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Literature on Enzymes - General Points 

Early in the history of Physiology substances 

were derived from living tissue which possessed properties 

quite similar to those posses~ed by inorganic catalysts. 
1 In 1830 Dubunfraut effected the hydrolysis of starch into 

sugar by an extract of malt just as had previously been done 

by the use of strong acids in 1812 by Kirchoff. 2, Payen 

and rersoz~ in 1833, were able to precipitate by alcohol the 

active principle of malt extract. 

diastase. 

~hey called the substs.nce 

In 1849 Claud Bernard discovered a substance 

in the pancreas with which he was able . to hydrolyze fat. ~o 

this body he gave the name steapsin. ~his substance has now 

come to be known also as lipase. 

!Jany bodies possessing properties similar to 

those just mentioned were discovered and because of the 

similarity of their action to that of alcoholic fermentation 

the substances ·were called fermemts. After Pasteur sr..owed 

that alcoholic fermentation was caused by the presence of 

living organisims, yeast, such bodies as diastase, lipase, 

etc., ·were known as "soluble" or "unorganized ferments" in 

contradistinction to living substances like yeast which were 

called "organized ferments". 



2. 

To prove conclusively that an unknown substance 

is an enzyme it must present certain characteristics which 

are common to this group of bodi~s. The general properties 

possessed by enzymes are: first, that of simply accelerating 

a reaction already in progress and not of initiating it, and 

second, that of not appearing in the final product of the 

accelerated reaction. 
4 Rettger, in 1909 showed that enzymes in general 

were destroyed by exposure to temperatures ranging from 60° 

to 100°. He thinks the destruction by heat is probably due· 
1 

to some change in the other components of the complex col-

loidal system of which the enzyme forms a part. 

Enzymes in general manifest their greatest ac-

tivity in an excess of water and are :hydrolytic in reaction. 
. . 

As the temperature of water rises so does its concentration 

of hydrogen ~d hydroxyl ions which have hydrolytic action. 

Experimentation shows that cane sugar .can be hydrolyzed by 

water at 100° at a fairly appreciable rate. It is therefore 

not entirely illogical to assume that this .same process might 

proceed at room temperature, but at a greatly reduced rate. 

In support of this assumption Aggazzotti, 5 in 1907, found 

starch solutions to be hydrolyzed spontaneou~ly at compara-

tively low temperatures. Brailsford Robertson? in 1907, 

found the electrical conductivity of a ·solution of casein-

ogenate to incr~ase on standing. Changes similar-to this 

occur when this_ body is acted upon by trypsin. 



So far as we know, the reactions catalyzed 

by enzymes are reversible; but sine~, as investigated in 

vitro, they take place in an excess of water, the equil-

ibrium position is usually very near the stage of complete 

hydrolysis. 

Owing to the reversible character of the re-

actions exhibited by enzymes, it follows that enzymes have 

synthetic properties as well as hydrolytic. 

3. 
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Literature on Lipnse 

In 1849 Claud Bernard7 discovered that the action 

of pancreatic juice in splitting fats is a process analogous to 

that of saponification, the neutral fats being decomposed by 

the addition of water into the fatty acid and glycerine. ~ta 

slightly later date in the same year the enzyme effecting this 

hydrolysis of fats was discovered and given the name, lipase. 

Practically all of the earlier work of Bernard, on this subject 

was corroborated by his contemporary Berthelot, working with him. 

Not until some years after the discovery of the en-

zymes were its possibilities thoroughly developed. Croft Hill 

in 1898 and Kastle and Loevenhart working in 1900 contributed a 

great deal .to our present knowledge of the action of lipase. 

Kastle and Loevenhart~ determined the relative lipo-

lytic activity of the pancreas, k~dney, liver and sub-maxillary 

gland of pigs on 10% extracts of the respective tissues. ~he 

determinations were made by adding l c.c. of the 10% extract to 

tubes containing 4 c.c. of distilled water, l c.c. toluene and 

.26 c.c. ethyl butyrate, incubating for forty minutes at 4ooc~ 

At the expiration of the time the contents of the tubes TTere 

titrated with N/20 KOH. ~he results are as follows: 
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Tissue c • c • H / 2 0 KOH reauired Percent of Hyrol:vsis 

!Pancreas 1.4 3.52 

Kidney o.7 1.76 

tLiver 4.1 10.29 

Submaxillary gland o.s 1.26 

According to Kastle and Loevenhart, long before their 

time there existed a school which thought the hydrolysis of fats 

in the stomach was effected by the action of bacteria in the 

early stage of digestion. Further investigation of the question 

rev~aled the presence of a gastric lipase. It was fom1d, however, 

that the splitting of the fat within the stomach occurred in the 

early stages of digestion because lipase does not resist the ac-

tion of hydrochloric acid. 

Results of other experiments performed by Kastle and 

Loevenhart, in 1909, show the lipolytic,activity of the small 

intestine to be about 75% of that of the pancreas for equal amounts 

of tissue. 

Previous to 1900 it was thought that unless extracts 

of pancreas were made immediately after the death of the animal 

the active principle could not be obtained. As compared to many 

enzymes lipase is an unstable body, but it does not disappear from 

the gland as soon as many commonly supposed. Knstle and Loevenhart8 

found a portion of pig's pancreas to .suffer a decrease of only GO% 

of its original lipolytic activity after refrigeration at 4°c. for 

seven days. Feeble lipolytic activity was found in a pancreas in 
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which putrefactive changes were already in progress. A ground 

sample of pancreas preserved for thirty days in a stoppered 

bottle with thymol was found to be nearly, if not quite, as ac-

tive as it was originally. ~he lipolytic activity of pigs' pan-

creas refrigerated at 1°c. increased quite appreciably within 

forty-eight hours. A 10,fu.queous extract increased from 4. 09j; 

hydrolysis to 4.44~ hydrolysis within forty-eight hours • .An 

increase in the lipolytic activity of tissues extracts of several 

different tissues has been consistently obtained, and according 

to Kastle and Loevenhart, some attribute this increase in lipo-

lytic activity to the transformation of zymogen into enzyme. 

The ability of lipase to hydrolyze fat is dependent on 

temperature. Hanriot? in 1894, gave the optimum temperature 

for lipase as 55°c. The action is retarded at 60°c. and at 

72°c reduced to nil. :Pancreatic lipase was found to increase 

the hydrolysis of ethyl butyrate more or less progressively from 

G0 c. to 4o0 c. ·Above 4o0 c. there was found to be a eradual de-

crease in the activity of the enzyme. Exposure of a 10;~ ext rapt 

of pancreas, by Hanriot, to temperatures ranging between 65°c. and 

7o0 c. for five minutes resulted in the destruction of the hydro-

lytic power of the enzyme. 

Kastle and Loevenhart~ in 1900, fou...~d the gradual in-

crease in the lipolytic activity of hepatic extracts to be more 

variable than that of pancreatic extracts between the temperatures 

of o0 c. and 40°c. The following tabulations represent such a 

comparison. 
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Pancreatic Extract. 

'' emneraturc c.c.H/20 KOH reauired Percent of Hydro lys i:"> 

40° 1.125 2.82 

30° 1.26 3.16 

20° 1.00 2.51 

10° 0.75 1.88 
Qo 0.50 1.25 

Hepatic Extract. 

:::emnerature c.c.n/20 KOH reauired Percent of E.._rd.rolysis 

40° 4.5 ll.29 

30° 
,. 

2.375 5.96 

20° 2.10 5.27 

10° 1.55 3.89 
oo 0.9 2.26 

-10° 0.20 0.7 

Hanriot, 9 in 1894 observed that identical ter.1perature 

variations do not e:i:ert the same influence on lipase obtained 

from diffe·rent sources. He found that the pancreas exhibited 

the same amount of hydrolysis between 1s0 c. and 42°c., while the 

serum produced twice the amount of hydrolysis on monobutyrin at 

42°c. as at 15°c. · 

intestine. 

Ethereal salts other than fats are hydrolyzed in the 
10 Baas, in 1890 discovered the hydrolysis of salol 

in dogs, and in one case 6951a and in another 43.97;. He found 
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methyl salicylate hydrolyzed to 24. 75,; and. ethrl salic;{late 

to 21.2;. Heritsch, 11 in 1875, effected the l1ydrolysis of 

ethyl acetate by lipase. '.::1:ese results stir:mlated :-:astle and. 

Loeven11art to determine the possibility of hJ'-d.rolyzins sor.:1.e 

of the cor.-illl.oner ethereal salts. ~astle and Loev-enhart? usii:3 

the usual amounts of extract and adding the salt in the pro-

portion of t·wice the molecular vrnight of the salts ir1 r:1illig:car:m 

obtained the followi~g results: 

2thereal Salt 

:....~hyl fo 1-r.10.te 
' Lthyl acetate 

Ethyl prlbpionate 

Ethyl butyrate 

Quantity of salt 
used. r.:rams -

0.148 

0.176 

0.204 

0.232 

lT/20 KOH 
reauired cc - .. 

0.65 

0.37 

0.42 

1.26 

• .,_,._y ..., ... 
?ercent of 
uv-drol iTC'i<:! 

1.6 

0.93 

1.05 

3.13 

In checks . on this experiment the same order of 

.: tability was exhibited. Such results show that the higher 

the molecular \7eight of the acid the more readily is its eth;:,d 

ester hydrolyzed by lipase. ~he exception in the percentage 

of ethyl formate can probably be c.ccounted for, accordins to 

Kastle and Loevenhart, by the fact that it is also ver;/ easily 

h;7drolyzed by pure vmter. 

~he final conclusion to be draxm fron1 data. concerning 

the effect of antiseptics upon lipase is that the uore e;err:1i-

cida.l the antiseptic the greater is its ability to inhibit and 

destroy the action of the lipase. ~he two extremes may be seen 



9. 

in toluene and hydrofluoric acid. ~oluene affects the lipo-

ly.tic activity of the enzyme but little, while hydrofluoric 

acid almost completely destroys the activity of the enzyme. 

The toxicity of acids towards lipase was found by 

Kastle and Loevenhart to be directly proportional to the 

strength of the acid. 

