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One of the most interesting features in the structure of the X a m  
malian Esophagus is the extreme variability in the degree of devel- 
opment of the mophagcal glands in different species. For example, 
according t o  Ranvier (84) and others, the wsophaps of the rabbit, 
guinea-pig and rat is wholly devoid of glands, while in the dog, a 
thick layer of mucoils glands nearly filling thc submucous coat i s  
found throughout the whole extent of the organ. Nor is this dis- 
parity confined to species blelonging to different orders, for the 
cat and dog among cariiirora amid the sheep and pig among ungulates 
present equally striking diff cremes in this respect,. 

The i*easons which have been advanced for this disparity are based 
on the assumption that the function of the Esophageal glands is to 
furnish a secretion which will serve to lubricate the surface of the 
esophageal mucous membrane and so facilitate the passage of the 
bolus of food in dcglutition. Assuming that the secretion of the 

kesophageal glands possesses this purely niechanical function, the 
logical conclusion is that their development will be influenced by 
several factors which determine the consistence of the food-bolus 
which is to be swallowed, snch for  example as the character and bulk 
of the food itself, the efficiency of the masticatorg mechanism, and 
the relative development of the salivary glands furnishing a secre- 
tion by means of which the food is diluted and rendered of softer 
consistence. Accordingly, various attempts have been made to  
establish a correlation between the degree of development of the 
salivary glands and the efficiency of the masticatory mechanism on 
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the one hand, -and the number and size of the esophageal glands 
on the other hand. For  example, Ranvier (84), speaking of the dif- 
fcrence betwccn the rodrnts and the dog in  this respect, remarks 
that this is easily comprehensible when one remembers that in  the 
rabbit and other rodents the bolus of food is liquid or semi-liquid, 
and therefore mucous glands are not necessary, that on the other 
hand the do6 swallows greedily solid matters and untriturated bones 
and hence the glands are indispensable. Ranaut (97) similarly calls 
attention to the difference in masticatory efficiency between the OX 

and rodents on the one hand and the dog on the other and explains 
on this basis the differeuces in the number of cesophageal glands. 

Many examples can be found in favor of this explanation. When, 
however, one attempts to give i t  a general application, unexpected 
difficulties arise. E'or example, thcre is not a sufficient difference 
in the development of the salivary glands, of the masticatory mech- 
anism, or in the consistence of the food, to explain adequately the 
fact that glands are very numerous in the esophagus of the dog and 
wholly absent from that of the eat. 

The possibility that the mechanical function of the esophageal 
glands may be a pnrely subsidiary one, and that their true function 
may be something quite different from this, has received but little 
attcntion at the hands of the investigators. Rubeli (no), it is trne, 
suggcstcd that the sec?etion niight be of use in digestion, but his 
suggestion was based no1 on experimental data derived from mani- 
mals but on the observations of Decker (87), Swieqiclri ( 7 6 ) ,  Lang- 
ley (?'9), etc., on the formation of proteolytic enzymes in  the 
esophagus of fishes and hatrachians. As will appear later, these 
observations deal with sti-uctnrcs which are not homologous with 
the esophageal glands of mammals and can therefore not be used to 
draw conclusions concerning the function of the mammalian esoph- 
ageal glands. Jn this connection a qnestion of much importance which 
has been variously answered by different obscrvers is whether the 
cesophageal glands of mammals are pure inucous glands, or mixed 
glands containing serous demilunes. If serous wlls are present, 
then one must at once think of a chemical function of the cssophagcal 
secretion as well as a niechanical onc. Klrin (79) asserts that 
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demilunes occur in the ccsophageal glands of the dog. Renaut (97) 
describing the ccsophageal glands of the dog and of man makes the 
statement that they may be seen in  preparations stained with his 
glycerine-hamatoxylin-eosin mixture, without specifying whether 
be found them in one or both species. Schaffer (9'7) denies their 
presence in the human ccsophageal glands and Rubeli (90) failed to 
find them in a nuinber of domcstic mamninals. Stijhr (57) appears 
to have seen dcinilunes in his preparations, but to have interpreted 
them in  accord with his well-known phase-theory as inactive mucous 
cells. More rcccntly IIclxn (67)  has described typical demilunes 
in the dog and pig and has demonstrated in them, by means of the 
iron-hzematoxylin mcthod, the intercellular secretion canaliculi. 

Assuming that the function of the secretion of these glands is in  
part at least that of mechanically aiding deglutition, one would expect 
that in  those cases where the character of the food and the nature 
of mastication suggest the need of these structures, but where, not- 
withstanding, no esophageal glands are present, a compensatory 
development of otlier structures will be found, as, for example, a 
thickening of the stratified epithelium or  an increased development 
of the muscularis mucosE or of the external muscular coat. Inn 
other words, it is to be expected that a correlation of some sort will 
be found betwecn the relative development of these structures and 
that of the cesophageal glands. 

Accordingly, it seemed desirable to extend the investigation of 
the structure of the cesopliagus to a much larger series of animals 
than has been considered hitherto by any single investigator, and to 
determine, as accurately as may be, the specializations which have 
arisen as, a rcsult of the response to the differences in  the nature of 
the foot* 0x1 which these animals subsist. Among these, it might 
reasoila bly be expected that animals which live on coarse vegetable 
food would develop cither a thickened epithelium, or a more com- 
pletely cornified epithelinm, or a layer of glands furnishing a lubricant 
secretion. It is, howcmr, no3 by any means easy to estimate the 
degree of cornification of an epl,thelium except in those cases where 
a true stratum corneum composc%d of cells which have lost their 
nuclei is present. The thickness of tn"e epithelium too is variable 

' 
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from animal to animal of the same species, and in a single animal 
varies with the degree of extension of the membrane upon which it 
rests. Only the more pronouiiced differences in these respects may 
therefore be interpreted with caution from the standpoint of special- 
ization. 

It was apparent from the outset that very little help in interpret- 
ing the msophageal glands of mammals could be obtained from the 
consideration of these structures in lower vertebrates, because glands 
occur in reptiles only in the form of imperfect crypts in certain tur- 
tles, and the so-called esophageal glands of certain batrachia are, 
according to Bensley (00), in reality gastric glands. 

METHODS OP STUDY. 
One dificulty that at once presents itself in studies on the cesoph- 

agus is that of dcterniining the point of transition of the pharynx 
into the asophagxs. I n  animals like the dog, where there is a trans- 
verse fold of the mucoos membrane, corresponding in its posi- 
tion to the lower border of the cricoid cartilage, and to an actual 
change in structure of the mucous membrane, this is relatively easy, 
but in the majority of cases no such superficial line of demarcation 
exists, and the point of transition must be more or less arbitrarily 
established. I n  the descriptions which follow, the lower border of 
the cricoid cartilage has been taken as the point where the pharynx 
passcs into the ccsophagus. I n  his recent article on the esophageal 
glands Haane (05) places the point of transition somewhat higher, 
at the level of the corniculate cartilage, but designates the portion 
of the tube included between this point and the lower level of the 
cricoid cartilage in the dog as ha sop hag us-vorraum." I$, order to 
include the doubtful region so designated by Haane, seetiom from 
this region have been studied in each mammal examined, but struc- 
tures occurring above the distal margin of the cricoid cartilage have 
been referred to the pharynx, those below to the esophagus. 

I n  the case of the smaller mammals the entire cesophagus was 
fixed, in the larger mammals, where thiB was out of the question, 
a strip was taken including the whole length of the cesophagus. 

