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On the strueture of the mucous membrane of
the stomach.

It is from an accurate knowledge of the
minute structure of the mucous membrane
of the stomach that the most correct de-
ductions may be made, in a physiological
point of view, Nor, indeed, is this know-
ledge less important and valuable to the
pathelogical inquirer, whose aim should
always be to detect the seeds of disease
before they have yet begun to germinate.
But it can scarcely be expected that any
degree of success shall attend researches
into the morbid changes of any structure,
if the observer be ignorant of its anatomi-
cal characters in health. I feel that I
cannot too strongly urge upon pathologists

enerally the necessity of obtaining a more
intimate knowledge of the natural strue-
ture of organs, than that commonly possess-
ed, in order to investigate with success the
alterations to which those organs are liable.
On no one subject are the statements of
morbid anatomists less to be relied on
than with reference to the morbid changes
of the mucous membrane of the stomach ;
nor is there any matter on which more
crude and inconsistent reports have been
published. It is but a few years since the
variations in the supposed morbid states
of the liver were pointed out, by the relative
proportions which the so-called red and
yellow substances of that organ bore to
each other ; but now that we are acquaint-
ed with the minute anatomy of this viscus,
we are able to estimate correctly the degree
of value which may be assigned to these va-
rieties of colour; we know, indeed, that
these varieties of substance in the liver,
although for many years described by
anatomists of great and deserved reputa.
tion, were, in fact, no more than fictions,
adopted for the purpose of explaining that
which they felt it difficult to explain, only
because they were ignorant of the real
anatomy of the organ.

Notwithstanding the attention which
was given to the investigation of the ana-
tomy of the tissues, in France and Ger.
many especially, and in a less degree in
this country, but little advance had been
made in our knowledge of that of the
gastric mucous membrane, and although
in the writings of Haller, Hewson, Cuvier,
Meckel, and Home, we can trace some
approach to a knowledge of the true struc-
ture of this membrane, one is surprised

that, with the means and opportunities,
and the zeal, which those anatomists pos-
sessed, they did not come nearer the truth.
Recent mieroseopical investigations have,
however, completely revealed to us the
minute anatomy of this membrane ; those
of Dr. Sprott Boyd were published in the
Edinburgh Medical and Surgical Journal,
for the year 1836, and constitute a very
valuable, extensive, and, upon the whole,
accurate series of researches, Shortly
afterwards the indefatigable Purkinje in-
vestigated the subject, but I have only
seen a passing allusion to his exami-
nation, in a paper by himself and Pappen-
heim, on the influence of electricity upon
artificial digestion, in Miiller’s Archiv for
1838 ; and at the end ol last year a paper
appeared in the same journal, from the
pen of Professor Bischoff, of Heidelberg,
containing a very full account of his ex-
amination of this membrane. Before 1
had the advantage of perusing this paper,
I had myself examined the membrane of
the stomach in several animals of each of
the vertebrated classes, and had obtained
a knowledge of its intimate texture, which,
in the main points, agrees with the descrip-
tions of the authors to whom [ have just
referred, The account which 1 shall give
in the present lecture is derived altogether
from my own observations.