The data obtained by Ka.stle /and Loevenhart on hepatic 

and pancreatic lipase shows the rate of hydrolysis by lipase 

to be proportional to the concentration of the en~yme present. 

This is particularly true of hepatic lipase. Unless the 

amount of enzyfne present is relatively high the hydrolysis is 

incomplete. The decreasing velocity of the action of lipase 

on an ethereal salt is due to the establishment of a chemical 

equilibrium between the ethereal salt and water and the prod-

ucts of the reaction,·the acids and alcohol. Besides this, 

there is also an increase in. the ~cidity of the fluid-which oon-

tributes ' ·, its part toward inhibiting the hydrolytic activity 

of the enzyme. 

Croft Hi1112 in 1898 proved the reversibility of . 
the action of maltase by demonstrating the synthesis of maltose 

from glucose and._by showing that the action of mal tase on maltose 

tends to an equilibrium which is the same whether starting with 

glucose or with an equivalent quantity of maltose. 

Ethyl butyrate is unmistakably detected by its odor. 

To synthesize it by tissue extract the extract does not have to 

be fat free. Since from the chemical standpoint neutral fat and 
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ethyl butyrate are analogous, Kastle and Loevenhart~ in 1900, 

attempted the synthesis of ethyl butyrate by lipase. ~hey 

were successful in the attempt to synthesize ethyl butyrate 

from butyric acid and alcohol by the use of a diluted glycerine 

extract of pig's pancreas. Control experiments in which the 

extract ,vas boiled gave negative results. ~hese results showed 

that lipase action is reversible at least upon ethyl butyrate. 

Lipase exists not only in animal organisms, but its 

presence has been demons·trated by mc.ny in both resting and ger-

minating seeds. Sachs, 13 in 1887, pointed out that "the pres-

ence of fats in ~he seedling can only be explained by assuming 

that glycerine and the fatty acids travel from cell to cell and 

are continually becoming reunited for the formation of fat." 

Charabot~4 concluded that the ethereal salts in plants are the 

result of direct action of free acids on glycerine or other al-

cohols. 

In the· section on the review of the literature on 

the fat content of the liver the relations of lipase will be 

further discussed. It will be shown there that fat may be di-

gested, absorbed, transported, deposited and utilized in the 

organism by the agency of the reversible action of lipase. 
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Literature on the Fat Content of the Liver . 

. 
We recpgnize that the liver plays an important 

role in urea formation, the transformation of purine bases 

into uric acid, in ridding the blood of uncombined blood pig-

ments, the transformation of glycogen into sugar and vice 

versa, the storage and probable chemical .transformation of 

fats, as well as in other possible body activities. However, 

we shall here interest ourselves only in the question of the 

presence of fats in the liver through the simultaneous exis-

tence of fat and lipase in that organ. 

H. G. Uells15 holds that fat accumulation may occur 

through two processes, physiological or normal, and pathological 

or abnormal. Wells states that Rosenfeld16 demonstrated that 

one of the principal sources of fat to the body is the fat of 

the ingested food. To demonstrate this point he starved a dog 

until it was as free from fat as possible and then fed fat of 

a type greatly different from that normally found in the animl;,l• 

~he accumulated fat exhibited properties characteristic of the 

fat which was fed. In this same investigation Rosenfeld showed 

carbohydrate to be a source of fat to the body. The fat de-

rived from carbohydrate is quite different from that found after 

a mixed diet. It has a preponderance of palmitin and stearin. 

Very little is deposited in the liver as compared to that de-

posited in the subcutaneous and mesenteric tissues. Fats are 
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not readily formed from carbohydrates in man. In swine and 

geese the opposite condition obtains, fat being readily formed 

from carbohydrates. In the formation of fat from carbohydrate 

a synthesis must occur because the fatty acid radical of the 

ordinary fat is much larger than the carbohydrate radical. La\-:s 

and Gilbert77 sixty years ago showed that animals could syn-

thesize fats from carbohydrates contained in their food. 

llagnus Levy18 found acetic acid, lactic acid, butyric acid and 

hydrogen to be produced by samples of liver effecting the syn-

thesis of fat from carbohydrate under the proper conditions • . 

He was unable to determine the source of the butyric acid but 

the simultaneous evolution of hydrogen suggested an analogy 

with butyric fermentation of sugar. For the explanation of 

the synthesis of this butyric acid from carbohydrate I.Ia.gnus Levy 

accepted the: ·1:1,J'pothesis :rroposed by Uencki. According to 
17 Leathes this same hypothesis may be amplified to explain the 

formation of the higher fatty acids from carbohydrate. ~he 

essentials of the hY]?othesis are: lactic acid is first forr~ed , 

from sugar, and possessing the characteristics of all alpha 

hydroxy acids, readily splits into formic acid and the aldehyde 

with one less carbon atom than the hydroxy acid, in the case 

of the lactic acid and acetic aldehyde. ~he aldehyde formed 

condenses to form aldol, which is the beta-oxybutyric aldehyde. 

It is easily conceivable that butyric acid can be formed from 
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this compound. This hypothesis is not limited to just 

the formation of butyric acid but, by similar means, caprylic 

acid with eight carbon atoms, and so-forth, may be formed. 

That the acids formed must possess . some multiple of two car-

bon atoms is the only limitation to such an hypothesis. This 

is coincident with the fatty acids found in nature, according 

to the same investigator, Leathes. If butyric acid can be 

formed by the liver from glucose according to the above hy-

pothesis, it is quite probable, ~ccord~ng to Leathes, that the 
•· 

liver can effect the synthesis of oleic acid and stearic acid 

by similar reactions. In the co1:1mercial pro duct ion of butyri·c 
' ,. 

acid by butyric fermentation of sugar, enough six carbon 

caproic acid is :produced to be worth saving. Raper19 nt. the 

Lister Institute, showed that along with the production of the 

butyric and caproic acids there is enough eight carbon caprylic 

acid produced to detect and identify. 

·, From ~:x:perimenta.l resu.l ts, Leathes17 says there are 

grounds for designating the liver as the locus of the synthesis 

of fatty acids. He further thinks that perhaps this may in 

some manner account for the fact that there are greater va.riations 

in the amount of fat in the liver than in any other organs of the 

body. In this connection it is not to be forgotten that the 

fatty ·acids found in the liver are more saturated than those 

found in the connective tissue of the organism. 

Virchow15 in 1847 divided the changes which may occur 

in pathological conditions into two groups: "infiltration" and 

"degeneration". According to his view the fat entered the cell • 



from without in the case of infiltration, although there 

vras an enormous accumulation of fat within the cell in the 

form of la~ge droplets without causing any irreparable dam-

age to the cell or nucleus. If, on the other hand, the fat 

remained in the form of small droplets and did not coalesce 

14. 

and the cells themselves exhibited evidence of disintegration, 

the cells were considered to have undergone fatty degeneration 

or the protoplasm had suffered a transfornation into fat. Voit15 

and his school supported this early view of Virchow concerning 

fatty degeneration. Pflftger15 and his pupils were able to point .. 
out what seem to be the essential errors in these investigations, 

so that now Physiologists are supporting the view that proteins 

are a possible source of fat. It has not been established, how-

ever, that proteins are either a common or an important source 

of fat in either physiological or pathological conditions, or 

indeed that they ever do form fat. 

The question concerning the source of fat in certain· 
' 15 types of fatty degeneration has been largely cleared by Rosenfeld •. 

He starved animals until they were almost destitute of fat. Ee 

then fed them foreign fats of high o.nd low melting points and 

high and low iodine numbers respectively. These fats were ac-

cumulated by the animals in the fat depots. After starving a few 

days the liver was again rendered fat free still leaving fat in 

the depots, however. These animals were then poisoned with phos-

phorus or other poisons, which induce so called fatty degeneration 



in the liver and other viscera. On analyzing the liver, the 

fat which was found was not true dog fat but was of practically 

the same type as the foreign fat which the· dogs had deposited 

in their fat depots. Had this been fat derived from the dis-

integration of cellular protein, it would have possessed the 

characteristics of native dog fat, according to Rosenfeid. He 

observed also that dogs which had undergone fasts to the extent 

of almost depletion of the supply of body fat do not develo·p 

the characteristic fatty liver in the case of phosphorus poison-

ing. Quite contrary to ' Virchow's idea, fatty degeneration in 

the liver is fat brought from the storehouses of the organism 

15. 

by the blood and deposited in the liver rather than a transforma-

tion of cell proteins into fat. 
16 Rosenfeld did not entirely clear up the point of 

the sources of fat in degenerating tissue. In the course of his 

analyses on organs he found that there is not always a corres-

pondence between the amount of fat found by chemical methods 

and that found by microscopical methods. This was found to be 

Particularly true of the kidney. He observed that a kidney might 

contain less fat per unit of dry weight than the normai kidney, 

Yet it ~ould show fatty degeneration. It might also contain more 

fat per unit of dry weight and yet show no signs of fatty degenera-
tion. 



The appearance of a large amount of a substance in 

an organ is due either to that substance having been produced 

within the organ, or to its transportation to the organ from 

some other part of the body. Owing to the fact that the liver 

16. 

in the case of the absorption of fats, unlike that of carbo-

hydrates and proteins,is not on the direct channel of absorption, 

Noel Paton raises the question, "7/hat is the role played by the 

liver in the metabolism of fats?" The enormous accumulation 

of fat in the liver during certain seasons and in other animals 

under varying conditions of diet has provoked the idea that the 

liver must play some important role in this connection. 

The probable connection of the liver with fat metabolism 

Was suggested by Nasse20 in a lecture to the Restock Naturalists' 

Society. He reported that Hofmann found an excess of free fatty 

acids in the liver which condition he compared to a similar con-

dition·in sprouting seeds, where the same high proportion of free 

fatty acids exists. From this evidence it would seem that there 

must be a transport of fat to the liver from the body. 

Although c. Voit21 produced the evidence to show 

clearly that fat is formed from carbohydrates he leaves unanswered 
the question of rrhether this transformation is effected by all of 
the organs of the body or in a special organ, for example, the liver. 

