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INTRODUCTION.

There are many reasons which induced me to
choose this subject for a thesis. I would 1like to

mention only the most important one.

Between 1942 and 1945, while in the South
African Medicsl Corps, I was posted to the Wynberg
Military Hospital, During this time I was closely
assoclated with the urological service of the

hospital.

It struck me very forcibly how many soldiers
were off duty on account_of a genito-urinary complaint.
In the majprity of these the dlagnosis was prostato-
vesiculitis; and it must be stressed, as 1t has been
done by many others, that an infection with the
gonococcus was the exciting cause in no more than one
hglf the number of cases. I formed the opinion that
more soldiers were off duty on account of prostato- .
vesiculltls than for any other single disease. Quite
a number of them remained the best part of»a year in

hospital.

I had the good fortune to become well-
acquainted with this clinical entity. The diagnosis,
management and treatment of these cases requlres patience
and expert tiraining. Except 1n the mildest cases the
treatment ié very protracted. In some of them the con-
dition remains baffling and the results are disappoint-
ing. Signs and symptoms may be referred to'nearly’all
parts of the body, and severe neurasthenia 1s the in-

' evitable result, unless the focus of disease 1is

- adequately -



adequately dealt with.

It has been suggested by numerdus authorities
that most of the trouble in prostato-vesiculitis,
emanates from the infection in the seminal vesicle;
that in fact the vesiculitis forms the basis of what

has for many years been called "prostatic rheumatism",

To this purpose then, I determined to find
out what I could about the seminal vesicles.‘ It
seemed essential to me that a good knowledge of the
structure and function of these glands must preceed’

any serious attempt to understahd its pathology.

The material availéble for this study came-
from various éources. I used twelve cadavers whose ages
ranged between 8 years and 70 years. When the
students i&?giatomy dissection room had completed
that part, I removed the'semihal vesicles from thelr
16 cadavers. I collected 12 foetuses of various ages.
I recovered the bladder, rectum and accessory-glands
from 15 autopsy cases. I attended 6 offlcial Jjudicisl
hangings and these six cases offered an‘exceptionally
good opportunity to study the structure and function of
these glands. In all there were then 61 Spécimens.
Only six of these were from Europeans, the rest being

mainly natives.

The subject will be discussed under the

following chapters :-

(1) BRIEF HISTORICAL REVIEW.
(2) ANATOMY,

(3) EMBRYOLOGICAL DEVELOPMENT.
(4) COMPARATIVE ANATOMY,
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HISTORICAL REVIEW OF THE ACCESSORY
GENITAL GLANDS.

There is but scant reference made to the accessory
genital glands in medical history. Only one pair is asso-
ciated with a personal name, viz: Cowper's glands. The fact
that ﬁﬁsglare small and hidden in the muécular meshes of the
urogenital diaphragm, accounts for this. .Anatomical struc-
tures are as a rule associated with the names of their dis-
coverers only when their déscriptioh,and recognition is rela-
tively recent. The ancienf anatomists often overlooked
structures which in later déys were recoghised because of
their functional importance and by superior methods of inves-
tigation: This in no way implie:?giscredit to those early
pioneers, but for whom there would have been no basis on
which to work. On the contrary one is amazed at the accuracy
" and the detail which they provided, when one bears in mind
the difficulties they had. These men were oftén taken to
the stake for expressing views based on direct observation

when such views were at variance with the accepted teachings,

and especially those of the Church.

We must take it though that the earliest anatomists
described the genital system and the accessory glands. Thefe
is no proof to the contrary; certain it is that from earliest
days there was sufficient interest taken in the genital system.
Hippocrates, who lived three centuries before Christ, makes
reference to such matters. He was a very keen observer and
a student of nature. His "Aphorisms" are classic; and to
this day physicians speak of the"Facies Hippocratica", so

typically seen in certain acute febrile diseases.
I would like to quote his 28th and 30th paragraphs
in Section IV of his Aphorisms :-

"Eunuchs do not take gout, nor become bald"

"A young man does not take gout, until he takes coition".

~ These quotations -
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These quotations have a large measure of truth in the
light of our present day knowledge. "Prostatic rheumatism"
is a well known clinical entity; and many authorities main-
tain that the majoiify of prostatic infections follow
vehereal:infection. 'Certain it is that infections in
either the prostate or the seminal vesicles are éften asso-
ciated with very marked and painful joint lesions. In the
time of Hippocrates all such afflictions were probably cal-

led gout.

Hippocra?es neverxr had the privilege of doing human
dissection. He, and another profound thinkef of a century
later, the celebrated Aristotle, inferred their human ana-
tomy from animal anatomy. Aristotle also wrote the first

~book on Embryology, and based his work on observations of
the developing chick embryo. His work was not improved

upon for 2000 years !

It was for the school at Alexandria to lay the
foundation stones of human anatomy. Here in the third
century B.C. Erasistratus and Herophilus did human dissec-

- tions. Their original writings are lost, and we only have

- references of their work from later scientists, notably
Galen (130~-201 A.D.) This voluminous writer influenced thé;
scientific and medical mind for.many centuries. During

the bleak period of the Dark Ages, medicine was kept alive
by the Arabians, and with the Renaissance in Europe came
daring men who challenged Galen's fictitious postulates and
placed anatomy and all scientific in&estigations on a sound
basis once more. It now became necessary to see before one

believed.

Outstanding amongst these earliest anatomists are
the names of Mondino de Imceci; (1275 - 1326), Leonardo
da Vineci; (1452 - 1519), and Andreas Vesalius; (1514 - 1564)
They drew up the first anatomy text books; and basing their

work on direct observation at dissections of the human body,

- it is =~
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it is quite certain that the accessbry genital glands were
described. Names for anatomic structure were in Latin and

given to describe the position or supposed function.

In this way the’prosfate,(prostata) was so called
probably because it lay paitly in front of the urethra - a
typlcally human state of affalrs,and found in no other pri-
mates and very seldom in other anlmals. It is also clalmed
thaﬁ the name arises from the fact that the prostate lies in
front of the seﬁinal vesicles. The "vesica seminalis" desig-
nated that the function of these paired organs was‘asAa
reservoir for semen. A flood of controversy has descended
on this concept and will be fully discussed later. The
 bulbo-urethral glands were described by Williém Cowper in
4 1699. Actually these were independently described in France
by Méry in 1685. These glands are called Cowper's glands in
common internétional usage. Such mistakes in priority of

nomenclature are a very common occurrence in medicine.

There are'other glands which can be classed as
accessory to the genital tract.  They are para-urethral
glands; and associated with the names of Littré and Albarran.

These will be considered in more detail in a later chapter.

Finally it will be fitting to mention a few histori-
cal facts about the spermatézoa, which are the ultimate essen-
tialvelemehts in the male share of reproducfion.- The general
function of the prostate,‘seminél vesicles and other sex

glands is directed in the well-being of the spermatozoa.

'In 1677, Ham, a student of the celebrated Van
>Leeuwenhoek, for the first time saw and described human sper-
matozoa. They were regarded as tiny animals because of their
active movement. Their name indicates this ideavand was
coined by Von Baer, who aiso laid the foundations of modern
Embryology. It was only in 1841 that K¥lliker demonstrated

that these"animals™were nothing of the sort and arose by a

- ©process of -



proéess of spermatogenesis in the testes. Meanwhile
the mammalian ovum had been recognised (1827), but it
was not until 1875 that Oskar Hertwig proved that re-
production followed a process of fertilization of the

ovum by one spermatozoon.

- ANATOMY =



ANATONMY,

The semlinal veslcles are essentially male glands,
which, together with the prostate and bulbo-urethral glands,
constitute the accessory sex glands in the male. These
glands together produce a secretion which is vital to the

proper function of the spermatozoa.

The seminal veslicles are a palr of lobulated
sacs which lie on the dorsalvaspect of the'base of the
bladder. The ampullae of the vasa deferentia lie between
them. Behind them lies the second part of the reectum,:
They are separated from the side wall of the pelvis by a
sheath of vgins embedded in dense fascila. Above, they
reach beyond the point of entrance of the ureters into
the bladder, lying lateral to this polint on each sidé.
Below, they converge on to tbe median lobe of the proétate.
The seminal‘vesicles, together with the ampullae, are
enclosed in a fascial compartment, which holds these organs

closely applied to the bladder.

The seminal vesicles drain their secretion,
together with that of the ampullae of the vasa deferentla,
 into the prostatic urethra. This is effected by means
of a common duct (ejaculatory) for the ampulle and vesicle

of each side.

The seminal veslcles are no where attached to
a fixed point. They are firmly adherent to the prostate,
but this gland 1s capable of a small amount of up and
down mo&ement. The position of the vesicles then is
dependent on the state of distension or otherwlse, of the
bladder and rectum, which also affects (but to a less

extent) the position of the prostate.

i
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In this and the following deséription of the
anatomy‘of the seminal veslcles, 1t is assumed that the
body 1s in the erect posture.” This is the usual anatomic
position. The bladder will thus be anﬁerior, and the
rectum, posterior to these organs. The base of the
prostate will be below or inferior, and the recto-~vesical
peritoneasl fossa will be éboVe, or superior. It ‘is also
essentlel to know that the pelvis is tilted forward when
the persoh étands in the erect positlon. A horizontal
line through the tip of the coccyx will pass through the -
centre of the symphysis pubis; A vertical line dropped _
from the promontory of the sacrum will just miss the
posterior margin of the symphysié pubis, The symphysis
pubis and the urogenital diaphragm lie almost horizontally.

It 1s important to bear these basic reiations in mind,

A Qdescription of the anatomy of these glands,
necessarily includes some reference to the surrounding .
structures. These will form the relations. Thé seminal
vesicles belong to a group of accessory reproductive glands.

The prostate and Cowper's glands will thus héve to be

~ described. The function of the seminal vesicles, too,

wlll have to be considered, and this will evolve a

description of the sphincter mechanism of the blad&er.

The Anatomy thus covers a group of aspects which

will best be discussed under separate headings :-—

(A) The Seminal Vesicles.

(B) The Relations.

(C) The Function.

- Under -



Under (A) will be considered :-

(1)

(2)

(3)
(4)
(5)
(6)
(7)

Under (B)

Shape

Size.

Structure.

Capsule.

Ejaculatory Dﬁcts.
Blood and Lymph Supply.
Nerve Supply. '

will be donsidered -

(8)

(9)
(10)
(11)
(12)
(13)
(14)

Ampulla of Vas Deferens.

"Prostate.

The Bladder.

Pelvic Wall and Fascia..
Peritoneum.’

Rectum;J

Surgical Approaches.

Under (C) will be considered :-
(15) Seminal Fluid.
(L6) Spermatozoa.
(17) Ejaculation.
(18) The Mechanism of Micturition
' and Ejaculation. :
(19) Summary.
(207

Rédiological Examination of
Seminal Vesicles.’ v
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FIG. |. DORSAL ASPECT OF BLADDER.

- The arrangement of the seminal vesicles, ampullae

and terminal ends of the ureters is shown.

A.
B.
C.
D.

Seminal Vesicle,
Ampulla of Vas Deferens,
Ureter,

Rectal Aspect of the Prostate.

(From Gray's Anatomy).



SEHAPE.,

The seminel veslcles are bllaterally symmetrical
organs; If a peculiarity of shape or size exists on
one side, 1t will usually be reduplicated on the other
side. Very rarely is a seminal veslcle congenitally
absent on one side. In these few cases there 1s also
an absence of the kidney on the same side and the
congenital fault i1s a faillure of the development of one
mesonephric duct, - Very'occasionally there are small
differences .in elther size or configuration on the fwo
sides. McMahon (27) 1838 reported one cease of complete

reduplication of a semingl vesicle on one side.

The shape of each seminal vesicle is roughly
ovoid, The Wideét part is most commonly in the middle.
Sometimes the widest part may be at the apex or even in
some few cases, near the base. Many énatomy books
-describe(the veslcles as being typlecally pyramidal in
shape; in other words, the apex shows the widest girth,
From the specimens which I examined, I cannot agree with
this observation. Of the specimens which I examined,

most of them were widest in the middle part of the gland.

The seminal vesicles have a lobulated external
appearance. Each organ consists of a coiled and
convoluted tube. The lumen shows irregular constrictions
and areas of dilatation. There are numerous diverticull
and ramifications from the main lumen which add to the
cbmplexity of the internal structure. If the organ is
cut across lengthwise, it is impossible to follow the
lumen from base to apex. When the gland is cut through
transversely, it looks as if there are 3 or 4 lumina,

In such a section 1t is also seen that the seminal vesilcle
' is almost completely round.

b












extent of the ramifications and irregular diverticull
becomes much clearer. The length of the duet system is

then increased by 2 or 3 times.

The size of the seminal vesicles varies with
the age of the individual. During youth they are rela-
tively small. At puberty they rapldly enlarge, to attain
the mature adult size. After the 5th decade they grad-
ually diminish in 8ize and become considerably more fibrous
I believe that there is thus a special growth curve for
the seminal wvesicles. Unfortunately I 4id not have suf-
ficlent material to demonstrate this growth curve as 1t
should be done. Nevertheless, I have corroborative

evidence which very strongly supports such a contentlon.
The evidence is :-

(1) Some experimental facts,
(11) Analogy with the prostate,

(111) Observations on a specimen from
a chlild and an immature baboon.

(iv) Small size of the vesicles in old men.

(1) Some Experimental Facts.

B. J. Meyer, M.Sc., of the Physiology department
of the University, Pretorlia, happened to be working on
spermiogenesis in white rats. In the course of his study
he removed and recorded the weights of the seminal vesic-
les. In his control groups, he was able to show con-
vincingly that the semlnal vesicles increase rapidly in
size when the animals become sexually mature. A graph
1s appended to show the growth curve of the seminal vesi-
cles in white rats. (Fig. 4.).

- (1i) Analogy with the -
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(11) Analogy with the Prostate.

Ge I.'Mﬁlswyer in 1944 published an excellent
treatise on the prostate gland. His conclusions were
drawn from a,;arge number‘of specimens examined. He
produced é graph to show the normel growth curve ih the

humen prostate. (See Fig. 5.).

(1i1) Observations‘on a specimen from a child and-
.an immature baboon. '

Besides a-few newly born babies, I was able to
get only one specimen in the prepuberal period; " This
was a nétive boy of eights The photograph in Fig. 6
shows the appearance and size of his}Seminal vesgicles.
It wiil be seen that the vesicles are relatively tiny
when compared withvthose of an adult 1n‘Fig‘£2.

I elso obtained a Chacmé baboon to dissect.
This animal was 3 - 4 years old and must have been close
to puberty because hls testicles had descended into the
scrotum.  (This aspéct will be fully discussed in a
later chapter).s Histological sections of his entire
genital tract showed that he had not yet formed sperma?
tozoa. For this reason he was thus sexually irmature.
Fig. 7 shows the appearance of his accessory genitalia/
If this éppearance is compared with that of a mature
baboon in Fig. 54, the marked difference in size and

appearance will be noted.

(iv) Small Size of Vesicles in 0ld Men.

I examined several cadavers whose ages had been
between 55 and 70 years. In them the seminal vesicles
were small, tough and indurated. Precisely similar changes
are known to _occur in the prostate, and in Cowper's glands

with advanced age.

- To sumup =~
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'FIG f;.GHAPHIC ILLUSTRATION OF THE GROWTH CHANGES IN
THE PROSTATE GLAND WITH AGE.

Between 12.- 15 years there is a sudden increase in volume
corresponding with puberty. Between 20 - 50 years the
volume (size) remains more or less the same. Tbereaftef the
normal prostates gradually atrophy (shaded dots), whereas
the prostates with benign adenomatous change, rapidly in-
erease in.volume_.(black dots).: The:white dots.after 50
- years represent a mean value between the shaded and black
dots. The numericals opposite the dots indicate the num-

~ ber of specimens in that group.

(From Swyer)
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To sum up - It has been shown that the
seminal veslcles of white rats have a very definite
growth curve. These organs do not develop as does the
rest of the animal, but at a certain period there occurs

rapid and excessive growth. Swyer has conclusively

proved that a similar gfowth curve exlists fbr the humean
prostate. By analogy it is not unreasonable to suggest
that a similar process affects the human seminal vesicles.
Finally T have shown that in actual fact there is a marked
difference between the size and appearance of these organs
in a person befofe and after puberty.’ That a similar

condition exists in baboons is added evidence to support

" the contention.

It 1s reasonable to conclude that the human
seminal vesicles show a definite growth curve which cor-
responds with the age and sexual develOpmenﬁ of the
indlvidual.’ The maximum period of growth occurs at

puberty.

McCarthy, Rltter and Klemperer in 1927 gave
figures for the capacity of the seminal vesicles. The
average volume of eéch vesicle in an adﬁlt male was |
estimated at 5.6'ccm. In different persons they found

a range 1n capacity between 2 and 7 cc's.

STRUCTUR E .

The seminal vesicles are essentially hollow
muscular organs, which are lined by secretory epithelium.
There is a fibrous adventitious coat which is derived from

the surrouhding fascia.’

- The muscular -
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The muscular coat has the usual two layers;
an outer longitudinal and inner clrcular. Both are
composed of plaln muscle which is iInnervated solely by
the autonomic nerves. The outer adventitious layer
forms the true capsule of the gland. It carries the
blood vessels and nerves to all parts of the vesicle.
This layer also sends fibrous septa in between the

lobules, which in turn binds the lobules together.

When a semlnal vesicle is dissected free from
the surrounding m rts, it is found that the largest
blood vessels approach and leave the gland on that as-
pect which lies adjacent to the ampulla of the vas
deferens of the same sids. The main lymphatic trunks
presumebly also lie here. This area of the gland can
therefore be compared to the hilum of an organ like the
kidney.

The lining of the seminal veslicle is epithe-
lium derived from the mesonephric duct. It is essen-
tlally secretory in nature. Macroscopically it presents
a fine, reticulated, honeycomb appearance. In mature
persons when the specimen is fresh there is a definite

brown plgmentation of the lining epithelium.

The lumen seldom exceeds 1/8 inch in diameter,
and as has been sald, it is extremsly tortuous. It
could well be termed the veslicular labyrinth. 0f all
organs in the body, it would appear to be the one which
par excellance would favour stasis of the content.

This fact probably explains why inflammatory conditions
of the seminal vesicle so readlly tend to become chronlc.

The drainage under the best clrcumstances must be

- incomplete, and -
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incomplete, and even more .so, when the lumen is de-

creased by inflarmatory oedema.

Microscopically it is seen that the epithelium
ié thrown into humerous minuté_folds; _so much so, that
the appearance at once suggests a glandularAstructure.
But there are no glands opening into the lumen of the
seminal vesicle. It is the epithelium itself which is
secrétory. The marginal cells are tall columnar cells
with basal nuclei, and beneath this single layer there is
a thin basement membrane. (See Fig. 8 "A".).

Very inﬁeresting work has been done in regard
to the secfetory.nature of this single layer of tall
columnar cells. Armitstead ( 1 ) has shown histological
differences in these cells which depend on the sexual ac-
tivity of the animal. This_evidencé, aﬁd much other,
has gone to prove that the content of the vésicles is

derived solely as a secretion from the epithelial cells.

,‘The content of the seminal vesicles is a visgid,
sticky fluld. TEach vesicle, when distended, holds |
between 3 and 4 cc's. The fluld from the. seminal vesicle
coagulates when it comes into contact with the prostatic
secretion. The veslcular secretion is specific in many
ways. The reaction is definitely alkaline (p H 7.4);
glucbse content is high (306 mgs %); acid soluble phos-
phates g;é present in higher concentration than in the
biood; the protein substances present are largely pro-
teoses. The content of chloride is materialiy less

than that of the blood.

-CAPSULE -




CAPSULE.

The true cépsule of the seminal vesicle has
been discussed. Both vesicles, togéther with the am-
pullae are also enclqsed in a fascial combartment which
forms a sheath for these glands. The fascia forming
this sheath is part of Ehe visceralkpelvic fascia. The
features of the pelvic fascla wlll be sketched a 1ittle
later on; but the fasclal capsule of the seminal vesi-

éles must be dlscussed now.

The urinary bladder has a complete fascial
coat. It lies external to the muscle and just -beneath
the serous lining, in that area where the bladder is
covered by peritoneunm. This is called the vesical
fascia. It is easily recognisable over the perltoneal
aspect of the bladder and,as it paséés anteriorly and
laterally towards the bladder‘neck, it becomes somewhat
thinner and faf tends to accumulate on its external
surface. The fascia'which passes from the peritoneal
surface posteriorly towards the base of the bladder
forms a well-marked, dense sheet. It is this part of
the vesical fascla which forms the fascial compartment
.for the seminal vesicles. As it épproaches the am-
pullae and seminal vesicles from above, it.splits into
two layers. One.passes between these organs and the
bladder wall and the other passes dorsally over these
orgaﬁs. Below, each layer fuses with the-base of the
. prostate. The dorsal layer bin@s the base of each .
seminal vesicle firmly to the base of the prostate.

In such a way a fasclal compartment 1s formed

- for the -
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for the ampullae and the seminal vesicles. In the mid
line the two layers of fascia are blended so that the
ampulia and seminal vesicle of each side have a separate
compartment. Moreover the fascia around the empulla
~1s falrly firmly adherent to that structure, whereas the
fascla about the vesicle is lodsély attached to the vesi-
cle. When dissecting the seminal vesicle, one finds
that a plane of separation'exisﬁs between the true cap-
sule of the veslicle and 1its fascial sheath. In other
words, the seminél‘vesicle can be almost completely
shelled out of its surrounding fasecia. It 1s most
firmly attached at the base to the prostate, and less
firmly at the apex where théiblood, lymph vessels, and

nerves approach it.

This fascia which encloses the ampullae and
the seminal vesicles is normally thick and dense. In
1t are embedded blood vessels, lymph channels and nefves.
Of these, the veins are the most prominent. 1In chronic
inflammatory conditions of the seminal vesicles, it 1s
this fascial sheath which becomes even more dense and
thickened.  This pathological change constltutes the
perivesiculitis, so frequently described by clinlcilans.

Plain muscle fibres are found histologically
in the fascla which stretches between the seminal vesi-
cles. The fasciallcapsuie therefore is partly muscular.
By contraction of these fibres the seminal vesicles and

ampullae are more effectively emptied.

- THE EJACULATORY DUCTS~
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THE EJACULATORY DUCTS.

The neck of the seminal vesicle narrows down
rapidly to form é short excretory duct not more than
1/8th of an inch in length. The distal end of this
short duct is joined at an angle of about 300 by fhe
lower end of the ampulla of the vas deferens. The
~common duct thus formgd constitutes the ejaculatory duct,
which terminates in the urethra on the lateral aspect
of the veru montanum. The ejaculatory duét commences
at the base of the prostate, and the length of the duct
lies imbedded in prostatic tissue. Anterior to it lies
~the medlan lobe of the prostate, and posterior to 1t lies
the lateral lobe of the respective side. (See Fig. 16).

Thé length of each ejaculatory duct is given
at just under 2 ccm's. McMahon (27) in 1938 recorded
his findings from an examination of these ducts in 100
cases. He found the average length to be 1l.46 ccm!s.

v There ‘was no appreciable difference in length between

the two sides. The dlameter at the origin averaged

1.35 mn, end at the distel end .45 mm. Some writers
have recorded that a sinus is formed at the point of
origin of each duct, with a sphingter beyond 1it. McMahon
found a slight dilation present in this érea in 1} of

his cases, and was not able to démonstrate a sphincter

in any of them.

Each ejaculatory duct is a tube lined by flat
cuboldal eplthellal cells. | There 1s also a thin sur-
rounding coat of plain musclevtissue. Both ducts lie
embedded in a flat sheath of fibrous tissue which sepa¥
rates the middle lobe from the lateral lobes of

- the prostate -
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the prostate. Between the ducts and on the same level
is situated the utriculus masculinus. This latter is
an epithelial~lined cul-de-sac which opens into the
urethra on the veru montanum. It averages 9.8 mm in

length and 2.5mm in width.