To obtain a perfectly satisfactory view
of the anatomical characters of the gastrie
mucous membrane, it is necessary that the
stomach of an animal quite recently dead,
should be selected for examination. The
surface of the membrane is constantly
overlaid by a more or less thick layer of
mucus, generally tenacions,and adherent to
the subjacent cells, from the mouths of
which it is poured out. There can scarcely
be a doubt that this mucus exerts a de-
structive influence upon the membrane
with which it is in contact, and if it be
allowed to remain in contact for a suffi-
cient length of time, the surface becomes
so softened and, as it were corroded, that
all traces of the natural structure of the
tissue completely disappear. Hence the
first care of the anatomist, after having
obtained a sufficiently recentstomach, must
be to remove completely the adherent
layer of mucus. Nor must this be done by
any violent mechanical means, such as
scraping the surface with a knife, or the
edge of any sharp instrument ; it may be
completely and satisfactorily accomplished
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by directing a strenm of water upon the
surface: let the whole mucous membrane be
well washed under a large stream flowing
from a cock, and then with a good syringe
direct a moderate stream upon each portion
of the membrane in succession ; by these
means in a short time the layer of mucus
may be very completely removed, and
then the stomach may be kept in a weak
spirit for an indefinite period, without suf-
fering any alteration in its structure. [
have in this way preserved for many
months several injected and non-in.
jected specimens, which completely retain
their natural appearance, and will, I have
no doubt, continue in the same condition.
 Thus prepared, the structure of the mem-
brane may be ascertained by various modes
of examination. A portion of it injected or
atherwise, pinned on a piece of cork, and il-
Juminated by light thrown upon it by a con-
denser, may be examined vnder water by
the simple or compound microscope, and
with the aid of a lens, or object glass, of
even very low magnifying power. I find
that the Coddington lens, or in the com-
pound microscope an object glass of two
inches foeal distance, aflords a most satis-
factory view of the surface, arranged as I
have stated. I[u a successful injection the
maode of distribution of the capillaries is
beautifully seen, but they are so nume.-
rous as to conceal the arrangement of the
membrane, and, therefore, the anatomist
must not confine himsell to the examina-
tion of injected specimens only. Thin
vertical sections of the membrane must
next be made, and if these be sufficiently
thin they may be examined as transparent
ohjects; but the structure is very well seen
when lllij' are ]Ji:l.ﬂl.'d on a black gmuuli,
and examined as opaque objects. I have
found it also extremely useful to make
very thin horizontal sections at varivus
depths of the membrane, and to examine
them by transmitted light. This mode of
vxamination, which has not, so far as I
know, been adopted by other observers,
lins enabled me to satisly mysell about
several points in the structure which with-
out it must have remained donbtful.
When a portion of the mucous membrane
of a true digestive stomach is examined,
stretched upon a plane surface under
water, we observe it to exhibita multitude
of small cells more or less circular in form.
T'hese cells are present over the whole sur-
face, where a thick epithelinm visible to
the naked eye does not exist, and their
presence may be considered to be charae-
teristic of the true digestive surface, as con-
tra-distinguished from that of a simple
macerating cavity. When the mucus has
been well cleared away, we can see to the
floor of each cell, which exhibits from three
to five perforations, often rendered distinet
by being filled with the white mucous secre-

tion (fig. 1.) The cells are separated from

This figure (from Bischoff') represents the eells
seen; om the surface of the stomach, with their
Moors perforuted by the orifices of the tubes.

each other by partition-like elevations
of the membrane, which vary in depth,
and sometimes even form pointed pro-
cesses, mistaken by some anatomists for
villi, which they really do resemble when
examined on an oblique section. The
diameter of the cells is about 1-180th inch
to 1.250th inch: it varies, however, in the
different regions, and is always largest near
the pylorus. Such is the general descrip-
tion of the mucous surface of the stomach
of the following animals in which I have
examined it—in man, the dog, cat,lion, the
fourthstomach of raminants,in the pig, rab-
bit, horse, and ass; in the simple stomachs
of the frog and waternewt, in the stomach
of the turtle, and in those of the skate and
cod, in the former of which each cell
measured 1.360th of an inch.

When the vessels of the stomach have
been minutely injected with the size in.
jection eoloured red, nothing can be more
beauntiful than the vascular net- work which
is then seen on the surface of the mucous
membrane. The margin of each cell is
surronnded by a vascular cirele, which is
joined at various points of its circom-
ference by minute vessels emerging from
the substance of the membrane (fig. 3),
and all the circles anastomose with each
other. 1 know nothing which more forci-
bly exhibits the intricacy of the capillary
vessels themselves than this vascular net-
work on the surface of the gastric mucous
membrane, '

