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1., Introductio)

Our snatomical and histological studies on the esophagus of
the Egyptian Water buffalo are aimed at several goals.
Firstly, due to the absence of data on the embryology,
histology and anatomy of the esophagus of the Egyptian Water
buffalo in the literature. This thesis intends to furnish us
with facts on the histogenesis and morphogenesis of the
esophagus in the late prenatal as also in the early and late
postnatal stages. These facts will enable us to teach the
embryological and anatomical relations of the buffaloe's
esophagus to the under- and postgraduates directly and in-
dependently of the data of the ox.

In histology, special attention is paid to the changes of the
stratified squamous epithelium during the ontogeny, tc the
appearance of the Lamina musculeris mucosae and to the
Tunica muscularis.

In anatomy we focused our interests on applied aspects. For
example, very few is reported in the aveilable literature on
the length and diameter of the individual parts of the eso-
phagus in the buffalo. But these data may be some value for
the clinicians, especially in the internal medicine and
surgery, in introducing a stomach tube or probang.

On the other hand, there are the relations between the deep
cervical fascia, especislly the prevertebral and pretracheal
laminae, and the esophagus, which are of great anatomical
and surgical interest. We tried to clarify in the different
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developmental stages of the Egyptian Water buffalo the exten-
sion of the connective tissue, surrounding the esophagus from
the retropharyngeal space to the dorsal mediastinum, thus
judging the conditions for spreading of septic processes from
an injured esophagus or hematomas of an injured common carotid
artery or internal jugular vein. A futther contribution will
be rendered to the applied anatomy of the carotid vagine
(Vagina carotiea) in the Egyptian Water buffalo.
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2. Review of literature

Concerning the position of the Egyptian Water buffalo in the
Natural system, COCKRILL (1974) stated that the Egyptian Water
buffalo is one breed under the group of the African buffalo
(Bos bubalus). It belongs to the tribe Bovini and the family
Bovidae, suborder Ruminants and to the order Artio&actyla.

The Egyptian Water buffalo has two vaguely differentiated
local types, the Beheiri of the Nile delta and tﬁe Saidi of
Upper Egypt. Both vary in colour, size and production in accor-
dance with differences in the management and environment,
Firstly, the references on the esophegus in the buffalo fetus
shall be consideped. BERG, TAHER and MOUSTAFA (1969) compaped
the relation between body weight and esophazus weight in
buffalo fetuses. They observed that the egophagus of the
buffalo developed more rapidly than that of the camel. Its
average relative weight was higher in the camel (0,31%) then
in the buffalo (0,19%). The aﬁthors assumed that thie was
fulfilled by the earlier starting poiﬁt of development ¢f the
esophagus in the camel, 1 o oi esophagus tissue was found at
8 body weight of 208,90 gm in the camel and 446,7 gn in the
buffalo. In their studies on the prenatal growth of some
organs in the Egyptian Water buffalo TAHER, MOUSTAFA and BERG
(1969) found the development of the esophagus of the buffalo
following the formula: log y = 0,83 log x ~ 2,1, where log y
= egxpected e;ophasus weight, log * = Dbody weight. Standard
error of estimate Syx = ¥ 0,3,

SENGAR end SINGH (1969) performed quantitative and qualitative
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studies on the esaophagus of the prenatal and pepstnatal Indian
buffalo. They observed that the esophagus remajined an insig-
nificent organ up to the second month of intrauterine life,
With the streightening of the fetal posture at about the
middle of the second month, it gained in length and assumed

e well defined form with the elongation of the neck by about
the end of the third month of fetal life. It was fuprther seen
that while its absolute length increased in almost geometrical
progression during the first ﬁalf of the intrauterine life,
its proportion to the total gut length showed a declining trend
in the beginning and then got almost conetant to account foy
about 4% of the total gut length, After birth it declined
further to about 2,5%.

As fay as the tissue weights were concerned it made asbout 3 =-
3,5% of the total gut tissue or 0,27% - 0,12% (2°¢ - 10%*R
month) which is in good accordance with the data given by BERG,
TAHER and MOUSTAFA (1969) (=0,19%),

Histologically the growing esophagus showed interesting changes
both in its museculature and mucosa. During the early fetal
stages (50 days), the esophageal walls have had a well defined
muscularis and mucosa. The mucosa, which was almost smooth and
without folds, had a well defined epithelium resting on a
bagement membrane and was covere§ with a single layer of
squamous éells, There existed no distinction between the
Lamina propria and the submucosa as the Laming muscularis
wmycosae was not developed to thig stage. Both proprie and
submucosa largely had é, celluler nature with well defined
nuclei, the connective tissue fibres heving had not yet deve-

loped, With progress of time¢, both, muscle and the mucosa
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elaborated. More squamous cell layers were added to the
mucosal lining and the muscle layers also grew in thickness
so much, so that by about the middle of gestation, the fetal
esophagus developed almost all these features true of an adult,
except that the squamous cells did not get keratinized. The
blending propria and the submucosa got differentjated with
the development of the Lamina muscularis mucosae and the two
started changing their cellular nature to that of the fibrous
type. By aboﬁt the full term fetus the keratinization set in
the top squamous cells of the epithelium, A} birth it got
fully cornified to resemble that of adult in almost all
respects.

SENGAR end SINGH (1970) investigated the esophagus of adult
female Indian buffaloes and described its position as running
dorsally to the trachea in the neck and in between trachea
end dorsal aorta in the thorax to the diaphragm. Its length
was found variabdble in different animals depending upon their
body length in general and thaet of the neck in particular.
The absolute length of the esophagus was found as 98,72

+ 0,92 cm.

Histologically, the esophageal walls of the Indian water
buffalo had the usual four layers, the outermost adventitia,
next muscularis, middle submucosga and the innermost mucosa.
The adyentitia consisted of a thin layer of fibrous connective
tissue. It got changed to serose with the incorporation of
the viscersl perjtoneum on its sbdominal part after its
emergence at the Hiatug esophageus, The muscylapis which
contributed maximum to the esophegesl wall consisted of ¥two

layers, the inner circular snd the outer longitudinal one.
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The dispositional pattern of the two muscle layers in relation

to each other were subjected to great variation. The muscle
fibres of both were striated throughout its length and did

not change to smooth. A4 well developed intermgscular nerve

plexus reported to lie in between these layers in some sections.

The submucoga consisted of loose connective tissue which had
considerable amount of elagticity permitting the organ to
stretch out at the time of swallowing and regurgitation of
bolus. It contained a large number of lymphatics, blood
vessels and nerves. Deep esophageal glands could not be identi-
fied.

The epithelium of the mucoué membrane was thick and of strati-
fied squamous type with a cornified border. It was deeply
indented by the papilla bf the subjacent Lamina propria
mucosae, which consisted of a narrow band of loose connective
tissue and did not contain either the esophageal cardiac
glands or the superficlal esophageal glands. The Lamina
muscularis mucosae consisted of one or two layers of smooth
muscle bundles disposed longitudinelly. It was almost insig-
nificanf in the cranisl region and got quite prominent in the
caudal portion of the esophagus.

