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INTRODUCTION.

The cause of Descensus Testiculorum is still

under discussion. Many related problems have been

investigated and various hypotheses suggested; but

why the male genital glands, with their related struc

tures, which are safely accommodated within the abdo¬

men in the lower mammals, should migrate in higher

forms to what would appear to be a less advantageous

position remains a mystery. The influences which

bear upon the testes of an individual embryo inducing

their transference from the abdomen to the inguinal

canal and from the inguinal canal to the scrotum, are
(10: 18)

now much more clearly understood ; but it

can hardly be said that even these have been entirely

explained.

Some writers have dealt exclusively with the

phylogenetic aspect of the problem. They have en¬

deavoured to discover in the habits of different

species, reasons why, in the slow process of evolu¬

tion, the transposition has taken place. They have

;been puzzled by the fact that in the male marsupials

there is a prepenial scrotum in which the testes are

lodged. In rodents and insectivors, which are in

other respects higher in the evolutionary scale, the

testes are intra-abdominal, though in these forms

each descends into its shallow inguinal pouch during

the /
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(4)
the breeding season. Hermann Klaatsoh Berry Hart
(8) (14)

and others have expressed their belief in the

homology of marsupium and scrotum; and in this con-
(14)

neotion Sir Arthur Keith has drawn attention to

the muscular strands related to those two structures.

Other writers have dealt with the ontogenetic
(7)

aspect. They have assigned to the gubernaculum ,

(14)
to intra-abdominal pressure , and to different

(5: 10: 19)
growth energy the rtsle of being responsible

for the comparatively rapid change of position of the

testes in the individual embryo.

At a recent meeting of the Anatomical Society of

Great Britain and Ireland an interesting paper was
(14)

read by B.H. Hunter on "Some Factors Involved in

the Descent of the Testes." The discussion which
(14)

followed revealed embarrassing confusion in ter¬

minology and difference of opinion on the morphology

of the gubernaoulum; the origin of associated muscle

strands; and the homology of scrotum and pouch.
(18)

In view of this, the recent papers of Keith ,

(30) (15)
Grew , and Hunter are of special interest; and

the present writer, who has been working on this sub¬

ject during the past year, feels that it will not be

untimely to bring forward some observations now which
would appear to have direct bearing upon some of the

questions raised.

The /
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The morphological terms employed are those whioh

have come to he recognised through the work of Klaatsc
(4) (11) (10)

, Katz , and Felix . Professor J.P. Hill,

University College, London has very kindly supplied

the material upon which the observations have been

made. The aim of this study is in the first place a

better understanding of the morphology and terminology

upon which the discussion of Descensus Testiculorum

must be based; secondly to investigate the question

of homology of marsupium and sorotum; thirdly to com¬

pare male and female rabbit embryos of early stages;

with a view to discover morphological data on reasons

for descent of the male gland; finally in light of

these present studies, to examine the positions taken

up by recent investigators as to.the causal factors

in phylogeny and ontogeny of this "descent1? or "trans-j-
position."
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HISTORICAL.

John Hunter's (1786) approach to the problem of

descent of the testis was clinical (1). He desired

to elucidate the pathology of hernia, hydrocele etc.

His description of the guhernacultun and tunica vagin¬
alis is classical and being based upon accurate ob¬

servation is as true to-day as when written. He

pointed out that the undescended testis was immature;

that the usual point of arrest was just above the ex¬

ternal abdominal ring; but he did not attempt togive

any reason for the development of the gubernaoulum,

the formation of the tunica vaginalis, nor for the

descent of the testes into the scrotum. Hunter's

research was not confined to human embryos. His

familiarity with other species made it natural for

him to turn to them in his search for an explanation

of problems first encountered in man. He studied the

cremaster muscle of the hedgehog, "whose testes are

retained within the abdomen," and of the ram, "whose

testes very often do not descend to the scrotum till

late in life." This comparative study is interest¬

ing in view of the conviction to which Hermann

Hlaatsoh (1890) arrived that the causal factors under¬

lying testicular descent were not likely to be dis¬

covered except through phylogenetic research applied

to the lower maSSials. (4) It is also noteworthy

that /
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that Hunter's dissections were carried out prior to

1786 whilst it was nine years later (1795) that

Geoffroy Saint Hilaire (2) hegan to cast doubt upon

the independent origin of species; and over seventy

years before Charles Darwin's classical publication

(1859) (3) Hunter ridiculed the suggestion that re¬

spiration, the attitude of the body, or the contrac¬

tion of the abdominal muscles could he of any influ¬

ence in causing the testes to descend. He pointed

out that the guhernaculum did not act as a tractor;

hut the great scientist made no attempt to explain

"the immediate cause of the descent of the testes

from the loins to the scrotum." ^

Lockwood (1888) devoted special attention to the

developmental changes occurring in the mesonephroi

asserting that the change of position assumed by the

genital glands was to a great extent relative rather
than actual. That is to say the testes were stated

to progress caudally in the developing abdomen

through /
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through certain growth changes which occurred in

the Wolffian Body and in its surrounding parts (5).
The cranial portion of the genital fold (Plate 1)
was said to degenerate whilst the caudal portion

developed. Lockwood summed up this conclusion by

enumerating the causal factors in the first stage

of descent (i.e. to the brim of the pelvis) as

follow; - (see Plate 1)

1. Development of the 2. Development of the
pesonephros. genital eminence.

3. Development of the 4. Development of the
kidney behind the pelvis behind the
mesonephros. lower end of the

mesonephros.

5. Alterations in the
upper part of the
Wolffian Body.

No attempt was made by this investigator to

explain the second stage of descent (i.e. from the

brim of the pelvis to the scrotum).

Klaatsch (1890) (4) from careful study of the

morphology /



morphology of the parts concerned (gonads, ducts,

ligaments, oonus inguinalis, and gubernaoulum) became

convinced, as already stated, that the solution to

the problem was not to be arrived at without investi¬

gation of the phylogeny of testicular descent in

mammals. He directed special attention to marsup-

ialia, rodentia and insectivora; suggested the homo¬

logy between marsupium and scrotum; eombatted the

position that growth phenomena were responsible for

descensus by directing attention to the periodic

transposition occurring in adult rodents and inseot-

ivors at the breeding season (vide Discussion). It

was Klaatsoh (4), also, who reintroduced the theory

of Meckel and Owen (4) that the mammary organs exert

a pressure backwards upon the abdominal musculature

of the lower forms becoming phylogenetically respon¬

sible for the conus inguinalis. 3?he importance of

this suggestion lies in its effort to explain the

direction of phylogenetic descent as being along the

path of least resistance. If the observations on

rabbit embryos (obs. 2a) may be applied to the human

conus inguinalis they would weigh against this hypo¬

thesis of Meckel and Owen; though there would appear

to /
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to be no reason to discard the suggestion that the

gubernaculum progresses along the path of least resis¬

tance. The following is an interesting quotation
from Klaatsch:- "The variety in method of descensus

in mammals is explained by the fact that this process

has installed itself gradually. At first the descent

is periodic and in adults only (rodents and insecti-

vors). Then it is transferred back earlier and ear¬

lier in ontogenetic stages (mouse). In man the

highest development is reached. The testes are fully

descended to the perineal scrotum at the 9th month of

foetal life; but even in man the evolution is repre¬

sented in ontogeny.n

Frankl (1895) (7) contributed a biological sum¬

mary of the position of the testes in the different

species of mammals and declared his conviction that

the cause of descent in the male genital gland was the

involution and contraction of the gubernaculum. This

biblogioal summary is valuable from the point of view

of phylogeny. Our observation (obs. 5d) suggests

that the gubernaculum does exert influence in promo¬

ting descent; but since this is exerted in the early

stages whilst the gubernaculum is still developing an^

also before muscular tissue appears to exist within

it, (obs. Ed), we must conclude that its influence is

more than by involution and contraction (see Discus¬

sion) .

