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THE FAT AND LIPASE CONTENT OF THE LIVER 

Chapter I. Introduction 

1 
Kastle and Loevenhart demonstrated the reversible 

action of animal lipase in 1906. This fact strengthened the 

conception of metabolism held by many biologists that all 

metabolism is a catalytic process effected by enzymes and per

petuated through the prevention of attainment of an actual 

equilibrium. 

There are numerous works showing that under com-

parable conditions enz~ne activity if not proportional to the 

quantity of enzyme present is very nearly so. We have found 

in the literature but little evidence showing whether with a 

fluctuation of the fat metabolism in an organ there is or is 

not a corresponding change in the lipase content of that organ. 

The object of the present work is to ascertain if 

any broad correlation exists between the lipase content of 

an organ t and its state of fat metabolism. We have chosen 

the liver as an organ t with its lipase content and fat metaboliam 

as the two factors under oomparison. 

It is expedient at the outset to review some of 

the properties of catalytio agents. Looked at chemioally 

a striking oharacteristic of the ohal~es taking plaoe in the 

metabolism of the living organism is the ease with whioh 

bodies, of highly stable nature are broken down. As an example, 
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glucose is oxidlsed to cr Drbon dioxide pnd wp.ter, ~r 0 tein~ 

to ani:no ~~cid~, Et riC neutr~ l f8 t~ t ,J fh ;: t:,r f;.cids r ml tl~,rcerine. 

Un~er ordinEry l &borntory conditions powerful re ~ ge n ts such as 

boili~[ hydroJhloric acid are necessury to effect this type 

of hydrolytic splitting, in contrfst ~ith the facility wlt~ whic 

whic h it occurs in t he livinf body, a fact towhich atte n ~ion 

was c~lled long since by ~erzelius. 

However it is ~mown thct lmder certf. in Inboratory 

cO L1di ti ons,,' highly strble compounds o&n be grev tly altered 

in their rate of renction, either in their process of dis

association ') r s plitting up; or in the converse ~) f this re&c

tion, s~7nthesis or the buile.. i ng up. Oxygen and hydrog.en, for 

instcnce, at ordinary te~peratures coMbine so slowly that 

the lJroduct water c f,nnot be det"ected by ordinnqr wethods :,ret 

the addi tion of minute qUf,nti ties of finely eli vided platinum 

is sufficient to greatly accelerate the re~ction. 



- 3-

II. Review of Literature 

A. Enzymes and Enzyme action. 

I. Enzymes in General. 

1. Early views. 

2}* 
Berzelius in 1835 was one of the first to 

point out the possible biological significance of such 

accelerated reactions. He indicated the difficulty of 

explaining the complex phenomena of organic life with the 

aid of the chemical conceptions current upto that time ; 

derived largely from the study or inorganic chemistry. 

He then drew attention to the discovery of certain reactions , 

in which one of the concerned members appeared to take no 

permanent part in the change but could be recovered unalter-

ed in amount. Thus he refers to the formation of grape 

sugar from starch by the action of dilute acids as reported 
3 

earlier by Kirchoff in 1814, also the observation made for 

the first time by Dubrunfaut in 18304 that an extract of malt 

converted starch into sugar just as did the acid. Bayliss 

gives the quotation from Berzelius: "We have reasons, well 

founded on fact, to make the assertion, that in living plants 

and animals, there take place thousands of catalytic processes 

between tissues and fluids" 

* In reviewing the early literature we have summarized mainly 

from monograph by Balylss "The Uature of Enzyme Aotion". In 

all suoh instanoes, note is made in bibliography. 
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(Berzelius coins the word catalysis from the Greek wordsKa~a 

and)...lJO . meaning loosening down.) 

Three years after Dubrunfaut had reported on the 

activity of the malt extract, Payen and persoz
5 

precipitated 

by alcohol from such extracts a substance which could be 

dried and kept, this they called diastase. 

As more substances with similar properties became 

known they were called "ferments", on account of the resemblance 

Olfl their activity t oo the alcoholic fermentations. When pasteur 

had shown that alcoholic fermentation was due to a living or

ganism, diastase and other bodies like it were designated as 

"soluble" or "unorgan:iz:ed ferments" in contrast to the living 

organisms which were designated as "organized ferments". 

The double use of the word "ferment" led to confusion, 
6 

which induced Kuhne in 1878 to ~uggest a new name in an 

interesting passage, of which Bayliss gives the translation: 

"The later deSignations (e.g. organized and unorganized fer

ments) have not gained general acceptanoe, and in that on 

the one hand it was objected that chemical bodies like ptyalin, 

pepsin, etc., could not be oalled ferments, since the name 

had already been given to yeast-cells and other organisms 

(Bracke) while on the other hand it was said that yeast-cellS 

could not be oalled ferment, because then all organisms, in

Oluding man, would have to be so designated(Hoppe-Seyler) 

Without stopping to inquire further why the name excited so 

~uch opposition, I have taken the opportunity to suggest a 

new name, and I give the name enzyme to some of the better 
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known substances, called by many the "unorganized ferments". 

This is not intended to imply a particular hypothesis, but it 

merely states that enzyme something occurs (for example, in 

yeast) that exerts this or that activity, considered to belong 

to the class called fermentative. This name is not, however, 

intended to be limited to the invertin of yeast, but is rather 

intended to imply that ~ore complex organisms, from which the 

enzymes, pepsin, trypsin, etc. can be obtained, are not so 
1 . 

fundamentally different from the unicellular organisms, as 

some people would have us believe. 

2. Definition of Enzyme 

To realize the suggestion made by Berzelius, that 

is that there were close analogies between inorganic catalysis 

and organic ferments or enzymes, has been closely followed up 

and fairly established, we have only to refer to the opening 

lines of the late English edition of Euler's "General Chem

istry of Enzymes". 

"The name enzyme is given to animal or vegetable 

substances • • • which are able to accelerate chemical reac-

tions. The term enzyme is thus included in the much more gen-

eral term catalyst. By catalyst we understand a substance 

Which, without being required by the accelerated reaction or 

appearing in the final compounds, alters the velocity with 

which a chemical strives to attain its final condition." 



-6-

7 Bayliss for convenience, divides chemioal re-

actions into two classes: (1) Those which take place in-

stantaneously, for example, silver nitrate and sodium chloride 

give at once a precipitate of silver chloride. (2) Those 

which take a measurable tilJle to arrive at their final state, 

for example, the inversion or hydrolysis of cane sugar. 

He then defines a "catalyst" as a body which 

alters the rate of reactions of this latter class. From the 

present status he defines an enzyme as the catalyst produced 

by the living organism. 
. 8 

Catalyst as originally defined by Ostwald is of 

the Bame nature as those quoted above. 

It should be pointed out that E. F. Armstrong an~ 

it. E. Armstrong' and others believe that a catalyst may start 
~,,,,, 

a reaction. These authors define a catalyst as "The agent 

which brings about the inclusion of the interacting substances 

in the circuit within which the change takes place so soon as 

the circuit is established, the electrolyte being the actual 

agent by which the change is effected". In their discussion 

they may be quoted as follows: "Obviously, however, the 

electrolyte m4y in some measure be regarded as the catalyst, 

and, as a matter of fact, it is generally regarded so in the 

case of the hydrolysis of ethereal compounds by acids. 

"The distinction between the view promulgated by 

Ostwald and that which we advocate lies in the fact that we 

do not admit that aotion is either possible or ever takes 



-7-

plaoe between two non eleotrolytes, suoh as hydrogen and oxy

gen for example, but hold that aotion sets in only when a 

suitable electrolyte is present together with the two sub

stances thought of as interacting directly, though in reality 

they interact only indirectly. Thus 

H HO ••• • .H 0 

.+ + .. 
H lio ••••• H 0 

(Electrolyte) 

HOH 

HOH -+ HO ••••• H " ijQ 

HO ••••• H HO 

(Eleotrolyte -2 H.OH) 

"In suo~ a oase, the eleotrolyte .is the catalyst, 

the occurrenoe of change being determined by and dependent on 

its presence: it does not merely accelerate the ohange but 

gives rise to it by making it possible. The ohange may be 

and is promoted, however, by the inclusion in the circuit of 

a SUbstanoe, such as platinum, whioh by oondensing or combin

ing with the gases, promotes their association with the eleo-

trolyte. There~ore, if the term oatalyst be restricted to 

materials whioh act merely by increasing the extent to whioh 

substances are brought into interaotion and only as intermed

iaries, the definition given by the Ostwald sohool may be 

aocepted as satisfaotory: whereas, if the eleotrolyte be re

garded as the effeotive oatalyst, this is not the oase, as the 

oatalyst not only determines the ocourrenoe of interaotion, but 

oontributes, ex-hypothesi, of its own substanoe, to the ohsoge 

ahd is only reoovered unohanged, i.e. undiminished in amount 

beoause it is constantly being ohanged reversibly." 
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As to whether we are to consider that catalysts 

(enzymes) are able to initiate a reaction or not, is beside 

the question at point in this paper. In the above de fin-

itions, as will be noted, all agree on two points;- that a 

catalyst alters the rate ~f the initiated reaction, and 

that enz~~es behave as catalysts. To the latter part of 

this statement there are certain apparent exceptions, to 

which we will refer later. 

3. Terminology. 

Before proceeding further with the question of 

enzymes, it is advisable to refer to the terminology of en-

zyme action in general. As previously mentioned, enzymes 

were first classed as ferments, later as unorganized ferments 

and later by Kffhne in 1878 given the name enzyme. It is de

sirable to have a name for the substance on which the enzymes 

exert their activity. "Hydrolyte" would serve when the action 

is one of hydrolysis, but such terminology would exclude the 

synthetic processes such as the formation of neutral fat from 

the fatty acids and glycerine. Loevenhart and Peirce in 

190610 suggest the use of the term "zymolyte". It has been 

Objected to by Bayliss and others that the name applies only 

to the cases of enzymes and excludes other catalysts. The 

Suggestion of differenoe is, we think,to be minimized. No 

really satisfaotory name has as yet been suggested. On the 

whole, "substrate" as introduced by the German school. and now 
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used by the maj ori ty of writers, would seem to answer the 

purpose best, and will be used in this paper. 

In following a uniform terminology in designating 

the different enzymes, it was suggested by Duclaux that the 

termination "ase" should be taken as denoting an enzyme, and 

that this ending should be added to the name of the substrate, 

e.g. lactase for the enzyme accelerating the hydrolysis of 

lactose, likewise, lipase, the enz~ne accelerating the hydrolysis 

of fat lipoids. By far the great majority of the writers in-

clude in the term lipase, the enzymes which accelerate the 

hydrolysis of fat, also the enzyme which accelerates the hy-

drolysis of such other esters as ethyl buytrate, etc. others 

use the term esteras . for the enzyme which accelerates the 

hydrolysis of the lower esters, ethyl buytrate, etc., reserving 

the term lipase to deSignate those enzymes which accelerate the 
true 

hydrolysis of what they term/fats. Since the true fat s . are 

also esters, it would seem that the term esterase can not be 

made specific. In this paper the term lipase will be used to 

include the enzyme which accelerates the hydrolysis of the 

lower esters such as ethyl buytrate. This involves the ques-

tion of the identity of the enzymes which accelerate the hy

drolysis of neutral fat and of such esters as ethyl buytrate. 
11 

Professor Armstrong has pointed out that the 

terms ,"amylotic" and "protolitic", used to designate enzymes 

whioh attaok staroh and protein respectively are incorrectly 

formed. "Amylolytio in analogy with "electrolytio" should 



mean a decomposition by means of starch. Professor Arm

strong12 advocates the use of the termination "clastic" 

instead of "lytic" in speaking of the action of any enzyme 
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on its substrate. Professor Armstrong is also responsible 

for the introduction of the word "catalyst" as preferable to 
he 

"catalyser" and/ventures to deprecate the use of the expres-

sion "to catalyse" - both because it appears to lack euphony 

and to be unnecessary if not undesirable." 

II. Lipase 

1. Hydrolytic and synthetic qualities. 

~he fat splitting enzyme now called lipase was 

discovered by Claude Bernard in 1856. The work on the li

pases of the body tissues is reviewed by Connstein in 190412 

13 and especially by C. Oppenheimer, 1909 • 

We are especially concerned with the lipase 

found in the liver. Hanriot in 1896
14 

demonstrated the 

presence of a hydrolytic lipase in the extract of liver • 

• Although the hydrolysiS of starch into sugar by malt extract 

had been known since 1830, it was not until 1898 that Croft 

Hill
16 

demonstrated the reversibility of this reaction. 

USing a 40 per cent solution of glucose, he demonstrated the 

synthesis of maltose in the presence of maltase. Kastle and 

Loevenbartl in 1900 were the first to demonstrate the reversible 

action of lipase. Fresh aqueous extract of liver. or of pan-
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oreas and of other tissues, were shown to synthesize with 

ethyl buytrate when placed with dilute buytric acid (K/10 

to N/20) and ethyl alcohol (sufficient in quantity to bring 

the whole to lt per cent). The physiologioal importance of 

this reversibility of lipase action was justly emphasized by 

Loevanhart16 • He explains the absorption of fat by this 

phenomena. Hanriot in 1901
17 obtained a buytric ester of 

glycerol, monobuytrin by means of lipase acting on their re-
18 . 

spective constituents. Pottevin in 190Z obtained synthetio 

mono- and tri-olein. Also Hammsick in 190919 and others 

have ,demonstrated the reversibility of enzyme aotion. It 

would seem that it is merely a question of proper conditions 

in order to be able to obtain synthesis from all enzymes. 

2. Faotors influencing the rate of action. 

a. Coferment. 
20 Magnus in 1904 working with the extract of beef 

liver, made the observation that its action on amylsal±oylate, 

depended on the presence of two substances, one of the nature 

of an enzyme, non-dialyzable and destroyed by boiling, the 

other dialyzable and not destroyed by boiling, but soluble in 

water and absolute alcohol and not destroyed by ashing. This 

latter substance he called a ooferment. Hewlett in 190521 

was able , to show that the panoreatic juioe as secreted po,sessed 

comparatively little aotion toward the esters of the lower 

fatty acids. He holds that the principal function of the 

bile 1s to render the lipase more aotive. 
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22 A. S. Loevenhart in 1906 was able to confirm the 

observation made by Magnus, and further showed the so-called 

coferment to be bile salts. He also observed that when ethyl 

buytrate was used, no coferment was noted. He suggests that 

the action of the bile salts may have been to put the sal~cy-

late in solution~ Therefore, he would deprecate the use of 

the term coferment as a general one. 

b. Chemioals. 

As regards other conditions, the first thing 

requiring attention is the part played by water. 
19 

Hammsiok 

in partioular has called attention to the importanoe that 

water plays. He employed a high degree of dessioation and 

has Sucoeeded in demonstrating a thirty per cent synthesis 

of tri-olein from its companents. 

That this fact is not antagonistic to the syn

thesis of fats in the cells, where it is known that the per-

cent of water may be as high as 80-90 per oent, has reoently 
23 

been emphasized by Bradley in 19l2 • He says: 

"It has been shown similarly that panoreatio 

lipase tends toward the complete hydrolysis of triolein 

if water is present to the extent of 50 per cent of the 

reacting mixture, and the more water present the more rapid 

1s the hydrobysis. If less than 50 per oent of water is 

present, equilibrium is reached before hydrolysis is oom-

plete. It requires, however, a relatively small amoWlt 
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of water to secure a relatively large de~ee of hydrolysis 

and oonversely a high degree of dessioation is neoessary to 

produoe noteworthy syntheses. This faot, however, does 

not exclude the possibility of enzyme Bynthesis in oells 

where the total water content approximates eighty per oent ) 

sinoe there is abundant evidenoe of the faot that oonoentra

tions in looalized portions of the cell may be far greater 

than in other adjaoent portions." 
are 

Many chemioals/known to influenoe the rate of hy-

drolysis by an enzyme. Kastle and LoevenhartlO first 

noted the inhibiting action of hydroflour.io and sodium 

flouride on the ester splitting property of liver and pan-

creatio extraots. 
24 George Pieroe, working with Loevenhart, 1906-07 

noted that very weak ooncentrations of sodium flouride, 

1 to 500,000,000 aooelerated, while sqlutions of a greater 

conoentration inhibited. The greater the amount of en-

zyme present, the less the inhibiting effeot of the given 

oonoentration of sodium flouride. He interprets this as 

proving that there exists a quantitative relation b~tween 

the enzyme and the sodium flour ide • 
25 The same year , C. G. Souder, wo rking with Loevenhart,S', 

reports that bile salts, leoethin, and bile greatly acceler

ate, the aotion of panoreatio Juice on ethyl acetate, ethyl 

bUytrate, ethyl propionate,diaoet1n, triacetin, and olive 

Oil. They oall attention to the faot that the effeot of 

these aooelerators on the hydrolya18 of one ester, is no 

index to the degree of aooeleration which will be noted on 
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other esters. They emphasize the fact that different ex-

perimental conditions alter greatly the degree of accelera

tion. 
13 Oppenheimer in 1909 in speaking of experimental 

conditions, repo~ts among other things too much toluol in-

hibits the enzyme action. The concentration of toluol 

employed by Kastle and Loevenhart was about two per cent. 
26 

Terroins in 1910 found that the amount of aotion 

of pancreatic lipase on olive oil was increased by sodium 

chloride, bromide, iodide and flouride in dilute solutions, 

but decreased in more concentrated solutions and in the 

order named. 

Pekelharing in 191227 studied the aotion of a num

ber of halides of the alkalies and the alkaline earths on 

the activity of panoreatic lipase in the hydrolYSis of olive 

Oil. He oonsidered the increase to be due to the formation 

of insoluble soaps from the metallic elements added reacting 

with the oleio acid formed whereby the latter is removed from 

the sphere of aotion. 
28 Falk in 1913 working with the castor bean lipase, 

reports on the aotion of various salts. Deoreased aotivity 

as compared with aqueous solutions was shown by all the uni

valent salts observed (XI-NeF, X F; LiCl; Na C2H3.2) and the 

deorease was proportional to the salt present. Since the 

potaSSium salts had a greater retarding effeot thanthe sodium 

salts, he oonoludes that the metallio as well as the non-
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met_llio parts of the salts affect the activity of the 

lipase. Loevenhart and others having previously attrib

uted the inhibiting action of NsF to the non-metallio ele-

ment F. Increased activity was shown by dilute solutions of 

the chlorides of barium and oaloium, by more ooncentrated 

solutions of sodium sulphate, by magnesium sulfate, and by 

the ohloride and sulfate of manganese. He sums up by 

sqing that "If an explanation of the retarding actions of 

the various salts be looked for, it may perhaps be found in the 

ooagulation of the enzyme (either ~one or together with 

other substanoes) by the addition of the salts, the ions of 

which produce their individual specifio effeots in eaoh oase. 

The unionized moleoules may also take part in these reactions. 

