fallopian tube is seen in
Figure 13.

Figure 13: Autoradiogram from the inside of the Fallopian tube with “hot spots”.
5.2

STUDY II

After injection of radio-labelled albumin particles into the pouch of Douglas, repeated
images from gamma camera measurements showed a gradual spread of radioactivity to
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the peritoneal cavity. A three-dimensional reconstructed image from a tomography
study in one patient showed radionuclide distribution over the lateral peritoneal surface
and the parietal peritoneum. Blood samples, corrected for the decay of the radioactivity,
showed increasing levels of radioactivity during the twenty-four hour period studied.
Measurement of radioactivity in cervical mucus showed significant activity in three
women sterilized before, and two women sterilized after, the deposition. Significant
radioactivity in saliva was found in two women sterilized before, and two women
sterilised after, the deposition. Autoradiography of cervical mucus could not detect any
Tc-99m labelled albumin particles.
5.3

STUDY III

Contractility experiments with longitudinal strips of the Fallopian tube showed that P,
mifepristone, or a combination of both, had an inhibitory effect on the muscular
contractions, resulting in a lowered frequency and reduction of AUC (Figure 14A).
PGE1 had an inhibitory effect on the frequency and AUC, while PGE2 had a stimulatory
effect on the contractions resulting in an increased AUC, while the frequency remained
unchanged. Pre-treatment with P or mifepristone or a combination of both prior to
PGE1 or PGE2 administration did not significantly affect the response.
After administration of PGF2Į, contractions were more frequent and the AUC increased
(Figure 14B). Co-administration of mifepristone and P forty minutes before
administration of PGF2Į significantly reduced the AUC at the higher PGF2Į dose.
Levonorgestrel (Figure 14C) and hCG inhibited both the frequency and AUC of the
contractions. Administration of OT showed a short initial stimulation followed by a
pronounced inhibition of the contractions.
Real time PCR determinations of mRNA for EP1-4 and FP in tubal explant cultures
showed an increase in relative expression after hormone treatment in most cases. There
were drastic increases in the relative expression of mRNA after some of the
levonorgestrel and hCG treatment.
Using immunoblotting technique we could reveal specific bands for proteins with
molecular weight corresponding to EP1, EP2, EP3 EP4, and FP.
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Figure 14: Examples of registrations of contractility from longitudinal muscular strips
from the ampullary isthmic junction of the Fallopian tube. A) Effect of progesterone (P)
treatment. B) Effect of PGF2Į treatment. C) Effect of levonorgestrel (Lng) treatment.
5.4

STUDY IV

Using IHC technique we could demonstrate immunostaining of EP1, EP2, EP3, and
EP4 in the luminal epithelial cells, the serosal epithelium, and the muscular layer of the
Fallopian tube. The staining intensity decreased after mifepristone treatment. Colocalization studies showed that the staining in the muscular layer was predominantly
seen in endothelial cells. For EP4 there was some co-localization with c-kit. The
number of EP1 and FP stained vessels / field was reduced in the muscular layer after
mifepristone treatment. RT-PCR confirmed the expression of EP2-4 and FP in the
Fallopian tube.

5.5

STUDY V

IHC showed an intense expression of LIFR in the apical and basolateral side of the
luminal epithelial cells, in the vessels, and in the serosal epithelium of the Fallopian
tube. There was no difference in staining intensity between the isthmic and the
ampullary part.
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Faint immunostaining for gp130 was seen in the luminal epithelium of the Fallopian
tube predominately in the isthmic part. Immunostaining was also seen in the
muscular wall, in the vessels, and in the serosal surface epithelium.
In the endometrium moderate immunostaining for LIFR and gp130 was seen in the
luminal and glandular epithelium. Some faint staining for LIFR was also seen in the
endometrial stroma and in vessels. Treatment with mifepristone did not affect the
staining intensity for LIFR or gp130 in any of the studied locations.
Taqman real time PCR confirmed the presence of mRNA for LIFR and gp130 in the
Fallopian tube and the endometrium. The relative expression of LIFR mRNA in the
Fallopian tube was significantly higher than in the endometrium.
Immunostaining of human pre-implantation embryos revealed the presence of LIFR
and gp130 in all pre-embryonic stages. LIFR was seen in all cell types from the 2cell stage to the expanded blastocysts. Staining for gp130 was seen in the embryonic
cells in all developmental stages. Up to the morula stage all cells were stained. In the
blastocysts staining was restricted to the inner cell mass (Figure 15).

