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1. Introduction,

Balfour and Sedgwick (1879) first suggested that in the
| chick the funnel of the oviduct is derived from the pronephros,
and the Mullerian duct is split off from the Wolffian duct, Hostl
of the early workers subseribed to thelr views., There seems to be
no doubt that in elasmobranchs the Millerian duct is derived from

the Wolffian duct (Kerr, 1919) and the early observers were ine i
Irluancod to a great extent in adopting Balfour and Sedgwick's
iintorpretatiun with reference to other animals, Subsequent
iinvastigatora (vide Goodrich, 1930), however, have satisfactorily
‘established that in Ammniotes a strip of thickened coelomic
epitheliun (the tubal ridge) on the antero-lateral face of the

| :
‘Wolffian body is responsible for the formation of the Millerian |

Iduet. The anterior part of the latter originates as a groove-like
iinvaginatian of the tubal ridge which grows caudad between the
belffinn duet and the tubal ridge. Now in the chick the growing !
caudal end of the Millerian duet reaches the cloacal reglon on thaé
seventh day (Lillie, 1927) but the exact time and the mode of
ifusiun with the e¢loaca has received scant attention from previous ;
workers, Greenwood (1935) was able to demonstrate that up to the
onset of puberty in the female fowl there is an interrupted con-
tinuity between the lumen of the oviduet and the cloaca, His

‘axparimants suggested that the subsequent perforation of the duct |

l
z
l
|

is under the control of a hormone of the overy, However, it has
not been possible to obtain from the literature any reference to
iho developmental history of this oviducaloecclusion.

In/
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In view of the above, the present investigation was
|undertaken as a prelude to an experimental analysis of the pheno- |
menon of perforation of the oviduet in the domestic fowl, An i
 opportunity has also been taken in course of this study to throw
gome light on the ultimate fate of the tubal ridge and the course
of the Miillerian duet in relation to the Wolffian duct in its

| developmental phases,

S Materia;_nnd ¥ethod,

Eggs from the bure-bred Brown Leghorn hens of the
Institute flock were dncubated in an electric "Petersime”
Eincubator. The earlier embryos (4 to 7 days old) were carsfully

taken out of the incubated eggs and fixed in toto. Older embryos

6(8 to 20 days old) on the other hand, after removal from the

shell, were dissected under a binceular dissecting microscope and
| sexed by the carsful examination of their gonads (Greenwood, 195)
;Ths embryos of the female line were sorted out by this method &nd!

 finally preparved for histologiecal investigation.

A pumber of fixatives, including Zenker's fluid, Orth'l‘
| Formol-tuller, 10% Formol-Seline, Aquecus and Brasil Dubosequ's

Fmodifioatiqn of Bouin's fluid were tried, but only the last two

| I
| gave uniformly good results. It was found necessary to decaleify |

‘tha older embryos (8 to 20 days old) and for that purpose over

'night immersion in Jemkin's fluid proved successful, The serial |
| I
| sections were obtained by the usual method end were stained by |
| J
|
|

| Ehrlich's haemotoxylin followed by alcoholic eosin.

is, Observations. %
i The development of oviduct in the fowl shows that the |
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| organ is originally paired and that the right one ultimetely

. | degenerates and only & small rudiment of it is normally lef$ in
an adult hen (Doma, 1927; &, b). TFor that reason only the
.davelopmsnt and differentistion of the left duct was studied,
The later embryenic stages are varisble to some extent and

ithis variability has mede it seem best to describe the typical

|
|then to attempt to make average obserwvations on a given age

individuel embryos at a particular stage of develooment rather

group, The embryos successively described should represent
successive stages; that is, they are so arranged that each one

shows on the whole an advance in cviducal development vver the

preceding one, although in relation to the development of obther

|
1

ibody orgens it mey be less advanced,

Particulers regarding the embryonic stages such as

ege and length are presented 1n Teble I,

Table I /
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TABLE I. Successive stages of the chiclc embryos employed in

this study.
Stages. Age in Length
days., in mm,.
A e 12
B 5 19 |
¢ (<] a7 |
D 7 30 |
E 8 33
¥ 9 36
G 10 4l
H 1L 46
: ¢ 12 80
J 15 71
K 16 81
L 17 ab
N 18 o
] 19 99
0 20 1038

Stage A, The Anlage of the Millerien duct is leid down at tuis

stage as a longitudinal band of thickened coelomic epithelium

(the tubal ridge) on the antero-lateral face of the Wolffian body ]
(text fig,l), It lies immediately externasl to the Wolffian duct
and measures 12.5 microns at its greatest width, The cells con-

stituting the tubal ridge are of the colummar type.

Stage B/
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Stage B, The $ubal ridge has extended caudad down to the cloacal
grsgian. A slight difference in thickness between the cranial and |
:the caudal portions of the ridge is noted, the latbter being |
'slightly thinner then the former, ‘

A groove-like invagination of the thickened anterior

_ :portian of the tubal ridge oceurs at this stage. The lips of
;this groove approach each other and fuse together forming a short
 tube which lies along the antero-lateral surface of the Wolffian
ibody between the tubal ridge and the Wolffian duct being slightly

dorsal to the latter (text fig, 2). This tube has a very narrow

lumen in its cephalic portion but its caudel end is blind being a

solid cord of epithelial cells, It measures 37.5 mlerons in

(diameter and its cephalic portion consists of a single layer of
| 1

!the lips of the tube do not meet and as = consequence it remains

radially arranged columnar epithelial cells, A% the cranial end

|
open, Four similer openings, arranged successively but very close

|to one another, are also seen along the tube at a short distance
behind the first one.
Stage C. At this stage only one opening, the future coelomic

opening of the oviduct is seen at the cranial extremity of the

Milllerian duct, the four others having been closed up, The i

Euﬁllurian duet has grown caudad down to the posterior end of the
lwblrfian body and its lumen hag also sxtended, The caudal end ori
the duct, however, remains solid as in the previous stage.
‘Mitotic filgures are frequently seen in the epithellal cells

l
throughout the length of the duct,

|
i The mesenchymatous cells from the adjoining areas of
the ¥Nillerian duoﬁ are seen migrating round it. Cells are also ‘
|
|

seen/

|
|
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geen to proliferate from the craniel portion of the tubal ridge
|

round the duct (text fig. 3). No cell proliferation from the

caudal portion of the tubal ridge is observed at thié stage.

In the cephalic region it is seen that the NMillerian and

the Wolffian ducts occupy the entire lateral surface and the

' gonad the median surfsce of the Wolffien body which thus functions

| |
as the urinogenital ridge (Lillie, 1927). It has three divinions*

(1) the sexual division, containing the gonad, involves about th0|
anterior half of the Wolffian body (2) the non-gexual divisionm, |

involves the reat of the Wolffian body (3) VYehind the Wolffian

| body itself the uhogoniﬁl ridge is the mesenchymatous caudal
prolongation of the non-sexual division which forms a sort of

connecting ridge between the latter and the lateral diverticulum

| of the cloaca. (This diverticulum appears at about the 60th hour

of incubation and at about 72th hour it establishes a connection |

' with the Wolffian duct, (Lillie, 1927),) In transverse section

1t appears as & projection from the dorsal body wall and contains |

|mly the Wolffian duet at this stage (text fig. 4). The first
ltm divisions of the urinogenital ridge may be termed together as
ithe cephaliec portion and the third division as the caudal portion,
| In the sexual division of the urinogenital ridge the
-[Mullerian duct occupies an external and dorsal position to the
Wolffian duet (text fig. 6). In the non-sexual division, however,
éit has changed its course and lies extermally but on the same

level with the Wolffian duct (text fig., 6).




i
| Text « £ig.l ~ Transverse section through the region of $he haar-b
| of a 4 days old chick embryo showing the tubal ridge (x30),



| Text » fig.2 - Five consecutive transverse sections through the

showing the formation of the Millerisn duct (x16 ).

explanation see the text,

' eranial portion of the tubal ridge of a § days old chick eumbryo

For further
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Text - fig.5 - Transverse section through the craniel region of

| the Miillerian duect of a 6 days old chick embryo showing the cell il
! proliferation from the tubal ridge round the Millerian duet ‘
5 . i

(x50), Other parts not represented in the figure,
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Text - fig.4 - Tranaverse section through the region of the
intestine of a 6 days old chick embryo showing the eaudal

portion of the urinogenitel ridge (x28),



| Wolffian duet, however, i1s eontinuous with the cloaca through

| an extension from its dorsal wall forms a bridge-like connection

wl2e

Stage D, The Miillerian duet has entered into the caudal portion

of the urinogenital ridge and has reached the vicinity of the

eloaca, The caudal end of the duct, however, is solid as in the |
previous stage. |

The cell proliferation from the tubal ridge round the |
Millerian duct is not restricted to the emniai region only, but |
is seen to be extended throughout the entire length of ridge at :
this stage.‘s |

Throughout its entire course in the caudal portion of

the urinogenital ridge the Millerian duct lies ventral to the |

Wolffian duet (text fig. 7). In the cranial region, however, its

|
positions in relation to the Wolffian duct are similar to those

in the previous stage,

In this stage it is seen that the cloaca has become

compressed in an antero-posterior direction (Lillie, 1927) and

with the caudal pertion of the urinogenital ridge. Only the .

this extension,

Stage E, Unlike the previous stage the entire course of the ‘
Mulleﬂan duct' in the caudal portion of the urinogenitel ridge is I!
not wniform in relation to the Wolffian duct. It is seen that inl
the cloacal region it occupies a lateral but more or less intamll
position to the Wolffian duct though further cephalad it occupies
a ventral position to the latter as in the previous stage, This

change in position of the Mullerxian duct at this stage is pre-

sumably due $0 slight tilting of the caudal portion of the '.
|
urinogenital ridge towards the mesial side in the ¢loacal region, |

Tracing/ Il



. |it ean be seen that in the sexusl division of the urinogenital

| lumen of the duet exbtends down into the solid cord-like portion

' wall of the Milllerian duct (Pl. f£ig.7). The mesenchymatous

»18a

|Tmei.ng caudad from the cephalic extremity of the Milllerian duet

iridge it lies external end dorsal to the Wolffian duof (bext
;ﬁs.a.a); in the nonegexual division it is external but on the
!sama level with the latter (text ﬁg.B.b) s+ In the caudal portion |
!o_f the urinogenital ridge the Mullerian duct ies ventral to the
;Wbltftan duet (text fig.8.c) for some distance, and finally in
ithe cloacel yegion it occupies, as stated above, a lateral but
Imore or less internal position to the Wolffian duet (Pl., fig.l.,
text fig.8.d).

