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THE :b'AT AND LIl' ABE CONTENT 0]1 THE BLOOD FOLLOWING _.- _._-_. - - --
J!'AT ]'EEDIRG AND DURING INCREASED 

MUSC ULAR WORK. 

I. Introduction 

Early in the history of physiology substances whioh 

aooelerate ohemical reactions were extracted from plant 

and animal tissues. To these agents whioh aoted very 

much like inorganio catalysts the name "ferments" was 

applied. The first of these compounds was found in 1829 

when Dubunfautlconverted starch into sugar by means of an 

extraot of malt,and a number of such bodies were reported 

in the following few years. 

The term ferments was already in use to denote liv-

ing organisms like yeast. The confusion brought about by 

the new use of the term lead X~ne to suggest a new name 

for the olass of "inorganio ferments". The name enzyme, 

whioh he ooined, has been in the past and is today applied 

to the oatalysts produoed by the living organisms. 

The great biologioal importance of the enzymes so 

Widely distributed throughout the animal and plant kingdoms 

has stimulated investigation along the lines of enzyae action. 

The result is we now have a fairly definite idea of the gen

eral actions of these peculiar bodies, and to a limited 

extent the part they play in physiological prooesses. 
2 

Duclaua suggested that the termination "ase" should 

denote a~enzyme and should be added to the substrate, which 

is the name given to the substance on whioh an enzyme exerts 



its activity. This suggestion has been followed and most 

enzymes are thus named. However, some of the old estab-

lished names, such as, "pepsin" and "trypsin-,remain. 

Following the recommendation of Duclaux, the fat splitting 

enzyme has become known as"lipase". 

Enzymes are specific in their action, hydrolytic, 

amylotic, lipolytic, etc., and under favorable environment, 

optimum temperature, dilution and compoaition of the sub

strate, enzymes are able to accelerate the potential reac

tion whioh is present under suoh conditions. This reao

tion tends to bring about an equilibrium. An equilibrium 

may be established through the reverSible reaotion of the 

enzyme, a property ~irst discovered by C. Croft Hill and 

later verified by many others and for other enzymes. When 

we introduce "lipase" into a fatty substrate following the 

general laws of enzyme action it sets into motion by its 

synthetic and its hydrolytio power a reaotion whioh re-

. suIts in a balanced re·lation of the fatty constituent.s of 

the substrate. 

Our modern theory of fat metabolism is based upon 

tlis foundation. We know that neutral fat, as such, oan 

not pass through all animal membrane', but that the fatty 

aCids and glycerine, into whioh it hydrolyzes, readily 

penetrate these membranes. Thus food fat in the intes-

tiDal oanal hydrolyzes into fatty acids and glyoerine. 

2. 



The hydrolysis is complete, in as much as the removal of 

the products of the hydrolysis by'absorption prevents the 

establishment of equilibrium. These products during their 

passage into the epithelial cells of the mucosa come in , 

contaot with the intracellular lipase. The enzyme of the 

epithelium,now in contaot with fatty aoids and glyoerine 

only, can establish an equilibrium only through the syn-

thesis of fat whioh occurs. When absorption ceases, the 

reaction reverses and the fat in the cells lshydrolyzed. 

Again the hydrolysis is preponderant and may be complete, 

for the cleavage products are constantly removed through 

diffusion into the lymph spaces and capillaries. Upon 

reaching the blood stream fatty fractions may be synthetized 

or fat hydrolyzed according to the total peroentage in the 

blood, a balance determined by the relative rate of gain 

from the absorbing tissues and loss in other tissues. As 

the products pass into the general tissue oells they are 

synthetized again before being utilized or stored as fat. 

This theory assumes the presenoe of lipolytio en

zyme in all the tissues and fluids of the body which are 

involved in the role of fat metabolism. This universal 

pre8ence has been demonstrated, and i8 brought out in the 

following review of literature on lipa8e. It i8 also 

ShOWR that there are investigators who contend that the 

cycle is not brought about by enzyme aotion, but b¥ the 



living cell wherein there is a supply of external energy 

for the transformation. However. at present the experi-

mental evidence favors the enzyme theory, and it is upon 

it that this research is based. 

Lipase was discovered in the pancreatic juice in 
3 

1846 by Claud Bernard. 
4 

Several years later, 1855, Felouze 

demonstrated its presence in the castor oil seed. How

ever, the subject of lipolysis did not attract the atten

tion of investigators strongly until Hanriot'e6work on 

serum lipase appeared in 1896. Hanriot's work was based 

upon the hydrolysis of monobutyrin by the serum ferment, 

but he claimed that the action upon the higher fats was the 

same. Arthus6then made Hanriot's assumption questionable 

when he Showed that aseptic horse serum Which hydrolyzed 

monobutyrin actively was devoid of action upon olive oil. 

However, the recent work of Rona and Miohaelie 7has oon

firmed Hanriot's Views, by proving that the sera of horses, 

oats, sheep and oattle have similar aotion on both 

monobutyrin and tributyrin. 

Soon after the initial work of Hanriot, Connstein 

and UiOhaelie8disoovered that fat is ohanged into an 

eaSily reversible, soluble, filterable and dialyeable form, 

by meane of which change it is transported into the tissues, 

for the fat droplets which enter the blood from the thoracic 

duct oan not wander out of the intaot oapillaries. They 

4. 



were unable to give a satisfactory explanation of the 

phenomenon which they ascribed to a fat-dissolving or 

lipolytic function exerted by the red corpuscles. Their 

work has since been confirmed by Umber and Brugech; and 

especially. bYThie1e~0 

Kastle and Loevenhart 1tn 1900 found that ethyl 

butyrate is readily hydrolyzed and synthetized by the 

lipase contained in fresh pig's liver. By means of this 

substrate they demonstrated the almost universal presence 

of lipase in tissues. Their results were verified a 

little later when pottevin18btained a neutral oil, mono

olein, when a mixture of equal parts of glycerine, extract 

of fresh pancreas and pure oleic .acid were incubated. 
13 

In 1901-02, Loevenhart confirmed his former work 

by again demonstrating the presence of lipase in all the 

tissues and fluids of the body. At this time he applied 

the reversible action of lipase to the various steps in fat 

metabolism, and by this application, according to Pflttgert4 

"we are furnished with a chemioal explanation for the di

gestion, absorption, transportation and storage of fat in 

the living body". 

Because of the evidence given by Rona and Michaelis? 

and Pottevinl~here seems to be little doubt that the 

esterases are true lipases, and, therefore, that the action 

observed by Hanriotlin 1895 is a 'true lipo1ytio one, and 

5. 



that it can be directly applied to the hydrolysis of 

natural fats. 

The source of blood lipase was first investigated by 

Hanriot. Noting the similar actions of the lipase fer-

meat and the pancreatic juice he . removed the pancreas in 

a dog and found on the following day a great increase in 

the blood ferment. Autopsy, however, showed that part 

of the gland remained. Since then other investigators, 
9 15 W 

Umber and Brugsch, Pagenstecher, and Thiele have recognized 

qualitative difference between the pancreatic enzyme and 
12 

tissue lipases; and Loevenhartt following up these investi-

gations confirmed them, conoluding that the lipase of the 

liver, kidney and blood are alike and differ from the 

panoreatio ferment. 
16 

Fiessinger aad Marie believed that the lymphocytes 

are the chief source of sero lipase, but this as well as 

the views that hold that sero lipase is derived from any 

particular source seem untenable before the recent oon-
17 

clusion of Von Hess, that the blood ferment comes from 

the cells of the entire body and the variations in sera 

lipase is due to the general stimulation or depression of 
18 

body celIe. This theor1 is strengthened by Whipple, who 

finds that the blood lipase increases whenever there is 

injury to the liTer such ae chloroform anesthesia. 
19 ' 

Bauer found that eTery human serum containe fat splitting 

6. 



enzymes which are decreased in diseases lowering the general 

body "resistance". and are increased in the stage where the 

body tissues react with vigor. Further. the hypothesis of 
20 21 

FavloT and Voit when applied to this phase of metabolism 

giTe Vo~ Hess' theory a greater probability. Pa:vloT cites 

the responses of pancreatic secretion to various foods and 

asks why we should not expect body cells. which are capable 

of enzyme formation. to respond to different blood contents. 

Voit believes that the presence of abundant food increases 

the power of the cell to metabolize'. Therefore. in light 

of our present knowledge it seems probable that all the 

tissue cells contribute a part of the blood lipase. The 

blood lipase content at a give~ time is a measure of the 

metabolism of the body under the existi~g conditioDs. 

The lipase content of the blood has been studied under 

a number of physiological and pathological conditione. but 

as yet we know very little of the particular faotore whioh 

determine the variations in either oase. 
22 

Summers fOURd in this labora~ory that rich fat diet 

following faste in both young a~d adult dogs cause an in

orease in the lipolytio activity of the blood. Preceding 
23 

the investigation of Summers. Abderhalde~ and Rona found an 

increase of blood lipase after fat feeding. Their work. 

however. is subJeot~ criticism because they fasted their 

animals for eeteral daya before taking a normal. 

