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THE ABSORPTION OF PFAT BY THE MAMMALIAN STOMACH.

Chapter I.

Introductogg and Historical.

A proper analysis of the function of the stomach in
alimentation involves not oniy those factors which produce
chemical and mechanical changes in the food during its_stav
in the gastric cavity; but also, the extent to which the
products of digestion are absorbed. This paper confineé
itself to an investigation of the absorption of fats by the
stomach. Eépecial attention has been given to those fats
naturally occurring in the emulsified form; although some
non-emilsified fats, neutral oil and neutral fat, were also
tested.

The physiological literature, which treats of the
subject under investigation, is concerned chiefly with the
digestion of the fats in the stomach. Rarely has there been
any atteﬁpt to test‘fét absorption 5y the stomach. Cer-
tainly the two factors are in close correlation and a thorough
knowledge of the former is necessary to properly test the
latter. In the work dealing with either question there is .
a tendency to hold that the emulsified fats are the only ones
acted upon by the stomach.

The first work on the absorption of fat by the gas-

tric mucosa 1s presented by K81lliikerl) in 1856. He writes






in this regard, that, the stomach, unlike the colon which

. shows variable amounts of fat in its lining epithelium, never
fails to present some fat in the cells lining its cavity. He
examined dogs, cats, and mice. . Large and small
fat droplets were found in the cells and in greatest numbers
in the early stages of absorption. Kk38lliker found no fat in
tne wall of the stomach beyond the lining epithelium and how
the fat passed beyond the lining epitheiium was left undecided.
"He also suggested the way in which the droplets might éntor
the cells. K811iker made a study of the surface of the cylin-
drical cells bordering on the lumen of the stomach. The
surface of thése célls is bounded by a membrane (the striated
border of modern histology) which he conceived to be puncti-
form. This appearance. suggests perforation through the mem—
brane. Sections cut longitudinally he held showed that the
drorlets of emu;sified fat enter the cells through these per-
forations.,

2) published a paper shoWing

As early as 1858 Marcet
that dogs fed on a food rich in fat gave, in from one to five
hours after the feeding, a yield of fatty acid in the stomach.
To him therefore is assigned the credit of giving the first
evidence on the digestion of fat in this organ. He at first
tested especially the relation of the bile to the intestinal
digestion of fats. He found that neutral fat was emulsified
by the biie only in the presence of a fatty acid. The bile

alone had no influence on the neutral fats. He next extir-






pated the pancreas of dogs, The fat splitting property of the
pancreatic Juice had rccently been discovered, 1856. . He
st11l obtained an emulsion which he believed was due to an
antecedent cleavage of the fats. Knowing that the food fats
were neutral and that any action on the part of the pancreas
was eliminated, Marcet directed his attention to the stomach.
An ether extract was made of the digested content of the stom-
ach of a number of dogs after a meal of flesh énd mutton fat.
This extract was soluble in warm bile and produced an -emulsion
on cooling.

Twenty two years after Marcet's work Cash3) intro-
duced lard and olive oil into the gastric cavity of dogs.

He permitted a certain time for digesfion and then killed the
animals. The abdomen was opened and the stomach tied off,
and as soon as possible its content was tested for fatty acid.
Fatty acid was found, but the relative amount was in relation
to the(%ime of)duration of digestion. This digestion exper-
iment was tried and similar results obtained after the pan-
creas was tied off.

Cash proceeded further to specifically locate the
ferment in the stomach. He tested for it in the gastric
micosa and in the gastric Jjuice. The following are some of
the experiments upon which the deduction was made that a fat
splitting ferment was present in the gastric mucosa. When
5 grams of a pulp of the gastric mucous membrane was added to
3 grams of neutral fat a yleld of 0.04 grams of free fatty.

acid in 4 hours at 40°C was obtained. An addition of 15 cc.






of a 0.2 percent HCl solution gave 0.237 grams fatty acid,
while an addition of the same amount of a 0.5 percent KOH
solut ion gave 0.015 grams. Purthermore, 2 grams of gastric
Juice, from a dog which had fasted avlong time, added to 3
grams of neutral fat ylelded 0.005 grams fatty acid in 2 hours.
at 40°C; while in 4 hours the yield was 0.03 grams of free .
fatty acid. An addition of a 0.2 percent HCl éolution in this
case gave no yield. On the contrary, 5 grams of glycerin ex-
‘tract from the pulp of the mucous membrane of the samé'animal
and 3 grams neutral fat yielded 0.041 grams free fatty acid.
Cash inferred that an active ferment was present in the mucous
membrane of the stomach. He was also able to show the pres-
ence of neutral fat and of fatty acid in the membrane itself.
To this last he attached no significance.

gash worked under the direction of Ludwig. The
following year Ogata4) under the same direction substantiated
the same facts of fat cleavage in the stomach of living dogs.
He placed a neutral olein into the stomach which was closcd
at the pylorus with a small rubber balloon inserted through
a stomach fistula previously prépared. On regaining the olein
after several hours, a fatty acid was obtained in many cases.

Th; digestion of fat by the human stomach was dis-
covered by uﬁller52 in 1887, who found a cleavage of the fat
in the stomach of a man with icterus. He states that the

Yield of free fatty aclid is small, as were those quantitative

determinations cited from Cash and Ogata six years previously

for the dog. A patient with a ventral ulcer of the stomach






gave 2.7 percent fat cleavage in five hours, and another with
a stenosis of the p&lorus 4.9 péroent.

Experiments on the human stomach were ﬁresented by -
Klemperer and Scheurlen®’) who did their work in 1889. They
obtained a yield of i to 2 percent free fatty acid in two hours
from an ingested oil'in a normal stomach and 6 pefcent in a |
case of ectasis of the stomach when the oil remained in the
stomach a much longer time.

In 1894 Vaughan Harley”) studied the absorption of
fat in normal dogs and in dogs whose pancreas were extirpated.
He also directed his attention to the cleavage of fat, which
he believed essentlal to the absorption. Harley found 18.5
" percent free fatty acid in the stomach of normal dogs and as
mich as 31.29 percent in the stomach of dogs whose pancreas
were removed. The heavy yield in the latter cése was ex—. -’
plained as due to a retardation of the stomach contents. In
this connection it is interesting to note that 0.63 percent
of fatty acid in the form of éoap was obtained in the first
series 6f experiments and 0.556 percent in the second series.
These figures evidently exhibit the stomach as capable of
splitting fats into free fatty acids and glycerin, and also
show that there i1s some soap formation in the stomach, al-
though this process 1s quite limited. The present writer
wishes to call attention to the fact that elther result is
very suggestive of the possibility of some active fat absorp-

tion.






The work which conclusively proves the stomach to
be a digestive organ for fat is that of Volhard °’220) (1900
and 1901). He not only extracted an active lipase from the
gastric mucosa but also worked out its relationship to the
time of digestion and the nature of the fats ingested. He,
like Cash, disclosed a fat cleavage by the gastric juice, also
in a glycerin extract of the mucosa. Volhard holds that the
gastric fat cleavage takes place only when the fat is in a
state of fine division and that there is a proportional in-
crease in action with its fineness. A glycerin extract of
a pulp of the gastric mucous lining, for example, he found to
produce a cleavage of 56 percent on egg yvolk emulsion, or 48
percent on cream. Only 9.2 percent is produced on codliver
oil emulsion. According to Voihard the thing of greatest im—-
portance is that the fat shall be in the form of an emulsion.
He attempted to establish the fact that only a cleavage of
emudisified fat takes place in the stomach. Volhard's pupil,
stadell), has worked out the degree of cleavage to the reaction

time of the ferment using portions df the gastric mucosa. He
has presented the following rule: "The amount of free fatty

acid is directly proportional to the fourth root of the re-
action time."