Figure 15: Immunostaining for LIFR and gp130 in human pre-implantation embryos.
Staining for LIFR: A) 2 cell embryo B) 4 cell embryo. C) 8 cell embryo D) Morula. E)
Early blastocyst. F) Expanded blastocyst. G) Negative control).
Staining for gp130: H) 2 cell embryo I) 4 cell embryo. J) 8 cell embryo K) Morula. L)
Early blastocyst. M) Staining of the inner cell mass in a hatching blastocyst. N)
Negative control.
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6 DISCUSSION
There is still a need for more knowledge about the physiology of the Fallopian tube.
We have studied different aspects of the regulation and function of the human Fallopian
tube with a variety of methods.
In the first study we studied the transport function of the Fallopian tube of particles
from the abdominal cavity into the Fallopian tube. This is necessary for the Fallopian
tube in order to pick up the egg from the ovary after ovulation and to transport it into
the ampulla for fertilization. The ovum pick-up and descending transport of the ovum is
probably mainly aided by ciliary action (Lyons et al. 2006). There is no clinically
available method for evaluation of the descending transport and therefore one aim was
to design such a method. We were able to demonstrate the transport of radio labelled
particles into the ampulla of the Fallopian tube after intraperitoneal deposition. The
most probable way of transport is by direct access from the peritoneal cavity. Another
possibility could be that particles from the vaginal puncture contaminating the cervical
mucus were transported from the cervical mucus into the Fallopian tubes. This
ascending transport has been documented in earlier studies (Brundin et al. 1993; Wildt
et al. 1998). We found radioactivity in the cervical mucus as early as 30 minutes after
deposition. The fast transport from the pouch of Douglas to the cervical mucus could
theoretically indicate a transport through the Fallopian tube. This is in contrast to the
physiological retrograde transport, which normally takes three to four days (Eddy and
Pauerstein 1980).
In one woman the radioactive solution was unintentionally injected preperitoneally. In
this woman, who could be regarded as a negative control, no radioactivity was seen in
the abdominal cavity or the Fallopian tubes. However, radioactivity was found in the
cervical mucus. This radioactivity in the cervical mucus could consist of free
radioactivity or radio labelled particles transported to the cervical mucus via lymph or
blood or be a direct contamination from the vaginal puncture.
To clarify the origin of the radioactivity found in the cervical mucus in the first study
we designed a second study with the intension to rule out the possibility of
contamination from a vaginal puncture and to be able to decide if the radioactivity in
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the cervical mucus was transported there through the Fallopian tube or not. The study
confirmed transport of radioactivity from the pouch of Douglas to the cervical mucus.
In this study, we injected the radioactive solution through the abdominal wall. Thereby
we could rule out that the radioactivity found in the cervical mucus was a
contamination from a vaginal puncture. The transport seemed to consist of free
radioactivity since no particles could be found in the cervical mucus. The fact that
transport of radioactivity from the peritoneal cavity to the cervical mucus was found
both in patients sterilized before and after deposition suggests that this transport is
haematogenous or lymphatic rather than intraluminal through the Fallopian tube. This
is in line with one earlier study, where a solution of radioactive colloidal Au 198,
injected intramuscularly or subcutaneously, could be detected as radioactivity in the
vagina (Caballero et al. 1964). In our study we found radioactivity in saliva which most
likely is a result of haematogenous transport.
These data are in contrast to earlier studies on the ascending transport, using radiolabelled particles and monitoring their arrival in the Fallopian tube by gamma-camera
(Iturralde and Venter 1981; Kunz et al. 1997; Schmiedehausen et al. 2003; Steck et al.
