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1. In -+t 4d +

IThe camiel is considerad as & very importaht animal, which
has survived and served the human being for many centurieas.
It is e herbivore of the family camslidae and is charac-
terized by a large body size and by the presence of one

oxr two humps. From them the one-humped camel (Camelus
dromedsriuas) is present in Egypt and the two-humped one
(Cameluas bastrianus) in Asia.

Indeed, the Egyptian farmer is greatly indebted to the
camel for the transport of goods and praviding him with
meat, milk, wool and hides.

In spite of these facts, the camel has not received the
adequate attention in anatomy and histology, when compared
with the other farm animels, The amount of research, which
can be traced in the availsble litersture on the camsl,

is relatively few. We have gelected the subleet of the
morphogenesig and histogenesis of the camel's esophagus

in an attempt to give some information, peeulisr for thie
enimel, which is able to crosg the desert for a long
digtence and for several weeks, without taking up water.

This attracted our attention for the study of the structurs
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of the esophes:: s g transport organ of the digestive
system durirz .= prensztel and positnatel phases. Thesa
studies incl.oic changes in the stratified sguamous eplthe-—
lium during the onvegeny, wre appearances of the Lamina
muscularis mucosae. The nirterond®ig ond distribution of
the esophagesl glands snd io Junica musculardis.

These snatomical studies on the camel's esophagus shall

bec also en attempt to give us some informmation on the
esophagus of a long-necked memmal. The length z2nd diemeter
of the individual parts of the esophagus of the camel are
important epnlied snatomical facts for the internsel medicine
end surgery, for exemple in introducing a stomach tube or
probang. On the other hand, there are ithe relations
between the deep cervical fasciaza (prgvertsbral and pre-
trachesl laminsc¢) and the esophagus, which are also of
greater anstonicnl and surgical interest. We tried %o
cleaxrify tihese in the different developmental stages of
the camel. Special attention attracted the extension of
the commective tiasue in the retrophagynge=zl space from
the pharyngo-esophageal junction to the dorsal medisgti-
num. Thus, we are able to judze the apatomical conditions
for spreeding of smeptic processes from an injured esopha-
gus, a common carotid artery or a Jugular vein. A further

contribution will be rendered to the applied anstomy of
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the carotid wvaginae (Vegina carotica) in the camel. Thia
study mey be of help in the comparative anatemy, surgery

or medicine in the field of veterinary studies.
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2 Review o f 1 i terature

Reviewing the litersture on the gross anatomy and histo-—
genesis of the esophagus in camel, we found only few
references. This was one of the reasons to conduct the
present studies.

QMAR (1980) reported in his thesis on the topographic
anatomy of the neck region of the one~-humped camel (Camelus
dromedarius). According to this author the Pars servicalils
of the egophagus begins from the caudal part of the pharynx
and has an uniform diameter through its course in the neck,
but narrows towards the thoracic inlet. The esophagus is
fixed to the cricoid cartilage of the larynx by the M.
ericooesophegeus. The latter is a fegble muscle, triangular
in outline. Its fibers astart in the neighbourhood of the
erico-arytenoid articulation end descends in a fan-shaped
menner to be lost in the muscular tunic of the esophagus.
In the crenial third of the neck region the esophagus lies
caudal to the trachea. By the end of the third cervical
vertebra it gradually shifts to the left of the trachea.

At the cranial border of the fifth cervical vertebra, it

is situsted completely at the left side of the trachea.
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It atteins thie position up %o the thoracic inlet. Caudally
and doreglly in ithe corresponding upper and lower halves

of the neek, it is related %o the M. longus colli. The
esophagus contacts both lobes of the thyroid gland, which
makes an impression on either side of it in the region

of the axis. Beyond thias, it is related to the Truncus
vagosympathicua, A. carotis communis and N. laryngis
recurrens. The lattsr nerve runs hetween the egsophagus and
the traches, being deeply seated. Some small lymph nodules
(about 6 - 12) arc scattered along the space between the
esophagus and the trachea on hoth sidesa. In additicon to
them, the superior deep cervical lymph nodes lie in contact
at the beginning. The Pars cervicalis of the esophagus
receives 1ts blood supply from the A, carcotis communis

and V. jugularis sexterna. Numerous esophageel branches
from the N. laryngis recurrens are also geen to supply

the eszophagus.

ENANY (1980) deacribed in his thesis the gross anatomy

and higtology of the esophagus of the buffalo during its
ontogenetic development. The position of the egsophagus 1s
unchanged during the whole developmental stages. At the
pheryngo~egophageal Jjunction, it lies doreal to the larynx,

at the cervical part, on the left ¢f the trachea, at the

thoracic pert dorsal 4o the trachee. The length, the diameter
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and the thickness of “h= =fovhazoal weal®l increased with

the age. The total len b ~i 1. -sophigus in the adult
buffalo is about 96 ecm, in . vaTialo calf about 55 cm.
The diametsr is about 31 @ in the adult buffaloc snd about
12 mm in %he buffalo—czlf. Tkhkie suithor has divided the
espophagua of the buffale inve a2 pharyngo—-escophegzoesl junction,
a cervical,thoracic and an abdominal portion. The lstter

one cccurs only till the time of paxturition, then it dis-
appears successively due to the increasing size of the
rumen of the cslf.

The cervical wnaxt is the lonzest and narrowest part smong
all and the same time it nas the thinnest wall. This

ENANY (1S80) —elated to the fact that the cervical part

ig surroundsd by cerviesl muscles, winich aci on the eso—-
phageal wzall. Ihe tlhickast well is found =t the pharyngo-
esophegeal junction, du¢ to ihe prosence of the pharyngeal
musculature here. The wide part has alse the pharyngo-
esophageal junction, followed by the thoracic part.

The Lamina epithelialis of the adult Egyptian water buffszlo
conpeists of a keratinized stretified sguamous epithelium.
In the buffalc fetus there is firstly only one epithelisl
layer. The number of the layers increases with age.
Keratinization occuras about or immedistely after parturiticn,

algo interpapillasry peg-formation, enchoring the epithelium
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to the Lamina propria.

The DLmmina muscularis wucosase is absent at the pheryngo-
egsophageal junction, pvsssvs In the cerviecal and thoracic
parts. Lt occurs fiistly 0 the buffelo-fetus of CLL 14 cm
and incrooses ¢L0000y in thickness. The thickest Lamina
mugculoris mucosse L o dound ia the thoracie par: of the

eBopliagrs 1a tn= ~dudt buffalo.f Lsophagenl glands oceur

only in the ventiral ond laterel wall of ths pheryngo-

esophageal juatcitions Firstly they are epithelisl sprouis,
rrojecting from the Laminas <plithelialis into the Lamina
propria/subraucess (ssen st CRLA?"cm stage;. They increese
in nuamber with age. Leter oﬁ, %he gxerevory ducts became
capalized (03£“§779m) first and after thig the solid glan-
dular egithelial sprouts (CRL %4 cm). The esophsgeal glands
are of predominating mucous cnaracteg,

The Tunica musculgeris conzists of a eircularly znd a
longitudinally arvanged laycr of stristed musculature,

but in reelity <they are wore spirplly arranged. The circue
lar layer increasses in thickness towards the thoracic part.
The Tunice adventitia containse connective tissue of =

loose texture at the pharyngo-esophageal Junction and at

the cervical paxrt. At the thoraecic portion it is surrounded .
by mediestinal plcura.

FUKAYA et sl. {1979) rsported on the ecourse of the esophagua

www.manaraa.com



in the thor=cic cevity in bovine fetuses and neonates,
baged on the obagrvetion of resin casts of the thoracic
hollow orgens in both, fetuses and naew born calves. Before
the thoracig inlelt, the esophagus wes loceted on the left
purface of the trachea, passing caudad on the ventral egide
of the left M. longus colli. Caudal the thoracic inlet thse
esophagus was slightly shifted to the left dorsal surface
of the trachea, running cauvdaed along the lefi M. longus
colli. At the level of the E°? thorecfe vertebra, where
this muscle terminates, the esophagus was accompanied by
the left comman earotid artery on its left side until the
level of the Sth cervical vertebra, where the artery moved
to the vontral elde of the esophagus and left it soon.

Near the thoracic inlet, at the level of the 7°F cervical
vertebra, the ¢sophesgus was in clgse contact to the left
vertebral artery aré vein, only for a short distance. Thus
in the cervical par+%, below the level of the 3rd cervieal
vertebra, tne csophagus has a constant ecaliber with neither
a constriction nor an empulla, being leocated on the left
gide of the body axis. Before and after the thoracic inlet,
between Tth cervical vertebra end the 2nd thoraciec vertebra,
the esophagus curved downward and then upward. This concave
curvature was also accompenisd by a slight torsion in such

a manner, that it peuses just into the thoraciec inlet.

www.manaraa.com



The aesophagus ourved upward from the left side of the back
gurface of the trachea to be placed between the traches
end left longrs 20lli muscle. At the level of the 4th
thoreeic vertebra, the esophagus had a constristed part,
which was the first constrication, observed in fetuses

and newborn calves in these studies. The thymus was well
develaoped at the level of the 18t to the 4th thoracic
vertebra. The consiriction wes observed betwesen the dorso-—
caudal part of the developing thymus and the cranial border
of the left cranial pulmonary lobe, seemingly caused by

the pressure of these two orgens. At the level of the Sth
to the Gth thoracic wvertebra the esophagus was shifted

and complctely placed on the back of the trachea, until

the trachea bifurcated at the level of 6°F thoracic vertebra,
pasging bsckward in the median plane of the body axis. At
this site, the csonbh=ogus was in contact with the dorsally
bending aortic arch on its left side, showing the second
constriction, perhaps caused by the pressure of the aorta.
At the mame time, the ssophagus gradually ran downward,
detaching from the vertebral column to be placed in the
center of the medisstinum. As & result, the esophagus
ghowed a slight dorsally convex curvature and forwarded
obliquely downward from thip site. There after the ssophagus

paessed backward in the mediastinum again, was based to the
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left side of the body aexis. Towards the Hiatus sscphageus,
which wes located in the left part of the diaphragm, the
eaophagus showed a8 a result a slight horizontal curvature

th to the

in the caudal mediastinum. it the level of the 10
11th thoracic vertebrae, the esophagus was in contact with
the Lnn. medigstinales caudales on its dorsal view, and

at the level between the 9°® and 10*" ribs, from the lateral
view. The esophagus was surrounded by both, the left and
right lobes of the lung, and by the diaphregm, showing a
third constriction. Between the second and third constric-
tion the esophagus in many samples was relatively thick

and swollen. In the investigated fetuses and new~born
calves, since the diaphragm woe completdy attached to the
cardia of the rumen, the abdominal part of the esophagus
failed to be observed.

BERG et al. (19692) compared the relation between body weight
and esophagus weight in buffalo fetuses and cemel fetuses.
They observed that the esophagus of buffale developed more
rapidly than thet ¢f the camel. Its average velgtive weight
wae higher in the camel (0.31%) than in the buffelo (0.19%).
The authors ssgsgsumed that this was fulfilled by the earlier
starting point of the development of the esophagus in the
canel. 1 gm of espheaegus tissue was found at a body weight

of 208.909 gm in the camel and 44.7 gm in the buffalo.
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This was explaincd by the longer gestation period in the
camel. In thelr studiss on ths prenatal growth of =zome
organs in the Egyptien water bLuffzlo TAHER et al. (1969)
found the devglopment of the buffalo following the formula:
log y = 0.83 1log x -2.1, where log y = expected csophagus
weight, log x = body weight. 3tandard error of estimzte

syx = ¥ 0.3.

RAGHAVAN (1964) reported on the esophagus of the adult
Indian water buffalo. According to this author, the eso-
phagus was about 0.75% = 1lm in length, which can be coneidered
a8 in accardance with the datz of SENGAR and SINGH (1970)
(ésophagus = 0.98 m). The diameter was found as to be

50 mm. No hinte were given on the total esophageal length
and that of the cerviecal, thoracic or abdominzl part of the
esophagus. RiCHAVIN (1964) indicated only, that the cervienl
part begins =t the pharynz in the median line, behind ths
aditus ad emophagem, above the rostral border of the cricoid
eartilege, =nd passed backwards and downwards on the dorsal
surface @f the %rachea till about the level of the third

or fourth cervical vertebra. .t this level, it crossed

the traches obliquely, placing itself along the left side

to the thoracic inlet. The thoracic part began at the level
of the 1St rib and continued its course till it reached

the level of the 2nd or Brd thoraclic vertebra, where it
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again orossed the lefl frce of the trachea obliguely up-
wards to gain its dorssl surface. It continued this dorsal
relation of the trachea to its bifurcation. Az it passed
through the wmsediastinum, it was pushed to the right of the
aortic arch and lying to the right of the median line.

It then passed upwards and backwards in the caudal media~
gtinum, Iinclined gradunlly once again to the left to snter
the Hiastus esophagus of the diaphragm, passing through this
openings It gained the abdominal cavity and immedistely
terminated on the dome-like, rumino~reticular wall at the
cardiase orifice, From thias slucidates the practical absence
of an sbdominal psrt of the egeophagus. This was also under-
lined by MULLER=-BOTHA (1962) and HABEL (1975). They deg-
¢ribed the abdominal part of the bovine gsophagus as absent,
because of the close contact of the astomach with the dia-
phragm.

SENGAR and SINGH (196%) performed quantitative end gqualie
tative studies on the esgsophazus of the prenatal and post-
natael Indlian buffalo. They observed that% the esophagus
remained an insignificant organ up to the sscond month of
the intrauterine life. With straightening of the fetal
posture at zbout the middle of the second month, it gained
in length and assumed a well--d¢fined shape with the slonga-

tion of the neck by about thie end of the third month of
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fetal life. It was further seen, that, while its absolute
length increased in almost zenwvctrical progression during
the first half of the intreuterire life, its proportion
to the total gut length showed & declining trend in the

beginning, then it got almost constant to account for about

4% of the total gut length. after birth, it declined furthar

to ebout 2.5%. as far as the tissue weight were concerned,
it made 2bout 3 - 3.5% of the tetal gut tissue or 0.27 -
Q.12% (an - 10th monthk), whic¢h ias in good accordance with
the data given by BERG ct al. (1969) (= 0.192).
Histologlcally the growing esophagus showed interesting
changes, both in its musculature and mucossa. During the
oarly fetal stages (50 daya) the esophageal walls have had
a wall-defined muscularis and mucosag The mucosa, which
was almeat smooth and without folde, had a well-defined
epithelium, resting on = basement membrane =2nd was covered
with a single layer of sguszmous cells. There existed no
distinciion between the Lamins propria and the submucosea
as the Lamina muscularis mucosse was not developed %o this
stage. Bath, propris and submucosa, largely had a cellular
nature with well-defined nuclei. The connective tiasue

fibers were not yet developed. With progress of time both,

muscle and the mucossz, eleaberat:d. More squamous cell layers

alpo grow in thickness so much, s¢ that by about the middla
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of gestatlion, the fetal

these faatures, true of

esophegua developed almost all

an oduwlt, except that the sguamous

cellg did not get keratinized. The blending propria and

submucosa got differentiated with the well development

of the Lamina muscularis mucosae. The two storted changing

their cellular nature to that of the fibrous tyre. By about

the full—-fterm fetus the

keratinization began in the top

sgquamous caells of the epithelium. At birth it got fully

cornified tc resemble that of adult in almost all respect.

