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AHBSTRACT

Investigation of the reproductive tract of the laying hen has been considered in the
past few decades, Such strategy alms to tnerease the ¢gg and the meat production In
the poultry rdusiry. However to understand the plystology of reproductian, it 1s Im-
portant to explore the developmental changes prior to the cgg production. Therefore.
wie examined the morphometrical and the developmental chranges taken place during
the development of the oviduct. The resulls demonstrated that the development of
the oviduct in the laying hen divide into two consecutive stages. Prehatching stage
(Ave-21 days-old chick embryos): this period wes characterired by the formation of
the Mullerian duct as cellular mass tickening and invagination from the coslamic
epithelium. Such cellular mass became canalized and lincd with stngle layer of sim-
pi¢ columnar eplthelivm, Furthermore, there was complete absence of the mucesal
folds. Posthatching stage fone day-24 weeks old chicks): this peried was characler-
ized by dramatic increase in the height of the mucosal fold. Epithelial transformation
from simple columpar to pesudostratfied differentiated mte ciltated and non-cidrated
cells. The muscular layer development from thin strip of stnooth muscle into well de-
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veloped layer of inner circular and outer longitudinal smooth muscle layers,

INTRODUCTION

Studies on the anatomy of the reproductive
wact of the laying hen sre important ap-
proach to uodersiand the physiolegy and
function of the reproduction. The avian owi-
duct could be divide 1nto five distinguishable
reglons; Infundibulum, magnum, Isthmus.
uterus (shell gland) and vagina (Sturide,
1876 and Kbokhlov and kuznetcov, 2007)
The oviduct performs several functions. Infun-
dibwlum engulfs the ovam after ovulation,
where the fertillzatlon takecs place and pro-
duces the vilelline membrane [(Bakst and
Howarth, 1977) Magnum produces the egg
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albumin and certain amount of calcium. Isth-
mus forms the ocuter and the inner shell mem-
brane, uterus provides the calclum for shell
caletfication and vagina has no role in egg for-
mation bul facilitates the cgg expulsion (Ro-
manoff and Romanoff, 1848).

It is well eslablished that the female repro-
ductive tracls in chicks develop from bwo
pairs of genital ducts, the Millerian and the
Wollfian ducts. Mallerlan ducts (parameso-
nephric ducts) develop adjacent to the Weolifi-
an ducts (mesonephric ducts) Gruenwald,
1841). In the chicken, both fermale and male
cmbryos initally have a pair of undifierenttat-
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ed gonads and Mallerlan ducts that develop
in the coelomic cavity from day 5 of Incuba-
tion and grow to the region of the cloaca
(RomanoV, 18680). Both the left and right
Miillerian duct engage In a linear development
untll day 12 of Incubation (Teng, 1887). Sub-
seqguently, the right Millertan duct completely
disappears at the time of hatching. Converse-
ly, the left Mallerian duct continues to grow
and develops Into the oviduct (RomanoV,
1980}

The basic structure of the oviduct In do-
mestic fowls 18 formed of mucosa that was
cunsisted of pseudostratified epithelium and a
glandular lamina propria. The mucosa formed
mucosal folds with varlous degrees of hetght
and thickness. The tunlca muscularis s com-
posed of a few smooth muscle bundles in the
infundtbutum to two distinet layers, inner ¢ir-
cular and outer longitudinal in rest of the ovi-
duct (Mobammad pour and Keshtmandi
2008).

The avian oviduct is a complex blological
organ Lhat undergoes a series of hormonal,
neural. blochemical and cellular changes dur-
ing the formation of the egg. The morphology
of the mature oviduct has been described by
Richardson, 1835; Altken and Johnston
1963; Johnston et al. 1863; Breen and De-
bruyun 1968; Wyburn et al. 1970; Draper
et al. 1972; and Mobhammad pour aod
Keshtmandi, 2008). Furthermore, the devel-
opment of the post hatching reproductive
tract has been investigated by Fouad (1970)
in fayouml chicks, EL-habbak (1890) in pe-
kin duckling. El-bargeesy (1980} in imma-
ture turkey, Eelany et al. {1883} in chick and
Sayed (2000) tn immature quall. However
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and due to Jack of Information regarding the
morphometrical changes during the develop-
ment of the oviduct in the laying hen. this
study aims to shed the light on the develop-
ment of the epithelial and the glandular struc-
ture of the oviduct through using the histolog-
ical and the morphometrical analvsis.