7. 
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theless, their results are valuable in connection with the 

work of Summers, for both point to an increased enzyme content 
22 

following the ingestion of fat. Summers found in the blood 

of fasting puppies that the lipase content remained practi

cally constant for two days, rapidly fell to 45 per cent of 

the normal at four to six dass, and sharply increased to 125 

per cent on the ninth day. In adult dogs he reports a 

curve like that of the puppies, vis., a decrease to less 

than half the normal in four or five days, a low content for 

six or eight days, followed by a gradual rise. The lipase 
~,~ 

content in all tests being higher at the end of the fast 
24 

than at the beginning. Alderhalden and Lampe state that 

the lipase content increases during fasting. 

That lipase plays some part in pathological conditions 
25 

has been pointed out by Bergel who observed that sera of 

animals immunized to foreign red cells were about twice as 

active in splitting foreign fats as were the sera of un

treated animals. The reports as to the blood content of 
, 54 

lipase in disease are very conflicting. Carriere found 

that its activity was normal in certain diseased conditions 

-- neurasthenia, hysteria, epilepsy, hemeplegia and compen

sated heart leSions -- lipaae was increased in obeSity, 

diabetes and pneumonia, and decreased in carcinoma, uremia 
26 

and terminal tuberculosis. Fischer, on the other hand, 

found a case of diabetes with marked lipemia in the serum 



of which the presence of lipase was not demonstrable. 
27 

Archard and Clerc, from their investigations, con-

clude that the enzyme activity is lessened in most patho-
28 

logical conditions, while Pribram found it increased during 
29 

fevers. Saxl reports no increase during phosphorus 

poisoning. and either a rise or fall in jaundice. Cetrou 
M 

and P1echer observed an increase of the ferment in syphilis, 
19 

but Bauer fouhd a decrease in that disease. The part 

played in abnormal conditions is thrown more in the dark 
31 

by Saga1,who after a careful study of OTer 100 cases, oon-

c1udes that the Tariation of lipase activity in diseased 

conditions is so small as to be devoid of clinical value. 

9. 

The fact that variations in the lipase content of the 

blood have occurred during different ' phases of fat metabolism 

and during diseases which affect the fat content of the 

body suggest that the two substances. lipase and fat, are 

correlated, and that observed variations in the fat may 

affect the amount of lipase. For this reason it seems 

necessary to review the literature on the blood fat along 

with that of the lipolytic enzyme. 

It has been known since the time when blood letting 

was in common practice that the blood serum may become 

milky after fat feeding. but the quantitatiTe aspect of 

fat changes in the blood with relation to fat metabolism 
32 

was first studied by Newman. He oounted the fat parti-



cles in the blood both before and after feeding. By 

means of the ultramicroscope he found that the number of 

particles greatly increased two hours after feeding. 
33 

Neisser and Baurning, by the same method, found that fat 

particles began to appear in the blood serum in from one 

to two hours, reached the height of, their concentration 

in six hours, and then diminished, the intensity of the 

changes varying with the animal and the kind of food used. 

The results by the above method would perhaps be unrelia

ble iflater observers, using chemical methods, had not 
M 

found similar changes. Lattes, using the Kumagawa-suto 

method of fat extraction, found that after feeding fat 

there was an increase in the blood fat up to double the 
35 

normal value. Terroine observed a great rise in the con-

centration of the blood fat during the absorption of fat. 
36 10 

Other men, among them, Greenwald, Thiele, and Lusk 
37 

10. 

and Murlin have demonstrated lipemia following the ingestion 

of foods rich in fat. 
~ 

Munk and Rosenstein have investigated the fat content 

of the human lymph and chyle and find that the fat increases 

during fat absorption the same as in dogs. They further 

note that the oontent is decreased in starvation. 
39 

Bloor has noted its variations in·the blood of dogs 

under the following approximately normal conditions:--

(1) after fat feeding, (2) after intravenous injections of 



fat preparations, and (3) during fasting for short periods. 

In the first he verified previous findings by noting an 

increase in the fat content of the blood, beginning during 

the first hour and'reaching a maximum in about six hours 

after food. No increase was found when the thoracic duct 

was tied, showing that the fat absorbed by the capillaries 

was not sufficient to cause lipemia. Intravenously in-

jected fat preparations, enough to raise the fat content 

of the blood 100 per cent, disappeared from the circula-

tion in less than five minutes. When much larger quanti-

ties, 0.8 gm. per kilo in the form of egg yolk, were in-
'# 

jected some fat persisted for eeveral hours. Fasting of 

from 5 to 7 days produced an increase in some cases and in 

others none. However, an animal which ordinarily showed 

no increase in blood fat during fasting was made to exhibit 

the "usual curTe" by stuffing with fatty food for one week. 
40 

Greene and Summers investigated the fat content of the 

blood following ordinary fat feeding and during fasting, us

ing litters of puppies and adult doge. Puppies from the 

aame litter were fed rich diets and killed at different 

periods during absorption and the fat in their blood deter-

mined. During absorption a slight increase was noted fol-

lowed by a sharp inorease over normal during the 5 and 6 

hours, and a smaller one from 11 to 14 hours. The blood 

of fasting puppies killed at suooessive intervals during 

11. 
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fasting showed the greatest increase of fat of 230 per 

cent on the eighth day and 185 per cent on the ninth day. 

The changes in the blood fat of adult dogs during fasting 

were very small with perhaps a tendency to decrease dur

ing the first 12 to 15 days followed by an increase after 

the 15th day. 
41 

Shutz, "examined the bloods of different animals 

during fasting and found that they contained 50 to 100 

per cent more fat than fed ones~ 
42 

Daddi fasted animals over very long periods and re-

ported an increased fat content during the first week, 

than a fall, and about two weeks before death a further de-

crease. 

The effect of muscular work on the fat concentration 
43 

of the blood has been studied by Murlin and Riche, who found 

a slight fall during the first half hour of work, sometimes 

in the first fifteen minutes, but this was followed by an 

increase of fat in the blood at the end of one hour. The 

content dropped below normal after one hour's rest. 

The variations of the blood fat in many pathological 

conditions has been proven by a great number of investigators, 

and while there are many disagreements as to the actual 

changes, it is very probable that an explanation of the 

pathological fluotuations will be possible through a better 

understanding of the physiological changes. 



From the investigations cited above there seems to 

be no doubt that variations occur in both the lipase and 

the fat content of the blood under different physiological 

oonditions. But without correlation these variations do 

not help to solve the question of fat metabolism. Loeven-
13 

hart in his original work found a certain degree of 

parallelism between them. Suoh a parallelism, when proved, 

would give positive evidenoe in favor of the present enzyme 
44 

theory of fat metabolism. Bradley in 1913 repeated these 

observations, but failed to find "any broad correlation 

existing between the fat and lipase content of tissues". 
22 

His work, however, has been oriticized by Summers. who 

pointed out the fact that Bradley did not pay any attention 

to the general systemio nourishment of his animals. In 
22 

lela. Summers demonstrated a relationship between the lipase 

and fat oontents of young and adult dogs when they were in 

comparable nutritional oonditioaa. This relation was proved 

during fat feeding and during fasting. In the feeding •• -

periments oream was fed so there is a chance that the absorp

tion of lipase from it might have altered the amount in the 

blOOd; but sinoe the relationship existed in the fasting ex

periments it is improbable that the~e wae much oream lipase 

absorbed. 

Although the relationship between the lipase and the 

"total fat- oontent of the blood givee some support to the 



14. 

enzyme theory of fat metabolism the question remains an 

open one. There is a faotor in the part played by the 

blood lipoids, whioh inolude fatty aoids, oholesterol and 

leoithin. It is neoessary that they should be taken into 

account while investigating the importance of rero-lipase. 

In the past the increase in fat content of the blood 

under oertain phyeiological conditione hae been looked upon 

as a Simple lipemia. There ie at the present time experi-

mental evidence whioh suggests that the process is more com

plicated, a "lipoidemia". 
35 

Terrione found that the "total fat", fatty aoid + 

oholesterol, was very constant in animals, and there was a 

oonstant relation between the fatty aCids and the choles-

terol. He suggested, "that the lipemia oonstant might be 

Tery much of the same order as the glycaemio oonstant and. 

like it, wae probably the expression of an efficient regula-
45 

tion". Csonka demonstrated a low oholesterol ooncentration 

in patients, with pernioious anemia, showing disturbed blood 

fat oontents. 
46 

Mayer and Sohaeffer found that the relation between fatty 

aoids and leoithin in the blood was remarkably oonstant for 
47 

most animale. MUeller observed that leoithin and oholesterol 
. 48 

were often inoreased during lipemia; and Reioher in three 

experiments on doge found great inorease, in leoithin • 82 

per cent, and oholesterol, 65 per oent, during fat absorp-
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tion, while at the same time the average fat increases 

53 per cent. 
36 

Although Greenwald founa no inorease in lecithin dur-

ing the different phases of fat absorption, the more recent 
49 

and extensive researches of Bloor seem to establish the 

importance of at least one of the lipoids, leoithin, in 

bloOd fat. He found, as before, that the total fat was 

gr~atly 1nore88e4 during &beorpt1on 1~ both pls~~u ~nd 

oorpuscles. The changes 1n the cholesterol content were 

s11ght and inoonstant, conf1rm1ng the probability that 

oholesterol takes no part in the early stages of fat metab-

olism. This, however, disagrees with the results of the 

earlier investigators, but, beoause of his improved methods, 

it is perhaps more reliable. His oonolusions in regard to 

lecithin are: that it increases in the blood, and that 

there is a definite relation between it and the fatty acids. 