Some attempts have been made to ascertain the ab-
sorption of fat by the human stomach. Ewald and Boaslz)
introduced an oil in starch mixture into the human stomach,
and siphoned it out some time later. They found some of the

0ll was lost but as their results were variable the question






10

of absorption was undecided. A similar investigation, with
negative results, was that attempted by Klemperer and Scheurlens)
who used oleic acid and sugar solution.

At prescnt, undoubtedly, the best method for approach-
ing absorption is the histological. The fat can be stained
with certain dyes which are soluble in fat, or in fatty acid.
The histological method was employed by K81lliker who did the
very earliest work on the subject. The second paper showing
absorption was in 1901 by Schiliingl3). He cut sections from
the stomach of sucking calves and stained them for fat. He
beheld many fat droplets in the lining epithelium of the gas-
tric mucosa after calves were fed a full meal of milk. The
fat occupied chiefly that portion of thg cell bordering on
the lumen of the gastric cavity. A similar examination of
calves a longer period after the feeding showed fewer droplets
and these in relatively deep positions. Sehilliing lays par-
ticular emphasis upon the absorption of fat by the stomach of
the sucking calves, with also an inference of a significant
absorption by the stomach of animals during this period of
life. _

In the summer of 1911 br. 6reenel4) made some general
rhysiological studies on the king salmon( Oncorhynchus tschawy-
tscha) in California. In his work he tested how these fish
took up the fat of their food. Besides the absorption of
fat which took place in the intestine and in the pyloric coeca
he found a surprisingly active absorption through the cylin-

drical epithelium forming the superficial coat of the gastric
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‘mucosa. The absorption manifested itself in both the cardiac
and pyloric regions. Innumerable droplets of fat occur in
the cells after fat feeding, while the cells are void of fat
droplets in the fasting salmon.

A preliminary report was made of experiments per-
formed early in the fall of 191115) in association with this
work on the fat absorption by the mammal. The fat was found
to occur in the epithelium of the cardiac and of the pyloric
regions of the stomach after the feeding of rich cream. This
work on the mammal was presented in a preliminary paper to the
American Physiological Society at its annual meeting at Balti-
more in December, 1911.

In the Mareh number of Pflfiger's Archiv flir die Ge-
sammte Physioiogie Otto WeisslG) has an article entitled "Dilie
Resorption des Fettes im Magen." His work 1s done from the
histological standpoint on the ring snake, pat and dog. It
is presented with good illustrative figures, but is so brief
~that it affords little satisfaction in the advancement of the
subject of absorption by the stomach. Weiss finds absorption
only for the young dogs and cats. It occurs in the cardiac
and pyloric regions. The absorptive power in the cardiac
region is lost six weeks after birth while that in the pylorie
region persists a somewhat longer time, being lost after three
and one-half months. The present ﬁriter has taken up this
roint and did most of his work prior to the publication of the

above paper.
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Chapter II.

Eégerimental Technigue.

The work presented in this paper was done to further
test the absorption of fat by thé stomach of the mammal. The
attack 1s wholly from an histological standpoint. It takes
in animals of all ages. Some animals were chosen immediately
after birth before food had been taken, and others were adults.
The intermediate ages are represented both in dogs and tcats.
| The method of proceedure will be given later, but
the comparison is based on histological sections chosen from
both the cardiac and the pyloriec regions of the stomach. In
certain cases, for comparative purposes, material was taken
from the duodenun. This material was used to aid in the in-
terpretation of the sections from the different régions of the
stomach. |

The study 1s based on material obtained from 21 cats,
3 dogs, and 2 rats. These animals were caged in portable
compartments in the animal house. Those animals selected
were cared for by the writer and handled in the manner which
wiil be stated later in connection with each separate experi-
ment . Before the animals were selected they were fed the
ordinary table refuse, which is fed to all the beasts in the
animal house.

Very ridh cream was ordinarily used for the final
feeding for testing the absorption of fats. In the case of
the rats fresh ground meat mixed with olive oil was selected.

Those animals too young to feed artificially were allowed to
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suck the mother's milk. Fasting, previous feeding on a fat
free diet, or the use of animals just after birth and before
fhe taking of the first fat were the initial conditions to the
final fat feeding tests.

The experiments are arranged in three series; the
first dealing with very young animals, cats and dogs; *he sec-
ond with half grown, several cats and one dog; and the third
with adults, several cats, one dog, and two rats. The ani-
mals were selected from time to time to fit into each éf these
series. Those which come under the first series ranged in
age anywhere from the time of birth up to eight weeks of age.
Eight weeks is the limit of the series since it covers the
sucking period. The choice of the half grown animals was
based on their size. It was impossible to arrive at their
exact ages as they were not bred in the animal house but se-
cured from venders. .However, it is quite certain that they
were not over six and eight months of age. The adults were
full grown‘in size and over a year old. There are only one
or two dogs given with each of the series of experiments.

And two adult rats are given in the last series. These were
used for comparative study only. Cats were largely depended
on for approaching the general details of the absorption by the
mammalian stomach.

The animals were killed with an anaesthetice. Chlor-
oform was administered to the cats by the usual method of
rlacing them in an anaesthetizing box and putting the aneas-

thetic on a dloth in the bottom of the box. A chloroform—-ether
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mixture, one part of each, was substituted for the chloroform
in kiiling the dogs. The anaesthetic was administered by
arranging a barber's towel in a funnel shape over the nose

and mouth of the dogs and pouring the mixture on the towel.
The very young cats and dogs, and the rats were killed by tap-
ping them on 'the head with a heavy ruler and immediatély cut-
ting the carotid arteries. ‘ |

The stomach and a portion of the small intestine .
were always remqved as quickly as possible. Those aniﬁa;s
killed with the chloroform.or ether-chloroform mixture were
worked upon as soon as they entercd the deep stage of>the
anaesthesia.  With the animal on its back and the logs fas-
tened down tightly to a cat board or a small dog board, oﬁe
long incision was made down the mid line of the abdomen.

This exposed ali the abdominal viscera. The stomach with
most of the gastric omentum was then entirely drawn‘out of
the abdomen and cut free. The cardiac and pyloric valves
are usually constricted, especially when the stomach contains
food, so that this is not lost. No larée blood vessels need
be cut until after the ocsophagus is bisected and then the
stomach is well drawn out of the way of the free blood which
begins to flow in the abdominal cavity.

A luke warm saline solution was used to rinse off
the adherent blood. The stomach was then laid open by an
incision beginning at the cardiac valve, and carried along
.ihe superior surface of the stomach mid-way between the great-

er and lesser curvatures. The incision was carried through
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the cardiac region and a greater poftion of the pyloric region.
The contents of the stomach were easily removed since the in-
cision produces a contraction of the muscular wallé, which
subséquently turns the stomach inside 6ut. A'second and

thor ough rinsing with luke warm saline solution was the final
step prior to fixation.

