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Abstract

The purpose of this study was to unveil the comparison of the macroscopic and
microscopic features of the esophagus in males and females homing pigeons, 10 males and 10
females of health adult local homing pigeons of all anatomical and histological studies, the
present study showed that the mean total length of the esophagus of male was longer than that
of female, mean length, diameter of lumen of cervical esophagus was greater than that of
thoracic esophagus in each sex. The esophageal wall was composed of the four tunicae
(mucosa, submucosa, muscularis and adventitia). Mucosa consist of epithelium formed by
non-keratinized stratified squamous epithelium, lamina propria was a loose connective tissue
contain mucous glands, these glands were less developed in cervical esophagus than that in
thoracic esophagus of each sex and muscularis mucosa was a thick layer of longitudinal
bundler of smooth muscles, mean thickness of mucosa in male was thicker than that in
female, and longitudinal folds in the cervical esophagus were great deep than that in the
thoracic esophagus of each sex. Submucosa consist of thin layer of loose connective tissue,
mean thickness of submucosa in male was thicker than that in female, means the thickness of
mucosa and submucosa in cervical esophagus were thicker than that in thoracic esophagus of
each sex. Muscular is composed of a circular and longitudinal smooth muscle layer, mean
thickness of muscularis in male was thicker than that in female and mean it thickness in
thoracic esophagus was thicker than that in cervical esophagus of each sex. Adventitia made
up of loose connective tissue with blood vessels, mean thickness of adventitia in male was
more than that in female and in cervical esophagus was more than that in thoracic esophagus
of each sex.
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Introduction

Birds have the coelomic cavity without
diaphragm, the avian esophagus is long
distensible tube connect the oropharynx and
the proventriculus, it lies on the right side of
the neck (mammals present it on the left side)
dorsally to the trachea. Immediately cranial
to the thoracic entrance the esophagus returns
to the median line and expand ventrally to
form the crop (1), in geese (2) and (3) in
white stork. (4 and5) mentions the esophagus
of rheas and captive bustards no form the
crop .The mean length of total esophagus of
white stork is 400 mm, and diameter of it 10
mm (3). (5) described the esophagus of male
bustards is longer than that of female also in
tufted ducks Aythya fuligula (6), while in
common pheasant and partridge the length of
the esophagus of male is shorter than that of
female (7and 8). Avian esophagus consists
of two parts are cervical and thoracic, in
mammals there is three parts cervical,
thoracic and abdominal (1), while (9)
mention the esophagus of the common quail
has three anatomical parts are cervical part,
crop and thoracic part. (10) said the chicken
cervical esophagus extends from the
oropharynx and expended to form the crop,
and it shaped like (S). Cranially, it is located
in the median line, dorsally to the larynx
and trachea, which is intimately fixed by a
connective  tissue. Caudally to the fifth
cervical vertebra, mean length of it shorter
than its cervical column and thoracic
esophagus, while in white stork considerable
longer than the thoracic esophagus (3). It
more distensible and folded more than the
thoracic part in the ostrich and has 12
longitudinal folds (11). (12) said the cervical
esophagus of chicken has 6-8 longitudinal
folds. (8) mention the length of cervical
esophagus of partridge in male and female
are (112 mm, 117.2 mm respectively), and in
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geese is 164.1mm (2). The thoracic
esophagus placed below the crop, dorsally to
the trachea extend until the proventriculus,
mean length of it in male and female
partridge is  (40.30 mm,40.50 mm
respectively) (8), and in geese is38.3mm (2).
The esophageal wall of the chicken consists
of four tunicae (mucosa, sub mucosa,
muscularis and adventitia) (10). Mucosa of
emu esophagus formed by a non-keratinized
stratified  epithelium (13), while the
epithelium of the esophagus of White stork
and wild birds (Rock Dove and Linnet) is
keratinized stratified squamous (3 and 14).
The lamina propria in esophagus of emu
contained numerous simple tubular mucus
glands (13), these glands are developed in
thoracic esophagus more than that in cervical
esophagus of common quail (9), muscularis
mucosa is thick consist of a longitudinal
smooth muscle layer, mean thickness of
epithelium in cervical esophagus of common
quail is thicker than that in thoracic
esophagus (9). Sub mucosa layer of avian
composed of loose connective tissues only
and no has glands as in mammals (10), tunica
muscularis composed of a thicker inner
circular and a thinner outer longitudinal
smooth muscle layer (15) in homing pigeon
and in wild birds (mallard) (16), (9) mention
mean thickness of tunica muscularis of the
common quail esophagus in thoracic part is
thicker than that in cervical part and in male
is thinner than that in female. Tunica
muscularis is surrounded by the tunica
adventitia at the cervical esophagus, and by
the tunica adventitia at the thoracic
esophagus of wild birds (14).

