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A STUDY OF THE PROCESSES COF FAT METAROQOLISM
AND METHODS FOR DETERMINATION OF FAT

Historical*
Part I

Our present conception of how fat is absorbed is in-
deed very modern. The most work has been done within the
last fifteen or twenty years. Before going into the detailed
account of the work of more of the modern investigators, how-
ever, I shall take the liberty to present in a condensed form
the theories and conceptions of digestion and absorption from
the ancient times to the present. I hope that this will pre-
sent a broader view of the subject and help us understand the
more modern tendencies, |

In ancient Egypt it was believed that all diseases
arose from food. The Hindus recognized that digestion is
going on in tho stomach and small intestine and describe a
demon "Pachaka" the fire of digestion, situated between the
stomach and small intestine, The Chinese regarded (and the
majority probably still does) the bile as the seat of courage
and the stomach as the abode of the mind. The ancient Hebrew

regarded health and disease as emanating from the same divine

gource,

*References to all authors cited in this paper will be found at
the end, arranged alphabetically.



The pancreas was considered an accessory organ of the
liver.

The stomach performed a purely mechanical function,
that of churning the food; it is compared to a mill. They
recognized, however, that the main digestion is carried on
in the intestine.

Plato (437-347 B.C.E.) greatly propounded the theory
that some of the fluid drunk passed thru the wind pipe into
the lunge and there served to cool the heart.

Aristotle ( ) said that 'heat is innate
in the heart placed there by the Creator!'.

The dark ages, naturally, also had their effect on
medi cine. People followed blindly. Nothing was accomplished
in respect to the physiolegy of digestion and absorption. Here
and there we find some one expresses a truth, but it becomes
lost in the great chaos.

John Baptiesmo Van Helmont (1577-1644) seems to be the
first to look upon digestion as a process of fermentation.

About the beginning of the eighteenth century Dr.
Pitcairn trying to solve the problem of digestion, estimated
the pressure of the walls of the stomach as 12,951 pounds, or
over 6 tons, and asoribed gastric digestion to this triturating
force alone. In hies essay he states that this explanation is
quite sufficient and that there is no need to call in the assiste
ance of a demon or stygian liquor (I suppose he must have referred
to the gastric juice).

We do not find much writing about digestion and absorp-

tion till we come to the beginning of the nineteenth century.



Dr. Brousais (1838) speaking about gastric juices,
states : "The fact if established, of there being in certain
animals a superadded glandular apparatus for the secretion of
what is called gastric juice, would in our minds be a strong
argument against the admission of such a juice in animalse in
which like man there are no such glands to be seen, When we
bear in mind the circumstance of the liver surrounding the stom-
ach of some of the smaller and inferior animals and emptying ite
secretion into the cavity by several ducts, we may be allowed to
be skeptical on the subject of gastric juice, which properties
must have them materially affected, if not entirely altered, by
the admixture of the bile.* This same author in another place
states that the precise mechanism by which absorption is per-
formed is as yet an unsettled question. He attributes absorp-
tion mainly to the passage of fluids from less dense to more
dense solutions.

Robley Dungleson (1836) quotes Montegre', who in 1813
after a series of experiments which he presented to the French
Academy, came to the conclusion that there was no such a thing
as gastric juice, and what was up to then considered gastric
Juice was nbthing more than common ordinary saliva.

Dungleson, as well as most of the authors of his time,

believed that the gastric secretion acted an all substances alike.

There were different theories proposed as to how the stomach
can decompose all substances. Some compared it to a ferment-

ing vat, others thought it acts like a stew pan, etc., etoc.



Dr. Wm. Hunter (quoter by Dungleson) who may have been
either dissatisfied with the various theories,. or who probably
could not help admiring the mysterious work of the stomach,
once said, "Some physiologists will have it, that the stomach
is a mill; others that it is fermenting vat; others again that
it is a stew pan;.but in my view of the matter, it is neither
a mill, a fermenting vat nor a stew pan; but a stomach, gentle-
men, a stomach."

At this period the different authors seemed to have
hgd the true conception that the bile and pancreatic juice
had some influence on fat absorption, especially the former.,
Most of them, while considering the bile as important, did not
deem it an gssential agent in digestion. Dr. Franz Simon
(1840) says: "Let us hope that we may some day be able to ex-
plain the mysterious funotion of the bile." He quotes Brodie
(1833) and Tiedeman and Gmelin, that the bile has no influence
on digestion or chylification. The bile was considered by
them as an excretion necessary to the body like carbon dioxide.
urin, uric acid, eto. Speaking about the pancreatic juice he
says, "We are unable to say how the pancreatic juice which
di ffers so greatly chemically from saliva, takes part in the
change which goes on in the food in the intestinal canal,"

| Carlo Matteucci (1848) has the following to say:
"We have seen that the bile performs little or no part in
digestion.® Liebig (who dominated the field of Chemistry
from 1840 to 1860) assumes that the bile poured into the duo-

denum forms a soluble combination with potash, which is ab-



sorbed and converted into carbonate of potash by yielding up
a portion of its carbon to the oxygen.

Claude Bernard (1846) made the important discovery
that the pancreatic juice was able to split fat into fatty
acids and glycerol.

Lambert (1853) states, that the quantity of pancre-
atic juice formed, the diseases of the organ, or its impor-
tance are not known. It should be borne in mind that this
statement was made after Claude Bernard found that the purpose
of the pancreatic juice was to split neutral fats into fatty
acids and glycerol. This same author, speaking about the
bile, says: "Some believe that the gall is formed in the liver
as bile. It would seem as if the gall bladder could as eas-=
ily form the entire gall as add bitterness to it."

From 1850 we find the physiologists have better ideas
as to the functions of the different juices, but those ideas
were by no means very concise and exact. John Wm. Draping
(1856) gives the purpose of the pancreatic juice as helping
to emulsify the fats, and thinks that the latter are absorbed
as such, a theory held until very recently, and probably still
held by a few of the older physiologists. The same author
speaking about absorption says: "Whatever may be the special
manner by which the fats pass from the intestine into the lac-
teals, they have scarcely gained those vessels before they
undergo a change. The quantity of free fats diminishes, and

that of saponified fat increases; this is probably accomplished -

by soda obtained from the blood."



A very interesting statement is found in the book of
Dr. Edward Jarvis (1868): "rTnis digestive process, which errects
so great a change, is wonderful; as well as interesting. This
change is a vital one; at least it is etfrected by the fiuidas
which are within the living organs. By what unseen agency
these fluids abtain this power is known only to the all-wise
Ureator. It is not revealed to us nor need it be."

Foster (1878) states: "Fats undergo no change by the
action of the gastric juice."®™ "Bile has a slight solvent ac-
tion on fats. It has a slight, but only slight, emulsifying
power, The wetting of membranes with bile or with a solution
of bile salts assists in the passage of fats through the mem-
braneg."

"Pamcreatic juice has a twofold action on fats: it emul-
sifies them, and it splits them up into their respective acid
and glycerine,"

"In all probability saponification in the intestine is
a subsidiary and unimportant process. In cases where all the
pancreatic ducts have been ligatured, and there has been no reason
to think that pancreatic juice to any amount has entered the intes-
tine, fat may be present in the lacteals, consequently the diges-
tion of the fat musf be referred to the bile."

It is to be noted that Foster was an accurate observer,
and many of his conclusions are more or less true.

Victor Vaughan (1880) has the same to say about fat

digestion and absorption as Foster.



It is to be seen that our modern theories had not been

conceived until about 1880. It shall be my purpcse from now
on to go into a more detailed account of the work of modern

investigators, compare their results, and summarize the different

theories regarding fat metaboliem,.



Part II
Organs.

Before going into a detailed account of what organs
.of the body play a part in fat absorption, and how they play
that part, it is necessary to state the several jheories re-
garding fat absorption. The theory in vogue for a long time
was, that fat, no matter in what form it was fed, could be ab-
sorbed as such (Huxley, 1878), and the main proof given in its
support ias that on making an histological examination of the
epithelial cells fat could be plainly seen. However, this
theory is now almost obsolete, and I shall mot say much more about
it. The two theories at present are, first, that fat in emulsi-
fied form can be absorbed (Hoffbauer 1900). This theory has
many supporters, even at the present time. The other theory
proposed is that fats must be split firset into their fatty acids
and glycerol_before they can be absorbed.

I should mention here that another theory of fat ab-
sorption was proposed by Connstein and Michaels (1898) and that
is, that the fat changes from the impermeable form to a perme-
able one, as is the case with the albumins, which become dyaliz-
able‘thru peptonization and as those peptonized forms immediately
after passing thru the epithelium are converted back into albumins,
80 also the permeable fats are ohapged back to Aeutral fats. This
theory, as far as I know, has no supporters, and most of the modern
investigators do not meﬁtion it.

Stomach

The first organ for consideration is naturally the

stomach. This organ has not until very recently been recognized



as having any influence on fat metabolism. It is therefore

not at all astonishing to find most of the text books stating

that the stomach plays no part at all in the digestion and
absorption of fat; but the text books are not the only ones

in this respect. Dr. Noel Paton (1911) says "There is no ev-
idence that fats are absorbed under any conditions in the stomach."
However, if one only examines the literature on the subject he
must come to the conclusion that Paton some way or other over-
looked the latest developments.on the subject..

S. Levites (1906) states that in the stomach fat
undergoes ondy little chemical change so long as the liquid from
the duodenum does not pass into the stomach. "When this takes
place, aplittin,is considerable. Fat is not absorbed in the
stomach." However, he himself states that egg yolk in the
stomach is saponified in rather large amounts, for which he can
give no reason.

E. S. London (1906-7) and several other investigators,
notably Contejan, Kunkel, Aldor (quoted by London) do not accept
the view that there exists a special gastric enzyme, and that
splitting in the stomach is due either to bacterial action or to
antiperistaltic movements of the pancreatic juice from the duo-
denum, London pointed out that with gastric juice, which he
obtained by means of a . .pyloric fistula, mixed with the yolk
of an egg, he was only able to obtain a splitting betwqen a-5
per cent, while the splitting of the same material in the;stomach

may amount to as high as 33 per cent. So he concludes that the

splitting in the stomach is arrasted by the antiperistaltic in-
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flow from the duodenum, |

London and Wersilowa (1908) who experimented on dogs
and obtained the juice by means of fistulas, concluded that fat
splitting occurs in the stomach to the extent of 32 per cent
in 6 hours. They admit a stomach lipase, but state that the
action is very little, the most splitting being accomplished by
the regurgitated duodenal juice, and for this very reason stomach
lipase is still an undecidbd}qﬁestion.

Klemperer and Scheurlen (1889) also claimed.that fat
is not attacked in the stomach. (It should be mentioned here that
they worked with non-emulsified fat.)

Boldyreff (1904) states that a fat rich food is a
cause for regurgitation of pancreatic juice into the stomach.

Connur and Niclaux (1930) claim that digestion of
cotton seed o0il in the stomach is of little importance, being
perhaps 5 per cent in a“time varying from 1 to 3 hours. "The
gastric digestion of fat has been supposed to be due to a
‘Ripase or to a reflux of duodenal digestive juices into the
stomach, Refluxes in the stomach caused a digestion of from
7.2 to 16.8 per cent." "If there is a lipase in the stomach to
help digestion its action is very littie indeed." *Duodenal
juioes'flowing back into the stomach digest fat there and,
further, fats already in the process of digention can flow back
as the free fatty acids.® They also claim that in a mixture of
fats and duodenal juices fermentive action can proceed after
reflux into the stomach.

Usuki (1910) claims that cleavage of lecithine in the

stomach occurs more quickly than that of nsutral fats.
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Volhard (1900) claims that he was able to show a true
stomach lipase which is derived from the fundic region of the
mucous membrane of the stomach. To substantiate his claims
that he was dealing with an enzyme, he filtered the extract of
the fundic region thru a clay filter, and was able to find the
enzyme in the filtrate. Volhard's contention has been substan-
tiated by many of the modern investigators, notably Weiss (1913),
Fromme (1903),Fallaise (1907),and Zinaser (1906).

The only contention at present is, to what extent can
splitting go on in the stomaohf

Many have proved that absorption takes place to a large
extent in the stomach. Among these investigators are Greene
(1913-13), Weiss (1913), and Hartley (1909).

Binech and Gugot (1904) showed that human gaetric juice
in the presence of weak hydrochloric acid solution was able
to split monobutyrin, The presence of alkali or strong acids
was-injurious. Glycerol extracts of the cardiac region act
analogous to the fresh juices. According to Kastle and Loeven-
hart, splitting of neutral non-emulsified fat by the gastric
Juice is doubtful. Connstein oconcludes that there ié a split-
ting ferment in the stomach.

Von Pesthy (1911) would not ascribe cleavage of fat
in the stomach to antiperistaltic movements from the duodenum,

for the enzyme would become inactivated by the free hydrochloric

acid.

for
Zinsser (1906) experimented on men. He gave them/Dreak-
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fast a suspension of egg yellow in bouillon. After a time he
withdrew a certain amount of fluid from the stomach, shook it
up with ether, added alcohol, and titr&ted it with tenth-normal
sodium hydroxide, using phenolphthalein as indicator. The
number of cubic centimeters of alkali used he calls value I.

He then added 10 c.c. of normal sodium hydroxide, let it stand
for 24 hours. (He assumed that the neutral fat is all sapon-
ified during that time). He next added 10 c¢.c. of normal sul-
furic acid, which besides neutralizing the excess of sodium
hydroxide sets free the fatty acids. These are again titrated.
He calls the number of cubic centimeters used the second time
value II. He calculated the percentage of splitting from the

following formula: | - Value I
X = X 100

Value I 4 Value II

It should be noted that the method will not give strictly
reliable results., The lower acids like acetic and propionic
are soluble in ether, and it seems hardly fair to titrate them
along with higher fatty acids. However, the results in general

show fairly well that Zinsser dealt with fat splitting enzymes.
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Table I
- Date Name Food Length  Remainder Amt , Amt . Amt . 1st. and Sum of Fat
fed of in of of of Titra=- Titra- both Split
Diges- Stomach Ether alcohol Ether - tion tion Titra- by
tion added added | used ¢.C. CiCe tions Enzymes
CeCo cocoirg_’_g_l CeCo %
I 30/8 Moses R, Test 1 hr. 100 c.c.
25 yrs. break- of a
(Neuras-, fast well digest-
thenia) ed fluid
A 33/8 " 300 c¢c.c. & hr. 10 c.c. of 100 5
[ of fluid with co?gr- 1.85 6.0 7.85 23.8
bouillon a fine pre- less
and 2 cipitate:
egg yolks washed out
With 100 c.c.
cf water
B 33/8 . " 2 hr. 15 c.c. fluid 50 2
/ with a fine 35 2.4 15,7 18.1 13.2
precipitate
washed with
100 c.c. of

water
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Table II

precipitate

Date Name Food Length Remainder Ant . Amt . Amt. lst end Sum of Fat
fed of in of of of Titra- Titra- both Split
Di ges- Stomach Ether Alcohol Ether tion tion Titra- by
tion " added added used s R 0 tions Enzymes
C.C. C.Ce. CeCo CeCo %
II 20/8 Karl B, Test 1l hr. 120 c.c.
25 yrs. break=- well
fast digested
A 21/8 . 300 c.c. @ hr. 235 c¢c.c. 50 2 35 1.6 3.5 5.1 3l.4
bouillon fluid 1light
and 2 fine yellow
egg yolks precipi- :
tate
B. 33/8 " " 14 hr. 60 c.c. 50 2 35 1.8 6.5 8.3 31.6
fluid light
with fine yellow
precipi-
tate
C 39/8 " " 2 hr. 40 c.c. 50 B 40 1.0 3.6 3.6 38.3
with fine
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Table III
Date Name Food Length  Remainder Amt ., Amt. Amt , lst and Sum of Fat
fed of in of of of Titra- Titra- both Split
Diges~ Stomach Ether Alcohol Ether tion tion Titra- by
tion added added @ used C.C. C.C. tions Enzymes
~ G, C.Cs c.C. C.C.
II Louise Test 1 by, 110 o.¢C.
BY. break- well di-
(Hyster- fast gested
ia) fluid
L 19/8 " 350 ¢.c. 1 hr. 860 c.c. 75 -] 40 4.4 11.4 15,5 85.28
bouillon well di- light -
and 2 gested
egge on fluid and yaliow
bread a few starch
crumbs
B, 22/8 " " 13 hr. 2340 c.c. 75 3 50 1.5 4.3 5.8 35.8
' well di- light o
gested yellow
fluid and

a few starch
crumbes
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Table IV
Date Name Food Length Remainder Amt, Amt . Amt. lst and Sum of Fat
fed of in of of of Titra=- Titra- bgth Split
Diges- Stomach Ether Alcohol Ether tion tion Titra- by
tion added added used s G CuCo tione Enzymes
C.C. C.C ‘ c.c. C.O. %
IV 20/8 Marie Test 1l hr. 140 c.c.
R, break- fairly well
52 yrs., fast digested
(Ptose-
ulcnia)
A 21/8 . 300 c.c. & hr. 50 c.c. with 50 2 35 1.8 3.8 5.0 36.0
bouillon fine precip- light
~and o itate ‘yellow
egg yolks
B. 23/8 " " 2 hr. 100 c.c. 50 2 35 1.3 3.9 5.1 83.5
with fine 1ight
precipitate yellow
30 c.c. of original breakfast 50 3 0.7 17.8 18.3 3.8

The 3.8% split represents the average of control experiments of

tables I, II, III, IV.