In a later publication SENGAR and SINGH (1971) reiterated
partially the description of the above mentioned quantitative
dates. They observed that the esophagus made 18,4% of the tota’
gut length during the second month of intrauterine life, had

e retarded growth (as percentage of total gut length)
althrough to about 4% at birth and further down to only

2+45% of the adult age.
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The esophageal tissues weighed 3,55% during the third month of
fetus, showed some increased growth during the middle of
gestation, returned back to 3,66% at birth apd then maintained
almost on this level, :

RAGHAVAN (1964) reported on the esophagus of the adult Indian
water buffalo. According to this the egophagus was about 0,75
- 1 m in length, which we conmsider as in accordance with the
datas of SENGAR and SINGH (1970)(espphegus = 0,98 m). The
diameter wes found as to be 50 mm. No hints were found what
distance of the total esophageal length was shared by the
cervical, thoracic or abdominal part of the egsophagus.
RAGHAVAN (1964) indicated only that the cervical part began

at the pharynx in the median line behind the Aditus ad
esophagem above the rostral border of the cricoid cartilage,
and passed backwards and downwards on the dorsal surface of
the trachea, till about the level of the third or fourth
cervical vertebra. At this level, it crossed the trachea
obliquely, placing itself along the left side to the thoracic
inlet. The thoracic part began at the level of the first ridb
and continued its course till it reached the level of the 2nd
or 3%¢ thoracic vertébra, where 1t again c¢rossed the left face
of the traches obliquely upwarde to gain its dorsal surface.
It continued this dorsal relation of the trachea to its
bifurcation. As it passed through the middle mediastinum,

it was pushed %o the right of the gortic arch and lying to the
right of the median line, It then passed upwards and backwards
in the cauda) mediastinum, inclined graduélly on¢e again to
the left and entered the Hiatus esophageus of the diaphragm.
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Pagsing through this opening, it geined the abdominal cavity

end immediately terminated on the dome-like, ruminoreticular

wall et the cardiac orifice. From this elucidates the practical

absence of an abdominal part of the esophagus. This was also
underlined by MULLER-BOTHA (1962) and HABEL (1975)., They
described the abdominal part of the bovine esophagus as absent

because of the close contact of the stomach with the diaphragnm.

Furthermore HABEL (1975) is in accordance with RAGHAVAN (1964)
and SENGAR and SINGH (1970) as describing the length of the
bovine esophagus as being 90 - 105 cm. First time he gave

measurements of the subdivisions of the esophagus, the cerviecal

part as being 42 - 49 cm and the thoracic part as 48 - 56 cm.
But HABEL (1975) warned also of the unreliability of the
measurements of the diameter of the esophagus because of its
dilatability in the living state.

The relations of the esophagus in bovine were described by
WILKENS and ROSENBERGER (1957), RAGHAVAN (1964), KOCH (1370),
DYCE ﬁnd WENSING (1971), BERG (1973, 1974), HABEL (1975) and
KRAHMER, SCHRODER and MICHEL (1976), According to these
authors the bovine esophagus was related at its origin, to
the M., rectus gapitis veniralis major dorsally and cricoid
cartilage ventrally; at the level of its crossing over to the
left face of the trachea, to the M. longus colli dorsally end
the trachea ventrally; at the level of the 374 cervical
vertebra to the left M, longus collli dorsally, the vagosym-
pathetic trumc, common carotid a;tery and internal jugular
iein laterally and the trachea medially; at the level of the

thoracic inlet, to the left, external jugular vein laterally
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and trachea medially; et the level of the cranial and middle
medigstinum to the thoracic duct and sortic arch on the left;
to the M. longus colli, the right large trunk of the right
costoce;vical vein and the N, vagus dexter as also its dorsal
and fentral branghes on the right; at the level of ite course
throughAthe caudal mediastinum to the dorsel and ventral
esophageal continuation of the Nn. vagi on the respective
parts, the right and left lyngs on the corresponding sides

an§ the bronchial and esophageal arteries on itg left,

BERG (1973, 1974) discussed the applied and topographical
anatomy of the dorsally convex head-neck-cuyrvature and of the
ventrally convex neck-thorax-curvature of the bovine's
egophagus,

DYCE and WENSING (1971) mentioned that there was no anatomical
evidence for the existence of a functional sphincter that was
described as existing directly cranial the diaphragm. They
emphasized also the important relations of the cranial and
costocefvical lymph nodes to the escphagus at the level of the
entrance to the chest as also of the caudal mediastinal lymph
nodes in the last partof its course.

TIWAﬁI (1978) gavé a detailed report on the fine structure of
the esophagus of adult Indian Water buffaloes (2 + 5 years).
Accordihg to him the mucosa was folded longitudinally and
11n¢d with parakeratotic stratified squamous epithelium. The
basal epithelium gomprieed cubpjdal o columnar cells with dark
steining nuclei. The Lamine propria and submucosa were of
céarse areolar connective tissue containing arteriples and a
zone rich in caplllaries, Papillary bodies originated from the
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Lemine propria and extended for up to half the thickness of
the e¢pithelium end hed cores containing capillaries. The
Lamina propria was separated from the submucose by a Lamina
mugeyleris mucosae. The texture of the submucosa was coarser
toward the Lamina proprija than toward the Tunica muscularis.
Flastic fibres were comparatively more numerous at the caudal
end than the cranial end of the esophagus.

Acini of the submucosal glands were lined with cuboidal to
columnar cells wifh>diétinct boundaries and flattgned nuclei
at t$he cell bases. The cytoplasm had a reticulated appearance
and was PAS-positive. Acinar ducts were lined with cuboidal
cells, which increased in thickness to stratified squamous
epithelium at the terminal pert of the duct. Reticular fibers
formed a thick network around the acini and their ducts. The
Tunica muscularig consisted of striated fibers of two inner
layers with intercrossing and an outer special layer without
intercrossing.

DELIMANN and BROWN (1976) mentioned glands in the submucosa of
the bovine esophegus at its phar&ngo—esophageal junction. In
cattle occurred mixed acini and demilunes.

WAKURI and MUTO (1972) studied the terminal glandular portions
of the gsophageal glands of cattle electronmicroscopically.
Mucous and serous cells could be recognized, with the mucous
cells being the more numerous, Myoepi%helial cells weie
situated between the basal surfgce of the secretory cells and
the basement'membrane. The cytoplasm of the myoepithelial cells
was packed with filamentous structures, and it was concluded

that these cells were ¢contractile.

www.manaraa.com



-11 -

Descriptions of the blood and nerve supply are found with
RAGHAVAN (1964), BERG (1973, 1974), HABEL (1975) in ox and

EL AYAT (1977) in buffslo. Branches to the esophagus come from
the cranial thyroid, common carotid, bronchoesophageal and
reticular arteries. The veins are branches of the cranial

and middle thyroid veins, the caudal part of the external
jugular vein and cranial vens cava. &n egsophageal vein mey
come from the left azygos vein. The caudal esophageal vein

is a branch of the reticular vein or the left ruminal.

The nerve supply is realized by the N. vagus, N. laryngeus
recurrens and N. sympathicus.

VSHIVTSEVA (1970) who studied the afferent innervation of the
intramural ganglia in the esophagus of adult sheep mentioned
that the intermuscular plexus of the esophagus contained
afferent nerves made up of myelinated fibers. Sensory nerve
endings were found in the connective tissue layers.