1991; Wildt et al. 1998). The radioactivity seen at the site of the Fallopian tube in those
studies could show haematogenous transport of free radioactivity to the ovaries. The
reduced fertility that is suggested to correlate to pathological findings in one of these
studies could be a result of other disturbances than tubal problems, such as ovulation
dysfunctions that also can benefit from IVF-treatment (Kissler et al. 2004 518). The
value of radionuclide methods has earlier been questioned, as they have been shown
not to be able to distinguish between fertile and infertile women (Lundberg et al. 1997).
In one study on postmenopausal women the cervix was sealed before vaginal
deposition of radioactive solution (Cicinelli et al. 2001). However, radioactivity could
be demonstrated in the uterus with the same distribution as seen in the previously
mentioned studies. Therefore the transport of radioactivity is most likely
haematogenous through a first pass effect via local vessels in the pelvis (Bulletti et al.
1997). No radioactivity was seen at the place for the adnexa. This is in agreement with
the low activity in the ovaries of postmenopausal women. However, ascending
transport of particles from the vagina to the Fallopian tube has been ensured. Following
deposition of starch granules in the vagina, those could be detected with light
microscopy in smears from the Fallopian tube after one and four days (Sjosten et al.
2004).
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The details of transport through the female genital tract can not be assessed with the
method used in our study, as the gamma camera images can not distinguish the
radioactivity in the Fallopian tube from the activity in the surrounding peritoneal cavity.
Evaluation of transport of the pre-embryo within the Fallopian tube is of great
importance and one purpose of the study was to develop a method for this evaluation.
However, the method used and the present study design is probably of no use in the
investigation of infertility.
In the third study we performed in-vitro contractility studies of longitudinal strips of the
ampullary-isthmic junction of the human Fallopian tube. We found that the basal
frequency of the muscular contractions increased during the peri-ovulatory phase,
which is in agreement with earlier studies (Lindblom et al. 1980). The increased
frequency during the peri-ovulatory phase is most likely an effect of endogenous E2.
The physiological function of the muscular contractions is probably to aid the
ascending transport of spermatozoa at the time of ovulation.
The response to steroid hormones is dependent on the number of receptors expressed.
Oestrogen receptors (ER) are more abundant in the Fallopian tube during the follicular
phase (Amso et al. 1994; Robertson et al. 1975). Recent studies have shown a
difference in distribution of ERĮ and ERE in the Fallopian tube. The ERĮ receptors are
most abundant and expressed in both muscular cells and epithelial cells, and tend to be
reduced by P treatment. The ERE receptors are interestingly exclusively expressed in
the cilia and are not affected by P treatment (Shao et al. 2007).
After ovulation, during the luteal phase, there is a decreased frequency of the
contractions (Lindblom et al. 1980). This has been regarded as an effect of rising P
levels during the luteal phase. Progesterone receptors (PR) are most abundant during
the luteal phase (Peralta et al. 2005). We found that P in-vitro had a dose dependent
inhibitory effect on the muscular activity in the Fallopian tube.
This quiescence of the Fallopian tube musculature might be important for the cilia to
transport the pre-embryo down through the Fallopian tube. The ciliary beat frequency
has been shown to increase during the luteal phase (Lyons et al. 2002), maybe
regulated through ERE receptors (Shao et al. 2007). The increased beat of the ciliae in
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combination with decreased mucus in the lumen of the Fallopian tube will aid the cilia
to transport the embryo down to the uterine cavity (Jansen 1980). Studies on rabbit
oviducts, using surrogate ova, have shown accelerated transport after P treatment
(Pauerstein et al. 1975).