For fixation, Zenlrer’s &id was employed, Bensley’s alcohol- 
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bichromate-sublimate mixture being used where a more detailed 
study of the glandular epithelium was desired. The entire cesoph- 

01 a strip, after fixation, was cut into lengths of 1 cm. to 
2 em., and imbedded in paraffin. From each of these segments, 
which were numbered consecutively from above downwards, sec- 
tions were made at intervals of one millimeter, so that all portions 
of the esophagus were examined. This method, however, did not 
exclude the possibility in the case of those animals where the results 
as regards the presence of glands were negative, that some glands 
were missed in the short unsectioned portions. Accordingly the fol- 
lowing method devised by Bensley was employed, where the material 
was available, to make preparations in toto of the layer containing 
the glands, staining the latter selectively so that every gland lobuie 
in the esophagus was demonstrated clearly. The esophagus was 
pinned out on cork and placed in '10 per cent. alcohol for 24 hours. 
Then, after a further stay of 24 hours in 95 per cent. alcohol, the 
mucous membrane was dissected off, by dividing the tela submucosa 
carefully with a scalpel close to the muscular tunic. I n  this way all 
the glands come off with the. layer of submucosa which remains 
attached to the mucous membrane. The mucous membrane is placed 
in water for  one hour, then transferred to a mixture of one part of 
strong niuchzmatein (see Benslcy, 03) and file parts of distilled 
water. I n  this staining solution the membrane remains for 48 
hours, after which it is washed in distilled water and transferred to 
95 per cent. alcohol containing two volumes per cent. of strong 
hydrochloric acid. I n  this solution the preparation remains until 
the glands stand out distinctly blue on a red background, when the 
preparation is washed in several changes of alcohol, dehydrated in 
&solute alcohol and cleared in benzole. Where the epitheliutn 
is thick, as in laan, dog, etc., it stains SO intensely that it interferes 
seriously \T-ith the transmission of light, tb1*011& the preparatio-u. I t  
is easy, however, to remove the epithelium by stripping OfT with 
forceps after clearing in benzole. By this means a Preparation is 
obtained in which every gland of the ESOpha~~s  is clearly 
and their general relations to one another, the nature, course? and 
branching, of their ducts may be seen. Furthermore, in such prep- 
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arations the branching of the tubule may be studied with ease, thus 
avoiding the laborious method of reconstruction from sections. 
Because of the lack of sufficient material I was unable to apply the 
method in the case of the wild animals whose esophagi were exam- 
ined, b71t such preparations were made of all the domestic animals 
and of man. 

'For staining sections hEmatoxylin and eosin, iron b%matoxYlin, 
copper chrome hzmatoxylin, neutral gentian, muchzematein, mx&~~r -  
mine, Mallory's connective tissue stain and acid violet-saff ranin were 
employed. 

OPOSSUM (Didelphys virginiana). 

The mucous membrane of the mophaps  of the opossum exhibits 
the usual transitory longitudinal folds observed in the empty 
esophagus. About 1 em, above the cardiac orifice of the stomach, 
however, these disappear, and their place is taken by permanent 
transverse folds of the mucous membrane approximately 0.5 mm. in 
width, and provided on their free surfaces with a network of second- 
ary ridges. These folds me separated from one another by deep 
sulci and, as will appear later, owe their occurrence in part to the 
accumulation in the lamina propria nmcostc of masses of glands. 

The epithelium of the esophagus at  its upper end is represented 
in Fig. 1. It consists of a layer of somewhat irregular thickness, 
owing to the projection into it, from below:, of ridges longitndinal in 
direction, lielonging to the lamina propri a. I n  full grown animal 
weighing 3,000 gramines, thc: tliickness of the epithelium at the 
level of the cricoid cartilage was, in  the spaces between the con- 
nective-tissue ridges, 190-250 micra, on the summit of the ridges 
52-110 micra. The irregularity in thickness presented by tllis 
epitheliuni in transverse scctions is due to high ridges of the lamina 
Propria, which are for the most part longitudinal in direction, but 
are connected -6th one another by lower transverse and &]iqne ridges, 
so that in sections parallel to the surface a t  the level of the ridges 
a connective tissue ndwOrk is seen surrounding isl.pts of epithelium, 
instead of the epithelial network seen at this level in sections of the 

As described by Oppel (97) in Phalangista, phasco- 
and AepYPrWnus, true Papib?  are wanting in  the opossum. 
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On the surfaoe of the epithelium a well-defined stratnm corncum 
is seen, of fairly uniform thickness, although it dips don711 some- 
what in the intcrvals between the longitudinal ridges of the lamina 
propria. This corneous Iayer presents two distinct strata, which 
correspond in a general way in their appearance and staining reac- 
tions to thc stratum lucidum and stratum corneum of the epidermis. 
The deeper layer, 35 micra in thickness, stains deeply in eosin, par- 
ticularly at the deep and superficial margins, the intermediatc por- 

FIG, 1. Traiisverse section of epithelium of esophagus of Didelphys at 
level of c+ricoid cartilage. x 120. 

tioil er;hibitiug, as is often the case mit>h the stratum luciduni, patchy 
or irregular staining. This layer is composed of Battened cells, 
clongdccl, spirldle-shaped in section, with a flattened nucleus rocl- 
shaped in section. The superficial layer, 17 micra in thickness at 
its thickest portion, stains but faintly in eosin. It  consists of cells 
of irregixlar polygonal shape similar to those of the stratuni corneixm 
of the epidermis -with the exception that remains of the nucleus are 
to be found in them, in the form of shrunken remains of the nuclear 
membrane and one or two chromatic particles. 
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The stratum germinativum requires no special comment except 
that its superficial layers contain no granules of eleidin. 

There is a gradual reduction in thickness of the epithelium going 
down the oesophagus. A t  the middle it is from 58-170 micra in 
thickness with R corneous layer 35 micra in  thickness. The super- 
ficial layer of the corneous stratum here consists only of scattered 
oells of the sort described abovc. 

At  tlic point where the permanent transverse folds make their 
appearance about 1 em. above the cardia there is a change in the 
character of the epithelium. On the surface and sides of these folds 

.Epithelium 

Lam iriu 
propria 

BIG. 2. Epithelium from side of tr:insrerse folds at lower end of esophagus 
of Uidelphys. x 750. 

the epithcliuin varies from a double layer of C L d & d  to polygollal 
cells, 10 rnicra in thickness (Fig. a), to several l a p s  of cells, the 
superficial layers flattened, 50 micra in thickness. The thin double 
layer of cells is found here and there on the sides of the transverse 
folds, the thicker epithelium on the summits. As shown in Fig. 2 
there is freqixently no  sign at all of cornification of the superficial 
layer. 

The lamina rriuscularis mucosa is loiigitudir~al in direction and is 
found throughout the whole oesophagus. At the lower level of the 
cricoid cartilage it makes its appearance as scattered blxndles of 
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unstriated mnscle. At the middle of the asophagus it forms a con- 
tinuous layer of considerable thickness (205 micra in an animal of 
3 kg.) and increasing to 420 micra at the cardiac orifice of the stom- 
ach. I n  the lower portion, by reason of thc fact that the glands are 
practically confined to the iniicosa, the lamina muscularis mucosze 
is separated by o d y  a narrow band of collagmic connective tissue 
representing the tela s~ibinucosa, from the tunica muscularis. 

Jfucous glands are present throughout the whole length of the 
cesophagus and in the pharynx. In the upper part of the esophagus 

Dent ilune cells 

Lumen 

Mucous rrlls 

B A 
PIC. 3. A. Section of a tubule of an cesophageal glarid of Didelphys show- 

Group of ilciiiilime cells with ceiitral ing mucous cells and demilunes. 
lumen and intercellular canaliculi. 