-18-

turbed

Table V
Date Name -Food Length Remainder Amt , Amt ,
fed of in of pf
Diges=- Stomach  Ether Alcohol
tion added added
c.c‘ c.cl
IV 18/9 Louise 5 egg 1 hr.. 310 c.c. 75 3
C By, yolks in ~emulsion
(Trauma- 500 c.c. not dis-
tische of a turbed
hysteria) vinegar
solution
D 20/9 " " 13 hr. 300 c.c. 75 3.
emulsion
beginning
to be dis-
turbed
E 31/9 " " 3 hr. 200 c.c. 75 8
emulsion
beginning
to be dis-

Amt ., lst and Sum of Fat
of Titra- Titras both split
Ether tion tion Titra=- by
used 8.0, C.C. tions Enzymes
C.Co C.C. '
50 3.6 9.7 13.3 27.1
golden
yellow
50 "304 909 1303 2506
1ight
yellow
50 2.0 7.9 9.9 80.8
light
green
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The tables I, II, III, IV, and V, show an average of
splitting of about 85 per ceui. Zinsser also gives data to
gshow that in a vefy acid stomach the fat splitting'is less,
whide in an achyle stomach the splitting may reach as high as
45 per cent. He concludes that the splitting ie produced
by a definite enzyme in the mucosa of the stomach wall.

Fromme (1903), working with glycercl extraots of the
different parts of the etbmach wall, was unable to show gastric
lipase in the pyloric end of the stomach, and he brings this
as an argument against those who bélieve that splitting is due
to a pancreatic enzyme, since the regurgitated pancreatic juice
strikes the pyloric end of the stomach first. He also puts
this forward as an argument against the theory that the split-
ting in the stomach is due to bacterial action, since the same
action ought also to go on in the pyloric end.

The method purseed by him was to mix three egg yolks
with 100 c.c. of water , adding to this a glycerol extract of
stomach (control experiments were conducted), and digesting a
nunber of houre on the water bath. He next shook it with
ether and 2 c.c. of alcchol and proceeded as in the ﬁethod

of Zinsser (page 13).
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Experiments with G

e Vi

lycerol Extracts from the Mucous

Membrane of three Hogs.
""""" No. Tength Ist and sum of % of
Days of Titra- Titration Fatty Acids Fats
extract- Diges- tion of of Kkat in 50 c.c. 8plit
ed tion Fat split split by sa- Ether by
hrs, by Enzyme ponitication Enzymes
Fundic Glycerol Extract No. |1
85 c.c. egg yolk 10 c.c. extract 2 6 1.3 | Not saponitied
33 c.c. " " }+ 10 c.c. " 5 8 7.75 53.65 6U.a 1.8
20 c.c, " " 4+ 10 c.c. " 7 6 20.80 1.3 63.0 33.0
230 c.c. " " 10 c.c. " boiled 7 6 1.6 44.0 45.6 3.4
30 c.c, " " 4+ 10 c.c. " filtered 17 13 1.6 45.7 48.3 3.4
Control Experiments
10 c.c. of fundus glycerol + 20 c.c., Hg0 - B 0.5 8.9 s ——u—
10 ¢.,0. * . " + 20 c.o. " - 6 0.6 ’
Putting on more Glycer§l after 7 days' extraction o
30 c.c. Egg yolk ¢ 10 c.c. extract 3 5 9.0 37.8 46.8 19.4
20 c.e. "™ " +10 c.c. " 6 7% 13.7 34 .8 48.5 48.5
Pouring on more Glycerol after 15 days' extraction
30 c.c. " " & 10 c.c. " 4 14 1.9 30.0 31,9 5.9
80 c.c, " " ¢ 10 c.c. " 5 15 3.3 36.5 49 .7 6.4
80 c.c, " * ¢ 10 c.c, v 8 16 4.7 81.8 66.5 7.1
30 c.c. " " 4 10 c.c. " 21 24 5.4 43.7 47.1 11.4
Pylorus Glycerol Extract
33 c.c. " " 10 c.c. " 5 8 3.8 57.0 59.8 4.6
30 c.co " " 10 c.c. . 7 6 3.8 59.4 62.3 4.5
20 c.c. " * 410 c.o. " 17 .14 3.3 54,0 57.3 5.7
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Table VI shows that the glycerol extract of the
fundic region in 6 hours is capable of splitting the fat to
the extent of 33 per cent, while the same extract boiled has
practioally no effect. The table also shows very strikingly

that the pyloric region has relatively no enzymatic aoction.,



Table VII

Experiments with Autolyzed Mucous Membrane, obtained
from the stomachs of three pigs (same as in Table VI)

No. Length 1st “2nd ~ Sum of % of
Days of Titra- Titration Fatty Acids Fats
extract- Diges- tion of = Fatty Acids in 50 c.c. split
ed tion Fat split Split by sa- Ether by
hre. by Enzyme ponification Enzymes
A Autolyzed Fundus
80 c.c. egg yolk 4+ 10 c.c. water extract 1 4 3.9 | 44.8 47.7 6.1
85 c.c. " " 4 10 oc.c. . " 4 8 3.9 | No saponification
30 c.c. " " 410 c.c. " . 6 6 3.5 " "
30 c.0. " * 410 c.c. " "4
membrane 8 6 2.8 42.6 45.4 6.0
30 c.c. egg yolk 4+ 10 c.c. . "o
membrane 15 5 3.0 45,6 $50.3 6.1
80 c.c. egg yolk + 10 c.c. glycerol extract |
of membrane 15 5 3.3 47.1 6.3
30 c.c. egg yolk + 10 c.c. . . | o il
of autolyzed fundus (38 hrs. in incubatot) 17 14 3.6 | 54.0 56.6 4.6
Autolyzed Pylorus
30 c.c. egg yolk + 10 c.c. water extract 1 4 3.6 47.8 50.4 5.1
35 c.c. " " <4+ 10 c.c. . " 4 6 3.5 | Not saponified
20 c.c. " “ 4+ 10 c.c. " ' 8 ] 3.05 " "
30 c.c. * " 410 c.c. " LI
membrane 8 8 3.8 47.3 50.1 8.5
30 c.c. egg yolk 4 10 c.c. " " | )
membrane f 15 S 3.7 5647 60.4 6.1
30 c.c. egg yolk 4+ 10 c.c. " " |
10 c.c. glycerol extract T 15 5 3.8 47,1 50.3 6.3
30 c.c., egg yolk + 10 c.c. glycerol extract |
of autolyzed pylorus 17 14 2.8 53.2 56.0 5.0



Table VII shows that the autolyzed mucous membrane has
practically no ferment action, and it is to be assumed that the
autolysis destroys the enzymes. This indicates the sensitive-
ness of the gastric lipase, considerably more sensitive than
pepsin which even after the fundic autolysis showed considerable
enzyme action. It is to be noted that the action of the auto-
lyzed fundic and pyloric membranes is almost identical, which
would strengthen the view that the enzyme is located in the fundic

region of the stomach.
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Table

VIII

Glycerol Extract (Fundus)

“No.~ Length lst Ti-

2nd Ti- Sum of 4.of

Days of +tration tration Fatty Fats
extract- Diges- Fatty Fatty Acids split
ed tion Acids Acids in 50 by
hrs. split split C.C. Enzymes
by by Ether
Enzymé saponi-
. fica-
tion

80 c.c. egg yolk = ' | 18 2.3 48 .4 51.0 4.3
10 c.c. extract '
20 c.c. egg yolk -
10 c.c. extract 3 15 3.4 46.7 50.0 6.7
80 c.c. egg yolk -
10 c.c. extract 4 15 3.8 Not saponified
80 c.c. egg yolk -
10 c.c. extract 5 18 4.8 60.0 64.8 7.4
80 c.c. egg yolk -
10 c.c. extract 6 16 6.6 37.4 44,0 15.0
80 c.c. egg yolk -
10 c.c. extract 8 14 7.3 53.0 66.3 18.1
20 c.c. egg yokk-
10 c.c. extract 33 36 33 .8 8.8 51.0 43.5



For the experiments shown in table“VIII two stomachs
of pigs were used and prepared as in table VI, They were pree
served by ddding thymol. The results are rather queer, for
even after extracting for 5 days with glycerol no noticeable
splitting had occurred. Fromme (1903) states that with the
stomach of pigs he sometimes obtained negative results. So
in order to further prove the lipolytic action of the stomach he
experimented on dogs'! stomachs.

The stomach from a dog recently dead from an experiment
was chopped up and glyceiol added in the ratio of 1:3. Thymol
was next added, and the whole thing placed in an incubator. The
acidity of the stomach, which was high, was reduced by the addition
of tenth-normal sodium hydroxide. There still remained in the
solution free hydrochloric acid. The solution was filtered.
Twenty c.c. of egg yolk was treated on the water bath at 40° C,
for six hours with 10 c.c. of this filtrate.



Table IX

Wo. Length 1st.Ti- Znd Ti— Sum of & of

Days - of tration tration Fatty Fats
extract- Diges- Fatty Fatty Acids split
ed tion Acids Acids in 50 by
hrs. split split CeCe Enzymes
by by Ether
Enzyme saponi-
fica-
tion
A Gastric Juice of Dog

10 c.c. of gastric =
juice filtered 4+ 30 c.c.
egg yolk - e 13.3 3643 49.6 26.1

B. o Glycerol Extract I

10 c.c. extract +
80 c.c. egg yolk 1/3 14 37.5 39.0 86.5 56 .4

end Glycerol Extract after 8 days of Pre-
vious Extraction.

10 c.c, extract + |
20 c.c. egg yolk 4 35 15.6  45.3 60.5  35.8

C. 3rd Glycerol Extract after 7 days of pre-
vious Extraction.

10 c.c. extract +
20 c.c, egg yolk 18 36 8.5 41.2 40,7 17.3

Glycerol Extract II

10 c.c. extract ¢+ :
80 c.c. egg yolk 1 15 88.7 385.3 53.9 53.8

10 c.c. extract + '
30 c.c, egg yolk - 15 al.8 26.0 48 .4 44.1
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In glycerol extract II the mucous membrane of the
dog's stomach was placed on ice for 12 hours before extracting
to see whether the enzyme is as easily deatroyed_aé the one of
the pig's stomach; but as can be see from table IX such is not
the case. It did not lose any of its activity.

Volhard (1900-01) stated that the stomach contains
a pro-enzyme or zymogen and an enzyme, He found that the enzyme
of the glycerol extract is very sensitite to hydrochloric acid,
while upon adding dilute alkall the fat splitting is accelerated.
The reverse is true with the gastric juice; while alkalis destroy
the enzymes, they are comparatively resistant to hydrochloric
acid. |

Fromme tested a dry powder, manufactured by Rhenania and
Aachen from the mucous membrane of the pig's stomach, and found
it very active. He added to the powder 15 c.c. tenth-normal
hydrochloric acid and 30 c.c. of albumin plus 65 c.c. water;‘
kept the mixture on the water bath for twenty-four hours at 40° C,
and then filtered it. He found that the filtrate was practically

inactive while the residue was very active.
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Table X

Experiments with dry substance of Mucous Membrane of
Pigs! Stomache (Manufactured by Rhenania and
A Aachen)

Length 1st Ti- and Ti- Sum of % of
of tration tration Fatty Fats
Diges~ Fatty Fatty Acids split
tion Acids Acids in 50 by

hrs. split split c.¢c. Enzyme:
by by Ether
saponi-
fica= :

‘ tion
80 c.c. egg yolk +
S g. dry substance
shaken slightly .8 8.75 33.8 39.3 1S9.4
30 c.c. egg yolk + 3 g. dry
substance shaken 1/3 minute 8 11.4 31.8 42.6 36,7
20 c.c, egg yolk 4 23 g. dry
substance shaken 5 minutes 8 18.0 36 .7 54,7 33.9
B, Five grams of dry substance + 100 c.c. glycerol,

Rubbed together; filtered with difficulty.

&0 c.c. egg yolk + 15 c.c.
filtrate %after 3 days) 5 1.6 44.8 46.4 3.3

80 c.c. egg yolk 4+ 15 c.c.
filtrate %after 3 more days) 14 3.9 51.9 53.9 3.7

20 c.c. e%g yolk 4+ 15 c.c.

filtrate (after 5 more days) 18 1.9 50.5 53.4 3.6
c. Five grams dry substance + 15 c.c. /10 HCl + 230 c.c.
Albumin 4+ 85 c¢.c. Ho0; let stand 24 hours on water bath
at 409 C -- Filtered. ‘
c0 c.c. egg yolk ¢+ 15 c.c. |
filtrate a0 S.6 45.3 47.9 5.4

80 c.c. egg yolk + 20 a5.1 19.8 44,9 55.9
residue .



Table XI

Length  1st ~ 2nd Sum of f
of Titra- ~ Titration Fatty %;gs

Diges- tion of =  TFatty Acids Acids . Split
tion Fat split split by sa- in 50 c.c. by
hrs. by Fnzyme ponification Ether Enzymes

boiled
AL 20 c.c. Glycerol Extract + 80 c.c./CGastric Juice;

Placed in incubator for o4 hrs.; filtered.

50 c.c. filtrate + 20 c.c. egg yolk 18 3 85.7 69.0 4.8

80 c.c. Glycerol Extract 4 80 c.c. of Albumin+ 60 c.c. H Q;
Placed in incubator for a4 hours; filtered

30 c.c, filtrate + S0 c.c. egg yolk 18 1.8 41.8 43.6 4.1
B. Influence of alkali on the eplitting of fat by Blycerol Extract.
&0 c.c. egg yolk ¢+ 5 c.c. extract 16 4.3 | 61.0 65.3 6.8
20 c.c., " " 4+ 5 c,c. " 4+ 3 c.c. | o , .
N/10 NaOH 16 11l.1 3.0 64.9 +17.1
<0 c.c. egg yolk + 5 c.c. " 4 4 c.c.
c0 c.c. egg yolk + 5 c.c. " 46 c.c.
N/10 NaOH 16 4.9 8045 65.4 7.5
c0 c.c. egg yolk + 10 c.c. fundic eytract III
+ mucous membrane 16 6.6 37.4 44 .0 15.0
©0 c.c. egg yolk 4« 10 c.c. fundic glycerol ' ' |
extract II1I 4+ mucous membrane + 3 N/10 NaOH 16 15.4 8745 - 43.9 34.9
S0 c.c., egg yolk # 10 c.c. fundic glycerol
extract III 4+ mucous membrane + 4 c,c. N/10
NaOH 16 16.9 38,7 43.0 38.7
C. Influence of alkali and acid on the fat splitting of the dry

substance
.5 g. dry substance ¢ 20 c.c. egg yolk 34 9.1 39.0 48.1 18.7
.5 g. dry sub. 20 c.c. e olk ¢ 2 c.c.
«5 g. dry sub, 30 c.c. e clk + 4 c.c.
N/lg NaO% 1 E8 & 24 &9.0 13.6 43.6 68.0
5 g. dry sub. + 20 c.c. e olk + 8 c.c. .
N/lg Hcly e - 24 14.0 36.8 50.8 87.9

} ”

.5 g. dry sub. + 20 c.c. egg yolk 4 4 c.c. 34 6.2 | 41.0 f‘ya 13.1

N/10 _HE1



Table XIa showe what was to be expected. The enzys.
matic action is practically nil, for boiling destroys the
enzyme.

XIb shows very strikingly the favorable influence
of alkali, This supporte Volhard's contention (page 37).

It further shows that the enzyme must be located in the mucous
membrane of the fundic region.

XIc corroborates the above view and shows that the
enzyme acts by far more favorably in the presence of alkali
than in the'presence of acid,

Fromme gives results to show that the gastric lipo-
lytic enzyme of the dog's stomach differs from that of the pig's

and approaches more nearly that of the human.



) Table XII
The Different Behavior toward Alkalis and Acids of
the Enzymes of the Pig's and the Dog's Stomach.

Tength 18t Ti— 2nd Ti= Sum of % of
of +tration tration Fatty Fats
Diges- Fatty Fatty Acids split

tion Acids Acids in 50 by .
hrs. split split c.c, Enzymee
by by Fther
Enzymes Saponi-
fica=-
_ tion -
A, Behavior of the Enzymes of the Pig's Stomach (III first Glycerol
" Extract.
10 c.c. extract ¢+ 80 c.c. egg
yolk 24 5.4 43.7 48.1 11.0
10 c.c. extract + 30 c.c. egg
yolk ¢ 1 cc. N/10 NaOH 34 10,8 38.7 49,5 21.8
10 c.c. extract » 30 c.c., egg
yolk + 2 c.c. N/10 NaOH 24 13.6 35.4 49.0 _87.7
i0 c.c. extract & 30 c.c. egg
yolk + 4 c.c. N/10 NaOH 24 15.7 35.1 50.8 30.9
10 c.c., extract ¢ 30 c.c. egg -
yolk 4 8 c.c. N/10 NaOH 24 5.5 47.7 53.8 16.3
10 c.c.extract + 30 c.c. egg
yolk ¢ 1 c.c. N/10 HCl 24 3.6 45.0 48.6 7.4
10 c.c extract + 30 c.0.egg
yolk + 3 c.0. N/10 HC1 24 3.7 48.1 50.9 5.3
10 c.c. extract % 30 ¢.0. egg
yolk + 4 c.c. N/10 HC1 24 3.8 40.2 ©51.4 4.3

10 c.0. extract &+ 30 c.c. egg
yolk & 8 c.c. N/10 HC1 24 1.9 49.6 51.5 3.7
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It can be seen from table XII that weak alkalis have a
favorable influence on the lipolytic action of the gastric enzyme
of pigs, while hydrochloric‘acid has a deteriorating effect.

The next table (XIiI) showe the opposite to be true
for the lipase of the dog's stomach. While with only slight
amounts of alkali the lipolytic action is very effective, if
the alkali is only slightly increased the action almost ceases,
The opposite is true with the hydrochleoric acid solution.



Table XIII

“Length 18t Ti- &nd Ti- Sum of % of
of +tration tration Fatty Fats
Diges- Fatty Fatty Acids split
tion Acids Acids in 50 by
hrs. eplit split c.c. Enzymes
by by Ether

Enzymes Saponi-
fica-
tion

Glycerol Extract of Pog's Stomach, I,

Glycerol in the Ration of 1:3.