! The process of cell proliferation from the tubal ridge
|which started in Stege C is now complete and, as @ result, it
ceages to exist, The epithelium of the site previocusly marked by
| the thickened tubal ridge appears flat like the adjacent peritone

eal epithelium,

At this stage the fusion of the Milllerian duet with the .
eloaca takes place. The progressively growing duct passes througﬂ
the bridge-like extension of the cloacal wall referred to in the
| previous stage and eventually penetrates into the cloacal wall
(Pl, , figss 1 to 5), The cyadal end of the duct comes to rest

on the epithelial lining of the cloacal lumen (Pl., fig.6). The

and only a single layer of epithelial cells is left et its caudal |

|
end, This layer ultimately becomes continuous with the epithelial

eells of the cloacal wall migrate in between the caudsl end of
the latter and the epithelial lining of the cloacal lumen,

Owing/
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| Owing to this mode of fusion a short terminal portion of
|

|the Mulleriesn duet lies hidden within the cloacal wall in the

|

‘embryonic life of the chick., In an adult hen also a short oaudal!
i |
portion of the oviduct lies within the ecloacal wall, !
:Morphologically this portion may be regarded as the cloacal

éportien of the vagine,

|

|
Stages ¥ to H. The wall of the Mullerian duct has increased in
|thickness and a slight increese in diameter of the duct is also
noted in these stages. 'Nbro mesenchymatous cells have invaded }
the region betwesn the caudal end of the Mullerian duet and the

epithelial lining of the c¢loacel lumen and have formed a distinct

‘zome between the two,
No further changes in the course of the Uullerian duct
are noted in these stages; its relation %o the Wolffian duct is

the same as in stage H.
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Text « £ig.0 - Transverse section through the sexusl division ori
the urinegenital ridbe of a 6 deys old chick embryo showing the ‘

relative position of the Wolffian and the Millerian duects. (120)4
|
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Toxt - fig. 6 « Tranaverse section through the nonesexual division
of the urinogenital ridge of a 6 days old chick embryo showing

the relative position of the Wolffian and the Millerian ducts
(x20).



Text ~ fig. 7 ~ Transverse section through the region of the
showing

intestine of a 7 days old chick embryo/the caudal portion of the

urinogenital ridge (x20). Note the relative position of the

Wolffian and the Miillerian duets,



|

| Text - fig.8 « Diagremmatic representation of the trensverse
sections through the successive reglons of the urogenlital ridge
of a 8 days old female chick embryo showing relative positions
of the Wolffian and the Millexrian ducts,
gee the text,

For further sxplanstion
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Stage I, The Miillerian duct shows differentiation into ostium,
‘magnum and the primordium of the shell gland, The mesenchymatous
\zene between the caudal end of the Mullerian duet and the epie |
!thelial lining of the cloacal lumen, is greatly thickened at this
istago. |
ist_ggg J.  The Millerian duet has further differentiated, Both |
:tha Woltria:.l body and the Wolffian duct, as usual, have considere
|ably degenerated leaving traces along their former sites, The
:thielmned mesenchymnatous zone together with the epithelium of the
Mdllerfan duot and of the cloacal lumen forns an occluding plafe
;(m. £1g.7) which prevents the entrance of the Nullerian dust

|into the cloaca,

|
|
Stages X to 0. Only traces of the Wolffian body and the Wolffian |
‘duct are visible, The former is, however, mostly replaced by the

| permanent kidney., The left ovary has increased enormously in
ivulumb end the Mullerian duct hes assumed more or less the adult

Ipattern.
| .
|72 days old chick, Pl, <figs, 8 and 9 depict the sagittal aootioi

 through the occluding plate which consists of a zone of connective

|
'tissue supplied with blood-vessels and is bordered, as stated

‘above, by epithelium on its two antero-posterior sides,

‘4, Discussion,

|
|
' There has besen much controversy concerning the backward

| growth of the Millerian duct, Bornhaupt (1883) suggested an

| |
‘mdepondent backward growth of the duct. Later on Janosik (1883),
| V.Mihaleovies (1885-86) and Lillie (1927) also subscribed to this |

view/ i
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view, Waldeyer (1870) pointed out that the Millerian duet

grows at the expense of ¢ells contributed by the tubal ridge. \
| However, Balfour and Sedgwick (1879) maintained that the poster-
ior growth of the duct is effected by the cells proliferated

| from the Wolffian duct, The observations recorded in the present

work point to an independent cauded growth of the IMullerian duect

E'b,w,r the division of its own cells and not by the cells contributed
'_hy the tubal ridge or the Wolffilan duet., A partial fusion of the

| Miillerian duct with the Wolffian duet has been suggested in the

case of the duck (Burger, 1894a,b) but no such phenomenon is

recorded in the case of the chick,

A varisble number of evanescent openings have been

recorded at the eranial end of the Millerian duct in the chiek |

only to disappear in subsequent development (Lillie, 1927), It

is also interesting to note that in the duck as meny as fifteen
similar openings have been observed (Burger, 1897 2, b) but the |
pregsent studles record only four such openings and their real

' significance is not yet understocd.

Balfour snd Sidgwick (1879) maintained that in the chick

' the ostium is derived from the pronephric nephrostomes, But a J
|eariful examination of the serial sections through the pronephros |
ifailﬁlto corroborate this view, and it can safely be sald that

'!whatwar may have been its phylogenetic origin the ostium has no

entogenetic conneetien with the promephric nephrostomes, This is

|
'algo the view expressed by Lillie (1927). |
Previous workers on the chick (vide Lillie, 1927) as well ;
- I
as/ |




~22= i
as on other Ammiotes (vide Goodrich, 1930) failed to observe the
ultimate fate of the tubal ridge. In the Urodela (Hall, 1904) the
tubal ridge proliferates cells to help in the process of remationl
| of an outer mesenchymatous jacket of the iMiillerian duct, In the |
!oasa of chick a similar fate of the tubal ridge is observed,
iﬁurtia (1910) suggested that the central ligament of the oviduet
'originates from ¢ells cantributed by the tubal ridge. This
;susgestian needs substantiation and the present author has taken

an opportunity to study the embryology of the oviducal ligaments

(to be published later).
In Telecstean fishes the growing caudal end of the
lillerian duct eventually fuses with the lips of the so-called
®Abdominal pores®™ of the cloaca (Kerr, 1919)., In the frog,

iuaoagiaa (1892) has stated that the caudal end of the Millerian |
}dunt touches and eventually fuses with the cloacal wall, but from
ithe P1.15, £ig.14 of his paper it appears that the Nillerian auat‘
imsee with a diverticulumelike structure from the cloacal wall. ‘
:In the Marsupial Trichosurus vulégeuln the Wolffisn and the
Millerisn ducts of one side fuse to form a single tube which ‘
enters the urinogenital sinus (Buchanan and Fraser, 19i8). In
i the case of man the two Milllerian ducts fuse with each other to
i form a common duet which presses against a median projection

| (Miiller's Tubercle) from the wall of the urinogenital sinus

|
(Arrey, 1940)., In the case of chick it haes been shown here that

the growing Miillerian duect penetrates through a bridge-like
| extension of the cloacal well on the Sth day (Stege E) and comes |
%o rest on the epithelial lining of the cloacal lumen, Unlike i

im/
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man and Trichosurus the Millerian ducts in the chick, however,

remain independent of each other and of the Wolffian ducts,

Lillie (1927) has stated that in the sexual division of

| the urinogenital ridge the Millerian duct lies dorsal and extere |

| nsl to the Wolffian duet, but he has made no mention of its

course in either the non-gexual or the caudal portiona of the

| urinogenital ridge., The present studies have shown that in the

| nonesexual division the Millerian duct is externmal but on the

game level with the Wolffian duct while in the caudal portion it

ocoupies a ventral position to the latter for some distance and |

finally in the cloacal region it becomes more or less internal to

the Wolffian duect (vide Stages ¢ to B)., It is interxesting to

note that after 8th day no further changes in the course of the

. Mullerian duet take place. |

| have shown that it is the mesenchymatous eaudal prolongation of

Lillie (1927) has given no description of the caudal |

: 5
portion of the urinogenital ridge. The present studies, however,|
|

|

the nonegexual divisim which connects the latter with the eloaoa!k

In the marsupial Trichosurus vulpecula the caudel portion of the |

urinogenital ridges swings mesad to the mid-plane and fuse to
form the genital cord., As a result of this fusion the lMillerian |
duct passes from a ventral position to the mesial side of the
Wolffian duct (Buchanan and Frasey, 1918). In man, the caudal
portion of the two urinogenital ridges swings as in Trichosurus
to form the genital cord and a similer change of pesition of the |
Mullerian/
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| Miillerian duct in relation to the Wolffian duet takes place

| the/ |

- a "Plate" (Cameron, 1940)., In the case of virgin human females

| plate of an immature female fowl is, thus, analogous o that of

(Arrey, 1940). In the case of the chick there was no previous
report of tilting of any part of the urinogenital ridge., It has
been shown here thet the caudal portion of the latter tilts |
slightly tc the mesial side in the cloacal region on the 8th day ‘
and consequently in this region the Millerian duct is manceuvred

to a more or less internal position to the Wolffilan duct (see

above), Unlike man and Trichosurus, howsver, the two urinogeni-
tal ridges in the chick never fuse to form the genital cord. %l

Gasser (1874) first pointed out that in the case of the |
domestic fowl the oviduet does not open into the cloacal lumen
until after the hen is six months old, GCreenwcod (1935) showed

that in imnmatuve female fowls the junction between the oviduet

end the cloacal lumen is oceluded by a membrane which eventually
becomes perforated and finally destroyed during the process of
laying the Tirst egg. With the destruction of the occluding

membraene at its mouth, the oviduet becomes continuous with the

¢loacal lumen, In the case of lower vertebrates (Kerr 1919)
has stated that the opening of the Mullerian duet into the cloaca
is "Commonly delayed till a comperatively late stage «-- often
till a period shortly before the sexual maturity". In immature

rat snd mouse the external orifice of the vagina is oceluded by

also the entrance to the vagina is guarded by a membyrane or the

hymen (Arrey, 19403 Hemilton et al, 1945), The occluding




. of the outer tunic of the Millerian duct,
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the mammals. It is also Interesting to note that it appears

similer in structure to the hymen of a virgin human female,

- 8. Swmery,
(1) Successive stages in the development of the Milllerian |

duct and its mode of fusion with the cloaca are described, |

(2) The tubal ridge 1s concerned in the process of formation

(3) The course of ihe iiillerian duet in relation to the
Wolffian duet in its dirferpnt developmental phases is deseribed
and discussed,

(4) The Millerian duct instead of opening into the cloaca

ends blindly, owing o the interruption of an oecluding plate.
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| 7, Bxplanation of Lettering.
WB, w,b., Wolffian body.
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WD, w.d, Wolffian duot,
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TR.,T.rs Tubal ridge.
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Hearxt,

Coslone.

Wotochord.

Invegination,

Cells prolifersting from the tubal ridge round the ,
tullerian duct,

Dorsal aorta,.

Inteatine,.

gonad
Sexual division of the urinogenital ridge (Wolffian body)

Non-sexual division of the urinoganital ridge (Wolffian
body).

Dorgal side.

Ventral side,

Bridge~liks extension from the cloacal wall,
Cloacal epithelium

Cloacal lumen,

Junetion of the caudal portion of the urinogenital
ridge with the cloacal extension,

Opening of the Wolffian duct,
Mesenchymatous zone,

Occluding plate,

Zpithelial layer at the caudal end of the Milllerian duet.
Blood-vessel. |

Connective t1lssue zone. I
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| B8, Deseription of Plates.

Figs. 1 = 6. Photomicrograrh of six successive transverse
gections through the cloacal region of an 8 days old female

. chick embryo showing the joining of Millerian duet with cloaca

(=80) .

Pig.7. Photomicrograph of the sagittel section through
the cloacal region of a 15 days old female chick embryo showing
the occluding plate (x70).

Fig.8, Photomicrograph of the sagittal section through

the occluding plate of the oviduet of a 72 days old chiek (x35),

Fig.9. Magnified view of a portion of the occluding

' plate as shown in Fig.8,(x70).
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| Unfortunately the developmental history of these structures has

Attention has been paid to the morphology and histology of the

f ligaments in adult hens.