The increase of lecithin is most marked in the corpuscles. 
10 

From this fact and the recent investigations of Thiele and 
50 . 

I 
Foa which are in agreement with it he ooncludes: "(a) 

that the blood corpuscles take up the fat from the plasma 

and transform it into leoithin; (b) that most if not all of 

the absorbed fat is so transformed; and therefore, . (c) 

that lecithin is an intermediate step in the metabolism of 

fats". 

The importanoe of the lipase in this step of the 
49 

metabolism of fat is brought out by Bloor when he writes in 



regard to the lecithin formation in the corpuscles, 

"since the enzyme reactions in the living organism are 

generally regarded as reversible, the formation of lecithin 

in the presence of excess of fat in the blood, as exists 

in lipemia, is to be expected". 

From the preceding literature review the variations 

in the blood fat content under normal conditions seem fairly 

clear. The lipase content is more obscure and the corre

lation existing betwean the fat and the lipase needs more 

experimental proof before the part and importance of the 

lipase in the blood can be definitely stated. A further 

study of the fat and the lipase conten~ of the blood after 

feedings of selected diets to animals in comparable nutri

tional conditions should give more conclusive evidence in 

regard to the relation of these two factors. In the 

present study we have undertaken an investigation of the 

lipoid and lipase contents of the blood in animals during in

creased muscular exercise in an effort to determine whether 

during increased fat transportation and utilization there is 

any corresponding variation in the amount of blood lipase. 

Whatever the answer, the results of the experiment ought 

to throw more light on the important problem of fat 

metabolism. 

16. 



III. Experimental Proceedure 

The experimental work ~s divided into two parts; (1) 

the effect of feeding upon the lipase and fat contents of the 

blood. and. (2) the effect of muscular work upon the lipase 

and lipoid contents of the blood. 

The feeding experiments were done in cooperation with 

Mr. Harvey. who studied the lipase and fat content of the 

liver and kidney. In order to secure the tissue samples 

it was necessary to kill the animals. For this reason the 

experiments were run on sets of . animals. To secure the 

most uniform results litters of puppies were used. During 

a preliminary period. usually one week. the animals were 

placed in isolated compartments •. and fed equal amounts 

based on grams per kilo., of a carefully prepared mixed 

diet. Then the animals were fasted for 24 hours to allow . . 
complete abso~ption -of the food of the regular feedings. 

One animal of .the series chosen as a normal was weighed and 

decapitated. 
I 

The others were fed test meals. weighed and 

decapitated at different intervals during absorption. When 

drawing the blood, care was taken not to rupture the thoracic 

duot or allow any regurgitation from the stomach. The 

blOod was collected in a casserole •. Duplicate 2 co. samples 

were taken for fat determination and the remainder was trans

ferred to oentrituge tubes, allowed to stand three or four 

minutes, and centrifuged at a high rate of speed for fifteen 

17. 
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minutes. By this method a very clear serum was obtained 

which was used for lipase determinations. 

In the experiments on the ef~ect of muscular work 

dogs were used. These animals had been fed on a constant 

diet ' for several weeks and were in splendid condition. Dur

ing the experimental p'eriod they were carefully tended to 

keep their nutritional states as normal as possible. For 

a period of twenty-four hours preceding the work tests no 

food was given in order to prevent complicating changes in 

the blood fat due to absorption. No water was given for a 

period of one hour before the test. 

The muscular work was obtained by exercising the animals 

in a tread mill for given periods at a nearly constant rate of 

speed of about 3 miles per hour. The machine was carefully 

construoted and ran smoothly and with little diffioulty. The 

dogs became accustomed to the treatment. and after a little 

training drove- the mill intelligently. 

Blood samples were taken before work, after thirty minutes 

exercise. after one hour's'exeroise. then after resting thirty 

minutes and one hour. The lipolytio activity , of the serum was 

det'ermined and the whole blood was e"xamined for fat. cholesterol 

, and lecithin. The blood Was drawn directly from the small 

saphenous vein in the hind leg. After oons'iderable praotice. 

by using a properly sharpened needle and applying a light 



19. 

tourniquet or by compressing the vein with the thumb, it 

was possible to obtain an 8 or 10 cc sample very quickly. 

The blood was collected directly "from the needle in a 

centrifuge tube, both the needle and tube having been previous

ly rinsed with 3 p~r cent potassium oxalate. A 2 cc. sample was 

rup into the alcohol-ether mixture for fat determination, and 

the rest of the sample, after standing three or four minutes, 

was centrifuged at a high rate of speed for ten minutes. The 

serum was pipetted off "and used for determining the lipolytic 

activity. 

Lipase Determination 

Duplicate I co. samples of the serum from the centri

fuged blood are plaoed in 30 x 60 mm. glasl stoppered weigh-

ing bottles. To eaoh i8 added 10 00 •. distilled water, 

0.5 cc. ethyl butyrate, 0.4 cc. litmus, and 0.08 cc". toluol 

to prevent hydrolytiC action of baoteria and the whole im

mediatelyneutralized with 11/20 butyrio aOid. The bottle8 

are tightly corked, shaken fi&y to one hundred time8 to in

sure complete emul8ion and plaoed in an eleotrio incubator 

at 3800 for 24 houra. The butyrio aoid liberated by the 

lipale aotion in the sample i8 titrated with D/20 •• OR. 

Tha quantity of the alkali required to neutralize the butyriC 

aoid set free during the period of incubation i8 taken a8 

the measure of the lipolytio aotivity of the serum. 



Fat Determiaation 

The fat content, total fatty acids plus cholesterol, 
. 51 

was determined by a modification of Bloor's method which 

is based on a comparatively new principle, i. e., the 

determination of the fat by precipitation in a water solu

tion and comparison of the cloudy eU8pension so obtained 

with that of a similarly prepared standard fat solution. 

The comparison was made by the use of the nephelometer. 

The proceedure is as follows: Extraction. About 2 cc. 

of freshly drawn blood are run with stirring into a 

weighed graduated flask containing about 40 vulumes of a 

mixture of 3 parts alcohol and 1 part ether. ~fter again 

weighing to find the amount of blood added, the solution 

20. 

is raised to boiling in a water bath, cooled under the tap, 

made up to volume with aloohol-ether mixture, mixed and 

filtered. The filtrate is water clear and almost colorless. 

Determination. 10 cc. of the filtered extraot (oon-

taining about 2 mgm. fat) are measured with a pipette into 

a 150 cc. beaker and saponified by evaporating just to dryness 

in a water bath with 2 co. NIl sodium ethylate. The dried 

residue is gently warmed with 5 cc. aloohol-ether mixture 

until all but the flakes of alkali are dissolved. To the 

contents of the beaker 60 oc. of distilled water are slowly 

added with stirring. 

Five co. of a standard fat solution (oontaining 2 mgm. 



oleio aoid in aloohol-ether mixture) are measured into a 

Similar beaker and 60 cc. water added with stirring. To 

the standard and the test solutions are added Simultaneous

ly 10 oc. portions of dilute (1:4) hydroch10rio aoid and 

the solutions allowed to stand for five miautes, after 

which they are transferred to the oomparison tubes of the 

nephelometer. 

The neph.lometer used was a modification of the Duboscq 

oolorimeter. The metal soreen and the solution oups were 

discarded and the ref1eotion mirror was not used. The 

screen was replaced by one having a partition separating the 

two prisms to prevent ref1eotion of light from the two tubes, 

and with two narrow slits (1 cm. wide), one in front of each 

prism so placed as to allow the light to pass in fro. direct

ly in front only. At the same time the screen cut off the 

light at the lower edge of the prism. This last precautioa 

does away with the necessitY,of blaoking the prisms of the 

oolorimeter, sinoe the only light refleoted through the 

prisms must come in through the ends. The tubes were re

p1aoed by blaok metal frames whioh fit snugly iato the tube 

supports. In these .ere plaoed olear, carefully matohed 

white glass tubeB made from 18 mm. test tubes. A constant 

source of 1igh~ was maintained by p1aoing a well Boreened 

100 watt oondeneed filament ~zda· lamp about 1/2 meter 

in front of the nephelometer. With these ohanges it was 
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found that with similar solutions in the two cups the 

field was homogenocus whea the tubes were reading the same 

on their respective scales. 

When making the comparisons the two tubes filled to 

the same height were placed in the frames, the standard 

tube always on the same side. The standard was set at 

10, and comparison was made by raising or lowering test 

solutions until the images of the two solutions showed 

equal illumination. The aTe rage of not less than five 

readings, taken alternately from above and below, was used 

as the reccrded reading. Determinaticns were made in dup-

licate, and repeated If the results failed to check closely, 

The readings were calculated to percentages. 

Chclesterol Determination. 