10 ¢.c. extract - 280 c.c.
yolk

10 c.c, extract - 80 c.c.

10 c.c, extract - 30 c.c.
yolk - 38 c¢.c. N/10 NaOH

10 c.c. extract - 30 c.c.
yolk - 4 c.06. N/10 NaOH

10 c.c. extract - 30 c.c.
yolk - 8 e¢.c N/10 NaOH

kRO c.c. extract - 230 c.c.
yolk - 1 c.c. N/10 HC1

10 c.c. extract - 30 c.c.
yolk - 3 c.c. N/10 HC1

10 ¢c.c. extract - 30 c.c.

10 c.c. extract = 30 c.c.
yolk - 8 c.c. N/10 HC1

* 30 c.c., ether used

** 35 c.c. ether used

egg
egg
egeg
egeg
ege
egg
ege
ege

egeg

13

13

13

13

12

12

13

18

13

18.7
19,5
20.2

1.2

0.8
19.0
18.0
13.0

15.5

85.5

85.7

85.6

17.6

13.8

36.9

34 .8

17.3

26.0

diluted wit

44,3

45.23

45.8

18.8*

13.6**

45,9

48.8

30.5

41.5

43.3

43.1

44,1

6.3

5.8 .

41.4

48.0

43.8

373



Ibrahim and Kopek (1909) experimented on children.
Their method in short was as follows: newly born children who
died, or foetus, were immediately dissected, the stomach taken
out and the contents removed, and the inside washed thoroughly.
The mucous membranes were scraped off with a dull scalpel and
rubbed togethei with quartz sand. Pure glycerdl was then added,
also a few thymol crystals. This was well corked up and let
stand for several days, either in an incubator at 38° C. or at
room temperature. This glycerol extract was added to egg yolk
emulsion and permitted to digest for a certain number of hours.
The rest of the method was almost exactly like the one used by

Zinmser (page 13). Control experiments were run.



_35._.

Jable XIT

_(}1“ LD

\4@ L?ﬂ &Wm% Feral
Wi Dot ? 7”
rﬁafzw
e.c
/ /7/4? 4/% /Y 20 /50 /1 wnboded 22 /0
2, ///7/”% 47 25 250 7 oD 2/ /3
boded. 2/ /o)
3. /3/7 /a/a% Jy 30 7570 o umw 35 /g
4B il | boded., 35 0.8
4 J?/iof ' /5 3/ 790 g urbelid 23 /. /
Lok 23 0.9
£ . 'y /5 3/ €00 7 unhoided. 2 3 /.8
6. ayéﬁy . /5 33 760 18 emheld 264 3,9
boded 26/ /!
| ) /66
7 ﬁééé?éﬁmﬂax /] % 38 /100 /0 uwnheded 27 4. 3
12 onh boled 29 /e /
g o . 4%& 38 200 )0 wndadd 2 4, 4
 dodek 24 /i/
 16/5/0g Bowotn /3 #2 /770 15 wdaidd 264 3,
’ //¢<ﬁﬁﬁﬂ Boctes 264 LZ
/0 ,25/3/,>f6>w 77, 4¢ L300 /7 umboeds 23 5.2
9% e Th bodod 23 0.9
/1, 547@Y " /6 48 2/50 §  wdsdd 22 2.9
Aol ds 232 0.§
/2 29 i/o? - 7 7 J0 2080 7 brbocled 2 ¢ 7.2
bocted 26 /. O
/3. /2 7/4,9 MA"‘“ 3 53 2800 5 ndeodd 2/ 6.2
) i Ao e ds 2/ /ef
/4 4/3/0/0 . /0 % J 3 2550 38 | undaddod 227 58
Aboded 22y /0
/5 J{Zy®7 - 28 T 5 4000 3 tnbadd 23 9.4
| yys 23 /.0
/6 /.2/7/07 . 2 6 S H5S0 3 pdedd 2/ 7.8
Moo led| 2/ / .2
/7. ;4?07 o 7 Jé€  Hooo 926  uwnhadd 7& r
Ao doda Y 0.7

xﬁUquLuw
zﬁz;:z;, o
22./] 237
23.0 A4, 3
22,/ 23,2
/2.8 /4.7
/4.0 /4.8
</ / 22,2
23./ 24,0
2/, & 23, b
26,2 JF0./
Aq. 7 Jo.§
22,2 26,8
26,3 274
AY.7 L4,/
26,/ | ]2
2588 29,7
28,5 29, §
/.7 2/ 7
2.8  ar4
2/ / 24, 0
229 232
/2.6 2/, &
24, 3 A3
I R VA
2/, 2 22, 3
/S 283
23.4  R44Y
22,6 268 0
;5‘,7 o?é.f
/54 23.2
- 23.0 24 2
/0.3 /7.4
/6.6 /73

boryipmes,
i on et i)
Ol paed
Cri ol teae A_
7.5 M//M
%&A—a”
%
= Tgerne B,
f 4 EIFEEx:
)
i oty pec)
3.9 ColeiZ, neeld
7;‘ M
Fod wee
hlnicaed, runtl
/2, 2 MW/‘)
CnTenl st
Y o
' Koed 7tnei

/G, 0
Sn/\béo:b() leoy Ao,
3§ 3 %MW
l WW
23,5
18 L béi.e)%a&ta%
/3, 6
285
36,9 @/{M



It is to be noted from table XIV that the glycerol
extract of the mucous membrane of newly born children possesses
considerable lipolytic power. It ranges from 15.6 to 36.9.
Children born prematurely in the advanced months of pregnancy
show similar results; and even those of a premature birth at
the sixth month show a lipolytic activity of from 7.5 to'9.3.
‘The ohly negative results were obtained with foetus 4 and 5 months
old. .

Number 17 of table XIV shows a very interesting case,
that even after 96 days (at room temperature) the lipolytic ac-
tivity was not diminished.

To prove'the lipolytic activity of gastric juice, Ibra-
him and Kopek took only such stomach: contents as were similarly

pure,
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Table XV
Date ~~ Age of  Dissected Weignt Length Reaction  Experiment Condi- Length 2nd Ti- 3nd Ti- Sum % of Remarks
Infant or after of of of tion of tration tration of fat split
Foetus death Body Body Stomach of Diges- Fatty by
hrs, g. c.m, extract tion acids lipase
| _ hrs, —
3/9/06 Premature 164 3150 48 1 Extracted with glyc- un- 33 6.6 17.7 24.3 233.2 See table 1%,
| birth in . erol for 8 days boiled
9th month boiled 33 0.9 3l1.9 23.8
15 2550 50 Alkaline Added water direct- unboiled 32 10.8 ; 6.0 16.8 58.9
RO/7{08 Many 1y boiled 33 1.0  16.3 17.3
" : 2800 5% weakl Extracted with glyc-unboiled 3l S.1 ' 83.6 34.7 5.0 = Table 14,n0.13
13/a/c8 % aoid erol for 4 days boiled 31 0.8  25.0 25.9 ’
o 14 3550 50 alkaline Added water direct- unboiled ggg 6.9 740 14,4 41.9
34/7/08 2 1y keiled 0.9  14.1 15.0 |
4/7/09 28 3800 55  acid Added water direct— unboiled 4.6 8.9 13.5 29.4
34/7/0 1y boiled 0.7  14.1 14.8
23/3/09 " 35 4000 55 alkaline Added water direct- unboiled 23 7.4 18.7 26.1 34.1 = Table 1%
ly boiled 33 1.1 34,6 85,7 No. 15
10/9/08 " 36 4550 55 acid Extracted with unboiled 2l 6.3 17.4 23.6 21.7 = Table 14,
‘ . glycerin for 1 day boiled 2l 1.1 83,5 233.6 No. 11
23/7/09 " 36 4550 56 acid Added water direct- unboiled 35 7.7 14,5 88.8 3.6
_ ly boiled &85 0.9 81.0 21,9
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Table XV shows without doubt that there is a great lip-
clytic power in the gastric juice of newly born children.

The only inconaiétency is number 3, where the splitting amounted
to only 5 per cent. The reaction of the stomach does not seem to
have much influence. It should be mentioned, however, that
neither the alkaline not the acid reaction of the gastric juice
was very intense.

The question, still unsettled, was: Is the extracted
lipase of the mucous membrane a product of the latter, or is it
derived from the regurgitated pancreatic juice? To answer this
questioﬁ Ibrahim and Kopek (1909) tested for invertase in the
stomach in three newly born children, and all gave negative resultes.
This clearly indicated that there was no back-flow from the pan-
creas, otherwise the invertase should have been found in the
stomach. (It should be noted here that Rietzel (1907) with a
Pawlow fistula could not find any lipase, but he used toluol,
and Ibrahim and Kopek showed conclusively that toluol inhibits

lipase action in the stomach.

Regarding the question of fat absorption in the
stomach there is a variance of opinions. The newer investiga-
tions, however, all point to the fact that fat is absorbed in
the stomach.

Greene (1913) and Greene & Skaer (1913) have shown by
histological methods that fat is absorbed in the stomachs of
King salmon, Oncorhynchus Tschawytscha, and of cats and dogs.
Greene 8tates: "My observations show that gastric absorption of

fat does not nearly equal the intestinal absorption in amount or

volume. But the observations do show conclusively that the stom-



ach is a fat absorbing organ of no insignificant proportions.™
Weiss (19123) showed that the epithelium of the stomach
of the ring snake absorbed fat. The main absorption went on from
the fundic to the pyloric region. There was, however, fat absorpe
tion also in the cardiac region of the stomach. He obtained
similar resultes with young cats and dogs fed on olive 0il or milk.,
He claims, however, that in cats and dogs the fatty droplets after
a fatty meal can be observed in the epithelial cells of the stomach
only when the cats and dogs are ycung. Greene takes exception

to this.
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Intestine

It is almost impossible to speak of digestion and ab-
sorption in the small intestine without at the same time dis-
cussing the bile and the pancreatic juice. I shall endeavor,
however, to speak of the intestine as a separate independent
organ, and shall discuss the bile and pancreatic juice later.

There is no question at present that the intestine is
the most important organ of absorption. The only problem under
consideration is, how is absorption carried on, and is there a
special lipolytic enzyme, aside from the pancreatic enzyme, able
to split fats, or may fat be absorbed as such without undergoing
hydrolysis’ |

Falk (1914) claims to have found two enzymes in the duodenal
Juice, one more active toward tri-acetin than toward ethyl buty=
rate.

Connstein (1904) claims that there is no special
lipolytic enzyme in the intestine. The fat is abeorbed mainly |
in the form of fatty acids, glycerol, and soaps; in the epithel-
ium it is again united in the form of neutral fat, and is carried
a8 such in the chyle. In this he differs with many observers
(Wells). The chyle fat is poured as neutral fat into the circu-
latory system.

Wilson (1906) concludes from microscopical studies- of
the condition of fat in the intestinal walls that "It is taken
up in a particulate form by the striated border, either as neutral
fat or fatty acids; in short, as an emulsion®

Croner (1909) claims that only the lower part of the

loyer part of the small intesting is able to absorb soaps, and
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that neither bile nor gastric juice overcomes the inability of
the upper part to absorb sbaps. He also claims that emulsified
neutral fat is absorbed through the whole intestine, altho most
rapidly in the lower part.

Frauin (1907) found that if an emulsion of o0il be intro-
duced into an isolated loop of an intestine, after two hours it
will be found that a certain quantity of free fatty acid is pres-
ent in the lumen of the cells.

Lombroso (1904) states that when both pancreatic ducts
were tied fat was yet absorbed to a large extent. The percentage
of unabsorbed fat fluctuated from 8.1 to 78.8. By means of a
villa fistula, he has shown that there was some lipolytic aoction
in the intestinal canal upon almond oil.

In order to determine whether a dog whose pancreas
was extirpated still had lipolytic action in his intestinal
canal, three dogs whose ducts were tied were next operated on
for a villa fistula, and then the pancreas was éxtirpated. Only
one dog withstood the three operations and in this dog lipolytic
action was quite distinct.

Argyris and Frank (1913-13) found that mono-glycerides
are absorbed as readily as the tri-glycerides and more rapidly
than fatty acids fed without glycerol. The results also support
the view that fat must be split in the intestine before it can be

absorbed, as can be seen from table XVI.
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Table XVI

Glycer- Saponi- Acid Esterifi- Iodine

:ine fica- number cation number
Food tion number
number

I Mono-0Olein

. [determined 333 167.8 10.3 157.5 71.4
) gheoreti cal a5.8 -——— ———— 157.6 70.8
Chyle 1 13.1 305.3 6.8 198.8 83.8

ITI Tri«Olein
. determined 11.8 303.5 3.0 200.5 90.1
{theoretical - 10.4 - --- 190.4 85.5
Chyle 1 11.9 303.3 5.1 197.1 85.7

I1I Mono-Glyceride

. determined 30.3 165.8 5.1 160.7 38.9
{$heoretical 36.0 -—— --=- 160.0 ——
Chyle 11.5 196.4 8.6 187.8 48.6

IV Mono-Glyceride
Chyle 11.6 304 .4 7.9 198.0 49.7

V Hog's Fat

. {det ermined 11.8  209.4 3.0 187.4 51.3
theoretical 11.0 -—- --- 190.0 ———
Chyle 13.5 305.0 8.0 197.0 53.0

* Fat fed.



The mono-glycerides do not appear as such in the chyle,
but are found as the tri-glycerides. This can best be seen
from numbers IV and V of the experiment of table XVI, the results
being almost identical. The only conclusion that can be drawn
is that the mono-glycerides are synthesized to the tri-glycerides.
This conclysion necessitates a previous splitting of the mono-
glycerides. What happens to the extra glycerol has not been
determined. It is also to be noted from fhe bable that the
iodine number of the chyle fat from tri-oclein ies lower than
the original., Frank (1898) states that this may be due to the
chamge of the food fat ihto body - fat.

Frank, experimenting with the ethyl esters of the
higher fatty acids, found that with the exception of the ester
of stearic acid, the esters of the higher fatty acids were con-
sumed in large amounts by a dog. Before they were absorbed
they underwent cleavage in the small intestine; none of the esters
were found in the chyle. The fat was synthesizéd to the tri-gly-
ceride. In addition to the absorbed fat in the chyle, fatty ma-
terial derived from the intestine or from the intestinal juices
is also found. This secretion, however, is very small, The
qQuestion whence the glycerol was derived was not solved. The
author bringa forth the hypothesis that it may be derived from
lecethin, and gives the following equation



ok .
“\CHg———CHg~~0-FPZ0H OAc
| 77 \o-caHgLOAe + NaOAc # HO
>
Lecithin Soap
CHz)
on >

“CH3-CHzOH ¢ R§§OH) + CzH5=—=(0Ac)x
0Na§
Neurin | Tri-glyceride

Boldyreff (1906-7) quotes Minkowsky and Hedon who found
that dogs whose pancreas were extirpated were able to digest milk
fat., S8plitting of fat was also noted. It was supposed that the
action was due to bacteria.. Boldyreff concluded, however, that
the action of the intestinal juice which is slow but sure must be
due to a lipolytic ensyme. It acts very strongly on emulsified
fat. Bile does not support the intestinal lipolytic action.

The intestinal juice intensifies the pancreatic action. He fur-
ther claimes that the lower part of the small intestine is not able
to split even emulsified fat.

Many contend that there are present in the intestinal
juice albumine which are able to split the fat K (Heidenhaus
quoted by Boldyreff). Boldyreff claims, however, that its action
is very small indeed, and besides there surely could not be very
much albumin present in the small amount of intestinal juice msed,

from 0,5 t0 1 c.c.



Cunningham (1898) claims that in the absence of both
the bile and pancreatic juice from the intestine some absorption
of fat, other than the naturally emulsified fat of milk, occure.

London and Sivre (1909) claims that fats are absorbed
mostly in the illeum,

London and Wersclowa (1908) state that cleavage occurs
in the upper part of the duodenum, sometimes reaching an extent
of 41 per cent before the intestinal contents meet with the pan-
creatic juice. In the small intestine cleavage reaches a max-
imum of 95 per cent.

Levites (1907) found that fat splitting gradually increases
in the intestine until it reaches the coecum; aand that the libera-
ted fatty acids are mostly saponified into their sodium salts.

The absorption begins in the small intestine ahd is almost com=-
pleted when it reaches the coecum. He also found that the sodium
salts are better absorbed than the fatty acids, and that glycerol
fed to a dog by means of a jejuno-illeum fistula was largely

absorbed before it reached the illeunm.,



Liver

The liver, besides its mere function of producing bile,
holds a qPiqne place in fat metabolisesm.

The fats occurring in the liver (also kidney and heart)
differ in their properties from those found in the adipose con-
nective tissue. The fats from the former yield on saponification
a mixture of higher fatty acids which is far more complex than the
mixture obtained from the connective tissue fat. The fat from
the liver besides containing stearic, palmitic, and oleic acids,
contains three higher unsaturated fatty acids of the series
CyHan.403, CpHz,_ g0z, and CpHgp_gOz (Hartley 1909). Fats ocourring
in the liver are present not exclusively as simple glycerides as
in the case of the fats of the adipose connective tissue, but to
a considerable extent as more complex substances of the nature of
lecithin, jecarin, cuarin, and a few others. The oleic acid found
in the liver differs from other oleic acid. The double linkage
in the liver oleic acid lies between the sixth and seventh carbon
atoms, counting from the methyl group end of the chain, The
double linkage in the oleic acid abtained from the adipose tissue
is situated exactly in the middle of the chain (Hartley).

Linoleic acid is present in liver tissue. Also an acid of . the
formula 03053802 composing about ten per cent of the total fatty
acids. |

Leathes (1909) states th&t there is no other organ that
is ever flooded with fat in the way that the liver is.