MATERIAL AND METHODS

This study was carried out on 60 of chick
embryos and foetuses (five days-215' days-
old) and chicks [one day-24 week old). The
embryos and the chicks were obtained from
the local farms (Abd Elsalam Hegazy breed)
in El-Dakahlya Province through personal
communlcations with the farms, The chick
embryos were carefully removed from the egg
and fixed in Bouin's solution for 12 hours.
Then it was transferred to 10% neutral buf-
fered formalin. The caudal part of the embryo
was divided Into 3 parts, cranial part toward
the kidney, middle part and caudal part to-
ward the cloaca. The post hatching chicks
were sacrificed through neck dislocation. The
left oviduct was distinguished (nto flve reglons
(infundibulum, magnum, Isthmus,
and vagina (Fig. 1). The oviduct was carefully
dissected using the dissecting microscope.
flxed in Bouln's followed by 10% neutral buf-
fered formalin, Specimiens were dehydrated
through ascending grades of ethanol, cleared
in benzene, embedded in paraffin wax and
sectioned al 5 um using rotatory micrelome.
General histological examination was per-
formed through using Ehrlich’'s Haematoxyiin
and Eosin, Perlodic acid Schifl technique
(PAS). Alclan blue and Masson's trichrome
stain adopted by (Bancroft and Stcvens,
1800} All slides were examined and photo-
graphed by using the ordinary microscope

utérus
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provided with digital camera. Analyses of the
morphometry of the oviduct were performed
using ANOVA.

Ovary (OV)
Infundibulum funnael (IF)
Infundibulum duct (10])
Kagnum (MG)

IEthmis (13)

Uterus (UT)

Vag )

Cloaca (CL)

Figure (1) Photomacrograph of the varlous
compariments of the reproductive tract of the
laying hen,

RESULTS & DISCUSSION
Morphogenesls of the reproductive traet in
the laying hen was chronclogically subdividec
into two sequential siages;

1- Pre-hatching stage (five days-218%.
day) of egg incubation:

The primitive mullerlan duct was recog:
rdzed In the fifth day of egg incubation as a
thickentng in the coelomic epithelium (pla-
code). Such thickness resulted from cellulax
proliferation dorsolateral to the mesonephriv
duct followed by Invagination of these cellulas
mass (Fig. 2). In six day old chick embryo. the
coelomic [nvagination was deepens In the pla-
code forming a solld cellular mass that loss
the connection with the coelomic epithelium
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(Fig. 3l. In seven day-old chick embryo, this
solld mass became canalized ferming a tubal
structure, Furthermore. the duct was lined
with columnar epithelium resting on a base-
ment membrane (Fig. 4) In eight day-old
chick embryo, the canalization became more
obvious and the duct was lned by columnar
epithelium {Fig, 5) In 10 days-old embryo a
mesenchymal constriction was obhserved be-
tween the mullerian duct and the mesoneph-
ros (Fig. €). By age advancing, in 13 days-old
embryo, the lumen of the mullerian duct be-
came wide. A thin layer of coelomic epitheli-
um covered the duct extermally as well as (It
remained connected with mesonephric duct
by a thin mesenchymal strip (Fig. 7). Al the
level of cloaca, the mullerlan duct (parameso-
nephric duct) became ventral to the Wolffian
duct (F1g. 8). In 18-day-old chick embryo, the
lumen of the mullerian duct became wide and
the epithelham was short columnar with [arge
spherical nuclet (Fig. 9)

2- Post-hatching
weeks-old chicka):