=5le

1, Introduction,
It is well known that the oviduct in the domestic fowl
is held in position by two ligements, one ventral and the other |

dorsal which form very conspicuous struectures in an adult hen,
received scant attention from the previous workers.
In the present paper an attempt has been made to

investigate the embryonic development of the ligaments,

ligaments in immature chicks and their growth and differentiation

with the approach of sexual maturity. An opportunity has also

been taken in the course of this study to throw some light on

the function of the ligaments.

2, Review of the Literature.

i
[
i
|
Curtis (1910) was the first to give a comprehensive ‘
aceount of the morphology of the ligaments in adult hens., She ‘
also gave a very bﬂ.of account of the morphology of the ligements
in young chicks and further suggested that the tubal ridge (_v_i_d_g_
Lillie, 19287) is responsible for the formation of the ventral

ligament, Hewitt (1939) also described the morphology of the

Curtis (1910) and later on Kaupp (1918) pointed out that
the oviduct and its attached ligaments elongate considerably with
the onset of sexual maturity. |

Curtis/
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Curtie (1910) showed that the ligaments terminate
anteriorly in such a menner that they form a sort of "Pocket"
which guides the egg into the fumnel portion of the oviduot.
She also suggested that the musculature of the ligaments helps,
to a great extent, in maintsining the normal peristalsis of the
éoviduet. Asmindson (1931) pointed out that the shape of the egg
:15 determined mostly by the sctivity of the muscles on the wall
'of the isthmus and the uterus and the ligements exert no influenc
‘on the egg shape, Hewitt (1939), on the other hand, observed
Ethnt the ligements influence the egg shape and recently Harper
iand Marble (1945) subseribed to his view.
|
3, Material and Method,
| Eggs from the pure-bred Brown Leghorn hens of the Institute
flock were incubated in an electric "Petersime" incubator,
!Thn embryos among the female line were sorted out by the careful
‘examination of their gonads (Greenmwood, 1925) and sections were

‘prepared by the method deseribed in a previous paper (Kar,
|

unpublished),

For histological study, the entire oviduct with its
attached ligaments was dissected out and fixed in toto,
élﬂ% Formol-Saline proved to be useful for the latter purpose,
After the usual process of dehydration and elearing small pieces
'of qviduct with the ligaments in situ were embedded in paraffin
and transverse sections were prepared, The latter were stained

;by Mallory's triple stain or Ehrlich's haemotoxylin followed by
?1coh01/
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aleohol eosin, For the study of collagenous fibres small
pilecee of the ligaments from fresh unfixed material were stained
by msthylene blue and mounted in glycerine,

Only the development and differentiation of left ventral
|

| and left dorsal ligements were studied,

| 4 Observations,

' A, Embryonic development of the 1 ts.

The method of description of the embryonic stages
followed here is the same as in a previous paper (Kar,
unpublished), Particulars regarding the embryonic stages such

as age and length ayre presented in table I,

Table I.
; Suceessive stages of the ehick embryos treated iam the study,
Stages. Age in days, Length in mm,
I 8 33
i 9 36
111 10 41
e 11 46
v 12 50 |
VI 15 71 i
VI 17 86 :
VIII 20 103 |
x 21 105
|
[

(a)/



. ventral bulging of the peritoneal epithelium covering the
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(a) The Ventral ligament,
Stage I, « The Millerian duch is seen as an epithelial tube
surrounded by a thick outer tunic of concentrically arranged
megenchyme cells. The thickened epithelium of the tubal ridge
appears flat and similar to the adjacent peritoneal epithelium, |
On the mid-veniral surface of the Mullerian duct a swelling is

observed which extends from the posterior end of the non-sexual
division of the urinogenital ridge for a short distance only

caudad, In transverse sec¢tion this swelling appears as the mide |

1
urinogenital ridge amlf].ooaely filled with mesenchyme cells
(text - figs 1)« It measures about 3 microns in diameter.

Stage 11, -~ At this stege the swelling on the mideventral

| surface of the Millerian duet is seen up to the ostium region

¢ephalad and down to the cloacal region caudad. In the cranial
region the mesenchymatous cells from the outer tunic of the

Millerien duct migrate into the swelling end, as a vesul®, it

' becomes closely packed with mesenchyme cells (text - fig.2), In I

 the caudal region, however, no cell migration is obssrved end the

| swelling remains loosely packed with mesenchyme cells as in the
| previous stage,

 Btages III and IV, = The process of cell migration from the |

 region and, as a result, in this avea also the swelling becomes

outer tunie of the Millerian duct is extended down %o the coudal |

closely packed with mesenchyme cells, In transverse section i%
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Text « fig. 1 » Transverse section through the eaudal portion of
the urinogenitel ridge of a 8 days o0ld femmle chick embryo

showing the Anlage of the ventral ligament (x30),
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|
the urinogenital ridge of @ 9 days old female chick embrye showing

Text - fig. 2 « Transverse section through the caudal portion of

| the Anlage of the ventral ligement (x35). For further explenation

iue the text).
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appears as the mid-ventral protuberance from the outer mssen-

chymatous tunie of the Millerian duet covered by the peritoneal

epithelium of the urinogenitael ridge (text - £ig.3; Pl, , fig.l)

| Stage V.- The left NMillerfan duct has differentiated into the

| ostium, the magnun and the primordium of the shell-gland, The

mid-ventral swelling of the Willerilan duet or the ventral

. ligament exhibits considerable increase in diameter and in the

cephalic region its free end appears somewhat curved (Pl,

| £ig.2), Near the cmudal region of the primordium of the shell

gland the future ventral ligament appears as a spherical cord.

Stages VI and VII, -~ The central ligament is supplied with
blond-vessels and blocks of muscular tissue of the plain type
ere seen near the free end (Pl, , fig.5). Patches of muscular
tissue continuous with that of the Milllerian duet are also seen
along the two lateral margins of the ligament (text - fig.d).
Collagenous filbres are seen throughout its extent execept in the

shell gland reglon where it is only a muscular cord without any

' collagenous fibres,

Stages VIII and TX, ~ The free ventral mergin of the ligament

appears like a muscular cord and the two lateral margins are
marked by the pfesenee of thin patches of muscle which are
continued round the Millerianm duet, The rest of the ligament,
however, is filled with collagenous fibres, In the caudal
region of the shell gland the ventral ligement is a muscular
cord without any collagenous fidbres as in the previous stages
(Pl. , fig.6).

(v)/
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Text « fig, 3 = Transverse section through the caudal portion
of the urinogenital ridge of a 10 days o0ld femle chick embryo

(x30) 4 For further explanation ses the text,



P

Text « fige. 4 - Transverse section through the magnum region
of the Millerian duet of a 17 daye old femsle ehick embryo

ghowing the ligaments (x30).



ridge with the dorsal body wall, The anterior end of the
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(b) The dorsal ligament,

Stage I. - fxcept in the elomeal region, the Millerian duet
occupiles a ventral position to the Wolffian duet in the ceudal :
portion of the urinogenital ridge and is surrounded by a thick
outer tunic of mesenchyme cells, The Wolffian duct 1s surroundad;
by a rather thin layer of mesenchyme cells (text - fig.l). The il

ureter is situated close to0 the junetion of the urinogenital

Wolffisn body and the Wolffian duct have degenerated and the
ostium vegion of the Millerien duct remmins attached to the
dorsal body wall by a strip of mesenchyme, (Pl, , £i1g.3).
Purther caudad 1.e, in the remaining sexusl and the whole of the
non-gexual portions of the Wolffian body (urinogenital ridge)
the Millerian duct oceuples its usual position in relation to thei.
Wolffien duct, |
Stage II, ~ In the eaudal portion of the urinogenital rildge a

slight constriction is observed in its middle region (text ~ fig,

| 2)y In the cloacal region the portion of the urinogenitael ridge

dorsal to the Wolffian duct also becomes comstricted and appears |
as & nerrow mesenchymatous strlp which remains attached to a E
diverticulumelike portion of the dorsal body wall (text = £1gz.5),
The ureter is situated in the latter region snd is surrounded by

a thick mesenchymatous ocuter tunic, In the ostium reglon the

- Millerian duct remains atteched to the dorsael body wall by the

mesenchymatous strip referred to in the preﬂmm otage. In the |

entire cepbslic portion of the urinogenital ridge (Wolffian body) |

the Wolffisn quet has completely degenerated and disappeared,

Caudad/
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Caudad to the ostium regioa, however, the Mullerian duct
vemains atbached o the Wolffian body ik nesenchymatous strip
which appears as the caudal prolongation of the similar strip at

the ostium region,

i Stages II1 to IV, - The constricted middle region of the caudal i
portion of the urinogenital ridge appears narrower in stage IIX E
(text - fig.3). In stage IV it eppears to be distinctly
divided into a ventral snd e dorsal portion, and the two remain
econnected by the constricted strip-like portion (Pl., ,fig.l).
In the cephalic reglon. of the urinogenital ridge, however, no

marked change is noted,

3tage V., » 1In the caudal region the strip-like portion coaunact-I
ing the ventral with the dorsal portion of the urinogenital ridge
appears narrower than at the previous stage. This strip becomes
vagoularized at this stage, The remaining portion of the
Wolffian duet is in a stage of rapid degeneration and its
epithelial lining is invaded Sy mesenchyme cells., The strip of

mesenchyme which connected the caudal portion of thé urinogenital

. ridge to the diverticulum-like projection of the dorsal body walﬁ
| in the previous sbtages, ceases %o exist at this stage and conso-i
quently the formsr remains directly attached to the latter,

(PI: s Tig. 2), The major portion of the Wolffian body
{corresponding to the entire sexual and the major part of the
non-sexual division of the urinogenital ridge) has degenerated
and the Mullerian duct remains attached to the dorsal body wall
(Pl, , ig. 4). |

Stage VI /
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Text « fig. 5 = Transverse section through the caudal portion of
the urinogenital ridge of a 9 deys old female chick embryo in
the region of the cloaca (x30), For further explanation gee

: the text,
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Stage VI. - The dorsal reglon of the caudal portion of the

urinogenital ridge has merged with the adjoining body wall, The
diverticulume-like projection of the dorsal body wall observed in
the previous stages appears more or less triangular at this stege

and the Mullerian duet remains attached to the apex of this pro-

jection by the constricted strip-like portion of the urinogenital |

ridge (Pl,, £ig.5) The ureter is situated inside this triangular i

projeetion, Portions of the Wolffian duet have completely degen~ |

erated but traces of the duct, however, are still visible. Only

a small rudiment of the Wolffian body (corresponding to a rudiment |

of the none~sexual division of the urinogenital ridge) is left.

Throughout its entire course, the Mullerian duct remains attached

te the dorsal body wall by a continuous sheet of mesenchyme or

the dorsal ligament,

Stage VII, Muscular tissue of the plain type end blood-vessels
are observed throughout the dorsal ligement but very few
collagenous fibres are seen. Traces of the Wolffian duct are

left only in isolated locations eslong the caudal region, The

triangular projection of the dorsal body wall referred to above °

is no longer seen at this stage, The latter appears flat like

the adjacent reglons (text - fig.4).

Staggs VIII und IX, - The dorsal ligament extends from the
fourth thoraeio rib down to the cloaeal region, It is made up

hoatly of muscular tissue with few cocllagenous fibres interposed,

Jlrnooa of the Wolffian duet can still be seen in the caudal region

(text/
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| (text - £ig. 6), In the cephalic reglon a small rudiment of the

| wolffian body 1s left (vide Stage VI).