Langley, 22 although his evidence is solely histological, 

has given a series of observations on the amount and distribution 

of fat in the liver of frogs under varying conditions. His evi-

dence gives weight to the view that fat is metabolized in the 

liver whenever the general metabolism is active. 
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In the summer all of the fat disappears that was 

accumulated during hibernation. The hibernating frogs when 

exposed to high temperatures exhibit a decrease in the fat 

content of the liver, the individual globules becoming smaller 

and disappearing finally • .A decrease in hepatic fat follows 

immediately after talcing of food to be later increased in amount 

and later still to fall again to normal. 

Examinations of livers of man and other animals re-

veal a wide variation in their normal fat content. Hartley8 

at the Lister Institute ·bears out this statement in the case of 

the fatty acids. 

notwithstanding the fact that Rosenfeld's23 work on 

the determination of fat in the li versof abnormal fat cont·ent 

has been criticised the fact cannot be evaded that the range in 

the variations in the amount ·of the fat in the liver that he was 

successful in producing experimentally was so much wider than 

that in the case of other organs that the U11certainty of his 

methods is not to be considered. The liver ·is the only organ 

· in the body that becomes excessively flooded with fat. 
. . 17 

According to Leathes there are still better reasons 

for thinking that the transportation of fat from the storage 

Places in the connective tissue to the liver is responsible for 

the large amounts of fats sometimes found in the ~iver. One of 
the most marked cases of fatty liver is presented by Rosenfe1a24 

Dogs we.re starved for five days and then given phlorr'hizine on 



the si~th and seventh days. He observed that . this extraordin-

ary accumulation did not occur until after the fortieth hour 

and eight hours later 70% of the dry weight of the organ was 

fat. If the animal were allowed to live 24 hours longer with-

out more phlorrhizing the liver would contain only a normal 

amount of fat. 

18. 

These marked and transitory accumulations are due 

apparently to migration of fat from adipose tissue to the liver. 

The character of the fat produced by the liver is determined by 

that of the stored fat which fact in itself points to the mi-

gratory hypothesis. Leathes says that since the liver seems 

to exJ)erience the most rapid and greatest changes in fat con-

tent it is easy to suppose that the migration of the fat from 

the adipose tissue is to ·the liver. The increase in the fat 

content of the liver may be as high as 300 to 400 _per cent above 

the normal figures as compared to a maximum increase of lO0j~ 

Occurring in other parts of the body. There are certain essen-

tial differences in the fats obtained from the liver, heart and 

adipose tissue. 
' 

Leathes made determinations of the fatty 

acids in the tissues he investigated. He too found the fatty 

acids of the heart and liver to dif1er greatly from the fatty 

acids of adipose tissue. Rosenfeld24 found the power of extracts 

of liver and µeart tissue to absorb iodine to be greater than 

that possessed by the extract :.:. of adipose tissue, in spite of the 



fact that they contained only 16% of fatty acid. ~here is 

perhaps more than one explanation of that fact but it is 

more probable that the fatty acids of the fatty substances 

obtained from the liver and heart were more· unsaturated than 

the fatty substances of the adipos_e tissue. 

Hartley25 is responsible for a great deal o;f vrorl~ 

relative to the nature of the fat in different tissues of the 

body. ~he first point he undertook was the determination of 

the relative saturation of fatty acids obtained ffom the dif-

ferent tissues of the organism. For such determinations a mod-

ification of Lieberman's method was used. Leathes26 had found 

a larger amount of fatty acid soluble in ether but insoluble in 

petroleum ether in the organs than in the adipose tissue. If 
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the acids soluble in petroleum ether are~exposed to the air long 

enough or are heated, they will be rendered insoluble in petroleum 

ether. Farnsteiner3 proposed a method which when applied to sep~ 

arating acids of the linoleic and linolenic series from acids 

more saturated gave evidence that acids even less saturated than 

oleic acid were present in considerable amount. This seemed to 

indicate that there was even a difference in the unsaturated 

acids stored in the connective tissue and the organs of the body. 

With this knowledge in mind, Hartley set about to elucidate this 

difference and thereby.throw some light on the nature of the 

Changes fat undergoes when it leaves the connective tissue, and 

enters the active organs of the body. He found the mixture of 



fatty acids of the heart, liver and kidneys of all species 

tested to absorb more iodine than that from adipose tissue. -

The average iodine value of the organs was-found to be about 

120. The determinations, however, showed a range from 110 to 

140, whereas the iodine values of the adipose tissue varies 

from 40 in the case of the goat to 65 in man. 
27 

Hartley and Liavrogordalo, in 1908, published a 

series of results, which have been corroborated since, whicn 

fu.lly confirm the fact that the more fat there is in the liver 

the more it approaches ~he chemical nature of the fat stored in 

the adipose tissue. This can be explained by supposing that 

When the liver becomes flooded with fat such a condition may 
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be due t ,o an excessive amount of stored fat having been trans-

Ported to the liver. Leathes' view is that this supposition 

admits the inference that the.normal liver receives fat con-

taining a large percentage of saturated fatty acids but these 

acids are prepared for use through a process of desaturation 

accomplished in the liver. Connective tissue fat can undoubtedly 

be traced to the liver. I -f this importation from the connective 

tissue is not excessive the iodine value ·of the fat is similar 

to the iodine value of the' fat of the other working organs of the 

body. This indicates that the liver possesses a mechanism which 

is able to raise the iodine value of the fats it obtains from the 

connective tissues. 
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From a series of experiments performed by Leathe§7 

he concluded that the liver has something to' do with the fats 

absorbed from the intestines even if the ab$orbed fats are not 

t4rown directly into the portal stream from the intestine. Be-

cause of the fact that the fat from the intestines is discharged 

into the systemic circulation all parts of the body have an. equal 

chance with the liver to arrest a portion of it, yet it is found 

that the connective tissue is the only tissue which derives any 
l 111 fat from the systemic circulation besides the liver. The fat 

arrested by the connecti~e tissue is stored unchanged. On the 

other hand the quota of fat taken up by the liver undergoes a 

desaturation. It is supposed that the changes wrought in fat 

by the liver are merely preparatory. vith the final oxidation 

of fats there is a great liberation of energy • . It is likely _ 

that this oxidation occurs in tissues where the liberation of 

energy is most pronounced~ as in the muscles, kidneys, etc • 

. Leathes raises the question of whether or not the 

only change effected in fats by the liver is in desaturating the 

fatty acids. / ' The unorganized fat of adipose tissue is the un-

altered fat of the ingested food. The iodine value of the newly 

stored fat is determined by the iodine value of the fat already 

stored there. This variety of fat contains no phosphorus. The 

organized fat found in the heart, liver, etc., is very largely 

composed of phosphatide lipoid substance. Leathes f urther ex-



presses the idea that perhaps the liver effects the conver-

sion of unorganized fats into organized fat and the desatur-

ation of the fatty acids is a subsequent reaction. Kenneway 

and Leathes 28 have made a number of observations to ascertain 

uhether or not such a change is veiled by the influence of the 

complex phosphatide and nitrogenous basic constituents of the 

more complex molecules such as lecithin. ~he results of the 
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examinations of the different varieties of fatty substance of 

the liver by these observers tend to show that this desaturation 

is effected in the liver in the simple glycerides. ~he phos-

phatides are not the only factors involved. 22 

noel Paton20 performed a series of analyses of 

livers for changes in fat content under the influence of fast-

ing. He found that during starvation the liver not w"'llike the 

other organs of the body, loses weight, the glycogen rapidly 

disappers, but the metabolic changes are continued as is shoi,vn 

by the constant production of glucose, of urea and of the various 

bile constituents. ~hat the activity of metabolism is diminished 

is shovm by the low temperature of the blood l _eaving the organ 

and by the diminished manufacture of the various products of the 

liver. ~his dimunition in the hepatic metabolism in starvation 
31 is further deronstrated by the experiment of Schroeder and the 

32 
more recent observations of Sch8ndorff on urea production. 
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He then raises the question, "Does this diminution 

in the metabolism lead to an increased accumulation of the 

liver fats or do the needs of the organism produce a withdrawal 

of fats from the liver?" ~o elucidate this point he starved 

three kittens fQr 56 hours and fom1d no diminution in the amount 

of fat, as compared to the usual storage of fat from ordinary 

food-cats' milk. 

In other experiments Paton produced an abnormally 

high fat content in the liver. After a fast of sixty-eight 

hours he found it to be g.ot rid of to a large extent, i.e., 

practically a return to the normal level. 

In the case of fasts extending over four days Paton 

found the normal amount of fats in the liver to be unaltered. 

Re wcs unable to demonstrate, however, whether this \70.S indicative 

of a non-metabolism of the fats, or whether it shows a correlated 

decreased accumulation and metabiblism :r.iaintaining the no~mal 

amount. By determining simultaneously the glycogen content of 

the liver he was eble to show that there is no such disappearance 

of fat as of glycogen from the liver in starvation. 

·::hat the source of the fats in the liver is seems as 

yet not to have been deterr:iined. Patonao thinks that the results 

obtained by phosphorus poisoning and phlo~hizin on starving ani-

mals indicates that they might be derived from the body. He sug-

gests that they might be derived fro:r.i. the sugar which sugar is 

certainly derived from the proteins during inanition, although 

he has no experi:r.i.ental proof. 



Experiments of Paton30 und Carter33 conclusively 

show that fat accumulates in the liver subsequent to a meal 

excessively rich in fat. 30 · ?erls observed that this power 

of accumulating fat varies in different animals, and states 

that in the case of the pig's liver this fatty infiltration is 

not easily produced even by phosphorus poisoning. Paton•s30 

experimental results bear out Perls' observations. 

Although it has been shown that carbohydrates are 
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a possible source of fat in the body it is not an established 

fact that fat is formed from carbohydrate in the liver. c. Voit0 

suggests that carbohydrates might be a source of fat in the 

liver and cites his experiments on Strassburg geese, which when 

fed on maize showed an appreciable accumulation of fat in the 

liver. 