Woodland /
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Woodland (1903) (12) followed upon the trail of

Klaatsoh, Frankl, Wiedersheim (13) and others in his

attack on the problem through phylogeny. He sugges¬

ted that the density of the testes, which are attachec

to the posterior abdominal wall by a mesentery causes

stress to be applied on account of gravity to this

mesentery, which had gradually elongated, allowing

the testes to be propelled towards the anterior abdom¬

inal wall. The direction of this stress, he argues,

varies according to the locomotory habits of the

species. Thus in the case of marsupials, their sal¬

tatory movements have resulted in the lodgement of

the testes in a prepenial scrotum, whereas in animals

like the ox, the horse, or in man the direction of

the stress has acted downwards. The testes in their

case have settled down to the inguinal and perineal

scrotum "much as a weight in the pocket would wear a

hole in its lining."

Berry Hart (1909) (8) examined marsupial embryos

and endorsed Klaatsch's hypothesis of homology of

marsupium and scrotum. He asserted that the guber-

naoulum was not attached to the lower pole of the

testis; but to the Wolffian Duet and that the guber-

naculum is the active agent in preforming the inguina'-

eanal. He describes the development of the marsupial,

scrotum where "the deep layer of the epidermis passes

back and snares in the connective tissue which forms

the /
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the site of the future interior of the scrotal sac I"

and sums up the process of testicular descent as

follows:- "The testis is united to a mammary area, a

first by the testicular caudal ligament and the in¬

guinal fold or gubernaculum The developing guber

naculum with the aid of the cremaster and peritoneum

forms a fossa for the testis in the rodentia; a more

complete canal or more or less pendulous scrotum in

higher mammals. By subsequent disproportionate

growth of canal and testis and finally (according to

Frank!) by the involution and shrinkage of the guber-

naoulum, the testes in man become lodged in the

scrotum." "What the reason for testicular descent

is I do not know," said Hart, "but the gubernaoulum

always penetrates to a mammary area; and this area

in the human male is a scrotal one." "The

gubernaculum always develops towards and ends in a

mammary area, suprapubic, inguinal, perineal and

scrotal." "The testis appears to follow its guide -

its canal former - the gubernaoulum; and this guber¬

naoulum in marsupials certainly passes through the

substance and skirts the edge of a developing lympha¬

tic area." (Fig. 6.) Hart's interpretation is

that the direction of descent to the prepenial scro¬

tum in marsupials is due to the testes following the

strand of the gubernaculum which passes suprapubi-

cally.

It /
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It is convenient to record here that in our

observations upon rabbit embyros 1st the early guber-

naculum is not attached to the lower pole of the tes¬

tis; but to the Wolffian Duct as Hart has pointed

out, (Obs. 1, E (a) Fig. 2 Fig. 3-rr). 2nd
km- ^

the gubernaoulum may be rightly termed the performer

of the inguinal canal, since it penetrates well ahead

of the processus vaginalis (Lepus D.G.L. 64, H.L. 16)

3rd the lymphatic area (Sabin) described by Hart as

lying in the path of the descending gland is seen in

these embyros (Fig. 6). I have not been able to

discover any evidence that the gubernaoular strands

"always penetrate to a mammary area."

The muscular strand passing to the mammary and

pouch area in Dasyurus Viverinnus does not appear to

be connected with the subperitoneal gubernacular

strand but rather with the lateral abdominal muscula¬

ture. (Obs. 3, b and c - Photoprint III. and IV.)

Felix (1912) (10) diverts the discussion into

ontogenetic channels and refers to the effect upon

the saccus vaginalis of 1st the "bringing into the

upright position" in the embryo "of the anterior

abdominal wall" (Fig. 631) "which up till now has been

horizontal and of 2nd the taking into the body cavity

of the loops of intestine that lay in the exo-coelom...

"The bending of the anterior abdominal wall into the

upright position will effect all the organs attached

to its posterior surface; there are the bladder and

the /
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the umbilical arteries when the arteries are

drawn upwards the horizontal portions are

raised and by this elevation the peritoneal folds

already present are materially increased in size."

Rising from below like a septum, they form a parti¬

tion between the primitive true pelvis and the anlage

of the sacous vaginalis. The latter becomes marked

off from the true pelvis and appears to he a sac like

evagination of the body cavity, well defined on all

sides, although actually, as we have seen, it is not

an evagination, but a portion cut off from the gene¬

ral body cavity by the encroachment of neighbouring

parts "

Thus is explained the formation of the Processus

Vaginalis (as a dissection of a 30 weeks human embryo

readily corroborates) but beyond this Professor Pelix

does not lead us. "We know," he says, "that the

saocus vaginalis eventually penetrates through the

musculature, and passing on below the former genital

swelling, enters the scrotal sac. How this outgrowth

takes place has not yet been determined. In the 7th

month the testis wanders down through the inguinal

canal and retains its original relation to the sac-

cus, i.e. it is, as before, invaginated into it.

The definitive position of the testis in the testis-

sao is acquired in the 8th month or at the latest
before birth."

Bresslau /
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Bresslaui (1912) (9) studied a large number of

marsupials comprising adults and pouch young of both

Australian and American forms. He devoted special

attention to this question of homology between marsu-

pium and scrotum. He admitted that in the adult

males there is to the naked eye no appearance of pouch

or mammary rudiments; but demonstrated that in the

male pouch young of the American species Didelphys

Aurita there is well developed pouch primordium with

nipple vestiges in addition to the scrotum which is

also well developed at this stage. Taf. xxxvii,

figs. 3 & 4. (Obs. 4a and b). Bresslau suggests

that if microscopic investigation were to be made in

adults the mammary organ vestiges would probably be

discovered.

These findings led Bresslau to deny the homology

of marsupium and scrotum, but "it would be in accor¬

dance with present evidence to say that the scrotum

of the male may be a specialised adaptation of the

primordium which in the female develops into a in¬

guinal mamma." "In the lowest marsupials (Beutel-
ratten) it can be demonstrated that in both sexes the

mammary apparatus is completely developed. In the

higher forms it is confined to the females."

A most interesting observation in this connec¬

tion would be in relation to the cremaster muscle in

the male Bidelphys. If this passes along the sper¬

matic /
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spermatic cord to the scrotum as in other species,

one would like to know whether there is also a vesti¬

gial muscle related to the pouch primordium. Unfor¬

tunately it has not been possible to investigate this

and one must rest content at present with the explana¬

tion of Bresslau that the pouch and scrotum may be

each developed from a pair of potential mammary

primordia. In some species it would appear to be

the same pair of primordia which is concerned with

pouch and scrotum according to sex. In the Didel-

phys on the other hand one pair would appear to deve¬

lop ihto the scrotum; whilst another and more an¬

terior pair appears to be represented by vestigial

pouch and nipples. "We may assume that the original

marsupials were pouchless," says Bresslau, "and pos¬

sessed a number of mammae independent of one another

which had issued from the primary organs and which

from the inguinal region stretched towards the an¬

terior to varying distances just as may be seen to¬

day in pouchless forms among the Didelphys." "fhese

next developed marsupial pockets." "In the male the

mammary apparatus originally developed in a similar

fashion to that of the female of the pouchless kind

and through lack of being called upon in the

service of their real function partly became rudi¬

mentary (i.e. all the cranial pairs) and partly sub¬
mitted /
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submitted to a new function, (i.e. the pairs nearer

the inguinal region).... and so became the prepenial

scrotum."

Other early writers on the development of the

male Genital Gland and on Testicular Descent include

Cleland (6), Kolliker, and Sir Astley Cooper. Sir

Astley Cooper's interesting series of dissections of

the human embryo showing different stages of testi¬

cular descent are in the Royal College of Surgeons'

Museum in London. Also Katz (11), Widersheim (IS),

and Spencer (22), Maoan (23), Turner (24), Potarca

(25), Marsh (26), Arbuthnot Lane (27), and Haas (28)

have all contributed notes of cases of Supernumerary

Testis. These cases are interesting in relation to

development of the genital fold and suggest a seg¬

mental subdivision of the fold; but have no special

significance in relation to descensus testiculorum.-

Amongst more recent monographs and text-book

references are the following:

Keith (18), MoAdam Ecoles (16), Robinson (19), Moore

(21), Hunter (14 and 15), J. T. Cunningham (20),
P.A.I. Crew (30), Benedict and Slack (31), J.C. Wilson

(29).
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MATERIAL and METHODS.

The material upon whioh this paper Is based

consists of -

Three Dissections of Rabbit Embryos, prepared by Pro¬

fessor J.P. Hill, and representing the stages G.L.

18 m.m. G.L. 27.5 m.m. G.L. 64 M.M.