The appearance of large amounts of fats in an organ may

be due to active production of fat in that organ, or else to impor-



tation from other parts.

Soxhlet (1881), Lawes and Gilbert (1883), very recently
Leathes (1910) and a great many other experimenters found that
fats are synthesiged by animals mainly from the carbohydrates in
the food.

Magnus Levy (19023) described a reaction occurring in the
liver when portions of this organ were kept asceptically in a
thermostat for some days. Not only acetic and lactic acids, but
also butyric acid and a gas which was in part hydrogen was formed.
The source of the butyric acid could not be determined positively,
but there were some indications that it was derived from sugar.
The simultaneous occurfence of hydrogen suggested an analogy with
the butyric fermentation of sugar. Magnus Levy adopts as the
explanation of the appearance of this butyric acid a hypothesis
originally'put forward by Nenki (quoted by Magnus Levy) which may
be extended to account for the formation of higher fatty acids
from carbohydrates. These observations, therefore, may be taken
as pointing to the liver as a likely organ to which to assign
the transformation of sugar into fat.

There is much ground for thinking that the large
amounts of fat found in the liver are often due to the importa-
tion of fat from the storage places in the connective tissue.

Rosenfeld (1903) starved dogs for five days, and then
fed them some phlorizin (C51Hg4010) on the sixth and seventh days.
He found enormous quantities of fat in the liver amounting to
as much as seventy per cent of the dry weight of the organ. He

states that fat does not begin to accumulate until the fortieth

hour after the first dose of phlorizin, and the animal is killed



eight hours later. Accordipg to this account , therefore, the
enormous increase takes place in the course of eight hours.
Again, if the animal be allowed to live another twenty-four
hours without any further dose of phlorizin the liver is found
to contain the normal amount of fat, recovery being as remarkably
rapid as the'development.

"It would be easier to understand such rapid changee
as thaae if it were not necessary to suppose the fat to have
been made where it is found." (Leathes, 1909).

Lebedoff and Rosenfeld (Leathee) have provéd conclusively
that the liver fat varies in character with the adipose fat. .
The liver, therefore, seems tp be the organ to which the migration
of fat from other parts of the body occurs. In other organs the
amount of fat may be increased 30 to 50 per cent, possibly .100
per cent above normal mean. In the liver the increase may be
three to four hundred per cent above the normal mean, and even
among normal animals something like one in ten or even five give
figuree that are fifty to one hundred per cenﬁ or even more above
those which prevail among all the rest (Leathes, 1909). In fact,
there is an extent of variation of fat in this organ compared
with the variation of glycogen in this organ from the othéer organs
of the body. But the interpretakion is different in that the
fat is imported from other parts of the body and not manufactured
on the spot. The work of Hartley and Mavrogordath (1891) proves
above contention that‘fhe fat of the liver comes from the adipose
tissue. They have shown that the greater the percentage of fat

in the liver, the nearer does the jodine value of that fat ap-



proach that of the iodine value of the normal fat of the adipose
tissue. (The value of adipose tissue fat is about 70, while the
normal iodine value of the liver fat is about 117).

The question is, how is the high iodine value of the
liver fat explained. If the liver fat is derived from the adipose
tissue, then there must occur a desdtur&tion of the fats some where,
since the acids stored away'gre more saturated than the fats in
any of the organs in which/can suppose fat to be oxidized. Leathes
states that it is probably due to the facts above described, that
the liver is the organ where desaturation takes place, and the
liver to a great extent prepares the fat in this way for other
organs in which the oxidation is subsequently carried to a finish.

Dr. L. Meyer Weddel (Leathes) not only proves the above,
but also proves that the character of the fat in the liver is
determined not néoeesarily by the character of the fat which has
been stored by the animal in weeks past, but by the character
of the fat that has recently been circulating in the blood. This,
of course, may in time of mobilization be fat from the stores of
the adipose tissue.

She has fed cats and rates with oils of high iodine
value, and the iodine value of the livér fat increased.

There is one thing that is difficult to explain, and
that ié why the iodine value of the YViwer fat is nearly always
higher than that of the food fat, There are two general theories
proposed (Leathes). One is "desaturation", and that may be merely
& transposition of unsaturated linkages. We know that the proper-

ties of unsaturated fatty acids of the same empirical formula vary



according to the position of unsaturated linkage. For instance,
fhe'ordinary oleic acid has the double bornd in the middle between
the ninth and tenth carbon atoms. Le Seur prepared synthetically
the acid with the double bond between the o and Scarbon atoms

and this acid would not decolorize bromine water. In certain
positions therefore, the double linkage is more stable thén

in others.

The second theory or explanation of the high iodine value
of the liver fat is given by Hartley (1907-08), Among the dif-
ferent hydroxy acids which he obtained, he found one which was
very soluble in water and therefore must contain a large number
of hydroxyl groups. The acid crystallizes well and melts sharply,
and an analysis gives figures agreeing exactly with the Ortho-
hydroxy arachidic acid (Gaoﬂszoz). This indicates the presence
in the liver of an acid which has a chain of twenty carbon atoms
and four double linke. He obtained ' the octo-bromide of that
acid, He estimated that this acid is present in rather large
amounts and constitutes about 8 or 10 per cent of the acids in
the pig's liver, -

Hartley and Mavrogordath (1891) showed that when these
large quantities of fat occur in the liver the fatty acids are
not those which normally characterize the fats and lipoids of
the liver and other viscera, whose iodine value is about 130,
but consist largely of the saturated acids and oleic acid,
and therefore absorb in extreme cases hardly more iodine than
the acids which can be obtained from the fat of adipose tissue.

Roper (1913) states "The fact that the liver often

contains a large amount of fat (especially in abnormal conditions)



indicates that it is to this organ that the fat first comes when
it is to be oxidized, since the other active organs of the body
do not exhibit this fatty infiltration to anything like the same
extent. When we examine the nature of the fat in the normal
liver it is found to contain a much larger amount of unsaturated
fate than that in the adipose tissue, and the question is, does
this not represent a normal breakdown of fat in the liver for
oxidizing purposest"

Patfon (1895) experimenting on dogs, found that the
food fat influences thc liver fat. Five kittene of a brood
were suckled by their mother for about six weeks. They were
then fed for two days oh lean beef finely minced,.and water.

From 11 A. M. on the 6th of August to 5:30 P. M. on
the 7th of August they received no food. They then each received
S0 c.c., of cream oontaining 18.7 per cent of fats, so that each
received about 9 grams of fat.

A, was killed immediately. Scrapings of liver showed
few oil globules of the cells, which stained dark brown with iodine.
The stomach contained fluid oream.

B. was kept without food 16 hours, and then killed. The
liver was pale and creamy, and scrapings appeared like an emulsion.
The cells stained deeply with iodine. The stomach was empty.

C. was kept without food 388 hours. The liver was pale
and creamy and contained many oil globules. The iodine staining
was much less marked than in B, The stomach was empty.

D. was kopt.without food 48 hours, The liver was less

Pale than in B. and C. The cells contained nﬁmoroua oil globules

and stained only slightly with iodine. The stomach was empty.
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E. was kept without food 72 hours. The liver was less
pale than in B, C, or D. Only a few oil globules were seen in
the cells, With icdine there waes hardly any staining. The

analysis of the liver gave the following:

Table XVII
Livers
“Wt. cf % of “Tatty Acids.
liver Solids ether 4 in % of - 4 of Melting
extract liver ether solids points
extract

A 13.0 25.0 3.57 1.71 47.6 6.84 45° ¢
C. 18.5 2l.9 8.68 5.97 68.8 87.8 34
D 10.0 0.4 8.94 6.35 71.0 31.0 34
E 11.7 22.6 4,39 8.85 b51.5 9.9 41

Melting point of fatty acids of cream 23° C
W " o» ¥ " " pody 26° ¢
Three rats of the same litter were starved for &4
hours., On the evening of 3/9/94 B received 10 grams of beef
fat, C received 7 grams of sugar with 14 grams of starch,
while A was left without food. In the morning A wae found

dead. B.and C were killed at 12 noon.

Table XVIII
Wt. of Liver . Ether Fatty acias
grame extract % of % of

4% of liver ether extract
— liver _
A 1.6 3.56 1.69 47.3
B 2.0 5.88 3.95 60.6
c 4.0 3.43 1.58 44,5



It is plainly seen from this table that the liver of
the rat which was given the beef fat contained much more ether
soluble or fatty acids than that of either the starved rat A
or the sugar fed C.

Bile

What part the bile plays in the di gestion ana absorp-
tion of fat has long been a subject bf much discussion. It
has, however, been proved conclusively that the bile greatly.
assists in the digestion and absorption of fat, and by its
absence absorption is greatly diminished. Many investigators
(Pflﬁger; 1900) supposed that the bile acts as a solvent for the |
soaps and fatty acids. Others, that it activates the pancreatic
lipase (Howell, 1911); still others, that it assists in the emul-
sification of the neutral fats. Many attributed its activity to
its lipolytic action. It shall be my purpose here to review
some of the litérature regarding the activity of the bile and the
causes of that activity.

ROhman (1882) states that if bile be excluded only
about 40 to 50 per cent of the fat will be absorbed. Hewlett
(1905)‘concluded that the accelerating action of the bile salts
on the lower fatty acids was due to lecithin contamination.
This conclusion was opposed to the generally accepted view that
the bile salts are the important constituents of the bile in
assisting in the absorption of fat (Howell, 1911).

Loevenhart and Souder (1906) found that bile salts,
lecithin, and bile greatly accelerate the action of pancreatic
juice, and that the combined effect of the bile salts and lecithin
is but very little greater than that of bile salts alone. They



further found that the effects of bile salts, and bile of a cor-
responding concentration of bile salts, very closely approximate
one another. ,

Pflﬁger (1901403) states that the solution of fatty
acids in the intestines is accomplished by the combined action of
bile, sodium carbonate, and the soaps.

Hamsik (1910) doubts whether soaps are taken up as such.
That soaps hydrolize in the presence of living intestinal epithelium
has been shown by Moore.

Croner (1909-10) investigated various parts of the intes~
tine and stated that only the lower parts of the intestine absorb
soap. Hamsik states that bile besides its solvent power upon
fatty acids and soaps, helps fat synthesis by the pancreatic and
intestinal lipase. |

Rochaix (1912) states that elimination of the bile from
the intestinal tract markedly inoreases the fat excreted.

Rockford (1891) statee, "If bile be present an emuleion
can not form. Thies has been explained by the fact that the eoap-
dissolving properties of the bile prevented the formation of
insoluble soap membranes, and that the unprotedted oil globules
ran together and came to the surface as free ail."

The pancreatic juice acting in the presence of an
equal quantity of a mixture of 0.35 per cent solution of hydrochlor-
ic acid and bile will require one-fourth the time it would take the
bpancreatic juice alone. It seems, therefore, that the mixture of
percentages of hydroohloric acid found in the duodenum and of

8odium carbonate in the bile expedite the fat splitting action of
the pancreatic juice. The bile and hydrochloric acid absolutely



preclude the formation of emulsions. The ducdenum, therefore,
offers the most favorable conditions for the splitting ef the fats
and the most unfavorable for their emulsification. In the jejunum
and illeum these conditions ceeﬁ to be exactly reversed. The in-
testinal juice containing, as it does, 0.25 per cent sodium carbon-
ate would not only furnish the conditions for the spontaneous emul-
sification of the fatty acids but would aleso retard the fat split-
ting action of the pancreatic juice. Bile alone does not split
fats (Rochford)

Wohlegemuth (1907) found that bile possessed lipolytic
activity, but it wae not the lipase of the bile which assisted
the pancreatic juice in the splitting of fat, but the glycocholio

and tawrocholic acids.



Pancreas

That the pancfeas has a great influence on fat absorption
has been recognized more or less since the time of Claude Bernard
(1846). But theee ie a difference of opinion as tc how this
is accomplished. Most investigators ascribe the influence to a
definite lipase, others to its emulsifying power, and still others
claim that the pancreas has an internal function, but what the
latter is has not yet been found out. There are several investi=
gators who claim that even if all the pancreatic juice be excluded
from the intestine normal absorption occurs.

Visentini (1910) states that if the pancreatic secre-
tion.is not allowed to flow into the intestine such disturbances
follow as are usually associated with pancreas extirpation, e.g.,
a decrease in fat absorption

Pratt, Lamson, and Marks (1909), who studied on dogs,
state "In every instance in which the pancreatic secretion was
excluded from the intestine there was marked diminution in tﬁe
absorption of fat. The lack of absorption was not due tc the
absence of a fat splitting enzyme, for the proportion of split
fat in the feces was normal. The disturbance in metabolism did
not develop gradually, but was noted as soon as the animal re-
covered from the operation. It persisted as long as the animals
were under observation which in one case was five months and in
another four months. The animals lost weight. Additional
. 8vidence that the loss of fat in the feces was caused by lack
of the external pancreatic secretion is shown by the increase in
absorption when panéreatic ferments were given by the mouth,"

Nieman (quoted by Lombroso) tied the pancreatic ducts



and from his observations came to the conclusion that the absence
of pancreatic juice from the intestine procduced no disturbance
in absorption. | |

Burkhard (1908) on the contrary, pointed out that the
external secretion of the pancreas is essential for normal ab-
sorption of fat.

| Boldyreff (19086) states that while bile promotes the

digestion and absorption of fat, it does not play an independent
role, so that in case the pancrease is in poor working order or
is entirely extirpated the body can not make use of the food
fat. |

Rochford (1891) states that the pancreatic juice was
assumed to have two functions; first, that of causing an emulsion,
and second, that of splitting neutral fat into acid and glycerol.
"These two processes are now associated together, and the accepted
view is that the emulsion is wholly due to the fatty acids which
had been developed in the 0oil by the fat splitting ferment.'///xﬂ-\r

The action of pancreatic juice on most fats is rapid
and complete (castor oil a notable exception, a fact which may
account for its laxativce properties.9

Pancreatic juice acts slowly on fats which have a melting

point above body temperatwre; however, their solidity at body
'temperature does not prevent their being split (Rochford).

Colin (quoted by Hartley) stated that the absorption of
fat remained undisturbed when the pancreatic juice was allowed
to escape from a fistula. Harley (1895) states, however, that

in dogs which have their pancrease removed the quantity of fat

given im not only again recovered, but a surplus is found, which



is probably derived from the intestinal secretions or excretions.

The powor'of passage of fat from the stomach is very much delayed

by the extirpation of the pancreas.

Lombroso (1908-09) agrees with Harley that when the

pancreas 'is extirpated more fat than is fed is exocreted.

Table XIX

Wt. and Date of No. of Amt., of  Amt. of No. of daye after
kind of pancreas days fat fat tying and ocutting
animal extirpa- of fed excreted the pancreatic
tion fat ex- duct
cretion
6.8 kO,
Bitch lo/11/v8 1v/13 80 g. 104 81
18 of beef
fat
5.5 K°, 5/37/03 5/38- 133 g. 151 56
Bitch 6/8 (33 g. horse
» fat and 10v g.
of beef fat
8.8K°, 3/33/0a 3/34- 1U4 g. 138 3y
Dog a8 -
. . 3/388= 18 g. 90 "

3/8
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It is to be noted that the animal was not given any food twenty

four hours before pancreas: extirpation.

It was also given

sulfur as a laxative. Furthermore, several days previous to

that it was only fed bread and egg albumin.

Table XX

Wt. and Date of Amt.of Amt. of Addition No.days

No. days after

kind of pancreas fat fat of pan- of fat tying and cut-
animal extirpa- fed excreted creas or excre- ting the pan=
tion gms, Jjuice tion. _ oreatic duct,
6.1 K. 9/4/08 145 118.6 + 9/37-10/4 luu
Bitch
" " 90 110.9 --- }0/4-9 100
" " 304 153 10/15- luv
(milk) 11/1
" " " 341 11/1=15 <100
803 K.
Dog 7/37/08 95 68.8 Pancreat- 8/9«13 19
ic juice
placed in
duodenum ‘
" . 95 105.8  ==w-- 8/13¢15 19
. . 115 137.1 -——--  8/15=19 19



It can be noted from this table that the addition of the pancre-

atic juice 6n1y slightly:diminishes the amount of fat excreted.

This contradicts Pratt, Lamson, and Marks (page 56).

Lombroso also injected pancreatic juice into the

circulatory system, but the amount of excreted fat did not

diminish any.

In order to find out whether or not the excreted fat

contains all the food fat other experiments were made as showﬂ

in the next table.

rable XXI
Wt. and Date of Amt. of Amt., of No. of ©FNo. of Melting -
kind of pancreas fat fat days of days af¢ point of
animal extirpa- fed excreted fat ex- ter ty- fat excreted
tion . cretion 1ing and
KO, cutting
the pan-
creatic
duct
5.5 . 87 g.
(70 gms.
dog 5/230/0& of oil of 79 May 21- 20 39-x° ¢,
sweet al- 35
monds and
17 gms. fat
in horse
flesh)
7.1
Dog 6/33/0& 1lusa.9 88 Jung 35~ 3 33=350 U.
(1lovu gms, 39

oil of sweet

slmonds; 4.9

gms, in bread
and protein



It is to be seen that the excreted fat had a higher melting point
than the fat fed. This phenomenon has been noted in normal ani-
mals, and it was assumed that in the process of absorption in the
intestinal canal the fates of lower melting points are selected,
80 to speak (L. Zoia quoted by Lombroso). This was not shown,
however, in Lombroso's experiment; first, because « ~ 0il of sweet
almonds has a very low melting point, second, because the amount
excreted was always higher than the intake, and so surely the
change could not come from the fqod fat.