The aocelerations oannot be explained in as Simple a manner 

exoept, perhaps , for the cases where increased fo~tion of 

aniiDal lipase (as by manganous salts) may be assumed." 

In a later paper, Falk reports on the aotion of 

some organio substanoes on the aotivity of oastor bean lipase. 

Kethyl aloohol and ethyl alcohol show a marked retardation 

action. Glycerol shows no retarding action, exoept in very 

oonoentr,ted solutions. Methyl and etql esters show a small 

inorease in lipOl,tiC aotivity, with increased oonoentration 

of ester, while the glycerol esters show a marked increase in 

aotion with increase in the oonoentration o~ the ester. From 

the experimental evidenoe presented in these papers, he pOints 

out the possibility of explaining the se1eotive aotion of 1i-

pases on different esters. This we quote: 
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"Now when these results are taken into oonsidera

tion, it seems justifiable to extend the explanation advanoed 

for the aotion of the simple aloohols to the action exerted 

b7 the simple esters; i.e. the ester causes a preoipitation 

or coagulation of substances in the oourse of which the 

active lipase materia1 is partia117 or Wholly removed from 

the sphere of aotion. Kethyl aoetate and ethyl aoetate 

show least increase in activity with increasing oonoentration 

of ester and therefore the greatest inhibiting action. 

Glyoeryl acetate (triaoetin) shows the greatest increase in 

activity with increasing oonoentration of ester and therefore 

the least inhibiting action. These results are exactly 

similar to those obtained with methyl and ethyl aloohols and 

glyoerol. That the actions are not oontrolled entirely by 

the aloohol radicals is apparent from the fact that the tri

aoetin, even the dilute solutions, do not show a proportion

ality between the amount of ester &nd the action. Falk 

advances ohemioal evidenoe whioh he believes to prove that 

enl7Dles are of a protein nature. 

fOllowed b7 other authorities. 

o. Radiations. 

In this view he is not 

Enzymes are 8eDsi tiTe to oertain rad.iations. Marshall 

J ~ 1'., and Rowntree in 1913 working on the theory that the 

inoreased growth in plants, notioed when they are subjeoted 

to radium emanatIon, and the reported therapeutio effeot of 
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radium treatment in gout, was due to aooeleration of an 

enzyme aotion. He found that no aooeleration was exper-

ienoed on the liver lipase (pigs) or the oastor bean lipase, 

when these were subjeoted to radium emanations. On the 

oontrary, inhibition of the aotivity is suggested. 

Riohards, 191430 finds that a short radiation 

with the X-rays has the effeot of aooelerating en.ymatio 

aotivity, while a long radiation inhibits it. 

these two there is no effeot. 

d. Temperature. 

Between 

heat. 

Unlike other oatalysts, lipase is destroyed by 

Reoently, Walker,Kendall and Day have observed 

a thermostable lipase, both in the filtrates of broth oul

tures of oerta in aoid-fastbaoilli and in the organisms 

themselves. An attempt should be made to ohoose an op-

timum where the proportional destruction of enzyme oomes 
32 into oonsideration as little as possible. Euler pOints 

out that optimum temperature is dependent on the amount of 

emzyme present, and the phase of the reaotion oonsidered. 

Very ill-defined is the so-oalled "optimum tempera

ture", the posi tion of whioh depends entirely on the period 

or phase of the reaotion oonsidered. Indeed, even at the 

optimal temperature, the enzyme undergoes partial destruotion 

during the reaotion, so that if oomparison is made of the 

time taken for the reaction to prooeed to the extent of one

half, the optimum is apparently lower than if only the first 

fifth of the reaotion is oonsidered. For praotical purposes 



it is of interest to know the tamperature at which the 

reaction proceeds most rapidly, and it would then be best 

to consider the time in which say, 90-95% of the substrate 

is decomposed. In any case in giving the optimum temper-

ature, it must be stated for which stage of the reaction 

it holds. 
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I 
Kastle and Loevenhart left tubes containing 4 c.c. 

of water, 0.1 c.c. of toluene and I 0.0. of a 10 per cent 

liver or pancreas-extraot for five minutes ~n baths at 

40°,30°,20°,10°, and _100 Q so that they assumed these 

temperatures. Ethylbuytrate (0.26 0.0.) was then added 

and the solutions titrated after 30 minutes. 

sUIts are tabulated as follows: 

. 
'-

. . 

Their re-

F Peroentage hydrolysed : 
____ ~T~e~m~pe~r~a~t~u=r~e~ __ ~:~By liver-ext. : Pancreas-Ext.: 

40° C 

30 

20 

10 

o 
.10 

11.29 

5.96 

5.27 

3.89 

2.26 

0.70 

2.82 

3.16 

2.51 

1.88 

1.25 

The value obtained by Kastle and Loevenhart with 

liver-extract at 40° C has been questioned reoent1y by 

Euler. Hanriot obtained similar results with his"esterases" 

from serum and panoreas. 



-19-

It has been shown that lipase is muoh more re

sistant to heat in the presenoe of its substrate, expeoially 

if the substrate be a fat. In 1890 Sullivan and Tompson~ 

found that invertase would withstand uninjured~ a twenty

five degree higher temperature in the presenoe of oane 

Sugar than in its absenoe. As they point out, it is diffi-

oult to oonoeive how this is aocomplished unless the enzyme 

enters into some kind of a oombination with the sugar. 

For lipase the optimum temperature is variously 
o given in the reoent taxtbook. Euler gLves 38 0 as an op-

timum with a maximum of 60
0 to 750 0. These factors, es

be 
peoially the latter will/influenoed by the nature of the 

preparation. If in solution the presenoe and ooncentration 

of other substanoes will influenoe both the optimum and the 

maximum temperature. 

e. Ratio of Enzyme and Substrate. 

Aside from the numerous substanoes not true members 

of an enzymatio equation . whioh may influence the rate of re

a~tiont there are the true elements of the' equation, as for 

example, the enzyme, the substrate. the produots, and the 

1nter~relations of the last two with the first, all of whioh 

are known to influenoethe rate of reaotion. Already, it 

has been pOinted out that the enzymatio reactions differ in 

certain details from the reaotions in which an aoid is the 
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oatalyst. In the latter oase the reaction progresses in 

accordance with the law of mass action. This law tells us 

that a reaction prooeeds at a rate proportional to the eon

oentration of the reacting molecules. 

One of the most important physical properties of 

enzymes is their colloidal nature. This is shown by the 

fact that they do not pass through parchment, or do so very 

slowly. This property would seem as Bayliss states it the 

"only essential one whioh distinguishes enzymes from the 

other organio oatalysts suoh as animo acids, etc. The dls-

tinguishing characteristic of a colloid is the enormous devel-

opment of the surface. In enzymio action, the prooess seems 

to ocour at the boundary surface between two phases, e.g. 

the enzyme and the substrate. 

Thus, enzymatic reactions differ from those effeoted 

by inorganic catalysts, inasmuch as their velOCity is deter

mined not alone by the concentration of the oatalyst (enzyme) 

but also by the conoentration - ratio between enzyme and 

SUbstrate. Given an exoess of the substrate the velocity of 

reaction is approximately proportional to the oonoentration 

of the enzyme. 

George Peirce in 1910
34 

showed that in solutions of 

equal aoidity a given amount of enzyme hydrolyses ethyl bu~~ 

. r ate with the same absolute velocity, in other words above a 

oertain conoentration of the substrate with a given amount at 

enzyme the rate of acid produotion is nearly proportional to 
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the time. 

If the enzyme be present in exoess, the velocity 

will vary nearly proportional to the substrate present. 

If the substrate be present in exoess, the velocity will 

vary with the proportion of enzyme present. This indi-

cates that the enzyme in some way enters into a quanti

tative combination with the substrate. This is in no way 

adverse to our conception of catalytio aotion in general. 

Clement and Desormes as early as 1806 in their 

"Theorie dela fabrication de l'acide sulfurique", in one 

of the first explanations of a oatalytio prooess .. - the oxida

tion of sulphur dioxide to sulphuric acid by nitrous aoid, 

formulate a theory of a temporary oombination between the 

substrate and oatalyst. The actual proof of such inter-

mediate combinations was given by Brode in 1901. 

Peirce showed that a large part of the so called 

"free enzyme ll that not in combination with sodium f10uride 

was in combination with the substrate, ethyl buytrate. 

There is also evidenoe that the enzyme enters 

into oombination with the produots of the reaotion as would 

be eXpected if both the hydrolytic and the syntheitc pro

cesses are catalysed. O'Sullivan and Tompson, in the work 

mentioned above showed invertase was protected from the 

action of heat QY products of the inversion of oane sugar ;. 

as well as by the sugar itself. 

Frank Armstrong, in 190431 shows that the respBo-
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tive.produots of the "sucroclastic" enzymes,-lactose, 

maltose, invertase and emulsion, show to a certain degree 

a selective retarding influenoe on their respective enzymes. 

For example, fructose retards invertase, but has less 

effect on anyone of the other enzymes. Likewise glucose 

has very little effect on the maltase but considerable 

retarding action on lactase. 

An instance of one of the products of the reaotion 

accelerating the reaction while the other produot exerts 

a retarding influence is reported by • K. E. Armstrong ald 
36 

his co-workers in 1913. Working with urase they observed 

that of the two products ammonia reduces the rate while 

oarbonic aoid accelerates the reaction. In the terminology 
27 

of Euler the two assumed molecules formed between the en-

zyme and substrate and the enzyme and produot are called 

"enzyme-substrate" and "enzyme-reaction produot." The en-

zyme appears as a rule to enter into a state of association 

with some particular molecular grouping in the substrate 

or in the reaction product. Now if this grouping is very 

uncommon, the enzyme will be very"speoifio". 

It is held by Oppenheimer that there are many 

Specific lipases, each of which is responsible for the hy-

drolysis of a different ester or a different fat. One of 

the main reasons for his view is the different aotion of the 

bile salts in the various oases. Terroine showed in' 1910
37 

that in order to oompare these aotions properly esters of 
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the same acid must be taken. He took therefore triaoetin, 

as a glycerol ester, also the acetic esters of amyl , pro

pyl, ethyl and methyl. Under these conditions he found 

that the optimum concentration of bile salts was the same 

in all cases. He concluded that the enzyme oonoerned in 

the hydrolysis of the different lower esters and fats is 

the same. 

Correlating this idea of the non-specificity of 

lipases and the natl~e of the association between enzyme 

and substrate, we shall quote the theory advanoed by Prof

essor Armstrong: 9 

"The ethereal salts which are hydrolysed .under 

the influence of lipase are all compounds of the type 

R'.CO.OX! Since R' and X' may be varied within wide limits, 

it cannot well be supposed that the selective action of the 

enzyme is exercised with reference . either to R' or X'; 

consequently, the controlling influence must be attributed 

to the carboxyl radicle (CO.O); the enzyme must be BO 

constituted that it can fit itself to this group. 

"Our experiments have led us to form the 

provisional hypotheSiS that the hydrolYSiS of the· ethereal 

salt by lipase involves the direct association of th~ enzyme 

with the carboxyl centre and that such assooiation may be 

prevented ~y the 'hydration' of this cen~re; oonsequently 

that those salts which are the more attractive of water will 

be the les8 readily hydrolysed. 

It may well be that the configuration of the en-
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zyme is suoh as speoially to favour its assooiation with 

glyoerides of the higher fatty aoids. But the associa

tion of enzyme and hydrolyte is doubtless determined by an 

intervening water film, i.e. the carboxylio oentres in the 

two compounds are both to be thought of as hydrolated and 

as brought into oontact through the agenoy of the attached 

water moleoules. The number of moleoules thus aotivated 

will depend un the osmotic oonditions whioh prevail in 

the mixture undergoing ohange. 

Loevenhart38 reports oertain apparent differ

enoes between the lipase of the liver and the lipase of 

the pancreas. 
39 

Dietz in 1907 was oonoerned with the aotion of 

panoreatio lipase. In obtaining an exaot equilibrium the 

experiments were oarria,d out from both sides simultaneously, 

on the one side a solution of ester in water and amyl al

oohol was taken and on the other side an equa~ly oonoen

trated solution of buy trio aoid in amyl aloohol and water. 

There are several points of importanoe to be noted 

in this experiment. First, the equilibrium position as 

indioate<'1: by the final conoentration of aoid .. is the same 

whether approaohed from the s ide of the aoid o·r from the 

side of the ester. It was also shown that where prepara-

tions of different activity as shown by their initial veloo

it¥ were taken the point at whioh they reaohed an equilib-

rium was the same. Similarly, varying the oonoentration 
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of the same preparation did not affect this pOint. 

Arguing from the many known factors which 

influence the rate of enzyme actio~ in vitro one may 

assume factors in vivo which will also influence the rate 

of enzyme action. It is conceivable that the rate of 

enzymic activity in metabolism can be altered without 

any material fluctuation in the amount of enzyme. A 

simpler and more probable assumption is that a fluctua

tion in metabolism of an organ takes place in correspond

ence with a variation in enzymic activity induced by the 

fluctuation in the enzymic content of that organ. A 

third assumption is that the organ is one of the enzyme 

producing organs and therefore has an excess of enzyme in 

it. With such conditions there might occur an increased 

metabolism in the organ without an increase in the enzyme 

content. 

The physiological significance of a correlation 

between enzyme and metabolism was first pOinted out by 

Loevenhart in 190216 , He gives little or no data to show 

that the correlation does or does not exist. 

some observations that are very suggestive, for example, 

that the inactive mammary gland has only one tenth the 

lipolytic activity of the active gland, that adipose tis-. , 
sue is more active than muscle or kidney. 

A paper published in 19~2, by Bradley40 is , the 

only one in whioh we find figures given not only for the 
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fat content of animal tissues but for the lipase as well. 

In his experiments Bradley deals with only one phase of 

metabolism, namely. the fat and enzyme content of the ~su~ 

in periods of plenty. He concludes: 

"1. That no broad correlation exists between 

the fat and lipase content of tissue. 

"3. Some of the most active fat producing tissues 

are relatively poorer in lipase than many other tissues 

which never normally contain or produce more than a small 

percentage of fat ••••• n 

Active mammary tissue affords the most striking 

example of this when compared with lung, kidney and MUS

cular tissue, kidney having three times the lipolytic ac

tivity. 
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B. Fats and fat variations of the liver. 

1. Mode of accumulation 

A. Physiologic infiltration 

versus transformation. 

Claude Bernard first showed that the liver was 

closely connected with the general metabolism of the body. 

Since that time the view of the older physiologists that 

the liver was simply a bile producing gland has gradually 

lost ground. At present, the liver must be regarded as 

having its predominating function in the regulation of the 

supply of the carbohydrates and the protein material of the 

body, rather than as a digestive gland. Just w~t is the 

1unction of the liver with reference to fat metabolism is 

not so well known. 

The liver is on the direct channel for absorption 

of the carbohydrates and the proteids, but is not on so di

rect a route in the case of the ~sorbed fat. Numerous 

works have been published to show that at least the greater 

part if not all of the fats are absorbed by the lymphatios 

henoe reach the liver only through the hepatic artery. One 

of the first to demonstrate this fact was Kunk in ~8914L 

and more recent the question is reviewed by ~.ndel and 
42 

Daniels in 1912 • 

From an early date both the physiologist apd 

the pathologist have granted that the liTer was a fat con-
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taining organ but as ,to the oauses of the aocumulation 

of fat in this. organ they ha~e disagreed. Generally 

speaking the pathologists have advocated the theory that 

an accumulation of fat in the liver is pathollgioal a 

product of a degeneration occurring in the liver. 

Opposing this view are those pathologists and 

physiologists who say that the accumulation of fat in the 

liver is not pathological and therefore not degenerative. 

They consider the accumulation of fat in the liver 

to "be a normal phenomenon, i.e., a produot of physiologioal 

activity. As to the nature of this aotivity they are not 

wholly in acoord. One 'division eXplains the acoumulation 

of fat in the liver as an infiltration or deposition of 

transported body fats. The other division explains the 

aocumulation Qf fat .in the liver not as an infil tration 

of extraneous fat , but as a transformation of the liver 

glycogen into fat. 

Granting that the liver normally is a fat con

taining organ the question that interests us is, what are 

the factors influencing the fat content of the liver and 

what part does the organ play in fat mobilization and util

ization. 

Nosse in 188643 comes near suggestill8 wbat we now 

oonsider to be the probable funotion of the liTer in fat 

metabolism. He compares the fatty condition of the ·liver 

to the oonditions of sprouting 1ft fat oontaining seeds. 
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in whioh the same high proportion of fatty acids exists. 

To aocount for the aocumulation of fat in the liver, he 

suggests that there must be a transportation of the fat 

to the liver from other parts of the body. He is con-

strained to admit such a transportation of the fat of the 

body to the liver, and indeed an aocumulation of the fat 

of the body in the liver has been proved by figures only 

in'phosphorous poisoning. In other words, there were 

no actual figures showing that this accumulation of fat 

might occur as a physiologioal cmndition. Yet quite 

early there was histological evidence showing acoumulation 

of fat in the liver, under conditions that were not uni-

versally considered pathological. 

Thus Langley in 188544 gives a series of his

tological observations on the amount and distribution of 

fat in the liver of frogs under different conditions. He 

found the fat to aocumulate during the oold months and to 

dissappear during the summer. Winter frogs exposed to 

a high temperature showed a decrease of fat in the liver. 

Immediately after the taking of food , the ~epatio fat de

creased only to be later increased in amount and later 

still to fall to normal. 

Such observations as these discredit the then 

predominating idea that .the accumulation of fat in the liver 

was always a pathologioal oondition a product of degenera

tion ocourring in the liver. 

Reviews of the literature of the period of 
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1885-1894 quote a number of papers reporting accumula

tion of fat in the liver in certain morbid oonditions, 

phosphorus poisoning, etc. The greater number of these 

support the degeneration theory. 

Opposing this theory there is considerable work 

published on the increase of fat visible in histological 

preparation during a fast and after feeding. 

Rosenfeld and others point out nthat heart and 

other tissues giving the recognized histo~ogical appear

ance of fatty degeneration, e.g. excess of fat, may by 

ex~~aation actually have lese fat than in the normal. 

Mattstrom45 showed that this is not true in the oase of 

the liver, rather he finds that the histologioal pioture 

and the ether extraction show a close parallel. 

Statkewitsch in 1894~6 working on guinea pigs, 

dogs, cats and rabbits, reports that after a loss of the 

initial body fat amounting to ten to fifteen percent there 

was an appearanoe of fat globules in the inner cells of the 

lobule of the liver. As the fast was prolonged, the 

globules inoreased in size and number. The best results 

were obtained with guinea pigs. 