From reasons of comparison the studies of YAP and MALLA

(1973) on the esophagus of the Philippine Carabao (Bos bubalis)
shall be mentioned. They found the course, topography, anatomy.
and histology of the Carabaon esophagus similer to that of
cattle, except the total léngth which was found shorter.
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3. Material d methods

The thesis comprises anatomical and histological studies for
which different mabterials were collected and different

methods applied.

Angtomical studies:

For the anatomicel studies 14 fetuses of both gexes, with a
CRL of 39 - 94 cm, 2 male buffalo calves, 20 and 30 deys of
age, and 2 adult buffaloes (8 years, Qs and 3 years, 0 ) were
used.

According to the following formulae of ABDEL RAOUF and EL
NAGGAR (1968) the CRLs can be transformed into days of age:

Y = 28.660 + 4.496 x CRL
for fetuscs with less than 20 cm CRL
and
¥y = T3.544 + 2.256 x CRL

for fetuses measuring more than 20 cm CRL
¥y = age in days

The specimens were collected from the Cairo abbatoir, there
firstly intrathoracically injected with 10% formaline and

put definitely into 10% formeline in the department till to
the time of dissection (about 30 days in case of lateral and
ventral dissection, about 3 months for cross-sections).

To clearify the position, relation and course of the esophagus

lateral and ventral dissections and also cross sections were
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Fig. 1  Diagramatic representation showing the
measurement of the fetal crown - rump - length
(CRL)
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exertod. All measuremsnts have en orientating character, thuse
giving us a first idea on the quantitaefive aspects of the
esophagus, i.e. the results are not statistically treated,
because it would have excesded the intentions of this thesis.
411 measurements were taken from fixed specimens by a
flexible cloth tape. The problems about these are known
(inaccuracy on reason of the integration of the esophageal
muscular system into the fixing environment and of the dilat-
ability in the fresh state). The measurements include the
total length of the esophagus, as slso the length of its
individual parts (cervical, thoracic, and abdominal parts),
furthermore the diameters (taken at the level of the larynx,
at the level of the thoracic inlet, at the base of the heart
and immediately cranial to the Hiatus esophageus).

To obtain the diameter of the esophagus we based our
considerations on the fact that the esophagus is a roughly
circular structure in cross-section. The esophagus was

opened and the total circumference (= 21rr) measured. From

this the diameter (= 2r = 4) was calculated.

For the lateral dissections the following fetuses were used:

1. Buffalo-fetus of CRL 44 cm or 173 days of age

3. " " " % 5] cmor 18 " " "
3. " w w » 5T cmor202 " " ¥
40 M W w o w glemor=211 " % M
5, m  w w ggomor2 " " "
6. . " W " 94 emor286 " " ",
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Fig. 2 Disgramatic gggrqu}baﬂog_ showing the
, different levels of crossrsections through
the neck and thorax ’

I Gross-section i'hrough the neck at the level
of the larynx

II Cross-section through the ngck et the level
of the axis

III Cross-section through the neck at the level
of the fourth cervical vertebra

v Crosgrsection at the level of the thoracic
' inlet '
v Cross-section through the thorsx at the level

of the fifth rib.
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For the ventral dissections the following fetuses were used:
1. Buffalo-fetus of CRL 39 cm or 151 days of age

2. W n " 51 em or 189 " now

3. " " n w53 cmor 193 " L

4. " n w o 57 cmor 202 " n o

5. il " n n 61 cm or ;zli " won

6. " n n w68 cm or 227 " "o,

For the cross-sections (fig. 2) two fetuses were uged:
1. Buffalo-fetus of CRL 53 cm or 193 days of age

2.

n

]

Higtglogicgl»stugggs:

Semples for the higtological studies were taken totally from
7 fetuses, 1 calf and 1 adult buffalo.

The puffalo-fetuses were of the following developmental stages:

1., Buffalo-fetus CRL 9

2.
3.
4.
S5e
6.
Te

The buffalo-calf has had 20 days of age, the adult buffalo

3 years.

1"

1"

"

14
17
25
36
61
%
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62 cm or 213

cm
cm
cm
cm
om
cm

cm

or
or
or
or
oxr
or

or

69 days of age

92
105
130
15%
225
286

"

n

"

"

n

n

"

*
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From all portions of the esophagus samples were taken:

-~ from the ghgr;gggvesoggggGQ; Junction

- " % gervical t

- " " h cio t

They were treated acpqrding to the classical method of
paraffin sections (fixation in 10% formaline for 24 hours,
dehydration in graded series of ethyl alcohole, clearing by
xyleng, embadding in paraffin, cutting into sectiqna of 5 jam
in thickness).

Three stains were applied:
~ hematoxylene and éosin after HARRIS (1900) for
general studies
- VAN GIESON (1889) stein for the differentiation of
collagenous fibers, smooth musculature and glands
- elastic stain after WEIGERT (1898) for the detection
of the elagstic fibers.
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4. Anatomical gtudies on the esophagus of the Egyptien
Yigter buffalo during its ontogeneti¢ development

The esophagus of the buffelo is a mysculo-membranouys tube
which extends from the pharynz to the stomach. During the
ontogenetic develgpient it increases considerably in length,
Thug ite totel length measures sbout 15,6 cm at a buffalo-
fetus of 39 cm CRL and will reach about 96 ¢m at the gdult
buffalo (table 1). The sesme happens with the esophageel
diameter which increases roughly ten times from a buffalo-
fetus of 39 em CRL $ill %o the adult anjmal (3,8 mm snd
30,8 mm over‘the larynx or 3,5 mm and 30,2 mm just cranial
to the Hiatus esophageus)(table 2),

48 1t ié usual we have divided the esophegus for matter of
description into three parts:

1. r orepopha al qt

(gtudied at a cress-section at the level of the
larynx /fig, 3/) ' v

2+ sgxyigel part
(studieé at two cross-sections at the level of
the axis /fig. 4/ and of he 4™ cervical vertebra
/tig. 5/) -
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3. t!;orgcig gg;s

(studied at two cross-sections at the level of
the thoracic inlet /fige 6/ end of the base of the
heart /5% riv/ /fig. 7/)

The abdeominel part is practically found only in the buffalo-

foetuses and considered for some measurements.

