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INTRODUCTION.

Hitherto no detailed account of the development of the alimentary canal and its
associated glands in the Marsupialia has been published. ~The present paper is the
result of an investigation into the development of these structures, in so far as
concerns the pancreas, the pancreatic and hepatic ducts in 7rechosurus.

The material examined belongs to Professor HirL’s collection of Marsupials. The
embryonic stages are those employed by Fraser and HinL in their paper on the
“ Development of the Thymus, Epithelial Bodies and Thyroid in the Marsupialia,”
but a considerably larger number of pouch-feetuses was available for examination.
The series ranges from the embryo of greatest length (G.L.) 5 mm. to the pouch-
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feetus of greatest length 5°2 cm., head length (H.L.) 19'5 mm., and comprises in
all twenty-two stages, of which fifteen are embryonic and seven are pouch-young.
Reference has also been made to two adult specimens.

For the purposes of accurate investigation, wax-plate reconstructions have been
made of the pancreas, pancreatic and hepatic ducts and of the gut related thereto,
in five stages. The models of Stages IL, III, VIII and XI were constructed at a
magnification of 150 diameters, and that of Stage XX at a magnification of
85 diameters. These models are reproduced in Plate 11, figs. 1, 2,3, 4 and 5, and I
take this opportunity of thanking Miss STEELE for her beautiful drawings of the same.

I wish to record my gratitude to Prof. J. P. HrLL, at whose suggestion the present
investigation was undertaken, for the constant help and advice which he has
extended to me throughout, and which I have highly valued.

I am also indebted to Prof. G. D. TEANE for his kindness in lending me certain
periodicals, and to Dr. W. C. MackeNziE for a description of the pancreas and its
relations in the adult 7richosurus.  For help in making the models and for
photographing the same T have to thank Mr. F. Prrrock, of this Department.

DrscriprioNn oF THE CoURsE oF EvEeNTS.
1. Hepatic Ducts and Gall-Bladder.

(@) Hepatic Ducts.—The primordium of the liver arises as a median diverticulum
of the ventral wall of the entodermal gut tube at the junction of the region of the
incipient stomach with the but slightly indicated duodenum ; it lies in consequence
cranial to the anterior intestinal portal. The primordium in Stage I (embryo 897,
G.L. 5 mm.) has the form of a small globular appendage of the gut in wide open
communication with the same, situated between the large right and smaller left
vitelline vein, and prolonged distally and laterally into solid strands of cells con-
stituting the trabecule (text-fig. 1 and Plate 11, fig. 1, h.div. and ¢r.).

The trabecular strands furnish the liver parenchyma ; the proximal part of the
primordium, which represents the original hepatic diverticulum, and which may
be designated by that name, becomes transformed into the ductus choledocus and
hepatic duct, and gives origin to three appendages, the two ventral pancreatic
primordia and the cystic primordium. From the latter the cystic duct and the
gall-bladder arise.

With progressive development the hepatic diverticulum grows in size and under-
goes differentiation. Originally globular in form (Plate 11, fig. 1, h.d4v.), it increases
in length and decreases in width to become tubular ; its proximal region adjoining
the gut persists as the tubular ductus choledochus, its more distal region forms
the hepatic duct, while proliferative activity is restricted to the lateral aspects
of the intervening portion of the diverticulum and to the hepatic duct (Plate 11,
fig. 2).
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The trabecule also become more extensive: no longer limited to the ventral,
medial and dorsal aspects of the vitelline veins, they invade and encroach upon the
said veins, these latter having meantime themselves undergone marked developmental
changes.*

In Stage I (embryo 8’97, G.L. 5 mm.) the trabeculze arising laterally from the
proximal region of the hepatic diverticulum encircle only the medial, lateral, and in
part the dorsal walls of the vitelline veins (text-fig. 1, ¢r.), whereas distally a
radiating proliferation occurs. As development proceeds, the lateral walls of the
diverticulum continue to proliferate, as do also the cells of the trabeculee themselves,
and the strands come to anastomose with one another and at the same time invade
the lumen of the vessels, the latter in time undergoing complete conversion into a
vascular sinusoidal network. When the portal vein is recognisable as such (Stage III,
embryo a’97, G.L. 7 mm.) the trabeculse, no longer having the form of thick separate
strands but branching and anastomosing throughout their course, have extended
round and have invaded the right, the ventral and also the dorsal aspec"os of the
spiral vessel, which has resulted from the fusion and subsequent partial degeneration
of the originally separate vitelline veins. The trabeculze thus come to form an almost
complete broad peripheral investment to the spiral vessel. As development proceeds
the trabecule continue to branch and anastomose and to invade the lumen of this
vessel until its course is so far interrupted that it assumes the form of a sinusoidal
network traversed by the portal vein and by a cranial continuation of the same, this
venous trunk representing in the main the persistent portions of the vitelline veins
which have not been invaded by hepatic tissue.

(b) Gall-bladder.—The cystic primordium arises as a secondary outgrowth from
the ventral wall of the hepatic diverticulum in close proximity to the opening of the
latter into the duodenum and very shortly after the origin of the diverticulum itself
from the gut. The primordium is just recognisable in Stage I (embryo 8’97,
G.L. 5 mm.) as a small depression in the floor of the hepatic diverticulum,
approximately median in position (text-fig. 1, c¢.p.). The cells forming its wall
undergo rapid division, with the result that in the succeeding stage the primordium
appears externally in the form of a minute globular projection from the ventral
aspect of the hepatic diverticulum (Plate 11, fig. 1, c.p.). With progressive develop-
ment the primordium grows in length and alters in shape. For a time it retains its
original globular form (Plate 11, fig. 2, c.p.), but in Stage VI (embryo XX ’04,
G.L. 7:75 mm.) its cranial or distal segment has begun to increase in diameter, this
increase being indicative of the commencing differentiation of the primordium into its
cystic and vesicular (gall-bladder) portions. This differentiation is recognisable in
Stage VIII, where the primordium is club-shaped (Plate 11, fig. 3,¢.p.). By Stage X
(embryo 4799, G.L. 1025 mm.) there is a sharp demarcation between the two

* The vascular supply of the liver and the development of the same will be described in detail in
connection with the development of the liver in a subsequent paper.

2T 2
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portions, the cystic duct being typically tubular, the gall-bladder situated at right
angles to the duct and projecting cranio-ventrally (Plate 11, fig. 4, d.c. and v,f.). The
cystic duct at this stage is short, but as development proceeds it elongates, until in
Stage XXI it is nearly twice as long as the gall-bladder. The latter here becomes
more slender, having grown in cranio-ventral extent and decreased in diameter. The
duct arises approximately from the mid-region of the vesicle and is situated at right
angles to the long axis of the same (Plate 11, fig. 5, d.c. and ».f.). In the adult, the
gall-bladder is typically pyriform, the cystic duct, which is slender and about the
same length as the vesicle, arises approximately at right angles to the same.

TexT-FIG. 1. TEXT-FIG. 2.

TExT-FIG. 1.—Stage I (embryo 8’97, G.L. 5 mm.), SL. 6-4-12. Transverse section through the hepatic
diverticulum (h.div.), showing the cystic primordium (c.p.), the right ventral pancreas (p.v.d.), and the
liver trabeculee (#.). x37. ep., cystic primordium; g., gut; hdi., hepatic diverticulum ;
po.d., right ventral pancreas ; #., hepatic trabecul® ; v.u.d., right umbilical vein ; v.u.s., left umbilical
vein ; v.v.d., right vitelline vein ; ».0.s., left vitelline vein.

TrxT-ric. 2.—Stage XIV (embryo XIIT ’02, G.L. 135 mm.), Sl. 19-1-8, 9, 10, and 11. Composite
drawing of four transverse sections to show the definitive position of the gall-bladder (».f.). x 18.
d.c., ductus cysticus; d.ch., ductus choledochus; d.h., ductus hepaticus; duod., duodenum; 7.c.d.,
right central lobe of liver; h.c.s., left central lobe of liver; h.ld., right lateral lobe of liver; A.lLs.,
left lateral lobe of liver; sf., stomach ; v.f, gall-bladder; ».p., portal vein.

At the time of its first appearance, the cystic primordium is situated approximately
in the median plane of the embryo (text-fig. 1, c.p.). In the course of development
it extends forwards as above noted, partly as the result of the growth and displace-
ment of the hepatic diverticulum, partly and mainly as the result of its own growth,
and comes to project cranio-ventrally, running out at the same time towards the right

side of the embryo (text-fig. 2, v.f).
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The primordium lies at first quite free from hepatic tissue, but as the latter
increases in amount, it extends across underneath (ventral to) the cystic primordium.
Contemporaneously with the extension of the liver-mass, the cystic primordium
becomes elongated, with the result that both cystic and vesicular "portions are
eventually completely surrounded by hepatic tissue. The gall-bladder lies either quite
peripherally in the liver substance or some little distance within the same (text-figs.
2 and 23, v.f.); the cystic duct passes over the duodenum first as a straight duct but
later becomes curved to accommodate itself to the bend of the gut in this region,
marking the site of the junction of the first and second parts of the duodenum
(Plate 11, figs. 4 and 5, d.c.). As soon as the definitive liver-lobes are recognisable,
the gall-bladder and cystic duct are seen to be situated between the left central and
the right central lobes (text-fig. 2, d.c. and v.f., and text-fig. 28, v.f.).

The gall-bladder in Trichosurus, it may be noted, never passes through a solid
stage in its development. The cystic primordium is luminated at its first origin and
the lumen is retained throughout its subsequent development.

2. Pancreas.

The pancreas in Trichosurus is derived from three originally distinet primordia, a
dorsal and two ventral, the latter respectively right and left. The dorsal pancreas
arises earlier than either ventral pancreas; of the two ventral primordia the right
makes its appearance before the left.

(a) Dorsal Pancreas—The dorsal pancreas arises as a diverticulum of the dorsal
wall of the mid-gut groove. It lies in consequence caudal both to the anterior
intestinal portal and to the hepatic diverticulum, which latter, it will be remembered,
lies at the time of its origin cranially to the former.

In Stage I (embryo 8’97, G.L. 5 mm.) the primordium of the dorsal pancreas, very
shortly after its first appearance, has the form of an elongated sac-like diverticulum,
hollow throughout and communicating with the gut by an extensive opening
(text-fig. 8, p.d.). The walls of the diverticulum are from the first thicker than
those of the adjacent mid-gut, and with progressive development they increase in
thickness, the lumen becoming correspondingly narrowed. As early as Stage III
(embryo & ’97, G.L. 7 mm.) the internal surface of the gland has become irregularly
lobed, but it is not until Stage V (embryo II 01, G.L. 6 mm.) that this condition
becomes visible externally. From then onwards the gland becomes more and more
markedly branched and at the same time alters in shape. Itis at first a simple sac-
like diverticulum communicating with the gut throughout the greater part of its
cranio-caudal extent; but gradually this extensive communication (Plate 11, fig. 1)
becomes constricted into a tubular stalk (Plate 11, fig. 2) which, narrowing still further
and at the same time lengthening, forms the definitive dorsal pancreatic duct
(Plate 11, fig. 3, d.p.d.).

Much controversy has arisen on the question of the direction of the process of
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constriction undergone by the dorsal pancreas. It has been held that the constriction
takes place cranio-caudally, because of the presence of a very deep furrow at the
cranial limit of the gland in early stages. Such a furrow is present in Trichosurus
(Plate 11, figs. 1 and 2, p.d. (f)), but it must be borne in mind that the furrow may be
due, equally well, to subsequent growth of the gland in the cranial direction, as to
cranio-caudal constriction of the same. Accurate measurements are the only
satisfactory basis on which to base conclusions, and such have accordingly been made
at different stages of development in Trichosurus, in a manner similar to that
employed by HeLLY (17) when investigating the same phenomenon in the Rabbit,

TexT-FIG. 3.—Stage I (embryo 8’97, G.L. 5 mm.), Sl 7-3-2. Transverse section through the early
primordium of the dorsal pancreas (p.d.) arising from the mid-gut groove (m.g.g.).  x33.
m.d., dorsal mesentery; m.g.g., mid-gut groove; p.d., dorsal pancreas; wv.u.d., right umbilical vein ;
v.au.s., left umbilical vein ; v.0.d., right vitelline vein; v.v.5., left vitelline vein.

the Guinea-Pig and the Rat. Only wax model reconstructions can be used for this
purpose, since measurements based on sections are not reliable, because of the
impossibility of making adequate allowance for the sectional plane, which may be very
oblique to the organs concerned. Further, it should be noted that distances are
measured along the longitudinal axis of the gut-tube and not along the longitudinal
axis of the embryo.  The section of the duodenum with which we are here concerned,
viz., that extending from the cranial limit of the attachment of the dorsal pancreas to
the caudal limit of the attachment of the liver primordium, does not grow in length
until the apertures of the two organs have come to occupy permanent positions
relative to one another. The evidence for this statement will be adduced later, and
we pass at once to consider the question of the direction of the constriction-process as
elucidated by measurements based on models of the embryos of Stages II, III and
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VIII (embryos y 99, G.L. 5 mm. ; «’97, G.L. 7 mm.; XIT A’02, G.L. 725 mm.).
These measurements are appended below in tabular form.

