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Using 70 external normal human embryos at developmental stages ranging
from 13 to 23 (5.1 to 29.3 mm in crown-rump length), that is, at five to
eight weeks postconceptional age, the early development of the esophagus
was examined by conventional and histochemical methods. Each material
was sectioned serially, 35 embryos were stained with hematoxylin-eosin and
in another 35 histochemical methods for determining carbohydrates, PAS,
PARS, alcian blue, toluidine blue and colloid iron were used.

In the epithelium, small glycogen particles were seen distributed in the
cytoplasm, and were dominant in the base at stage 13. With stage advance-
ment, glycogen particles increased in number and size and were distributed
equally in the cytoplasm. Glycoprotein was found on the free surface of
the epithelium. In the mesenchyme, glycogen particles were distributed
almost equally and showed no remarkable changes during the embryonic
period. Acid mucopolysaccharides were equally distributed and were diffuse
at stage 13. With stage advancement, these increased in volume, expect
for the muscle layer, in which there was no increase.

Vacuoles were found from stages 19 to 22, but there was no occlusion of
the lumen in these stages. Histochemically, there were no characteristic
findings at these stages. The free glycogen particles found in the vacuoles,
were considered to provide evidence of autolysis of the epithelium.

The esophagus is a simple tube-like structure and plays a lesser role than
other organs of the digestive tract. Numerous authors have been interested
in the development of this organ in human embryos (1—7), particularly the
origin of the superficial glands and changes in the esophageal epithelium
observed histologically using H. E. staining methods. Their interests have
evolved around fetal development.

Schrager (8) found that mucosubstances throughout the gastro-intestinal
tract had protective functions. There are also reports of histochemical studies
on the development of the gastro-intestinal tract in human embryos and
fetuses (9—19).

Recently, Hopwood et al. (20) reported the normal distribution of mucosub-
stances in normal esophageal epithelium of adult humans. McKay et al. (21)
used a histochemical approach to study human embryos of Streeter’s horizon
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13 (stage 13, 5mm in crown-rump length) and observed the functional mecha-
nism in operation in embryos at this stage of development. However, there
are few reports in the literature of histochemical studies of the esophagus in
the human embryos.

We examined the early development of the esophagus, with special reference
to the development of carbohydrates and we used conventional and histo-
chemical methods.

MATERIALS AND METHODS

The materials were seventy externally normal human embryos ranging from
5.1 to 29.3 mm in crown-rump length. The developmental stage ranged
from 13 to 23 which corresponds to 32 to 52 days of the standardized post-
conceptional age (22). Details of the materials are shown in Table 1. The

TABLE 1. Embryos
No. of embryos Crown-rump*** Approximate

Stage R : ~ - - length (mm) postconceptional
Routine* Histochem ** M-S, D. age (days)***

13 3 3 5.1 4 0.15 31.6

14 4 4 6.8 + 0.08 35.3

15 4 4 8.0 + 0.07 36.5

16 4 4 9.2 i 0.08 37.8

17 3 3 11.5 + 0.13 38.9

18 3 3 13.5 - 0.36 41.0

19 3 3 15.9 ¢ 0.30 45.1

20 3 3 19.2 1 0.26 46.8

21 3 3 21.1 0.26 47.6

22 3 3 22.8 1 0.53 50.1

23 2 2 28.0 1+ 1.02 52.2
Total o 35 7 35

* Routine histology ; ** Histochemistry
*** These represent standardized figures reported by Nishimura ez al. (1968)

embryos were obtained through collaborating obstetricians in Japan and were
the products of interrupted pregnancies. Immediately upon removal, thirty-
five embryos were fixed in Bouin's fluid (A) and placed in 10% formalin.
Another thirty-five embryos were fixed in Lillie’s fluid (23) (acetic acid
alcohol formalin) (B). This same fluid was used for their storage in cold
(9°C). Through storage, serial 7/ paraffin horizontal sections were cut and
stained with hematoxylin and eosin, and PAS reaction, PARS reaction, alcian
blue-PAS double staining, toluidine blue metachromatic reaction and colloid
iron-PAS double staining. The purpose of each staining procedure is shown



Method

PAS

PARS

PAS after
diastase

Alcian blue
Toluidine blue

Colloid iron
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TABLE II. Staining Methods for Carbohydrates

Mucopolysaccharides Glyco-

— : negative ; w
* metachromatic

in Table II. PARS reaction (24) was applied to these sections for

Muco- h
Glycogen proteins Acid Neutral lipids

} t - w - i
- i - w4 }
t - W -t t
— — _+* - -

— — * —_—

: weak positive ; + : positive; -+ :strong positive

This table is a modification of Bancroft's (48).
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Glyco-
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determi-

nations of mucoprotein, neutral mucopolysaccharides and glycoprotein.
In A-group (conventional) of 35 specimens, hematoxylin and eosin were
used for routine morphology.
In B-group (histochemical), the following stains were applied : PAS reaction,
PAS after diastase (25), a combined alcian blue-PAS method (26), toluidine
blue method (27), and colloid iron (28).
Following the staining preparations, the developing esophagus of the human
embryo was observed under a light microscope.