Materials and methods
For anatomical study ten adult healthy
local homing pigeons (5 male and 5 female)
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were collected from local market in Muthana
city during March 2013, the birds were
sacrificed after anesthesia by intramuscular
injection of a mixture of ketamine and
diazepam at dose 25 and 5 mg /kg BW
respectively, according to (17). Measuring
the total body length (from beak to the end of
rump, sternum length (exact to 0.5 mm)
according to (18). Freed the whole esophagus
of 10 birds (from orophalanx to
proventriculus) and washed with distilled
water. The total length of esophagus, length,
diameter of lumen of each part of esophagus
of each sex measured by digital electronic
vernier, measurement tape and ruler. The
histological study was carried out on (10)
specimens of esophagus of adult healthy
local birds (5 male and 5 female). Specimens
was washed with normal saline solution
(0.9%), and 5 samples from different regions
of each part of the esophagus were taken and
fixed by 10% formalin 24 hours at room
temperature, and then treated by routine
histological processing (19), embedding with
paraffin wax (58-60 C°) and sectioning to 5-
7um. The stains were wused, Harries
Hematoxylin and Eosin (H&E) stain for
demonstrating the general histological
components, and Periodic Acid Schiff (PAS)
stain for distinguish of carbohydrates. The
thickness of the all tunicae of each part of
esophagus in each sex, in5 sections in each
section of each part of the esophagus by
ocular micrometer. The mean (M) and the
standard error (SE) were calculated for 5
slides for each part of the esophagus (20).

Results

In the present study the mean length of
the total body and sternum of male was
(232.26 £ 9.4 mm,82.1+5.7mm respectively)
and was longer than that of female (219.1+
7.7 mm, 63.1+ 4.5 mm respectively) (Table
1). In the present study the esophagus was
long ,muscular, longitudinally folded tube,
located on the right side of the neck dorsally
to the trachea, extend from oropharynx to the
proventriculus (Fig. 1), the mean total length
of the esophagus of male was (124.9 + 6.8
mm) and was longer than that of female
(106.3 = 8.6 mm) (Table 1). The esophagus
of homing pigeon consist of two parts were
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cervical and thoracic parts (Fig. 1), the
cervical esophagus extends from the

oropharynx and in the entrance of the thorax,
its ventral wall was enlarged to form the crop
that end in it, located dorsally to the larynx
and trachea, and considerable longer than the
thoracic esophagus, the internal surface of it
has well demarcated longitudinal folds (Fig.
2), mean length of the cervical esophagus in
male was (82.8 £ 4.3 mm), while in female
was (68.84 = 5.9mm) (Table 1). Mean
diameter of the lumen in cervical esophagus
was greater than that in thoracic esophagus in
each sex (Table 1). The thoracic esophagus
was placed below the crop, dorsally to the
trachea and opened into the proventriculus
within thoracoabdominal cavity (Fig. 1),
mean length of it in male was (42.4 + 3.9
mm), while in female was (37.52 + 4.9 mm)
(Table 1), and the longitudinal folds in the
internal surface of the thoracic esophagus
were less deep than that in the cervical
esophagus in each sex, with larger space
occurred between them (Fig. 2, 3). The
esophageal wall was composed of the four
tunicae (mucosa, submucosa, muscularis and
adventitia) (Fig. 4). Tunica mucosa consist of
epithelium formed by no Kkeratinized
stratified squamous epithelium, lamina
propria consist of loose connective tissue
with large mucous glands (Fig. 5), these
glands were take positive reaction with(PAS)
(Fig. 5), and were less developed in cervical
esophagus than that in thoracic esophagus in
each sex (Fig. 4, 6, 7) nodular lymphatic
tissue were within the lamina propria and
muscularis mucosa was very well developed
consist of longitudinal bundler of smooth
muscles fibers (Fig. 7), mean thickness of
epithelium, lamina propria and muscularis
mucosa in cervical esophagus of male were
(76.6 £ 14.3, 322.3 £ 80.1, 291.5 + 91.6 pum)
respectively, while in female were (60.6 *
15.6, 317.3 + 96.5, 243.6 * 86.3 um)
respectively (Table 2), and mean thickness
of epithelium, lamina propria and muscularis
mucosa in thoracic esophagus of male were
(59.8 + 9.6 , 303.3 £ 76.8 , 158.5 £ 56.7um)
respectively, while in female were (41.6 *
6.5, 280.2 + 875, 139.7 £ 614 um)
respectively. And mean thickness of mucosa
in the cervical esophagus was thicker than
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Table (1): Measurements of