SENGAR and SINGH (1970)
femanle Indian buffzaloes
dorsally to the trachea
and sorta in the thorax
Its length wes found to
depending on thelr body
neck in particular. Tha

invegtigated the esophagus of adult
and described its pesition as running
in the neok and between trachea

to the diaphragm.

be variable in different animal
Jengih in general and that of the
ehsolute length of the escphagus

wae found es 98.21 ¥ 0,92 com. Histologiocally the esophageal

walls of the Indian water buifalc had the ususl four layers:

outermost the adventitia, next to 1t the muscularis in ths

middle the submucosa and as the inner most leyer the mucosa.

The adventitia consisted of a thin layer of fibrous connec-

tlve tissue. It zot changed to serosa with the incorporation

of the visceral peritoneum on its ebdominel part at its

passage through the Histus esophageus. The muscularis,
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which gontributed maximal to the ssophageal wall, consisted
of twc layers, the inner circular and outer longitudinal
one. The disposition pattern of the two muscle layers in
relation t9o ¢ach other waes subjested to great variatione.
The muscle fibers of beth were sirlated throughout its
length and did not change tq smooeth. i well developed inter-
muscular nerve plexus reported to lis in between these
layzrs in some sections. The submucoea consiated of loose
connective tissue, which had a considersble amscunt of
elagticity, psraitting the organ to stretch ocut at the

time of swallowings eand regurgitation of the bolus. It cone-
tained 2 large number of lymphatica, blood wvessaels and
nerves. Deep esophegeal glands could not be identifiead.

The epithelium of the mucous membrane was thiclk and of
ptratiiied squamous type with a cornified border. It was
deeply indented by the papilla of the Lamina propria mucosas,
which coneisted of & narrow band of loose sonnective tissue
and d4did net contain either the ssophageal cardiac glands

or superficial ecsmophageal glands. The lamina muscularig
mucosae songisted of one or two Yayera of smooth muscle
bund;es, dlsposed longitudinally. It was almost insignie
ficant in the cranial region and got quite prominent in

the caudal portion of the esophagua.

2% @ later publicetion SENGAR and SINGH (1971) reiterated
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partially tho description of the above-mentioned gquantita-
tive dats. They observed that the esophagus made up 18.4%
of the total gut length during the second month of the
intrauterine life. It had a retarded growth (as percentege
of the total gut length) although it was about 4% at birth
and went furthexr down to only 2.45% of the adult age. The
esophageal tissue welght was 3.55% during the third month
of gestation and showed an increased growth during the
middle of gestaiion. It reiurned back to 3.667% ~% the birth
end then meintained rlmost on this level. The relations

of the esophagus 1n bovine were desceribed by WILKENS and
ROSENBERGER (1957 ), RLGHAV.Y (1984), KOCH (1970), DYCE and
WENSING (1971, 2mxd (1973, 1974), HABEL (1975). KRAHMER
at al. (1976 snd IRANY (1980). according to these authore,
the bovine usophacus wes related: af its origin, to the

M. rectus capitis ventralis major dorsally and criceoid
cartilage ventrally, &t the level of its crossing over

to tho left face of the traches to the M. longus colli
dorsally and the trachea ventrallys gt the level of the
third cervical vertebras it was related to the lef$ M. longus
¢0lli dorsally, the vagosympathetic trunk, common carotid
artery and internal jugular vein laterally end the trachea

medially; at the lecvel of the thoracic inlet to the left

external jugular wvein laterslly and tc the trachea mediallys

-
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at_the level of cranirl and aicdle medisztinum to the thora-

aie duet and aortic arxcoch on Yh. 2efd, to the M. longus
colli, the right large towmis > the right costo-cervical

vein and the right; af_the Jevel of its course thrrazh the

caudel mediastinum to thias 4dcracl and ventral esophaseal
continusyion or The fn. vazli on the respective paris fo

the right end 1lcof+ lLuaz on The corresponding sides and

the bronchizl =r7 reoophagesl arteries on its left.

BERG (1973, 137/ dilscussed the applied topogr-.phicnl anatony
of the dors:’' " «xwvex cephalo-cervicel curvatvre nd of
the ventralls . . vux covies--Shoracie curvature »f the
bovine ssc o' jias .

LEESE (1<&7) dsscwice. 5 .o ohevynx and esophagus of the
camel, Th: pharyn: "= . i-17 2bhe For its lensth =md narrow-
ness and its paritly 4dividea oo o an enterior and posterior

chamber by = thick trersverss Zold of mucous membranc,

o

depending on its roof. The anterior chamber forms a pouch
above thig fold, the Tavourite regting place of the "camel
bot". There are nc guitursl pouches. The gullet or csophagus
has no epecial featurss, except its length.

According to NICKEL et al. (1373), the esophagus of the
cattle heos three curvatures. One 1s convex dorsally, located
between the pherynx 2nd e proximal part of the escophagus.

The next is corozve venitrally and 1s gituated cranizlly
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%o the thepacic inlet, exterding to the level of the first
2 or 3 thorsascic vertebias. The two curvatures are flexible
and easlly vary in locatisn,; =2:cording to the up and down
movement of the head. The remaining one ie convex lorsally
and ies located approximately in the center of 1hhraz,‘
passing above the bame of *he heart and on the bifurcation
of the trachea.

TIWARI (1977) investigated microscopically the esophagus
of 5 buffale carves, 2 to 5 years of age. The nucoss was
longitudineliy Sclded and lined by stratified squawmous,
parakeratotic ¢pithelium, since even the most superficial
layere of ths epithelium contained conspicuous prominent
nuclei. The basali layes of the eplthelium consisted of
cuboidal fteo columnar ceils with darkly stained nuclei.

The Lamine propria and submuccsa consisted of comrse
areolar connective tisrue. They contained erteriocles and

e zone of a large number of oopillaries, Jjust below the
basal layer of the epithelium. The papillary bodies origi-
nated from the Lamine propria, eXtended desp (even up to
the middle of the thickness of the epithelium) in wveriticsl
or obligque direction and their cores contained blood
capillaries. The Lamina propria was aseparated from the
underlying eubmucoesa by a Lamina muscularis mucosas. This

longitudinally oriented muscular tunic consisgts of isolated
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thin bundleg of emooth muscle cells, which did not form

s continucus sheet at the crenial ends, but formed a
complete thick sheet of musg¢le fibars caudally. The texture
of thg submucosa was more loosge towards the Lamina propria
then towards tha Tunica muscularis. Though mueh leass in
amount the content of elastic fibres was comparatively

more towards the caudal than the cranial end 9of the ago=
phagug.; The submuccoaa at the pharyngo-esophagesl Junction
has a mucous type of glands. Elsewhere the glanda were
absent. The acinl of the submucosal glands were lined by
cuboidal to columner cells with distinet cell boundaries,
Flattened nuclei were placed at the bases of the cells.

The cytoplasm of the lining cells showed a reticulated
appaaranceg and stained PaSwpositive, indicating the presence
of a mucous substance in it. The ducts of the acinli were
lined by flattened tc cuboidal cell types. Subsequently,

the thickness lnereased to 2 - 3 cell layers and the terminal
part of the duct was lined by stratified squamous epithelium,
The reticular fibers formed a thick network around the

acini and their ducts. The Tunica muscularis coneisted

of spirselly or obliguely arranged strliated muscle fibers.

In the inner layer, the fibers of the two sides crossed
each other dorsally end ventrally. The fibers of the cuter

layer of the tunic were spirally arrangzed, but 4did not
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appear to intercross the fibemof the other side. Because
of the spiral arrangement, ths histologigal sections showed
the fibers of the two layers, arranged longitudinally
oblliguely or circularly with a changing direction in the
same sBeotion.

BUSCGH (1980) investigated 22 dogs, using the light scanning
electron microscopical technique. The esophageal Tunica
mugcularis did not consist of an outer longitudinal and
inner cireular layer, but of two layers of skeletal muscle,
forming secrew-like fascicles that run in the opposite direc-
tlions. Sphincter-like muscle fibter bundles in the upper
cervical and abdominal port were closely comnected with the
tubular part of the esophazus, His morphological findings
indicate that the esophagus of doz should not be considered
to be an ussful model for the eluecidation of human esophageal
malfunctions and their trerapy.

RAMKRISHNA and TIWARI (1978) studied the esophagus of the
goat during prensetel life. according to these authora the
mucosa of the esophagus was folded, except at the caudal
end. A non-keratinized siratified epithelium, rested on a
distinct basement membrane and lined the mucosa. The super-
ficial layer of the stretified epithelium consisted of

flat and vesicular, non~keratinized ceslls with centrally

placed flattened or oval nuclei. The middle layer presented
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large polyhedral cells with distinct cell boundaries. The
open~faced, eccenvrice’ 1y placed nucleil of these cells
were irrc-ulo~ “n sheps snd piaced towards the free surface
of the epith. i = ¢ towards the center o0f the cella. The
eytoplaam wes homogzneous and hyaline. The basal layer of
the epithelium coneisted of low columnar cells with oval
or rounded, open-Ieced nueclei., The Lamina propria and
gubmucoss congisted of undifferentizted mesenchymal cells.
Thaese subssguently got diffurcntiated into reticular and
collagenic fibers. Elastic fibers were not demonstreabls.
The Lamina muscularis mucosae, separating the Lamina propria
from the submucoss, Tor thc first time appeared at the
caudal end. Then, at the corenial end of the esophagus.
~The superficial zlands, were not developed in the esophagus
of caprine fetusses. The submucosa presented = dense laysr
of fibroblaste, ciose to the Lamina muscularids mucoszag
and Tunice muacularis with a loose character in the mid-

nortion af the tunia. The Tuniecszs museuwlaris consisted
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cells into the striated varilety et the cranial and, where
the caudal ones end._did not show this change.

STINSON end CALHOUN (1976) mentioned the glands in the
submucosa of the different domestic enifals as mixed ones,
containing musous ecini with 3erous dimilunes, chexracte—~
ristic in thie layer in pig and dog. In the pig, the glands
are abundant in the cranial half, but do not extend into

the caudal hslf, where as in the dog they are present,
throughout extanding into the cardisc region of the stomech.
the demsity of the glands may be as much as Tour times

near the stomach. The glands are present only at the
pharyngo—escophageal Junction in the horase, cat and rumi.-
nents, Mixed acini and demilunes occur in cattle.

They added thet the ;l.g,m;na muscularls nucosae a3 longitudinally
oriented smooth muscle bundles. It was absent in the creinal
end of the esophagus of the pilg and dog, but ithe cot,

horse and ruminent have and igolated smooth muscle bundles
near the pharynx, whic@_increased in number and became
confluent towards t@e qaudal region,. s

COPENHAVER et al, (1971) mentioned the glands of the eso=
phagueg in human being as typical mucous alvecli.

WAKURI and MUTO (1972) _studied the terminal glandular por—
tiona of the esophageal zlends of cattle eleotironmioeroas-

oopically. Mucous and Servud cells could be reoognized
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with the mucous c¢slls being the more numercus myoaeplthelial
oells, situated between the basml surface of the secretory
€ells end the basement mumbreie. The cytoplasm of the MY O
apithelial cells was packed with filementous structures

and it wag consluded that these cellswere contractile.
LESBRE (1903) reported about the morphology end structure
of the esophagus in the two-humped camel (Camelus bactria=-
nus) and foun& the ssophagus extremely dilatsed and dila-
table. Its cranial opening was wide. Externally it continued
the pharynx in z nearly imperceptible manner and it could
be seen that it was widened at its both extremitieas, In the
condition of moderate dilatation, it decreamed much in
caliber over the trachea. Its length was closely related

te that of the neck. It reached about 2 m. The mucous
membrane of the esophagus adhered very sirongly to the Tunica
muecularis. This adherencs especially bordered on a graat
number of small glendular end~pieces, which were sasily

to palpate cor %o touch and which were spread between the
two tunicse.lMicroscopically it was found, that these are
cluater~liks glends with & clear mucous epithelium, gach

of which has hed 2 length of 4 - /2 mm and a thickness of

1 - 2/10 mm. There was no one of the examined slides, which
contained not at least one of them. These glahds rested

on the Tunlca muscularis, underneath a layer of relatively
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lerge veins. The outor membrene of the muccse was bristly
by small conical or nirui.—llka raepillae, dipping into the
mucous body of tho epidlisliuci. The total thickness of them
wag about 1/7 mr

This extreme devae’cin. ' of tine glands, which the author
has observed slsu in tias pharynxz and mouth cavity, explaina
the gushes of saliva, which the camel voluntary as also
freguently fthrow out through the mouth cavity, in keeping
the firat peeszges of the digestive system in a constant
humid condition. It facilitates probabvly the resistance
ageinst thirst, which this animsl Presenys to a high degree.
The Tunica muscularis of the sscphagus of the camel is
relatively thin, of red colour and the whole extention
formed by circularly running filers s+ its surface, by
longitudinally or more or less spirally running ones in the
depth.