Nikolaides in 18996Q working with dogs without 

food for two to twenty days oonfirmed the appearanoe of 

fat in the liver and other glandular organs. In the ex-

treme limit .of the fast (30 days) instead of fat glo~ules 

he found vacuoles that supposedly once oontained fat. 
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48 Gilbert and Jamier in 1899 experimented on 

dogs and rabbits during fasts ranging from 25 hours to 

8t days and found a greater amount of fat in the livers 

of hungry animals on the average than in the livers of 

fed animals. No statement is made as to the relative 

time of feeding animals and their killing. 
49 

Noel Paton in 1895 published a paper on"Re-

lations of the Liver to Fat". This work is especially 

of value for the breadth of view and scope of the inves

tigation. Thus he shows: 

"1. Throughout the various parts of the liver 

there is a uniform distribution of the substances soluble 

in ether, that is~ so-call ad "fats" • . 

"2. In animals in the sa~e condition the per-

centage amount 01 substances soluble in ether is fairly 

uniform." 

In a small number of experiments reported on 

the influence of feeding, he says: 

"These experiments prove that an excess of fat 

taken in the food is largely stored in the liver oells, 

from whioh it is gradually got rid of." 

Noel Paton found that the liver after a fat meal 

returned to normal in 70 hours. (Animals used were pups 

kittens, and young rats.) 

Still other experiments on feeding were performed 

by Noel Paton in which the animals were given a diet rioh in 



oarbohydrate. The animals were then fasted and killed on 

suooessive days. It was found that there was a marked in

crease of fat in the liver at the period when the glyoogen 

had reached a low level. That there was an actual acoumu-

lation of fat is sh~wn by the fact that the fat inoreased 
l~ver 

in relation to the/solids deprived of glyoogen and of fat. 

IS this inorease due to an inoreased formation 

of fat from the glyoogen· in the liver, or is it due to a 

transportation of fat to the liver from the body. Paton 

favors the latter yiew. He oalls attention to the well 

known faot that the liver fats have a higher melting point 

than the body fats. He then makes the assumption that if 

the inorease of fat in the liver is due to a transportation 

of the body fats, whioh have a lower melting point, there 

should be a lowering of the liver fats' melting pOint. 

In support of his assumption he gives figures 

showing that after a fatty meal of low melting point, there 

is a rise in the amount of fat in the liver aooompanied 

by a lowering of the melting point of the fat in the liver. 

Noel Paton's experimental data showed that during 

a fast there ooourred an inorease in the liver fats in the 

rabbit with no ohange in the melting point. H$ oonoluded 

that the rise in the fat in the liver during a fast is due 

toa transformation of the liver's glyoogen into fat, and 

not to a transportation of fat to the liver from the· body. 

Bloor'soO more reoent work demonstrates the most 

Signifioant faot that as the fats of a meal are absorbed 



their melting paints may be materially ohanged. It is 

evident that the melting point of a fed fat oan not be 

an index to the melting point of the absorbed fat whioh 

reaohed the liver. This invalidates the ~alogy drawn by 

Noel Paton and weakens his argument for the souroes of the 

liver fats in the liver glycogen. 

Further, it is argued, that if the fat aooumula

tions during hunger is derived from glycogen, we should ex-

pect the accumulation to be most active during the period 

of rapid dissappearanoe of glyoogen, and not some time 

after the glycogen has reached a low level,a time at whioh 

experimentally the liver fat is shown to rise. 
43 

Nosse favors the transportation theory and in 

support of this says that in starvation the serum may be

oome milky from the taking up of the fat from the body. 

This Noel Paton tested by feeding three rabbits on turnips 

from the 5th to the 7th of February, then killing one at 

once as a normal which showed 1.75% fat in the liver, the 

seoond after 36 hours which had 2.36% of fat Vand the third 
!l 

after 52 hours with 5.26% of fat in the liver. In no oase 

was he able to observe the milky serum reported by Bosse. 

He concludes that the evidenoe as he finds it tends to mili

tate agafnst -the transportation theory of Nosee and in 

favor of the transformation theory. 
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b. Pathologioal Degeneration. 

There is a third possibility, one whioh the 

adherents to the fatty degeneration theory advanoe, that 

is, that the fat whioh is known to accumulate in the liver 

during hunger comes from the proteins, of the organ. They 

assume that normally a large percent of the fat of the liver 

and of other organs is held in a chemical oombination with 

the protein of the organ and that suoh a oompound does not 

respond to the usual methods of demonstrating fat. This 

oompound is broken down during the fast and the fat is there-

fore liberated and becomes evident. If there is an aotual 

destruotion of liver-protein or liver substance, we should 

expect to find a decrease in the other solids with tI~ rise 

in fats, a faot which will be cheoked in the experimental 

work of this thesis. 
45 

More recent work of MBttrlm Showing a marked 

fatty infiltration in rabbits after so short a fast as 

twenty-four hours lends discredit to the degeneration theory. 

The fast is too short to assume that any degeneration would 

occur. 

If the fat that accumulates in the liver during a 

fast is due to a transportation o~ the depot fats to the 

liver, then we should expeot an increase in the total soli4s 

of the liver, at least this should ocour after the first 

twenty-four hours during whioh time any inorease in the 



solids which might occur with the transportation of the 

depot fats would be offset by the rapid depletion of the 

liver glycogen. 

51 
Further since Hartley in 1909 shows conclusively 

that the fat of the liver has a high iodine value, whereas 

the depot fats have a low iodine value, in the transporta

t~on of the depot fats to the liver we might expect a fall 

in the iodine value of the liver fats. Just such con-
, 45 

ditions as these are reported by Mottram ) that is, during 

a fast, there is a lowering of the iodine value of the fat 

of the live~7~~t%ga transportation of the fa.t of the body to 

the liver has accrued. Similarly, there is an inorease 

in the percent of the total solids in the liver. The solids 

fall below normal for the first twenty-four hours, due to 

the depletion of the liver glycogen. 

2. Chemical changes induced in fats. 

Had Mattram's results shown no change in the iodine 

value it would not have weakened the theory that the depot 

fats are transported to the liver during a fast, since it is 

highly probable that the liver alters the iodine value of 

fats transported to it. Indeed Mottram conoludes that 

there is chemical and hi~tological evidenoe that fats 

transported to the liver under go changes and that the 

changes are of the nature of unsaturation of the fatty aoids. 
52 

Leathes and Wedell fed oils of a high iodine 
• 

value to animals (rats and cats). It was found on exam-
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ination of the fat from the various organs that the liver 

fat had a higher iodine value that that of the oils ad-

ministered, while other organs such as the kidney, etc. 

showed little fluctuation in the iodine value of their 

fat. From this it was concluded: 

ft 1. That the liver as well as the connective 

t~ssues takes u p fat conveyed to it by the blood. The 

other organs do not at any rate to the same degree. 

"2. But whereas the connective tissues store the 

fat as brought to them, the liver changes the fatty acids 

in such a way as to increase their power of absorbing 

iodine. This maybe inter ~) reted as due either to the 

introduction of nev: unsaturated linkages, or possibly 

to the transposition of exi sting ones from situations in 

which they are less liable to saturation by halogens (or 

) 
'1 hydroxyl groups to others in vlhich they are more so. 

51 Indeed, we may refer to Hartley for evidence 

of the shifting of the double linkage of a fat stored in 

the liver. He re ports that the double linkage in the 

olei~ acid of the liver lies between carbon 6 and 7 re

covering from the ~thyl group of the chain, while the 

storage oleic acid is known to have the double link exactly 

in the middle of the chain. 

Raper in 191358 attempts to prove or disprove 

a third possibility, namely that the liver has a particular 

affinity for the fats of ~ high iodine value and rejects 

the saturated ones. He administered highly saturated oil 
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(cocoanut oil) to animals . by mouth, by introducing soap 

solutions into the small intestine, and intravenous inges-

tion of a fine emulsion of cocoanut 011. \'1hen the emul-

sion Was given intravenously, 25-60% of the oil which en

ters the systemic circulation was' found in the liver. 

When the iodine values of the volatile acids obtained from 

the liver in these ex:periments Viere examined, it was 

found that they absorbed more iodine than the volatile 

acids from normal livers. To quote the author: "The in

crease was ~ot great but it probably indicates that saturated 

fatty acids containing 10, 12, or 14 carbon atoms may be

come unsaturated in the liver." . 
Cocoanut oil administered to cats and dogs 

by the mouth was detected in the liver in five or six hours, 

the amount present not exceeding six per cent of that ab-

sobbed • . Ifa cat be anesthetized (urethane or ether) 

and a solution of cocanut soaps containing glycerine and 

bile salts be run into the small intestine, then .about 

thirty percent of the absorbed fatty acid is found in . the 

liver. Raper suggests that it is probable that the 

greater retention of oil by the liver when it is adminis

tered in the form of so~p of a fine emulsion i~ partly due 

to the anesthetic and partly to the rapidity of the admin

ist~a tiou. He a,1il.Jaren tly did not cpnsider another factor, 

namely, the rate of absorption. 

Thus we have a suggestion that the fat content 

of the liver fluctuates with thB fat content of the blood, 
... : ..... > 
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e.g. Vii t h a surl d.en ri Ge i~ bloed f a t t here is a corres-

pond.i ng ris e i n liver fat. ~hat t he fat variation in the 

liver vlill be superposed on the fat variation in the blood. 

hlo ttram45 using fasting rats found that 

there exi s te d a doub l e pave of variation in the fat i nfil

tration of t be liver, the first crest coming at the end of 

t wenty-four hours al1d the s econd at t he end of four days • 
.-~.----~ 

The author points out that if this ;'" durableiJ variation is 
'- . 

normal then it is extremely necessar.y that experiments be 

run in series. There is also the possibility that the 

curves may be lengthened either vertically or longitudinally 

with changes in the seasons, or, as perls55 suggests, the 

power of a ccumulation of fat in the liver may vary in dif-

ferent animals. He states that fatty infiltration is not 

easily produced, even by :phosphorus poisoning. 

Mendel and Daniels42 in 1912 showed that the 

fat-soluble dyes are more soluble in the bile th~~ in the 

fat. This explains why these experimenters who have used 

stained fats as a means of testing infiltration have not 

been able to confirm the fatty infiltration in the liver 

either during fasting or after a fatty meal. 
54 

Smirnow in 1913 reports that the amount of 

water ingested influences the rate of the fatty ohange in 

the livers of fasting rabbits. Fasting unwatered rabbits 

for ten days and upwards showed a deoided fatty infiltration 

of the liver, apparent both on gross examination sad mioro-

soopioally. Fasting animals that have been allowed all the 



water they will take may show similar ohanges in the 

liver but the percent of incident is much less. He 

was not able to confirm Mottrams observations45 of m1 

increase of the fat in the livers of rabbits after twenty

four hours fast. 

Coope and Mottram, 191555 , one of the latest 

papers, reports both histological and chemioal data showing 

that in late pregnancy and early laotation there occurs an 

accumulation of fat in the liver. Coope and Mottram em-

phasize that accumulation of fat in the liver does not in-

dicate a morbid condition of that organ. 

quoted: 

They may be 

"Fat infiltrations of the liver are 

usually regarded as being pathological and not physiological , 

Thus, they aocompany many pathologioal states of the body: 

e.g. diabetes, mellitus, panoreatic and phloridzin diabetes, 

alcohol and chloroform pOisoning, pernicious diarrhoea, 

oyc1ioal vomiting, and typically phosphorus and arsenic pois

oning. Against this view, however, Rosenfeld has persiS

tently protested, and Leathes with his theory of the function 

of the liver in fat metabolism, explains it as a normal phe

nomenon. Acoording to Resenfeld, the liver is calling up 

the last reserves of the body to meet an emergenoy, pre

sumably in its own tissue, and so may be regarded a8 funotion- . 

tug normally. Leathes suggests that the fat is being mobilized 

in the liver, there to be desaturated and passed on to 

the tissues for consumption wherever metabolism is aotive. 

both regard the im reased amount of fat in the Ii ver a8 
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a sign that the liver is functioning normally. We 

have a further confirmation of the theories of Rosenfeld 

and Leathes that a fat infiltration of the liver does 

not indicate a morbid state of that organ, but that it 

is functioning normally." 

3 .. Uechanism of Transference of Fat. 

Both Rosenfeld and Leathes regard the accumula

tion of fat in the liver during a fast as a normal phys

iological process. But neither of them make any definite 

statement as to the nature of the mechanism which is 

oonoerned in eroding away the depot fats, or how once in 

the oirculation the fats are oaught up and transferred 

to the liver oells, nor how the fat is again released 

from the liver oells to ' pass,on to the tissues for oon

sumption wherever the fat oatabolism is active. The 

broad biological signifioanoe of the reversible aotion 

of lipase was first pointed out by Loevenhart in 190? 

The theory there advanoed offered biologists a most 

attractive explanation of the 'chemical meohanism involved 

in the digestion, absorption, transportation. disposition 

and utilization of fat. Kastle and Loevenhart had proved 
I 

that the intestinal and gastrio mucosa possessed lipo~ttio 

aotivity. " In their discussion they may be quoted thus: 

"In the epithelial oells there is undoubtedly a s7Ilthesis 

of fat from the absorbed fatty aoids andglyoerlne. and 
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and it is believed that this synthesis is occasioned 

by an enzyme contained in the cells which is capable of 

effecting fat synthesis or fat decomposition according 

to conditions." 
56 

Greene and Skaer made a study of the ab-

sorption of fat in the gastric mucosa and observed that 

there is a synthesis in the gastric mucosa and that it 

oocurs with a definite cycle of variation in the fat con

tent of the gastric epithelium and gastric glands which 

they explain on the theory of lipase variation in relation 

to the reversible lipase reaction during fat digestion and 

absorption. To quote from their summary:-

"5. The gastric epithelium and gastrio 

glands of puppies and kittens both peptic and pyloric show 

a marked increase in the stainable fat after the taking of 

the first meal. Under ordinary conditions this fat is never 

reduced to the quantity and oharacteristio arrangement of 

that in the embryo. 

"6. The amount of fat in the gastric ,lands 

runs a definite and characteristic cycle of variation in 

relation to the taking of fatty foods. The oyole is mark

ed by an initial slight drop with a slow and prolonged rise 

to a maximal and fall to the normal. The extremes of the-

fat oontent of the glands vary much less than in the epithe

lium. 

"9. In medium to late fasting there is oooasion

ally an inoreased quantity of fat in the gastrio gland oel18. 
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~his has no relation to absorption fat but is explained as 

due to mobilization of body fats.~ 

The initial drop in fat content, they explain 

as related to the great increase in lipase produced by the 

acti vi ty of the gastric .glands. This disturbs the balance 

of the fat in the gastric glands and in the muoosa leading 

to its disassociation and dissappearance. The increased 

quantity of fat observed in medium to late fasting is also 

explained as a disturbanoe as between lipase production and 

fat mobilization. "If one assumes that an excessive pro

duction of lipase takes plaoe in these glands at the time 

during fasting when the fats are being dissolved from the 

storage tissues and are present in a relatively high per 

cent in the circulating flUids, it follows that there will 

be an increased synthesis of fats in the lipase producing 

tissues themselves" 

Greene57 has presented a unique condition of 

affairs *xisting in the salmon. The long period of fast 

which the animal undergoes during its migration is a per

feotly normal process. Thus he is able to make observa

tion on the phenomena of fat transference in the salmon's 

body under normal fasting conditions. His histolqgical 

and chemical data on the fat in the different types of 

muscles at the various periods of the salmon's fast indi

oate that there occurs a synthesis of fat in the pink muscle 

fibers. In describing the microscopic picture he says: 

"The intramuscular fat after the beginning of the spawning 
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migration makes its appearanoe throughout the substanoe 

of the pink musole fibers of all sizes. It appears in 

short chains of very small liposomes that are quite evenly 

inters~ersed among the groups of fibrillae of the musole 

oells. This intracellular fat is present within the pink 

muscle fibers throughout the migration and at the time of 

death after the spawning." He oonsiders the accumulation 

of fat in the musoles to be a normal process, the result of 

synthetio activity on the part of the musoles' lipase. 

He formulates a detailed working hypothesis concerning fat 

metabolism as related to lipase during a fast which may be 

quoted in part as follows:- "The transition from a feeding 

to a fasting state is associated \-;i th numerdlus tissue 

chanees in other parts of the body, changes which are 

accompanied by equally important functional readjustrrents. 

Among the functional changes the one that most concerns 

the present argument is the increased production of the 

fat splitting enzyme, lipase." 

"~here is an abundant store of fat in the inter

muscular depot, great quantities of it, and a lipogenesis 

comes to the support of the salmon in a way quite comparable 

to the glycogenesis of the mammal as conoeived by Claude 

Bernard. Under these oonditions the aotivity of the mus

cular tissue is directly dependent on the fat as a souroe 

of energy. The muscle oxidizes fatty bodies in the salmon, 

just as it bxidizes oarbohydrate bodies in oertain other 

well known animals. 
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"It is to be assumed that the muscle fibers 

absorb the fatty bodies from the lymph and blood, pre-

sumably as soluble fatty acids and glycerin. ~he fatty 

bodies of the blood and lymph are derived from the stored 

fat by a process of lipolysis. To that extent to which 

the store of interrEus cular fat of the pink musc le i s 

eroded by this process of lipolysis will the percentage 

concentration of the cleavage products of the pink muscle 

lymph be high. From the lymph the fat cleavage products 

dialyse directly into the pink fibers and become available 

for dlxidation. In the early stages of the fast there 

are numerous tissues besides the muscle containing an ex

oess of stored fat; the digestive tube, the pancreas, the 

liver, the skin, etc., as well as the connective tissue and 

the muscles ••••• Hence with increasing production of 

lipase in the blood there is an ever-increasing percentage 

of fatty bodies thrown into solution in the bloQd and 

lymph. 

"Hand in hand with the increase of fatty 

bodies in the blood and lymph will go an increase in 

fatty products in the substance of the ·muscle fibers. 

Muscular oxidations are not rap id enough to keep down the 

increasing ~uantity of fatty bodies, henoe they will 

diffuse into and be present in the musole fiber, a fact 

demonstrated for other muscle tissues. Under the l~w 

of reversible lipase action this excess of fatty cleavage 

bodies is bound to be reconverted into and depOSited as 
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neutral fat. r:'hus aris e the cha ins of microscopic 

liposomes of the pink muscle at the beginning of the 

salmon fast.n 

4. The specific problem in this work, 

with a resum~ of the salient point s 

in the literature concerned. 

In summing up the review of the literature 

the facts that have been determined and vmich are recog

ni ~ ed to play an essential part in fat metabolism are 

as follows: Fat metabolism is inseparably bound with 

the presence of a fat enzyme, lipase. Lipase is a re-

versible reacting enzyme. It is present throughout 

theanirnal tissues in varying quantities, but less in 

resting than in active organs, for example in resting 

mammary glands versus active glands. Certain rar-

ticular tissues very active in fat metabolism show a 
fat 

very rich / content. For example, the liver shows a 

variation of the percentage quantity of fat present 

in relation to feeding and fat metabolism. The prob-

lem of fat ~nd fat distribution has been determined in 

numerous cases. 