Hoppe-3eyler30 is credited with the statement, "':lhe 

formation· of fat in the normal liver is undoubtedly connected ~ith 
30 the formation of glycogen though it may occur later." Paton 

says: "~abulations of the results clearly shoi.v that there is no 

truth in the stateL1ent that .the amount of fat and glycogen in 

the liver in any way correspond,. to one another. 11 Paton~O feeding 

strictly carbohydrate diets got results which seem to indicate 

an increase in liver fat~ due to the carbohydrates. ·.·/hen carbo-

hydrates first enter the body they are converted into glycogen, 

so that if fats are derived from glycogen there will be an in-

crease in the hepatic fat at a period when the glycogen content 



is being decreased. Further e::q_:ie1·iments of Paton revealed 

a marked increase in the fatty acids in the liver at the time 

glycogen was disappearing. If the hepatic fat is derived 

fron glycogen it is to be e~-pected that the most sudden rise 

in fat content would be concomitant to the most rapid decrease 

in glycogen content. 30 Paton's results show this increase in 

fat to occur shortly after the relative de:pl et ion of glycogen. 

Evidence has established the facts that food fats are trans-

ferred. to the liver and stored, but it isn't established. that 

body fats can be so transported. 

In fasting animals Paton30 foru1d. the fat of the. 

liver to remain nearly uniform through the period. of inunition, 

also a persistent absence of fat from the blood sermn. He 

holds that such results militate ag~inst Leathes' view of a 

transportation of adipose fat to the liver. He favors the con-

clusion that by the metabolism of glycogen fatty acids are 

synthesized from carbohydrate v1ithin the liver. 

~he results of Croft Eill~2 Kastle and Loevenhart, 8 

36 37 ~a.ylor, Pottevin, and Eamsick38 are adequate to explain the 

variations in the fat content in the liver during feeding and 
-f> t . ... using. Carter, 33 in this laboratory found a relation to ex-

ist between the fat content and the lipolytic efficienty in the 

liver during the processes of absorption and of fasting. ~hese 

facts invite the suspicion that such a relation obtains in the 

liver in the case of glycogen and amylase, a relation to be in-

vestigated in the experiments of this paper. 

25. 
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Literature on Amylase 

~ittich~9 in 1873 demonstrated for the first time 

the enzyme in the liver which hydrolyzes glycogen. Claud Ber-

nard's40 discovery of the glycogen in 1857 furnished the stim-

ulus for the investigation of \'li ttich. s:c1ortly af.ter ·,'Ii ttich' s 

discovery Bernard advanced the same evidence, independently. 

Pavy 41 about 1897 corroborat.ed the results of 1.'.'i tt ich 
of 

I 
in 1873 and/Bernard in 1877 and shovrnd further that this substance 

from the liver which converts glycogen and starch into sugar :per-

forms its .function independent of even the presence of the tissue 

cells from Yrhen it comes. 

Although the presence of this enzyme in animal and 

plant .tissue is ru1iversally admitted its exact role is a subject 

of discussion. It is_ a known fact that amylase (diastase) is able --....._ 
to hydrolyze glycogen. Glycogen is also knovm to be present 

in b_ody tissue~ ~hese facts according to LicLean 42 rather suggest 

that the function of axeylase in the body is associated directly 

with the cleavage of glycogen into the simpler carbohydrate-sugar. 

On the other hand, Pavy was not reconciled to this 

view and in turn suggested that the enzyt1e is the product of dead 

or dying cells which is derived from an inactive pre-existing 

zymogen. If an an2log-J exists between amylase and other intra-

cellular enzymet~vidence would indi~ate that the only di f ference 

in the influence of amylase on glycogen during life and in vitro 



is one of degree and that its activity is initiated by some 

not yet understood body condition. ( I.Ic1ean42 ) · 

Mendell and Leavenworth43 in 1907 reported the 

absence of glycogen from the livers of pig embryos ranging fn 

size from 85 to 230 m.m. and in 1908 Mendel and Saike44report 

that the embryo liver gradually acquires its diastatic power 

with gro-;vth. 
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~he fact that the diastatic power of embryonic liver and 

muscle is greater than embryonic blood tends to show the digestion 

by the tissues is not referable solely to the blood which they 

contain. Some have held that the transformation of glycogen 

is due primarily to the action of the blood and lyJjph. The re-

sults of Mendel and Saiki attribute a great portion of this dias-

tatic action t _o the enzymes of the cells themselves. The following 

tabulation is the findings of F. Pick18 

100 grams blood digested 0.31 grams of glycogen in 3 hours. 

100 grams liver digested 0.69 grams of glycogen in 3 hours. 

100 grams kidney digested2.~7 grams of glycogen in 3 hours. 

These results show the relative a.mylolytic activity 

of adult tissues. liver is again found to be more active than 

blood. Borchardt46in 1909, believes the enzymes of the liver and 

blooR to be identical but thinks the activity of hepatic ferment 

is greater than that in the case of the blood. That the amylolytic 



enzymes are produced by the liver und poured into the blood 

stream was maintained by Pugliese and Domenichine47 in 1907. 
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Hendel and Saiki44 found developing muscle tissue 

which contained glycogen during embryonic life to give evidence 

during the earlier embryonic stages of a relatively greater 

power of digesting glycogen than was found in the case of liver 

tissue free from glycogen. ~though both of these embryonic 

tissues show a gradual increase in amylolytic power with in-

creasing age, the increase on the part of the liver is relatively 

greater than that of the ·muscular tissue. Lowei, in 1904 noted 

the a.mylolytic power of blood of different individuals of the 

same species to be approximately constant. He also points to 

the variations in anylolytic power associated vii.th age, but does 

not attempt any explanation. 

Kish, 49 in 1906 shcrwed that . the amylolytic power of 

adult muscle tissue ia not dependent on nutritive or functional 

conditions of the animal. Some factor other than a demand for 

sugar by the organism regulates the glycogen conversion ·within 

the o:rganis:r.i. 

Uasse, SO in 1875,. found the activity of diastatic 

ferments to depend greatly on the presence of salts. Addition 

of chlorides, nitrates, and sulphates of sodium, he found the 

dia.stativ power of pa.ncreatin to increase fro:r.i 7 to 31 percent. 

From experimental results throughout the literature it is evident 

that salt not only helps the diastatic action of the ferment but 
' is essential for its ·action. 
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Kendal and Sherman, 51 working with pancreatic 

amylase in 1909, found that "with one per cent starch solu-

tion, however favorable the conditions of salt and alkalinity 

and however large the amount of enzyme, the hydrolysis tended 

to come to equilibrium when the weight of maltose reached about 

85 per cent of the initial weight of starch." Also, "with a 

given amount of enzyme, properly activated, the initial rate 

of hydrolysis was not dependent upon the amount of starch; as 

the reaction proceeded its rate diminished but less rapidly the 

greater the amount of starch present." 

It bas peen proven that glycogen is formed from 

dextrose in the liver. Since the liver is known to possess the 

enzyme diastase, it is to be expected that this enzyme is re-

sponsible for the synthesis of glycogen from dextrose. Wittich 

was the first to show that the liver possessed a material which 

was able to hydrolyze glycogen and starch, thus providing the 

hydrolytic action of the hepatic amylase. 



Literature on the GlycQ_@n Content of the Li:ver 

Glycogen, which is the carbohydrate with which 

we are chiefly concerned in the liver, is closely related 

to the starches and dextrins, heving the general formule 

c6H10o5 • Claud Bernard. discovered and isolated glycogen 

in 1857. He showed the prisence of sugar in the liver as 

early as 1848. · 

In examining certain specific tissues for the 

presence of glycogen he rioted particularly that ·he failed 

to find it in the liver in early embryonic existence. 
53 Pflllger. · reports having found glycogen in all 

of the embryonic livers he examined. ~hese analyses were 

made . on cow, sheep, and pig embryos. In accounting for the 

low values, sometimes obtained~ he says: "One must not draw 

the conclusion that in the earlier embryonic period the 

liver has a oehavior different from that of later life, after 

birth." ~he low content of glycogen in the fetal liver is 

ascribed by Pflftger to the deficient feeding of the mother 

animal; and. he suggests that · the ani.mals killed for sale -w'hich 

furnish the embryos for anaJ.ytical study often fail to receive 

food before being slaughtered. 

30. 

Lockhead and Cramer54 in .1907, reported their results 

of quantitative estimations of carbohydrate in the placenta, fetal 

liver, etc. in series of pregnant rabbits, ranging from the 



eighteenth day to the end of gestation. "The results show 

that at the earlier dates the maternal placenta possesses 

31. 

a considerable store of glycogen, its percentage amount being 

quite comparable with that of a normal adult liver. It remains 

constant until the twenty-fourth day, and then a distinct and 

progressive decrease occurs each day until the end of gestation. 

The results present a striking relation to those obtained from 

the analyses of fetal livers. In the latter, though definite 

a..~ounts of glycogen are found at dates when histological exam-

ination proves negative, the percentage is very low up to the 

twenty-fifth day, when for the first time it rises above that 

of the rest of the fetal body. This, therefore, represents the 

date at which t he liver assumes its adult glycogenic function.It 

will be noted that the time coincides accurately with the decrease 

in the placental glycogen. After this date the percentage of 

liver glycogen rapidly increases, but even at birth it falls 

short of the average found in the liver of an adult rabbit. 

"Neither the placental store of glycogen nor tr.at of 

the fetal liver is affected by feeding the animal on a diet rich 

in carbohydrates." 

The quantity of glycogen in the adult liver is depend-

ent essentially on the food, rest and activity. During hibernation 

this factor is found to decrease while during activity it dimin-

ishes. The quantity of liver glyc(>gen may amount to from 125: t o 

16;b after partaking of large quantities of carbohydrate. Ordi -r; -

a.rily the glycogenic content of the liver ranges from 1.27; to 4J~. 



The preceding review shows that there are numerous 

articles in the literature;siwing information concerning the 

fat and glycogen content of the liver. T~e lipolytic content 
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of the liver has been measured in ccmparison with other organs, 

as has also its amylolytic efficiency. Last year in this lab-

oratory was the first time that the relation of the fat content 

to the lipolytic efficiency of the liver was studied under con-

stant conditions with a fixed variant. 