1. e 3. 4. 5.
Distance between the | Distance between the
Length of Leneth of hepati cranial limit of caudal limit of
Embryo | dorsal pancreatic g  1epatie | the dorsal pancreatic the dorsal pancreatic
Stage. communication corgvrpbl}llmcaétlon primordium and primordium and
with gut. 1 gut. the cranial limit of the | the caudal limit of the
hepatic primordium. hepatic primordium.
mm. mm. mm, mm.
II 33% 33 18 18
11T 14 18 14 18
VIII 10 10 18 18

" % All measurements are model measurements ; if divided by 150 actual measurements are obtained.

These measurements, represented diagrammatically in text-fig. 4, indicate, in the
first place, that the distance between the caudal limit of the dorsal pancreatic
primordium and the caudal limit of the hepatic primordium remains unchanged (see
column 5). It follows therefore, on the one hand, that caudo-cranial constriction of
neither organ occurs; or, on the other hand, that both organs undergo caudo-cranial
constriction of like amount. As, however, there are no furrows present at the caudal
limits of the apertures of the two organs, this latter proposition must be regarded as
extremely improbable ; we may therefore assume that the caudal limits of the two
apertures remain constant in position.

(e} &) (© Cd.

TEXT-FIG. 4.—Diagrams illustrating the direction of the process of constriction of the dorsal pancreas
(p.d.) and the liver primordium (h.din.). (a) Stage II (embryo y’99, G.L. 5 mm ); (b) Stage III
(embryo «’97, G.L. 7 mm.); (¢) Stage VIII (embryo XII A’02, G.L. 725 mm.). g., gut; h.div.,
hepatic diverticulum ; p.d., dorsal pancreas.

Turning now to a comparison of Stages II and III, we see that the distance
between the cranial limit of the aperture of the dorsal pancreatic primordium and the
cranial limit of the aperture of the hepatic primordium is diminished by 4 mm. (see
column 4 : 18 —14); and the apertures of the two organs into the gut are diminished
by 19 mm. and 15 mm. respectively (see columns 2 and 3:33—14, 33—18). As the
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caudal limits of the apertures of the two organs may be assumed to be fixed, as
stated above, it follows from comparison of these two stages that both organs must
have undergone cranio-caudal constriction, the dorsal pancreatic primordium having
undergone more constriction than the hepatic primordium, resulting in a diminution
of the distance between the cranial limits of the two by 4 mm. as before stated.
Comparing now the embryos of Stages III and VIII, we see that the distance
between the cranial limits of the apertures of the two organs is increased by 4 mm.
(see column 4 :18—14), while the communications of the two organs with the gut
are diminished as before, but to a lesser degree, the decrease in the case of the dorsal
pancreas being 4 mm., in the case of the hepatic primordium being 8 mm. (see
columns 2 and 3 :14—10, 18—10). These further changes must be interpreted as
being due to a continuation of the constriction-process, but, whereas in the earlier
stages the dorsal pancreas underwent the more rapid constriction, the process has
here progressed more quickly in the case of the hepatic primordium, to such an
extent, indeed, that the aperture of the latter is, in Stage VIII, completely caudal to
the aperture of the dorsal pancreas. This position of the aperture of the ductus
choledochus almost immediately caudal to the aperture of the dorsal pancreatic duct
is permanent until late in foetal life, for we find similar relations of the two apertures
in Stage XX (pouch-foetus G.L. 30-mm., HL. 14 mm.) (Plate 11, fig. 5, d.p.d.
and d.ch.).

By utilising these same measurements we can now seek to prove the contention
that the section of the duodenum of which we are treating does not grow in length
until the apertures of the two organs have come to occupy permanent positions relative
to one another. In the three stages treated of above, we see that the most cranial limit
of the gut region in question is constituted in each case by the cranial limit of the
dorsal pancreatic aperture (text-fig. 4, (@), (b), and (c)). This cranial limit retreats
caudaully, as we have seen, contemporaneously with the cranio-caudal constriction
which the aperture of the dorsal pancreas undergoes. The communication of the
dorsal pancreas with the gut in Stage II is 33 mm., in Stage III is 14 mm., and in
Stage VIIT is 10 mm. (see column 2); that is to say, the cranial edge of the commu-
nication retreats by 23 mm. (33—10). The caudal limit of the gut concerned is
constituted by the caudal limit of the opening of the ductus choledochus into the gut
(text-fig. 4, (@), (b), and (c)), and, as we have seen, it is highly probable that this
caudal edge retains its original position.
~ We see, therefore, from the measurements quoted above, that the length of the gut
concerned, 4.e. from the cranial edge of dorsal pancreatic opening to the caudal edge
of the aperture of the ductus choledochus, is, in Stage II, 51 mm. (833+18); in
Stage IT1, 32 mm. (14418); and in Stage VIII, 28 mm. (10+18). We see, further,
that the movement in a caudal direction of the cranial edge of the dorsal pancreatic
duct is 19 mm. (33 —14) in the period of development intervening between Stages IT
‘and III, and 23 mm. (33—10) between Stages II and VIII (see column 2). If now
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we add, in each embryo, thelength of the gut concerned to the amount of constriction
undergone by the dorsal pancreas, we find that the result is a constant.

1. 2. 3. : 4.
Embryo Length of gut Constriction undergone Addition of Columns 2
Stage. ] concerned. by dorsal pancreas. | and 3.
mm. mm, “ mm.
II 51 Nil 51 +nil =51
111 32 19 ‘ 32+19=51
VIII 28 23 | 28 +23 =51

It is, therefore, justifiable to conclude that the region of gut concerned, s.e., from
the cranial edge of the aperture of the more cranial organ to the caudal edge of the
more caudal organ, does not grow in length until these processes of constriction have
come to an end. v

HeLLy (17), in treating of the Rabbit, comes to this same conclusion. The growth
of this part of the duodenum, according to him, does not take place till the constriction
process of the ductus choledochus and of the dorsal pancreatic duct has come to an
end. With reference to the Guinea-Pig he goes further and says that it is not until
gut rotation has occurred that the various parts of the gut-tube begin to grow in
length and thereby cause the further displacement of the openings of the dorsal
pancreas and of the ductus choledochus away from one another.

From these measurements and considerations it may be concluded that constriction
both of the dorsal pancreas and of the liver primordium takes place in a cranio-caudal
direction, and in this manner the original simple sac-like diverticulum, which
constitutes the primordium of the dorsal pancreas, becomes differentiated into a
glandular portion and a tubular portion or duct. The transition between glandular
and tubular regions, at first gradual, becomes more abrupt as development proceeds,
the demarcation culminating in a stage where a broad dorsal glandular region is
continued ventrally into a narrow tubular duct (Plate 11, fig. 4, p.d. and d.p.d. (d.)).
In Stage VI (embryo XX ’04, G.L. 7°75 mm.) the glandular portion is distinctly bi-lobed
but in the embryos of succeeding stages this appearance is lost, a typically many-
lobed gland having arisen therefrom. The transitory bi-lobed condition is therefore
but the first sign of the multi-lobular condition of the adult gland. A definite dorsal
pancreatic duct is recognisable for the first time in Stage III (embryo & ’97, G.L. 7 mm.)
from which time onwards the duct decreases markedly in diameter and eventually
comes to possess a quite small aperture into the duodenum.

With regard to the persistence of the dorsal pancreatic duct, perfect uniformity
obtains up to and including Stage V (embryo 11’01, G.L. 6 mm.).. Prior to this
stage there is always present a perfectly well developed and luminated duct opening-
by a well marked aperture into the duodenum; subsequently, however, the duct

VOL. CCVIIL.—B. 2 v
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exhibits a remarkable variability, inasmuch as it may either persist as a luminated
tube with a well-marked aperture into the duodenum, or it may degenerate, the
lumen becoming occluded and its aperture lost.

It is of interest to note the respective stages at which these two conditions of the
duct occur. In the following the duct persists and opens into the duodenum :—

Stage VII (embryo III '01, G.L. 7:25 mm.).

Stage VIII (embryo XII A’02, G.L. 7:25 mm.).

Stage XI (embryo VI’01, G.L. 10 mm.).

Stage XII (embryos XXI1'04, G.L. 11 mm., H.L. 6 mm. ; XXII'04, 9’98, 5’97,
G.L. 11'5 mm.).

Stage XIV (embryos VIII 01, G.L. 18 mm. ; XIII’02, G.L. 18'5 mm. ).

Stage XV (embryos XXIII, G.L. 14 mm., H.L. 65 mm.; 4’99, G.L. 14 mm.).

Stage XVI (pouch-feetus 5’97, G.L. 15 mm. ; XV 02, G.L. 14'5 mm.).

Stage XVII (pouch-feetus, G.L. 17 mm., HL. 7'5 mm. ; G.L. 21 mm., H.I.. 7 mm.).

Stage XX (pouch-feetus, G.L. 80 mm., H.L. 14 mm.).

Stage XXII (pouch-feetus, G.L. 52 em., H.L. 19'5 mm.).

In the following the duct is degenerate and does not possess an aperture into the
duodenum :—

Stage VI (embryo XX 04, G.L. 7°75 mm.).

Stage VIII (embryos XII’02, G.L. 7°25 mm. ; 6’98, G.L. 7°5 mm.).

Stage IX (embryo IV’01, G.L. 8'5 mm.).

Stage X (embryo V01, G.L. 9'5 mm.).

Stage XI (embryo 4’99, G.L. 1025 mm.).

Stage XII (embryo VII’01, G.L. 115 mm.).

Stage XIV (embryos IX’01, G.L. 18 mm.; XXIV, G.L. 135, H.L. 625 (two);
XXV, G.L. 13 mm., H.L. 625 mm.).

Stage XV (embryo XI’01, G.L. 14 mm.; XIV’02, G.L. 14’5 mm.; 4’97, G.L.
1475 mm. ; 5’97, G.L. 15 mm.).

Stage XVI (pouch feetus G.L. 16 mm., H.L. 6'5 mm.; 7’98, G.L. 15'5 mm.).

From this survey we see, first, that out of thirty-three embryos and foetuses
the duct persists in seventeen and degenerates in sixteen, and secondly, that the
duct may be either present or absent at one and the same stage (cf. Stages VIII,
XTI, XII, XIV, XV and XVI). Neither condition can therefore be regarded as the
more general. A

The duct, we note, may disappear as early as Stage VI, and it may persist as
late as Stage XXII. It is lacking in both the adults that have come under my
notice, and so far as I am aware in no adult Marsupial has the existence of a dorsal
pancreatic duct been recorded. We may therefore assume from the data given above
that there is great variation in the time at which degeneration of the duct occurs.


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

PANCREATIC AND HEPATIC DUCTS, IN TRICHOSURUS VULPECULA. 317

It is probable that before the duct loses its connection with the gut the lumen
becomes occluded, for in Stage IV (embryo XIX’04, G.L. 7'5 mm.), immediately
preceding the youngest embryo where the duct is blind, the connection of the duct
with the gut is solid.

In those cases where the duct disappears, the dorsal pancreas lies for a time
perfectly free in the mesentery as an isolated gland, branched and typically alveolar
in character (text-fig. 5, p.d.). As before mentioned, the time at which the duct
degenerates appears to vary within wide limits. It is thus impossible to determine
how long the dorsal pancreas lies isolated, but it may be mentioned that Stage VI
(embryo XX’04, G.L. 775 mm.) is the youngest observed in which the gland
has lost its connection with the gut, and Stage X (embryo V’01, G.L. 95 mm.)
is the youngest in which fusion between the dorsal and right ventral pancreas has
been observed to occur. Fusion of the dorsal pancreas with the right ventral
pancreas, it may be noted, takes place at the same stage, whether the dorsal duct
persists or not.

In early stages the dorsal duct takes a direct course to open into the duodenum,
and is of uniform diameter throughout. Immediately prior to the fusion of the

TEXT-FIG. 5. TEXT-FIG. 6.

TEXT-FIG. 5.—Stage VI (embryo XX’04, G.L. 7-75 mm.), Sl. 8-5-8. Transverse section showing the
isolated dorsal pancreas (p.d.). x26. d.p.d., dorsal pancreatic duct; duod., duodenum ; A., liver;
mn., kidney ; p.d., dorsal pancreas; p.v.d., right ventral pancreas; v.u.d., right umbilical vein ;
v..5., left umbilical vein ; v.v.d.(v.p.), right vitelline, future portal, vein ; v.0., vitelline vein.

TeXT-FIG. 6.—Stage IX (embryo IV’01, G.L. 8'5 mm.), Sl 13-5-1. Transverse section showing the
incipient branching of the dorsal pancreatic duct (d.p.d.”) in the future region of fusion with the
right ventral pancreas (p.v.d.). x380. b.om., bursa omentalis; d.p.d., dorsal pancreatic duct ;
d.p.d./, incipient branching of the dorsal pancreatic duct in the future region of fusion with the
ventral pancreas; duod., duodenum ; k.. liver ; md., mesoduodenum ; p.d., dorsal pancreas; p.v.d.,
right ventral pancreas ; pyl., pylorus ; st., stomach ; .p., portal vein ; .., vitelline vein.