In one-day old chick, the mucosa ol the av-
iduct (cranial part) was lined by a single laver
of high cuboidal epithellal cells, large sphert-
cal nuclel average height 8 44+40.6pm (Fig.
10). However, In the middle and ecaudal parts,
the epilheltum was columnar with elongaled
oval nuclel. Such ¢pithelial cells were resting
on lll-defined basement membrane Highly
cellular connecuve Hssue layer surrounded
the epithelium (Mg 11). In three-days-old
chick. the cranlal part of the oviduel dermorn-

stage (onc day-24

strated mucosal protrusion Inlo the lumen
which permits shallow grooves In between
Such mucosal folds with the grooves gave the
mucosa lts wavy appearance. Moreover, the
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lamina epithellalis composed of high cuboidal
fo low columnar epithelial cells with an aver-
age hetght 10.53+0.5pum (Fig. 12). In the mid-
die and caudal parts of the oviduct, the muco-
sal profrusions became clear and frequent
forming short and broad mucosal folds (Fig.
13). By the end of the first week post hatch-
ing, the mucosal folds became higher and the
epithelial grooves were more numerous and
deeper compared to the previous ages (Fig.
14). By age advancement, therc were detecta-
ble differences in the structure and significant
morphometrical changes of the oviduct. In
two weeks-old chicks, the mucosal layer was
folded, subdivided and higher with average
height (41.9 £ 5.1 um). The lamina epithelialis
changed into tall columnar epithelium (16.18
+ 0.7 um). In three weeks-old chicks, the mu-
cosal folds were subdivided into primary and
secondary folds. The secondary folds were
clearly observed and the underlying layers be-
came well differentiated spectally in the cau-
dal part of the oviduct (Fig. 15). From the
fourth week-old chick, the oviduct was divid-
ed anatomically inte five reglons (Infundibu-
lum, magnum, isthmus, uterus and vagina) in
order to describe the developmental changes
in each region. In four weeks-old chicks, the
mucosa of the infundibulum was arranged
Into a few short pyramidal and wide mucosal
folds. The average folds height and width were
26.5£2.6um and 58.8+3.6um respectively (Fig.
16}. In etght -12 weeks-old chicks, the muco-
sal folds of the infundibulum displayed re-
markable increases in the height and the
width of the fold 33.2+3.9um and 64.1£2.9 um
respectively. In 12 weeks-old chicks, the aver-
age helght of the epithelial cells was increased
(18.741.3 um) leading to deep branched epi-
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theltal grooves (Fig. 17). Significant increases
was found in the height and the width of the
mucosal fold up to 37.712.7um 135.7x1.7um.
In 16 weeks-old chicks, primitive cilla was ob-
served on the luminal border of the dark cells
with average helght 3.4%0.2pm. Remarkable
Increases were detected in the helght and the
width of the mucosal folds to be 51.5+3.2um
and 173.512.2 um respectively (Fig. 18),

In 17-20 weeks-old chicks, the premature
pattern of the reproductive tract development
was atfained. In the tubular part of the infun-
dibulum, the lamina propria was endowed
with tubular glands. Each gland was lined
with single layer of cubotdal or pyramidal epi-
thellum with rounded and basally located nu-
clel (Fig. 19). The glandular epithellum dem-
onstrated weak to moderate PAS posltive
reaction and AB negative reaction. The non-
clliated cells exhibited a strong PAS posiilve
and AB negative reactions in their aplcal
parts (Fig. 20). In 21-24 weeks-old chicks, the
mature pattern of the infundibulum becamec
clearly developed. The mucosal folds were
large and extensively branched. Each fold was
branched into primary, secondary and fertiary
smaller fold. The terminal branches were
communicated which results in extensive and
complex networks. There were signiflcant in-
creases in the hejght and width of the muco-
sal folds {295.1111.9 um and 264.15£2.9 pm)
respectively compared to the previous ages.
Highly significant increase in the height of the
epitheltal layer (24.1+ 2,9 um) and the cilia
(7.1 £ 0.6 pm) respectively were seen. The clli-
ated epithelial cells were the predominant cell
type in the funnel part of the (nfundibulum
(F1g. 21).
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Plate (1):

Fig. (2): Photomlcrograph of 5-days-old
chick embryo showing, the primordia of the
paramesonephric duct (pd) dorseo-lateral to
the mesonephric duct (md). Note the meso-
nephric tubules (mt). H&E. Stain.X40.

Fig. (8): Photomicrograph of 6-days-old
chick embryo showing, the paramesonephric
duct (pd), celomic epithellum (arrow head),
mesonephric duct (md). Note mesonephric tu-
bules (mt). H&E. Staln.X100.