Consistent studies of the variations in liver amylase 

content to glycogen content have not been made, and to the pres-

ent it is not determined whether there is any correlation between 

the fluctuation of the carbohydrate content of the liver and its 

amylolytic efficiency either following feedin~ or during fasting. 

i~either is it determined whether or not there is an interrelation 

of the fat and lipase content to the carbohydrate and amylase 

relation in the liver •. 

In this study the attempt has been made to collect 

data on the four varying factors in liver composition, - in fat; 

in lipase, in carbohydrate, and in amylase under conditions of 

one variant influencing metabolism with the hopes of discovering 

any , interrelation of these factors in body metabolism. The 

variants whosen for the setting of the series of tests are 

(1) feating and (2) feeding. 
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Exper~mental Procedure 

In this study puppies were used exclusively. In 

oraer to secure animals of stable conditions of nutrition, 

animals of the same age were chosen. The animals in all of 

the series except one were from the same litte~ Quantitative 

determinations of the liver were maa.e for fat, carbohydrate, 

lipase and amylase. 

The puppies in each series were fed dqual quantities 

of mixed food for a period of at least three days, in most 
-instances five days, -to establish a relativ~ly stable conditi~n 

of metabolism in the different members of the group. 

At the end of the preparatory diet the sets of 

pups which were to undergo inanition received no food. These 

ani~als were decapitated consecutively at intervals of one and 

two days until the entire £eries was disposed of. 

After the puppies undergoing the feeding experiments 

had established relatively stable conditions of nutrition, they 

~ere fasted for 24 hours. At the expiration of this time they 

were ·given a diet consisting of an excess of fat end sugar in 

milk. These a....~imals were killed at varying intervals throughout 

the period of di gestion and abs orption, namely, three , five, e i ght 

eleven, and fo urte~n hours. 

The l ivers v,ere exc ised, and aft er r,ost mortem exam-

i r:ation were di vi ded into ssmpl es of t en e-r a.ms each. ~he 

sam1-,les were v,eighed on a Sar:torius balance, which is se1~si tive to 

tenths of a milligram. · These ten gram samples were then ground 
separately 



with ten grans of sund and the resulting paste TTas used for 

the qus.nti tati ve d.eterr::inations of fat, carbohydrate, lipase 

and amylase. 
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Sru:iples for fat c1etermination •;1ere dried in a des-

sicator to constant '\7eight. '.:'hey v:ere then grou..11d in a uortar 

and transferred to the fat extractor. ':'he form used v:as Greene's 

moa_ificatior.. of the So::chlett' s fat extractor. '::he extraction by 

ether :proceeded for eight hours in each case. '::he resulting ex-

tract was dried to constant ueight. '::his final ueight represe~ts 
• 

the ether extractable fat from a ten gra:n se..rnple of fres}1 liver 

tissue. ~·he portion of liver which rer.::ained in the extraction 

cup to oe dealt '.7i th later is a_esii:;nated as the fat free sar:1ple. 

::i'or the determination of carboh;7drate the cethoc1 of 

;1obt. C. Le\-:is ana_ Stanly B.. Denedict57 for the 1'Estir:1a.tio11 of 

Sugar in Stmll (uanti ties of Blood'' rras modified so that it could 

be used in the case of the lifer. 

'.2he f ollor:ing is the detail of the procedure: ~he 

ten grao sa:.1ple of liver which had been ground with sand v1as 

transferred to a 100 c. c. volumetric flask and uacle u:p to the 

raark. : .. fter. this sur.iple had stood for tr:enty-four hour.3 to L.10.::e 

sure that all of the gl;-y-cogen of the liver v:as converted into dex-

trose, a 10 c.c. aliquot of the 11brei" was transferred to a 51) c.c. 

volur:1etric flask. 25 c. c. of a sat1..1.ratecl uquoous solutio:.1 of 

picric acid vw.s added a.:ad the flasi:: fillec1. to tho ::,~r:: 1;:i th dis-



tilled water. This was filtered to rid the solution of the 

protein precipitated by the picric acid. 8 c.c. of the fil-

trate was transferred to a large Jena test tube. To this 

was added 2 c.c. of saturated picric acid, 1 c.c. of a ten 

per cent sodium carbonate (together with two drops of mineral 
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oil and two glass heads). ~he contents of the test tube were then 

evaporated over a free flame until precipitation occurred. After 

3 c.c. of distilled water was added the mixture was again heated 

to boiling when the precipitate vras completely dissolved. s:'he 

resulting solution was co·oled, diluted until the intensity of 

its color approximated that of the standard solution. ~he color 

of this solution was compared to a permanent standard solution 
57 , 

of picramic acid. This standard solution possesses the sar~e in-

tensity of color as that obtained by the proposed method of Lewis 

and Benedict Tiith .64 mgs. of dextrose when the final volume of 

the reaction fluid is made up to 10 c.c. ~he . Dubosque Colorimeter 

,vas used. 

For calculating the amount of sugar in the sample 

it is to be renembered that in the original 100 c.c. volumetric· 

flask there was only 96.4 c.e. of liver extract, the sand occupy-

ing the remainder of the volume. 



~he method used for the quantitative determination 

of lipase is essentially the same as that used by Kastle and 
35 Loevenhart. .The results given in this dissertation are de-

rived. from turbid extracts of ·MQrei" of the fresh liver tissue 

also from tissuEi extracts of the fat-free liver tissue~ Such 

an extract ·will be denoted as a fat-free tissue extract of liver. 

The turbid extract was prepared by transferring the 

ground sample of liver to a 100 c.c. volumetric cylinder and made· 

up to the mark with distilled. water. 1 c.c. samples of the ex-

tract were incubated with· 4 c.c. of water and three drops of 

toluol for an hour at 40°0. At the expiration of the hour the 

tubes, with' tight fitting tops were removed and the contents were 

titrated against N/20 Ha.OH • . ·\'J i th each sample run there were two 

checks ru.."'1. Che ck Ho. I contained 1 c. c. of the extract and. 4 c. c. 

of water. Check no. 2 contained only water and ethyl butyrate. 

As soon as the first titration was completed .5 c.c. of ethyl 

butyrate was added to all of the tubes except Check Ho. 1. The 

tub.es were then incubated at 40°C. for 24 hours, after which 

their contents was again titrated against H/20 UaOH. The figures 

in terms of c.c. N/20.NaOH then represents the-amount of -alkali re• 

quired to neutralize the fatty acid liberated by ethyl butyrate. 

on hydrolysis with lipase. In all but the last series this ex-

tract gave a higher figure for the same series than ·did that from 

the fat free tissue. 

Lipase determinations were made on the tissue remain-
.. 

ing after the extraction of fat. This tissue was ground for two 



minutes. 35 c.c. of water was then ad.d.ed. and. the mixture 

ground. for thirty seconds. This was then strained. through 

a cloth (standard bleached domestic) after another addition 

of 35 c. c. of water. The ·whole was allowed five minutes in 

which to strain. At the end of five minutes that liquid which 

had not passed. through the cloth was squeezed through. ~his 

extract was then made up to 100 c.c. The rest of the determina-

tion is the same as that in the case of the turbid extract except 

that l c.c. of the fat free extract was used. 

Determinations of amylase were mad.e only on the tur-

bid extract, but checks were run on each sample. For work such 

as this where a comparison of arnylolytic power suffices, the 

method recently devised.by ·:1o1gemuth58 is very reliable. A series 

of Jena test tubes ure arranged. containing successively increasing 

amounts of the turbid extract. To this extract in the tubes, which 

are immersed in ic_e water ~o prrest the action of the enz~e, 10 

c.c. of a .1% soluble starch solution is added. These are now 

placed in a water bath and incubated. at 4o0 c. for thirty minutes. 

At the end of the incubation period the tubes are removed. to the 

ice bath Yrhere three drops of N/10 iodine was added to each tuhe. 

All of the tubes were next diluted to the same volume with water 

and.their colors compared. "The last tube to show the starch 

iodine blue was taken as the "limes" and the "D" calculated. The 

"D" means the number of c .c. of .1% starch ·carried to the endp_oint 

by 1 c.c. of the enzyme in the incubation period."59 In making 



up the solution of soluble starch (Mercks) the neutral salt 

sodirun chloride was used ( .9%) as a solvent and dilut ant. 



III Experimental Results. 

l. Determination of variation of fat, lipase, 

glycogen and amylase content of ·the liver 

in relstion to fasting. 

39. 

Two sets of puppies were used for these determina-

tions. Both sets ·were cqmposed of two broken litters of dif-

ferent ages. . . ' Each animal was fed the same quantity of a con-

sta.nt mixed diet fox_-.a period of five days to insure uniform-
...... 

· itj of metabolism. One animal of each series was killed at 

the expiration of.24 hours after the last feedine. This animal 

was regarded ss the standard or normal against which the others 

of the series were compar~d. T~e remaining animals were de-

capitated at varying durations of fasting. 

Since no consistent studies have been made on the 

relation of the amylas_e content to the glycogen content of 

the liver during fasting, we may hope by this study to deter-

mine if such a relation exists between tr.ese two factors as has 

been found to exist between the fat and lipase in the liver 

under similar conditions. Also we hope to determine if any 

interrelation exists betv.•een the fat-lipase relation ·and the 

carbohydrate-amylase relation during a period of fasting. 



Fasting Experiment No. 1. 

Series 1;0. 1. 

For this experiment a litter of three terrier 

puppies in prime condition and of aver&ge body weight of 
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2330 grams was used. They were fed equal run.cunts of a con-

stant mixed diet for five days. The first puppy (normal) 

w~s killed at the end of the first twenty-four hours of the 

fast. The other two were killed at 48 and 96 hours after the 

last feeding· • . The liver was analyzed for fat, lipase, glycogen 

(determined as sugar) ·and amylase. 

In comparing variations in fat, lipase, glycogen, 

and amylase in this set of experimental animals their ages and 

relative sizes must be considered. ~he first animal of 

this set was at least a month older than the remaining members 

of the group~ It was also·practically double the other mem-

bers in weight. This same animal had a much larger liver 

than the rest of the puppies. 

Table No. 1. 

Giving the analytical data from 
the puppies of Series 1. 

