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I. Introduction

The presence of a structure connecting
the ovary with the uterus has been known
for at least two thousand years. The inter-
esting history of the elucidation of the
anatomy and physiology of this structure,
the oviduct, has been extensively reviewed
by Bodemer (15). Gabriel Fallopius finally
established in 1561 the existence and ana-
tomical relationships of the mammalian
oviduct or Fallopian tube. In 1797, William
Cruikshank reported that the ovum is
formed in the ovary, passes down the ovi-
duct and reaches the uterus on the fourth
day. By the middle of the nineteenth cen-
tury, the general structure of the oviduct
was known, the oviduct was recognized as
the site of fertilization of the ovum and of
early embryonic development and the role
of the oviduct as a secretory organ was
suspected (15).

The oviducts of adult mammals are spe-

cialized structures, derived embryonically
from the cranial region of the Miillerian
ducts. The embryology of the oviduct has
been reviewed by Price et al. (175).

Detailed reviews of oviductal physiology
and pharmacology are contained in the
proceedings of meetings (74, 79, 106), and
the monographs (164, 210) and other re-
views by Pauerstein and his colleagues
(165, 171). The role of the sympathetic
nervous system in oviductal function has
been previously reviewed by Brundin (25),
Marshall (132), Black (8) and Hodgson
and Eddy (89).

II. Pattern of Ovum Transport

The oviduct is intimately involved in
ovum transport, i.e., the passage of the
ovum from the ovary to the uterus. The
total time for ovum transport is fairly
constant for each species, but varies from
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species to species. Figures for the duration
of ovum transport in various species have
been summarized by Blandau (11) and
Croxatto and Ortiz (43). Ovum transport
can be as short as 24 hours in the opossum
or as long as 8 to 10 days in the dog.

The details of the pattern of ovum trans-
port have only been studied in a few spe-
cies. The long duration of the process pre-
cludes lengthy direct observation of the
oviduct in the living animal while the
thickness of the walls of the isthmus pre-
vent the ready localization of ova within
its lumen. In man and subhuman primates
additional problems are posed by the ne-
cessity to time ovulation accurately and
recovery of ova is difficult as usually only
one ovum is released.

In 1961, Harper (77) described a tech-
nique in which he withdrew the oviducts
of rabbits through an abdominal incision
and then observed directly the transport
of ova in the ampulla. The walls of the
ampulla are sufficiently thin to reveal the
movements of supravitally stained ova in
the rabbit, rat and mouse. With this basic
approach, it is possible to make continued
direct observation of ovum transport in
the ampulla in situ and in vitro. Such
techniques have been described for the
rat, rabbit and monkey by Blandau and
his colleagues (12, 13). Unfortunately, the
technique is not applicable to transport in
the isthmus because of the thickness of
the walls in this portion of the oviduct.

A seond approach is to locate the posi-
tion of ova at selected times after the
ovulation by various histological tech-
niques (150, 167), or by flushing of oviduc-
tal segments for the collection of ova (33,
58). This technique has been used to de-
scribe in detail the pattern of transport in
the rabbit (167) and mouse (98) and to
provide the first information on transport
in man (33) and the subhuman primates
(58).

In rabbits, ova are transported rapidly,
in 10 minutes or less, to the proximal end
of the ampulla (18, 77). This is followed by
a period of hours during which little fur-
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ther net forward movement occurs. Be-
tween 24 to 36 hours after the ovulatory
stimulus, ova begin to enter the isthmus
and reach the proximal isthmus after 60
to 63 hours. Ova do not pass through the
uterotubal junction for a futher 3 hours,
but passage through this area appears to
be rapid (167).

In mice, passage through the ampulla
takes less than 1 hour, followed by a period
of about 24 hours at the ampullary-isthmic
junction (98). Passage through the isthmus
takes 12 to 18 hours followed by a pro-
longed period of 30 to 36 hours at the
uterotubal junction. Ova enter the uterus
72 to 75 hours after coitus.

In man (33), rhesus monkey (58) and
baboon (58), ovum transport appears to
take about 72 hours. Ova apparently re-
main for prolonged periods in the ampulla
in these species: up to 48 hours in the
human (33) and rhesus monkey (58) and
up to 24 hours in the baboon (58).

Surrogate ova have also been used to
study the pattern and regulation of trans-
port in the oviduct. Pauerstein and his
colleagues (42) have described a technique
for producing plastic ovum surrogate mi-
crospheres labelled with I for use in
rabbits. A collimated end window Geiger-
Muller tube is used to locate the position
of the surrogates within the oviduct. These
radioactive microspheres have been shown
to be reasonably good models for the trans-
port of normal ova and their transport
was modified by progesterone and estro-
gen in the same manner as normal ova
(87). Surrogate ova have been used to
study ovum transport in the human (52).

The regulation of ovum transport is ex-
tremely important since the success of the
reproductive process is dependent upon
implantation of the ovum occurring at the
right stages of endometrial maturation
and of embryonic development (1, 31).
Drugs that accelerate or retard ovum
transport disturb this delicate balance and
prevent uterine implantation (7, 31). Ben-
nett (7) has discussed and tabulated the
agents known to alter ovum transport.
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The pattern of and time required for
ovum transport is profoundly altered by
the administration of estrogens and pro-
gesterone (31, 68, 171). The exact effect on
transport is dependent on the species being
studied, the timing of administration and
the dose administered. For example, in
the rabbit, guinea pig or hamster the
administration of large doses of estrogen
before ovulation causes a marked delay in
ovum transport (often referred to as “tube-
locking”) with most ova being retained in
the ampulla or at the ampullary-isthmic
junction (68, 167), whereas the administra-
tion of smaller doses of estrogens at suita-
ble time causes accelerated ovum trans-
port in the mouse, rabbit, rat, guinea pig
and hamster (68). The administration of
progesterone before ovulation causes ac-

celeration of ovum transport in rabbits (50).

These findings suggest that drugs that
accelerate ovum transport would prevent
implantation and pregnancy in woman
and hence would have potential as contra-
ceptives. Since 1972, a Task Force of the
WHO Expanded Programme of Research,
Development and Research Training in
Human Reproduction has been concerned
with the search for such a compund (78).

III. Mechanism of Ovum Transport

How ovum transport is regulated is still
unknown. The transport of ova through
the oviduct may involve a number of
mechanisms: muscular contractions of the
tubal wall; epithelial ciliary activity; and
the flow of oviduct secretions. Definitive
information about the relative contribu-
tion of these processes in ovum transport
is still not available. However, it is gener-
ally believed that ciliary activity is of
more importance in the ampulla than in
the isthmus (11, 13, 14). There has been
at least one proponent of the importance
of isthmic secretory activity in regulating
ovum transport (113). Peak secretion and
flow toward the ovary occurs on the first
postovulatory day. Koester (113) has re-
lated the decreased flow on the following
days with a decreased resistance to ovum
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transport and subsequent entry into the
isthmus.

However, it is generally considered that
the muscular activity of the ampullary-
isthmic junction and isthmus contribute
directly to the transient arrest of ova at
the ampullary-isthmic junction and sub-
sequent slow movement of ova through
the isthmus (23, 79, 171). Indeed, most
work on ovum transport has focused on
the muscular activity of the oviductal isth-
mus (13).

As this review will show, histological
studies have revealed a fairly rich adre-
nergic innervation to the circular muscle
of the isthmus, while pharmacological in-
vestigations have demonstrated the pres-
ence of a-excitatory and B-inhibitory ad-
renoceptors in oviductal smooth muscle.
These findings suggested that the distal
isthmus might function as a sphincter
under the control of the sympathetic nerv-
ous system (23, 25). The adrenergic trans-
mission could in turn be regulated by the
prevailing hormonal dominance (171). It
has been proposed (171) that estrogen en-
hances a-adrenoceptor activity and thus
constriction of the isthmus, and that by
the third postovulatory day the production
of progesterone has enhanced B-adreno-
ceptor activity with a consequent reduc-
tion in constriction of the isthmus thus
allowing ova to continue their journey to
the uterus. This review is concerned with
evaluating this hypothesis and the possi-
ble role of the adrenergic innervation of
the oviduct in the regulation of ovum

transport.
IV. Anatomy of the Oviduct

A. General Anatomy

The Fallopian tubes, or oviducts, are a
pair of open-ended tubes connecting the
ovaries with the uterus or uterine horns.
The oviduct is usually divided into four
regions: the uterotubal junction, isthmus,
ampulla and infundibulum, although at
least one other form of classification has
been proposed (148). It is held in place by
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that portion of the broad ligament known
as the mesosalpinx. In many instances,
although not in the human, the oviduct
lies dorsal to the free border of the meso-
salpinx. The part of the mesosalpinx lying
free from the oviduct is known as the
mesotubarium superius. It is these two
ligaments that determine the position of
the oviduct in relation to the rest of the
internal genitalia (5).

The oviduct is specialized at its ovarian
opening and this region is known as the
infundibulum. The infundibulum is
adapted for receiving the ova after ovula-
tion, a process known as ovum-pickup.
Here the tube is thin-walled and has an
abundance of highly ciliated mucosal folds
in close contact with the ovary. In the
human the oviduct opens directly into the
peritoneal cavity. However, in many spe-
cies the ovary and infundibulum are en-
closed to varying extents by folds of the
mesosalpinx or both the mesosalpinx and
the mesotubarium. These folds may fuse
to envelope completely the ovary and in-
fundibulum in a sac known as the ovarian
bursa. In some species the bursa main-
tains contact with the peritoneal cavity
via a small pore, while in others this pore
is missing (5).

The distal portion of the oviduct con-
necting with the infundibulum is known
as the ampulla, while the section proximal
to the uterus is called the isthmus. The
ampulla is thin-walled and its lumen is
largely obscured by ramifying mucosal
folds. This is the usual site for fertilization
of the ovum. The isthmus has much
thicker, muscular walls and a correspond-
ingly reduced lumen with far fewer mu-
cosal folds. The ampulla is generally of
greater external diameter than the isth-
mus; their relative lengths vary between
species. The transition between ampulla
and isthmus is known as the ampullary-
isthmic junction and is frequently quite
well defined and abrupt.

The relative length of the tube varies
considerably between species. In the hu-
man the oviducts are short and extend

horizontally from the uterus to the ova-
ries. In the mouse, and most other rodents,
however, the oviducts are relatively longer
and form a multitude of convolutions on
the surface of the ovarian bursae. Beck
(5), in a detailed study of about 40 species,
distinguishes eight anatomical arrange-
ments of the oviduct.

The uterotubal junction consists of the
portion of the oviduct where its lumen
continues on through the uterine wall.
There are great species differences at this
region. The various gross anatomical
types, and the extensive literature on this
region have been reviewed by Hafez (71)
and Hafez and Black (73) who distin-
guished six gross anatomical types. In an
alternative classification, Beck and Boots
(6) distinguish ten types of uterotubal
junction. Various functions have been as-
signed to the uterotubal junction. It has
been suggested that the specializations
seen in this region may function as sphinc-
ters to prevent the movement of ova from
the oviduct to the uterus or of fluid from
the uterus into the oviduct (6, 73).

The blood supply to the oviduct comes
jointly from the uterine and ovarian arter-
ies. These vessels run in the mesosalpinx
and anastomose when they reach the ovi-
duct. A recent study indicates that, in the
nonpregnant rabbit, the oviduct receives
its blood supply predominantly from the
ovarian artery (53). In the human there is
disagreement as to the relative contribu-
tions of the two vessels (171). The venous
drainage follows the arterial supply (210).

The lymphatic system has been de-
scribed in most detail for the pig (3). In
this species three separate networks drain
the mucosa, muscularis and serosa, re-
spectively. These vessels combine in the
mesosalpinx and eventually drain into the
para-aortic nodes. The human lymphatic
system is similar (210).

For further information on the compar-
ative anatomy and morphology of the ovi-
duct, the reader is referred to the books
edited by Hafez and Blandau (74) and by
Johnson and Foley (106). The anatomy of
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the human tube has been reviewed by
Pauerstein and his colleagues (164, 171,
210). Wislocki (209) described the compar-
ative anatomy of the oviducts of the great
apes and some monkeys.

B. Light Microscopy

The oviductal wall can be differentiated
into four concentric layers by light micros-
copy. Innermost is a single-celled layer of
columnar epithelium. Underlying this is
a region of connective tissue, the lamina
propria, which separates the epithelial
cells from the tunica muscularis, the mus-
cle layer which forms the bulk of the wall’s
thickness. The outermost layer (the tunica
serosa) is again connective tissue.

The epithelium of the oviduct is colum-
nar and consists of two main types of cells:
ciliated and secretory. It is now generally
accepted that they are separate entities as
no transitional forms have been seen using
the electron microscope (148). Two other
much rarer types of cells have been de-
scribed: the rod cell (also known as peg or
intercalary cell), and basal cells. Peg cells
are thinner than either ciliated or secre-
tory cells. Their function is unknown, al-
though they may be exhausted secretory
cells (6). The basal cells lie beneath the
other cells; there is some dispute as to
their nature and function (149, 172).

Cyclical changes in the form of the se-
cretory cells have been described in sev-
eral species. In the anestrous rabbit few
secretory granules are seen, while at es-
trus granules are common and concen-
trated in the apical portion of the secretory
cells which become hypertrophied. After
coitus the cells produce balloon-like bulges
containing many granules which are dis-
charged into the lumen (20). Beck and
Boots (6) list further references on this
subject. In general, one can state that
cyclic changes are most marked in species
with the longer estrous cycles (72).

The distribution and cyclical changes of
the ciliated cells within the oviductal epi-
thelium was a matter of some controversy
before the advent of electron microscopy.

This controversy has been reviewed by
Brenner (21). Knowledge of the cyclical
changes in the oviduct’s epithelium and
their hormonal dependence has advanced
rapidly with the advent of the electron
microscope. The literature on the histo-
chemistry of the Fallopian tube is exten-
sive and has been reviewd by Fredricsson
(63) and Hafez (72).

The lamina propria underlies the epi-
thelium and forms the framework for the
mucosal folds, which vary in number de-
pending on the species and the part of the
oviduct; they tend to increase in number
and complexity with increasing distance
from the uterus. The matrix of the lamina
propria consists of collagen in which are
embedded fibroblasts, mast cells, nerves
and blood vessels. Muscle fibres are few
or absent. Except in certain marsupials
the laminal propria is gland-free (6). The
presence of glands in marsupials may be
related to the fact that these species de-
posit extensive albuminous coats on the
zonae pellucidae of their ova.

In contrast to the large amount of liter-
ature on the cytology of the oviductal
epithelium, very little has been published
on the arrangement of the tubal muscula-
ture. In general, one can state in all spe-
cies the isthmus is far more muscular
than the ampulla and that there is a
progressive decline in the thickness of the
tunica muscularis toward the infundibu-
lum. Both circular and longitudinal layers
can be differentiated. However, the circu-
lar layer is always far more developed
then the longitudinal. Depending on the
species and the part of the tube, longitudi-
nal layers are found inside, outside or on
both sides of the circular.

In the human tube, textbooks generally
describe two muscle layers: a thick inner
circular layer and a thinner outer longitu-
dinal layer. These are clearly defined in
the isthmus, but in the less muscular
ampulla they become somewhat indis-
tinct. There is no clear arrangement of
muscles in the infundibulum.

However, as long ago as 1891, Williams
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(207) described a third inner longitudinal
muscle layer in the human oviduct which
was present in the intramural part of the
tube and gradually thinned out distally,
disappearing in the early portion of the
isthmus. The existence of this layer was
confirmed by later authors (48, 127, 166),
although both before and after Williams’
work the presence of this layer was neg-
lected. Pauerstein et al. (166) claim that
a similar muscle layer exists in the ovi-
ducts of the rabbit and rhesus monkey,
while Hook and Hafez (96) have described
it in other species. In the monkey, David
and Czernobilsky (48) described an inner
layer of hyalinized connective tissue
rather than the longitudinal muscle found
by Pauerstein et al. (166). Pauerstein et
al. (166) believe this discrepancy may have
been caused by the large numbers of col-
lagen fibrils in this region.

Possibly the most detailed study on
tubal musculature is that of Schilling
(184). He found that the tubal muscle in
cows and sheep was arranged in spiral
bundles. In the ampulla the spirals were
very flat being almost circular and in cross
section no clear longitudinal muscle layer
could be differentiated except near the
isthmus. In the isthmus, however, from a
circular base the loops of the muscle spi-
rals moved inward and became progres-
sively further apart finally giving rise to
longitudinal muscle strands. Thus, in
cross section, an inner longitudinal muscle
layer appeared. In addition, in the isthmus
only, there was an outer longitudinal mus-
cle layer of uterine origin.

Thus, the sheep and cow resemble the
human in having three muscle layers in
the isthmus. In the dog and pig there is
apparently no inner longitudinal muscle
(96). In the rhesus monkey and rabbit
(96), rat (108) and guinea pig (148) the
outer longitudinal layer is missing. Beck
and Boots (6) describe the layers of the
tunical muscularis for a wide variety of
nonlaboratory animals.

By far the greatest amount of work on
the tubal musculature has been confined
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to the uterotubal junction. This is probably
because of the possibility that there may
be a functional sphincter at this point.
Vasen (202) describes in great detail the
arrangement of the intramural oviductal
muscles in women. He found four systems
of muscle bundles arranged in spirals. In
cross section these gave the appearance of
an outer and inner longitudinal layer,
with a circular muscle layer in between.
The arrangement of the muscles of this
region in a variety of species has been
thoroughly reviewed by Hafez and his co-
workers (71, 73, 96).