Fig. (4): Photomicrograph of 8-days-old
chick embryo showing, canalized parameso-
nephric duct (pd). the coelomic epithelium (ar-
row head) and mesonephric duct (md). H&E.
Stain, X400.

Fig. (5): Maguification of fig. (4) Showing,
paramesonephric duct (pd) lined by simple co-
lumnar epithellum displaying mitotic figure
(arrow head) resting on cellular lamina pro-
pria (p), mesonephric duct (md) and coelomic
epithelium (arrow). H&E. Staln. X1000.

Fig. (6): Photomicrograph of 1l-days-old
chick embryo showing, a mesenchymal con-
striction (arrow) between the paramesoneph-
ric duct (pd) and the mesonephric duct (md),
the mesonephric tubules (mt) and the coelom-
Ic cavity (asterisk) .H&E. Stain.X100.

Fig. (7): Photomicrograph of the caudal
part of 13-days-old chick embryo showing,
wide lumen of the paramesonephric duct (pd;
and cellular condensation around the epitheli-
um covered by celomic epithelum (arrow
head), a constriction (arrow) separate the par-
amesonephric duct from the mesonephric
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duct (md) and coelomic cavity (asterisk). H&E.
Stain. X400.

Fig. (8): Photomicrograph of 13-days-old
chick embryo at the level of the cloaca (c)
showing, paramesonephric duct {pd), note
mesenchymal condensation around the duct
(arrow) and mesonephric duct (md). H&E.
Stain. X100,

Fig. (9): Photomlcrograph of 18-days-old
chick embryo showing, great increase in the
lumen of the paramesonephric duct (pd),
short columnar epithellum les on a highly
cellular lamina proprta (p) and ureter (u).
H&E. Stain. X400.

Plate (2):

Fig. (10); Photomicrograph of the cranial
part of the oviduct of 1-day-old chick show-
ing, a single layer of high cuboidal epithelium
with large spherical nuclei (arrow head) sur-
rounded by highly cellular lamina propria
(p).H&E. Stain. X400.

Fig. (11): Photomicrograph of the midcle
part of the oviduct of 1-day-old chick show-
ing, columnar epithellum with elongated oval
nuciel (arrow), rested on jll-defined basement
membrane and highly cellular lamina propria
(p). H&E. Stain. X400.

Fig. (12): Photomicrograph of the cranial
part of the oviduct of 3-days-old chick show-
ing, wavy appearance of the mucosa com-
posed of cuboidal to low columnar epithelium
(arrow head) and cellular condensed lamina
propria (p). H&E. Stain., X400.

Fig. (18): Photomlicrograph of the middie
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part of the oviduct of 3-days-old chick show-
ing, numerous mucosal folds {arrow), cuboid-
al to low columnar epithellum (arrow head)
and cellular condensed lamina propria (p).
H&E. Stain. X400.

Fig. (14): Photomicrograph of the middle
part of the oviduct of 7-days-old chick
showing, mucosal folds (arrow) with deep
grooves in between (arrow head) and cellular
condensed lamina propria (p). H&E, Stain.
X100.

Fig. (1B): Photomicrograph of the caudal
part of the oviduct of 21-days-old chick show-
Ing, high mucosal {folds (arrow), small secon-
dary folds (arrow head) lined with columnar
epithelium (EP) and lamina propria (P). H&E.
Stain. X400.

Plate (3):

Fig. (18): Photomicrograph of the Infundib-
ulum of 4 weeks old chick showling, short and
broad mucosal folds (mf), glandular grooves
between the folds (arrow), pseudostratified co-
lumnar epithelium (EP) and lamina proprila
{(p). H&E. Stain. X400.

Fig. (17): Photomicrograph of the Infundib-
uvlum of 12 weeks old chick showing, pesu-
dostratifled columnar epithelijum (EP), the
mucosal folds (MF) and small blood vessels
(arrow head) in the larnina propria (p). H&E,
Statn. X400.

Fig. (18): Photomicrograph of the infundtb-
ulum of 16 weeks old chick showing, the mu-
cosal folds (mf}, epithelial grooves (arrow) and
lamina propria {p). H&E. Stain. X40. Inter-
sect: magnification showing, the lining epithe-
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lHum (EP) with primitive cilia (arrow). H&E.
Stain. X 1000.