I •s:vs fasted . 1 2 . 
Lipase-in terms of c.c. N/20HaOH 
·ce r ten gram sample . 732 1008 . • • • • . 
?:.:; rcent of fat . 4.5 4.9 . 
: nits of amylase in a ten gram 
::: ::,mple : 321 321 

_, e r cent of glycogen and. sugar: 1.7 .75 

4 

236 

6.5 

2410 

.74 
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Table 1 shows the lipase content to rise quite 

appreciably during the first 48 hours of the fast. At 96 

hours the lipase content fell to less than what it was in 

the 24 hour animal. The percent of fat gradually increases 

from 4.5 in the normal to 6.5 in the animal undergoing the-

96 hour fast. During the first 48 hours the amylase content 

does not change, but at the 96 hour interval it shows an 

enormous increase, rising from 321 units to 2410 units. The 

sugar decreases a.bout half during the second 24 hours, but 

does not seem to decrease during the last 48 hours. Perhaps 

the most striking change to be noticed in the comparisons of 

this series are: first the greet increase in f.mylolytic content 

in the final stages of the experiment, notwithstanding the de-

cre8se in carbohydrate content, and second, the graduel in-

crea.se in the percentage of fat. 

Fasting Experiment No. II. 

Series no. 2. 

Four mongrel puppies from two litters were used 

for this experiment •. Anirr.als numberl and 2 referred to in the 

table were about 18 weeks old and number 3 and 4 were about 

14 weeks old. Their average body weight was about 3900 grams. 

The diet preceding the fast lasted five days. The normal animal 

was decapitated 24 hours after the last feeding. The three re-

maining enimals were decapitated at intervals of 4, 7, and. 11 

days after feeding was discontinued. 
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It must be borne in mind that the animals 1 and 
' 

2 in this experiment were four weeks older than numbers 3 

and four. Numbers 1 and 2 were considerably larger than 

3 and 4 as their weights indicate. 

At autopsy cracklin breed wes found in the stoma.ch 

of number 4. 

The following table will show the data obtained 

from analyses on the liver for fat, lipase, carbohydrate 

and amylase. 

Table No. 2. 

Days fasted . 1 4 7 11 . 
Lipase-c.c.N/20 NaOH per 
10 gram sample . 1118 1118 515 684 . 
Per cent of fat . 2.5 4.1 4.1 3.8 . 
:'nits amylase per 10 grams 200 209 178 803 

L'er cent of glycogen . 1.6 .36 .54 .87 . 

The lipase content hardly changes during the fi rs t 

four days. The 7th day shows a decr~ase to about half th~ 

original amount and finally there is an appreciable rise in 

the 11 day animal. There is an increase of 1.5 per cent in 

the fat content of the liver during the first 4 days. At the 7 

day period there is no change from the four day period. After 

the 11 days of fasting there is a slight decrease in t he fat 

content. The amylase content rises between the first and fourth 

day of the experiment. On the 7th day the amylase is low, but 
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more than quadrupled at the 11th day. Finally the carbo-

hydrate decreases as the fast progresses tcough the results 

are not very consistent. 

The data of this series shows a tendency for the 

lipase content to diminish during the earlier and middle 

stages of the fasting and of the fat to gradually increase 

during the same period. The amylase on the contrary, exhibits 

an enonnous final increase while the carbohydrate content on 

the whole decreases. 

A true comparison of the variations of fat, lipase, 

glycogen and amylase of the liver during fasting rests on the 

assumption that we are measuring the content in terms of units 

of active protoplasm. Both fat and sugar are inert substances 

in the liver, and since neither lipase nor amylase issoluble in 

them a relative increase in these inert substances per sample 

of fresh tissue would apparently cause a decrease in the quantity 

of enzymes present, whereas there might be · an increase in the 

quantity of enzymes per unit of active tissue. To eliminate 

the possibility of controversy over this point we have calculated 

the fat, lipase, glycogen· and amylase in terms of fat free tissue. 

The quantity of sugar found in the series of puppies used for the 

fa.sting experiments was so small that . we have disregar~led its 

presence in calculating the factors in terms of active tissue. 
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Tables 3 and 4 give the data of fasting experiment 

numbers 1 and 2 recalculated in terms of fat free liver. 

r:'a.ble No. 3. 

The analytical data of fasting 
experiment number 1 calculated 
in terms of fat free liver. 

:-_;a ys fasted . 1 . 
_;___ i -pase - c.c. N/20 NaOH per 10: 
gram fat free liver . 761 . 
\' a t- per cent of fat free liver 4.7 

/· m;s·lase- Units per 10 grams of: 
f at free liver : 333 

Sugar- per cent of fat free 
l iver . 1.78 . 

2 4 

1058 252 

5.2 6.9 

337 2578 

0.79 . 0.71:t 

Such corrections as table 3 shows are given grapi:-

ically i n chart 3. The curves of veriation are only slightly 

accented· in comparison with the total tissue basis of calcu-

lation. 

Table No. 4. 

The data of f~sting experiment' 
number 2, calculated on a fat 
free liver basis. 

Days fasted 1 4 7 

Lipase- c.c. N/20NaOH per 
10 grams fat free liver 1140 1152 536 

Fat- per cent of fatfree 
liver 2.5 4.2 4.2 

Amylase- units per 10 
grems fat free liver 204 217 185 

Sugar- per cent of fat 
free liver 1.67 0.38 0.57 

11 

704 

3.9 

827 

a. 9 
Chart 4 gives a graph exhibiting the results stated in Tabl e 4. 
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2. Determination of the variation of fat, 

lipase, glycogen, and amylase content 

of the liver in relation to the taking 

of a meal rich in fat and carbohydrates. 

45. 

For obtaining data on this point two litters of 
/ six puppies each were used. To establish relatively st~ble 

metabolism throughout the groups each animal was fed the 

same quantity of a constant mixed diet for five days. The 

standard or normal animal was killed 24 hours after the last 

feeding. The remaining five animals of the set were then fed 

a meel ri~h in fat and carbohydrate. '.:;hey were then killed 

at varying intervals during digestion and absorption. 

Feeding Experiment No. I. 

Series Ho. III. 

The average body weight of the six 5 weeks old 

puppies used in this experiment was about 1670 grams. Ap-

parently they were all in good condition as was judged by 

their alertness. 7he ani~al used for the·standard was killed 

24 hours after t~e last meal of the five day preparatory diet. 

The remaining five puppies were each fed 30 c.c. of miik con-
. 

taining 19.5%-fat and 10% dextrose and killed at intervals of 

3,5,8,11, and 14 hours during digestion and absorption. 

Autopsy on series 3 revealed the presence of gastric 

and intestinal worms in each puppy. In one average case the 

worms taken from the small intestine alone were sufficient to 
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fill a one ounce bottle. 

Table 5 gives the data showing variations in 

the li11ase, fat, glycogen and amylase content of the liver 

per 10 gram s ample of fresh tissue. 

Table No. 5 • 

• rf ours after feeding 0 3 5 8 11 14 

Lipase- c.c.N/20 NaOH 
required for 10 gram -
sample 983 742 645 838 886 877 

Fat - per cent 2.9 4.0 4.8 3.8 4.7 4.59 

Amylase- uni ts per 10 
gram sample 482 318 241 602 267 370 

Sugar- per cent 7.4 8.2 7.2 7.19 7 .09 · 9.99 

The variations in the lipase and amylase are almos ; 

identical, see chart 5. Both enzymes decrease during the f i r st 

five hours of digestion and increase during the middle and later 

periods of the test. · In the 8 hour animal the amylase was un-

usually high , a variation for which no obvious exceptional con-

dition was found. At the 14 hour i nterval the lipase does not 

'· change, but the amylase rises appreo iably. 

Both the fat and carbohydrate increase during the 

first 3 hours of absorption. The f at rises in the 5 hour ani~al, 

falling and rising alternately throughout therest of the period 

but always greater than the normal. In the 5, 8 and 11 hour 
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47. 

Feeding Experiment No. 2. 

Series No. 4. 

The six mongrel bull puppies used in this experi-

ment were from the same litter and of an average body weight 

of 1133 grams. After they were fed a u.nifor:n mixed diet for 

five days, they were fasted for 24 hours. The nor:nal animal 

was then killed. The others of the set were given 30 c.c. of 

milk containing 19.5~ fat and 10% dextrose and killed at inter-

vals of 3, 5, 8, 11, and 14 hours after the test meal. At 

autopsy they were found to be badly infested with intestinal 

and gastric parasites, a condition thay may have a bearing on 

the variations shown in the analytical data of the series. The 

resulting analytical data is tabulated in table 6. 

Table Ho. 6. 

:fours after feeding 0 3 5 8 11 14 

Lipase- c.c. N/20 Na.OH 
required 342 260 342 183 216 163 

Fat - per cent 4.8 6.8 4.6 6.13 4.8 10.9 

Amylase - units 536 321 229 385 482 241 

Sugar - per ceny 5.89 0.77 5.17 8.36 9.15 3.22 

The lipase content varies but little in this 

series. The normal is hieh in lipase, possibly for some ex-

ceptional reason. The other determinations show a curve increas-

ing at the 3 and 5 hour absorption periods and decreesing later. 

The fat also shows great variation, amounting to nearly 11 per 

cent at 1 4 hours. 
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A gradual fall from 535 units fun the normal 

to 229 units in the 5 hour test marks the .initial cb,ange 

48. 

· in the amylase content. It rises through the 8 and 11 

hour periods and again falls in the 14 hour animal. Barring 

the s· hour period in feeding series 3, the two curves in 

liver amylase agree in showing a decrease during the ac.ti ve 

stage of food absorption. ~he percentage of sugar in the 

normal is 5.89 per cent. In the 3 hour period it is inex-

plicably low, only 0.77 per cent. It rises more or less 

gradunlly to the 11 hour stage r1here it is 9 .15 per cent • . 

~he 14 hour a.nimnl shows again·a low sugar content. ' .d. 

variation suggested in chart 6 is the general tendency for 

the sugar content to decrease when the fat increases nnd 

vice versa. 