Although the appearance which I have
described is rendered visible by a lens of
very low magnifying power, so low as
three or four diameters, no trace of it can
be seen by the naked eve. The orifices of
the so-called gastric glands, which Sir
Everard Home states may be seen at the
pyloric and eardiaec portions of the mu-
cous membrane of the stomach of man
and other animals, can correspond to no-
thing but the cells which 1 have describ-
ed; yet it is difficult to imagine, if he
really did see these cells at the cardia,
how he could have avoided seeing them,
similar in arrangement although different
in size, all over the mucous surface. Not
unfrequently a remarkable series of smaller



DR. TODD ON THE PHYS310LOGY OF THE STOMACH. 5

wrinkles is seen on the pyloric and ecar-
diac portions of the membrane. Three
slight and very short fissures radiate from
a central depression, and these occur in so
great numbers, and at such regular dis-
tances from each other, that they are not
unlikely to be mistaken for a peculiar
structure, nor to be set down as glands, by
those who are zealously in search of a
distinct series of such organs in connec-
tion with the stomach, have seen this
appearance many times on the human
stomach, and always in that of the pig;
and [ am disposed to think that it is pro.
duced by the contraction of the muscular
coat, although 1 am unable to explain ex-
actly the manner in which it is effected.
When thin sectionsof the mucous mem-
brane, cut vertically to the surface, are
placed under the microscope, they are seen
to be composed of a number of tubuli
closely applied to each other side by side,
their blind extremities being in contact
with the submucous tissue, and their free
extremities opening into the bottom of the
cells. In some situations these tubuli are
straight and short; in other parts they are
longer, and at their blind extremities pre-
sent an appearance which might arise
either from a slight convolution of the tube,
or from some irregular dilatations of it in
that situation (fig. 2). It very commonly

Fia. 2.

e
i l'!t‘|uv}
L

Tubes from the pyloric portion of the stomach,
us seen by a vertical section,

happens that two tubuli coalesce or anas.
tomose at their free extremities, and they
will consequently open upon the floor of a
cell by a common orifice; and hence it
is that a greater number of tubules actua-
ally pour their contents into a cell, than
would be indicated by the number of
openings which pierce its floor. The dia-
meter of the tubuli varies from 1-360th to
1-540th of an inch.

The tubuli are straiter and shorter at
the cardiac portion of the stomach, longer
and more convoluted, or irregular, at their
blind ends, at the pylorie portions. In a
vertical section of an injected specimen,

we see the vessels coming up from the
submucous tissue, and passing between
the tubuli, as in the annexed figure (fig. 3),

Fie. 3.

Vertical section of the mucous membrane, shew-
ing the vessels passing to the su il net-
work ( from Bischoff.) =

to terminate in the vascular net-work on
the surface.

From the examination of thin horizon-
tal sections at various depths of the mem-
brane, I have ascertained that the tubuli
are arranged in bundles or groups, sur-
rounded and bound together by a fine
cellular membrane, the bundles varying in
size, and in the number of tubules con-
tained in them, as shewnin fig. 4, which

Fic. 4.

Transverse section of the tubuli in the dog.

represents such a section of the dog’s sto-
mach, magnified about 100 diameters.
When a very thin horizontal section,
taken from the free surface of the mem-
brane, is placed under the microscope, the
free surface being upwurds, and covered
with tale or thin glass, a very beautiful
view of the mouths of the cells, and the
arrangement of the membrane around and
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between them, is obtained. When viewed
with an object-glass of a quarter of an
inch focus, the membrane surrounding
each cell appears raised, so as to form
around each cell a prominent circle, from
which the membrane inclines downwards
into the cell ; and if the section have gone
below the level of the floors, we can see
that the membrane is continuned to’ the
perforated floor of each cell.