If the ventral wall of the brostatic urethra
is split lohgitudinally, the epithelial surface of the
doréal wall will be exposed. The veru montanum will be
seen lying in the midline. It is an elongated crest
15 mm long, 3 mm wide, and 3 mm high. It tapers to a
" point at both the proximal snd dlstal extremities. Tt
i1s also known as the urethral crest, caput gallinaginis
or colliculué seminalis. The proximal end of the veru
montanum fades imperceptibly into the uvula veéicaé, The
utriculus masculinus opens in tﬁe midline on the summit
of the veru montsnum. A thread of medium silkworm gut

will readily pass into the lumen of the duct.

On the lateral wall of the veru montanum the
e jaculatory ducts open, one on each side. Most cormonly
these openings are situated exactly opposite or just
proximal to the opening of the utriculus masculinus. In
only 14% of céses are the openings distal to that of the
utriculus. (MdMahon). The apertures of the ejaculatory
ducts are just under 2 mm apart. In some few cases one
‘or both of the ejaculatory ducts may open into the

utriculus masculinus.

The course of the ducts is of importance:
‘because they frequently are catheterised. At their
origin the medial walls of the ducts are £ mm apart.

From there the ducts converge as they approach the summit

- of the -
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of the veru montanum. In the distal thirds they are
practically adjacent with the utriculus between them
and lylng slightly posterior. In the last 2 mm of
their course they diverge so that each opens on the side
of the veru montanum; The opening of each duct willl

admit & thread of No. 1 silkworm gut.

It has been said that the ampulla of the vas
joins the excretory duct of the semlnal Qesicle at an
angle of 30°. An examination of cases shows that this
angle may vary from 20° to 90°+  Most commonly it is an
acute angle ranging between 20°'and 20°. “When one
examines these small ducts, it is very definite thét the
duct from the ampulla is a tributdry, and that the cbn—
tinuation of the lumen of the vesicle is the main bhgnnel.
This point 1s of practical importance because it facili-
tates the passage of a fine catheter frdm the urethra
into the seminal vesicle.

BLOOD AND LYMPH SUPPLY.

The arterial blood reaches the seminal vesicles
mainly via brenches of the inferlor vesical artery.
This véssel is one of the visceral branches of the hypo-
‘gastric artery. ‘It'runs from its point of origin on the
éide wall of the pelvis towards the base of the bladdér.
It 1s surrounded by branches of the vesical plexus of

veins in the terminal part of its course. (See Fig. 10).

In the region of the base of the bladder there

occurs a rich anastomosis between the terminal branches

of the middle vesical, inferior vesical and middle

- haémorrhoidal arteries -



FIG ]O BILOOD VESSELS OF THE PEIVIS.

To show that the tlood supply of the seminal vesicle is
derived chiefly from the inferlor vesical artexry. The
blood supply of the vas and ureter is also illustrated.

A. Hypogastric Arterjﬂ B. Seminal Vesicle, (. Ureter
D. Vas Deferens, E. Symphysis Pubis, F. Superior Vesical
Artery, G. Obliterated Umbilical Artery, J. Inferior
Vesical Artery, K. Middle Haemorrhoidal Artery.

L. Superior Gluteal Artery, M. Inferior Gluteal Artery,
' N. Pudendsl Artery, O. Spine of the Ischium.

(From Harper)
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haemorrhoidal arteriss of both sides. The seminal
vesicles undoubtedly derive arterial blood from this

anastomosis.

In a dissection of this part, the velns are
much more prominent than the arterial stems. Since the

vesical plexus of veins forms such an important relation

- to the seminal vesicles, 1t deserves some description.

The dorsal veiln of the penis dips under the
lower border of the symphysis publs to join the pudendal
plexus. This plexus lies in the tissues between the
front of the prostate and the superior léyer'of the uro-
genital. ‘diaphragm.' Besides the dorsal vein of the penis,
the pudendal plexus also 1s jolned by veins from the
perineum and form the anterior aspect of the bladder and
prostate. = The pudendal plexus continues backwards on each
side.of thé prostate and towards the bladder-neck. In
this position it constitutes the prostatic plexus which
lies in the fascial sheath of the prostate.

The prostatic plexus sweeps round the prostaté
and the mailn venous trﬁnks'congregate in the angle between
the prostate and the bladder. Here the plexus is joined’
by large veins from the bladder to form the vesical |
plexus. Thisvcontinues round the lateral sides of the
seminal vesiCleé and the blood collects into about half-a-
dozen large venous trunks which empty into the hypogastric

vein.

As the vesical plexus sweeps round the vesicles,

it is embedded in dense fascia; the whole forming a broad,

* flat mass about 1/2 inch thick which separates the

vesicles from the side wall of the pelvis. The lower

- end of =~
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end of each ureter is surrounded by branches of the
vesical plexus. The extent of the prostatic and-vesical
plexuses 1s shown in Figs.11&12. Thé vesical venous

plexus and the surrounding fascia is often called the

Aposterior ligament of the bladder.

The lymph channels from the seminal weéiéles
run with those of ﬁhe'prostate and bladder to the hypo-
gastric lymph glands, From there they drain into the
iliac lymph glands, which in turn communicate with the.
sortic group of glands. The lymph vessels from the
vesicles are embedded in the fascia which surrounds the
vesical venous blexué. The lymph from the seminal
vesicle may also draih via a few channels which lie in the

hollow of the sacrum. These will ultimately terminate

 1n the aortic glands.

Some urologists believe that the lymph drainage

of the seminal vesicles 1s exceptionally rich. Anatomi-

cally this has not to my knowledgse been shown to be so. .

T think the contention must be based on a clinical hypoF
thesis. In the chapber on Comparative Anatomy there is
déscribed a brief experiment on a baboon and a monkey, to
try and demonstrate the lymphatics of the seminal vesicles.
The lymphatic network of these organs does not appear to

be richer than that of many other viscera.

NERVE SUPPLY.

The‘nerve supply of the seminal vesicles, as
also that of the prostate and Cowper's glands, 1is derived

from the autonomic nervous system. The sympathetic

- supply comes -



FIG ]2 CORONAL SECTION THROUGH MALE PELVIS.

The section was cut along a vertical line.dropped from
the promontory of the sacrum. It passed + in behind the

posteborder of the symphysis pubis. The section passed
thro' each seminal vesicle.

A, Prostate, B. Portion of Ant.Rectal Wall,
C. Seminal Vesicle, D. Vas Deferens, E, Ureter,

F. levator ani, G. Obturator Internus, H. Obturator
externus

J. Pubic Ramus, K. Os Pelvis, L. Head of Femur,

M. Pelvic Peritoneum, N, Femur, , O. Perineal Skin,
P, Perineal Body, Q. Sheath of Fascia in which are
embedded the Venous Plexus. R. Obturator. Nerve,
S. Alcock's Canal.

- - -
-_-,---—--
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supply comes via the hypogastric plexus, and the para-

sympathetic supply from the nervi erigentes.

The anatomy of these nerves will be brisfly
sketched now, and will then need no further description
when the mechanism of micturition and ejaculation is

discussed later.

The nervi erigéntes or pelvic splanchnics are
derived from the anterior roots of the second and third
sacral nerves. = From the hollow of theAsacrum this
sheath of nerves runs across the side wall of ﬁhe pelvis,
" but seéarated from it by the numerous venous and arterial
branchés of the hypogastric vessels. The separate small
nerves which together form the pelvic a@amﬁuﬁcs, aré
readily found in a dissection of the peivis. These
nerves supply the bladder, rectum, and erectile tissue
of the penis in the male. They ére pre-ganglionic |
fibres which synapse with ganglia situated in the wall

of the viscus supplied.

The function of the nervi erigentes is mainly
~to cause emptying of the bladder and rectum. In the
female it has tﬁe same motor effect on the uterine muscle.
At the same time 1t probably has an inhibitory action on
the sphincters of the bladder and anus. As elsewhere
in the body the parasympathetic:nerves here have an

action directly opposite to that of the sympathetic.

The fibres of the parasympathetic which supply
the penis play the largest share in erection of this
organ. They are vasodilator fibres to the blood spacses

of the erectile tissue. Erection of the penis

- (or clitoris)
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(or clitoris)'is also partly effected by contraction
of the ischiocavernosis muscles. These act by com-
pressing the wvenous drainage from the erectile tissue, and

so help to maintain erection.

The sympathetic nerves to the pelvic viscera
are dérived from the abdominal sympathetic trunk and
the aortic plexus. It is known that the whole sympathetic
nervous system flows out from the spinal cord only between
“the lst thoracic and the second lumbar segments. So
we find that white rami communicantes lsave the anterior
divisions of the spinal nerves T 1 - L 2 inclusive; to
join the respective sympathetic ganglia. on the other
hand grey rami carry fibres from the sympathetic ganglia
to all the spinal nerves. The white rami are pre-
ganglionic fibres. Each of these will make contact with
a ganglion which may be in the sympathetic trunk or out-
side it. The nerve.fibre leading from this latter
ganglion will be a post-ganglionic fibre. All the grey
rami contain post-gangiidnic fibres, whereas the white

rami have preganglionic and afferent sympathetic fibres.

A diagram in Fig. 13 , shows the arrangement of
the sympathetic nerves which form the hypogastric plexus
and nerves. The hypogastric plexus lies on the body of
the fifth lumbar vertebra being co;eredwby peritoneum.

It is formed by a right and left lateral root from the
lst and 2nd lumbar ganglia, and a middle root from the
aortic plexus, which descends on the abdominal aorta.

The lateral roots cross the commencement of the right
and left common iliac arteries. Apart from these three.

main roots, there are smaller twigé which run from the

- 3rd-and 4th -
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FIG ]3 SYMPATHETIC SUPPLY OF THE PELVIC VISCERA.

Four lumbar and two smcral ganglia are shown with
the sympatheticé trunk which connects them. It is
- shown that the hypogastric plexus is formed mainly
from a middle and two lateral roots.. Note that no
white rami communicantes are given off below IL2.

(Modification from a drawing by Dr. A. Lee
' Mc - Gregor).
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3rd and 4th ganglia to join the hypogastric plexus.

From the plexus there arises in the majority
of cases a single nerve trunk, the presacral nérve,
which follows the hollow of the sacrum. This nerve
divides into right ahd left hypogastric nerves, which
pass on either side of the pectum and terminate in.the
hypogastric ganglia, which lie between the lower end of
the rectum and the base of the bladder. From these
ganglia post-ganglionic fibres are given off to the

bladder, rectum and accessory genital glands.

The general fﬁnction of the pelvic sympathetic.
nerves 1§ to oppose the action of the nervi erigentes.’
These latter have also been called the ﬁemptying nerves'.
This certainly applies to the bladder, rectum and uterus;
but not to the male genital glands. The muscular coats
of the vas deferens, seminal vesicles; prdstate and bulbo-
urethral glands are innervated by sympathetic nerves.
Stimilation of the presacral nerve leads to ejaculation

vof_seminal fluid.

The knowledge that the hypogastric nerves are
motor to the accessory sex glands, is made use of in
several operations. Presacral néurectomy is hot the
operation df éhoiceyin male children who suffer from
Hirshsprung's disease. A gaﬁglionectomy of the 2nd,
3rd, and 4th lumbar ganglla is preferable. In the opera-
tion of lumbar sympathectomy, the 2nd, 3rd and 4th ganglia
with the intefvening sympathetic trunk are removed. Both
these operatiohs leave the lst lumbar ganglion intact,

and so do not render the patient impotent.

‘In the operation of Smithwick and White for
essential hypertension the thoracic splenchnic nerves and

the sympathetic trunk between T 5 and L 2 'are removed.

- Since the =
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Since the opefation is performed on both sides, these
patients will neceésarily be impotent. The cause of
the impotence will be due to the inability of the acces-
sory sex glands and the vasa deferentia to empty them-
selves of their content. There is thus no ejaculation.
~ Whether or not there 1s an orgasm I do not knoﬁ; I

should think probably not.

- From this description 1t follows that the motor
fibres to the accessory glands must leave the sympéthetio
trunk through the lst lumbar ganglion.’ As far as I am
awaré this has not been proved experimentally; From ﬁhe
evidence available, however, it seems a falr enough sup-

position to make.'

| From experimental Work‘done on the cat it has

been shpwn'that5the centres for ejaculation and erection
of penils are'situatediin the lumbar énd gsacral regions

of the spinal cord resbectivelyi Coitus is a spinal
reflex, which can be successfully performed by an animal
With'a transverse lesion of.the cord above the lower
lumbar segments., Nevertheless the higher cortical areas
of the central nervous system have an important influence
on the reflex of erection and ejaculation. This is

especially so in buman beings.

Besides carrying motor fibres to the reprodﬁc-
tive glands, the hypogastric nerves also influence the
bladder and rectum. In regard to the bladder, experi-
mental work indicates that the sympathetic nerves main-
tain a steady tonus of the internal sphincter. At the
same time these nerves have an inhibitory effect on the
detrusor of the bladder. When the animal allows itself

tb urinaté, the parasympathetic nerves cause the detrusor

- to contract, -
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to contract, and_the sympathetic nerves cause an inhibi-

tory relaxation of the internal sphincter.

Normally the pelvic splanchnics cérry the
afferent fibres which record the sensation that the
bladder 1s filling. But there is gbod reason to
believe thét painful stimuli are carried bj afferent
fibres in the hypogastric nerves.  For this reason a
presacral neurectomy is soﬁétimes advised in cases where
a growth or ulcerative condition is causing excessive

pain in the bladder;

AMPULLA OF VAS DEFERENS.

¢

This is a bilateral structure and represents a
dilatation of the lower end of:each vas deferens. Not
only aré the walls of fhe vas thickened, but also the
lumen is increaSéd. This structure does not develop in

many animals including the lower primates. (Figs. 14 & 15).

Each'ampuila lies adjacent to the. seminal
vesicle of the same side and juét above it.. It presents
an external lobulated surface which resembies_that of the
seminal vesicle. There are irregular areaé of dilatation
and the proximal part of the ampulla is sometimes markedly
tortuous.' It lies in a fascial compartment which it
shares with the corresponding vesicle. This féscial
covering is rather firmly adherent to its external-coat,

' .and branches of the vesical venous plexus course over its

surface.

When the ampulla is cut open in its length, the
lumen is found to be irregularly dilated. The lining
epithelium is almost indistingulshable from that of the
seminal vesicle. It has the same fine reticulated . -

- appearance -



FIG |4 DORSAL ASPECT OF BLADDER AND SEX GLANDS.

A

A. Lateral Lobe Prostate, B. Prostato-vesicular Groove,
C. Ampulla, D. Base of Bladder, E. Seminal Vesicle,

F. Ureter, G. Vas Deferens, H. Lateral Aspect of Bladder,
I. Vertex of Bladder, J. Base of Prostate,

K. Apex of Prostate.

A

FIGVI Q PROSTATE, SEMINAL VESICLES AND AMPULLAE.
Viewed from above, the bladder being removed.

The Ampulla and seminal vesicle of one side have been
cut open length-wise.

A. Rt.& Lt.Iobesof Prostate, B. Urethra emerging at base

of Prostate, C. Seminal Vesicle, D. Ampulla,
E. Vas Deferens, F. Iumen of Ampulla, G. Iumen of
Seminal Vesicle, H. Ejaculatoxry Duct, I.Mid. ILobe Prostate,
J.Basal Aspect. of Prostate. '

(From Spalteholtz).
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appearance, but there 1s no brown pigmentation appérent.

The histologibal appearance also 1s remarkably
like that of the vesicle. There s a thick muscular
coat of plain muscie fibres. The lining epithellum has
characteristics which make i1t plain that its function is
secretory. The folds are not as complex as those of the
seminalvvesicle, but a single row of tali columnar cells

forms the lining layer.

" The distal end of the ampulla narrows down to
form a short duct, which joins that of the seminal vesicle
to form the ejaculatory duct. The duct from the ampulla

is much narrower than that of the vesicle.

No more than a few drops of sécretion are nor-
mally present in the ampulla. It is pot as gelatinous
as tha£ of the seminal vesicle. Numerous’spermatozoa
are frequently present in this secretion. There are
also present a failr number of epithelial éells. In
humans it would seem that the ampullae have a dual func-
tion :-  |

() As a reservoir for spermatozoa,
(b) As a secretory gland.

In this respect humans differ from nearly all other ahi—
- mals, where_the ampullae, when present, are essentially'
secretory glandss’ The lower primates, like baboons and
monkeys, have no ampullae which can be recognised by the
naked eye.’ But éven in these animals the epithelium of
the lower end of the vas 1s secretory. (See Fig.58.D.).
These features will be more fully discussed under the

comparative anatomy.

- PROSTATE -



PROSTATE.

This gland is intimately related to the seminal

vesicles, and thus warrants some description.

The prostate gland surrounds the first part of
the urethra in the male. Tts base 18 applied to the
urinary bladder, and its apex rests upon the superidr.
layer of the urogenital dlaphragm. The postérior aspect
1s applied to the anterfor wall of the rectum, with the
recto-vesicalvfascia'intervening., The anterior aspect 1s
separated from the symphySis pubis by fatty’areolér tissue
and attached to i1t by the fibro-muscular pubo-prostatic
ligament.  The levator ani muscles sweep round the_1aterdl

aspects of the gland.

For purposes of description thevprostate gland
is divided into five lobes. There 18 no line of demar-
cafion between any of these lobes.’ The largest mass of
the gland is formed bylzgg lateral lobes. The tissue
which connects these lobes in front of the urethra is
called the anterior lobe. Some text-books refer to this
portion as the anterlor commiésure. It contalns very
little glandular tissue, and 1is largely made up of fibrous
‘ tissue., The posterior lobe is that area between the

latersl lobes behind fhé urethre. This part of the

’ préstate and a portion of each lateral lobe 1s what can
be palpated by rectal examination. The middle lobe of
theAprostate lies between the urethra.and the ejaculatbry
ducts. Tt is also called the median, third or presper-
" matic lobe. It normﬁlly projects a little 1into the. ure-
. thra and bladder to form the uvula vesicae. . |

The ducts from the prostate are multiple and
empty into the prostatiec sinus on the dorsal wall of the

urethra. ‘
- The openings -
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FIG ] 6 SEMI-DIAGRAMMATIC SKETCH OF MALE PEIVIS. MIDLINE
SAGITTAL SECTION. :

To show the different lobes of the prostate. Note the
intimate relation that the base of the bladder bears to
the prostate gland. The position of Cowper's'gland is
indicated. '

A. Prespermatic (middle) Lobe of Prostate; B. DPosterior
Lobe; C. Anterior Commissure (or Lobe). D. Dorsal véin
of the Penis. E. Peritoneal Surface of the Bladder.

F. Symphysis Pubis, K. Scrotal Septum, L. Musculus
Bulbo Cavernosis covering the Corpus'Spongiosum,'

M. Septum Corpus Cavernosis Penis.
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The openings can be seen with low magnification in the
hollow on each side of the veru montanum. The ducts
from the median lobe open in a triangular area betweeh
the Bladder-neck and the proximal poinf of the veru mon-

tanum.

The secretion of the prostate is added to the
‘ejaculate. It is not copious. When a fresh specimen
" is massaged firmly it is not possible to coliect more
than an egg-spoonful of secretion. - Thevsecretion has a
characteristic musky odour, and has an acid reéction. It
contains a high concentration of cholesterol (330 mgs.%),
and also of the.enzyme, acid phosphatase. Microscopically
there are numerous legithin granules, and occasionally

corpora amylacea.

_ Associated with the prostate, and having a
similar embryological origin, are cerxrtain submucbsal
glands. They occur in three regions. Those surround-
ing the prostatic urethra are the para-urethral glands.
A-group situated opposite the internal vesical sphincter
are the subcervical glands (of Albarran).  There are
also a few in the trigonal area, which constitute the
subtrigonal glands.

The interest in these submucosal glands lies
in the fact that many authorities consider that a benign
adenoma of the prostate arises from one or othexr of this
group of glands.

THE  BLADDER.

The seminal vesicles lie on the dorsal aspect
of the base of the bladder. At their base these glands
- are separated from the bladder wall only by ablayer‘of
fibrous tissue. At their apices they ‘a_re z of an inch from the
bladder with a portion of the vesical vehous plexus inter-
vening. The relative position of the seminal vesicles,

ampullae and terminal ends of the ureters is well seen in

- the accompanying -
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the accompanying dlagrams. It will be seen that the
apex of the seminal vesicle projects a short distance

beyond the point where the ureter enters the bladder wall.’

The rélation of the seminal vesicles to the
inside of the bladder 1s also worthy of notice. It is
-sometimes'necessarj to rémove the vesicle via the bladder.
This relationship is shown in Figs17 .  The relative
position of the'aﬁpuna of the vas and the 1ine of the
ureter is illustrated 1n Fig. 19.

The bladder-neck is so intimately connected to
the prostate, that some urologists describe the prostate
as a glandular portion of the bladder-neck: The external
muscle fibres of the bladder are continﬁous with those
which envelop- the prostate and form the muscular-strbmh

of the gland.

PELVIC WALL AND FASCIA.

Certain muscles and the pelvic fascla need
description.’ Thevside_wall'of the pelvis 1s formad'by
the bony pelvis together with the obturator internus
muscle which covers up the gep of the obturator foramen.
The fiascia which covers the obturator intérnus is the
obturator fascla and it i1s attached to the bone around
the margins of the muscle. This is the parietal layer
of pelvic fascia and comparable t o the fascla transversalls

of the abdomen.

The pair of levator ani muscles arise from the
side wall of the pelvis and slope downwards and inwards to
meet around the viscera in the midline.' Together they
constituté the pelvic dlaphragm: Thé.pair of coccygeus

- muscles =~
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muscles complete the diasphragm behind. The origin of

each levator ani sfretches'from the posterior aspect of
the symphysls publs in front, to the splne of the ischium
behind. Between these bony polints the muscle arlses from -
a thickened line of the obturator fascla. in the male
the levator ani muscles sweep round the lateral sides of
the prostate to be inserted into the central point of the
perineun. The succeeding fibres'are inserted into the
anal wall between the internal and externai sphincteps,
and behind the rectum into,a midline raphe extending to
the coccyxe. The seminal vesicles lie adjacent to ths
levator ani muscle on each slde separated from it by fascia

and the_vesicai venous plexus. (Fig. 12).

The upper and lower surfaces of the levator ani
are clothed with fascia. That on the lower aspect is
called the anal fascia. The fascia on the supérior as-~
’pect of the levator anl arises from the obturator fascia
along the same l;ne of origin as the muscle. This layer
of fascia 1s part of the visceral fascia of the pelvis.

By some anatomists it 1s called the recto-vesical fascla.
The latter term seéms undesirable. because 1t causes con-
fusion with the recto-vesical septum of Denonvilliers.

It is better to call this layer the superior fascla of

the levator ani. Below, both the superior and inferior
fasciae of the levator anl fuse with the superior fascla

of the urogenital diaphragm, the central point of the
perineum, and the fascia covering the rectum,from the

front towards the back. The fascial sheath of the pros-
tate also meets these two. layers on the urogenital diaph--
ragm. The'pubo-prostatic ligament is formed in the inter-
val between the two levator ani muscles. It stretches be-

tween the prostate and the symphysis pubis and is formed by

- 8 fusion_of* -
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a fusion of the superlor and inferior layers of the

~levator ani fascia.