HEGAZI (1945) reported, that %the esophagus of the cemel
leavesy the pharynr at the cricoid cartilage of the larynx,
followed the dorsal surface of the trachea with e slight
inclination tc the left side to enter the thorax. He added,
that the escphagus was constricted at two peints along its
course, at the enirance of the thorax and the esophageal
hiatue of the diaphragm. He explained that the cervical

portion was relativaly long, due to the great length of
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nesk, It was related at i1tas beginning to the thyrodid gland
on both aides, then toe the inferior leryngeal nerve, After
a short course it deviated to the left side and became
completely on ihe left aide of the troched at the junction
between the upper third with the lower two thirds of the

neck, Then it wes compressed from zide to slide.
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3._1!5__51“_1:__‘91'19._1__ and met hods

This thegis comprises anatomical and histologicnl studiles,
for which different materiala were collected mnd treated
with different methods.
Arnctonleal studiess )
Nineteen with a VR Df 20-100 em, o young qa.mel, of 1.5
years of mge, and two adﬁlt camelg, 5 and 6 years of age;
were used for the a.n_atomical studies, The material was
collected from the Cairo abattoir, after measuring the
crown vertebral rump length (CVRL) by = Tlexible eloth tape.
The fetuses were immediately iInjected with 10% formoline
intrathoracically and put, together with the esophogi of

the young and s@ult camels, into 10% formaline. Here they
were kept till the time of dissection . The degcription

of the position, relations and the course of the esphagus,
lateral and ventral dissections and cross aeciions were
performed. o

All the mensurements of iLhe esophagus wore token from fixed

specimens by a flexible cloth tape. These mecsuremsnts
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inelude the totel length of the eaophagus as also the

length of iis individual perts (cervical and thoraolc

parits), Furthermore the diameter was taken at the level

of the larynx, of the*4th cervical vertebra, of the thora-

cic inlet, of the base of

to the Hiatus esophageus, S
Te obtain the diameter of the esophagus, the exophngues wes

orenhed and the -otel ciroumference considered as 2 ~ r.

We calculated the radius (r) and from this the dicmeter

{2 r=4a).

Fér the laterel disgeciion the following fetusfos were uzeds

Two camel fetus of CGVRI: 22 om.

n

T'wo ocamel fetus

"

-

L1

n

L

"

tt

"

11

L1

L1

-

“

For ihe ventrel digsection the following fobudes were useds

"

30 em,
43 Clil,
70 cm,

TO cum.
100 em,

of CViL, 20, cm,

30 e¢m,
40 cm,

the heart and at the level cranial
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Liggranaatis reoresentation siowing the different
levela of She cgogs-sections thrguyah the neci
ang iac. ox

Cxoas-setttion through the neck at the level
of the laryns

Orots~sectlion thbghgh the neock at the level
of ths thi:d servical verisbre

Cross- ssction Tircugh the neck at the level of
the 7ilfth cervizal rsrtebra

Oyxose~sactic, % 1. level of the thoracic inled

Crose~section thi. ... w13 thorex at the level
of the fifth rib.
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camel fetus of CRL 55

" il

For the croga—gections

pamel fetus of CRL

n "
" n
" n
" n

n

”

n

H

- 32

cm

62 ca.

25 om

the Pollowing fetuses were used:

36 om
40 om

70 om

80 cm.

Histologicgl gtudiens

The pamples for the histological studles were taken from

10 fetuses, the younz camel (14 years) and the adult camel

{6 ysarad.

The camel Ffetuses were of the following developmental stagess

camel fetuses of CRL 2

H

L

"

n

n

"

1w

"

1*

"

"

"

"

1t

1

L ]

13
25
30
41
52
64
75
g2
95

cm

cm

cm

cm

om

cm

cl

cm

=123

Clle
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The pamples were ftakcir “rom all portions of the esophague

(pharyngo-esaphageal juzosicow, the middle cervical part,

at the level of thoracic inlct, at the level of the base

of the heart, crinial from she esuphagcal hiatuel.

They were treated sccording to the clagaicel paraffin

teohnique {(fixation in 10% formaline ior 48 hours, dehy~

dration in graded series of ethyl aleochol, clearing by

xylene, emvedded in paraffin, cut into section aof 5 um in

thickness).

The following three stains were used:

1) Hematoxylin (efter HARRIS, 1900) and sosin for ganeral
studien.

2) VAN GIESOK (1889) stain Jor ive diffsrentiation of
sollagenous fibers, excotia ausculature and glands.

3) Blastic stain after WEIGIRT (1898) for the deteéction

of elastic fibers.

T
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4.1. Cross-sections:

Thz csophagus is redbrown in colour and the mucosa 1s

firmaly attached to the underlying tissue. Under the

nucose smell nodules are palpable. The esophagus incrcases

in length during the ontogenstic development. Thus the total
length meesures about 12 cm in the camel fgtﬁsgs of 22 cn
CVRL and will resch abgﬁt 175 om in the adult ocamel (table 1).
4lzso the esoPphageal dimmeter increeases geveral times from

the cemel fetus CVRL 22 cm - 1.2 mm) till to the adult camel
(22,50 mm) (table 2). '_ . .
For description, we have divided the esophagus into three
partst pharngo-egophagesl junction, ecervieal port, and
theraclis part. o _

The pharyngo-esophagenl Junction is studied by a cross -
section at the level of the larynx ( fig. 3 ).

The cervical part we have studied nt two créssﬁsectionss
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at the level of the 3rd cervical vertebra and the Sth
cervical wertobra (figz.4 and 5).

The thoradic part wae studied at twe cress-sesctiocns:

at the level of the thoraci¢ inlet (fiz. 6) and of the
base of the heart (fig. 7).

An abdomimal part of the esophagus is absent in the camel

fetuses and also in the adult camel,

The pharyngo-esgphageal junction (fig. 3):

It is the first part of the esophagus and lies over the
larynx. As the.table 2 indicates, it is in all developmental
stages of the camel the widest part. The diameter is 1.2 mm
in the camel fetus of 22 om CRL and finally 28.34 mm in the
adult camel. The esophezus descends from over the ilarynx

to the dorsal aspect of the itrachea, forming a slightly
dorsally convex cephalo=~cervical curvature.

As figure 3 indicates is the initial part of the esophagus
directly found over the cricoid cartilage of the larynx.

The trachez and the esophagus =are surrounded by the pre-~
tracheal lamina, constituting the deep cexrvical fascila.
Dorsally it is related to a tissue filled space (Septum
retropharyngum). The caroctic vagine is situated laterally
from the esophagus and the retropharyngeal space, containing
importent structures like the A. carotis communia, V. Jugu-

laris interna and the Truncus vagosympathicus. Ventro-
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Crogs—section through the neck of a camel fetus

with o CRL of 80 em at the level of the larynx.

Cranial views Schematic repregentation,
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Cutis (skin)

Superfiecial cerviecal fascia

FPuniculus nuchae

Me
M,
M,

obliquus capitis caudalis
complexus

iongisgimus capitis
longigsimus atlantie
rectus capitis ventralis
omohyoideus
gternomastoideus
sternothyrohyoideus

cricoarytencideus

Truncus vagosympathicus

A
V.

carotis communis
Jugularis externa

Esophagus

Cricoid cartilage of larynx
Laryngeal cavity

Thymus, cexrvical lobe
Reitro-pharyngeal space
Ventral arch of atlas
Vertebral foramen

Spinal cord

V.

Jugularis interma
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lateral from the esophagus the two cervical lobes of the
thymus are found. Laterally from these structures the omo-
hyoid muscle separates the extermal jugular vein from the
common carotid ariery. Venitrally are the escphagus and the
cricoid cartilage with the thyroid gland on either side.
The sternothyrohyoid and sterncmastold muscles ars found
also here. The outer layer is formed from the superficial

cervical fascia and the thick skin.

The gervical part (Pars cervicalis esophagi) (fizg.4 and 5):

The cervical part continues the pharyngo-esophageal junction
caudally and is a very long part, if compared with the
thoracic part of the esophagus or with the cervical part

of the other ruminants. Abasolutely, the length of the cervical
part is developing from 7 cm in the camel fetus with a

CRL of 22 em %till 32.3 cm in the camel fetus of CRL 100 cm.

In its diasmeter the-cervical part is narrower than the
pharyngo~esophageal junction (table 2). This could be ob-
aerved thoroughly (0.64 mm in camel fetus of CRL 22 c¢m and
22.6 mm in the adult camel at the level of the middle cervical
part and 0.48 mm in the camel fetus of CRL 22 cﬁ to 20.7 mm
in the adult camel at the thoracic inlet).

4% the level of the third cervical vertebra the esophagus

is found dorso~laterally to the trachea. It continuee in

this course till to the level of sixth cervical vertebra,
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Fig. 4 Cross=gection throush the peck of a oamel fetus

(CRL 80 com) ot the level of the third cervioal

vertebra,

Cpanial view. Schematig roprescntation,

Cutis (akin)

Superficial cervical fescia

Foniculus nucheas

Ll. complexus

Mi multifidus cervieis

M: longissimus capitis

M: longissimus atlantis

Mm. intertransvers.:ili cervicis (Pars dorsalis)
Mm. intertransverssrii cerviecis {(Pars ventralig)
M. omohyoideus

M. sternomastoideus

M, longus colli {(Pers cervicalis)

M. stsrnothyroideus

M. sternohyoideus

B rMruamIr wepno op

Truncue wagosympathicus

4. carotis communis

Vs juguleris exterma

Esophagus

Recurrent laryngeal nerve

Traches

Thymus, Lobue cegrviecalis

Extension of the rotro-pharyngesl space
Body of the third cervical vertebra
Spinal cord

V. Jugularise interna
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where the trachea dewiates to the right side of the median
plane and the esophagus to the left gide of the trachea.

At the thoracic inlet it forms the dorsally concave cervico~
thoracic curvature.

The relatlions of the cervical part of the esophagus are
1lluatrated in the figures 4 and 5.

Dorsally it is related to the retro-pharyngeal space, which
is narrower towards the thoracic inlet, presvertebral lamina
with M, longus colli at the level of 3rd cervical vertebra,
the right and lefV carctic vagina, the thymus, omochyoid

and external juzsular vein.

At the level of the fifth csrvieal vertebra the following
relationa are found;

Dorsally the M. longus colli snd retro-phaeryngeal spsace,
ventro-laterally the trachea, laterally the carotic vagina
on both gsides (this contains the common c¢arotic artery,

the vago-sympathetie trunc and internal jugulasr vein),
ventrally the thymus, sterncthyrohyoid, sternomastoid

muacle, the superficial cervical fascia and the skin.

The thoracic part (Pars thoracica esophegi) (figg.6 and 7):
The thoracic part of the ssophagus continues caudally the

cervical pert and extends from the thoracic inlet cranisally

t111l to the Hiatus gsophageus of the diaphragm ceudally.
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Fig. 5 Crogosesection throusgh the neck of a cgmel fotug
' with a CRL oy 2 oz =% the level of the fifth
cqrvigal wvertelra
Srgaial view. Ssheme*ic representationg

Cutis (skin)

Superficial cervical fascla
Puniculus nuchae

Lamina nuchsae

s complaexua

M. multifidus cervicls

M. lonciasimus cervicis

M. serrstus ventralis cervicis
M. secclenus dorsgelis

Mm. intertrsnsversarcii cervicias
M., longus colli

M, sterncomastoideuns

M. sternothyrohyoidsus

BrHrROMYR o &0 oop

Truncus wvagosympethicus

A carotis communig

Ve Jugularis externsa

Esophagus

Recurrent laryngeal nerve

Trachea

Thymus, cexrvieal lobe

Body of the fifth cervical vertebra
Spinal cord

V. Jugularis interna
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The thoraoic part of the easophagus is abeclutely shorter
than the cervical part {table 1). It meamsures about 5 em
in the ocamel fetus of CRL 22 ecm and 19.7 cm in the camel
fetus of ORL 100 cm. The diameter of the thoraci¢ pert
of the esgphegus {(table 2) is somewhet smaller than that
of the cervical part, but &t the same time the esophageal
wall in this part is thicker than in the cervical part.
From the thoramcic inlet, the esophazus rune caudally.

It passes darselly the c¢ranial, middle and caudel media-

stinal space at the base of the heart (level of the fourth

or fifth thoracic vertebra). The thoracic part forms the

third curvature of the esophagus, which is dorsally convex.

The aorte courscs at *he bause of the heart and displaces

the esophagus to the rigit side of the median plane, leaving

the base of the heart on the left, The esophagus curvea
ventrally and caudally to the left of the medisn plene in
the caudel mediastinum, where it enters the esophageal
hiatus at the level of tenth thoracic vertebra.

The relations of the thoracic pert of the esophagus were

found to be the following:

At the level of the thoracic inlet (fig. 6):

Dorsgallysz The left longus colli muscle.
Latepowvontrallys The left carotic vagina, contailning the

www.manaraa.com



- 45 =

Pig. 6 Qrosg-gection throuzh the neck of a camel fetug
whth & ORL of 80 om at the lgvel of the thovasioc injed

C Viaw, hemgtic representatio

Cutis (skin)

Superficial cervical fascia
FPuniculus nuchae
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M. traspezius

ke gerratus ventralis cervicis
M+ complexus
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M. mestoidohiumeralis (Pars cleidocervigalis)
M: longisslmuiz cerviecis

M: secclenus

Mm. intertransvore . il cerviecis
M. longus culli

M. sternothyrohyocidsus

M. sternomastoideus
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Esophagus

Recurrent laryngeal nerve
Trachea
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Spinal cord
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common carctid apbery, vago~sympathetic trunk and internal
Jugular vein, external juzgular vein
Yentrallys The thymus, sternomsstold and sternothyrohyoid

muscles.

Mgdial;xa The trachea.
At the level of base of the heart (5°P thoracic vertebra)

(figs T)a
Veantdallyéi The root of the lung, ventral vagel trunk.

Porsglly: The dorsal vagal itrunk. Left gide the thoracie

agrta. Right gide the pulmonary pleura and right lung.

At the level of the Higtus egophgzeus:

Dorselly: Truncus vagaliszs dorsalis and caudal mediastinal
lymphnode.,

VYentrally: The Truncus vagalis ventralis.

Latexallys; The mediastinel pleura of the caudal mediastinum.

4.2 Lateral dissection

In the adult camel from our studies we observed the cervical
part as being longer than the thoracic part. It measures

115 em in the cervical part and 60 em in the thorsacic
part. Also the diameter increases with age. The widest

part of the escophagus is found over the larynx. It measures
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here 28,34 mm in the adult camel. Aftar this, the esophague
has nearly the same diameter up te esophageal hiatus

(table 2). _ o

The course of the esophagﬁe 4ariis'from one part to another.
In the cranial third of thé neck it is found over the larynx
and trachea: In the middle third of the neck from the third
up to fifth cervical vertebras it ias found dorso-laterally
to the ttrachea. In the csaudal third of the trachea up to

the thotracic inlet it is situated left to the median plane
et the same time and the trachea right to the median plana,
The esophagus continues to the left aspect of the traahea

up te the sscond thoracid¢ vertebra, where it gradually
shifts to the dorzal surface of the trachee. There it is
found completely on the dorszl aspect of the trachea at

the level of fourth thoracic vertebra. It continues over

the dorsal aspect of the trachea until the tracheal bifure
cation at the level of fifth thoracic vertebras passes
backward in the median plane of the body. At this site

the esophegus is in contact with the dorsally bent aortic
arch on ite left side. There after the escphagus passes
backward in the caudal mediastinum and is based to the

left side of the median plane towards the esophageal hiatus,
which is located in the left part of the diephragm et the
level of tenth rib.
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The abdominel part of the esophagus is indistinct.