From similar sections we are enabled to
see very clearly the arrangement of the
epithelium on the surface. I have already
stated that the absence of a thick epithe-
lium, visible to the naked eye, is charac-
teristic of the true digestive stomach. An
epithelium, however, nevertheless exists,
of a very delinite arrangement, which is
distinetly brought into view by the use of
high powers, of a quarter and eighth of
an inch focus, and we are indebted to
Henle for the first complete demonstration
of the existence of an epithelium upon the
whole mucous traet, from the mouth to
the anus., My observation, however, does
not confirm the statements of this anato-
mist with respect to the gastric mucous
membrane: 1 have never seen the eylin-
drical form of epithelium in any part of
the stomach. 'The whole surface of the
membrane, on the contrary, appears to be
as it were covered with a pavement of
fine polygonal epithelivm scales, which
under the highest power present an ap-
pearance very similar to that of shagreen.
The scales not only occupy the space be-
tween the cells, but pass over their margins,
and are continued down to their floors.
The diameter of the seales, in the dog, in
the cardiac portion of the stomach, was
from 1-2325th to 1-3100th of an inch.
These scales resemble very much those of
the deep layer of esophageal epithelium,
both in form and dimensions,

The matter contained in the tubuli ap-
pears to be of a very different nature from
the scales of the epithelium: it is a soft,
whitish substance, composed of minute
granules, which exhibit no trace of struc-
ture even under the highest powers. This
matter may be readily obtained by pres-
sure from the tubes, in which it always
exists in considerable quantity: it is in
every respect the same as the layer of
mucus which covers the membrane of the
recent stomach.

In my examipation of the stomach of
the porpoise I observed that the mucous
membrane of the second and third eavities
was destitute of cells; it nevertheless is
compased of vertical tubes similar to those
found in the digestive stomach of other
animals; a structure first noticed by
Cuvier, and subsequently described by Sir
David Brewster. These tubes, then,
instead of opening into the bottoms of
cells, open at once upon the surface.

Their mean diameter is 1 360th of an inch:
they are long in proportion to their dia-
meter, and straight, not exhibiting the
convoluted or irregular appearance at
their blind extremities, which we have
noticed in the carnivorous stomach. On
an injected portion of the membrane the
vascular circles were seen of a similar na.
ture to those before described. The mu-
eous membrane of the fourth stomach ex-
hibited cells of an oval form, 1-1538th
of an inch wide, and 1-1025th of an inch
long. The cells were shallow, and the
tubes short and indistinet, excepting at the
termination of the membrane where it
passes into that of the fifth cavity: here
the tubes were distinet and long, and in
the fifth stomach they acquire the same
characters which they possess in the second
and third.

The structure of the mucons membrane
of the proventriculns, or true digestive
stomach of birds, demands a separate de-
scription. Here it will be recollected the
membrane presents a multitude of large
follicles, which open into the cavity of the
proventricnlns  Each follicle may be con-
sidered as a little stomach in itself: when
a simple follicle is laid open in its long
diameter we observe a number of minute
orifices on its internal surface, which are
those of a series of tubuli arranged side by
side, and vertically to its wall. The an-

nexed figure (fig. 5) is a diagram repre-
Fie. 5.

Vertical section of a simple follicle of the pro-
ventriculus in the pigeon.

senting a vertical section of one of these
follicles in the pigeon : the tubes in this
hirdare all short and straight, and measure
in diameter from 1-540th to 1.720th of an
inch. The free surface of the membrane
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lining the cavity of the proventrienlus is
covered by a delicate epithelium; the
scales of a less distinet character than
usual, Pﬂ]}'gﬂﬂﬂl. but with one or two of
the angles rounded off.

The follicles of the proventriculus of the
ostrich are of the most complex kind:
into each follicle a series of smaller and
simple follicles pour their secretions, so
that one of these compound follicles may be
said to represent on a small scale the pro-
ventriculus of the pigeon. Each of the
smaller follicles has exactly the structure
of the simple follicle of the pigeon. The
compound follicle, then, consists of an
aggregate of simple follicles placed side hy
side, and vertically to the walls of the
large ones, whilst each simple follicle con-
sists of an aggregate of tubuli as before
described. The epithelium is very distinet
on the surface nt‘p the proventriculus, on
which also there are numerous triangular
processes not unlike villi.