The vesical fascia is that layer of fibrous
tissue which encloses the bladder. It covers the
entire biadder, and 48 1t reaches the bladder-neck, 1t
becomes continuous with the fascial sheath of the prostate.
The posterior portion of the vesical fascla ﬁas been des-
eribed as forming a fasciasl compartment for the seminal
vesicles. Just like the urinary bladder, the rectum also
has a fascial covering, which 1s called the rectal fascia.’
It will become continuous with the fascla of the levator
ani around the anal canal. Between the base of the bled-
der and the posterior aspect of the prostate in front and
the rectum behind, there is a dense layer of fascla. This
is the recto-vesical septum or fasclia of Denonvilliers.
Above, it is adherent to the recto-vesical pouch of peri-
toneum. Below, it fuses with the central point of the
perineum behind the apex of the prostate. Laterally this
fascia extends to the outer extremities of the seminal
vesicles above, and the sides of the prostate below. It
is thus a triangular shest of fibrous tissue with a broad
part above attached to the peritoneum, and a narrower part
beiow attached to the centrg} point of the perineum. The
sides of this fascial sheath fuse with the tissue which
forms the posterlior ligaments of the bladder on o ach side.
This ligement is the dense fibrous tissue in which 1s em-

bedded the veslcal plexus of veins. (See Fig. 18).

The recto~-vesical septum is an embryologlcal
remnant. In the male foetus of.4 months the recto-vesical
peritoneal pouch extends deeply towards the pelvle flobr
and separates the prostate and rectum. This pouch be -
comes obliterated to a great extent to form a dense fibrous

- septun. It is relatively avascular and an important

- landmaxrk -
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land-mark in all operations around the region of the

brostate;

This recto~vesical septum or fascia 1s 100591&
attached to the anterior wall of the rectum behind. in
frqnt it is more firmly united, but with dissectlion, a
plane of separation can be made between it and the pros-
tate and seminal vesicles. It helps to form the sheath
of the prostate on the posterior aspect of the gland.
Above, it is attached to the layer of the vesical fascla
which covers the posterior aspect of the vesicles and
ampullas. On the sides, the recto-vesical fascla 1s

firmly adherent to the visceral fascia in thls area.

The urogenital diaphragm fills the gap between
the inferior rami of the os pubis.' Two muscles form the
bulk of the diaphragm viz: the sphincter urethrae membra-

naceae and the transversus périnael profundus.

On both the upper and lower aspects of thess
muscles there 1s a layer of fascia. These have been
referred to as the superior and inferior fascla of the

urogenital diaphragm.’

THE PERITONEUM.

\ The pelvic peritoneum also forms a relation of
the seminsel vesicless That part of the peritoneum which
dips in between the bladder and rectum partially clothes
~ these glands. When the recto~- vesical fossa is inspected,
the seminal vesicles can be seen protruding slightly into
the peritoneal cavitys |

- The peritoneum -~
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The peritoneum descends in the recto-vesical
fossa to within % an irich of the base of the prostates
This area can be palpated by the examining finger, and
forms the anatomic basis of a very importaﬁt clinical

examination.

The wvas deferens can also be palpated as it
courses up the side wall of the pelvis under the perito-
neum. The ampullae of the vasa are partially hidden
between the base of the bladder and the Seminal vesicles.'

In some animals, like the horse, the seminal
veslcles and ampullae are large and alimost completely
covered by peritoneum. In these animals a fold of

peritoneunm exists in which these structures lie.

RECTUM.

The second part of the rectum is intimately
related to the semihal vesicles. This anatomicallrela—
tion has been discussed sufficlently well and néeds no
further description. Figs. 3 and 16 show clearly how
the anterlior rectal well lles adjacent to the prostate

below, and the seminal vesicles above.

A rectal examination affords an efficient way
of palpating all the accessory sex glands in the male.
If the index finger is 1nserted through the anal sphincter
into the ampulla of the rectum, the bulbo=-urethral glands
can be grasped between the index finger and-thé thumb, as
they lie on each side of the midline in the urogenital
diaphragme. The whole of the posterlor aspect of the
prostate can also be felt. The base of the proétate

lies about 2% inches from the anal orifice.’

- In the majority -
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In the majority of persons the seminal vesicles
and ampullae can also rgadilj be felt by doing a rectal
examination. The obesity of the patients! buttocks are
more often the cause of‘failure than a relative shortness
of the examiner's index finger. The seminal vesicles lie
about 3 inches from the anal ofifice. To the examining
finger each vesicle feels like a soft sausage-shaped mass,
which diverges gently from theAmidline upwards and later-
ally. in the normal healthy state they flatten under |
gentle pressure and.the content 1s expressed into the pos-
terior urethra.” When the vesicles are emptied in this
way; the patient experiences no orgasm. In a normal
person even gentle pressure over these glands produces an
unpleasant rather_siékening feeling. Firm pressure 1s

painful.

The ampulla on each side can very rarely be
felt as a separate structure. It lies very close to the
seminal vesicle, and in expressing the contents of the
vesicle, 1t is quite lmpossible to avoid emptylng the
ampulla as well. Quite often one is able to palpate the
lower end of the vas deferens when doing a rectal exami-~
nation.” This does not mean that such a vas 1s patho-
logical. The lower ends of the ureters can not be felt

pef rectum in the male. See Fig. 18.

|

SURGICAL APPROACHES TO THE SEMINAL VESICLES.

It is not often necessary to expose a seminal
vesicle by surgical operation. The commonest pathological
change is an inflammatory process, and thg treatment
éeldoﬁ includes surglcal removal. Neoplastlc changes in

the seminal vesicles are rare. Concretions do form in

- the lumen =~
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the lumen of the vesicles, but seldom give rise to colic
or need removal. Nevertheless the indication sometimes
arises for one or both of the vesicles to be removed or

drained{ There are four maln surgiéal approaches :-

1. Perineal,
2. Abdominal - extraperitoneal,
5. Suprapublc - cystostomy,

4. Transperitoneal. ‘

(1) Periffineal Approach.

This is the one which is used most commonly.

To those surgeons who are accustomed to do prostatectomles
. by the perineal route, it will be naturai to expose the
vesicles by the same route.

An incision is made transversely across the
perineum. It runs just in front of fhe anus and between
the ischial tuberosities. Some surgeons prefer a curved
incision with the convexity of the curve forwards. The
coentre of the inclsion passges through the perineal body.
The object is to find A plane of sepafation in front of

the recto=-vesical septum.

Certaln superficial muscles of the perineum are
fixed to the central.point of the perineum, which is a
mass of felt-like fibrous tissue. They are thb bulbo-
cavernosus in front and the sphincter ani externus behind.
oh each side 1s fixed the superficial transverse perineal
muscle. Dissection is made through the central poilnt of
the perineum and behind the superficlal transverse peri-
neal muscles. A sound in the urethra will facllitate

exposure of the membranous portion of the urethra, as it

- lies in -
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| lies in the musclss of the urogenltal diaphragm.’ The _
apex of the prostate 1s located and a piane,of separation
is found betwgen the prostate and the reétum, by separab-
ing the recto-vesiéal septum from the prosﬁate. - By con-
tinuing in this fascial plane the éeminal Qésicles ané

ampullae are exposed as they lie above the prostate.

Only two arteries need be watched for. The
transverselperinéal artery, a branch of the perineal
artery, runs superficiélly upon the supérficial transverse
perineal musels. This vessel 1s usually retracted for-
wards with the muscle. On a deeper plane the artery to
the bulb of the urethra runs transversely in the posterior

border of the urogenital diaphragm.

The terminalIPOrtion of the perineal nerve runs
parallel with the transversévperineal artery and just
behind it. Since ﬁhe incision is in line with the
direction of this nerve it is unlikely to be damaged.
Frequentiy it 1s recognised and can be preserved. This
nerve supplies the superficial and deep perineal mascles
and also, sensation to the pqsteribr urethra. If it is
damaged on,%oth sides, tﬁe external vesical sphincter will

be paralysed.’

(2) Abdominal - Extraperitoneal approach.

This surglcal exposure of the seminal vesicles
hgs certain indications. In tuberculosis of the male
genital~tract, some urologists adviserremoval of the
testis, epididymis, vas deferens and seminal vesiclé in
one mass, The incision 1s an inguinal one, prolonged if

needed onto the scrotum. After cutting through the

- abdominal muscles -
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abdominal muscles above the inguinal ligament, dissection
is made between the bladder and the side wall of the pel-

viss

The bladder is mobilised by cutting its medial
umbilical\ligament, and by tying off the superior vesical
artery. The difficulty comes in expdsing the seminal
vesicle as 1£ iies on the base of the}Bladder. The
posterior ligament of the bladder, which is really the
vesical venous piexus and inferior vesical artery embedded
in dense fascia, lies between the base of the bladder and
the'side wall of the pelvis. This structure must be
dissected free and partially tied off.” Bleeding can be
very troublesome from this area, and the dissection is

deep down in the pelvis.

'The same approach to the seminal veslicles can

also be made through a midline suprapubic incision.

(3) sSuprapubic - Cystostomy Approach.

In this operatlion the bladder is opened by the
usual extraperitoneal suprapubic incision and dissection.
The position of the seminal vesicles relative to the tri-

gone of the bladder is shown in Fig. 19.

The removal of one or both seminal vesicles by
this route has been called by Ybuﬁg a "destructive vesl-
culotomy". The indication for this operation is usually
an abscess of the vesicle.  Frequently the inflammatory
masslﬁulges into the bladder, and the oberation then con-
sists of incision into the abscess followed by scurettége

of the cavity.
Tt seems to me that this approach should be

- used more -
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used more frequently than it is done. The seminal
veslcles lie closely applied to the bladder wall. The
veslical venous plexus lies mainly on the outer aspect of
the veslcls. The maln arterlal supply enters the wvesicle
on the side adjacent to the ampulia of the vas deferens..
The incislon through the bladder mucous membrane and muscle
1s made with a diathermy knife. The semlnal vesicle cen
be dissected out of its fascial sheath. The cavity which
results will drain into the bladder and is treated like

the cavity which remains after the prostate has been

removed.

Tn those cases where the seminal vesicle is
densely adnerent to 1ts fascilal sheath, most of the gland
can be scraped away by rcurettage. Such a procedure is

aptly described by Young's term "destructive vesiculotomy".

(4) Transperitoneal Approach.

Tn 1932 Wilhelm (53 ) gescribed a case where he
removed both seminal vesicles by an abdominal Intraperi-
toneal operation. In his case both theVVesicles were
involved in an abscess due to Baclllus coli infection.
He states that the operation 1s without difficulty and

could be performed under direct vision.

It has been shown how the seminal veslclses do
project slightly into the peritoneum. The dissection
necessary for thelr removal by this route shouldcﬁhus be
easy. The objection to this method has always been the

danger of septic infection of the peritoneal cavity.

However, other septic focil are frequently removed from the

abdominal cavity, and moreover the pelvic peritoneum 1s

- very resistent -
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very'reSistent to infection. This route therefore has
much that can be said for it; it remains for surgeons

to record their experience when using it.

Both the perlneal and abdominal extraperitoneal
approaches, necessitate a very deep dissection. Vision
in the depths of these wounds is always poor, and is
obscured by venous bleeding. Frequently it amounts to
a blind digital removal of the glands, or removal by
curettage.. = The transberitoneal approach offers the
best chance to see what one is doing. If a';curettagé
of the vesicles is aimed at, it seems to me that the best

route is via the inside of the bladder.

SEMINAL FLUID.

The total volume of seminal fluid which is
ejected with one orgasm is called an ejaculate. The
average volume in healthy adult males is about 4 cc's.
Bach cubic centimetre of the ejaculate contalns approxi-
mately 126 millionFSpermatozoa, but this number varies
with many factors; In males who have been abstinent
for a long while, the spermatozoa count of the first
ejaculate is low. The dount also falls gradually when
coitus is frequently repeated. Local dlsease of the
genitalia and general systemic disease adversely affects

the number of spermatozoa present.

The volume of the ejaculate is made up by the
combined secretions from the bulbo-urethral glands, the
prostate and the seminal vesicles. The largest bulk
- comes from the éeminallvesicles; The prostate probably
- produces less than 1 cc, and the Cowper's glands only a
few drops.

- The secretion -~
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| Thg secretion from Cowper's glands flows most freely in
the pre-orgasm stage. Itfs function is to remove traces
of urine from the urethra, and as a lubricant fluid during
coitus. Cowperts fluid does not contain spermatozoa.
Tbis‘knowledge 1s of practical value invthe technique of

cbntraception.

Much work has been done 6n the seminal fluid in
. the last few years. Many interesting facts are coming to
light which have a practical bearing on animal ‘breeding
and on artificial insemination in humans. But there are
still many facts concerning the physiélogy of the seminal

fluid which remain obscure.

Seminal fluid has an alkaline‘reaction; due
largely to the portion which comes from the vesicles. The
PH varies between 7.05 and 7.41l. (Huggins, Scott,“
Heinen. (15 )), ;

Semen contain$ large amounts of chemically
redﬁcing substances. The percentage vélues for calcium,
potassium, glucose.and organic phosphorus are higher than
in blood serum. The amount of chloride is relatively
low. The protein compounds are mostly proteoses. The
secretion from the veslcles has a high glucose content.
Prostatic secretion is rich in cholesterol and acid phos-

phatase.

The semen from most animals, including man,
coagulates soon after it 1s shed. This aspect will be
fully discussed under the comparative anatdmy. Iﬁ humans
the semen commences to coagulate}in a few seconds after
ejaculation and remains in a semi-solid jelly-like mass
for several minutes. There;fter it begins to liquify,

and is completely fluld at the end of 15 minutes.

- It is the -
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It is the secretion from the seminal vesicle
' which is coagulated by probably a secretion from the
prostate. I attended several judicial hangings, and was
able to recover_veéicular secretion within 20 minutes after
the victim had died. This'secretion diad ﬁot gel, even
when exposed to éir. »FTQm a;comparativevstudy'it is
clear that the secfetion ffom:a certain portion of the

prostate sets in motion the coaguiétion of the secretion

from the seminal vesicles.

. The exact mechanism of the coaguiafion and sub-
séquentiliguifacfion.of the seminal fluid is ﬁot clearly
understood; nor is thé function of this phenomenon.
Nevertheless it appéars to be a very necessary pfocess.
There are certain caées of male infertility, where the
pathology seems .to be ‘a breakdown of the process of coagu-

lation and liquifaction.

_in lower marmals the coagulétion of semen is a

much .more prominent featuré than in humans. It serves

to form a firm mass of semen which is lodged in the wvagina
for meny hours. In some few animals this véginal plug
remains there fof months.” The semen of dogs does not
coagulate.  This 1s understandable since they have no
seminal vesicles. Perhaps this fact explains why dogs
remain locked for sbout 20 minutes after copulation.. The
penis of thb’ddg acts as a vaginal plug in the passage of

the bitch.

When semen 1s stored theqﬁerms gradually die off.
Some substance 1s produced in 0ld semen which 1is sperma-
tocidal. Fresh ejaculates may be mixed with no ill
-effect on the combined spermatozoa. If fresh sperms are
added to old ejaculate they promptly die. Brown( 7-)
showed:tﬁat the spermatocidal effect of semen develops

- more slowly -
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more slowly at low temperatures. Thus 1t 1is not evident
in semen stored at 5°C. until after 145 hours, whéreas it
appears after 30 hﬁuré at 37°¢. More recently it has
been shown that spermatozoa survive for long periods in
the seminal fluid when frozen to -196°C. (Pafkes, B.M.J.
11945, Aug. .18, p.212).

Much experimental work has been done to try and
establish the effect of the secretions of the various sex
glands on the spermatozoa. The results are somewhat con-

(7.)

flicting. ' So Brown showed thét the separate secre-
tions of the CéwPer's glands, prostate and seminal vesicles
have no effect on the longevity of spermatozoa. |
Armitstegd( 1) working with guinea-pigs reported that

the secretion of the seminal vesicle activatééJSpermatozoa
in the first instance, and later inhibits their movements
when coagulation occurs. Some authoritlies are of the
opinion that the vesicular secretion stimulates spermatozoa
to movement, and because this expends their energy, they
soon bécome immobile and die. Most experts are agreed
that spermatozoa are immotile while in the epididymis and
vas deferens. It is the contact with the secretions of
the prostate and vesicles which makes them actively
motile.  Whether the actual exciting-factor is'a chemical
constituent of these secretions, or a relative increase or.
lack of either oxygen or carbon dioxide is not as yet

known.

The seminal fluid may or ﬁay not affect the
activity and longevity of spermatozoa.  But one thing is
sure, the spermatozoéjdo‘not execute their function in the
abéence of the secretions from the accessory glands. It
may be.that the main: function of the secretions is to "

neutralize the acid reaction of the vaginal secretions.

- This was -
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This was very well shown by Armitstead (1) in‘guinea—
plgs. The seminal fiuid of these animals has a pH of
7.6, The vagina ofmthe female in heat 1s pH 6+4. The
reaction of the vaginal plug is approximetely 7.4. In
human belngs certain cases of barrammss‘is purely a
questioh of chemical reaction. Either the semen of the
husband is not alkaline enough, or the vaginal secretions
of the wife are too acid. A simple vaginal douche with
weak bilcarbonate solution before co-habitation,.will
result in pregnancy. On the other hand a douch with
~acetic acid 301ut19n soon after coitus 1s an effective

contraceptive measure.

The secreﬁion of the seminal vesicles normally
harbours a fair number of cells. They resemble eplthelial
cells, and are about the size of pus cells. They have a
large nucleus and clear cytoplasm. These cells can be
mistaken for lymphocytes, and when degenerate, may resenble
pus cells. They probebly originate from the lining
epithelium of the seminal vesicle.r Exactly simllar cells
are found in the secretion of the ampﬁlla'of the vas def-

erens.

I had an opportunity of examining the bodies of
six criminals who were hanged. Permission was given td
perform an autopsy as soon as the victim was dead. I am
told that the body frequently writhes for several minutes
after the fatal fall. The heart in some cases continues
to beat for 15 minutes. Quite often these persons pass
urine and faeces in their spasmodic twitchings, but it
has not been observed that they get an erection of the
penis. I have perforce to mention these gruesome details,
because it affects certain inferences I'wigh to make later

on. The polint being that certain hollow muscular organs

-~ share in -
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. share in the convulsive spasmodic contractions which.
these victims undergo after the cervical spine has been

snapped.

In these six autopsy cases I removed fluild
from the ampullae, the seminal vesicles and the téil of
the epididymes.” The secretions of the ampullae and the
seminal vesicles constantly showed the presénce of epi-
thelial cells, as described before. The presence of
the cells can thus be taken a8 a normal finding. ' This
is 'stressed because some urologlists bellieve the presence
of these cells, in a specimen expressed by digltal massage
" of the vesicles 1s the result of trauma to the gland, or
of a local inflammatory conditlion. I find myself in
agresment with those who believe that the presence of"
these cells in the expressed secretion spesks forvthe

normality of the gléhd.

SPERMATOZOA.

An important aspect of the function of the semi-
nal vesicles remains to be ventilated. Are these palred
sacs reservoirs for spermatozoa or not ? If not, where

are spermatozosa normally stored %

In attempting to answer these questions 1t is
necessary to review. some history,‘but chiefly to collect
évidence from comparative anafomy, from physiologlsts,
-'from clinicians and from a personal study of a few cases.
The persohal evidence is based on the autopsy materiasl I

collected from the six persons who were executed.

It may be argued that the correct answer to
thése questions is purely of academic interest. My
answer is, that if this is so, it still does not mean

that the questions should not be answered if possible.

- But -
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But It happens to be of practical consequence too. The
seminal vesicles are often involved in an inflammatoryl
process; in fact it is the chief_type of pathology which
affects these glands. In order to assay;the extent of
patholﬁgy present, there are certain'means of examination,
at our disposal. ‘The seminal veslicles can be palpated
per rectum; the findings may be inconclusivé. An endo-
scopic examination of the bladder and the posterior ufethra
often does yield indirect evidence,.but not always} These
organs cén be examined radiologically; this is a sure

and accurate method but obvidusly should only be done as

a last resort." A very practical and simple means of |
exémination, consists in lobking at the secretion which
has either been expressed or ejaculated. For this reésoﬁ
it is important to knoﬁ what normal constituenté we will
expect to find in the.secretion;é_ If épermatozoa are
normally present in the seminal vesicles, in what numbers
are they to be found, and are they healthy or dead. An
accurate diagnosis of vesiculifis can not be made in many

of the cases, unless we have this knowledge.

To consider briefly the historical backgrbund,\
it can immediately be sald that the question whether the
seminal vesicles contain spermatozoa or not has interested
the medical mind for many years. The early anatomists of
the Renailssance cailed these sacs "vesiculae seminalis®
because they believed that semen collected here.’ In
this they were largelyxcorrect.' Then spermatoZog were
discovered, and the fact that they were the most important
part of the semen. It was taken for granted that the
vesicles were reservoirs for the whole semen, including

spermatozoa.

- But soon -
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‘But soon, many men began to doubt this belief.
Since then there have been two schools of ﬁhoﬁght about
the subject. So for instance in England during the 18th
century Fallopius and de Sraof maintained that the vesicles
were seminal reservolrs, (i;e._they stored spermatozoa).’
Opposed to this view were amongst others Swamerdam and
Hunter.. The Royal Sbciety of London gsked de Sraof to
try and settle the question. -~ He was not able to arrive:
at any definité deciéion; Thé controversy continued,
and still exists today. It would be tiresome to mention
the names of all the men who have expressed thelr opinions

on this subject.  There 1s no unanimity of opinion.

Some hold that the chief function of the veslc-
les is as a reservoir for spermatozoa, and that the sper-

~matozoa in these organs are mature and healthy.'

Others belleve that the seminal vesicles are
essentlally glands with an external secretion.” This
secretion is vital to the proper function of the sperma-
tozoa. If spermatozoa are found in the vesicles their
presence there 1s adventitious, and probably they do not

survive for long in this site.

Still others maintain that in men the seminal
vesicles have a dusl function. Théy serve as a reser-
volir for Speﬁmatozoa and are glands with'an external se-
“cretion. The Spermatozoa profit by their}presence in
the veslcles, and are finally matured in the favourable

medium of the vesiculer secretion.

v A study of comparative anatomy 1s very 1llumi-
nating in regard to this problem. The true homologue of

human sSeminal vesicles 1s only to be found in some mammals.

- In these -~
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In these animals the seminal vesicles never éct as a
reservoir for spermatozoa. Only ﬁery rarely are they
present in these organs. In most animals, too, the
seminal vesicles join the urethra by a separate duct, and
do notvcommunicate directly with the lower end of the vas
deferens. Also the glandular element of the seminal’
vesicles in most animels is much more evident then in the
humen vesicles. For these pertineht reasons 6omparative
anatomists prefer the term “veéicular glands®™ to "seminal

vesicles" in reépect of animals.

The lower primates are somewhat different to
other mammals and resemble men more closely. In many
of them an ejaculatory duct is fbrmed; and there is thus
an easy patﬁ for'spermatozoa into the seminsl vesicles.
In thelr sexual habits too, apes and monkeys dlffer from
animsels and resemble man. As I shall show later on,
spermatozoa are sometimes found in the seminal.vesicles
of monkeys. It soems that the reservoir function of the

seminal vesicles may be a feature of primates only.

In birds and some fishes it is the.rule fér the
lower end of the vas deferens to dilate, and this area
very definitely serves as a site where épermatozbd collect.
In such animsls thls site very correctly may be called
"yesicula seminalis®™.  The homologue in mammals would be
the ampulla of the fas deferens. With the exception of
men, there are very few mammals which develop an ampulla
of the vas deferens, which is worthy of the term. When
pfesent it is rarely a sacciform dilatation, and is largely
formed by glandular tissues in the wall of the vas defgrens.
The human being thus resembles birds, réther than mammels

in having an ampulla of the vas deferens.

- Most authorltles -
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Most authorities are agreed that in man the
ampullae véry definitely serve as a reservoir for sperma-
tozoa, in addition to having a small secretory function. -
It may be that birds have well-developed "vesiculae
seminalls", because of their build and habits; coitus in
birds occurs in most specigs by brief cloacal contact,
eand the sperms must of necessity be.close at hand to be
effectively ejected. One‘canﬁot in fairnesé appiy'this

argument to human beings.