Appendix to the development the fele) \]

It 1s e well established faot that the Wolfflan duct
T eventually degenerates in the female chick embryos but the
. details of thisz process sre not menticned in the literature, :
:Lmu (1927) suggested that it degenerates alomg with tie |
Wolffian body, From a review of the above it is evident that tho;
process of deganeration of the Wolffian duat is ¢losely aaaoc!atoql
with the eambryonlc development of‘ the dorsal ligament, The ;
prodess astertas with the degeneration of only the enterior end of |
Ithe duet on the 8th day (3tage I) but afterwards goes on with ;

Isrut rapidity in a eauuded direction with the rssult that it

' geases %o exist in the entive gephalic portion of the urinosanitaq
ridge by the 9th day (I%sge II), In the cesudal portion of the
|

urinogenitel pidge the degensration of the Wolffien duct is slow
‘and irregular, that is, not in a eranio-caudad direction as in the

‘eephalic peglon, The major portion of the duet in this region,
howsver, totally disappears by the 20th day but treces ere left lq
| some isolated locations even a$ hatehing tims, It is mtemﬂn‘i
'to note that at the extrems oranial end the Wolffian duct

dogenerates along with the Welffisn body as suggested by Lillle |

' but further ceudad the former disappears earlier (Utege II). !
During the process of degenerstion the epithelial wall of the |
duct is invaded by eells of mesenchymatous nature (Pl., £1g.7), ‘
but the aotual transformation of one kind of cell into the other is

not seen, Incidentally, in the male chick embryos similar
histologieal/ 7
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Text - fig, 6 = Transverse section through the Millerien duet of
a 20 days old female chick embryo immediately cephald to the

shell gland showing the ligements and trace of the Wolffian duct
(x30) .
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histological changes take place in the epitheliasl wall of the
Millerian duct which eventually degenerates after the 8th day

(Lillde, 1927).

B w and histology of the ligements in immetuvre chicks,

(a) The ventral ligament,
The ventral ligement is a thin membrane which extends

along the mid-ventral region of the oviduct from the fumnnel and
mnds as a thin muscular cord in the caudal end of the nhall~gland.|
It remains attached o the oviducet by its dorsal margin while the l

5wntml margin lies free in the body cavity. A transverse section

!thrtmsh the ventral ligament in the magnum region (Pl. , fig.8)
shows that the muscle fibres are concentrated in the free and in
!the attached margins of the ligament, The lateral margins, |
!howewr, are bordered by comparatively thinner mmscle fibres whiohi
‘ape continued round the outer museulature of the oviduets The |
‘mgculature of the lateral margine anastomose with each other by
‘very thin muscular trabeculse, The spaces between trabeculae are
i!:ather loosely packed with bundles of collagenous fibres which
#ppanr a3 finely dotted areas separated from one another by broken |
Mlar lines, Triangular fibroblast cells are situated in the |
%paoea between the ecollegenous fibres, The eytoplasm of these |
¢!u113 takes up deep staﬁ and each contains a spherical nucleus,

i. The caudal end of the ventral ligament, as previously
l:stated, is a muscular cord and does not contain any collagenous . |
rivves |
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fibres, It finally breaks up into very thin bundles of muscle
fibres which extend down %o the utero-yaginal junction ('tm -

fj-gn 7, a to G]--

(b) The dorsal ligament.
The dorsal ligoment remains attached to the oviduet by

its ventral margin while the dorsal margin is attached to the

- body wall, It extends from the caudal end of the oviduct up to
the fourth thoracie rib, The bulk of the ligament is made up of
muscle fibres with very little connective tissue interpesed. |
IA transverse section through the dorsal ligement in the magnun ;
;rogim shows that the musculature of the lateral mergins are cone
| tinued round the outer misculatuve of the oviduet, Near the |
ilattachod end & small erea of the ligament 1s filled with

| eollagenous fibres (Pl. , £ig.9).

C. Growth and differentiation of the ligaments,

| Like the oviduet its ligaments also exhibit two
idiatmct growth phases in the post-hatching period. The first
covers a2 comsiderabls period of tims (up %o about the 20th week
of age) during which the ligaments exhibit slow but steady growth
| (Isogony). This period is followed by one of extremely rapid
‘growth (Heterogony) (yide Teble II),

| In this peried of sudden growth the ligaments becoms
| highly vagculerized end their musculature also becomes very thick,
im ventral ligament is seen %o be ¢losely packed with bundles of
;colhgnnwa fibres, It might be menticned that this period of

heterogenic/



-48-

2°g g% 02 0z oz 2 )b
8°2 2°z et ot 1 2 oz
g2 2 3T g6 a*ot 3 8T
3 9°1 g1t 6 0T g ot
8T gt 183 8 6 3 o1
g1 T g*ot 34 g°8 ¢ o1
1 8°0 o1 & 8 2 )
T | e TENT | =
Tesaoq Teaguon Te8T0q Tergues oupiao Sy | TEEmE |
.%Mﬁhmﬂaﬁﬁw e oAy W0 uF YiDoue| OSCAGAY uolomﬂﬂl;w. .uamnnz %m

*PoTIed BUIUDFEU-3500 6] U SIUSUEST[ OU3 DUD JONPIAC OU3 JO JUSNGANSHON O JO

 *I etem




§0e
heterogonic growth does not alter the relatiuﬁ of the ligaments
which exists at hatching time, that 1s, the ventral ligament
extends from the posterior end of the funnel down to the caudal
anﬁ of the uterus end the dorgal ligament from the caudal end of
t.ha oviduct up to the fourth thoracic rib, It is interesting te
note that the growth phases similar %o those of the ligaments and
the oviduct are exhibited by the comb and wattles (Ureenwood,
1935), For a comsiderable period of time in the post-hatching
period they show isogonic growth, then, with the onset of sexual
maturity (after about the 20th week), follows a period of heteros

gonie or sudden growth,

D. Ligaments in mature chicks,
(a) The ventral ligement.

The ventral ligament is & faneshaped structure which
remaing attached to the oviduet by its dorsal margin while the
ventral margin lies freely in the body cavity. It measures about
6 em, in diameter in the megnum region. At the ¢ranial end the
ligament remains attached o the posterior elongation of the
funnel, Caudad to the funuel the free ventral mergin of the
jligmmtm is & muscular cord from which bundles of fibres radiate
‘en Qitm side dorselly and become continuous with the outer
‘nusele layer of the oviduet (Ourtis, 1910), These muscular bundles
lare thicker then those of immature chicks and frequently anastoe-
;mse with each other, The irregular-shaped compartments formed by
‘these anastomosing mscular bundles are closely packed with
mm bundles of collegenous fibres.

The/
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The caudal portion of the ventral ligament terminstes
as a s0lid misculer cord, without any eollagenous ’au:udle_s over the
posterior blind sac of the uterus. This solid cord breaks up into
bundles of fibres which pass on to the ventral and ventro-lateral
gides of the convoluted anterior portion of the wagina (text -
fig.7, 4 x). These muscular bundles are very conspicuous in a
‘mature bird and have been referred to as the utero-vaginal

misculature (Greenwood and Blyth, 1938).

(b) The dorsal ligament, ' |

The dorsal ligament maintains a line 61‘ attachment %o
the dorsal body wall from the eaudal end of $he oviduct up to the
irauﬂh thoracic »ib, It msasures about 7 oem, in dlameter in the
‘magnum region. The ventral margin of ths ligament, however,
immins attached to the oviduct, Only the eranial portion of the |

dorsel ligament is spread out in the form of a "Fan" (Curtis, 1910.
[

| In the utero-vaginal vegion it is more or less straight. The
jt!&:;.'f.'szal' ligament is made up mostly of muscular tissue with very |
little connective tissue interposed, The muscular bundles of the |
élisamant originate from the mid-dorsal margin and pess ventrally
Eand finally continue round the outer musele layer of the oviduct

‘ E, Tunction of the Ligements,

| It has been shown sbove that the caudal end of the
!;wntral ligament terminates as a solid muscular cord over the
'posterior blind sac of the uterus anmd finally breeks up into

: éthiok/
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thick bundles of fibres. The latter rediate on to the ventrel
and ventro-lateral sides of the peculiar "S" enterior portion of
the wagina, As in the other regions of the oviduet thick bundles
of muscle fibres from the dorsal ligament continue round the
Iutoro-vaginal region, The muscular bundles from the cord-like
end of the ventral ligament, together with those of the dorsal
ligament, are responsible for the maintenance of the wveginal
convolutions, 1In fact, the latter can be straightened out omnly
after the removal of the musculature of the ligaments. OCreenwood
and Blyth (1938) observed that a number of experimental pullets
|derived from eggs injected with oestrin at an early stage of
jineubation, laid shelleless eggs., On postemortem examination of
the oviduct it was noticed that the peculiar "S" convolutions
were absent at the anterior end of the vagina and the latter
appeared practically straight, On the basis of this obserwation
they suggested that "The function of the peculiarly convoluted
anterior portion of the vagina is to prevent the premature
'passage of the egg through the shell-gland before it has received
Ei.ts calcareous deposit. The absence of adequate vaginal flexures |
iallomd of no resistance to the passage of the eggs through these |
ingiona normally chavacterized by well-developed musculature, the
‘action of which determines the movement of the egg, and were
therefore conducted without psuse through shell gland and vagina

. F 4
| o the exterior.

|
'* It might be mentioned in this comneetion that during poste
‘mortem examination I happened to come across & bird with an egg
' in the shell-gland which was, however, without any calcareous

' deposit, Obviously the bird was killed immediately after the
migration of the egg from the isthmus into the shell-gland, An
‘attempt o push the egg from the latter down into the wvaginal
:Port:lcn/
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portion, however, proved futile, Next, the musculature of the
ligaments were removed and the convoluted anterior end of the
vagina was straightened out, Then by repeated application of
gentle pressure at the isthmo-uterine junetion it was found
possible to bring the egg into the wvagina, Incidentally,
‘during laying the pointed end of the egg is normally extruded
first but the eggs which projeet deeply into the posterior blind
gac of the uterus may be turned with the blunt end caudad during
‘the sct of laying., (Olsen and Byerly, 1932)., It is not unlikely
that musculature of the ligaments plays an important role in the
turning of eggs, the cause of whieh, however, is still unknown,

Examination/
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Examination of the vaginal portion of chicks of
varying age reveals ¢erbain pecullarities which suggest that a
'close relationship exists between the development of the mgiﬁ&l
‘eonvelutions and the growth and differentiation of the ligaments, |
In chicks up to the 10th week of age the wvagina eppesrs as a
straight tube which runs from the caudal end of the uterus down
to the eloaca (text - fig. 7, a). In chicks 11 %o 13 weeks old,
a slight kinking is observed in the anterior portion of the
'vagina (text - £ig. 7, b). This kinking eventually takes the
' form of a sharp bend (15 to 20 weeks) (text - fig., 7, &)a
imnally, after about the 20th week, the anterior portion of the
'vagina exhibits convolutions characteristic of a laying hen (text«
 fig.7, 4)+» It might be recalled here that up %o the 20th week of
ialgs the ligaments ave rather incomspicucus structures with poorly
? developed musculature. After this perlod the ligaments exhibit
: sudden growth, They become very conspicuous with thelr hi:ghly- .
deteiepsd mustulatiuss whish in the megizal segien maintaius 108 1

, convolut ions,. ;

i B DM“&E.