It has also been suggested for the human
that there may be a functional sphincter
at the abdominal ostium. Stange (193, 194)
describes how muscle fibres from the inner
part of the outer longitudinal muscle layer
become spirally arranged to create a thick-
ening of the circular muscle at this point.

The tunica serosa, the outermost layer
of the oviduct, is a thin sheath of connec-
tive tissue covered by a single-celled layer
of squamous epithelium. Within the tu-
nica serosa the largest blood vessels, lym-
phatics and veins run, parallel to the ovi-
duct, before branching down into the mus-
cle layers (6).

C. Electron Microscopy

Electron microscopy has resolved many
of the uncertainties as to the nature of the
tubal epithelium and its cyclic changes.
The idea that secretory and ciliated cells
may be parts of the life cycle of the same
cell (61) has been laid to rest by the inabil-
ity of the electron microscope to reveal
intermediate forms. The proportion of the
two types of cells in the varying regions of
the tube has been described for a number
of species, as have their changes in form
and number with the sexual cycle and its
underlying hormonal changes. The early
work in this field is reviewed, together
with the previous light microscopic stud-
ies, by Brenner (21) and Nilsson and Rein-
ius (148).

The secretory cells are easily recognized
by their secretory granules, well developed
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rough endoplasmic reticulum and Golgi
bodies. The ciliated cells, though at times
deciliated (21) are clearly distinguished by
the lack of these features and the presence
of basal bodies.

Cyclical changes have been described in
the epithelium of several species (21). In
all species studied the secretory cells show
marked cyclical changes reaching their
maximal degree of differentiation at mid-
cycle. In some species the number of cil-
iated cells show a similar correlation with
the cycle.

In the human the secretory cells un-
dergo the same type of cyclical change as
in experimental animals; however, there
is little change in the degree of ciliation
throughout the cycle (160). The differen-
tiation of the human tube may depend on
similar hormonal influences as for other
animals. This is indicated by the findings
of Brosens and Vasquez (22) that hypo-
oestrogenic amenorrhea led to deciliation
as also did pregnancy and steroid contra-
ception.

The electron microscope has essentially
confirmed the gross arrangement of mus-
cle coats described by the light microscop-
ists. In the rabbit ampulla, Kushiya (118)
reported an inner circular and outer lon-
gitudinal layer, although the distinction
between these is gradually lost as the
fimbria is approached. Also in the rabbit,
Henderson et al. (84) reported that the
more circularly oriented fibres predomi-
nated near the lumen, while the more
longitudinally oriented fibres predomi-
nated near the outer margin. However,
they state that there was no clear separa-
tion into layers. In the human oviduct,
Daniel et al. (47) described three isthmic
layers: an inner longitudinal, a central
circular and an outer mixed. This arrange-
ment broke down in the ampulla where
no distinct layers were found.

The form of the muscle cells resembles
that of other smooth muscles. Longitudi-
nally arranged actin filaments, caveolae,
glycogen granules, large central nuclei
surrounded by endoplasmic reticulum and

Golgi bodies have been found in rabbit
(84, 118, 166), human (47) and monkey (J.
H. Widdicombe and D. M. Paton, unpub-
lished results, 1975). In all species studied
the muscles are spaced relatively far apart
with many collagen fibres in between.

The most detailed study on the types of
muscle cell contacts is by Henderson et al.
(84) using estrogen-dominated rabbit ovi-
ducts. Cell contacts were frequent and
consisted of simple appositions (i.e., where
muscle cells approached to within 20 nm
of one another with no intervening base-
ment membrane), and interdigitations
(i.e., where processes from one muscle
projected into another with the same sep-
aration as for a simply apposition). A few
intermediate contacts (i.e., where the cell
membranes run parallel at a distance of
40-60 nm apart with an increased density
of cytoplasm and an intermediate dark
line or row of particles) were also seen.
No nexuses were found. The same conclu-
sions had earlier been reached by Daniel
et al. (47) for the human, and have re-
cently been confirmed in this laboratory
for the monkey (206). An early report by
Clyman (36) of nexuses and “protoplasmic
bridges” between muscle cells in the hu-
man oviduct was probably in error (84).

V. Adrenergic Innervation of the
Oviduct

A. Origin of the Efferent Innervation

The oviduct is dually innervated, receiv-
ing nerves from both the sympathetic and
parasympathetic divisions of the auto-
nomic nervous system. The sympathetic
supply to the genitalia of the cat and
rabbit was elucidated in great detail, 80
years ago, by Langley and Anderson in
anatomical (123) and physiological studies
(121, 122). They concentrated on the
uterus and vagina but stated that (121):
“We made one or two experiments on the
Fallopian tubes, they behaved exactly like
the uterus.”

In the cat, the nerve fibres to the geni-
talia pass to the sympathetic chains via
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the 2nd to 5th lumbar nerves; in the rab-
bit, via the 3rd to 5th. There is considera-
ble individual variation as to which nerves
contribute most fibres. They then pass
from between the 3rd and 6th lumbar
ganglia of the chains via about four rami
to the inferior mesenteric ganglia. These
nerve ganglia are arranged in a circle of
four around the inferior mesenteric artery.
The upper pair send branches anteriorly
to the superior mesenteric ganglia, while
from each of the lower emerges a hypogas-
tric nerve. These are separate in the cat,
but are initially surrounded by a common
sheath in the rabbit. The hypogastric
nerves divide into a dorsal and a median
or ventral branch. The dorsal branch
merges with the sacral parasympathetic
supply in the ganglia of the pelvic plexus,
while the median or ventral branch con-
tinues to groups of ganglia situated at the
uterovaginal border. Similar arrange-
ments are found in the rat (132), the
guinea pig (132) and the dog (138).

In the human, however, the situation is
rather different (137). Firstly, the distinct
hypogastric nerves of other species are
replaced by diffuse plexuses. Mitchell (137)
believes the supply to the human tube to
originate from three sources: from the in-
ferior hypogastric plexus, from the ovarian
nerve which runs directly to the ovary
from the renal plexus and also from a
small group of nerve fibres that run di-
rectly to the region of the oviduct from
the superior hypogastric plexus.

Older textbooks have generally stated
that the hypogastric nerve contains post-
ganglionic fibres and the sympathetic sup-
ply to the oviduct is stated to synapse in
the inferior mesenteric ganglia. This view
was based on morphological (120) and elec-
trophysiological data (69) which indicated
that about 90% of the hypogastric nerve
fibres in the cat were unmyelinated. How-
ever, the view that many of the pregan-
glionic sympathetic nerve fibres to the
oviduct synapsed peripherally was ad-
vanced as long ago as 1895 (122). Langley
and Anderson found that when the inferior

mesenteric ganglion was soaked with nic-
otine, stimulation of the rami to the gan-
glia still led to contraction of the genitalia.
Further, although after injection of nico-
tine, stimulation of the inferior mesenteric
ganglia produced an unaltered effect on
the descending colon, stimulation of the
ganglia or hypogastric nerves had a re-
duced action on the internal genitalia. It
was concluded that at least some of the
nerves to the genitalia synapsed periph-
erally (122). Kuntz and Moseley (117) de-
termined the preganglionic supply of the
ganglia in the pelvic plexus by looking at
nerve fibre degeneration in the ganglia
after section of either the sacral or pelvic
nerves or extirpation of the inferior mes-
enteric ganglion and the sympathetic
trunks caudal to the second lumbar seg-
ment. They found that some ganglia re-
ceived a predominantly sympathetic sup-
ply, some predominantly a mixed supply
and others a parasympathetic supply.
Their most important conclusion was that
“the ganglia of the utero-vaginal plexus
receive preganglionic fibers mainly via the
thoraco-lumbar outflow.”

Despite these studies it was generally
assumed, until the 1960’s, that the pregan-
glionic nerve fibres synapsed in the infe-
rior mesenteric ganglion. With the use of
the Falck-Hillarp technique (59) for flu-
orescent localization of catecholamines, it
was demonstrated, in several species, that
the hypogastric nerve to the male geni-
talia contained predominantly pregan-
glionic fibres which synapsed with adre-
nergic cell bodies close to or within the
walls of the male sex organs (158). Physi-
ological and biochemical evidence for this
peripheral sympathetic connection was
also presented (190, 191). Shortly after
this, Owman, Sjéberg and their colleagues
demonstrated a similar pattern of inner-
vation to the female genitalia (188). Using
the Falck-Hillarp fluorescence technique,
Owman and Sjoberg (154) demonstrated
noradrenaline-containing ganglion cells at
the periphery of the vaginal wall in the
rabbit. It was further shown (152) that
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either stripping of the vaginal ganglion
cells, or sectioning of the hypogastric
nerve combined with removal of the infe-
rior mesenteric ganglion, approximately
halved the total noradrenaline content of
and the numbers of fluorescent terminals
in the oviduct. These two procedures were
additive; when both were combined vir-
tually no fluorescent terminals remained
in the oviduct. Thus, in the rabbit, the
postganglionic adrenergic supply to the
oviduct appears to consist in about equal
numbers of “long-adrenergic fibres” origi-
nating in the inferior mesenteric ganglion
and “short-adrenergic neurons” from gan-
glia located on the vaginal wall.

Sjoberg and co-workers demonstrated
similar adrenergic ganglion formations in
the human (153), cat (177) and dog (155).
In the cat, denervation experiments indi-
cated that virtually all of the nerves in
the oviduct were short neurones arising
from the ganglia at the uterovaginal junc-
tion. Thus it seems that there may be
considerable interspecies differences in
the origins of the postganglionic adrener-
gic nerves.

In the oviducts of the rabbit and cat
(123), human (117), rat (29) and dog (138),
branches of the 2nd to 4th sacral roots
unite or pass individually as the pelvic
nerve or nerves (nervi erigentes) to the
ganglia of the pelvic plexus. How many
postganglionic fibres reach the oviduct
from this plexus and their role is uncer-
tain.

It seems fair to say, however, that the
cholinergic innervation is slight compared
to the adrenergic (8). Langley and Ander-
son (121), for instance, found that in the
cat and rabbit stimulation of the sacral
nerves was without effect on the genitalia,
nor, in the rabbit, did simultaneous stim-
ulation of sacral and hypogastric nerves
affect the hypogastric response. They con-
cluded that: “the sacral nerves send nei-
ther motor nor inhibitory fibres to any of
the internal generative organs.” Later,
however, Schofield (185) stated that stim-
ulation of the nervi erigentes produced

some contractile response in about 25% of
the rabbits she studied.

By staining for acetylcholinesterase ac-
tivity, Jordan (107) and Owman and Sjéb-
erg (154) were unable to demonstrate
nerve fibres in the guinea-pig or rabbit
ampulla and very few in the rabbit isth-
mus. However, by incubating tissues for
longer periods of time, Jacobowitz and
Koelle (101) were able to demonstrate
many nerve fibres that stained for acetyl-
cholinesterase in the cat oviduct, but these
frequently corresponded to nerves that
also stained for noradrenaline. These
workers concluded that the lamina pro-
pria, but not the muscles, received a cho-
linergic innervation. In the studies on the
fluorescence of the uterovaginal ganglia,
occasional nonfluorescent nerve cells were
seen. These were presumably cholinergic.
Woodruff and Pauerstein (210) state that
there is a dual parasympathetic innerva-
tion of the human Fallopian tube by the
vagal and sacral nerves.

The oviduct may also have a well devel-
oped afferent innervation (198). During
hysterectomies done under local anaes-
thesia, the reactions of the patients to the
touching of various viscera were tested. It
was found that touching the oviducts with
forceps or gauze invariably led to severe
pain; they were the most sensitive struc-
tures in the abdominal cavity. Some light
microscopists have reported sensory recep-
tors of the Paccinian type in the oviduct.
Perhaps these are pain receptors.

3. Distribution of Nerves within the Ovi-
duct

There was much initial controversy as
to the nature of the nerve network in the
oviduct walls [reviewed by Damiani and
Capodacqua (45) and Martinez and Peréz
(135)). Several early authors believed
that nerve cells were present in the plexus.
Von Gawronsky (204) for instance, sug-
gested that the human oviduct contained
a plexus analogous to Meissner’s plexus of
the intestine. Most later authors, how-
ever, using similar techniques, reported
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that no nerve cells are present in the
oviduct (34, 45, 143). The distribution of
nerves within the tube determined by tra-
ditional heavy metal staining methods is
well described by Miiller (143). He states
that nerve fibres follow the large subse-
rosal blood vessels and then branch down
smaller blood vessels to produce a plexus
within the muscle layers. The finest fibres
were followed to just under the epithelium;
none penetrated the epithelium.

With the development of the Falck-Hil-
larp method for the localization of cate-
cholamines, a resurgence of interest in
the tubal innervation took place. Brundin
and Wirsén (27, 28) were the first to apply
the new method to the oviducts of the
rabbit and human. Few fluorescent termi-
nals were observed in the ampulla of the
rabbit and most, if not all, of these were
associated with blood vessels (27). There
was an increase in the number of termi-
nals in the isthmus and these were concen-
trated in the thick circular muscle layer,
ran parallel to the muscles and were often
free of the vasculature. They suggested
that the rich innervation of the isthmus
was correlated with a sphincteric function.
In the thick circular muscle layer at the
uterotubal junction adrenergic nerves
were abundant. Brundin and Wirsén (28)
reported that the distribution of adrener-
gic terminals in the human oviduct was
essentially similar to that of the rabbit.

The early work by Brundin and Wirsén
was considerably expanded by Owman,
Sjoberg and co-workers (188). They con-
firmed the essentials of the results of
Brundin and Wirsén for the rabbit, but
stated that the highest concentration of
terminals occurred at the ampullary-
isthmic junction and that the numbers of
terminals decreased towards the uterus.
There was no increase in innervation at
the uterotubal junction comparable to that
at the ampullary-isthmic junction (154).

The results of Brundin and Wirsén (28)
on the human tube have been confirmed
by later authors (116, 153). However, Ow-
man et al. (153) state that, as with their
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results on the rabbit tube, the numbers of
nerves in the isthmus decrease as the
uterus is approached, and that there is a
further decrease in the intramural part of
the tube.

The general picture for these two species
is that there are few adrenergic nerves in
the ampulla and these are almost entirely
associated with blood vessels. There is a
marked increase in the numbers of nerves
in the isthmus and these are concentrated
in the thick circular muscle layer of this
organ, are often free of the blood vessels
and are parallel to the muscle fibres.
There is no increase in innervation at the
uterotubal junction.

Generally similar patterns of innerva-
tion have been reported for the rat (26),
cat (177), dog (155), cow (26) and rhesus
monkey (40, 151). Some cats showed an
increased innervation at the uterotubal
junction (177). The rat differed from other
species in that only the outer half of the
circular muscle layer received an adrener-
gic innervation (26). In the monkey ovi-
duct, Cottle and Higgs (40) found a dense
innervation of the tunica mucosa; these
nerves appeared to be closely associated
with small blood vessels. A somewhat less
dense vascular innervation of the mucosa
has also been reported in the oviduct of
the dog (155), rat (26) and human (116).

The few electron microscopic studies of
the tubal innervation have confirmed the
light microscopists’ results. Daniel et al.
(47) state that in the human, the nerves
generally follow the blood vessels and are
largest in the tunica serosa, where several
bundles are frequently surrounded by a
perineurium. The nerve bundles them-
selves consist of several axons which are
partially or completely surrounded by a
Schwann cell sheath. When the nerves
lay free from the blood vessels, they ran
parallel with the muscle fibres. Similar
results have recently been obtained for
the monkey and rabbit oviducts (J. H.
Widdicombe and D.M. Paton, unpublished
results, 1975). An additional finding of
this study was that in both species small



78 PATON ET AL.

nerve bundles were frequently found un-
derlying the tubal epithelium.

Hervonen and Kanerva (85) report two
types of nerve profile within the same
nerve bundle. In the one type, small gran-
ular vesicles (300-600 A diameter) and
large granular vesicles (800-1100 A diam-
eter) were present. In the other type, only
small granular vesicles (300-600 A diame-
ter) were present. They suggest that these
represent adrenergic and cholinergic neu-
rones, respectively.

The muscles of the rat mesotubarium
receive a dense adrenergic innervation
and it has been suggested that this mem-
brane may play an important role in ovum
transport in this species (26). A similar
dense adrenergic innervation of the intra-
ligamentary muscle of the mesosalpinx of
the rabbit has been reported (196). Also,
in the monkey there is some innervation
of the mesotubarium musculature (40).

One point which electron microscopy
has been unable to resolve is whether or
not sensory endings exist in the oviduct.
Using light microscopy, Martinez and
Peréz (135) and Chiara (34) describe sen-
sory endings of the Paccinian type; Dami-
ani and Capodacqua (45), on the other
hand, state that no capsulated endings
could be demonstrated. No such endings
have so far been revealed by electron mi-
croscopy. Some authors, e.g., Martinez
and Peréz (135), also describe myelinated
fibres; again electron microscopists have
not yet seen these.

C. Relationship of Nerve Terminals to
Smooth Muscle

There have been very few electron mi-
croscopic studies of the tubal innervation,
and none of them have attempted to quan-
tify the numbers and type of nerves within
the various parts of the oviduct.