1. The pharyngo-esophageal junction (fig. 3)

It is the initial»part of the esophagus and situated over the
larypx- Ag the teble 2 indicates it is in all developmental
stages of the buffalo the widest part. The diemeter is

3,82 mm in‘the buffalo fetus of 39 cm CRL and finally

30,89 um in the adult buffalo. It is steadily increasing
(table 2). May be that the former synonym esophageal vestibule
for pharyngo-esophageal junction ié related also to this
widest diameter of the whole esophagus. The esophagus begins
caudal to the pharynx and degcends at the level of the
atlento-axial joiﬁt gradually from the dorsal surface to the
left side ¢f the trachea, thus forming the dorsal convex
cephalo~cervical curvature whichvis well to consider at the
introduction of the stomach tube,

As figure 3 indicates is the initial part of the esophagus
direétly found over the cricoid cartilage. Both, itrachea and
egophagus, are su?tounded by the pretracheai lamina, a
gpngtituént of th§‘§eep cervical fascia. Dorsslly it ig by e
coa#ectivs tissue filled spaée (spatium retropharyngeum)
separsted from the prevertebral lemina and the longus capitis
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o] -gec ro e £ buffalo~

fetus (CRL = 53 cm) at the level of the larynx

Cranial view - schematic representation

Cutis

Septum dorsale medianum

M. rectus capitis dorsalis major

M. obliquus capitis cranialis with covering apo-
neurosis pf the splenius and brachiocephalicus
M. cleidooccipitalis

M. cutaneus colli

Condylus occipitalis

Atlas

Stylohyoid

M. rectus capitis lateralis

. rectus capitis ventralils

Gl. mandibularis

M. longus capitis

Gl. parotis, containing a glandular vein
Vagina carotica, containing A. carotis communis
and Truncus vagosympathicus

Pharyngeal wall

Vestibulum laryngis

M. sternomastoideus

M. thyreopharyngeus

M. sternomandibularis

Esophagus (caudal of the pharyngo-esophaegal
junction)

M. sternothyreohyoideus (M. sternothyreoideus
and sternohyoideus)

Medulla spinalis
Fascia cervicalis profunda (superficial lamina)
Fascia cervicalis profunda (deep lamina)

Fascia cervicalis superficislis (superficial lamina)

Fascls cervicalis superficialis (deep lamina)
Pascia parotidea

Spatium retropharyngeum

Thymus

Cartilago thyreoidea
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musgcle. Both parts of the deep cervical fascia, the preverte-
bral and pretracheal laminge, are sharing in the formation
of its third constituent, the carotic yagina, situated
laterally from the esophagus and the retropharyngeal space,
containing important structures like the A.:carotis communisg
and the Truncus vagosympathicus, Ventrolaterally from the
eaophagus the two cervical 10565 of the thyius are found
(the buffalo is a typical representative of the cervical
type of the thymus), Laterally from these structures the
nternomaatbid mugcle is found and latersgl from this.the
mendibular and parotid glands, separated by the parotid
fagciea, Ventr#lly to the esophagus the laryngeal vestibule,
ericoid cartilage, the thyreopharyngeal, the sternothyreo=-
hyoid, the sternomastoid and sternomandibular muscles are
following. ’

The oﬁter layers are formed by the relatively strong
cutaneus colli muscle, invested by the superficial cervical

fascia, and by the relatively thick skin,

2. The cervical part (Pars cervicalis esophagi)(fig. 4 and 5)

The cepvical part continues the pharyngo—esophqgegl junction
caudally and extends between a transverse plane along the
caudgl bordér of the rami of the mandible cranially and a

- euch one through the prescgpular sulcus caudally. It is
situated in the :egion of the neck, cervix or collum.

Vie found it in all our quantitative studies fhe longest part
of the esophagus, comprising 49,36% of the total length in.
buffalo-fetuses of a CRL 39 cm and 51.32% in those of CRL
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Craﬁial view = schemetic representation

Cutis

M. rhomboideus cervicis

M. éemispinalis capitis
Funiculus nuchee

M. rectus capitis dorsalis major
M. obliquue capitis Gaudalis
Medulla spinalis

M. longissimus atlantis

M. splenius cervicis

M. intertrensversarius ventralis
M. intertransversarius dorsalis
M. longissimus capitie

M. longus colli

M. longus capitis

M, omohyoideus

M. cleidomastoideus

M. sternomandibularis

M, sternomastoideus

M. sternothyreoideus

M. sternohyoideus

M. cutaneus colli

Aponeurcses of the M. splenius cervicis and

M. cleidooccipitalis

Fascia gcervicalis superf}c;ali; (superficial lamina)
Fagcia cervicalis superficialis (deep lamina)

Lamina prevertebralis

Vagina carotica with content (A. carotis communis,
V. jugularis interna, Truncus vagosympathicus)

Spatium retropharyngeum
‘Egophagus

Tracheea with Lamine tretrachealis
Thymus, Lobus cervicalis ’
V. jugularis externs

N. laryngeus recurrens
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94 cm (full term fetus). It veries only very few. Practically
it forms the ﬁalf of the esophagus, the second half is made
up ofithe thoracic and abdominal parts together (table 1).
Absolutely the length of the cervical part iﬁ.developing from
747 em in dbuffglo~fetuses of CRL 39 cm till 19,5 cm in
buffalgqfetuses of CRL 94 cm.

In its diemeter iy the cervical part narrower than the
pharyngo-esophageal junction (table 2). This could be
observed thoroughly (3,18 mm in buffalo-fetuses of GRL 39 om
and 7,32 mn in buffglo-fetuses of CRL 94 ¢m /full term fetus/).
At the level of the thoracic inlet it forms the dorsally
concaﬁe cervico~thorgcic curvature which represents the
narrowest passage of the whole esophagus which is of
paramount clinical sigpificance,

At the level of the atlanto-axial joint the esophagus
descends gradually from the dorsal surfgce to the left side
of the trachea, forming the dorsally convexr cephalo~cervical
curvature: At the level of the 4%R cervical vertebra this
shift of position is finighed end the cervical part is now
found completely at the left side of the trachea. It
continugs itg course in this position till to the level of
the 7B cervical vertebra.

The relations of the cervical part of the esophagus are
illustrated in the figures 4 and 5.

Dorsally 1% is related to the retropharyngeal space, which
continues s$ill caudally, and to the prevertebral lamina
ﬁith the longus colli muscle. At the level of the axis the
laft carotic vagina is impoging between the esophagus snd the
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Qross-sectiqn tg;ougb the neck of a buffalo-
th

fe at the vel of th . cervic vertebra

. o (CRL = 53 cm ‘
Cranial view <« schematic¢ representation

Cutis

M. trapezius, Pars cervicalis

M. rhomboideus cervicis

M. splenius cervicis

M. semispinalis cervicis
Funiculus nuchae

Lamine nuchae

M. multifidus cervicis

M. intertransverserius dorsalis
M. serratus ventralis cervicis
M. intertrsnsversarius ventralis
Mm, longissimi capitis et atlantis
Medulle spinalis

M, cleidomastoideus

M. omotransversarius

M. omohyoideus )

M. longus capitis

M. longus colli

M. sternomandibularis

M. sternomastoideus

Mm. sternchyoideus and sternothyrecideus
M, cutaneus colli

Fascia cervicalis superficialis (superficial lamina)

Pageia cervicalis superficialis (deep lamina)
Lemina prevertebralis
Lgmina pretrachealis

Vagina carotica and its content (A. carotis communis,
V. jugularis interna, Truncus vagosympasthicus)

Trachea

Esophagus

Thymus, Lobus cexvicalis
V. juguleris externa
N. laryngeus rscurrens
Spatium retropharyngeum
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Cross-section through the neck of a buffalo-

fetus (ORL = 53 em) at the level of the
thggégio inlet

Orenial view -~ schematic pepresentation

Cutis

M. rhomboidesus cervicis

M. splenius cervicis

M. semispinalis cervicis
Funiculus nuchae )

Laming nuchae

M. longissimus cervicis

M. multifidus cervicis

M. iliocostalis cervicis

Mm. longissimi capitis et atlantis
M. intertransversarius dorsalis
M. intertrengversarius ventralis
Medulla spinalis

M. omotransversarius

M. supraspinatus .

M. serratus ventralis cervicis
M, scalenus dorsalis

M. scalenus intermedius

M. scalenus ventralis

Ms longus colli

M. cutaneus colli

M. cleidobrachialis

M. pectoralis profundus (M, pectoralis ascendens)

M. biceps brachii

M, pectoralis transversus

M. gternomendibularis

M, sternomastoideus

M, sternothyreoideus and M. sternohyoideus
Caput humeri :

Tuberculum supraglenoidale

1% n4p

Fascia cervicalis superficialis (superficial lamina)
Fagecia cervicalis superficialis (deep lamina)

Lamina prevertebralis
Lamine pretrachealis
Trachea

Esophagus

Thymus, Lobus intermedius
N. laryngeus recurrens
Trungue bicaroticus

V. cava cranialis

A. vertebralis

Spatium retropheryngeun
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retropharyngeal space, which is filled by loose connective
tissue.