TO test whether the sole purpose of the pancreas is to

split neutral fat he experimented by feeding either fatty acids

¢r soaps.



rTable XXII
Wt. and Date of Amt, of Amt. of No. of Ro. dags % of fed
kind of Pancreas fat fed fat days after ty- ftat to ex-
animal extirpa- as fatty excret- of fat ing and creted
K°. tion acids ed excre- cutting fat
tion the pan-
creatic
duct
Gel
Bitch 9/4/03 30V g. 183, 39 9/9=14 1o 88.8
(15v g. beef
fat , 50 g.
of fat in
horse flesh
" " 71 g. 71.55 9/14-18  1uvu 100 .7
(56 g .o0lelic |
acid, 15 g.
fat in horse
flesh
b b 63 g. 58.1 9/18=k8 100 93.69
(53 g. of .
NaOleate
& 13 g. fat
in bread &
milk
7.1
Dog @/33/04 104.9 g. 98 6/385-239 30 93.30
of sweet al-
monds, & 4.9
g. fat in
bread and
protein
. " 136 g. 118.8 6/39=7/4 3 94,8V

(180 g. pure
oleic acid,
6 g. fat in

bread & pro-

-

tein,



There is a slight diminution in the amount of excreted fat but
not enough to account fof the usual assumption that the purpose

of the pancreas is only to split fats,

Table XXIII

Wt. & kind Date of  Amt, of fat Amt. of fat No. of days of

of animal extirpation fed excreted fat excretion
8.2 K°.  Feb. 22/U4 1lU4 gms. 138 gms. Feb, Za-g8
Dog (80 gms. of
beef fat
and g4 gms,
of fat in

horse flesh

" "n 18 gms. 91 gms, Feb. 89=Mch. &,

On March 3 at 1u A. M, 3u grams of pure oleic acid was
fed to the dog by‘means of an opening in the stomach, At 38:30
P. M. the dog was bled to death. A histological examination of
the intestinal epithelium showed that there were fatty droplets
as in a normal dog, which indaicated absorption, These results
show that some fats are absofped even in a dog without a pancreas.
Therefore a great amount of excreted fat must ocome from the body

fat. It seems that both these amounts are equal(Lombroso, 19u9),
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Lombroso admitted the pancreatic secretion of one dog
into another and was able to diminish only slightly the amount
of excreted fat.

It has been suggested that on extirpation of the pan-
creas there usually arises a state of glycosuria, and that may
hinder tat absorption; but Lombroso denies that, for in one case
he was able to prevent glycosuria and the absorption did not
improve much. He therefore came to the conclusion that the pan=-
creas possesses an internal function whose presence is necessary
in order that fat stored up in the tissues may be rendered avail-
able for the organism, This assumption oI an inner function
of the pancreas is opposed by Burkhard (see page 57).

Rochford (18Yl) with fresh juice of rabbit pancreas
was able to completely decompose all fats except castor oil.

The latter, however, digters greatly chemically and pharmacolog-
ically from all otner oils (see page 57).

Hﬁler (Connstein 1YU4) found that in a mixture ot milk
in the presence of the pancreas of a pig in a slightly alkaline
soda solution during a period of 84 hours 86.4 per cent of the
fat was split.

Pawlow and walther (Connstein 1B9vu4) showed that not
only does fat excite pancreatic secretion, but that the latter
is reacher in lipolytic enZymes (see curves on page ). In the
first two hours atter feeding milk the pancreatic secretion is
extremely rich in lipase. If the milk be made fat free there is
no change in the flow nor in the amount of secretion, but a dim=

inution in the amount of pancreatic ferment,

Belina (1913) states that neutral fats are intense stim-



ulants of the secretion of pancreatic juice. After the ddminis-
tration of fat the pancreatic juice contains its largest propor-
tion of lipase. Fatty aoidsvand soaps produce similar etrects.

Babkin and Ishikawa (1913) state that while it is possi-
ble that the neutral fats are starters of pancreatic secoretion,
tfatty acids and soaps are the main excitors. Connheim and Kilee
(1913) found that oil in the duodenum did not excite any more
secretion than did water.

Table XXIV
Introduction of 50 c.c. of neutral Poppy Oil into

The Stomach.

October 18, 1911

Time Amt, of Pancreatic Remarks
secretion in c.cm.

—— T TS T e e

10:0U=-10:830 V.3 © Reaction in stomach alkaline

At 10:30 50 c.c. neutral poppy oil was introduced

10:30-10:35 0.1 Total At 10:37 there appeared in the
10:50 V.9 3.7 duodenum a clear oil. The intes~
11:05 1.7 tinal fistula closed.,
11:80 1:0 At lu:a3 there was noted an ac-
: celeration of pancreatic secoretion .
11:80=11:35 3.6 At 10:45 the contents of the
11:50 3.8 Total duodenal fistula were colored
18:05 1.5 7.1 with bile. At 11:00 bile re-
13:30 0.8 gurgitated into the stomach,
13:20-12¢35 V.8 At 18:35 a mixture of 45 c.c., of
Total in 0il and juices of a strong acid
3 1/3 hours 11,6 reaction was let out of the stomach.
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Table XXV

Introduction ot 1luvu c.c. of neutral Poppy Oil into

the SBtomach., )

November 19, 1911,

Time Amt ., of pancreatic Remarks
' gsecretion in c.cm.
lutvu=11:05 0.3 Stomach weakly alkaline

At 11:31 100 c.c. of neutral poppy 0il was introduced

11:280-11:35 8.6 .~ At 11:3% there appeared in the
11:50 .1 Total duodenum a clear oil, The intesti-
18:05 3.8 13.3 nal fistula closed. At 11:87
18:80 1.8 pancreatic secretion began.

At 11:40 the contents of the duo=
denal fistuda were colored with
bile. At 13:12 bile regurgitated
in the stomach and the juice became

acid.
12:38@=18: 35 1«8
12:50 1.0 Total
1:05 1.3 5.0
1:80 1.8
1:80-1:35 1.5 l:35 a mixture of 4u c¢.¢. of fat

and different juices of a strong
Total in 8 1/4 hours 18.8c.c.acid reaction was let out of the
stomach,
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Table XXVI

Washing the Buodenum with a 2 per cent Solution of

January 3, 1914

Sodium Oleate.

Time Amt ., of Amt. of soaps
pancreatic in the duode- Remarks
juice in nal fistula
C.C. in c.c.

12:20~12: 35 0.8

12:50 V.l

Reaction ot stomach
alkaline

At 1g:50, 100 c.c. o1 a 8 per cent sodium oleate was admitted into

lg:5U=18:55 0
1:00 0

Total
1l drop

1:05 1 drop

1:06-1210
1:15
1:8v

. L] o

1:8VU=1:35
1:30
1335

oOO0OC cCcCcC
Wk =

L [ ) L]

Total in 3%/4 hour

Total
.7

Total
l.l

18.u

the stomach

18.0
34.5

5.5
a few
drops

lud,.5

At 15:53 soap was noted in
the duodenal fistula.
Pancreatic sectretion be-=
gan 1l:04

At 1:10 there was 55 c.c.
of fluid in the stomach of
alkaline reaction

At 1:21 there was 1lu c.cC.

of fluid ot alkaline reac-
tion in the stomach (It

was not poured back into the

stomach)
1:230 reaction in stomach alk.
1:35 " " » "

There was no bile produced.



Table XXVII

Pouring into the Duodenum a V.25 per cent Solution of HCI,

Amt, of Amt., of HC1
Time pancreatic in the duo- Remarks
juice in denal fistula
8,0, in c.c.

Before pouring in the acid, there was admitted into the
duodenum at 1lU:45 o'clock 85 c¢.c. of neutral . oil. When the pane-
creatic secretion seemed to be at an end 10U c.c. of the acid was
placed in the stomach--The intestinal fistula opened--reaction in
duodenum, neutral

12:0U-12:05 Oed 9.0 From 12:02 to ld:44 the
18:10 V.8 1.V l.v fluvid coming thru the fis=-
18:15 V.d &.0 tula was mixed with bile,
and was either neutral or
weakly alkaline.

letlb=18:3V
18:85
128:30

1.0
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Wk O O Utd e W

12:30-12:35
12:40
12:45

1.4
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After 12:44 the flow of
HCl was rapid

12:45%12:50

13:55

1:00

8.4
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1:00-1205
1210
1:15

At 1:15 a greenly colored
sour fluid was let out of
the stomach

. —

W (S I
=

=W,

00O OCC



The tables of Babkin and Isnikawa show that acids
have a great excitory action on pancreatic secretion, This
shows, most probably, that the secretion of the pancreatic
juice once started would, by the action of the split fat,
excite the secretion of more juice until all of the fat would
be split and absorbed.

We have seen that Babkin and Ishikawa as well as
lﬁler found that fat excites pancreatic secretion and that
secretion is rich in lipase. This difters from Bradley (19uY)
who found that with human pancreatic juice there was no definite
relation between diet and enzyme action.

Wohlgemuth investigated the secretion of the normal
human pancreas of a boy. An accident occurred to the latter
which made an opening thru the abdominal wall and when he be-
gan to convalesce the panocreatic juice was studied by means of
a fistula, It was found that after feeding cream or milk
the flow of pancreatic juice was far less than after feeding
carbohydrate or protein foods,

Table XXVIII

Corresponding to Curve I

ist hr, &d hr, ' 3d hr. 4th hr, total
varbohydrates P-{¥) 36 15 14 75
Protein 17 18 17 la 66
Fét (4 6 13 10 35

Wohlgemuth also determined the concentration ol the
difterent juices. Curves 2, 3, and 4 show the different con-

centrations. Curve & gives the concentration ol the pancreatic



juice when protein was fed. OCurve $ represents the concentration -
of the juice when carbohydrate was ted, and curve 4 represents
concentration of juice when tat was fed. EKxamining the curves

we find that the tat juice concentration is the highest ol the
three. Comparing these concentrations witn the amount of juice
‘produced, we find the concentration varies inversely as the amount,
the greater the amount of juice produced the less the concentration
and vice-versa. This principle can also. be illustrated by the
following table which is tigured on the average of the concentra-

tions of the several enzymes,

Table XXIX
Average concentration of
Food Total Juioce Trypsin Diastase Lipase
Carbonydrates 75 5.3 4,8 8385.V
Proteins 66 1v.89 6+.85 539.u
Fats 35 14,97 10.89 954.8

Babkin and Ishikawa, experimenting on a dog, came to the
same conclusion, that is, the concentration varies inversely as
the amount of juice produced.

Fromme (see page 3U) found that there exists a similarity
between the pancreapv of the human and the dog as regards acids
and alkalis, Wohlgemuth shows similar results, as is beautifully
illustrated in curve 5. With nydrochloric acid the greatest
amount ot juice was obtained in the ftirst hall hour, and this fell
back in the aebona half hour. Alkali, on the other hand, is almost
normal up to the second nalt hour, then falls considerably

and does not reach normality even after the tourth half hour.

This knowledge of the ettect of acids and alkalis becomes very in-
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teresting when we ask ourselves, what is the eftect of the hydro-
chloric acid of the stomach on the flow ot pancreatic juice?
Pawlow (Wohlgemuth 19U7) maintains that when the hydro-
chloric acid enters the duodenum it exerts a retlecting stimulus
on the pancreas: directliy. Bayliss and sStarling (wohlgemuth)
and Henry (191lvu),on the other hand, think that the hydrochloric
acid extracts from the mucous membrane a substance which tney
call secretin. This substance after entering the circulatory
system or, in other words, after absorption excites the pancreatic
secretion,
As far as we know most of the investigators do not mentian
the above assumption, and consequently there is not much data

available to substantiate the hypothesis.
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Part 111l

Absorption

I have given a historical account of the organs of
the body that are most important in the absorption of fat. I
have not, however, given any attention to the question as to
how the fat passes into the body and is utilized by the difrerent
organs, In order to make the subject more intelligent and com-
plete I shall present in a few paragraphs the principal theories
regarding the same.

There are two theories~as to how fat is absorbed.

The more generally accepted one is that the fat is absorbed by
means 0 the lymphatics. The other is that the fat may also
be absorbed by means of the blood vessels directly. (Patton 1895).

Fekete (1911) concludes that fat is absorbed in solu-
tion only and by means of the lymphatiocs.

Assuming that the latter is the correct theory, the
question is: after the epithelial cells take up the fatty acids,
then what becomes of them? Noll states that there is a synthesis
of tat in the epithelial cells, as he has proved in the case of
rats. This agrees with the work of Munk (1903) who states that
it is impossible to say at present how much or how little fat is
absorbed in an pmulsified form.

Many observers state that fat may be absorbed as such.
Several investigators, however, state that only ratty drops can
be noted in the rarthest inner part of the epithelial cells and
they conclude that fat may only be absorbed as soéps; which are

then transformed into neutral fat and fatty acids. Munk con-
cludes that fatty acids during absorption combine with glycerol,

and the fat appears as neutral fat in the lymph ducts. He



considers the combination with glycerol as very important, es-
peclially when the change oif soaps into neutral tats is concerned,
for the soaps are very poisonous when introduced into the circu-
latory system,

Noll (191vu) is unaecided about the chyle fatsg while
he claims that he is almost certain that they are derived
mainly from the fat ot the epithelial cells, Like the latter
fat, it also does not contain free tatty acids, The chyle
fat, however, does not seem to have the same properties as the
epitnelial fat, e.g., it does not blacken on contact with ommic
acid. He does not seem to think, however, that the reason why
the chyle fat does not blacken with osmic acid may be due to
a chemical change, but he would attribute it to a physical
property because he asserts that the chyle fat is in a state of
very fine emulsion, and henceforth wilil not darken on contact
with osmic acid. |

Noll, like Patton, also comes to the conclusion that
the chyle ducts may not be the only means of transporting fat
from the intestinal wall. He claims that it is probable that |
the blood vesseds take a part in transportation, He comes to
the above oconclusion because, when feeding fat to a raboit, he
was able to detect fat in the lymphatic duct only after the tifth
hour of digestion in spite of the fact that the epithelial cells
already contained much fat. So, according to him, it is possible
that the fats are absorbed thru a different route, and only go
thru the lymphatic duct after they have overstepped the limit.

Noll comes to the conclusion, as many others have done,

that the microscopic manner of detecting fat is insufficient.
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I. Munk (19u) argues that since fats of lower melting
point are better absorbed than those of higher (Arnschink, quoted
by Munk) he must come to the conclusion that fats are largely
absorbed as such, tor otherwise what would the melting point have
to do with absorption since, as he says, saponification is entire-
ly independent of melting point. According to his idea, then,
fats would not change at all during the whole process of absorp-
tion, He states that to assume that fats are absorbed as soaps
or fatty acids and again resynthesized in the deeper portions of
the epithelium would be an unnecessary supposition.

Moore (19v4) claims that fatty acids and fats have the
same appearance in the basal parts of the epithelial cells of
the small intestine after appropriate staining. Therefore the
method commonly employed does not show conclusively that fats
are split into fatty acids and glycerol and absorbed as such.
Chemical studies which he carried on, however, are believed to
have established the correctness of the above theory. Washed
and scraped mucous membrane obtained from a digesting animal
contained 15 to 35 per cent of its fat in thé form ot fatty acids,
while in the tluid of the lacteale 96 per cent of the fratty
material was present as neutral tfat. "The synthesis therefore
was completed in the mucous membrane of the intestine,.*

Hoffbauer (190V) tried to prove that fat can be ab-
sorbed in an emulsified form without being previously hydrolyzed,
He fed fat in which he used Alcanna red and Lacroth A, and showed
that although these pigments are insoluble in water the fat ap=-

pears in the thoracic duct colored red. By this he tried to con-

tradict Prilger who stated that fat can only be absorbed in so-
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lution., Pflager (190V), however, shows that these coloring
materials are soluble in soaps, bile, glycerol, and therefore
Hortbauer's conclusions are incorrecs.

Bloor (19123) states that it is generally accepted
that . .under normal intestinal conditions most if not a4ll thne
food tat is saponified in the intestine before absorption, and
is absorbed as soaps. But since Munk (see page 74) has pointed
out that soaps are very poisonous when injected into the cir-
culatory system, we must conclude that tne soaps are resynthe-
sized to neutral tat before the latter is taken to the fat
depots.

The Blood

| The fat is discharged from the lymphatic ducts into the
blood, and is carried by the blood to the ditrerent organs and to
the fat depdsits. How the fat is carried in the blood is yét
an unaecided factor. It seems probable, however, that it is
a mixture of neutral fat and fat in combination with cholesterol
and other unsaponifiable substances.

Many investigators tried to find out whether the food
fat intriuences the fat content of the blood. The trouble,
however, was tnat we have not an exact method of determining
tat and especially fat of blood.

Newman (l1Yu7) states that by means of a Heichert Ultra-
condenser attached to an ordinary microscope he was able to dis-
cern fat droplets in his own blood and in the blood or some of his
colleagues atter a meal containing tair amounts ot fats. When he

examined his blood in the morning between 8 and ll1 on an empty

stomach, or when he ate a meal not containing fat, these droplets
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were not present. If he ate a breakfast rich in butter tfat he
found the number of these droplets greatly increased (5 hours

later).

He ate breaktfast consisting otr lean meat and tea and
while these droplets increased, they were only very slight and may
have been aur to the amount ot fat contained in the lean meat,

l.8 grams,

onnstein and Michaels (1898) state that when they added
chyle fat to the blood it disappeared. The fatty acids which should
have been obtained in its place (due to lipolytic action) could
not be found. This agrees very well with the statement of Harthle
(1895) who claimed that the fat is combined in the blood with
cholesterol to form the latter soap, which statement also agrees
Hore or less with that of Abderhalden (19U8) who said that blooa
possesses the ability to transtorm fats into unknown substances
which are soluble in water and capable of dialysis,

Abderhalden and Lampe (1912) state that the greater part
0t the fat of a fatty meal undoubtedly remains only a very short

time in the blood betore it is removed.