B. 
x 600. 

they are located in the submucosa, but at the lower end where the 
transverse folds occur they are found in the lamina propria of these 
folds, superficial to  the 1. muscularis mncosq although here a few 
tubules may extend into the lamina muscularis mucosae and even 
into the timica muscularis. 

The glands in all parts of the cesophagzis of thc opossum are mixed 
glands, that is to say they consist of miicous cells and demiltmes or 
crescents. The latter are few iu nnmber at the upper end of the 
cesophagus, but at the lower end where the glands are located in the 
lamina propria rniicosE they are very ahnndant, as sh0n7n in Fig. 3. 
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The character of the mucous cells of these glands is well shown 
in Fig. 3 and requires no special description. Their secretory con- 
tent stains selectively in muchzematein. 

The crescents (Figs. 3 and 4) are composed of cells which stain 
intensely in eosin. I n  the glands of the upper portion of the cesoph- 
agus they are to be found forming the characteristic crescent- 
shaped groups at the ends or along the sides of tubules. I n  the 
lower glands they form aggregates of considerable size, often sur- 
rounding a lateral diverticulum of the lumen of the gland so as to 
make a sort of sessile acinus on the side of a tubule. The character 

Duct epathelrum 

Demzlune 

Denirlune 

FIG. 4. Portion of duct. of esophageal gland from lower end of esophagus 
of Didelphj-s showing demiluiie cclls alternating with duct epithelium. X 500. 

of the cclls is the same at  a l l  points in  the esophagus. They are 
cuboidal in shape and the aggregate presents a rather remarkable 
rescmblance to the parietal cells of the gastric glands. The cytoplasm 
is finely granular, but the granules are less crowded than in the 
parietal cclls. Between the constitncnt cells of the complex, in iron 
hamatoxylin preparations, may be seen fine intercellular secretion 
canaliculi, their outlines defined by fine cement lines. I n  Mal- 
lory preparations the granule? along thc canaliculi and on the liimen- 
border of the cell stain differently from the fine granules of the 
cytoplasm and probably represent the secretion antecedent of these 
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cells. There are no intracellular ductules. The crescents in the 
glands of the lower portion of the ccsophagus are not confined to the 
mucous portion of the gland, b71t Oceur also in groups along the clucts, 
altei*nating with the non secreting cuhical epithelium of the ducts, 
as shown in Fig. 4. 

The ducts of the glands are lined at their poiiit of origin from 
the gland-tubule by a double layer of cuboidal cells. As they 
approach the surface the number of layers increases, there being a 
gradual transition to a stratified squamous epithelium. The majority 
of the ducts pass into the gland about the level of the deep border 
of the muscularis mucosze. Frequently, however, they branch before 
penetrating the muscularis mucosE, and occasionally they receive 
a small group of mucous tubules in the lamina propria or  in  the 
muscularis miicosz. There are no aggregations of lymphoid tissue 
around the ducts nor are the latter enlarged to fo rm ampnllze, as in 
the pig. 

The ducts of the superficial glands at the lower end of the cesoph- 
agus are more numerous and the glandular masses are less com- 
plex. The ducts here opcn into the depressions formed by the sec- 
ondary network of ridges on the surface of the folds and a h  at  
various points into the deep grooves between the principal folds. 

The gIandnIar tubules are supported by a thin basement membrane 
of reticulum, between which and the bascs of the cell fine fibres 
resembling myofibrilh may be seen. The latter stain red in Ma1 
lory’s reticulum stain, and probably belong to stellate cells (Korb- 
zellcn), althoiigh this could- not be demonstrated by the teclmiquc 
employed. 

The tunics riiuscularis consists irr the uppcr third of the cesopha<;us 
of striated musclc. At the middle of the cesophagus a few striated 
fibres are still to be found, bnt below this point it is all unstriated. 

RODENTIA. 
The literature of this subject contains so many refercnces to the 

structure of the esophagus in Rodentia that it is unnecessa.ru.y to 
describe in detail the conditions found in the different rodents exam- 
ined. It mill suffice to discuss those structures which may be con- 
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sidered to be specialized in some degree to meet the mechanical 
conditions imposed by the food. 

Rrctomys 
monax, Sciurus hudsonicus, Tamias striatus, Cavia, Erethizon dor- 
satus, Mus decumanus, Geoinys bursarius, Lepus cunienlus, Lepus 
nuttalli mallurns. I n  the case of the porcupine (Erethizon) (Fig. 
5 A) only the lower portion of the esophagus about three centimeters 

The esophagi of the following rodents were examined : 

-Stratum corneiim 

-Stratum granulodum 

-Stratum germinntaaum 

-Lamina propria 
m K o s m  

-Zamina musculark 
mueose 

FIG. 5. A 
Transverse section of tunica mucosa of Esophagus of Erethizon. 

in length was available. In addition to the above genera the follow- 
ing rodents have been described by other authors: Mus musculus, 
Arvicola amphibius and Arvicola a r~a l i s ,  Hypudaeus arvalis, Sperm- 
ophilus citillus. 

With regard to the occurrence of glands, the results of all observa- 
tions hitherto reported are negative except in the case of the rabbit, 
where glands are reported by Graff (80) and by Vo,$ and Yung 
(94), denied by Klein (71). 
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My obsesvations are in accord with those of Ranvier (84), Brum- 
mer ( 1 6 )  and others who deny the presence of esophageal glands in 
rodents. I n  none of the spccies mentioned above are esophageal 
glands to be found below the level of the cricoid cartilage. I n  the 
rabbit, pocket gopher (Geomys) and chipmunk (Tamias) groups of 
mucous glands were found above this layer in the submucosa of 

-stratum 
comeurn 

-kSh.at.um 
jFanulosum 

- Rtrutum 
germinatiuum 

-1,amln a 
proprza mucom 

-I,. muscularis 
mucom 

FIG. 5. l3 
Tunica mucosa of asopliagus of guillea pig. showing true stratum cor- 

neum and stratum granulosum. 

the pharynx, and i t  is probable that ihe occurrence of glands in this 
portion of the pharynx is responsible for the statements of Graff 
and of Vogt and of Yung that glands occur in the esophagus of the 
rabbit. 

The cesophageal epithelium in the rodents is a thick layer of strati- 
fied squamous cells presenting in the different members of the order 
two main types. One type (Fig. 5 A) is charactcrized by a very rapid 

X 120. 
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and complete cornification of the superficial layers of the epithelium 
to constitute a true stratum corneum composed of flattened cells 
wholly devoid of nuclei, and comprising over one-third of the total 
thickness of the epithelium. Below the stratum corneum in this 
type a true stratum granulosum is found consisting of two or more 
layers of cells, of elongated fusiform shape in scction, containing 
nurnerous granules of eleidin staining blue in hzemalum. The 
stratum germinativum is relatively thin as compared with that of 
the second type. This type of epithelium is found in the guinca pig 
(Fig. 5 13), rat, pocket gopher arid porcupine. The second type of 
cpitheliurn (Pig. 6) also shows a considerable degrce of cornification, 
but a truc stratum corneum is not present,, the superficial layers of 
flatteued cclls bcing nucleated and no stratum granulosum being 
found. In this epithelium the process of cornification appears to go on 
more gradually than in the first type and no sharp linc can be drawn 
betw,ecn thc stratum corneum and the stratum germinativum. The 
superficial half of the cpitheliuni nevertheless consists of flattened 
cells with elongated nuclei and stains more strongly in  eosin than 
the deeper layer. Comparing this epithelium with that of the dog 
it is apparent that the degree of cornification is much greater in 
the rodent and that .the thickness of the epithelium considering the 
relativc sizes of the animals is much greater. True papill% of the 
lamina propria rriucosze are not present in the rodents examined. I n  
Cavia, Arc tomys, Sciurus, Tamias and Lepus, however, as describcd 
by Stralil (80),  the lamina propria mucosz projects into the epithe- 
liiim in  the forin of irregular ridges for the most part longitudinal 
in direction, and in Cavia and Tamias these have irregular summits 
which in places approximate the formation of papillz. I n  Mus, 
Geomys, arid Erethizon, there are neither ridges nor papillax 

The 1. muscularis mucosz is present throughout the whole length 
of tho esophagus in all the rodcnts examined. It is particularly 
wcll developed in  the squirrels, where it forms a continuous layer 
around the mophagus. 