Concerning the lipase content of the tissues, 

less is known. The variation of lipase content under 

different physiological conditions such as feeding and 

hunger has been inadequately studied, and the relation

ship between the variation in Ii -pase content and varia-
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tion in fat content is practically an unexplored field. 

Theoretically, therefore, we should expect a relation

ship of lipase content to the fat content of a tissue. 

The question is, what is the nature of this fat lipase 

relationship? Is there any broad correlation between 

the factors that i~~luence the li~ase content and the 

factors that influence the fat content of an organ. 

To determine this question calls for consistent and 

parallel study of both the fat and the lipase content 

of some favorable organ. We have undertaken the 

solution of this problem by the determination of the 

fat and of the lipase co~tent of the liver during fat 

feeding and during fasting. 
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III Materials and Methods 

The animals used in the experiments were 

young puppies of the same litter, young kittens of the 

same litter, adult dogs and adult cats. 

The method of observation rests on the deter

mi na tion of t he weight of t he ether extractable substance 

i n the dry liver tissue of 10 grams of fresh sample of 

liver for the fat. The lipase activity was measured in 

terms of the number of cubic centimeters of N/20 NaOH 

required to neutralize the acidity developed by 1 o.c. 

of a 10 per cent aqueous solution of the fat free liver 

residue, a ctimg on .5 c.c. of ethyl butyrate and 4 c.c. 

of distilled water incubated at 38 0 C for one hour (or 

other time when specifically stated.. t he .::aanipulatl Ori· i s 

a s follows;- In each experiment a series of animals, 

usually of the same litter, ~ere fed on a constant diet 

to secure relative stability of conditions, then food 

withheld for a defin ite time to i nsure complete dissappear

ance of previous food, usually .~O hours. At the end of 

this time one animai was decapit a t ed and the liver taken 

as a normal. If the experiment was intended to make 

observation on the liver following a fat meal, the remain

ing animals were fed a meal of very rioh oream ·and were 

decapitated at varying times during digestion and apsorp-

tion. Where the experiment was pla~ed to make obaerva-
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tion on the live r during a fast t he rema i n ing animals were 

carefully isoL-1. ted from a ll food. ~hey were dec apita.ted at 

di ffer en t i nterva ls of t he f ast. The liver wa s quick ly 

excised an d t he fres h we ight t aken -- i n most cases this 

wa s mi nus the gall bladder. In all cases a t least the 

i nitia l and f i nal body weights were taken. Observations 

were made on t he subcutaneous, omental, renal and peri

ca rdia l fat; the color and quantity of t h e bile; the mater

i a l contained in the stomach, the small and the large~ln- -

testine and the lacteals. 

w. S. Bummers determined the fat and lipase 

con ten t of the blood on t hese a nimals. J!'or the sake of 

convenie nce and correla tion of results, the des ignation of 

experiment a nd number of animal is the same in this paper 

as has been used in his ~ork. 

The Technique of the Fat Determination. 

In most cases, three 10 gram samples of 

the liver were taken, - number one from the left lobe, 

number two fr ·oill the right lobe and sample number three 

was taken at random. Sample number one and sample number 

two were immediately ground with ten grams of purified 

sand. The mixture of liver and sand was then transferred 

to a watch glass upon which t he sample of liver had . been 

originally weighed. It was then placed in a glass dessi-



cator over H2S04 , a partial vacuum created by use of the 

water pump and dried to a constant weight. The drying 

process was usually complete after 36 hours of such 

treatment. The dried sample of liver plus the sand was 

then transferred to a mortar, reground for two minutes, 

and then removed to a paper extracting cup. The watch 

glass on which the sample of liver plus the sand had been 

dried, and also the mortar in which the sample of liver 

plus the sand had just been ground, were rinsed with 

ether and the rinsings poured on top of the sample of 

liver and sand in the paper extracting oup • 
• 

For the extraction, Greene's modification of 

the soxhlet was used and a straight ether extraction made. 

The extraction was continued for six hours, the ether run-

ning over the sample on an average of once per minute. 

At the end of this time the paper cup now containing the 

fat free residue - the sand plus the fat free solids of the 

liver sample - was removed from the extractor and from now 

on the sample will be designated as the fat free sample, 

The ether was now removed from the fat by distilling and 

oatching the ether in the plain glass oup. The ether 

flask which now contained only the fat was removed, plaoed 

in a vacuum incubator and held at 900 0 for six hours~ 

At the end of this treatment the ether flask .plus the fat 

was removed and weighed, then returned to the vacuum incu-
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bator and dried to a constant weight. The difference be-

tween the weight of the flask and the flask plus the ether 

extract was tak en as the weight of the ether soluble fat 

content of the sample of liver. Two such determinations 

were made on the liver of each animal, number one from the 

left lobeand number twa from the right lobe. The accuracy 

of this method is shown by the checks made on the respective 

livers. With careful work two determinations we-re made on 

t he same liver .. usually checked wi thin .2 per cent and 

never differed more than 1.0 per cent, even when the fat 

ran as high a~ 55 per cent. 

The Technique of Lipase Determinations. 

In making the fat free aqueous extract of the 

liver tissue the proceedure is as follows:- Each of the fat 

free samples - not later than 12 hours afte r the fat ex-

traction -- were then transferred to a mor~r and ground 

for two minutes, 35 c.c. of distilled H_O was then added . 
. G 

to the tjlortar and. the grinding continued for thirty seconds. 

The fat free sample plus the water was allowed to stand 2 

minutes, the solution was then filtered through a fine 

cloth into 100 c.o. volumetric cylinder. 35 c.c. more H2~ 

was added to the mort~r and the sample transf~rred quan-

titatively to the cloth filter. The filtering (was allowed 
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to extend over five minutes when it was completed by 

squeezing the cloth. The 100 c.c. cylinder was filled 

to the mark and this will be designated as the 10 per 

cent fat free extract. 

With the great majority of the experiments a 

10 per cent fresh turbid extract was also used. This 

was made up as described by Loevenhart. Ten grams of the 

fresh liver was ground with 10 grams of purified sand, 

extracted with water, and made up to 100 c.c. 

The procedure in the quantitative work on the 

hydraly-tic acti vi ty 0 f the extracts was as follows: - In a 

mediwn sized weighing bottle was placed 4 c.c. of distilled 

water, .S. c.c. of ethyl butJ~ate, and about .OS c.c. -

t~ee drops -- of toluol. The tops were then placed firmly 

eo as to avoid ev~poration,and the bottles , with their 

contents were allowed to stand in the incubator for 1 hour 

at 3SoC. They were then rem~ed and to each of three bot

tles was added 1 c.c. of the well mixed fat free extract 

made from fat free sa mple number 1 ~- taken from the left 

lobe. To a second set was added 1 c.c. of the thoroughly 

mixed fat free extract made from fat free sample number 2 ,.-

taken from the right lobe. For each set two checks were 

run - check number one consisted of 4 c.c. of the distilled 

water and 1 c.c. of the fat free extract. Check number 

two consisted of 4 c.c. of the distilled water and.5 . c.c. 

of ethyl butyrate. All tubes we~e then plaoed in the 
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i ncubato r for t he time indicated in the tabulations. 

At the end of the incubation period the 

bottles were removed and 2 c.c. of 95 per cent alcohol 

added to each bottle. Titrations were made i~nediately 

against _/20 NaOH. Corrections were made for check 

nUffiber 1, and check number 2. These checks were always 

very small, number 1 never exceeding .14 and number 2 

was usua lly so small as to be negligible. In the cases 

where double strength lipase was used, 2 c.c. of the 10 

per cent fat free extract was added instead of 1 c.c. 

the remainder of the set up being the same as that just 

described. 

~There the 10 per cent fresh turbid extract 

was used, the procedure wa s the same as that for the 10 

per cent fat fr ee extract, with the exception that 1 c.c. 

of the fresh turbid extract was added instead of 1 c.c. of 

the fat free extract. The fat free 'extract was in most of 
4 

the cases more active than the fresh turbid. The exceptions 

being in those livers having a .~ery high percentage of 

fat, 25 to 55 per cent fat. 

The fat free extract, as here described by us, 

lends itself in this problem of correlation of lipase and 

fat content of the liver in a unique manne r. Ether boils 

o " 380 d at 36 C. Lipase has as its optimum temperature C an 

its maximum as 50 to 55°c. Thus by making a straight ether 

extraction of the dried tissue we were able to determine 
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both the fat and lipase co~tent on the same sample, 

making the results more strictly comparable than where the 

fat content is determined on one sample and the lipase con-

tent on ano~her. FUrther in any event it is not desirable 

to have in the system, in addition to the single pure fat 

or ester selected, a .mixture of the different fats and 

lecethin.s of the liver, also the extract is least turbid 

and insures a greater degree of accuracy in titrating. De-

ten1inatiol1 s made from the same extract correspond within • .04 
58 to .1 c.c. of N/2..o NaOH. Taylor has pointed out the ad-

vantage of a fat free extract in work on the castor bean 

lipase. He finds that "flJrme nt is lost in this process 

Le., the fat extraction by ether -- ••••••• the different 

fractions of ether employed i n the mwcessi ve extractions 

contains quant i tit ies of ferme nt proportional to the fat 

contnnt. " 

We have evidence that some of the lipase is 
but 

carried over in ether-fat solution; / t:he percentage is 

very small, as is shown by these figures. The whole of 

the ether-fat obtai ned from ' s 10 gram sample, pup number 1, 

feeding experiment number 1, when neutralized and incubated 

for 2 hours with 8 c.c. o·f distilled water and 1 c.c. of 

ethyl butyrate gawe a titration of .4.0 c.c. N/2.o NaOH. 

1 c.c. of the fat free extract from the same animal incu-

bated at 38°C' with 4 c.c. HaD and 5 c.c. ethylbut.vrat~ for om 

hour gave a tltrat icn of 4.59 c.c. of U/20 NaOR. 
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Observa~ io n on t he rate of lipase action was 

made i :-: sor::e iiozen i nstanc es. The procedure waS as fo1-

lows:- After bring i ne a considereble number of bottles of 
butyrat.e ... 

t he u sual set U11 -- 4 c.c. H2O> a nd .5 c.c. ethyl -J a.na;. "hr e e 

drops of t oluol to temperature--3SoC for one hour--l c. c . of 

t he fat free lipa se extract was added and i ncubated. They -

,ver e removed. at 15 minute i ntervals t 2 c. c . of alc ohol added 

and the titration made against N/20 HaOH. The results ob

tained sh ow the greatest rate to occ nr in the first 15 min-

utes of the i ncubation. In the second 15 minutes the re-

actio~ proceded at practically the same rate as was observed 

for t he third 15 mi nutes. r:2 he fourth 15 minutes shows a 

marked decre a se i n the rate of a c i d formation. Similarly 

the titration foll nwi~g t he fourth 15 mi nutes showed 

progre s sive decre a se i n the rate of action . 

Fasting Experiment r umber 1. 

The lipol ytic act i vity shown by 1 c.c. of the fat 

free extrac t of the liver i n terms of c.c. of N/20 NaOH at 

15 minute i ntervals. 

~lst 15:2nd l5:3rd 15:4th 15: thr:.-: J~r :.:..:. 
ll! ormal pup .94: .43 .42 .02 ~19 : 

Pup fasted 6 days: 1.24: .60 .65 .26 .60 : .23 
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Fasting Experiment lJumber 2. 

1st 15 2nd 15: 3d 15 :4th 15 :2nd hrs:4th hrs. 

n orma l pup: 
Number one: 2.38 .87 .92 .42 .94 

? up f as ted: 
t wo days 2. 8 6 .99 .82 .31 1.00 

For t he curves obtai n ed from this data see 

charts number lA. The lipa se of f asting anima l in red, 

t he normal in ol e.ck. 

It is evident t ha t t he grea t proportion of t he 

lipase aeti vi t y ace Dr S wi thin t he first hour i1nd that the 

rate of activity within t his period is quite re gular. ~or 

these rea sons most of our incubation s were made for one hour. 
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A. Experiments in the feeding of jlat. 

a. The determination of the amount of 

fat and of lipase in the liver in 

relation to the taking of a meal 

rich in fat. 
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We have taken pups of the same litter and with

held food for a definite time, usually 40 hours, in order 

to establish relative stability of fat metabolism. After 

this time a meal very rich in cream was fed. The animals 

were then decapitated at varying intervals during digestion 

and absoTItion, and the lipase and fat content of tte liver 

determined on these animals. This test we have :1Kl (le on 

three series of animals with the view of throwing light on 

the lipase and fat variations during the normal cycle of 

digestion. We present our results in the following tables 

and corresponding charts. 



Prot ocol of l!'eeding Experiment Number 1, 

Series Number 1. 
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January 13, six pups of the same litter, about 
five weeks old in fine condition average body weight 750 
grams, withheld food 44 hours for normal, at the end of 
which one an imal was killed by decapitation as a normal 
standard and the remaining animals each fed 90 grams of 
43 per cent cream. They were then decapitated at inter
vals of 2, 5, 8, 11 and 14 hours with the results shown 
in the following table. 

Table nu mber 1, giving the lipolytic activity in 
terms of cubic centimeters of N/20 Ne OH - shO\m by one 
cubic centimeter of the 10 per cent fat free aqueous ex
tract acting on .5 cubic centimeter. of ethyl butyrate, 4 
cubicocentimeters of water, .08 cub ic centimeter ~: of toluol 
at 38 C for a period of six hours. The fat cont ent is 
given in terms of per cent weight of the ether extractable 
substance in the liver tissue. 

:O-Nor-: 
Hours after feedin~ · mal 2 5 8 11 14 · · · Cubic cent imeters of: : . . 
NL20 He OR 1'-"4 1.27: 1.86: 1.92: 1.52 1.93 

Per oent fat in : . . . . 
Ii ver tissue 3.55 9.40:11.55:14.32: 4.13 :11.60 

. . 

Chart number I represents graphioally the data re
corded in the above table number 1. The yellow indicates the 
percentage fat and the red the percentage lipase content of 
the liver. The curve for the fat shows a progressive accumu
lation of fat in the liver to a maximum at the 8 hour period 
after the taking of the meal rich in fat. The ourve "for the 
lipase shows the percentage lipase content of the liver to re
~in relatively constant after the taking of the fat food. 





Protocol of Feeding Experiment Number 2, 

Series Number 2. 
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January 22, a series of four pups, three pups of 
the same litter about 10 weeks old in excellent condition 
and one odd pup of an odd litter not quite so well cared 
for, average body weight 2700 grams.! withheld food for 60 . 
hours at the end of which time the normal was decapitated; 
the remaining animals were each fed 270 grams of 55 per 
cent cream and decapitated at the times indicated. 

Table number 2, giving the lipolytic activity in 
terms of cubic centimeters of N/20 Na OR - shown by one 
cubic centimeter of the 10 per cent fat free aqueous ex
tract acting on .5 cubic centimeter ~' of ethyl butyrate, 4 
cubic cen~imeters of water, .08 cub i c cent imeter: of tol
uol at 38 C for a period of six hours. The fat content 
is given in terms of per cent weight of the ether extract
able substance in the liver tissue. 

Qj ... Nor- : 
Hours after feedin~ mal 2 8 11 

:Cubic centimeters of 
:NL20 Na OR 2.47: 2.51 2.77 2.45 
: 
:Per cent fat in liver 
:tissue 4.40: 7.00 12.15 6.25 Oaa pup 

Chart number II gives a graphic representation of 
the data cited in table number 2. -The percentage of fat is 
represented in yellow, the percentage lipase in red. The 
fat curve shows an increase in the percentage of fat oontent 
of the liver to a maximum at the 8 hour period following the 
taking of the meal rich in fat. This IIBxirnum is followed by . 
a decline in the percentage fat content at the 11 hour period. 
The curve for the percentage lipase is comparatively constant, 
showing only sl ight variation after taking the fat food. 

The animal's in experiment humber 2 were kept wi thout 
food longer than in other experiments the object being to ob
tain as normal a liver of lower fat content. As is seen, the 
normal animal fasted 60 hours in series 2 has a higher fat 
content than the animal fasted for 44 hours in series 1, 4.40 
percent fat as compared vvith 5.35 per cent, the significance 
of vmich is developed ill later eXTleriment s. 
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Protocol of Feel i ng 2x-geriment Number 3, 

Series Dwnber 3. 

llarch 28 , three pups of the same litter in good 
condition about six months old, one - odd 9uP somewhat l arg
er, aver ag e body weight 1266 gr ams , withheld food 43 hours 
at the end of ,":hich time the normal r:a s t .~ken; remaining 
animals fe d 75 gr ,;J.lns of ::,3 pe r cent cream and decap ita ted 
as indica ted. 

':'a ble number ;3 , givi ng the li}J olyt i c ac ti vi ty 
i n terms of cubic c entime ters of U/~O :aa OH - shown by 
one cubic centimeter of the 10 per ce ~l. t fat free aq,ueous 
extrac t a ct ing on .5 cubic centimeter ' of e thyl butyr :lt e, 
4 cubic cent~:neter s of wa ter, .08 cubic centimeter f of 
toluol at 38 C for a period of one hour. The fa ~ con-
tent is given in terms of per cent weight of the ether 
extrac t able substance in the liver tissue. 

: d-:;or -: 
Hours a fter feeding · rrla l 5 8 · 11 · · · . · 
Cubic centi:neters of: 
NL20 Na OH · 4.20: 4.16 3.88 · 3.81 · · · • 

?er cent fat in liver 
tissue 3.46: 4.40 . 7.45 1~.7l . 

, . . '.,2 .~) 

Chart number III re presents in a gralJhic 
manner the 0ercentage f a t and. lipase content of the 
liver as given in table number 3 a t the periods 5, 8 
and 11 hours afte ~ the taking of the fat food. The curve 
for the fat in yellow shows a gradua l increas e in the per
centage of fat up to and including the la s t period - eleven 
hours. The curve does not show a fall following the max
immn. This \7e expla in as due to t he short period over 
which the eX1?eriernent is extended. The percentage li
pase content i!l re d is ae;'ain sh ov/l1 t o remain comparatively 
cons t ant after the taking of a f a t meal. 



OHAR~ HUMBER III. 
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The most striking thing from the point of view 

of li pa se cont ent of :he liver is the ri gid com·tancy in 

the ::;erc ent age of' lipolytic ac tion shown by animals of th e 

same litter. or even betvre en animals c omrJara ble as regards 

condi tion and a ge but of different litters. '.::his constancy 

of the ~) ercent aze of lipas e content of the liver remains 

throughout the normal cycle of digestion and absor 9tion of 

a mea 1 . 0 f fa t. 

It ma~ be objected that the percentage of lipase 

content a side from other data means nothing. Thus it may 

be argued that the infiltration of a non-lipase containing 

materi a l v:ould mask an incre'lse in the lipase production 

of an organ. .l!'urther . ii' the infiltrat ion of this material 

occurred at a rate proportional to t he li :?ase :c:roduced, the 

~ercentage"fl ipase content would 8eem to rerroin constant 

though as a matter of fact increasing. 

