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Numerous authors have been concerned with the development of the
oesophagus. The most detailed study has been published by Schridde [7],
who examined in a large human material the development of the epithelial
layer but paid no attention to the other elements of the oesophagus. Mention
should be made also of the papers by Kullmann [4], M&ller [5], Stieve [9],
Ivey and Edgar [3], who, although studying the problem in detail, examined
one or another single layer of the oesophagus and ignored the interrelation
between them, devoting no attention to the effect of function on morphological
development.

We have undertaken to study the development of all tissue elements of
the oesophagus from the earliest stage, the correlations and interrelations be-
tween them, with special reference to the effects of the environment and func-
tion on the formation of the morphological pattern of this organ. We studied
the oesophagus during its embryonic evolution and in the second part of our
study, we examined the effect of deglutition on the further course of histogene-
sis.

Materials and method

First, chick embryos were studied from 75-hour stage till hatching. Each stage of
evolution was examined daily by serial sections, of the results only those for the important
stages will be mentioned concerning the part of the oesophagus above the crop. The finding
concerning the part below the crop will not be discussed, because this section could not be
influenced experimentally after hatching.

In the second series of experiments one-day old chicks were studied in three groups.
Group one was fed on dry corn meal, group two on semisolid food, while the chicks of group
three were operated on prior to feeding. The crop was incised, sutured to the skin and through
the opening thus created a fine rubber tube was inserted. Through this tube the chicks were fed
with raw eggs or with a mixture of raw eggs and powdered milk, first at two-hour intervals,
then five times daily and later three times daily, increasing the dose with the advance of time.

The histologic findings of the oesophagus in the three groups were compared until the
chicks had reached the age of two weeks. Considering that the most marked differences in
structure were found between the chicks fed on solid food and those fed through the tube, these
will be discussed in the first place.
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Results

In the four-day chick embryo the epithelium of the oesophagus consists
of cylindrical cells distributed in 4 to 5 layers. The basal membrane is clearly
visible and outside it mesenchymal cells can be found in loose distribution.
At sites, a cuticula-like cell boundary is visible on the luminar surface of the
epithelial cells. In this stage we also find segments in which the mesenchymal
cells under the basal membrane are massed at a distance of about 60 to 80 mi-
crons and form the anlage of the tunica muscularis (Fig. 1), that develops later.
Ciliated epithelium is found mostly in the lower segments.

At the age of seven days the lumen of the oesophagus is still round or
oval, lined in the lower portions of the superior segment with high cylindrical
epithelium, covered at sites by islets of ciliated cells. In the upper segment the
epithelial cells are cuboid in shape and at sites they create compartments in
the lumen. The subepithelial mesenchymal cells that form a network represent
the anlage of the submucosa. Peripherally, the continuous layer of the myo-
blasts with their elongated cytoplasm clearly signify the site of the circular
layer of the tunica muscularis (Fig. 2).

In the ten days old chick embryo a significant change is observed. The
circular muscle layer is much more differentiated and the muscle fibres appear
to be functioning, as shown by the star-like shape of the lumen and by the
changes in the epithelial layer. The latter is namely found to have more strata
and is higher between the longitudinal folds than on the crest of the folds.
This pattern becomes increasedly conspicuous on the 12th day (Fig. 3). It is
at this time that the longitudinal myoblast layer begins to develop in the area
corresponding to the muscularis mucosae, as well as outside the circular muscle
layer. In the lumen of the oesophagus an acidophilic substance (suggested
by many authors to be swallowed yolk) is found.

By the 16th day all the layers of the oesophagus have developed and it
is at that time that the buds of glands begin to appear in larger numbers.

In the 19-day embryo we already see the typical, multi-layered, non-
cornifying squamous epithelium (Fig. 4).

The observations made thus far indicate that the onset of deglutition
(which is thought to begin on the 10th day) has a profound formative effect
on the further development ofthe oesophagus. Only minor changes occur before
the 9th day. Of all the changes taking place in every layer of the oesophageal
wall it is the appearance of the circular layer of the tunica muscularis and the
resultant star-shape of the lumen that are believed to be the most significant.
That it is an active muscle function that is responsible for this pattern is indi-
cated also by the circumstance that the thickness of the epithelial layer differs
between the folds on their crest. At the same time there appears swallowed
mucus in the lumen of the oesophagus. After deglutition has begun, the differ-
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Fig. 1. Microscopic appearance of the oesophagus from a 4-day old chick embryo. Haema-
toxylin-eosin. Medium power view