length; Total body length, sternum length, esophagus

length, and diameter of lumen of esophagus of each sex of homing pigeon (mm) (M £SE)

gasure BL SL EL CE TE

Sex Mzt SE M+ SE M+SE L Di L Di
Male 23226+9.4 | 821+£5.7 | 124.£6.8 |82.8+43 477+ 12 | 424+39 | 382109
Female 219.1£ 7.7 63.1+45 | 106.3+86 | 68.84+£59 | 3.24+1.4 |3752+49 | 20111

BL: Body length, SL: Sternum length, EL: Esophagus length, CE: Cervical esophagus, TE: Thoracic esophagus,
L: Length, Di: Diameter of lumen, (Mean = Stander Error) (n=5 for each sex).

Table (2): Measurements of thickness of the esophagus wall layers for each sex in

homing pigeon (um) (M +SE).
gasure ™ TSM ™S TS
Regd M+ SE M+ SE M+ SE M+ SE
Total E L Mm Total Cir Lon
Mg:llez P P 60.7+11.5 | 53174
Fomale |690.6+111.6 |76.6+14.3 B22.3+80.1 P91 5+916 | 40275 | 500.6+44.6 | 31L7+313 | 188.3430.1 | 707 139
620.5+113.7 |60.6+15.6 [317.3+96.5 43.6+86.3 427.7+416 | 267.14245 | 161.2+18.6 -

M;E 520.6£92.2 | 50.849.6 [B03.3+76.8 [158.5+56.7 | 40.6+8.9 | 700.5+51.5 | 491.9+37.9 | 208.7+34.4 | 67.5:8.2
Fomale | 460.6%95.6 | 41.66.5 PB0.2+87.5 139.7461.4 | 20.6+ 3.6 | 601.8+47.8 | 407.6£22.2 | 193.6£17.6 | 60.4%4.6

CE: Cervical esophagus, TE: Thoracic esophagus, TM: Tunica mucosa, TSM: Tunica sub mucosa, TMS: Tunica muscularis, TS:
Tunica adventitia, Ep: Epithelium, Lp: Lamina propria, Mm: Muscularis mucosa, Cir: Circular muscularis, Long: Longitudinal
muscularis. (Mean * Stander Error) (n=5 for each sex).

—

Fig. (1): Gross appearance of the
esophagus of homing pigeon, cervical
esophagus (A), crop (B), thoracic

esophagus (C), trachea (D), proventriculus
(E), gizzard (F), oropharynx (G).

that in the thoracic esophagus of each sex
(Table 2), longitudinal folds in the cervical
esophagus was great deep than that in the
thoracic esophagus in each sex (Fig. 8-10).
Sub mucosa was no evidence, consist of
loose connective tissue with blood vessels
(Fig.4,9), mean thickness of sub mucosa in
cervical  esophagus of male was
(60.7+11.5um), while in female was (40.2 +
7.5um), and mean thickness of sub mucosa in
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Fig. (2): Gross appearance of the internal
surface of the cervical esophagus of
homing pigeon, longitudinal folds were
deep (arrow).

thoracic esophagus of male was (40.6 +
8.9um),while in female was (20.6 = 3.6 um).
The mean thickness of sub mucosa in
cervical esophagus is thicker than that in
thoracic esophagus of each sex (Table2).
Tunica muscularis composed of a thicker
inner circular and a thinner outer longitudinal
smooth muscle layer (Fig. 9), mean thickness
of tunica muscularis in cervical esophagus of
male was (500.6 + 44.6um), while in female
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Fig. (3): Gross appearance of the internal
surface of thoracic esophagus of homing
pigeon, longitudinal folds were less deep
(arrow).

b )
Fig. (5): Cross section of the thoracic
esophagus, non-keratinized  stratified
squamous epithelium (A), lamina propria
(B), mucous glands (C), muscularis
mucosa (D), PAS X100.