L#terally end at the level of the exis firstly the carotic
vaging is bordering the espphagus gn bcth.sidas. It contains
the common carotic artery, the vagosympathetic trunk and the
internal jugular vein and is formed by the prevertébral
lamina and the pretracheal lamina, The latter one is also
invésting the traches and esophagus.

At the level of the 4th cervical vertebra the relations have
changed insofar as the esophagus has shifted completely to
the-le:t side of the trachea, thus imposing the 1att§r one
between the esophagus and the right carotic vegina. Laterally
to the carotic vagine are following muscles. These are the
Mm. cleidomastoideus, omotransveréarius and omohyoideus
(fig. 4 and 5) and finally the relatively strong M. cutaneus
colli, invested by the sﬁperficial lamina of the Fascie
cervicalis superficialis and the skin.

Ventrally the left recurrent nerve and }eft cervigal lobe

of the thymus are rélated to the esopheagus, which are
followed outside by the sternomandibular, sternomastoid,

sternothyreohyaid, cutaneous colli muscles and the skin.

3. The thoracic part (P thoracica e )(fig, & and 7)

The thoracic part of the esophagus is continueing caudally
the cervical part and extends f?om the thoracic inlet
cranially till to the Hiatué esophageus of the diaphragm
caﬁda}ly. '

1% is absolutely and relatively shorter than the cervical
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Crogs-section thggugh the thorax of a buffalo-

fetus (CRL = 53 cm) at the level of the 58 pip

Cranial) view - schematic representation

Cutis

Funiculus nuchae

M. trapezius, Pars thoracica
Cartilago scapulae

M. rhomboideus thoracis

Mm. spinelis thoracis et semispinalis thoracis
M, longissimus thoracis

M. iliocostalis thoracis

M. multifidus thoracis

Mm. levatores costarum

Leamina nuchae

Medulla spinalis

M. serratus ventralis thoracis
M. latissimus dorsi

Sth rib

Mm. intercostales externi et interni
Cartilago costalis

M. pectoralis transversus

M. transversus thoracis
Lung

Sternum

M. cutaneus trunci

Fasecia trunci superficialis

V. azygos sinistra

Aorta thoracica

Esophagus

Truncus vagalis dorsalis

Truncus vegelis venipalis

Heart

Fascia endothoracica

Pleurs parietalis et Pleura pulmonalis
Ligg., sternopericardiaeca
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part (table 1). It measures about 7,5 cm in the buffalo-fetus
of CRL 39 cm and 17,8 cm in the buffelo-fetus of 94 cm CRL
(full term fetus).

The relative part of the total length of the esophagus is
48,07 % in the buffalo-fetus of 39 om ORL and 46,48 % in
the buffalo-fetus of 94 cm CRL (full term fetus).

The diameter of the thoraciec part_of the esophagus differs
(table 2), At the thorscie inlet it is nerrewest and resembles
the cervical part. At the base of the heert it becomes &
iittle wider and at the level of the Hiatus esophagsus more
wider, roughly reaching the dimensions of the pharyngo-
esophageal junction.

Thus the esophagus of the buffalo offers to us as a caudelly
widening musculo-membranpous tube with dilated ends.

From the thoracic inlet the esophagus is yunning caudally.

It passes ¢orsally the cyranial, middle and caudal mediastinal
spaces. At the bese of the heart (level of the 5°° thoracic
vertebre) the thoracic part of the esophegue forms its third
curvature, which is dorsally convex, The zorta causes at the
level of the bage of the heart a displacement of the esophagus
to the right side of the median plane., Leaving the base of
the heart the esophagus curves ventrally and caudglly to
reach the Hiatus esophageus at the level of the llth thoracic
vertebra,

The relations of the thoragic part of the esophagus were
found to be the following:

At the level of the thoraseig inlet (fig. 6): Dorsal: The
retropharyngeal space, the left longus calli muscle with
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prevertebral fascia. Dorsolateral: Stellate ganglion.
Lateral: Left oostocervicai trank, vertebﬁal artery, thoracic
roots of the brachial plexus. Ventral: Lobus intermedius and
Lobus thoracicus of the thymus, costocervical vein. Ventro-
lateral: The 1eft vagus nerve.

At the ;g gl of the base of the heart (fig. 7): Ventral:
.Trachea and common brachiocéphalic trunk. ventral vagal
trunk, Dorsal: Dorssl vagal trunk, thoracic aorta, left
azygos vein, Leterally: At the beginniﬁg gtill thg left
thoracic leobe of the thymus, then the mediastinal as also the
right palmonsry pleura and right lung.

étvthg ;exg;‘bf the H;gtué ggophageus:

Dorsal: Truncus vagalis dorsalis and ILnn. mediastinaleé
caudales. Ventral: Truncus vagalis ventralis. Lateral: Media-

s8tinal pleura of the caudal mediastinum.

é_ggg;gﬁg_g__g_ A distinct abdominal pert of the esophagus

is found till to the stage of a full-term fetus. Later on,
aiter parturition it can be practically neglected, due to the
rapid ipcreasing development of the rumen.

As abdominel part is that part of the esophagus understood

which extends from the Hiastus esophegeus to the Atrium ruminis.

It is absolutely and relatively short, measuring 0,4 ~ 0,7 om
in buffalo-fetuses of CRL 39 cm and 94 cm and representing
2,57 % « 1,84 % of the total length of the esophagus.in
fetuses o: the same stages.
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5, Histological studies on the esophagus of the Egyptian

Yater duri i ] t“‘ yelopm nt

For matter of conveniepce the esophagus wes divided into the
following three portions

1. pharyn soph: _Junction,
2. gervieal part,
2. orac: art.

The description of the results will be 1&14 doyn in such a
manner, thet firstly qualitative énd quantitafive agpects of
the individual esophageal portions are ¢onsidered for all
stages and after this the entire esophagus with its three

portions for a certain ontogenetic stage.

1 .3 itat ve aspects
Pha ~egophages. ctio;
22&225.55222&

EQQ_BQ_QEiié_llﬁ_iﬁ. The esophageel lumen is jrregular

quadrilateral or stellate in outline (fig., 8 and 9).