Nine Dissections of New Born Rabbit Embryos personal¬

ly prepared and representing stages

Gr.L. 14 cm. to 18 cm.

One Dissection of 7 days old Rabbit Gr.L. 14 cm.

Serial Microsections of Rabbit Embryos of the three

stages, prepared by Professor Hill.

Gr.L. 1.7.5 m.m. G.L. g@. m.m. and G.L. 64 m.m.

Serial Microsections of Marsupial Embryos, prepared

by Professor Hill,

of Dasyurus Viverinnus o^ G.L. 17 m.m.

of G.L. 27 m.m.

o^" G.L. 62 m.m.

of Didelphys Aurita G.L. 36.5 m.m.

120 specimens (68 cf^ & 52 o^ ) of Pouch Young of
Dasyurus Viverinnus, Didelphys Aurita, Triohosurus

Vulpeoula, and Perameles.

Pour dissections of adult specimens of Metachirus

(Brazil), personally prepared, to demonstrate

attachments of oremaster muscle.

Dissection of Human Embryo. of at about 30 weeks tc

observe the gubernacular strands.
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OBSERVATIONS.

General, Morphology, Terminology.

Three Dissections of Rabbit Embryos representing
the stages G.L. 18 m.m.; G.L. 27.5 m.m.;

G.L. 64 m.m.

A. Description of Wolffian Body as it appears in a

rabbit embryo G.L. 18 m.m. H.L. 9 m.m.

(Plate I.)

The anterior abdominal wall has been re¬

moved and the abdominal viscera cleared to ex¬

pose the urogenital folds. These are placed
*

obliquely on the posterior abdominal wall;

their upper poles being more widely separated

than their lower poles because of the primordis,

of Kidneys and Suprarenal Bodies. The uro¬

genital fold extends from just caudal to the

diaphragm to the brim of the true pelvis. It

is divided into genital fold (medial) and mes-

onephric fold (lateral). The mesonephrio folc

is again divided into the gland portion, which

forms the main substance of the fold, and the

tubar portion which constitutes the lateral

border. Just cranial to the point of entrance

of the tubar portions into the true pelvis is

clearly seen the plica inguinalis merging

without definite point of demarcation into the

conus /
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conus inguinalia. At the cranial pole of the

mesonephros ia aeen the plica diaphragmatica.

On the right aide thia fold ia clearly divided

into two portiona, one lying on a more cranial

and lateral plane the plica diaphragmatica

propria and the other more caudal and medial -

the plica vaacularia. The plica vaacularia

contains the apermatic or ovarian artery. Sex

i8 not differentiated at thia stage. As deve¬

lopment proceeds these two plicae become more

widely separated. At this stage the tubar

portions of the two mesonephrio folds pass into

the true pelvis and are separated by the lower

end of the hind gut. There ia no genital cord

at this stage, as is also evident from a study

of microsectiona of similar staged embryos.

The urogenital folds at this stage invagi-

nate the peritoneum from the posterior aspect

and so are formed the "medial" and "lateral

bays" of the Coelom.
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PLACE I.

1. Suprarenal.

3. Kidney.

3. Genital Fold.

4. Mesonephric Fold (Gland Portion)

5. Mesonephric Fold (Tubar Portion)

6. Plioa Inguinalis.

7. Conus "

8. Plioa Diaphragmatioa.

9. Plica Vascularis.

10. Plica Diaphragmatica.

11. Hind Gut.

13. Lateral Baytof Goelom.

13. Medial Bay.of Coelom.
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Description of the Genital Organs and Ducts in

Babbit o^ G.L. 27.5 H.L. 12.5. Plate II.

In this larger embryo differentiation of

the component structures, whose primordia

formed the Wolffian Body, has occurred. The

genital folds are clearly defined and still

lie medial to the Mesonephric Folds. Bote the

divergence at this stage of the plica diaphrag-

matica, from the plica vascularis; the appear¬

ance of the ligamentum testis; the dense club¬

like development of the plica and conus inguin-

alis; and the processus vaginalis surrounding

the point of emergence of the conus from the

abdominal wall. The plica and conus inguin-

alis contain the condensation of mesenchyme

forming the developing gubernaculum. This

embryo is oT sex. This is indicated by the

dense, olublike gubernaoulum. At this stage

there is no continuity between the ligamentum

testis and the plica inguinalis. The early

gubemaoulum is not attached to the lower pole

of the testis; but to the tubar portion of

the mesonephric fold which contains the Wolf¬

fian and Mullerian Ducts.

The medial and lateral fossae of the

genital gland and the mesonephric (Wolffian)
mesentery are well shown. It is this mesen¬

tery /
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mesentery which later merges into the mesorohium,

whose lengthening allows the testis to loose

from its moorings in the initial stages of

descent.

Note the proximity of kidney and gonad on

both the right and left sides.



PLATE II.

1. P. Diaphragmatica.

2. Kidney.

3. P. Vascularis.

4. Progonal Portion of Gonad.

5. $onad.

6. Epigonal Portion of gonad.

7. Lig. Testis.

8. P. Inguinalis.

9. Genus "

10. Processus Vag.

11. Mesonephric (Wolffian) Mesentery.

12. Medial Fossa of Beproduct. gland.

13. Lateral Fossa of Beproductive gland.

14. Mesorohium (Mesogenitale).
15. gland Portion of Mesonephros.

16. Tubar Portion of Mesonephros.

17. Hind gut.

18. Mesonephric Fold - contains
Mullerian and Wolffian Ducts.

19. Bladder.
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Description of the Genital Organs and Ducts in

Babbit Embryo cT D.C.L. 64 m.m. H.I. 16 m.m.

(Plate III).

Comparison of this dissection with the

preceding one shows a relative diminution in

size of the gland portion of the mesonephric

fold. One result of this is the freeing of

the genital glands. On the right side the

gonad still lies on the medial border of the

mesonephric fold. The left gonad, however,

lies upon the lateral border of the left meson-

ephrio fold. The left gonad occupies a posi¬

tion farther distant from its kidney than was

the case in Plate II. It is also farther dis-

tant from its kidney than is the right gonad

from the right kidney.

Bote the strong, firm, plica inguinalis

containing the gubernaeulum.
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PLATS III, .

Kidney.

P. Diaphragmatica.

Gut.

Gland Portion of Mesonephros.

Testis.

Mesonephrio Sold containing
Mullerian and Wolffian Ducts.

Folds running parallel (male)
see Plate V.

Bladder.

Lig. Testis craniale.

Tubar Portion of Mesonephros.

Lig. Testis caudale.

P. Inguinalis contains gubernaculum.
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Uine Dissections of new-born Rabbit Embryos

representing stages (measured from tip of nose

to tip of tail) 14 cm. - 18 cm.

Method of Dissection.

The foetuses examined belonged to one

litter; five were males and three females.

Each foetus having been chloroformed, was pinned

out on cork, and emersed in normal saline. The

dissection was carried out with the aid of

binocular dissecting microscope, through the

anterior abdominal wall which was cut away so

as to leave only a fringe attached to the groins

and flanks.

The urachus and umbilical vessels were

divided and the bladder having been pulled down¬

wards, was severed as low as possible within the

pelvis. Care was taken to preserve the mes©:--

nephric and inguinal folds. The rectom was now

divided and the large and small bowel removed

in toto by snipping the mesentery close to its

attachment to posterior abdominal wall.

Before cleaning the dissection and trimming

the posterior bladder wall to expose the genital

cord, the vertebral column was severed just

cranial to the anterior pole of the right Kidney.

Notes on Dissections.

Plates IV and VI are o^ : V and VII are </*.
a. /
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Level of Kidneys:

In the small embryos represented in

Plates I, II, and III the difference in level

between R. and L. kidney primordia (Plate I)

and between R. and 1. kidney (Plates II and

III) is not so marked as it is in the new borji
foetuses (Plates IV, V and VI).

The later specimen killed seven days

after birth shows a closer approximation

again.

Level of Gonads:

There is tendency for the left gonad to

lie more caudal than the right. This is

more marked in the female than in the male

specimens.