Part IV
PR

Fat Splitting Ensymes or Lipase ﬁ %
I have spoken in the previous pages concerning the @es’

tion of splitting enzymes or as they are better known under the
name of lipase, We have considered the arguments concerning
their activity. However, it is of the utmost importance to
know how they act and how widespread is their action to account
for all the changes going on in fat in the animal organism.
A great amount of work on lipase action has been done
by Kastle and Loevenhart. They, however, are by no means the only
investigators in th;s field. The aoction of the lipase is like
the ordinary hydrolytic process of fat splitting. Ir N represents

the neutral fat, F fatty acids, and G the glycerol we have:
N--—-iirase___yr d ¢

serczeller (1918) found lipolytic activity in all organs
except blood and muscle. The spleen showed great lipolytic ac-
tivity.

volhard (see page &87) has shown lipolytic activity in
the stomach.

Some have pointed out lipolytic activity in intestinal
Juice,while a great number have shown it to be present in the

pancreatic juice or watery extracts of the pancreas.

The liver has been shown t0 be very active lipolytvically
(Leathes 1910), and a tew investigators have stated that the blooa

possesses lipolytic activities. (Winternitz and Malay, 191v).

The kidneys have been shown to be rich in lipase (Toeper, 1Sut).
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Hona and Micnaels (1911) werevable to show a lipase for
mono- and tri-butyrin. It is particularly active in the serum and
blood of rabbits and guinea pigs. It occurs less active in the
blood serum of the dog, sheep, pig, and cow, the activity of the
blood being as a rule greater than that of the serum. |

Connstein (1Yv4) argues against a lipase in the blood,
Hanriot (quoted by Connstein) found that upon mixing serum with
mono-butyrin there were produced butyric acid and gilycerol. Wwhen
the serum was heated to 65° G the splitting power was lost. At
about 50° C the action was at its maximum, The antiseptics as
chloroform, sodium fluoride, and a few others did not destroy
the reaction. The splitting agent was not dialyzable, The agent
is precipitated by alcohol and may be dissolved out from the alco-
hol by water. From these facts Hanriot arrived at the conclusion
that there was in the blood an enzyme able to split fat, and he
termed it lipase. |

Connstein, on the other hand, came to the conclusion that
Hanriot's lipase is nothing but an imaginary substance. He claims
that mono-butyrin is so easily split that even water, acids, and
especially alkalis will split it in comparatively large quantities.
He further argues that many albumins are abie to esplit the lower
fatty acids. Finally he quotes Arthus and says that there may
be in the blood a mono-butyrase bﬁt surely there is no such a

thing as lipase. That this conclusion'ia erroneous will be seen

later.
Ernst Freundenberg (1913) showed that the asceptically

autolyzing liver is able to aaBonify fats to a marked degree,

fhe latter in amounts up to 8 per cent of the liver substance are



hydrolyzed completely. The lipolytic power is destroyed by heat.
The other organs are also lipolytic but in less degree. In order
of lipolytic activity they rank as follows: spleen, muscles,
lungs, kidneys, lymph glands, fatty tissue, and blood.

Loevenhart (19023) proved that the following organs
contained lipase: pancreas, kidneys, liver, brain, adrenals,
spleen, heart muscle, blood, and bile (the latter in the merest
trage).

Adipose tissue (sub-cutaneous} was found tery active,
and it also had great synthetic power. Pericardial and perineph-
ric fat were both found to be active, but markedly less so than
the sub-cutaneous.

Kaetlé and Loevenhart (1900U-1905) noted the activity
of extracts of various organs of the pig. The following table
shows the remarkable lipolytic activity of the liver. Taking
the extract of the pancreas as unity, the lipolytic activity of

the other organs stands in the following ratio:

Pancreas 1.00
Liver 3.93

Submaxillary gland 0.36

Comparison of livers of different animals.
Table XXX
% of hydrolysis

Pig liver

8.66
Sheep " 4,77
Duck " 8,70
Beef " 8.8V
Chicken " 1,95
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They a}so found a lipase in the extracts of the mucosa of the
pig's stomach; however, it can not effect hydrolyﬁie ot fats in
the presence of V.3 per cent hydrochloric acid, which would in-
dicate that any hydrolysis in the stomach would probably be cone
fined to the first stages of gastric digestion.

Kastle and Loevenhart have further shown that the higher
the molecular weight of the acid the more readily is its ethyl

ester hydrolyzed by lipase, as can be seen from the following:

Tubie XXXI |
. ' % of hydrolysis
Ethyl acetate 1.75
" proprionate 3.87
*  Dbutyrate 4,37

Kastle and Loevenhart (1900) showed that pancreatic
lipase can form ethyl butyrate from butyric acid and ethyl
aloohol.If the latter be true, as it is reasonable to believe,
it throws a great deal of light on fat absorption.

-Terraine (1909) showed that the optimum temperature
of the pancro#tic lipase is about 4uv° C, that it is quite ac-
tive at 0° C, and ceases to be active at 5a° ¢,  Whether or
not the different enzymes are identical is still a question,
According to Kastle and Loevenhart, the enzymes of the liver
seem to be identical, and the ester eplitting enzymé of the

liver differs from that of the pancreas.



Part V
Bacterial Action

We have discussed the most important factors in the
absorption of fat, and it woudd not be amiss to mention in a
paragraph or two the effect of bacterial action of fat absorption.

Very little has been investigated regarding bacterial
action. Laxa (190l1) noted that in the ether extract of butter
there was an increase of the acid number from 3.7 to 47.7 after
a month's standing. He could not detect glycerol and he concluded
that it was used up as food.

| Schreiber (1901) mentions several fat splitting organisms,
©.g., 8pirilum Finkler, micro-coccus tetrogenes. Summa ruga
(1894) extended the list greatly. The question at issue is,
are these organisms of any importance in the abso:ption of fat?
Nany authors give negative answers. Essereich (Connstein 1904)
found many fat splitting organisms in the intestine of a suckling,
but would not give weight to bacterial action in fat absorption.
He found the following organisms:
Bacillus Subtilis--ability to split milk fat--36.19 %

* Lactie aerogenes * " . " %Be B

" Coli " B . " & 623.70 %

Harley (1899) féund that the removal of the large in-
testine in dogs did not 1ncreaae-the fat, fatty acids, or soap
content of feces. This would indicate that the conclusion of
Essereich (see above) isccorrect, since the large intestine un-

doubtedly contains the greatest number of bacteria,
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Part VI
Resorption of Fat

There is no question at present that the animal fat is
the main source of energy. Fat having an energy value which is
about two and one-half times as great as that of either'protein
or carbohydrates (Rubmer, Armsby, Zuntz and Wolf, quoted by
Armsby) is most economically and convéniently carried in the
body as reserve for the time of need and want. Its economy
manifests itself in the small amount of energy necessary
to maintain it in the body. A great many: experiments have
been conducted to show that the fat is the reserve energy made use
of in starvation , excepting the fat of a few of the active organs
which use fat at the expense of the adipose tissue; and consequent-
ly their fat percentage may not decrease.

The fats in the tissue serve as depots in an insoluble
fomm, In cases of starvation they must Le converted into a sol-
uble form, A study of how the fat reserves are able to supply
fat to other parts of the body in a soluble form is the purpose
of these paragraphs. |

Much experimenting as to fat resorption was done at the
Experiment Station of the University of Missouri under the Birec-
tion of P. F. Trowbridge (data unpublished).

Steers under different conditions of nutrition were studied
and their growth noted. I shall give only a few data regarding

the resorption of fat and its replacement by water.



Growth of Steers under Different Conditions of Rutrition

- 7. .

Table XXXII

Special Maintenance Animals

Offal Fat.

#594 §#597 #595 #591 #5938 #593

Check Main- Maine Sub- Sub- Buper-

Steer te=- te- Main- Main~ Maine

nance nance te- te~ te-

6 mo. 12 mo, né&nce. nance. nance

& mo., 1ll mo. 6 mo,

Wt. 0. F. at Beg. 7.419 9,069 7,401 6.996 8.347 8,664
" % % ¥ End 7.419 7,878 3.983 3,055 1,191 8,298
Gain in Oftal Fat - «1,797 =3.418 -4,941 =7,056 «0,366
Wt. H;0 in 0.F.Beg.0.813  0.994 0.811 0.767 0.904 (.949
" " *Ts® ¥ 0,813 1,307 1.849 VU799 0.973 1,048
Gain in Hg0 in O.F. =- 0.313 0.438 VU328 L,UB8  L,099
% HgO in Offal Fat 10.957 17.973 31.358 38.881 8l.600 13,631
Wt. Fat in O.F.Beg.6.371 7.788 6,355 6.008 7,082 7.440
' " " * ¥ End 6,371 5.663 3.479 1.081 V.06V 6.971
Gain in Fat in O.,F, == «3.185 =3.876 =4,937 «7,038 =U.,269
% Fat in Offal Fat 85.873 77.878 63.333 53.598 5.037 84,003



Table XXXIII

Growth of Steers under Different Conditione of Nutrition

wt. K.F, at Beg.
" n» ﬂEnd

Gain in Kidney Fat

Wt. Hg
" n """ End
Gain in H30 in K.F

% H0 in K. F,

Special Maintenance Animals.

O in K.F.Beg.

wt, Fat in K.F.,Beg. 1.8023

Gain in Fat in K.F
% Fat in K.F,

Kidney Fat

#59¢  #597 #6595 4591 #5923  #593
Gheck. Main- Maine Sub- Sub- BSuper-~
Steer te- te-~ Main- Main- Main-
nance nance te- te- te-

& mo. 128 mo. nance nance nance
& mo. 1l mo, 6 mo,

1.93¢4 3.31 1.987 1.831 23.1a7 2.356
1.92¢ _ 3.393 _ 0.596  0.330 0,176 3.4u4
- O.U31 -1,331 -1l.601 =1,971 1.168
0.106 V.129 0.106 U.100 V.118 V.124
0.lu6 0,179 L.16VU 0,043 L.1243 L.166
—— V.LSV V.054¢ =0.057 0.035 0.v4a2
5.481 7.497 36.884 19,700 81.430 4.843
3.199 1,795 1.896 3.00U0 3.103

1.808 3.158 L.415 L.167 0,008 3,210
———- -0.,04] -1.380 -1,529 -1,993 1,108
93,155 90.319 6&9.664 75.847 4.890 93,751



Table XXXIV

Growth of Steers under Different Conditions of Nutrition

Special Maintenance Animals

#594 #597 #595 #591 #5928 #593
Check Main- Main- Sub=- Sub- Super-
Steer te- te- Main- Main~ Main-
-nance nance te~ te- te~
& mo. 12 mo. nance nance nance
6 mo. 11 mo. 6 mo.,
Fat in Lean Flesh
Wt. Fat in L.F. Beg. 8.9 1U.9 8.9 8.4 9.9 1u.4
“ ® wwvw End 8,9 8.7 5.4 3.9 1.6 1.8
Gain Fat in L. F, ——— «3.8 -3.5 5.5 =8.3 V.4
% Fat in Lean Flesh 8.0 6.9 4,6 3.4 3.1 7.9
Fat in Skeleton
Wt. Fat in Skel.Beg. 5.774 7.u53 5.756  5.4a0 6.413 6,738
» » ®* " End _5.774 10.V39 7.4V 6.998 l.441 8.863
Gain Fat in Skelbton «-- 2.976 1.644 1,508 «4,978 8,124
% Fat in 8kel., at End 14.71 19,07 16.48 17,36 8.90 17,34
Fat in Soft Parts
Wt.Fat in S. P, Beg. 38.35  37.87 30.90 #9.21 32.43 35.98
" % W % End 38.35 42,71 __16.45 __9.54 __3.59 53.58
Gain Fat in 8, P. - 4,84 -14.45 -19,67 -31.84 -16.60
% Fat in 8, P, 15,5v 17.83 8.69 6.78 1,97 3u.56
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Table XXXV

Growth of Steers under Di fterent Conditions of Nutrition

Wt. A, T. at Beg.
" ® ®End,

wain in A, T

Adipose ''issue.

Special Maintenance Animals

% Adipose Tissue End 10,36

Wt. H30 in A, T. Beg. 4.88

uain nao in A, T,
% H30 in A, T, End

Wt. Fat in A.T, Beg
" L] "N End
Gain Fat in A, T,

% Fat in A, T, End

End 4.88

#594 #5697 #595 #591 #5923 #5593
Check Maine Main- Sub- Sub- Super-
Steer te- te-~ Main- Main- Main-
nance nance te- te- te-

6 mo. lg mo., nance nance nhance

5 mo. 1l mo. 6 mo.

85,63 31,31 3b.,55 84,15 8.47 29,91
5,063  35,u5  11.08 8.96 V.18 49.95
——— 3.7¢ =14,53 =15,.19 -38,89 10,04
11.59 4,47 3.84 0.06 132.83

5,96 4,87 4,60 5.228 5,70

8.39 3+99 3.58 V.la 7,39

e 2.43 +=0.88 -1l,08 =5,38 1,69
19.04 83.93 365,18 39,899 81,35 18,50
19.16 83.40 19,10 18,05 2l1.88 22.3b
19.16 283.43 5,68 3,91 0,01 29,3V
-—— 0.03 <-13.51 =14.,14 =31.287 6.94
74,75 66.86 5S0.75 43.64 4.55 73.%6
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Table XXXVI
Urowth of Steers Under Difterent Conditions of Nutrition.

Composition ot Special Maintenance Animals
vompared with Check Animal No. 5Va.

Entire Animal.

$#594  #597  $595 4591 4592  #593

Check Maine Main- Sub- Sub- super=
Steer te~ te~- Main- Maine- Main-
nance nance te- te- te=

6 mo, 1l8 mO. nance nance nance
© mo. 11l mo. 5 mo.

Moi sture (Xilos)
Wt. at beg. 128.8 174 .5 l4c.4 134.6 158.7 166.7

Wt. at end $158:.8 167.3 lay,3  lla,l 185,00  173.9

Ceee— =

Gain - -7e3 6.9 =38U.5 =53,7 6.3

% at end ot OB 63.7 05.0 69.28 o6 .«3
Fat

Wt. at beg. 44,1 55.7 45,5 43,0 oV7 53.8

Wt. at end 44 .1 98.7 _ 85.9 16.5 4,0 6l.4

Gain - -5.0 -31.6 3645 -46,r 8.8

% at end 18.4 18.1 V.3 9.1 Q.8 SV .U
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Only a glance at the above tables shows plainly how the
sub-maintenance and even the maintenance animals use their fat
reserves to keep them going. Steer No. 595 on maintenance for
18 months lost 61 per'cent of its oftal fat, 76.9 per cent of its
kidney fat, and 65.9 per cent of its adipose fat. Submaintenance
steer No. 591, losing about one-half pound per day, lost 83.1 per
cent of its offal fat, 9u.8 per cent of its kidney fat, and ¥9.6
per cent of its adipose fat. Neither of these have used any of
their skeletal fat. Steer No. 592, sub-maintenance for 1l months,
losing about one-half pound per day, lost 99.16 per cent of its
offal tat, 99.6 per cent of ité kidney fat, 99.98 per cent of its
adipose fat and 77.5 per cent of its skeletal fat. In other
words, he lost nearly all of his offal, kidney, and adipose fat,
and more than three-fourths of the fat from the skeleton,

Rubner (quoted by Voit 19vul) who experimented on a
guinea pig which was not given any food for 8 days found that the
animal had 9 per cent of its original calculated fat left.

Schimansky (quotediby Voit) found that a chicken after
fasting 14 days had only 1@ per cent of its original calculated
fat left. '

Falk (quoted by Voit) states that the dog on (. .
the 28th day of fasting had only lu per cent of its original fat
left.

Comparing the work of the ditferent investigators we

see that there is a relatively fair agreement,
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Table XXXVII

% Fat left from originally

calculated
Trowbridge --Steer 598 (sub-maintenance 1l mo.
losing 4 1lb. per day) 7.9
Rubner ------Guinea pig (atarved 8 daysy 9.0
0| J—— Dog (starved 28 days) 10.0
Schimansky---Chicken (starved l4 days) ' 128.0

Liver

The percentage of fat in the liver does not seem to de=-
crease during starvﬁtion. Whether this is due to a constant
building up of fat or to a conveying of fat to it from the adipose
tissue is not known.

Patton (1895) experimenting on kittens, obtained the
following results:

Four young kittens of a litter produced on June 20th.
They had suckled in the morning.

A weighed 314.5 grams
B " dU&.5 ¢
C " 3la.V "
D " 18%9.0 *

A and B were killed at ¢4 P, M., about 8 hours after
receiving food. Milk was present in the stomach of both,

C was kept without food till 5 P. M. on the 3lst, 33
hours, and then killed. It weighed Su3 grams, The stomach was
empty. D. was kept without food till 3:30 P.M. on the 23d, So#
hours, and then killed. It weighed 175 grams and the stomach was

empty.
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Wt. of Liver

9.0
7.5
6.0
5,5
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Table XXXVIII

Liver
Ether extract Fatty

% of % ot % of
liver solids liver
4,15 15.0

3.65
4,50 15.8
*7.36 6.6

2,53
4,05 19,5

*Ether extract imperfectly dried.

acids Length of
% of fast
ether
extract
55.9 8 hr.
33 hr,
45,3
S

Twelve pigeons were procured on September 3uth and fed

on bruised oats and water for four days.

A and B were killed September 25th

=N OC wWh

Cand D " starved till Sept. 36th,then killed
Kand F " " - " 37th " N
Gand B " . " " 39th "
Jand K * " " " 3uth " »
Table XXXIX
Wt. of liver % of solids Ether extract Period
less ether of fast
extract % of liver % of solids hrs.
5.8 33.8 4,37 16.06 0
6.7 21.V 4,46 17.04
4,8 33.7 3.93 14,7 34
345 34,1 4,31 15.1
6.8 18.0 385 11.1 48
4,3 84,6 3.73 0.3
G 4.3 83.8 5.4V 18.8 78
H 4,5 33 .4 4.46 16.6
J 3.8 34.1 4.68 16.2 96
K 4.3 25.8 5004 1603



Table XL

Steers (under investigation at the Expt. Station of the
University of Missouri.)