In our preliminary work there is erDerimental 

evidence which seems to show that lipase is only very 

sl ightly if at all soluble in fat. If we assume that the 

fat of the liver contains no lipase then following a fat 

meal a time at which there o'ccurs an accumulation of fat 

in the liver there are just such conditions as would mask 

.. an actual increau e of lipase in the liver at that time. 

\ , 

In such a case it becomes necessary to state the lipolytio 

activity in terms of fat free fresh tissue, i.e. the weight 

of the fresh sample minus the weight of fat obtained which 

gives the weight of the fat free fresh sample, ~. the 
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active tissue. The lipolytic activity per unit of fat free 

tissue is recalculated on this basis. 

Computed on such a basis the lipase content of the 

liver in two out of three of our feeding experiments shows an 

increase per unit of fat free fresh tissue co~re5ponding in a 

degree to the increase iIi fat in that organ. Or in other 

words with the increesing fat content following a meal of fat, 

there is an increasing tota.l liver lipLse per unit of active 

liver tissue. 

The total lipase content may be conveniently in-

dicated by the quotient obtained by dividing the total oal-

culated ~r lipase content of the liver as computed per 
the 

unit of/fatfree sample, or active tissue, together with the 

lipase quotient and the perce~tage of fat of the liver for 

our three feeding experiments is given in the following table. 
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Series iJumber 1. 

:b'eeding Experiment lIu;nber 1. 

~a.b1e Humber 4. 

~his table gives at the periods 5, 8, 11 and 
14 hours after the taking of the" fat meal, the lipase 
content as computed on the fat free fresh liver sample 
bas i s in terms of cabie cent imeters 0 f lI/20 HaOH (xlO-~; 
also the l)ercentage fat in the liver and the lipase 
'luotient - total ca1cula ted liver li l)aSe in terms of 
NIIO liaOH - divided by the initial b;dy weight. :he 
lipase c.Luotie!1t given in the tabulatHm is the ;].ctual 
'luotient (:alO'). 

:O-nor-: 
Hours after feeding mal": 2 

cc N/20 NaOli per unit 
fa t free fresh tissue 

5 " 8 : 11 14 

xlO-' . . . ..• 1.79 : 1.40: 2.11: 2.24: 1.58 : 2.18 : 

Percent fat in liver: 3.35 9.40:11.95:14.32: 4.13 :11.60 : 

Lipase quotient (xlO) 4.03 3.03: 4.54: 4.45: 3.28:: 3.60 

Chart number IV is a plot of the data given in 
the above table n~~ber 4. ~he curves for the linase con
tent of the liver as indicated by the lipase quotient (in 
red) and the lipase calculated on the fat free fresh sample 
(in green) correspo!1d, showing an initial fall followed by 
rise to a maximum to la ter fall again. The lipase quotient 
and the "per cent fatjas well as the 1i nase per unit of fat 
free fresh sample. correspond in a degree throughout their 
cycle of variation, the one exception being that the fat does 
not show the initial fall, as is seen in the lipase. 
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Series llumber 2. 

Feeding Experiment r!umber 2. 

~able HUI:lber 5 

~his table gives at the periods 2, 8 and 11 
hours after the taking of the meal ri ch in fat, the li
pase content as comoute1 on the fat free fresh liver 
sample basis in terms of cubic centimeters of N/20 NaOH 
(x 10~); also the percentage fat in the liver and the 
lipase ~uotient - total calculated liver lipase in terms 
of N/IO NaOH - divided by the initial bOdJT weight. The 
lipase ~~otient given in the tabulation is the actual 
quoti ent (x 10 i. ). 

:O-Nor-: 
Hours after feedi~ :- mal 2 8 11 

c.c. N/20 llaOH per 
unit fat free fresh 
tissue (x 10") 2.58 2.69 : 3.15 · 2.61 · · · 
.Percent f s.t in liver: 4.40 7.00 12.15 · 6.25 · 
Lipase ~uotient( x 10' 5.80 . 3.86 . 6.23 3.96 · . . · 

Chart Humber 5. 

Thi~ chart gives a concrete representation of the 
data given in the above table number 5. The curve for the 
lipase quotient(in red) shows as it did in cr~rt n~~ber 4 
an initial fall follo'::e it by a ri se to later fall again. 
;;imilarly the lipas e quotient and the percent fat corres
pond in a degree in their cycle of Variation. 
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~3.b I e YlLL":}be :::o G 

~his t a ble g i v e s a t t he ~e ri ad s 6 , 8 and 11 
h a u:c 8 s.. :f t e::.~ t ho t a l :: iY'.g :) f t he me a 1 ::d eh i n f a t. J~h e li
Dase c ont e~t a s com su ted on t h e fat f :::oe e f~e3h l i v e r 
s &.:r;_~ le ba s i s i n terms of cub i c c en ti r:>eters of Ii/ ZO l~aCH 
( x 10-1

); a lso th e :) er ~ cntag e f a t i n t he liv er and the 
l i ~ase ~uo t ie nt - t otal cal cula t e d l i ver lipa se i n t e r ms 
o f ~I/10 Na C;H - o.i vi cle c1. b y t he inttial b od~i weig ht. : he 
lipas e quatie !1 t g i ven i n t he t abuJ.:;.. t ion i s the :J.ctu a l 
quo t i ent (x 10' i • 

:O-Nor-: 
li :r:lrs after fee ci~ . ma.l 5 : 11 . 
c. c . U/ 2() :;JaOH p er 
unit .1:' . -'--

..... ..:J,. i.... f ree ti s -
sue ( -- 10" j 4 . 35 ~ -- .. ., 4.19 4. 26 . 

~ A ~ . ...:, ;,; · . • 

.Ee r cent f .-. + in l i v e:" 3. 46 . 4. ·40 . 7.45 · 1.071 : ""v . • · 
Lipas e ~uo tient(x10') 7. 83. 7. 85: 7. 27 7. 50 

Chart llulllber 6 . 

This c hart fig ure s g r a , hic ally the da t a given 
i n th e ) rece di ng t able number 6. The v !: ... ria t ion in the 
p er c ent fat i s seen t o be least :-:It', :::ok e d i n t his seri e s of 
either of the t hree reportee., a nd likewise t he va riation 
in the li pas e q,uotie nt a s well as the li pa se -per un i t of 
fat free fre s h s~mp~e is very sl ieht. 
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It would seem that the first two feeding ex

periments afford evidence that there is an increasing li

pase content per unit of fat free fresh liver tissue follow

ing the cycle of digestion and absorption of a fat meal. 

The third feeding experiment shows the least variation in 

fat content, and similarly shows only slight variation in 

lipase content. 

In the determination of fat in the liver in re

lation to a fat meal the point to be emphasized is the pro

gressiveaccumulation of fat in this organ. Assuming that 

the transportation of fat is normally associated with an in

filtration of fat in the live~ we would expect an increase 

in the fat content of the liver following the digestion and 

absorption of a fat meal. The observations made on the 

total of fourteen pups following a fat meal show that the 

fat content of the liver inoreases during the absorption of 

fat without exoeption,and the greatest inorease oomes at a 

period when the absorption is ooourring at the greatest rate. 

This is evident from both the percentage of fat in the liTer 

tissue, and from the quotient obtained when the total liver 

fat is divided by the normal body. weight, i.e. the fat quotient, 

as is shown by the following table s number 7 .. . 8 and 9. 
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Series Number 1. 

Feeding Experiment Number 1. 

Table Humber 7. 

Tables numbered 7, 8 and 9 give the petcentage O( 

fat in the liver as compared with the total calculated 
liver fat divided by the initial body weight, the fat 
quotient, following the taking of a fat meal. The fat 
quotient as tabulated is the actual quotient x 10~. 

: 0 : 
Hours after feeding :Normal: 2 5 8 : 11 14 

Percentage fat : 3.35 9.40:11.95:14.32:4.13 : 11.60: 

Fat quotient xl~ :15.75 :44.95:58.36:64.12:17.89 

Series Humber 2. 
Feeding Experiment Number 2. 

Table Number 8. 

: 0 
Hours after feeding:Normal: 2 : 8 . . 11 

Percentage fat : 4.40 7.00:12.15: 6.25 

Fat quotient x 1~ :20.64 :25.52:56.61:20.30 
. , 

,- "-c 

Series Number 3. 
Feeding Experiment Number 3. 

Table Number 9. 

: 0 : 
Hours after feeding :Normal: 5 8 . . 11 

of 
Percen tage I fa t 3.46: 4.40: 7.46: 10.71: 

\ , 

Fat quotient x 1~ : 12.90:16.62:27.93: 42.17: 

45.20: 
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It is evident that the true comparative index 

of th~ f~t and lipase content of t h e liver i s their re

spective quotients. It remains to compare the fat and 

lipase qnotients and see their relationship. This COlll-

parison is made graphically in charts number 7, 8 and 9. 

The variations in the lipase and fat content of the liver 

at periods following the taking of a meal rich in fat 

show a definite and in a degree corresponding cycle. The 

lipase quotient shows a slight fall folla~ed by a rise 

to a maximum later .. to' fall again. The fat quotient 

shows an increase to a maximum, then 5: .dac..re.as.e.. 

The fat results show that the ourve for the in-

creasing total fat content of the liver after a fat meal 

follows the curve for fat absorption in the blood as given 

by Bloor. He may be quoted thus: " •••••••• in general the 

curve of variation in blood fat in fat feeding appears to 

follow that of nonnal fat absorption • • • • • • • slight 

changes during the first two hours, an increase to a max-

imum at about the sixth hour, then a decrease." In our 

experiments the fat in the liver, as in the blood, two 

hours after the fat meal, shows a slight inorease over 

the normal. Still la,ter there is a continued gradual in-

,crease of fat in the liver until a maximum is reached at 

the end of 8 to 12 hours after the taking of the meal rich 

in fat. Following the maximum, there is evidenoe of a 

gradual decrease in the fat content of the liver oorres-
\ , 
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ponding to the decrease in the fat content of the blood. 
to 

But/the last statement there is one apparent exception. 

In experiment number 1, the 11 hour animal 

shows a very low fat content of the liver- a content 

only slightly greater t han the normal and far less than 

either of the animals preceding and following it in the 

series. It should be pointed out that the lipase content 

in this animal bears a similar relationship. ~his ani-

mal was the smallest of the series, at autopsy the stomach 

was practically empty and the intestine contained only a 

s mall amount of food. The pups on either :side of it in 

the saries 3howed an abundance of digesting cream both in 

their stomach and s mall i ntestine. It wa~ suspected 

since the 11 hour pup showed a lack of food in the stomach 

and small intestine that it had lost the food soon after 

being fed. If so~ this would account for the low fat 

content in this liver. It is noticed that the eleven hour 

pup in experiment number 2 also has a fat content somewhat 

lower ," than that of the eight hour pup. It is a third 

higher in £~t content than the normal. If we assumed the 

maximum absorption in hp. No. .,2 to fall at eight hour s, 

then the data obtained here w~uld seem quite normal shOwing 

, the decrease in fat content following the maximum. at 11 ho'urs. 

The eleven hour pup in experiment 3 shows the 

greatest content of fat in the liver of this series. The 

"appareht irregularities in the time at which occurs the 

maximum fat content of the liver after the fat meal is 



\ , 
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eas ily expl a i ned if we re fe r to the work of Vaughan 
58 

Harley on the"Normal Absorption of Fat •••• " 

He r eport s tha t although the quantity of milk given per 

k ilo be t he sar.i e i n each ca se . the quantities of fat 

in the various parts of the aliment ary tract may differ 

very lTI&terially, a nd likewi s e the amount absorbed varies 

with t he i ndividual. J!'urther, the maximum r a te of ab-

sorption of fat normally occurs about 7 hours after taking 

a f a t meal. The maximum rate of absorption as shown by 

the fat content of the liver in two out of three experi-

ments falls at the eight hour period after taking food, 

and in t he third series it occurs at the eleventh hour 

test. Vlhen one considers that these animals had all been 

without food for 43 hours or more previou s to the feeding, 

the-curves here obtained would seem to demonstrate that 

an infiltration of fat in the liver following the digestion 

and absorption of the fat meal. Further, the degree of 

this infiltration is proportional to the absorption 

occurring in the blood. 

This relation of the liver fa t ~o the blood fat is 

most strikingly represented if the fat content of the li~er 

shown in our feeding experiment number 1 for the periods 

2, 5, 8 and 11 hours after the taking of a fat meal is 

compared with the fat content of the blood during normal 

fat absorption as shown by Bloor in his feeding experiment. 

number 1, which is an approximate average of the four ex-



periments he reports. The data for such a comparison is 

given in the following tabulation. 

Table Number 10. 

This table gives the percentage blood fat following a 

f a t meal (cited from Bloor). also the fat in per cent by 

weight of either extractable substance in the dry liver 

tissue cited from our experiment number 1. 

:O-Nor
Hours after feeding mal 

Per cent fat in blood 
Bloor'sfeeding exp.ll .58 

Percent fat in liver: 

2 5 

: 1.2 

8 : 11 14 

.9 : 

. 
• 

our feeding exp.1 1 : 3.35 9.40:11.95:14.32: 11.6~: 

Chart Number X.A 

This chart represents the change in the percent~fat 

content of the blood during normal absorption - as given 

by Bloor and the changes occurring in the per cent fat 

content of the liver at corresponding periods in our 

. feeding experiment Number 1. The blood fat is in black, 

the liver fat in yellow. The form of the curve for the 

fat in the liver and for the fat in the blood correspond 

throughout their cycle of variation. 

The ratio of the fat in the liver to the fat in the 

blood is roughly shown to be 10 to 1. Thus at the 5 hour 

period in feeding experiment number 2 Bloor gives the fat 

\ , 
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content as 1.2% as compared to 11.95% the figure for the 

percentage of fat in ·the liver at the 5 hour period in our 

feeding experiment number 1. This inter- relation between 

the blood fat and the liver fat is most strikingly shown 

by a comparison of the average blood fat reported by Bloor 

as compared with the average fat content of the liver in 

our feeding experiments number 1 and number 2 at corres-

ponding periods after the taking of a ~eal rich in fat. 

This data is given in the following table. 

Table Number 11. 

This table gives gPapbi0s11¥ the changes in the fat 

content of the blood and of the liver during . normal absorp

tion. 

: ~ : 
Hours after feeding :Normal: 2 5 8 : 11 14 

Feeding Exp. 11, per. 
cent fat in liver : 3.35 9.40:11.95:14.32: :11.60 

Feeding Exp. 12, per: 
cent fat in liver : 4.40 7.00: :12.15: 6.25: 

Average per cent fat: 
in liver 3.87 8.10:1~:13.23: 6.25: 

Bloor's Exp. :jJ:l per 
cent fat in blood, 
read from curve .58 1.2 : .9 . . 

. Bloor's Exp. 1J2 per 
cent fat in blood . .67 . .83 1.15: . . • 

Bloor's Exp. fa per 
cent fat in blood .6 1.0 .85: 
Bloor's Average per ) I 

I 

,.cent fat in blood ill· : .83 . 1.12: .87: - . - -
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In comparing the above averages it is seen that the 

time of the variation in the blood fat has a tendency to 

rWl ahead of the liver fat, both during the rise and the 

fall, i.e. the variation in the blood fat seems to initiate 

or precede the variation in the liver fat. 

This evidence seems to me to militate consistently in 
5B favor of Leathes' theory of fat variation in the liver, 

namely, "The character of the fat in the liver • • • • is 

determined in the first instance by the character of the 

fat offered it by the blood." 

If we take this view in explanation of our results, 

it means that the quantity of fat in the liver is deter~ 

mined by the quantity of fat offered it by the blood. 

The fall in fat content following the maximum may be taken 
t ha t 

to indicate", jthe liver is not a place to which the fat comes 

to stay or in which it is permanently stored but .to indicate 

that the liver has work to do in preparing fat for the meta

bolic processes in which fat is concerned, - possibly a de

saturation as Leathes has shown to occur in the liver. 

Further . it may be taken to show that the liver acts 

as a regulator of the quantity of fat in the blood~holding 

the percentage of blood within a certain maximum and minimum 

as it is known to do in the case of blood sugar. ·The late 

work of Bloor59ShOwing the rapid dissappearance of large 

quantities of fat injected into the blood stream would lend 

strength to such a hypothesis. The findings of Mr. Surmners 
\ , 

in his studies of the blood in our cooperative work on these 
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ani~a ls a re in h&rmony with and support this view. It may 

we ll be th~ ) t the liver per::formB both of the s e functions. 

reguluting the f 8. t 00ntent of the blood, a nd also prep~res the 

fbt for the metl_bolic pr t) Ce8S in which fat is concerned. a 

true lipogenesis of Loevenhart. 

In fit-·king the fat a.nd li pese determina.tions s E-ruple 

nUJ"'I1ber 1 wc; s a lw'ays talren from the le ft lobe a net s£.mple num-

ber 2 from the right lolle. Thus we hoped to determine the 

uniformity of the fat and lipase content throughout the organ. 

1'he variation in t he lipase content of the two lODes was e. l

ways within the limit of experi:nent a l terror. likewise t as is 

reported by 2Ioel Paton. the fat content was uniform through 

the liver. · 
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The feeding experi::lents performed vvi th pups net 

four results, name ly: 

1. The fat and lipE: se c orJ.tent 0 f the liver runs 

a definite and charEcteristic cycle of variation in relation 

to the t aking of a me~ l rich in fat. 

2. 'l'his cycle is chs.r~cterized by a gradual increase 

in the fat and lipase content of the liver to a maximum, fol

lowed by a fall. ~he lipase cycle differs from the fat cycle 

in that the lipas e shows an initial f~ll which is not shown 

by the fat. 

3. The accumulation of fat in the liver after fat 

food is proportional to the a bsorption of fat in the blood. 

4. '1lhe f a t und lipase is uniformly distributed 

throughout the liver. 
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B. Experiments on Fasting. 

a. The determination of the amount of fat and 

of lipase in the liver in relation to 'arly , 

~nd lctef&sting. 

The lipase and the fat relationship during the 

normal cycle of fat intake is complicated by the mere fact 

of the fat additions to the body supply from the feeding, 

i.e. from external sources. This condition is eliminated 

during fasting when the body can consume only such fat as 

is already on hand in some one or other of the sources of 

body fat. This test we have made on three series of ani-

mals with a view of throwing light on the lipase and the 

fat variation during the metabolism of the bodies own 

tissues and stores. For these experiments we have taken 

pups of the same litter, fed them on a general and constant 

diet to secure uniform conditions. Twenty four hours after 

the last feed the normal was decapitated and samples of the 

liver taken. Food was withheld from the remaining animals 

of each series the individuals of-which were killed at inter

vals for the tests. The lipase and the fat content of these 

livers was determined. 