Sex determination:

By naked eye inspection the male is

readily distinguished from the female by the

dense club-like gubernacula; and by the glo¬

bus major of the epididymus being closely

applied to the testis. The plica inguinalis

in the female is transparent and filmy, whilsjt
the osteum of the fallopian tube is clearly

visible about 2-3 mm. from the upper pole

of the ovary. Sex is also readily distin¬

guished by examination of the lower portions
of /
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of the mesonephrio folds. These unite to

form the genital cord in the female (Plate

IV); hut remain distinct, with a thin web of

peritoneum stretching between, in the male

(Plate V).

The mesogenitale is much longer in the

male (mesorchium) than in the female (meso-

varium): This produces a characteristic ap¬

pearance when the male foetus is dissected

under saline. The testes float freely in

the fluid; whilst in the female the ovaries

remain closely applied to the posterior ab¬

dominal wall.

d. The testes have "descended" farther than the

ovaries, and in Plate VII (seven days old)

they have descended farther than in Plate V

(newly born).

e. The course of the tubar portions of the mes-

onephric folds (Mullerian and Wolffian Ducts)
is different according to sex. In the fe¬

male the fold is somewhat / shaped;

in the male it is acted J upon by
the gubernaculum so as to entirely alter the

course of the ducts so:-

f. The plica inguinalis has now developed an

attachment to the dorsal surface of the meso¬

genitale cranial to the mesonephrio fold.
This /
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This is best seen in the mesovarium because of

its flimsy consistence: but exists also in

the mesorchium and indicates a growth of the

gubernaoulum towards the testis,

g. Measurements:



FoetusNo.

1

2

3

4

5

6

7

8

9

LengthofFoetus
16o.m.
14cm.

16cm.

17cm.
18cm.
16.5cm.
14cm.

18cm.

15cm.

Sex"n

0^

o-*

0^

/

s,

s.

Kidney(R)Lower PoletoGonad(R) UpperPole

6mm.

13mm.

6mm.

15mm.
17mm.

6mm.

14mm.
8.5mm.

6mm.

Kidney(L)Lower PoletoGonad(R) UpperPole

level

3.5mm.
2.5mm.

5mm.

3mm.

level

4mm.

1.5mm.
level

Kidney(R)to Acetabulum

26mm.

22mm.

17mm.

20mm.
20mm.

19mm.
17mm.

24mm.

22mm.

Kidney(L)to Acetabulum

12mm.

17mm.

8mm.

9mm.

7mm.

8.5mm.
11mm.

6mm.

15mm.

GreatestLength Mesogenitale Right

1.5mm.
7.5mm.

7mm.

6mm.

6mm.

2mm.

6mm.

2mm.

3mm.

Left

1.5mm.
6.5mm.

6mm.

6mm.

6mm.

2.5mm.
6mm.

1.5mm.
2.5mm.
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Serial Miorosections of Babbit Embryos of the

four stages G.L. 64 m.m.; G.L. 28 m.m. and

G.L. 17-.T3 m.m.; G.L. 14 m.m. Sections are repro¬

duced by drawings made with the aid of projection

apparatus.

(a) Big. 1. is a section through the largest of

this group, i.e. G.L. 64 m.m. H.L. 16 m.m.

It is chosen from a complete series cut 10 u.

apart and shews the most cranial structure in.

the genital tract of this embryo, i.e. the

plica diaphragmatica just caudal to its at¬

tachment to the diaphragm. Other structures

will be readily identified as under.

1. Eidney.

2. Bowel.

3. Ureter*-

4. Centrum.

5. Cord.

6. Aorta.

7. Psoas Major.

8. Lateral Muscles of Abdominal Wall.

9. Coeliao Plexus.

Fig. 2. shows serial sections at varying

intervals caudal to the above. The ureter

(U) and psoas major (P.M.) serve as landmark^
I. Plica diaphragmatica with cranial pole

of /
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of R. mesonephric fold showing a glom¬

erulus and tubules.

II. Cranial pole of R. mesonephros with

mesorohium and upper pole of testis.

III. 17. &s V. are at lower levels and show

the change which takes place in the

structure of the gland portion of the

mesonephros (i.e. marked dilatation of

tubules) (Bennett Allen ( ) )

Terminology. Felix. Keibel and Mall.

Vol. II.

1«, Lateral Bay of Coelom.

2. Medial Bay of Coelom.

3. Lateral Fossa of Reproductive Gland.

4. Medial Fossa of Reproductive Gland.

5. Mesogenitale (Mesorehium).
6. Genital Gland (Testis).

7. Gland Portion )
)

8. Mesentery Portion) Mesonephros or
) Mesonephric Fold.

9. Tubar Portion )

10. Wolffian Mesentery.
(Mesentery of the Mesonephros.)

71. A section caudal to the genital gland

and showing the tubar portion of the

mesonephros leaving the gland portion

with the ligamentum testis on its media],

side.

1. /
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1. Gland portion )
) mesonephros.

2. Tubar portion )

3. Ligamentum testis.

Pig. 3. I. Section through the tubar

portions of mesonephric folds as they

turn medially. Miillerian Ducts (small)

Medial to Wolffian Ducts (large)• The

relative size of the ducts is a factor

in sex determination.

Pig. 3. II. Shows the cranial extremity

of the plicae inguinalis. Note that

these arise on the lateral side of the

mesonephric folds and are therefore at

this stage in no respect continuous

with the ligamenta testis. That is tc

say the gubernaculum is in the early

stages not attaohed to the lower pole

of the testis.

Pig. 4. I. Shows the mesonephric folds

just about to unite at the base of the

bladder. Rote the small size of Mul-

lerian Ducts compared to Wolffian, also

the appearance produced by the ureters

each of which is cut thrice on its way

to the bladder.

Shows also the plica -inguinalis oil

either side projecting into the coelom

between /
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between the umbilicial artery and the trans-

versalis abdominis.

Pig. 4. II. The mesonephric folds have united

with one another and simultaneously with the
fB)

posterior bladder wall . Note here

another factor said to be useful (Pelix

(10) ) in sex determination that in the fe¬

male the mesonephric folds unite to form the

genital cord, whilst there is still a space

between this cord and the bladder (i.e. the

vesico-uterine excavation.) Note the con¬

densation of mesenchyme in the plica inguin-
(g)

alis which is the developing gubernaou-

lum and the cranial or upper limit of pro-
(P.V.)

cesses vaginalis

1. Centrum.

2. Pernora.

3. Rectum.

4. Ext. Iliac. Vein.

5. Ext. Iliac. Artery.

6. Pemoral Nerve.

Serial Sections of a rabbit embryo.

S.L. 38. m.m.; H.L.l£5m.m. correspond in

their main features with those of G.L. 64 m.m.

The discontinuity between ligamentum testis

and plica inguinalis is again cle,arly indica¬

ted; the early relative diminution in size ojf

the /
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the Mullerian duct as contrasted with the

Wolffian is again shown (fig. 5).

Fig. 5. 1. Mullerian Duct.

S. Wolffian Duct.

3. Plica Inguinalis.

4. Ureter.

5. Mesonephros.

Fig. 6. is an interesting section at a lower

level of G.L. 28e m.m. and shows the guber-

nacular strands in the conus inguinalis; in

the abdominal wall, lying between rectus ab¬

dominis and the lateral muscles of the abdomefri

(Pars intra-musoularis); and in the subcu¬

taneous tissue (Pars scrotalis). This latte

portion is seen threading its way "through

the substance and skirting the edge of a

developing lymphatic area." (Sabin and Berrjsr
Hart (8) ).

1. Rectus Abdominis.

E. Qbliquus Externus.A.

3. Qbliquus Internus.A.

4. Trans. Abdominis.

5. Plica Inguinalis.

6. Umbilical Artery.

7. Mesonephric Fold.

8. Ureter.

9. Inf. Epigastric Vessels.
10. Lymphatic Spaces.

(o) /
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Serial Sections of a Babbit Embryo.

G.l. 18 m.m.

Pigs. 7 and 8. are drawings of sections

through the urogenital fold before the geni¬

tal fold has become separated off from the

mesonephric. (Plates II and III). Bote

the position of the Mullerian and Wolffian

ducts lying well to the lateral side. The

former is lateral to the latter.

As serial-sections pass caudally the

genital fold ceases to appear and the tubar

portions pass medially. At one point the

Mullerian duct crosses the Wolffian and there

after continues on its medial side. (Cf.

sections of D.C.L. 64, H.L. 16, Pigs. 2 & 3.)