Kushiya (118) published one of the most
detailed studies. He reported that in the
ampulla of the preovulatory rabbit, the
nerves were unmyelinated, occurred usu-
ally in small bundles surrounded by a
Schwann cell sheath and were generally in

the proximity of blood vessels. Small di-
ameter nerve axon sections (0.3-0.5 um
diameter) were granule free but contained
neurofilaments. Larger sections (1-2 um
diameter) contained numerous vesicles
and a few mitochrondria. Longitudinal
sections of nerves showed that they were
varicose, the varicosities containing the
vesicles. Various types of vesicle were
found in any one varicosity, but the com-
monest type was dense core vesicles of
from 55 to 100 nm in diameter. The vari-
cosities were often partially free of the
Schwann cell sheath. Although the nerve
bundles and varicosities were generally
far from the muscle cells and enveloped
by Schwann cells, Kushiya observed a few
individual axons free of a Schwann cell
sheath and also some close contacts be-
tween nerve endings and muscle. Here
the gap between the two cells was about
20 nm and there were no intervening base-
ment membranes. No specializations were
seen in the opposing muscle membrane.

Similar results were obtained in studies
of oviducts from oestrogen-dominated rab-
bits (84). As reported by Kushiya (118),
the nerve bundles consisted of varicose
nerves which were usually at least par-
tially enclosed by Schwann cell processes
and were commonly found near blood ves-
sels. The nerves were usually 500 to 1000
nm or more from the nearest muscle fibre,
although a few were found within 200 nm
of muscle fibre. In rare instances close
appositions were found with a gap between
nerve and muscle of about 25 nm. Small
dense-cored vesicles were occasionally
found in the nerve varicosities; the num-
bers of these were increased by treatment
with 5-hydroxytryptamine or 5-hydroxy-
dopamine indicating that the nerves were
adrenergic. The types of nerve contacts
were the same in the isthmus and the
ampulla and were not noticeably changed
by progesterone treatment.

Daniel et al. (47) reported that there
were few nerves in the ampulla of the
human oviduct. These usually consisted
of a few bundles of nerve fibres enclosed
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in a perineural sheath. The axons in each
individual bundle were enclosed by a com-
mon Schwann cell sheath. Such nerves
were generally found in the periphery of
the ampullary wall. Occasionally nerve
bundles free of a perineural sheath were
found in the muscle layer. However, these
were generally associated with blood ves-
sels. No varicosities were seen free of
Schwann cell coverage. Many more nerves
were found in the isthmus of the human
oviduct than in the ampulla, and these
were mainly located in the circular muscle
layer. Varicosities containing small dense-
cored vesicles were seen and these varicos-
ities were occasionally free of a Schwann
- cell sheath. A few close contacts between
nerve and muscle were observed.

Kubo et al. (116) show an electron micro-
graph of a nerve bundle in the human
oviduct, but give little information on neu-
romuscular relationships. In a later, more
detailed study, Ishii (100) found varicose
nerves in the human and the rat. Most
varicosites contained small granular vesi-
cles, the numbers of which were increased
by KMnO, fixation and, in the rat, were
reduced by reserpine treatment suggesting
that these nerves were adrenergic. Ishii
concentrated mainly on the types of vari-
cosities present and gave no information
as to the distribution of nerves throughout
the oviduct. However, in common with
other authors, he found that close contacts
between nerve and muscle (20 nm gap)
were very rare, and stated that usually
the closest approach of nerve to muscle
was 60 to 100 nm.

The observation that the monkey ovi-
duct is far less sensitive to exogenous
noradrenaline and transmural stimulation
(206) than the rabbit oviduct (103, 104) led
to a recent study in this laboratory (J. H.
Widdicombe and D. M. Paton, unpub-
lished results, 1975) to determine if there
was any difference in the arrangement
and distribution of nerves between the
two species. The results were similar to
those of the earlier studies described
above. In both species, the nerves were

varicose and normally were present in
bundles of from three to ten axons, en-
closed in Schwann cells. Although often
associated with blood vessels, some were
found in smooth muscle bundles running
parallel to the muscle fibres. The varicosi-
ties were frequently free from complete
Schwann cell cover and contained small
granular vesicles. There were consider-
ably fewer nerve bundles in the monkey
than in the rabbit oviduct. Furthermore,
only in the rabbit oviduct were axons seen
free of the Schwann cell sheath. Also this
was the only species in which close con-
tacts between nerve and muscle of the
type described by Kushiya (118) were seen.
However, these were very infrequent,
comprising less than 5% of the total axon
profiles. An interesting feature of this
study was the finding in both species of
many small nerve bundles lying close to
the epithelium. It is possible that these
are cholinergic nerves corresponding to
the acetylcholinesterase-staining nerves
described in the lamina propria of the cat
by Jacobowitz and Koelle (101).

In summary, the appearance of nerves
within the tunica muscularis in all species
so far studied by electron microscopy is
typical of adrenergic nerves. The nerves
present are varicose, and the varicosities
contain small granular vesicles. Close con-
tacts between nerve and muscle are very
rare. Generally the exposed surfaces of
the varicosities are separated from the
smooth muscle cells by distances of greater
than 100 nm.

VI. Biochemical Studies of the Adrener-
gic Innervation of the Oviduct

A. Changes in Noradrenaline Content

1. Introduction. The availability of bio-
chemical methods for the quantitative es-
timation of noradrenaline in biological tis-
sues has made it possible to study changes
in oviductal noradrenaline content that
may be of physiological importance.
Chemical determinations have revealed
that noradrenaline is the predominant
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monoamine in the oviduct and fluores-
cence histochemistry has illustrated that
the transmitter is stored within neurons.
The noradrenaline content of any given
tissue is generally considered to be propor-
tional to the degree of sympathetic inner-
vation; findings in the female reproductive
organs of the human (153), rabbit (16), cat
(177) and sheep (95) are in general agree-
ment with this belief.

von Euler (203) has proposed that the
activity of adrenergic neurons varies di-
rectly with their content of noradrenaline.
If this is indeed so, a change in noradren-
aline content that is associated with a
particular state or function of the oviduct
might indicate a functional involvement
of the adrenergic nerves in the process.
Numerous studies have investigated such
a possibility by measuring oviductal nor-
adrenaline content during normal ovum
transport, and by attempting to correlate
changes in transmitter econtent with
changes in levels of endogenous sex hor-
mone, with the administration of sex hor-
mones, with pregnancy or following surgi-
cal denervation, 6-hydroxydopamine, re-
serpine or iproniazid (see below).

2. Measurement. A number of methods
are available for the estimation of cate-
cholamines in tissues. However, most of
the studies of noradrenaline content in
the oviduct are based on the trihydroxyin-
dole method (161). While the techniques
available for the measurement of nor-
adrenaline have sufficient precision and
sensitivity, there is a general inadequacy
in the expression of results. This makes it
difficult to compare data from different
laboratories. For example, the sensitivi-
ties of the techniques employed may differ
between laboratories, not all workers re-
port the recoveries they obtained and the
oviduct portions studied have frequently
differed from study to study.

3. Normal levels. Biochemical analyses
of the oviducts of different species have
generally shown that noradrenaline levels
are higher in the isthmic portion than in
the ampullary part. The distribution of

noradrenaline in the rabbit oviduct was
first examined by Brundin (23) who re-
ported that the uterine half contained 2.3
+ 1.2 ug/g wet tissues while the ovarian
half contained 0.3 + 0.4 ug/g. Owman et
al. (152) performed their determinations
on the whole rabbit oviduct and obtained
a value of 0.9 + 0.1 ug/g wet tissue for the
noradrenaline concentration. Bodkhe and
Harper (16) reported noradrenaline levels
of 0.9 ug/g for ampulla, 2.2 + 0.2 ug/g for
distal isthmus and 0.5 +0.1 ug/g for prox-
imal isthmus of rabbit oviduct. Hence, in
these rabbit studies alone, at least three
different ways of sectioning the oviduct
were used. Thus, one is unable to compare
levels in a given portion of the oviduct,
e.g., in the more densely innervated distal
isthmus where adrenergic nerves may be
of the most physiological significance.

Brundin and Wirsén (28) reported ap-
proximately equal values (0.1-0.3 ug/g)
for the levels of noradrenaline in the
isthmic, ampullary and infundibular
thirds of the human oviduct. However,
Owman et al. (153) later reported a signifi-
cantly higher concentration of noradrena-
line in the human isthmus (0.5 + 0.1 ug/
g) than in the ampulla (0.3 + 0.1 ug/g) or
intramural portion (0.3 + 0.03 ug/g). The
noradrenaline content was not found how-
ever to differ between three equal sections
of isthmus. These estimations were made
on samples from menstruant, nonpreg-
nant females. However, the hormonal sta-
tus was not defined by either group of
investigators. Brundin and Wirsén (28)
suggested that the similarity of noradren-
aline content in the different oviductal
parts, compared to the histochemical find-
ings, could possibly be due to the presence
of a plexus of adrenergic innervation along
the ampulla and infundibulum which was
absent in the isthmic region.

While noradrenaline levels in the hu-
man oviduct were found to be substan-
tially lower then those in the rabbit ovi-
duct, the contents of noradrenaline in the
cat (177) and sheep (95) oviduct have been
shown to be comparable to those in the
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rabbit. Black (8) has listed in tabular form
the noradrenaline contents (in micro-
grams per gram wet tissue) and the assay
method employed for four different spe-
cies.

There is considerable debate in the lit-
erature concerning the advisibility of ex-
pressing noradrenaline levels in terms of
concentration, i.e., micrograms per gram
wet tissue. Brundin (23) has argued rather
that the content of noradrenaline, i.e.,
micrograms per pair of oviducts, is a more
valid measure. One can readily appreciate
the complications when sex hormones in-
duce water retention, muscle hypertrophy
and stimulate secretion, all of which may
influence tissue weight and consequently
noradrenaline values when expressed as
micrograms per gram of weight. The in-
crease in tissue weight with hormone
treatment probably reflects mainly an in-
crease in non-nervous tissue and, there-
fore, the content of noradrenaline per ovi-
duct may be a more meaningful method of
expression (17). Indeed, many workers
have calculated both noradrenaline con-
centration and total content in their as-
sessment of adrenergic influences in ovi-
duct function.

4. Changes in noradrenaline content
during normal ovum transport. Studies
attempting to correlate levels of noradren-
aline with the course of normal ovum
transport were performed by Bodkhe and
Harper (16). Rabbits were killed at various
times after induction of ovulation by hu-
man chorionic gonadotrophin and artifi-
cial insemination. The content of nor-
adrenaline was not altered in the proximal
isthmus. The content of noradrenaline was
significantly less 72 hours after insemina-
tion in the ampulla and significantly less
in the distal isthmus at 17, 50, 72 and 90
hours after insemination. The concentra-
tion of noradrenaline (micrograms per
gram) varied only in the distal isthmus,
being significantly less than levels in es-
trus at 17 hours after insemination. The
most significant finding was the decreased
content and concentration of noradrena-
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line in the distal isthmus at 17 hours since
this appeared to be correlated with the
passage of eggs from the ampulla into
that segment of the isthmus.

However, while correlations may be
fairly readily discovered, conclusions con-
cerning the influence of noradrenaline
levels on ovum transport are less readily
drawn. The relation of the amount of
transmitter to physiological function is
modulated by many factors, including
release, reuptake and other inactivation
processes, receptor sensitivity and so on.
Weiner (205) has warned of another fun-
damental problem in attempting to corre-
late noradrenaline content with physiolog-
ical phenomena: there is more than one
noradrenaline compartment or pool in ad-
renergic nerve endings. Of these, a small,
active pool may be of most significance
physiologically.

A second finding in the study of Bodkhe
and Harper (16) was that the noradrena-
line content in the rabbit isthmus re-
mained low during ovum transport when
circulating estrogens are reported to be
low. Hormone assays were not performed,
however.

5. Changes in noradrenaline content
correlated with endogenous hormone
levels. A recent investigation (55) has at-
tempted to correlate the noradrenaline
content of the human oviduct with plasma
levels of oestradiol and progesterone. In
the proliferative phase when plasma levels
of oestradiol and progesterone were 171 +
33 and 495 + 133 pg/ml, respectively, the
noradrenaline concentration in the isth-
mus was 2 to 3 times that in either the
infundibulum or ampulla. In the secretary
phase following ovulation when plasma
levels of oestradiol and progesterone were
249 + 20 and 3027 + 162 pg/ml, respec-
tively, there was no difference in levels of
noradrenaline between the three oviduct
segments since noradrenaline levels in
only the infundibulum and ampulla in-
creased with the rise in plasma progester-
one. Dujovne et al. (55) considered this
correlation between noradrenaline and
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progesterone in the secretory or luteal
phase to suggest that ovum passage
through the human oviduct may be con-
comitant with an increase in adrenergic
transmitter. .

An earlier study (153) reported no sig-
nificant variation in the total content of
noradrenaline in the human oviduct be-
tween the proliferative and secretory
phases. However, these workers failed to
consider cyclical changes in the regional
distribution of noradrenaline and did not
measure plasma steroid levels. A similar,
more recent investigation (151) deter-
mined that the noradrenaline concentra-
tion in the proliferative phase was about
twice that in the luteal phase in human
and rhesus monkey oviducts.

Thus, reports in the literature have, for
the most part, indicated that the oviduct
exhibits differences in noradrenaline con-
tent concomitant with changes in hor-
monal dominance. Dujovne et al. (55) have
determined that this is a regional phenom-
enon in the human oviduct.

6. Changes in noradrenaline content
and sex hormone administration. At-
tempts to establish whether endocrine fac-
tors are responsible for changes in trans-
mitter content have involved the adminis-
tration of exogenous sex hormones and
the subsequent measurement of noradren-
aline levels.

Bodkhe and Harper (17) employed doses
of 17B-estradiol (25 or 250 ug/day) or pro-
gesterone (2 mg/day) known to either re-
tard or accelerate normal ovum transport
in the rabbit (167). Treatment with 178-
estradiol appeared to have little or no
effect on the noradrenaline concentration
in the ampulla and proximal isthmus, but
did result in elevated noradrenaline con-
tents in these regions and this was associ-
ated with an increase in tissue weight.
However, in the distal isthmus adjacent
to the ampulla 178-estradiol treatment
had pronounced effects: both noradrena-
line concentration and content were in-
creased without consistent increases in
tissue weight. A correlation was observed

between these increased noradrenaline
levels in the distal isthmus and estrogen-
induced retention of eggs at the ampul-
lary-isthmic junction. However, the corol-
lary that progesterone-induced accelerated
ovum transport would be associated with
decreased levels of noradrenaline in the
distal isthmus was not observed. In fact,
noradrenaline concentrations in the distal
isthmus were elevated with progesterone
treatment. The hormonal modification of
ovum transport cannot, therefore, be ex-
plained simply in terms of changes in
noradrenaline levels.

The literature concerning the effect of
administered sex hormones on noradrena-
line levels is wrought with inconsistencies
in methods and in results. This is illus-
trated by the following examples. Brundin
(23) treated one group of rabbits with 178-
estradiol (50 ug i.m./day/8 days) and an-
other group with this estrogen treatment
plus progesterone (1 mg i.m./day for the
last 4 days). No significant differences
were reported in the mean noradrenaline
contents per oviductal pair between the
hormonal groups nor between these
groups and a control group. Significant
variations in oviduct weights were, how-
ever, observed and, therefore, expression
of noradrenaline levels in terms of concen-
tration (micrograms per gram of tissue)
would have been substantially different.

Sjoberg (189) used much lower doses of
17B-estradiol in rabbits (0.5 ug/kg s.c./day
for 7 or 14 days). However, both treatment
regimes produced significant increases in
noradrenaline content per pair of oviducts.
This was associated with significant in-
creases in tissue weight after the 14-day
treatment so that, had the noradrenaline
level been expressed as a concentration
(i.e., in micrograms per gram of tissue), it
would not have been different from con-
trols. In a more recent paper, Owman and
Sjoberg (157) have reported further data
on oviductal noradrenaline levels and the
effect of exogenous hormones. Treatment
with 17B-estradiol (0.5 ug/kg/day for 14
days) caused a 2-fold increase in the con-
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tent of noradrenaline in the rabbit oviduct.
When progesterone (2 mg/kg/day for the
last 7 days) was added to the treatment
schedule, transmitter content did not dif-
fer from controls. In both this and the
preceding study, changes in noradrenaline
content corresponded to changes in the
number of adrenergic nerves detected by
histofluorescence microscopy. Other work-
ers (141) have determined the amount of
noradrenaline in groups of control (es-
trous), estrogen and estrogen + progester-
one-treated rabbits. They found no signifi-
cant differences in noradrenaline concen-
tration in oviductal tissue (micrograms
per unit of weight).

7. Changes in noradrenaline content
during pregnancy. It has been reported
that the short adrenergic neurones which
supply the female genital tract (uterus,
oviduct, vagina) exhibit changes in their
transmitter content after administration
of sex hormones and during pregnancy,
while such changes were absent in organs
innervated by classical long adrenergic
neurones, i.e., heart and ovary (156, 178).
This responsiveness to hormonal status
may indicate an important physiological
distinction between short and long adre-
nergic neurones.

Rosengren and Sjoberg (178) reported a
2-fold increase in noradrenaline content
in the rabbit oviduct 4 to 12 days after
mating compared to nonpregnant values.
An increased number of nerves paralleled
increases in oviduct weight. These results
are gimilar to those reported by Sjoberg
(189) and Owman and Sjoberg (157) after
17B-estradiol treatment.