2 U 2
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dorsal pancreas with the ventral pancreas, however, the duct loses its uniform
character in the region where fision will occur and undergoes a conspicuous increase
in size, and its walls at the same time become irregular and show signs of incipient
branching (text-fig. 6, d.p.d.”). The duct, as the result, becomes marked out into
two parts, one more dorsal in position adjoining the glandular portion of the organ,
which we may term the distal part, the other, or proximal part, more ventral
in position and opening into the duodenum, the two being separated by the branched
part of the duct in the future region of fusion.

TEXT-FIG. 7. TEXT-FIG. 8.

Texr-FIG. 7.—Stage XI (embryo VI’0l, G-L. 10 mm.), SL 16-3-7. Transverse section through the
tubular distal part of the dorsal pancreatic duct (d.p.d.(d.)) encircling the portal vein (v.p.).  x 50.
b.om., bursa omentalis; d.p.d.(d.), distal region of the dorsal pancreatic duct; duod., duodenum ;
h., liver ; md., mesoduodenum ; p.d., dorsal pancreas; p.v.d., right ventral pancreas; pyl., pylorus;
st., stomach ; v.p., portal vein. _

TexT-F16. 8.—The same. Sl 16-4-4. Transverse section through the tubular proximal part of the
dorsal pancreatic duct (4.p.d.(p.)).  x44. b.om., bursa omentalis; duod., duodenum; d.p.d.(p.)),
proximal region of the dorsal pancreatic duct ; ., liver ; md., mesoduodenum ; p.d., dorsal pancreas ;
pyl., pylorus ; st., stomach ; v.p., portal vein; p.o.d., right ventral pancreas ; v.v., vitelline vein.

Both portions of the duct, distal and proximal, retain their tubular character for
a considerable time (text-figs. 7, d.p.d.(d.), and 8, d.p.d.(p.)), but finally they
undergo marked branching. The distal part ceases to be recognisable as a duct at
all and appears simply as the direct continuation of the first formed glandular region
of the organ. It encircles the left aspect of the portal vein (text-fig. 9, d.p.d.(d.)).
The major portion of the proximal part also forms glandular tissue, the remainder
either degenerates completely or persists; in the latter case it retains its original
tubular character and forms the true dorsal pancreatic duct (text-fig. 10, d.p.d.(p.)).
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We see therefore that the distal part of the original duct loses its tubular character
entirely and contributes largely to the glandular tissue of the organ, while the

TexT-FI6. 9.—Stage XII (embryo VII’01, G.L. 11'5 mm.), Sl 16-2-10. Transverse section through
the typically branched distal part of the dorsal pancreatic duct (d.p.d.(d.)) encircling the portal
vein (v.p.). x44. b.om., bursa omentalis ; duod., duodenum ; d.ch., ductus choledochus ; d.p.d.(d.),
distal region of the dorsal pancreatic duct; d.p.v., ventral pancreatic duct; k., liver; md., meso-
duodenum ; p.d., dorsal pancreas; p.v.d., right ventral pancreas; p.v.s., left ventral pancreas; pyl.,
pylorus ; v.p., portal vein.

TEXT-FIG. 10.—Stage XV (embryo 4’99, G.L. 14 mm.), Sl. 18-1-5. Transverse section through the
proximal part of the dorsal pancreatic duct, in part branched and in part tubular @.p.d.(p)). x75.
d.p.d.(p.), proximal region of the dorsal pancreatic duct; duod., duodenum ; k., liver; p.v.d., right
ventral pancreas ; v.p., portal vein. ’
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proximal part contributes in lesser degree to the glandular tissue and in addition
forms the true dorsal pancreatic duct.

(b) Ventral Pancreas.—The ventral pancreas, as before noted, is of double origin ;
the two constituent parts differ in the time of their appearance and, as long as they
are individually recognisable, in their size, but they arise in a precisely similar
manner and each contributes to a greater or lesser extent to the pancreatic tissue
of the adult.

In Stage I (embryo 6’97, G.L. 5 mm.) a very minute primordium of the right
ventral pancreas only is recognisable ; in another embryo of the same stage (embryo
1’01, G.L. 5 mm.), as well as in Stage Il (embryo 8’98, G.L. 4'5 mm.), two small
outgrowths of approximately equal size are present ; in another embryo of Stage II
(embryo y’99, G.L. 5 mm.) there is only one outgrowth, the right; in all later
stages the two are uniformly present, the right invariably of greater dimensions than
the left. These observations indicate,. first, a slight variation with regard to the
stage at which the primordia appear, and, secondly, a tendency on the part of the right
ventral pancreas to appear before the left. This latter fact is of interest in view
of the facts, that the right ventral pancreas starts to undergo branching at an
earlier stage than the left, and that it develops into a larger gland and contributes
more tissue to the adult composite organ than does the left. The conclusion that
we have to do here with two distinet primordia admits of no doubt. :

The ventral primordia originate as lateral hollow outgrowths of the hepatic
diverticulum, close to its origin from the gut. The first primordium of the right
ventral pancreas in Stage I (embryo 8’97, G.L. 5 mm.) is seen in transverse section
in text-fig. 1 (p.v.d.); the two primordia at this same stage (embryo 101, G.L.
5 mm.) are seen in transverse section in text-fig. 11 (p.v.d. and p.v.s.). The right
ventral pancreas is visible externally in Stage IT (embryo y’99, G.L. 5 mm.), and is
well seen in the model of this embryo in Plate 11, fig. 1 (p.v.d.), in the form of a
minute lateral outgrowth from the right wall of the hepatic diverticulum, projecting
obliquely dorso-laterally.

In Stage III (embryo 0’97, G.L. 7 mm.) the two primordia are consplcuous
structures, clearly seen in the model of this embryo (Plate 11, fig. 2, p.v.d. and
p.v.s.). The left appears as a blunt projection from the corresponding lateral wall of
the ductus choledochus ; the right outgrowth, situated directly opposite the left, is
larger, and has the appearance of a finger-like process coming off laterally from the
ductus and stretching out towards the right side of the embryo.

As development proceeds, the two primordia increase in size, the larger right
growing more rapidly than the left, with the result that the original difference in
size betweer. the two becomes more marked as time goes on (cf. Plate 11, figs. 2
and 3, p.v.d. and p.v.s.). :

In early stages each outgrowth is bounded by smooth walls (text-fig. 11, p.v.d.
and p.v.s.), but as growth proceeds there soon appear signs of incipient branching.
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The right primordium shows irregularities of surface for the first time in Stage VIII
(embryo XII A’02, G.L. 7'25 mm.), well shown in Plate 11, fig. 3 (p.v.d.), the left
has just lost its originally uniformly smooth surface in Stage IX (embryo 5’97, G.L.
8'5 mm.), while both have assumed a typically branched appearance by Stage XI
(embryo 4’99, G.L. 10°25 mm.). This branching, indicated by irregularities of the
surfaces of the primordia, is seen in the model of this stage in Plate 11, fig. 4 (p.v.d.
and p.v.s.).

At the time of their first appearance the three outgrowths of the hepatic diver-
ticulum, viz., the right and left ventral pancreatic primordia and the cystic primordium,
are found lying in close proximity to one another. The two former project out
laterally from the sides of the diverticulum, but incline somewhat dorsally so that
their apices lie laterally to the ventral region of the gut itself, while from the ventral
aspect of the diverticulum the cystic primordium projects.

TEXT-FIG. 11. TEXT-FIG. 12.

TexT-FIG. 11.—Stage I (embryo 1°01, G.L. 5 mm.), Sl. 5-3-10. Transverse section through the earliest
primordia of the two ventral pancreatic outgrowths (p.v.d. and p.v.s.); position (1) of the ventral
pancreatic primordia. x 37. g¢., gut; h.div., hepatic diverticulum ; p.v.d., right ventral pancreas ;
p.v.s., left ventral pancreas; tr., hepatic trabecule ; v.u.d., right umbilical vein ; v.u.s., left umbilical
vein ; v.0.d., right vitelline vein ; v.v.s., left vitelline vein. .

TexT-FIG. 12.—Stage II (embryo y’99, G.L. 5 mm.), Sl. 3—4-4. Transverse section through the cranial
(ventral) venous anastomosis v.a. (¢.)). x 33. pn.,lung; st., stomach ; #r., hepatic trabeculee ; v.a. (cr.),
cranial (ventral) venous anastomosis; v.u.d., right umbilical vein ; v.u.s., left umbilical vein.

Prior to its differentiation into ductus choledochus and hepatic duct, the hepatic
diverticulum, as already mentioned, decreases markedly in diameter, and at the same
time increases in length, so that from being globular in shape it becomes tubular.  As
the result the dorsally projecting portions of the ventral pancreatic primordia are
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drawn entirely ventral to the gut and the cystic primordium is carried away from the
proximal region of the hepatic diverticulum. The ventral pancreatic primordia in
this manner take up their positions in the caudal angle between the hepatic diver-
ticulum (ductus choledochus) and the gut, while the cystic primordium is separated
therefrom by the intervening portion of the ductus choledochus.

(c) Pusion and later Development.—For the proper understanding of the processes
whereby the three originally distinct primordia, originating from different regions and
different aspects of the entodermal digestive tube, give rise to the single adult
pancreas, the original positions of the three primordia in reldtion to the embryo as a
whole, to the gut, to the ductus choledochus, and to the large vessels coursing through
the liver must be carefully noted, as also the various alterations in position undergone
by the three pancreatic primordia, by the gut and by the ductus choledochus.

Fusion of the three primordia is conditioned (1) by the shifting of the position of
the aperture of the ductus choledochus in the gut wall, first in the cranio-caudal,
and then later in a right lateral, direction, and (2) by the extension in certain definite
directions of all three primordia as the result of increase in size due to their active
growth.

At the time when the gut is still approximately straight (Stage I, embryo & 97,
G.L. 5 mm.) the dorsal pancreas lies over the mid-gut groove, caudal both to the
anterior intestinal portal and to the cranial (ventral) anastomosis formed between the
vitelline veins, which occurs immediately caudal to the sinus venosus (text-fig. 12,
v.a. (¢r.)). The hepatic diverticulum in the same stage lies cranially to the anterior
intestinal portal, between it and this cranial (ventral) anastomosis.

Later the dorsal pancreas is found to bear a definite relationship to the middle
(dorsal) venous anastomosis which is formed caudally to the cranial (ventral), its free
end lying dorsal to this new anastomosis and its opening (future dorsal pancreatic
duct) being situated immediately cranial to the same, a relationship which is preserved
in succeeding stages (text-fig. 13, v.a.(md.)). The middle (dorsal) anastomosis
occurs for the first time in Stage II (embryo y’99, G.L. 5 mm.). A further advance
is seen in this latter stage, inasmuch as the dorsal pancreas no longer arises from the
mid-gut groove, gut-closure having progressed to such an extent that the anterior
intestinal portal is now situated caudally to the place of origin of the dorsal pancreas
from the gut. Contemporaneously with these changes the aperture of the hepatic
diverticulum has shifted its position and has come to lie partly opposﬂ:e, partly caudal,
to the dorsal pancreatic aperture

It is highly probable, in view of the constant relationship of the dorsal pancreas to
the middle (dorsal) venous anastomosis, that the communication of the former with the
gut remains stationary throughout its entire development ; quite otherwise is it, on the
contrary, with the hepatic diverticulum. In earlier stages, as before noted, it borders
on the edge of the anterior intestinal portal and is markedly cranial to the dorsal
pancreatic aperture, in later stages, it lies cranial to the anterior intestinal portal and
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slightly caudal to the dorsal pancreatic aperture. ~This change in position is
undoubtedly brought about by the progressive closure of the gut. Situated on the
edge of the anterior intestinal portal, the hepatic diverticulum is carried back with
the latter as it travels caudally, until it reaches the region of the dorsal pancreas,
which meantime has remained stationary. These relative positions attained to, no
further actual movement of apertures of the two structures occurs.

Although the definitive opening of the dorsal pancreas into the duodenum remains
stationary from the time of its formation, yet the gland itself undergoes marked
shifting in position.

At the time when the primordium of the dorsal pancreas is first recognisable, the
mid-gut has undergone very little differentiation indeed. The future stomachal
region is just indicated and the mesogastrium, in consequence of the commencing
change in position of the stomach, shows signs of a slight degree of displacement
towards the left. Behind the stomachal region the duodenum is tubular for only a
very short distance and is succeeded by an extensive mid-gut groove in open
communication with the yolk-sac.

Owing to the subsequent differentiation of the entodermal tube and related
progressive development of the mesenteries and of the various ccelomic cavities,
combined with growth of the gland itself, the dorsal pancreas, in the course of its
development, comes to occupy a very different position from its original median one.