Pig.7 & 8. 1. liver.

2. Genital Pold.

3. Mesonephric Pold.

4. Tubar P.

Pig. 9, 10, and 11. represent sections from

Lepus G.L. 14 m.m.

Pig. 9. is cut just cranial to the

point where the Wolffian Body meets the ab¬

dominal wall near the groin. Bote the rela¬

tively large area occupied by the gland por¬

tion of the mesonephros and the dilated

tubules.

Pig. /
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Fig. 10 is of special interest as it shows an

early stage in the formation of the plica in-

guinalis. (Tide Ohs. 2c.)

Fig. 10. 1. Mesentery hind gut.

2. Umbilical artery.

3. Early plica inguinalis.

4. Ooelom (lateral bay).

5. Ooelom (medial bay).

Fig. 11. Is a section through the caudal

pole of the mesonephros and is also of im¬

portance in relation to the origin of the

plica inguinalis and gubernaculum.

(Tide Obs. 2, a, b.)

Fig. 11. 1. Phallus.

2. Urogenital Sinus.

3. Hind Gut.

4. Tubar Portions of Mesonephrio
Fold.

5. Gland Portions (Caudal poles)
of Mesonephric Fold.

Gubernaculum. /
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2 • Gub eraaoulum.

a. Development of Plica Inguinalis.

b. Primitive Gubernacular Strand.

c. Gubernacular Strand and Levator Marsupii.

d. Gubernacular Strand and Abdominal Muscula¬
ture.

e. Question of Priority of Development.
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Supernaculum.

a. Development of the Plica Inguinalis.

The earliest observations in this connec¬

tion were made on the serial microsections of

rabbit embryos G.L. 11.5 m.m. and G.L. 14 m.m.

The Wolffian Body in these stages extended the

whole length of the abdomen; its hinder ex¬

tremity being embedded in the mesenchymal prim-

ordium of the groin. That is to say that the

mesonephros extends caudal to the coelomic

cavity and is buried in that part of the embryo

which is destined to become the Junction betwee

the anterior abdominal wall and false pelvis.

In the earliest microsections the mesen¬

chyme at the point of contact between the hin¬

der portion of the mesonephros and the abdomi¬

nal wall, is of a denser nature than is the

surrounding mesenchyme (see fig. 10). This

"condensation also exists in the tissue imme¬

diately cranial to this point of contact (fig.

9). The appearance suggests that the extend¬

ing coelom had.encroached slightly upon the
tissue of the mesonephros itself, leaving a

little of the tubar portion outside, so to

speak, in the abdominal wall and Just external
to the umbilical artery. Examination of this

denser mesenchyme under high magnification

(x300) /
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(x300) failed to detect any difference "between

its structure and that of the mesenchyme form¬

ing the tubar portions of the mesonephric folds

(see fig. 9 and Photoprint II). The structure

of both is, however, readily distinguishable

from the early muscular tissue of the abdominal

wall.

Fig. 11. (&.L. 14 m.m. slide 20 ) is a draw-
4.11)

ing of this stage and at the level referred to.

Fig. 10 is a section 90 u cranial to this

(slide 20 ) and shows the eoelomio extension
( 4.2 )
between mesonephros and abdominal wall.

Fig. 9 is a section 90 u. cranial to this

(slide 20 ) and shows the union of medial and
3.4)

lateral bays of the coelom and the consequent

separation of the mesonephros from the anterior

abdominal wall.

A mental reconstruction built from these

sections suggests the true nature of the plica

and oonus inguinalis. These are formed in the

first instance by the peritoneum growing around

the Wolffian Body near its caudal extremity.

The next stage is shown in Plate I (a

drawing of Professor J.P. Hill's dissection of

the Babbit Embryo G.L. 18 mm. H.L. 9 m.m.)

where the coelom has considerably extended;

but the plioa and conus inguinalis remain appro¬

ximately in their original position. The plica

may /
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may at this stage be likened to the ligamentum

Latum Pulmonis in human anatomy, i.e. a double

fold of membrane containing little but connec¬

tive tissue, and existing as a reminder of the

process of coelomie development.

As the embryo grows the Wolffian Body and

the pelvis become separated the one from the

other by the developing coelom except at the

site of the plica inguinalis. This fold of

peritoneum represents the place, so to speak,

from which the mesonephros has receded (Plate

I). Within this fold occurs the condensation

of mesenchyme which is to form the gubernaculum

(fig. 4, I and II).

A later stage in the development of this

interesting structure, is shown in Plate II.

(a drawing of another dissection by Professor

J.P. Hill cr^Rabbit Embryo G.L. 28 mm. H.I*

12.5). Here the Wolffian Body with its ducts

and the groin wall have receded one from the

other; but the plica and conus inguinalis

though now much elongated, still remain in

approximately the same position.

Primitive Grubemacular Strand.

In the free border of the plica inguinalis

and between its two layers appears at an early

stage a condensation of mesenchyme which forms
a /
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a rounded cellular strand (fig. 4, I and II).
This is the primitive guhernaculum. Its origin

is distinct from the origin of the abdominal

musculature. It is clearly visible in embryo

Gr.l. 28 m.m. (fig. 6). The histological

structure of this strand in embryo G.L. 64 m.m.

is shown in photoprint I. The central cells

are smaller and with rounded nuclei: the cir¬

cumferential cells are more elongated with

spindle nuclei.

. Gubernacular strand and Levator Marsupii.

Whereas in the rabbit embryo G.L. 28.

the gubemacular strand commences cranially at

the mesonephric fold and passes caudally to the

groin and scrotal primordium (fig. 6): in the

human embryo the strand extends cranially be¬

yond the mesonephric fold towards the lower

pole of the testis and at its caudal extremity

within the primitive inguinal canal it splits

up into a number of strands as has been fre¬

quently described. A study was now made of
the levator muscles passing to the marsupium

(vide Obs. 3, a, b, c) and our conclusion was

that these were related to the lateral muscula¬

ture of the abdomen and had no apparent con¬

nection with the gubernacular strands.

These observations were supported by the

microseotions /
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microsections of Dasyurus Viverinnus (stage J.

slide 54 o ) and of Didelphys Aurita (D.C.I.
3.9 ^

36.5 m.m. H.I. 9.5 m.m. ). These sections

are shown in photoprints III and IV. Further

reference to these sections will he found in

the following paragraph on muscle strands.

It has been suggested (Keith) that the

inguinal strands seen in the pregubernacular

stage of placental mammals may arise in the

same areas as the two muscles which support

the pouch in marsupials.

A human embryo about the 30th week was

dissected in order to demonstrate these in¬

guinal strands. The tastes were lying at the

internal abdominal ring. The lower pole of

each had indeed already entered the ring whose

sharp medial boundary was formed by the fold

of peritoneum covering the deep epigastric

vessels. On slitting up the inguinal canal

and dissecting the gubernaculum this was found

to become tubular and to split up into several

strands. One was seen to pass to the perineum;

another along the spermatic cord into the

scrotum; and another more medially towards

the pubis. These strands were apparently con¬

tinuous with the gubernaculum and were deeply

situated. They were distinct from the cre-

master, / „
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cremaster, which, arising as the lower faciculi

of the Transversalis and Internal Oblique, were

more superficially situated. I have not been

able to obtain fresh human material to make

histological examination of these strands to

determine the presence or absence of muscular

tissue; but large numbers of sections have

been made by R.H. Hunter on fresh embryos and

in no case has he discovered muscular tissue

fn the human gubemaculum {33, 34).

d. Grubernacular Strand the Abdominal Musculature.

The relationship between this strand and

the lateral musculature of the abdomen in lepus

G.L. 18 m.m. is shown in photoprint II. The

section is through the .plica inguinalls --

and shows its union with the conus inguinalis.

There is a definite line of demarcation between

the plica and the oonus: and the eellular

structure of each is distinctive. The cell

elements in the plica are like those in the

dense mesenchyme surrounding the Mullerian and

Wolffian Ducts in the tubar portions of the

mesonephric fold (fig. 9 and 10). The cell

elements in the conus are like those in the

primitive transversalis abdominis muscle besidci

which it arises.

e. /
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. Does the gubernaculum develop prior to the

musculature of the abdominal wall? (Bef.
(14)

Discussion Anat. Soc. G.B. & I 1924 ).