From the preceding description of the
structure of the mucous membrane of the
digesting stomach in the vertebrata, we may
not imprﬂperl’}f designate this membrane
as & gland; its constituent tubes being
arranged perpendicularly to an extended
surface, and pouring their secretions into
a number of cells ; not, as in other glands,
into one or more canals or ducts,

The change which the food undergoes
in the stomach has long been known under
the name of ehymification ; it consists in a
total breaking down of the substance of
the alimentary materials, into a solt semi-
fluid mass, in which the natural texture
and chemical composition of those sub-
stances are altogether changed. Albumen,
for example, when introduced in a fluid
state into the stomach, is first solidified,
and then brought back again to the fluid
state, from which it is not capable of be.
ing again solidified, or at least as com-

letely as before. And starch, which has
Eeen thus acted upon in the stomach, is,
according to Tiedemann and Gmelin, con-
verted into gum of starch and sugar
Gelatine, moreover, loses, after digestion
in the stomach, its property of gelatinizing
spontaneously ; the various forms of ani-
mal and vegetable food become so broken
down and dissolved as te be no longer
recognizable ; moreover, when substances
are of such a nature as to resist the influ-
ence of the powers of the stomach, what-
ever they may be, they erally pass
through the intestinal canal comparatively
unaltered, inasmuch as there is no part
of that eanal in which they meet with the
same solvent or reducing principles as are
found in the stomach.

It is well known that the chymifying
powers of the stomach have been from an
early period ascribed to the influence of a
special secretion, from the walls of the

organ ; an hypothesis first advanced and
in a great measure proved by Reaumur,
whose observations were published in the
year 1752, in the memoirs of the Académie
des Sciences ; Reaumur’s views were
shortly afterwards confirmed by Spallan-
zani and Stevens, and subsequently by
John Hunter; and within the present cen-
tury have received the most ample eon-
firmation from a great number of sources,
of which I may mention Tiedemann and
Gmelin in Germany, Dr. Prout in this
country, and Dr. Beaumont in America.
This fluid, the gastric juice of authors, is
always acid, and when removed from the
body and placed at a temperature of 100°,
exerts a similar power over the alimentary
substances submitted to it as in the sto-
mach. It became important, therefore,
in order to determine to what the solvent
powers of this secretion were due, to ascer-
tainitschemical constitution ; andalthough
the present imperfect state of organic
chemistry scarcely enables us to determine,
with perfect certainty, the true constituents
of this fluid, it may be stated as the most
probable result of the various analyses te
which it has been subjected, that the
gastric fluid contains water, with various
neutral salts, free muriatic and probably
also acetic acids.

Various experiments were instituted
with a view to ascertain how far fluids,
formed artificially in imitation of the gas-
tric juice, would produce similar effectson
the &:iﬂ‘ereut kinds of food, which accord-
ingly were subjected to the action of va-
rious chemical mixtures, containing acetie
and muriatie acids alone or together, more
or less diluted ; and the negative result
at least was obtained, mamely, that no
artificially formed fluid appeared to act
upon the alimentary substances submitted
to them, at all in the same way that the
gastric fluid does. Whilst experimental-
ists suceeeded perfectly in producing arti-
ficial digestion, by the aid of the gastric
fluid taken from the stomach, they entirely
failed when they had recourse to artificial
fluids, made in imitation of the natural
secretion.

ToaGerman physiologist, Eberle,anthor
of an interesting work on digestion*, we
owe the discovery of the cause of the
failure in these experiments, and I cannot
but regard his discovery as one of the most
important of modern times. Having fail-
ed in a great variety of experiments on
artificial digestion, with a view to ascer-
tain the cause of failure he applied him-
self to investigate the condition of the
stomach during the chymifying process.
He was struck with the large quantity of

# Physiologie der Verdauung nach Versuchen
auf naturlichem und kunstlichem Wege, Wurz-

burg, 1834
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mucus which is always poured out upon
its surface as well as upon that of the
food, during that process. In the latter
sitnation Eberle had observed the mucus
adhering to the surface of the mass of
food, in the form of an expansion so like
the membrane of the stomach that he at
first supposed it to be that membrane re-
moved with the food; he found that this
mucus existed in greatest abundance at
the earlier periods of stomach digestion,
and that in the later periods it became
subdivided, and wrtions of it were mixed
with the food. hen the alimentary mat-
tersare chiefly of afluid nature, this mucus
was not so readily detected, from its being
diluted and mixed to a greater extent with
the contents of the stomach. The mucuns
deposited during digestion is of a greater
consistence than that which ordinarily
lubricates the gastric surface; itis invaria-
bly acid, and these characters are found in
the true digesting stomach, whether in the
simple carnivorous form, or in the fourth
stomach of the ruminant, or the proven-
triculus of birds.