Comparieon of the per cent of ether extract of the livers.

Age | — | % ether
months i extract
18 594-Check animal | 5.865
18 597-Maintenance 6 mo. - 8.698
33 595~-Maintenance 12 mo., 3+ 360
18 59l1-Sub-maintenance & mo. 3.174
38. 598-8ub-maintenance 1l mo, 3.739‘
18 5Y3=Buper-maintenance 6 mo. 2.8383

From Patton!s and Trowbridget!s results, the conclusion
would be that the fat in the liver of starving animals is not
decreased.-

Blood

Schultz (1896) made the assertion that during starva-
tion the.fat content of blood increased. In several cases the
increase was luu per cent. Sochultz digested the blood with
pepéin-nydrocnloric v.l per cent solution at 6u to ?5° C for
84 hours. He dried the blood and extracted it with ether--He
calls thies . - fat, altho admitting that it contains several
other things besides fat.

Lattes (1908) working with the Kumagawa=-Suto method

found the fat content of the blood of the normal dog to be V.3

to V.48 per cent, and that the venous blood seemed to be higher



9%

in fat than the arterial blood. After a fatty meal he sometimes
found the fat content increased about 1luU per cent. He did
not obtain a fat increase in the blood during the starvation
period. This differs from the conclusion arrived at by Schultz
{see page 9U) under similar conditions.

Freundenberg (1912) confirmed Lattes work and found

the petroleum ether extract of blood always constant,

Table XLI
Dogé
Normal Petro- During Days of
leum ether Starvation Starvation
extract
Fat (Pomeranian dog) V.877 1.008 4
Lean (Fox terrier) 0.537 V.531 g
Rabbits
Wt. of rabbit Normal Petro- During Days of Reduction
gms. leum ether starvation Starva= in body
extract tion weight
% 4
3100 V.356 0.338 S 16
2340 0.331 V.3938 5 15
3100 0.878 V,.380 7 30

If blcod be withdrasn and analyzed for fat and in 234
hours another sample of blood be withdrawn and analyzed, the
results are almost identical, showing that there exists a kind

of equilibrium.



Table XLII
Rabbits
Wt. of rabbit Blood withdrawn Fat % After 34 hours
grams grams |
1600 36.8 V.384 0.338
1700 36.3 0.247 V.3899
3luu 39.7 V.376 0.364

This constancy of fat in bliocod confirms the work of
many investigators that an animal lives on its own fat, and
therefore there is always a fat mobilization from the reserve

fat to the ditfterent organs of the body.
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Part VII

Experimental

As I shall point out later in my discussion, many of the
results of the experiments conducted by investigators are by no
means very reliable, due to the fact that the methods used will
give more or less inaccurate results. There are several methods
for fat determination. They are: the Soxhlet method, the Rosen=
feld method, the Darmeyer method, the Glikin method, the Liberman
and Szikely method, and the more modern Kumagawa-Suto method.

The .Soxhlet method , in principle, is really a determi=-
nation of the ether soluble material in the substance under inves-
tigation. It has been shown that besides fat it will diseolve
out the cholesterols, lecithins, and other phosphotide and nitro-
gen ocontaining compounds (Shimidzw, 1910).

The Rosenfeld method consiste in placing the powdered
material in a Soxhlet tube suspended in a beaker containing absoe
lute alcohol, and boiling on the water bath for one-half hour.

In order to prevent loss of alcohol a round flask through which
cold water circulates is placed on the beaker. The tube is next
placed in a Soxhlet extractor and extraocted with chlioroform for
5 hours. The whole process is then repeated. The combined
filtrates are then extracted with ether and dried and weighed.

By the Dormeyer method the powdered substance is die=
gested with luu c.c. of V.5 per cent hydrochloric acid and 0.3
per cent of Grubler pepsin, at 40° G for 18u hours. After dry-
ing, the material is extracted with ether in a Soxhlet apparatus.

The ether is evaporated and the residue again treated with ether.



The filtrate and wash water are extracted for 24 hours with ether
in a fluid extractor, evaporated, and again treated with ether.

Glikin's method consists in drying the powdered sub-
stance under a vacuum at 60=-65° ¢ for several days. The cones
are next dried in an oven for two days. The powder thus treated
is extracted with petroleum ether for 72 hours.

The Liberman and Szikely method is in principle
the same as the Kumagawa=Suto, The ditfference is that Lieber-
man and Szikely used an aliquot of their petroleum ether and
titrated it with alcoholic KOH and from the dried soaps they cal=-
culated the amounts of higher and lower fatty acids together as
the glycerides. The general method of manipulation is different.
Liberman and Szikely use a long necked flask, which up to the middie
of the neck contains 89V c.c., the neck having a diameter of 3.6
c.m, Five grams of substance is boiled with & c.c. of a 5V per
‘cent KOH solution for one-half hour, on an asbestos wire gauze.
After cooling 3 oc.c. alcohol is added and again warmed. Twenty
c.c.0f a v per cent sulfuric acid solution is next added. After
cooling it is treated with 5U c.c. petroleum ether, stoppered and
shaken thirty times, lu seconds each time. The flask is then
filled to the mark with a saturated sodium chlcride solution,
and again shaken several times. From the well separated petroleum
ether layer 83U c.c., is pipetted off and treated with 4uU c.c. ethyl
alcohol. Phenolphthalein is added (1 c.c. of a 1 per cent alcoholic
solution = U,Ul gm), and titrated with an alcoholic KOH solution.

They use the following formula for calculating results:

F& _§=-0,01 = (E°00855) _ ,350
A



Where F = fat; 8 = amount of soaps; K = amount of: N/10 KOH;
and A = amount used.
| Kupagawa and Suto (19v8) have made a thorough study
of all the above methods, and have shown conclusively that none
of them give acourate results, with the possitide exception of
the Lieberman-Szikely method. As is to be noted, however, the
latter method is very complicated and if not followed literally
will give different results in the hands of difterent workers.

Kumagawa-Suto method: The fresh sample containing

fats is placed in a beaker and boiled on the water bath for 8 or
3 hours with 35 ¢.c. of & 5N NaOH solution (20 gm. in 10U oc.c. of
solution). Boiling is best accomplished by placing the beaker
in the water bath and covering it with a funnel. During this
saponification the mixture is stirred a few times. The solution
while stidl hot is placed in a glass stoppered separatory funnel
of about 2350 c.c. capacity. The beaker is washed out two or
three times with a little warm water (5 c.c.). The solution is
then over-neutralized with 30 c.¢. of a 30 per cent hydrochloric
acid solution (sp. gr; l1.1). (Before addition of the acid the
"solution is cooled to about 50° ¢, and 80 c.c. of the HCl added
and well shaken; the other 1lu c.c. is next added and treated as
before).

After thorough cooling 8u c.c. of (C;Hg)30 is added and
vigorously shaken. A precipitate separates itself in a distinct
layer between the water and ether layers. The clear watery
solution is poured off. The brownly colored ether is carefully

placed in a beaker.



The funnel with the precipitate is washed twice with a
small amount of ether (5-1vu c.c.). The precipitate is again dis-
solved by sha;ing in 5 c.c. NaOH. - The watery solution is now
placed in the funnel and again well shaken. The reaction is
now acid and the remaining fatty acids are taken up quantitatively
by the ether. The combined ether solutions are evaporated, again
takén up with ether, and filtered through asbestos. This filtrate
contains besides fatty acids, coloring matter, lactic acid, and
other unsaponifiable materials. It is thoroughly dried at 50° ©
(on the water bath for about 3 hours) and taken up with petroleum
ether. For this purpose 25 c.c. of petroleum ether is adaed
gradually while the dried ether extract is still hot. the beaker
is covered with a watch glass and permitted to stand from one-half
t0 one hour, The petroleum ether is next filtered thru asbestos.
the filtrate (which is supposed to be colorless, but which I was
never able to obtain) 15 evaporated on the water bath and daried to
constant weight, which takes only a short time.

Quantitative Beparation of the Unsaponifiable Sub-
stances (Inciuding Cholesterol from the fatty acids.

The above residue is treated in a separatory funnel
with 3v c.c. petroleum ether. To thie is adaed four to five times
its volume of .3K absolute alcoholic potash or soda. It is shaken
vigoroully. As muoch water is now added as the alcoholic alkali.
The alconolioc oonoentraﬁion is now S5v per cent (by volume)., A
separation occure here, the unsaponifidble subetanoée remaining
in the petroleum ether while the alcoholic solution takes up the

80aps. The alcoholic solution is again shaken with 80 c.c, of

petroleum ether. The combined ether wolution is evaporated and
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the residue again taken up with 1lu c.c. of alcohol, treated wfkgyky
¢,c. of +1N alcoholic NaOH, evaporated on the water bath and dried
at 100° C from 15 to 3 minutes. The residue while still hot is
extracted with petroleum ether, filtered thru asbestos, evaporated
and dried at 100° C to constant weight,

Several determinations of fat in blood were run by the
Bhimidzu modification of the Kumagawa-Suto method. Twenty grams
of blood was treated with four times its volume of cold alcohol
(95%) and after 8 or 3 hours filtered thru a rag, and the alcohol
pressed out. The residue was then extracted in a soxhlet with
boiling alcohol, The combined filtrates were boiled on the water
bath from 13 to 8 hours (in a beaker) with 35 c.c. of 5N NaOH,
and continued as in the Kumagafa—Suto method (page 95).

Table XLIII

Blood
Sample Wt. of Wt.fatty Wt. of wt. of wt., of % of
sample acids & unsapon- fatty neutral neutral
gms, unsapon- ifiable acids fat fat
ifiable substan~- gms. gms .,
substane ces gms,
ces gms,
Cow
blood 30 0.1755 0.0813 0.09438 0.09853 0.4937
" " V.1785 0.0935 0.0850 0.08891 0.4446
o " 0.1583 0.0967 O.U556 0.0581l6 0.23908
" v V.0788 10,0471 0.0311 0,03353 0.3353
¥ 9.5 0.,0757 0.0353 0.04024 0.04836 0V.4344

Average 5 determination 0.,3999 per cent
Greatest variation from . . average 238 per cent

Least " " " 11 » "

As can b@ seen from the above table the results are far from
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satisfactory. The great difference in the results may be

due to several caﬁeee. First, the great number of filterings

of the ether and petholeum ether would undoubtedly cause a gre:it
loss, Second, and most probebly a very important. error is the
great amount of cholesterol and other unsaponifiable substances,

- which amount to over 50 per cent of the total, soluble in petroleum
ether. This may therefore cause difficulty in separating it from
the fatty acids. Another probable error is the impossibility of
getting rid of all the coloring matter after thorough drying of
the ether solution (see method) It was found that the longer
theether solution is dried.on the water bath, the less percentage
of fat in blood is obtained. | Nos. 1 and 3 I dried on the water
bath for three-fourths hour. I obtained 0.4937 and 0.4445 per
cent respectively. No. 3 1 dried on the water bath for 6 hours.
It gave a larger precipitate on adding the petroleum ether, I
obtained 0.3908 per cent. Even after 6 hours drying I was unable
to obtain a colorless filtrate. It was colored light yellow.
Nos. 4 and 5 were dried on water bath for 3 and 4 hours respectivelx
They did not seem to give as large precipitates as did No. 3.

The percentages were 0.32353 and 0.,4444 respectively. It seems to
me that this plainly shows that the longer they are dried the less
percentage of fatty acids will be obtained. Whether this is due
to oxidation or to the driving off of the last amounts of ether,
as is suggested by Kumagawa-Suto, has not been determined. It
seems that the former may be the more reasonable since the ether
which boils at 38° ¢ would be driven off on the water bath when

the temperature was between 75° and 95° C.
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Another probable source of error is the long drying on the water
path, which may cause some ¢&f the fatty acids to become insoluble

in petroleum ether (Hartley, 1909, and substantiated by Bloor,*19l14).

In order to determine whether the great amount of
~cholesterol and other unsaponifiable substances in the blood
soluble in petroleum ether havg really a great deal to do with the -
fluctuation of results we determined the amount of fat in the liver
of the same cow whence the blood was obtained, since it is stated
by Patton (1895) that the liver contains onkw about 0,03 to 0,05
per cent of cholesterol.

One hundred grams of liver were saponified and made up
to iolume ,‘luuo c.C., with water; 10U c.c. aliquots representing

lu grams of sample were then taken and analyzed.

Table XLIV
Liver
Sample Wt.of Wt.fatty WwWt. of Wt. of Wt. of % of
sample acids & unsapon- fatty neutral neutral
gms. unsapon=- ifiable acids fat*» fat
ifiable substan- gms. gms.,
substan- ces gms.,
ces gms,
Cow '
liver 10 V.3185 0.0194 0.1931 0.30198 3.0198
. . 0.8305 V.0373 0.193¢ 0.3V330 3.0330

*Tt should be mentioned here that Bloor very recently published

a new method, called the Nephelometric method, for small amounts

of fat in blood.
**The factor 1.046 was used to obtain the weight of neutral fat from

fatty acide (Kumagawa-Suto).
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It is interesting to npté how closely these two results agree,
within O.,uu3 of a per cent. It is more interesting because of the
fact thét the weights of the two fatty acids plus the cholesterdls
and other unsaponifiable substances diffef as much as eight milli-
grams; but the weight of the choleeterois di ffers in about the same
amount and makes ﬁp for the results. This same fact may be noted
from Shimidzu's tables (191v)., This last table also shows that
the amount of unsaponifiable substances in the liver soluble in
petroleum ether is over 1lu per cent of the total amount. This close
agreement, it seems to me, would indicate that the less the amount
of cholesterol the less the exrors introduced, regardless of the
other errors enumerated above.

I next detemined the fat in the back fat of a_hog.
Here I found difficulty in saponifying the fat of which I took
about 6 grams. After boiling it on the water bath for 5 hours
with 38V per cent sodium hydroxide there was still a heavy layer
of fat on top. I finally discarded the same, weighed out a
sample of the same material (3.8863 grams) and added 5V c.c. of a
3V per cent sodium hydroxide solution and 50 clc. of 95 per cent
aloohol, and saponified it for 3 hours under a reflux ocondenser,
There was thorough saponification, The alocohol was then boiled
off as completely as possible, and made up to a liter of solution

with water and luv c.c. aliquots taken. The petroleum ether was

perfectly colorless,
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Table XLV
Back Fat of Hog

Wt. of Wt. fatty Wt. of Wt., of Wt, of % of

sample acids & unsapon- fatty neutral neutral
gms. unsaponifiable ifiable acids fat fat
subatances substan=- gms., gms ,
gms, ces gms. ’
+<3 /83863 V.8404 0.0V10 V0.8394 0.3504134 88.63
. 0.23356 0.0VLO 0.3347 0.3454963 86.87

It is to be noted here that the agreement is not as good
as might be expected, most probably due to the several sources of

error in the method.

Soxhlet metﬁod: No ether soluble material was obtained
in the blood. The percentage of the ether soluble material in
the liver amounted to 3.733, .

I analyzed the fat of loin of hog according to the Soxhe
let method and the following table gives the results:

Table XLVI

Wt. of Loes in wt. % of Wt. of Wt. of Loss in % of fat
sample due to dry- mois- dried cone weight in ether

gms . ing ture ocones 4 after gms. soluble
gms ., fat - extrac=
gms. tion
gms.
0.9880 0.u759 7.68 33,7938 1.9037 0.891V .13
1.,8565 0.0769 6.13 3.0347 1.8845 1.1%503 91.64

I have every reason to believe that number 1 is the
right one, that is, the percentage of ether extraction is 90.13,

because the percentage of moisture in the second is 1,55 per cent
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lower than it really should be, If we subtract that 1.55 per cent
from 3, we get 9U.U9 per cent or an average of Su.,1l1 per cent. I
shall use this average in my further discussion,

As can be seen from the results the Kumagawa-Suto and
the Soxhlet methode by no means agree. Especially is this true
with blood and liver fat, The former method undoubtedly gives
the more acourate results, but the difficulty is with the great
number of errors 1ntroduced by the amount of cholesterol and other
ﬁnaaponifgablo substances and by too many filtrations; and also
probably by too much technique. |

In order to work out a quick and at the same time an
accurate method for fat determination, one that could be made
fise of in a laboratory where a great many fat determinations are
run, di fferent modifications of the Kumagawa-Suto method were
tried. I shall not go into a detailed account of the mgdifica-
tions tried, for it would take too much space, and would be of
little value. | I shall propose only one modification which we
think very accurate and at the same time quick.

The sample, if it does not contain much fat, is direct-
ly saponified with 5N NaOH, etc., according to the Kumagawa-Suto
method as described above. The combined etherial solutions are
evaporated to dryness and let stand on water bath from 1 to &
hours. It is taken up with about 25 c.0., petroleum ether and
- about 1lu or 15 c¢.c, of 95 per cent alcohol added. This is ti-
trated'witn'llau alkali, using about two drops of a 1 per cent
solution of phenolphthalbin as indioator., The end point is sharp

and distinct.
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With a sample of blood an alcohol extraction should
first be made as recommended by Shimidzu, With a sample rich in
tat I should recommend that saponification be brought about in the
presence of alcohol, using a reflux condenser to prevent any loss
in the alcohol; after saponification the alcohol can be driven off
by boiling.

The following tables give the analyses of blood, liver,
and back fat of a hog by the moaitied modification.

Table XLVII

Blood

Wt. of Number of Wt. of Wt. of Wt. of % of
sample ©.0. of NaOH fatty neutral fat

gms. U.U49936/N gms . acids fat

NaOH gms. gms.