Fig. 2. Microscopic appearance of the oesophagus from a 7-day old chick embryo. Haema-
toxylin-cosin. Medium power view
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Fig. 3. Low power view of the lower third of the oesophagus from a 12-day old chick embryo.
Haematoxylin-ecsin

Fig. 4. Medium power view of the oesophagus from a 19-day chick embryo. Haematoxylin-
eosin
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entiation of the epithelium into squamous epithelium begins at first on the
crest of the folds, these being most exposed to mechanical effects during deglu-
tition. It is known from the literature that animals different in mode of life
differ greatly in the epithelial structure of the oesophagus, depending on the
kind and physical properties of their food (W. Ms11er, 1932; Goetsch, 1910).
These and other data in the literature, showing how great a formative action
is exerted by mechanical effects and function, have induced us to influence
experimentally the post-partum histogenesis of the oesophageal wall.

The results obtained for the operated and tube fed two weeks old chicken
and those for the chicks fed on dry, solid food may be outlined as follows.

The oesophageal lumen in the tube-fed chicks is star-shaped, but consid-
erably more distended than in the chicks fed on dry food. The epithelium
consists of loosely grouped cells, arranged in about 6 to 15 strata. The cells
are swollen, spindle-shaped, and those in the uppermost stratum are as high
as those in the lowermost stratum. In the tunica propria simple glandular cells
and chambers lined with flat cylindrical cells are visible (Fig. 5 and Fig. 7).

The lumen of the oseophagus in the chicks fed on dry, solid food for the
same period almost disappears as a result of the strong musculature and the
marked increase in the cellular strata of the epithelial tissue. The epithelial
cells are densely packed, the cells are definitely flattened and as compared with
the 6 to 15 strata, here we find as many as 25 to 30. The other great difference
is in the glandular structure. The structure of the glands occupying the tunica
propria as a whole is complex. The glandular surface is increased because the
acini in the process of functional enlargement extend far into the connective
tissue of the tunica propria, so that at sites one has the impression as if the
papillae of connective tissue were embracing the gland as a whole. The glandu-
lar cells are high, filled with granules of secretion and the structure as a whole
is indicative of intense activity. As opposed to the other group, here the sub-
mucosa is hardly visible, the enlarged glands extend to the circular layer of
the tunica muscularis and occupy almost completely the submucosa (Fig. 6
and Fig. 8).

Summing up, in the tube-fed chicks, when the oesophagus had to for-
ward only the excretion of the salivary glands, the structure of the epithelium
was much looser, the epithelial cells less flat and the number of strata
hut one third of that found in the chicken fed on dry, solid food. In the latter
the structure of the epithelium was also more dense, and the cells were much
flatter. A great difference was found also in glandular structure. In the tube-fed
chicken there were much less glands and glandular activity was less intense
than in the chicken fed on dry, solid food, in which the oesophageal glands were
well developed, occupied almost the entire tunica propria, had a complex
structure and exhibited the signs of increased activity.

s Acta Morphologica XI1/2.
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Fig. 5. Magnifying glass view of the lower third of the oesophagus from a tube-fed, 14-day
old chicken. Haematoxylin-eosin

Fig. 6. Magnifying glass view of the oesophagus (lower third) from a 14-day old chicken fed
on solid food. Haematoxvlin-eosin
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Fig. 7. Same as Fig. 5, high power view

Fig. 8. Same as Fig. 6, high power view
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Summary

The histogenesis of the oesophagus was examined in chicks from the third day of hatch-
ing till the onset of spontaneous feeding. The effect of the onset of function on the morphology
of the developed oesophagus was also investigated. The chicken were fed on foods different in
physical properties and one group was fed through a crop tube. It was found that on the ninth
day, when the circular musculature has developed and presumably deglutition has begun, the
structure of the oesophagus suddenly changed, with conspicuous changes in the epithelium.

The second change takes place when spontaneous feeding begins. Subsequently the phy-
sical properties of the food are influencing the morphology of the oesophagus. In the tube-fed
chicken there are only 6- to 15 strata of epithelial cells, the cells are round, the glands under-
developed, the muscles weak. As opposed to this, chicken fed on grain have 25 to 30 strata of
epithelial cells, the cells are flat, the glands are about four times as large as in the former case
and the muscles are strong.
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CTPYKTYPHOE PA3BUTUE MUWEBOJA B HOPMAJIbHbIX W SKCMNEPUMEH-
TANbHbIX YCJ/TOBNAX