In summary, there is evidence that
changes in noradrenaline content may oc-
cur with changes in hormonal status. The
phenomenon appears to be specific to the
reproductive tract but not to the ovary
(156, 188) and hence may be related to the
innervation of these tissues by short adre-
nergic neurones.

8. Effect of agents which affect nor-
adrenaline levels. Surgical denervation
techniques have been used to define the

origin of the innervation to the female
reproductive tract. These studies have
usually involved sectioning of the hypo-
gastric nerve at the level of the inferior
mesenteric ganglion. Owman et al. (152)
reported a 50% reduction in the noradren-
aline content and concentration in the
rabbit oviduct after denervation. Brundin
(23) found that the mean content of nor-
adrenaline in operated animals was re-
duced to one-third of that in oviducts of
sham-operated or control rabbits. Hence,
30 to 50% of the total innervation of the
rabbit oviduct probably consists of short
adrenergic neurones. Such depletion after
denervation was not seen in the cat (177),
indicating that in this species almost all
of the innervation of the female genital
tract may be by “short neurones.”

Surgical denervation has been consid-
ered as a potential tool for studying the
relation between oviductal noradrenaline
levels and physiological function. How-
ever, Marshall (132) has questioned
whether complete denervation of the ovi-
duct can ever be accomplished surgically
due to the heterogeneous origin of its in-
nervation. Owman et al. (152) have re-
ported abolition of fluorescence after sec-
tioning of the hypogastric nerve at the
levels of the inferior mesenteric ganglion
and the uterovaginal ganglia combined
with stripping of the vaginal fascia. Lack
of specificity for the adrenergic system,
postoperative adhesions and erratic deple-
tion have also been suggested as detri-
ments to the use of surgical denervation
in physiological studies (8).

An alternate procedure to produce cate-
cholamine depletion is the use of reser-
pine. Brundin (23) found that reserpine (1
mg/kg for 2 days or 0.25 mg/kg 20 hours
before sacrifice) depleted noradrenaline
below measurable levels. Bodkhe and Har-
per (16) injected rabbits with reserpine
(0.25 mg/day) on the day before artificial
insemination and for 26, 50 and 90 hours
after insemination. There was a signifi-
cant reduction in noradrenaline levels
(content and concentration) in the isth-
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mus; the most pronounced depletion was
noticed in the distal isthmus since it con-
tained the highest noradrenaline concen-
trations normally. Although the ampulla
was depleted of noradrenaline to levels
less than 10 ng, these amounts were not
significantly different from controls.

However, the use of reserpine to deplete
noradrenaline in the oviduct in functional
studies has serious limitations since it also
may cause centrally induced hypothermia,
interference with gonadotropine release
and inhibition of ovulation (170).

A third method for causing depletion of
noradrenaline from sympathetically in-
nervated organs is the use of 6-hydroxydo-
pamine. Administration of this agent
causes the selective destruction of periph-
eral adrenergic nerve terminals in adult
animals (199). Black (8) measured changes
in noradrenaline content after perfusion
of the rabbit oviduct with 6-hydroxydopa-
mine. The range of 6-hydroxydopamine
doses used (0-20 mg) induced decreased
levels of noradrenaline, and the segments
closest to the uterus were most sensitive
to this effect. At high doses, however, the
contralateral, control oviduct was also af-
fected. Eddy and Black (56) have discussed
the need for controlled chemical denerva-
tion of individual oviducts. They suggested
that a dose of 1 to 5 mg of 6-hydroxydopa-
mine was optimal to cause denervation
but insufficient to produce significant sys-
temic effects. However, 6-hydroxydopa-
mine denervation is associated with dener-
vation supersensitivity. Chemical sympa-
thectomy of the rabbit oviduct using 6-
hydroxydopamine has been studied in re-
lation to ovum transport (57, 170, 173) and
to fertility (90, 102, 128) and will be dis-
cussed in a later section.

Iproniazid, a monoamine oxidase inhib-
itor, has been utilized to raise oviductal
noradrenaline levels (16). The influence of
iproniazid on ovum transport will be dis-
cussed later. The working hypothesis was
that if an increased noradrenaline content
alone is associated with altered oviduct
function, one can surmise that noradrena-

line levels may mediate hormonal influ-
ences on the oviduct.

The preceding discussion has dealt
with changes in noradrenaline content in
the oviduct during normal ovum trans-
port, correlated with endogenous sex hor-
mone levels or following the administra-
tion of sex hormones, during pregnancy
and subsequent to treatment with chemi-
cals which alter noradrenaline levels. A
fundamental problem exists when one
measures content changes since it is not
possible to determine whether the change
is due to altered synthesis and storage of
noradrenaline or to changes in the metab-
olism of the transmitter.

B. Biosynthésis of Noradrenaline

It is presumed that, under steady-state
conditions, estimates of the turnover of
noradrenaline yield information regarding
the rate of synthesis, and that this rate of
synthesis is related to impulse activity in
the sympathetic nerves (39, 205). Several
authors have suggested that estimation of
the rate of catecholamine turnover pro-
vides more information about neuronal
activity than measurements of amine con-
centration in the tissue. However, mea-
surement of turnover rates may suffer
from a similar drawback that affects mea-
surement of content: the turnover of a
larger, more stable pool of noradrenaline
may be reflected in turnover estimates
while the turnover of a smaller pool may
be much more rapid and of more signifi-
cance physiologically (205).

Takeda and Doteuchi (196) estimated
rates of noradrenaline turnover in the rab-
bit oviduct under different hormonal con-
ditions. The initial rate of decline of nor-
adrenaline after blockade of its synthesis
with a-methyl-p-tyrosine methylester was
used as an estimate of noradrenaline turn-
over rate. The turnover rate was slightly
higher in estrogen-dominant tissues (0.41
nmol/g/hr) than in progesterone-dominant
tissues (0.30 nmol/g/hr). No such differ-
ences were found in atria which is innerv-
ated by “long” adrenergic neurons. Hence,
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the intermediate effect of hormones on
noradrenaline turnover in the oviduct
could be explained by its mixed (“long”
and “short’) innervation.

Recently, Kennedy and Marshall (112)
have performed similar estimations of nor-
adrenaline turnover rates in rabbit ovi-
duct. While the rate constant for the de-
cline of tissue noradrenaline was signifi-
cantly lower in castrates than hormone-
treated oviducts, they found no difference
in turnover rates between estrogen- and
progesterone-dominant tissues. This is in
disagreement with the observation by
Takeda and Doteuchi (196) of a higher
turnover rate in estrogen-treated rabbits.
However, Takeda and Doteuchi adminis-
tered 10-fold greater doses of estrogen.
This work requires verification, therefore,
and would also benefit from separate anal-
ysis of turnover rates in the isthmus,
ampulla and infundibulum.

C. Metabolism and Uptake of Noradren-
aline

The physiological disposition of mono-
amines is another factor which may con-
tribute to changes in noradrenaline con-
tent or turnover. Hormones have been
shown to modify the metabolism of la-
belled amines in rat uterus (38, 159), but
similar studies have not been performed
in the oviduct. It would be of considerable
interest to measure the activities of mono-
amine oxidase and of catechol O-methyl-
transferase in the oviduct after treatment
with estrogen or progesterone.

Neuronal uptake is considered to be the
major route of inactivation of noradrena-
line in the rabbit oviduct (104, 105). How-
ever, few studies have investigated di-
rectly neuronal uptake processes in this
tissue. Paton and Johns (162) have char-
acterized the accumulation of (+)-[*H] me-
taraminol, a sympathomimetic amine, in
human oviduct. The accumulation of me-
taraminol was decreased by inhibitors of
neuronal uptake but not by extraneuronal
uptake blockers. The accumulation of la-
belled metaraminol was greater in isthmic

tissues than ampulla: this reflects the
more dense innervation of the isthmic
smooth muscle. Such a measurement of
neuronal uptake would be a valuable tool
in the investigation of possible hormonal
modifications of the uptake process in the
oviduct.

D. Conclusion

In summary, it may be said that while
techniques are available for the measure-
ment of noradrenaline content, turnover
and metabolism, there are problems and
omissions in their application to the study
of oviduct function. Important difficulties
remain in establishing cause-and-effect
type relationships between levels and
turnover of transmitter and oviduct phys-
iology. A more complete analysis would
have to include investigation of noradren-
aline release and effector adrenoceptor
sensitivity under the various experimental
conditions.

VII. Physiological and Pharmacological
Studies Related to Adrenergic
Transmission in the Oviduct

A. Methods of Study

An understanding of the physiology and
pharmacology of the mammalian oviduct
requires reliable methods for monitoring
the motility of the oviduct both in vivo
and in vitro. A brief summary of the
techniques that have been used is pre-
sented below. Critical reviews of the meth-
ods used for measuring the motility of the
oviduct have been recently published by
Blandau et al. (13), Daniel (46) and Mar-
shall (133).

1. Methods for the in vivo measurement
of motility. These techniques can be sub-
divided into six general categories.

a. Visual observation. Abdominal win-
dows have been used in the rabbit to
observe the motility of both the fimbrial
and ampullary portions of the oviduct (18,
77). However, this method is not quanti-
tative and is technically difficult because
other viscera block the view of the oviduct.
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The peritoneoscope has also been used but
its use has been criticized since it causes
distension and occlusion of the lumen of
the oviduct (54). Observation of the trans-
port of oil along the length of the oviduct
has also been employed to monitor the
contractile pattern of the oviduct (9, 60).

b. Perfusion and flow studies. The resis-
tance to the flow of CO, at a constant
pressure has been used in both rabbits
(49) and man (181) to assess the contractile
state of the tissue. Modifications of this
technique involving perfusion of normal
saline at a constant flow through the ovi-
duct while recording changes in pressure
have been widely used (23, 111, 126).

c. Intratubular pressure studies. The
pressure in surgically constructed cavities
within the oviduct has been used as a
monitor of circular muscular activity in
both the isthmus and ampulla. This tech-
nique has been used in rabbit (67) and
human oviducts (35). In a modification of
the method closed-end, fenestrated cannu-
lae have been placed in different areas of
the oviduct (e.g., 130). Other investigators
have used microballoons at the end of
cannulae to record circular muscle activity
in the oviduct (e.g., 112, 192). However,
all of these methods necessitate occlusion
of the lumen and distension of the oviduct.

d. Electrical activity measurement. The
electrical activity of the smooth muscle of
the oviduct has been used as a measure of
the myogenic activity of smooth muscle.
However, the magnitude of contractions
and the muscle layer from which they
originate cannot be determined. This
method involves the placement of elec-
trodes along the whole length of the ovi-
duct. The electrodes used have been of the
suction type (197) or platinum electrodes
implanted in the wall of the oviduct (147,
182).

e. Transducer systems. The longitudi-
nal contractions of rabbit oviduct have
been measured by the use of strain gauges
attached to the end of the isthmic portion.
This method was used in conjunction with
a perfusion study of the circular muscle of
the same oviduct (111).
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Miniature mercury strain gauges have
been developed for the measurement of
the contractility of the oviduct (131). Their
use is limited to restrained animals, since
any movement of the intestine or uterus
would tend to produce large movement
artifacts which would mask the muscular
activity of the oviduct.

Ultrasonic transducers have been used
to measure the phase shift of low-level
ultrasonic sound transmitted through the
oviduct muscle. The degree of the phase
shift, measured continuously, gives an in-
dication of the contractile state of the
muscle through which the ultrasonic
sound is passing (94).

Optical densitometers, custom made to
fit as a half-cuff over the oviduct, primar-
ily designed to monitor the passage of ova
(13) can also be used to monitor the con-
tractile activity of the oviduct of rabbits
13).

Minaturization of transducers and the
advent of integrated circuit techology has
led to the development of more sophisti-
cated monitoring methods. These have
been claimed to be an improvement over
the other methods since unrestrained ani-
mals can be used in conjunction with te-
lemetry (10). Extraluminal monitoring de-
vices have also been used in conjunction
with electrical activity recording, in order
to measure both longitudinal and circular
muscle activity of the oviduct. The electri-
cal recordings were obtained from the
muscle by means of etched platinum elec-
trodes insulated to their tips with a flexi-
ble glass. The mechanical activity of the
longitudinal muscle was measured with a
piezo-resistive integrated circuit force
transducer and the mechanical activity of
the circular muscle with a sensitive inte-
grated circuit piezo-resistive pressure
transducer. These devices, along with
compatible telemetry systems, have been
used for measurement of human, rabbit
and monkey oviductal motility and electri-
cal activity (64, 147).

f. Electrical impedence studies. The mo-
tility of the oviduct of unrestrained rabbits
has been measured with electrical imped-
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ence monitors. The multiple units are at-
tached along the length of the oviduct and
the degree of contractility of the muscle
below each electrode pair is monitored by
measuring the change in impedence of the
high frequency current passed between
the most proximal and distal electrodes
(70).

2. Methods for the in vitro measurement
of motility. When a tissue is mounted in
an organ bath the effects of anaesthetics,
circulatory changes and any influence of
extrinsic nervous activity are circum-
vented. In addition, the composition and
the temperature of the medium bathing
the tissue can be easily altered. In most of
the in vitro methods either isotonic or

" isometric measurement of oviductal motil-
ity have been used. These studies usually
involve the removal and isolation of isth-
mus and/or ampullary portions of the ovi-
duct. The tissue can then be tied to a hook
at the bottom of the bath and the other
end attached to a transducer or lever sys-
tem enabling recording of longitudinal
mechanical activity. Rings or spirals can
be cut to measure predominantly circular
muscle activity (80, 86).

In some studies the longitudinal and
circular muscle activity of both ampulla
and isthmus have been studied using a
combination of these methods (103, 142,
206). Attempts have also been made to
record the contractions of the longitudinal
and circular muscle in the same tissue
preparation. The longitudinal contractions
were monitored by measurement of the
isometric tension of the tissue, whereas
the circular muscle activity was measured
by either recording perfusion pressure
(186) or by using a microballoon placed in
the lumen of the oviductal segment under
investigation (201).

B. Types of Adrenoceptors Present in the
Oviduct

The first pharmacological studies per-
formed on the oviduct revealed that the
smooth muscle of the human and pig ovi-
ducts was sensitive to adrenergic stimula-
tion (114, 115). Davids and Bender (49)

monitored contractile responses to adren-
aline by measuring the in vitro motility of
rabbit oviduct by the Rubin tubal insuffla-
tion technique. It is interesting that these
early studies reported the importance of
hormonal status on the sensitivity and
nature of the response of the oviduct to
adrenergic drugs. Subsequent to Ahlqu-
ist’s classical study (2) of the adrenotropic
receptors, many investigators used specific
adrenergic agonists and antagonists to de-
fine the adrenoceptors in a large number
of smooth muscle preparations including
the oviduct. Evidence has accumulated to
indicate the presence of both a-excitatory
and B-inhibitory adrenoceptors in the ovi-
ducts of all mammalian species studied.
In the rabbit oviduct, adrenaline, nor-
adrenaline and phenylephrine always elic-
ited contractile responses of the circular
and longitudinal muscle layers of ampulla
and isthmus, and these were antagonized
by the a-receptor blocking agents, phen-
tolamine or phenoxybenzamine (91, 126,
176, 201). The relative potencies of nor-
adrenaline, adrenaline and phenylephrine
in the circular muscle of the isthmus in
estrus were examined in the presence of
propranolol (to block p-adrenoceptors),
and cocaine and hydrocortisone (to inhibit
neuronal and extraneuronal uptake of
amine). These studies (176) demonstrated
that adrenaline was slightly more potent
than noradrenaline and about 8 times
more potent than phenylephrine. The rel-
ative order of potencies of these amines
was thus similar to that described for a-
adrenoceptors in other rabbit tissues (65).
Stimulation of rabbit oviduct in vivo, by
hypogastric nerve stimulation (23) and, in
vitro, by transmural stimulation (93, 103)
also caused contractile responses that were
eliminated by a-adrenoceptor antagonists.
Contractile responses to hypogastric nerve
stimulation were also abolished by pre-
treatment with reserpine (23) while con-
tractile responses to transmural stimula-
tion were prevented by tetrodotoxin, gua-
nethidine and by pretreatment with 6-hy-
droxydopamine (93, 103). These results in-
dicate that these contractile responses
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were caused by the activation of a-adren-
oceptors by noradrenaline released from
adrenergic nerve endings.

The B-agonist, isoprenaline, inhibited
tubal motility in the rabbit and this was
inhibited by propranolol (91, 126, 176). In
the presence of phenoxybenzamine, the
excitatory response to noradrenaline was
reversed and was expressed as inhibition
(201). Activation of B-adrenoceptors thus
mediates relaxation in the rabbit oviduct.

Recently, Kendle and Lam Shan Leen
(111) have endeavored to further define
the type of B-adrenoceptor present in the
rabbit oviduct. They reported that, in the
presence of practolol, the contractile re-
sponse to adrenaline was potentiated in
circular muscle but not in the longitudinal
layer. Salbutamol, a 8, agonist, was found
to cause inhibition in the longitudinal
muscle layer but not in the circular layer.
As a result of these findings, they sug-
gested that the inhibitory receptor in the
longitudinal muscle is of the B, type, while
that in the circular muscle is of the S,
type. No quantitative data were pre-
sented, however. Their proposals may be
criticized since routes of agonist inactiva-
tion were not considered in their study.
Noradrenaline is a better substrate for
uptake in adrenergic nerves than adrena-
line (180). Since circular muscle is more
densely innervated, the influence of neu-
ronal uptake will be significantly greater
in circular than in longitudinal muscle. In
fact, the difference in sensitivity to nor-
adrenaline between circular and longitu-
dinal muscle layers was largely eliminated
by cocaine, desipramine or 6-hydroxydo-
pamine which prevent the neuronal up-
take of amines (104, 105).