22. 

Cholesterol was determined b.1 the new method of Bloor~2 

Ten cc. cf the alcohol-ether blocd extract used in the fat 

determinaticn are measured into a 50 cc. beaker and evapcrated 

just to dryness on a water bath. · Any heating after dryness 

produced a brownish color which passes into the chloroform and 

rendere the subsequent determinaticn difficult or impossible. 

The cholesterol Is extracted from the dry residue by boiling 

out three or four times with successive 5 cc. portions of 

chloroform and deoanting into a 10 cc. glass stoppered gradu

ated cylinder which had been previously calibrated. The 



combined e%traot8 when cooled are made up to 5 cc. The 

solution was colorless but not neces8ari17 clear. since 

slight turbidity cleared upon adding the reagents. 

23. 

FiTe cc. of a standard cholesterol solution in chloro-

form (containing 0.5 mg. of cholesterol) were measured into 

a 8imilar 10 cc. cylinder. 

To each of the 801utions are added 2 cc. acetic 

anhydride and 0.1 cc. concentrated sulphuric acid. The 

solution8 are then mixed by inverting seTeral times. and 

set away i. a cool dark place for 15 minutes, after which 

they are transferr~d to the cups of a Duboscq colorimeter 

set in pla8ter of Paris. The average of several readings 

was taken and calculated to percentage8. 

Lecithi. Determination. 

The lecithin content was ·found by the strychnine 
, 53 molybdate method of Kober, applied a8 follows: 10 cc. 

aloohol-ether blood e%traot are measured into a 200 % 26 mm. 
Jena test tube, preTiously etched at 26 00. mark, three 

glass bead8 added a.d the solution evaporated to dryne88 in 

a water bath. The tube should be shaken frequently until 

boiling comme~cee. after whioh the evaporation will prooeed 

to dryness without further attention. The residue is dried 

for 15 minutes to remOTe the last traces of aloohol whioh 

might interfere with complete o%idatioA. J'or o%idatio., 



1.6 cc. of equal parts of HN03 and H2S04 are added to the 

dry residue in test tube, and digested by heating with a 

micro-burner. The heating is done in two stages. During 

the first 16 minutes the mixture is gently bored with a 

very low flame until the red ~umes cease to come off. care 

being taken not to drive off HN03 before complete oxidation 

has taken plaoe. The tubes are inclined at an angle of 

about 300 to prevent loss by spattering. The heat is 

gradually raised until the nitrio· acid is completely driven 

off, after which the solution is boiled for 10 minutes. 

The mixture is then cooled and two drops of .26 per cent 

cane sugar are added (to destroy nitric-phosphorio acid 

combination), after which the mixture is heated for 1 minute. 

The sugar causes a Blight browning of the liquid. which dis-

appears on heating. The tube is then cooled and the sides 

washed down with about 3 cc. H20. To the solution in the 

tube is added 1 drop phenolphthalein, and it is- then neutral

ized with 20 per cent NaOH, noting the amount added. The 

solution is made just acid with one or two drops of dilute 

hydrochloric acid (1-1), oooled and made up to mark. 

Five 00. of a standard phosphate solution (containing 

.025 gm. per co.) are measured into a Similar graduated 

tube, 0.70 co. H2804 ,concentrated t a drop of phenolphthalein 

and the amount of 20 per oent NaOH used in sample are run 

in. The contents are then neutralized with 1-1 Hel t made 
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slightly acid, and made up to volume. 

Preoipitation was oarried out as follows: To 

each of two 50 cc. flasks are added 25 cc. distilled 

water, 5 cc. of 1-1 HOl and 5 cc. of molybdate reagent; 

then 10 cc. o~ the phosphate solutions are added with 

a pipette, keeping the flasks gently rotating during 

the addition. The flasks are then made up to volume 

with distilled water, allowed to stand for 3 minutes, 

and then compared in the nephelometer. The values 

obtained, multiplied by eight, give a close approxi

mation to the lecithin value. 

25. 



26. 

III. Experimental Results 

1. The Fat and the Lipase Content of the Blood 

Following a Meal Rich in Fat. 

A single feeding test was run on a group of six pups 

about six months old. We had the misfortune to lose by 

infection all the other large litters oollected for the test. 

In this set of puppies the first five were of the same lit

ter. while the sixth was an oad pup of apparently the same 

age. All were in good condition. the average weight being 

about five and one-half kilograms. The six pups had been 

together for several weeks. and had been fed a carefully 

prepared mixed diet. Their nutritional condition was ob-

served oonstantly. and they were all in practically the 

same condition at the time of the test. All were fasted 

for 24 hours. pup number one was killed for a normal and the 

remaining five were fed 90 grams per kilo of bread consisting 

of oorn meal and ootton seed Oil. oontaining 25 per cent of 

fat. The fed R,upa were killed at intervals during digestion 

and absorption of the fatty meal. The first was killed two 

and one-half hours after feeding. and the others at the fifth. 

eighth. eleventh and fourteenth hours respeotively. 

Protoools ~ lh! AutopSies. - The stomaoh of the pup 

taken for the normal was partially filled with soft food. 
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showing that all of the previous day's food had not passed 

ihto the intestine. The food also contained a good deal of 

undigested craoklin fat, all indioating that the previous 

meal had not been digested and absorbed as assumed, but that 

the prooess was still going on. This may aooount for the 

high peroentage of fat in the blood of this pup. The lao

teals were soareely visible and the intestines were practi

cally empty. The stomach of pup number two, two and one-half 

hours after feeding, was gorged with the undigested bread 

mixture. The laoteals were visible, but not prominent, and 

the intestines were nearly empty. The stomaoh of pup number 

three, five hours after feed, was full of semidigested food. 

The laoteals stood out olearly. and were milky in oolor, and 

the intestine contained chyle. ~he stomachs of pup number 

four, eight hOUlBafter feeding, of number five, eleven hours 

after feeding,and number six, 14 hours after feeding, were 

about one-half, one-third, and one-fifth full of emulsified 

food respectively. In all three the lacteals were full. and 

the intestines contained chyle. 

The autopsy findings reveal two unforeseen faots that 

oomplioate the results. The first i. that the normal ani

mal killed twenty-four hours after the last feeding had not 

completed the digestion of the previous meal as was ass~ed. 

It is only fair to assume that some degree of absorption was 

still goi~g on and that the blood fats had not yet reaohed 
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stable equilibrium as between the absorbing tissues, the 

blood and the storage tissues. Its fat content, and 

possibly the lipaee content aleo, ie probably higher than 

the real hormal. This reduces by eo much the percentage of 

increase to be expected from the experimental feed. The 

second significant fact is that the rate of digestion and 

absorption of the test meal was slow for the eeries, and 

not oomplete at the end of the fourteen hours allowed, an 

allowance of time previously found in ,this laboratory to be 

quite adequate for a test meal of milk and cream. 
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Table I. 

Feeding Experiment 1, April 20, 1917, showing varia

tions in the fat and lipase oontents of the blood following 

a meal of ootton seed fat and oarbohydrates. The determina-

tions were made on the blood of a series of six pups, about 

six months old, in oomparable nutritional oondition. One 

was killed without food for.a normal. The others were de-

oapitated at two and one-half, five, eight, eleven and four

teen hours,respeotively, after the teet meal. 

Animal Time of Sample Total fat Lipase 
Number reroent N/20 NaOH 

1 .Before the teet meal 2.46 0.94 00. 

2 2t hours after test meal 2.96 0.90 00. 

3 5 hours after teet meal 3.64 1.12 00. 

4 8 hours after test meal 2.29 1.03 00. 

6 11 hours after test meal 2.83 1.07 00. 

6 14 hours after teet meal 2.88 1.22 00. 



J • 

Chart I . 
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The ohanges in the "total £at" oontent o£ the blood in 

the above experiment are in the main those long known to 

take plaoe in the blood during alimentary lipemia. There 

was a marked increase in the blood £at'content two and one

half hours after the test meal. 20 per cent above the normal. 

This was followed by an increase of 48 per cent over the 

normal at the £i~th hour. At the eight hour interval the 

blood oontained less £at than that o~ the normal. The 

samples taken at the eleventh and ~ourteenth hours showed 

increases in the blood fat oontent of 20 and 21 per cent 

above the normal. respeotively. 

These results of the test on the ingestion of ootton 

seed oil £at with carbohydrate admixture are in aocord with 
22 

the variations in the blood fat oontent reported by summers, 

who fed a test meal of milk and cream. He found • sharp 

increase at the fifth to eighth hours and a smaller increase 

between the eleventh and fourteenth hours in oomparison with 

the normal. The ohanges observed in this test are not nearly 

so marked as those usually found at the oorresponding periods 

following the ingestion of milk fat. This faot is partial-

ly explained when we oonsider that the previous days' ,food 

was not entirely absorbed before the test meal was given, as 

is shown in the autopsy of the first pup. With the prooess 

of absorption of fat still shown to be going on the fat oon

tent of the blood was probably above normal in all pups at 
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the time of the test feeding. It is obvious that the 

_marked change from a normal low fat per cent, to the high 

ones usually reported at the two and five hour periods will 

not be observed. 