The following three sections in the series

of early rabbit embryos were of interest in
sc-

this connection.

14
1. lepus G.L. 11.5 m.m. Slide g g
2. Lepus G.L. 14 m.m. Slide —15_3.5

3. Lepus G.L. 17.5 m.m. Slide 15
1.8

The first of these shows a stage prior to the

appearance of the plica inguinalis and guber-

naculum. The abdominal musculature is indica¬

ted by a somewhat denser mesodermal line but is

not yet differentiated into external, internal

oblique and transversalis muscles.

The second shows a stage where the plica

inguinalis has appeared though there is not yet

any appreciable condensation of mesenchyme to

suggest the developing gubernaculum. The ab¬

dominal musculature is differentiated.

The third shows the early gubemacular

strand and also definite differentiation of

abdominal musculature.

These sections have already been referred

to in connection with the development of the

plica inguinalis. They are again referred to
here as suggesting that in the rabbit the plioa

is already formed when the external, internal

oblique /
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oblique and transversalis musoles are still

undifferentiated. But that at this early-

stage the condensation of mesenchyme forming

the primitive gubernaculum has not appeared.

This condensation appears rather later in the

specimens examined than the stage where the

lateral musculature is differentiated. The

differentiation, however, begins in the flanks

and there is no reason to dispute the sugges¬

tion that the abdominal muscles dispose them¬

selves around the developing gubernaculum in

the groin (14).
•x

I regret that I have not photographic repro¬

ductions of these microsections, which may be

seen in Prof. J. P. Hill's collection.
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3. Muscle Strands.

Suspensory Muscle of tiie Marsupium

(Levator Marsupii).

(a) A dissection was made of the pouch region in two

adult female marsupials (metachirus) and of the

inguinal region and scrotum in two males of the

same species.

Females. The marsupium was shallow and

situated between the two marsupial bones. To .

the skin of the lower lateral limit of the pouch

was inserted on either side, a broad flat

muscle. This was 8 m.m. broad at its insertion;

and when traced backwards was found to become

narrower towards its origin from the bodies of

the lumbar vertebrae. Its form suggested that

of the levator palpebrae superioris in man.

This muscle arose as the lowest faciculi of the

Transversalis Abdominis. It received also re¬

inforcing fibres from the Internal Oblique and

appeared to be the Gremaster muscle.

Males. The scrotum was ovoid with its

long axis antero-posterior when the hind limbs

were adducted. The right testis lay anterior

to the left. The spermatic cords passed upwards

and backwards from the scrotum and were disposed

side by side in the narrow Scrotal pedicle* The

cords /
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cords ran upwards and laterally being superfic¬

ially placed until they had passed to the lateral

side of the marsupial bones, when they ran deeply

into the inguinal ring. The spermatic cords

were covered by a muscular tissue which left them

in definite fasiculi as the cords changed direc¬

tion at the marsupial bones. When traced up¬

wards these fasiculi were found to arise as the

lowermost fasiculi of the Transversalis Abdominis

being attached to the bodies of the lumbar verte¬

brae. This muscle is without doubt the Cremaste

and the homologue in the female of the muscle

described above as the Suspensory Muscle of the

Pouch.

(b) Photo-print III. shows the suspensory muscle in

marsupial Dasyurus Viverinnus (Prof. J. P.

Hill's collection Stage J. slide 54 ). This
3^")

strand appears to arise from the lateral muscula¬

ture of the abdominal wall and is an early stage

in the development of the Cremaster. Its direc¬

tion is towards the pouch and mammary primordia.

1. Marsupial Bones.

2. Recti Abdominis.

3. Pyramidalis.

4. Cremaster.

5. Mammary Primordium.

6. Pouch Primordium.

7. Bladder.

(e) /
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) Photo-print IY. is a similar section through the

D.0.1. 36.5 H.L. 9.5 m.m. American Marsupial

Didelphys Aurita (Prof. J.P. Hill's Collection

). The cremaster is again seen though in

this case less clearly. The importance of this

section is the strong indication that this muscle

is derived from the mesoderm destined to form

the lateral muscles of the abdomen: and that it

has no homology with the sub-peritoneal strands

which constitute the gubernaculum.

1. Marsupial Bone.

2. Rectus Abdominis.

3. Pyramidalis.

4. Pouch Primordium.

5. Mammary Primordia.

6. Psoas.

7. Gremaster.

This observation has been checked by careful

study of the serial sections above and below:

and there appears to be no connection between

the tissue of the plica inguinalis and the cre¬

master.

/
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4. The Homology of Marsupium and Scrotum.

Examination of Pouch Embryos to determine

1. Presence or absence of pouch and nipple ves¬

tiges in males.

2. Relative positions of marsupium in female, and

scrotum in male.

Material consisted of 13 embryos of Petrogale

(a) The following is an abstract of the findings as

regards pouch and nipple vestiges in males.

Petrogale Penioillata (Rock Wallaby)

Penicillata

41 embryos of Triohosurus
Vulpecula

16 embryos of Macropus
Ruficollis

19 embryos of Didelphys
Aurita.

9 c/7specimens; stages G.L. 8 c.m. - 25 c.m.

no nipple or pouch vestiges discovered.

Note. 4 Q specimens G.L. 5 c.m. - 8.5 c.m.

all had pouch rudiments.

Triohosurus Yulpecula.

26 (^specimens stages G.L* 7 c.m. - 20 c.m.

no definite nipple or pouch vestiges dis¬

covered though many showed suggestive dermal

crease in middle line.

Note. 6 o specimens G.L. 10 c.m. - 15 c.m.
V
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Macropus Ruficollis.

8 cf^speoimens: stages G.L. 6 c.m. - 19 c.m.

no nipple or, pouch vestiges discovered.

Note. 8 specimens G.l. 5 c.m. - 15 o.m.

all except that of 5 c.m. have pouch rudi¬

ment visible to naked eye.

Didelphys Oancrivora

15 cr^speoimens stages G.Z, 6.5 c.m. - 14.5 c.m.

definite pouch vestige with nipple primordia

present in every case. This is situated

cranial to the anterior groin fold.

Note. H 16 foetuses stages 6.8 c.m. - 15

c.m. all have pouch primordia with nipples

and situated in similar position to the

pouch in the males.

The following is an abstract of the findings as

regards relative positions of marsupium in the

female and scrotum in the male.

Petrogale Penicillata (Rock Wallaby)
9 C^pecimens examined. Prepenial Scrotum

is midway between the groin fold and the

natal fold levels.

4 (^specimens examined. Pouch primordium
is /
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is in every ease well cranial to the groin

fold level.

w

Trichosurus Yulpecula

25 cr* specimens examined. Prepenial scrotum

is midway between the groin fold and the

natal fold levels.

16 specimens examined. Pouch primordium

is rather caudal to that of Petrogale Pen.

It lies just caudal to the groin fold level

and cranial to the position of scrotum in

the male.

—

Macropus Ruficollis.

8 <r* specimens examined. Prepenial scrotum

midway between groin and natal fold levels.
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8 speoimens examined. Pouch primordium

is similar in position to that of Petrogale

Pen. i.e. just cranial to groin fold level.*

Didelphys Oancrivora.

15 S specimens examined. Prepenial scrotum

midway between groin and natal fold levels.

Pouch and nipple rudiments cranial to the

groin fold level.

16 o^ specimens examined. Pouch Primordia
are well developed and are situated in

similar position to the pouch rudiments in

the male. i.e. cranial to the groin fold

level.

Hote. Groin fold level is represented by a trans¬

verse line drawn across the abdomen at the

fold /
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fold of the groin when the hind limbs are in

semiflexion. This was the position assumed

by the limbs when hardened in spirit.

Natal fold level is represented by a

transverse line drawn across the root of the

tail at the point where the buttock meets the

tail.

Photoprints V. and VI. are of the scrotum and

marsupium of the Australian Species Dasyurus

Viverinnus, and are micro photographs taken

of sections in Prof. J.P. Hill's collection.

Photoprint V. shows the growth inwards of the

dermis in caliper fashion (Berry Hart (8) )

and the Pars scrotalis section of the gubema¬

cular cords.

Photoprint VI. shows the growth inwards of

the dermis in the distinctive fashion associa¬

ted with the primordium of the marsupium.