RESULTS

The results are divided into two parts, according to the staining method.
Morphological Results

An outline of the results is summarized in Fig. 1.

Stages 13-14

Stages 21-22

Fig. 1. Schema of early development of the human esophagus,

Stage 13

The epithelium are composed of two cylindrical cell layers with condensed-

elongated nuclei.

In the mesenchyme, large oval nuclei were surrounded
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by immature cells.
Stages 14 and 15
The epithelium consisted of 2 or 3 cylindrical cell layers with elongated
nuclei. The mesenchyme was not differentiated and increased in thickness.
Stage 16
The epithelium increased in thickness and there were 2 or 3 cylindrical
cell layers. In the mesenchyme, primordium of the circular muscle layer
was evident and the mesenchyme increased in thickness, subsequently,
the intercellular space broadened.
Stages 17 and 18
The epithelium was composed of 3 or 4 cylindrical cell layers. The
circular muscle layer was more evident and there were nerve plexuses
outside the muscle layer.
Stage 19
The process of vacuolation was first seen in this stage. The vacuoles
produce an irregularity of the lumen of the epithelial lining. The mesen-
chyme was divided by small vessels into two layers, the inner layer with
small oval nuclei and the outer layer with elongated nuclei.
Between stages 20 and 22
The vacuoles are numerous and larger than in the previous stage. The
epithelial cell became cuboidal cells with an oval nucleus. The mesenchyme
was divided into two layers as in the previous stage. The primordium of
the longitudinal muscle layer was evident outside the circular layer.
Stage 23
Vacuoles were seen in the lower area near the cardia of the stomach.
The epithelium was composed of two cuboidal cell layers with oval nuclei.
Subsequent to the vacuolation, the lumen was not round in this stage.
The longitudinal muscle layer was more evident. Spindle shaped cells which
were considered to be myoblasts were arranged in such a way so as to
divide the mesenchyme.
Histochemical Results
An outline of these results is shown in Table III.
1) Glycogen
In the epithelium, small glycogen particles were distributed over the
cytoplasm and were dominant in the base of the epithelial cells at stage
13. With stage advancement, the glycogen particles increased in number
and size (Fig. 3), and were distributed equally on the cytoplasm. The
activity of glycogen becomes stronger with each stage. Glycogen showed no
tendency to decrease in volume through the embryonic period in this study.
During the process of vacuolation, the distribution of glycogen showed no
characteristic changes in the epithelium, however free glycogen particles
were seen in some vacuoles, and such is considered to indicate autolysis
of the epithelial cells.
In the mesenchyme, small glycogen particles were observed in immature
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TABLE IIl. Activity of Some Carbohydrates Demonstrated
Histochemically in the Esophagus

Stage
13 14 15 16 17 18 19 20 21 22 23

Sites Carbohydrate

=
E Glycogen + + + # F t H 4 b H +H
43]
oo
E Glycoprotein - — — — - : + + + + +
&3
a
f Glycogen + + + + + -+ + + + + +
5
&
Acid muco-
1]
g polysaccarides t + + + + H i + H br

— :negative; I :not negative; + : weak; t+ : moderate; i+ : strong activity

cells at stage 13 or 14 (Fig.2). There were small glycogen particles
distributed equally and there were no remarkable changes throughout the
embryonic period (Figs. 5—7). The activity of glycogen was stronger in
the muscle layer, but showed no increase.

2) Glycoprotein and acid mucopolysaccharides

A trace of glycoprotein was found on the free surface of the epithelial
cells, and such is considered to reflect the existence of ciliated cells (Figs.
2,3,5,6,7,and 10). The activity of glycoprotein is at the lumen side
of the epithelium.

In the mesenchyme, acid mucopolysaccharides were distributed diffusely
at stages 13 or 14 (Fig. 4). With stage advancement, acid mucopoly-
saccharides increased gradually in volume, probably to keep pace with the
degree of mesenchymal differentiation. The activity of acid mucopoly-
saccharides became moderately strong when the mesenchyme was divided
into two layers. In the mesenchyme, acid mucopolysaccharides were
distributed equally and showed no particular characteristics.