This mucus diffuses readily in water,
forming a thin acid fluid, by the action of
which Eberle had the satisfaction of find-
ing that fibrin, coagulated albumen, casein,
&ec. were in a short time completely chy-
mified ; substances which he had hitherto
failed in affecting by any of the artificial
mixtures containing the acids of the sto-
mach. 1In fine, this mucus is thesubstance
which we have already described as being
poured out by the vertical tubes of which
the mucous membrane consists, and it is
to the organic principle which it contains
that the acid secretion owes its solvent
powers. The failure in former experi-
ments was due to the non-existence in the
artificially formed fluids of the organicprin-
ciple derived from this mucus. Schwann,
who has performed a very complete series
of experiments on artificial digestign, gives
to this principle the name of Pepsin.

A fluid possessing similar powers to
that just deseribed may be easily made by
infusing in distilled water a portion of
rennet (fourth stomach of the calfl), pre-
viously well washed, and adding some mu-
riatic acid. I find that the following pro-
portions answer extremely well ; six grains
of rennet carefully washed till all acid re-
action has ceased, two drachms of distilled
water, and six drops of muriatic acid.
The following experiment, which I have
several times repeated and shown, will
serve as an illustration of the powers of this
liguid. Two drachms of the fluid, prepared
according to the formula above given, were

ut into & test tube, and small pieces of raw

f and mutton, together with a portion of

boiled white of egg, ent in a enbie form,
were immersed in it. Into a second test
tube two drachms of distilled water, three
-:imlsls of muriatic and three drops of acetic
acid, and pieces of the same alimentary
substances, were put; and in a third tube
the pieces of meat and albumen were im-
mersed in two drachms of distilled water,
to which were added six drops of muriatic
acid. The three tubes were kept for twelve
hours at a temperature of 100° Fahr., and
at the end of that time the following were
the changes noticed in the albumen and
meat. In the first test tube the albumen
was reduced to a complete pulp ; the meat
was similarly softened, so that all ap-
pearance of its proper texture had com-
pletely vanished, and it broke down
under the slightest pressure. The rennet
also was completely disintegrated. In
the second tube the cabe of albumen had
acquired at the edges a beautiful trans-
parency, and here it had become almost
of a fluid consistency: it was also very
much softened in the centre. The meat
was greatly softened, as in the first tube,
gelatinized on its surface, and the rennet
was reduced to a pulp. In the third tube
no change had taken place beyond that
which was evidently the result of the im-
bibition of fluid by the portions of meat
and albnmen.

The digestive fluid may be prepared by
infusing the remnet in distilled water and

‘muriatic acid, in the proportions already

stated, at a temperature of 100°, for twelve
hours: it must then be strained, and set
aside for use. A elear straw.coloured fluid
is thus obtained, exhibiting a decided
acid reaction, with an agreeable smell, and
not unpleasant flavour, This Aoid will
keep for a considerable period. 1 have
some now by me which has kept un-
changed for twelve months, and which
shows no disposition to change. The di-
gestive power of this liguid is destroyed if
it be subjected to boiling, and likewise if
it be neutralized by the addition of alkali,
but it recovers its power again if the acid
be restored. I am not without hope that it
may be found useful as a therapeutic
nt, in assisting the chymifying powers
of the stomach, but my experience of its
effects has been too limited to enable me
to speak with confidence on this point.
Time warns me that I must content
myself with this brief allusion to the ob-
servations of modern physiologists, which,
as it appears to me, lem{ytu the coneclusion
that the great agent of stomach-digestion
is the secretion which, under the influence
of appropriate stimuli, is poured out from
every point of the mucous membrane of
the physiological stomach.
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