If the opinion from comparative anatomists is
definite thenithat from physiologiéts is no less so. Most
text books on human physiology stress the point that the
seninal vesicles ére ex@retory glands and not seminal
reservoirs.s’ These authoritles hold that spermatozoa are
stored and undergo full maturation in the tail of the
epldidymis.’ From there they ﬁigrate down the vas defer-
ens continuously as their numbers are added to from the
testis above. It is not definitely stated, but one can
‘assume that in this conceptlon, the spermatozoa which
reach the ampullae or the seminal vesicles are spent and
useless. One can also assume that incest spermatozoa are
continuously voided in the urine.” That this latter fact
is so, has been affirmed by many workers.  Laboratory
tecﬁnicians show no surﬁrise when they report the presence
of spermatozoa in routine urine examinations.

Phyéiologists, and many others, maintain that
wheq?%rgasm occure, the spermatozoa travel down the vas
deferens to be mingled with the secretlons of the vesicles
and prostate gland in thg posterior urethra. Part of the
ejaculation reflex therefore is strong peristalsis of the

vas deferens. It seems a long way for spermatozoa to

= travel in -~
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travel in a very short period of time. On the other

hand it must be granted that the muscular coat of the

vas deferens is outstandingly thick.

The effect of temperature on spermiogenesis 1is
a factor which i1s stressed by physiologists. Body tem-
: peratuﬁe is thought to be inimical ﬁo spermatozoa and for
this reason the testes descend into the scrotum where 1t
is cooler. .It is believed by many of these authorities
that spermatozoa probably do not survive longer than 48

hours after reaching the vagina, because of the temperature.

T will discuss the pros. and cons. of this
conception fully under comparative anatomy. Certain 1t
is that spermiogensesis proceeds normally in some few
animals at their body temperature because the testes in
these animals are permanently intra-abdominale. But such
animals are an exception to the usuai rule, and descensus
of the testls is a feature of most mammals. Perhaps the
low temperature is ohly required for the development of
the spermatozoa in the testis. Nevertheless 1t 1s claim-
| éd that spermatozoa soon die when exposed to body tem-

: perature. How then can the seminal vesicles which are
gituated deep in the pelvis sver serve as reservoirs for

spermatozoa ?

Clinicians, most of them urologists, have con-
tributed much in the solution of this problem. It is part
of thelr daily routine to examine and observe all parts of
the male genital tract. It is also of interest to these
workers, to form an idea of the thsiology of spermatozoa.
The secretion of the prostaﬁe and veslcles 1s frequently
obtained for purposes of careful scrutiny, both macro-
and microscopically. The opinion therefore of these

men is of value. They are the only ones who can really

- claim to -~
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claim to ha%e performed physiological experiments on
human beings. Unfortunately there exists the greatest

, divergence'of opinion ambng these very clinicians, who
should know best. The various opinions are those which

I have already enumerated.

There are but few.things which are fairly
generaliy accepted. It is believed that in human beings,
healthj and mature spermatozoa collect in great numbers in
the ampullae 6f the vasa deferentia. These will form the

mass of spermatozoa in the ejaculate.

Other clinicians accept the opinion of physiolo-
gists and believe that with each orgasm masses of sperms-
tozoa come from the epididymes. Many urologists accept
the seminai vesicles as belng reservoirs for sPermatozba:
Nearly all are agreed that»spermatozoa are constantly shed

in the urine apart from sexual activity.'

When the prostate gland and the seminal vesicles
are massaged, a secretion is.expressed which flows from
the penis or can be recovered in the urine. In norﬁél
healthy males this secretion invariably contalns sperma-
tozoa. Some are motile, others are dead. Some authori-
ties believe that the incest spermatozoa come from the
seminal vesicles, and that the live ones come from the
ampullae. This.view 1s modified, in that some investl-
gators believe that incest spermatozoa mean that the seminal
vesicle 1s diseased. It has not been shown (and would be
very difficult so to do) that the motile spermatozoa re-
covered by this means, are indeed allve and healthy enbugh

to effect fertilisation.

A lot of work has recently been done on the

finer structure of spermatozoa. There are histological

- differences =



- 50 =

differences between limmature, mature and post-mature
forms. The motllity of spermatozoa has also received
much attention and it has been suggested that active
motility is a sign of fuil maturity. A lot of space
would be needed to describe even the essentials of all
this work and in large part it félls outside the scopehof
the present dlscussion. Only a few succinct facts will

be quoted from the literature.

It is maintained by many authorities that sper-
matozoa have no motility prior to ejaculation. They are
dependent for their moVement on the muséular action of
the organ they inhabit, or the action of the ciliated
lining epithelium. (McLeod (23) gowary (60)y.

Also in their travel from the tail of the epididymis to-
wards the urethra, they gradually decrease in vitality.
Lasley (19) ghowed that the spermatozoa in ejaculated
semen of the boar were more suséeptible to cold than were

those recovered from the epididymis. Collery (9) records

that the middle piece bead,vof the mammalian spermatozoon
passes gradually from the neck towards the tail, as the
§permatozoon moves fpom the testes downwards. When this
bead reaches the junction of the middle piece and thé tall,
it is thought that the sperm is able to move actively.
This histological change is part of the maturation pro-
cess. Waiker (47) believes that in man the maturation
process is brought about in the tail of the epididymis.

( 8)

Close records that spermatozoa expressed from the
seminal vesicles by digital massage are often incest, and

does not regard this as abnormal.

The autopsy findings in the six criminals can

now be examined. These were native males between the

- ages of -~
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ages of 25 and 40. In all of them the externai geni -
talia were normal by inspection and palpation. In one
of them there exlsted a chronic perivesiculitis of the
left seminal vesicle. The bodlies were seen about 10
minutes after death had occurred. In all of them I
recovered secretions from the epididymis, ,seminal vesi-
cle and ampulla, usually on both sides. Smears were made
of the secretions, énd were examined after staining with |
methylene bluse. Before taking the smears, the vasa
deferantia were severed in the scrotum, to exclude as
soon as possible ahy post-mortem movement of the sperma-

tozoa down the vas deferens.

) Most of the previously recorded findings of
sPermatozda in the seminal vesicles, have been based on
an>éxamination of cadavers in anatomy departments.
Physiologists have rightly objected that in these cases
the spermatozoa may have been squesezed into unnatural
sites by the contraction of plain muscle which occurs
soon after death. Some contraction of the muscular coat
of the vas deferens may also have occurred in the case of
these criminals who were hanged. I have mentioned that
sometimes there are violent muscular spasms and the blad-
der and rectum may be emptied reflexly. The ideal chance
of examining the normal physiological content of various

parts of the male genital tract would occur when operations

-are.pérformed on these various sites.

I have recorded the findings in these six
autopsies in tabulated form. The presence or absence of
spermatozoa in the cauda epididymis, ampulla of the vas,
and seminal vesicle are recorded. It will be seen that
spermatozoa were always presetit 1In great numbers in the
tall of fhe epididymis. Spermatozoa were present in
both the ampullae and the seminal vesicles in four of the

cases examined. In three of these four cases there were
- more -



TABULATED

RESULTS FROM

JUDICTIAL HANGINGS.

ORGAN" EXAMINED

: AUTOPSY 11/6/45 : AUTOPSY 11/6/45 : AUTOPSY 4/7/45 @ AUTOPSY 23/7/45

-
——

: AUTOPSY 7/8/45 : AUTOPSY 7/8/45 :

Right : Left -Right : Left Right : Left Right : Left Right 1 :Left Right : Left
: Cauda Epididymis 4+ ¢ a4+ et RO 4w g Nt o 4+ @ 4+ ; 3ot 4+ o4+
: ‘ , E : : : Not ° : : :
: Seminal Vesicle - - 2+ : 2+ : 2+ . 2+ dope : 3+ : 4+ =~ 2+ . 2+
: Ampulla of Vas Deferens : - - 2+ 2+ 5+  ¢ 3+ 4+ . 4% - - 4+ : 3+
Vasa Defe:gin;ci): severed Severed Not severed Severed Severed Severed Severed
: ' | Left
: Genitalia (Ext. & Int.) : Normal Normal Normal .Normal ' Vesiculitis Normal
{ = = Absent
( 4+ = Abundent g .
SPERMATOZOA ( 3+ = Moderate numbers All these ca;es were Adult Natives
, (2+ = .Few between 20 and 40 years old.
( 1+ = Very few.

.
.
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more spermatozoa in the ampullse than in the seminal .vesicles.

Two autopsies were done on the 11lth June,
1945. In the first thevasa were cut,iﬁ the second not.
In the first I found no spermatozoa in either the vesi-
cles dr ampulla, whereas they were present in these sites
in the second case, where the vasa had not been tied off.
In both fhesé instances thé slides were only made some
hours after the organs had been recovered, and I thought
I had estéblished the fact that spermatozoa are indeed
pushed down the vés after death. This was upset by
finding spermatozoa in the vesicles, in several other

cases where the vas had also been severed.

In Autopsy IV there was very definite peri-
vesiculitis on the left side. This vesicle and ampulla
contained no spermatozoa. Unfortunately the epididymal

secretion was not collected from this side.

From all this evidence I have drawn certain
conclusions regarding the physiology of spermatozoa in

the human -

1. Spermatozoa are~présent'in greatest numbers in
‘the tail of the epididymis. In this site they
are immobile, but fully matured. During a
sexual orgasm they are rapidly expelled from this
site by means of muscular contractions of the
vas deferens. They join the seminal secretions

in the posterior urethra.

2. There also occurs a continuous migration of
spermatozoa down the vas defetrens apart from
ejaculation. These spermatozoa are temporarily

held up in the ampulla of the vas, and often

- penetrate into - -



P e

- 53 -

penetrate into the seminal vesicles. From
both these sites they are continuously or inter-
mittently discharged into the bladder to be |

voided with the urine.

Se The spenﬁatozoa in the ampulla and particularly
in the séminal vesicles are probably post-mature
forms, and do not possess the fertilizing capa-
city of those which emanate from the epldidymis.
Spermatozoa in the semlnal vesicles are frequently

incest. . Their presence here is adventitious.

4. "The main function of the seminal vesicles is to
provide an abundant volume of medium favourable
to the spermatozoa when they are deposited in

the vagina.

5. The ampulla of the vas deferens also has a glan-
dular secretion, the natufe of which is essen-
tially similar to thervesicular fluid. Sperma-
tozoa do tend to collect in fair numbers at this
site, and.under certain conditions they may be
physiologically active. If their sojourn in
the ampulla 1s protracted, they become progres-

sively less viable.

EJACULATION .

The seminal fluid and its constituents have
been dealt with in some detail. With this knowledge it
is possible to deduce the sequence of events as occurring

in the genital tract with a sexual orgasm.

McLeod (23) has recorded the results of an

interesting experiment. He collected the seminal fluid

- as 1t was -~
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as it was ejaculated in separate successive portions,
in much the same way as urine is collected for the 2 or

'3 glass test. An analysis of the various portions

revealed interesting results.

The first 40% of the ejaculate contained 75%
of the total number of spermatozéa. The first 25% was
very rich in acid phcéphatase. The 1as§ portion con-
“tained the highesf percentage of glucose. In other words
the vesicular secretion is ejected last, whereas the
prostate empties in the first phase 6f the reflex. Since
the prostate definitely does not harbour spermatozoa, and
the vesicles empty last, it can be deduced that the great-
est mass of spermatozoa which appear in the first 407 of -
the ejaculate, cannot have come from the vesicles. It
is evident then that the maaority of the Spermatozoa come
from the ampulla and the wvas deferens.

With ejaculation the accessory glands therefore
contract and empty themselves in the following order. In
the earliest phase the prostate contracts and pours its
secretion into the posterior urethra. In the next phase,
which partly overlaps the firét, the vas deferens; from
the tail of the epididymis down to the ampulla, emptles
itself. In the last phase the seminal vesicles contract

and add some of their secretion to the ejaculate.

The seminal vesigles are probably very Seldom
completely emptied w}vith one orgasm. This seems obvious '
when one bears in mind their struéture; and from the
knowledge that coitus can be repeatedly performed in
quite a short space of time. ‘The secretion from Cowper's
glands flows freely in the pre-orgasm phase, and adds but
little to the volume of the ejaculate.

- This conception -
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This conception of ejaculation fits in with
what has been deduced about the physiology of the various
parts of the male genital tract; " Clinical experience
also supporis such an idea. Soms men are in the habit
of having an incomblete orgasm. Only the first phase
occurs; and the'ejaculaté consists merely of pfostatic
secfetion. For one of many possible reasons (often
psychological) the refléx does not spread sufficiently

to involve also the vas deferens, and seminal vesicles.

MECHANISM OF MICTURITION AND EJACULATION.

It is pabticularly the trigone area and the |
sphincters of the bladder I wish to discqsé. The ejacu-
latory ducts emerge into the posterior urethra between the
| internal and external sphincters of the bladder. It is
only when both these sphincters are competent that the
posterior urethra is sble to function effectively in elther

its genital or urinary Capacity.

The muscular coat of the urinary bladder is
composed of two layers, more or less distinct from each
other.. The outer iayer of longitudinally directed
fibres is incomplete, in that a gap exists in the area
where the ureter pierces the bladder wall. The inner
layer of circularly placed fibres is thick and it forms

a complete coat.

As the outer layer of muscle descends from the
vertex of the bladder towards the bladder-neck; it forms
an anterior and a posterior band. It becomes deficlent
on the lateral side below the entrance of each ureter.
The fibres of the anterior band Jose themselves in the
pubo-prostatic muscle, around the prostate and in the

urethral wall.
- The posterior -
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The posterior band collects over the base of
the bladder and passes between the two ureters. The
fibres are inserted into the prostate and its true capsule,

and also are continued into the posterior urethra.

The fibres of the internal muscle coat sweep
around the entire bladder from the vertex to the neck.
At the bladder-neck there is formed a thickened circular
band which constitutes the main mass of the internal
sphincter. Some fibres of ﬁhis sphincter muscle are also

derived from the outer longitudinal layer.

Both the internal,and external muscle layers,
together; form the‘detfusor muscle of the bladder. The
inﬁernal sphincter lies upon the base of the prostaté;

- These muscle: fibres are plain and involuntary. They are
supplied by the pelvic sympathetic and parasympathetic
nerves. The external sphincter)of the bladder is the
sphincter urethrae membranaceae, which lies iﬁ thb uro-
genital disphragm. It is composed of striated muscle
fibres, and is a voluntary muscle, supplied by the puden-
dal nerve. .The pudendal nerve also gives the sensory
supply to the posterior urethra. Sensation from the
bladder wall and biadder mucous membrane trévels by
afferent fibres in the sympathetic and parasympathetic

nerves.

McCrea (25 ) reported in 1926 that heffound‘
striated muséle fibres forming part of the internal
vesical sphincter. Similar fibres were found algo in
the wall of.the prostatic urethra and in the trigone area
of the bledder. These fibres form a’complete'coat of
the urethra in the foetus.” In lower memmels such &
iayer of striated muscle around the urethra is a - . .z %

-  prominent feature -

(
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prominent feature and is called Wilson's muscle.
Romains of this muscle in the adult human is of con-

siderable interest both developmentally and practicglly.

Micturition, according to physlology text books,
occurs by contraction of the detrusor muscle and relax-
ation of the internal and external sphincters. In the
cat, Barrington has shown that there are six reflexes
which are brought into play. The centre for micturition
lies in the sacral segments of the spinal cord, and the
cerebral cortex has:an importaht control over this centre.
The wall of the bladder shows rhythmic waves of contrac-
tion, which increase in intensity as distention proceeds.
These waves can be damped dowﬁ by the corebral cortex.
When the animal allows itself to micturétg , the sphincters
are relaxed and the détrusor contracts. It is believeﬁ
that the pelvic splanchnic nerves cause contraction of ths
détrusor and refleX»inhibition.of the internal sphincter.
The pelvic Sympathetic nerves are believed to cause tonic
closure of the internal sphincter and inhibitory relaxa-
tion of the detrusor. The external sphincter can be
| closed at will, not actively Qpénéd.‘ It opens widely as
o reflex action which results from the passage of urine

through the posterlor urethra.

This very briefly is the conception of the
physiology of micturition which one gathers from physio~
logists. The opening of the internal vesical sPhinctér
18 & negative type of inhibitdry relaxation. A more
reasonsble view was put forward by Ybungvand Wesson ( 5?)
in 1921. They described a trigonel muscle of the
bladder. Actueally part of this muscle was originally
described by Bell.

- It is quite simple -
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It is quite simple to demonstrate the trigonal
muscle by dissection in a fresh autopsy specimen. A
transverse incision is made across the trigone of the
bladder half-way between the urethral and the ureteric
orifices. Only the mucous membranevié incised, and it
is then gently peeléd‘off the underlying trigonal muscle
to which 1t is attached. A thin layer of plain muscle
wlll be found to extend from the region of the ureteric
orifices to the proximal limit of the veru montanum. It
is formed by & continuation of the longitudinal fibres of
the uretefs, and it crosses over the enternal vesical
sPhincfér as it proceeds into the urethra. The diagram
in Fig.'20 shows the essentisl features of the trigonal

muscle.

- The action of this muscle is to actively dilate
the urethral orifice of the bladder. It is thus the
opponent of the internal vesical sphincter. Presumably
it is supplied by the nervi erigentes. Support has been
given to the importanée 6f the trigonal muscle by

Macalpinev(Ql) MeCrea (25) and Walker.

Evidence of its function is given by the fact
that this muscle becomes visibly enlarged where an obstruc-
tion develops in the posferior ure thra. Trigonal hyper-
trophy 1s a sign always looked for in suspected prostatic

enlargement.

It has been mentioned that erection of the penis
is due to parasympathetic influence, whereas ejaculation
follows stimulation of the pevic sympathetic nerves. It
is also believed that with sexual excitement the internal
bladder sphincter closes tightly, whereas the external
sphincter relaxes. This would be the effect of sympathe-

tic stimulation.
- The same -



FIG 20 THE TRIGONAL MUSCLE.

The bladder and the prostatic urethra have been

opeﬁed in the midline ventrally. The mﬁcous membrane
of the urethra and trigone area has been stripped off,
to expose the trigonal muscle. Note that this muscle
crosses the fibres of the internal sphincter.

A, Trigonal muscle, bounded on each side by the
Bands of Bell(Bs, and above by Merecierxr's Bar(C).

D. Prostate (cut across).

E. Infernal Sphincfer (eut across).
F. Veru Montanum.

G. Ureteric Aperture.

H. Bladder Trabeculae.
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The same effect of this latter reflex is demonstrated in

cagses of vesical calculus who develop priaprism.

When gjaculation oécurs the internal sphincter
remains tightlj shut and the external sphincter relaxes
completely. Where the internal sphincter is paralysed

or traumaﬁised the.semen will flow back into the bladder.
‘This 1s seen in cages of tabes,bdissemingted sclerosis,
and following suprapublc prostatectomy. >A case is recor-
ded by Macalpine (21) of a man with a Ycord bladder" due
to a transverse myelitis. His internal sphincter was
completely paralysed. The external sphincter kept him
continent. With an erection of the penis he dribbled
urine, and leaked urine rapidly when he ejaculated. This
occurred because the external sphincter relaxes with
coitus, and in hls case the detrusor muscle of the bladder
was hypertonic.

- There are many causes of what 1s called a
ffunnel-necked” bladder. This term indicates that the
popﬁerior urethré is widely open and communicates with
the bladder. The obvious cause is a complete paralysis
of the internal sphincter. The condition is recognised
either cystoscopically or on a cystogram. One of the
many causes is a physiological one, and happens when the

bladder is very fully distended.

This physiological continuation of the bladder
cavity into the posterior urethra is of some practicél
importancs.. Some urologists are convinced~tﬁat by this
means urine can regurgitate up the ejaculatory duct.

If the urine is infected it may result in vesiculitis or
epididymitis. This phenomenon may account for the

curious cases of spontaneous epididymitis, which settle just
as quickly . as they develop.’ It-maylalso be the reason
for those cases of epldidymitis which follow a "straln".

- T have seen =
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I have seen several patients with prostatitis and puru-
lent urine, who have developed epididymitis after slip-
ping on a step, or after picking up a heavy weight. The
-explanation seems to be that a sudden unexpected ihcreasé
in abdominal pressure, forces urine from a full bladder
into the posterior urethra and from there up the ejacula-
tory ducts.” Such a view was supported by Belfiéld‘3’4)
as long ago as 1913. He was doing the opération‘of vago-
" tomy at the time, and recbrds the fact that dye, which
" he had instilled into the bladder, was regurgitated

through his vasotomy wound.

N

SUMMARY .

The anatomy and function of the seminal vesicles
has thus been diséussed." I ﬁould suggeSf'that these
glands aréﬁ%g be regérded as seminal reservoirs. The
‘term, seminal’#esicle, is thus 54+ misnomer if one con-
cedes that the spermatozoa are the essential cénstitﬁent

of semen.

RADIOLOGICAL EXAMINATION OF THE SEMINAL VESICLES.

A short survey of this procedure follows
naturally on a discussion of the anatomy and physiology.
Many facts about the structure and function of these

glands have been gleaned from their radliological study.

There are two methods of obtaining a vesiculo-
gram. In the first, the radio-opaque material is inject-
ed down the vas deferens from a scrotel incision. It is

usually called vaso-vesiculography.

- The second -
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The second method is described as retro-grade
vesiculdgraphy; and is comparable to retrograde pyelo-
graphy of the renal tract. It 1s accomplished by pas-
sing a fine catheter up the éjaculatory duct; and then
instilling a sufficient quantity of radio-opaque fluid.

A Speciél endoscope is needed which glves a clear view
of the veru montanum. The operation is technically dif-
ficult, but with practice and a good knowledge of the

local anatomy, it has been successfully mastered.

The idea of vaso-vesiculography was conceived
in America by Belfiéld (3’4)>1n 1913. Since 1905 already
he had performed the. operation of vasotomy, in order to
irrigate the ampulla of the vas deferens and the seminal
vesicles. He found that fluld injected into the scrotalﬁ
portion of the vas deferens filled the vesicle before_it“
1eaked into the urethra. Belfield's first'Vesiculogﬁams
were made with argyrol solution, and the shadow cast on

the X-ray plate was vague and indefinite.

‘Since 1913 great strides have been mads in this
direction. Various radio-opaque fluids have been employ-
ed, such as collargol, sodium lodide, iodized oils, the
uroselectan group of drugs and now 1afely diodrast. Most
advance occurred in America. Kidd in 1931 reported the
first vesiculogram done in England. (Wilhelm (51 ).

Vase-vesiculography is possible because of the
anatomicai‘arrangement of the ampulla, the seminal vesicle
and the ejaculatory duct. It can easily be shown on a
fresh autopsy specimen that fluid injected down thb vas
will successively fill and distend the vas, the ampulla |
and then the seminal vesicle; thereafter it will escape
‘into the urethra. '

= The amount of -
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The amount of fluld necessary to fill this
tract before 1t leaks into the urethra,_varies between
5 and 5 cc's. It depends in large measure on the nor-
mality of the parts, and whether the seminal'vesicle is
empty or full. Thick oily solutions will not displace
the vesicular content but thin fluids apparently do so,
or diffuse thrqughout the content. Better filling bf
the vesicles will result if the gland is first emptied
either physiologlcally, or by digital massage, or by
preliminary irrigation with a bland fluid." I have not
seen 1t mentioned in the literature, but it has struck
ﬁe that a dilute solution of acetic acid would be an ex-
cellent irrigating fluid, since the veslcular content so

readily dissolves in it.

'Very good veslculograms can‘bé obtained by this
method of injection down the vas. There are a few dis-
advantages. : The vas deferens must of necessity be‘trau—_
matised and stenosis may result. Many urologists have
expressed the opinion that this rarely if ever occurs.’
If the fluld regurgltates through the vasotomy wound, &
painful nodule develops in the spermatic cord. It is not
of any real consequence. Ths fluid may regurgltate even
further back and lead to a sudden acute epididymitis.
This does not_oftén happen. When it does it probably is
due to regurgitation of urine from the posterior urethra
when the bladder is overfull. In any caée 1t invariably

resolves completely.