Curtis (1910) suggested that the strip of thickened

|
|
|
|
! coelomic epithelium or the tubal ridge which gives rise %0 the

i Millerian duet is also responsible for the formation of the

I ventral ligament, However, it has been shown in a previocus paper
(Kar, unpublished) that the Eubal ridge proliferates cells to hel]? %
in the process of formation of the outer mesenchymetous tunic of '

' the Miillerian duet, This process of cell proliferation is

' completed/
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region of the oviduct and the ligaments in chicks of varying aged,

For further explanation see the text,
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completed by the 8th day, as a result of which the tubal ridge

| ceases to exist and its thickened epithelium appears flat sgnd

gimilar to the adjacent peritoneal epithelium, The present
investigation, therefore, does mot substantiate Curtis' sugges-
tion, Lillie (1927) has made no mention of the fate of the
caudal portion of the urinogenital ridge. The present studies,
however, have shown that its mid-ventral vegion is greatly
responegible for the formation of the ecaudal portion of the ventral

ligament while the midedorsal region eventually becomes the

. caudal portion of the dorsal ligament,

Curtis (1910) observed that "During the firat four
or five months after hatching the growth of the oviduct and its |
ligaments is about proportional to the growth of the Test of the
body. With the approaeh' of funetional activity (ezg laying) the l
isthmus, albumen portion and funnel of the oviduci elongate
considerablys This elongation includes the enclosing pari.tonaumﬂ-,
Kaupp (1918) also expressed a similar view, Both these authors,
however, have not made any detalled studSr of the growth phases of
the ligament. Further, they have not deseribed the histelogy of |
the ligements in immature chicks and thelr differentiation with
the approach of sexual maturity, ALl these points, however, have
been dealt with in the present studies.

Icuﬂis (1910) and Hewit (1939) have made no mention
of the relationship between the convoluted anterior end of the
vagina and the ligamenis., However, it bas been suggested that
the musculeture of the ligaments is responsible for the mainten-

anece of the vaginal convolutions, The latter, according to

Greenwood and Blyth (1938) help to keep the egg in the shelle

gland/
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gland for adequate calcereous deposit,

Within recent years the hormonic activities of the
ovary have been satisfactorily established (yide Allen, 1939).
It is maintained that the head furnishings end the ovidust in the
fowl are under the hormenic control of the ovary (Pezard, 1927;
Domm, 1931; Greenwood snd Blyth, 1930 and 1938; Creenwood, 1935;
Juhn et al, 1932; Champey, 1931). Since the llgaments are
intimately connected with the oviduet and show the same growth
phases it is not unlikely that they are hormonically controlled.
However, this statement should be regerded as tentative, uuhjact!

to revision on the acquisition of experimental data,

8. Sumary,

1, The embryonic development of the ligements have been studied.
2, The morphology and histology of the lisamn_nta in immature :
chicks have been described. :
3, The growth phases of the ligaments and also their differentias
tion with the approach of sexual maturity have been dealt |
with, |

4, Tt is suggested that the ligaments are under the hormenic

control of the ovary,
B, Tt hes been suggested thet the ligaments ave respomsible for

neintaining vaginal convolutions.
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8. ggglanation of Lettering,

: NeGy otochord.

- d.a. Dorsal aorta,

| e Ureter.

| wede  Wolffian duet,

| @ Gonstﬂcfion.

| Mmad, Wullerian duct,

[ vols Ventral ligament,

| 4,6,  Dorsal bodywall,

| wery Caudal portion of the urinogenitsl rildge.
b.v, Blood vessel,

| mebe Blocks of muscular tissue.

. e.f. Collageneocus fibres.

| MeSa Hegenchymatous strip,

4.7, Diverticulum-like projectiorn of the dorsal body wall,
' 4,1,  Dorsal ligament,

wsbe'  Wolffian bedy,

o,d. Oviduct.

| met, ' lMoscle strands,

| e Huscular tissue,

| mee,  Mesenchymatous cells,
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9. Deseription of Plstel.

Fig.lo

Fig«2e

Fig.a .

Fig ot

Tig.5,

FiS-SQ

Tige7s

Phetenmicrograph of the transverse section through the
caudal portion of the urinogenital widge of an 1l days

old female chick embryo. (x30). For further explanation

ses text.

Photomicrograph of the transverse section through the
ceudal portion of the urinogenital ridge of a 12 days
old femesle chick euxbryo showing the ventral end the
dorsal ligaments (x30),.

Photomicrograph of the sagittal section through the
cephalic region of the lfullerian duct of an 8 days old
female chick embryo showing the mesenchymatous strip
(z30) «

Photomicrograph of the transverse seetion through the
cephalic region of the Millerien duct of a 12 days old
female chick embryo showing the dorsal ligament (x30).

Photomicrograph of the transverse section through the
Mullerian duet of a 15 days old female chick embryo
showing the ligsments (x30).

Photomicerograph of the transverse section through the
ghell-gland of a 20 days old female chlck embryo
showing the ventral ligsment (x35).

Photomicrograph of the trensverss sectlon through the
coudal. portion of the urinogenital ridge of a 12 days

old femsle chick embryo showing the Wolffian duet (x80).

through the ventrel and dorsal ligaments respectively

Flgs, 8 and 9, Photomicrographs of the transverse sections a%

a B0 days old female chick (x20).
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. SOME RESPONSES OF THE IMMATURE FEMALE FOWL TO IWECTION OF

D ILBOESTROL WITH SPECIAL R E TO THE OVIDUGT.

1, Introduction.

A great amount of work has been done on the ocestrogenic
'influence of Stilboestrol in mammals but, unfortunately, its
effect on birds has not received, as yet, the detailed attention
it deserves. However, it has demonstrated that this synthetic

ioetroson stimletes the immature oviduct of the domestic fowl

| (Herrick, 1944; Wolff, 1939; lunro and Kosin, 1943),

| The present paper deals with certain experiments which
|
' show, in soms detail, the responses obtalned with varying amounts

of Stilboestrol when injested into immeture female fowls at
'different ages and for varying periods of time, Special attention
in this study, however, has been paild to the effects elicited by

thiz oeatrogen on the oviduet,

|
‘ ' Tor the experiments yeported in this paper, pure-bred
' Brown Leghorn chickens from the Institute flock were used,

Stilboestrol {(pp! - Dihydroxy-AB-diethyl-Stilbene

|
‘of alcohol), Tals aleoholic solution was diluted with 1.8 c.c.

! of/

(B,D.H,)) was dissolved in 70 per cent alcohol (4 mg. to0 0.2 ¢.C.
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éor 0.9 per eent, physiological saline solution with the result
?tnat the final solution contained 2 mg. of Stilboestrol per .e.
The appropriate amounts of the hormone impregnated alecohol +
:saline solution were then injected to give the required total
dose at the end of each injeection period (yide Table I)., The
linjoetions were made into the pectoral muscle of the chicks,
| The chicks were allotted in groups for the injection of
Ivarieuu levels of hormone and weighed at the cammencement of each |
?oxporimsnt. There was great variation in size of the birds
available which made it seem best to keep record of the body
!woights of only those birds of an age group which were of unifomm
size at the beginning of the injection period (vide Table 1),
i The comb was measuved at the beginning and end of each
‘experiment and at other intervals when injecting wes continued .
for longer periods. The maximum length plus height was used as
|msure of comb size (Gellagher and Koch, 1930),

The birds were weighed and killed on the dey following
rhe last injection. The ovaries were dissected out, weighed end |
fixed in Bouin's fluid, A smell incision wes made in the veginal
lportian of the oviduet through which a specially made glass prnbo I
;wa.s inserted and, by eversion of the mouth of the oviduet, 1t was
elearly seen whsther the oeeluding plate wes perforeted or intast,
immr this operation the mouth of the oviduct with the occluding

!
‘plate [or its remments) in situ were carefully gevered and fixed |

‘in Bonin'é fauid, No grades of ovidusal perforation have been

imd§ and even where a small opening was found in the ocecluding

"[sim /
|
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plate it has been included under the eategory of perforated
Eoviduc't in Table II, The oviduct was finally dissected out, .

' weighed, the ligaments measuvred and fixzed im Bouin's fluid,

' Seetions of the ovary, oviduet and the occeluding plate were pre~
'pared by the usual methods and staiued by Eirlich's hasmetoxylin
and followed by alooholic eosin or Mallory's, Small pieges of thd'
| 11gaments were stained by Borex Carmine and whole-mount preparae |

'tions were made for microscopic study of the muscular bundles.

3, EXPERIMENTAL RESULTS,
. A, ZXTURNAL APPUARANC B,
|Body weight:~ 1In the sge groups 1 to 25 days (Teble I, groups |
il to 6), the injeetion of Stilboestrol had, in general some
;suggution of a slight depressing effect on growth although |
‘number of birds involved was too small to provide adeguate data
fon this point. In the age groups 30 to 90 days (Table I, groups
i'? to 11) on the other hand the injection of hormone seemed to be |
!a_asooiatod with inereased body weight as compared with the !
:c.antmls. In the oldest age group (Teble I, groups 12 and 13)° |
:Stilhoestml produced no obvious effect on the body weight.)
With regard to the depressing effeet of Stilbosstrol on
Igrowth, the results obtained here are not out of keeping with
‘those obtained with rats by Preoudenberger and Clausen (1937) and |
i with chiecks by Asmundson, Gunn and Kiose (1937). However, lunro
and Kosin (1940) apd Herrick (1944) found no evidence of retarda-

tion of growth due to imjection of cestrogens in young chicks, .

| 1t/
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ixt is generally believed that the retarding effsct of growth

iar‘her oestrogen imjection, if 1t occurs, is due Lo suppression of
hypophyséal eetivity by aﬁiniatered cestrogen (Allen, 1939). |
Metthews, Schwabe and Emery (1942) found that the depression of !

‘growth by oestrogen is more pronounced in castrates than in

;noml female rats.

} The chicks in which Stilboestrol treatment enhanced

‘body weight (Table I, groups 7 to 11) exhibited thick subcutancous -

/deposit of adipose tissue on autopsy, The fattening sction of

laynthotic oestrogens, however, 1s well kaown and these are now

?used. commereially for inereased fat deposition and the msuitant
;tendarizing of flesh in chickens, Thayer, Japp and Penquite
i(1944 and 1945) reported that dimethyl ether derivative of .
iStilbosstrol was more potent orally for producing fatty deposit :
elintho\ young pullets than was free 3tilboestrol., Black and Booth ‘
i’(l%s) alsgo suggested oral use of Itilbosstrol for fattening |
\purposes. Lorenz (1945), on the other hand, comcluded that sube
‘cutmous implantation of Stilboestrol pellets produced superior
[fattening action in chickens them ‘oral administration of other
aynth.etic oestrogens, Inxl__eouraa of the present studies it was
seen that the injeetion .-of Stilboestrol as a suspension in an
aleohol + seline solution also produced thick fatty deposits i
n young ohickens. It is suggested thet a study of the compmtiv+
rate of fat deposition by Stilboestrol (a) when orelly administered
with feed, (b) when implanted subeutanecusly in pellet form,and !

| |
lastly (¢) when injected in the form of suspension as mentiomed |

lnhovn, might yield useful results,
Fm/ '

|
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@. ~ The comb of the injected birds appeared small and pale as
|oemparad with those or the uninjected birds. Asmundsen, Gunn and |
Klose (1937) reportodiretarﬂing effect or the comb of immature
chicks injected with oestrin, MMunro and Kosin (1940), on the
other hand, observed that the o.omﬁ of the female chicks was not
affected by ocestrogen injection, Dorfman end Grenulich (1937)
concluded that the injection of oestrogens into female chicks will
not accelerate eomb growth, Herrick (1944) and Breneman (1940) ,
on the other hand, reported stimulation of comb size in immature

i’omle chicks after injection with oestrogens,

Cloaca and Pelvis - The cloaca and pelvis of chicks injected with
ixlghai- levels of hormone differed from those of the uninjected ones,
‘I'ha cloacae of the former were noticeably larger and more msenlar