Two series of experiments along this line are 

presented in the following tables and charts. 
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Series Number 4. 

Fasting Experiment Number 1. 

February 12, four female bull pups about three weeks 
old in the very best of condition, average body weight 1500 
grams, 18 hours after feeding the normal was killed, the 
remaining animals were fasted and killed at the times in
dicated. 

Table Number13. 

This table gives the lipolytic activity shown by 1 
oubic centimeter of the 10 per cent fat free aqueous extract 
of the liver acting on .5 cubic centimeters of ethyl butyrate 
4 cubic centimeters of water, .08 cubic centimeters of toluol 
at 380 C for a period of one hour in terms of cubio oenti
meters of N/20 NaOH. The fat content, i.e. the ether extract
able substanoe in the dry liver tissue is given in terms of 
per cent by weight of the fresh sample. 

Days fasted 0 2 4 6 

Cubic oentimeters of 
N/20 NaOH 1.95 1.56 2.40 2.86 

Percentage fat in 
liver 2.30 3.50 4.75 4.27 

Chart Number X. 

This ohart shows graphically the variations in the 
per cent fat and lipase content of the liver during a fast 
as given in the above table number 13. The percentage lipase 
content as was made evident by the fat free extraot is indi-

' oated in red, the percentage lipase content as shown by the 
turbid extract is pictured in blue, and the peroentage fat in 
yellow. A comparison of the two lipase ourves shows the fat 
free extract to be the more active. The cycle of variation in 
the lipase is charaoterized by an initial fall in the percent
age content at the 2 day period followed by a continued rise 

\at the 4 and 6 -day periods. The ourve for the fat shows an in
orease in the fat content of the liver in the fasting animals 
over the normal. 
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Series Number 5. 

Fasting Experiment Humber 2. 

March 28. Six pups of the same litter about 6 
weeks old and in good condition, average body weight 1200 
grams, 22 hours after feeding, the normal was decapitated, 
the remaining five pups were allowed water but no food, 
a nd decapita ted as indicated. 

Table Number 14. · 

This table gives the lipolytic activity shown by 
1 cubic centimeter of the 10 per cent fat free aqueous ex
tract of the liver acting on .5 cubic centimeters of ethyl 
butyrate, 4 cubic centimeters of water, .08 cubic centi
meters of toluol at 380 C for a period of one hour in terms 
of cubic centimeters of :n/20 UaOH. The fat content, 1. e. 
the ether extractable substance in the dry liver tissue is 
given in terms of per cent by weight of the fresh sample. 

Days f a sted 

Cubic centimeters of 
N/20 NaOH 

o 2 4 6 8 9 

4.59: 4.85: 3.84: 3.00: 3.13: 2.27: 

Fercentage fat in liver: 3.32: 6.35:15.57:25.05:29.60:54.75: 

Chart Number XI. 

This chart represents graphically t he va ria tion 
in the percentage fat and lipase content as given in the above 
table Nuober 14, yellow, the percentage fat;red, the percentage 
lipase as indicated by the fat free extract. The curve for 
the percentage fat shows a progressive inorease up to and in
oluding the 8 day period of the fast and on the 9~h day period 
·there 'occurs a sudden increase in the fat. The curve for 
the percentage lipase shows a gradual decrease throughout 
the fast in con~rast to fasting experiment number 1 which · 
shows an initial ·fall followed by a rise. Compare chart 
number X. 
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'rhe two fasting series demonstrate without exception an 

increase in the percentage of fat content in the liver of 

the fasting pups over the normal. The percentage of lipase 

determinations in the two series do not harmonize to so strik

ing a degree. :h'asting experi!:lent number 1 shows e fall in 

the percentage of lipase content in the 2 day animal, followed 

by a gradual and continued rise in the percentage of lipase 

content in the 4 c::.nd the 6 day animals. ~lhile in the fasting 

ex)erLnent number 2 follo"Ning the two day period there is a de

crease throughout the fast in the lipolytic acti'Ti ty of the 10 

gram sample of liver which means of course a decrease in the 

percentage oontent of liver lipase. 

It mcy be objected that the percentage of lipase aside 

from other data means nothing. Assume that the lipase is con

tained only in the fat free protoplasm. Then if the lipase re

mains constant per unit of fat free fresh liver tissue, e.g. 

per unit of vital protoplasm a sudden increase in non-proto

plasmic substance - fat in this instance-would show an apparent 

decrease in the lipase content of the liver when in reality there 

was no change. 1f the increase of fat is sufficiently great the 

lipase content would seem to decrease, though. as a matter of 

fact it might actually be increaSing. .I!'urther a variation in the 

liver n~ss during the fast would render the percentage of lipase 

apart from other data of less value. 

It is evident - data to follow- that there is a varia

tion in the liver mass during the fast. If the oells 
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decrease in volume by the loss of some substance, the 

effect would be to allow a greater proportion of cells 

per unit mass of liver. AssTh~e that the lipase remains 

oonstan t per cell, then the ~ depletion of glycogen or 

water from the cells would send up t h e percentage lipase 

in a unit of liver mass thus giving an apparen t increase 

in the lipase content of the liver. The glycogen con-

tent of the liver of young pups may be up to 40 per cent 

of the dry mass. It the glycogen suddenly dissappears 

with no other compensating faotor the pe~eeftt~e ~ipase 

content of the liver would apparently be greatly increased. 

To s atisfy these objections the peroent lipase 

in the liver must be compared to some standard. The 

following figures will show that the variation in the 

liver mass of fasting pups does not ooour at the same 

rate as the variation in the body weight. 
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Series Number 5. 

Feeding Experiment Number 2. 

Table Number 15. 

This table gives the comparison as between the mass 

of the liver in fasting animals and their initial and also 

their final body weight. 

Days fasted 0 2 4 6 8 . 9 . 
Fresh liver weight t 
final body weight x 10': 4.89: 3.58: 4.14: 4.91: 6.11: 9.28: 

Fresh liver weight + 
initial bod~ weight xlO! 4.89: 3.23: 3.39: 3.47: 4.33: 6.23: 

Pups it would seem lose heavily in liver weight on 
t ' 

the first day, and at a much greater rate than they lose body 

weight. Following this initial fall there seems to be a steady 

increase in the weight of the liver -- see weight of liTer 

diVided by initial body weight. This of itself would pOint to 

a possible accumulation of substance in the liver during a fast. 

It is evident that if we wish to refer the per oent''¥1ipase in 

the liver to some standard, it must be eithevtfhe initial body 

weight or to the mass of active liver tissues. For the present 

we will make the comparison to the latter, i.e. the lipase per 

unit of : vlt.a l protoplasm. It thus becomes neoessary to state 

the lipase oontent of the liver in terms of fat free fresh 'liver 

tissue, i.e. the weight of the fresh sample minus the weight of 

th'e fat obtained whioh gives the weight of the fat free fresh 
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or 
sample/the active tissue. From the fat free fresh sample the 

lipolytic activity per unit of active tissue , as calculated for 

our two series of fasting pups , is given in comparison with the 
, 

percentage fat content of the liver in the following tables 

number 16 and 17. 

Series Number 4~ 

Fasting Experiment Number 1. 

Table Nwnber 16. 

This table gives for the period 2, 4 and 6 days of a 
,1 

fast the percentage fat oontent of the liver also the lipase 
4 

content as computed per unit of the fat free fresh liver 

sampi1e in terms of cubic centimeters of N/20 NaOR x 10' • 

Days fasted :Normal: 2 4 6 8 

c.c N/20 NaOH per unit 
fat free fresh tissue . 1.99: 1.61: 2.51: 2.92: . 
Percent fat 2.30: 3.50: 4.75: 4.2:7: 

Chart Number XII 

This chart presents in a graphic manner the data given 

in table number 16, yellow the percentage of fat, green the li-

pase per unit of fat free fresh tissue. The cycle of varia-

tion in the fat and lipase corresponds in that there is an in

crease in each at the medium to the lat lasting periods. In 

this series the form of the curve for the lipase per unit of 
\ , 
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active protoplasm does not differ materially from the curve 

for the percent age lipase of the entire 10 gram sample, thus 

in ea ch t here is an i nitial fall at the 2 day period followed 

by a rise at the 4 and 6 day periods of the fast. 

chart number X. 

Series Number 5. 

Fasting Experimen t number 2. 

Table Number 17. 

Compare 

This table gives for the periods 2, 4 6, 8, and 9 

days of a fa.st the percentage"ff 8 t (; ontent of the liver, also 

the lipase content as computed per "lilli t of the fat free fresh 

liver s ample i n tenGs of cubic centimeters of N/20 NaOR x 10 I • 

Days f a sted : .N onna1; 2 4 6 8 9 

c.c. N/20 NaOE per: 
unit fat free fresh: 
tissue x 10' 4.74 5.17: 4.54: 4.00: 4.44: 5.01: 

6.35:15.57:25.05:29.60:54.75: 

Chart number XIII. 

This chart represents gfaphically in part the data 

presented i n t able number 17, black the percentage loss of 

body weight in bl-a-e-k , yellOW the percentage of fat in the liver 

green the lipase content per unit of active tissue calculated 

on the fat free fresh sample baSis. The curve for the lipase 
\ , 
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following the second day shows a fall in lipase content at the 

4 and 6 day tests, followed by a continued rise in the 8 and 9 

day tests thus differing from the curve for the percentage ~li

pase of the 10 gram sample which shows a continued fall through-

out the fast. Compare chart n~mber XI. 

In each of the fasting experiments the lipase content 

as figured on the fat free fresh sample basis, shows an initial 

fall followed by a rise in lipase content of the liver. Or 

in other words in t he transition from a feeding to a fasting 

state there occurs an initial fall in the total of the lipase 

content of the live~ to be followed by an increase in the total 

of the lipase conten t of that organ. The total lipase content 

is conveniently represented in a comparative form by the total 

calculated lipase content of the liver divided by the initial 

body weight of the animal. This we have termed the lipase 

quotient and present the same in comparison with the percentage 

lipase and also the fat quotient - total fer calculated liver 

fat divided by the initial body weight - in the following tables 

18 and 19. 

Series Humber 4. 

Feeding Experiment number 1. 

Table Number 18. 

This table gives at the 2, 4 and 6 day periods of a 

fatt, the lipolytic activity shown by one cubic centimeter of a 

.. 10 per cent fat free aqueous extract of the liver acting on .5 



... 
cubic centimeters of 'ethyl butyrate, 4 cubic centimeters of 

water, .08 cubic centimeters of toluol at 38
0

0 for a period 

of 1 hour, i.e. the percen t a ge lipa se conten t of the liver i n 

terms of cubic ce nti rners of N/20 NaOH. In comparison with the 

above i s pr esent ed t he tota l calcula ted liver lipase i n terms 

of cubic centimeters of NIIO NaOH - divided by the initial 

body weight - the lipase quotient. The fi gure as tabulated 

for the lipa se quotien t is the actual quotient x 10'. The 

f a t content of the liver is given as total ca lcula t ed liver 

f a t i n gr ams divided by the initial body weight - the fat quo

tient. The figure as tabulated for the fat quotient is the 

actual fat quotien t x 104• 

Table Number 18. 

Fasting Experiment N~mber 1. 

Pups 3 weeks old. 

Days fasted :Rorma1: 2 : 4 6 

Lipase guotient x 10': 4.03 : 2.33: 3.29: 5.05: 

Fat guotient x 104 8.90::10.61:13.04:11.00: 

Per cent lipase 1.95:: 1.56: 2.40: 2.86; 

Chart Number XIV. 

This chart presents in part the data given in the 

above table number 18. Yellow the fat quotient, red the lipase 

quotient. The curve for the fat quotient shows without excep-

~ion an actual increase in t he total fat content i n the liver of 
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f~sting pups . over the normal. The curve for the lipase 

quotient resembles in form the curve for the percentage li

pase and most especially does it correspond in form to the 

curve for the lipase content per unit of fat free fresh tissue \ 

i.e. an initial fall followed by a rise. Compare charts 

number X and XII. 

Series Number 5. 

Fasting Experiment Number 2. 

Table Number 19. 

This table gives at the 2, 4, 6, 8, 9 day periods 

of a fast, the lipolytic activity shown by one cubic oenti-

meter of a 10 per cent fat free aqueous extract of the liver 

acting on .5 cubic centimeters of ethyl butyrate, 4 cubic 

centimeters of water, .08 cubic centimeters of toluol at 380 C 

for a period of 1 hour, i.e. the percentage lipase content of 

the liver in terms of cubic centimeters of N/20 NaOH. In 

comparison with the above is presented the total calculated 

liver lipase in terms of cubic centimeters of N/lO NaOH 

divided by the initial body weight - the lipase quotient, 

The figure as tabulated for the lipase quotient is the actual 

quotient x lO~. The fat content of the liver i s given as totaL 

calculated liver fat in grams divided by the initial body weight 

the fat quotient. The figure as tabula ted for the fat qQotient 

is the actual fat quotient x lO~. 

\ , 



Days fasted 

Per cent lipase 

Table Number 19. 

: NoPnal: 2 4 6 
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8 . . 9 

· . 4.59: 4.85; 3.84; 3.00; 3.13; 2.27; 
· • 

Lipase quotient x 10': 11.23; 7.84; 6.52; 5.26; 6.80: 7.00; 

.l!"at quotient x lcfo 16.24; 20.53 ; 52.90; 86.90; 150.18: 342.18; 

Chart Number XV. 

This chart presents in part the data given in the 

foregoing table number 19. Yellow the fat quotient, red the 

lipase quotient. The fat curve for the fat quotient shows a 

progre s sive accumulation in the total fat content of the liver 

in f a sting pups over the normal. The curve for the lipase 

quotient shows a decrease i n t he total lipa s e content at the 

2, 4 a nd 6 day periods of the fast follo~ ed by an increase in 

the 8 and 9 day periods, thus corresponding in a degree to the 

curve for the lip~se content per unit of fat free fresh tissu~, 

and differing fror.1 t he curve for the percentage lipase which 

shows a f a ll throughout the fast. Compare charts number 

XI and XIII. 
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In the lipa se determina tions it is evident as it wa s 

after the t e,king of Do fat mefd, that in fasting anima l s the 

percentage of lipase of a 10 gram sample is not a true index 

of the total lipe se content of the liver. The variance i n 

the lipolytic activity of the liver tis sue, as is made evi-

den t b y t he r ercentage of lip~ ee co~tent compa red to t he 

lipolytic activity shown by the tot s l lipase content divid-

ed ·oy the initia l bod~' w.eight, it most m~, rked in those 

livers showing the highest percentage of fat. In the fast-

ing experiment number 1 there is not at any time a grea t in

Cre&2e in the percent age of fat and in all cases the percentage 

of vita l or f a t free feesh tissue is o f course correspondingly 

high. There is n ~) sudden increa se in the non-lipa se contain"-

ing substance - fat. ~ or t hese rea son s t he for m of the curves 

for the perc enta ge o f lipa se, f..nd t he curve for the t ot a l li-

pa se a s well a s the lipase per un i t " f fat free fresh tissue 

corre sp ond i n £. degree throughout the fasting eXl?eriment number 1-

But in f asting experiment number 2 the changes occurring i n the 

liver are s hown to be more radica l in nature, n8m&jy an in-

crea se from 3.32 per cent fat in the liver to 54.45 per cent 

fat in that organ. It is under such oonditions as these that 

the p er~entage of lipase in a 10 gra m s~mple of liver shows 

an apparent decrease in lipase content when in reality there is 

an increa se in the total lipase content of the organ. Thus t he 

curve f or the percentage o f lipase shows a fall in the lipase 

con t ent t hroughout t he 9 da y fast while the total lipase as 
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made evident by both the lipase quotient and the lipase per 

unit of f a t free fresh sample shows an increase at the 8 and 

9 day periods of the fast. The constant and striking ob

servation concerning the total lipase content of the liver 

during a fast may be stated thus: with the functional re-

adjustment occurring a t t he transition fro r;, the feeJling -to the 

fasting sta te there occurs a fall in the total lipase content 

of the I i ver. This is followed by a rise in the total li-

pase content of this organ. 

The observations made concerning the fat content 

of the liver during a fast are even more striking and constant. 

l!'rom early to late fasting there occurs a gradual increase 

in the percentage f a t as well as an increase in the total. 

fat of the liver. An animal of a corresponding series 

fasted for a longer period shows the higher percentage fat 

content. To this last statement there is one exception to be 

mentioned. In fasting experiment number 1, the animal fasted -

6 da ys has a slightly lower per cent of fat in the liver 

tissue than has the 4 day animal. This is the onlyoa:ae.lin 

the entire series of experiments where a pup of the same 

litter which had fasted for a greater number of days did not 

show a greater per cent of fat in the liver tissue. 

Fasting experiment number 2 shows a progressive 

accumulation of fat in the liver throughout the entire fast. 

In this experiment the increase in fat is approximately pro

\, portional to the length of the fast. Thus at the normal. and 
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the 2, 4, 6 and 8 day periods the percentage~fat in the 

liver is 3.32, 6.35, 15.57, 25,05, and 29.60 resgectively 

'lIh ile the 9 day period shows a sudden inc rease in the 

percentage-rfat content - 54.75. The fat ~uotients for 

this experiment represent in a still more striking manner 

that the relation of quantity of fat in the liver is in a 

degree pro porti onal to the length of the fast. Thus the 

normal and the 2, 4, 6 and 8 day periods give a fat quo

tient gi ving a fat quot±ent (x lO~) of 16.24, 20.53, 

52.92, 86.90, 150.18 in the order given. The fat quotient 

for the 9 day period is exceedingly high - 342.18. What 

is the signific ance of this accumulation of fat in the 

liver during 9. f 8.s t? 

There i 3 CT C'l'I_C. fc:- t:-"i :'l3;:L15 t.h. 5. t the large amounts 
to 

of fat found in the liver of fasting anirm I s is a-U.e /the 

importation of fat from the various storage places. This 

accumulation of fat in the liver may be taken to indicate 

that the storage fats are first carried to the liver to 

undergo some intermediate ste~ or pre~ratlon before being 

passe n on to the tissue active in metabolism. AS the fast 

is prolonged the animal becomes more completely dependent 

on its stores of fat which necessarily means that the long

er the fast the more the fat that wi 11 be carrd:ed to the 

liver by the blood. In our feeding experiments we pre-

sent data which seems to indicate tmt the amount of fat 

in the liver in proportion to the amount of fat offered 
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that organ by the blood. If this assumpt ion be correct 

the accumulation of fat in the liver is the evidence we 

would. ex:?ect to obtain fro L1 t he examina tion of that organ 

in fa sti~'lg anima ls. During a fast the quanti ty of fat 

carried to the liver will most likely not be intermittent, 

or varying as it is known to be after the taking of a fat 

meal. For this reason the fat content of the liver in 

fasting an irmls wi 11 not show a decreased cont ent follow

ing the maximum, as was observed to occur after the taking 

of the fat food. Thus it is seen tha t the observations 

made on the fat content of the liver of fasting pups support 

strongly the hy~othesis advanced in explaining the fat de

terminations obtained in fat feeding, namely that the 

. quantity of fat in the liver in a degree is determined by 

the quantity of fat offered that organ by the blood. 