The primary position of the dorsal primordium is shown in text-fig. 8, p.d. It is
here approximately median, though distally it inclines to the right even in Stage 1
(embryo 8’97, G.L. 5 mm.) and is situated in the mesoderm of the dorsal mesentery.
It lies medially to the two vitelline veins but bears no definite relationship to the
future hepatic vessels, for the primordium lies some distance caudal to the cranial
(ventral) venous anastomosis and there is at this stage no middle (dorsal) anastomosis.
As soon, however, as this latter anastomosis is formed, we note that the gland takes
its origin from the gut immediately cranial to this, in other words, the future dorsal
pancreatic duct lies between the two vitelline veins of the venous ring which arises as
the result of the formation of the two anastomoses referred to above and opens into
the gut immediately cranial to the middle (dorsal) venous anastomosis. The glandular
tissue, in contradistinetion to the duct, lies dorsal to the left half of this cranial venous
ring. As the development of the hepatic vessels proceeds, the left limb of this cranial
venous ring degenerates, with the result that the dorsal duct now lies on the left of
the right half, which will later form part of the definitive portal vein (text-fig. 6,
d.p.d.). The glandular portion lies dorso-laterally on the left of the future portal
vein and also extends to a slight degree along the dorsal aspect of the same.

In course of time, the dorsal mesentery of the gut, in the region of the stomach,
becomes deflected to the left, owing to its attachment to the dorsal border of that
organ, and constitutes the mesogastrium. The dorsal pancreas lying therein is
consequently carried in the same direction, and, in addition, it extends by its own
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active growth, still within the limits of the same mesentery, towards the left side of
the embryo. The duct passes off from the ventral aspect of the glandular portion of
the pancreas, runs obliquely to the right and ventrally, encircling, as in earlier stéges,
the left aspect of the portal vein.

. TEXT-FIG. 13. TEXT-FIG. 14.

TEXT-FIG. 13.—The same, Sl. 4-2-3. Transverse section through the middle (dorsal) venous anastomosis
(v.a. (md)). x33. m.d., dorsal mesentery; p.d., dorsal pancreas; #r., hepatic trabecule; v.a.(md),
middle (dorsal) venous anastomosis. ‘

TexT-F16. 14.~-Stage IV (embryo XIX’04, G.L. 75 mm.), Sl. 6-3-8. Transverse section showing
position (2) of the ventral pancreatic primordia (p.v.d. and p.w.s.). x 27. g¢., gut; k., liver; h.div.,
hepatic diverticulum ; p.v.d., right ventral pancreas; p.».s., left ventral pancreas; v.p., portal vein ;
»a.d., right umbilical vein ; #.w.s., left umbilical vein.

To turn now to the ventral pancreas. At the time of their origin, the primordia
lie one on each side of the median hepatic diverticulum, each situated towards the
medial aspect of the corresponding vitelline vein, at a level immediately caudal to the
cranial (ventral) venous anastomosis (text-fig. 11, p.v.d. and p.v.s.). During the pro-
gressive closure of the gut, the hepatic diverticulum, as already described, is carried
in a caudal direction, and its appendages, the two ventral pancreatic primordia, are, of
course, also involved in this movement, and carried backward. They thus come to lie
at the level of the cranial venous ring, immediately cranial to the middle (dorsal)
anastomosis, which has meantime been formed. When this ring becomes incomplete, it
is to the persisting right limb that they become related (text-fig. 14, p.v.d. and p.v.s.).
The right ventral pancreas lies directly ventral to the right limb (original right
vitelline vein) of the cranial venous ring, or, as it may be termed, the portal vein
(text-fig. 14, v.p.); the left ventral pancreas, on the contrary, lies not beneath the
portal vein, but more towards the left side of the embryo, below the position
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originally occupied by the left limb (left vitelline vein) of the cranial venous ring. These
relations of the two ventral primordia, however, are not retained long, since the
opening of the ductus choledochus alters its position, and, from being ventral, comes
to be situated on the right lateral wall of the gut. As the result, the two ventral
pancreatic primordia now lie ventral to the portal vein, the right immediately below
it, the left removed some little distance from the vein, being separated therefrom by
the ductus choledochus (text-fig. 15, p.v.d. and p.v.s.).
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TEXT-FIG. 15.—Stage VIIT (embryo XII A°02, G.L. 7:25 mm.), SI. 9-1-6.  Longitudinal section showing
position (3) of the ventral pancreatic primordia (p.v.d. and p.v.s.). x39. d.h., ductus hepaticus ;
duod., duodenum ; h., liver; p..d., right ventral pancreas; p.v.s., left ventral pancreas; v.p., portal
vein.

We observe, then, three stages in the development of the relations of the ventral
pancreatic primordia to the vitelline veins : (1) each primordium lies ventro-medially
to the corresponding vitelline vein (text-fig. 11); (2) the right retains its ventro-
medial relation to the right vitelline, now portal, vein, but the left, owing to the
disappearance of the left vitelline vein in this region, loses its relation to that vessel
(text-fig. 14); (3) both right and left primordia become related to the right vitelline,
now portal, vein, the former lying ventral to the vein as in earlier stages, the latter
having apparently been swung in towards the middle line, so that it, too, lies ventral
to the right vitelline, now portal, vein (text-fig. 15). These changes in position may
be accounted for, as we shall see later, by the translation of the ductus choledochus
referred to above. With progressive development, no further relative alteration in
position with regard to the portal vein occurs; the left ventral pancreas persists
ventral to the portal vein, separated therefrom by the ductus choledochus and the
right ventral pancreas ; the right ventral pancreas retains its position directly ventral
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to the portal vein, and also grows up and around the right side of the vein, and in
time encircles a considerable portion of its right lateral aspect (text-fig. 21, p.v.d.).

The two ventral pancreatic primordia lie at first in the septum transversum, one
on either side of the median ductus choledochus, later (Stage VIII, embryo X11°02,
G.L. 725 mm.) we find them situated in the small omentum, still approximately
median in position, the right extending into the mesoduodenum, and also out towards
the right side of the embryo.

As before mentioned, the hepatic diverticulum, although originating from the
ventral aspect of the gut, does not retain this position permanently, but apparently
travels round the circumference of the gut, thereby relinquishing its original ventral
position, first for a right lateral one, and then for a dorso-lateral one, which latter
position is that of the aperture of the adult ductus choledochus. This translation of
the ductus influences in marked degree the position of related structures, and also
affects fusion in general.

At the time when the aperture of the ductus choledochus is in its primary ventral
position, the ventral pancreatic primordia lie lateral thereto and, even when the
former has acquired its new position on the right aspect of the duodenum, they retain
their former relationship to the ductus, but of course assume a new orientation with
reference to the embryo us a whole and to each other. The right now lies dorsally
to the left and, whereas originally only the right ventral pancreas lay ventral to the
portal vein, the shifting of the ductus choledochus has caused both primordia to
rotate, with the result that both come to lie ventral to the portal vein, the left
beneath (ventral to) the right. The original lateral surfaces of the ductus chole-
dochus bearing the ventral primordia are now respectively dorsal and ventral, while
the right aspect of the right ventral pancreas now faces dorsally, and the left aspect
of the left ventral pancreas in a similar manner faces ventrally (text-fig. 20 (1) and
(2), and text-figs. 11 and 15). This chunge is completed in Stage VIII (embryo XII
02, G.L. 725 mm.). Subsequently, the ductus choledochus assumes its definitive
position, apparently undergoing a further translation, as the result of which its
aperture comes to occupy a right dorso-lateral position (text-fig. 20 (3)). This
definitive position is acquired at Stage IX (embryo IV '01, G.L. 85 mm.), coinciding
with the time at which fusion of the pancreatic outgrowths first occurs; indeed, as
soon as the ductus has assumed its final position, the three primordia start upon their
process of fusion.

As late in embryonal development as Stage VIII (embryo XII 02, G.L. 7:25 mm.),
the three primordia are still separate and quite distinct from one another. Let us
call to mind the relative positions of the three at the time when fusion sets in.
The dorsal pancreas lies mainly in the mesogastrium in the left half of the body of
the embryo. It extends ventrally, slightly to the left of the middle line, and
encircles in its course the left aspect of the portal vein. It then curls round under
the left ventral aspect of the same, where it comes into contact with the ventral
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pancreas. The ventral pancreatic tissue, which surrounds the ductus choledochus
proximally, lies as a whole in the mesoduodenum, slightly to the right of the middle
line ; the left ventral pancreas lies ventral to the ductus, the right dorsal thereto.
Once these relative positions are attained, fusion rapidly takes place. The first to
occur is that between the two ventral primordia on the right dorso-lateral aspect of
the proximal part of the ductus, at which place the two enter the ductus together,
the point of entrance marking the site of the joint ventral pancreatic duct. This
fusion is found to occur for the first time in Stage IX (embryo IV ’01, G.L. 8'5 mm.).
By Stage X (embryo V 01, G.L. 9°5 mm.) another fusion has taken place dorso-
laterally, on the left of the proximal part of the ductus, between the dorsal pancreas

TEXT-FIG. 16. Texr-rFIG. 17,

TEXT-FIG. 16.—Stage XII (embryo VII 01, G.L. 115 mm.), Sl. 16-2-3, 4, 5, and 6. Composite drawing
of four transverse sections showing fusion (1) of the pancreatic primordia, that between the right
and left ventral primordia (p.v.d. and p.vs.). x74. d.ch., ductus choledochus; duod., duodenum ;
f.(1), fusion (1) of the pancreatic primordia, that between the right and left ventral primordia ;
p.v.d., right ventral pancreas ; p.v.s., left ventral pancreas ; v.p., portal vein.

TEXT-F16. 17.—The same, Sl 16-2-10 and 15-3-1, 2, 3 and 4. Composite drawing of five transverse
sections showing fusion (2) of the pancreatic primordia, that between the dorsal and right ventral
primordia (p.d. and p.w.d.). x87. d.ch, ductus choledochus; d.p.v., ventral pancreatic duct;
duod., duodenum ; f.(2), fusion (2) of the pancreatic primordia, that between the dorsal and right
ventral primordia; p.d., dorsal pancreas; p.v.d., right ventral pancreas; p.v.s., left ventral pancreas;
v.p., portal vein.

and the right ventral pancreas. Finally, by Stage XI (embryo IV 99, G.L.
1025 mm.), fusion has occurred around the left aspect of the proximal part of the
ductus, between the dorsal pancreas and the left ventral pancreas. By this series of
fusions, successively affecting the three primordia, a complete ring of pancreatic
tissue is formed surrounding the proximalend of the ductus choledochus (text-figs. 16,
17, 18, and 19).
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It should be borne in mind that the ductus choledochus has already shifted its
position before these secondary fusions occur. Fusion between the right ventral
pancreas and the left takes place first round the original right lateral aspect of the
ductus (actual right dorso-lateral). The developmentally succeeding fusion between
the right ventral and the dorsal pancreas occurs round the original rght dorso-
lateral aspect of the ductus (actual left dorso-lateral). The third and last fusion,
between the left ventral and the dorsal pancreas, which completes the ring, occurs
on the original left dorso-lateral border of the ductus (actual left).

TeXT-FIG. 18. ' TEXT-FIG. 19,

TEXT-FIG. 18.—Stage XI (embryo 4’99, G.L. 1025 mm.), Sl. 11-5-6, 7 and 8. Composite drawing
of three transverse sections showing fusion (3) of the pancreatic primordia, that between the dorsal
and left ventral primordia (p.4. and p.».s.). x80. d.ch., ductus choledochus; duod., duodenum ;
J.(3), fusion (3) of the pancreatic primordia, that between the dorsal and left ventral primordia;
p.d., dorsal pancreas ; p.v.s., left ventral pancreas; p.v., portal vein. '

TEXT-FIG. 19.—Stage XI (embryo 4’99, G.L. 10:25 mm.). Diagram of the pancreatic ring, viewed from
the cranial aspect.  d.c., ductus eysticus; d.ch., ductus choledochus; d.h., ductus hepaticus; f.(1),
fusion between the right and left ventral pancreas; f.(2), fusion between the right ventral and the
dorsal pancreas; f.(3), fusion between the left ventral and the dorsal pancreas ; p.d., dorsal pancreas ;
p.v.d., right ventral pancreas ; p.v.s., left ventral pancreas ; ».f., gall-bladder. '

We have noted that, at the time of their origin (Stage I, embryo 8’97, G.L. 5 mm.),
the apertures of the dorsal pancreas (text-fig. 20 (1), p.d.) and of the hepatic
diverticulum (text-fig. 20 (1), d.ch.) are on opposite sides of the gut, respectively
dorsal and ventral. Later (Stage VIII, embryo XII A’02, G.L. 7'25 mm.), although
we find the aperture of the dorsal pancreas still dorsal in position, that of the
ductus choledochus has come to open approximately into the right lateral aspect
of the gut (text-fig. 20 (2)). Whereas, then, in earlier stages the apertures were
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separated by one-half the circumference of the gut, 2.e. by 180° they are now only
separated by one-third of the circumference, s.e. by 120°. In all subsequent stages
it is found that, although the actual distance between the two apertures remains
constant, the two apparently travel in a right to left direction until they come
to occupy dorso-lateral positions, the aperture of the dorsal pancreatic duct lying
more towards the left side of the dorsal aspect of the gut, the aperture of the ductus
more towards the right side (text-fig. 20 (3)).

p.d.