The tunica miiscularis in the rodents coizsists of striated fibres 
throughout the greater extent of the esophagus. I n  Cavia, Geomys, 
Mus, Tamias, and Lepus the striated fibres are found to the cardiac 
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opening of the stomach. In Arcton-ys striated fibers are found 
right up to the cardia, but for a very short distance at the lower 
end of the esophagus are niixed with smooth muscle. I n  Scinrus 
also there is a short distance at the lower end of the cesophagus in  
which sanooth mnsclc is found. I n  Erethizon the outer layer of 

Surface 
rornification 

FIG. 6.  Transverse section of tunica mucosa of Lepus nutulii mnllurus. 
x 180. 

muscle is striated to the cardia, but the inner layer has a thick lower 
sphincter composed of smooth fibres. In Muscardinus the striated 
fibres extend over onto the, preventricnlar dilatation which, as is well 
known, contains fundus glands and is therefore to be regarded as a 
portion of the stomach. 



1 6  Emil Goetsch. 

INSECTIVOEA. 
The only observations on the structure of the mophaps  in the 

Insectivoya which I have been able to find are the descriptions of the 
esophagus of Erinaceus given by Carlier (93) and Oppel (97). 
Carlier’s description may be briefly summed up in the following 
statements: The epithelium is thick and of the ordinary type; the 
inuscularis mucop?, is greatly developed consisting of large bundles 
of coarse non-striped fibers, longitudinally placed ; the submucous 
coat is reduced to a minimum, due to the total absence of all glan- 
dnlar structures, mucous glands being entirely absent with the excep- 
tion of a few scattered acini, situated near the cardiac end, internal 
t,o the rnuscularis inucos;e, and therefore in the mucous membrane. 
There are, however, according to Carlier, some serous glands in the 
submucosa of thc organ, arranged in a ring round the cardiac orifice 
of the stomach, the long ducts of which pierce the muscle and epithe- 
lium to open just above the border of the esophageal epithelium. 
The muscular coat consists throughout its whole extent of striped 
fibres. Oppel, on the other hand, found mucous glands in the upper 
portion of the esophagus only. These glands showed cells of tsvo 
types, as regards their affinity for  hzematoxylin and eosin respec- 
tively, although Oppel did not decide whether this difference was 
due to the physiological state of the cell or to a fundamental differ- 
ence. 

In Scalops aquaticus the conditions are very similar to those 
described by Oppel in Erinaceus. That is to say the glands are con- 
fined to the pharynx and to a very small portion of the upper extrem- 
ity of the esophagus. 

The epithelium in Scalops is thick and fairly uniform in thick- 
ness throughout the length of the esophagus, the increase in thick- 
ness towards the lower end of the cesophagus being but slight. At 
the upper end it measured 127 micra, at the lower end 139 micra. 
A true stratum corneum is not present, although a considerable 
degree of cornification of the superficial layers is apparent. The 
most superficial cells are nucleated and no stratum granulosum is to 
be seen. The superficial layers, about 24 micra in thickness, stain 
intensely in eosin. KO true papill= are present, although the deep 
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border of the epithelium presents a some~cd~at irregular outline in 
section. 

The lamina muscularis mucosa is well developed, except at the 
very beginning of the Esophagus. I t  forms a continuous layer coin- 
posed of two or three layers of 1ongitudinaIly disposed bundles of 
uns t r iakd muscle. 

The glands 01 the lower pharynx are mixed glands containing 
mucous portions with demiluncs and serous alveoli. 

Tlie external muscular coat is coinposccl of striated rniiscle througli- 
out the whole length of the esophagns. 

CHIROPTRRA. 
This order is represented in my material by a singlc alcoholic 

specimen of Vespertiiio fuscus, the brown bat. 
The epithelinm in the c f s o p h a p  of Vespertilio is thin (30-45 

micra), and shows no stratum corneum, although the cells of the 
supcrficial two-lhirds of the qdhel i i im are much flattened. No 
papillze are present. 

The muscularis mucosz is exceptionally well developed, reaching 
a thickness of 30 micra in the lowvcr third of the cesophagus. It 
forms a continuous layer and consists of smooth muscle arranged 
longitudinally. 

No glands arc found at any level in the esophagus. 
The external muscular coat consists of striated muscle in the upper 

iny-thirds arid unstriated in the lower third. 

CARNIVORa4. 

In  the Carnivora the ccsophagi of the following species, hitherto 
undescribed, have been rxarniiiecl : Procyon lotor, Lutreola Tison, 
and Ifephitis mephitica. One esophagus of each species was avail- 
able for this study including in the case of Procyon and Mephitis 
the whole of the cesophagus and the adjacent portions of the pharynx 
and stomach, in Lutrcola the esophagus and stomach only, so that in 
the latter animal the pharynx and transition region was not obtained. 
In addition the crsophagi of the cat and dog were examined to con- 
firm the work of earlier observers. I n  these animals preparations 



I S  Eiuil Goetsch. 

of the whole cesophagus were made according to  the method outlined 
in the introduction in order to determine positively the distribution 
of glands in thern. I n  the case of the cat three such preparations 
were made, all of which demonstrated the complete absence of 
glands below the level of the cricoid cartilage. 

The asophagcal glands of the dog, like those of the opossum, are 
composed of two kinds of cells, mucoiis cells and serous demilunes. 
111 this respect my observations coufirm the statements of Klein (79),  
Renaut (97) and 11 elm ( 0 7 )  and are opposed to  thosp of Ruheli (90) 

FIG. 7. Section of two tubules from cesophngcal gland of the dog showing 
iiii~cous cells and demiliiiics. x 750. 

and Haane (05). The latter observer, it is true, does not specifi- 
cally state that demilunes are absent, but implies it in the statemcnt 
that he was unable to  find intercellular secretion-capillaries. The 
demonstration of the deniilunes in the esophageal glands of the dog 
is no difficult matter if thin sections of well-fixed tissue are examined, 
and if an efficient differential staining method is employed, for 
they occur in  relatively large numbers in all the cesophageal glands, 
although lcss nunieroiis than in the glands of the opossum and rac- 
coon (Procyon). For staining neutral saiireviolet-safranin is par- 
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ticularly valuable, the mucous cells staining red in this method, 
the dei-nilunes violet. This method also shows d l  the intercellular 
secretion capillaries, although the iron hzematoxj-lin method is pref- 
erable. The demilunes Bhow the typical arnrigement as seen in 
the submaxillary gland and are provided, as indicated above, with 

FIG. 8. Drawing of a n  entire gland from esophagus of dog, showing tubulo- 
acinous character and iiiode of branching. 

intercellnlar secretion capillaries resembling in every respect those 
found elsewhere (Fig. 7). 

The shape and mode of branching of the gland is well shown in 
Fig. 8 drawn from a preparation stained in toto. 