The stomach and duodenum prepared as above were
placed in 10 percent formalin solution. This fixes the tis-
sues in three hours' time for good cutfing with the fréezing
microtome. The fixation method was kept constant in cutting
all the sections'during this work. With the exception of a
few specimens which were embedded in paraffin all thé sections
were cut on the freezing microtome fifteen and twenty mi@ra
in thickness. They were cut directly into 70 percent alcohol
from which they were transferred into the stain as soon as
possible. |

The fat staining was acconplished in a saturatedA
alkaline alcoholic solut%on of Scharlach Roth. Staining
takes place in from 5 to 15 minutes. The sections were then
rapidly passed through 70 percent alcohol to remove the excess
of stain adhering to the surface of the sections. Very
fragile sections were sometimes run through 50 percent alcohol
to guard against too violent hydration. The alkaline alcohoi
was completely removed by a 10-15 minutes' immersion in an
acid water bath, a few drops of hydrochloric acid in a half
liter of water as used by Greene in the study of the fats in

salmon tissues. With a section lifter, they were placed on






16

the slide and mounted in pure glycerin. Sections stained,
carefully freed from alkali, mounted in glycerin and sealed
around the edge of the cover slip with wax will keep for sev-
eral months. In my work over two hundred sections were‘made
1n'this manner and ha@&ve kept very well, though they sldwly
lose in quality.

The particular stain and method primarily employed
was Bell'sl7) modification of Herxheimer's method of staining
. fats with Scharlach Roth. This stain differs from the ordi-
nary Herxheimer's Scharlagh Roth in that an excess of stain
in 2 percent sodium hydrate is dissolved in 70 percent alcohdl,
slowly heated to 70° or 80°C in a stoppered bottle for 20 to
30 minutes until certain physical changes are manifested.x A
well prepared stain by Be;l's modification of the original
Herxheimer's method of staining fats is of unusual value in
'testihg for fat 1h the gastric epithelium after a 10 percent
formalin fixation. It brings out all traces of fat.

Some little staining was also done with Sudan III
and Flemming's osmic acid. These were used only to see how
they might serve in detecting the same fat findings. The
Nile blue sulphate staiﬁle), which has very recently been sug-
gested by R. H. Whiteheadlg) for differentiating fatty bodies
in the interstitial cells of Leydig of the testes was employed
here to get some approach to the chemical nature of the fats

indicated by the Scharloch Roth. This stain is said to color

X PFor a detailed account of the Herxheimer method of staining
fats with Beil's modification see Bell's article: "The stalning
of Pat in the Epithelium and Muscle Tissue." Anatomical Rec~-
ord, Vol. 4, p. 199, 1910.
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neutral fat red and the fatty acid blue. Sections were left
in a 70 percent alcoholic‘solution of Scharlach Roth-as de-
scribed above, or in.a solution of Sudan III 10 to 15 minutes.
For the Flemming's osmic acid methods small pieces of fresh
tissue were left in the solution three or four days. For the
Nile blue sulphate stain sections were cut in the usual manner
and stained over night.

Many sections were counterstained with Delafield's .
iron haematoxyline. The staining in Delafieldfs haematoxylin
was done afﬁer the sections had been stained for fat and at
the time wvhen the sections are removed from the acid wash water.
In making tests for fat in both the cardiac and pyloric regions
of the'stomach of eadh animal, this stain is indispens;ble, in
that the relationship of the fat droplets to the nuclel of the
cells can be studied. The sections counterstained with Del-
afield's iron haematoxylin are especially advantageous for
making the drawings.

It was assumed that any fat absorbed by the stomach
was imbibed by the same mechanism operative in the duodenum.

It was for this reason that sections of the duodenum were also

made and studied for comparison.
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Chapter III.

Observations and Results.

For the sake of brevity the observations on each
series of experiments are presented in condensed tables.
There 1is appendcd to this paperva number of figures 1llus-‘
trating more precisely some‘observéd facts of the ahsorption.
The tables are each constructed on the éame plaﬁ. Each is
arranged in the same serial order. In the first column is
the laboratory number of the experiment.‘. In the second, the
initial condition has reference to the manner in which the
animal was handled by the experimenter prior to the final
feeding. In the third column the food of the}final feeding
is given. When an animal was killed at birth "none" so in-.
dicates. Animals fed artificially are indicated by the word
"milk" or "cream", with the perceﬁt of butter fat determined
by the Babcock method. In the fourth column is the time in
hours allotted to the digestion and absorption. A zero 1is

used here for those animals killed at birth.

The observations are presented in the fifth, sixth,
seventh, and eighth columns. They are made on the stomach |
and the duodenum. In the fifth colurn are the observations

on the superficial gastric epithelium. Since this is conmon

to the cardiac and pyloric regions of the stomach, where the
absorption differs in amount and volume, column five is subdi-
vided into two columns. The sixth column contains a brief

account of the fat in the villi of the duodenum. It follows
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..
the description of the fat in the superficial epithelium of the
stomach because some reference will be made later to the sim-
1larity of the occurrence of fat in the lining epithelium of
these regions. The last two columns, the seventh and eighth,
treat of the fat in the gastric glands, and in the glands of
Lieberklihn and of Brunner respectively (when both were included
in the section.) Again a coliation 1is made of the fat appear-
ing in the cardiac and pyloric gastric glandse. The seventh
~ecolumn is, therefore, divided into two subcolumns. Tﬁe eighth
column treats of the fat in the glands of Lieberklihn and of
Brunner together..

It is found that the fat 6ccurs in the epithelial
cells in the fbrm of droplets. A special refcrence is always
made to their position in the epithelium with respect to the
nucleus of the cell. The £'at is spoken of as occurring in
many or few drovlets, internal or external to the nucleus, etc.
A Bfudy of the counterstained sections goes to show that the
nucleus of the cell tends to divide the fat areas into an
inner and an outer zoned In concisely discussing the fat of
the glands the amount in the glands is referred to, although
in the cells of the glands it is present in the form of drop-
lets and bears some relationship to the nucleus of the cells.
No particular mention is made to the character of the cells
and the fat affinity. For the cardiae region of the stomach
a description is given of the relative distribution and volume
of fa; as 1t appears in the neck, body, and expanded base of

the cardiac glands, and a similar description of the distri-

X The B. N. A. rule is followed in this paper, i.e, the "inner
gone" with reference to the lumen of the viscus.
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bution of fat in the straight and winding tubules of the py-
loric gastric glandse. The fat content of the glands of
Lieberklihn and of Brunner is more briefly presented for com—
parative purposes.

All the histological sections were cut vertical to
the surface of the mucous membrane. This cutting presents
a longitudinal section of the superficial epithelial cells of
the stomach, and also of the epithelium of the villus. CAl-
most all of the glands of the stomach and duodenum ‘will also
appear in longitudinal section. The winding tubules of the
pyloric glands and of Brunner's glands are of course cut in
various planes.

- In connection with each table mention is méde only
of that particular series of animals and following is a brief
discussion referring to the animals in their serial order,
their initial conditions, the final feeding and the time of
digestioﬁ and absorption, etc. The significance of the ob—\
servations of all -three tables is discussed later, and the con-
clusions and general deductions made’chiefly with respect to
the absorption.of fat by the mammalian stomach. A brief de-
scription of the cat's stomach is given in order to aid in
understanding the discussions and the significance of the
tables.