Fig. (18): Photomicrograph of the tubular
part of the infundibulum of 20 weeks old hen
showing, mucosal folds (MF), pscudostratifed
columnar epitheltum (EP), the lamina propria
(p) endowed with tubular glands (G), thelr act-
nl were lined with cuboldal or pyramidal cells
{arrow head) and well differentiated muscular
layer (M). H&E. Stain. X400,

Fig. (20): Photomicrograph of the tubular
part of the infundibulum of 20 weeks old hen
showing, strong PAS positive reaction at the
apical parts of the non-clliated cells (arrow
head), weak to moderate reaction in the tubu-
lar glands (arrow) in lamina propria (p). PAS.
Stain. X400.

Fig. (21): Photomicrograph of the funnel
part of the Infundibulum of 24 weeks old hen
showing, extensively branched mucosal folds,
primary fold (pf), secondary folds (sf] and tec-
tiary folds (tf), the lining epithellum (EP), the
ciliated cells carry a long well developed cllia
(arrow head) and muscular layer (M). H&E.

Stain. X400.

Our results showed that the primitive mul-
lertan duct developed early during the em-
bryogenesis, In 5 days-old chick embryos, the
mullerian begins as a placode-like thickening
fn the coelomic epithelium. Such thickness
was deepened to form a solid cellular mass
dorsolateral to the mesonephric duct. This re-
sult was in agreement with RomanoV, (1860)
in chick embryos. It was found that this
cellular mass originating from the Wolfflan
duct (Mullers, 1880) in contrast, Orvis and
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Behringer (2007) observed that this cellular
mass originating from the coelomic epithelium
without contribution from the wolffian duct.

This study showed that the primordia of
the mullerian duct became canalized and the
lumen was formed of simple columnar epithe-
lium at 7-11 days-old chick embryos. In the
same line with these results, it has been de-
scribed that, the mullerian cord is canalized
sequentially cranio-caudally then sinks be-
neath the surface of the genital ridge (Jacob
et al. 1999).

In accordance with Guioll et al. (2008) in
13- 21 days-old chick embryos, the mullerian
duct displayed full pattern of organization; it
was formed of wide lumen lined by short co-
lumnar epithellum with large spherical nuclet
and it was surrounded by a condensed me-
senchymal tissue.

The present Investigation showed that at
1 day - 7 days old chick, the mucosa of the
cranial part of the oviduct was lined by a sin-
gle layer of cuboidal epithellum. However, in
the middle and caudal parts, the epithellum
was columnar. These results are in agreement
with Kohler et al. (1968) In 5 days old
chick stated that the mucosa was lined by a
single layer of primitive undifferentiated stem
cells. However, Kelany et al. (1993) in 1 day
old chicks reported that the epithellum was
slmple columnar or pesudostratified colum-
nar.

This work revealed that at 14 days-old
chicks, the lining epitheltum of the oviduct
was changed into tall columnar epitheltum
differentiated (nto light and dark cells. Similar
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finding was mentioned by (El-bargeesy,
1880) in turkey chicks and (Sayed, 2000) (n
1-3 weeks old quall.

In accordance with, El-bargeesy (19980} in
immature turkey, El-habbak (1990) in Pekin
ducklings and Kelany et al. (1893) in fowl
and Sayed (2000) in 1-3 weeks old quails.
The results showed clearly that the primitive
mucosal folds was observed at 3 days-old
chicks and contlnuously Iincreased in the
height and the width by ageing. Moreover, the
mucosal folds were subdivided into primary
and secondary folds at 21 days old chicks.

The results showed that the mucosa of the
infundibulum (n 4-16 weeks old chick was
formed of sbhort and wide mucosal folds.
These folds were increased in height and
width by ageing. This observation ts in agree-
ment with Fouad (1970) in 3-4 month fayou-
mi chicks and El-argeesy (1990) in sexually
mature turkey who reported that the mucosa
of the infundibulum had Jow primary mucosal
folds accompanied with very small secondary
folds in between.