In buffalo fetuses of CRL 9 » 67 cm Vhe Lavina epithelislis
consists of & 3gpgggigg§;_;gxg; end = deep layen (fig. 8-11),
The super#icial layer varige in thickness due to the in-
creasing number of cell layers with 1ncrea$ing age (CRL 9 cm
= 4 1ayers, CRL 25 cm = 7 + 8 cell layers, CRL 36 cm =9 -

10 cell leyers). The cells are polyhedral in shape, relatively
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Pig. 8 -section through the phar 0= €S h al

junction of a buffalomfetus (CRL = 9 cm)

H&E stain, Obj.: 5; Ocular 10

3 Lumen of the esophagus

2 Lamins epithelialis, superficial layer

2! Lamina epitheiialis, déep layer ’

3 Lemina propria mucosae / Tela submucosa

3! Glandulae éeophageae in the Lamina propria mucosae /
Tela submucosae :

4 Timica muscularis
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large, have a faint cytoplasm and @ relatively large ovoid

to spherical nucleus,. which may be pl;céd centrally or at the
luminal poiq of the cell, Some top 1a§9r cells are binucleated.
Cell borders ave distinctly visible (fig. 10 and 11).

From CRL 94 em (full term fetus) fhe superfipial cell layers
become moxé solidified and compressed, thus assuning a condi-
tion similarly founé in aduit specimens (fig. 12), The cyto=-
plasm is di§t¢nct eosinophi}ic with H&E,

Generally the stratified s§gamous epithelium of the pharyngo-
eanhasea; Jupction‘in buffalo fetuses is not keratinized,

The keratiﬁizqtion occurs after birth. First symptomes of this
p#écgss are seen in fetuses of CRL 67 cm, A top layer of cells
becomes flettened, and the cytoplasm appears -pinkish with

H&E (fig. 10 and 11), In CRL %4 cmébuffalo-fetuses these
layers are increased to tyo (fig. 12), Correspondingly their
nuclei ave also flattened, ,Améng our studied material firstly
in buffale Qalves of 20 days-of age keratinizetion of the top
cell layer of the éuperficiﬁl layer was observed, The kera=-
tinizafion process was foupd‘tp be extremely elaborated in

3 years old sdult buffaloes. With VAN GIESON the cornified
layer is céntrasted in colour with the Stratum spinosum and
Stratum éranulosum.

The 3323.13222 of the Lamina epithelialis copsists of one row
of dé:ke; stained cuboidal or golumnar cells with s$ill
darker stained spherical to columngr cell nuclei, These cells
are dep;q&pd_ in on_e' smooth line til1l a (_;RL‘o‘f 94 em (fig, 8 -
12), i.e. ti11 birth no symptoms of papillary formation could
be obsepved, This will océu; la?er on, eynchronously.with
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HYE stein, Obj.: 5; Ocular 10

Lumen of the esophagus

Lwina epithelialis, superficial 1ayer
Lamina epithelialig, deep layer

Lamina propria mucosae / Tela submucosa
Lemina propria mucosae / Tela submucose,
its darker zone z'iel} in ¢ells

Lemina propria mucosee / Tele sybmucosa,
its :ughtar zone, poorer in cells
Glandulae esophagea,e in the Lan;ina DWPvi-a
nmqosae / 'l‘ela submucose ;

oL fyl_llsl
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the keratinization (calf). Only a soft and slight undulation
of the basal cell layer line can be stated.

Lam

Both are fopming one common layer because the Lamina muscula-
z___gggg;gg is usually absent in this portion of the
esophagus, This result will also not be changed by the fact

thst every now and then faw smooth muscle cell may occur
between the Lamina propria mucosge and submucosa a8 in the
CRL 9 cm*fetus, in which’ few umqoth muscla pella could be

~observed at the lateral aapects of the pharynngesophageal

Junction, but all the other gpecimens did not show a Lamina
muscularis mucosae. Despite of the gbsence of the latter one
the Lgminq propria mucosae / submucosae can be subdivided
into two zomes in the buffale fetuses. The first one appears
more darker due to its rieh cellular content énd §ggr9gatién
of collageﬁic and elastiQ.fibers (tirst ones in the CRL 25 cm
stage) and ig directed to the Laminq epithelialis apd lumen
(fig. 9); the second one is much more lighter because of the
depletion of connective tissue cells and fibers; it is ,
directed to the Tunjca muscularis (fig, 9). Beuide its rich
cellular content the Lamina propria / mucosa is filled wi th
many blood vessels (vepous plexus)(fig, 11). These are more
numerqus in the zone direg¢ted to the Lamina epithelialis
than in the outer one. Gradually the richness of connective
tissue cells.ie ;‘eplaced' by comnective tiésue fibers in
buffalo specimens of higher ontogepetic deve}opmeqt. Thus

in the 20 days old calf it is much moTe f;braus then in the
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i
Pig. 10 © 35vsect] th: the pha 0-g8 3 ‘
,jgg' ction of a buffalo-fetus (CRL 3 QZ cm) 1

HXE stain, Obj.: 5; Ocular 10
1 Lamina epithelialis, superficial layer ,f
1 Lamine epithelialis, deep layer
1 Lemina epithelialis, flattened top cell layer i
z Lemine propria mucosge / Tela submucosa . j
21 Glandulae esophageae
:
K {
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GHL 94 ew-buf$a10q19$us and in ell other youpger stages.

The Lamiua propria / submucosa of the sdult buffalo ig
oharactqmizod by dense irresular canuec$1v$ tissue, enriched
by many blood vessels, '

The ontqgenetiq development of the Lamina propria / submucoga
is not only featured by the increase of ¢ollagenous and
elastic fivers (f.e. CRL 94 om stage) on account of the
conqective tissue cells, but also by the alabo:ation of the
pap;llary body, which ;q firstly observed by us in post-
partumﬂsp¢¢imens (caif 20 days of age).

The qpqrgpqp*eqophggegl jun¢tion of buffalo contains the

es ageal glands v 2e). In fetuses of CRL
9 cm they are visible as qpherical epitheliel masses in the
Lamina propria i submuoosa (t;s, 8). 4s apithelial sprouts
they projected from the esophageal epithelium into the sur-
rounding masenphyme masq. $olid epithe}ia; strands connecting
the esophageal epithe;ium with ' these glandular epithelial
primordia remember still to this proceas, In these glides

age

the eeophaeeal glands ere rare in number (fig. 8 and 9),
much more were seen in buffalo fetuses of CRL 36 em,
Furthermore it can be stated that at this stage the former
solid atranda are canalized to becqme the excretory ducts
of the eeophageal 3lands. Buy the glandular endvpiecea were
seen still solid, not hollowed,

In buffalo fetuses of CRL 67 enm and 94 cm this canalization

of the excretpry ducts is mope diatinot thap in earlier
steges (fig. 12)- The ¢ell nuelei of the epith§liel glandulay
cells become pushed to the periphery (cellulqr base), thusg
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H&E stain. Obj.: 53 Ocular 10

Lemina epithelialis, superficial layer

Lamina epithelialis, deep layer

Lemine epithelislis, fla¥vtened top cell layer
Lemina propria mucosse / Tela submucoss
Leminag propria mucosae 7 Tela submycosa,
vascular plexus
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gaining a similarity with mucous glands, The glandular end-
Riece- show narrow lumina. surrounded by highly columnar
cella with basally situated nuclei (fig. 10),