A BAPYA 1 J1. MOXAUN

ABTOpPbI CC/E0BAIN Pa3BUTME MULLEBOAA Y UbINAAT, HAUMHAS OT TPEXAHEBHON WHKY-
6auum [0 Ha4yasa caMoCTOSITENIbHOIO MUTAHKS, a TakXXe To, Kakoe AelCTBUE OKasblBaeT Hauu-
HalOLLLAsACA (PYHKLMSI Ha y)Xe 0(hopMAsBLUMIACA NuLLeBod. VccneaoBannck M3MeHeHusl, KoTopble
BbI3bIBAIOTCS KOPM/IEHMEM TMULLEN Pa3/IMUHBLIX (U3MUECKMX CBOWCTB, U WU3MEHEHUs, MPOoUCXo-
AAlMe B NULLEBOAE UbIMAAT, KOPMJIEHHbIX UYepes3 306HbIV 30HA, He MoyvalolWwmx HUA ML HU
MUTbA uepe3 POOT. ABTOPbI YCTAHOBW/M, YTO CTPYKTypa MNWLLEBOAA HA AeBATbI AeHb Mcche-
[l0BaHWs — KOrfja Pa3sBMBAETCs Kpyrosas MYCKYNsTypa, W, NPearnofiodkUTeNbHO, HacTynawoT
TakKXe [rnoTaTe/lbHble [BUXXEHUsSl, MpeTeprneBaeT BHe3anHoe W3MeHeHWe, KOTOpOe MNpex/ae
BCEro BbISIB/AETCA Ha 3MUTeNnu.

Hauyano caMoCTOSITe/IbHOr0 NUTaHWA Bbi3bIBAET BTOPOE GO/bLLUOE WM3MEHEHWe, KOTOpoe
(hopmupyeM CTPYKTYpy MuLLEBoAa B COOTBETCTBUM C (DU3MUECKMMM CBOCTBaMM Kopma. Inu-
TeNUiA KOPM/EHHbIX Yepe3 306HbIV 30HA UbINAST MMEET TOMLMHY TONbKO 6—15 KNETOUHbIX
pAnoB, aNUTeNMa/IbHblE KNEeTKM 6onee KpyrnosaTble, >Kenesbl HeAopasBuUTble, MYCKynaTypa
cnabasl. B NpoTWBOMOMOXHOCTL 3TOMY SNUTENUIA NULLEBOAA LbINIAT, KOPM/EHHbIX 3ePHOBbLIM
KOPMOM, COCTOUT M3 25—30 K/eTOUHbIX PS/AOB, AMUTE/IMabHbIE KNETKW CI/IOWLEHHbIE, YKenesbl
Mo CpaBHEHWIO C BbllLEyKa3aHHOM rpynmnoii pasBMBanvCh A0 4 KpaTHOro pasMepa, a MyCKYy/si-
Typa yKpenunach.
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DIE GEWEBSENTWICKLUNG DER SPEISEROHRE UNTER NORMALEN UND
EXPERIMENTELL BEDINGUNGEN

A BARCSA und L. MOHACSI

Die Entwicklung der Speiserdhre ferner die Frage, welche Wirkung die beginnende Funk
tion auf die in Entwicklung befindliche Speiserdhre austibt wurde an Hihnerembryonen, von
dreitatiger Inkubationen bis zum Beginn der selbststdndigen Erndhrung untersucht. Unter-
sucht wurde gleichfalls, welche Verédnderungen mit Futterarten von verschiedenen physischen
Eigenschaften herforgerufen werden und wie sich die Speiseréhre von ausschlieBlich durch
Kropfsonde erndhrten Hihner gestaltet.

Es wurde festgestellt, daB, da in der Struktur der Speiser6hre am neunten Tag, als
sich die zirkuldre Muskulatur bereits entwickelt hat, und auch die Schluckbewegungen aller
W ahrscheinlichkeit nach begonnen haben, eine plétzliche Verdanderung eintritt. Diese Ande-
rung ist vornehmlich am Epithel augenfallig.

Der Beginn der selbststandigen Erndhrung bedingt die zweite grofRe Veranderung, die die
Struktur der Speiserdhre, in Abhangigkeit von den physischen Eigenschaften des Futters, gestal-
tet. Das Epithel der mit Sonden erndhrten Huhner besteht aus 0—15 Zellenschichten, die Epi-
thelzellen sind eher rundlich, die Drusen unentwickelt, die Muskulatur schwach. Hingegen besteht
das Epithel der Speiserohre von Huhnern, die mit Hartfutter geflttert werden, aus 25—30
Zellenschichten, die Epithelzellen sind abgeflacht, die Drisen erreichen im Vergleich zu der
vorigen Gruppe eine vierfache GroBe, und die Muskulatur ist kraftiger.

Dr. Andréds Barcsa

) | Debrecen, 12, Anatémiai Int. Hungary
Dr. La&szl6 Mohacsi
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