The esophagus forms three curvatures in its course. The
firat one at the junction of the esophageal vestibule and
the begi‘ning cof the esophagus-is slightly convex doraally
{cephhl@~cervical curvature). The second one is found at
the jlgction of the neck with the trunk, extending from
the alxth cervical vertebra till to the second thoracic
verteblta. It is concave dorsally. The third curvature is
fou‘d at the base of the heart, where the amortic arch
pushes the esophagus to the right side of the median plane.
After this the esophagud crosses the median plene to the
left:s It forme thia curvature, which is dorsally convex.
After this it continues its course in the caudal mediasti-

num to snter the escphageal aiatus,

Relations of the esophaguas: In the cranial third of the

neck the escophagus is related ventrally %o the larynx and
the trachea, dorsally to the retro-pharyngeal space, which
extends cranially from the pharynx up %o the dorsal media-
stinum.

Laterally the carotic vagina is found, which contains the
common carotid artery, the vago-sympathetic nerve trunk,
and internal jugular vein, the thymus and the omohyoid

muscle, whichh geparatea the external jugular vein from the
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carotic vagina, starngmastocid muselg, superficial cerxrviosl
fascia and the skin.

In the mlddle third of the neck, from the third up to the
fifth cervical vertedre, the esophagus is related ventros=

laterally to the trachea and the recurrent laryngeal nexrve,

dorsally to the longus colli muscle, laterally to the carotio

vagina, which contains the common carotid artery and the
vagoegympathetic nerve trunk and intexnal Jugular vein,
thymus, omohycid muscle, extsrnal juguler vein, sternoce
mastoid muscle, superficial eervical fascia and the skin.
At the junction betwsen neck and thorax it is related dor~
gally t¢o the left lonzus c¢olli muscle,.medially to the
trachea and the recurrent larrngeal nerve, ventro-laterally
to the carotic vagine, the aisrnal juguler vein, ventrally
to the thymus, sternomastoid and sternothyrohyoid muscles,
superficial cervical fascia and the skin. After this, the
esophagus ¢rosses the thioracic inlet, entering the thoracie
cavity, where in the cranial medlastinum it is related
medially to the trachea, dorszally to the left longus colli
mussle, laterally tc the vazgus nerve trunk, left phrenic
nerve, and the left subclavien artery.

In the middle mediastinum, the esophagus is found over the
trachesa, up to the base of the heart, crosging the right
face of the mortic arch. After this it passes In the caudal
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medlastinum between the two layers of the mediastinel plesursa,
where it is relaisd dgreally to the descending sorta and the
caudal medisstinal lymph nodes Dorsally, it is accompanied
by the dorsal brench of the vagus nerve and ventrally by

ite ventral brench. The esophagus paeses the esophageal

hiatug to temminate in the stomach,
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5s1 Histolomical studies oun the individusl Eggtg of the

a hasrus during its ontogenetic deov ent

For matter of convenience the esophagus was divided into
the following five portions:

l. pharyngo~esophageal junction,

2+ middle c¢ervical part,

3. part at the thoracic inlet,

4. part at the bass of tus heart,

5« part cranial of uis 3 iLiesgeal hiatus.
The desgcription of the resi’ iz will be laid dowvn in such
& manner, that firstly gualitative and quantitetive mspects
of the individuasl <¢sophazeal portions are considered for
all stages and aftexr this the entire ssophagus for a

certain ontogenetic stage.

5161 Qualitgtive aspectss

Ehgryneo-esophagzeal junction:
Qggiga mueosas
Lamina epithelialiss In the camel fetua of CREL 2 cm the
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Lemina epithelialis consists of two layers of nuclei.

The desper ones are spherical, deep basophilic and densely
packed. The superficial ones are oval in shape, The cell
walls are indistinct. In the camel fetuwes of CRL 13 cm -
75 em the Lamina epitheliaslis congists of a superficial
layer and a deep layer. The superficiasl one varies in
thickness due to the increasing number of cell leyers with
increasing age (CRL 13 cm = 4 layers, CRL 25 cm = 4 - 7
layers, Citlh 3C cm = 6 - 8 layers, CRL 41 em = 10 ~ 12 ecsll
layers, CRL 52 cm 15 = 20 layers, CRL 64 cm = 15 -~ 21
layers, CRL 75 om = 17 - 22 layers).

It

The cells are polyhedral in shape, with large, sphericeal
or ovoid and eentrally located nuclei, containing one or
more nucleoli. The cytoplasm sppears faintly steined with
H&E. The cell walls are distinctly visible (fig. 8) in
the camel fetusesg of CGRL 82 cm. The top layer of cells
becomes flattened and the cytoplasm appears pinkish with
H%E. In the ORL 95 cm=fetus these layers increase to 3 =
44 ocorrespondingly their nuclei are flattened. Among our
studied material firstly in the young camel of 1.5 years
of age the keratinization ¢f the tep cell layer of the
superficial layer is observed, which is made up of 4 - 5
layers. The keratinizetion process was found to be

extremely claborated in 6 years old adult camels.
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Fig.8 Mal section through thg pharyngo.
' esgphage iudetion of o et

H&E stain. Obj.: 10; Ccular 5 :1X

Loamina epithelianlis
Lamina propria mucosae/submucosa
Glandulas esophagees in the Lamina propria

mucosae/submucosa
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bongitudinal section throusd thg. pharvyngo-
junciion of a camsl Iefug {GRT, 41 cnl
H&E steidn. Chj.: 2C; Ccular 5 : 1K

sophnzanl

Lamlna epithelialis
Lamina propria mucosae/submucossa
Glandulae sasophegoaa

Exeretory duct of a Glanduls esophagea
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the Lamine preppia muccses/submucosa is filled with many
blood veseele (yenous plexus in the decper part of this
layer). Graduslly the richnezc of the lco_np_éc‘tj,va tiseuse
celles i réplaced by ccrnnecvtive tissue fibers in the camel
fetuses of advanced ontogenetic etages (fig., 8). Thue in
the young camel there is a mueh thicker fibrous tissue
than in the camel fetus of CRL 95 em. This layer is
characterized by dense irregular connective tisaue.

The elaatic fibers.firatly appear in the ecamel) fetues of
CRL 82 cm a8 very delicete onem in the deeper part of

thie layer and arcund the esophageal glhnde. The onio=
genetic development of the Lamina propria mucosae/submucosa
18 not only featured by the inereased pollagenio and
elaatic fibers, but aisoc by the elaborétidn of the
papillary hody, which is firstly obaserved by us in poste
partum-sempleos (young camel, Ll.5 years of sgel.

For the first time they appsar in the camel fetus of CRL
25 ¢m: They are visible as spherical epithelial masses
in the Lamine propris mucosse/submucosa (fig. B).

A®s epithelial budse they project from the esophageal
epithelium into the surrounding mesenchymal massa, Solid
epithelial strandes connect the esophageal epithelium
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Pige 10 Longituding? :ext; -

geophageal juircti - .3
VAN GIESON stain. Ldj«.: 20; Ocular 5 :1K

Lemina epithcelialis
Lamina propria mucosae/submucosa

Glandula esophagea

1
2
3
4

Excretory duct of the esophagesl gland
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with this glgndular epithelium. They represent the excretory
ducts of the esophageal glacis. The glends are evenly
distributed around the cvsophugcnl lumen. The e¢analization
of the excretory ducts begins at the stage of CRL 30 cm
and that of the secretory unites in the ceamel fetus of

CRL 4) om (fig. 9). The canalization progresses with age
(fig. 10) till in the camel fetus of CRL 64 om all exore-
tory ducts end secretory units are completely canalized.

At the camel fetus of CRL B2 om the cell nuclei of the
opithelial glanduler cells become pushed to the periphery
(cellular base), thue teking similarity with mucous glands.
The glandular end-pileces show narrow lumina, surrounded

by high columnar cells with basally situated nuciei.

The execratory ducts are lin:d by cuboldal +to columnar
c6lls, which change into squcmous cells at the termination
of the duct.

Tunicas muscularig:

£t is already early developed (camel fetus of CRL 2 om)
and c¢omposed of undifferentiated mesenchymal cells with
large oval nuclei. In the camel fetus of CRL 25 cm a
spiral arrangement of musecle cells bscomes already clear.
Ingide the muscle fibers course longitudinally, but some

times circulerly. Alsc the outer layer courses circularily,
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but sometimes longitudinally. The two layers are separsted
by intermuscular conneciive “issue, whioh begins 4o develop
in the camel fetus cof TPT 41 cu. It is composed of collagenic
fivers and elastic ifhsre (CRL 82 em). It is rich in blood
vessels and nerve piexuszs.

The thickness of the Tunica muscularis is increased with

the advanced age.

Qgggcg agvggtit;a;

1t ie sarly developed (CRL 13 c¢m). Fireily it is more
cellular, later on more fibrous and rich in blood wvessels
and nerves. Denge irregular connesctive tissue fixes the
¢aophagus in ites junction with the pharynx to the surroun=-

ding structure.
iddle cervical parts

Tunica mucosa:

Lamips epithelisliss Prineipally it is composed of a
superfiocial and a deep layer (fig. 11). The former one is
bullt up of about 5 layers in the camel fetus of CRL 13 cm,

These layers incresse with increasing age. The Lamina
epithelielis ig formed by about 5 = 7 cell layers at the
CRL of 25 em, 7 = 9 layers at the CRL of 30 e, 9 = 11
layers &t the CRL of 41 cm, 12 - 15 layers at the GQL of
52 em (fig. 12), 15 - 20 layers at the CRL of 64 cm.
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Creag~sgetion throuzh the middle ceorvicgal part
g; the gsophacus ¢’ o camel t1 Q

B&E stain. Obj.: 20; Ocular 5 r 1K

Lamine epithelieslis

Lemina propris mucosae/submucosa
Glandule esophagea

Exerstory duet of the Glanduld esophagee
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The cells are polygonal in shape with large, spherical

and centrally located nuclel, containing one oF more
nucleocli. The ecytoplasm is faintly stained. The cell
boundaries are distinet. In the camel fetus of 82 ¢m CHL
the superficiel layer looses ites loosely arranzed state

of large polyhedral cells and is replaced by compregsed,
solidified, stronzly eominophilic cells. The top layer
congists of flattened cells with flattened nuclei (fig. 13).
During the fetal development no keratinization of the
siratified squamcus epithelium in the middle cervical part
could be observed. This occurs after birth. Thus, in the
young camnel of 1.5 years of age the superficial layer 1s
keratinized. Of course, the cornified layer has not the

same strength like in adult cumel.

ihe deep Jayer consists always of one cell layer during
the entire ontogenetic development (figg. 11, 12, 13).
The cells are columnar with same shaped nuclei, which
contain one or two nucleoli. They rest on a basement
menbrane, which is especially distinctly visible after
H&E. The basal cell layer is completely smooth till +o
the end of the fetal period. After birth, the epithelial
peg~formation is intrecduced by undulating this line in é
wide, specious manner. This is replaced by short inter-

valled projecting papillas from the Lamina propria in
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Cxoss section througn the middle cervicasl part

Qf the esophagus of g camel fetus (QRL 52 gu)
HXE stain. Obj.: 10; Oeulasr 5 : 1K

Lamine epithelialils
Lamina prepria muﬁosae/auhmpcosa
Glandulae esophageze

Excretory duct of & Glanduls esophegesn
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adult camel.

Lamiga proprie mucosae/submucogay
In all stages of develapment and alsc postnatally the

Lamina propria mucosae is blended without any line of
demarcation with the submucosa (figg. 11, 12, 13).

It is composed of undifferentiated mesenchymal cellg in
the camel fetus of CRL 2 cm, which differsntiate into
collagenic fibers and fibroblasts in the camel fetus of
CRL 13 cm. The layer near to the Lamina eplthelialis is
more celluler and less fibrous. The layer is towards the
Tunica muscularis more fibrous and very rich in collagenic
fibers, which are irregularly srranged with few elastic
fibars (for the first time appearing at CRL of 82 cm).
Many blcocod vegsels of different size are found in the
deeper part of this layer. '

The egophegesl glands firstly appear in the camel fetus
of GRL 2% cm as outgrowths from the Lamina epithelialis
resembling these of the pharyngo-esophageal junction,
which appear as so0lld masses from undifferentiated cells
with large, rounded, basophilic nuclei. These epithelisl
outgrowths are evenly diatributed around the esophageal
Iumen. The caenalization of the sxcretory ducts begins

in camel fetuses of CRL 41 cm and of the secretory uanits
in those of CRL 52 em (fig. 12). Prom CRL 82 om the
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Pig. 13 Cross section throush the middle cervical part

of the esophagus of a camel fFfetus (CRL 82 cm )

HXE stain. Obj.: 10; Ocular 5 : 1K

Lamina epithelislis
Lamina propria mucosae/submucosa

Glandulee esophzgeeae

1
2
3
4

Blood vessel
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esophageal glands show a mucous appearsnce (fig. 13).
The lumen of the zlandular end-pieces are wide, the
epithelial cell nuclei are flattened and pushed to the
peripherys. In the young and adult camels the esophageal
giends form = thick layer.

gg!_:.ica mugocularisg:

This is already early developed. In the CRL 13 cm-atage
it presents a two-layered Tunica muscularis, The layers
are spirally arranged. In the following stages of the
ontogenetic development the increase in thickness is
relatively easy to recognize, but the complicated spiral
course is maintained. Sometimes the inner layer ia
longitudinal and the outer one cirgular and viee versa.
The VAN GIESON-gtain elucidates clearly thaet both are
geparated by intermuscular connective tissue enriched by

blood veéssele and nerves.