The low per cent in the fat content of the blood sample 

eight hours after the test meal may be assumed to be an 

experimental exception. In this pup the fat percentage of. 

the blood during digestion is below the figure found in the 

blood of the normal check animal before the meal. However. 

this pup was of a very nervous temperament, and the surmise 

is, since the results at the other five digestion periods 

correspond with previous findings, that there was some ab

normality in his digestion and absorption of the test meal 

or that his blood fat content before feeding was lower than 

the standard. 

The rise noted in the 11 and 14 hour animals shows 

clearly that the process of absorption was still going on at 

those periods. If we were permitted to omit animal- number 

four and fill in the curve from the five hour period to the 

eleven hour period. Chart I. the whole series would make a 

oomparatively symmetrioal graph. The terminus of the graph 

aould only be shown by later stages of digestion than were 

available in our experiment. 

The sero-1ipase does not vary greatly but presents a 

fairly symmetrIcal curve in the animals of the above experiment. 



There is a very slight fall in the lipase content at the end 

of the two and one-half hours ~f digestion, a ~ariation well 

within the limits of the error of determination. This was 

followed by a rise of 19 per cent at the fifth hour. . , 
There 

is a small relative ' decrease, though 10 per cent above the 

normal, at the eight hour period, the animal with unusual fat 

content. The sample taken 11 hours after the meal shows 

a sm&llrelative increase of lipase, 14 per cent above the 

normal. The blood at the 14 hour shows the highest lipase 

content of the series. The blood fat at this period ill 

still 17 per cent greater than normal, while the . lipase has 

inoreased to 30 peroent of the normal. While the 14 hour 

blood sample was from the odd ,pup and the marked rille may be 

due to that fact, it is more probable that the variation 

is bound up with a changed lipase production, in which 

sero-1ipases have their source. 

The most notioeab1e fact in regard to the sero-1ipase 

is its apparently slight variation. Nevertheless, with the 

single exoeption of the 2~ hour period the lipase content 

remains constantly higher than the normal - 19 per cent, 10 

per cent, 14 per cent and 30 per cent in the series. The 

gradual rise thru the eighth, eleventh and fourteenth hour is 

aSSOCiated with the later phases of the digestion period. 

The fat curve indicates that it is at least past the maximum 

phase of fat a~sor»tion. It is possible that the 30 per oent 



rise at the 14 hour period may be due to a resorption of 

digestive lipases no longer wholly oonsumed in the intestine. 

Von Hess has suggested that the panoreas is one of the 

SO)1roes of sero-lipase. The higher level of blood lipase 

would seem at least to be favorable in keeping the increased 

influx of fats in solution while they are being absorbed in 

excessive amount and w~ile disappearing in the fat storage 

tissues. 

The results of this test on cotton seed oil fat feeding 

show that during the absorption of this fat the blood fat in

oreases, reaching a maximal at five hours or later, and 

continues above the normal for more than fourteen hours: 

that the time relations of the curve are greater for ootton 

seed oil than for milk fat; that the lipase oontent of the 

blood inoreases during the period of cotton seed fat absorption; 

the highest lipase content is in the late hours of the diges

tion when the fat absorption ourve has passed its maximum. 

Further, the changes in the fat and lipase content of the blood 

following fat feeding are definite and oharaoteristio even 

when there is a high per cent of fat in the blood preceding 

the test meal, though less marked than when the blood has 

a low fat"oontentpreoeding the meal. 



2. The Fat and Lipase of the Blood During a 

Period of Muscular Work Followed 

by Rest. 

In the execution of this series of experiments on 

dogs it is assumed that the fat and lipase is in a 

relatively constant state of equilibrium in regard to 

the variations due to food intake on the one hand, and 

to fat utilization and storage on the other. The 

effort has been to produce only one new variant, namely, 

vigorous muscular work for a definite and constant period. 

Three sets of tests were run on each of three dif

ferent doga, an old male, Number 1; a three-fourths grown 

female, Number 2; and a full grown, but young female, 

Number 3. The varying ages are presented on the basis of 

the known variations in the responsiveness of animal tissues 

in reaction to age as shown by pr&vious fat and lipase 
22 

studies in this laboratory by Summers. 

The experimental proceedure previously given in de-

tail, is as follows: After a given fast period, of from 

24 to 43 hours, a normal blood sample was drawn. The 

animal was then permitted to run for 60 minutes in the 

tread-mill, and then. allowed to rest for 60 minutes, in 

one case the rest period was 120 minutes. Samples of 



blood were taken every half hour. The blood fat content 

in grams per 100 00. and the lipolytio aotivity of the 

serum in terms of N/20 BaOH were determined in all the 

samples. In four tests the leoithin oontent of the 

blood was determined in grams per 100 oc. of blood, while 

in five the oholesterol fraction in grams per 100 00. 

was found. 

36. 
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Table II 

Musoular Work Experiment 1, April 5, 1917. Dog 1, 

an old male, mongrel bird-dog,weight 20.5 kilograms. The 

normal sample was taken 22 hours after regular feeding. 

He drove the mill at a fairly oonstant rate of speed for 

the hour, averaging about 3 miles per hour. The work was 

interrupted 5 minutes at the end of the first work period 

for the seoond sample. 

tired but not exhausted. 

At the end of the period he was 

Time of Sample Total Fat Leoithin Cholesterol Lipase 
:Peroent N/20 NaOH :Peroent :Peroent 

Normal beiore work 1.83 .33 .18 1.21 co. 

After 30 min. work 1.69 .30 -.18 1.21 co. 

After 60 min. work 1.06 .23 .17 1.24 00. 

After 30 min. rest 2.23 .38 .24 1.04 oc. 

After 60 min. rest 1.51 .29 .18 1.16 cc. 



Table III. 

Muscular Work Experiment 2, April 12, 1917. Dog 1. 

Normal sample taken 24 hours atter regular feeding. Drove 

the mill very fast for first 30 minutes, but slowed down to 

The work was 
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the regular speed in the last one-half hour. 

interrupted 2 minutes for the second sample. He showed !jore 

fatigue at the end of the run than he did at the close of the 

first experiment. 

Time of Sample Total Fat Lecithin Cholesterol Lipase 
Percent Percent Percent B/20 NaOH 

Normal before work 1.71 .35 .21 1.03 cc. 

After 30 min. work 1.28 .28 .17 1.02 00. 

Atter 60 min. work 1.16 .25 .20 1.11 cc. 

After 30 min. rest -- .92 co. 

After 60 min. rest 1.33 .29 .18 1.03 cc.' 
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Table IV. 

Muscular Work Experiment 3 t May 4 t 1917. Dog 1. 

Normal sample taken 20 hours after a very heavy feed of the 

regular diet. During the entire period he traveled at a 

faster speed than in either Experiment 1 or 2. The work 

waS interrupted 4 minutes during the first work period and 

e minutes for the seoond 8ample~ 

Time ' of sample Total Fat Cholesterol Lipase 
Percent Peroent N/20 BaOH 

Normal before work 2.'14 .43 .95 00. 

After 30 min. work 2.54 .41 .78 00. 

After 60 Q1in. work 2.09 .46 .82 cc. 

After 30 min. rest 2.44 .36 .89 oc. 

After 60 min. reet 1.96 .40 .86 co. 
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Table V. 

Muscular Work Experiment 4, April 17 , 1917. Dog 2. 

A three·fourths grown female pup, mongrel breed, apparently 

part bull-dog. Weight 11.3 kilograms. The normal sample 

was taken ' 24 hours after the regular feeding. DroTe the mill 

at about two and one-half miles per hour for the entire period'. 

The work was interrupted two minutes during the first period" 

and seven minutes for the second sample. At the end of the 

first 30 minute period she was very tired, and at the olose 

of the run practically exhausted. 

Time of Sample Total Fat Lecithin Cholesterol Lipase 
Percent Peroent Peroent N/20 NaOH 

Normal before work 2.71 ,36 .27 1.12 00. 

After 30 min, work 1.95 .31 .24 1.06 co. 

After 60 min. work 2.40 .34 .4:1 1.13 00. 

After 30 min. rest 2.16 .30 .27 1.20 00. 

After 60 min. rest 1.48 .27 .27 1.10 co. 



Table VI. 

Muscular Work Experiment 5. April 26, 1917. Dog 2. 

Normal sample was taken 24 hours after regular feeding. 

She traveled a little faster than 1n Exper1ment 3. The 

work was interrupted 2 minutes for the second sample, and 
\ 

3 minutes during the seoond period. She was exhausted at 

the end of the run. 

41 • . 

Time of Sample Total Fat Lecithin Cholesterol Lipase 
Nj20 NaOH Peroent Peroent Percent 

Normal before work 2.13 .37 .37 1.81 00. 

After 30 min. work 2.02 .35 .35 1.69 00. 

After 60 min. work 2.45 .40 .24 1.73 co. 

After 30 min. rest 1.63 .26 .20 1.67 co. 

After 60 min. rest 1.66 .24 .22 1.34 cc. 



Table VII. 

Muscular Work Experiment 6, May 5. 1917. Dog 2. 

Normal sample was taken 42 hours after regular feeding. 