PROCYON LOTOR. 
As in the dog, there is, iii the raccoon, in the lower part of the 

pharynx, a circular fold of mucous membrane which projects into 
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the lumen and forms a superficial demarcation between the asopha- 
pis and pharynx. This fold in  the raccoon, however, is without 
glands. 

The epithelium (Fig. 9 )  varies in thickness according. to the degree 
of contraction of the surface upon vhich it rests from 158 micra to  
220 micra. There is no marked thickening of the epithelium as 
the stomach is approached. The lower border of the epithelium is 
irregular in transverse sections oviiig to the projection into it of 
high ridges of the lamina propria inucosE. These ridges are chiefly 
longitudinal in direction, but are connected with one another by 
numerous oblique ridges. On the summits of these ridges low 
conical papilla are found. 

The muscularis rnucom is well developed throughout the whole 
esophagus, consisting of two or more layers of longitudinal bundles 
of anstriated muscle, 

Glands are present in the tcla submucosa throughout the entire 
length of the esophagus, and are fully as numerous as in the dog. 
The glandular lobulcs are o ~ o i d a l  in shape, somewhat compressed 
from side to side and so placed that their long diameter coincides 
in  direction with the long axis of the cesophagus. Many of the 
lobules have indepcndent ducts, but in the majority of cases a duct 
divides below the lamina muscularis miicosZe into two ducts which 
enter adjacent lobules. The glands are of the tubulo-acinous type, 
the lobixle being a system of highly branched tubules with small 
acini along their course and at their terminations. There is no 
difference between tubules and aaini as to Ihe character of the 
lining cells. The epithelium changes from duct epithelium to sccret- 
ing epithelium at the point of entrance of the duct, so that all tubules 
within the lobule are lined excliisirely by glandular epithelium. 

The character of the glandular epithelium is well shown in Fig. 
10. The latter 
are very abnndant and conspicuous. The mucous cells correspond 
in character with those of other mucous glands and require no special 
description. The demilunes in tbe glands of the upper part of the 
esophagus have the characteristic crescentic shape in sections. I n  
the glands of the lower portion of the esophagus many demilunes 

I t  consists of mucous cells and serous demilunes. 



The Structure of thc Xammalian @sophagus. 21  

Duct of gland- 

- Gland tubules 
showangmucuus 
rells and rl~me- 
lunes 

FIG. 9. Transverse section of tunics ii~ucosa and part of tela submucosa of 
esophagus of Procyon. x 120. 
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are so large that they form small sessile acini along the sides of 
the tubules. In  both cases intercellular capillaries are seen in iron 
hmna toxyh  preparations, outlined by cement lines running between 
the adjacent surfaces of the cells. I n  the acinus-like demihnes of 
the glands at the lower elid these iutercellular' ductulcs open into a 
central lumen which is directly continuoils with the lumen of the 
main tubule. Although the material was not suitable for  studying 
the secretory content of the cells, because of the fact that the acsoph- 
agus was fixed in Zenlwr's fluid fully an hour after the animal was 

-Serous 
m i n u s  
(rlernolune) 

FIG. 10. Port ion of I iibulr of c-esolJhagcxi1 gland of  Procyon showing 
iiiucous cells and large demiluiies with secretion granules. X 500. 

killed, yet in some of thc mom superficial glands the cells of the 
deinilunes contained well-fixed secretion granules (Fig. 10)' which 
staincd strongly in eosin and in iron lmmatoxylin and which OCCII- 

pied the portion of the cells bordering on the lumen. No basal 
filaments, however, were dcrnonstrated. 

The ducts of the gland are lined for  a very short distance at their 
origin from the lobule, by a low simple cubical epithelium. A short 
distance from its origin this changcs to a two-layered epithelium, 
the cells of the surface layer having their long axes pcrpendicular 
to the basement membrane, those of the deep layer parallel to it. 
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I n  the upper part of the duct a third layer is added and the surface 
layer becomes flattened. The ducts enter the epithelium between the 
ridges of the lamina propria. 

The ducts run perpendicular to the surface and have no ampulla- 
like enlargements. X o  lymphatic nodules nor accumulations of 
lymphoc,ytcs occur in relation to thc ducts. 

The tanica mnscnlaris is composed of striated muscle throughout 
nearly its whole extent,. In the stratum circulare smooth muscles 
make their appearance a short distance above the cardia and expand 
a t  thc cardia into a lower sphincter. 

~ b P H l ' i ' l S  & ~ E P B I T I C A .  

Tn Mephitis the epithelium is extremely uneven in thickness owiiig 
to the fact that froin tltc dccp surface epithelial processes descend 
into the lamina propria mucosz. The connective tissue separating 
these processes represents, somewhat more highly developed, the 
longitudinal and transverse ridges of tho cesophagixs of the raccoon. 
The thickncss varies from I 2 2  micra to 294 micra, the difference 
between these measurements indicating the height of the epithelial 
processes. The epithelium shovs very littlc evidence of cornifica- 
tion, although the supeficial layers of cells are much flattened and 
stain more readily in eosin than the deeper ones. 

The lamina muscularis mucosa lxgius at  the upper end of the 
crsophagixs as scattered bundles, but rapidly becomes a complete 
layer 41 to 118 niicra in thiclnness, according to the degree of 
extension of the niucous membrane. 

Tlic only gIands present in the cesophagus are found just at the 
cardiac orifice o€ the stomach. They are located in the sribmucosa 
and are similar in structure to thr glands of the esophagus of Pro- 
cyon. The demilnnes arc particularly abundant and have the char- 
acteristic form and structure. The ducts begin in the lobules with 
a lining of cubical cells- beneath which is an imperfect second layer 
of cells. This second layer quickly becomes complete on going up  
the &ct and additional layers are added as the surface is approached, 
as in esophageal glands elsewhere. Thcse glands are therefore in 
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erery respect typical esophageal glands and can not be confused with 
the neighboring cardiac glands of the stomach. 

The tunica miiscularis consists o€ striated niuscle througllout its 
whole extent. 

LUTEBOLA VISON. 
The cpitheliurn in  Lixtrcolw. is very similar to that in the cat. 

No true papillw are prcsent and tlzei-e is a very slight indicatiou 
of ridges of the lamina propria so that, the deep border of the epi- 
thelium is fairly regular. The cornificatioll is imperfect but is 
indicated by the different staining of the superficial layers of cells 
which are much flattened, biit w+iivh retain their nuclei. The thick- 
ness is fairly uniform througlloi1t except for  such differences as 
are the resnlt of tension. 

The lamina miiscixlaris iniwosz is well dereloptd, forming a 
layer 50-80 inicra in thickness a t  the uppir  end of the cwophagus 
and gradually increasing in tliickiicss to 180 micra at the cardiac 
orifice. 

A few glands only are present, and thesc are confined to the upper 
fourth of the esophagus. They are similar in natiire to the glands 
of the mophagus of Procyon, that is they consist o i  mucoiIs cxlls and 
demihmes. 

T?BGUI,ATA, 
X y  observations on the structure of the cesophagus of the nngu- 

lstes have bcen largely coiifirma(ory of the work of Ellenberger (81), 
Rubeli (go) ,  IIaane (05), arid IIclm ( 0 7 ) .  

To asccrtaiiz bej-ond doubt thc presence or absence of glands in 
the mophagus of the sheep and ox, prepmations were made of the 
whole cesophnps accorcling to the niethod alrcadg outlined, bat with 
negative results. These wsophagi containcd no gIands. In  the 
case of the horse sections made at  different levels were likewise 
devoid of glands. 

I n  the esophageal glands of the pig, I hare found, in confirmation 
of Helm (0$), demilunes of seroixs cell?, but in smaller numbers 
than in any of the other animals whose glands were studied with 
the exception of man. They are, however, by no means infrequent, 
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although the complexes are smaller in size, more compressed, and 
more easily overlooked than in other animals. Thcse demiluncs are 
provided with intercellular secretion-canaliculi. 