The present investigations showed that the
mucosa of the infundibulum in 20-24 weeks
old hen displays complex pattern of organiza-
tion, where it showed an extensive network of
long, convoluted and highly branched muco-
sal folds, primary folds are provided with sec-
ondary and tertiary folds the mucosal folding
increased toward the caudal part of the infun-
dibulum. This result Is in line with that men-
tioned by El-bargeesy (1980) in sexually ma-
ture  turkey, Mohammadpour and
Keshtmandi (2008} in mature pigeon, Saber
et al. (2000) in sexually mature ostrich,
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This work revealed that. the epithelial pat-
tern of the infundibulum in 4-24 weeks old
hen was formed of pseudostratified columnar
¢pitheltum. This result is similar to that ob-
served by Saber et al. (2008) in mature os-
trich and Youssef (1885) In mature quall.
However, Mohammadpour and Keshtmandi
(2008) in mature pigeon and turkey who stat-
ed that the epithelium was formed of ciliated
simple columnar type In mature pigeon but
simple cuboldal to clliated simple columnar in
mature turkey. On the other hand, it was de-
scribed by Muwazl et al. (1882) in mature
turkey, stated that it was formed of simple co-
lumnar with some area of pseudo stratifica-
tlon.

The present finding showed a remarkable
absence of the glands In the lamjna propria of
the funnel part of the Infundibulum. These re-
sults are in agreement with Fouad (1970) in
fayoumt! chicks and Rai et al. (1980) In fowls.
On the other hand, In 20-24 weeks old hen,
the infundibulum showed tubular glands in
the tubular part of infundibulum. These
glands were lined with cuboldal or pyramidal
cells. This simulates the finding of El-
bargeesy (1980) in mature turkey and Mo-
hammadpour and Keshtmand{ (2008) in ma-
ture plgeon.

Mansoura, Vet. Med. J.

Our results showed that the mature mus-
cular layer of the infundibulum in 20-24
weeks old hen was formed of outer longitudi-
nal and inner circular smooth muscle fibers
similar results were reported by {El-bargeesy,
1880) in mature turkey.

The present study demonstrated clearly
that the epitheltum of the infundibulum in
4-16 weeks old chicks gave negative reac-
flon to PAS and AB staining. In contrast
in 20-24 weeks old hen, the glandular epithe-
Iflum demonstrated weak to moderate PAS
positive reaction and AB negative. Further-
more, the non clllated cells gave strong
PAS positive reaction and AB negative.
These results suggest that the oviduct re-
mains inactive without any secretory preduct
however at 20 weeks old (pre-laying stage) the
sexual maturity starts therefore the secretory
granules in the non-cillated cells gave PAS
positive reaction. These results in agreement
with the statement of Solomon (1871} and
Altken (1971) (n domestic fowls stated that
the non-ciliated cells of the infundibulum give
positive reaction to PAS. However, El-
bargeesy (1890) in mature turkey and Sharaf
(2005) in ostriches mentioned that the sur-
face epithellum was positive to PAS and AB
staining.

Vel. XIlI, No. 2, 2011



El-Morsy, S. E.; et al...

Table 1&2 [llustrate the average epithelial height, length and width of

mucosal folds.

Measurement (Hm) 1-day 3-days S-days 14-days 21-days [
Height of the epithelium 8.44£0.6 | 10.53%0.5 15:541. IJ 16.18£0.7 | 18.740.9
Length of the mucosal fold -- 36.1%3 41.1£4.2 41.945.1 61.346.2
Width of the mucosal fold - 43.1x4.2 52.8x11.7 \ 55.54:8.1 \ 62.8+7.3

_

Measurement (um)

1-Mounth ‘ 2-Month ‘ 3-Month

Length of the mucosal fold

4-Month | 5-Month | 6-Month

Mansoura, Vet. Med, J.

26.512.6J 332439 l 377427 | 515432 | 74.5:3.8 | 29524119
Weatls o mucosal Jold. | oo g F4.1¢2.9E9E¢1.7_L173.512.2 217.5¢3.8 | 264.1542.9
Height of the epithelium 123202 | 132#1 | B3 [ 0000 | 26423 | 201829
Felght of the cllic \ - - - 34102 | 55:03 | 714056
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