Jthan those of the uninjected ehicks, The pubie bones of the tmt-

od chicks were farther apart, a response also reported for mature
| |
|

Tiras by Bates, Lahr end Riddle (1985), after injection with ,
|

gonadotropic hormone. The birds injeocted with lower levels of

|

i‘Ft:llboutrol, however, showed less response, The results agree
with those obtained by Asmundsen et al (1937) with immature

female chicks injected with cestrin,

B, OVARY,

The injeetion of Stilboestrol for § or 10 days into chicks

1, 5 or 21 days old (Table II; groups 1, 2 and 4), had no effect
%m the ovarien weight, 1In the most of the groups (Table IIj
érﬂups 2, 3 and 5 to 18), on the other hand, the injection of

Stilboestrol elicited = slight inhibitory effect on the ovary,

1/
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_ i:n the oldest experimental chicks (Table II, group 13), the

|avarian welght was considerably less than that of the uninjeeted

:cantrol. The ovarian weight of the controls increased with age |

iaxeept in the case of birds killed when 31, 45, 64 and 88 days old
in which the weight of the ovaries were found to be the same

:(Table II; groups 3, 7, § aﬁd 8).

| The results obtained here appear to be in agreement with

‘those reported by Juhn, D'Amour and Custavson (1930) , Asmundson,
Gunn and Kloge (1937) and Munro and Kosin (1940). The situation,

|
' however, has not been entirely clarified with regard to the

fafrsut of oestrogens ongihéﬁovarian weight, The earlier
iinvostigatera report that extraneous osstrogens invariably depraaj
|

| the weight of the ovary end they conclude that this depression is

|
due to the suppression,of the gonad stimulating funetion of the

anterior pituitary which secondarily inhibits the ovarian growth
(vide Allen, 1939), On the other hend, Tllison and Bureh (1936)
observe that large doses of oestrogens will cause hypertrophy of ’
the ovaries in the normsl rat, Subsequent investigations |
(Freudenberger and'clausen, 1937; Hazer, Israel and Alpers, 1936; |
and EBmery, 1937), however, tend to qualify the earlier idea of a

| depressing effect of extraneous oesfrogena on the ovary, They
further report that there is a time factor in the response of the |
ovary to the administe;ad osstrogens, The older the animal ia,
the more susceptible it becomes to the inhibitory effects of

ocestrogens,

C. /
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C. OVIDUCT.

| Macroscopic observations, - The oviduct of injected birds was
' highly waseular in contrast to that of the controls.

The vaginal portion of the oviduct was straight in

| the uninjected controls of the groups 1 to 7 and 9 (Table I). In

the groups 8 and 10 (Teble I) the uninjected birds showed slight

' kinking in the anterior portion of the vagina; while in the

| oldest group (Table I, groups 12 and 13) the control birds

icontraat to these, the injected birds showed conspicuous vaginal

| eonvolutions (text - fig,l). Among the birds injected for 5 or

|10 days only those which received the highest level of hormone

showed the characteristic "3" convolutions of the vagina while

lower hormone levels produced only a sharp bend in the vaginal

"ragion. In all those birds injected for longer periods the

' vaginal flexures were like those of an adult hen.

Mieroscopic observations. = Microscopical changes similar %o

those observed by Juhn, D'Amour and Gustavson (1930), Raspopova

(1935) , Asmundson, Gunn and Klose (1937) and Herrick (1944)

of the oviduet with an inerease in the muscle layers, comnective

tissue stroma and the epithelial layer, This growth of the

than those injected for 20 or more days, The oviduets of the

|1atter had well developed tubular glands and the eells of the

epithelial/

fexhibited & sherp bend in the anterior portion of the vagina, In |

followed the injeetion of Stilboestrol, There was general growth |

\oviduot, however, was less in the chicks injected for 5 or 10 days
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epithelial layer were orowded together giving them & high
;columnar appearance, The nuelei of these cells were centrally
|located but in some places were elither apically or basally situe
iated forming two apparent layers. It might be mentioned in this
;conneotion that similar pseudoestratification of the nuclei is
|

also seen in the epithelial layer of the oviduet of a laying hen
!(Richnrdson, 1935). In contrast to the injected birds, the
!tubular glands were absent or poorly developed in the oviducts ar
‘uninjeetad birds end the epithelisl layer wes low, The gross his-
|tologioa1 differences between the oviduet of an uninjected 64 day
fold chick and the oviduct of the same age previously injected for
43 days ave depicted in P1.1, figs, 3 and 4. In addition to the
ihistological differences between the oviduct of an uninjected
;eontrol and an injected bird there were indications of seerstion

|inte the lumen of the oviduet of the latter (Pl.1l, fig.4) whereas

ithare were no such indications in the oviduct of the uninjected
‘bird nor any indications of secretion observed in the case of bird:

|injeoted for b or 10 days (Pl.1, figs. 1 and 2),

Weight. ~ The weight of the oviduet inersased after 10 days of

injection with Stilboestrol into day old end 5§ days old chicks, |
Pive daily injeetions also increased the weight of the oviduet but
only the highest dose had the greatest effect {Teble II)., Less

hormone, however, had littls effect on the oviduet weight in se |
short a time, Ten-day injeetions into older birds also inereased |
the weight of the oviduct except in the case of the oldest group |

(Table II, groups 12 and 13) in which the injection of hormone

Plicitod 1ittle effect on the oviduct weight because the latter
o/

|
|
|
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Text - fig.ls - Semi-diagrammatic representation of the utero-
vaginal vegion of the oviduct of a 31 days old uninjected femsle,
Note the straight vaginal region and inconspicuous ligaments,

Text « fig,lb - Semi-dimgrammstic representation of the utero-
vaginal rogion of a 31 days old female injected 20 days with 2 mg,
of Stilboestrol daily, Note the vaginal convolutions and the
congpicuous ligaments,
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‘was already growing at maximum rate under normal ovarisn stimulee
tion, Longer perlods of injection, however, resulted in grester

increasse 1in the weight of the oviduet (Teble II, groups 3, §, 7
and 8).

Perforation, - None of the birds injected for 5 days had perfora-
ted oviducts (Table II, groups 4 and 6), Careful examination of

' the mouth of the oviduct showed that the occluding plate was
intact without any indication of perforation. In day old chicks
injected for 10 days and killed, when 11 days o0ld the oviduct was |
also found to be occluded (Table II, group 1), Among chicks |
Iin:!ooted for 10 days and killed when 15 days old only the highest |
'level of hormone elicited the perforatiorn of the oecluding plate '

'(Table II, group 2), These were the youngest chicks in which the |
:mjaetion of Stilboestrol caused perforetion of the oceluding |
%plate whereas normally, according to Greenwood (1935), it does noti
‘become perforated until the birds are about 140 days olds 1In 62 '
idaya ¢ld ehicks injected for Z‘l!.e days and killed, when 72 days old |
!(Table II, group 9) only the highest hormone level initiated pere |
‘foration of the occluding plate as in group 2, Similar results

;'n_m also obtained with birds injected for 1l days and killed when
i'n_ or 101 days old (Table II, groups 10 and 11). In the oldest |
\group (Table II, groups 12 and 13), all the injected birds, |
:howenr? had oviducts continuous with the cloaca, Prolonged i
injection for 15 days or more ¢sused perforation even with smaller
levels of hommone. Thus chicks injected for 20 days daily with
0.4 mg., of hormone had perforated oviducts (Tabls II, group 3).

Similarly/
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istmilarly chicks injected for 15 days daily with the same hormone
| 1evel exhibited perforated oviducts (Teble II, group 7). The un-
iinjectad controls of all the age groups in the series, however,
| had oceluded oviducts, |

i The occ¢luding plate of the oviduct is a disc of cone
insotiva tissue supplied with blood vessels and surrounded with
fapithelium on the antero-posterior sides (Kar; unpublished a). The
jamtsrior epithelial layer is the continuation of the epithelial |
llayer of the oviduct while the posterior layer is the continuation
lor the epithelial lining of the cloacal lumen, In c¢hicks injastoq
| for 5 days no histological changes ¢ould be detected in the !
}ooeluﬂing plate, In day old ehicks injected for 10 days the |
ihighest level of hormone (see Table II, group 1) caused vacuoliza=-
itian of the posterior epithelial layer of the oceluding plate ;
{Pl.z, figs. 1 end 2), Similar vacuolization of ths posterior |
epithelial laysr was also noticed in the uninjected control ktlloﬁ
lwhan 115 days old (Table II, group 12), In birds injected for 10!
days with lower hormone levels (see Table II, groups 1, 2 and 9),:

| $he oceluding plate was similar to that of the control birds in

nistological details, The posterior epithelial layer of the |
iodoluding plate was lost in chicks injected for 10 days dailly witﬂ
2.ms. of hormone and killed when 15 days old (Table II, group Bd)
|(P1,2, figl. 3 and 4), Such was also the case with the bird ine
{39&%@& for 11 days dally with 1 mg, of hormone and killed when

101 days old (Tsble II, group 1lla), The uninjected control killed

'at an age of 122 days (Table II, group 13), showed similar condi-

tions of the oseluding plate mimus the pesterior epithellal layori



E(PI.E, fige5). 1In the majority of cases where the injection of
Stilboestrol elicited perforation, no remant of the occluding
' plate was left (Pl.2, figs, 6 and 7), In a few cases, however, @ |

'remnant of the plate was left in the mouth of the oviduct (see |

.Table II). Microscopic examination of the remnant revealed a.dis;
| soluted condition (Pl.2, fig.8). Nieroscopic examination of rem-
inant of the oceluding plate in normal pullets also showed similnr: '
:conditions (PL.2, £ig.9)« |
i The macroscopic appearance of the mouth of the oviduoﬁ
|of the injected birds in which a remmant of the occluding plate was
|1sft ayre depicted in text - fig. 2, In the first case the romnanﬂ

|
|waa found to be in the form of a semilunar piece left on one side |

'of the oviducal opening (text fig. 2¢). In the second case the |

irumnant encireled the entive mouth of the oviduct (text - £ig.2d).
!In the third case the major portion of the occluding plate was |
Tpsraiatant except for an irregular-shaped piece from the centre

E(toxt - £ig.28). In the last case three smali.picoas of a plate |
|wara left (text - fig. 2f). Bxamination of the mouth of the ovi-é
duet of normsl pullets varying in ege from 140 to 150 days old ‘

| |
also revealed the persistence of similar yemuvants of the oceluding

plate, It is evident that the passage of the first egg exerts !
cansiﬂerablé'pressura on the rempants of the occluding plate nhio%,
| as stated before, persist in a state of dissolution, The blood
vessels supplying the plate are ruptured as a pesult of this ]

pressure, causing haemorrhage whieh leaves an impression on the

portion of the shell in contact with the wemnant of the plate.

irhus an egg coming in contact with 2 semilunar piece of the

 oceluding/ ; |
|
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| Text - fig. 2 - For explanation see the text, All figures are
| diegrammatic, TFig.a represents the typical appearance of the
| mouth of an oceluded oviduct., Fig.b represents the typical

| appearance of the mouth of a perforated oviduct where no remant |
| of the occluding plate is left,