Tunica adventitia:

It is struotured from loose connective tissue, anchoring
the gesophsgus to the neighbouring estructures. Cellagenic
and glastie fibsre form a network, containing a lot of
nutrient structures as blood vessels and nerves. It is

lese eellular than the Lamina propria mucosae/submucosa.
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Iynigs mucosa:

The Lemina epithelialis ig thicker than in the middle
eorvical part. Principsally it is composed of a superficlal
leyer and a deep layer (fig. 14). The former one sonsists
°f 4 ~ 6 layers of large polyhedral cells with pale,
Pinkish ecytoplasm and mors or less centrally dispoesed
nuclel at the stage of 13 cm CRL, The same is bDractically
to observe in camel feotusea of 2% em (fig. 15) and 30 enm
CRL, where one or two layers have been added to the
former one. A considerable change is to state from CRL

41 om in comparison to the previous fetal stage. The
Lamina epithelialis 1s now relatively thick (8 - 12 cell
layers). This push continues to the following stages.

In fetuses of CRL 52 agm the superficial layer of the
Lamina epithelialis comprises now 15 -~ 17 cell layers in
thickness (fig. 16), The 64 om Cal-fetus shows a tremen=
dous increase of the superficial layer, which is found

to be of 15 - 20 cell layers. In the éé cn CRL~fetus the
superficial layer solidifieds sfronély and the cells are

eosinophilically stzined. The top layer. about 2 celins
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Crosc gec.bon tho it The grophagug st the

thoracic inted - : camal fetus (C

H&E stain. 0bje.:

Lomina epithelialis
Lamina propria nucosac/submucosa

Tunica muscularis
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basophillig nuglel. Thess flattened cells inerease to
about 4 cegll layers in thickness at CRL 95 cm-~stage.
During ths prenatal developmental stages no keratinization
of the gtratified sqguamous spithelium could be observed.
This occurs after birth. Thus, in the young camel, 1.9
years of age, the supsesrficial! layer is keratinized and
compriamgs only four cell layers of flattened cells with
shrunken, derkely stained, pyknotic nuelei. The Stratum
¢orneum Iis contrasting in colour to the other, distally
following layers (fig. 17). The desp layer consists of
one layer ¢f densely packed cuboidal to columnar cells,

c¢ontaining large, oval, basophilic nuclel.

Lamina propris wucobae/submuccsa;

There is a fusion between the Lamina propria mucogae and

the submugcosze in all fetal developmental stages and also

after bixrth (figg. 14, 15, 16, 17). It is composed mainly
from collagenic fibers, which become more denser with

increasing ege, and e¢lastic fibers, for the first time

appearing at CRL 82 cm aa very delicate fibers, concentrated

in the degp part of this layer and around the esophageal
glands. These fibers form a dense irregular connective
tiassue, which is more cellular near the basgsement membranse

end highly vascular towards the Tunica muscularis.
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Fig. 15 Cxross sectlon thioumh the esophagus at the
fhoracic inlot of o camel £ 8 {C 22,8

B&E stein« Obj.: 203 Qcular 5 ¢ 1K

Lemine epithelialis
Lemina propria mucosae/asubmucosa

Tunica museularis

b}
2
3
4

Glaendula ssophagea
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Fig. 16 Cross section ihrough the esophagus at the
thoracic inlet of a camel fetus ;CRL 52 cgz

H&E steins O0bj.t 203 Ocular 5 3 1K

Lamine apithelialis
Lamina propriz mucoses/submuccsa

Glandnla esophagea

1
2
3
4

Excretory duct of a Glendula esophages
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The ssophageal glands firstly appear st CRL 25 em (fig. 15)
ae spherical solid masses among undifferentiated mesen-
chymal cells, which.aré 8till connected with the Lamina
epithelialis by a strip of solid cells, represeniing the
exgcretory ducts of thé ééophageal glands. They are evenly
distributed around the lumen of the esgophagus., These golid
magwes increase in size and begin to be canalized at CRL
41 cm=gtage. The canalization increasss with edvancing

age (fig. 16). Till a CRL of 64 em all the excretory

ducts and secretory units are completely canmlized.

At the CRL 82 om-stege the esophageal glands show a mueous
appearances Waere the lumen of the glandular end-piecas'
are wide, the epithelial cell nuclei ave flattened and
pushed to the base of the cells: after birth, in the

young camel of 1.5 years of sge (fig. 17) and the adult
camel, 6 years of age, thesec slands are found in the

form of clusters occupying more than the half of this

layer, extending towards the Tunica muscularis.

Tunig=s musculerisg:
It is szlready early developed as secen in the pharyngo-

esaophegeal Jjunction and middle cervical pari. Thua, the
two layers of smooth muscle c¢ells at the CiL 25 em~-stage
arg spirally arranged. The inner one runs longitudinally,
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Pig. 17 Longitudinal section through the esophagug
at thoracic inlet of en adult camel (6 yearg of ame)l.

Vol GIESON stain. Obje: 3.2; Qcular 5 : 1K

Lamina epithelielis
Lamina proprila nmucosae/submucosa

Tunica muscularis

R VRN I

Glandulae esophagese
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the outer one circularly and vice verse. At the CRL 82
cn~-s8tage the smooth muscle cells change into the striated
muscle fibers with the pame spiral asrrangement. The inter—
muacular connsctive tissue begins to be developed at the
CRL 41 cm—~sjage and is composed mainly from collagenic

and elaatic Ffibers (appear for the first time at the CRL

82 cm~ptage), It contains a great number of blood vessels

and aerveg,

Tunjea adventitias

It is made up of loose connective tissue, containing
collagenic and glastic fibers with a lot of nutrient
structures (bloocd vessels and nerves). It is less cellular

than the Lamina propria muccsce/submucaoss.

Part over the base of the heart:

funicg mucosas
Lamins epithelialis:

I+ 18 made up of two layers, a superficimal and deep onsa

{fig. 18). The superficial one increases in thicknees
with increasing age. In camsl fetuses of a CRL of 13 cm
it comgisgta of 5 - 6 layera of polyhedral cells, the

cytoplasmm of which is light and the nuclei are mostly
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Cross eection throuzh the thoracic part of the
esophezus (at the base of the heart) of a

cemel Ffetus (CRL 25 cmle
H&E stain. ObJ.: 20; Qeular 5 ¢ 1K

Lamina epithelialis
Lamina propria mucosae/subnucosa
Tunica muscularis

Glandulee esophageae
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apherical , basophilios and centrally loovated. The cell
walls are distinct. At the GRL 25 cmesvage the Lamins
epitheliglis is roughly the sBame and atarts then to
increase. Thus at the stage of CRL 30 cm it conagists
already of 7 = 9 layers, at the Cal of 41 em of 10 - 12
cell layers, and af the stage of CRL 52 em of sbout 15 -
20 layers (fig¢ 19). The structurs of the polyhedral cells
is - lightmibtroscopiocally desn - unchanged to the stagse
of 64 cm CRL. After this, the large polyhedral cells
become rearranged. This reafrangement includes firstly

a more proximo-distal distention of them and secondly
decrease in mize, due to the greater number of csells

(CRL 75 cm)., In the camel fetuses of CRL 82 om the cells
of the superficizl layer of tiko Lamina epithelielis are
clearly smaller and mcre dersely packed: The top layer
cells are now fizttened, but ne symptoms of keratinization
could be observed, cven not at time of birth (CRL 95 cm),
The upper three cell layers coéntain flattened nucled
(figs 20). They become cornified in the young camel of
1.5 years of age. The Stratun corneum is here relatively
atrong in the adult camel. The cells of it contain very
swall, thin, fusiform or rod-like and extremely pyknotic
nuclei. The cornified layer comprises about 6 - 8 layers.

The deep layer of the Lamina epithelialis is formed by
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Crogsg gection throuzh the thoracic part of

e T et ™l ek i it

the escnhoagug {e¥ the level of the bass of
teart) of a camel Fetus (CRL 64 cm).

i 4 e et o irn

Vall GIES0N staine Obje.: 203 Ocular S : 1K

Lamina epithelisalis
Lamina preopries mucosae/submucoss
Glandulae esophagesas

Exceretory duct of the Glandulae esophagene
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cuboigel and columnar c¢ells wilith spherical or columnar
nuclel, arrsnged in one row. This gets its first alteration
postnatally. iflrst symptoms of a spacious undulation

could be cbserved in the young caemel oF l.5 years of age,

elso a digtinet papillsry body formation.

Lamina ris mucosag/gubmucosgas

In all stages of the fetal development and postnatal
etages the Lamina propria mucosae is blended with the
subnucosa. (fig. 18). The common Lamine propria mucosae/
submucosa is in general quite cellular, but still more
digtinet in the areas related to the epithelium. It gets
more fibrous peripherally, It is compeosed mainly from
collagenie fibers, which run in an irregular direction
(fig. 20), and cliustic fibers (firstly seen at CRL B2 cm),.
They are condvused in the dssper part of this layer and
arranged arourd the esophageal glands. Alsc in the deeper
part of this layer 2 great number of bloocd vessels of
different calibers are Tound.

Primordia of the esopheagesl glands firstly appear at a
CRL of 25 em (fig. 18) as spherical solid masses and
s0lid epilthelipgl buds zmong undifferentiated mesenchymal
cells. These s0lid messes begin to be canalized et a

Btage of CRL 41 cm. The canalization of both, excretory
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Fig. 20 Crosg egotion through the thoracic part of thse
' ggophargus (at the b e h

fetus (CHL 3% cm)
H&E ztein. Opj.: 103 Oculer 5 3 1K

Lemine cpithclialis

Lamina propria muicosae/subaucosa

Glandulae czovhazasas
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ducts and secretory end-pisces is finished at the atage
of GRL: 64 cm (fig., 18). Ihe glands show the charactexr
of muoous glands at the CRL 75 cnegtage, The¢ lumina of
the glandmlar end-picoes are woderately wide and the
epithelinl cell nuclei erse pushed to the periphery

{fig. 20). The excretory ducts are lined by a layer of
cubojdal cells, which changs into stratified epithelium
at the termination of the duci, In the young and adult
camels thege glands occupy about the half of this layer,

extending towards the Tunica muscularis.

funica muggularis:
It is already early developed. At the CRL 2 cm-stage 1t

is observed as undifferentiated megsenchymal cells. After
this at the stage of Cal 13 cm they differentiate into
two layera. The inner ome is the longitudinal one, the
outer, the circuler cone. But this ¢hanges more often in
the entire course, showing a spiral arrangement. The
intermuscular connective tizsue is well developed at the
CRL 52 cm—stage.and filled with bleocod vesselg and nerve

pPlexuses.
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Tunjca gdventiting

At the CRL 2 cm-stage it is not so early developed as

the Lamina cepithelislis, Lamina propria mucosae/submucosa
and Tunice muscularis. For the first time it appears at
the CRL 13 om-stage as very fine collagenic fibers.

After this they increase with advenced age and form a
loose connective tissue with many blood vessels and nerve

Plexuses, covered by one layer of mesothelium,

Thorssig part (cranial of the esophageal hiatus)

EBX_]_.;O& mucosa:

Lamina epithelialis:

The Lamina epithelialis is thicker than that of the
cervical part. Prineipally it is composed of a superficisl
layer and =z deep layer (fig. 21)., The former one is built
up by 4 ~ 5 layers of large, polyhedral cells with a

pale pinkish cytoplasm and centrally situated nuclei at
the stage of 13 CRL. The same is practically to observe
in camel fetuses of CRL «5 cm. Only one layer has been
added toc the former onss. A considerable change isg to
gtate from 2 CRL of 41 cm in comparison to the previous
fetal stages. The Lamina epithelialis is composed of

9 =~ 11 cell layers. This push continues in the fellowing
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Gresa seghlon thyough the thorakis pert of the

ggophagzus just infront of the esgophage

histus) of = camel fetus (GRL 30 cm).
VAN GIBESON stain. ObJe.: 203 Ceular $ ;: 1K

Lamins epithelialis
Lanlra proprisz mucosse/submucosa
Tunics muscularis

Glanduls zsophoges
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stages (CRL of 64 cm). The superficisl layer of the
Lemins epithelialis compriscs 15 -~ 20 layers in thilokness
(fig. 22) ai the ztage of CRL 75 cm. The superficisal
layer becones comnressed snd the upper 4 layers flettened
with flattened nuclei and mors eosinophilic .cytoplasm.
During the fetal development nco keratinigation of the
etratificd squamous epithelipm could ¢ observed. Thigs
occurs after birth. Thus, in the young camgl of 1.5 yearsm
of age the superficial layer is keratinizcd. It comprises
about 3 « 4 cell layers of flattencd celle with ahrunken,
derkly stained pyknotic cell nuclei (fig. 23) {after

VAN GIESON). It contrasts with a more brownish colour
from the Strata granulesgum snd spinoesums

The deep layer consists always of one cell layer during
the entire phase of the ontogenetic development. The cells
are columnar in shape with oval deep basophilic nuclei.
They rest on a basement membrane. The basal cell layer is
completely smooth till to the end of the fetal reriod.
After birth the connective tissue papilllae of the Lamine
Propria are invadiaz 2.0 wave by thia, this line in a

wide spacious uanaer (Fig. 23).
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Fig. 22 Cross _scetion throush thg thoracic part of
the csophapgus (just infront of the esophsgeal

hiztus) of a camel fetus (CRL 64 cm),

H&E atain. Obj.: 10; Ocular 5 ; 1K

Laminsa ithelialis

[
s

Lomina propris mucosse
Lamina muscularie mucogae

Tela submucoos

1
2
3
4
5

Glandulae esophageae
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In the early fetal stages, investigated by us, a Lamina
muscularis mucosee was sbsent and the Lamine propris
pucoseg blending with ilie submucosa without =ny line of
demarcation (fig. 21). The common Lamina propria mucosas/
suboucoga is more cellular neer to the epithelium and
more fibrous near t¢ the Tunica muscularis. Glandular
primordia were for the first time observed at a CRL of

25 cm. After this, at the CAL of 64 cm the Lamina musculagwig
mycosae occurs (fig., 22). The only excreitory duct of an
esophageal gland is found in ihis layer. It is composed
mainly by collagenic fibers and few elzstic fibers (for
the first time it appeared at CRL 82 cm).