The unusually high percentage of fat in the 

liver at the late periods of the fast does not indicate 

that the liver is holding the fat for its own zmtabolism or 

storing it permanently. It is not of course to be expected 

that the body's actiVE metabolism of fat should necessarily 

in any event outrun the powers of the liver for working up 

and pas s ing on the fat to other parts. Rather it is to 

be expected that the liver will follow the general law of 

over compensation and have on hands an overly adequate 

store of fat to be passed on as needed. Also the accumu

lation of fat in the liver during the period of resorption 
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of stored fats into the blood would indicate that the 

liver holds the fat content of the blo od within a certain 

minimum and rraximuo. The slight variation in the per

centag e of f a t of the blood during a fast as reported by 

Bloor and ot he r s would strengthen such a hypothesis. 

Of course it is entirely possible that in the case of 

inanition the liver may become clogged with fat; in such 

a case there will occur a sudden increase in the percentage 

fat in the blood.As un example of such a phenomena we may 

cite the 8 and the 9 day animals of feeding experiment 

number 2, both of which showed profound constitutional 

changes. The blood serum was creamy and the blood fat 

as determine d· by SUII1'TIe rS wa s indeed y.e:r:y_ . hi~~ . 

It is to be concluded trot with the functional 

variations occurring at the transition from a feeding to 

a fasting state there occurs a fall in the lipase content 

of the liver to later tie followed by a rise, and that this 

lipas e cycle is associated with a gradual increase in the 

fat content of the liver. 
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b. Fat in the liver during hunger. 

Is this observed increase of fat in the liver 

during a £ast pathological? - the produot of a degeneration 

of the liver oells. Or is this aooumulation of fat in the 

liver a normal process? Is it not a fatty infiltration Of the 

body fat being transported from the storage depots to the 

liver, there as Leathes suggests to be desaturated and then 

passed on to the other tissues for consumption. 

If the increase of fat in the liver during a fast 

is oocasioned by a breaking down of the organ's own protoplasm, 

it will necessarily follow that an increase in fat will 

accompany a deorease in liver protoplasm. Or in other words, 

as the fat increases the fat free solids of the liver will 

decrease. By taking the difference between the total dry 

weight of the sample and the weight of t m fat obtained from 

that sample, we have a figure whioh gives us the weight of 

the fat free solids of vital protoplasm in that sample. 

Where the sample taken is 10 gram, as it has been in our 

experiments, the fat free weight gives the peroentage of 

vital protoplasm in the fresh liver. The peroentage¥vital 

protoplasm in the 10 gram sample of liver as oalculated on 

the above basis for the two fasting experiments performed 

on pups is presented in comparison with the percentage of 

fat in the liver in the following tables number 20 and .21. 
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Series Number 4. 

~st ing Experiment Number 1. 

Table Number 20. 

Tables number 20 and 21 give the percentage of 

f~t free solids in the 10 gram liver sample, i.e. the total 

dry weight of the 10 gram sample minus the weight of the fat 

~btained is tabulated in terms of peroentage of fat free sol

ids in the fresh liver sample; this is given in comparison 

with the peroentage of fat in the oorresponding sample, i.e. 

the grams of ether extraotable substance in the dry liver 

tissue in terms of per cent by weight of the fresh liver 

sample. 

DayS f as t ed 0 2 4 6 

Peroentage~fat:22.23 21.82 23.77 21.87 
free solid 

Peroentage 'l'" fat: 
In dry liver 2.30 3.50 4.75 4.27 
tissue 

Series Number 5. 
Fasting Experiment Number 2. 

Table Number 21. 

Days fasted 0 2 4 6 8: 9 
Percentage'ifat free 
solid in liver :27.28: 20.20:19.64:17.07:15.80:10.52: 

Percentage fat in 
dry liver tissue 3.32: 6.35:15.57:26.05:29.60:54.75:· 
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In fasting experiment number 1 the percen tage of 

f a t free solids i n the liver throughout the 6 day fast re-

mains qui te constant. 

day tests give 22.23, 

Thus the normal and the 2, 4 and 6 

21.82, 23.77, and 21.89 percentage 

of fat fr ee solids by weight of the fresh sample in the 

order given. This constancy of the percentage of fat solids 

is a s sociated with a moderate i ncrea se in the percentage 

of fat i n the liver during the fast. But in fasting ex

periment number 2 the percentage of fat free solids in a 10 

gram sample shows a progressive decrease throughout the 

9 day fast thus the nonnal and the 2, 4, 6, 8 and 9 day 

periods respec tively show a percentage of fat free solids 

in the 10 gram sample of 27.65, 20.20, 19.64, 17.07, 15.80 

and 10.50. This decrease in the percentage of fat free 

solids is associated with a remarkable increase in the per

centage of fat content in the liver, 3.32 per cent normal 

as compared with 54.75 per cent at the 9 day test. On 

first observation of the fat free solids in the livers of the 

fasting experiment number 2 it would seem tha t with the 

accumulation of fat in the liver of a fasting animal there 

is a decrease in the percentage of fat free solids, and 

necessarily a decrease i n the total active liver tissue, or 

in other words a degeneration of the liver protoplasm. But 

upon closer study this evidently is not what has happened. 
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The percent age of t h e fat free solids in a 10 gram sample 

of liver can not be t aken as a true index of the total fat 

free solids in that organ. 

It is conceivable that when the liver becomes 

heavily loaded with f a t the cells will be larger, and a 

unit of liver ma s s will contain less than the normal number 

of liver cells. Assrune that the fat free solids, or vital 

protoplasm is cons t ant per cell then a sudde n increase in 

the fat con ten t of the liver on the percentage basis would 

show a decreas e in the fat free solids of the liver when 

actually there had been no change in the mass of vital pro

toplasm. 

That we may have a true index of the fat free 

solids, they mus t be referred to our standa rd, the initial 

body weight; i.e. the total ca lculated fat free solids of 

the liver divided by the initial body weight gives us a fat 

free solid quotient. The fat free liver solids quotient as 

calculated for our two fasting experiments together with the 

fat quotient for the corresponding sample mf liver is tab

ulated below. 

Series Number 4. 

Fasting Experiment Number 1. 

Table Number 22. 

Tables Number 22 and 23 give ·the fat free solid 

quotient of the liver, i. e. the total calculated fat free 
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solids of the liver divided by the initial body weight. 

The figure as tabulated is the actual quotient (x 10Z). 

This is given in comparison with the fat quotient of the 

liver, i.e. the total calculated liver fat divided by 

the initial body weight. The quotient as tabulated is 

the actual quotient (x 104 ). 

0> 
Days fasted :Normal: 2 4 6 . . 
Fat free solid · • 
quot~ent of liver: 9.8 6.8 6.5 6.0 
x 10 · • 

Fat quotieit of 
liver (xlO ) 8.90: 10.61 13.04 11.00 

Series Number 5. 

Fas·ting Experiment Number 2. 

Table Number 23. 

~ 
Days fasted :Normal: 2 4 6 : 8 9 

Fat free solid ; 
quotient

3
0f liv-

er (x 10 ) : ~~Q : 6.4 : 6.4 : 6.1 : 6.8 : 6.3 ; 

Fat quotient of 
liver (x 10' ) :16.24 :20.53:52.'0:86.90:150.18:'342.18: 

The fat free solids, i.e. vital protoplasm 'of the 

liver is shown to remain remarkably constan t at the 2, 6, 8 
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and 9 day periods of the fast. Further the quotients ob-

tain ed for the two fasting experiments correspond in value. 

'l:hus fasting experimen t nu.rnber 1 gives the fat free solid 

quotient for the 2, 4, and 6 day periods as 6.8, 6.5, 6.0 , 

and fastin g experimen t number 2 for corresponding periods 

gives the fat free solid quotient as 6.4, 6.4, 6.1, and 

the 8 and 9 day periods as 6.8 and 6.3 in the order given. 

True these fi€,'1ll'es are lower ' than those obtained for the 

n ormal. :Pasting experime:nt number 2 gives 9.88 as the 

fat free solid quotient of the normal liver and fasting 

experiment nmnber 2 gives 13.0. This variance is explain

ed a s dne to the store of glycogen contained in the normal. 

livers,which factor of course wa s not present in the liver 

of the fa s ting pups. In other words as soon as the liver 

has lost its store of glycogen the fat free solids ,as made 

evident by the fat free solid quotient,remain relatively 

constant from early to late fasting. This constancy of the 

liver's vital protoplasm during a fast is associa ted with 

an increase in the fat content of that organ. In no case 

is there an increase in the total fat of the liver accom

panied by a decrease in the total active tissue of the 

liver. This would seem to be strong evidence in opposition 

to the hypothesi:3 th9.t t he accumulation of fat i n t he liver 

during a fast is due to pathological ohang..a~ - the product 

of a degeneration of the liver's own protoplasm. 
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If we may assume that the fat of the liver has 

no water asso c i ated with it, and a llow time for the dis-

. 3ppearance of g l ycogen, we may then consider all the water 

!Containe d i n t he fresh s amp le as being a ssociated wi th the 

f a t free or ac tive 9rotoplasm of the li1er. If the accumu-

lation of f at i n t he liver during a fast is accompan ied by 

a de generat ion of t hat organ!e own protoplasm we should get 

an increase i n the percent age of water associated with the 

.active tissue . On t he other hand if the infiltration of 

fat in the liver during a fast is the expression of a nor-

mal fmlction of the liver, there should occur no radical 

change in t h e percentage of water in the active tissue during 

t his accumulat ion of fat. The percen tage of water con

tained in t h e active ti s sue for our two f as tlilg experiments 

is tabulated in tables number 24 and 25. 
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- Serie s Humber 4. 

pasti1l~ Experiment l~U!Ilber 1. 

Table Number 24~ 

Tables number 24 and 25 give t he percentage of 

wat er i n the active liver tissue, i.e. the free protoplasm 

during a f a st.· - In comparison with this is given t he fat 

quotient for t he corresponding samples of the liver, i.e. 

the total ca l cula ted liver fat ~ the initial body weight. 

This table also g ives the fat free solid, or active tissue 

quotient, i.e. the calculated total fat free solids ~ 

the initial body weight. 

Days fasted :Uormal: 2 : 4 

Per cen t water in 

-. 6 : 

active liver tissue: 77.2 : 77.3: 75.1: 77.1: 

Fat quotient for 
liver (x 104 ) 

Fat free solids 
quotient for liver 
(x 10~) 

8.90:10,61:13.64:11.0 

9.8 : 6.8 : 6.5 6.0 : 

Series Number 5. 
Fasting Experiment Number 2. 

Table Number 25. 

Days fasted :Norma1: 2 4 : 6 8 9 

Per cent water in ac
tive liver tissue : 72.4 ~6.7: 76.9: 77.3: 78.1: 77.3 

Fat quotieit for liv- . . 
er (:x: 10 ) : 16.24:20.52:52.90:86.90:150.90:34'2.18-
Fat free solid quo-3 ) • 
tient for liver(xlO: 13.0 : 6.4 : 6.4 : 6.1 : 6.8 : 6.3 
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Chart Number XVI. 

This represents graphically the data given in 

the above table number 25. Elue ,percentage of water in 

the active tissue of the liver, oliv~ , fat free solid . or 

active tissue quotient.and yellow, the fat quotient for the 

liver. T~e curve for the percentage of water in the active 

tissue of the liver shows little variation throughout the 

9 day fast. Likewise as soon as the glycogen has dissappear

ed the curve for the fat free solid quotient is comparative

ly constant throughout the experiment. This constanoy in 

the percentage of water and of the fat free solids or active 

tissue is associated with a profound increase in the fat 

content of the liver during hunger. 

Chart Number XVII. 

Taken from Feeding Experiment No.3. 

This chart is given in comparison with chart 

number XVI. Blue , percentage of water in 10 grams sample of 

liver, olive, the percentage of fat free solids,and yellow~ 

the percentage of fat in the corresponding ~ple of liver. 

A comparison of the two charts shows the conditions to be 

very similar as to the relation of the fat to the fat free 

solids and water content of the liver in fed and fasted 

animals • 
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~he observations made in fasting experiment 

number 1 show the percentage of water in the active liver 

tissue to remain very constant throughout the 6 day fast. 

The normal and the 2, 4 and 6 day periods show a percen tage of 

water of 77. 2 , 77.3, 75 .1 and 77.1 in the active liver tissue. 

This constancy of wat er c ontent is associated with a mod

erate i ncrea s e i n fat content. Inasmu ch as the increase 

in the f a t content of the liver was comparati!e1y small 

and also the length of the fast relatively short, it may be 

objected that sufficient time was not allowed for a degenera-

tion to occur. But fasting experiment number 2 shows a 

similar constancy in the percentage of water and of fat free 

solids . and i n this experiment the 8 and 9 day animals showed 

profound constitutional ch anges and the increase in the fat 

content of the liver is very grea t - 3.32 per cent i n the 

normal as compared with 54.75 per cent for the 9 day animal. 

The slight variations in the percentage~ater content in the 

active tissue together with the constancy of the total fat 

free solids of the liver during a fast would seem to justify 

the conclusion tha t the accwnulation of fat in t he liver in 

uur fasting experiments is hot pathological in nature, i.e. 

the product of a degenera tion of the liver's own protoplasm. 

Noel Paton believes this accumul ation of fat in t he l i ver 

during a fast satisfactorily explained on the basis of gly-

cogen being transformed into fat. If the glycogen is the 

sole source of f a t in the liver during a fast, we should ex-
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pect to get the greatest increase in the liver fat at a 

time when the liver is being most rapidly depleted of its 

store of glycogen. In other words the maximum increase in 

fat should occur at the second day or at least before the 

end of the third day_ But our observations show the max-

imlun increase in the fat content of the liver to occur at 

a time considerably after the liver has been depleted of 

its store of glycogen, for example the maximum fat content 

of the liver in fasting experiment number 2 occurs at the 

9 day period. In no case does the maximum increase in the 

fat content of the liver of fasting animals coincide with the 

time at which the glycogen is a factor to be considered. 

Our data does not disprove the hypothesis that the glycogen 

of the liver is transformed into fat during a fast, but the 

observations made in our experiments seem to furnish strong 

evidence that the glycogen at least is not the only source 

of fat in the liver during a fast. 

If the increase of fat in the liver during a fast 

is due to an infiltration of the transported depot fats we 

would expect an increase in the total liver solids. '. Our 

experiments show that after the second day of th~fast there 
the 

is an increase in the percentage of solids in/liver and 

this increase corresponding very closely to the increase 

in percentage of fat in the same organ. This is shown in 

a most striking manner by the data presented, in the follow

ing tables number 26 and 27. 
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Series Number 4. 

Fasting Experiment Number 1. 

~able .Numb er 26. 

~able s 26 and 27 give t he percentage of tota l 

s olids i n t he 10 gr am sampl e of t he liver. :b' or compar ison 

t he Fer cent age of f a t for the corresponding sample i s also 

t abula t ed her e . 

Dals fa s ted ;Normali 2 4 6 
: 

Percent of total: 24.5 : :26.3 26.1: 
liver solids 

Percent of f a t 
in the liver 2..30: 3.60: 4.75: 4.75: 

Series Number 5. 

Fasting Experiment number 2. 

Table number 27. 

Days fasted 0 2 4 6 8 9 

Per cent of tot-: 
al liver solids 30.6: 26.6: 34.7: 42.1: 46.4: 64.9 

Per cent of fat 
in liver tissue 3.32: 6.36:15.5 Q;25.06;29.60:54.75 
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~he least variation observed in the percentage 

of fat in the liver during a f a st is shown by fasting experi

ment nwnber 1. Similarly this experiment shows only slight 

var iations i n the percentage of total solids of the liver. 

While fasting experiment number 2 shows a decided increase 

in the percentage of total solids in the liver and cri~~i l~rry 

there is a corresponding increase in the percentage of fat 

in the liver.. In all cases the period showing the higher 

percentage of fat in the liver has also a higher percentage 

of total solids in the 10 gram sample. 

It may be objected tha t the increase in the per

centage of solids in the liver is due to the decrease in 

the percentage of water in the s ample. And t herefore it 

could not be cited as evidence of an infiltration of fat 

into the liver. 

That there is a decrease in the percentage of 

water in the fresh sample, accompanying the increase in 

percentage of fat is shown by the following gigures. 



Fasting Experiment Number 2. 

Days fasted 

Percen tage H2~ 
in fresh sample 

Percentage fat in; 

Table Humber 28. 

2 4 6 

70. 72. 65. 58. 
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8 9 

55. 35. 

liver tissue 3.32; 6.35;l5.~7;25.05;~9.60:54.75 

(Be e ~ hart lJ~1.Jer XVI) 

To meet these ob~ections we must refer the total 

solids of the liver to our standard, the initial body weight 

Thus t he total calculated liver solids divided by the initial 

body weiglh-t gives US a quotient which we have designated as 

the total liver solid ~uotient. As calculated on the 

above basis this quotient,; ~given for fasting experiment 

number 2 in comparison with the fat quotient of the liver 

at corresponding periods. 

Series Number 5. 

Fasting Experiment Number 2. 

Table Number 29. 

~his table gives total liver solids as divided 

by the initial body weight, i.e. total liver solid quotient 

and also the fat quotient of the liver for corresponding 

periods. 
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Days fasted 0 2 4 . 6 8 9 ! 

Total liver solids ~ 

:(x103 ) initial bod~ weight: 14.9: 8.6 :11.8 :14.5 :19.7 :40.5 

Total liver fat • 
:150.1:342.1:il04 ) initial bod~ weight: 16.24:20.53:52.9:86.9 

The fall in liver solid quotient on the second day 

is explained as due to the loss of glycogen from the liver 

cells,following this initial fall it would seem that there 

is quite conclusive evidence of an actual increase in the 

tota~ liver solids during a fast, and that this inorease 

is approximately proportional to the increase in fat in 

the liver of fasting animals. In no case in our experi-

ments is an increase in the fat content of the liver asso-

ciated with a decrease in the liver solids. There always 

occurs an increase in the liver solids with an increase in 

the fat content of the liver. 

To summarize, in hunger there occurs in the liver 

an increase in the fat content which corresuonda to an in-
~ 

crease in the total liver solids. Further the fat free 

solids a nd a lso the percentage of water with which they are 

associ a ted rerr~ ins constant from early to late fasting • 

These results are in harmony with and support the obser-

va tions made in f a t feeding, or in other words the manner in 
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which an ac cumulation of f a t in the liver occurs during a 

f a st is not in any way materially different from the manner 

of the accumulation of fat in the liver during the normal 

a bs orption of f a t into the blood.. These observations we 

believe to consistently show that the i ncrease of f a t in 

the liver during a fa s t i s the expression of a normal func

tion of the liver i n rela tion to f a t :netabolism, i. e. there 

occurs an infiltration of the transported body fats into 

the liver where the f a t undergoes one of the intermedia te 

steps in its catabolism. 