P.V.S.

P.V. S,

(2) (3)

TEXT-FIG. 20.—Diagrams illustrating the changes in position undergone by the apertures of the dorsal
pancreas (p.d.) and ductus choledochus (d.ch.) and by the ventral pancreatic primordia (p.v.d. and
pvs.).  d.ch., ductus choledochus; g¢., gut; p.d., dorsal pancreas; p.v.d., right ventral pancreas;
pv.s., left ventral pancreas.

The means by which these movements are effected are by no means clear. It is
evident that rotation of the gut is not of itself sufficient explanatory cause of the
movements or apparent movements in question, for the ducts are in such close
cranio-caudal proximity to one another that any rotation of the region of the gut
in which their apertures are situated would affect both ducts equally and thus
could not bring about an approximation of their openings.

Now the movement of the aperture of the ductus choledochus from a ventral
to a right lateral position through about 60° is a real and not simply an apparent
movement, for, as we have already pointed out, the aperture of the dorsal pancreas
remains stationary, whilst the distance between the two apertures undergoes an
actual diminution. That being so, one can only suggest that the displacement
of the opening of the ductus to the right is due to unequal growth of the gut-wall.
Once this initial displacement has been effected, the final positions attained by the
ducts may be assumed to be due to rotation of the gut.

It is evident, then, that fusion is ushered in and favoured by the approximation
of the aperture of the ductus choledochus to that of the dorsal pancreatic duct.
By this approximation, the two appendages of the ductus, the ventral pancreatic
primordia, come to lie dorsal and ventral to it, the left at the same time assuming
a more median position. The pancreatic primordia are thus brought in close
proximity, and fusion soon follows as the result of their active growth and increase
in size.
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It has been mentioned that the first fusion to occur developmentally is that
between the two ventral pancreatic primordia on the right dorso-lateral aspect of
the proximal part of the ductus choledochus, here the two primordia enter by a
common aperture into the right dorso-lateral (original right lateral) aspect of the
ductus, the point of entrance marking the site of the aperture of the ventral
pancreatic duct. At the stage, however, when this joint opening first occurs, the
two primordia are still quite sessile. In later stages the common ventral pancreatic
duct becomes very conspicuous, running dorsal to the proximal part of the ductus
choledochus and opening into the same very shortly before the entrance of the latter
into the duodenum.

It will be remembered that, primarily, the two ventral pancreatic primordia
open into the lateral aspects of the ductus choledochus, on the right and left
respectively, being separated from one another medially by the tissue of the ductus.
This original position is clearly seen in the models of Stages III (embryo «’97,
G.L. 7 mm.) (Plate 11, fig. 2) and VIII (embryo XII A’02, G.L.7°25 mm.) (Plate 11,
fig. 8), while in the model of Stage XI (embryo 4’99, G.L. 10°25 mm.) we note the
occurrence of a joint opening, but so far there is no definite duct (Plate 11, fig. 4).

The original apertures are, then, respectively right and left of the ductus, the
common duct ultimately opens into the right dorso-lateral aspect of the same. How
does the latter condition arise from the former ?

The aperture of the ductus choledochus undergoes a shifting in position from the
ventral to the right lateral aspect of the gut. As the result of this movement, the
apertures of the two ventral pancreatic primordia suffer no alteration relative to the
ductus, but the right pancreas comes to occupy a right dorso-lateral, instead of a
right lateral, position, and the left a left ventro-lateral, instead of a left lateral,
position. This new position of the right aperture coincides with the site of the
common ventral pancreatic duct, which opens into the right dorso-lateral border of
the ductus, and, since at no stage has the left ventral pancreas been observed as an
isolated structure, we must conclude that the left primordium becomes constricted off
from the gut in a left to right direction, in such a way that it comes to open with
the right through a common duct. At the time when the joint aperture first
appears (Stage XI, embryo 4’99, G.L. 10°25 mm.), it is remarkably small as
compared with the original separate lateral communications of the two primordia
with the ductus choledochus. v

From the above description of the fusion of the three originally distinet pancreatic
primordia, it will be evident that no so-called perivenous ring of pancreatic tissue
occurs in Trichosurus, for never at any time during ontogeny is the dorsal, or the
right dorso-lateral, surface of the portal vein bordered by pancreatic tissue. The
remainder of the vein is, however, almost completely enveloped, the dorsal pancreas
covering the left aspect, the right ventral pancreas enclosing the major portion of
the right as well as the ventral side, and meeting the dorsal pancreas ventrally on
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the left. The left ventral pancreas lies some little distance ventral to the portal
vein, and does not directly participate in bounding the same (text-fig. 21).

The three pancreatic primordia, at the time of their fusion with one another, are
already beginning to undergo a process of branching. The dorsal pancreas and the
right ventral pancreas have both lost their simple tubular character at the time when
fusion occurs between them, and, although the left ventral pancreas at this stage
only shows the slightest indications of branching, by the time that it fuses with the
dorsal primordium, it, too, is typically branched.

Fusion, it must be borne in mind, takes place not between the respective ducts of
the three primordia, but between actual branched pancreatic tissue. It is true that
the branched pancreatic tissue encircling the left aspect of the portal vein is derived
from the original dorsal pancreatic duct, but its duct-like structure has entirely
disappeared by the time that fusion occurs between it and the two ventral primordia.

In dealing with the origin and fate of the dorsal pancreatic duct (ante, p. 315),
attention was called to the fact that the duct exhibits a remarkable variability,
inasmuch as it may either persist until late in foetal life or undergo complete
degeneration at a much earlier stage. The duct, when persistent, opens inde-
pendently into the left dorso-lateral border of the duodenum, removed some little
distance from the common bile duct opening. The ventral pancreatic duct, on the
contrary, invariably persists. It never at any time opens directly into the duodenum,
but only vid the ductus choledochus.

That part of the dorsal pancreatic duct which persists to open into the duodenum
is derived from the most proximal region of the original duct (¢f. text-fig. 10,
d.p.d.(p.)), in other words, from the proximal region of the primary outgrowth
from the dorsal wall of the duodenum. The remainder of the original duct, as
already stated (ante, p. 318), undergoes a marked branching, and becomes indis-
tinguishable from the original alveolar portion of the gland. As the result, the
gland for a time lacks a main channel running through it, and possesses instead an
extensive system of fine ductules, which open proximally into the short duct where
that persists. This condition obtains from Stage XII (embryo XXII’04,
G.L. 11*5> mm.), which is the earliest in which the simple tubular character of
the duct is lost, to the pouch-feetus of Stage XX (G.L. 80 mm., H.L. 14 mm.),
where a new duct, which I propose to term the secondary dorsal pancreatic duct, is
found coursing through that part of the alveolar tissue of the gland which is
derived from the distal part of the original duct. This new duct does not, as one
might expect, continue on to connect up with the true dorsal duct, but, on the
contrary, joins the ventral duct. It appears in cases where the true dorsal duct
persists, and in those in which it has degenerated. The late appearance of the duct-
and its relations show that it is secondary, and of purely functional significance.

A rather remarkable branching of the dorsal pancreatic duct within the sub-
mucosa of the duodenum occurs in some foetuses. In early embryos the proximal

VOL. OCVIII.—B. 2y
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part of the original dorsal pancreatic duct is tubular throughout its length. Later,
a certain portion of this proximal part becomes branched and typically alveolar in
character, while the remainder retains its, tubular nature and constitutes the true
dorsal pancreatic duct. As development proceeds, more and more of this tubular
portion undergoes branching, until only that part which actually pierces the duodenal
coats retains its duct-like structure. At yet a later stage in development, the
tubular character 'of even the part-of the duct piercing the wall of the duodenum
may become lost, resulting in the occurrence of the curious condition mentioned
above. We find typical glandular tissue piercing the duodenal coats and terminating
in a small nodular mass within the sub-mucosa, from which is given off a short
tubular duct, which runs in the mucosa to open the apex of one of the valvule con-
niventes. This curious branching of the dorsal pancreatic duct has been found in
Stage XX (pouch-feetus, G.L. 30 mm., H.L. 14 mm.), and Stage XXII (pouch-feetus,
G.L. 52 cm., H.L. 195 cm.). Text-fig. 22 represents such a sub-mucosal mass in
transverse section in the latter pouch-feetus, while Plate 11, fig. 5, shows the same
in the model of the feetus of 30 mm. (d.p.d.(s.m.)).

Another peculiar feature presents itself in Trichosurus in the very close cranio-

TEXT-FI1G. 21. TEXT-F1G. 22.

Texr-r16. 21.—Stage XIV (embryo XII1°02, G.L. 13:5 mm.) SL. 19-4-3 and 20-1-1. Composite drawing
of two transverse sections demonstrating the incompleteness of the perivenous ring. x 19. b.om., bursa
omentalis; d.p.d.(d.), distal region of the dorsal pancreatic duct.; duod., duodenum 5 h., liver;
l., spleen ; md., mesoduodenum ; myg., mesogastrium ; man., kidney ; st., stomach ; p.d., dorsal pancreas ;
p.v.d., right ventral pancreas ; v.p., portal vein.

TEXT-FIG. 22.—Stage XXII (pouchfeetus, G.L. 52 cm., H.L. 195 mm.), Sl 21-3-3. Transverse section
showing the branched dorsal pancreatic duct (/.p.d.(s.m.)) within the sub-mucosa of the duodenum.
x 33. d.ch., ductus choledochus ; d.p.d.(s.m.), dorsal pancreatic duct branching in the sub-mucosa ;

d.p ., ventral pancreatic duct ; duod.(s.m.), sub-mucosa of the duodenum ; p.d., dorsal pancreas.
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caudal proximity of the dorsal pancreatic duct to the ductus choledochus. This close
proximity is noticeable in the late feetus (Stage XX, G.L. 30 mm., H.L. 14 mm.)
(Plate 11, fig. 5, d.p.d.and d.ch.). In contradistinetion to this condition is that
described by the majority of other investigators for the various groups of Vertebrates,
where the two apertures in the adult are frequently carried away from one another,
often for a very considerable distance, owing to the growth in length of the inter-
vening portion of the duodenum.

Having completed the description of the ontogenetic processes, whereby the three
originally distinct pancreatic primordia come to form the single gland, we willnow turn
our attention to the later development of the same and thence to the adult condition.

Let us call to mind the appearance of the pancreas at the time of fusion as
portrayed in the model of Stage XI (embryo 4’99, G.L. 1025 mm.), of which
Plate 11, fig. 4, represents a right lateral view. Reference may at the same time be
made to text-fig. 21, which represents the relations of the pancreas in transverse
section, though at a later stage.

The dorsal pancreas (glandular portion) is here approximately triangular in outline,
elongate in the cranio-caudal and dorso-ventral directions, but compressed laterally
(Plate 11, fig. 4, p.d.). It lies in the mesogastrium (text-fig. 21, mg.), and, in
consequence, on the left side of the embryo. The glandular portion passes over
ventrally into the duct (Plate 11, fig. 4, and text-fig. 21, d.p.d.(d.)), the latter
arising from about its mid-region. The duct, which here still retains its tubular
character, runs down ventrally and encircles in its course the left side of the portal
vein (text-fig. 21, v.p.). Between the glandular portion and the duct on the right,
and the stomach on the left, is interposed the omental bursa (text-fig. 21, b.om.).
The dorsal duct curls round-the left ventro-lateral aspect of the portal vein and
contributes to the formation of the pancreatic ring by fusing with the left ventral
pancreas on the left aspect of the ductus choledochus and with the right ventral
pancreas on the left dorso-lateral aspect of the same. The right ventral pancreas
borders the dorsal aspect of the ductus, the left ventral pancreas borders the ventral
aspect, the ring being completed, as we have seen, by fusion of the two ventral
primordia with one another on the right dorso-lateral border of the same (text-
fig. 19). The pancreatic ring as a whole lies directly ventral to the portal vein, and
is situated in the mesoduodenum (text-fig. 21, md.). The right ventral pancreas
(Plate 11, fig. 4, and text-fig. 21, p.v.d.) extends in a direction caudal to the pancreatic
ring and is inclined dorsally, with the result that it encloses on one hand the right
aspect of the portal vein, and is applied on the other hand to the beginning of the
third part of the duodenum (Plate 11, fig. 4, duod.(3)). The openings of the two
ventral pancreatic primordia into the duodenum are confluent, the two outgrowths
are however as yet sessile, there being no definite duct.

The relations described above are retained for a very considerable period of time.
In the pouch-feetus of Stage XX (G.L. 30 mm., H.L. 14 mm.) although the same
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general relations are recognisable, development has progressed to a very marked
degree. A right lateral view of the model of this stage appears in Plate 11, fig. 5,
transverse sections of the same feetus are represented in text-figs. 23, 24 and 25..
Comparing the models of the two Stages XI and XX (Plate 11, figs. 4 and 5), it should
be noted (1) that in Plate 11, fig. 4, the first, second and third parts of the duodenum
are represented, but in Plate 11, fig. 5, only the first and part of the second appear ;
(2) that the second part of the duodenum has grown markedly in length between the
two stages, as has also the ductus choledochus and the attendant pancreatic tissue in
the same region ; (3) that a definitive ventral pancreatic duct is present in the later
stage, continuing into the dorsal pancreas as the secondary dorsal pancreatic duct.