-V 3.6 . 0L,LL71893 0OV,L4976 L.U5805 0,83603

" 3.5 0.0U69896 0L.U4840 0,05063 U.8531

10 1.85 0V.003945 0,03558 0.,UBE76 V.8676

9.5 1,78 0.,0035547 0.08462 0.VB575 0.,8716
Average per cent = 0,3638

Greatest variation from average = 3.7 per cent

Least " " " Q.95 * "

This fat determination shows very concordant results,
and although it ditfers greatly from the average of five deter-
minations of the same sample by the Kumagawa=Suto method, one
surely would be more apt to take these latter results than the
tormer, whose greatest variation is 38 per cent, while the greatest

variation by the proposed modification is only 3.7 per cent,
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rable XLVIII

Liver
Wt. of KNumber of Wt, of wt. of Wt. of % of
sample c.c. of NaOH fatty neutrail fat
gms. 0,049936/N gms ., acids gat
NaOH gms ., gms, |
10 13.45 0.03648 0,183 0.19183 1.9183
L 13.50 0.08696 0.1842 0.19360 1.9869

. 14.50 0.03896 0.80053 0.20974  3.0974
| Average per cent = 1,9819

This table again shows how concordantly the results run.

‘Table XLIX
Back Fat
0.38268 17.68 0.035188 0,.,843676 0.3548851 90,18
" 17.60 V,L351479 0,343399 0.3545954 90,08

Average per cent = 90,13

In all the above experiments a large sample was taken and aliquots

used.
Table L
Comparison of Three Methods
Substance Method % of fat
Blood Soxhlet | O.v
f Kumagawa®8uto V. 3999
" Moditied V.3628
Liver Soxhlet 3.733V
" Kumagawa=-8uto S.Udl4
" l‘ Modi fiea 1,9818
Fat of loin of nog denlet 920.11
L " " . Kunagawa~8uto_. 87.74

" w " " * Modi fied .13
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As can be seen from table XLIV, the Soxhlet method does
not'compare at all favorably except when working with ailmost pure
fat, With the blood the ether did not extract any thing, while
with the liver it extracted 35 per cent.of substances other than
fat. This agrees with Patton (18Y5) who claimed that lecithin
is a constant constituent of ether extract of the liver. The
Kum&gawaASuto method has many errors as has been pointed out
pfeviouely and is quite time consuming. The modi fied method,
on the other hand, is very short and by no means complicated.

The modi fied method,bésides being economical in time, about 75
per cent, is very economical in materials; there is no waste of
petréloum ether as in the Kumagawa-Suto method, for the petroleum
ether and alcohol used in titration can easily be aeparated in a
funnel and re-distilled. The method contains one weak point,
however, and that is that in titrating a molecular weight has to
be assumed. Kumagawa and Suto in working on fats of different
animal:organs‘found that in the main they oconsist of 7V per cent
oleic acid, 8u per cent palmitic acid, and 10 per cent stearic
acid. It thie be true, then one would multiply the molecular
weight ot oleic acid by 7, palmitic by 2, and stearic by 1, and
divide the results by 10, I did that and obtained a molecular
‘weight of 377, very close to the molecular weights of olieiciand
stearic acids. <That 377 was a fair estimate of the mean molecu-
lar weight. can be seen from the ‘fair agreement in the results,
except in the blood determination, It would seem at first

glance that if the Kumagawa-Suto method in blood ie correct, but
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on examining it a little closer one finds that even if one
assumes the fat to consist all of oleic acid, which has the high-
est molecular weight of all then the results do not differ ma-
terially , as can b§ seen from the following table.

Table LI

Computing the amount of neutral fat from the determination of

T T T T M D T

Table XLVII, using the molecular weight of oleic acid (283).

wt, of c.c, of Wt, of Wt. of Wt. of % of
Sample 0,049936K NaOH Fatty Neutral Neutral
gms. NaOH Acids Fat Fat
gms. gms.,
30 3.6 L.VLV71893 0.05184%5 U.U51339 V.3711
30 3.5 0.0V6Y896 ©,.049377 0,051483 0.3574
10 1,85 0.0036945 0,036046 0.U37243 V.8734¢
9.5 1,78 0V.,0035547 0,035311 V.V36475 v.3787

Average 0,8699

If we assume that there wxists an equal amount of all
the three acids the results do not differ either, as the average
of the three equals 373, It is not necessary to go to the other
extreme, that is, to take the molecular weight of palmitic acid
(356) as the mean, for in no case did the proposed method give
much higher results than the KumagawadSuto method.

Summary of Methods

I shall not go into a detailed accout of the methods used
in various experiments by the different investigators, Many of

the authors do not state what methods they used, and as I have
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pointed out, most of the methods are more or less faulty and
many of our conclusions may be more or less erroneous. The
histological methods have been shown to give more or less inac-
curate results, Noll (1910) concludes that fat must traverse
the mucous membrane of the intestine not merely in the form of
substances reacting with osmium, but also in some other form.

Kumagawa and Suto,who have studied nearly all the
methods in detail, state that hardly any of the results obtained
by the various methods agree. The proposed theif method (which
is really more or less a modification of the Lieberman=Szekely
method) which is admitted by all recent workers to be the most
accurate of all methods so far advanced. As demonstrated
above, however, it contains many sources of error, and especially
in substances containing much cholesterol, or other unsaponifi=-
able substances soluble in petroleum ether, In the proposed
modification most of the sources of error of the Kumagawa=Suto
method are eliminated. It héa the advantage of both economy in
time, about two-thirds, and economy of material, there being no
waste of petroleum ether,. Finally, the method has the greatest
of all advantages in the concordance of results,

It is to be hoped that with a method easily handled and
one that will give reliable results, fuither work regarding fat
absorption and sesorption may be undertaken, so that our knowledge

- regarding these subjects will be greatly increased,
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Part VIII

General Discussion of the Results of Investigations Concern-

ing Fat Metabolism

Of the many able workers who helped to euﬁplant the old
view, Pflﬁger, Rochford, Kastle, Loevenhart, Volhardt, Fromme, |
Zinsser, and Wohlgemuth should be mentioned. We shall discuss
the present viewe'by considering briefly the process in the
diff.tont organs,

| Stomach

Most investigators agree that there is some splitting
of neutral fat in the stomach., Among the most prominent men-
who doubt the existence of a lipolytic agent in the stomach are
London and Wersilowa (1908), Connur and Niclaux (1910), Conne
atoiﬁ (19v4), and several others, But, on reviewing the lit-
erature, there remains no question in one's mind as to the ocap-
ability of the stomach to split fat, 4insser, Fromme, and Wohle
gemuth have shown conclusively that the mucosa of the stoﬁach
and the gastric juice do possess great lipolytic power. That
the lipase is dorived from the stomach wall and not from regure
gitated pancreatic juice has been shown by Ibrahim and Kopek on
newly born children, and by Fromme (1903) on the mucosa of stome
achs of dogs and hogs, showing that the lipase is found onlmiin
the fundic region of the stomach, and if the lipolytic action
were due to regurgitated pancreatic juice it should be found more

active in the latter region, which is not the ocase.
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The presence of a fat splitting enzyme in the stomach
may furthermore explain the fact that even after extirpation of
the pancreas there may frequently ocour absorption of fat, es-
pecially the naturally emulsified fat of milk,

That fat may also be absorbed in the stomach, and that
it is not inconsiderable has been shown by Volhard (1900-~1);
Greene (1913-13); and Weiss (1913).

Intestine

The question whether or not there is a lipase in the
inteetinai juice apart from the lipase of the pancreatic juice is
8till undecided, although experiments seem to favor the affirma-
tive. Lombroso (1908) claims that even if the pancreas be
extirpatéd there is still a splitting of fat in the intestine,
This is supported by Boldyreff!s experiments (page 42) who showed
that dogs whose pancreas were extirpated were able to digest milk
fat. As I pointed out previously, however, this digestion and
absorption of emulsified fats like milk fat, may be due to the
splitting of the fat in the stomach, and therefore Boldyreff's
conclusions may be incorrect, Furthermore, Heidenhuas ( page 44):
has pointed out that many albumins in the intestine:are able to
split fats.

ralk (1914) very recently has claimed to have found two
enzymes in the duodenal juioce. He does not put forth any theory
whence they were derived. Loevenhart claimed'that the pancreatic
juice contains one lipase, and if that be true, we would be apt

to believo'that the other enzyme claimed by Falk is derived from

the intestine,
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Liver

The importance of the liver in fat metabolism aside  from
its bile producing properties, has been recognized only recently.
The tats occurring in the liver are more unsaturated than those
found in any other organ. The exact meaning of the presence
of these unsaturated acids is not yet clear. Does the presence
of these highly unsaturated acids indicate that they represent a
stage in the normal breakdown of fat in the liver, or does it
represent a stage in the synthesis of fats, or are the acids
esgential constituents of the protoplasm of the cell which en-
ables it to carry out functions not directly associated with
the katabolism of the acids themselves,

1t has been argued that the fats found in the liver
are due to the production of fats from carbohydrates (page 47)
Ihat this is undoubtedly true to some extent is not denied, but
that all the fat in the liver should be produced from that source
is a wrong conception. Rosenfeld®s experiments (page 47) clearly
point out that large amounts of fats in the liver are due to an
importation of storage fat from the connective tissue, Lebedoff
and Rosenfeld have shown conclusively that liver fat varies in
character with the adipose fat. The liver, therefore, seems to
be the organ to which the migration of fat from other parts of
the body occurs. Here the fat either begins to be oxidized and
is carried to the organs of the body to be finally oxidized and
consumed, or it may be a special function of the liver to build

up out of the connective tisante complex combinations of lecithin
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and other phosphotide lipoids, not only for the use of its own
cells, but it may be for the use of other organs as well. To
sum up the fat metabolism of the liver, the knowledge ot which
is very meager, we must assume that the liver takes up the
fat from the arterial blood, gets to work on same at once, and
brings about those changes described above. When an animal
is underfed the liver will take up the fat of the adipose tis=
sue and distribute it to the different organs in proper condi-
tion, The liver probably accomplishes this by eithef of the
two following methods, or by the two combined. First, by
*desaturation® and second, by synthesizing the fatty acids into
those which contain aéveral double links.,

Bile

It has been proved conclusively that the bile assists
in the absorption of fat., How it does it, however, is a matter
of much dispute.

Pfllger (19vul) attributed its action to its solubility
on soaps. Others think that it activates the pancreatic lipase
(Howelli, 1911), and still others believe that it contains a
special lipase.

It has been pointed out by Loevenhart and Souder (1906)
that the pancreatic juice without the bile would only split one=
~8ixth of the fats that it normally does, or, in other words, the
fats would pass through the duodenum with only one-sixth of the

amount of splitting that normally occurs, They have also shown



-1]4 -

that the bile has only the merest trace of lipolytic action, and
therefore its great activity can surely not be due to a lipase.
How the bile activates the pancreatic lipase has been
a question of much discussion. Hewlett (1905) pointed out that
it is due to the lecithin in the bile, while Loevenhart and Souder
(page 53) state that the effect is due to the bile salts, This
latter view has many supporters, and seems to be the true concep-
tion, I should mention here that it is an undisputed fact that
the bile, due to its éodium carbonate, has a great emulsifying
power, which would give the lipase more surface to act upon, and
consequently favor a greater splitting.

Pancreas

No one at present can dare deny the lipolytic power of
the pancreas, and that tlis power is of the utmost importance in
the absorption of fat. The failure of many investigators to
obtain a diminished absorption of fat after ligating the pancre=-
atic ducts was evidently due to the fact that pancreatic juice
continued to enter the intestine,

Pancreatic juice, due to its lipolytic power, has in=
directly an effect on emulsifying the fats due to'the fatty acids
liberated (page 57). The lipolytic action is rapid and complete.,
Loevenhart (19v02) has shown that the pancreatic juice is capable

of hydrolyzing all the fat of a fatty meal in the period of pan-

creatic digestion,
Harley and Lombroso (pages 57 & 58) have shown that if

the pancreas is extirpated the amount of fat excreted is more than
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the amount of fat fed. Lombroso points out that the pancreas has
an internal function whose presence is necessary in order that

the fat stored up in the tissues may be rendered available for

- the organism. Not much experimenting ham been conducted to prove
this point, and Lombroso's conclusions are still in doubt.

As I have stated above, no one at present denies the
lipolytic aoctivity of the pancreatic juice. Wohlgemuth (pp.70 &
73) has olbarly shown that on a fatty meal the lipase concentra=
tion of the pancreatic juice is by far greater than after either
protein or carbohydrates,

Absorption

There is a variance of opinions as to how the products
of cleavage are absorbed. Some claim that they are absorbed as
free fatty acids, while others believe that they are absorbed as
soaps. The more general opinion is that the fats are absorbed
as fatty acids; very little; it at all, as soaps. Moore and
Rockwood (189%3) concluded that fates are absorbed as fatty acids
and soaps. They ask the question, why is it impossible to assume
that a small amount of alkali should not act as a carrier to bon-
vey all the fat in the form of soap into the epithelial cells?
They assume that soaps may be split in the epithelial cells,
sending back the alkali into the intestine, where it can combine
with a fresh amount of fatty acids, the same process being repeated
till all the fat is absorbed, [Kastle and Loevenhart (19wu),
however, were unable to synthesize ethyl butyrate from sodium buty-

rate and ethel alcohol by means of lipase, which would contradict

Moore and Rockwood's assumption. ‘The former's inability to syn-
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thesize the ethyl butyrate from the sodium soap is in harmony with
the facts which point to the non-existance of soaps in the body.
How fat is absorbed from the epithelial cells of the
central lacteal is a question of much controversy. Some claim
that fat is absorbed as such, while others claim that the fat is
absorbed in solution and that it is hydroiized before absorption,
One of the difficulties in finding out what products are poured
into the blood is the fact that we have no method at present by
means of which to determine how the fat exists in the blood. If
the theory of many of the investigators be correct, that is, that
there are lipases in the blood, then we must assume that the latte:
contains fatty acids. The question then is, why is the blood
usually alkaline? The blood, furthermore, can not contain soaps
since Munk has shown that soaps in the blood,Awnen injected, are
very poisonous, We can assume either of two propositions for the
fat content‘of blood: firet, that the blood contains neutral fat,
and, eecoﬁd, that it containé soaps of cholesterol or of other
unsaponi fiable substances. This second assumption would again
force to the front the question of the splitting of fat in the
blood. Wells, and Abderhalden state that the fatty acid and
glycerol are united in the blood to form neutral fat and are re-
moved from the blood very soon after they are formed. This
agrees well with the work of Kastle and Loevenhart and others

who found tnat the blood has lipolytic activity, and furthermore,

tites in well with the fact that the blood is alkaline.,
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Part IX

summarized View of the Processes of Fat Metabolism

Absorption

The action on fats stérta in the stomach, The lipase
splits them into fatty acids and glycerol, and some absorption
takes place. Upon reaching the intestine lipolysis again starts,
principally by the action of pancreatic juice, assisted by the
bile either as a solvent or emulsifying agent, or both, with the
production of a mixture of tat, tatty acids and glycerol, ‘he fat
| is separated from the fatty acids and glycerol by absorption of
the latter into the walls of the intestine. Henée an equilibrium
is not reached in the intestine, and so the splitting continues
until practically all the fat has been decomposed and the products
absorbed, When, therefore, the mixture of fatty acids and glycerol
firet enters the epithelial cells lining the intestine there is
no equilibrium, ifhe lipase immediately sets about to establish
an eqniiibrium, combining them, As a result the cell mixture of
fat, fatty acids, and glycerol, will attain equilibrium only after
fatty acids and glycerol cease to enter pne cell., Now another
factor also enters, for on the other aidé of the cell is the tissue
tluid containing relatively little tatty acid and glycerol. Into
this the diffusible contents of the cell will tend to pass to es=
- tablish the osmotic squilibrium which is quite independent of the
chemical equilibrium (Wells, 19u$). T'his obstruction of part
of the cell contents tends to overthrow chemical equilibrium again,

vthere now being an excess of tat in the cell. The lipase will,
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under this condition, reverse its action (Kastle and Loevenhart,
190v) and split the fat it-has just built into fatty acids and
glycerol,

In the blood serum, and also in the lymphatic fluid,
there is more lipase which will unite part ot the fatty acids
and glycerol, and by removing them from the fluid about the celils
favors osmotic diftusion, which facilitates absorption. The
rpocess in the tissue cells must be exactly as described above,

According to this description, there is throughout theibody con=-
| stantly taking place both splitting and building up ot ftat, The
latter is a resting stage, or in other words, it is an energy
reservoir, mainly, besides the ftew other subordinate functions it
may have,

Resorption

In the light of the above description we can easily see
how fat is resorbed in case of starvation. Kastle and Loevenhart
have shown that subcutanecus fat and the other fat reserves are
very active lipolytically. In time ot want and hunger, the ani-
mal makes use ot its own fat by setting into action its lipase
which will break up the neutral insoluble fat into fatty acids
and glycerol, These, by osmotic ditftusion, are carried by the
circulatory system to the different organs of the body for cén-
sumption, It is probable that they are carried to the liver
firev and from this organ distributed to the othei astive organs
of the body. It has been pointed out by Loevenhart that perie
. ocardial and perinephric fat were both found to be markedly less

active than sub=cutaneous fat, and that during starvationtithey
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are thoe lost to disappear. Tlis Juct would support the above
theory that fat must first be split before it can Le resvrbed,
and that the fat ¢f those organs having more lirolytio power would

necesesarily ve the first to disappear.

In oonolusicn, I wieh to thank Dr. P. F, Trowbridge,
Profenzcor of Agricultural Chemiatry, under whose gensral supere

vielcn this fnvestigution has besn oonduoted,
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