The advantage of vaso-vesiculography is chiefly
that it is a simple operation, and can be performed under
local anaesthesia. With this anaesthetic the patient is
fully co-operative while the X-ray exposures are belng
made. The results are good. ;Sargént (36)1n 1929

gave a favourable report on this method over a Series of
' ' - 200 =



200 cases.

Retrograde vesiculography on the other hand
requires expert training and no mean measure of skill.
This method has been developed almost exclusively in .

(10)

America. Gonzales-Iman in 1943, gave a clear

*

' disséré%on on the téchniQue? indications and value of
this procedure.” He mentions that men like Young,

Lowsley, McCarthy,‘Ritﬁer, Santa Maria_ahd Valverde are

to be regarded as pioneers in this work. Actually
1'Klotz appareﬁtly catheterised the ejaculatory ducts as
early as 1895. From 1930 onwards, the literature abounds .

wlith information about all the various aspects of retro-

grade vesiculography.

The impression I have gathered is that with
careful preparation and'after some practice, the teéh-
nique is readily mastered. Once this happens one can
expect success in some 98% of cases attempted. The
anatomy of the veru montahum and the ejaculatory ducts 1s
fairly cohstant, and has been discussed. | The pertinent
point in the anatomical arrangement is that a cathetef |

passed up the ejaculatory duct invariably slips into the

gseminal vesicle.

With a catheter in the seminal vesicle or even
well in the ejaculatory duct, the vesicular content can
be aspirated or washed out.  Thereafter 1 - 3 cc's. of
radio~opaque fluid is gently instilled. Gonzales-Iman(10)
recommends diodrast solution, as giving the best results.
The urinary bladder may be filled with air to give very
clear definition to the vesiculogram. This filling of
the bladder wlth air is a procedure not without danger
and it is probably advisable to omit it.

- As a result -
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As a result of seminal vesiculography much has
been learnt about the function of these glands.’ By
taking X-ray photographs dally after the instillation of
the dye,'it can be sSeen that the vesicles gradually empty.
In normal cases no opaque material remains after 5 days.

'(Sargent (36 )y,  wWhere argyrol has been used, the urine

remains stained for several days.

In some cases ﬁhe vas deferens and ampulla are
outlined by either'vaso; or retrograde vesiculography.
This material is also gradualiy expelled and none remains
after a week. This observation firmly establlishes the
view that the vasa deferentia, the ampullae, and the
seminal vesicles continuously expel their secretions, and

that this does not occur only with ejaculation.

Quite often patients experience a nocturnal
emission within 48 hours ofvhaving thelr vesicles filled’
I‘havé found nolrecord of what'is found on a subsequent .
X-ray, but presumebly the male genital tréct_will be free
of radio-opaque material. I would not be surprised

though to find a residue in the seminal vesicle, even

when the gland was normal.

In cases where the vesicles are pathological
there 1s often found stasis of the content. This 1is
easily récognisable radiologically. One can infer from
fhis finding that the muscular wall of the vesicle is
either atonic or fibrosed, and the dlagnosis in such
cases i1s comparable to a similar finding of stasis of
barium in the lumen of an appendix, which is the seat

of chrénic inflammation.

- As would be -~
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AS would be expected it is the pathological
ejaculatory duct which is difficult or imposslble to
negotiate_with a catheter. The veru montanum may be
oedematous or goveréd iﬁ granulation tissus. TOpicai
applications of phenol-glycerine solution on several
successive occasions, help a great deal to facilitate

a clear view of the ejaculatory ducts.

With experience 1t 1s possible to deduce a lot
from a vesiculogram. Stasis has been mentioned.’ Filling
defects, atonicity, abscess cavities and more can be

recognised, and the method is a valuable aid to diagnosis.

At present there is no way of outlining the
seminal veslicles by a procedure like uroselsctan fdr»the
kidneys or shadocol for the gall-bladder. It has been
mentlioned that vesicular secretion is specific in that
certain chemical constituents derived from the blood are
highly concentrated. It Seems pdssible that a substance
may yet be found_which would be selectlvely secreted in

the vesicles and be radio-opaque.

- - — . . - -

- DEVELOPMENT =
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DEVELOPMENT .

The seminal vesicles develop in the foetus as
outgrowths from the lower end of'the Wolffian ducts on each
side, close to the cleaca. In offering a description of
their development, it is necessary to enter more or less
fully into the embryological evolution of thetentire uro-
genital tract, and in perticular to consider what happens
to the cloaca and what struetures arise therefrom. Much
that will be mentioned will be recapitulated in the chapter
on cqmparative anatomy. This cannot be otherwise, because
embryological and phylogenetic develobﬁent are closely linkead
The knowledge of each is complementary to fhe other.

When the human embryo is still less than 2 weeks
old, it consists ef a flattened disc between the adjacent
- sides of the ectodermal aﬁd entodermal vesicles. This disc
is composed of the:three priﬁary layers, viz: ectoderm,
secondary mesoderm and entoderm; See Fig 21. Thereafter
a-process of differentiation of the three primary layers
commences. The neural tube and the notochord come to
occupy the central longitudinal axis of the embryonal disc.
Thie divides the mesodemmcl mass into two halves, one for each

side.

- During the 3rd week the mesoderm becomes progres-
sively segmented, from the head-end towaids the tail-end,
so that each side consists of blocks of mesoderm or somites.
Thirty-eight somites aie formed in all, but the process is
not completed until the embryo is 4 weeks old, and measures

five mm. in length.

At this stage there has occurred also definite
folding of the embryo. It results from more rapid growth

in the centre of the embryonal disc than at the periphefy,

-~and leads -
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PRIMARY MESODERM.

FIGZL THE EMBRYONAL DISC COMPOSED OF A LAYER OF ECTODERM,
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: : FIG 22 THE EMBRYONAL DISC VIEWED FROM THE ECTODERMAL ASPECT.

The ectodermal vesicle (Ammiotic cavity) has been opened .,
(From Gray's Anatomy. After GRAF SFEE).

SOMATOPLEURE .

SPLANCHNOFLEURE ,

DORSAL AORTAE.

WOLFFIAN DUCT.

FIG 23 TRANSVERSE SECTION OF AN EMERYO t 5 wEmEks OLD,

It shdws the differentiation of the mesoderm into paraxial,
intermediate, and lateral cell masses.
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and leads to the head~-end approaching the tail-end on the
ventral aspect of the foetus. Since the folding process
occurs all around the periphery, the entodexmal vesicle be-
comes constricted at the site of the future umbilicus, and
gives rise to an -extra-embryonic yolk-saé and an intra-
embryonic archenteron. The archenteron in its turn is
naturally divisible into fore - mid - and hindgut. Near
the caudal end 6f the hindgut there is a short diverticulum,
the allantois, which is rudimentary in man. In all embryos
developed in an egg, however, it is a functional organ df
respiration. This stage is depicted in Fig 25., and is
reached by an embryo 4 weeks old.

The folding of the embryo continues and the ecto-
dermal vesicle (ammiotic cavity) rapidly expands. This
leads to the entire embryo being covered by ectoderm and
the Orgsnisation of the umbilical cord, with the remains of
the yolke-sac and the allantois in itf ' The allantois is
progressively drawn §entrally and toﬁards the umbilicus as
the ftail-fold curis in and the amniotic cavity expands.
The nmbilicai cord has formed at 5 weeks. This is the
critidal stage for organogenesis, and it will now be more
convenient to follow the succeeding steps in development
in selected regions. These will be discussed under the

following headings :-

1. THE INTERMEDIATE MESODERMAL éELL MASS.

2. THE WOLFFIAN AND MULLERIAN DUCTS.

3. THE CLOACA.

4. THE ACCESSORY SEX GLANDS.

5. THE SEMINAL VESICLES.

6. SUMMARY .

- THE INTERMEDIATE -
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THE INTERMEDIATE MESODERMAL CELL MASS.

We have seen how the mesodermal somites come to
exist. The next stage consists of differentiation of the
mesoderm and is bilateral. It affects all the somites as
they are foimed. That part of the mesoderm adjacent to
the midline becomes separated off as the paraxial mass.
That part which lies most peripherally is the lateral mass.
Between the two there is the intermediate cell mass of
mesoderm, and from it will develop a kidney, gonad and

adrenal on each side. See Fig. 23,

The kidney arises from the lateral part of the
lateral mass, and shows the successive stages of the. pro -
meso - and metanephros. The’pronephros develops from the
‘7th.to the 14th somites, and is very transitory and difficult
to recognise. It has disappeared by the 4th week. - Its
excretory duct, however, is prolonged caudalwards and is
appropriated by the mesonephros. - The mesonephros or
Wolffian body develops from the 9th to the 26th somites
during the 5th week, and reaches its height when the embryo
is 7 weeks old. Thereafter it atrophies, to be replaced by
the metanephros, which arises from probably all the somites
below the 26th. The metanephros is the adult and permanent
kidney of all animals above fishes and amphibians. Meta-
nephric development commences in the T7th week and steadily
progresses to attain its adult shape énd position at the

16th week.

Each gonad is meanwhile evolving from the medial
aspect to the intermediate cell mass. A bulge towards the
coelomic cavity, earns for it the name of the genital ridge,
which is obvious during the 5th week. The testis or ovary
is only just recogniéable as such by the 8th week. Each
is abdominal in position, and lies at a higher level than

the metanephros. By the 16th week the kidney lies, as

- 4in the adult -
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in the adult, in the loin, and the testis has descended
to an inguinal position. It is oply much later between
~the T7th and 9th months of intrautérine existence, that
the testes negotiate the inguinal canals to reach the

scrotum.

THE WOLFFIAN AND MULLERIAN DUCTS.

The mesonephric'o; Wolffian duct, which is a
prolongation of the pronephric duct, is a structure of
prime importance. In the adult_male it wiil become the
channel for the conveyance of the speimatozoa. The meso-
nephros and its duct are functionless in the human embryo,
but in fishes and amphibians the mesonephros is the func-
tioning adult kidney. |

The mesonephric duct joins the cloaca at the
end of the 4th week. From the lower end of the ducf.
where it enters the cloaca, there arises in the 5th week
a bud-like diverticulum, which rapidly elongates towards
the meténephros; and becomes its channel of excretion,
called the ureter. The later development of the Wolffian

duct will be followed when the cloaca is discussed.

The parémesbnephric or.Mullerian ducts develop
adjacent and lateral to the Wolffian ducts, and also pro-.
ceed downwards towards the cloaca. Near the cloaca the .
ducts approach each‘other and latet fuse, and in this
position they lie between the lower ends of the Wolffian
ducts. The Mul;eriaﬁ duct is vestigial in the grown
male, but goes to form the main part of the female repro-
ductive tract. The utriculus masculinus, a small littie
cui-de-sac, imbedded in the median lobe of the prostate,
is all that remains patent of the Mullerian ducts in the

male.

- THE CLOACA -



THE CIOACA.

The somewhat dilated caudél end of the hindgut
seen in the embryo at 4 weeks, constitutes the cloaca, or
common receptacle for the genital, urinary, and rectal
éxcrements. It is turned inwards towards the site where
the umbilicus is about to be formed. The cloaca, some-
times in modified form, is functional in lower mammals and

in fishes, reptiles, and birds.

On the ventral aspect of the cloaca there is an
area where the covering ectoderm and the lining entoderm
are in contact. This area is the cloacal membrane. The
allantois opens into the upper part of the cloaca on its.
ventral aspect. It has been mentioned that the lower ends
of the mesonephric ducts reach the cloaca at this early
stage. This, and the succeeding stages, are illustrated
in Fig.26.

The cléaca now becomes divided into a ventral uri-
nary, and a dorsal rectal pért. This commences wheﬁ the |
foetus is 5 to 6 weeks old. A mass of mesoderm lying be-
tween the base of the allantois and the hindgut prolifera%es
ahd extends towards the cloacal membrane. This partition
also arises somewhat from the side walls of the cloaca.

The division is so effected that the mesonephric ducts open
into the ventral portion of the cloaca,}which is destined

to become the bladder, and a portion of the urethra in the
male. The process of subfdivision is completed by the Tth
week. Behind, there is.the rectal canal. In front and |
ventral there is formed the bladder and the urogenital sinus.
The cloacal membrane meanwhile has been divided on its
ectodermal aspect into a urethral and a rectal plate by the
perineun. The rectum and urogenital sinus break through tb
the exterior by the end of the T7th week. The blgdder and

urogenital sinus need further elucidation.

- The ventral -



A. Cloaca; B. Cloacal Membrane, C, Hindgut;
D. Allantoisjy E. Mesonephric Ducts; F. Ureteric out-
growth; G. Mesodermal mass dividing cloaca into ventral

and dorsal parts, H, Bladder; J. Urogenital sinus
K. Rectum; T. Tailgut, which soon disappears.
M. Metanephric anlage, :

FIG2 é FOUR STAGES IN THE DEVELOPMENT OF THE HUMAN _
CLOACAL REGION, . -

1,33 Weeks; Ii, 4 Wéeks; III, 4% Weeks; ,
IV, 5% Weeks., - The inside of the lumen is shown in III.

FIG 2 7 PELVIC REGION OF HUMAN EMBRYO OF 9 WEEKS.

!
A. Bladder; B. Symphysis pubis; C. Urogenital sinus;

D. Urogenital sinus (Phallic) E. Rectum; F. Ureter
. G. Peritoneum (future pouch of Douglas); H. Genital cord;
P, Peritoneum, ~

(From Arey after Keibgl)



The ventral portion of the cloaca has been com=-
pletely separated off from the dorsal rectal portion by
the 7th week.  The upper part of this ventral cloaca,
continuous above with the allantoic stalk, is now called
the bladder. The lower part, which abuts on the cloacal
membrane, constitutés the urogenital sinus. The bladder
- and urogenital sinus are a continuous cavity, separated
from each other by a slight neck or constriction. The
mesonephric ducts, with the Mullerian ducts between them,
open into the junction between the bladder and the uro-
genital sinus. The urogenital sinus itself is divided
into a pelvic and phallic part. The latter is the portion
which lies upon the urethral plate (cloacal membrane).

This is clearly shown in Fig. 27.

The adult bladder is formed from the ventral

\ cloaca as we have mentioned. At first it is a tube, which
giadually becomes more sacciform. Its apex, pointing
towards the umbilicus, narrows still more and forms a blind-:
ending tube, called the urachus. | In the adult this tube
is patent andlmay or may not communicate with the bladder
cavity. It is agreed by most authorities that the allan-
tois takes no part in the formation of the urachus or the

bladder. This was clearly pointed out by Begg in 1927
and 1930. (2)

The insertion of the meson?phric ducts into the
bladder is interesting. At this stage the ureter has
already been given off as a diverticulum from the lower gnd
of the mesonephric duct. By a process, which is not
clearly understood, the openings of the ureters and the
mesonephric ducts (vasa deferentia) become separated. The
ureters come to open at the base of the trigone in the

bladder, whereas the vasa deferentia retain their exit at

- the junction -
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the |
the junction of/bladder and urogenital sinus, which in
the adult is in the prostatic urethra. By some, this
process is interpréted as meanihg that a portion of the
Wolffian duct is taken up to assist in forming a part of
the bladder. In other words that the trigone of the
bladder and the proximal part of the prosfatic urethra

are derived from the ;ower ends of the Wolffian ducts.

We héve élready noted the functional importance
of the bladder trigone and its anatomic structure, distinct
from the rest of the bladder. 'It does not seem a far cry
to coirelate this with its probable extraneous embryological

origin.

The ventral cloaca furthermore gives origin to
the entire female urethré, where the pelvic part of the
urogenital sinus’goes to line the vestibulej?gie-phallic
part disappears. In the male, which is our present concern
the part of the urethra proximal to the openings of the
éjaculatory ducts, is derived from the foetal bladder. The
prostatic urethra distal to the ejaculatory duct openings, |
(i.e. distal to the veru montanum) and the bulb of the

anteriof urethra, take origin from the pelvic part of the

urogenital sinus.

The urethra, anterior to the bulb of the urethra,
ié considered by many observers to arise from the phéllic
portion of the urogenital sinus. Thus the lining is ento-
dermal. Others, however, contend that the anteriox urethra
forms by closure of the}genital folds, which are ectodermal.
These genital folds in the female go to form the labiae
minores. There appears to be some diéagreement-among
embryologists as to whether the anterior urethra arises
from ectoderm or entoderm. Richardson.(33)favoured the

view that it was an ectodermal derivative. He went on to

- mention -
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mention that the accessory sex glandé were essentiélly
threefold, viz: seminal vesicles, prostate and Cowper's
glaﬁds and that each was associated with a different
developmental portion of the genital tract. Thus the
vesicles with the Wolffian ducts, the prostate with the
urogenital sinus, and Cowper's glands associated with the
ectodermal anterior urethra. In other words, each embryo-
logical part which had a sharevin the development of the
genital tract, also contributed a gland, the secretion of
which would aid the spermatbzoa. There is evidence that
supports such a view apart from the inconclusive embryo-
logical observations. In certain animals, as will be shown
later, there develops an ecfodermal cloaca, with which

Cowperian-like glands are associated.

The most recent observation in regard to this
problem comes from Siddiqi in 1938. His conclusions
completely support the suggestions made by Richardson in
1904 . He made a thorough investigation of thevcloacal
- region of human embryos, and showed that the condition
closely resembleé that found in a spermophile. From his
findings he deduces that the anterior‘dr penile urethra in
man arises partly from entodermal and ectodermal elements.
Cowper's glaﬁds arise from the ectodermal part.‘ An “
illustration (Fig28 ) and notes,show clearly what he
found. In view of this work the problem is largely solved.
Such a solution certainly has support from a study'Of

comparative anatomy.

One point merits attention before we pass on to
consider the development of the prostate and seminal Vesi-
cles. In a young foetus before the prostate becomes
prominent, there is plainly seen in the region of the

urethra, a very definite layexr of striated muscle fibres.

- The fibres -
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FIG 2 8 CROSS-SECTION OF.HUMAN BLADDER AND

URETHRA .
"It shows the entodermal and ectodermal portions of the.
urethra, The dotted line indicates that portion derivéd‘
.from the ‘

ectoderm viz, the bulb of the urethra and .
Cowper's glands, the floor .of the proximal 2/3rds. aqdj:
the whole of the distal 1/5rd. of the urethra. The rest
of" the prostatic and énterior uréethra.arises from epf§éérm.

(After - Siddiqi) 1938,
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The fibres surround the urethra and are longitudinally
' directed, lying exterior to the inner involuntary muscular .
coat of the urethra. This striated muscle 1ayef almost
completely disappears as the foetus develops, but remains
of it persist, and have been mentioned as taking part in
the formation of the internal vesical sphincter.  When
later the anatomy of animals is coﬁsidereL it will be seen
that this muscle persists as a prominent feature and con-
stitutes the musculus urethralis. It is a voluntary

muscle and aids in urination.

THE ACCESSORY SEX GLANDS.

The problematical derivation of the anterior
urethra and bulbo-urethral glands has been mentioned.}
Little remains to be said except to stress their possible
ectodermal origin, and that the Cowperian glands are
homologous with the Bartholinian glands in the female.

In both sexes these glands make their first appearance as
solid epithelial out-growths in the foetus of 9 weeks.
Soon after, the epithelial cords become canalised. The
extreme ends of these epithelial'cords undergo prolifera-
tion to form a glandular nodule. Thus in the foetus of
4 months, the bilateral buibo-urethral glands, each with
their single excretory duct, is fully developed. After
this fhey grow in keeping with the individual, tormach
their ultimate adult state. !Whereas the duct of Cowper's
gland: opens into the'méle urethra, the duct of the Bar-
tholian gland opens into the vestibule of the vagina,
which is derived from the urogenital sinus. In both

- sexes the muscular coat of the gland and the duct is
derived from the mesoderm into which the epithelial out-

growths occur.

- The prostate -



- 75 -

The prostate arises from epithelial and mesoder-
mal elements. The glandular portion of the prostate
deveiops from multiple outgrowths of the epithelium of the
bladder~neck and urogenitalAsinus. These outgrowths are
commonly referred to as prostétic buds. There are formed
about 60 of these prostatic buds, and they make their first
appearance in the foetus of 1l weeks old; The stroma of

the gland is contributed by the surrounding mesoderm.

Some authorities hold that these buds appear in
two groups below the entrance of the mesonephric ducts
into the urethra. This makes the prostate an essentially
bi-lobed Strubture as seen in many animals. Lowsley in
1912 maintained that the prostatic buds'appeai in 5 groups
around the urethra, to corréspond with the described 5
lobés of the adult prostate. His view haé been widely
accepted. Some recent workers, however, doubt the separate
origin of the anterior and posterior lobes. They claim
that there is no distinct grouping of prostatic buds to be

seen in a foetus of an appropriate age.

The‘concensus of present-day opinion favours the
view that the prostate arises from the urethral buds above
and below the mesonephric ducts. Also that thé greater
majority of these buds arise from the dorsal aspect of the
urethra. This'completely fits in with the grown’ state,
where the prostatic ducts open largely alongside the veru

montanum.

All are agreed that the epithelial elements of
the prostate come from the lining of the urethra, and the
fibro-muscular stroma from the sﬁrrounding mesoderm. Also
that in man the prostate is very intimately connected with
the bladder.‘ What we know of its development only goes to
strengthen the concept that the prostate is merely a glan-

- dular portion -
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glandular portion Qf the bladder-neck. In this respect
it differs from'many animals, where the prostate is a

bi-lobed organ, separate and -distinct from the urethra.

The female foetus also shows at a similar
period evidence 6f prostate formation. But nothing
remarkable comes of it, and the glands remain ruéimentary.
In the adult female the para-urethral ducts of Skene are

probably homologous with the male prostate.

In the male foetus all the prostatic buds have
formed by the 4th month. The buds are solid epithelial
cords at first, later to become canalised. The epithel-
ial cords and the condensed surrounding fibro-muscular
tissue constitute the prostate gland at this stage. The
utriculus masculinus, formed by the fusion of the lower
ends of the Mullerian’dqcts, ié a small cul-de-sac opéning
into the urethra, and lying just in front (ventral) of
the lower ends of the mesonephric ducts. The utriculus
masculinus lies imbedded in that group of prostatic buds,
which will form the median or prespermatic lobe of the

grdwn"prostate.

From the 4th month till birth the prostate

grows as the foetus grows. At birth the form and shape
are as in the adult, except that the prostate is relativel;
tiny. Aé has been seen, the prostate gland rapidly en-
larges with the advent of puberty. The prostate of the
full-term foetus has certain characteristics. The epi-
fhelial cords (or ducts) arise from the urethra and ex-
tend to the periphery of the gland. The cords or ducts
have no branches. When puberty arrives these main ducts
will develop end buds and give rise to numerous secondary
diverticuli. In this way the complex glandular structure
of the adult prostate will be formed.

- The prostate -
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The prostate of the new bdrn babe shows a remarkable
serieé of histological changes in the épithelial cords or
ducts. This lasts for one to two weeks after birth. The
changes very strongly suggest activity and closely resemble
the hyperplastic changés seen at puberty. -Moore‘:(zg) in.
1936 drew attention to this phenomenon and suggested that
it represented stimulation by maternal hormones. Compar-
able chahges occur in the breasts of infants to produée

the so-called WitcHs Milk.

The para-urethral glands found all along the
urethra and at the bladder-neck,>may also be classed as
accessory sex glands. They all deveiop as.short diver-
ticuli from the urethra,‘ Those in the anterior urethra
are called ILittré's glands. Special groups were noted at
the bladderfneck when the anatdmy was discussed. They
are the subtrigonal, subcervical and urethral glands.

Thére is ndthing special about their embryological develop-

ment.

The seminal vesicles have only briefly been
mentioned thus far, and all the attention has been given
to the structures in the vicinity of tliese glands. But
since a study of the vesicles is the ultimate object of
this paper, their development will now be fully gone into.

What has gone before will serve as a'necessarj background.

THE SEMINAL VESICLES.