I n  all the ungulates examined, as might be expected, the epithe- 
lium shows a marked thickening, and an unusual degree of cornifica- 
tion. The condition in the sheep as shown in Fig. 14 is typical 
of that found in the sheep, ox and horse. The epithelium is thick 
and presents on its deep surface an irregular outline owing to the 
presence of longitudinal ridges of the lamina propria mucosE. I n  
addition, both on the summits of these ridges and between them 
there are extraordinarily long papill~e, for the most part simple, 
which penetrate the epitheliuni as far  as the stratnrn corncum and 
even penetrate that layer for a short distance. A thick stratum 
corneum forms the outer portion of the epithelinm, forming from 
one-third to one-fourth of the entire thickness of the epithelium, 
the thicker portions being found in the lower regions of the esoph- 
agus. I n  this stratum corneum two secondary strata may be made 
out which may be compared in general with the strata lucidum and 
corneum of the plantar skin, although there arc important differences 
in structure. Both layers are very homogeneous and transparent in 
the fresh condition, and in unstained alcohol-fixed sections. TIE deeper 
layer is composed of fusiform flattened cells, but with flat,tened nuclei. 
The superficial layer shows the wrinkled cell borders seen in  section 
of the stratum corneum of the skin. No true stratum granulosum 
is present, but the superficial portion of the stratum germinatum 
shows indications o€ a change preparatory to cornification, in  that 
the cell protoplasm of this layer stains more readily in fuchsin than 
the deeper layers. Nuclei are present in the cells of the most 
superficial layers of the stmtiim corneum, although they are much 
degenerated. Thus while a deep stratum corneum is present tho 
changes do not involve the nuclei of the cells to the extent that they 
do in the guinea pig. 

I n  the pig, also, the epithelium is thick, but the degree of cornifica- 
tion is much less than in the sheep, the contrast between the stratum 
germinativum and the stratum corneum less striking, and the tran- 
sition less abrupt from the one layer to the other. We do not see 
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in the cesophagus of the pig the division of the stratum corneum 
into two layers as in  the sheep, and in the pig nuclei are more 
numerous in  the superficial layers and less degenerated. There is 
thus in these animals a very evident relation between the presence 
of glands and the degree of cornification of the epithelium. 

An interesting fact in connection with the structure of the pig’s 
cesophagus is the arrangement of the muscularis mucosz. In the 
upper portion of the cesophagus where the glands are abundant 
there is no muscularis mucosz. It makes its appearance a short 
distance above the point at which the glands begin to thin out and 
is well developed in the lower half of the esophagus where there are 
€ew glands. 

MAN. 

Much disagreement exists between observers as to the number and 
distribution of the esophageal glands in man. According to Toldt 
(89) they are present in large numbers in  the upper section of the 
esophagus and are wholly wanting in  the lower segment. Accord- 
ing to Klein (71) they are of rare occurrence. Kossowski (80) 
on the other hand finds them most abundant a t  the lower end of the 
mophagus near the cardia. Dobrowolslci (94) found that there were 
considerable individual variations, but that the whole number did not 

two hundred, of which two-thirds were in the upper half of 
{he ccsopliagns. The latter oIm.xwr’s results were based on prcpara- 
iions of the entire cesophagus and his conclusions as to the indi- 
vidual variability are supported by the preparations which I have 
iriade b y  the method already outlined. The extent of the individual 
va~iat ions is well indicated by figures 1 6  and 1 6  which show the 
cvact location of every glandular lobule in two human cesophagi. 
One 01 these contained 741 lobules pretty well distributed over the 
whole ccsophagus with the exception of a short area at  the beginning 
O C  the cesophaps and another near the cardiac end where the glands 
are rrlatively few in number. The other esophagus had but 62 
glandular lobules, 58’of which were found in a segment 4 cm. in 
length beginning 3 em. below the cricoid cartilage. In  a third 
cesopliaps there were 140 lobules of which 43 were locatcd in a 
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segment 3 em. long at  the lower end of the cesophagus. Above this 
a segment 3 cni. long was free from glands. Above this 37 glands 
were distributed over an area 10 em. in length. At the upper end 
of the cesophagms 60 glands were distributed over a distance of 7 
em., this group being separated from thc middle group by a segment 
2 em. in length devoid of glands. I n  addition to the glands there 
were 54 cysts of varioiis sixes. As the figiirc (15) indicates, thcrie 

FIG. 11. Photomicrograph of two glands froiii hiininn esophagus stained 
in toto. The long axis of the esophagus coincides with that of the glandular 
lobules and the diirts point obliquely toward the stomach. 

is a marked tcndcncy for the glands to be arranged in longitudinal 
rows parallcl to the long axis of the ccsophagus. These rows may 
be as many as eight in nuiribcr a t  one transverse level and are not 
confined to the anterior surfaco and lateral surfaces as stated by 
Dobrowolski, but are distributed indifferently on all surf aces of 
the cesophagus. 

The relation of the ducts to the lobules is well shown in Fig. 11. 
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Each duct is oblique in  direction with reference to the axis of the 
esophagus but has a general direction downward in  the direction 
of the stomach. The descending portion of the duct lies in the 
tcla submucosa closc undorncath the lamina rnuscularis mucosze, and 
may reach a length of 4.6 rnm., although the majority of them arc 
much shorter. Each duct branches at  its termination into from two 
to five rarely more secondary ducts, each of which enters a lobule. 
Ampullary dilatations of the ducts are of very common occurrence 
and affect most frequently the oblique portion of the main duct in 
the submucosa. Almost as frequent, however, are the dilatations 
into ampulla of the secondary ducts at the point of emergence from 
thc lobiile or in the hilum of the lobule. The portion of the duct 
contained in the lamina propria nmcosz is frequently surrounded, 
as pointed out hy Flesch (88) and Schaffer (97), by accumulations 
of lcucocytes and oftcn by truc lymphatic nodules with a germinal 
center. At  the point whcre the duct emerges from the lobule there is 
also, frequently, surrounding the duct, an accumulation of reticular 
tissue containing large numbers of leucocytes. The nature of the 
leucocytes found in these accumulations varies considerably, but in 
some caws the predom'inaiing cell is Unna's plasma cell. In other 
cases the lymphocytes predominate. I n  all cases, however, there 
are large nnmbers of plasma cells distributed along the duct and in  
the reticular tissue forming the framework of the gland, and in those 
cases where no nodule is present along the duct. one finds occasionally 
the whole duct surrounded by a narrow layer of reticular tissue 
containing plasma cells and lymphocytcs. 

As regards the structure of the lobule and the character of the 
individual cells composing the gland, little can be added to the 
excellent description given of these structures by Schaffer (97) and 
the description which follows is largely confirmatory of his obser- 
vations. 

The lobular duct gives off within the hilus of the gland a series 
of intralobular ducts which are arranged radially around it and are 
of variable length, those which drain the portions of the lobule near 
the hilus being short, those which go to the terminal portions of the 
lobule longer. Each of these intralobular ducts drains a pyramidal 
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mass of tissue the apex of which is directed towards the duct, the 
base towards the periphery of the lobule. These pyramidal masses 
are the units of structure, being composed exclusively of tubules and 
acini lined by secreting cells. As indicated a b o ~ 9  the gland is 
tubulo-acinous in type, the body of the unit composed of branching 
tubules which terminate in bulb-like acini, tubules and acini being 
occupied by the same type of epithelial cell. The acini show a 
slight expansion of the lumen and the cells are frequently longer in 
the acini than in the tubules, thus accounting for the difference 
in size. 