Ran at about the same ·experiment as in Experiment 1. 

42. 

The work was interrupted 2 minutes during the firet period, 

and 2 minutes at the time of the second sample, and three 

minutes in the last period. 

Time of Sample Total Fat Lipase 
Percent N/20 BaOH 

Normal before work 1.63 1.36 00. 

After 30 min. work 1.66 1.16 cc. 

After 60 min. work 1.77 1.23 cc. 

After 30 min. rest 1.28 1.12 cc. , 

A~ter 60 min. rest 1..1.5 1..07 00. 
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~able VIII. 

Muscular Work Experiment 7, May 3, 1917. Dog 3. 

Adult female, weight 16. 6 kilograms. The normal sample 

was taken 25 hours after feeding. She traveled at a 

rather slow constant speed for the entire hour, about 

two and one-half miles per hour. The work was inter-

rupted 5 minutes fo~ the second sample. The animal was 

not very tired at the end of the exercise. 

Time of Sample Total Fat Lipase 
Peroent N/20 IIaOR 

Normal before work 1.63 1.82 cc. 

After 30 min. work 1.20 1.84 co. 

After 60 min. work 1.62 1.91 00. 

After 30 min. rest 1.83 1.99 00. 

After 60 min. rest 1.49 1.85 oc. 



Table IX. 

Musoular Work Experiment 8. May 8. 

Dog 3. Normal sample was taken 22 hours after 

regular feeding. She ran at a very fast oonstant 

speed for the hour, averaging about three and one-half 

miles. The work was interrupted 2 minutes during the 

first period and 3 minutes for the seoond sample. At 

the end of the test she was very tired. 

Time of Sample Total Fat Lipase 
Percent N/20 NaOH 

Normal before work 2.68 1.98 co. 

After 30 min. work 2.48 2.03 00. 

After 60 min. work 1.52 2.57 cc. 

After 30 min. rest 2.22 3.18 00. 

After 60 min. rest 1.73 3.05 co. 
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Table x. 
Muscular Work Experiment 9, May 12, 1917. Dog 3. 

The normal sample was taken 43 hours after a lfght feeding 

of bread and meat scraps. She ran at a relatively con-

stant speed for the entire hour, about 3 miles per hour. 

The work was interrupted 6 minutes for the second sample. 

In addition to the usual samples one was taken after 90 

minutes rest, and a final one after two hours rest. 

Time of Sample Total Fat Lipase 
Percent N/fO NaOH 

Normal before work 2.03 1.81 co. 

After 30 min. work 1.63 1.88 oc. 

After 60 min. work 2.17 2.14 cc. 

After 30 min. rest 1.95 2.20 oc. 

After 60 min. rest 1.42 2.20 cc. 

After 90 min. rest 1.80 2.14 00. 

After 120 min.rest 1.83 1.97 00. 
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Total E!!.- There are four outstanding pOints in the 

variations of the fat oontent of the blood during musoular 

work. The variations are brought out olear1y in Experi

ment 9. (Table X, Chart IV) In this experiment the fat 

oontent decreases during the early work period,-20 per cent 

ae measured at the end of 30 minutes, rises above . normal 

during the later work period,+7 peroent increase at the end 

of 60 minutes work. This is followed by a seoond deorease 

of 4 per oent at the end of the first rest period, 30 minutes, 

and a further decrease td-30 per cent after 60 minutee in 

the rest period. After prolonged rest the fat content in

creases to-l1 per oent below the normal, and still later 

it is only-10 per oent under the original norma1 · peroentage. 

In every experiment a deoreaee in the fat oontent 

oocure during the early work phase. Theee deore •• ee in 

the blood amount to 8 per oent, 23 per oent and 7 per oent 

for dog 1; 24 per oent, 5 per oent and 4 per oent for dog 2; 

and 21 per oent, 7 per cent and 20 per oent for dog 3. 

The rise in the fat oontent following muscular work, 

noted at the end of the late work period in Experiment 9, 

ooours in all the teste. In five of the tests this rise 

occurs at the end of the late work period, and in four 

not until the early reet period. The ris~in fat in all 

the experiments on dog 1 were delayed into the early rest 

period. In the young dog,2,the rise oomes at the late 
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one 
work period. In dog 3 two rises are shown/at the late 

work period and one at the early rest phase. 

The secondary decrease in all the tests is marked 

after one hour's rest. The fall amounts to 12 per cent, 

22 per cent and 29 per cent in the tests on dog 1; 45 

per cent, 27 per cent and 29 per cent on dog 25 and 21 

per cent, 35.7 per cent and 30 per oent in dog 3. 

The fats oonstitute one of the main sources of 

energy in the animal body. During ordinary metabolism, 

i. e., when there is no fat absorption from the alimentary 

canal, and the animal is in a resting oondition, there is 

an equilibrium between the fat in the storage tissues and 

the tissues of fat utilization. The fat oontent of the 

blood is the expression of this oondition. 

When the resting animal is suddenly thrown into 

violent exeroise the metabolio conditions are disturbed. 

In the above tests the result of the initial work was 

always a deorease in the blood fat content. Murlin and 
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Riohe have shown that during the early stages of increased 

musoular aotivity and heat produotion there is a deorease 

in the blood fat oontent. They atttibute this fall to 

the oxidation of blood fat in the body tissues. It is 

plausible in view of the above experimental results to 

oonolude that the tissues of the body during the early 



phase of increased muscular work require' more food than 

i* normally coming into the blood during a period of 

rest and that some of the food in the blood is oxidized; 

surely fat is used. 

The increase in the fat content of the blood which 

sooner or later always follows the initial decrease is 

the response of the fat regulating mechanism to the 

changed metabolio conditions. It appears from the re-

suIts that when the equilibrium existing between the fat 

storage tissues and the utilizing tissues is thrown out 

of balanoe by the oxidation of fat in the latter, that 

a oompensatory rise in the blood fat oocurs. This re

plenishes the loss of blood fat, and supplies the tissues 

with the extra fuel required. 
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In the blood of the younger animals this rise occurs 

promptly within the hour of the work period, but .in the old 

dog it always comes late, during the early rest phase. This 

brings out the point previously mentioned that the respon

siveness of tissue to changed oonditions of metabolism is 

more delioate in young animals than it is in old. 

When the animal stops work the amount of fat required 

for tissue metabolism is certainly less than the amount re

quired during aotive exeroise, but the oxidation rate is 

more rapid than in ~h. resting animal. So the inoreased 



tat in the blood is quiokly oxidized and soon taIls below 

normal. This seoondary deorease oontinues until the 

regulating meohanism stimulates the etorage tissues and 

oauses them to tree more tat. Then the tat oontent in-
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oreases baok toward a normal, and sinoe the normal rate ot 

metabolism is reestablished, due to the prolonged rest, the 

oxidation in the tissues soon equals the amount ot tat 

ooming in under normal oonditions. At this time the normal 

equilibtiUm existing between the tat storage tissues and the 

tissues ot tat utilization is reached, and the blood tat 

returns to its original normal. 

Experiments 3, 4 and 8 show variations trom the rule. 

In the tirst one, dog 1, the normal tat oontent is very 

high, 39 per oent higher than the other normals on the 

same animal. Yet the initial peroentage 4eorease during 

the early work phase is less than in either ot the other 

two tests. The high normal tat content is no doubt due 

to the ingestion of an abnormally large amount ot tatty tood 

20 hours betore the test. The high amount of the normal tat 

oontent indioates that absorption was still going on so that 

the small deorease during the first half of the experiment 

maybe aooounted tor by an intlow of fat from the intestine. 

In addition the rate of speed in this experiment was less 

than in the other two, so besides the increased inflow into 

the blood there wa\ a possible deoreased use by the musoles. 



In Experiment 4, dog 2, the blood shows a much • 

higher ncrmal fat content than is found in the other 

two experiments, 5 and 6, on this animal. However, 

the changes in the blood fat in Experiment 4 due to 

muscular work are qualitatively the same as the 

changes found in Experiments 5 and 6. 

Experiment 8 shows a very mark~d variation. The 

normal fat per cent was 33 per cent and 75 per cent 

higher than it was in the other two tests on the dog. 

56. 

The initial drop in the first work stage occurs but it -is 

only 7'per cent compared with the 20 per cent and 21 per 

cent falls in the seventh and ninth experiments on this ani

mal. The late work stage shows a further fall, 43 per cent 

below the normal, while at the same periods in Experiment. 7 

and 9 there are rises of 6 per cent and 7 per cent respectively. 

At the end of the run the dog vomited quite a bit of eemi-

digested food. The absorption of fat from the intestine, 

as in Experiment 3, dog I, perhaps accounts for the slight 

initial fall. The great drop in the next period, which in 

reality is a drop not much below the previous normals 

found for this dog is perhaps due to the fact that thruout 

the entire run she maintained a higher rate of speed than 



in the preceding experimente. The explanation for the 

unusual curve would be that fat absorption from the 

intestine prevented a marked initial drop during the 

first work phase, but that during the second work phase 

the fat flow into the blood was not enough to replace 

the loss to the tissue. The fall during this last 

period to the point where the compensatory mechanism 

would release stored fat to replace the deficiency was 

unusually great due to .the high original content. The 

curve from then on shows the usual work rise and fall 

after one hour's rest. 
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From these variations it appears that the nutritional 

. condition of the animal plays an important part in the 

chenges of blood fat during muscular wo·rk; that when the 

blood fat content of a given dog drope to a certain point 

the fat regulating mechanism replaces the loss; and that 

the degree of work plays an important factor in the fat 

changes. 