Lomins muscularis mucgsae;

For the first time it was indicated at the stage of
64 em CRL {(fizx. 22). among the numercus connective tissue
cells and connective tlusue fibers few smooth muscle
cells were devesioning @nd became longitudinally arrangeaed
to form isola%ted vards. In the young and sdult camel they

are interruptsd by =2 ist of the esophageal glends (fig. 23).
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Fig. 23 Longitudinal section through the thoragic part
of the esophcgus (Jrst infront of the gsophazeal

higtus) of & youns camel (1.5 years of age).
H&E stein. Obj.: 3.2; Ocular 5 : 1K

1 Lamina epithelielis

= Lzminag proprias mucosae

3 Lamina muscularis mucosac
4 Tela submitoss

S Glandulse cacprozascs

& Tunice muscularig
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Zels gubnoucosa;

A separated Telg subuuciss 15 present from the Ffetal
stage of CRL 64 cm. Prins» o this, only e common Lamins
pProprie mucoses/submucosa could be observed, It is less
cellular than the Lamins propria mucosae, but highly
vascular and contains more collagenous and elastic fibers
(for the first time observed at CRL 82 cm)., It is thicker
than both, the Lamina propria snd Lamins musculeris
mucosas. In this layer the esophegeal glandsars found,
which are gvenly distributed around the lumen of the
esophaguss They show the character of mucous glands

(fig., 24). In the adult camel we observed these Zlands

in form of a sluster, occupying nearly the whole layer
and resting on the Tunics muscularis., The excretory duots
penatrate the Lamina musculeric mucosa to open in the

esophageal lumen.

Tuniga musculeris:

It 18 alresdy cnrly developedy long hefore the Lamina
muscularlis mucooze makss it appearance. It is composed of
two layers, which are suirslily arranged. The inner layer
ig longitudinal in scme Pzryis, and circular in others

-

and vice versa. During the cerly developmental stagee is
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Fig. 24 Longitudinzl scction of the esophsgus of an

ypical mucous

glamds of the esopozgusg

T e

H&BE stain. Obj.: 40; Ccular 5 : 1K
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the outer layer composed of smooth mueslg cells. Later
on (CRL 75 ocm} it changes into striated muscle fibers.
The intermuscular convass.ive tissue is well developed,

algo in the lzate stazs oFf the development containing many

blood veesels and nerve pPlexuses.

Tunica adventitga:

It is composed of loose connective tissue, with many
blood veesels and nervs, but less cellular than the

Lamina propris mucaosae/submucosa.

5.1.2 Quantitative sagpects

The present measnroments revanied some interesting facts,
which are explainsd in the following tables and figurea.
The individual leyers of ihe egophageal wall have a clear
and straight forward development. The quantitative deve-
lopment of the Lomine epithelianlis differs only insignifi-
cantly in the individual purve of the esophagus. In all
parts it begins somewiat sluv, sontinuss in thiz manner
t111 birth and spceeds up in poztnatal subjects.

The thoracic part has often a thick Lamina epithelialis.
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The growth of the Lamina propria mucogae/subnucossa ine-
¢reases also in thickr_.s wi+th sge.

The Tunica muscularie dovelope relatively slaow Prom CRL
2 cm to CRL 25 cu. JThor this, the growveh rate inereasag
significantly. It is 2iweys tnickest in the thoracic

part at the levsl of the bssc ~f the heart.,
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5.2 Histologicgl studies on the esophogus of the
individuol comel fetuses, young comel and

adult camel

»al fetus of CVRI 2 cms

i)

(o

Lamina epitheldlalils:
It consists of two layers of nuclei, which are spherical

1n shape end basophilic atoined. The cell wolls ore

indistinct; the besement membrone is visible,

Lamina propria mucosce/submucosa:
1t is composed of lerge, undifferentiated mesenchymal

cella, Blood vessels are not found.
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Tunico m mussulariss

It eonsiste of undifferentiatad mesanchymnl cells, which

are fusiform in shape and contein large, Oval, basophilio
nuclei,

Tunica adventitia-

I 18 not yet developed.

Cémel fetus of CVRL 13 cm (Ffig, 14):

Loming epithelialiss _

The epilthelium 1s strotified squamous and oonsists of o
auperficisl and e deep loyex. The superficial one comprises
4 -~ 5 layers of celle, polyhedral in shape, with lcorge,
tphefical basophilic and centrally loeated nuelel, coh~—
taining one or more nucleoli. The cytoplesm iz foaintly
atained with H&E, Qhe_eell walls oxe distinet. The desp

or bagal layer 1s com@gsed_of one row of dgno9;y packed

cuboidel to colummar cells, contaoining o lorge, rounded
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t0o oval, deep basophiljic nucleus, This layer rests on &

smocoth basement meubrano.

L g propria mucogase/submucoga:

There is no distinct line of demarcation between the
Lamina propris mucosas and the submucosa, but the part
near to the Lemina epithelialis 1is more cellular than

thaet towerd the Tunieca muscularis, which is more fibrous.
In the desper part of this layer blood vessels of small
gize are found. They are evenly distributed. No =sophageal
glands sre found in any part frem the beginning of
pharyngo-esophageal junction till the end of the esophagus

{cranial of the esophzzeal histus).

Tunice musculariss

The Tunica musculerls is distinectly dsveloped and divided
into two layers, the inner and outer layer. They are made
up of spirally arranged smooth muscle cells (scmetimes
longttudinally arrsnged and somstimes also circulaxly

arranged).

Tunica edventitiang

In the cervical part it is composed of loose connective
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tdassue wilth blood‘vesaela end fibroblasts.‘ln the thoracis
part iz popsiless _oF loagas cennective kisnuo. 1ined by
masothellium,

1

Cruzel fotus of CVEL 25 om (fig. 8, 15, 18)1

Loning epithelialis-

It is stretified sguorious in oppenronce and oonsists of
two leyers. The superficial one has about 5 = - 7 cell
layers, the cells of which ore polygonal in shapoy centnin
ning a lorge, spherical, basophilic ond cenitrally locoted
nucleus with one or more nucleoll, The eytoplosn 1s
faintly steined with HEE. The woll of the oells i=m defined.
The deep or basal layer is meode up of dengely packed
cuboidal to colummar cells with a large, spherical or

oval and deep dbasophiliec stained niteleus, They rost on

the snocoth bagenment membraone.
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Bpth, Lemina propria mucosas and submucosa Fform a comman
layer, due to the absence of the Lamina muscularis mucosae.
The collagenie fibers are well developed. They are more
numerousg towards the Tunica muscularis than towards the
basement membrane.

In the Lamina propria mucosse/submucosa epithelial oute
growths from the Lamina epithelialis are found. They appear
as buds from undifferentisted ceils. The endus of *hese

buds Bre enlarged, taking a spherical srape. 1o solid
masses the cells are achercnt to ecach cther, without any
space between them. The nuclei of these cells are large

and spherical in shaps. These cnithelial outgrowths are
found in =211 parts of the esophssus (pharyngo-esophagesal
junction, cervical and thoracic perts). They are evenly
distributed around the ssophageal lumen. In the deseper

part of this layer many blood veescls of different caliber

are pregent. They are evenly distributed.

Tynics muscularis:
It ig dietinctly developsd sind increased in Shickness
in comparison to ths fetus of CRL 13 cm. I% consistsof

two layers. The inner layer is frequently longitudinally

www.manaraa.com



- 116 =

arrenged, but in scme parts nlso oiroularly,”@ho outexr

arranged, but in sone ports also longitudinally. Swooth
nusecle cells are spirnlly srranged, '

ZTunice odventitic/sercser

It is conmposed of locse connective tissue,_qontaining
mony blood vessels ond few fusiform fabroblosts, In the
thoraeic part it ds lined by mesothelliui,

Comel fetus of CVRL 30 em (fig. 11, 21)s

Lanino epivhelinlis:

It carries o stretified squanous epithelium ond consists
of two layers. They are thicker thon the Lamins epithe-

liaus of the fetus of CVRL 25 ecm, The mupexrficinl one hps
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about 6 — 9 laeyers of cells with polyhedrasl shaped,

large, spherical, baszophilic and ¢centraily located nuclei,
containing one or more nuclisolii. The cytoplsaam is

faintly steined with H&E. The walls of the cells are
distinct. The deep or basal layer is made up of one

layer of densely paocked cuboidal to columnar c¢ells with
large, spherical to oval, deep basophiliec nuclei. The

-bagsement membrang is still smooth.

Lagmina propria mucosae/ subrnucosas

The Lamina proprie mucosae ieg blended wivii the gubmucosaa
to form the Lamina proprie mucesuc,/submuccsa. The layer
towards the basement wmembrane has worcs cells, but few
collagenice fibersgs, which esrs fins anc dzluicate. The layer
towards the Tunlice muscularis conitsains many collagenic
fibers, but few zcells. The Lamina propria mucosae/submucosa
is thicker in the cervical part then in the thoracic

part gf the esophegus. In the Laminz propria mucosae/
submucosa epithelial maeses or sprouts are seen. They
project from the deep layor of the Lamina epithelialis
into the surrounding mesenchymous tissue. Thege eplthelial
outgrowths appear as 1arge, sphericsl, solid masses.

In the deeper part of this layer also these solid masses

are connected with the ¢scphageal lumen by the sxcretory
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duets, The lotter oneg nlso appear os sclild nasses, but
gsome of them begin to be canclized at the pharyngo-

e 50ophaogenl Junction. In‘the deeper port of ?his loyer
menry bleoeod veasgels of different aize ars found, They
are 2venly distridbuted,.

Tunica museulariss

—_— e

It ia well developed ond thicker thon thet of the fetus

of OVRL 25 cn. It consists of two leyers. The inner layer
is nmade up of predoninantly longitudinally nrronged
smooth muscle cells, exoept some partd, in which 1% is

circulorly arrenged, The outer layer is vice versc,

Tunico adventities

It i1s composed of loose connective tissue with fow fibro-
blasts and nony bleod vessels, In the thorceic poxrt it is

covered by mesotheliunm,

Comel fetus of CVRL 41 on {(fig. 9):

www.manaraa.com



- 119 -

Lam thelial

It consists of two layers of stratified sguamous epithelium,
which are thicker in the thoraclc part than in the cervical
part. Ths superficizl one contains 8 - 13 layers of poly-
gonal cells with a large rounded basophilie and centrally
located nuclous, containing one, or more nucieoli.

The cytoplasm is faintly stained with H&E. The cell
boundaries are distinct.

The deegp or basal layer is composed of one layer of
densely packed cubofdal to celumnar cells, containing

large, spherical to owval deep besophilic nuclei. These

cells rest on a smooth basement membranc.

Lamina propris mucosae/submucoss:

The Lemina propris mucosae and submucosa are blended

with each cother, having no demarceiing line between them.
They are thicker in the ceaerviecal part than in the thoracic
one. The collagenic fibers are well developed and of
unduleted course. They are numercus near the Tunica
muzcularis and more cellular near to the Lamina epithelialis.
The most of the excretory ducts in all parts of the

egophagus are caenaliszed, but the most of the secretory

unite are atill in the form of spherical scolid masses.
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esophageal Jjunction cppear centrally canalized., These

vessels of different eceliber are found in the dedp part.

They nre evenly distributedf

Tuniecs musculario:

Both the inner and the outer loyer aore node @ of
1oggitudinally ruming smooth muscle cells in some
parts and of circulorly arranged one in other portse.
The intermusculso connective tilasue begins to appear

a8 very dellcate ¢ocllagenic fibers.

Tunlcea cdventltilos

It 18 composed of loos connective tissue, whioch 1s

inerecsed in emotmt in compeorison to the adventitia of

the fetus of CVRL 30 cm. They contaln nmany blood vessels

ocnd few fibroblegts.

The few number of the sceretory units in the phorynago-
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Camel fetus of GRL 52 om (figs. 10, 12, 16);

The cells in the escphageal lumen are degenerated,

containing shrunken pyknotic nuclei.

Lamina epithelialin;

1t iz formed from two layers (stratified squamous epithew
lium). It is much thicker than the Lamina epithelialis
of the fetus with a CRL of 41 cm and thicker in the
thoracic part than in the cervical one. The superfiecial
layer contains about 13 -~ 17 cell layers. The cells are
polygonal in shaps, containing large, spnerical, baso=
philic and centrally located nuclei with one or more
nucleoli. The cytoplasm is faintly stained with H&E.

The boundaries of the cells are very distinct. The basal
or deep layer is made up of one row of densely packed
cuboidal to columnar cells, containing spherical to oval
nuclei, which are deeply basophilic stsined. This layex

raests on the smooth basement membrane.

Laming proprias mucosae/submucogas

There is no line of demsarcation between the Lamina propria

mucosag and submucosa, The part nesr to the Lamina
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epithelialis appears more derk, dus to many mesenchymous
cells, The collagenlc fibers are very distinct and
concentrated towarde the Tuniecs musculeris. The excretoxry
ducts of the esophegeal glands are completely canalized.
Also the most secretory acinl are cenalized centrally.
The nuclei of the gpithelisl cells in the acini are
sphericel and basophilic stained. The cell boundaries

are indistinct. The glands sre evenly distributed arcund
the lumen of the esophagus. Many blood vessels are found
in the deeper part of this layer.

Tunica muocularis:

It is highly developed and nuch thicker in bhe thoracic

part than in the cervical cne. It is subdivided by .
intermuscular connective tissue into two iayers, an '
inner and an outer layer, which are gpirally arranged.

In the intermuascular connective tissue blood veasels and

nerve plexusses gre found.

Tunica asdventitia:z

it is composed of very fine, loosely erranged collagenic
fivers, containing blood vessels and nerve plexuses. In

the thoracic part it is covered by mesothelium.
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Cams)l fetus of CRL 64 ¢m {(figg. 19, 22):

Lanina epithelialige

The esophagus is lined by & stretified squamous epithelium,
which comprises twe layers. It is c¢onsiderably increased
in thickness in comparison t¢ thes Lamina epithelialis of
the fetus of CRL 52 cm. It im alse thicker in the thoracic
part of the csophagus than in the cervical one. The
superficial layer has about 15 - 20 layers of cells,

which are polyhedral in shape, conteining large, spheriecsl,
basophilic and centrslly located nuclei with one or more
nucleoli. The cytoplasm is feintly stainced with HXE.

The boundaries of the cells are vely distinet. The basal
or deep layer comprises cuboiasl to columany cellg, with
darkly stained nuclei. The bascment mcmbrane ig 25111

smooth.