:'o forestc.11 the objectio:'1 that t:he absolute 

and possibly the relative variation in one factor during 

t his series of c crnparisons might be hidden by t he relative 

increase or decrease in the amount of the inert factors of 

fat nnd glycogen, we have referred all of our data derived 

from the feeding experiments to the s ame standard, namely a 

unit of act_i ve fat and glycogen free tissue. ~ables 7 and 

8 present this data. 

Feeding Experir.1ent Ho. 1. 

Series no. 3. 

In this table, the fat, lipase, glycogen and. 

amylase factors are calculated in terms of 10 grams of fat 

and. sugar free tissue. 
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Table Ho. 7. 

Hours after feeding . 0 3 5 8 11 14 . .. 

Lipase- c.c.n/20 UaOH: 
per 10 gram sample :1091 846 729 .939 1001 1026 

Fat - -per cent . 3.2 4.6 5.5. :4.3 5.3 5.0 . 
A.'nylase - units per 16 
gram sample . 535 362 272 674 301 433 . 
Sugar - per cent . 0.3 9.3 8-.1 s.o 8.0 11.6 . 

The cy·cle of variations shovm on this basii of 

computation differ .from those showing the computations based 

on the total tissue chiefly in the later stages of absorption 

in which the stored fat and glycogen is gteatest. 

Chart 7 shows the lipase and amylase to exhibit 

very similar variations. It also shows the fat and glycogen 

content . to va.ry more nearly simultaneously. 

Feeding Ex-_periment Ho • . 2. 

Series Ho. 4. 

Table 8 gives the results . of the an·alys es of the 

livers of series 4 in terms of fat and sugar free tissue. 
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~able Uo. 8. 

Hours after feeding . 0 3 5 8 11 14 

Lipase- c.c. n/20 HaOH 
per 10 gram fat and 
sugar free tissue . 379 281 376 212 251 190 . 
Fat - per cent of fat: 
and sugar free tissue: 5.3 7.3 5.0 6.4 5.5. 12.7 

Amylase- units per 10: 
·gram fat and sugar free 
tissue . 593 346 252 447 559 279 . 
Sugar- per. cent of fat 
and sugar free tissue: ·6.5 0.8 5.6 8.7 19.6 3.7 

~his Lletho~ of calculation Droduces little vur-

iation in the form of the curve of variation of the factors , 

of thi s series though the absolute values are sharply in-

creased by t4e relatively high content of fat and glycogen, 
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IV Discussion and Summary. 

rn entering upon. a discussion of the variation 

and relation of fat, ~ipas~,glycogen and · ar.1ylase of the 

liver duririJ( fasting and after fee cling, it is necessary 

51. 

that we establish certain premises. Under certain conditions 

of our e~'l?Eirirnental procedure we have :producea. both an in-

. crea$e and a decrease i n the amounts of the factors we are 
. . 

studying.· Since in definite pathological states these :Jau1e 

substances are known to undergo similar variations in quo.n-

ti ty, it is expedient that vre ascertain v;hetheir or not these 

conditions with \7hich we are dealing here are pathological 

or normal. Studies made in this laboratory last year by 

Carter on t he fat and. lipase . content of the liver unde.r con-... 
ditions of feeding and f asting suffice to show t hat ~he con-

dition of our experimental animals was at all time s within 

physiological limits. Granting then that -..,;e are dealing rr ith 

animals ·all ·of 1.7hich are normal it i s our problem t o account 

for the variations we have found in our experimental ru:i:imals 

on a purely physiological basis. 
1. ' ~hroughout this entire study we are haL'l1,ere d. -in 

drawing any but tentative conclusi ons by the l a ck of consi s -

tent ·experimental results. I n the fir st fasting exi,eri~en t s 

we find an initia~ rise in lipase content at t h e 48 hour per-

iod and a fall a t 96 hours whil e i n the s econd s eries o f te s ts 

there is a slight initial fall in this factor at t he 96 hour 

period. :'he fat content. i n both series rises during t he 
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earlier part of the fasting test, but at the end of eleven ·. 

days fast instead of rising, as we supposed it would, decreased 

slightly. Granting that our methodsof arriving at these 

results are correct · the two series agree. But it ·will evidently 

require many additional series to determine the typical 
• · physiological reaction to fasting . Here it is that ne find 

our data to be inadequate. 

Leathes has pointed out that the fat in the liver 

mi ght be an intermediate step betvveen the source of the fat 

and its fate in oxidation. Hartley has indicated that when 

fat is taken into the _syste:c1 a part of it is used i mmediately 

and that which is not i r.ir:1ed.iately oxidiz.ed is laid down a.s the 

fatty constituent of adipose tissue. It has been further 

suggested that during _fasting after the supply of oxidizable 

carbohydrate has been depleted the fat which is laid do ~n in 

the fat depots is in some manner utilized. lfo w if ·ire consider . . 

that tne fat as it is found in the fat depots is not organized 

or not of the proper chemical composition for oxidation, but 

that the liver is able to organize or prepare such fat for oxi-

dation we must also explain ·a mechanism by which this unorgan-

ized fat can pe transported to the liver for organization or 

desaturation as Leathes calls the process. For a long time 

lipase has been known as the substance in the body which is 

able to effect the hydrolysis of fat and thereby render the 

non-diffusible substance diffusible. Also it was shown by 
l 

Kastle . and Loevenhart that this enzJ~Je is reversible .in its 

action. Ti efore the uno~ganizmd fat of the fat depots can 
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enter ~he blood stream to be transported to the liver for 

desaturation it is necessa!y for it to first be converted 

into fatty acid forming soluble soaps and glycerine, both 

of which substances are diffusible. Whatever the source 

of lipase is the erosion of this unorganized depot fat occurs 

and it is transported to the liver by the blood where through 

the agency of the lipase of the liver cells an infiltration of 

fat into this organ occurs. Using the results of Carter's 

rrnrk on this question, with the first stage of fast t :'-ere is · 

a decrease in the amount of lipase in the. liver. '.(o explain 

this initial fall in the lipase content we must assume a de-

crease in lipase coming to the liver or decreased production 

in the liver · cells. :"le have no ci.ata to determine this question 

of source of lipase. '.lhe liver had not yet responded to the 

stimulus to produce more lipase. ~he subsequent rise in the 

lipase content is attributed to· an over production of lipase 

in response to the stimulus within the organism for more ox-

idizable material. During fasting fat is generally thought 

to be one of the last of the ·body materials to be burned for 

energy, carbohydrate being.the first. ~he lipase which is 

eroding- the depot fats will, under our assumption, pro duce more 

fat in the bloo:d-1- stream than will be used imrJediately by the 

body and hence we will have an infiltration of fat into the 

liver since the amount of. lipa~e is at all times presumably 

in excess of the immediate needs of the tissue. 
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Both of our fasting experiments tend. to substantiate 

this hypothesis as far as the fat content is concerned.. ~he 

results obtained for the lipase fabtor in one series is at 

variance with the above explanation of res:ul ts. ~'le attribute 

certain of our non-typical results-to varying conditions of 

age and size of the individual animals within the sets of ex-

perirnental animals. '..'ii th this sort of material we cannot 

hope to obtain the happiest results and it is very difficult 

to obtain large litters of puppies for experimentation. 

~he explanation for the variation of the t wo factors 

in animals· af t er a meal rich in f_at is easier on practically 

the same basis as that offered for fasting. In feeding, the 

fat is absorbed by the blood and is thus tramsported. to the 

liver. Since this happens rather rapidly digestion lipemia 

occurs. ~hus there is produced an initial decrease in the , 

lipase content of the liver. For the rest· of t he period of 

absorption we would expect the lipase content of t he liver to 

recover to at least the normal .and remain practically un-

changed assuming, that tho liver in reaction to this · stimulus 

produces an excess of lipase. 

Our results show a tendency tovmrds these variations 

although they are not entirely in keeping with other results 

obtained from similar experimentation. ~hroughout our studies 

there was a tendency for the fat content of the liver to in~ 

crease during the entire period of absorption. ~11e lipase 

curves for both series showed the primary depression, .and 

throughout the rerm.inder oj the test t :.ey present a relative 
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constancy. ~he presence of such a great number of gastric 

and i~testinal parasites in the young puppies quite possibly 

produced variations in physical condition among individuals, 

that we could not check. 

~he results we have gotten for the variation of 

glycogen and amylase are not entirely consistent. However, 

the 1~esul ts foT glycogen are in accord ·,;i th the results ob-

tained b;/ other investigators. In series 2 of' fasting ani-

mals the analysis of the liver of the last animal revealed a 

slight increase in the glycogen content. ~his 2.nimal showed 

bread in its stomach at the autopsy. Since carbohydrate is 

the first material burned in the body we would eX1lect the 

supply of carbohydrate to be deplete cl quite suddenly to supply 

0nergy for the organism. ~he liver being one of t ~e princi?al 

storage pl2.ces f or glycogen 17e would expect the glycogenic 

content of the liver to decrease· rather suddenly. In one set 

of experiuents this is w1m.t actually hap pened. In the other 

fasting series the glycogen li.ecreased, but it v:as more gradual 

e.nd prolonged., the .probable better picture. Experimentation 

by ot11ers has shovm that glycogen is ir:ipossi ble to remove com-

pletely , but that it drops to a low level a11d rei~mins there. 

Corresponding to the initiai decrease of glycogen there was a 

tendency towards only a very slight rise in the areyla.se pontent. 

~hat sugar in the blooll: is taken from the blood and stored in 

the liver and other tissues of the bod.y is a discovery of Claude 

Bernard. Later he discovered the enzyme which is able . to effect 

this tramsforrJation. E~g1iese and Domenichine47maintain that 
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the liver is an anw1:a :~e producing cr gan. ':le have here a case 

analogous to that of i'.::.;; t...1. cl lipase in many respects. In re-

sponse then to the stimulus of the need of oxidizable material 
•• ,;;e \YOUld. naturally expect an initial decrease to occur due to 

an outflow from the liver of the enzyme to other parts of the 

bod.y vrhere glycogen is storea_. Since our first analysis was 

not 1:iade until. at least 24 hours after the fast started and 

glycogen is 6ften sharply depleted. within that tir.1e we could 

not expect our curve to shmv an initial decrease in the amount 

of this factor if it were present. I think we are justified 

in saying that glycogen and. amylase in general each run a def-

inite and characteristic cycle of variation during fasting. 