The cat stomach is divided into three parts:- an
upper cardiac region, a middle region, and a ldwer pyloric
region. In nmy investigation the cardiac and pvloric regions
only wére studied. The middle region is but a transition

region from the cardiac to the pyloric region. The wall of
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the stomach of the cat is made up of several layers continuous
anteriorly with those of the oesophagus and posteriorly with
those of the duodenum. The internal or lining layer, that
layer with which we are chiefly concerned, the rucosa, consists
of highly differentiated epithélial cells of several types but
supported by a connective tissue frame-work, the tunica propria.
Grossly, the inner surface of the stomach presents folds of
the mucosa which are chiefly longitudinal but to some extent
irregularly transverse. Theée become very prominent wﬁen the
organ is contracted naturally or is constricted by the incis-
ion previously spoken of in the proceedure for removing and
preparing the stomach for fixation. There are also to be
seen macroscopic irregular‘circular and polygonal areas rang—
ing from a fraction of a millimeter to one milliméter in ex-
tent, and bounded by shallow depfessions.

On section, microscopically, these small irrcgular
areas are composcd of ‘simple and long spindle-shaped cylind=
rical epithelial cellse. The cells are arranged in arches
in such manner as to give rise to the bounding depressions.
The depressions are the outlets for the gastric glands. They
are lined by a simple columnar epithelium continuous with the
long spindle-shaped cells above, and with a glandular epithel-
dum constituting the gastric glands,below. The outlets of
the gastric gland are often termed crypts. These are shal-
lower in the cardiac region of the stomach than in the pyloric
rcegion. The summits of the folds, which are comprised of
the long spindle-shaped cells, form Oprel's superficial gas-

tric epithelium, a term adopted in the present paper. This
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epithelium is treated apart from the glandular epithelium and
will be secn to bear a special significance in the absorption
of fat by the mammalian stomach. The nuclei of the superfic-
ial gastric epithelial cells are elongated and situated near
the bases of the cellis.

The glands constitute most of the mass of the mucosa
of the stomach. Oppel distinguishes two types of glands, viz.,
the peptic glands, "Labdrﬁsen", and pylorus glands, "Pylorus-
drisent. In this paper the fat was studied in both of these.
The peptic glands are tubular glands. The tubules are straight
or a little tortuous and several end in the same gastric crypt.
Several may Join one another and enter the pit by a common
duct, which forms the neck of the gland. They diverge slight-
ly and become closely packed together at the basal portion of
the micosa where also the tubules are often seen to be slight-
ly expanded. The tubule proper with its narrow lumen com-
prises the body of the gland, and the expanded base the fundus
of the gland. Fach tubule conéists of two sorts of cells,
the chief cells and the parietal cells. In the cat the par-
ietal cells form the greater part of the peptic gland, espce-
1ally is this true for the body of the gland.

The pyloric glands are branched tubular glands.

Fach consists of a deep pit and a short winding tubule. The
cells are of the mucous type, with the nucleus situated near
the basg of the cell. They are closely packed with but little

comective tissue or tunica propria between them.
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TABLE I. 1
Showing the Absorption of Fat from the Stomach of Mammals During the sucking Period,

T ot The Fat in tie (uanaula;
! ~ i The Fat in the Glandular Epithelium of the Stomach Epithelium of the Duo-

»
| - -

|

No. of _ : Time of Di- ’ | ‘ 4 i ; { | denum.
Initial Condition Final Pood gestion and Y T TR RN L Ty Natekue. < 7 pab. 4n the | Gardiac Reglon Pyloric Reglon 6Iands of Lieborkinn

Expt. i Absorption Tardlac Roplon . Py Io7To Reglon ~VIITus— » ‘ (Peptic glands) : ‘(Pyloric glands) and Brunner
Killed just after None 0 Yot ) o Hane o sebtion . 2 None | None No section
birth and before ' '
feeding

" XXV Killed just after None 0 4 " None None No section ' None None No section
birth and before | i |
feeding | / : _' | j _ .

" XXI Killed Just after None 0 None None : None Hano None gé?gd;ag§ gigzigﬁhgsggg:
birth and before ‘ ’ ’ ially near the nock
feeding :

»  XXII First sucking Mother's 3 hrs. Fine droplets, largely similar to cardiac region No section r None None No scction

milk ‘internal to nucleus. but has a greater number of ?
: droplets. ‘ ‘

» XXIII Pirst sucking . Mother's 6 hrs. Many fine droplets, imternal Numerous droplets igternal No seFtion  Fine droplets in the par- Many fine droplets at base No section

milk and egternal to nucleus. and eXternal to nucleus. : - letal cells comprising of the straight tubules
1 - the body of the glands. and in the winding tubules.

" XXIV  Three days old Mother's 3 hrs. Only in places. Cells en-  Only in places but more ~No section , ‘None None No section
A good sucking milk ; gorged. Fine droplets ' extensive than cardiac re- | -

massed together ' igernal Zion. |
to nucleus. ‘
" XVI 8 weeks old Cow's milk 2 1/2 hrs. A few fine droplets -1at.6r- Relatively large nmumbers. Epitheiium en- i %},&%h;‘fa’{‘g‘gmgiaﬁg.the g%ég%&ba{gg?s in the wind- None
18 hrs. fasting 6% butter - nal to nuoleus. : ‘Taternal to nucleus and gorged, Fat in
fat some external. the lacteals. | | ’ A
_ i i | - Void of fat Vold of fat except in some Lieberkihn contain
" XVII 8 weeks old Cow'!s milk 24 hrs. Fine droplets imternal to Many fine droplets 'i%ernal Void| of fat. ! .
18 hrs. fasting 6% butter nmucleus in places. Many and ezternal to nucleus. | , (sibmanosa. loaded) tew winding tubules. ggg g?ﬁﬁﬁ?;?saio;}&&
fat ' droplets ex ternal to nucleus ; : | . ‘
e ~ | » /
: . . ‘ Yold of fat " : .

w XVIII 5 weeks old . Commercial 21 hrs. Only in places. FeW drop- Fat more extensive dmternal Only iraces in | Vo oy g;ﬁgggﬁuﬁgaigi el /

18 hrs. fasting milk, 0.2 : lets Yapternal with more €%~ to nucleus but more external. the tips of the | loaded with fat dpoplets

fat ternal to mucleus. ¢ : villi : A )

‘* XII 4 weeks old. A Commercial milk 2 hrs. None A very few droplets. Large- Only traces in Void of fat Void of fat Void of fat. (Fat

comnercial milk milk, 0.2% : ly extcrnal to nucleus. the tivs of the | secn in blood vessels)

18 hrs. fasting. fat _vilii. .. L
Dog III Killed just None 0 None None . , Vold of fat Void of fat No section

after birth ‘ ' , ‘ ! ‘ % ;é A

2 : ; oid o

"IV 4 days old Mother's 1 hr. Large droplets, engorging. . = Large droplets engorging Droplets in base a Void of fat Lieberk#hn and Brunner

a good sucking milk cells, nucleus somewhat ob- cells. Like cardiac region of vijii . glands contain many

8cured hv Pfat drailota L e A bk ommssn T ha sesal Aies AvrAavi A+ ~
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Discussion of Table I.