The relative potencies of noradrenaline,
adrenaline, isoprenaline and salbutamol
in the circular muscle of the rabbit isth-
mus were examined in the presence of
cocaine and hydrocortisone and pre-expo-
sure to phenoxybenzamine (to block a-ad-
renoceptors) (176). In this study, isoprena-
line was more potent than either adrena-
line or noradrenaline while salbutamol
was much less potent. pA, values for pro-

pranolol and practolol were 8.3 and 5.3,
respectively. These findings indicate that
the B-adrenoceptor in the circular muscle
of the rabbit isthmus resembles the B,
subtype (65). Heilman et al. (82) reported
that the B-adrenoceptors in the rabbit isth-
mus were unlike the 8; receptors present
in blood vessels.

There has been at least one biochemical
study of adrenergic receptors in the rabbit
oviduct (32). With a [*Hlnoradrenaline
binding assay, catecholamine bindings
sites were found to be located predomi-
nantly in the microsomal fraction. Mean
levels of receptor sites were estimated at
4.5 pmol/unit microsomal fraction and the
density of receptor sites in the oviductal
segments varied by more than 400% from
the ampulla to the uterotubal junction.
However, the interpretation of such recep-
tor binding assays using labelled catechol-
amines is difficult because: 1) the binding
is not stereospecific; 2) blocking agents
have little or no effect on the degree of
binding; and 3) there is a discrepancy
between the time course of catecholamine
binding and the more rapid stimulation of
adenylate cyclase activity [see reviews by
Cuatrecasas (44) and Bar (4)]. Labelled
agonist binding is now generally consid-
ered to reflect a nonspecific, irreversible,
catechol-directed binding component which
does not represent interaction with adre-
nergic receptors.

A growing body of evidence indicates
that the use of labelled antagonists (e.g.,
(")-[*H]alprenolol, (+)-[**T]hydroxybenzyl-
pindolol) provides a more reliable identifi-
cation of B-adrenoceptors (124, 125). The
antagonists exhibit a higher apparent af-
finity for the putative receptor site than
agonists and lack the catechol structure
associated with nonspecific binding.

In the human oviduct, activation of a-
and B-adrenoceptors by noradrenaline also
causes excitation and inhibition, respec-
tively (80, 145, 179, 187). However, there
are conflicting reports as to which type of
response predominates. This appears to be
related to hormonal dominance and is dis-
cussed below. Studies of the responses of
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the isolated human oviduct to perivascular
nerve stimulation (144, 145) and to trans-
mural stimulation (140, 142, 151) have, in
similar fashion, produced conflicting re-
sults. While a-excitatory and g-inhibitory
receptor activity could be demonstrated in
each study, the predominant response to
adrenergic nerve stimulation varied.

The effects of catecholamines during
anestrus and estrus were investigated in
the rat oviduct in the presence or absence
of a- and B-blockers (19). The inhibition of
motility elicited during anestrus was abol-
ished by propranolol, and hence was at-
tributed to activation of B-adrenoceptors.
During estrus, phenylephrine, in the pres-
ence of propranolol, stimulated the rat
oviduct to contract. Thus, a- and S-adren-
oceptors were demonstrated, but were in-
fluenced by hormonal status.

Ruckebusch and Pichot (182) studied the
effects of adrenergic drugs on sheep ovi-
duct metility in vivo. Phenylephrine and
noradrenaline induced contractile re-
sponses, while isoprenaline caused relaxa-
tion. However, selective blocking agents
were not employed to further confirm the
presence of both a- and B-adrenoceptors.
a-Excitatory and B-inhibitory responses
have also been demonstrated in the
guinea-pig oviduct (66).

In summary, in the oviducts of all spe-
cies studied to date, a- and B-adrenocep-
tors are present. Activation of a-adreno-
ceptors results in contractions of smooth
muscle while activation of S-receptors re-
sults in inhibition of contractility of
smooth muscle. The g-adrenoceptor in the
circular muscle of the rabbit isthmus ap-
pears to be B, in type. No other g8-adreno-
ceptors in other muscle layers or species
have been sufficiently studied to deter-
mine their 8 subtype.

C. Factors Modifying the Responses of the
Oviduct to Adrenergic Agonists and
Adprenergic Nerve Stimulation

1. Hormonal dominance. Early experi-
ments revealed that estrogen and proges-
terone were involved in the regulation of
the spontaneous muscular activity of the

female reproductive tract. The general
finding has been that estrogen increases
and progesterone decreases the sponta-
neous activity of oviductal smooth muscle
(41, 183).

There have been numerous studies of
the effects of hormonal status on the re-
sponses of the oviduct to adrenergic ago-
nists and to nerve stimulation. As early
as 1927, the responses of the oviduct to
amines were shown to be influenced by
the hormonal status of the animal when
Kok (115) found that the responses of the
ampullary portion of the human and pig
oviduct to adrenaline were inhibitory dur-
ing the folicular growth phase of the men-
strual or estrous cycle, whereas during
the luteal phase responses to adrenaline
were excitatory. Similarly, the responses
of the rabbit oviduct to adrenaline were
also reported to be hormonally dependent
(49). Intravenous injection of adrenaline
increased the contractile state of the ovi-
duct during anestrus, as judged by the
CO, insufflation method. These responses
were greater in estrus or after pretreat-
ment with estrogen, whereas androgen
decreased the response. Castration had no
demonstrable effect on responses to adren-
aline.

At least two studies have attributed the
effect of progesterone on the rabbit oviduct
to a decrease in a-adrenoceptor sensitiv-
ity. The responses of oviducts from proges-
terone-dominant rabbits to adrenaline
were smaller than those of oviducts from
estrogen-dominant rabbits (99). However,
in this study a-adrenoceptor activity was
not monitored exclusively since adrenaline
has activity on both a- and B-adrenocep-
tors. Heilman et al. (83) attributed the
decreased sensitivity of rabbit oviduct to
noradrenaline during early gestation (i.e.,
progesterone dominant) to decreased a-ad-
renoceptor sensitivity and/or a decreased
number of a-adrenoceptors. This conclu-
sion can be criticized for the same reason
since a B-blocker was not used to exclude
changes in B-adrenoceptor activity.

A more recent study (176) was not able
to confirm any changes in a-adrenoceptor
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sensitivity in the circular muscle of the
isthmus of rabbit oviduct as a result of
progesterone pretreatment. In this study,
proprénolol was used to block g-adreno-
ceptors and cocaine was used to inhibit
neuronal uptake. Under these conditions,
the potencies of adrenaline and phenyl-
ephrine were not different in tissues from
animals in estrus or after pretreatment
with human chorionic gonadotrophin and
progesterone or estrogen.

Several workers have suggested that
progesterone accomplishes its inhibitory
influence through increased B-receptor ac-
tivity. One of the first quantitative studies
on the effects of ovarian hormones on
responses of the oviduct to biogenic amines
was performed in vivo and in vitro using
rabbits (134). The presence of g-adrenocep-
tors was easily demonstrable in rabbits
pretreated with progesterone, whereas es-
trogen-treated animals showed variable 8
activity. It was therefore suggested that
progesterone treatment enhanced 8 activ-
ity in the rabbit oviduct. The circular
muscle of the rabbit isthmus was less
sensitive to phenylephrine, 72 hours after
injection of human chorionic gonadotro-
phin, compared to tissues from animals in
estrus (91). These authors suggested that
this was due to an increase in the number
of B-adrenoceptors in the tissue. This con-
clusion has been confirmed in studies in
which the activity of B-adrenoceptors has
been directly examined using the B-ago-
nist, isoprenaline in the presence of a-
adrenoceptor blockade (92, 176). After
treatment with human chorionic gonado-
trophin and progesterone, an increase in
the maximal response to isoprenaline was
observed in the circular muscle of rabbit
isthmus compared to tissues from animals
in estrus. However, the pD,; value for
isoprenaline was not altered suggesting
the progesterone had not altered the sen-
sitivity of the B-adrenoceptor, but rather
had increased their number (91, 176). By
contrast, the ability of papaverine, a non-
specific spasmolytic, to inhibit the oviduct

was not influenced by progesterone (91,
176).

Progesterone pretreatment also appears
to have a more general and less specific
effect on the contractility of the oviduct.
Maximal responses of the circular muscle
of rabbit isthmus to noradrenaline, phen-
ylephrine, acetylcholine and calcium were
all smaller in tissues from animals under
progesterone-dominance than those under
estrogen dominance (86, 88). These inves-
tigators suggested that some of the effects
of progesterone could result from changes
in calcium movements and binding.

It is important to note that, in the rab-
bit, the action of noradrenaline on a-ad-
renoceptors always predominates; under
all hormonal conditions, noradrenaline al-
ways contracts the rabbit oviduct. Thus,
although progesterone pretreatment in-
creases f-adrenoceptor activity, no adre-
nergic reversal occurs in this species (93,
176).

This contrasts markedly with the situa-
tion in other species where changes in
hormonal dominance have been reported
to cause adrenergic reversal. In the guinea
pig, noradrenaline stimulated the oviduct
only during the follicular (or estrogen
dominant) phase, but not during the luteal
(or progesterone dominant) phase (66). In
the rat, noradrenaline inhibited the spon-
taneous contractility of the oviduct during
proestrus and metestrus, but had no effect
during estrus (19). It was concluded that
during proestrus and metestrus g-adreno-
ceptors predominated.

The responses of the human oviduct to
adrenergic nerve stimulation and to adre-
nergic agonists during different phases of
the menstrual cycle have been studied by
several investigators. In one study (142),
the predominant response of circular and
longitudinal muscle of ampulla and isth-
mus to transmural stimulation and to nor-
adrenaline was a decrease in the ampli-
tude of spontaneous contractility. How-
ever, during the early part of the men-
strual cycle, responses were more variable
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and on some occasions excitatory re-
sponses were obtained (142). Moawad et
al. (140) correlated the plasma levels of
estrone, estradiol and progesterone in 83
women with the in vitro responses of the
circular muscle of the isthmus to adrena-
line and to transmural nerve stimulation.
When the plasma level of estrogens was
low (i.e., during the early part of the
follicular phase) responses were mainly
inhibitory and it was concluded that g-
adrenoceptors predominated. In the latter
part of the follicular phase, as plasma
estrogen levels rose, responses could be-
come excitatory and this continued into
the early part of the luteal phase. How-
ever, as the plasma progesterone levels
rose after ovulation, the responses again
became inhibitory (140). In a preliminary
study (151), noradrenaline was reported to
generally inhibit the activity of the circu-
lar muscle of the human isthmus except
at ovulation when responses were excit-
atory.

2. Dengsity of the adrenergic innervation.
In the ampulla and isthmus of rabbit ovi-
duct, longitudinal muscle was signifi-
cantly more sensitive to noradrenaline
than circular muscle (104, 105). Cocaine
and desipramine significantly potentiated
responses of both muscle layers to nor-
adrenaline and considerably reduced the
differential sensitivity. Pretreatment of
animals with 6-hydroxydopamine had a
similar effect on responses to noradrena-
line. Cocaine and desipramine are potent
inhibitors of the uptake of noradrenaline
in adrenergic neurones (180) while pre-
treatment with 6-hydroxydopamine causes
reversible destruction of adrenergic nerve
terminals (199). Cocaine had no additional
effect on the sensitivity to noradrenaline
in tissues from animals pretreated with 6-
hydroxydopamine. (104, 105).

These findings suggest that the main
route of inactivation of noradrenaline in
rabbit oviduct is uptake into adrenergic
nerve terminals and that the differential
sensitivity of longitudinal and circular

muscle may be related to a differential
degree of adrenergic innervation. Thus,
circular muscle would be less sensitive to
noradrenaline if it was more densely in-
nervated since the amine would be more
rapidly taken up by nerve terminals with
a consequent reduction in concentration of
amine at the adrenergic receptors. A sim-
ilar proposal has been made to account for
the differential sensitivity of the muscles
of the cat nictitating membrane to nor-
adrenaline (200).

However, the findings of other workers
are not altogether consistent with this
concept. The circular muscle of the rabbit
oviductal isthmus was reported to be more
sensitive to noradrenaline than the longi-
tudinal muscle layer (201). However, this
claim was not supported by quantitative
data. A subsequent quantitative study
showed that the longitudinal muscle of
the rabbit oviductal isthmus was more
sensitive to phenylephrine than circular
muscle (91). It is difficult to account for
this differential sensitivity in terms of a
different degree of adrenergic innervation
to the two muscle layers since phenyleph-
rine has a relatively low affinity for up-
take in adrenergic neurones (180).

Cocaine did not potentiate the contrac-
tile responses of the circular muscle of the
rabbit oviductal isthmus to transmural
stimulation and at 3 x 10> M caused
some inhibition (103). However, the rate
of relaxation after transmural stimulation
was prolonged by cocaine. The failure of
cocaine to potentiate responses may possi-
bly be due to the local anaesthetic action
of cocaine and increased a-receptor-me-
diated presynaptic feedback inhibition
(119). In another study (112), cocaine was
reported to potentiate responses of the
isthmus of the rabbit to adrenergic nerve
stimulation. However, the method of mea-
surement apparently included not only the
period of stimulation but also the first 30
seconds of relaxation after cessation of
stimulation.

No sufficiently quantitative studies are
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available to allow one to draw any conclu-
sions about the presence or absence of
differential sensitivity to noradrenaline in
the longitudinal and circular muscle in
the ampulla and isthmus of the human
oviduct. The ampulla (142) and the isth-
mus (145) of the human oviduct have var-
iously been reported to be more sensitive
to noradrenaline and to adrenergic nerve
stimulation.

Responses of the rabbit oviduct to nor-
adrenaline were not altered by hydrocor-
tisone, an inhibitor of the extraneuronal
uptake of noradrenaline and/or by U-0521,
an inhibitor of catechol O-methyltransfer-
ase (104, 105). Hydrocortisone and U-0521
also did not significantly alter the poten-
tiation of responses to noradrenaline pro-
duced by cocaine (176). These findings
were obtained in tissues from animals in
estrus, after pretreatment with human
chorionic gonadotrophin and a large dose
of estrogen, and after pretreatment with
human chorionic gonadotrophin and pro-
gesterone (176) and suggest that the sen-
sitivity of the rabbit oviduct to noradrena-
line is not significantly influenced by ex-
traneuronal uptake of the amine.

3. Effect of prostaglandins. The circular
muscule of the isthmus of rabbit oviduct
responded to both noradrenaline and to
prostaglandins of the F series with a con-
traction (192). It has therefore been sug-
gested that the responses to noradrenaline
and to adrenergic nerve stimulation could
be mediated by release of prostaglandins
of the F series (192). This suggestion, how-
ever, is unlikely since indomethacin, an
inhibitor of prostaglandin biosynthesis,
did not alter the responses of the circular
muscle of the rabbit isthmus to noradren-
aline or transmural stimulation at 27°C
(163).

The contractile responses of the rabbit
oviduct to adrenergic nerve stimulation
were reduced in vivo and in vitro by pros-
taglandins E, (24) and E, (139, 163). Pros-
taglandin E, inhibited responses to trans-
mural stimulation more than those result-
ing from addition of (-)-noradrenaline

(163) suggesting that it was inhibiting
release of transmitter at a presynaptic
site. Prostaglandin E, also inhibited the
release of (—)-[*H]noradrenaline from rab-
bit and human oviductal isthmus induced
by transmural stimulation (139).

In the isthmus of the human oviduct,
prostaglandin E, always reduced the
release of (—)-[*Hlnoradrenaline induced
by transmural stimulation, but had varia-
ble effects on the responses to transmural
stimulation, these being either slightly
depressed, not affected or even markedly
potentiated (139). It was suggested that
these variable responses might have re-
sulted from variable hormonal states in
the subjects from whom the tissues were
obtained. No studies have been reported
on the effects of estrogen and progesterone
levels on the presynaptic inhibitory action
of prostaglandins on adrenergic transmis-
sion in the oviduct.

Responses of the circular muscle of rab-
bit isthmus to transmural stimulation and
to noradrenaline were reproducible at
27°C, i.e., no evidence of desensitization
was obtained (163). However, at 37°C, re-
sponses to both transmural stimulation
and noradrenaline were markedly in-
hibited, i.e., desensitization occurred. This
effect was abolished by indomethacin. To
account for these findings, it was proposed
that prostaglandins of the E series are
spontaneously synthesised by and liber-
ated from the oviduct at 37°C and cause .
the observed desensitization. A similar
degree of desensitization and reversal by
indomethacin was observed in tissues from
rabbits pretreated with estrogen or proges-
terone (163).

4. Presynaptic regulation of release of
transmitter. In recent years it has become
clear that there are specific receptors lo-
cated on peripheral adrenergic nerves and
that these presynpatic receptors are in-
volved in the regulation of release of trans-
mitter during nerve stimulation (119, 195).
Presynaptic a-adrenoceptors mediate a
negative feedback mechanism which re-
sults in inhibition of transmitter release,
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while presynaptic B-adrenoceptors me-
diate a positive feedback mechanism
which results in an increase in transmitter
release. In addition there are other inhibi-
tory presynaptic receptors: these are for
dopamine, opiates, muscarinic agonists,
adenosine and prostaglandins.