The later qntoggnetic development of thp esophaseal glands
is characterizad by multiplicat;on of their Bndrpiﬁces till
they form a relatively compact layer pf mucous glands (calf
20 days of age). Intereating are their topical relations in-
sofar that they are not exclusively found in the Tela submu-
cosa, but also befween bundléq of striated muscle fibers ;
belonging %o the Tunica musoularia.

gng;gg_ggggg;g;;gi It is already early developed, 4 roughly

circularly running layer of striated muscle fibers is found
already in buffalo fetuses of CRL 9 om (r;g. 8). In ORL 14 cm
a spiral arrangqment becomes already eleer, Inside, the musgle
fibers are couraing sometimea circularly, sometimes but
lonaitudinallyy At least two layers are present, separated
by intermuscular connective tissue, whipb $s rich in blood
vesaels. The thickness of the Tynica muscularig is increasins
with advanaipg ege. In the 3 years old edult buffale the
Tunica mgscularis is the thickest part of the entire esopha~
geal wall,iEi;st elastiév?ibers between the muscle bundles
céuld be .seen in the CRL 36 om=fetus,

Lunica adventitia: It is early developed and resembles in its
development in a certain regard to the Lamipa propria / sub- .
mucosa. It is ﬁ,ratly more cellular, later on more fibrous
and richly fitted by blood vessels and nervesT As dense
irresular connective tissue it fixes the 9sophagus in its
Junetion with thp pha;vynx to the qeighbourhopd.

WA
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[¢] Lcal t of ¢ es s

Zunice mycosa
Qggipg_ggi&&gliglagé The cross—sectigp of the cervical part
of the esophagus has the shape of the letter H (fig. 13).
$imilar to the pharyngo—asophageal Junction the epithelium
of the cervical part is first;y thin and increases with in-
creaaing age. Thus the Lamina ePithelialiB- which is princi-
pally composed of a W end a deep Jayer (fig.
15), has 1 = 2 layers of large, polyhedral cells with pale
pinkish cytoplasm and a more or less luminally dispose¢
nucleua, at the stage of 9 cw CRL (fig. 13), The same is
practically to observe in buffalo fetuses at stages of 14 cm
CRL (fig. 14) and 17 em CREL, Unsignificantly, only one layer
has been added to the former ones. A considerable 9hanse is
to state from 25 ¢m CRL, In comparison to the previoys :etal
stages the Lemina epithelialis is now absolutely thicker
3r5 cell layers). This push continugs to the following
stages. In fetuses of 36 cm CRL the superficial layer of the
Lamina epithelialis comprises now 5 - 8 cell layers in thick-
ness. (figy 153, combined with a quslitative change, which is
featured by the occurrence of the first flattened cells in
the top epithelizl layer, The 67 om CRL fetus ah0ws a tre-
mendoys increase of the superfic;al layer which is found to
be 7 apd 40 cell layere, In the 94 cm CRL the superficial
layer is loosing its loosely arranged state of large poly~
hedral cella and ia replaceq by compreqsed, solidified,
stxppgly ‘epsinpophilic oplls es already described in the
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| Fig. 13 :08szsection thy the ¢ ce of &
' phaj ~feotus (CRL = cm)

HYE stein, Obj.: 10; Ocular 5 : 1K

1 H - shaped lumen

2 Lamina epithelialis

3 Lemina proprie mucosae / Tela submucosa
4 Tunica muscularis i

5 Tunica adventitia
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pharyngo-esophageal junction. During the fetal development

no ke\rat‘:in:_i,‘;zatiqn of the strﬁt;.f;ed ;qhgmous epithelium of the
cervical part could.be observed, Tbié oceurs after birth,
Thusg in»the calf of 20 days or‘ ése fhe superficial layer is
keratinized. Of course has th'e c§rnified layer not thé same
atrength like in adult buffaloes, it comprises ‘onl.Y three
cell laynrs of flattened cells w#.th ahriuked. darkly stained,
pyknqtic cell nuclei. The Str&t\m coyneun is cOntraatlpg in
colour to the other, distally followinq layers, which consist
of further 3 - 4 circulerly arranged cell layers, followed
from cells of the Stratum spinosum showj;.ng here a more per-
pendiouiar" deplogment.' The highest degree of kmtiﬁiza‘tioﬁ
is found in the cervicel esophageal part of the adult buffalo.
The 'comi{.fi,'ed layer is made up of 4 layers of'corniﬁed
squamous cellq in which the pyknotic cells are atill visible.
With VAN GIES()N it contrasts w:(.th e more brownish colour from
the Strata srenu;osum and spinoeu.m. The latter ones are
formed pbout 17 cell layers.

The deep layer consists always of one cell layer during the
entire phase of the ontogenetic development (fig. 15). The
¢ells are columnar ones with same shaped nuclei, which
cpﬁtgiq spot~like scattered hgteiochromaﬁne ag also one or
two pqc}.éo}i.' They rest .on a b;.ﬁemept membrane, which is
esp;e;ialiy distinctly ﬁsible after HXE utain,i The basal cell
layer ip a completely smooth lime $ill to the end of the fetal
period. After bix-{a,b;phg pepillary formation is introduced by
waving this line in o vf;de‘,,'qpaa:l-ous manner, This is replaced
by short intervalled projecting papi}la from the Lamina
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Big, 14 Cross-section through the cervical part of the

h of a b ~fetus = 1
H&E stain. Obj.: 10; Ocular 5 : 1K

Esophageal lumen
Lamina epithelialis
Lemina propria mucosae / Tele submucosa
! Broader strip of smooth muscle cells forming later
on the Lamina muscularis mucosae
Tuni¢e muscularis
5 Tunice adventitia

WAL N

£

T i N
- &
I—Jb )u AJ www.maharaa.com




0—53'&

propria in adult buffaloes.

Till the stage of CRL 14 cm the Lamina Propria mucosae is
! blending without any line of demarcation with the submucosa
; (fig, 13 and 14). It has the typical fetal eharacteristios~
| it is rich in qells, especially in the neighbouphood of the
Lemina epitholialis. The °ollagenic and elaatic fibers are
sfill less devqloped‘anq very fine., At the CRL 14 cm fetus

% ,
! Leming propria mucosae:
i

;

]

_the cells become aggregated in a broader line, paralleling

the gqmina epithelialis, This is to a certéin degree then

c¢pdénséq gtvthe Oﬁi 17 cm fetus, and more 41stinct
Qcosnizab1§ as Lamina muscularié mucosae.

It is not so rich in blood vegsels than the pharyngo-
esophageal Junction.

i

On the contrary to the pharyngo-esophaggal junction the
.cervical part of the espbhagus possesses a Lamina musoulgria
mucosae, but this net from the very begipning, but from the
stage of CRL 14 cm, long time after the Tunica muacularis
4 has already been established (fig. 14). Its formation is
going on in different steps, Firstly a broader strip of
smooth musele cells becomaavisible in the Lamina propria
mucosae (CRL 14 cm) (fig, 14), Their oytoplasm ie not
f demcnstratable ‘by H&E and VAN GIESON, thus meking epparent
~ only the nuclei, giving the image of a very eellular Lamina
progria mucospe. Later on this strip becomes narrowed and
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Fig, 15 2;2as:s22ﬁ13a,2E£ﬁasE,3&2.2&:!1221.25;&;22.1&2

AP W N
=

HAE stain, Obj,: 203 Ocular 5 § 1K

Bsophageal lumen

Lemins epithelialis, superficial layer
Lemina epithelielis, deep layer

Lemina epithelialis, flattened top cell layer
Lamina propria mucosae

Lamine muscularis mucosae

Tela subnucosg
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condensed, but the cytoplasm of these cells can still not
be detected (17 cm CRL). The final step is then the
appearance of the cytoplaem or the snooth muscle cells,
facilitatins ‘the aggregation of them to a definite Lamina
muscularis mucosae (CRL = 36 Qm) (fig. 15).