This table includes the entire sucking period of
cats, also some observations on dogs Just after birth and at
four days of age. Five cats, as given in the table, were
selected at the time of birth. Three were killed Just after
birth and two were given the first sucking and killed three
and six hours respectively after the sucking (Expts. XX, XXV,
XXI,VXXII, and XXIII). The three last belong to the same
litter. A cat three days old was permitted to become very
hungry and kilied three hours after a full sucking of the
mother's milk (Expt. XXIV). This young cat was a mate to
the first kitten given in the table. The next two cats in
the list were eight weeks old and were fed artificially on
cow's milk which contained 6 percent butter fat (Expts. XVI
and XVII). The two were of the same litter. These cats
were fasted eighteen hours, then given a full feed of cow's
‘ milk containing 6 percent fat. The first was killed three
and one-half hours after feeding. The second cat was kKilled
twenty four hours after a final feeding. Experiments XXII,
XXIV, and XVI, therefore, have the time of digestion and ab-
sorption nearly constant, but the animals were selected of
ages to show any change in the degree of absorption of fat
during the phases of sucking life. They also show the ef-
fect on the absorption of the change from the natural nilk
of the sucking period to the artificial feeding of cow's milk.
The second kitten was killed twenty four hours after feeding

in order to note the condition of the fats in the epithel-
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ium of a moderately hungry cat. The twb cats were well nour-
ished and very tame. It was not known how long they had been
weaned.

The las¥ two experiments on cats in this table serve
primarily to show with what persistency the epithelium holds
the fat when once fatty food is ingested (Expts. XVIII and XII).
The first had the same initial treatment as the two cats eight
weoks old, exoept that thie age of the'lsst oat (Expt. XVIEI)
was but five weeks. The object was to have as nearly the
same initial condition as possible and to feed a fat-free diet.
The cat was fed a commercial milk and killed twenty one hours
after feeding. The commercial milk is practically free from
butter fat. A Soxhlet determination showed from 0.1l to 0.2
percent of butter fat. This milk was obtained from the manu-
facturers under the label "Milk Powder". It consists of
the milk sugar, protein, and salts of separator milk converted
into the powder form by running it through a very fine screen
under high pressure into a superheated chamber. For the
feeding of cats in this experiment and some of those that
follow, the milk powder was mixed with water in the ratio: of
1 to 5. This gives nearly the proportion of water in ordi-
naryAmilk. The chief difference is in the small percent of
butter fat.

The second cat (Expt. XII) was weaned early and at once
put on a diet of commercial milk. This produced a marked
diarrhoea, but the cat continued to drink the milk with avid-
ity. Before the final feeding the cat was fasted eighteen

hours. The killing was done two hours after the final feed-
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'ing, at the time of an active digestion and possibly before
mich absorption of any of the stomach content had oceurred.
In the case of artificial feeding the time was reckoned from
the time the pan of food was removed. |

The results obtained from the two dogs are marked
off from those for the cats by a blank space in the table.
They were sucking puppies, one killed just after birth and
the other one hour after a good sucking and at the age of four
days. These dogs are of the same litter. They were used -
for compariaon with the ¢ats to determine 1f the results ob-

tained for the one hold good for the other.
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.-TABLE II.

Showing the Absorptidn of Fat from the Stomach of |

Mammals During the Half Grown Period.

fhe Tat In the Glandular Epithclium of the Stomach  The Fat in tne Glandular

|
!

| The Fat in the Superficial Epithelium of the Gastric The Fat in the

No. of ¥y Time of Diges+ Mucosa. Duodenum. , Epithelium of the Duode-

Initial Condition Final Food tion and C Cardiac Region PvIioT] _nun,

rdiac Region Pyloric HRegion VIIIUS Y 1c Region Glan T
Expt. Absorption Ca g 4 24 (Peptic glands) (Pyloric glands) b gguggegieberkdhn
_ | 5 , . Void of fat id

cat VII Boiled rice 2 days None 0 Few drops external to the A few droplets external Void of fat Void of fat Void of fat

2 days fasting nucleus. In some few to the nucleus.

o places internal to the
nue leus. . | ALl cells ; -

' 2 days fasting None 0 only in places. Inter— only in places. Fewer Void of fat | i, drof]ézgdngX%tgh“‘ ¥indiny tubules contain Many fine droplets in
nal and many external to droplets thgn in the nueleus. ¢ many fine droplets. glands of Lieberkfthn
the nucleus. cardiac region. ' and Brunner.

_ | 4 _ ’ Celis loaded wi ino ;
"IV 2 days fasting None 0 In places a few droplets None Void of fat | gn.oov o espegi;?151?2 ggﬁgigzn;ugulef contain Many fine droplets in
external to the nucleus. the bOdY of the gland. v roplets. glands of Lieberkﬂhn
' - and Brunner.,
A few dropiets in the : :
»  VIII 2 davs fastin Cream, 25 Z hrs. Many fine droplets internal Many fine droplets inter- Epithelium engorgd , ‘ Some of the winding ty- Onls
v S buttef fa% and exernal to the nucle- ternal and external to Some fat as far ag OdV.Of the gland. bules contain fine drop- ogl%hg li;;ée a; bise
. us. nucleus. Extension into lacteals. lets. : berkﬁhng o
neck cells .
, a - A medium amount heav- yoar i
" s fastin e , . | Very few droplets exter- Only. in places. Inter Epithelium en Few dro.lets in the
- s Samiing gﬁt?ﬁf ?5% o (nal to nucleus (see Expt. nal and external to nu- gorged. 1est in the body or winding tubules. Dgoflets R
' . 1 X) cleus the gland. 0T the glands of Lie-.
(drank little) 4 4 * . . li herkiihn. Brunner prac-
‘|Many fine droplets, some Only in some areas. Fpithellum en- A medium amount. pree : tically void of fat.
"y 2 days fasting Cream, 25% 5 hrse. |“irternal and many éxter— gorged. Much in #ﬁ;gizw gﬁ%ets in the Comparatively no fat.
butter fat 8] $u the miolens, the lacteals. RS TRULe g Brunner's glands void.
gl — . = ————— —————— . e —
, Many large droplets Only in some areas. Epithellum en-  |a11 gells loadeg wi+ ot . —————————
Dog XXVI 12 hrs. fasting Cream, 15% 3 hTS. ' many internal and external many droplets inter- gorged.  Some |fine droploty. ¢ wvith gtf?é“ggngnq‘W1ndin8 tu- Comparatively no fat.
butter fat to nucleus. nal to nucleus. fattaslfar as lgté- 8in fine drop-
- lacteals. .
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Discussion of Table II.

The animals included in this table are half grown
cats and a half gzrown dog; They comprise the second series
of experiments. The first three cats serve as controls for
the last ﬁhree which were fed cream. The first control is a
cat which was fed on boiled rice (a fat-free diet) two days.
Since it would not freely eat this diet it was fasted two
days following the rice feeding. As the half grown cats
were more easily obtained than the young and adults, they
were experimented upon first. As the commercial milk was
not suggested for feeding as a fat-free diet until later, an
attempthas made ﬁo use boiled rice. It proved to be unsat-
isfactory from the start. Pasting was substituted. Cats
were fasted two days and then fed cream containing 25 per—
cent butter fat as a final feeding. The first animal (E®Expt.
VIII) drank a third of a pint. It was killed three hours
after the feeding. The next cat (Expt. IX) was very wild.
The amount it drank was very little. This cat,also, was
killed three hours after feeding. The last cat of this
series was fed cream and killed five hours later. The period
of digestion and absorption is reckoned from the iime of re-
moving the food until the time of killing.