One Mammary Primordium is eaught in the sec¬

tion and on the left side is clearly shown the

Cremaster muscle rounding the marsupial bone.
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Comparison of Male and Female Embryos.

In Section ID. (f) measurements are recorded

which show some of the earliest results of sex

development upon the relations and attachments of

the gonads in rabbit embryos.

a. Whereas there does not appear to be any diffe¬

rence in the two sexes between the distance

from the Bight and left Kidney to the acetabula

there is in most cases a sex difference in the

distanoe from kidney to gonad. In the males

the distance on the right side is 13 m.m.; 6

m.m.; 15 m.m.: 17 m.m.: 14 m.m.: and in the

females the corresponding measurements are

6 m.m.: 6 m.m.: 8.5 m.m. and 6 m.m. Bow on

the left side the distance from kidney to gonac.

in the males is 3.5 m.m.: 2.5 m.m.: 5 m.m.:

3 m.m.: 4 m.m. All are shorter distances

because the left kidney lies lower (i.e. more

caudally). In the females the distances are

level: level: 1.5 m.m. and level. The tes¬

tes have thus already commenced their "descent1

or shall we not rather say, the testes have

come to occupy a different position relative

to the kidneys and acetabula than.have the

ovaries.

b. With regard to the length of the mesogenitalo

this in the male foetuses is on the right side

7.5 /
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7.5 m.m.: 7 m.m.: 6 m.m.: 6 m.m.: 6 m.m.:

and on the left side 6.5 m.m.: 6 m.m.: 6 m.m.

6 m.m.: 6 m.m.: Whereas in the female it is oil

the right side 1.5 m.m.: 2 m.m.: 2 m.m.; 3

m.m.; and on the left 1.5 m.m.: 2.5 m.m.;

1.5 m.m.: 2.5 m.m.

That is to say the length of the mesorchiujn
is in new horn foetuses of the same litter and

of approximately the same size, in every case

considerably longer than is the mesovarium.

This difference in length of the mesentery

which attaches the genital glands to the pos¬

terior abdominal wall must be considered amongs|t
the factors influencing "descent" of the testes

The difference between the male and female

plicae inguinalis is very marked, the former

being dense, firm, club-like and the latter

even at the stage D.O.L. 64 m.m. being thin,

transparent and filmy (see Plates V. and VII.

S and IV. and VI. ).

Any influence which the plica, inguinalis ex¬

erts upon the genital gland is likely to be

more in the male than in the female.

The course of the tubar portions of the meson-

ephrie folds is different in the male from the

female. (See Obs. 1, D (e) ).

/
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Another factor which should he considered as

hearing on the fact that the testes are even at

this early stage descended farther than the

ovaries is the separation of the latter from

the tuhar portion of the mesonephros. Whereas

the epididymis is closely applied to the testis

and the globus major overlies its upper pole:

the primitive Fallopian Tube is not so closely

applied to the ovary and a distance of 2 - 3

m.m. exists between the osteum of this tube

and the upper pole of the genital gland.

Some significance should be attached to

this fact in that any force applied either as

anchor or tractor through the tubar portions

would act more directly upon the male than upon

the female gland.

With regard to the determination of sex in

rabbit embryos, I was not able to discover any

distinguishing feature in the external genitals

of the nine new born foetuses; but the feat¬

ures already described made the sex determina¬

tion easy on opening the abdomen. In smaller

embryos three methods were applied.

1. Histological appearance of the gonad and by

this means sex was determinable in

lepus /
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lepus Gr.L. 11.5 m.m. (Box 8 )

Lepus Gr.L. 14 m.m. (Box 3 ) <y*
Lepus Gr.L. 28 m.m. <y*
Lepus D.C.L. 64 m.m. (Box 12a) <y*

H.L. 16 m.m.

2. Relative Size of Miillerian and Wolffian

Ducts. At as early a stage as Gr.L. 11.5 m.m.

(ref. slides 12, 13 and 14) sex was determin¬

able by this method and the sex of the later

embryos detailed above was also corroborated.

3. Utero-vesical Excavation. Professor Felix

(10) mentions the fact that when the tubar por¬

tions of the mesonephric folds unite to form

the genital cord there remains a space between

this cord in the female and the bladder; that

in the male on the other hand the two meson¬

ephric folds unite with one another and with

the posterior bladder wall simultaneously.

In the serial sections of rabbit embryos

examined some of the male mesonephric folds

were united 70 - 90 u above the point of union

with the bladder. There thus remained a space

of 7 to 9 sections, which caused one to lay

less stress upon this method of sex determina¬

tion in rabbit embryos.
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DISCUSSION.

The foregoing observations throw light on certain

hypotheses and conclusions which have heen published

on Descensus Testiculorum. The morphological de -

scriptions form a basis for the consideration of ques¬

tions on the gubernaculum; on the muscle strands; on

the marsupium and scrotum; and on growth energies.

The Gubernaoulum. The close relationship of the

primitive gubernacular strand with the plica inguinale

led one to investigate the origin of the latter struc¬

ture. Observations on the development of the plica

{Obs. 2 (c) ) suggest a different conception from

that previously entertained {10). Should this fold

be the result of the union of the small plica inguin-

alis of Klaatsch and Felix with the conus inguinalis,

one is cTriven to seek explanation first for the appear

ance of these two structures and then for the fact

that they unite the one with the other. Klaatsch was

led to adopt the suggestion that the conus might be

the phylogenetic result of pressure backwards upon the

abdominal musculature of the mammary glands ( ).
Our conception of the plica inguinalis (Obs. 2. c.)

presents a more natural explanation and would appear

to make such hypotheses as the above unnecessary. The

plica is first seen in the vicinity of the internal

abdominal /
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abdominal ring (Plate I) because it is from this

region that the Wolffian Body has just receded. Phis

distal attachment of the plica remains throughout

succeeding stages of development and its axis indi¬

cates the line of development of the gubernaoular

strand.

The strand first appears in the free border of

the plica and its growth is both cranial and caudal

from this initial position. The cranial growth

which is at first limited at the mesonephric fold

(Obs. 1, B. Plate II) passes later beyond this to

find attachment to the lower pole of the testis (Obs.

1. D. f). The caudal growth continues in the direc¬

tion initiated by the axis of the plica being influ¬

enced by the abdominal musculature around it, and by

the lymp,hatic spaces of Sabin and Hart (Pig. 6. 10.)
until it reaches the scrotum. It is a point of in¬

terest that the diverging strands of the gubernaculum

seen in the human embryo about the 6th and 7th months

appear below the level of the plica inguinalis. It

is as though the directing influence of this ceased

at the internal abdominal ring and that thereafter

the confining influence of the abdominal musculature

and fascial- was less effective I

The growth processes at work in the apex of the

gubernaculum are explained by Sir Arthur Keith in
(18)

his recent paper . A study of successive stages

of /
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of embryos suggests that the rate of growth at the

apex of the guhernaoulum is more rapid than the growth

at the protenial end. This fact is compatible with

the steady transposition of the genital gland caudal-

wards. Indication is given to some direct caudal

traction on the part of the guhernaculum by the obser¬

vation on the different course of the mesonephric

folds in the male from that in the female. (Obs. 1.

D. (e) also Plates Y. or VII </* and IY. or VI. o^ ).
This suggests strong action on the part of the firm,

male gubernaoulum either retaining (as an anchor) or

drawing (as a tractor). Such action is absent in the

case of the female plica inguinalis, where the course

of the mesonephric folds is uninterrupted.
(15)

R. H. Hunter's observation that the apex

of the gubernaculum is not attached to the fascial

floor of the scrotum is of interest; but the above

explanation of the different rates of growth suggests

that it is not necessary for the gubernaculum to have

a "fixed point" to pull froml It is as though a

swimmer towed a boat behind him. The club-like shape

of the gubernaculum is of importance. A dissection

of the groin region in the new born rabbit embryos

shews how firmly the extremity of the "club" is buried

in the groin tissue. The size of the "club" is such

in these early stages as to almost entirely occlude

the processus vaginalis into which it is invaginated.

The /
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The Muscle Strands.