In the process of vacuolation of the esophagus, the obliteration of the
lumen as seen in the duodenum was not found in either the morphological
or the histochemical specimens.
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Fig. 2. The PAS-positive granules are distributed in the
epithelial cells. The mesenchyme, which is composed
of immature cells, is stained diffusely-positive by alcian
blue.

(Stage 14, %100, PAS and Alcian blue)

Fig. 3. The PAS positive granules are distributed in the
epithelial cells.
(stage 14, <400, PAS and Alcian blue)
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Fig. 4. The epithelial cells did not stain with colloid-

iron, but the mesenchyme stained positive weakly and
diffusely.
(Stage 14, %400, Colloid-iron)

Fig. 5. The upper portion of the esophagus is shown.
The epithelium has two or three layers of cells which
have PAS-positive particles. The mesenchyme stained
diffusely-positive with alcian blue. The muscle layer
is already evident.

(Stage 17, <100, PAS and Alcian blue)
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Fig. 6. The epithelium is composed of 3—4 layers of cells
with PAS-positive particles. The mesenchyme stained
diffusely-positive with alcian blue.

(Stage 18, x 100, PAS and Alcian blue)

Fig. 7. The epithelial cells have PAS-positive particles,
which have increased in size. The mesenchyme stained
with alcian blue more intensely-positive at this stage.
(Stage 19, %100, PAS and Alcian blue)
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Fig. 8. A large vacuole is seen in the epithelium, thereby
two lumens. The epithelial cells appear to contain
PARS-positive particles.
(Stage 20, x 100, PARS)

Fig. 9. There are some various-sized vacuoles in the
epithelium. The PARS-positive particles are distributed
in the epithelial cells, but the mesenchyme was not
stained with PARS.

(Stage 21, x 100, PARS)
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Fig. 10. In comparsion with Fig. 7, the mesenchyme stain-
ed intensely-positive with alcian blue but not so the
epithelium. The process of vacuolation is evident.

(Stage 21, x100, Alcian blue)

DISCUSSION

Although there are a few reports concerning development of the human
esophagus during prenatal periods, few included a discussion of the orga-
nogenesis of the esophagus at the early embryonic stage, rather they dealt
with the fetal stage. Johns (6) examined the developmental changes that occur
in the esophageal epithelium, with particular reference to the development
of the superficial glands. He found that the embryonic esophagus in man
was lined by stratified columnar epithelium which in general was three cells
deep, from the 3 mm to the 16 mm in crown-rump length (CRL), it was two
layered and subseguently proliferated to become many layers between 23 and
34 mm in CRL. In the former, the findings in the present study were in
good agreement. In the latter, we found two layers at stage 16, this being
earlier than his finding. Maruyama (7) studied, morphologically and histologi-
cally, the development of the esophagus in Japanese embryos and mentioned
that the inner surface of the esophagus was partly covered with columnar
epithelium at the 6.3 mm in CRL, which increased remarkably at 9.38 mm
in CRL and larger specimens. In our work, we found that the epithelia
were already composed of two cylindrical cell layers at stage 13 (5.2 mm in
CRL) and remarkably increased in thickness, but were 2 or 3 cylindrical cell
layers, at stage 16 (9.5 mm in CRL).

The situation of the nuclei and the state of the cytoplasm of submucous
tissue were quite similar to the results of the present study. According to
Hopkins (29), the esophageal epithelium proliferates until the lumen is almost
filled with cells during the seventh and eighth weeks. At stages 17—18 (11.5
—13.5 mm in CRL), we also found the lumen nearly filled with epithelial
cells composed of 3 or 4 cylindrical cell layers.
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With regards to epithelial occlusion of esophageal development, the views
are conflicting in some textbooks of embryology (30—33). Kreuter (34)
suggested that a physiological occlusion of the lumen of the esophagus
(““solid™ stage), found in the 19 to 20 mm stage, might lead to atresia if
recanalization did not occur. Subsequent work has led to some doubt as to
whether or not a complete occlusion of the lumen can occur. Maruyama (7)
found esophageal occlusion in two specimens of 6.3 mm and 33.0 mm in CRL.
Johns (6) noted vacuolization in the esophageal epithelium of embryos from
13 to 16 mm in CRL (stages 17 to 18), but did not find epithelial occlusion.
Smith (38) investigated the early development of the trachea and esophagus
in human embryos, and discussed the relation to atresia of the esophagus and
tracheoesophageal fistula. His investigation revealed little evidence of epithelial
occlusion in stages 10 to 15, although narrowing of the esophagus in the
region just caudal to the bifurcation of the trachea was noted and there was
a reduction in the caliber of the esophageal lumen.