The dog in this experiment was fasted only twelve
hours to allow it to get very hungry. It was fed a diluted
cream containing about 15 percent butter fat, and killed

three hours later.



TABLF III.

|

|
f

{
Showing the Absorption of Fat from the Stomach of Adult

Mammals.

|

No. of

Expt.

cat XI Cow's milk 3 weeks None 0

® XIIX

Initial Condition

24 hrs. fasting.

Final Food

Time of Diges-

tion and
Absorptione.

.

The Fat in the Superficial Epithelium of the Gastric
Mucosa.

The Fat in the
Duodenune.

) cardiac Region
)

Pyloric Region

{Very fine droplets inter-
nal and external to nu-
‘cleus in all cells.

Some areas void of fat.
Very few «droplets exter-
nal to nmicleuse.

Very few droplets: exter—
nal to nucleus.

Fine droplets ‘internal
. and external to nucleus.

 Practically void of fat.
- Some dark colored specks
‘external to nucleus.

Many fine droplets inter-
nal and external to nu-
cleus. Continuous with
fat in gland cells.

None
Many droplets internal
and 6Xxternal to nucle-
us.
Many fine droplets
largely internal to nu-
cleus.

None

e

The Fat in the Glandular Epithelium of the Stomach

The Pat in the Glandular
Fpithelium of the Duode-
Nume

Villius

' Void of Fat
|

|

Epitpelium engorged.
]

Epithelium at the

tips| of the villus

engo&ged. ‘In ‘the

lacteals

Epithelium of tips

of villus engorged.

Much in lacteals in#

and ext. to nucleus.|
No fat in villus ex-|

cept at the base.
Here it is present

Pyloric Region

Cardiac Regilon
(Pyloric glands)

(Peptic glands)

Gilands of Licberkfthn
and. Brunner

internal and exter-

nal to nucleus.

—

—— ————

- Many droplets internal
and external to nucleus.

Cow's milk 3 weeks Cow's milk, 2 hrs.
24 hrs. fasting. 6% butter .
fat
» XIV Cow's milk 3 weeks Cow's milk, 4 hrs.
24 hrs. fasting. 6% butter
fat
"Xy Cow's milk 3 weeck s Cow's milk, 8 hrs.
24 hrs. fasting. 6% butter
fat
" XIX 25-days fasting. None 0
Dog VI 12 hrs. fasting. Cow's milk, 5 hrs.
6% butter
fat
Rat I Boiled rice Meat and olive 4 hrs. ‘
1 week. oll
Rat II 3 days fasting. None 0

———

Droplets internal and
external to nucleus.

No section

{
} -

|

Straight and vinding tu-
bules contaln many drop-
lets.

All cells contain fine
droplets.

Droplets in body and Droplets only in the
expandéd base of glands. winding tubules.

Void of fat Droplets in some winding
tubules.

Void of fat Droplets in scme winding
tubules.

Void of fat Void of fat

Many droplets in basal
portion of Lieberkdhn's
gland. Brunner's not
showing.

Doubtful

Void of fat

Droplets in the basal
portion of Licberkiihn's

glands. BRrunner's not
showinge. _
Void of fat

e —— e

—— ———

Small amounts in the Droplets in the winding

e =S ——

]‘\

Cells engorged filling
the dnner ends (or zone).

None

Cells engorged fill-
ing the inner end of
cell.

None or very few
traces.

Epitheliunm engorged
Much in lacteals.

. Void of fat

No section

cells of the body of tubulcs.

the gland.

o — =i ——— —
Void of fat Void of fat Void of fat
Void of fat Void of fat Void of fat
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Discussion of Table III.

The ocats of this seriés were handled in a somewhat
_.different manner from those of the first two series. The
firgt four were fed on commercial milk (fat-free diet) for
ihree weeks and then fasted twenty four hours, while the
last cat was faéted twenty five daysvto show the effect of
hunger in freeing.the gastric epithelium of its fat content.
This cat was,ﬁ large white house cat. The other cats wepé
also large full grown animals. The first oat of the serits
- was Killed without a final feedihg to serve as a control for
the next three which follow in serial order. The cats were
 fed céw‘S'milk.which contained 6 percent butter fat as a final
food. Their time of digestion and absorption was 2, 4, and
8 hours, respectively.
| The experiments on one adult dog and on two adult
.white rats are also given 1h this table. These are sach
. marked off by blank spaces in the table. The dog was an
old medium-sized biteh whioh‘had recently whelped. The two
puppies given in the first series are from her litter. The
initial condition of the dog was twelve hours fasting for
the purpose only of producing an effective appétite; The
final feed was a pan of cow's milk which contained 6 percent
butter fat. She was not killed until five hours after the
final feeding. The two white rats were placed in the same
cage and fed boiled rice for a week. They were thén placed

in separate cages. The one was given meat and olive oil

and the other was fasted three days. White rats can not he

fasted for much over three days.
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Significance of the Observations.

Chapter 1V.

Absorption by the Superficial Epithelium of the Gastric Mucosa.

The superficial epithelium of the stomach contains
an unusual amount of fat after fat feeding. These ceélls are
practically free from fat in the full term embryo as seen by
killing young cats and dogs just after birth. It is evident
from the results obtained after the first sucking of new-born
kittens that the fat present in the superficial gastric epi-
thelium is derived from ingested fat. Furthermore, the same
evidence holds truebfor older cats which have 1like initial
condit ions prior to the final feeding. The absorption of
fat, therefore, is clearly manifested by the superfiéial gas—
tric epithelium of the marmalian stomach, as chiefly shown
by the cat in my investigations. The age of an animal
plays an importaht role in the amount and volume of absorp-
tion, as do also the different regions of the stomach in-
volved. There is no evident difference in the structure of
cardiac and pyloric superficial epithelium and the presence
of greater amounts of fat in the epithelial cells of the dif-
ferent regions is a factor probahry-governed by the digestion
of fats in the gastric cavity. Although my work has large-
ly been done with the naturally emulsified fats, some evidence
of an absorption of solid or liquid fats is given. Table III,
Expt. I, treats of an adult rat which was fed ground meat
mixed with olive oill. The eplthelial cells were engorged
with fat four hours after the feeding.

There yet remains to be shown the absorptive power
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of the stomach in relation to age of an animal. The super-
ficlial epithelium of the sucking kittien or sucking puppy is
engorged with fat three to six hours after a full meal. Hal?f
grown or adult cats and dogs, on the other hand, show only
relatively small amounts of fat deep in the ceils in close re-
lation to‘the nuclel of the cells.(Compare Plate II, figure 3,
with figure 9 of Plate VI.) Undoubtedly the sucking animals
load. the superficial cells of the stomach more quickly and
more fully than do older animals. Yet I find abundant evi-
dence, ses Table III, that adults have the power of absorbing
fats in the stomach. Particular emphasis is laid on this ob-
servation since Weiss has recently stated that only very young
animals absorb fat in the stomach. He states specifically,
sec review of the literature, that adults lose this powere.