Text ~ fig. 3. » Photograph of the first pullet eggs showing
different rorme of blood smear on the shell.
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oceluding plate as in text - fig, 8¢, exhibits an incomplete ringe
:like smear of blood on its shell, (text - £ig.3d). 3inflarly the
| blood smear may be in the form of a complete ring (text - Tig.3e)

| or igsolated patehes (text - Tig,3£) while an egg foreing its way |
through the irregular-shaped opening in the csntre of the ooclul‘.l-I
1ng plate as shown in text - fig, 2¢ becomes amsared with blood
‘practically over the entire surface of the shell (text - £ig.32 o

|
e).

|

. i
Greenwood (1935) observed that "In the majority of the i

birds examined in whish the duct was occeluded the obstruction was |
found to be in the nature of a rather thin membrene at one side of

which and close to the wall of the oviduet a small dut well marked

conerescence was present, Tﬂa first indications of perforation ari
itho membrane were seen near this point, In the earliest cases of E
:perforation this consists of a minute circular orifice at the hasei
:er the papilla; this rapidly enlerges until only a remnant of thei
goecluding membrane persists encircling the inner wall of the ovi- :
Quet®, Exemination of normal pullets confirmed this observation

iuj a second mode of perforation was also seen both in oxperimentd£

Lhickz and normel pullets, according to which the perforation

tarted in the centre of the plate either in the form of a small

rifice or several small orifices which rapidly enlarged until only
: |

small remmant of the plate was left,

$s,~ The ligamerts of the uninjected birds were inconspicu=
us structures with poor vascular supply and thin muscular bundles.
ligaments of the injected birds, on the other hend, werve highly
" yasoular and had thick bundles of muscie fibres (P1,1, figs, 5 and
8), The average length and diameter of the ligaments was also ,

—_——kaa
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| greater in the injected birds than those of the controls (Table
{ XTX) o

‘ Incidentally, four lay.{ng hens were injected with VaTy-
‘ ing doses of Testosterone propioﬁata (dissolved in Arechis oil) |

| for different periods of time, The first bird (2) was injected |

| Por 10 days daily with 0.5 mgm, of hormone and the second one |

| (M220) for the same period but with 2 mgm. of hormone daily, The |

 third (894) and the fourth (R2183) birds were injected for 30 'dayq!
|
| |
imm killed following the last injection. None of the birds laid

| |
iduring the injection period though before the commencement of '

| Qaily with 1 and 2 mgma, of hormone respectively. All the birds

i injection they were regular layers. It is obvious that this ceuJ
| ’
f ation of laying was due to the antagonistic aetion of the male

sex-hormone which interfered with the normal functions of the
|

!
iand R2183 were found to be like that of immature chicks. The

ovary, When examined postemortem the oviduct of the hens M220

sligamnta wore also inconspicuous structures with thin musculay

bundles and scant vascular supply., There was decrease in length

as well es in diometer of the ligaments (Table IV). The ovary of

all the injected birds was found to be affected and there was almI

Ia. definite regressive effect on oviduct weight (Table IV), The |[
!oviduct of all birds, however, were continuous with the c¢loaca, .|
This experiment shows clearly the dependence of not only the ovie }
duet but also of the ligaments on the ovarian hormone, ‘
It is well known that during the moulting period the

‘ovary ceagses to function and a marked regression of the sexusl |
characters such as the .cmb and oviduet takes place (Greenwood,

1936) . The examination of the ligements of moulting hems shows |

thet these structurss alsoc regréess comsiderably during this period

(Teble V/
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(Table V). The muscular bundles of the ligaments becoms very thin |
Iane. the vascular supply becomes poor. The oviduet of all the
imoulting birds examined, however, was found to be perforated. It
Emay be mentioned here that the first egg after the moulting periocd
is very often smeared with blood. In the guinea~pig the oceluding
mambrane grows over the vagina after each period of cestrus l
|(0amemn, 1940), It was, therefore, suspected that the oceluding | |
iphte in the fowl also vegenerated during moulting and just bofor.:
‘the conclusion of the moult it underwent dissolution, leaving
‘traces which caused the blood smear on the first egg., However, a
large number of autopsy records during the various stages of moult‘
gcoulﬂ not confirm that suspicion, Hven the injection of large |
doses of Testosterone propienate reported in the foregoing pages |
|failad Yo regenerate the ocoluding plate although the ovary and
|tha oviduct were much regressed (vide Table IV), It is, therefore,
coneludod that the inaetivity of the ovary during moulting does !
‘ i:zmiz in any way cause the regeneration of the occluding plate. |
:'I'he blood smear on the egg, therefore, must be due to some
:u.n.knm Cauges,

4. /
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4. DISCUS3ION.

| It is a well established 2 aet that the immature oviduect of
.the domestic fowl hypertrophies under the influence of exogenous
oestrogens (Herrick, 1944; Munro and Kosin, 1940 and 1943; Wolff,
1936)» This Lypertraphy occurs in chieks varying widely in age tgé
-;damonatrated by the experiments of Juhn, D'Amour and Gustavson
5[1950) » Asmundson, Gunn and Klose (1937) and in this experiment.
However, the degree of stinmla’ciou. of the oviduet, both guantitae
it.tve and gualitative, generally sgrees with the ascending levels
!of hormone injected and the extent of the injection period.

| The experimental induction of perforation of the oviduet in
it'.!hs.cksl appeared, in general, to be dependent on three factors

!{1) the age of the chicks, (2) the level of the hormone administer=
!od and (3) the length of the injection period. Thus 4 ay old andi
!15 days old ehicks injested for the same period of time and with
;-the same hormone levels differed with respect to the perforation |
Iar the oviduet (vide Tables I and II)., Again among the latter
‘only the highest hormone level elicited perforation and such wes
Eaxlae\ the case in general with chicks of all sges injected for 10
or 11 days, Prolonged injection, however, was effective in

eliciting perforation of the duct in chicks irrespective of age

'and the hormone level, It is cbvious, therefore, that the first
;two factors were somewhat interdependent whereas the time element
;waa independent of either the age or the dosage, The results
‘obtained in this investigation are somewhat at variance with those
obtained by Asmundson, Gunn and Klose (1937) who reported perfora-

i
|
t
‘tian of the oviduect in 21 days old chicks injected with oestrin for
2/
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; 21 and 42 days. According to their findings 20 days' injection of

| oestrin failed to perforate the oviduet. In the present studies,

on the other hand, even 10 days injeetion with Stilboestrol

| elicited perforation of the oviduet, These differenses, perhaps, |

iean be explained on the basis of differences in the potency of

| the hormone used in the two studles in the semse that Stilboestrol
| is several times more effective than ocestrin (Sendern and Saaluy,i
1940).

Gualitatively, the verforation of the oviduect in the baby |
ohicks due o Stilbosstrol treatment appears to be the culminatim

| of a gradual process viz. the vacuclization of the posterior
| epithelial layer of the oceluding plate and its subsequent disape
' pearance and the final dissolution of the plate., Thus The |

| vacuolization of the posterior epithelium of the plate in day old!

| chicks and its disappearance in 10 and 80 days old birds may be |
' regarded as the initial stages in the process of gradual dissolu~ '.
itim of the plate at the comclusion of prolonged treatment. |
Morsover, the perforation of the oviduet and the appearance of
gecretions in its lumen after prolonged Stilboestrol injection

'mekes it appear probabla that the oviduct of these birds is

capable of functioning in every way like that of mature birds,
| The results appear to be comparable to those obtained by Allen |

and Doisy (1924) with immature femsle rats, In the normal p'u.ll.tg;

|algso the perforation of the oviduet appears to be & gradual pro-

cess and the changes similar to those observed with baby chicks |

| due to Stilboestrol treatment occur in the occluding plate. Thus |

the vacuolization of the posterior epithelial layer of the plate

in/
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in a 115 days old pullet or its disappearsnce in a 122 day old
;pullet may be regarded as the initial stages of dissolution of the
plate which takes place when the birds are about 140 days old
{Greenwood, 1935),
| Coming to the question of causes leading to the perforation
ot the oviduct in the baby chicks it appears that the exogeneous |
Iosstrogan exerted a suppressive influence over the oecluding
: plate through the blood vessels which prevented further vaseular |
ésupply,' the gradual dissolutiom of the plate then following due %o
the hyperplasia of the oviduet itself., Since the disselution of
éthe oceluding plate in the baby chicks may be regarded as experie-
|msnta1 initiation of the similar process which occurs in normal
‘pullets with the omset of puberty it is logleal to conclude that
|this phenomencn of perforation of the oviduet in the domestie row;
iia-undar the oestrogenic activity of the ovary., The present
istudies, thai‘srore, substantiate Greenwood's (1935) hypothesis., ‘

It was suggested in a previous paper (Kar, unpublished b)

| that the ligaments are under hormonic control of the ovary,

!Fram the present investigation it appears that this is the case.
N

6. APPENDIX,
Normally, the yolk sac slips into the ony cavity on the
|19th day of incubation by a complex process (:_;i_dz Lillie, 1927),
;and is eventually absorbed with great rapidity as a result of

|
‘which its weight is reduced from 5,34 gm. on 12 hours after
{
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TABLE VI.
DATA ON THE WEIGHTS OF THE PERSISTENT YOLK SACS IN INJRCTED
Groud Age when “Thjection Average weight
No.| Dossge injection period. of the yolk-sac, |
sterted.
ligm. _ Days Days Gnm.
1l | Not injected ; | = Ho yolk-gac
le | 2 daily p & 10 2.2
2 | Not injeated| 5 - No yolk-sae
2¢| 1.5 daily 5 10 0,1
24| 2 daily 5 10 . 1
3 | Not 1njected} 10 - Wo yolk-sae
3¢ | & deily 10 20 32
4 | Not injactedJ 21 o No yolk-asac
da | 2 daily 21 5 : 0.01
9 | Not injects 21 - No yolk-sac
Sc | 3 daily 21 43 - 0,001
6 | Not injected| 25 - No yolk-see
6¢ | 3 daily 25 5 0.0L.
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ihatohing to 0,05 gn. on the sixth dsy of post-hatehing life
r(virehaw, 1891 guoted by Lillie, 1927). Byerly (1932) obeerved
!that the yolk-gac grows steadily from the first day onward to

| reach & meximua welght of about 3.5 gn. on the 15th day of i
| incubation, after which its weight falls to approximately 2.5 gm.
;at hatehing. It is interssting to note that in young chicks
linjeeted with high doses of Stilboestrol the yolk sacs were per=-
sistent. The uninjected controls, however, showed no yolk -sacs.

|
| that undesirable gestro-intestinal resctions follow the use of
|

|

|
| The relevant data is summarized in Table VI. It is well known i

|
' Stilboestrol in large doses (vide Grollmen, 1942)., Since the
yolk sac is intimately comnected to the intestine 1t is not

unlikely that this oestrogen exerted a harmful influence over tho'

|
| intestine which was secondarily extended over the yolk sac and as
|a result the rate of absorption of yolk was considerably slowed
|down in these chicks. |
|

; 6. SUMMARY.
?1. Young Rrown Leghorn female chickens were injected for O to 50
days with Stilboestrol and killed when 11 to 122 days old.
There appeared to onsue a depressing effect on growth in

younger ohické; in the older ones, on the other hand, this

nestrogen appeared to enhance growth.

| 2. In younger chicks the injection of Stilboestrol was without eny

effact on the ovary. In older chicks, on the other hand,

Stilboestrol produced & slight depressive effect on the 6vary.:

3, The oviduct responded considerably after injection of Btilhoosj

| trol. In meny cases Stilboestrol treatment caused perforation

| of the oviduet and secretion by the glands of the duct.
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4. The ligements were enlerged due to injection of Stilbosstrol

and their muscular bundles also became thicker.
5. It is concluded that the perforation of the oviduct and the
ligements are under the ocesirogenic activity of the ovary.
6. lLarge doses of Stilboestrol in some cases interfered with
the normal process of rapid absorption of yolk and as a

result the yolk sac was abnormally persistent.