To the question of the presence of dernilunes in the esophageal 
glands of man I have given much attention. I n  view of the fact 
that I have found these structures without difficulty in all esophageal 
glands of other mammals i t  was my expectation that they mould 
also be found in man. Accordingly I have studied carefully coin- 
plete series of sections, 5 micra thick, of glands from three different 
esophagi, using the methods of staining which I have found most 
efficient in demonstrating these structures in other mammals. The 
result of this study has, however, been wholly negative and I am 
forced to agree with Schaffer, who states that the human Esophageal 
glands are pure mucous glands without demilunes. Referring to 
the literature I find that neither Klein (79) nor Renaut (97), who 
are quoted in this connection by Schaffer and Oppel, specifically 
state that they found demilunes in the human cesophagus, although 
the former found them in the dog and Renaut’s description applies in 
general to the dog and man. Biihm and v. Davidoff (95) state that 
there are but few mucous glands in the esophagus but that when 
present they contain well marked demilunes, but it is difficult to 
determine whether these authors had before them the true esophageal 
glands occurring in the submucosa, or the superficial glands of 
Rudinger which have been shown by Schaffer (9’1) and Hewlett 
(00) to contain parietal cells and from which their illustration of 
the esophageal glands of man is clearly taken. 

The character of the mucous cells forming the secreting tubules 
is well shown in Fig. 12. Protoplasmic cells containing no mucin as 
described by Schaffer occur also in my preparations, whole groups 
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of tubules being of this character. These I interpret, as did Schaffer, 
as temporarily inactive mucous cells. These tubules are always sur- 
rounded by a tissue containing large numbers of plasma cells. 

The ducts of the glands (Fig. 12) are lined by a stratified epithelium 
except in  the very beginning in the gland where for a short distance, 
only 12 micra in some cases, a single layer of cylindrical cells is 
found. The intralobular ducts have a double layer of cells and the 
large ducts in the submncosa two to four layers of cells, the number 
of layers increasing as the surface of the mucosa is approached. The 
shape of the cells varies with the degree of tension of the surface, 
produced either by distcnsion of the dixt with secretion or by the 

FIG. 12. Portion o f  a lobule of an esophageal gland of  nran, showing 
entrance of duct and transition of duct epithelium to glandular epithelium. 
A. Lobular dnct. B. Transitional duct lined by simple colurunar epithelium. 
x 180. 

formation of folds in the mucous membrane. I n  the relaxed duct 
the superficial layers of cclls are cylindrical, the deeper layers poly- 
gonal except very near the epithelinm, where the epithelium becomes 
stratified sqnamous. I n  the distended or stretched duct both super- 
ficial and deeper layers of cells become more or less fusiform in  sec- 
tion. I n  all cascs the superficial layers of cylindrical or flattened 
cells stain more strongly in  eosin than the second layer, indicating 
a probable change in  a slight degree of the protoplasm in the direc- 
tion of cornification. 

As regards the superior cardiac glands of Schaffer and Riidinger 
I have been able to make no study of them owing to the absence of 
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suitably fixed material. I n  one out of four esophagi of which total 
preparations were made to study the distribution of the glands, groups 
of these glands were found in the upper part of the cesophap 
extending 4.5 em. below the lower border of the cricoid cartilage. 
In this case twelve patches of these glands were found varying in 
size from 1 mm. to 15  mm. in  length and from 1 mm. to  3 mm. in 
width. 

The mucous tubules and acini are surrounded by a well marked 
basement membrane composed of reticulum, and the tubules are bound 
together by a reticular framework. No myoepithelial cells could be 
demonstrated between the basement inembrane and the epithelium 
of the glandular tubules. 

The epithelium in man is of considerable thickness, varying in 
this respect with age, and with the degree of tension of the mucous 
membrane. Another cause of variation in thickness in specimens 
of the hnman cesophagus is due to post-mortem loss of the super- 
ficial layers of cells owing to maceration. I n  the newborn child i t  
has a thickness of 113 micra, in the adult from 260 to 440 micra. 

The degree of cornification of the epithelium in man is about the 
same as in the pig and considerably less than in the sheep and ox, that 
is to to say that, although the superficial layers of cells show indica- 
tions of chemical change in  their greater transparency and in stain- 
ing more readily in eosin, the degree of flattening of the cells is much 
less than in  the animals mentioned, and oval nuclei, which stain 
well, are preserved even in  the most superficial layers (Fig. 13). 

The deep border of the epithelium is irregular owing to the pres- 
ence of transitory folds of the lamina propria, described by Strahl 
(89) and more particularly owing to the presence of large numbers 
of high conical  papilla^ The latter are arranged in linear rows 
running parallel to the axis of the cesophag-us and resembling in 
their general arrangement those found in the skin of the palinar sur- 
faces (Fig. 17). In some cases, as shown in the figure, the r o m  are 
composed of several ranks of papill=, the individual papill% being 
irregularly distributed. 

It begins in 
the lower part of the pharynx as scattered bundles of longitudinally 

The lamina muscularis mucosie is wrll developed. 
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of surface epiihe- 
lmm 

FIG. 13. Transverse section of timica mucosa of human esophagus. 
Ocular 3. 
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= 5’. germinafiaum 

-L. propria 
muciJEm 

FIG. 11. Trulisversc sectioii of tnnicn niucosa of cesophagnu of sheep. 
x 120. 
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arranged unstriated muscle fibres, and rapidly becomes a complete 
layer at the upper end of the ccsophagus, attaining in the adult a 
thickness of 0.4 mm. 

\ . " * ? I \  I 

FIG. 15. 

FIGS 15 and 16. 
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Diagrams showing exact location and relative sizes of 
every glandular lobule in two human Esophagi. Figures are reduced one-half. 
The figures represent the enop1i:tgus a s  seen when cut open along the poste- 
rior border and spread out. 

Diagram showing exact distribution of papillae on 8 sinall arca 
of hurnau esophagus. Thc r o ~ m  are parallel with the esophageal axis. 

FIG. 17. 

As regards the charactcr of the tunica muscnlaris my observations 
agree in the main with those of Welcker and Schweigger-Seidel 



The Structure of the Mammalian CEsophagus. 35 

(61) except that I did not find the striated fibres extending so far 
do la .  The following table shows the condition found on the pos- 
terior wall of two huinan esophagi. 

1. Longit.. 21 em. 6.2 mi. 1.95 em. 
Circ. 3.52 cm. 4.63 CUT. 

2. Circ. 3.6 e1n. 4.75 mi. 
5.6 cm. 2.4 em. Lorigit. 21.3 cm. 

UNSTRIATED. 

These measurements show that the unstriated fibers extend some- 
what higher in the circular coat than in the longitudinal coat, but 
that scattered striated fibers extend to about the same level in both 
cmts. Approximately the Iox7er Two-thirds of the esophagus is pro- 
vided with smooth fibres only. I did not find the striated fibres in 
the lower end of the Esophagus which have been described by Gil- 
lette (72) and Coaldey (92). As Scliaffer has shown, the unstri- 
nted fibres may oceasiondly extend in the circular coat as far 8s the 
lon7er border of the pharynx o r  even into the pharynx. 

GENERAL CONCLESIOKS. 

I n  addition to the specific data recorded in the preceding pages 
certain general conclusions may be drawn from thc observations and 
from those of previolls workers. 