The charts show that the ohanges in the individual 

animals are fairly oonstant. The variations that do 

ooour oan be aooounted for by ohanged nutritional and 

experimental oonditions. But the three different animals 

show broad variations. These different responses oan not 

be acoredited to ohanged variations in the animals them-



selves or to changes in methods, but must be ascribed 

to individual responses. The mechanism of each animal 

for the control of the fat content of the blood during 

muscular work is charaoteristic. 

Lecithin. - The changes in the lecithin content 

· 58. 

of the blood due to musoular work are marked, and direot-

ly parallel to the changes in the total fat content of 

the blood. At the end of the early work phase the per-

oentage of fat deoreases,the lecithin shows a corresponding 

fall. The inorease of fat in the late work or early 

rest phase is aooompanied with an inorease of leoithin, 

and in the late rest phase both the fat and the leoithin 

are below the normal percentages found at the beginning of 

the experiment. The deorease in the leoithin in the early 

work and the late rest phase shows that.leoithin is utilized 

by the tissues. The inorease following this initial fall 

proves that the stored leoithin in the tissues is freed into 

the blood, or that it is formed from the neutral fat in 
43 

the blood. In view of the reoent oonolusion of Bloor, 

that absorbed neutral fats pass thru the phosphatide state 

before being utilized or stored, it seems very likely that 

at least part of the neutral fats when reabsorbed into the 

blood are transformed into leoithin before being utilized 

by the tissues. 
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Cholesterol. - The variations found in the cholesterol 

content are more irregular than those found in the lecithin 

fraction. In three of the experimenmthe percentage of cho

lesterol is lower at the end of the test than it was at the 

start, and in two the final percentage is the same as that 

f?und at the beginning. The ohanges found in the oho1es

terol content amounts to 60 per oent in one oase, and in 

the others, Charts V, VI and VII, the percentage variations 

are very marked. The irregularities in the variations 

make it impossible to draw definite conclusions regarding 

the changes in the cholesterol content of the blood due to 

muscular work, but the wide variations found indioate that 

cholesterol takes some part in the inoreased fat metabolism 

brought about by muscular work. 

Lipase. - The changes in the lipase content of the 

blood following musou1ar work are for the most part slight, 

but the oonstanoy of the variations indicate that sero

lipase is one factor in the fat regulating mechanism in the 

body. 

For the variations in the lipase oontent of the blood. 

Experiment 9, dog 3, (Table X, Chart VII) may be described 

as an example. In this experiment the lipase shoW! a 

slight rise, 0.3 per oent above normal, at the early work 

period. This is followed by a further riee of 17 per oent 
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during the late work period, and a further rise to 17.3 

per cent at the early rest period. In the extreme rest 

period there is a decrease to 0.9 per cent above normal. 

In all the other experiments the lipase content 

rises in either the late work period or early rest period, 

and in all the tests the lipase content at the end of the 

late rest period is either below the normal or decreasing 

toward it. 

In dog It Chart lIt the rise in all three experiments 

occurred in the late work period. In this animal the 

variations were very small, being less than 5 per cent in 

all cases. The fall which appeared in the lipase during 

the rest period in the three experiments on this dog was 

constant amounting to 15 per cent, 10 per cent and 10 

per cent respectively. 

In dog 2, Chart III, the rise occurred during the 

late work phase and in each case the percentage was below 

normal at the end of the late rest period. 

One of the experiments on dog 3 has been described 

and the others are praotically the same. The ohanges in 

the lipase in Experiment 7 are less marked than those in 

Experiment 9. but the orest of the rise is at the early 

rest period and the lipase content was back almost to 

normal at the last rest phase. In Experiment 8 the 



variations in the lipase oontent are the most marked for 

the series. The rise at the early rest period, amount-
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ing to 60 per oent of the normal, and the fall toward normal 

in the last period was 9 per oent of the normal. 

From the above reeu1ts it appears evident that the 

variations in the fat and the lipase oontents of the 

blood due to musou1ar work are oorre1ated. During the 

initial drop in the fat oontent the ohanges in the lipase 

are quite within the range of experimental error. In 

four oases there is a slight fall. in four a slight rise 

and in one the oontent remains unohanged. But in the 

late work or early rest phase when the fat oontent shows 

a marked rise there is also an inorease in the 1ipaee oon

tent. indioating that when the meohanism for freeing the 

fat from the storage tissues is aotive there is an in

crease in blood lipase. The seoondary fall in the blood 

fat oontent in the later rest period is always followed by a 

slight deorease in the sero-1ipase. In Experiment 9. 

Chart IV. whioh shows the extreme rest period the fat 

oontent slowly inoreases baok up to the normal. while the 

lipase content slowly falls to its normal at the same time. 

Beoause of the ohan*ing oonditions prevailing in 
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the muscular work experiments, suoh as variations in 

fasting periods preceding the tests, the different 

amoun~of exeroise in eaoh; and the limitations of the 

methods employed for the analyses, it is hardly expeoted 

that the changes in the fat and the lipase contents of 

the blood would be exactly the same in all the tests. 

But there is a surprising degree of oonstancy in the 

sets. Since the changes in the sero-lipase ocour coin

cident with the changes in the blood fat content, the 

two must be related. The parallelism occurring between 

the lecithin and the total fat bears out Bloor's contention 

that lecithin is an intermediate step between the re

sorption and the utilization of fat. From the changes 

which occur in the cholesterol content we may conolude 

that cholesterol also takes some part in fat metabolism. 

This evidence justifies the conclusion that sero-lipase 

i8 at leastoae part of the mechanism governing fat metabo

lism during muscular work, and that lecithin and cholesterol 

are both active factors in the prooess of fat utilization. 



IV. Summary. 

1. The fat content of the blood inoreases after 

a meal rioh in cotton seed oil fat. 

2. Cotton seed oil fat is more slowly digested 

than oream fat. 

3. The lipase content of the blood increases 

after a meal of ootton seed oil fat. 
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4. The fat and lipase oontent of the blood show 

marked variations from the normal during musoular work and 

in the period of rest followi~work. 

5. The changes in the fat and lipase ocour 80 

oorrelated in the various animals that they justify the 

conolusion that lipase is part of the meohanism controlling 

the distribution and utilization of fat during increased 

metabolism due to musoular work. 

6. The variations in both fat and lipase are 

smaller and ooour at later stages of exeroise in old 

animals. 

7 The variations in the fat content are affeoted • 
by the nutritional condition of the animal and the degree 

of exeroise. 

8. The leoithin variations in the blood are parallel 

to the blood fat variations during work. 

9. The oholesterol in the blood shows marked 
.. 

percentage ohanges during work. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

Bibliography 

Dubunfaut: Ueber Verwandlung dee staerkmehle in 

~ker durch Malz. Fr. Bayliss~ Monograph, 

"The Nature of Enzyme Aotion". 

Second Edi;ion, p. 2 

Green Be Co., 

Duolaux: Chemie Biologique, Paris, 1883. :rr. 
Bayliss. 

Bernard: Compt. rend. xli, 461, 1855. 

PelOllze: Fr. Lewkowitsch, Chemical Teohnology, 

Fifth Edition, 1. 

Hamiot: Sur un nouveau ferment du sang. Compt. 

rend. Aoad. des. Soi., c%%i1i. 753, 1896. 

Compt. rend. · de Biol., xlviii, 925,1896. 

Al'thus: Compt. rend. Soo. 'de Biol., 381, 1902. 

~r. Von Hess, Jour. Biol. Chem. x. 382, 

1911-12. 

Rona and Miohaelis: Uber Ester-una Fettspaltung 

imBlute undim Serum. Biochem. Zeitschr., 

xxxi, 345 ~19l1. Fr. Wells' Chem. Path., 76. 

8. Connstein and Michaelis: WeitQre Mittheilungen ., 
uber die lipolytische !Unction des Elutes. 

9. 

10. 

PflUger's ArchiT., lxIx, l898~ . p., 76. 

Umber and BrUgsoh: 

164, 1906. 

ArohiT. f. exp. Pathol., IT. 

Thiele: On the lipolytI0 aotion of the tissues. 

Bioohem. JOur., Vii, 275, 1913. 

64. 



11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Kastle and Loevenhart: Concerning lipase, the 

fat-splitting enzyme, and the reversibility 

of its action. Amer. Chem. Jour., xxiT, 

491, 1900. 

pottevin: Compt. rend. Acad. des SCi., cxxxvi, 

1152, 1903. Fr. Sagal. 

Loevenhart: On the relation of lipase to fat 

metabolism - Lipogenesis. 

Physiol., vi, 331, 1901-02. 

Amer. Jour. 

Pf14ger: Fr. Bradley, Jour. Biol. Chem., xiii, 

407, 1912-13. 