~he re sults, however, are not consistent throughout the entire 

period of experimentation as we are a.gain deali:i1g with animals 

of varying age and size. 

The results we have. obtained for the glycogen and 

runylase content of the liver after a meal rich in fat and carbo-

hydrate are disappointing as regards the glycogen content. ~he 

liver is regarded as a regulator of the amount of sugar in the 

blood and tends toward keeping this factor constant. If then 

a large sup:ply of carbohydra_te I s absorbed. by the blood :Ye would 

expect the glycogen con tent of the liver to increase propor-

tionalmly. ~his happens_ normally, especially as is shovrii for 

rabbits. One of our series showed this rise to occur, but the 

other showed a comparative enonnous decrease in the 3 hour 

animal (possibly an exceptional case), later to rise and 

ultir.mtoly to fall. Since the liver is so situated in the 
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portal syster:1 that the absorbed sugar passes through it first, 

it is natura l ·to suppose that c. great deal of the blood sugar 

of absorption would be stored as glycogen in this viscus. ~he 

ar.iylas e sho\'JS c consistent fall in both series clurins t}1e 11 erio d 

of ct i gest ion and eosJ:rption, the 8 hour animal in series 2 

being the one exception. 

'2he puripies used i n these t r:o feeding expe rit1e11ts 

'.Vere so b adly infected ,..,i th gastric 2nd intesti11al parasites 

t ·hat disturbed. r:1etebolism m.1st have l)een inevitable. It is . 

f or t h is reas on that we consider these experiments as tentat i ve 

only. ·::e expect to ex-p eri r:: en t further on this pr obler.1 a t a 

later date. 

In fasting Tie find the fat content of the liver to 

i ncreas e wit il just before the supply of depot fat is exhausted. 

'.::his was Carter's finding though my results are not so ex treme 

as his. Carbohydrates as we ax,plained 'before, are practically 

all used up at a.n early period. -:,'hen the fat con tent of the 

liver shows its initial increase we find the carbohydrate to 

h rc:ve undergone a rel a ti ve~y greater decrease. it is hardly 

probable that this glycogen is converted into fat for the fat 

content continues to rise long after the carbohydrate is used 

. up. ;_'fe should al so expect the lipase and amylase to run corres-

ponding cycles of variation in fasting , the changes occurring 

in the amylase cycle earlier than in the lipase cycle. 

In concluding, let us say that although the re s ults 

of our experiment are not aQequate to demonstrate that an inter-

relation exists betneen fat .·-lipas e· t:.nd. glycogen-amylase, they 
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at least sue;gest t hat such a relations hi p does exi st. Further 

experimentation on this ques tion is necessary be f ore any def -

init e conclusions can be submitted. 



General Protocol for Fast in~ E:1.--periment Ho. 1. 

Series 1 . . . -

Hours durut i o:u 0£ iG.SiJ 24 48 96 

Ini tia.l rrnight of animal - grams 2310 1103 2550 

Fin2vl weight of anirn.al - grar.is 2300 1095 2500 

Loss of Yleight - grams 10 8 50 

Loss of weight - per cent 0.4 o.s 2.0 

Liver - total wei ght - grams 125.3 90.7 95.7 

'.'later in sample - per cent 75.3 74.2 72.6 

Solids, sugar and fat free- per cen 26.2 28.0 29.9 

Fat in Samf>le - gra.IY1S 0.454 0.496 0.652 

Fat in whole liver - grams· 5.68 4.49 6.23 

Fat - per cent 4.54 4.96 6.52 

Fat in fat free tissue - per cent 4.75 5.22 6.98 

Dextrose in sample -:- milligrams 171.4 75.2 74.2 

Dextrose in 10 gm.fat free liver -
ipilligrams 178.3 79.0 77.9 

:Dextrose in sample - per cent 1.71 o.75 o.74 

Dextrose in fat free sample- percen~ 1.78 o.79 0.77 

Lipase- c.c.H/20Ha0H required per 
10 gram sample 732 1008 236 

Lipase - c.c. n/201:aoH requirea 
per 10 gram fat free sample 761 1058 252 

Lipase- c.c. H/20 l!aOH required per 
whole liver 9186 9125 2260 

.Amylase- units per 10 gram sample 321 321 2410 

.Amylase- unit s per 10 gram fat free 
liver 333 336 2578 

.Amylase- units per whole liver 4022 2911 23063 



General Protocol for Fasting lli::periment lTo. 2. 

Seri OG · :: • 

Days duration of fust 1 4 · 7 11 

Initial weight of animal- grams 4012 4386 3605 3595 

Finc.l ':!eight of anir.u:l - grar:m . 4000 4300 3500 3450 

Loss of 1.veisht - grar:is 12 86 105 145 

Loss of weight - per cent .3 1.6 3.0 4.2 

Liver - total ·weight - grams 155 128 90 97 

Viater i n sample - per cent 78.2 75.5 75.6 77.4 

Solids, sugar and fat free -percent 20.1 21.9 22.5 21.7 

Fat in sample - grams .253 .411 .412 .38 

Fat in whole liver - grar.is 3.92 5.26 3.70 3.68 

Fat - per cent 2.53 4.11 4.12 3.8 

Fat in fat free ti ssue - per cent 2.58 4.29 4.29 3.96 · 

Dextrose in s ai::i.ple- oilligrams 163.3 36.6 54.3 87.0 

Dextrose in 10 gm. fat free liver-
milligrar.1s 167.6 38.2 57.0 90.8 

Dextrose in sample - per cent 1.63 0.36 0.54 0.87 

Dextrose in fat free · sainple-1iercent 1.67 0.38 o.57 0.90 

Lipase- c. c .n/2GHaOH required per 
10 grar.1 sample 1118 1108 · 515 684 

Lipase- c • c • :r / 2 on aOH required rier 10 
gram fat free sample . 1140 1152 : . 536 704 . 
Lipase- c.c. n/201raOH required per 
whole liver . 17332 14190 4641 6639 . 
Amylase - units per sample 200 209 178 803 

.Amylase - u.::1i ts per 10 gram fat free 
liver 204 217 185 827 

Amylase units per '.vhole 7 • 3107 2677 1605 1799 - ..:..iver 



General .?rot ocol for FeediLg Experiment · :ro .1 

Series 3. 

1Iours after f eeding 0 3 ,... 8 11 1 4 0 

·,·:e i ght of o.ni ca l - graEs 2000 1500 1600 1750 1650 1 60 0 : 

Liver, total v,eight - gra:ns 81 101 95 78 78 93 . 
:?at i n S8..L1ple - grams .291 .404 .485 . 38 4 .470 .459: 

~~at in nhole liver - grs2:1s 2.'35 4.08 4.6 2.99 3.66 4. 26: 

Fat - :per cent 2.91 4 .04 4.85 3.84 4.74 4.59: 

FE>.t in fat ~ 11d sugar free 3.2 4.6 5.5 4.3 5.3 5.3 
S8.r.11; le - per cer1t 

Dextrose hl sa.r..1ple - milltgrams 746.1 824.3 721.0 719.4 709.8 999 • . ', 

Dextrose per wh ole liver- n:g1.as 6225 8916 6849 5 611 5536 9283. :; 

Dextrose - per cent 7.4 G.2 7.2 7.1 7.0 9.99: 

Dextrose per fat and sugar - . 8 '7.. 9.3 8 .1 8.0 s .o 11.6: · ..... 
free so,mple - per cent 

Lipase - c.c. u/20 UaOH req_uir-
ed. pe r sornple 983 742 645 838 886 887 . 

T • .uipase- c. c. n/20 IIaOH requir-
ed p er 10 gm . fat and sugar 
free live r 1091 846 729 939 1001 1026 : 

Lipase- c.c. iJ/20UaOH required 
]?814 whole liver 7964 7496 6135 6541 6917 8158: 

A.m;irlase - uni t s per sample 482 318 241 602 267 370 

Amylase - units per 10 gm . fat 535 362 272 674 301 433 . 
a~1a. s ugar free l iver 

.ci.uylas e - m1i ts per ,;;hole liver 3904 3213 2289 4699 2082 3442: 
I 



General Protocol Feeding Exper i ment :To . 2 

Series :Tur:1b er 4. 

Eours aft er _fee di ng 0 3 5 8 

·.-:e i ght of ani r.~a l - gra~:1s 1200 1 200 1 200 1 250 
T • total ··r'- g rD.L18 43 37 42 38 .:..;l ver , \. u . -

Fat i n s ampl e - graos . 480 . 682 . 4G4 .613 

1::at i n i.-,rh ole l i ver - gr ar1s 2 . 0G 2 . 52 1.94 2 . 33 

:?at - per cent 4 . 8 6 . 8 4. 6 6 .1 

Fat pe:r fat and. sngar free 
s ~u:1.9le - V\ t:), ") .. 

,!:'v .... C f:':ll t 5 . 3 7. 3 5 . 0 6 .4 

Dextrose in s ar.1ple - mi lligr ams 589 77.7 517 83 6 

Dextros e pe r v:h ole liver - mgr.is 2536 287 2172 3178 

Dextrose - per cent 5 . 8 9 o .77 5.17 8 . 36 

Dextrose per fat n11d. sugar free 
s a:r.ple - per cent f 6.5 0. 8 5 . 6 0 .7 

Lipcs e iJ/ 2 0 lJaOH 
I - c . c . r equir-

ed per sar:1pl e 
J 3 . 42 260 342 1 83 

Lipase - c .c. n / 20 lJa OH 
I requir-

ed. per 10 gm . fat and. sugar free 
s wr.ple t 3 79 281 3 7 6 21 2 

Lipase n / 20 1:-IaOlI I - c. c . requir-
eel per whole l i ver 1163 963 1 437 737 

.Amyl ase- m1i t s per s ~mpl e 535 321 229 385 

.Amyl ase - unit s per 10 g;-n . f a t 
and. sugar free liver 593 346 252 447 

A.r.iyl ns e - u...YJ.i t s p er whol e l iver 2300 1187 963 1 465 
I 
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