There has been very little study of these
presynaptic receptors in the oviduct. As
indicated earlier, there is evidence for the
presence of presynaptic receptors for pros-
taglandins, activation of which inhibits
transmitter release (139, 163). Presynaptic
a-adrenoceptors and S-adrenoceptors have
also been described in the isthmus of the
human oviduct (81). Activation of these
receptors caused, respectively, inhibition
or potentiation of transmitter release. The
effect of hormonal status on these recep-
tors has not been studied.

D. Cellular Mechanism of Action of
Noradrenaline and Other
Sympathomimetic Amines

There have been very few studies that
have examined the mechanism of action
of noradrenaline and related amines on
the oviduct. Isoprenaline only increased
the level of cyclic adenosine 3’:5'-mono-
phosphate in the isthmus of the oviduct in
rabbits that were under progesterone dom-
inance and had no effect on levels in rab-
bits in estrus or after estrogen pretreat-
ment (89). The concentration of isoprena-
line used (4.7 x 10~® M) caused maximal
inhibition of contractility.

Phenylephrine appeared to utilize two
calcium pools or compartments in the isth-
mus of the rabbit oviduct (88). Contractile
responses to phenylephrine persisted for
at least 20 to 30 minutes in the absence of
calcium, whereas responses to elevated
potassium were lost within a few minutes.
The tonic response to phenylephrine was
lost more rapidly than the superimposed
phasic contractions possibly indicating
that they were dependent on different cal-
cium pools. Calcium was also required for
adrenergic transmission in the human ovi-
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duct, while increased magnesium was in-
hibitory (146).

VIII. Effect of Drugs and Procedures
that Modify the Function of the
Sympathetic Nervous System on Ovum
Transport and Fertility

A. 6-Hydroxydopamine

Local administration of 6-hydroxydopa-
mine caused the degeneration of the adre-
nergic innervation to the rabbit oviduct
(56, 170), but had very little effect on
ovum transport (57, 170). In one study,
transport was significantly retarded at 60
hours after mating (57). However, pre-
treatment with 6-hydroxydopamine sig-
nificantly antagonized both the accelera-
tion of ovum transport produced by proges-
terone and the delay in ovum transport
induced by estrogen (170).

Systemic administration of 6-hydroxy-
dopamine to mice (30) and rats (128) did
not reduce fertility. However, the schedule
of treatment with 6-hydroxydopamine
used in these studies caused only a partial
denervation of the heart and other tissues
(30, 128). In a later study (102), the sys-
temic administration of 6-hydroxydopa-
mine to mice produced at least 80% dener-
vation of the oviduct as judged by fluores-
cence microscopy and uptake studies.
However, again fertility was not impaired.
The local oviductal administration of 6-
hydroxydopamine in rabbits produced 70
to 90% denervation and reduced the inci-
dence of pregnancy and the mean number
of implantations (90). However, the local
administration of ascorbic acid alone as a
control also reduced these parameters. As-
corbic acid was added to the 6-hydroxydo-
pamine to reduce its oxidation.

B. Surgical Denervation

Denervation of the short adrenergic
neurons by vaginal transection and strip-
ping of the fascia reduced the catechola-
mine fluorescence in the rabbit oviduct by
only 10 to 50% and did not alter ovum
transport at 48 hours (170). Combined de-
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nervation by vaginal transection and hy-
pogastric nerve resection caused a 70 to
90% reduction in catecholamine fluores-
cence in rabbit oviduct and did not alter
ovum transport at either 48 or 72 hours
(170). However, combined denervation did
antagonize both the acceleration of trans-
port induced by progesterone and the re-
tention or “tube-locking” of ova produced
by estrogen (170).

After autograft transplantation of the
oviduct, pregnancies have occurred in rab-
bits (208) and sheep (37). Under these
conditions it is likely that the adrenergic
innervation to the transplanted oviducts
had undergone extensive degeneration.

C. Agents Impairing Adrenergic
Transmission

In mice, ovum transport was delayed by
reserpine at a dose of 2 mg/kg i.p. and
was arrested by 4 mg/kg i.p. or more (109).
These doses of reserpine caused hypother-
mia and, when this was prevented, ovum
transport proceeded apparently normally
(110). In rabbits, reserpine (0.25 mg/kg/
day s.c.) caused marked depletion of nor-
adrenaline in the oviduct, but produced
only marginal slowing of ovum transport
at 50 and 90 hours after human chorionic
gonadotrophin (16).

Ovum transport and the fertility of rab-
bits was not altered by reserpine in a dose
(90, 170) which caused the complete loss of
catecholamine fluorescence in the oviduct
(170). This dose of reserpine caused signifi-
cant hypothermia and antagonized the re-
tardation of ovum transport produced by
estrogen, but did not antagonize the accel-
eration of transport produced by progester-
one (170).

Administration of guanethidine (20 mg/
kg/day i.m.) at the time of ovum transport
did not significantly reduce the percentage
of pregnant animals or the number of
implantations in rabbits (90). Guanethi-
dine was also reported not to alter ovum
transport in mice (110).

D. Monoamine Oxidase Inhibitors

Administration of iproniazid (25 mg/kg/
day s.c.) significantly increased the nor-

adrenaline content of the rabbit oviduct,
but had very little effect on ovum trans-
port causing marginal acceleration at 50
hours after human chorionic gonadotro-
phin (16).

E. Adrenoceptor Agonists

In rabbits, adrenaline (500 ug/kg/6 hr
s.c.) accelerated ovum transport at 60 and
72 hours after coitus, when administered
for the 12 hours preceding death (174) but,
in an earlier study, had little effect at 36
hours (174). Administration of phenyleph-
rine (4 mg/kg/6 hr s.c.) or noradrenaline
(2 mg/kg/6 hr s.c.) for 12 hours before
death accelerated ovum transport in rab-
bits at 60 and 72 hours after mating (173).
However, these doses were also associated
with a mortality of 29%.

Administration of phenylephrine (1 mg/
kg hourly i.m.) from 16 to 48 hours after
artificial insemination did not impair the
fertility of rabbits (90). In mice, fertility
was reduced by oxymetazoline but not by
methoxamine (102).

In rabbits, ovum transport was not al-
tered by isoprenaline at doses that caused
a mortality rate of about 50% (173). The
effect of isoprenaline on ovum transport
in the rabbit ampulla has been studied by
direct observation in situ (76). During the
infusion of isoprenaline, cumulus egg
masses progressed through the ampulla
at the same net velocity as did controls
despite the complete absence of muscular
activity in the oviduct wall. The fertility
of rabbits was not reduced by ritodrine
administered systemically (90) while sal-
butamol and isoprenaline did not reduce
fertility in mice (102).

F. Adrenoceptor Antagonists

Phentolamine has been reported not to
alter ovum transport in mice (110). Phe-
noxybenzamine has little or no effect on
normal ovum transport in the rabbit (168,
169). However, the administration of phe-
noxybenzamine to rabbits antagonized the
arrest of ovum transport produced by es-
trogen (168, 169), but did not modify the
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acceleration of ovum transport at 72 hours
produced by progesterone (169). The ad-
ministration of phenoxybenzamine (6 mg/
kg i.m. every 12 hours) for the first 3 days
after artificial insemination did not reduce
the number of pregnancies or implanta-
tions in rabbits (90).

Pronethalol and dichloroisoprenaline
were reported not to alter ovum transport
in mice (110) while propranolol had no
effect on ovum transport in rabbits (169).
The administration in rabbits of propran-
olol (10 mg/kg i.m. every 4 hours) or prac-
tolol for the first 3 days after artificial
insemination did not significantly alter
the percentage of pregnancies or of im-
plantations (90).

IX. Role of the Mesenteries in Oviductal
Function

Blandau (11) has pointed out that there
is vigorous contractile activity of the var-
ious mesenteries and ligaments in the
immediate vicinity of the oviduct (i.e.,
the mesovarium, the various ovarian liga-
ments, the mesosalpinx and the mesotu-
barium superius) and that these result in
continual changes in the position of the
ovaries relative to the fimbria as well as
the relations of one part of the oviduct to
another. The role of such contractions in
ovum transport is, however, still unknown
and there has been very little study of the
physiology and pharmacology of these con-
tractile tissues (11).

The anatomy of the mesotubarium su-
perius in the rabbit has been described by
Halbert and Conrad (75) and Meiss (136).
This is a muscle-containing mesentry
which runs along the oviduct from the
uterus to the fimbriated end of the oviduct.
The outer margin is a strip of smooth
muscle cells arranged in parallel longitu-
dinal bundles with little intervening con-
nective tissue. The tissue appears to re-
ceive many nerves.

The anatomy of the human ovarian lig-
ament has been described by Mahran et
al. (129). This ligament extends from the
ovary to the cornu of the uterus and con-
sists mainly of longitudinal smooth muscle

fibres. The ligament is very vascular and
is richly supplied with nerves.

There have been a number of recent,
initial studies of the pharmacology of the
mesosalpinx of the rat (19) and guinea pig
(66) and of the ovarian ligament of the
rabbit (62). The rat mesosalpinx receives
many adrenergic nerves (26), but could
not be studied separately from the oviduct
(19). The isolated mesosalpinx of the
guinea pig did not respond to noradrena-
line (66). The rabbit ovarian ligament was
shown to possess both a-excitatory and g-
inhibitory adrenoceptors with a-adreno-
ceptors predominating (62).

Talo and Brundin (197) used suction
electrodes in vitro to record electrical ac-
tivity in the rabbit oviduct and its sur-
rounding membranes. The duration of the
train discharges in the mesosalpinx, meso-
tubarium superius and other membranes
were larger than the discharges in the
circular muscle of the oviduct. Contrac-
tions of the longitudinal peritoneal muscle
in the rabbit were reflected in intralumi-
nal pressure changes in the oviduct (51).

X. Conclusions

As indicated in section III, the principal
aim of the present review was to evaluate
the role of the adrenergic innervation of
the oviduct in the regulation of ovum
transport. In this concluding section, the
evidence for and against such a role will
be summarized.

Many studies have shown that the pat-
tern of adrenergic innervation to the ovi-
duct in all species is basically similar.
The intrinsic adrenergic innervation is de-
rived from both “long” and “short” adre-
nergic neurones. The muscularis of the
ampulla is generally poorly innervated.
The isthmus, by contrast, is more densely
innervated with the greatest density of
innervation usually at the ampullary-
isthmic junction. The nature of the adre-
nergic neuromuscular relations has re-
ceived much less study. The studies to
date have demonstrated that individual
smooth muscle cells are usually embedded
in connective tissue and are generally not
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in close apposition of adrenergic nerve
terminals. Simple appositions are the
usual type of cell-to-cell contact in oviduc-
tal smooth muscle.

The oviducts of all species studied to
date contain both a-excitatory and B-in-
hibitory adrenoceptors. Whether the a- or
B-adrenoceptors will predominate appears
to be determined chiefly by the species
and the hormonal status of the animal. In
general, progesterone dominance in-
creases the influence of the B-adrenocep-
tors. In the oviduct of the rabbit a-adren-
oceptors always predominate, whereas B-
adrenoceptors usually predominate in the
human oviduct.

As Daniel (46) has indicated, the slow
passage of ova through the ampullary-
isthmic munction and the isthmus could
theoretically result from: mechanical
blocking; blocking of myogenic origin;
blocking from neurogenic changes which
control one of the above myogenic mecha-
nisms; or, blocking from hormonal
changes which act on a myogenic or a
neurogenic mechanism. Daniel has also
pointed out that at the appropriate time
in ovum transport there should be a mech-
anism for reversing the above changes
thus allowing onward progression of ova
(46).

The variability in the responsiveness of
different species to noradrenaline and to
adrenergic nerve stimulation indicates
that a single hypothesis based on a hor-
monally dependent adrenergic sphincter
at the ampullary-isthmic junction cannot
adequately account for the pattern of
ovum transport in all species. In addition
such a hypothesis requires a mechanism
to produce relaxation of tension. There
does not, however, appear to be a neuronal
basis for such a mechanism since an intra-
neural neuronal system has not been de-
scribed in the oviduct while the parasym-
pathetic innervation to the oviduct is gen-
erally very sparse (8). Cholinomimetics
have usually been found to have variable
and weak effects on the oviduct (8, 97).
Relaxation of tension in the isthmus could

also be achieved if there was a hormonally
determined change in either the relative
predominance of a- and B-adrenoceptors
or the quantity of noradrenaline released
per unit time. As indicated earlier, there
is evidence that after ovulation with pro-
gesterone dominance there is an increase
in B-adrenoceptor activity. There is little
or no information, however, on the effects
of hormonal dominance on transmitter
release.

More direct information on the role of
the adrenergic innervation has been ob-
tained in studies of ovum transport and
fertility, principally in mice and rabbits.
In summary, it can be concluded that
these have demonstrated that ovum trans-
port and fertility are not altered to any
major extent by a- or g-adrenoceptor an-
tagonists, by depletion of transmitter
stores or by destruction of adrenergic
nerve terminals in the oviduct. Thus there
does not appear to be any information
presently available to indicate that the
adrenergic innervation in the oviduct is
essential for normal ovum transport (89,
170). Others have, however, cautioned
(151) against concluding that the adrener-
gic innervation has no role in normal
ovum transport and have suggested that
there may be significant species differ-
ences in the control mechanisms and that
the denervation procedures used may have
been incomplete and their effects partially
compensated for by the development of
denervation supersensitivity.

The administration of large doses of
estrogen or progesterone causes, respec-
tively, retardation or acceleration of ovum
transport in rabbits. The evidence availa-
ble suggests that adrenergic mechanisms
may be involved in these effects, since
they are partially reversed by a-adreno-
ceptor antagonists, by depletion of trans-
mitter stores and by adrenergic denerva-
tion. The mechanisms involved are, how-
ever, unknown.

Ovum transport and fertility in rabbits
and mice have also not been altered to
any great extent by large doses of a- and
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B-adrenoceptor agonists. These findings
suggest that such agents will have very
limited efficacy as contraceptives in
women particularly in view of their
marked systemic effects.

Much further research is required to
determine: what factors regulate the type
and number of adrenoceptors present in
the oviduct; how transmitter release is
regulated; how noradrenaline modifies
myogenic electrical and mechanical activ-
ity of the oviduct; what effect the adrener-
gic innervation has on ciliary action and
oviductal secretions; what is the role of
the smooth muscle in the surrounding
mesenteries, etc. Answers to these ques-
tions are required before the role of the
adrenergic innervation to the oviduct can
be completely understood.

Acknowledgments. Original research in the au-
thors’ laboratory was supported by grants to Dr.
Paton from the World Health Organization and the
Medical Research Council of Canada. Dr. Johns
was the recipient of a Canadian Heart Foundation
Research Fellowship while Ms. Rheaume held a
Medical Research Council Studentship. We wish to
acknowledge the competent secretarial assistance
we have received from Miss Sharon Engelhardt and
Mrs. Laurel McLachlin.

REFERENCES

1. Apams, C. E.: Egg survival relative to maternal endo-
crine status. /n Ovum Transport and Fertility Reg-
nl‘hon.ed.byu J. K. Harper, C. J. Pauerstein,

C. E. Adams, E. M. Coutinho, H. B. Croxatto and

D M. Paton, pp. 425-440, Scnptor,Coponhagen,
1976.

2. Amquist,R. P.: Almdyofthe ldnszmpwmepton

19: 136-147 1927.

4. Bir, H. P.: Ammmnryot‘catocholammreeeptor
binding studies. In The Mechanism of Neuronal

| and Extraneuronal Transport of Catecholamines,
ed. by D. M. Paton, pp. 247-257, Raven Press, New
York, 1976.

5. Becx, L. R.: Comparative observations on the mor-

' of the mammalian periovarial sac. J. Mor-
phol. 186: 247-254, 1972.

6. Bxck, L. R. AND Boors, L. R.: The comparative anat-
omy, histology and morphology of the nummnlun
oviduct. In The Oviduct and Its Functions, ed. by
A. D. Johnson and C. W. Foley, pp. 1-51, Aademic
Prees, Inc., New York, 1974.

7. BenNneTT, J. P.: Drug regulation of egg transport. In
Ovum Transport and Fertility Regulation, ed. by
M. J. K. Harper, C. J. Pauerstein, C. E. Adams, E.
M. Coutinho, H. B. Croxatto and D. M. Paton, pp.
441468, Scriptor, 1976.

8. Brack, D. L.: Neural control of oviduct musculature.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

24.

97

In The Oviduct and Its Functions, ed. by A. D.
Johnson and C. W. Foley, pp. 66-118, Academic
Press, Inc., New York, 1974.

. Buack, D. L. aND Asoew, 8. A.: Transport through

the rabbit oviduct. Amer. J. Physiol. 192: 63-68,
1968.

Bram, W. D. anD Back, L. R.: A system for measure-
ment of oviduct motility and contractility and
chronic changes m luminal diameter. In Ovum

Coutinho, H. B. Croxatto and D. M. Paton, pp. 41-

74, Scriptor, Copenhagen, 1976.

Branpav, R. J.: Gamete transport-comparative as-
pects. In The Mammalian Oviduct, ed. by E. S. E.
Hafez and R. J. Blandau, pp. 128-162, University of
Chicago Press, Chicago, 1969.