7./
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8, EXPLANATION OF LETTERING.
Dorsal ligament,

Ventral ligement.
Uterus.

Vagina.

Muscular bundles.
Oviduct,
Occluding plate,

Mouth of the oviduet,

9. /
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Pig.2,

Tig.3,
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Fig.5,

Pig. 6,

Tig.dl.

Tig, 2.
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®. DESCRIPTION OF PLATES.
PLATE 1. '

Photomicrogreph of the bransverse section through the
oviduct of 15 days old uninjected female chick (x10),
Photomicrograph of the transverse seetion through the
oviduct of 15 days old femesle chick injected 10 days
with 2 mg., of 5tilboestrol daily (x10).
Photomierograph of the transverge ssotion through the
oviduet of 64 days old uninjected femals chick (X10),
Photomictograph of the transverse section through the !
oviduet of 64 days old female chick injected 43 days Iitﬁ
1 mg, of Stilboestrol daily (x10) Kote secretion which
1s eollected at the tips of the folds,

Photomicrograph of the whole-mount preparation of a

portion of the ligement of 31 days old uninjected rsmaloi
chiek (x20). Note thin muscular bundles, |
Phobomicregraph of the whole-mount preparation of a
portion of the ligament of 31 days old femanle chick
injected 20 days dally with 2 mg, Stilboestrol (x20),

lote thick museuler bundles,

PLATE II,
Photomierograph of the sagittal section through the }

oceluding plate of 1l days old uninjected female chick !

(x70) » r'

Photomierograph of the sagittal section through the

oecluding plate of 11 days old female chick injected 10

days with 2 mg. Stilboestrol daily (x70). Note vaouolizn+
¢ion of the posterior epitheliel layer, i



Fig. 3.

Fige4.

| Flg. 8.

3‘1&;.6.

Fig. 7.
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Photomicrograph of the sagittal section through the
ocoluding plate of 15 days old uninjected female chick
(x20) .
Photomicrograph of the sagittal seetion through the
oceluding plate of 156 days old female chick injected
10 days with 2 mg, Stilboestrol daily (x20)., Note the
absence of the posterior apithoiial layer.

Photomicrograph of the sagittal section through the

occluding plate of 122 days old uninjected femele chick

(x20). HNote the absence of the posterior epithelial
layer.
Photomicrograph of the sagittal section through the

occluding plate of 72 days old uninjected femele chick

. (x70) .

FPhotemicrograph of the sagittal section through the
mouth of the oviduct of 72 days old femsle chick
injected 10 days with 3 mg, Stilboestrol daily (x70).
ﬁote.the absénce of the cecluding plate,
fhotomicrog:aph.of the sagittal section through the
ramna.ﬁt of the occluding plate of 101 days old female
ghick injected 11 days with 4 mg, Stilboestrol daily
(220). Note the dissoluted condition of the Pemnant
‘of the‘oealuding platé.

Photomicrograph of the sagittal section through the
remnant bf the oeccluding plste of 145 days old pullet

(ils). Note the dissoluted eomdition of the remnant of

$he occluding plate.
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FATE OF THE YOLK-STAIK IN THE DOMESTIC FOWL
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FATE OF THE YOLK~STALK IN THE DOMESTIC FOWL.

1. INTRODUCTION

It is well known that in the chieck the yolk sae remains

| connected to the intestine by a thick walled tubular stalk which

is generally referred to as the Yolkestalk., The fate of the

| yolkesac in the chick, however, has received adequate attentiom

. {vide Lillie, 1927; Byerly, 1932) but, unfortunately, it has not

| been possible to obtain any reference from the literaturs as to

| the fate of the stall, In view of this lack of specifie informa=

tion the present investigation was attempted to throw some light

on the fate of the yolk stalk in the domestic fowl,

2. MATERIAL AND METHOD i

The birds used in this investigation eame from the pure-
bred Brown Leghorn flock of the Institute, Birds of both sexes !
varying in sge from day-old chicks to 2 years old adults were |
examined, In all cases the yolkestalk was measured, its location
noted and finally fixed in Bouin's fluid for histological study. |

Sections were prepared in the usual way and stained with

' Malloxy's,

3, OBSERVATIONS

In 2ll the birds exemined it was seen that the yolk-stalk

of the duodenum (Pl, , fig.l), This was true of birds varying
in/

|
|
was present as a finger-shaped projeetion on the anterior 1;:0:."!1.%1I
|
|
|
i
i
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in age from day-old chicks up to adults and irrespective of sex.
The average length of the stalk was about 5 mm, The average
width, on the other hand, was about 1 mm. in younger chicks
(5 days to approximately about 3 months old), while in the older |
birds (3 months to edult birds) it was about 3 mm., slightly
greater than in young chicks,

Transverse section of the yolk-stalk of a 5 days old chick

. shows that its gross histological features agree with those of

| the intestine, Thus there are serous and muscle layers, connec-

tive tissue stroma and mucosa lined by glandular epithelium but
without villi (Pl, , fig.8). The lumen of the stalk is full of
yolk whieh appears to be in the proecess of absorption by the

glandular epithelium of the mucosa, It is interesting to note

j that at this stage the mucosa of the intestine also does not

{

. exhibit any foldings, Pl, , figs. 3 and 4 depict longlitudinal

‘and transverse sections through the yolkestalk of /four months old‘

pullet, It is apparent that the histolegical picture resembles

f'/_.--‘bhni_; of the intestine, Unlike that of the younger chicks, the

/f mueosa of the yclk-stelk exhibits considerable foldings lined by I

| jglanduler epithelium which resemble the intestinal villi, The

lumen of the stalk is continuous with that of the intestine at '
the atteched end, The free end of the stalk, however, is
occluded by a eontinuation of its different layers. In the adult!'
birds the yolk stalk is even more conspicucus, in the sense, tha |
it has prominent serosa, muscle layers, connective tissue stroma ‘
and mucosa with villi-like foldings (Pl. , figs. 5 and 6). 'l’hal
lumen of the stalk is persistent and eontinuous with that of the

intestine/
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intestine, Furthermore, indications of secretions are seen in

. some igolated locations along the sub-mucous region of the stalk

which are surrounded by glandular epithelium,

4, DISCUSSION

It 1s evident that the yolkestalk persists permanently in

| the duodenal reglon of the Intestine in the domestic fowl, In

point of fact the presence of this structure may be regarded as a
congtent feature of this region of the intestine in birds of all
ages and of both sexes, Apart from connecting the yolkesae to |

the intestine {Lillie, 1927), no other function has been ascribed

| to 1%, Lillje (1927) om the contrary, has stated that

"A narrow lumen remains in the atalk of the yolkesac throughout,

and even after incubation, but the yolk does not seem to pass

| 4hrough it into the intestinal cavity, The walls of the yolk-aac',

excepting the part derived from the pellucid area, are lined with
@ special glandular aend absorbing epitheliwm, which digests and
absorbs the yolk and passes it into the viteline elrculation,
through which it enters the hepatic portal circulation and comes
under the influence of the hepatic ecells™., The present studies,
however, show that the glandular epitheliun of the stalk may also
take part in the process of absorption of the yolk., loreover, :
the presence of secretions in the submucosa of the stalk in adult
birds, makes it appear probable that the glanduler epithelium of
the yolk-stalk is capable of functional aetivity throughout life,
A detailed investigation, however, is necessary for the elucida-

¢ion of the reasl significance of the persistence of this

gtrueture/
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gtructure in the domestic fowl.

1.

5. smausy

The stelk of the yolk-sac persists permanently a&as a fingere
shaped projection of the duodenal region of the intestine in

the domestic fowl.

Histologicsl structure of the yolk-stalk is described and it

has been shown that it helps in the process of absorption of

the yolk.

6. REFERENCES TO LITERATURE

| Byerly, T.C., 1932, "Growth of the chick embryo in relation %o
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7. EXPLANATION OF LETTERING
Yolk stalk,

Intestine,

8., /
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8. DESCRIPTION OF PLATE

Photograph of the persistent yolk stalk of an adult hen

about twe years old { half actual size).

Photomlerograph of the treansverse section through the
yolk stalk of 5 days old male chick {x18)., Note the

pregence of yolk in the lumen,

Photomicrograph of the longltudinel seetion through the

volk-stalk of a four months old pullet (x8).

Photomicrograph of the transverse section through the

yolk-gtalk of a four months old pullet (x18),

Photomicrograph of the longitudinal section through the
persistent yolk stalk of an adult hen about two years old

(x8) .

Photomicrograph of the transverse section through the
peraistent yolk stalk of an adult hen sbout two years

old ‘m) .

|
|
{
|




«107=

PIATE




=108«

ACEROWLEDGMENTS

I have much pleasure in acknowledging here my great
indebtedness to Dr A.W., Greenwood for the scientific hospitality |

extended to me, and also for his guidance and encouragement

H

during the course of these investigations, To Mr J.G. Carr I am

grateful for his helpful suggestions. The photomicrographs were

[

taken by VMr G.R. Knight to whom my thanks ars due.




«109-
|

LIST OF PREVIOUS PUBLICATIONS BY THE AUTHOR

i |
| 1943:

a) "Observations on two mammalian coceidia”, Curr.Sci., 12, |
| . |

"b) "Observations on two coccidie, Eimeria trionyxae n.sp. and,!
Eimeria triangularis n,sp. from the intestine of the

turtle Trionyx gangeticus Cuv,", Journ,.Roy.Asiat,Soc,
Beng., 9.
A944;
£

a) ®3tudies on the coccidia of Indian Birds., I. On the life- |
history of Isospora Lecazei (Labbe)", Journ.Dept.Sci,

Cal.Univ., 1.
*») "studies on the coccidia of Indisn Birds., II. Observations

on several species of coccidia of the Sub-Families
Cyelosporinae end Eimerunee%, Proc,Ind.Aced.Sci., 20,

®e¢) ™A new coceidian from the intestine of the fish Notopterus
|

notopterus (Pallas),® Curr.Sci., 13, |
d) "Two new coccidia from Pond Turtles”, Ind.Vet.Journ.,20,

e) "Observations on Eimeris barbeta n.sp. from the blue-

throated barbet Cysnops asiatica (Lath)", Proc,Ind.Sei.

. Songr,, 3lst Sesaion,

%r) ngtudies on coccidia from frogs and toads®, Proc,Ind.tei, |

Congr,, 3lst Session.

®a) ®studies on Haemosporidia from Indian Birds - Series I",

Journ.Roy, Asiat. Soc.Beng., 1l.




1945 (Contd.): .
®

b) "Studies on Haemosporidia from India Birds - Series IIv,

Proc,.Ind.Acad,.3ci,, 22, ‘
| %) m"Obserwations ou two Reptilian coccidia®, Journ.Roy. :
|

'! Aslat,.Soc.Beng., 11,

d) "Observations on Monocystis Megascolexae n,sp.from the

seminal vesicles of the earthwoim Megascolex sp.",

¢ Journ.Dept.Sci.Cal,Univ., 2.

a) "Effect of temperature on the sporulation and mortality ql.'
coccidian oBeysts®, Proc.Nat. Inst.Sci., 12, |
- |

®5) "4 study on the coccidia fram Indian Birds", Proc.Roy.

|

| .
‘ Sog.Edin. (In press).

!

|

|

i

j % Papers published jointly with M, Chakravarty.