To study the effects of P we used mifepristone, which is a potent antiprogestin and can
be used for studies of effects associated with P withdrawal (Critchley et al. 2003). We
found that mifepristone, although not as potent as P, had an inhibitory effect on the
contractions. This seems to be an agonistic effect of mifepristone. It has previously
been suggested that mifepristone is not a pure antagonist, also having agonistic effects
on its targer organs (Spitz et al. 1996).
PGE1 treatment results in a dose dependent inhibitory effect of on the muscular activity.
The seminal fluid is rich in PGE1 (Bendvold et al. 1985), and one function might be to
relax the smooth musculature in the tubal isthmus, allowing sperm to enter the
Fallopian tube after coitus. At the same time PGF2Į stimulates uterine contractions that
are believed to facilitate passive transport of spermatozoa through the uterine cavity
(Bulletti and De Ziegler 2005; Kunz et al. 1997 401). Human in-vivo studies have
shown that PGE2 can induce relaxation of the Fallopian tubes and at the same time
stimulate uterine activity, suggesting that relaxation of the tubal isthmus induced by
seminal PGE2 also facilitates transport of sperm into the Fallopian tube in the same way
as for PGE1 (Coutinho and Maia 1971). The human embryo has also been shown to
produce PGE2 (Holmes et al. 1990). The PGE2 from the pre-embryo might play a role
in the communication with the Fallopian tube, affecting secretions and the tonus in the
isthmic sphincter and thereby allowing the embryo to descend. Studies in rats have
shown that oviducts containing ova produce more PGE1, and have less contraction than
oviducts without ova (Viggiano et al. 1990). This suggests a communication between
the ova and the oviduct, regulating the PGE1 production in the oviduct and thereby
influencing its own transport in the oviduct. Hamster studies comparing transport of
unfertilized ova to embryos have shown that embryos reach the uterus one day earlier
than unfertilized ova (Ortiz et al. 1986). The embryos probably send signals different to
the ones of unfertilized ova, and therefore regulate their transport in the oviduct
differently.
Treatment with PGF2Į resulted in a marked increase in muscular contraction even at
the lowest dosage. The passage pressure through the isthmus of the rat oviduct is higher
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after PGF2Į treatment compared to PGE2 treatment (Ortega-Moreno 1995). This is in
agreement with our findings that PGF2Į stimulates the muscular contractions of the
Fallopian tube more than PGE2. One function for PGF2Į is probably to keep the
proposed sphincter in the tubal isthmus contracted for three to four days before it is
relaxed by P (Croxatto et al. 1978; Spilman and Harper 1975).
We found evidence of expression of the receptors for PGE (EP1-4) and PGF2Į (FP) in
the human Fallopian tube. All receptors were expressed in the epithelial cells of the
tubal lumen, serosal surface, and in vessels in the muscular wall. EP1 is involved in
activation of phospholipase C, which induces Ca2+ release via a G-coupled pathway
and causes smooth muscle contraction, while EP2 and EP4 activate the adenylate
cyclase and cAMP/protein kinase A pathway that leads to accumulation of intracellular
cAMP, which is associated with muscle relaxation (Jabbour and Sales 2004). EP3 is
generally associated with a decline in cAMP and a stimulation of smooth muscle
contraction (Jabbour and Sales 2004). EP3 can also activate phospholipase C (Coleman
et al. 1994). PGE2 can therefore have dual functions and either contract via EP1 and
EP3 or relax via EP2 and EP4 (Negishi et al. 1995; Senior et al. 1993). Co-localization
of different receptors in the same cells may act to regulate the balance of the response
to prostaglandins. This can explain the diverse effects of PGE2 in the different layers of
musculature in the Fallopian tube (Lindblom et al. 1978). The FP receptors described in
the muscular layers of the Fallopian tube suggest a role for regulation of muscular
contractility in the human Fallopian tube. The action of prostaglandins in the Fallopian
tube might partly be mediated by PG receptors in vessels. This could explain how PG
from the follicular fluid (Janson et al. 1988) can act in a paracrine manner on local
vessels to induce swelling of the lateral Fallopian tube at ovulation (Gordts et al. 1998).
We found diminished expression of EP1-4 and FP after mifepristone treatment. This
was most evident for EP1 and FP in the vessels of the muscular wall. One of the
contraceptive effects of mifepristone might be mediated by inhibition of prostaglandin
regulated fertilization and transport in the Fallopian tube (Spilman and Harper 1975;