Some confusion would appear to have existed in

relation to the significance in descensus testiculorum

of the inguinal strands seen in the pregubernacular

stage of placental mammals; of the cremaster muscles;

and of the suspensory muscles of the pouch or leva-

tores marsupii. The discussion on the pouch scrotum

homology attracted a fresh interest to the study of

these strands. Our observations have led us to con¬

clude that the inguinal strands are of subperitoneal

origin and related to the gubernacuium, Whilst the

suspensory muscles and the cremaster are both related

to the lateral musculature of the abdomen (Obs. 3,

a, b and c).

Marsupium and Scrotum.

The presence of marsupium and scrotum in the same

individual (Obs. 4, a) and the data on relative posi¬

tions of pouch and scrotum (Obs. 4, b.) in different

species of marsupial, suggest that there is no real

homology between these structures.

The specimens of Trichosurus Vulpec, showed two

differing features when compared -with the other Aus¬

tralian species (Petrogale Penicillata, Macropus

Bufioollis)

1. The position of the marsupium appeared to be

slightly more caudal and

2. / *



64.

2. There appeared to he in many specimens indefinite

dermal creases suggestive of pouch vestigaes.

These findings also accord with those of Bresslau

who considers the Trichosurus to approximate more

closely to the Didelphys than do the other Austra¬

lian forms.

The fact that the position of the marsupium in the

female specimens of all species examined was definitely

cranial to the position of the scrotum in the males

also weighs against the homology of the two structures.

This observation is not in accord with that of

Elaatsch, who was led to suggest the homology of these

structures on account of the marsupium in the female

apparently occupying a similar position to the scrotum

in the male. (Morph Jahrbuch 1890, vol. xvi, fig. )

The observations on the levatores marsupii and

cremaster muscles would not appear'to justify the

hypothesis of homology; because it would seem reason¬

able to suppose that structures arising in such simi¬

lar mariner as do the scrotum and pouch (Photoprints

Y. and VI) though their respective levels may not

correspond (obs. 4, b) might well receive similar off

shoots from the transversalis abdominis and internal

oblique as is represented by the muscles in question.

There is a suggestion here as to the function of
the cremaster muscle. It would not appear unreason¬

able /
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unreasonable to suppose that since the levator marsupiL

and the cremaster are so alike in morphology, their

original function was also similar. It is true that

the cremaster has no attachment to the scrotum and

that it is separated therefrom by the external sperma¬

tic fascia; but these facts are incident upon the

descent of the testis and the presence of the sperma¬

tic cord. This question would suggest the value of

a simple dissection of the male pouch young of Didel-

phys Aurita. The object of this would be to demon¬

strate the cremaster muscle passing to the scrotum and

to elucidate the nature and attachments of the levator

muscle of the vestigial pouch should there prove to be

such a muscle.

(Photoprint IV.)

Our microphotoprint of the pouch region of Didelphys

Aurita is of a female, and though suggestive would

not appear to be justifiable evidence in this connec¬

tion.

Growth Energies.

One might ask what is meant by growth energy!

In search of a definition of this term (18) one is

brought into grips with the mystery of life itself.
In the discussion of the ontogeny of descensus testi-

culorum one is bound to agree with Lockwood, Felix,

Keith and others who emphasize that this problem is

ultimately /
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ultimately the problem of growth.

The researches of Frankl, Wiedersheim, Klaatsch

and woodland direct us in search of the "causa movent

testis to phylogeny: and although the hypothesis of

Woodland is at first rather startling it would appeal
a most reasonable one. The fundamental principles

upon which his suggestion is based must be linked up

with the chain of evidence provided by other obser¬

vers. The effect of the lengthening of the mesor-

ehium without any marked caudal progress of the

gubernaculum is readily appreciated from the simple

experiment of emersing the opened abdomen of a young

rabbit foetus of a few days old in saline. This in¬

stability of the testes suggests the next step in

phylogenetic adjustment in that the gubernaculum

should progress caudally and draw the glands towards

the groin wall. Woodland attempts to explain "why"

and others endeavour to demonstrate "how".

The generally accepted interpretation of evolu¬

tionary processes would lead one to the conclusion

that if the cause of descensus is in phylogeny, we

need not look for more in ontogeny than a sequence

of developmental stages and growth processes resul¬

ting in the conditions which phylogeny requires.

The fore-limh of a bird, for example, has under¬

gone phylogenetic adaptation compatible with flight.
We may trace this comparatively, noting the stages

through /
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through which this adaptation has developed and

reasoning out the conditions in environment and habit

leading to such adaptation. In ontogenetic study of

the chick, on the other hand, one would be content to

observe the growth changes which take place in obed¬

ience, shall we say, to phylogenetic requirement.

One would find it very difficult to discover the com¬

bining forces acting upon the cells of the skin fol¬

licles resulting in the formation of feathers. Such

forces are I take it growth energies.

Now this applies to the problem of descensus.

It would appear to be a most difficult exercise to in¬

vestigate in an individual embryo the forces which

direct the descent of the testes. These are the

growth energies determined by phylogeny. And in re¬

sponse to these the structural changes in the embryo

develop as soon as sex becomes differentiated; the

sex differences appearj the mesorchium lengthens in

comparison with the mesovarium: the tubar portion of

the mesonephric fold of the male beoomes the epididy¬

mis and that of the female the Fallopian Tube and so

on. One of those mysterious growth processes takes

place in the gubernaculum. This is described in

detail by Sir Arthur Keith in his recent paper (18).
With regard to Klaatsoh's argument that growth pheno¬

mena oanrfot be responsible for descensus since this

takes place periodically in adult rodents, one must

remember /
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remember that the descent has already taken place to a

very considerable degree (obs. 1, D. ) during the

growth of the individual; and that it is only the

final descent into the shallow scrotal pouch which

occuts at the breeding season. This final descent

would not appear, it is true, to be due to growth pro¬

cesses; and it would seem reasonable to accept the

explanation (IE) that increased voluifi© and weight of

the gland at these periods are responsible for the

transposition. This periodic descent, on the other

hand, could not take place had not the previous growth

changes occurred in the length of the mesorchium and

in the formation of the saccus vaginalis as described

by Felix ( )* ' With regard to the hypothesis of

B. H. Hunter, that intra-abdominal pressure causes

descent in the later stages. We have no data either

in support or refutation,. but would suggest that were

intra-abdominal pressure to be a factor in the final

stage of descent, it could only become active after

the other growth processes had all taken place to

make it possible for the testis to leave the abdomen.

Sir Arthur Keith (18) has referred to the well

known difficulty experienced by surgeons to bring down

an undescended testis and says, "yet in natural bio¬

logical process this operation is successfully accom¬

plished during 6th, 7th and 8th months of foetal life."

The reason for this is, of course, that in the

development /



69.

development of the testis the adjacent structures also

develop pari passu. As the testis matures the mesor-

chium vas and peritoneum lengthen; the epididymis

tubule becomes more convoluted etc. etc. If testi¬

cular development is arrested other growth changes

also fail to take place - and we have as John Hunter

pointed out in 1786 cryptorchism.
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ooNomjsious.

The plioa inguinalis arises as the mesonephros re¬

cedes from the pelvis: and determines the direc¬

tion of the gubernaculum as far as the groin.

The guhernaculum in the rabbit is cellular up till

the stage D.O.I. 64 H.L. 16.

The pars scrotalis gubernaculi of the rabbit "passes

through the substance and skirts the edge of a

developing lymphatic area."

The levator marsupii arises similarly to the cremas-
more

ter. It is on a/cranial plane and has similar

course.

The gubernaculum exerts a drawing influence upon the

mesonephric fold of the rabbit which produoes in

this a V shaped bend.

The apex of the gubernaculum in the rabbit passes

into the primordial scrotum in advance of the

processus vaginalis.

The early plica inguinalis is attached to the tubar

portion of the mesonephric fold and has no con¬

tinuity with the ligamentum testis; but in the

new born foetus there is a continuity established

posterior to the Wolffian mesentery and passing

towards /
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towards the testis.

The plioa inguinalis exists prior to differentiation

of abdom.musc.: hut the condensation of mesen¬

chyme which forms the primitive guhernaculum

takes place after the abdom. muse.has been diffe¬

rentiated.

The marsupium occupies slightly different levels in

the different species of marsupial: and in no

cases examined does the level exactly correspond

to that of the prepenial scrotum.

The marsupium is not homologous with the scrotum in

male marsupials, though its mode of development at

a different level is similar to that of the

sorotum.
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