In this pouch-feetus the various component parts of the pancreas are still
individually recognisable, although the limits of the original primordia are not so
easy to ascertain as in Stage XI. The pancreas has now assumed proportions and
relations comparable with the adult gland.

The glandular portion of the dorsal pancreas, which is triangular in shape and
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TEXT-FIG. 23. TEXT-FIG. 24.

TEXT-FIG. 23.—Stage XX (pouch-feetus, G.L. 30 mm., H.L. 14 mm.), SL 3-2-4. Transverse section
showing. the position of the pancreas late in development. x5. d., diaphragm; d.ch., ductus
choledochus; h.c.; caudate lobe of liver; h.c.d., right central lobe of liver; hic.s., left central Iobe
of liver; h.l.d., right lateral lobe of liver; h.lLs., left lateral lobe of liver; h.sp., spigelian lobe. -of
liver; om. min., small omentum ; p.d.(cr.), cranial region of the dorsal pancreas; p.v.d.(c.r.), cranial
region of the right ventral pancreas ; pyl., pylorus; st., stomach ; vf.y gall-bladder.

TEXT-FIG. 24.—The same, Sl 4-2-4. Transverse section, caudal to text-fig. 23, showing the position of
the }')arﬂléreasﬂlaﬁe in development. x5. b.om., bursa omentalis; d., diaphragm ; ’d."oh., ductis
choledochus ; duod., duodenum ; A.c., caudate lobe of liver; h.c.d., right central lobe of liver ; hic.s.,
left central lobe of liver; %.l.d., right lateral lobe of - liver; h.ls., left lateral lobe of liver ; i.l., large
intestine; 4.s., small intestine ; ., kidney ; om.maj., large omentum ; p.d., dorsal pancreas; p.v.d.,
right. ventral pancreas ; p.v.s., left ventral pancreas ; pyl., pylorus ; sr., supra-renal body.
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markedly comp1essed laterally in Stage XI, has now assumed large dimensions.

Cranially it is still roughly triangular in form and compact in nature (Plate 11, fig. 5,

and text-fig. 23, p.d.(cr.), whereas caudally it is dorso-ventrally compressed and
laterally expanded, extending out towards the spleen to come into contact with that
organ. - This caudal part of the dorsal pancreas is diffuse in nature (Plate 11, ﬁg 5,

and text-fig. 25, p.d.(cd.)); it seems probable that it is of late origin and owes its
existence to the growth of the original glandular portion of the primordium in
a caudal direction (¢f. Plate 11, fig. 4, p.d. and fig. 5, p.d.(cr.) and p.d.(cd.)). Both
cranial and caudal parts of the dorsal pancreas are found to lie in the attachment of
the great omentum to the dorsal body wall and are in consequence retro-peritoneal.

' NA\-mn.
8 s\ L Nsr
hd /Al g L\
p.v.d; (cd) Y : is.
0 P v > ”—~—P.[d.(ca')
duod. "
h.c.:.d. % \
i.s.4
b.om
hes - om.maj.
h.l.s. '

TeXT-Fi¢. 25.—The same, SL. 7-3-4.  Transverse section, caudal to text-fig. 24, showing the position of
the pancreas late in development. x5. b.om., bursa omentalis; d.p.v., ventral pancreatic duct ;
duod., duodenum ; f.c., caudate lobe of liver ; h.c.d., right central lobe of liver ; h.c.s., left central lobe.
of liver; h.l.d., right lateral lobe of liver; h.ls., left lateral lobe of liver; il large intestine;
4.5., small intestine; I, spleen; om.mnaj., large omentum ; mm., kidney ; p.d.(cd.), caudal r'egion of
the dorsal pancreas ; p.o.d.(cd.), caudal region of the right ventral pancreas; sr., supra-renal body.

The part of the dorsal pancreas just described would seem to correspond to- the
so-called body of the human pancreas, that portion which extends out towards the
spleen representing the so-called tail.

‘A narrow prolongation from the cranio-ventral region of the dorsal pancreas passes
from the fold in which the dorsal pancreas is situated into the mesoduodenum and
fuses with the right ventral pancreas.situated therein. A contiruation of this
prolongatlon passes caudally in. the form of a dorso-ventrally elongated -and laterally
compressed sheet of tissue (Plate 11, fig. 5, p.d.’). It borders, in" its course, the left
aspect of the ductus choledochus, is fused dorso-laterally on the right with the right
ventral pancreas, and ventrally with the left ventral pancreas over a very limited
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region. From the caudal extremity of this prolongation there is given off a narrow
duct which runs ventrally for a short distance, pierces the duodenal wall (descending
portion) and opens into the lumen of the same (Plate 11, fig. 5, d.p.d.).

The narrow prolongation, above referred to, is the branched representative of the
distal part of the original dorsal pancreatic duct; the short duct just described is the
persistent tubular portion of the proximal part of the original dorsal pancreatic duct.

The narrow prolongation of the dorsal pancreas and the adjacent part of the right
ventral pancreas with which it fuses are together suggestive of the so-called neck of
the human gland.

The pancreatic tissue derived from the two ventral primordia lies along the dorsal
border of the descending part of the duodenum. It iseverywhere compact in character,
and in this respect differs from the more caudal portion of the dorsal pancreas.

The right ventral pancreas extends both more cranially and more caudally, and is
altogether much larger than the left. It fuses in the mesoduodenum dorso-laterally
on the left with the prolongation of the dorsal pancreas and with the continuation of
the same, and laterally on the right with the left ventral pancreas. From the region
of fusion (Plate 11, fig. 5, p.v.d.(m.)) it projects cranially into the small omentum as
a tongue-like process (Plate 11, fig. 5, and text-fig. 23, p.v.d.(cr.)) enclosing crescent-
like the dorsal and lateral aspects of the ductus choledochus lying in the same fold,
while caudally it continues as an elongate club-like process lying dorsal to the ductus
in the mesoduodenum (Plate 11, fig. 5, and text-fig. 25, p.v.d.(cd.)). :

The left ventral pancreas (Plate 11, fig. 5, and text-fig. 24, p.v.s.) is small and lies
ventral to the ductus in the mesoduodenum in the region of fusion of the caudal
continuation of the dorsal pancreas with the right ventral pancreas. It gives off a
small cranial process which also lies ventrally to the ductus choledochus, while caudally
it fuses dorso-laterally on the left over a short distance with the continuation of the
prolongation of the dorsal pancreas and laterally on the right over a considerable
distance with the right ventral pancreas. |

The left ventral pancreas and the right ventral pancreas fuse with the caudal
continuation of the dorsal pancreas; consequently here, as in the earlier stages, there
1s present a pancreatic ring.

The head of the pancreas in Man is constituted by that portion of the gland which
is enclosed by the duodenal loop. In Trichosurus, however, the ventral pancreas does
not extend along much more than half the descending portion of the duodenum and,
in consequence, is not related to the loop. The entire ventral pancreas (right and
left) and the continuation of the dorsal pancreas caudally to the ‘““mneck” together
form a mass which recalls the head of the human pancreas. B

We have recorded in this pouch-feetus the existence of the small and very
degenerate dorsal pancreatic duct. This, it may be remembered, was lacking in
Stage XI. In that stage, also, a differentiated ventral pancreatic duct had not yet
been developed, the two pancreatic primordia lying sessile and opening by a common
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aperture into the right lateral aspect of the ductus. In the pouch-feetus of this later
stage, however, there is a well-marked common ventral pancreatic duct (Plate 11, fig. 5,
and text-fig. 25, d.p.v.) running through the ventral pancreas and opening into the
ductus choledochus within the duodenal wall, not far from the opening of the ductus.

This ventral pancreatic duct is continued cranially and dorsally into the secondary
dorsal pancreatic duct (Plate 11, fig. 5, d.p.d.(sec.)), which runs through the glandular
prolongation given off from the dorsal pancreas and thence into the dorsal pancreas
itself.

If we turn now to the adult, we find approximately the same relations prevailing,
although the limits of the various component parts of the pancreas cannot be deter-
mined with any degree of accuracy. We may note that the ventral pancreas, as in
the pouch-feetus, does not fill the duodenal loop and that the dorsal pancreas extends
out and comes into relation with the small process of the spleen and the lieno-mesocolic
fold. Whereas in the pouch-foetus the ventral pancreatic duct opens into the ductus
choledochus within the duodenal wall, quite close to the aperture of the latter into
the duodenum, in the adult there is 'a distinet hepato-pancreatic duct, the ventral
pancreatic duct opening into the ductus choledochus 1 ecm. before the ductus opens
into the duodenum. The termination of the ductus is markedly thickened and its
opening is situated on a very conspicuous papilla. The dorsal pancreatic duct has not
been observed in either of the two adult specimens that have come under my notice.

SUMMARY AND DISCUSSION.

Various writers (BracuEr, CHORONSHITZKY, etc.) have furnished in recent years
more or less detailed résumés of the comparative development of the pancreas and
hepatic ducts in the various groups of Vertebrates, and to these the reader may be
referred. Here I propose to give a summary of my own results and to indicate in
what ways. the development of these structures in 7richosurus agrees with, and
differs from, that of other Mammals, so far as these have been investigated. l

1. Origin of the Gall-bladder and Ventral Pancreas.

In Prichosurus the two ventral pancreatic primordia are lateral derivatives, and
the cystic primordium is a ventral derivative, of the ductus choledochus (text-fig. 1,
pvd., c.p., and text-fig. 11, p.v.d., p.v.s.).

The question as to whether these primordia are derivatives of the gut-wall proper
or of the ductus has been much discussed (CHORONSHITZKY, 3, and HELLY, 17). The
matter is, however, of no great importance, as the ductus itself is but a differentiated
portion of the gut-tube.

The cystic primordium in 7ichoswrus is an unpaired ventral outgrowth from the
ductus choledochus. It is luminated at the time of its first origin, and retains a
cavity throughout its subsequent development.
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In Echwdna, KEIBEL (24) has observed a paired origin of the gall-bladder
primordium, and states, moreover, that in the course of development it passes
through a solid stage.

2. Dorsal Pancreatrec Primordium.

The dorsal pancreas arises in Trichosurus as a median dorsal outgrowth of the gut.
and communicates with the lumen of the same by a single and at first slit-like
aperture (text-fig. 3, and Plate 11, fig. 1, p.d.). At the time when the gland is
beginning to lose its simple tubular nature and to become secondarily branched, it
temporarily assumes a bi-lobed condition. This appearance, however, is transient
and is indicative simply of the commencing process of branching, which results in the
formation of the definitive alveolar gland.

The unpaired and simple uni-lobed condition of the dorsal pancreatic primordium
is of usual occurrence in Mammals (CHORONSHITZKY, 3, and HEeLLY, 17). A paired
origin has, however, been recorded by Stoss(37) in the Sheep and by Lewis (28) in
the Pig. A bi-lobed condition has also been observed in the Rabbit by BracHET (2),
in the Pig by Wrassow (43), by VOLkER(40), and also by Lewis (28). LEwIs,
however, finds the bi-lobed appearance restricted to the region of the aperture of the
duct into the duodenum.

We have shown (ante, p. 311 et seq.) that in Trichosurus the dorsal pancreas has at
first an elongated slit-like communication with the gut, and that during development
this opening undergoes constriction, with the result that the gland comes to communicate
with the gut by a narrow tubular duct only. The evidence brought forward further
shows that the process of constriction in Trichosurus takes place in a cranio-caudal
direction. In all the other Mammals investigated up to the present time, however,
the process is described as beginning at the caudal end of the primordium and
progressing in a caudo-cranial direction. The Sheep, however, is an exception, for
although the process begins in a caudo-cranial, it progresses in a cranio-caudal
direction (CHORONSHITZKY, 3, and Stoss, 37). CHORONSHITZKY (3) definitely states
that in Mammals the constriction is caudo-cranial, and this is the view put forward
by the majority of investigators: Stoss(87) in the Sheep, VOLKER (40) in the Pig
and Marmot, Ferix (8), HerLy (17), and Lewis (29) probably, in the” human
embryo, whereas in all other Vertebrates, according to CHORONSHITZKY (3), it is cranio-
caudal.

The question of the direction of the constriction of the dorsal pancreas is intimately
bound up with that of the relative positions of the apertures of the dorsal pancreas
and ductus choledochus.

In Tichosurus the primary position of the aperture of the dorsal pancreatic pri-
mordium is markedly caudal to that of the hepatic diverticulum. Then, as the result
of gut-closure, the hepatic diverticulum is carried backwards until the aperture of the
dorsal pancreas lies partly cranial to, and partly opposite, the aperture of the hepatic
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diverticulum. Subsequent alterations in position are caused not by actual movement
but by differences in the rate of constriction affecting the two apertures, as a conse-
quence of which the dorsal pancreatic aperture assumes a position immediately
cranial to that of the hepatic diverticulum, but later lies some little distance cranial
to the same. This cranial position of the dorsal duct persists up to Stage XX
(G.L. 30 mm., H.L. 14 mm.), which is the oldest pouch-feetus in which the duct is
recognisable (Plate 11, fig. 5, d.p.d. and d.ch.). That the apertures lie in such close
cranio-caudal proximity to one another at so late a stage is noteworthy, for displace-
ment of the ducts away from one another, as the result of the growth of the
intervening portion of the duodenum, appears to be of almost universal occurrence in
the Mammalia. It would appear, then, that the definitive dorsal duct remains
stationary from the time of its first establishment whilst the ductus choledochus shifts
its position.