-126-

c. ~xperiments wit h varying age. 

u . l 'he de termina. t i on of the a.moun t. of fat 

w id lipas e in the liver in relation to 

varying a ge. 

Observati on wa s made on the fat a nd lipase content 

in t r:e liver tissue of four kitten s of t r~e S&:::l8 li tt e:-. 

The 28 W8 !'9 k illed at different ages. One 30 minutes and 

another 40 minutes were k~::ad wit~o~t being a llowed to 

take Hny food. A t hird k itten reoaimld with the mot her 

t wo di ~ s ~na [ f our t h six day s Lef~re testing. ~he mother 

WLS ~ls c killed &t t he Sh~ e time as t he last k itten. De

termi nut ion s of t he f a t e.n d. of t ile lipa se c: o:1t ent of t he 

live rs vlere iae.de..i..'he re s ul t s as L ldi ::Hlted by t he fa.t 

qu.) tie llt, l.e. t he t ot &l c &l culuted fat cont ent of the 

l i ver d i v i de d ~y t he i n iti~ l b ody weight , in c ompari s on 

with t he li'p~ s e qu ot ien t , i.e. t he total calculated li

pa s e content of t he live r di v ided by t he i n it i &l bo dy 

\'lei E,"!1t- , a re ~)res8 n ~e d i n t h e f o110wi l18 t ~-: b le ond chart. 
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Series Number 6. 

Table Nwnber 30. 

Showing increasing fat and lipase content of the liver with 

increasing age of young kittens 

:Never sucked:Days after birth:Moth-
:No. l: No. 2 :with mother :er. 

Total liver lipase 
divided by the initial 
body fat (x 10) 

:30' 40' 2 da. 6 de . 

1.9: 1.6 

Total liver fat divided 
by the initi~l body 
weight (x 10 ) 11.9: 14. . . 

Chart Number XVIII 

2.6 3.41 

71.5 :199.5:195.8 

This chart represents graphically the data pre-

sented in the above table number 30. Yellow represents 

the fat content and red the lipase content. The ourve 

for the liver fat as indioated by the fat quotient shows 

a gradual increase in the fat oontent of the liver with 

increasing age. The ourve for the lipase quotient also 

shows an increase and this inorease corresponds in a de

gree to the inorease in the fat oontent of the liver. 
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The total lipase content of the liver,aS is 

made evident by the total lipase content of that organ 

divided by the initial body weight~ shows a progressive 

increase with the advancing age of the young kittens. 

Thus the newly born and the 2 and 6 day animals have a 

lipase quotient of 1.6, 2.6 and 3.3 respectively while the 

mother has a liver lipase content of 3.41. This increase 

in the lipase content of the liver is associated with an 

increase in the fat content of that organ. Thus the newly 

born and the 2 and 6 day animals have a fat quotient of 

14, 71.5 and 199.5 while the mother has a fat quotient 

of 199.B. That newly born kittens which have not sucked, 

conSistently ha ve a low lipase and similarly a low fat 

content i n the liver is shown by two anin~ls. Humber 1 has 

a lipase quotient of 1.9 and a fat quotient of 11.9 and 

number;:;; has a lipase quotient of l.p- and a fat quotient 

of 14, while the g day animal has a lipase quotient of 3.3 

and a fat quotient of 195.8. 

It should be pointed out that the inorease in the 

lipase quotient of the liver with the increaSing age of the 

kittens is paralleled by an increase in the 11p~se oontent 

of the blood. A study of the lipase content of the blood 

of this series of oats has been made by Mr. Summe"rs. 
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The percentage of lipase in the. liver of the 

6 day kitten shows a decrease as compared with the per

centage of lipase in the 4 day kitten. This decrease in 

percentage of li~ase is a ssoci a ted with a high lipase 

~uotient as is shown by the following table. 

Table l~umber 31. 

Showing that the percentage of lipase content may differ 

materially from the lipase ~uotient - total calculated 

lipase content of the liver divided by the initial body weight. 

:Never sucked: Days after birth with 
:No. 1: No. 2: 2 mother 6 

c.c. HaOE 1 c.c. 
fat free extra ct .' .83: .68 1.14 .76 . 

: 
Total liver lipase di1' 
vided by initial body: 
weight (x 10' l : 1.9; 1.6 2.6 3.3 

Percentage of fat in 
liver tissue 2.40: 3.00 15.30 22.80 .. . . 

The lack of correlation between the percentage of 

lipase in the liver and the lipase quotient in thtL,6 . day animal 

may be explained by the high percentage of fat in this liver. 

That is to say if the lipase is associated only with the fat 

free solids, -the heavy infiltration of fat into the liver 

would lower the percentage of 11pase,when in reality there 

\, might be an increase in the total lipase production and in 
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the percentage of lipase per unit of f a t free solids. 

Unfortunately in this experiment, we have not the neces-

sary data to enable us to figure the percentage~lipase 

on a fat free solid basis. There are the other instances 

in the work, in Which t here is a l a ck of correlation in 

the percentage ~(lipase and the lipase quotient, as example, 

f ast. i ng experir:!ent number 2. From the results obtained 

i n such cases we a re possibly justified in believing that 

the percentage of lipase as figured on the fat free solid 

basis would have shown, as the lipase quotient does, an 

increase in the lipase content of the liver with increasing 

age. This increase in lipase content of the liver is 

associa ted with an increase in the fat of the same organ. 

This affords a most striking instance ' ~f' the correlation 

of lipase and fat. With increasing a ge the animals are 

daily receiving and utilizing more and more fat, this is 

met by an increased lipase production by the lipase pro-
'-

ducing organs. 

Further evidence of an increase in the lipase con

t~nt of the liver with increasing age of young animals is 

shown upon making a comparison of the normal pups used in 

this work. 
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~able Numbe r 32 . 

Showi~g i nc reas i n g f a t and lipase content of the liver with 

i ncreasing a ge of pupp i es . 

Da te o'f :Lipase i n c.c. ;Eercent-:Time : 
Experiment::Decapitation: N/20 BaOH ;age fat :fasted:Age: 

J!'as t .ExJ2. 2 ; 2-12-15 1.95 2.30 :18hrs :3 wk s . 

Feeci . Ex12. 1 ; 12-13-14 1.78 3.35 :44 hrs;5 wbl. 

.l!' eed .Ex12. 2; 1-19-15 2.47 4.40 ;60 hrs;lO WHS. 

Fast.EJq~.2; 4-1-15 4.59 3.32 :22 hrs:7 wks. 

Feed .EJq~.3: 4-5-15 4.20 3.46 :43 brs:7 wks. 

It may be 'oojected that the variation here is due 

to the seas on . The pups of a low lipase content being taken 

in the midwinter, and those of high lipase i n the early spring . 

~he weight of this objection is deprecia ted when we cons ider 

t hat all animals were kept in a well heated animal house. 

::lhe high f at content of the normal in feeding experiment 

numb er 2 is to b e explaine d as due to i nfiltration into the 

live r of trans ported body fats, occasioned by the 60 hour 

fast. ~he low enzyme content of the normal of this same 

series may be due to the initia l fall in the lipase content 

of the liver which is shown to occur in our work on fasting 

pups. 

In general it would seem that there is an increasing 

lipase and fat content of the liver with increasing age in 
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young animals. This increase does not occur with increas

ing old age. This l as t statement is demonstrated by the 

slight va rianc e i n the lipase content of the liver of the 

6 day kitten a nd the mother. The offspring having a lipase 

quotient of 3.3. while the mother is only slightly higher-

3.41. 

The i ncreasing lipase content of the liver ob

served wi th increasing age points strongly to the liver as 

a lipase producing organ. ~11 th advancing age the organism 

receives an increasing amount of fat, the transporta tion of 

which requires a proportionately large quantity of lipase. 

To meet this demand we should expect an increasing lipase 

content in a lipas e producing organ. 
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D. Experiments with ether anesthesia. 

a. The determination of the amount 

fat and of lipase in the liver 

in relation to different lengths 

of ether anesthesia before death. 

Observa tion was made on the percentage of fat and 

lipase content of the liver in two-thirds grown dogs, food 

withheld 24 hours and kept under deep ether anesthesia. In 

one instance the animal was anesthetized for four hours. then 

rested 24 hours and then anesthetized again for 7 hours. 

Determinations were made of the fat and of the lipase content 

of the liver. 

table. 

Our results are presented in the following 
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Series Number 7. 

Dogs etherized for different lengths of time before death. 

Table Number 33. 

This table gives the lipolytic activity shown by 
1 cubic centimeter of the 10 per cent fat free aqueous ex
tract of the liver acting on .5 cubic centimeters of ethyl 
butyrate, 4 cubic centimeters of water, .OS cubic centimeters 
of toluol at 3SoC for a period of one hour in terms of cubic 
centimeters of N/20 NaOR. The fat content, i.e. the ether 
extractable substanceb1n the dry liver tissue , is tabulated 
in terms of per cent / w-eight of the fresh sample. 

Dog :N/20 NaOH: Per cent fat : Hours of ether 
Number anesthesia 

I 

1 2.96 16.6 4 

2 1.90 5.0S . 6 . 
3 2.00 3.00 6 

4 1.93 2.30 S 

5 : 1.42 · 3.12 4, rested 24, ran 7 • 

6 1.9S· 0 2.0S · 12 • • 

7 2.64 · 14 • 

Dog number I wa~ subjected to ether for the 
shortest period of time - 4 hours - and shows the highest 
percentage of fat in the liver - 16.6 per cent. while those 
animals etherized for long periods of time show a low per
centage of fat in the live~. For example, animals number 
4,5,6, and 7, etherized for 8, 11, 12 and 14 hours in the 
order given have a percentage of 2.30, 3.12, 2.0S, 2.64 
fat in the liver. 

The highest percentage of fat occurs iri those 
livers having the greatest lipase content while the lower 
fat contents are associated with a lower lipase content 
Thus it would seem- that even in ether anesthesia there 
is a correlatipn as between fat and lipase. 
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E. Fat-Lipase Relationship in the Liver. 

A hydrolytic cleavage of the fat must precede its 

infiltra tion into the liver cells. This hydrolysis is known 

to be accomplished in vitro by an enzyme lipase. The rate 

of hydrolysis with an excess of fat is proportional to the 

lipase present , or vice versa~with an excess of lipase the 

hydrolysis is proportional to the fat. 

If these two factors are normally in a state of 

equilibrium we should expect an increase in one to lead to 

an increase in the other. What is the explanation of this 

rise following a fall in the lipase conntent of the liver 

of fasting pups~ If the rate of infiltration is propor-

tional to the lipase content of the liver cells, how are 

we to account for the initial decrease of lipase content 

in the liver -be-'ing associated with a rise in the fat con-

tent of the liver? 

Let .us assume that the liver is a lipase producing 

o~gan. Then the enzyme production and similarly the lipase 

content of this . organ will most likely not represent the 

amount of lipase necessary to carryon its own fat metabolism. 

It will represent the lipase required for / lipogenesis occurring , 

in the liver tissue plus an excess which is to be utilized 

in the transportins. and lwying down of fat. For the sak~of 
I' 
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olearness, let us assume further that the lipase required 

for the liver's own metabolism be represented by two units 

of lipase. The exoess of lipase produoed by the li~er 

also be represented by two units. The entire normal lipase · 

production of the liver is represented then by four units. 

The variation oocurring in the normal four units of lipase 

lllay be governed by stimulations. The stimuli for the li-

pas e product~on coming to the liver let us assume to vary 

with the condition of fat metabolism in the animal's body. 

In pups whose diet oonsisted largely of milk, one 

showed a large exoess of lipase in an enzyme produoing organ, 
, 

since the organi sm is receiving da ily large quantities of 

fat. Also it is evident that the quantity of fat reveived 

will be in excess of the orga nism's immediate needs. In 

growing pups this excess of fat is laid down in the fat de

pots. The funotion of the two assumed units of excesso/lipase 

produced i n the liver is normally utilized in the transpor

tation and laying down of the reo.ently absorbed fat. 

The transition from a feeding to a fasting state 

is assooiated with numerous ~hanges in the tissues of the 

body, changes that are acoompanied by oorresponding funotio-nal 

rea djustments. In the funotional Changes, the one whiohwill 

most conoern this argument is the variation in the stimuli 

for the formation of the fat-splitting enzyme, lipase. Let 
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us ~ssume tbat the las t ,fl'0 du.cts 0f dii:;estion J.~&.ve been 

absorbed and utlized by the tissues. When this point 

has l)een reached, what is the source of energy in the 

organism? It is obvious that the body stores will be 

called upon. In yO~1g pups the glycogen illay be abun

dant. It is this source of material tl:at cor.1es first 

to the s"'.l.pport of the body in this crisis. ~he other 

stores that are called upon will depend entirely upon 

those present. Assume that the fat store is one of the 

last to be utilized. Then at the beginning of the fast, 

at a time when the non-fatty stores are being used, we 

would expect a decrease in tbe lipase content of an en

zyme producing organ. Later when the glycogen and other 

stores of the body have been exhausted by the tissues 

and the fat stores are being used, we would expect an 

increase in the lipase content of the enzyme producing 

organ. Further, it will be evident that the time at 

which this increase in lipase during a fast will occur 

depends on the extent and availability of the glycogen 

and other stores of the body. This would seem to be a 

possible explanation of the initial fall followed by an 

increase in the lipase content of the liver observed in 

our fasting experiments. It still remains to offer a 

possible solution of the observation that there ocours 

an increase in the fat content of the liver associated 

with a fall in the lipase content of that organ. 



-1~9-

it is evident that with absorption the transported 

fat will be in excess of the amount of fat oxidized in the 

body tissues. '1'his excess of fat will utilize c proportion

a:J.ly le.rge excess of lipase. .in a fasting E. nimal where" 

t h e stored fats are b ei ng used, it w~uld be reasonable to 

expect t h&. t t}:e tr :::, nsported fats WJuld not be grea tly in 

exc.: ess o f tr,8 needs of the body tissues. ti rr: ila rly, to 

trc:.1 S~) ') rt th l s prop ort ionally sme ll amount of fa. t woul d 

require ~~ smaller production of excess lipasel 1f the 

excess production of lipase i n the liver is decreased to one 

ha l f the n or "jc.11 ex~e Gs, Le. is r e l) resented by on e unit over 

and 8bove the tw o wlits assumed to be associated wit~ the 

Ii ver' s ovm f c: t metp 'oolism, this unit is available for 

trE,msportir:g e1'1& J.aying down of fat in the liver and later 

passing it on to the body tissues f J r' (}xldation. 

'r5ythis view it would seem that in fasting animals 

i't i~still possible for an infiltr~- tion of fat in the liver 

to occur even where there is fi decrease i n the lipEse content 

of tlrat organ . 

If the liver as a lipase producing org&n normally 

has an exc ess lipase content, the rate of i n filtration of 

fat into the liver will be proportional to the fat carried 

to that organ. 'ilith such cond.itions folloi"ving a fat 

meal, we might expect the i nc rease L :-l the infiltration of fat 

in the liver to be ass oc iated with no r a dic a l change In the 

enzy,:)e conte ,1t of that organ. Also as the infiltration 
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of f at increoses Bn equilibrium Letweem the fat an d 

lipase c ontent shJ uld be eppro&ched. Our feeding ex-

periments show that after a fat meul there OCJurs first 

a 8light f e ll to be follo vied later b;;,r e. sligh t rise in 

the lipe se conte ,l t of the liver eno. that t his cycle is 

(iSS OC i ~~t ed vii th a stebdy inc rea se i n the fat Cl onte11t 0 f 

this ·:) rgan . 

The observed increcs i ng fat and lipEse conten t of 

t h e 1i ver w±th i nc re [' se i r_ the age ,.f young pU:0 P e.nd kittens 

is f- !:Jost striking example o f C1 definite relationship be

tween fat and li:;>8se. Thus with in~reasinE e.ge of young 

ani IT'£. l s they re~ ei ve and utilize da ily more and more f a t. 

'i.'his i 'lcreEse in IE.t is necessarily as sociated with a n 

inc rea se i lJ. lipase. 

in concl1lsion let u s empherize t he m&in contribution 

in this thesi s , nnmely, that there is a correlation between 

the f e t and t h e lipase content of the liver as shown by 

the decrinite relationship observed a s between the fat and 

lipase content of that organ in fat feeding, in fasting, 

in i nc reaS i n g age. and in ether anesthesia .• 
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bU1:I1iARY 

1. In young puppies the fHt and the lipase content 

of the . liver eac h run a definite End ch~.racteristic cycle 

of variation followine a ;,leEll rich in fat. 

·",.J/ In th 1 ~ .~e ip8. se c yc Ie t:lere :JC I]U..rs i n th e et:.rly 

peri ods of digestion, two hour s , an initiul fall 

in the lipase content of the liver. This is fol-

lowed later by a rise in the lipase content reach-

ing its maximum at the height of a osor .Qtion, eif ht 

hours. 

b. The fat cycle is characterized b~~ a progressive 

increase in the fat content of the liver to a max-

imum at eight to eleven hours after feeding, fol

lowed by a gra dual decrease, to 14 hours. 

2. In you.ng puppies both the fat and the lipas. ()ontent 

of the Ii ver have € definite and cbs.racteristic curve of 

variation in relation to fasting. 

a. The lipase curve is marked by an initial fall in 

the lipase content of the liver for the first two 

to six days and is then followed by a rise to the 

end of the fast. 

b. The curve for the fat shows a progressive increase 

up to the time approaching inanition when there 

occurs suddenly a great increase of fat in the 

liver. 
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z. The f~t ~nd tlje ~mpase content of the liver is 

uniformly distributed in the different l'Jbes of thc.t organ. 

4. j!'ollJwi£i,g tne sec ond day of a fa.st t h ere is an 

i nc rease in the total liver s olids associated with the in

cresse in the fpt aontent of thnt org~n. 

5 •. tollowLlg t~:1e deFletion of the liver I s glyc ogen 

the ratio of t~e total fat free solids of the liver to the 

initial body weigh t of puppies is practlc&lly constant 

tl:r')ughout a f Hst. 

6. The percentage of water associated with fat free 

solids of the liver varies but little from early to late 

f~sting. 

7. 71'1e cc:;uHmli.. .. tion of fat in the liver during hunger 

is physiologic~~ l F,nd not ps.thologicrl in nature. 

8. ',Vi th increc.sing age of young pU.9s and kittens 

there occurs an increase in the fC.t ;::.nd the lipase content 

of the liver. 

9. There is a definite correlation between the fat 

and the lipase content of the liver as shown by the definite 

rela.tionship observed with feeCling, with fasting. with in- ., 

~easing age and with ether anesthesia. 
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