Fig. (7): Cross section of the thoracic
esophagus, epithelium (A), lamina propria

(B), esophageal lumen (C), lymphatic
tissue (D), longitudinal folds (E), H&E
X40.
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Fig. (4): Cross section of the cervical
esophagus mucosa (A), sub mucosa (B)
(arrow), muscularis (C), adventitia (D)
(arrow), mucous glands (E). H&E X40.

Fig. (6): Cross section of the thoracic
esophagus, non-keratinized stratified
squamous epithelium (A), lamina propria
(B), mucous glands (C), longitudinal folds
(D), H&E X100.

Fig. (8): Cross section of the cervical
esophagus, longitudinal folds less deep,
lamina propria (A), muscular mucosa (B),
tunica muscularis (C), H&E X40.
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Fig. (9): Cross section of th

esophagus, lamina propria (A), muscularis
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mucosa (B), sub mucosa (C), inner
muscularis (D), outer muscularis (E),
H&E X40.

was (427.7+ 41.6 um), and mean thickness of
tunica muscularis in thoracic esophagus of
male and female were (700.5 +51.5 and
601.8+47.8 um respectively), mean thickness
of muscularis in thoracic esophagus was
thicker than that in cervical esophagus of
each sex (Table 2). Tunica adventitia made
up of loose connective tissue and contains
blood vessels (Fig. 4), mean thickness of

Discussion

The present study revealed the esophagus
of homing pigeon is long tube located in
right side of the neck between the orophalanx
and proventiculus, mean length of esophagus
in male was longer than that in female this
result agreement with (5, 6 and 21), while
disagreement with (7) who study the
common pheasant esophagus and (8) who
study the partridge esophagus. The different
may be due the esophagus length had
relationship with body length and sternum
length of bird. (22) mention the difference
between male and female of black scoter in
the relative esophagus length referring to
body length and sternum length, and (21) in
bean goose. Esophagus was composed of
two parts, cervical and thoracic, mean length,
diameter of lumen of cervical part is greater
than that of thoracic part in each sex, this
results agreement with (3), while
disagreement with (10) who study the
chicken esophagus.Esophagus carries food
from the mouth to the crop and from crop to
the proventriculus and is generally greater in
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Fig. (10): Cross section of the thoracic
esophagus, lamina propria (A), mucus
glands (B), muscularis mucosa (C), sub
mucosa (D), muscularis (E), PAS X40.

adventitia in cervical esophagus of male was
(75.3 £ 7.4um), while in female was (70.1 +
3.2 um). And mean thickness of adventitia in
thoracic esophagus of male and female were
(67.5£8.2 and 60.4+4.6 pm respectively),
mean thickness of adventitia in cervical
esophagus was thicker than that in thoracic
esophagus of each sex (Table 2).

diameter due to the limited ability of avian to
break down their food orally, and
distensibilty of it important to swallow bulky
(23). The cervical esophagus in each sex
expended to form the crop this result
agreement with (1, 2 and 3). While
disagreement with (4) which mention the
esophagus of rheas no form crop, also in
captive bustards (5), the crop is responsible
to storage and moistened of the ingested food
by mucous secreted of the esophagus and
crop glands. The longitudinally folds in
cervical esophagus were deeper than that in
thoracic esophagus, this agreement with (3),
these folds assist in increased the extension
of the esophagus that participate actively in
the placement mechanism of the food to the
crop then to the proventiculus (4). Tunica
mucosa consist of epithelium formed by no
keratinized stratified squamous epithelium,
lamina propria and muscularis mucosa, mean
thickness of mucosa in the cervical
esophagus was thicker than that in the
thoracic esophagus in each sex this result
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agreement with (9) in common quail, present
the reversed relation between mucous glands
and longitudinal folds in parts of the
esophagus , this may be due to important for
lubrication and protecting of the mucosa for
the passage of food particles. The sub
mucosa consist of loose connective tissue
with  blood wvessels, this description
agreement with (12) who study the chicken
esophagus, tunica muscularis consist of two
layers, an inner circular and an outer
longitudinal, it was similar to that found by
(15), while disagreement with (8) which
mention the cervical esophagus in partigde
Raynchotus contain three layers, an inner
longitudinal, a medium circular and outer
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