In Echidna, K=rI1BEL(24) finds the dorsal duct first cranial, then caudal, and
subsequently again cranial to the ductus. As to the cranial adult position of the
dorsal duct, KEIBEL is supported by OWEN (32) and by OPPEL (31).

In the Rabbit, Pig and Cat, BRACHET( ) and THYNG (39) record the position of the
dorsal duct, at the time of its origin, approximately opposite that of the hepatic
diverticulum, its later and adult position caudal thereto.

In the human embryo Hrrry (15, 16, 17, 18 and 19) and TaYNG (39) state that the
dorsal duct occupies a position cranial to the ductus choledochus throughout the entire
developmental history of the embryo, as well as in the adult. Movement of the dorsal
duct never occurs, according to HELLY. VOLKER (40 and 41), on the contrary, finds
first a caudal, then an opposite and finally the cranial adult position. The dorsal
duct and the ductus choledochus move in opposite directions, according to VOLKER.

We have pointed out (p. 817) that in Trichosurus, in those embryos where the
dorsal duct degenerates, the dorsal pancreas itself lies for an appreciable time free
within the mesentery prior to its anastomosis with the ventral pancreas (text-fig. 5,
p.d.). There appears to be no parallel to this isolation amongst Mammals, although
GOPPERT (11) records the same occurrence in Teleosts.

3. Ventral Pancreatic Primordia.

The ventral pancreas in Trichosurus arises from two primordia, a right and a left
(text-fig. 11, p.v.d. and p.v.s.). The right appears slightly before the left and under-
goes branching at an earlier stage. Both furnish tissue to the adult gland, the right,
which is throughout of greater dimensions, contributing about four times as much as
the left.

With regard to the number and fate of the pancreatic primordia in the Amniota,
we find much variation. Investigators, indeed, even when dealing with the same
animal, do not come to harmonious conclusions.

Amongst the Reptilia, HorrMANN (21), referring to the group as a whole, denies

YOL. COVIIL —B. 21z
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the occurrence of a ventral primordium. BracHET (2) finds two primordia in Lacerta
muralis, while VOLKER (40) in Lacerta agilis fails to find any ventral pancreas at all.
Saint REMY (36) records two in Coluber, as also does JANOSIK (28). '

Amongst Birds, Gorrre (10), Duvar (6) and FeLix (8) record two in the Chick.
In Larus and Sterna, Hammar (14) finds only one.

To turn to Mammals. KzriBen(24) in Kchidna vecords two. In the Pig,
Wrassow (43) finds a single primordium divided into two lobes, LEwis (28) finds a
paired primordium, whilst Try~G (39), VOLKER (40), and HELLY (17) record only one
ventral pancreas. Stoss (37) in the Sheep finds two. VOLKER(40) in the Marmot
records the complete absence of any ventral pancreas. In the Rabbit, HaMmAR (14)
records only one primordium, BrRAcHET (1) also finds one, but he regards it as paired
in origin, while THYNG (39) finds two lobes arising from a common stem which he
regards as indicative of a paired origin. In the Guinea-pig, HELLY (17) finds the
ventral pancreas of paired origin, while in the Rat he simply records the presence of a
ventral primordium. In the Cat, FELIX (8) and THYNG (89) find one ventral pancreas,
while HenLy (17) finds two. In the Dog, HaMMAR (14) records a single primordium.
Finally in the human embryo, the earlier investigators contented themselves with
determining the presence or absence of the ventral pancreas, with its possible
duplicity they did not concern themselves. The presence of a ventral primordium
is recorded by PrisALIx (33), ZIMMERMANN (44), HAMBURGER (12), SwaEN (38),
KOLuiker (25) and His (20). ENDRES (7) on the contrary, denies its presence.
According to FELIX (8) and JANKELOWITZ (22) there are two, while THYNG (39) finds
only a single ventral pancreas.

In Trichosurus we have shown that, although there are two ventral pancreatic
primordia, they do not both contribute in equal measure to the adult gland. In
this respect many other Amniotes resemble Trichosurus. In Lacerta muralis,
BracHET (1) says the left primordium degenerates entirely and furnishes no
pancreatic tissue. In the Rabbit, according to BracHET (1), the right part only
of the fused primordium undergoes progressive development. In the Pig (Lrwis, 28)
variation occurs; in some embryos the right only remains, in others both persist,
the right being the larger ; in yet other embryos the right is rudimentary.

We may conclude then, from these rather contradictory statements, that in
Reptiles and Birds two primordia occur as a rule, that in Monotremes (Echidna)
there are two, in Marsupials (7richosurus) there are two of unequal size, and that
in the higher Mammals there is much variation as to the number, the two in Man
being of such unequal size that one of them has frequently been overlooked
altogether.

4. Fusion of the Pancreatic Primordia.

Fusion of the three primordia in Trichosurus is conditioned by (1) the shifting
of the position of the aperture of the ductus choledochus in the ventral gut-wall,
first in a cranio-caudal, and then later in a right lateral, direction, and (2) by the
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extension in certain definite directions of all three primordia as the result of
increase in size due to their active growth.

The cranio-caudal movement of the aperture of the ductus is brought about by
the progressive closure of the gut; the subsequent displacement of the opening
to the right is, in all probability, due to unequal growth of the gut-wall in that
region. By means of the former movement the aperture of the ductus assumes a
position almost opposite that of the dorsal pancreas, the latter results in an
approximation of the two by an apparent diminution of the lateral gut-wall
situated between them. The dorsal and the two ventral primordia are thus
brought into close proximity, and fusion of the three soon follows. The right
ventral pancreas fuses dorso-laterally on the left with the branched dorsal pancreatic
duct and dorso-laterally on the right with the left ventral pancreas; the left has
meantime grown dorsally round the sides of the ductus and fuses dorso-laterally on
the right, as before mentioned, with the right primordium and on the left with the
branched dorsal pancreatic duct.

It should be noted, in this connection, that the apparent displacement of the aper-
tures of the dorsal pancreas and of the ductus is effected before fusion occurs. This
apparent movement may be assumed to be due to rotation of the gut. It does
not influence fusion in any way, as the apertures are now in such close cranio-
caudal proximity that rotation affects both equally and therefore cannot bring
about any relative alterations in their positions.

The causes underlying fusion are apparently so obscure that few investigators
have attempted to inquire into them. ' :

GOPPERT (11), basing his conclusions on the literature concerning the development
of the pancreas in Vertebrates up to his time, concludes that fusion of the two
ventral primordia is due to their close proximity, but that fusion of the dorsal
with the ventral pancreas occurs as the result of the movement of the ductus from
a ventral to a right lateral position.

With reference to Reptiles, RaTaKE (34) and CHORONSHITZKY (3) state that the
aperture of the dorsal pancreas moves from a dorsal, to a right lateral, and thence
to a ventral, position, and comes into contact with that of the ductus, fusion of
the two apertures resulting. RaTHKE regards this movement of the dorsal
pancreatic duct as due to the diminution of the right gut-wall. CHorRoNsHITZKY .
considers that it is related to gastro-duodenal rotation and torsion of the gut-wall,
which latter causes contraction of the gut-wall between the two openings, unti]
such time as the apertures come into contact and fuse. The right ventral pancreas,
according to him, bends dorsally and fuses with the dorsal pancreas, the left bends
round the dorsal border of the ductus and fuses with the already united dorsal and
right ventral pancreas.

In the Sheep, CHORONSHITZKY (3) considers that gut-rotation causes the dorsal
pancreatic aperture to open into the left of the duodenum, and the ductus

2z2
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choledochus and united ventral pancreatic primordia into the right. He states
that in Vertebrates, with the exception of Reptiles, the dorsal pancreas usually
grows to the right and ventrally, and the right ventral pancreas, as the result of the
movement of the ductus caused by gut-rotation, is displaced dorsally, fusion
occurring between the blind ends of the two glands.

Herry (17), drawing his conclusions from his investigations on the Rabbit, Rat,
Guinea-pig, Cat, Pig, and Man, postulates in Mammals a mechanical cause working
from without, viz., rotation, and, in addition, certain biological properties located in
the pancreatic cells themselves.

Kr1BEL (24), in Echidna, states that, whereas fusion of the dorsal and right
ventral pancreas is favoured by the growth of the dorsal pancreas towards the
right, the approximation of the two apertures is caused by the growth and change
in position of the stomach and duodenum.

BracHET (2), in the Rabbit, puts forward the opinion that the ductus comes

to open into the right aspect of the gut as the result of gastro-duodenal
rotation.
- TrYNG (39), in the Pig, Cat, Rabbit, and human embryos, regards fusion as due to
two causes : (1) the actual growth of the dorsal pancreas, resulting in the formation
of a ventral process, which runs down on the right of the vitelline vein and fuses
with the ventral pancreas; and (2) the development of the duodenal loop and
gut-rotation, causing the dorsal pancreas to fuse with the ventral pancreas ventral to
the portal vein.

The direction of growth, combined with the place of fusion of the pancreatic
primordia determines the presence or absence of the so-called pancreatic and
perivenous rings.

A pancreatic ring, i.e., a complete enclosure of the proximal region of the ductus
choledochus by pancreatic tissue, occurs in ZTrichosurus. All three primordia
participate in its formation (text-fig. 19). The right ventral pancreas borders the
dorsal aspect, the left ventral pancreas encloses the ventral and right lateral aspects,
the dorsal pancreas and the left ventral pancreas together encircle the left aspect, of
the ductus. The ring is completed by the three fusions (1) between the two ventral
primordia, dorso-laterally on the right ; (2) between the right ventral and the dorsal
primordia dorso-laterally on the left; and (3) between the left ventral and the
dorsal primordia, laterally on the left.

The existence of a pancreatic ring in 7richosurus is remarkable, in that its
occurrence has not been recorded as yet in any other Mammal. Amongst lower
Vertebrates, however, it seems to be generally present. GOPPERT (11) and
LaGuEssi (26) record it in Fishes, CHoroONsHITZKY (3) finds it in Amphibia,
CroroxsHITZKY (3) and RATHKE (34) both record it in Reptiles. In the Fishes and
Amphibia the two ventral primordia alone contribute tissue to the ring, but in the
Reptilia the dorsal pancreas also participates in its formation. In all other
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Vertebrates, including Mammals, the existence of a pancreatic ring is either denied
or not recorded by investigators. |

A perivenous ring, i.e., a complete enclosure of the portal vein by pancreatic
tissue, does not occur in Trichosurus. It is' peculiar that, whereas a pancreatic
ring is found in Trichosurus and in no other Mammal, yet a perivenous ring,
found only in Mammals, and of almost universal occurrence there, does not exist in
Trichosurus.

The dorsal pancreas, in Trichosurus, borders the left aspect of the portal vein, the
right ventral pancreas encloses the ventral aspect and the greater part of the right
aspect of the same, the dorsal aspect being devoid of pancreatic tissue. The left
ventral pancreas does not participate in bounding the vein (text-fig. 21).

KeIBeL (24) does not refer to a perivenous ring in FEchidna, but, from his
illustrations, one is perhaps justified in concluding that it occurs, and that it is
constituted by tissue derived from all three primordia. The dorsal pancreas
apparently lies across the dorsal aspect of the vein, and projects ventrally to enclose
its left lateral aspect, dorsal and right ventral primordia fuse on the right, while the
ventral aspect of the vein is bounded by the two ventral primordia. KEIBEL makes
no statement with regard to fusion between the dorsal and ventral pancreas ventro-
laterally on the left, which would make the ring complete.

HewLLy (17) records a perivenous ring in the Rat.

In the Rabbit also it is invariably present, according to Bracmrr (2), HerLy (17),
and THYNG (89), the two former, however, derive it entirely from dorsal pancreatic
tissue, whereas THYNG carefully describes its formation from all three primordia.
According to him the dorsal pancreas reaches the dorsal wall of the vitelline (portal)
vein and fuses with the ventral pancreas on the right of this vein, while the dorsal
pancreatic duct fuses with the ventral pancreas on the median side of the latter.

Trv~G (39) finds in the Cat a perivenous ring occasionally in the adult and then it
is constituted by tissue from the three primordia. In the Pig, the same conditions
obtain as in the Rabbit, while in Man he finds the ring invariably absent.