The fat, occurring in the form of fine droplets,
bears a certain relationship to the nucleus of the cell during
the t ime of absorption. During early absorption the droplets
are present in greater numbers e;ternal to the nucleus with a
smaller amount of fat 1n{érnal to that structure, and vice
versa during the later stage (see plates). The nucleus ap-
parently only tends to divide the fat. It may be possible
that the number and disposal of the fat droplets in the cell
are influenced somewhat by the factor of the metabolism of the
cell. Some attempts have been made to locate fat in the nu-
cleus of the cell. Although the nmucleus of the cell was in
some cases rendered obscure by the large amounts of fat in

engorged cells, no evidence of the actual occurrence of drop-

lets within the nucleus could be had. (Plate VI, fig. 9).
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A splendid example of the droplets occurring inter-—
nal to the nucleus during early absorption is given by a suck-
ing kitten killed three hours after the first sucking (Plate I,
fig. 1). A similar example of a late stage is that of anoth-
er kitten of the same litter killed three hours after the first
sucking (Plate I, fig. 2). These examples show but compara-
tively few droplets after the first sucking. The engorge—
ment of cells is scen in young cats and dogs several days old
(Plate VI, fig. 9), the absorptive process being apparently
more active at this agee.

The superficial gastric epithelium possesses a cer-
tain persistent fat-holding quality. Fasting periods of sev-
eral days do not render'the epithelial cell void of fat (Plate
Vi, fig. 10), nor does the feeding'of fat-free diets. A cer-
tain decreasé in this :remnant’ was observed Just after
feeding. The fat which rcmained in°  the cell from previous
feedings apparently showed thé greatest decrease in amount
and occupled a deeper position in the cell: during the time of
active digestion of the stomach. often no droplets were ine
ternal to the nucleus and only a few were cxternal.. The
facts are verified by experiments XVIII and XII of the first
table. Experiment XII rendefed the epithelium almost void
of fat. The initial condition.wag'a fat-free diet for one
wB8ek followed by eighteen hours fasting; this was followed by
a final meal of fat-free food. The animal was killed at the
time of active digestion in the stomach. Tests of extreme

starvation showed the epithelium'void of fat (Table III, Expt.

XIX).
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Some attempts have been made to arrive at how soon
afte: the ingestion of fat the maximum absorption occurs. It
can be clearly seen that the maximum absorption of fa;'for the
sucking kitten and puppy 1is earlier than that for the half
grown or adult. Sucking kittens and dogs several days old .
show the cells engorged one to three hours after sucking. In
the half grown and in the adult cat and dog the cells show
the heaviest loading, both internal dnd external to the nucle-
us, in frém three to eight hours after fat ingestion. | '

The observations show that the absorption of fat in
the cardiac region does not equal that in the pyloric region.
There is no evident difference in the structure of the supér—
ficial epithelium of these regions. A comparative study of
the gastric regions shows a greater number of droplets iﬁ the
pyloric region which undoubtedly indicates a greater volume of
absorption. Furthermore, although the fat may sometimes oc-
cur in but few folds in the cardiac region of a given animal,

. 1t is usually more or less uniformly distributed over all the
folds of the pyloric region. There is practically no differ-
ence in the size of the droplets in the two regions, although
the large amount in the pyloric region gives rise to a greater
mass of the dr@pletsf The question 1s raised here as to
whether or not the greater amount of fat absorption in the py-
loric epithelium is not dependent on the greater concentration
of dissociated fats in thig part of the stomach. The peri-
stalses of the stomaéh tend to propel the foods into the pylor-
ic portion of the organ as fast as they reach a liduid or semi-

liquid stage. The dissociated fats from the cardiac region
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would therefore be propelled forward with the rest of the food
.and would come into contact with the absorbing ﬁyloric epithél—
ium in greater concentration. Also when the partly diééoci;~
ated fats are propelied into the intestine and go intd-solu—
tion in the bile absorption by the villi becomes immediately
vossible. This factor must be taken into account in explain- )

ing the fat absorbing function of these organs as noted below.
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Chapter V.

Absorption by the Villi of the Duodenum.

The fat absorption in the duodenum occurs precisely

as described by Nollzo)

in a recent paper. At first the fat
is loaded into the epithelium of the villus and later appears
within the vilius itself (Plate VII). Observatioﬁ of the fat
absorption by the villus was made only as a check and for com-
parison‘with that of the suberficial gastric epithelium.

The intestinal absorption follows closely that ob-
served in the stomach both as to time and eharacter of the
loading of the epithelial cells with fat dropleta except that
the intestinal absorption is by far more abundant and volum-
inous. As a consequence, the intestinal cells always appear
more engorged’'during active absorption. They take up the fat
with avidity and discharge it very rapidly. As in the epi-
thelial cells of the stomach, especially of sucking animals,
the fat of the villi first occupies that portion of the cell
&mmefnal to the nucleus. Only very seldom does any fat appear
féxternal to the nucleus except at a later stage of absorption.
At this time two distinet zones--one internai and the other éﬂ-
ternal to the nucleus—are apparent in those epithelial -
cells constituting the basal portion of the villus (Plate VII,
fig. 12). It is also from the bases of the epithelial cells
that the fét is last to leave the villus.

A Nile blue staining of the gastric and intéstinal
fat indicates some difference in their chemical nature.

The gastric fats stain dark blue when sections are left in

the stain over night, while the intestinal fats stain blue but
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with a reddish hue. This observation was made by Lamel) in
1910. He also stained the gastric and intestinal fats of a
sucking kitten with Nile blue sulphate in connection with some

studies on Welgert's myelin stain for differentiating fats.
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Chapter VI.

Oon the Preseqce of Fats 'in the Glands in Relation to Absorption.

l. Peptic Glands of the Cardiac Region of the Stomach.

Fat appears in the parietal cells of the peptic
glands of the stomach many hours after its appearance in the
superficial epithelium. This fat is in larger droplets and
irregularly distributed through the cells. The fat appears
earliest and most abundant in the parietal cells of the peptic
glands. A heavy loading bf the parietal cells of these glands
exhibits a beautiful band of fat which involves the entire
length of the gland. As a rule it is hard to ascertain
whether the cells are being loaded or whether, on the other
hand, they are discharging the fat. The greatest amount of
fat occurs during moderate fasting. It is lost on extreme
fasting. Again, here as in the superficial gastric epithel-
ium, it 1s very conspicuous in the sucking kittens after they
have once fed, but is not present before they have taken food.
_ The disappearance of fat in the peptic glands is also manifes-
ted during the early stages of active digestion. The parietal
cells may becom@é entirely void of fat, but occasionally small
traces persist in the closely packed cells of the body of the
peptic gland throughout an active digestion. Fat was never
seen in the cells constituting the gastric pits .

2. The Glands of the Pvloric Region of the Stomach.

FPat appears in the cells comprising the epithelium
of the pyloric glands of the stomach within the same time
that it appears in the parietal cells of the peptic glands.

Except in the case of the embryo or of animals extremely fasted
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fat can be detected 1n-the Winding tubules of the pyloric -
glands. It is in this portion of the glands where fat oé—
curs first and remains the longest after a meal of fat.

The droplets in the pyloric gland cells are smaller than those
iﬁ the peptic gland cells and are distributed more closely
about the nucleus. In the case of a heavy fat loading they
may be seen in all the cells from the base of the gland con-
tinuous to the superficial epithelium. Howevér, seldom do
the fat droplets appear in the cells constituting the neek
cells of the gastric pits.