Their first appearance is noted in the male
foetus at 13 weeks. They are lateral outpocketings of
the Wolffian ducts close to the bladder. They arise in
a manner-very.similar to the earlier ureteric diverticuli,

which have by this time migrated bladderwards.

- No similar -
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The ampulla of the vas déferens begins to show
in an embryo of 19 weeks old. There occurs a thickening
%of the wall and a widening of the lumen of the lower end
of the vas deferens. By the 25th week there have developed
irregular sacculi very similar to, but smaller than those
of the seminal vesicle. The ampullae probably do not

reach their adult size and appearance until after puberty.

The seminal vesicles are outgrowths from the
mesonephric ducts, in the same way that the gall-bladder:
is a diverticulum from the bile duct. We would thus ex-
pect that the duct draining the seminal vesicles woﬁld be
a tributary of the vas deferems. The'anatomy of thevcom}v
mon ejaculafory duct has been discussed in an earlier
chapter. | If a suitably small catheter be passed up the
ejacﬁlatory duct, one would expect ‘it to pass most éasily
into the ampulla of the vas. In practice the re#ersé
appears to be the case. The cathétgr more often pasées
into the seminal vesicle which, as has been mentioned, . ¢
must be regarded as a tributory channel. At any rate
this state of affairs is a happy one,ibecause it facili-
tates the retrograde catheterisation of the seminal

vesicles. It also lends itself to seminal vesiculography.

- S U M M A R Y -
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S U M M A R Y.

The mesonephric duct is the .excretory duct of the
mesonephros or Wolffian body. In the male this

duct persists as the vas deferens of the testes.

The mesonephric duct gives off the ureter, or duct
of the metanephros, as a diverticulum from its lower
end. The metahephros is the adult kidney of most

vertebrates and man.‘

The prostate is derived from the urogenital sinus
(entoderm) and remains an integral part of the

bladder-neck.

Cowper's glands and the anterior urethra may be

of ectodermal origin.

.The seminal vesicles are outpocketings from the

imesonephric ducts. They commence to show their

characteristic shape and appearance at an early

embryonal stage.

' The close relation of the seminal vesicles to

the bladder is determined by the embryological

development. -

- mm . . - - . - -
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COMPARATIVE ANATOMNY .

L I e i T

INTRODUCTION.

The aim of this study of the comparative anatomy
of the seminal vesicles is to get a broad view of their
sfructure and function in ahimals. It will also clarify
the emﬁryological develoPment'as seen in the human. The
effect of different environments on the essential funétion
will become clear. In'this way the anatomy and physiology

of these glands can be more compietely understood.

We know that the embryological development;of an
animal fleetingly repeats its phylogenetic history. This
is referred to.as the Léw of Recapitulation. Thus the
developing human embryo.passes through stages which resemble-
the form of animals belonging4to lower groups than the pri-
mates. We see remmants of our piscian, amphibian, reptilian

avian, lower mammalian and even invertebrate ancestry.

In the early beginnings animals were of simple
structure énd lived in water. Gradvually their form became
more complex and whereas some began to inhabit the land and
fly in the air, others remained in-the water. The environ-

ment thus became very varied.

Under the effect of this widely differing environ-
ment, the form and structure of animals was accordingly modi-
fied. There were certain trends of development; and so we
now recdgnise the subdivision of all animals into groups or
phyla, ranging from the simplest to the more complex forms.
We thus speak of lower and higher forms depending on their
position in our scheme of classification. The terms early
and late forms aiso‘xefer to simple and more complex forms
reépectively. Examplés of most groups are still with us
today. Some forms Were specialised along lines Whiéh

clashed with their environment and they went under. We

only know them from their fossilized remains.
- In -



In correlating all this knowledge, Darwin was able to infer
that the higher forms developed by a process of evolution

from the lower forms.

This procéss of evolution can be traced in many
different organs of an animal. The reproductive system is
always one of prime importance, since the striving to repro-
duce its kind, is one of the cardinal driving forces of all
Nature. A study of comparative anatomy shows the numerous
and interesting devices that exist in different animals to
ensure the well-being and safe transport of the genital pro-

ducts to their destination.

It is my intention to confine the discussion as
far as possible to the male reproductive tradt._- It may
occasionally be necessary to refer to the female tract in
order to elucidate a certain point. The object in particular
is a stﬁdy of the seminal vesicles. At the commencement I
must stress, however, that these glands cannot_bé‘viewed

apart from the entire male genital tract.

The seminal vesicles belong to a group of accessory
- sex glands. In different animals one or more components of
the group may be absent.} This feature constitutes the main-
basis of the comparative anatomy of the accessory sex glands.
It is only the presence of the testis which never varies. In

all animals where the sexes are separate, the testis is always

present.

There is also in all animals a close anatomical
~relation between gehital and excretory functions; particu-

larly the excretion of urine.

The discussion will thus embrace a consideration
of the anatomy and develoPment of the male genital and urinary
systems as found in animals. Particular attention will be

paid to the seminal vesicles, prostate and Cowperian glands.

- GENERAL PRINCIPLES -



GENERAL PRINCIPLES.

Before proceeding to a description of the anatomy
as found in different animals, it will be useful to enumerate
'certain general principles. In this way much that at first

appears to be aberrant, is found to fall into line.

The first is the ubiquitous presence of the testis
in all animals where the sexes are separate. It is thé
essential male gland. Its size, shape, position, colour and
structure does vary within wide limits, bﬁt it is never ab;

sent in fertile males.

The secretion of the accessory sex giands is es-
sential to the proper function of the spermatozoa. In its
absence, the spermatozoa of the animals will probably be
unable to effect fertilisation of the ovum. This has been
shown experimentally in rats. After these animals have
. been vesiculectomised, they are still sexually active, but

are unfertile.

These glands are chiefly the seminal vésicles,
Cowper's glands and the prostate (or prostates).- At leaSt
one of thése will inevitably be present.  They vary enor-
mously in different animals, both as regards size and shape,
and in as much as one or more of the group may be absent.

Cowper's glands are rarely absent among mammals.

The function of these sex glands is essentially
similar. Each appears to be complementary to the other.
When their development was sketched, it was shown that each
arises from a different embryonal region of the genital tract.
In other words, the wellbeing of the sex cells was being
ensured at all levels. That their function is similar is
even more emphatically indicated by a comparative study.

Some animals have prostates only, others have only seminal

vesicles and Cowper's glands. The reproductive capacity of

- such animals -



such animals is normal. What is more, when one group of
glands is absent, the remaining glands show compensatory

eniargement.

The prostate and bulbo-urethral glands are essen-
tially derived from the urethra. They will thus be absent
in those animals which have no urethra. This applies in
the main to those animais where the intestinal, urinary and
génital products are poured into a common cloaca. These

glands thus are found only in mammals.

The seminal vesicles are derived frbm the sperm
ducts. Such dﬁqts exist in nearly all groups of verte-
‘brates, and possibly also in specialised invertebrate ani-
mals. It‘will be no surprise therefore when we learn that
seminal vesicles, particularly in the strict sense of

seminal reservoirs, occur in most vertebrate animals.

The seminal vesiclés are essentially male glands.
They have no counterpart in the female. The interesting
seminal receptacles of the female marsupials, will be
mentioned later. Cowper'svglands and Bartholin's glands
are homologous. Many female mammals have rudimentary pros-
tates. This gland is obvious in certain white rats, and
even in the human female, the rudimentary prostate may léad
to urethral obstruction at‘the prostatic age. But there is
no gland or structure in the female of the species which is

homologous with the vesiéula seminalis.

At certain periods, the seminal vesicles together
with the other sex glands, undergo temporary enlargement in
most animals. This occurs in the breeding season. This
enlargement is probably of hormonal origin. It is compar-
able to the growth of antlers in deer, Which, as dJohn Hgnter

showed, does not occur in castrated males.

There is some evidence that the fecundity of an
animal bears a direct relation to the size of its accessory

- sex glands.



sex glands. Veterinary experts, however, are not

agreed on this point.

We can now consider the development and
comparative anatomy in more particular. This subject
may conveniently be discussed under the following

headings :-

A. THE PHYLOGENETIC DEVELOPMENT OF THE
UROGENITAL SYSTEM.

B. IHE MAIE UROGENITAL SYSTEM IN :-

(1) Fishes and Amphibians.
(2) Reptiles and Birds.

(3) Lower Mammals (Monotremes and
Marsupials). :

(4) Mammals (Monodelphia)
(5) Primates.

(6) Two common South African primates :
Chacma baboon and Vervet monkey.

What the above classification lacks in
zoological correctness, will be made up for by the
clear stages of development it illustrates in the male

urogenital system.

- PHYLOGENETIC DEVELOPMENT ETC. -



PHYLOGENETIC DEVELOPMENT OF THE UROGENITAL SYSTEM.

The Protozoa, which are unicellular animals like
the amoebase, pérform all the vital functions within their ons
limiting membranse. Reproduction is asexual; the animal

8imply divides into two parts.

The multi-cellular animals, or metazoa, are advanced
in this respéct, that the cells become modified in structure
and function to form the various systemg and organs. There
is thus division of labour, and each system contributes its
share to the health-of the animal as a whole. Certain re-
markable creatures, which live in water, show an intermediate
critical stage. It is as if the experiment of multicellu-
larity is being tried.out. These creatures may be disinte-
grated, when each cell 1s capable of a free-living existence.
When the cells are collected into one mass, they all sub-
scribe to the well-being of the animal as a whole. A certain
group of cells forms a digéstive system, while another forms
an excretory system, and so on. It is not understood what
power holds these cells together. But nor does anyone know
what makes certain cells in an early embryo develop in such

a way as to form a liver, a stomach or a brain.

As the metazoic animals progress, they begin to
show certain trends which later become constant features.
Two such trends are.segmentation end bilateral symmetry. By
segmentation is meant a process of reduplication. In this
way an animal results, which is composed of a series of seg-
ments, each of which is functlonally complete. This is
strict segmentation, and tapeworms offer a good example of

this class. Bach segment of a tapeworm for instance has its

own complete reproductive system. Bilateral symmetry needs

- no elucidation -
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no elucidation; it is obvious in large groups of inverte-

brates, like insects, and in all vertebrate animals.

The general drift of evolution, however, is against
strict segmentation. Thus in vertebrate animals segmentation
is only obvious in the embryonal stages. In the grown animal
Ithe segments overlap, and can only be inferred from a know-
ledge of embryological development. ° We have discussed the
mesodermal somites of the human embryo. Thesg somites re-
present division of the mesoderm into segmental masses. Each
-vsegment will havg its own biood supply, and pair~df~nerves
derived from a corresponding segment of the neural=tube.' More-
over, since the kidneys and gonads develop from these mesodermal
somites, their origin must of necessity be segmentﬁi in

character.

It is a striking feature too, that these systems,
the urinary and the reproductive,‘are clbsely asgoclated with
- each other. The assoclation dates back very faf, and com-
menced before animals developed a spinal column. - Vertebrate
animals show it as a constant feature and the systems are
naturally grouped in the term urogenital system. A knowledge
of the anatomy of lower vertebrate animals, and of the embry-
ology of vertebrates, has made 1t posslble to trace the evo-
lution of the urogenital system very clearly. - Although no
- adult form of the primitive ancestral vertebrate exists to-day,
we havé a clear hint of the make-up of such an animal. This
~is possible because of what we know of the embryological
development of vertébrates, and of the structure of.certain
primitive vértebrates. In particular the lafval stage of a
certain low-grade veftebrate, which lives in w;fér;Athrows

much light on the original form of the urinary system.
This animal is the larva of a myxinoid cyclostome.

- The larve -
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The larva is sprikingly.segménted, and its kidney

~is formed by a series of urinilferous tubules, one tubule de-
rived from each segment. This primitive kidney has been
called an archinephros, to distinguish it from the pro - meso -

and metanephros, which will develop in later animals.

Although the archinephros exists as an entity in no
full growﬁ animal, the concept of its existence forms a con-
venient basis on which to explain subsequent kidney“develop;
ment. It is believed that ancestral vertebrates possessed an
archinephros, which extended the entire length of the coslomic
cavity. The organ waé paired. It developed, like kidnéy
tiésue in all vertebrates, from the intermediaﬁe‘mesodermal

cell mass, also called the nephrotome.

Within the nephéotome there is formed a cavity, the
nephrocoele. This cavity communlcates by peritoneal funnels
qith the coelomic cavity. On the lateral side of the nephro-
tomes, there is formed a longitudinal duct, extending the full
length of the archinephros, and opening below into-the cloaca.
Each segmental nephrocoele communicates by a single -tubule with
this archinephric duct. It is probable that the archinephric
dﬁct drained coelomic fluid via the nephrocoele and the peri-
toneal funnels.

This contention is supported by the fact that some
animals still excrete not only fluid waste products, but.also
sex cells into the coelomic cavity. This is seen in coelomate
invertebrates, like earthworms, and in cyclostomes, which are
primitive eel-like fishes. The sex cells may reach the ex- |
terior via the equi&alent of the archinephric duct, or by sepa-
rate coelomostomes, which are openings between the coelomic

cavity and the exterior.

The pro - meso - and metanephros of vertebrate ani-

mals, develops on the sams plan as the archinephros.

- When. the -
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When the embryology of the human was discussed, it was
shown that the prd - meso - and metanephros arose from
successive groups of mesodermal somites. The same holds
in the development of all vertebrates where each of these

kidneys is formed.

The prohephros is a transifory structure in most
animals, but does exist as a functional organ in some few
fishes, and in the larval stages of amphibians. A tad-.
pole has a perfect pronephros. The kidney of adult fishes
in general, is & mesonephros, but the anterior end of such
kidneys is infiltrated with lymphoid tissue.  This may

represent an adenoid pronephros.

The excretory duct of the pronephros bears a
striking resemblance to the archinephric duct previousidy
mentioned. The pronephric duct being prolonged caudal-

wards , constitutes the excretory duct of the mesonephros.

The mesonephros-of Wolffian body forms below the
pronephros. It will be the permanent functioning kidney
of adult fishes and amphibians. It differs from the pro-
nephros-in that the tubules are more complex and in that
malphigian corpuscles are formed. There are also no long-
er peritoneal funnels which link the ﬁephrocoele with the
coelomic.cavity. . Thé mesonephric duct or Wolffian duct
is the excretory channel for this kidney, and has been

shown to be developed from the pronephric duct.

The mesonephric.duct is a structure of great
importance. .It serves as the excrétory duct for the mes-
~onephric kidney, but in many aﬁimals the duct also conveys
the male sex éells from the testis to the exterior. In

such cases the duct has a dual function. In the most

- highly developed -
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highly developed vertebrates, the duct will come to be
used exclusively by the male genital system. This will
happen only in those species which devélop a metanéphricv

kidney.

The metanephros develops below the mesdnephros
and it is the permanent adult kidney of reptiles, birds
and mammals. Its excretory duct, or ureter, is derived
as an outgrowth from the lower end of the mesonephric duct.
This now leaves the latter duct free to function only in
the genital system of males. In females of the same

species it completely atrophies.

The genital system is so closely bound up with
the urinary'system in most animals, that what haé been
said, largely covers both fields. A few points regarding

the genital system remain to be mentioned.

A primitive method of shedding the sex cells,
consists of their release into the coelQmic-cavity and
thereafter their éiit via the genital pores 6r coelomostom-
es. This method has been mentioned as 6ccurring in the
Cyclostomes. These are very primitive fish; with a.round
mduth and no jaws. They closely resemble eels. The sex
cells of both sexes are extruded from the coelomié cavity,

by the mutual pressure of their sexual embrace.

In many fishes there are present sperm-ducts,
which connect the lower polé of each testis with the cloaca.
But fishes as a class are quite exceptional in this res-
pect, and even among fishes, there are many species where
~the male genital.products escape via the mesonephric ducts.
This latter state of affairs becomes the rule in all the
higher vertebrate classes.

~ Although there -



Although there is in general a close associatioﬂ
between the urinary and genital systems, yet some authorities
haﬁe pointed out, that there exists among vertebrates, a -
strong urge, which aims at the complete separation of these
systems. In lower vertebrates there frequently occurs
mingling of urine and spermatozoa. The effect on the sex
cells cannot be beneficial, especially in those animéls where
the urine becomes concentrated. A developmental trend which
aimsvat separating these systems is thus natural, and falls
into line with the preservation of the species. This sepa-
ration is accomplished functionally in all the higher verte-
brates, including the mammals. It is only in the female

primate though, that this separation is anatomically effected.

- . It has been shown that the mesonephric duct may
have a urinary dr genital function, of sometimes a combined
function. Cohsiderable controversy exists as to which system,
urinary or genital, has prior claim to this duct. Some hold
that it is essentially a urine duct which the genital system
 has eppropriated. Others maintain that the auct is formed
by, and for the genital system, and that its urinary function

is secondary.

Let us accept as an hypothesis that the duct formed
in the fifst instance to convey waste products from the pri-
mitive kidney, and that the genital system used this duct al-
ready formed. There is quite a lot whiéh supports such a
view. What is known of its embryologiéal development suggests
that this concept is correct. In the light of such an hypo-
thesis, the formation of successive kidneYs begins to look

reasonable. We can suggest that as the genital system used

- more and -
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more and more of this duct, the urinary sYstem moved out of
the way,.i.e. caudalwards. Eventually the metanephric kid-
ney had to be content with a mere divefticulﬁm of the duct,
whichjis'essentially a kidnej duct. This idea is suggested
by Miss Hymen in her Text-book of Comparative Anatomy. (16 )

THE MALE UROGENITAL SYSTEM IN FISHES AND AMPHIBIANS.

The fishes and Amphibians are grouped as the
Anamniota,:beéause in their embryological development no am-

niotic cavity is fdﬁmed.

The extremely antiquated method of shedding the
genital products into the coelomic cavity, has been described
~as occurring in the cyclostomes. These eel-like fish belong

to the lowest group of vertebrates.

The urogenital system in fishes varies enormously.
Certain features are constant. The single or paired testis
is always abdominal in position, and frequéntly has its own
sperm- duct. The sperm duct may open separately to the ex-
terior, or with the mesonephric duct into é urogenital cloaca.
(Fig. 38 ). The functioning adult kidney is a mesonephros,
- with a meSonephric duct. =~ Prostates and bulbo-urethral glands

are not present.

Then there are variable features. In many specles
there 1s a common urinary and genital duct. The occurrence
of a urinary bladder is inconstant. When present it is formed
as a dilatation of the lower end of each mesonephric duct. In
several species which have a sperm duct, there is present a
well -marked dilatation of the lower end, which serveé as a re-

servoir for spermatozoa. This dilatation, or "seminal vesicle"

- 13 greatly -



FIG 3 § MALE UROGENITAL SYSTEM IN A TYPICAT BONY FISH

T o o (Trout) .

Only one testis and kidney are shown.

A. ZLower end Alimentary Canal.

B. Urogenital.CIOaca;"

€. Testis.

D. Mesonephrbs.

E. Adenoid Anterior ehd éf:Kidney.
F. Mesonephric Duct.

G. Sperm.Duct.

E. Mesorchium. ' /

¢ I. Spinal Column.

Lewrs Horn,
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is greatly enlarged and engorged with spermatozoa in the

breeding season, and can be typically observed in the sole.

A similar semihal reservoir is found in members of
the shark family. These Elasmobranch Fishes are alsd provided
with claspers, which are appendages to the anal fins and are
situated on each side.of the cloaca. = They are presumably for
grasping the female in coitu. Associated with each clasper
there is a blind sac with a mucous secretion. Since the
élaspers are df ectodermal origin, is it not feasible that
these mucous glands are homologouS'with the Cowper's glands
of higher animals? Perhaps the only just inference to make
about these mueous glands, is that thelir presence adds some
fuel to éhe fire of suspicion that Cowper's glands are ecto-

dermal derivations.

A diagram is appended which illustrates the main
features of the urogenital system of the common bony fishes,
or Teleosti. (Fig. 38). It depiets these organs as found
. in the Trout. The urinary and sperm ducts are completely

separate structures.

There is also a diagram of the same system in the
shark (Fig. 39). In these cartilagihous fishes it is
the rule for the male genital products to use the mesonephric
duet. This differs from the cbndition found in bony fishes,
as the Trout.. In the shark femily the testis communicates
With‘the anterior end of the mesonephros,which assists in the
formation of‘the efferent ductuli of the testis.v The fluid
waste matter from the mesonephric kidmey, is collected by
several urinary ducts, which normally open separately into the
cloaca, but may join the lower end of the mesonephric duct.

This state of affairs is very reminiscent of the future

- metanephrie kidney -
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FIG 39 UROGENITAI. SYSTEM OF MALE SHARK.

The left mesonephric duct has been pulled aside to show
the "kidney" and "ureters" of the same side. The
lower end of the mesonephric duct is dilated to form

. & seminal vesicle.

- A. Cloaca, B. "Seminal Vesicle" (right and left)
C. Vestigial Oviduct, D. Main Urinary Duct,

E. Accessory Urinary Ducts, F. Mesonephric Duct,
G. Mesonephros (Ridney).

(From Hyman)
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metanephric kidney, and to designate their special character,

the kidneys of sharks are known as Oplsthonephroi.

The condition found in amphibians 1s fairly constant,
and is shown typically in the frog. (Fig. 40 ). There is
nothing special to note about the testié, and there are no
acceésory genital glands. The kidney of the grown aﬁimal is
a mesonephros. The mesonephric duct subserves in most mem-
bers of this class a combined urinary and genital function.
Some salamanders, however, are advanced in this resbect that
they have separate “uretérs", and kidneys which can be classed

as opisthonephroi, like the shark family. (Fig. 41).

MALE UROGENITAL SYSTEM IN REPTILES AND BIRDS.

| . Reptiles are the lowest group of vertebrates, which
during embryonal growth, have an amniotiq'cavity. Thus to-
gether with Birds, and Mammals they constitute the Amniota.
Among reptiles are included snakes, lizards, tortoises, turtles
and crocodiles. They are all cold-blooded creatures, and

similar to fishes and amphibians in this respect.

Reptiles show manj evidences of advance. The adult
functioning kidney is a metanéphros with a ureter, the urinary
~ bladder develops from the ventral wall of fhe cloaca, and
there is a rudimentary penis. Reptiles also have a well-

- formed allantois, which is present in birds and rudimentary

in mammals, and which functions chiefly as é respiratory organ
in those embryos which develop in an egg. The bladder of
‘adult reptiles is a diverticulum of the cloaca, into which

cavity also opens the intestinal tract, the urinary papillae

- and the =



FIG 40 DIAGRAM OF UROGENITAL SYSTEM OF MALE FROG.

The mésonephric'ducts drain urine and sperm.

B.
C.
D.

Cloaca,

Urogenital Papilla,

Mesonephric Duct,

Mesonephros (Kidney),

Testis, with fatty Appendage "F*
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FIG 4] SIMPLIFIED SKETCH OF THE MALE UROGENITAL SYSTEM
IN A NEWT (AMPHIBIAN).

"To show an intermediate arrangement between that of

the frog and that of reptiles.

A. Cloaca, B. Mesonephros, (C. Mesonephric Duct,
D. Testis, E. Urinary Tubules. |

(Modified from Owen).

Leares Mokl



and the vasa deferentia. A fold of mucous membrane divides
an '

the common clodca into/anterior urogenital part, or urodaeum,

and a posterior rectal part, or coprodaeum. In some reptiles,

the bladder may be a bi-lobed structure, as in the turtle.

The metanephric kidneys each have a ureter, which
dralns into the cloaca, by an opening distinct from the cor-
respondiﬁg mesonephric duect. The mesonephric duct has be-
come a part of the male genital sjstem and forms the vas
déferens, and epididymis of the testis. The epididymis
rosembles the mammalian type, in that 1t is a greatly coiled
and cohvoluted tubule. The vas deferens and ureter lie side
by side as they approach the cloaca, but open into the uro-

daeum separately.