Tilley et al. 1999).
The finding of ICC-like cells in the human Fallopian tube is interesting (Popescu et al.
2007; Popescu et al. 2005; Shafik et al. 2005). In the present study we could detect colocalization between c-kit and EP4. This might indicate a regulatory effect of ICC on
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the contractility in the Fallopian tube, possibly acting as a link or modulator of signals
between nerves and the smooth muscular cells.
The presence of prostaglandin receptors in the luminal epithelial cells in the Fallopian
tube indicates a communication between the embryo and the maternal side during early
embryo development. PGE2 can regulate secretion of mucus in gastric mucus cells
through EP1 (Ohnishi et al. 2001). Secretion of mucus, favorable for embryo
development, might be an important task for PGE2 through EP1.
EP2 receptors are localized in the apical and basolateral side of the luminal epithelium.
Female mice deficient in EP2 receptors are infertile due to inhibited fertilization of the
ova. However, ova from the same mice can be fertilized in-vitro (Tilley et al. 1999).
This suggests that PGE2 through EP2 receptors create a microenvironment in the
Fallopian tube essential for fertilization (Tilley et al. 1999). Deficient EP2 mediated
cumulus expansion can be an explanation for inhibited fertilization (Hizaki et al. 1999).
There is cyclic variation of mucus secretion in the Fallopian tube, which is most
prominent in the peri-ovulatory phase. This is believed to allow transport of
spermatozoa through the Fallopian tube. The disappearing mucus three to four days
after ovulation then allows the pre-embryo to be transported by cilia (Jansen 1980).
PGE2 can stimulate ciliar activity and glycoprotein secretion through EP4 in the rabbit
oviduct (Segi et al. 2003). This might also be an important function for EP4 in the
human Fallopian tube, where cyclic variations in ciliary activity and mucus secretion
might be mediated by EP4.
Our in-vitro studies show that treatment with levonorgestrel strongly inhibits
contractions in the Fallopian tube. Treatment with oral contraceptives is associated with
decreased muscular activity in the Fallopian tube (Lindblom et al. 1980). This might be
an additive contraceptive effect of levonorgestrel through disturbance in tubal transport.
The elevated risk for tubal pregnancy following levonorgestrel treatment might also be
explained by a slower transport of the pre-embryo through the Fallopian tube (ShefferMimouni et al. 2003). Our tubal explant culture study showed up- regulation of EP2
after 24 hours of levonorgestrel treatment. This could mediate inhibition of muscular
contractility through EP2.
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We found that hCG resulted in up-regulation of FP after 24 hours explant culture. This
could correspond to the pre-ovulatory period where PGF2Į might act by inducing
muscular contraction that will aid transport of sperm into the Fallopian tube. In vivo
studies in rabbit have shown a five-fold rise in PGF 30 hours after hCG injection
(Saksena and Harper 1975). The rise in PGF is followed by a drastic fall to low levels
after 50 hours which corresponds to the early luteal phase when the embryo starts to
descend. In our contractility studies hCG resulted in inhibition of muscular activity.
Measurable amounts of hCG are produced by the pre-embryo from the blastocyst stage
(Fishel et al. 1984; Woodward et al. 1993; Woodward et al. 1994) Secreted hCG may
act through the LH/hCG receptors in the Fallopian tube (Lei et al. 1993) resulting in
decreased contraction of the circular musculature. This is probably not a primary
function but may serve as an additional backup system. The effect of hCG might be
mediated by up-regulation of COX-2 expression and subsequent increased PGE2 (Han
et al. 1996). Injection of equine Chorion Gonadotrophin (eCG) up-regulates P receptors
in mouse Fallopian tubes. This could lead to an increased relaxation of Fallopian tube
smooth musculature through the action of endogenous P (Shao et al. 2006).
Oxytocin administration resulted in a short contractile response followed by a
pronounced inhibition of muscular activity. Oxytocin has been shown to relax the
muscles in the human Fallopian tube through a specific effect on oxytocin receptors
(Jankovic et al. 2001). This is in agreement with our study and could, by simultaneous
relaxation of the isthmic part of the Fallopian tube, allow the sperm to pass up through
the isthmus by activity of the uterus, where oxytocin has a strong contractile effect
(Wildt et al. 1998) and is believed to be of importance for rapid transport of sperm
from the vagina to the Fallopian tube (Kunz et al. 2007).