The fat in the pyloric glands bears the same relation-
ship to the feeding as that deécribed for the peptic zlands.
It leaves the straight tubules of the pyioric gland soon af—
ter feeding but persists very much longer in the winding tu-

bules.
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Chapter VII.

Summary.

.l. The physiological literature furnishes conclusive ev-
idence of the digestion of some fat in the stomach, but gives
little evidence of the absorption of the cleavage products of

fat.
2. There is an absorption of fat through the gastric

micosa of the mammalian stomach. It occurs for animals of
all ages, and fats in a form other than an emulsion are ap—
sorbed.

3. The amount of absorption is much greater, at least
more rapid, in the sucking animals than in the adults.

4. The fat appears in the superficial gastric epithelium
in direct relationship to the time affer the ingestion of
fatty foods.

5. The fat is present in the superficial gastric epithel-
ium in the form of fine droplets which are larger in the dog
. and rat than in the ocat. Their position in the engorged cells
of sucking animals is chiefly internal to the nucleus. A
maximum loading of}the cells in adults shows a great number
of fine droplets both i&nternal and eéxternal to the nucleus.

6. The process of removél of fat from the superficial
cells is a very slow one. It takes place from the superfic-
ial area first and from the bases of the cells last. Traces
of fat remain in the bases of the cells after many hours, even
days, without food.

7. Fat appears in the gastric glands at a time much later

than in the superficial epithelial cells. During fasting it
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is given up only after a surprisingly prolonged period. At
the beginning of a period of digestion when secretion is ac-
tive the stored fat of the gland cells is rapidly removed.

| 8. The verf late occurrence of fat in the gastric and
duodenal glands sugrests a resynthesis of absorbed fat in
the glandular epithelium and supports the views proposed by
Kastel22s 23), Loevenhart®2s 23s 24) and others. In fact
the findings in_the superficial epithelial cells are best ex-
rlained by the same views.

9. The gastric absorption of fat is very similar in char-

acter to the intestinal absorption. A comparative study of
the two shows that the stomach is no insignificant fat ab-

sorbing organ.
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EBxplanation of Plates.

The figures comprising all but the last plate are
longitudinal sections of the superficiél gastric epithelium
or the entire mucosa of the stomach of animals represcntcd
in this paper. The last plate gives figures showing the
fat absorption of the villus of the duodeﬁum in an early
and a late stage. The preparAtions were made as frozen
sections of material after a fixatlion of three hours ih 10
percent formalin. The sections are stained in Herxheimer's
Scharlach Roth (Bell's modification) and counterstained with
Delafield's hematoxylin. The sections were rmounted in

glycerin. The figures are outlined with the camera lucida.
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Plate 1e

Fig. 1l. A group of cells from
the cardiac region of the stom-
ach of a sucking kitten. The
figure represents fat absorp-
tion by the superficial epi-
thelium three hours after the
first sucking. The fine
droplets are chiefly dnternal
to the nucleus.

Magnification, Leitz ocu-

lar 2, objective 7.

Figure 2. A group of eells
from the pyloric region of the
stomach of a sucking kitten.
The figure represents fat ab-
sorption by the superficial
epithelium three hours after
the first sucking. The fine
droplets are chiefly dmternal
to the nucleus, but occur in
greater number than in the
cdrdiac region.

To the left the superfic-
ial epithelium is directly con-
tinuous with that of the next
Told. The transition to form
the gastric pit is not repre-
sented.

Magnification, same as

figure 1.
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Plate II.

Fig. 3. A portion of the mucosa and muscularis
micosa from the cardiac region of the stomach

of a sucking kitten. The figure represents

the fat in the superficial epithelium and gland-
ular epithelium six hours after the first suck-
ing. The droplets occupy the deep position in
the superficial epithelium and ocecur in some
parietal cells of the cardiac glands.

Magnification, Leitz ocular 1, objective 7.
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Plate III. -

Fig. 4. A portion of the mucosa and muscularis

mucosa from the pyloric region of the stomach of
a sucking kitten. The figure represents the
fat in the superficial epithelium and glandular
epithelium six hours after the first sucking.
The droplets are more numerous than they are in
the cardliac region and occur external and 1ntér-
nal to the nucleus.

Magnification, Leitz ocular 1, objective 7.
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Plate IV.

. A fold drawn from the

Fig. 5.
cardiac region of the stomach of
a half grown cat. The cat was
fasted two days, fed cream and
killed three hours after the
feeding.(Expt. IV). The fig-
ure shows large numbers of fat
droplets ‘internal and external
to the nuecleus.

Magnification, Leltz ocu-

lar 4, objective 7.

FPig. 6.
cardiac fegion of the stomach
of a half grown cat. The cat
was fasted two days and killed
without a final feeding(Expt.
X)e The figure shows bhut a

few droplets in the superficial

epithelium external to the nu-

cleus. Many droplets are pres-—
ent in the parietal cells of
the cardiac glands. Oonly a
portion of the gland is repre-
sented.

Magnification, Leitz oc-
ular 5. obiective 4,

A fold drawn from the
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Plate V.

Fige. 8.4- A fold drawn from the pyloric ;eézbn of a
half grown cat. The cat was fasted two days and
killed [Expte-X)s The figure shows but few
droplets in the superficial epithelium. They

are internal to the nucleus.

Magnification, Leéitz ocular 4, objective 7.
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Plate V.

Fig. 7. A fold and ba-
sal portion of the gland
drawn from the pyloric
region of the stomach of
a half grown cat. The
cat was fasted two days,
fed cream and killed
three hours after feed-
ing (Expt. IV). The
figure represents the
fat in the superficial
'epithelium and the
straight and winding
tubules of the pyloric
glands.

Magnification,
Leitz ocular 5, objec-

tive 4.
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Plate VI.

SN

Fige. 9. A group of superficial
epithelial cells from the cardi-
ac region of the stomach of a
sucking puppy four days old.
They show how the fat loads
in the cells, especially dinter-
nal to the nucleus one hour
after sucking appears. The
droplets are larger than those
seen in the cat.
Magnification, Leitz ocu-

lar 3, objective 1/12.

cat's stomach.

1%}

Pig. 10. A group of superfic-—-
ial epithelial cells from the
cardiac region of a half grown
The cat was
fasted two days (after a feed-
ing of table refuse given .
the aﬁimals daily). The fat
lies chiefly external to the
nueleus. Only a little is dn-
ternal to the nucleus. The
fat droplets are very small,
Magnification, Leitz ocu-

lar 3, objective 1/12.
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Plate VII.

Fig. 11. A portion of a villus
made from the duodenum of a half
grown cat. The cat was fasted
two days, fed cream and killed
three hours after the feeding.
The figure representsltheif;t
engorging the epithelium in an
-earlv stage of absorption.
Magnification, Leitz ocu-

lar 4, objective 3.

Fig. 13. A portion of a villus
from the duodenum of a half
grown cat. The cat was fasted
two days, fed cream and killed
five hours after the feeding.
The figure represents the fat
deeper in the cells and giving
rise to division into two dis-
tinct zones near the basal por-
tion of the vilius. The tip
is still engorged.
Magnification, Léitz ocu-

lar 4, objective 3.,
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