The existence of accessory pancreases appears to be of not uncommon occurrence in
Mammals. In Zrechosurus in Stage VII (embryo III°01, G.L. 725 mm.) a small
intestinal diverticulum arising from the proximal part of the duodenum was noticed
“and in the pouch-feetus of Stage XVIII (G.L. 21 mm., H.L. 9 mm.) a small globular
mass of alveolar tissue, typically pancreatic in character, was observed in the mesoderm
surrounding the gall-bladder. According to LeEwis and THYNG (30), such intestinal
diverticula and similar. outgrowths occurring along the cystic and bile ducts are the
probable source of accessory pancreases. WEBER (42) on the contrary, regards them
as due to the isolation of portions of an already differentiated pauncreatic gland.

It has been held that the shape of the pancreas determines in some measure the
the formation of the duodenal loop (cf. e.g., FRASER and RosBixs, 9). The gland in
Trichosurus, as we have seen, is of irregular shape, the result perhaps of its assuming
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its adult proportions in relation to the growth and development of adjacent structures.
It seems improbable that the gland should exert an influence sufficient to cause such
a definite formation as the duodenal loop. In this connection, moreover, it may be
noted that in Trichosurus the pancreas by no means fills the duodenal loop, extending
not more than half way along the descending limb of the same, but the loop itself is
less well developed than in Man.

5. The Definitive Pancreatic Ducts.

The history of the pancreatic ducts in Zrichosurus may be divided into three
developmental periods :—

(1) Stages I-XII.—The dorsal pancreas communicates with the gut by a
continuous duct. The two ventral primordia open separately and laterally into the
ductus choledochus.

(2) Stages XI1-XX.—The larger part of the original dorsal pancreatic duct (as
seen, e.g., in text-fig. 9, d.p.d.(d.)) has now undergone branching to form pancreatic
tubules indistinguishable from the first-formed alveolar part of the gland, and is
consequently no longer recognisable as a definite duct. In those cases where the
opening of the dorsal pancreas into the duodenum persists, the proximal segment of
the duct remains intact (text-fig. 10, d.p.d.(p.)), but in those cases where the aperture
is lost, this proximal segment has, in greater part, disappeared. The two ventral
primordia have now acquired a common opening into the ductus, but do not as yet
possess a definite duct.

(8) Stage XX onwards.—In Stage XX a Well defined duct, which we have
termed the secondary dorsal pancreatic duct, is recognisable, extending for some
distance into the alveolar part of the dorsal pancreas and continuous proximally with
the common ventral pancreatic duct which has now been established (Plate 11,
fig. 5, d.p.d.(sec.) and d.p.v.).

Conditions similar to those found in 7richosurus have been described by CorNER
(4) in the Pig. He has shown that at an early period in development the pancreas
consists of a plexus of tubules which is connected with the intestine by a narrow
duct (the dorsal pancreatic duct) no more capacious than any other tubule of the
network. Later a channel is formed by dilatation of the capillary ducts in the
primitive plexus, as the result of the hydrostatic necessity for a passage-way for the
secretion passing through the plexus. It is extremely probable that the duct in
Trichosurus, which I have termed the secondary dorsal pancreatic duct, arises in very
much the same way.

The earliest embryo in which CoRNER describes the existence of such a plexus is
one of G.L. 35 mm., and he terms the plexus a “primitive plexus.” It is more
probable, however, that this stage corresponds to the second developmental period of
the ducts in 1%ichosurus, and is not a primitive but a secondary and intermediate
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stage. This duct of CORNER’s is continuous with the dorsal duct which is the only
one present in the adult Pig.

In the human pancreas there is a certain amount of variation with regard to the
definitive ducts. According to Lewis (29) and SoBorra (85) there are generally
two ducts. The * pancreatic duct,” or duct of Wirsung, opens into the ductus
choledochus, and is formed by the secondary union of the ventral pancreatic duct
with the elongated distal portion of the dorsal pancreatic duct. The short proximal
segment of the latter remains in continuity with the elongated distal segment and
persists as the so-called “ accessory duct,” or duct of Santorini, which opens directly
into the duodenum.

Applying the interpretations and conclusions arrived at by the study of the
development of the ducts in Trichosurus, supported by CorNER's work on the Pig,
it seems at least possible that the elongated distal portion of the original dorsal
pancreatic duct in Man is neither more nor less than a secondary duct developing
later than any other portion of the ducts, at the expense probably of a tubular
network. If this be so, that part of the “pancreatic duct” distal to the place of
anastomosis of the “accessory duct” with the  pancreatic duct ” in Man should be
termed the ‘“secondary dorsal pancreatic duct.” It differs, however, in its relations
as compared with the Pig and Trichosurus. In the former, the secondary duct is
continuous with the dorsal pancreatic duct only, there being no ventral pancreatic
duct in the adult. In the latter, it connects up with the ventral pancreatic duct,
the presence of the dorsal duct in the ‘adult being as yet undetermined. In Man, the
secondary duct connects up with both the dorsal and the ventral duct. The ““acces-
sory duct” in Man is, of course, the persistent proximal part of the original dorsal
pancreatic duct. '

In connection with the interesting fact that in Zrichosurus the dorsal pancreatic
duct may or may not persist in the late feetus, it is of importance to note the
developmental and adult conditions in other Amniotes.

In the Reptilia, only one duct persists in the adult; investigators differ, however,
concerning its origin. VOLKER (40), in Lacerta agilis, finds the dorsal duct bound up
with the ductus choledochus ; HAMMAR (14), also in the Lizard, finds a duct formed
by the fusion of the dorsal with the ventral duct; CHORONSHITZKY (3), in Angurs,
derives it from the two ventral ducts and the dorsal duct.

In Birds, CrHorONSHITZKY (3) finds all three ducts opening separately in the adult.
 In the Monotremata, KEIBEL (24) in Echidna finds two ducts, the ventral opening
into the ductus choledochus, the dorsal opening separately. OWwEN (32), OPPEL (31)
and LecHE (27) find only the dorsal pancreatic duct. LEcHE (27) in Ornithorhynchus
records only the ventral pancreatic duct.

In the Marsupialia, OWEN (32) and LECHE (27) refer only to the ventral duct, as
also does CunNNINGHAM (5) in Cuscus and Thylacinus.

Amongst Eutheria, VOLKER (40) in the Marmot, finds the dorsal duct only, both in
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the embryo and the adult. HELLY (17) states that in the Rat there is no aperture
belonging exclusively to either the dorsal or the ventral pancreas. In the remaining
Eutheria both ducts invariably occur in the embryo, one or both of which may be
retained in the adult.

The dorsal duct alone persists in the adult in the Pig (THYNG, 39 ; GOPPERT, 11 ;
Stoss, 37 ; VOLKER, 40; and Wrassow, 43), in the Cow (GoppERT, 11, and
Stoss, 37) and in the Guinea-pig (HrLLY, 17). Both ducts persist in the adult in the
the Horse and Dog (Stoss, 37), and in the Cat (TrYNG, 39).

In the Sheep, Stoss(37) says that the dorsal duct generally degenerates but
persists sometimes in the adult. In the Rabbit, THYNG (39) says the dorsal duct
always persists, sometimes there are both ; Bracner (2) says both persist generally,
the ventral being small ; HeLLy (17) says very frequently, but not always, there
are both.

In Man, as before mentioned, there is some variation with regard to the definitive
ducts. The persistence of both ducts is regarded by Lewis (29) and SoBorTA (85)
as the general condition. According to HAMBURGER (12) this arrangement is
constant. The most common variations that may occur, according to SoBOTTA,
are (1) an occluded dorsal duct, (2) the complete absence of the dorsal duct
(according to Stoss (37) and Frrix (8) this arrangement is constant), and (3) the
failure of the secondary union between the two ducts. Variations which may occur
occasionally are (1) the respective sizes of the two ducts may undergo reversion,
(2) the ventral duct as well as the ‘dorsal may open independently into the
duodenum, and (3) the dorsal duct may open vid the ductus choledochus. The
ventral duct may be exceptionally absent (THYNG, 39).

With regard to the sub-mucosal pancreas occasionally found in the late feetus
of Trichosurus and derived from the branching of the proximal part of the dorsal
pancreatic duct within this layer of the duodenal wall (text-fig. 22, and Plate 11,
fig. 5, d.p.d.(s.m.), LEWIs (29) and HELLY (16) state that branched tissue derived
from the dorsal pancreatic duct is often found in the sub-mucosa of the duodenum
in the human embryo. '
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DESCRIPTION OF PLATE.

REerErENCE LErTERS CoMMON TO THE VARIOUS FIGURES.
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d.c.
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d.p.d.(sm.) .

duod. .

duod.(1) .
duod.(2) .
duod.(3) .

JA(1)
h.dw. .
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p.d.(f)
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St.
tr.
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Anterior intestinal portal.

Cystic primordium.

Cystic duct.

Ductus choledochus.

Hepatic duct.

Dorsal pancreatic duct.

Distal region of the dorsal pancreatic duct.
Secondary dorsal pancreatic duct.

Ventral pancreatic duct.

Branching dorsal pancreatic duct in the sub-mucosa.
Duodenum.

First part of the duodenum.

Second part of the duodenum.

Third part of the duodenum.

Fusion between the right and left ventral pancreas.
Hepatic diverticulum.

(Esophagus.

Dorsal pancreas.

Furrow at the cranial limit of the dorsal pancreas.
Right ventral pancreas.

Left ventral pancreas.

Stomach.

Hepatic trabeculze.

Gall-bladder.

Prare 11.

Fig. 1.—Stage 11 (embryo y’99, G.L. 5 mm.). Right lateral view of model, showing

the dorsal pancreas and the hepato-pancreatic complex. There is no left
ventral pancreas at this stage. The aperture of the dorsal pancreas is

dorsal, that of the hepatic diverticulum is directly opposite and ventral in

position.

X 50.
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Fig. 2.—Stage III (embryo «’97, G.I. 7 mm.). Right lateral view of model. The
left ventral pancreas is now present in addition to the right. The
apertures of the dorsal pancreas and hepatic diverticulum have retained
their primary positions. X 50.

Fig. 3.—Stage VIII (embryo XII A’02, G.L. 7°25 mm.). Right lateral view of
model. The aperture of the ductus choledochus has shifted its position
through 60° and now opens laterally into the duodenum. X 50.

‘Fig. 4.—Stage XI (embryo 4799, G.L. 1025 mm.). Right lateral view of model.
Fusion has now occurred, vesulting in a complete pancreatic ring
surrounding the ductus. The ductus choledochus now opens dorso-
laterally into the duodenum. No dorsal pancreatic duct is present here.
X 50.

Fig. 5.—Stage XX (Pouch-feetus, G.L. 30 mm., H.L. 14 mm.). Right lateral view of
model. The dorsal pancreatic duct and the ductus choledochus open dorso-
laterally into the duodenum. A definitive ventral pancreatic duct is here
present, in addition ‘to which the secondary duct is recognisable. (Some
pancreatic tissue and part of the wall of the gut have been removed to
expose the ducts.) X21. p.d./, caudal prolongation of the dorsal
pancreas on the left of the ductus choledochus; p.d.(cr.), cranial region
of the dorsal pancreas; p.d.(cd.), caudal region of the dorsal pancreas ;
p.v.d.(er.), cranial region of the right ventral pancreas ; p.v.d.(cd.), caudal
region of the right ventral pancreas; p.v.d.(m.), middle region of the right
ventral pancreas.
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PrLATE 11.

Fig. 1.—Stage 11 (embryo »’99, G.L. 5 mm.). Right lateral view of model, showing
| the dorsal pancreas and the hepato-pauncreatic complex. There 1s no left
ventral pancreas at this stage. The aperture of the dorsal pancreas is
cdorsal, that of the hepatic diverticulum 1s directly opposite and ventral

position. X 50,

Fig. 2.—Stage III (embryo «’97, G.L. 7 mm.). Right lateral view of model. The
left ventral pancreas is now present in addition to the right. The
apertures of the dorsal pancreas and hepatic diverticulum have retained
their primary positions. X 50.

Hig,.3.=2tage VIII (embryo XII A’02, G.L. 725 mm.). Right lateral view of
model. The aperture of the ductus choledochus has shifted its position
through 60° and now opens laterally into the duodenum. X 50.

Fig. 4.—Stage XI (embryo 4799, G.L. 1025 mm.). Right lateral view of model.
Fusion has now occurred, resulting in a complete pancreatic ring
surrounding the ductus. The ductus choledochus now opens dorso-
laterally into the duodenum. No dorsal pancreatic duct i1s present here.
X 90.

Fig. 5.—Stage XX (Pouch-feetus, G.L. 30 mm., H.L.. 14 mm.). Right lateral view of
model. The dorsal pancreatic duct and the ductus choledochus open dorso-
laterally into the duodenum. A definitive ventral pancreatic duct is here
present, in addition to which the secondary duct is recognisable. (Some
pancreatic tissue and part of the wall of the gut have been removed to
expose the duets.) X21. p.d/, caudal prolongation of the dorsal
pancreas on the left of the ductus choledochus; p.d.(cr.), cramal region
of the dorsal pancreas; p.d.(cd.), caudal region of the dorsal pancreas ;
p.v.d.(cr.), cr&nial'region of the right ventral pancreas ; p.v.d.(ed.), caudal
region of the right ventral pancreas; p.v.d.(m.), middle region of the right
ventral pancreas.
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