In reptiles there is no vesicula seminalis, nor any
dilatation of the lower end of the vas deferens to act as a
seminal reservolr.. It seems that the convoluted coils of
the epididymis makes up for this lack. Since there is no
true urethra, i.e. a tube draining the bladder and the
bladder only, there are no prostates or bulbo-urethrai glands.

The penis is a very rudimentary organ. But it is
noteworthy, that reﬁtiles are the lowest class of animgls to
deﬁelop a penis. It is composed of two masses of erectile
tiésue, siltuated in the ventral aspect of the cloaca and
covered by mucous membrane. When the occasion arises these
corpora cavernosi become turgid, are extruded from the cloaca,
and form between them a groove, along which the spermatozosa

are guided.

Birds are in some respects recessive when compared

- with reptiles -
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FIG 42 THE MALE UROGENITAL SYSTEM OF REPTILES.

There‘is a separate ureter; The penis arises

from the ventral wall of.the clogca.~ The sketch shows

the . inside of the bladder, cloaca and rectum. N

" A. Cloaca, B. Penis, C. Bladder, D. Rectum,
'E, Ureter, F. Metanephric Kidney,
G. Mesdnephric Duct (convoluted), H. Testis.

The testis and kidney of only one side are shown.
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with reptiles, and yet birds are warmblooded animals.

The testes in birds are always abdominal in posi-
tion. The adult kidney is a metanephros. Urine passes from
the kidney to the cloaca by the ureter. The mesonephriq
duct is atrophic in females and exclusively a genital duct

in the males.

Birds have no urinary bladder. The cloaca is a
recéptacle where the genital, urinary and iﬁtestinal excreta
aCcumulate. The cloaca is incompletely divided, as in rep-
tiles, into a urodaeum and coprodaecum. There 15 a blind
diverticulum opening dorsally into the coprodaeum- of most
birds. It is ealled the bursa of Fabricius, and is most
pronounced in young birds, becoming atrophic with age; It's
exact function is not knowm. It has been éompared with the

thymus of other animals.

Most épecies of birds have no penis, and copulate
by'cloacai contact. _The ostrich and duck families are ex-
ceptions, and have a cloacal penis similar_to reptiles. The
absence of the penis in most birds appears to be a secondary

loss.

The ureters and vasa deferentia run side by side as
they approach the cloaca. They open into the genito-urinary
portion of the cloaca by separate apertures. The lower end
of each vas deferens is dilated to form an empulla, which
’serves as a reservoir for seminal fluid. In the breeding
season there occurs a remarkable enlargement of these seminal
reservoirs, at which time these sacs are filled with a milky
fluid, which teems with spermatozoa. These seminal reservoirs

in birds are called seminal vesicles, although it is obvious

- that they -



FIG 43 SCHEMATIC REPRESENTATION OF THE UROGENTITAL

SYSTEM IN A COCK_TURKEY .

The vas deferens and the ureter open into the uro-
genital portion of the cloaca. ‘

.A.

Urodaeum, B. Fold of Mucous Membrane separating
the urodaeum and coprodaeum. C.. Fold separat-
ing urodaeum from bursa of Fabricius. -

Bursa of Fabricius, E. Coprodaeun,
Vesicula Seminalis, T.'Testis, K. Kidney,

Vas Deferens, U. Ureter, L. Lower end Alimentary
. Canal.,
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that they are notvstrictly homologous with the seminal

vesicles of other animals.

The periodic enlargement of the seminal vesicles
of birds is quite remarkable. There is at the same time
increase in size and activity of the testes. It was
supposed that the increése in size of the seminal vesicles
might be due to passive engorgement by seminal fluid. That
this is not the case has been pointed out by Riddle ( 34). :

- He describes cases where, because of some obstructive lesibn,
there was no continuity between the testes and thé seminal
vesicles. In spite of this, both the testes and the

seminal vesicles enlarged during the period of heat. The -
 geminal vesicles contained fluid but no spermatozoa. For
-this reason R;ddle deduced that the cyclical growth of the

vesicula seminalis in birds was controlled by hormones.

Birds have no prostates or Cowper's glands. - In
this respect they closely resemble the reptiles. . The
cloacal penis of reptiles and some birds must be lubricated
by a mucous secretion from the cloacal lining. No special
glands have been described. It isvpossible that the bursa

. (
of Fabricius may have a sexual function.

- THE MALE UROGENITAL SYSTEM IN LOWER MAMMALS -
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THE MALE UROGENITAL SYSTEM 1IN LOWER MAMMALS.

This group includes the Monotremes and Marsupials.
They are primitive mammals and show in many respécts a tran-
sitional stage'ﬁetween reptiles and higher mammals. The
kidneys are métanephric, with a ureter separate from the meso-
nephric duct. . The latter fﬁnctions as a deferent duct from
each testis, and is atrophic in the females. There is a
well-developed bladder, and in each class there is a cloaca,
which especially in the lMonotremes has.decided reptilian

characteristies.

The Monotremes derive their name from the fact that
they have one common opening, or cléaca, for the exit of
faeces, urine and genital producté. The Ornithorhynchus
(Australian duck-bill platypus) and the Echidna are the only
existent members of this class. These curious animals lay
large eggs, and suckle their young. The testes lie within
the abdomen, anterior to the kidneys. The penis closely re-
sembles that of reptiles, and differs only in that the sperm
groove has becomé closed over to form a canal. The appear-
ance of thé male urogenital system of the Echidna is illus-

trated in Fig 44.

It will be seen that the cloaca is somewhat compli-
cated. The lower portion is said to be derived from ecto-
derm, and normally functions in either an éxcretory ( faeces
and urine), or genital capacity. The ureters have not mi-
grated to open into the bladder, but open with the mesonéphric
ducts into the urogenital canal. A sperm canal leads from
the urogenital canal to open at the tip of the cloacal penis.
With erection of the penis, the sperm canal becomes conti-
nuous with the upper part of the urogenital canal, which for
the time being has no exit into the true clqaca. This
animal is thus unique in that urine does not pass through

- the penis -~
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the penis.

Male Monotremes have a pair of well-developed glands
associated with the sperm éanal; These glands have a sexual
funcection, and from their position and function, it has been
inferred that they are completely homologous with Cowper's

‘glands. Apart from these there are no other accessory glands.

The Marsupials are those mammals, which carry their
prepaturely-born'young in a pouch. Apart fiom the Opossums,
which are found in the Americas, all the Marsupials are found
in Australasia. The Kangaroo is the largest and perhaps the

best-known member of this class.

The tesfes in these animals may be éither abdominal
or may descend into an inguinal scrotum. The latter event
occurs in some species during the breeding season. The ure-
ters open into the base of the bladder, and the vasa deferen-

tia lead into the urethra. (Fig46)

The cloaca of Marsupials is only a shallow vestibule,
and the rectal and urogenital systems are almost completely
separated. The penis in the erect stéte, is extruded from
the cloacal opening. The tip is forked like a serpent's
tongue. The bulbo-urethral glands are prominent and there
are»usually two or three pairs. These animals are the first
to have a prostate gland. It is composed of a mass of tubu—
lar glands arranged around the urethra, so as to give the
wholé mass a spindle~shaped appearance. There are no semi-

nal vesicles.

Female Marsupials exhibit as regards the genital

system, such a marked departure from the general rule, that

- it may -



FIG 4 6 TO SHOW THE PHYLOGENETIC DEVELOPMENT OF THE
GENITAL SYSTEM IN MAMMAILS.

(Fron Max Weber)

I. MONOTREMES. - T D B

E
F

A. Cloaca, B. Penis, C. Sperm Canal, D. Urogenitél Canal,
E. Vas Deferens, F. Ureter, G. Bladder, H. Alimentary

canal, J. Cowper's Gland, K. Symphysis Pubis.
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A. Shallow Cloaca, B. Penis, D. Urogenital Canal(Urethra)
E. Vas Deferens, F. Ureter, J. Cowper's Gland, L. Prostate
M. Testis, N. Musculature of ant. abd. wall.

III. HIGHER MAMMATS. o
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B. Penis, E. Vas Deferens, F. Ureter, G. Bladder,

H. Anus, J. Cowper's Gland, L. Prostate, M. Testis,
0. Seminal Vesicle. '
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it may be of interest td sketch their structure very briefly.
The peculiarity exists in that the Mullerian ducts do not fuse’
in the midline, and moreover remain on the outside of the |
metanephric ducts, instead of crossing to the inside, aé in
all other'animals. in other words, the female genitai sys-
tem is reduplicated on each‘side, and this earns for the class
the name of Didelphia. There is thus a fallopian tube, “
uterus and vagina on each side. The lateral vaginae usually
open separately into the urogenital canal. The bifid penis
of the Marsupial male is probably a modification to suit the
female form. Such a bilateral system would be so impracti-
cable when the foetuses are due to be born, that there is
developed as a secondary modification, a vaginal sinus.

( Fig 48). This third vagina is a blind cul-de-sac, but it
vbreaks open temporarily into the urogenital canal to aliow

the foetuses (or foetus) to be born.

It will also be seen from the diagram (Fig 48),
rhaf the upper end of each lateral vagina has a large diverti-
culum. This is a true "receptaculum seminis",.in which the
female Marsupial is able to store seminal fluid for a long
period. The reaéon for fhis singular state of affairs, is
Aprobably the harsh climate in which these animals live. The
Kangaroo for instance, inhafits the desert-like plains of_
central Australia.- ﬁain falls seldom and at irregular times.
After a downpour, there follows a short period of luxuriant
growth of vegetation. Food and water is blentiful, and it
would be an excellent time for the young to be born. The
female Kangaroo does not avail herself of her stored sperma-
" tozoa until such a time comes to pass. The period of gesta-
tion in Kangaroos is exceptionally short, arnd within two weeks
é baby Kahgaroo is born into the péuch._ By the time condi-
tions become trying again, the young are able to fend for

themselves, and in this way the species is preserved.

- I gleaned -
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I gleaned this information from two excellent
artiéles by Jones in the Journal of Obst. and Gynaec. of
‘the British Empire (17). Jones also recounts some most
interesting facts about spermatbzoa, which haye a more
direct bearing on this discussion. He points out that
many physiologists are of the 6pinion that spermatozoa live
only a short while after exposure to normal body temper-
ature. This applies to mammals. He goesvon to show that

this 1s certainly not a rule which is generally applicable.

The concept is supported by the fact that if the
testes of an animal with a scrotum, be transplanted from
the scrotum into the abdomen, the testes will soon cease to
produce healthy spermatozoa. That the change of temperature
is the cauéal factor, was deduced from the observation that
the temperature within the scrotum is lower than that of
the general body temperature. .But this does ﬁot appear to

be the whole truth.

Thefe are meny animals, amongst these are mammals,
whose testes remain permanently within the abdominal cavity.
The elephanf is an example. Such animals are normal and‘
fertile. So that at least in some animals spermatogenesis
proceeds normally even at body temperature. It might pef—
haps be as well to check up on the internal temperature of

such animals.

On‘the other hand, as will be seen later, there are
many animals where the testés descend into the scrotum only
- during the rutting séason. Unless the reason for this tem-
porary descent is to reach a cooler temperature, then, in the

light of our present day knowledge, the reason remains obscure

- spermatozoa may -
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Spermatozoa may be short-lived, once they are
deposited in the female passages. It is believed that in
‘most animals, including man, they survive only a few days .
after normal coitus. The body temperature of the female
may, or may not be, the cause. But spermatozoa are not
always short-lived under precisely the same conditions. This
is clear from a study of certain animels. A qﬁéen bee is
fertilised only once, and this occurs dﬁring her nuptial
flight when she is overtaken by the foremost of the pursuing
‘drones. Thereafter she settles down for several years and
produces thousands of eggs. Such occurrences are not rare
among invertebrates, but, what is more important to us, is
that similar oddities occur among mammals. We have seen how
spermatozoa may be stored by the female kangaroo. Séveral
observations have gqﬁe to prove, that in this animal the

sperms may remain unused within the female, for many months.

Bats, which are flying mammals, show similar curious
habits. The following observations were made in a Northern
Hemisphere cquntry. - The male bats are sexually active in
October. At this time their genitalia are enlarged and hy-
peraemic, Female bats exhibit a like change only in March
of the following year,vand they produce their young 1 - 2
months later. But a female bat killed in October, has her
vagina completely filled by a firm plug. This plug consists
of éoagulated semen, and constitutes the "bouchon vaginale"
of Lataste. (Fig. 47). It is obvious that the femélés'do
not use the spermatozca in their vaginae until March. If
they were to have been impregnated at the time of cbitus,
their young would have been born in winter (December). In
other words, at a time when insects are scarce, and the cold

extreme, and they would surely have perished.

~ These examples -
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These exemples show that spermatozoa may live a
surprisingly long time, and that at the body temperature of
the female. It is possible that the coagulated mass of
semen in some way acts as a protection. It has already been
shown that coagulation of semen occurs in most animals, and
appears to be a vital feature. Exactly how and why is not

as yet well understood.

- THE MALE UROGENITAL SYSTEM IN MANMMALS -~
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THE MALE UROGENITAL SYSTEM IN MAMMALS.

The Primates, in which class man belongs, will be
discussed undef a later heading. The. lower mammals have
already been dealt with. A11 mammals above Marsupials afe
often grouped as Monodelphia, which term designates that
the lower ends of the Mullerian ducts have fused to form a
single vagina. These mammals are also called Placentalila,
and it is characteristic of the whole group that the young

are born alive.

The Monodelphia include all the common ahimals,
both wild and domestic. In this immense group the testi-
cles aé a rule descend into an inguinal scrotum, either
permanently, or temporarily, during the season of heat.

The festes remain inside the abdomen in elephants, walruses,
sloths and armadillos. fhey descend témpbrarily in bats,
moles and many rodents. The structure of the testis in all
these animals is remarkebly similar, and the anatomy differs
but little from that of the human testis. To the posterior
agpect of the testis is attached the epldidymis. It is a
greatly convoluted tubule between ten and twenty feet long.
At the lower end, or tail of the epididymis, the tube be-
comes straight to form the vas deferens or ductus deferens.
of the testis. It is characterised by its thick muscular
well and narrow lumen. It pursues a Straight course to
open into the urethra. The epididymlis and the vas deferens

are derived from the mésonephric duct.

The kidneys in mammals are metanephroil. The

ureters open dorsally into the bladder at the base of the

- trigone -
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trigone. Thé bladder is derived from the ventral wall of
the cloacs. The trigone of most animals is not as dis-
tinet a structure as seen in the human bladder, since the
bladder-neck opening is markedly fummel-shaped. On the
dorsal wall of the urethra there is a crest, the colliculus
seminalis or veru montanum.’ On it open the utriculus
masculinus and the vas deferens. The duct from the semi-
nal vesicle also opens on the veru montanum, either together
with the vas deferens, or by a separate aperture. The veru
montanum in most memmals is not as distinect a structure as

that found in the primates.

| The bladder empties itself through the urethra -
which in the male passes through the penis. The urethra
v distal to the veru montanum is thus a urogenital canal.
The urethral canal of the female is homologous with that
part of the male urethra proximal to the weru montanum.
None of these animals have a cloaca as was seen in the lower

animel classes.

Due to the fact that the bladder in guadruped
animals is placed relatively high in the abdomen, the pelvic
portion of the urethra is much 16nger than that of the
human. A more striking difference, however, is the pro-
minent urethral muscle, which surrounds this part of the
urethra in animals other than man. It is commonly known
as Wilson's muscle and its function is to empty the urethra
or urine or semen. It forms an external muscular coat of
striated muscle fibres, which interlace and may have a
longitﬁdinal or transverse direction. We have already _
mentioned that this muscle is seen quite distinctly in the
humen embryo. We have also seen how remains of ﬁhis

muscle persist in the human urethra and play an important

- rolég in -
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role in the muscular mechanism of the bladder énd urethra.

'The'accessory sex glands are well differentiated
in mammals. They comprise a group of glénds which, al-
though derived from different embryological parts of the
genital tract, yet have a common function. The combined
secretion of all these glands will ensure the vitality of

the spermatozoa.

That their function is purely :sexual is proved
by two }ndisputable facfs. Firstly, these glands become
atrophic and degenerafe in a castrated animal. Secondly,
these glands will completely regenerate if such an animal
is given injections of male hormone.  After a boar has
been castréted, the shrinkage in the size of the seminal
vesicles is very femarkable. lzuckerman and Parks (56)
in 1937 record how a castrated monkey was restored to full
functional sexual activity by injections df male hormone.
Many other workers have testified to the'verity of this

statement.

The comparative anatomy of these glands in
mammals, is made up chiefly by the fact that frequently one
or more members of the group may be absent. The accessbry ‘

sex glands comprise the following:-

(1) Ampullae of the Vasa Deferentia.
(2) Seminal Vesicles |

(3) Prostate(s)

(4) Urethral Glands

(5) Bulbo-Urethral Glends of Cowper

- AMPULLAE OF -



- 108 -~

AMPULLAE OF THE VASA DEFERENTIA.

The ampulla of eéch vas deferens is the enlarged
lower end which lies adjacent to the seminal vesicles. In
animals i1t does not deserve the name "ampulla" as it does
in the human. A more conétanﬁ feature is the presence of
glands in the thickened wall. For this reason the name
"glandula vasis deferentis" is more appropriate. In only
a few species of animals is there dilatation of the lumen,
and even in these the 1ining“ep;thelium 1s essentlally
secretory. The secretion of the "ampullary glands" is
simlilar to that of the seminal vesicles, and probably
subserves the éame function. In those animals where the:
smpulla is a widened area of the vas deferens, it probably
performs the functlon of a reservoir for spermatozos.
There 1s enough evidence to show that this is so in the
human being. The ampullas of the vas deferens then would
seem to be homologous with the "vesicula seminalis" of

birds, and certain fishes.

THE SEMINAL VESICLES.

;E'the sense that the term designates thét these
vesicles contain seminal fluid, it is correct. But if the
term implies that the veslcles contailn spermatozoa, 1its
correctness is open to grave doubt. The word was coined
before the advent of the microscope, and so spermatozoa
could not be.recognised. The human seminal vesicles under
certain conditions certainly do contain spermatozoa. The
seminal vesicles in other animals never harbour them. This

latter fact has been recorded by so many observers that

- reference to =
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reference to all their names would fill too much space.
Authorities on comparative anatomy are adamant, that the
term "vesicula seminalis" is a misnomer when appliéd_to
animals, other than man. The concensus of opinion in
regard to such animals, is that‘spermatozoa normally accu-
mulate in the taill of the epididymis, and travel down the.

vas deferens with each spasm of ejaculation.

Ii_one wishes to recover mature healthy sperma-
tozoa from animals, one collects them from the cauda epi-
didymis. They are present in that situation in untold
numbers. They may also be found from time to time 1in the
vas, or in the ampulla of the vas (in those animals which
have an ampulla), and just as frequently in the urine.

They never penetrate further into the vesicle than to,thé
region of the neck of the vesicle, and their presence here
is as adventitious, as their presence in the urine. There
is a constant migration of spermatdzoa from the cauda
epididjmis into the urethra, which occurs apart from eja-
culation. This must of necessity be so because fresh -

spermatozoa are constantly being formed in the testis.

The seminal veslicles, when present, drain into
the pelvic urethra each by a single aperture. The aper-
- ture is situated on the veru montanum. In the majority of
animals the duct from the seminal vesicle does not unite
with the vas deferens. Each opens separately into the
urethra. There is thus no ejaculatory duct as is found
iﬁ the human. In some>animals the vas deferens and
seminal vesicle may open by a common aperture, but in no

case do they form an ejaculatory duct of any appreciable

- length -
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length.

The wall of the seminal vesicle 1s always a
glandular structurs. In human beings and in those ani-
mals where the vesicle has a relatively Wide lumen, the
epithelial lining is secretory and is always thrown into
fblds. ‘This gacciform typs of fesicle is not common, and
found only in Cheiroptera (e.g. bats), Insectivora (e.g.
hedgehog) and certain Rodentia (e.g. rats, guinea-pigs)
among wild animals.  Among domestic animals the horse and ..
pig show a simiiar dilated seminal vesicle. A much more
general finding is that the vesicle is thick walled, with
a relatively narrow lumen. The thickness 6f'the wall is
largely due to the presence of numerous tubular glands
derived from the epithelium. The primary function of the
seminal.vesicle is thus secretory. The term "vesiéular

gland" is thus more appropriate than "seminal vesicleﬁ.

- To complete the plcture of the structure of the
vesicular glands, it must be stressed that they are eséen-
tially hollow muscular organs. There is always a well-
developed muscular coat, composed of plain musclé fibres.
This is to enable the gland to rapidly empty itself of itg'
accumulated secretion. This function applies in ‘equal -
measure to the prostate and Cowper's glands. It is of
some interest to note that at least one of the glands in
- any given animal will show dllatation of the lumen. Most
frequently it is the seminal vesicle. Quite often the .
Cowper glands are widely dilated. Very rarely the pros-
tate gland is similarly‘affected. The reason is naturally

to increase the volume of the ejaculate.

- THE PROSTATE AND URETHRAL
~ GLANDS - )
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THE PROSTATE AND TURETHRAL GLANDS.

These are grouped together because thelr deri-

vation is so similar. These glands arise as diverticuli

from the epithelium of the urogenital sinus. The prostate

is merely a solid bunch of such glands. This point 1is

1llustrated very clearly by a comparative study. It is

also noted that the prostate always drains into the urethra

by multiple openings.

There are various modiflcatlons of these urethral

glands. In marsupials the glands surround the pelviec
urethra, but do not penetrate 1ts muscular coat. This
has been aptly called a disseminated type of prostate.
exactly similar conditlon is found in sheep and goats.

(Fig. 50.).

The urethral glands, however, show a strong
tendency to collect in one or two masses on the dorsal
" asp ¢t of the urethra and close to the bladder. When
this happens a body of prostatic tissue 1s formed which
lies outside the urethral muscle. This is seén in the
bull and the boar. (Fig. 50.). It will be noted that
these animals have both a "corpus prostatae® and a-"pars

disseminata prostatae®.

An

The pars disseminata, which surrounds the pelvic

urethré tends to become rudimentary with evolution. The

body of the prostate on the other hand has come'to stay.
Most animal groups have this lobular type of prostate,

which is a prominent gland lying in the dorsal aspect of
the urethra. It is frequently bilobed, and it would be

- more correct -



o
J
RO RNyt XA
KRR KIANK
QR RRAXREANX AN
N0 "“".‘.'f"."'. 4

2
iy d,
RPACAD

SIHLARS
EXLAR

54 -
-a s -

" A\ - m )
sususnpane

FIG 50

" A transverse section through the urethra of each of
four common domestic animals, to show the different

arrangement of prostatic tissue.

A; Pars disseminata. (prostate tissue surrounding
the urethra)

.B. Body of the prostate.
C.. Urethral muscle (Wilson)
D. Urethra.

E. Band of fibrous tissue.
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more correct to speak of the prostates of animals. In
dogs, and primates the two lobes have fused into one mass.
In man it seems reasonable-to deduce that the urethral
glands still present are vestigial remains of the pars

disseminata_of.other animals;

A In the human prostate ﬁhe median lobe is a clear
entity. But in the great majority of animals no such lobe
is clearly recognisable. At any rate it has not thus far
been described. The embryological development also does
not show that the middle lobe arises as a distinct part.
For these reasons, maﬁy people are of the opinion that
the median lobe of the human prostate is not a separate

‘lobe. It is a term purely descriptive of its position.

But the median lobe of the prostate is particu¥
larly 1iable to adenomatous enlargement. It is frequently
the only part of the prostate to be affected. This
certainly suggests its separatensess from the rest of the
prostate. It is thus with some interest that we hear of
a cranial lobe of the prostate in some animals, and what

is more, that this lobe has a very specific and important
function. This lobe in a baboon is depicted in Fig. 51.