Pagenstecher: 

Geweben. 

1909. 

Das Vorkommen von Lipasen in den 

Biochem. Zeitschr., XViii, 285, 

Compt. rend. Soo. Biol., 

65, 

Fiessinger and Marie: 

lxvii, 177, 1909. Fr. Wells' Chem. Path., 78. 

Von Hess: The relation of the panoreas to the 

lipase of the blood and the lymphs. 

Biol. Chem., x, 381, 1911-12. 

Jour. 

Whipple: Tests for hepatio funotion and disease 

under experimental conditions. Johns 

Hopkins Hosp. Bull., xxiv, 207, 1913. 

Bauer: Wien. kline Woohnschr., xxv, 1376, Fr. 

Wells' Chem. Path., 66. 

Pavl.oT: Fr. Hammarstan's Physiological Chemistry. 
.. 

Trans. by Mandel, 284. 



21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Voit: Fr. Graham Lusk, Jour. Biol. Chem., xiii, 

38, 1912. 

Summers: Some factors influencing the lipase con-

tent , of the blood. Thesis for Master's de-

gree, University of Missouri, 1915. 

Abderhalden and Rona: Studien ueber das 
des 

Fettspaltungsvermoegen des Blutes und/Serums 

des Hundes unter verschiedenen Bedingungen. 

Zei tschr. f. Physiol. C·hem., Bd., 75, 30, 1911. 

Abderhalden and Lampe: Weitere Versuche ttber das 

Fettspaltungsvermoegen des Blutes und des 

Plasmas unter Terschiedenen Bedingungen. 

Zeitschr. f. Physiol. Chem., lxxviii, 397,1912. 

Bergel: Deutsch. Archiv. f. klint Med., cvi, 47, 

1912. Fr. Sagal. 

l!-'ischer: Ueber Lip!mie u. Cholester!mie, sowie 

uber Veraenderungen des Pankreas und der 

Leber bei Diabetes mellitus. Virchow's 

Archiv. f. path. Anat., clxxii, 30, 1903. 

Fr. Imrie, Jour. BioI. Chem., xx, 87,1915 

Archard and Clerc: Nouvelles ~echarches cliniques 

sur le puuvoir lipasique du serum. 

rend Soc. de Biol., lvi, 1144, 1902. 

Pribram: Zur Kenntnis der Blut11pase. 

f. Inn. Med., xxix, 81, 1908. 

Compt. 

Z.entralbl. 

66. 



29. Saxl: Uber Fett-und Esterspa1tung in den Geweben. 

Biochem. Zeitschr., xii, 343, 1908. 

30. Cetrou and Reicher: Berl. kline ';"{ochanschr. , 

xlv, 1398, 1908. Fr. Saga1. 

31. Sagal: Blood lipase in disease. Jour. Med. Re

search, xxxiv, No. 2,231, 1916. 

32. Newman: Wien. k1in. Wochenschr., 861, 1907. Fr. 

Bloor, Jour. BioI. Chem., xix, 1, 1914. 

Neisser and Brauning: Zaitschr. f. exper. Path. 

u. Therap., iv, 747, 1907. 

34. Lattes: Ueber den Fettgeha1t des B1utes des 

36. 

Hundes usw. 

lxvi, 132. 

Archiv. f. exp. Path. u. Phar., 

Terroine: Variations lipo-cho1esterinemiques au 

cours de l'inwll~on et de l'a1imentation. 

Jour. Physio1. et Path. gen., xVi, 386, 1914. 

36. Greenwald: Estimation of the phosphorus content 

of the blood. Jour. BioI. Chem., xxi, 29, 

1915. 

37. Lusk and MurIin: The cause of increased heat pro

duction following pancreatectomy in the dog. 

Amer. Jour. Physiol., xlii, 682, 1917. 

38. Munk and Rosenstein: Zur Le~re von der Resorption 

in Darm nach unte~~suchungen an einer Lymph 

(Chylus) fistel beim Mensohen. Virohow'e 

Archiv., Bd., cxxi~ 484. Fr. Hammarstan. 

67. 



39. 

40. 

41. 

Bloor: 

68. 

Variations in the fat content of the blood 

under approximately normal conditions. 

Biol. Chem., xix, No.1, 1, 1914. 

Jour. 

Greene and Summers: The fat and lipase content of 

the blood in relation to fat feeding and faet

ing. Amer. Jour. Physiol., xl, No.1, 146,1916. 

Schutz: Uber den Fettgehalt dee Blutes beim Hunger. 

PflUger's Archiv., lxv, 299, 1897. 

42. Daddi: Sur le poids de l'~xtrait ~ther' du eang et 

43. 

44. 

45. 

46. 

47. 

. / 
de la lymph dane , le jeune de oourte duree, 

Archiv. ital. de Biol., xxx, 437, 1898. 

Murlin and Riche: The fat of the blood in relation 

to heat production, narcoeis and musoular work. 

Amer. Jour. Physiol., xl, No.1, 148, 1916. 

Lipase and fat of animal tissues. Jour. 

Biol. Chem., Xiii, 407, 1912-13. 

Ceonka: A critique of oertain data OD the oontent 

of cholesterol and fatty substanoee in the blood, 

together with a modification for the estimation 

of cholesterol. 

1916. 

Mayer and Shaeffer: 

XT, 984, 1913. 

Jour .• Blol. Chem., xxlv, 431, 

Jour. phyeiol. et path. gen., 

Fr. Bloor, Jour. Biol. Chem., 

xlx, No.1, 1, 1914. 

Mueller: Uber Meskierung dee Blutfettes und der 

Blutllpoide sowie Uber vardaaungspllplmle balm 

Menschen. Zeitschr. Phyeiol. Ch~., lxxxvi, 

469, 1912. 



48. 

49. 

50. 

61. 

62. 

63. 

Reicher: Zeitschr. kline Med., lxv, 236. 

Bloor: Fat ASSimilation. Jour. Biol. Chem., 

xxiv, No.4, 447, 1916. 

loa: Recherghes sur le metabolisme des Graieees, 

etc. Archiv. ital. Biol., lxiii, 239, 1916. 

Fr. Bloor, Jour. Biol. Chem., xxiv, 447, 1916. 

Bloor: Determination 9f fats in small amounts in 

the blood. 

377, 1914. 

Jour. Bio1. Chem., xvii, No.2, 

Bloor: Determination of choleste~ol in the blood. 

Jour. Biol. Chem., xxiv, No.3, 227, 1916. 

Kober: Nephelometric estimation of phosphorus. 

Jour. Amer. Chem. Soc., %%Tii, Ju17 -- Deoember, 

2373, 1916. 

54. Carri~fe: Compt. rend. Acad. d. SCi., 1899. 

Pre Sagal. 

66. Murlin and Riche: Bloo~ fat in relation to heat 

production and depth of narcosis. Proc. soc. 

Exper. Biol. and Med., xiii, No.1, 7, 1915. 

69. 



UNIVERSITY Of MISSOURI 

COLUMBIA 

CKPARTMENT OF PHYSIOL.OGY 

May 23, 1917 

Dean Walter Miller, 
The Gra.dua.te Sohool, 
UniTersity of Missouri. 

Dear Dean Miller:-

The thesis of Mr. Dudley Anderson 

Robnett is forwarded herewith. The thesis is a 

study of the lipase-fat relation in the blood as 

influenoed by musoular work for a definite period. 

The striotly new oontribution in the work is the 

determination of lipase Tariations. · The oruoial 

and most signifioant deduotion .is expressed in 

item "5" of the summary. 

The theSis is approTed. 

Very truly, 

CWG/O. ~~ 



1111111 11111 ~I~ ll~fIJjlrll~i l~i J~llijijl ll~IIIIII~I]'lilll llllllll 
010 -100938078 



RobnettSpecSheet1917.txt
MU Libraries 
University of Missouri--Columbia

MU Theses and Dissertations (Pre-1920)

  Local identifier Robnett1917

Capture information

      Date captured 12012016
 

     Scanner manufacturer Zeutschel
      Scanner model OS 15000 

     Scanning system software Omniscan v.12.8 SR2 (2675)
      Optical resolution 600 dpi

      Color settings   grayscale, 8 bit and color, 24 bit
       File types tiff

Source information

       Format Book
      Content type Text [with images] 

       Source ID 010-100938078
       Notes Pages typed and single-sided.

    Title page has perforated property stamp.
    Call number on page before Table of Contents.
    Charts throughout book.
    Some hand written corrections in bibliography.
    Inside front cover has two labels pasted in.
    Purple ink property stamp on page 44.
    Pocket pasted in at end.
    Inside back cover has barcode and call number.
    Unnumbered approval letter following 
    final text page 69.
    Blank page following approval letter at end
    has ink property stamp.

Derivatives - Access copy

       Compression Tiff compressed with LZW before conversion to pdf
       Editing software Adobe Photoshop CS5

       Resolution 600 dpi
       Color Grayscale and color

       File types pdf 
       Notes Grayscale pages cropped, canvassed,

    and images brightened.
    Color pages cropped and canvasses.
    Blank pages removed.

Page 1