Lamina propria mucosas/submucosas;

Except the caudal part of the esophsagus (just cranial of
the esophageal hiatus) both, the Lemina propria mucosge
and the submucosa, form a common layer, due to the
absence of the Lamina muscularis mucosae in these parts

of the esophagus. But the Lemina nmuscularis mucosae is
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found in the caudal part of the eaophagus, ¢ranial of the
esophageal hiatus, thus separating the Lamina propria
mucogae from the submucosa. They are composed of longi-
tudinally arranged smooth muscle cells,

All the gecretory units and excretory ducts of the
esophageal glands are canslized. The secretory units are
found in the submucosa in the c¢audal part of the esophagus,
but in the rest of the esophagus they are found in the
deeper part of the Lamina propria mucosae/submucosa.

Also many blood vesgels are found in the deeper part of

this layer.

Tunica muscularis;

It is distinctly increased in thickness and consists of
two layers, an inner and outer one, which nearly have the
same thicknegs. They contain apirally arranged smcoth
muscle cells. The intermuscular connective tissue is

well developed, containing blood vessels and nerve

plexuses.

Tunica adventitie:

It consists of looee connective tissue with many blood

vessels and nerve plexuses. Iln the thoracic part it is
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covered by mesothelial cells,

Ceamel fetus of CRL 75 cms

Lamina epithelinlisy

It is made up of two layers. The superficial one includee
about 16 - 22 layers of polyhedral cells, containing
large, spherical and centrally located nuclei with one

or more¢ nucleoli. The walls of the cells arse distinct.
The cytoplasm 1s faintly stained with H&E. The basal or
deep layer contains cuboidal to columnar cells containing
large, spherical to oval, deeply basophilic stained

nuclei. The bagement membrane begins to be undulated.

Lamina propria mucosse/submucosa:

Both, the Lamina propria mucosase and gubmucosa, form one

layer, except the caudal part, just cranial of the esgo-

phageal hiatus. They are separated by the Lamina muscularis

mucosae into a Lamina propris mucosae and submucosa.
It is composed of longitudinally arranged smooth muscle
cells, The collagenic fibers are very extensive and

irregular in their course. The secretory units of the
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egophageal glands ore collected to groups, "which show o
mucous appearance, Their lumen 1s moderntely wide and the
spherical epithelicl cell nuclel are pushed to the perip-
hery. The excmetory ducts cre lined by =a layer of cuboildal
c¢2lld, which chaonge into stratified squomous ones at the
terminnl port of the ducta, B

Many blood vessels and nerve plexuses nre found, also in

the deep part of this layer.

The tunica muscularis shows o considercable increase in
thickness, especiglly in the thoracio port and is
dlgtinectly separcted injp two layerst, The inxner layer is
usually leongitudinol one, while the outer the is circulor
But they change more often in the entire course. The
intefnuscular connective tissue is well developed, con-

teining blood vessels aond nexrve plexused,

_Tunidée adventitics

It i9 composed of loode connective tisaue with meny
Elood vessels and nerve plexuses. in the theracic part

i1t is covered by mesothelium,
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Camel fetus of CRL 82 em (f£ig. 13):

Lamina epithelialiss:

The stratified squamous epithelium in ecomparison to the
former stages, is more compressed and solidified. The
superficial layer measures about 18 - 23 cells in thick-
ness, containing polyhedral cells with large, spherical
basophilic and centrally located nuclei, with one or more
nucieoli. The cell boundaries are very distinct. The
cytoplasm is slightly eosinophilic, stained with H&E.

The basal cell layer is more columnar in shape and the
cells have large, oval znd deep bascphilic nuclei. The
basement meumbrane 1s undulated, indicating for the firs¥t

time the asdvent of the epithelial peg-formation.

Lamins propris mucosae/submucosal

It ig made up of loose, irreguler connective tissue, which

is more cellular near o the Lamina epithelialis and more
vagecular towards the Tunica musculeris. The Lamina muscularile
mucosae is found only in the caudel part of the ssophagus
(just cranial of esophageal hiatus), It is composed of
longitudinally running smooth muscle cells. In the

deeper pert of this layer or in ithe submucoaa aggregations
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of the esophageal glands are found, which show nmucousn
appearance. The lumen of the glandular end-pleces isg
moderately wide, and the gpithelial cell nuclei are
flattened and pushked to the periphery. The excretory
ducts are lined by a layer of cuboidsal cells, which
change into a stratified one at the terminal part of the

duct.

Tunica mugeunlaris;

The Tunica muscularis has considerebly increased in
thickness and is clearly subdivided into two layers,
the inner and outer onc. They are spirally arranged
(sometimes longitudinally and sometimes circularly).
Intermugcular connective tissue is well devsioped. It

is rich in blood vessels and nerve plexuszes.

Tuniocg adventitisa:
It is well developed and made up of loose connective
tisesue which 1g rich in blood vemsela and nerve blexuses.

in the thoracic part it is covered by mesothelium.
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Camel fetus of CRL 95 gm (fig. 20);:

Lamina epithelialiag

It congists of two layers (stratified squamous epithelium).
Thegs are increased in thickness in comparison to the
previcue fetus of CRL 82 ocm and also thicker in the
thoracic part than the cervical one. The superficlal one
ig about 15 - 25 cell laysrs in thickness. The upper

four cell layers are flattened, containing flattened
nuclei and a decply stained eosinophilic cytoplasa.

The desp layer is composed of one row of densely packed
celle with large, spherical and deeply basophilic stained
nuclei. Thisg layer regts on an undulated basement membrane,
which indicates the beginning of the epithelial peg

formation,

Lamine propria mucosae(dubmucosa:

It is structured like in the previous fetus, but increased
in thickness. Except in the caudal part of the esophagué,
the Lamine propria mucosae and submucosa form one common
layer, due to the absence of a Lamina musculeris mucosse
in this part. But in the caudal pert (just crenial of

esophageal hiatus) they are separated from cach other
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by the Lemina mussularis mucesas, which is formed by
longitudinally running smooth muscle ¢ells, The Laming
propria/submucosa i=s composed of loose connective tissue,
containing blood vessela, nerve plexuses and esophageal
glands, which are muccous in nature. The lumen is wids
and the nuclei are flattened and pushed toward the base
of the cell. The excretory ducta are lined by a single
layer of cuboidal cells, changing into stratified ones

at the terminel part.

1t is much increesed in thickness and subdivided into two
layers by a well developed intermuscular connective
tisgsue. The imnmer layer is predominantly loagitudinally
arranged and composed of hoth, smooth muscle cells and
striated muecle fibers, while the outer one is predomli-
nantly circularly arranged, also consigting of both,
smooth muscle cells and striated muscle fibers. Blood
vesgels and nerve plexuses are found in the intermuscular

connective tissue.

Tunica adventitia/serosas

It 18 composed of loose connective tissue with many blood

vegsels and nerve plexuses. In the thoracic part it is
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covered by mesothelial cells.

Young camcl, 1.5 vears of age (fig. 23):

Lamina epithelialis:

The Lamina epithelialis of the young camel is characterized
by the presence of a Stratum corneum. Thus, keratinization
occurs after birth., It has nesrly the same thicknese in

all parts of the esophagus and is made up of 4 - 5 cell
layers. For the first time epithelial pegs are developed.
The ¢ytoplasm is more eosinophilic and the nuclei are

more basophilic stained with H&E. The celi walls are
distinct. The basal cells arc colurnar »n shape with oval

and deeply basophilic stained nuclei.

Lamina propria mucogae/submucose;

It hag coneiderably increased in thickness, except at

the caudal part of the esophagus (cranial of the esophageal
histus)s Both form one common layer of dense, irregular
connectlve tissue, which is highly vascular in its deeper
part. The excretory ducts of the esophageal glands are in

the upper part. At the caudal part of the esophagus the
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Lamina propria mucosne and gubmucosa zre separated from
each other by very thin smooth muscle dbundles of the
Laming muscularis mucosae._The esophageal glands are
found in 21l parts of.the esophagus._They form & thick
layer of mucous sgoreting units. The acini are farmed of
pyramidal cells with distines boundaries and flattened
nuclei at the cell bases. The acinar duct is lined with
cubolidal cells, which increase in thickness to a strati-

fised squamous epithelium at the terminal part of the duct.

Tunica muscularig;

It consists of two layers, which are considerably increased
in thickness in comparison to the Ffetsl beriod. The outer
and innsr layers are made up of striated muscle fibers,
which cross each other. The intermuscular connective

tissue is well developed and contmins blocod vessels and

herve plexuses.

Tunica adventitia(serosaz

It is composed of an areolar connective tissue, containing
many bleod vessels and nerves. In the thoracic part it ise

covered by mesothelial cells.
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Aqult camel, © yeers of agze {(fig. 17);

It carries a keratinized stratified squamous epithelium,
which shows an increased thiclmess in comparison to the
young camgl, l.5 years of age. The superficial layer hasas
about 20 - 27 cell layers. The Stratum corneum is consi-
derably increased in thiclkne¢ss, slince the stage of the
young camel., The spithelial pege are very disetinct. The
cells of the superficiasl layers are flattened with a maore
eosinophilic ¢ytoplasm and deep bascophilic, flattened
nuclei. The cells of the Stratum spinosum are polyhedral
in shape, containing large, spherical and basophilic
nuclel. The basal layer is composed of a single layer of

columnar cells with oval, deep basophille nuclei.

Lamina propria mucogee/ submucogat

Except the caudal part of the esophagus {(cranial from the
esophagesal histus) the both form one layer, due to the
absence of the Laminas muséularis mucosas. But in the
caudal part, they are sepasrated by very Iine amooth
mugele cells, which are often interrupted by esophageal

glands, which form a very thick layer of mucous acini,

occupying in some parte the entire submucose. The excretlory

ductsg have a2 considerable wide lumen and are lined by a
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simple colummnar epithelium, which changes into a gtratified
squamous one at the terminel part of the ducts. Correspon—
ding to the epithelial peg-formation, alsoc the Lamina
propria mucosae/submucosa shows a Pepillas~gccultae-

formatione.

Tunica muscularig:
e ————— e o et e

It is considerably incressed in thickness in comparison
to the young camel (1.5 yeers of age). It consists of an
inner longitudinal and an outer circular musgecle layer,
but it is not uncommon to cbserve the reverse orientation
of the muscle fibers. Few obliquely cut bundles in the
same gection at different sites are observable. Hence

the two musecle layers of the Turica muscularis appear

to ba spirally arranged. The intermuscular connective
tisaue is well developed and contains vessels and nerve

Plexuses.

Tunica adventitia/serosa:z

It resembles to that of ths young camel, No differences

could be found, except an increase in thickness.
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6o D1 s cusasion

The present study givea us o comprehensive survey and also
gome new idena on the morphology of the ssophagus in the
camel, )

Firstly, we cre eble to add new findings of the quantitative
ond qualitative changqsmin the esophagus of the canel to
the guantitsntive results, gained by BERG, TAHER aond
MOUSPAFA (1969), _ o
Embryocloglcally ond gross ocnatomically, it ocon be confirmed
thet also ihe growth of ihe esophagus followa the known
principles of develoggent. With inereasing nge, the esophagus
increases in length (12 em in the CVRL 22 cm~Ffetus to 127 om
in the young camel and'lTS em in the adﬁi@ comel. This is

of importance for the_appiied anatony, hecause we con
conclude from this the length cf a probeng ~to be applied

by the practiciloners or clinicicns for the trectment of
gostro=Integtinal digorders in young cnd adult oamel.

There is lock of Comparable measurenents in the aveiloble
literature, but individupl deoto were given by LESBRE (1903).
He described the obsolute length of the esophagus of

the +$®0 - humped canel { Camelus haoctrianus )
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ag to be 2 m, while the present result was (175 cm).

In compardison to the buffalo, one con observe %he edacphogus
of the camel as nearly equel two times the esophagus of
the buffale, The lgngth'qf the esoPhagus.ig_the Egyptinn
water buffals equals 960m {ENAVY, 19890)s in the Indian
buflole 98,72 + .92 cm (SENGAR ond STINGH, 1970) and in
ox 90 - 105 e¢m (mm 1975) . o

T?a bPregent result ;evoa;ed the relaticn between the
cervical part to the thoraclc port in =11 developmental
Btoges, clso after porturition, 1t nearly takes the ratio
a8 2 : l. Of no less Importance is the dianeteor of the
eaophagus (obstruct;on_gf the esOphngus)._pas;ng on our
applied method of messuring, the pharyngc—éSOPhageal
Junction proved to be the widest part of the e§ophagus
during intrauterine.and postnatcl developnent §1.2 mm in
the CVRL 22 on 8tage to 28.34 m in the adult 0amél)e
After thias, the esophagus narrows in diu;epg:._ln tha
cervical part it mecsures about 22.6 m (unextended) in
the middle cervicel part of the cdult comel, 20,7 mm ot
the thoraclc inlet, 20.38 mm ot the bose ofrtﬁo'heart engd
21 mm in front of t@é‘eSOphageal hintus, Theme doto nay be
Beneficial for guessing of the diametier of instruments.
being epplied In the esophogus by practicioners and
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¢linicians. If we vompare the diemetor of the oamells
esophogus has nearly the same dicneter (25 -« 30 mm )
Tesults in Igyptlon woker buffalo (ENANY, 1980).
Regarding the position of the esophagus, there nre
Practically no changeg curing the enrly and lo%o prenstal
pPhases, az alzo noet in the eorly ond lote postnatel period,
In 211 developmental atnges8, the initisl part of the
espphagus in found over the lorynx, It is contineus in
thisg courss up to the level of the Srd cervical vartebra,
where the esophagus is“fpund dorso-lateralutp.ﬁhe_trachea.
After this and at the level of the thoracie inlet, we
found it completelyﬁghifted to the left of the medion
pPlane ond the trachegi The therneic part pPaasSes dorsally
in the cranial, middle ond candel mediasting} gpaced,
Torming at the base of the heart the thira ourvature of
the esophagus, which is dorsnlly conved. Then It curves
venirelly nnd caudully_§p reach the Hiatug esdophageus ot
the level or 10th thpgacio_vertebrn. In regard to the
description of OMAR (1980}, that the esophngus gradually
shifts to the left of the tranchea ot the level of 3rd
cervical vexrtebra, the present atudies show thot

the esophogus is dorso-laterally of the troohea, ana

not on the left side. The following dvteils may exploin
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the situntion. The escphepgus iz found dorsgélaternlly to
the trochen and due to the neck of the ccomel it is com-
pressed from side to side. ot the same time the frachec
begins to deviate Pp the right side of the mediam »icne,.
We agree with OMAR(1380) that the esophngus is completely
on ths left aide of ﬁqG trqchea et the thoracie inlet.
According to HEGLZI (1.945), the esophcgus becomes complete-
ly en the loft side of ithe troachea ot the junetion of the
uppsr third with the lower two thirds of the neck,

In our studles hhe egophagus was found completely on the
left side of the itrachec at the thoracic inlet. The
egophagus in the eraniel third of the neck 1s related
dorsally to the retrquharyngeal spoace ond the longus
cg;li muiscle, 1aterq11yrto the caoroctic vagipa nrd the
thymus, In the middle third of the neck it lm related
dgrsally to the retro—pgaxyngeal apaee ond longus collli
nussle, laterolly teo the errotic vagine ond thymus,
ventro-~laterally to the trnohen. &% the thoracic inlet
the esophagus is dorsnlly related 1o the Left longus
colll muscle, medinlly to the trocheuo, laterally to the
left corotid vegino ond ventrally to the thynmus,
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The course and the relntions of the esophogus dn the
Phoracic part resemble those of the okther runinonts
(WILKENS and@ ROSENBERGER, 1957; RAGHAVAN, 19645 KOCH,
19703 DYCE end WENSING, 1971; BERG, 1973, 1974s H/ADEL,
19753 ENANY, 19803 FUXAYA, et als, 1979).
The atdominal port of @heresophagus o8 aobsent in the
camel fetus and cdwit comel. similar resuits recorded
the iate prenatnl ond postnntal periqdé of the bovine
esophogus (MULLER-BOTIL., 19623 HABEL, 1975; ENANY,1980) »
In the present study we revedled thet the'esqphagus of
the comel hes three curvatures. The first one is the
cephalo—cervical curvature, which is glight%g_dgrsally )
coxvex, The second one 1ls the cervico~thorncic ourvoture,
which extends fron theMGth cervical vertebrsa to the 2nd
thoracic vertebre. It i3 concave dorsclly. T@evthird‘one
is at the bose of the heart {(thtracic omq‘i:gre) end is
dorsnlly convex. iZCompered with other rum;nants_we can
stote, ihot there are simllor curvatures (ENANY, 198C,
NIGKEL, ScHNILER cnq SF;@ERLE, 1973).