The process of vacuolation was observed by us from stages 19 to 22, in
agreement with findings of other authors (4, 6, and 35). Kreuter (34) reported
that the esophagus become occluded by epithelial proliferation, yet this was
denied by other authors (4, 6, 35, and 36). We also did not find any obli-
teration of the lumen. As Hopkins (29) pointed out,however, it is so rare to
find a mucosal diaphragm across the lumen of the esophagus, that occlusion
rarely takes place.

Botha (37) reported that there is no complete occlusion of the esophageal
lumen and no evidence to suggest that the lumen is re-established by
vacuolization as seen in the esophagi of certain lower vertebrates observed by
Reese (38).

Maruyama (7) reported that the inner circular layer of lamina muscularis
was evident for the first time in the 16 mm embryo, and the primordium of
muscularis mucosae appeared in the 28 mm embryo in the state of a few
bundle of embryonic muscular fibers. The external longitudinal muscular
layer was composed of smooth muscle in the embryos smaller than 100.5 mm.
Smith (35) observed the submucosal and muscular layers of the esophagus in
stage 18 (14—16 mm in CRL) embryos. According to Botha (37), the circular
layer is formed first, at the end of the 6th week (12 mm in CRL). Hopkins
(32) stated that the circular muscle coat appears early in the sixth week
(9 mm), and the longitudinal musculature is indicated by the ninth week
(30 mm). In the present study, primordium of the circular muscle layer was
first recognized at stage 16 and that of the longitudinal muscle layer at stage
21. Thus, we found that the stage of appearance of the each musclar layer
was earlier than the data in previous studies. According to Smith (35), the
mesenchyme throughout plays only a passive role, and angiogenesis occurs in
response to epithelial growth. Maruyama (7) first observed esophageal blood
vessels in the 16 mm embryo. We observed the small vessels in mesenchymal
layers at stage 19 (15.6 mm in CRL), at much the same time as Maruyama’s.

Fetal tissues are abundant in glycogen, but the role of glycogen stored in
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the immature tissues is unkown. The fetal epithelia may serve as glycogen
stores for the metabolic needs of the developing organism (42). A possible
precursor of glycoprotein, epithelial glycogen has been related to other
metabolic processes which may have relevance in the fetal period (16).
Glycogen is an energy source, but in the esophagus, glycogen does not
decrease after the process of the vacuolation. Therefore, histoenzymoligical
or histoimmunological studies are required.

As Needham (39) has pointed out, the regularities discovered by morpho-
logical investigations will always have their validity, and will, in a sense,
be unaffected by anything that biochemistry may discover. McKay et al. (21)
reported a limited histochemical survey of a 5 mm embryo (stage 13), which
represents the first of a series of such embryos, and the following year, a
similar study of 6 and 7 mm (stage 14) embryos (40). The epithelia of the
pharynx, the lung and the gut present the same histochemical pattern and
these cells all contain abundant glycogen (21). The basement membrane of the
gut epithelium contains glycoprotein at 5 mm in CRL. In another study of
6 mm and 7 mm embryos, both epithelium and mesemchyme of the esophagus
were shown to contain glycogen, glycoprotein and ribonucleoprotein (40). At
stages 13 and 14, we confirmed these findings by McKay et al. (21, 40).

In the small intestine of human embryos, Jirasek and Koldovsky (15) found
that the endodermal epithelium of the primitive intestine (stages 10—14)
contains glycogen and a small amount of ribonucleoproteins. According to
Lev (41) and Garbarsch (17), the villus surfaces were lined by the multilayered,
vacuolated, glycogen-rich epithelium with centrally located nuclei in the pre-
villus stage in the 7 week old embryo. These findings were much the same
as ours in the present study with respect to the onset of glycogen and
existence of glycogen in some vacuoles at stage 22.

The abundance of fetal epithelial glycogen is in accord with the observation
that glycogen-synthesizing enzymes are more prominent in fetal than in adult
epithelia in many species, including man (43, 44).

In the histochemical observations, the ciliated epithelium, which has acid
mucopolysaccharides was first detected at stages 22 or 23 in the present study,
and such parallels findings of others (1, 2, 45). In adults, Hopwood et al. (46)
reported histochemical findings of the normal human esophageal epithelium
and showed that each of the three layers of cells contained neutral mucosub-
stances in their cell coats and that the superficial cells were also covered
with an acid mucosubstance.

The epithelium changed from cylindrical cells to cuboidal ones between
stages 20 and 22, and we found remarkable changes. Electron microscopic
examinations and other histochemical methods should be done for elucidation.

The differentiation of the mesenchyme occurs gradually, and in the process,
small vessels play an important role as they divide the mesenchyme into layers
at stage 19. These observations are in agreement with findings of Nagy (47),
who mentioned that blood vessels were important in the development of the
intestinal tract.
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Thus, the early development of the esophagus is much the same as the
development of other areas of the alimentary tract.
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