LIF is believed to be important in human reproduction, but the knowledge is still
limited regarding the mechanisms of LIF actions in the female reproductive tract.
LIF is produced by the human Fallopian tube, the endometrium (Senturk and Arici
1998), and the embryo (Chen et al. 1999; Sharkey et al. 1995) The highest level of
LIF in the Fallopian tube is found in the ampullary part, where the embryo starts to
develop (Keltz et al. 1996). LIF is also produced by the granulosa cells, surrounding
the oocyte at the time for ovulation (Arici et al. 1997). LIF is important for the
embryo development during the pre-implantation stages (Cheng et al. 2002). In the
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present study we found evidence that LIFR and gp130 was present in the luminal
epithelium of the Fallopian tube and in the pre-implantation embryos. This suggests
paracrine interactions, involving LIF, between the developing embryo and the
Fallopian tube, and autocrine interactions within the developing embryo and the
Fallopian tube. We also found expression of LIFR and gp130 in the endometrium.
Under the influence of P, there is a “cross-talk” between the developing pre-embryo
and the maternal tract, to ensure synchronization between the pre-implantation
embryo and the endometrium, to make implantation possible (Hombach-Klonisch et
al. 2005). P is a key hormone in human embryo implantation (De Ziegler et al. 1994)
(Jabbour et al. 2006). In the endometrium, the highest levels of LIF and LIFR are
seen during the mid-secretory phase, when serum P levels are high (Charnock-Jones
et al. 1994; Kojima et al. 1994; Aghajanova et al. 2003; Arici et al. 1995). The
importance of LIF in endometrial receptivity and implantation is further supported
by studies of cytokines in hydrosalpingeal fluid which show the presence of LIF in
50% of patients with hydrosalpinges (Strandell et al. 2004). Removal of
hydrosalpinges in infertile patients results in increased endometrial LIF expression at
the time of implantation (Seli et al. 2005), and improved results after IVF treatment
(Strandell et al. 2001). Furthermore, infertile women have significantly lower
amounts of LIF in uterine secretions at the time of implantation compared to fertile
women (Laird et al. 1997). It has also been shown that the secretion of gp130 is
lower in infertile women compared to fertile women (Sherwin et al. 2002). The
human embryo is known to produce LIF (Chen et al. 1999). The presence of LIFR in
the Fallopian tube emphasize the importance of LIF for the tubal microenvironment.
Our study of pre-implantation embryos shows that gp130 is located to the inner cell
mass (ICM) in the hatching blastocyst, while LIFR does not seem to be localized to a
specific cell type. Therefore, is could be suggested that the targets of LIF produced
by the blastocyst are the cells in the ICM or the endometrium rather than
autocrine/paracrine interactions with the cells in the TE. The mechanism in the
Fallopian tube might be different, where LIF produced by the embryo acts both
within the embryo and with the Fallopian tube in an autocrine/paracrine manner.
This might explain why there are higher levels of LIFR in the Fallopian tube than in
the endometrium. In contrast, gp130 expression showed no difference between the
Fallopian tube and endometrium. This may be due to the fact that gp130 alone binds
other cytokines such as IL6 which is known to be produced by the human embryo
(Austgulen et al. 1995). In addition, gp130 binds to IL11, which is essential for
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implantation in mouse (Robb et al. 1998), and the CNTF receptor subunit (CarbiaNagashima and Arzt 2004). This might be of importance for the survival and
maintenance of motor neurons and might be involved in the regulation of muscular
and ciliary aided transport of gametes and embryos within the Fallopian tube (Li et
al. 1995). The lack of gp130 in the TE cells of the pre implantation embryo might be
compensated by soluble gp130 that is secreted by the endometrium and present in the
endometrial cavity at the time for implantation (Sherwin et al. 2002). Through
combining soluble gp130 with LIFR in the TE cells (Giese et al. 2005) the embryo
can ensure adequate communication between the embryo and endometrium which is
essential for implantation (Aghajanova 2004; Cheng et al. 2002). Lack of soluble
gp130 in the endometrium could therefore be an explanation in some cases of
infertility (Sherwin et al. 2002).
LIFR and gp130 did not change after mifepristone treatment. This indicates that P is
not the main regulator of LIFR and gp130 in the Fallopian tube and the
endometrium.
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7 SUMMARY AND CONCLUSIONS