As regards the oeciirrence of esophageal glands the species exam- 
ined and those previously descrikd may be divided into thi=ee groxps: 

A. Mammals in m-hich the ccsophageal glands are wholly lacking 
below the level o I  the cricoid cartilage. To this group belong all the 
rodents examined, including the fol loxhg species :-Arctornys monax, 
Tamias striatus, Cavia, Erethizon dorsatus, Lepiis cunicdus and 
h p u s  nuttalli, Xus decumanus, Sciu pus hudsonicus, and Geomys 
Bursarias. IR addition to these Sciurns rulgaris and Spermophiius 
citillus have teen reported by Oppel as lacking esophageal glands. 
Here also belong the ungulate species Eos taurus, Ovis aries and 
E p u s  ca~allus, the carnivor species Felis clomestica, Vespertilio 
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fuscus belonging to the Chiroptera and according to Oppel the mar- 
supial species, Trichosurus vulpecula, Aepyprymnus rufescens, and 
Phascolarctus cinereus. 

TO this 
group belong Erinaceus, Scalops and Lutreola in which a few mucous 
glands with demiluncs occur in the upper end of thc cesophagus, and 
hlephitis in which a few glands of similar nature are to be found 
at  the lower end of the mophagus. 

C. To the third class belong a small group of mammals belonging 
to different orders in which the glands are present in  considerable 
numbers. These are Didelphys, Procyon, Canis familiaris and C. 
vulpes. Meles tavus and Nasua rufa, in  which glands occur in 
considerable numbcrs throiighout the whole extent of the esophagus, 
SIIS scrofa dornestica in which they are abundant in the upper half 
of the mophagus and few in number in the lower half. 

I n  structure the esophageal glands are compound tubulo-alveolar 
glands, consisting, escept in those of man, of two kinds of cells, 
mucous cells and serous cells. The latter elements, which have been 
overlooked by previous observers with the exception of Klein (‘7Y), 
Benaut (9’7) and IIelm (07) are aggregated in  the form of 
demilunes such as we find in the submaxillary gland of the dog, and 
like the demilnnes of the salivary glinds are provided with well 
defined intercellular secretion canaliculi. In the glands of the lower 
end of the Esophagi of Procyon and Didelphys these serous cells 
are so numerous that in many cases they form sessile alTTeoli on the 
sides of the mucous tubules with an independent lumen from wllich 
the secretion-canaliculi branch off. I n  man no demilunes could be 
found, thus confirming the observations of Schaffer. 

A survey of the distribution of glands makes it apparent that the 
occurrence of cesophageal glands is the exception rather than the 
rule in mammals and that their presence bears no relation mhatever 
to the mechanical qualities of the food nor to the completeness of 
mastication. Purely vegetable feeders are uniformly devoid of glands 
in the cesophagns and in many flesh feeders they are either few in 
number or wholly absent. Ranvier it is true explains the absence of 
glands in rodents on the basis of the thoroughness of mastication, 

B. Mammals in which the glands are few in number. 
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but if we examine the matter more closely we find that as a matter 
of fact the esophagus of these animals has been specialized on 
account of the coarse character of the food but in other ways than by 
the production of niiicous glands. On the other hand the theory that 
the glands arc developed in proportion to the needs of the animal 
for lubrication of the food bolus does not adequately explain the fact 
that in many Carnivora glands are few in number or wholly wanting 
whlc in others they are very abundant. Jf we examine the cases 
of those animals which have a very large number of cesophageal 
glands we find that there is no common quality as regards efficiency 
of mastication relative to development of the salivary buccal and 
Esophageal glands, or consistence of the food which mould serve to 
explain their presence. They are, however, without exception mixed 
feeders, and this suggests that i t  is the composition of the food 
rather than its consistence which has called forth the development 
of miicoiis glands in the esophagus, or to express it differently, that 
the secretion of these glands has a chemical value rather than a 
mechanical one. This view is supported by the twofold cellular char- 
acter of the glands, for it is difficult to understand why a serous 
gland should have been de~eloped where the need was simply the 
mechanical need of lubrication. 

I n  contrast to  the glands the epithelium shows a very definite and 
constant relation to the character of the food, and it is in the epithe- 
lium that me find the cesogliagus undergoing specialization in those 
animals vhich live on coarse vegetable food. The strncture of the 
epithelium is thus an accurate index of the character of the food 
swallowed, inasmuch as me find a thickened and highly cornified 
epithelium in those animals which live on coarse food, particularly 
vegetable feeders, and a thin slightly cornified epithelium in animals 
living on soft food, for example, the carnivors. 

Correlated with this thickening of the epithelium we find, as 
might be exprcted, an increase in the development of the muscularis 
mucosze, the probahle function of this layer being to retract the 
mucous membrane above the descendiq bolus of food. Conversely, 
the muscularis mucosze and the cpi thelium exhibit these specializa- 
tions in a less degree in those animals in which large numbers of 
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mucous glands are present, indicating that, although the glands have 
been developed primarily for another piirpose, their secretion never- 
theless serves the purpose of lubrication where it is present, and in 
so doing modifies the degree of specialization of the epithelium and 
muscularis mucosa:. For example in  the pig, in the upper end of 
the cesophagus where glands are abundant, no muscularis mucosEe 
is to be found, while in {he lower end where few glands are present, 
it is highly developed. 

It will be noted that with regard to the processes of connective tis- 
sue which project into the epithelium and which are usually described 
as papillze of the lamina propria mucosEe thc observations here 
recorded confirm in general the conclusions of Strahl (89), who 
found that in many cases they mere not true papills but elongated 
ridges of the lamina propria running in a direction parallel to the 
long axis of the esophagus and connected with one another by oblique 
ridges. This is a matter in which it is very easy to be mistaken 
because ridges cut across are very similar in appearance to papillz. 
It is only by examining carefully series of sections, or whole prepara- 
tions of the epithelium, that this mistake can be avoided. Among 
the mammals examined true papill= were found in the pig, ox, horse, 
sheep, and man and were associated in all these cases with longi- 
tudinal ridges of the lamina propria. In Didelphys, L4rctorngs, 
Sciurus, Tamias, Lepus, Canis, ridges only were present, althoiigh 
in Cavia and Tamias the irregular siimmits of the ridges afford 
suggestion of beginning papilla. I n  Procyon there are longitudinal 
ridges alBo with suggestions of low papilla: on their summits, while 
in  Mus, Geomrs and Erethizon, there are neither ridges nor papi lk ,  
but an epithelium of fairly uniform thickness. In Mephitis, finally, 
we have represented the exact opposite of connective tissue papilla, 
inasmuch as the epithelium sends processes into the suibjawnt con- 
nective tissue. This is of course to be derived from a further devel- 
opment of the system of longitudinal and transverse ridges which 
have become so numerous and close that they surround papilla-like 
processes from the deep surface of the epithelium. 

With regard to the phylogeny of the esophageal glands, the fact 
that in whole orders no glands are to be found and that each of the 
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principal orders both of marsupials and placentals contain indiv idnals 
 holly lacking in esophageal glands indicates that these stiwtnrcs 
have been developed independently in the different orders in response 
to needs that havc arisen as result of food specialization. The alterna- 
tive hypothesis that they were originally present in all mammals 
and that they have disappeared from some is scarcely worth considera- 
tion in view of the general absence of similar glancls in lower verte- 
brates. 

In  man alone is there any indication that the esophageal glands 
are disappearing. T h e  the great variability in  nnmber of the glands 
and the constant presence of cyst formation and stasis of the secrc- 
tion and atrophy of the glandular cells might be taken as an indica- 
tion of a disappearing structure. 

I n  conclusion I desire to express my thankP to Prof. R. R. Bensley 
for  valuable suggestions during the course of this investigation. I 
desire also to thank 343s Katharine IIill f o r  the accompanying 
drawings. 
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