The retro-phearyngecl Spéce 1s nlso pregent in 2ll investigoted
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atages of the camel fetuses and extends from the pharyngo-
e@sophageal junction as & wide apace, which decresses
towards the dorsal mediastinal space. It iz filled by
looge connective and fat tissue. The sane result was
recorded in the Egyptian water buffalo by ENLNY (1980).
Our histological studies have proven the esophagus of the
camel as to be a typical tubular organ, composed of the
Tunica mucosa with a Lamina epithelialis and s Lamina
proprie nmuccsae/submucosa, Tunica muscularis and Tunica
adventitia/serosa. The absence of the Lamina muecularis
mucgeae and the presence of esophageal glands in the

whole length of the esophagus has to bs considered as a
characteristic feature of the camel's escphagus. The
Lamina epithelizalis is developed from a single layer of
epithelial cells. This we could observe at the CRL 2 cm=
stage. The same result in the esophagus of the Egyptian
water buffalc at the CRL S cmegtage described ENANY (1980).
SENGAR and SINGH (1969) and MICHEL (1977) reported similar
results on the esophagus of the Indian buffalo, resp.

the ox.

MICHEL (1977) reported that the epithelium of the esophagus
of ox increases so much, that the lumen may be obstructed.
This can be also confirmed by ocur siudies. We hzve seen,

that the lumen is ai leaat partially occluded by epithelisl
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magaes in the camel fetuses of 2 om, 13 cm, 25 ¢m and

30 cm CRL., WILLIAM, WENDELL-SMITH and TREADGORD (1976}
described the same phenomencn in man. There, with the
descent of the heaxrt znd diagphregm, the foregut becomes
elongated rapidly to form the esophagus. The elongation
is accompanied by & temporary obliteration of its lumen,
followed by 28 recanalization end differentiation of the
gtratified sguamous epithelium. From our studies we
revealed, that the epithelium increased with increasing
erown rump length. At CRL of 13 cm, the Lamina epithelialis
ie composed of & stratified squamous epithelium, having
two layers. The superficial one has about 4 =~ 5 layers
of cells, polyhedral in shape, with large and spherical
basophiliic and centrally located nuclei. The bassgl layerxr
ie composed of one row of densely packed cuboldal to
columnar cells; containing a large, rounded to oval, deep
basophilic nucleus. The Lamina gpithelialis continucusly
increases in thickness and the number of cell layers.

At CRL of 82 cm, about 18 = 23 cell layers in thickness
are found, from which the upper two or three ones are
flattened. The cells contain flattened nuclei and more

or less eosinophilic cytoplasm. The keratinization appears
postnatally in the young camel. The Stratum corneum is

very clear and incremsses in thickness with age. The same
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result was found in the Egyptian water buffalc by ENANY
(1980). The quantitative kiatological studies revealed

e continuous increase in the esaphageal wall. That of the
thoracic part is much thicker than that of the cervieal
one, The thinnest wall has the cervi¢al part of the
eaophagus and thig fs to he discussed in ¢lose association
to the surrounding of the esophagus by many cexrvical
muscles (gtriated musculzture), which act on the esophageal
wall and on its content, relieving in this manner the
activity of the Tunica muscularis. The result is the
relative weak development of the Tunica musoularis. The
again increased wall of the thoraecic part of the esophagus
mey have 1ts reason in the lack of such a surrounding of
musculature. The Tunica muscularis of the esophagus depends
on it gelf and is consequently thicker than in cervical
rPart.

In all portions of the esophagus (pharyngo-esophageal
Junction, cervical part and thoracic paprt) the Lamina
epithelialis increeses absolutely. The pharyngo-esophageal
Juncticn has a thickness of the Lamina epithelialis of
27432 ;jm at the CRL of 13 em and of 230,52 mm in the

adult camel. In the middle cervical part it measures

42.94 pm at CRL 13 cm and increases to 248.6 pm in the

adult camel. At the thoracic inlet the corresponding
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values are 37.29 mm at the CRL of 13 em and 316.96 pm in
the adult camei. At the base of the heart the values are
39,35 pm at the CRL 13 co-stage and 400.02 um in the
edult pamel. Directly cranial from the Histus esophagus
the Lamina spithelislis meagures 36.16 pm at {the stage
of CRL 13 ocm and 389,09 jam in the aduli camel.

In our studies we obsesrved that the Lamina propria
mucesae and the submucosa form one layer (Lamina propria
mucosae/submucosa) at the beginning (CRL Z cm). This
layer ig composed of large, undifferentisted mesenchymal
cells. With increasing crown-rump-longth they are
differentiating into ocollaegenic fibers and fibroblast
cells. In the early stages of the development, the Lamina
Propria mucosae/submucosa iz compoged mainly from
collagenie fibers. The elastic fibers bsgin to appear

at a CRL of 82 cm ze very fine and delicate fibers in
the deeper part of this layer and sround the esophageal
glands. 4lso thias layer conteins a large amount of blood
veggels of different calibers.

It could be observed that the Lamina muscularis mucosae

is absent from the whole length of the cemel fetuses up

toc & CRL of 64 cm, where at this age the Lamina muscularis

mucosas begins to develop at the caudal part of ths

esophagus, Jjust infront to the esophagesl hiatus, as
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very delicats smooth muscle cells, which are longitudi-
naelly arranged., The Lamins muscularis mucosae remains
restricted only to this part of the gsophagus. Even 1in
the adult camel it does not extend cranially at all.

In comparison to this ENANY (198Q) observed in the
Egyptian water buffalo that the Lamina muscularis mucossas
in the whole esophagus occcurs except the pharyngo—
esophageal junction.

RAMEKRISHNA and TIWARTI (1978) observed that the Lamina
mugcularis muccsae separates the Lamina propria mucosae
from the submucosa for the first time at the caudel end,
then at the cranial end of the caprine esophagus.
STINSON and CALHOUN (1976) found the Lamina muscularia
mucosgae as absent in the cranizl end of the egophagus
of pig and dog, but present in the whole length of the
esophagus of horse and ruminants. The pressent study
revealed the Tunica muscularis as consieting mostly of
en inner longibtudinal and an cuter circular muscle layer.
But it wes not uncommon to observe slso a longitudinal
and circular orientation of the muscle fibers. Hence,
the two muscle layers of the Tunica muscularis appeared
to be arranged spirally.

We egrme with LESBRE {(1903) in describing the Tunica

muscularis as to be formed by circularly running fibers
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et lts surfaoce, by longitudinally oxr nore or less spirally
running ones in the depth. 4lsc we ogree with ROMKRTSHNA
end TIWARI (1978), which observed the snme orrangement

of the Tuniece muscularis in the esophagus of the goot .
Llso, Moreover cgree with CHRISTOPH (1930}, who desgeribed
ths Tumica musculoris of the esophagus in dog as not
gqnsisting of on ouiar longitudinal cndiag_igngr ciroular
;ayer. But the two 1gye;s qf ekeletol nusouloture form _
polar screw-1like foacicles, that run in the opposite direc—
tion, if cpmpareq with the Tunico nuscularis of the bovine
esophagga (ENANY, 1980). o

TIWLRI (1978) described the Punica muscularis og consisting
of spirslly or obliquely arrocnged strinted nuscle fibérs.
The two layers cre arronged longitudinally, obliqualy or
c;réularly end cheonge theixr direection,

the  present reseorch revecled that ot CV4L of 25 cm the
esophugeal glands in the whole length of the esoﬁhczguﬁ,
frmﬁ the pharyngo-qggphageul junction up to the cardlac
opeming of the stomoch, It appears for the first time as
solﬁd epithelinl mossesa in the Lomdng propria muocsSte-—
submucosa ond are connected with the Loninn epitheldnlis
by ;.strip of solid epithelium, representing the exoretory
gpcf. The canalization cppeared for the firgt time in the

‘exeretory duct ot a CVRL of 30 em and In the seoretory
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unit st a CRL of 41 om. After this, the excretory ducts
and secretory units are completely canalizsd at a CRL of
64 cm. The lumen of the secretory end-pieces inerease
in diameter. The nuclsus of the secrestory cells becomes
bushed ftowards their o“ase. The boundaries of the cell
are very clear, taking the cheracstsristic festure of
musous glands at a CRL of 82 cm.

In the young and sdult camel a lot of mucous glands are
found in the Lamine Propria mucoeae/submuccsa, which
dccupy recughly the half of this leyer. Thesc mucoy
glands keep the esophagus of the camcl in g constant
moisture as a long Transport cogan. The camsl can eat
without drinking for = long time. The wpresence of these
glands meke a lubrication of Ltn esophagus to facilitate
the passage of the food and £lso to facilitate probably
the resistance esgainst thirst, to whicli this animal may
bs subjected to a high degrea.

We agree with LESBRE (1903), who observed the same in
the two~humped camsl,

In comparison to our findings ENANY (1980) and TIWARI
(1977) observed the mucous glends only at the pharyngo~
esophageal junction of the buffaloe esaophagus.

STINSON and CATHOUN (1976) described the esophegeal

Blands of ox as mixed glands, conteining mucous acini

www.manaraa.com



“ 147 -

‘wlth serous dewilunes. They are also characteristic for

Pig amd doge.e In the pig the glands are abundant in the

cranial haif, but do not extemnd into the caudal halft,
meanwhile in the dog they are present throughout,
extending intc the cardiac region of the stomach. The
glands are present only at the pharyngo-egsophageal
Junction in horse, cat and rmminants. Mixed acinl and
demilunes in cattle were salsc gbserved by WAKURI and
MUTO (1972). |
COPENHAVER et el. (1971) mentioned the glands of the

esophagus in human as typicel mucous slveoli.
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7 S ummaory

In 19 camel fetusmeg (Camselus droﬁedarius) ranging from
20 « 100 em GRL, one young camel and two adult ones,

the ssophagus was studied anatomically and in 10 cemel
fetusses, ranging from 2 « 95 em CRL, one young camal and
one adult camel histologically.

By this, the development of the early and late prenatal
in sddition to the early and late postnatal atages ware
covered. The position of the esophagus is unchanged
during all the de?elopmental stages. 4t the pharyngo-
¢sophageal junction, it lies dorsal to the larynx, at
the cervical part on the dorso-lateral aspect of the
trachea, at the thoracic inlet on the left =ide of the
trachea and st the thoraciec part dorsal to the trachea.
The length, the diameter and the thickness of the
esophageal wall incresse with the increasing age. The
length of the esophagus in the adult camel 13 about

175 em, the diameter about 21 mm in the adult camel.

The esophagus of the camel cen be divided into a pharyngo=

egophageal junction, a cervical =znd & thoracic parte.

www.manaraa.com



- 149 =

4n abdominal part is absent.
The cervical pert is nearly egqual two times the thoracic

Part in its length, but at the same time, the thoracic

part has a thick wall and narrow diameter con the contrast

to the cervical part.

The Lamina epithelialis is composed of a stratified
squamous epithelium, the number of cells of which
incre¢ases with age of the fotuses. Keratinization occseurs
after birth and in connection to this alsc the intgre
papillary peg-formation.

A Lamina muscularis mucosze is absent from the whole
length of ths egsophagus of the camel~Tfetuses up o a
CRL of 64 cm, It only appears in ths caudal part of the
esophagues, just infront of the esophageal higtusg,

The esophagesal &lands are present in all the parta of
the esophagus and equally distributed around the
¢s8ophagesl lumen. First epithelial sprouts Project from
the Lamina epithelialis into the Lemina propria mucosae/
submucosa (CRL 25 om). Later on, first the excretory
ducts become canalized (CRL 41 ¢m) and finally the solid
glandular epithelial sprouts (CRL 64 em). The escphageal
glands are predominantly of muccus character.

The Tunica muscularis consists of longitudinally and

circularly arranged smooth muscle cells in the early
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stages of develgpment, which change into striated
musculature in the late stage of development, They are
apirelly arranged.

The Tunica adventitia consists of loose connective
tissue at the pharyngo-ssophageal Junction and in the
cervical part. At the thoramcic portion it ism surrounded

by mediastinal pleurs,
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8. Coneluseion

The eosophagus nt iia begening lies over the lozynx, dn
middle third of th34F99k"QE£EEEEEEEE} to the trachan
and In the candel third left to the trenchea.
Esophngeal glande are present in the whole length of
the edophogus,

?he Lamina muscularis_mucoaes 1g ebment Trom phe whole
length of the eaophagus, exeept the onudal roarty jusd

oronial from the esophngeal hintue.
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