4e mentioned before there is only a Lsmina propria mucosae/
submycosa till to the stage of CRL 14 enm (fig, 13 snd 14),
after this both become separated on the reason of formation
of the Lamina muscylaris mucosse (fig. 15). The submucosa is
more fibroua than the Lamina propria, Collagenous and
elaetie fibers (first eppearance at the 25 om ORL stage)

? are 1atticenshapa-like arranged, cpntaining @ high number
of blood vessels of different caliber.

Esophageal 5lau§q were never found 19 the ¢ervica; part.

e e e S i

funica muscularis:

Thie is already early developed, long before th¢ Lamina
muscularis mucosae is foupd, Wie have already in CRL~ 9cm-fetus§s
observed a two-layered Tunica muscularis, spirally arranged
(fig. 13). It reflects the requirement of a transportation
function in the esophagus already now. In the following
stéges (fig, 14) of the ontpsenetic dévelopment the increase
in th;cknesa, abgolutely and relptively, is clearly to
regognizg, but the complicated spiral courae is meintained,
i.e. aomgt;mes the inner layer is lqngitud4n91, and’ the

outer circular and vice versa. VAN GIESON stain elucidates
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Figo 16
HXE stain, Obj.: 203 Ocular 5 ; 1K
24 Esophageal lumen
2 Lemina epithelialis, superficial layer
2 Leming epithelialis, deep layer

3 Lemina proprie mucosae / Tela submucosa
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up by two lagera of 1arge, pquhedxal cella. relatively
errived of cytoplasm and thus appearing slishtly pink in
colour. The baaal or deep 1ayer contains cplumnar cells
with the same shaped nuclolp deployeg in pne smooth line,
resting on a b#sament membrane , ﬁ;stinctly visible with H&E.
The th;ckn@sq of the Lamina agithelialis is pyoughly the
same at the 3tage of CRL 14 cm and starts then to increase.
Thua at the stage o: CRL 17 em it conaists already of 3
cell layers, at CRL 25 cm of five and at CGRL 67 cm of about
ten. The structure of the polyhedral cell is + lightmicros-
copically seen - unchanged to a stage of 36 cm CRL, After
this the larse polyhedral cells become rearranged. This
rearrangement includes firgtly a more proximc-diatal disten-
aiQn of them and secondly a decrease in size due o the
greater number of cells (CRL 67 cm), In byffalowretuaeq of
CRL 67 cm the cells of the superficial layer of the Lemina
epithelialis are clearly spaller and mpre densely packed.
The top layer cells are now flattened, But no aymptoms of
kexatinization coul& be observed, even not in the full=
termed buffelo-fetus of CRL 94 cm (fig, 18), Here as in the
pharyngo-eepphngeal part and cervical part the superficia}
epithelium is changing to enother quality insofar, as 1
beoomes here rirm. solid and compreseed. The upper two cell
layers contain proximo-distally tlattened nuclei. They
become q:ornified in calyes (ecalf 20 days of age). Striking
is the abaolqte umoothness of the ep;thelial qurfa¢e in the
thoracic part, not known' from the pharynso-esophaseal and
cervicel part. Distinetly elaborated ig the quatinization
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Fig, 17
H&E stain. Ob:}, 10; Ocula,r 5 : lK
r 1 Esophageal lumen
2 Lamina . epithelialis, superficial layer
2! Lamins epithelialis, deep layer
3 Lamina propria mucosse / Tela submucosa
4 Assresatipn of smooth myscle cells becoming

later on the Tunica mugcu}aris mycosae
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Pig. 19 Crogs-section through the thoracic part of the

esophagus of an adult buffalo
ViN GIESON stain. Obj.: 103 Ocular 5 : 1K

Esophageal lumen

Lemina epithelialis
Lamina propria mucosae
Lamina muscularis mucosae
Tela submucosa
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stristed mysele fibers is quite Fpmplicated. Ngexr the
subnucoge the muscle bundles show a more circulsr course,
followed by a very distinct c;rcular course and finished by
a more obligue longitudinal course,

Tunicg adveptitie/serosa:

TheAfinalvlayer of the thoracic esophageal wall forms a
more or less lqgse connsctive tiésue, consisting of numerous
coliagenqus and e;astic fibers embracing several Dblood
veséels and nerves. Externaly this loose ¢omnective tissus,
fo;miﬁg thé mediastinal fitrosa, is covered by oné'laysr of
mesothelium répxesenting the mediagtinal pleura.
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Part II: Quentitative aspects

(fig. 20 - 28)
The orientating measurements reveasled some interesting
facts, which are explsined in the accompanying tables and
figures.
Among all three parts of the esophagus the pharyngo-esopha-
geal junction is permanently the strongest. It takes a very
rapid development and reaches with 7,135 mm the peak in the
adult buffalo. The cervical and thoracic parts change in
their significance. Till to a CRL of 36 cm the former one
follows the pharyngo-esophageal junction in strength of the
wall, from a CRL of 67 ar the thoracic part. The latter one
starts slowly in the development, together with the cervical
part, but later on (from CRL 36 cm) it shifts to the develop=-
mental speed of the pharyngo-esophageal junciion.
The individuel layers of the esophagezl wall let misg the
clear and straight forward development like the total
thickness., But also here interesting trends are to comment.
The quantitative development of the Lamina epithelialis
differs only insignificantly in the individual parts of the
esophagus. In all parts it begins somewhat slow, continues
in this manner till birth and speeds up in postnatal
subjects (fig. 20).
The cervical part has often the thinnest Lemina epithelialis
(CRL 9 cm, 14 cm, 17 cm, 25 cm, 67 cm, calf end adult
buffalo).

The growth of the Lamina propria mucosae/submucosa is
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offering no new aspects; it is steadily increasing in
thickness. Clearer becomee *this trend from CRL 25 cm, when

a distinctly developed Lemina muscularis mucosaze is present.
The thickness of the Lamina propria is greater in the

cervicel part (fig. 21 + 22).

The Lamina muscularis mucosae takes from CRL 25 cm a
relatively speedy development, being always thicker in the
thoracic part (fig. 23).

The growth curve of the Tela submucosa resembles somewhat

to the Lamina proprie mucosae, but with the difference that
this time the thoracic part has the thicker submucosa (fig. 24X
The Tunica muscularis develops reclatively slow from CRL 9 cm
to CAL 36 cm, after this the growth rate increases signifi-
cantly. It is always thickest in the pharyngo-esophageal
junction, mostly weakest in the cervical part. Its share in
the total wall of the esophagus is increasing from 22,77 %

in the CRL 14 cm-stage to 86,51 % in the buffalo-calf (fig. 25).

Similar are the trends at the cervical and thoracic parts.
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