BrLanDAvy, R. J.: Mathodlofoboervmcovuhtlonmd

tnnq)ort. In Methods in Mammalian Embryol-
ed. by J. C. Daniel, pp. 1-14, Freeman, San
, 1870.

Branpavu, R. J., Bouing, J. L., Hauszar, S. aAND
Vanugo, P.: Methods for studying oviductal physi-
ology. Gynecol. Invest. 6: 123-145, 1975.

Bumuu, R. J. aND VEmDUGo, P.: An overview of

te transport—Comparative aspects. In Ovum
'l‘nmportmdl’emhtyhnlauon,ed.byu J. K.
Harper, C. J. Pauerstein, C. E. Adams, E. M.

hicago,

Bounl R.R.mlinrn M. J. K.: Changes in the
amountof.dnnerglcmummmmrmthegam
tal tratt of untreated rabbits, and rabbits given
reserpine or iproniazid during the time of egg trans-
port. Biol. Reprod. 6: 283-299, 1972.

Booxaz, R. R. AND Harrzz, M. J. K.: Mechanism of

W&Chngummuntof.dumxglc

thmuchthe-mwlhofthoondueuofnbbxtnundor
various experimental conditions. Biol. Reprod. 4:
174-184, 1971.

Bompa, E., SrerIN-Borpa, L., GiMeno, M. F., STERIN-
SprziaLz, N. AND GIMENO, A. L.: Motility of the rat
oviductal tract isolated in different stages of the sex
cycle. Effects of catecholamines. Int. J. Fertil. 20:
170-176, 1975.

. Borzwr, U., NmssoN, O., WeasiLL, J. AND WESTMAN,

A.: Electron-microscope studies of the epithelium of
the rabbit fallopian tube under different hormonal
influences. Acta Obstet. Gynecol. Scand. 35: 35-41,
1956.

BrennzR, R. M.: The biology of oviductal cilia. In The
Mammalian Oviduct, ed. by E. 8. E. Hafez and R.
J. Blandau, pp. 203-229, University of Chicago
Prees, Chicago, 1969.

. BrosEns, 1. A. AND Vasqusz, G.: Fimbrial micro-

biopey. J. Reprod. Med. 16: 171-178, 1976.

. BRUNDIN, J.: Distribution and function of adrenergic

nerves in the rabbit fallopian tube. Acta Physiol.
Scand. 66: suppl. 259, 1-57, 1965.

BruNDIN, J.: The effect of prostaglandin E, on the
responses of rabbit oviduct to hypogastric nerve
stimulation. Acta Physiol. Scand. 73: 54-57, 1968.

. BRUNDIN, J.: Pharmacology of the oviduct. In The

Mammalian Oviduct, ed. by E. S. E. Hafez and R.
J. Blandau, pp. 251-270, University of Chicago



26. BrunDIN, J.,

27.

31.

41.

. CLYMAN, M. J.: Electron

PATON ET AL.

Press, Chicago, 1969.

SwepiN, G.: The sympathetic innervation of the
oviduct in the rat. Acta Physiol. Scand. 75: 69-72,
1969.

BRUNDIN, J. AND WinsgN, C.: The distribution of
adrenergic nerve terminals in the rabbit oviduct.
Acta Physiol. Scand.61: 203-204, 1964.

. BRUNDIN, J. AND WinsgN, C.: Adrenergic nerve termi-

nals in the human fallopian tube examined by
fluorescence microscopy. Acta Physiol. Scand. 61:
505-506, 1964.

Carwson, R. R. aND DxFzo, V. J.: Role of the pelvic
nerve vs. the abdominal sympathetic nerves in the
reproductive function of the female rat. Endocrinol-
ogy T1: 1014-1022, 1965.

CasteéN, O., AmmaxsINEN, M. AND Saamixosxi, S.:
Decrease of litter sizse and fetal monoamines by 6-
hydroxydopamine in mice. Experientia (Basel) 29:
§76-578, 1973.

CHANG, M. C.: Estrogen, progesterone and egg trans-
port —Overview and identification of problems. In
Ovum and Fertility Regulation, Section
V, ed. by M. J. K. Harper, C. J. Pauerstein, C. E.
Adams, E. M. Coutinho, H. B. Croxatto and D. M.
Paton, pp. 473-484 ,Scriptor, 1976.

Copenhagen,
. CHATEOFPP, M. L. AND PAURRSTRIN, C. J.: Biochemistry

of adrenergic receptors in ovum transport. Gynecol.
Invest. 6: 43-44, 1975.

. CHEVIAKOPY, S., D1z, S., Caran, M., Patarrm, N,

Croxatro, H. D., Liapos, C., Ozrizs, M. E. anD
Croxatro, H. B.: Ovum transport in women. In
Ovum Transport and Fertility Regulation, ed. by
M. J. K. Harper, C. J. Pauerstein, C. E. Adams, E.
M. Coutinho, H. B. Croxatto and D. M. Paton, pp
416-424, Scriptor, Copenhagen, 1976.

, F.: Studio sulla fine innervazione dei genitali
femminili tube. Ann. Ostet. Ginecol. 81: 1161-1170,
1959.

. Ciars, L. A., Sica-Branca, Y., Rauspio, M. R.,

Rozapa, H. anp Gu, B. E.: Effect of sympathomi-
metic drugs upon the human oviduct in vivo. Amer.
d. Obstet. Gynecol. 110: 481-488, 1971.
i of the human
fallopian tube. Fertil. Steril. 17: 281-301, 1966.

. CousN, B. M., MoraaNTHAL, J. C., Davsay, D. A,

Van Nizxzex, C. H., Uys, C. J., Boraa, M. C., Du
Torr, E., Harmison, v. C., l-lxcnuu,k.,borru
F. anp Poows, D. M. J.: Pngnancyn!lorlutotrans—
plantation of the fallopian tube in the ewe. 8. Afr.
Med. J. 50: 1179-1181, 1876.

. CoLLINs, G. G. S. AND SoUTHGATS, J.: The effect of

progesterone and oestradiol on rat uterine mono-
amine oxidase activity. Biochem. J. 117: 38, 1970.

. Costa, E. AND Nzrr, N. H.: Isotopic and non-isotopic

measurements of the rate of catecholamine biosyn-
thesis. In Biochemistry and of the
Basal Ganglia, ed. by E. Costa, L. J. Cité and M.
D. Yahr, pp. 141-156, Raven Press, New York, 1966.

. CorrLs, M. K. W. ml'lmal,G.W..Adnnomc

innervation of the fallopian tube of the monkey.
Histochem. J. 5: 143-149, 1978.

Courinmo, E. M., Ma1a, H. AND Matr0s, C. E. R.:
Con ili ofthofallopimmbo.oynoeol.lnvut.
6: 146-161, 1975.

ertility
MJKWCJ&MCBM.E.
M. Coutinho, H. B. Croxatto and D. M. Paton, pp.
99-106, Scriptor, Copenhagen, 1976.

. CroxaTro, H. B. AND OT13, M.-E. S.: Egg

in the fallopian tube. Gynecol. Invest. 6: 215-225,
1976.

. CuATRECASAS, P.: Membrane receptors. Annu. Rev.

46.

47.

51.

57.

Biochem. 43: 169-214, 1974.

FrepricssoN, B., Noaszrg, K.-A. AND 45. Damiani, N. AND CarobacQua, A.: Sull'innervazione

intrinseca della tuba. Ann. Ostet. Ginecol. 83: 436-
446, 1961.
DANm.,E E.: A critical mtnduchonwmlymol

M. Coutinho, H. B. Croxatto, and D. M. Paton, pp.

228-238, Scriptor, Copenhagen, 1976.
Danm, E. E., Possy, VA.umPAm,D M: A

Gynecol. 101: 417421, 1968.

. Davins, A. M. AND Benpez, M. B.: Effects of adrena-

lmoonmbdeonunctwmofthernbbftinm

arro, H. B.: ovum surrogates by the
human oviduct. In Transport and Fertility
Regulation, ed. by M. J. K. Harper, C. J. Pauer-
stein, C. E. Adams, E. M. Coutinho, H. B. Croxatto

M. Paton, pp. 404-415, Scriptor, Copen-



70.

.

6.

ADRENERGIC INNERVATION OF THE OVIDUCT

ligament to catecholamines. Fertil. Steril. 27: 957-

964, 1976.
mun of the oviduct. In

cycle.
Int. J. Fertil. 21: 31-41, 1976.

. GaERNwALD, G. 8.: In vivo recording of intraluminal

pressure in the rabbit oviduct. Fertil. Ste-
ril. 14: 666-674, 1963.

. GREENWALD, G. 8.: Hormonal regulation of egg trans-
through the

port mammalian oviduct. In Progress
in Infertility, ed. by S. J. Behrman and R. W.
Kinn-',pp 157-179, Little, Brown and Company,

Physiol. 123: 307-318, 1938.

. Hanenm, M. J K'mhuw.c d.: The quest

for a contraceptive method for the regulation of
ovum transport. In Ovum and Pertility
Regulation, ed. by M. J. K. Harper, C. J. Paver-
stein, C. E. Adams, E. M. Coutinho, H. B. Croxatto
. M. Paton, pp. 15-24, Scriptor, Copenhagen,

Sk

7.

80. HAwxiNs,

81.

91.

. HervONEN, A. AND Kanmava, L

99

Hazrrxz, M. J. K., PaurssTaiN, C. J., Apams, C. E,,
Oou-mmo, E. M., Croxarro, H. B. AND PATON, D
M. (Eprroas): Ovum Transport and Fertility Regu-
lat.lon, Serlpwr Coponhqen 1976.
reactions of

isolated nnp of human tube. Arch. Int.
Pharmacodyn. Thér. 152: 474-478, 1964.

Hzpqvist, P. AND MoAwAD, A.: Presynaptic o- and 8-
adrenoceptor mediated control of noradrenaline
release in human oviduct. Acta Physiol. Scand. 95:
494496, 1975.

. HeiLmaN, R. D., Ecxkuaror, W., Bause, B. 8., Heznn,

D.W. ANDDAVANIO,J P. Amparimofeudio-
vascular and oviductal beta adrenergic receptors.
Fertil. Steril. 23: 221-229, 1972.

. Henuan, R. D, Rso, R. R. aAND Hann, D. W.:

Changes in the sensitivity of receptors
in the oviduct during early gestation in the rabbit.
Fertil. Steril. 27: 426-430, 1976.

. HenpersoN, R. M., Jouns, A. AND Paton, D. M.: Cell

contacts and distribution of nerves in the smooth
muscle of estrogen-dominated rabbit oviduct. Gyne-
col. Invest. 7: 121-137, 1976.

and

nonadrenergic axons of the nbbit uterus and ovi-
duct. Acta Physiol. Scand. 85: 139-141, 1972.

. Hiogs, G. W. aND Moawap, A. H.: The effect of

ovarian hormones on the contractility of the rabbit
oviductal isthmus. Can. J. Physiol. Pharmacol. §2:
74-83, 1974.

. HooasoN, B. J., Croxarro, H. B., VaRGas, M. I. AND

PauzestaiN, C. J.: Effect of particle sise on time
course of transport of surrogate ova through the
rabbit oviduct. Obstet. Gynecol. 47: 213-217, 1976.

. HopgeoN, B. J. anND Dary, S.: The role of calcium in

mﬂacﬁwdthmdualnmw.nd
mehtymnmedby . J. K. Harper, C. J.
PaueutoinCEAdams. leﬁnho,HB
Croxatto and D. M Pntmppl&-lﬂ.ﬁuipwt
Copenhagen, 1976.

.HM,BJMMC A.: The autonomic

Hooasow, B. J. mPAun'rlnc,C J.: The effect of
wuhtionmthmdthombhnwidmto
agonists in vitro. Biol. Reprod. 10: 346-

363, 1974.

. Hopgson, B. J. aNp Paumesrain, C. J.: Effects of

hrmdmmnhwmdwmmspm
of the rabbit oviduct. Fertil.
&‘nl”.ﬂ!—ﬂllﬂs

. Hopason, B. J., SuLuivan, K. B. AND Pausastain, C.

J.:‘l‘honlodlymp.t.hoﬁcmintb
of uterus and oviduct to field stimulation.



100

PATON ET AL.

Croxatto and D. M. Paton, pp. 342-349, Scriptor,
Copenhagen, 1976.

98. HumpHRrey, K. W.: Influence of estrogen and proges-

100.

101.

102.

103.

104.

108.

106.

107.

108.

109.

110.

111.

112.

118.

114.

116.

terone on oviductal function. In Ovum Transport
and Fertility Regulation, ed. by M. J. K. Harper,
C. J. Pauerstein, C. E. Adams, E. M. Coutinho, H
B. Croxatto and D. M. Paton, pp. 495-505, Scriptor,
Copenhagen, 1976.

. Hunter, D. S. ANp KenpLz, K. E.: The influence of

104ad

hormonal state on the resp of the i
rabbit oviduct to catecholamines. J. Reprod. Fertil.
41: 245-247, 1974.

Isun, S.: Autonomic innervation of human and rat
oviducts with reference to its sympathetic innerva-
tion — An electron microscopic study. Med. J. Osaka
Univ. 23: 1-10, 1972.

Jacosowrrz, D. AND Kozire, G. B.: Histochemical
correlations of acetylcholinesterase and catechol-
amines in postganglionic autonomic nerves of the
cat, rabbit and guinea pig. J. Pharmacol. Exp.
Ther. 148: 225-237, 1965.

Jouns, A., CHLUMECKY, J. Cormiz, M. K. W. AND
Paton, D. M.: Effect of chemical sympathectomy
and adrenergic agonists on the fertility of mice.
Contraception 11: 563-570, 1975.

Jonns, A. AND PatoN, D. M.: Pharmacological char-
acteristics of the response of rabbit oviduct to trans-
mural stimulation. Arch. Int. Pharmacodyn. Thér.
217: 22-28, 1975.

JoHNs, A. AND PatoN, D. M.: Effect of cocaine and
other drugs on the sensitivity of the oestrogen-dom-
inated isthmus of rabbit oviduct to noradrenaline.
Can. J. Physiol. Pharmacol. §3: 1172-1177, 1975.

Jouns, A. AND Paton, D. M.: Effect of cocaine, desi-
pramine, 6-hydroxydopamine and indomethacin on
the sensitivity of the estrogen-dominated ampulla
of rabbit oviduct to (—)-norepinephrine. Biol. Re-
prod. 14: 248-252, 1976.

JounsoN, A. D. anp Forzy, C. W. (Eprrors): The
Oviduct and Its Functions, Academic Press, New
York, 1974.

JorDAN, S. M.: Adrenergic and cholinergic innerva-
tion of the reproductive tract and ovary in the
guinea-pig and rabbit. J. Physiol. (London) 210:
115P-117P, 1970.

KzxLL0G6G, M.: The postnatal development of the ovi-
duct of the rat. Anat. Rec. 93: 377-399, 1945.

Ksenbpiz, K. E. AND BenNeTT, J. P.: Studies upon the
mechanism of reserpine-induced arrest of egg trans-
port in the rxouse oviduct. I. The effect of hormone
replacement. J. Reprod. Fertil. 20: 428-434, 1969.

KznpLz, K. E. AND BenNeTT, J. P.: Studies upon the
mechanism of reserpine-induced arrest in egg trans-
port in the mouse oviduct. II. Comparative effects
of some agents with actions on smooth muscle and
tissue amines. J. Reprod. Fertil. 20: 435-441, 1969.

Kznbpig, K. E. AND LAM SuAN LzsN, Y. K.: Further
investigation of the responses of the mammalian
oviduct to catecholamines. J. Reprod. Fertil. 46:
231-238, 1976.

KznnNepy, D. R. AND MarsuaLL, J. M.: Effect of
adrenergic nerve stimulation on the rabbit oviduct:
correlation with norepinephrine content and turn-
over rate. Biol. Reprod. 16: 200-211, 1977.

Kozstzz, H.: Ovum . In Mammalian Repro-
duction, ed. by H. Gibian and E. J. Plotz, pp. 189-
228, Springer-Verlag, New York, 1970.

Kox, F.: Bewegungen des muskulosen Rohres der
Fallopischen Tube. Arch. Gynaek. 127: 384-430,
1925-26.

Kox, F.: Experimentelle Untersuchangen uber die
Pharmakologi: Beeinflussung der Eileitermu-
skulature als Beitrag zur Klirung der Frage nach
dem Mechanismus des Eitransportes. Zentralbl. Gy-
nak. 51: 2650-2656, 1927.

116.

1.

118.

119.

121.

124.

g B

127.

130.

131

132.

188.

134.

185.

Kuso, K., KAwaNoO, J. AND IsHn, S.: Some observa-
tions on the autonomic innervation of the human
oviduct. Int. J. Fertil. 15: 30-35, 1970.

Kuntz, A. AND MoszLey, R. L.: An experimental
analysis of the pelvic autonomic ganglia in the cat.
J. Comp. Neurol. 64: 63-76, 1936.

Kusniva, 1.: An electron microscope study of the
muscular coats in the ampulla of the rabbit oviduct,
with special reference to the neuromuscular rela-
tionship. J. Electron Microscop. 17: 127-138, 1968.

Lancz, ¢ 8. Z.: Presynaptic receptors and their role in
the regulation of transmitter relouo Brit. J. Phar-
macol. 60: 481-497, 1977.

. LaANGLRY, J. N. AND AnpgasoN, H. K.: The constitu-

ents of the hypogastric nerve. J. Physiol. (London)
17: 177-192, 1884.