In 1910, Walker (46 ) gescribed in rats and
guinea-pigs a portion of prostatic tlssue lying in the same
sheath as the seminal vesicles. He showed that the
secretion of thls portion of prostate, caused coagulation
of the secretlion of the seminal vesicles. This work was
referred to and confirmed by Dorothy Price in 1936 (31 ?

She refers to this part of the prostaté as the cranial lobe.

- In rats -
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In rats and guinea-pigs the main body of the prostate is‘
bi-lobed, and there is a third lobe lying closer to the

" bladder and between the semlnal vesicles. Such a cranial

lobe is also to be seen in monkeys, as will be shown later.
Van Wagenen in 1936 proved that the secretion of the
cranial lobe in monkeys, has preclisely the same coagulating
function on the secretion of the seminsl vesicles. What
is more the secretion of,the cranial lobe in monkeys,
coagulates the vesicuiar secretion of rats and gulnea-pigs.

The reverse was also shown to be true.

There is thus present in certain animals a lobe
of prostatic tissue with a very specific funcfion. Its
position in these animels .nearly corresponds with the
median lobe of the human prostate. The reiation has not
been'proved, but it seems‘to me very likely that the median
iobe of the human prostate is homologous with the cranial
(or coagulating) lobe of certain animals.

Prostatic gland tissue 1s present in all mammea-
lien animals except the monotremes. For this reason it
has been called the "sexual heart" of the accessory sex
glands. The dog family have only a prostate and no vesi-
cular or bulbo-urethral glands. °~ In this family the
prostate 1s large, and shows dilatation of the ducts. The

domestic dog, furthermore, is an exception to all other

animals in that the prostate completely surrounds the

- pelvic urethra. In this respect it resembles man. The

prostate of a dog lies exterior to Wilsonts urethral muscle
and must not be confused with the pars disseminata type of

prostate, which occurs in many ruminants. (See Fig. 52).

- THE BULBO-URETHRAL GLANDS -
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THE BULBO-URETHRAL GLANDS.

These glands are rarely absent in animals.
Normally they have a single excretory duct which opens
into the penile urethra. The horse is an exception with
é - 8 excretory ducts. In some animals the glands are
covered by the urethral muscle, and for. this reason it is
thought thaﬁ they arise in a fashion, similar to that of
the urethral glands. It has been mentioned that they are

probabiy of ectodermal origin.

-

In some animals these glands are much enlarged
aﬁd contain a cépious secretion. They never harbour
spermatozoa. - The dilated and saccular ﬁype of Cowper
glands are typilcally seen in squirrels and many members of
the cat familj. In these ahimals the great bulk of the
ejaculate comes from the bulbo-urethral glands. In very
few animals are the Cowper glands entirely absent. This

is only seen in whales, walruses, dogs, bears and seals.

SOME CONSIDERATIONS OF THE SEX GLANDS AS A GROUP

When the physiology of these glands in the human
was described, 1t was suggested that each had a specific
“function. So the secretion from Cowper's éland was essen-
tially for lubrication in the pre-orgasm phase. Also the
seminal vesicles might function as seminal reservoirs, as
well as secretory glands. Nevertheless, the general
function of the group of glands was to ensure the #itality
of the spermatozoa. In all other animals the general

- function is very apparent, whereas a Specific function for

- any one -
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any one of the glands is decidedly;doubtful. This is
clearly illustrated by the fact that often one or more of
the glands is absent. . In such an event, the remaining
gland (or glands)\shows a compensatory enlargement. A

few exampies_will be given to show that this is really so.

In the Cetacea, which includes whalses, dolphins
and‘porboises, there is present only a prostate gland. The
.sape arrangement is found in the dog-like carnivorous
animals. In none of these animals do we find any trace of
bulbo-urethral or vesicular élands. In all of them the

prostate gland is prominent and large.

Two small prostate lobes are found in Proboscidae,
to which class elephants belong. But elephants have large,
glanduiar seminal vesicles, and moderately developed bulbo-

urethral and ampullary glands.

The walrus, which belongs to the Sirenia, has no
Cowper's glands. Both vesicular glands and prostate are
present. The scaly ant-eater has large seminal vesicles,
and a prostate which surrounds the urethra and lies entire-
ly under cover of the urethral muscle. It also has no

Cowper's glands.

Most of the Ruminantia have all the accessory

'glands{ The camel is an exéepfion. This animal has nd
seminal vesicles, but a large prostate and moderately-
sized Cowper's glands. Although not a ruminant, the pig
is grouped with these animals in the order, Artiodactylia.
It has been generously endowed with acéessory~sex glands.
Not only has the boar both a fairly large prostate, but it
also has enormous seminal vesicles and fairly large bulbo-

urethral glands. (Fig. 53 ).

- The coneys -
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FI6 2 DORSAL ASPECT OF BLADDER AND PROSTATE OF THE DOG.
A. Prostate, B, Urethral Muscle. C.Bladder, D. Ureter
E. Vas Deferens. - ' - B '

' FIG 53 THE DORSAL ASPECT OF BLADDER AND SEX. GLANDS OF THE BOAR.

The vesicles have been drawn downwards. A. Prostate;
B. Urethral;Musele, C. Bladder; D. Ureter;
. Vas Deferens; F. Cowper's Gland.
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The coneys belong to the Hyracoidae. The
Soﬁth African "dassies" or rock rabbits, belong to the
éame class. These animals all have great, branched
semiﬁal vesicles. They have no ampullery glands, and the

prostates and bulbo-urethral glands are of small sige.

From these examples it is abundantly clear that
not one of the accessory sex glands is indispensable,
except the prostate gland. One cannot therefore postu-
late that any one of the glands has a specific function.
They all subserve the same purpose. How could the bulbo;
urethral glands have a special lubricating function when
in some animals they are absent? If the function of the
seminal vesicles was to store spermatozoa, and if such =
function were vital, then they mﬁst be present in all

animals.

There is, as would be expected, a direct relation-
ship between the total volume of the seminal ejaculate, and
the size and type of the accessory glands, in any given
animal. This information is only available in regard to
domestic animals. The average volume of the ejaculate of
a stéllion is 150 cc's, whereas that of a bull is 3 to 4
ce's. The seminal vesicles of a stallion are large,
dilated sacs. The corresponding organs of a bull are of
moderate size, but they are compact and essentlally glan-
dular, with a narrow lumen. The prostates and bulbo-
urethral glands of each animal: are of similar size and type.
It is obvious that the great volume of the ejaculate of the
stallion 1s due to the large.capacity of the seminal

vesicles. (Fig. 49).

- In rams -
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In rams, the average volume of the ejaculate is
between 2 and 4 ce!s. This animal has vesicular glands,
prostate and Cowper's glands pf moderate size. On the
oEper hand each ejaculate of a boar averages about 300 cc's.
A veterinary surgeon has told me that when a sow is killed
immediately after a successful coitus not only the vagina,
but also the uterus and falloplan tubes are dlstended with
seminal fluid. As would be expected the accessory glands
of the boar are eﬁormous. Each of the seminal vesicles
spproach the urinary bladder in size. The bulbo-urethral
glands too, are large and dilated. (Fig. 53 ).

If one is familiar with the anatomy of any given
animel, one could thus deduce the approximate volume of the

ejaculate. What is more one could say which gland con-

tributed the largest share. This is directly applicable to

the human. Here the bulbo-urethral glands are small; the
prostate is an almost solid organ; the s;minal‘vesicles

and the ampullese have dilated lumina. The inference 1s
clear. The secretion of the seminal vesicles with a little
from the ampﬁllae, together must largely constitute the vol~-

ume of the ejaculate.

- THE MALE UROGENITAL SYSTEM IN PRIMATES -~
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MALE UROGENITAL SYSTEM 1IN PRIMATES.

Our concern here 1s with the anatomy of Primates,
other than Man., We will thus consider the condifion as
found in lemurs, monkeys and apes. In particular the
anatomy of the accessory glands of two South African species
of primates will be sketched. They are the Chacma baboon,
and the Common Vervet monkey.

In thls group of animals the testes descend into
the scrotum at puberty, which occurs at about the fourth
jear of life, Thereafter the testes remain in the scrotum;
but the processus vaginalls remains patént. In other words
there is a free opening between the peritoneal cavity and |
the tunica vaginalis testls. In the humaﬂ, as-we know, the
processus vaginalls is normally obliterated. If it remains
patent, 1t forms a potentlial hernlal sac. The chiﬁpanzee
resembles man in this respect. The testes descend into the
scrotum soon after birth and the processus vaginalls becomes
a fibrous cord. Thué in all mammals (with the exception of
the human and the chimpanzee), where the testes descend into
the scrotum, the processus vaginalls remalns patent. That
these quadrupeds so rarely develop an inguinal hernia, 1is
due to their horizontal posture, and well developed abdominal

musculature,

The vas deferens of each testlis opens into the
pelvic urethra on the lateral aspect of the veru montanum.
In the lemurs (or half-epes) the duct of the seminsl vesicle
opens close by, but separately. In all other primates,
however, the vas deferens and the duct of the seminal vesicle
unite a short distance from the urethra, to forﬁ a common
eJaculatory duct. This duct runs through prostate tissue

before 1t reaches the urethra.

- The -
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The seminal vesicles of these animals are always
large. Fnequently they touch in the midline behind the
bladder, and usually extend beyond the bladder anteriorly.

Their position 1s related more to the lateral sides, than to

the base of the bladder, as seen in the human.

The prostate 1s essentially a compact mass, and
in this way distinet from the lobed prostates of lower
mammals, The prostate always lles on the dorsal aspect of
the pelvie urethra, close below the bladder. In none of
these animals does it surround the urethra, to form_a
prostatic urethra as occurs in the human and the dog.
Although the prostate appears to be unilobular, one can quite
readily demonstrate an'incompleté division into a lateral
lobe on each side and a cranial lobe above. In the Rhesus
monkey, the elJaculatory ducts and the utriculus masculinus

are imbedded in the cranial lobe, (Hartman and Straus
( 66 ) ).

The palired bulbo-urethral glands resemble those
of the human as regards shape and position, but they are

about twice the size,

The breeding hablits of primates are essentially
different from those of other animals. They have a
-menstrual cycle, whereas the lower anlmals have an oestrus
cycle, A female.monkey will have a menstrual flow at
roughly monthly periods. She ovulates in the mid-menstrual
period, and at this time her pudendal skin becomes remarkably
hypertrophied, and assumes a bright red colour. The swell-—
ing of the pudendal skin ls so groés, that at first sight

it brings to mind a neoplastic condition.

-~ Actually -
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Actually 1%t is gross local oedenms. One day it will be
the size of a coconut; two days later it will have

completely dleappeared,

| The primates breed all the year found, and
the female will take the male at almost any time of the
month. ' Copulation occurs most frequently when the

female has the swollen pudendal skin, The males respond

to the femeles on frequent occasions. The volume of
the ejaculate must vary with size of the particular |
primate, There is no record of it, but in view of the
relatively enormous seminal vesicles, we can expect_that
the VOlume of the elaculate will Dbe Se§era1 times that

of the human.

v I was unable to find out how long the semen
remains coagulated in these animals., That the seminal'
fluhm is coagulated by a spécific secretlion from the
cranial lobe, has been shoﬁn to occur in the Rhesus
monkey by Van Wagenen ( 44 ). There 1is évefy reason
to bélieve that coagulability of the semen i1s a feature
of this:class. We know also that it occurs in man.

The presence of a distinct cranial lobe of the prostate
in moét lower primates, suggests that the coagulation

of the semen is an important physiological function.

In humans it may be a rudimentary phenomenon which we
have inherited from lower anlmals, Workers in the field
of male 1nfertility suspect that the coagulation and
subsequent liquifaction.of human seminal fluid is a very

essentlial process. Many facts regarding the process are

at present still obscure.

- TWO COMMON -
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TWO COMMON SOUTH AFRICAN PRIMATES ;
CHACMA BABOON (PAPIO PORCARIUS), COMMON VERVET
. MONKEY (LASIOPYGA PYGERYTHRA).

The Chacma babooh is the common baboon of
South Africe. It inhablts nearly all parts of this
country, and chooses by preference to live 1in roéky
mountainous areas. These baboons live in bands, and
are a pést to farmers because of their love of wanton
destruction. They descend from their hiily fastnesses
to destroy crops and evén to slaughter young lambs,

They are essentially herbivorous.

The Common Vervet, or "blou-sap", is a hand-
some creaturéswith a soft grey coat. These monkeys
inhabit manyvparts of’South Africa, and stick to the
wooded areas. . The scrotum of the "blou-aap' is a rich

cobalt blue, and hence its usual Afrikaans name.

A mature Chacma baboon was avallable for
investigation. This animal weighed 67 1lbs. and was in
good health. He was killed on 2nd August, 1945, After
he had been anaesthetized with chloroform, he was glven
an intravenous injection of‘3% trypan blue solution,

(90 cets.) His tongue, gums: conjunctivae and skin
Abecame obviously blue. The vas deferens was lsolated
on each side Just outside the superficlal ingulnal ring,

and was severed. The right femoral artery was then

opened and the animal died within a minute.

The Vervet monkey was killed in the same Way.
This animal was also an adult male. He was glven 30 cc's
of 3% trypan blue solution intravenously. The vasa
defefentia were severed as in the pre&ious animal, This

animel weighed 11%£ 1bs.

- There -
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There were three‘main objects in view :

(a) To record the anatomy of the accessory genital glands.
(b) To determine where spermatozoa are stored.
(¢) To get an idea of the lymphatic supply of particularly

the seminal vesicles. It was to this end that
the intravenous trypan blue was used.

A, ANATOMY :. CHACMA BABOON.

Soon after the baboon had dled, the abdomen
was opened by a midline incision. The bladder and lower
rectum, together with the accessory sex glands, were

removed in one mass,

On doing this dissectlon two polnts regarding
the seminal vesicles were noted, The glands project but
glightly into the peritoneum in the space between the
bledder and rectum, In other words only & small portion
of each gland is covered by pelvic_peritoneum.  On the
other hand the seminal veéicles are readlly exposed in
thelr entirety, when dissection 1s made from the preveéical
space (Cavum Retzlus) towards the lateral aspects of the
bladder. These organs are thus easily approéched by an
inguinal incislon, and by dissection which remains extra-
perlitoneal. Each vesicle lies mainly on the dorsi-lateral

aspect of the bladder. (See Fig.54 ).

The seminal vesicles of this animal are note-
worthy for their size. 'They are jJust as long, or longer,
than the half-fllled bladder. They are about one third
as wide as they are long. In the fresh state each

vesicle measured approximately 3 inches by 1 inch.
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The vesicle on each side is closely adherent
to the wall of the bladder and 1s held in this position
by fibrous tissue. This fibrous tissue extends'between
both vesicles, so as to form a fascial compartment for
the vesicles and the lower ends of the vasa deferentia,
which lie between them. This fasclal layer alsov
separates‘these organs from_the anterior wall of the

1

rectum.

Apart from this fascial compartment, the fascla
is élso condensed around eaeﬁ vesicle separatelj,'so as
to form én adventitious fibrous coat. It .is not untili
this latter layer i1s dissected off, that the lobulated
nature of the vesicle becomes striking. Moreover this
fasclial sheath sends numerous septa into the glaﬁds be-
tween the componenf lobules. Thesé sepfa carry the
blood and lymphatic véésels,_and the nerves to éll parts

of the gland.

When the fibrous septa are caréful;y dissected
free, the glandular portion of the vesicles cén be un- -
’ raVélled, It shows a tube of surprising length, with
numerous branches and irregular outpocketings. The
veslicle  1s essentially a hollow muscular organ, with a
lining of secretory eplthelium. The lumen is moderately
dilated throughout, the diameter at the widest points
| being one twelfth of an inch. The content of the seminal
vesicles 1s a sticky, glairy fluid. It was not accurately
measured, but estimated at about one desertspoonful from

each veslcle.
In Fig. 56, the right seminal vesicle has been

- unravelled -
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unravelled to demonstrate its ramifications and extent.l
In Pig. 57 , the bladder and urethra havé been split on
the ventral aspect, and show the veru montanum. This

structure 1s relatively smaller than in the human.

The lower end of the vas deferens shows no
evidence of enlargement or dilatation. This 1s clearly
shown in Figs. 54 and 655 . Hartman and Straus record
a similar finding in the Rhesus monkey. I found also in
the Common Vervet monkey that there was ho‘ampulla of the
vas deferens present. It seems to be the usual finding
in lower Primates, and in this respect.different from the
hﬁman. I do not.know whether the higher apes have an

ampulla or not.

The prostate gland in the Chacma babogn Was
found to be about the size of a flattened cherry. Its
position is clearly indicated in Figs. 54 and 55,

It lies entirely on the dorsal aspect of the urethra.
Although the gignd is roughly unilobular, it was easily
possible to demonstrate, that in actual fact there are
three lobes. Two lateral and one cranial lobe. Each

of these is indicated in the photograph.

The cranial lobe lies mainly dlstal to the point
where the seminal vesicles and vasa deferentia converge on
the urethra. .Butlwith dissection it can be shown that
the lower ends of the vesicles and vasa are surrounded by
lobules of the cranial lobe. There 1s thus some pros-
tatic tissue in front of these structﬁres, corresponding

in position to the human prespermatic (middle) lobe.
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Whereas the external surface of the cranlal lobe has a
lobulated appearance,'the surface of each lateral lobe
is smooth. This i1s not clearly 1llustrated in the

photographs.

If position is important, then from this deé—
cription of the cranial lobe, it seems that the human
homologue must include both the median and“posterior
lobes. = I am awalting an opportunity of dissectimg these
parts 1n some of the larger apes. It 1s possible that
the problem may then be elucidated. '

Palred bulbo-urethral glands are present.
They 1lie in close relation to the sphincter urethrae
membranaceae. They are each the slize of a large pea.
The excretory duct was not dissected out, but there 1is
no reason to suppose that it 4id not open intoc the

cavernous urethra, as in all other animals.

The Musculus urethrallis was plainly vislble
as an external coat of the urethra. The muscle was
thickest on the dorsal aspect. The fact that 1t was
composed of striated voluntary muscle was proved
histologlcally. This muscle 1s not as prominent in the
baboon and the monkey, as in animals like the horse.
The fact, however, that it 1s qulte deflnlte 1n lower
primates 1s of interest, because in adult humans 1t 1is

apparently absent. Only remnants of 1t can be recog-

nized microscopically as taking a share lin the forma-

tion of the internel veslcal sphincter.

—~ ANATOMY:~ VERVET MONKEY: -
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ANATOMY -~ VERVET MONKEY.

The accessory glands of fhis animal bear a
Qlose resemblance to those of the Chacma baboon. = The
photographs'in Figure 59..; 8ilves g clear idea of
the anatomy. 'The seminal vesicles if ahything are
relatively larger than in the baboon. - The craniai

lobe of the prostate and the Cowper glands can clearly

be seen.

As in the Chacma baboon, the veru montanum
in the Vervet monkey is relatively smaller thanm in the

human,

B. SPERMATOZOA,

What was found in both the baboon and the
monkey will be discussed here. The object being to
determine at which slte the spermatozoa are stored in

these anlimals.

As previously mentioned thé vasa deferentia |
ﬁere severed to exclude the possibility of poét-mortem.
" migration of spermatozoa. The content of the bladder,
seminal vesicles, vas deferens, caput and cauda of the
epldidymis was examined. Fresh smears were made of
these secretions, and stained with methylene blue

solution.

The findings are recorded in tabular form
Spermatozoa were either absent or present. When
present, they were either abundant (++++), in moderate

numbers (+++) few (++) or very sparsely scattered (+).

~ CHACMA BABOON -
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CHACMA.  BABOON
e == " m———
: ORGAN EXAMINED. . SPERMATOZOA.
.‘; +++

Bladder content (not centrifuged)

Sperms absent

.
on @s 4 B0 me oo

‘Seminal vesicles

®s o¢ 68 s oo

8o 85 ealoe 00 eciee 9o gejee 00 scfae 00 co e

Lower end vaé-deferens +++ :
: Caput Epididymis ++ :
: Cauda Epididymis ++++ :

COMMON VERVET MONKEY

£33

.

? ORGAN EXAMINED. {  SPERMATOZOA,
; Bladder éontent (not centrifuged) ; ++ ;
; Seminal vesicles ‘ | ; ++ ;
; Lower end of vas deferens ; +++ ;
; Caput Epididymis ; ++ ;
; Cauda Epididymis ; ++++ ;

From the examination of the baboon and the

monkey certaln concluslions can be made.

Spermatozoa are present in thelr greatest
numbers in the tail of the epididymis. A few drops of
milky white fluld could be expressed from this region,

which teemed with spermatozoa.

- Spermatozda -
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Spermatozda are present in the head of the
epididymis, but not in great numbers. No obvious fluid

could be ekpressed from this part.

The lower end of the vas deferéns, which
corresponds to the human ampulla, contained a little
secretion in both these animals which had a moderate

number of spermatozoa.

The seminal vesicle of the Chacma baboon had
no: spern, whereas a'few were found in the vesicles of
the Vervet monkey. Thé'urine in both animals contained

a fair number of spermatozoa.

These facts'support the general conclusion -
that spérmatozoa_are stored in the tail of the epididymis.
From there they migrété_continuously into the urethra to
be shed with the urihe. Their presence in the seminal
vesicles 1is as‘adventitious as their presence in fhe
urine. The vesiéles do ﬁot function essentially as
reservoirs for spermetozoa. The chief fuhction is as

a gland with an external secretion.

C.  LYMPHATIC SUPPLY.
The findings were similar in both the Chacma

baboon and the Vervet monkey.

There are many ways in which lymphetic channels
may be delineated. One investigator recommends intrave-
nous trypah blue injection (30). ‘. He claims that

the dye rapidly perfuses from the blood into the lymphatic

- fluid -
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fluid. If the animal 1s then killed a short while
after the injection has been given, all the lymphatilc
channels will stand out clearly. I may have given too
large é dose, because I found that almost the whole
animal became Dblue. Nevertheless certaln features

were clear.

1. The mucous membrane of the mouth, the conjunctiva,
the skin,'the gut, the bladdér, the acéessofy sex
glands,'the'peritoneum, the vas deférens, and-all
lining surfgces were stained a deep blue. This

1ist 1s not complete, but 1t shows that all
epithelial surfaces, glands and hollow muscular
'organs must have a rich lymphatic net work. The
colour of the gut was as blue as thét of the

seminal veslcles.

2. Fat was stalined a deep grey colour. This applied
to subcutaneous fat as well as to the fat of the
omentum. This suggests that fatty tissue has a

poor lymph supply.

3. Muscular tissue was stained an intermediate
colour. Plein muscle was stalned deeper than

striated muscle.

4., Fasclal planes were densely stained. This 1is
probably dﬁe to the faet that lymphatlic channels
frequently run in the fascial sheets. This was
well seen in the fascia surrounding the seminal
vesicles, and sheathe of lymphatic trunks could
be seen coursing up the side walls of the pelvis

towards the iliac and hypogastric lymph glands.

All lymph glands were stained a deep blue.
. - The -
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The expériment,pérformed is a rathexr rough
and ready‘one. I was promptéd to try it because of
the'contentiqn by_some'urologists,Athat,the lymph supply
of the seminal vesicies is exceptionally rich. The
results of this experiment suggest théﬁ the lymphatic
network of the vesicles is no richer than thét of many
other viscera.

- AT e e Gy - o v - A G .

CONCLUSION.

| The seminal vesicles begin to develop in
the huhan foetus of 13 weeks, as diverticuli from the
mesonephric ducté. They are.sexual glandé; essential
to reproduction, and occur only in males. At pubérty
they rapidly ihcréase iﬁ size to assume adult proportions

and with old age they gradually atrophy.

The seminal vesicles function chiefly, if not
solely, as glands with.an external-secretibn, which is

derived from the lining epithelium.

Those features of the anatomy and function
which have a practical bearing both on the examination
and the péthological conditions of the vesicles, have
been stressed. With'this'kﬁowledge the diégnosis and
treatment of diseases of thé seminal vesicles must be

more rational and consequently more effective.

THE  END.
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