The main findings of this thesis are:
I.

Autoradiography confirmed that Tc-99m labelled particles deposited into
the pouch of Douglas were transported into the Fallopian tubes.

II.

We found a rapid transport of radioactivity from the pouch of Douglas to
the cervical mucus. This transport was probably haematogenous or
lymphatic and not intraluminal through the Fallopian tube.

III.

Prostaglandins, progestagens, oxytocin, and hCG can regulate the muscular
contractions in the Fallopian tube.

IV.

PGE2 and PGF2Į receptors are expressed in the human Fallopian tube and
can be regulated by hormones.

V.

LIFR and gp130 are expressed in the human Fallopian tube, the
endometrium, and the pre-implantation embryo. Communication through
LIFR and gp130 between the pre-embryo and the Fallopian tube might be
important for the embryo development, and /or establishment of
pregnancy. P is not likely to be a direct regulator of LIFR or gp130.

Characterization of the physiology of the the normal human Fallopian tube is of
importance for understanding gamete transport, fertilization, and embryo transport
mechanisms. We have studied different transport mechanisms and possible
communication systems in the human Fallopian tube.
We studied the mechansm for the ovum pickup into the Fallopian tube and further the
descending transport of the fertilized egg, which is esential for fertility.
Using radio-labelled albumin particles deposited into the pouch of Douglas, we could
verify the uptake of particles into the Fallopian tube with autoradiography of the tubes.
We also found a fast transport of radioactivity to the cervical mucus. This could consist
of intraluminal transport through the Fallopian tube in the same way the pre-embryo is
transported after fertilization. If this should be the case, the method could be used for
fertility investigation of the descending transport. However, this transport normally
takes three to four days. By furter studies we could conclude that the fast transport
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from the pouch of Douglas to the cervical mucus that we found was an artefact,
probably due to haematogenous and or lymphogenous transport. This method can
therefore not be used for fertilty investigations.
The delay of transport of the pre-embryo in the Fallopian tube seem to be important for
the development of the embryo, and for timing of the pre-embryos arrival in the uterine
cavity, when the endometrium has evolved to a receptive stage. The ascending
transport of sperm and the delay of descending transport of the pre-embryo is probably
an effect of muscular contractions in the Fallopian tube. We used an in-vitro model to
study the effect of hormones on the muscular contractions. We found that the
contractions could be regulated by prostaglandins, progestagens, OT, and hCG. These
hormones are likely to be involved in the regulation of the transport of sperm and preembryos. Interestingly, we found that mifepristone had an agonistic effect in the
Fallopian tube.
We detected receptors for PG in the luminal epithelium and muscular wall of the
Fallopian tube which could be regulated by hormones. The different effects of
prostaglandins in the Fallopian tube are probably mediated through these receptors.
Receptors in the muscular wall can mediate inhibitory and stimulatory signals to the
muscular cells. Receptors in the mucosa can mediate signals for secretion to the
secretory cells and signals for ciliary movements to the ciliated cell. The receptors in
the luminal epithelium can also be important for the communication between the preembryo and the Fallopian tube. This is probably also true for LIFR and its co-receptor
gp130, which we also could find in the Fallopian tube, the endometrium, and the preimplantation embryo. LIFR or gp130 are probably important in regulation of embryo
development. P is probably not directly involved in the regulation of LIFR and gp130.
In conclusion our studies have contributed in several aspects to the understanding of the
regulation and function of the human Fallopian tube.
This new knowledge can be of value in improving IVF-treatment, for manegement of
ectopic pregnacy, and for development of new contraceptive methods.
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8 FUTURE PERSPECTIVES
There still remains a lot to be studied about the physiology of the human Fallopian
tube.
Further studies with particles comparable in size to fertilized ova are needed to
evaluate methods for the assessment of the descending transport of the fertilized
ovum. Sampling from the cervical mucus or from the uterine cavity will be needed
for longer intervals of time, up to four days after intra peritoneal deposition.
Studies of the ascending transport with radioactive solutions need to be further
scrutinized. Studies comparing particles of different sizes and using direct methods,
such as SEM or autoradiography which can ascertain arrival of particles to the
Fallopian tube, will probably be needed to exclude the possibility that the
radioactivity seen in earlier studies were artifacts consisting of haematogenous spread
of unbound radioactivity.
The ascending transport of spermatozoa and the communication between spermatozoa
and cytokines such as TGFE and the Fallopian tube need more investigation. Studies of
the localization of receptors and cytokines in spermatozoa are also needed.
Further in-vitro contractility experiments are needed to study the effect of different
hormones such as thyroid hormones and other active substances on the muscular
activity in the Fallopian tube.
The presence of ICC like cells in the Fallopian tube is a recent and interesting finding.
Their role in the regulation of Fallopian tube functions is yet to be understood. Further
ultrastuctural, immunohistochemical, and functional studies are needed to determine
the role for ICC in the physiology of the Fallopian tube.
The ciliary transport of the ovum and the pre-implantation embryo needs further
investigation. Using immuno SEM more information can be obtained on the ultra
structural localization of different receptors in the Fallopian tube and on the physiology
of ciliary transport and secretion in the Fallopian tube.
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Further investigation of the Fallopian tube and the pre-implantation embryo, with
studies of receptors and cytokines are needed to understand the communication
between the Fallopian tube and the pre-implantation embryo.

Figure 16: “Future perspectives” by Niklas Wånggren
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