Lancizy, J. N. AND AnparsoN, H. K.: The innerva-
The internal generative organs. J. Physiol. (Lon-
don) 19: 122-130, 1895.

. LANGLEY, J. N. AND AnDanson, H. K.: The innerva-

tion of the pelvic and adjoining viscera. Part V.
Position of the nerve cells on the course of the
efferent nerve fibres. J. Physiol. (London) 19: 131-
139, 1895.

. LaNGLRY, J. N. AND AnDERsON, H. K.: The innerva-

tion of the pelvic and adjoining viscera. Part VII.
Anatomical obeervations. J. Physiol. (London) 20:
372-408, 1896.

Lzrxowrrz, R. J.: Identification of adenylate cyclase-
coupled beta-adrenergic receptors with radiola-
belled beta-adrenergic antagonists. Biochem. Phar-

macol. 24: 1651-1658, 1976.

. Larxowrrz, R. J.: The g-adrenergic receptor. Life Sci.

18: 461-472, 1976.

Lzvy, B. AND Linpaz, H. R.: The effect of adrenergic
drugs on the rabbit oviduct. Eur. J. Pharmacol. 18:
15-21, 1972.

Lisa, J. R, Giota, J. D. anND RuBiN, 1. C.: Obeerva-
tions on the interstitial portion of the fallopian
tube. Surg. Gynecol. Obstet. 99: 158-169, 1954.

. MACDONALD, E. J. AND AIRAxsINEN, M. M.: The effect

of 6-h; on the oestrus cycle and fer-
tility of rats. J. Pharm. Pharmacol. 26: 518-521,
1974.

MaHRAN, M., Fabzr, H. E. AND Sarzn, A.: Human
ovarian ligament. Structure and possible function.
Obstet. Gynecol. 37: 711-72! 1971.

Maia, H. anDp Courineo, E : Peristalsis and anti-
poruulm of the human fnllopun tube during the
menstrual cycle. Biol. Reprod. 2: 305-314, 1910

MaistazLLo, I.: Extraluminal recording of oviductal
contractions in the unanaesthetized rabbit. J. Appl.
Physiol. 31: 768-776, 1971.

ManrsHALL, J. M.: Adrenergic innervation of the fe-
male reproductive tract: Anatomy, physiology and
pharmacology. Ergeb. Physiol. 62: 6-67, 1970.

MarsuaLL, J. M.: Studies of oviductal contractility
(overview of in vitro approach). In Ovum Transport
and Fertility Regulation, ed. by M. J. K. Harper,
C. J. Pauerstein, C. E. Adams, E. M. Coutinho, H.
B. Croxatto and D. M. Paton, pp. 153-160, Scriptor,
Copenhagen, 1976.

MarTiN, J. E.,, Wazs, R. W.,, CrosBy, R. J. AND
PauzzsTRIN, C. J.: Demonstration of beta adrener-
gic receptors in the rabbit oviduct. Gynecol. Invest.
1: 82-91, 1970.

MarTINEZ, M. M. AND Pfzzz, F. P.: Contribucion al
conocimiento de la fina inervacion de la trompa de
Falopio. Acta Ginecol. 9: 365-381, 1958.

. Mziss, R. A.: Graded activation in rabbit mesotubar-

ium smooth muscle. Amer. J. Physiol. 229: 455-465,
1975.

. MrrcamwL, G. A. G.: The innervation of the ovary,

uterine tube, testis and epididymis. J. Anat. 72:



ADRENERGIC INNERVATION OF THE OVIDUCT

508-517, 1988.

138. Mizzazs, N. J.: The anatomy of the autonomic nervous

§

140.

141.

142.

148.

14.

146.

146.

147.

148,

149.

151.

152. OwMaN,

188.

154. OwMAN,

system of the dog. Amer. J. Anat. 96: 285-318, 1965.

Moawab, A., Henqvist, P. AND ByGgpeman, M.: Nor-
adremlmo release following nerve stimulation and
its modification by E; in human and
rabbit oviduct. Acta Physiol. Scand. 95: 142-144,
1976.

Moawabp, A. H., Hepqvist, P. AND Kin, M. H.: Corre-
lation of plasma estrogens and progesterone levels
with the in vitro adrenergic responses in the isthmus
of the human oviduct. In Ovum and
Fertility Regulation, ed. by M. J. K. Harper, C. J.
Pauerstein, C. E. Adams, E. M. Coutinho, H. B.
Croxatto and D. M. Paton, pp. 276-292, Scriptor,
Copenhagen, 1876.

Moawap, A. H. AND ZuseaN, F. P.: The effects of sex
steroids on the adrenergic neurotransmitter in the
oviduct of the rabbit, with special emphasis on the
isthmic region. Gynecol. Invest. 6: 77, 1975.

MOLNAR, S., Jouns, A., Paton, D. M., Danizw, E. E.
AND Backx, R. P.: Characteristics of responses of
isolated human fallopian tube to transmural stimu-
lation and to sympathomimetic amines. Arch. Int.
Pharmacodyn. Thér. 220: 205-2186, 1976.

Mo0LLaR, D.: Zur Innervation des weiblichen Genitale
mit besonderer Berticksichtigung der Pars intra-
muralis tubae. Arch. Gynaekol. 194: 396-405, 1961.

Naxanisaz, H., WanssrouGH, H. AND Woob, C.: Post-
ganglionic lympnthotlc nerve innervating human
fallopian tube. Amer. J. Physiol. 213: 613-619, 1967.

Naxanisuz, H. AND Woop, C.: Effects of adrenergic
blocking agents on human fallopian tube motility
in vitro. J. Reprod. Fertil. 16: 21-28, 1968.

Naxanisma, H. AND Woop, C.: Effects of calcium and
magnesium on sympathetic transmission in human
fallopian tube. Arch. Int. Pharmacodyn. Thér. 174:
469-480, 1968.

N=zwson, T. 8., NunN, T. A. aAND AnasLL, J. B.: Micro-
miniature tnmdueen for oviduct motor function.
In Ovum Transport and Fertility Regulation, ed. by
KJKHArprCJPauemm,CEMamE
M. Coutinho, H. B. Croxatto and D. M. Paton, pp.
75-88, Scriptor, Copenhnpn, 1976.

Nmsson, O. AND ReINTUs, 8.: Light and electron micro-
scopic structure of the oviduct. /In The Mammalian
Oviduct, ed. by E. S. E. Hafez and R. J. Blandau,
pp. 57-85, University of Chicago Press, Chicago,
1969.

Opor, D. L.: The question of "basel cells” in oviductal
and endocervical epithelium. Fertil. Steril. 25: 1047-
1062, 1974.

. OmsiNi, W.: Technique of preparation, study and pho-

tography of benzylbenzoate cleared material for
embryological studies. J. Reprod. Fertil. 8: 283-287,
1962.

OwMaN, C., Fawck, B., JoHAnssoN, E. D. B., Roszn-
ameN, E., S;0szra, N.-O., SrorroNG, B., SvenssoN,
K.-G. AND WaLLzs, B.: Autonomic nerves and re-
hbdmmmm'modmhngmtor.cuwtym

pharmacological

'lhntportmdFortﬂltyReguhtwn, byMJK

Harper, C. J. Pauerstein, C. E. Adnm E. M

Coutinho, H. B. CmntoonndD M. Paton, pp. 256-

275, Scriptor, Copenhagen, 1976.

C., RosengaeN, E. AnND SsdezRg, N.-O.: Ori-
gin of the adrenergic innervation to the female
genital tract of the rabbit. Life Sci. 5: 1389-1396,
1966.

Owuay, C., RounouN.E AND SybBERG, N.-O.: Ad-

gation. Obstet. Gynecol. 30: 763-773, 1967.
C. AND Ss68ERG, N.-O.: Adrenergic nerves

156.

156.

157.

158.

159.

160.

161.

162.

163.

164.
165.
166.

167.

168.

169.

170.

171.

172.

178.

101

in the female genital tract of the rabbit. With

remarks on cholinesterase-containing structures. Z.

Zellforsch. 74: 182-197, 1966.

Owaan, C. m&uno N.-O.: Adrenergic innerva.
tlonofthefemalopmulmdthedog.l qud.
Med. 8: 63-66, 1972.

OwMAN, C. AND Ss68x2G, N.-O.: Effect of pregnancy
and sex hormones on transmitter level in uterine
short adrenergic neurones. In Frontiers in Catechol-
amine Research, ed. by E. Ursden and 8. M. Snyder,
PP. 796-801 Pergamon Prees, Oxford, 1973.

OwMaN, C. AND Ssszmc, N.-O.: Influence of sex
hamwonthommtdmumw
in the rabbit oviduct. In Neurocendocrine
of Fertility, ed. by T. C. Arrand Kumar, pp. 260~
267, S. Karger, Basel, 1976.

OwMAN, C. aAND SsdetaanD, N. O.: Short adrenergic
neurons and catecholamine-containing cells in vas
deferens and accessory male genital glands of differ-
ent mammals. Z. Zellforsch. 66: 300-320, 1965.

pian tube. Report 1. The proliferative and secretory
stages. Fertil. Steril. 23: 459-465, 1972.

PatoN, D. M.: Measurement of catecholamines. In
Methods in , vol. 3, Smooth Muscle,
ed. by E. E. Daniel and D. M. Paton, pp. 613-621,
Plenum Press, New York, 1975.

PaTon, D. M. AND JoRNS, A.: Characteristics of uptake
of [*H](+)-metaraminol by human fallopian tube.
Res. Commun. Chem. Pathol. Pharmacol. 10: 267-
272, 1975.

PatoN, D. M. AND JoHNS, A.: Effects of prostagiandin
E,; and indomethacin on the responses of the isthmus
of rabbit oviduct to norepinephrine and transmural
col. 11: 15-24, 1975.

PauzesteiN, C. J.: The Fallopian Tube: A Reap-
praisal, Lea & Febiger, Philadelphia, 1974.

PauxestzIN, C. J.: Seminar on tubal physi and
biochemistry. Gynecol. Invest. 6: 101-264, 1975.

PausesteIn, C. J., ALzxanper, R. W., Momizy, J. A.
AND Fremuming, B. D.: Compcntive anatomy of the
inner longitudinal muscle layer of the oviductal
isthmus. Obstet. Gynecol. 85: 504-512, 1970.

PauzestziN, C. J., AnpsrsoN, V., CHaTxOFFY, M.
L.anp HopgsoN, B. J.: Effect of estrogen and proges-
terone on the time-course of tubal ovum transport
in rabbits. Amer. J. Obstet. Gynecol. 120: 298-308,
1974.

PauzssteIn, C. J., Faeaang, B. D., Hooason, B. J.
AND MARTIN, J. E.: The promise of pharmacologic
modification of ovum transport in contraceptive
development. Amer. J. Obstet. Gynecol. 116: 161-
168, 1973.

PauzzsteIN, C. J., FrEMMING, B. D. AND MARTIN, J.
E.: Estrogen-induced tubal arrest of ovum. Obstet.
Gynecol. 35: 671-675, 1970.

PauzasteIN, C. J., HopGeoN, B. J., Fresaang, B. D.
AND MARTIN, J. E.: Effects of sympathetic denerva-
tion of the rabbit oviduct on normal ovum transport
and on transport modified by estrogen and proges-
terone. Gynecol. Invest. 5: 121-132, 1974.

PauzzsteIN, C. J., Hobgeon, B. J. AND KraMzN, M.
A.: The anatomy and physiology of the oviduct. In
Obestetrics and Gynecology Annual 1974, pp. 187-
201, Appleton-Century-Crofts, New York.

PauznsteIN, C. J. AND Woobrurr, J. D.: The role of
the “indifferent” cell of the tubal epithelium. Amer.
J. Obstet. Gyneeol. 98: 121-125, 1967.

PounonoJ ., HeiLMAN, R. D., CuLvze, R. M. aND
Rxo, R. R.: M of adunerglc drugs or denerva-



~e)

102

174.

178.

176.

1m.

178.

179.

180.

181.

183.

184.

188.

189.

. Rucxssuscn, Y.

PATON ET AL.

tion on ovum transport in rabbits. /n Ovum Trans-

port and Fertility Regulation, ed. by M. J. K.
Hm C. J. Paverstein, C. E. Adams, E. M.
Coutinho, H. B. Croxatto and D. M. Paton, pp. 331-

Ml.ﬂaim(:opmhmlm
Pouno-o:‘ MG&meDLm

drugs on ovum’ transport

through the rabbit oviduct. J. quod Pertil. 35:
331-337, 1973.

Pmics, D., Zaawme, J. J. P. anp Onrriz, E.: Prenatal

of the oviduct in vivo and in vitro. In

The Mammalian Oviduct, ed. by E. 8. E. Hafez and

R. J. Blandau, pp 29-48, University of Chicago
Press, Chicago, 1960

Rumauns,D. E. mPum.D M.: Effect of hormonal
pretreatment sensitivity in the
m‘mmm West. Pharmacol.
Conf. 20: 19-23, 1977.

Rossnoasy, E. m&hno. N.-O.: The adrenergic
nerve supply to the female reproductive tract of the
cat. Amer. J. Anat. 121: 271-283, 1967.

Rosangasn, E. anp Ssdssng, N.-O.: Changes in the
amount of adrenergic transmitter in the female
genital tract of the rabbit during pregnancy. Acta
Physiol. Scand. 72: 412-414, 1968.

Rmmuml,l. AND StEIN, A. A.: Autonomic responses
- of the circular muscle of isolated human fallopian

Am.r J. Physiol. 210: 1127, 1968.

Stmetunl requirements for uptake into
neurons. /n The Mechanism of Neu-

and Extraneuronal of Catechol-
amines, ed. by D. M. Paton, pp. 67-93, Raven Prees,

T

Uterotubular Insuffiation, C. W. Mosby,

St.lmh. 1947.

AND Picuor, D.: Effects of adrenergic
drugs on sheep oviduct motility. Eur. J. Pharmacol.
33: 193-196, 1978.

SaLomy, M. aAND Harrsz, M. J. K.: Cyclical changes
of oviduct metility in rabbits. Biol. Reprod. 4: 185-
194, 1971.

ScEnung, E.: Untersuchungen Gber den Bau und die
Arbeitsweise des Eileiters vom Schaf und Rind.

tubo
Ross, 8
cal
mal
Nﬂ
Rumn, I

.8“0 N.-O.: ‘l‘boadrwtnn-nithtoftho

female reproductive tract: distribution and func-
wmmw Scand. suppl. 308, 1-

32, 1967,
Ss0ssza, N-O Increass in transmitter content of

192.

198.

194.

1965.

196.

197.

198.
199.

201.

¥ 8BS

_§

210.

376-380, 1962.
SrimaN, C. H. anp Harrze, M. J. K.: Comparison of
the effects of adrenergic drugs and prostaglandins
on rabbit oviduct motility. Biol. Reprod. 10: 549-
554, 1974.
Sranaz, H.-H.: Zur funktionellen Morphologie des
Fimbrienendes der menslichen Tube und des Epoo-
AnhGynukol 182: 77-108, 1962.
.-H.: Vergleichende

Srangs, H

Sphinkter
74: 1176-1182, 1962.

Srarxs, K.: Regulation of noradrenaline release by
presynaptic receptor systems. Rev. Physiol. Bio-
chem. Pharmacol. 77: 1-124, 1977.

Taxzoa, H. AND Dorsucai, M.: Adrenergic mecha-
nisms and hormonal status of the oviduct. In Ovum
Transport and Pertility Regulation, ed. by M. J. K.
Harper, C. J. Pauerstein, C. E. Adams, E. M.
Coutinho, H. B. Croxatto and D. M. Paton, pp. 307-

and contractile function of the upper reproductive
tract in female rabbits. Biol. Reprod. 9: 142-148,
1978.

THmOBALD, G. W 'l‘horolcoft.heeonh-uleormm

th.ent’lmcﬁhtmgmmhnnonahmmﬂueno-
mct.hommtmty of the isolated preparation to -
norepinephrine. J. Pharmacol. Exp. Ther. 166: 14-

thhomoﬁhtydthmuhrlndlmmm-
dinal muscle layers of the rabbit oviduct in vitro.
Pertil. Steril. 24: 440-447, 1973.

Springfield, I11., 1956.

vON GawmoNnsxY, N.: Veber Verbreitung und Endi-
gung der Nerven in den weiblichen Genitalien.
Arch. Gynaekol. 47: 271-288, 1894.

Wainss, N.: Rmdaﬁmdwnﬂuphﬁmbmyn-
thesis. Annu. Rev. Pharmacol. 10: 273-290, 1970.
Wmoicouss, J. H., Jouns, A. aND Paton, D. M.:
molthomhywﬂwmh’amunl
stimulation and to drugs. J. Reprod. PFertil. 50: 141-

144, 1977.

Wiuiams, J. W.: Contributions to the normal and
pathological histology of the fallopian tubes. Amer.

J. Med. Sci. 102: 377-388, 1891.

Wiesron, R. M. L. aAxp McCLuns Baowns, J. C.:
Pregnancy following autograft transplantation of
fallopian tube and ovary in the rabbit. Lancet 2:
494496, 1974.

Wimwocxl, G. B.: On the female reproductive tract of
the gorilla with a comparison of that of other pri-
mates. Contrib. . Carnegie. Inst. Wash. 23:
163-204, 1932.

Woooaurr, J. D. anp Pauzastain, C. J.: The Fallo-
pian Tube, The Williams & Williams Company,
Baltimore, 1969.





