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INTRCDUCTION

Contained in this thesis, is a description of studies made on the
relationship of dietary fat to tissue lipid levels and to sterol
biosynthesis., The gquantitative as well as the qualitative aspects of
this relstionship will be presented. Particular emphasis will be given
0 the metabolism of the sterol, cholesterol, and to the influence on
it by corn ¢il or lsrd diets in the male, albino rat.

In surveying past lit.rature, a2 logical séparation can be made
between the studles perforred prior to the "isoctope era® and those
done after the application of isotopes to biology. Uarliest publica-
tions reported on the awounts of lipid materials, fatty acids and
cholesterol, in various experimental and e¢linical conditions. These
studies were followed by balance studies, dewonstrating conclusively
that cholesterol and the other body lipids were closely related in a
dynaric system. These balance studies gave the first indicationa that
cholestercl was, indeed, synthesized in the animal body ard that it had
a finite blological life as well. Upon the introduction and development
of isotopic technigues, better elarification of earlier problens was
possible, and the intricate wmechanisus of metabolism were made
accessible for rigorous study.

Cholestercl was not the primary concern in many of the early
studies, but was meutioned only incidentally. Fatty acids were the
itens of wajor interest, since clinical rveports on lipenias and a host
of animal studies on fatty livers cited these corpounds as the materisls
influenced by altered netabolisw (29, 8, 3, 9, 6, 83). Fatty livers,

for exanple, could be produced by cholesterol feeding (the cholosterol



fatty liver) and the tissues were studied for their lipid content,
the cholestercl considered being only a nmeans to that end.,

It was in the pid-1930s that the experimental focus shifted.
Instend of cholestercl being used to mediate an effect on tissue fatty
scide, fatty acids were advinistered to produce a2 change in the choles-
terol conecentrations of tissues. It was during thies shift in interest
that a pubilication by Ukey et al, (A48) sppeared. This paper was
entitled, "Factors Affecting Cholestercl Deposition in the Tissues of
Rats", and told of experirents in which diets of 5, 10 and 15 per cent
{risco were fed to anirals, It was in this paper, also, that the first
difference was nted with respect to sex and the concentrations of
cholesterol in tissues,

Indications that the falty acids of the tissues were related in
some way to exogenous scurces of fat, as well as to the stercl content
of the animal, were often present aznd speculations were common.
Adeguate evidence was, however, not available until balance studise
were inaugursted for support of the proposition that s definite relatione
ship existed.

Schoenheimer sné Ereusch (56) were led to the assumption that in
the tissues, cholestercl is continualily being forred and destroyed.
Fither a positive or a negative bsalance could be found, l.e. synthesis
in excess of destruction or visa versa, depending upon the experimental
conditions, then bread alone was fed to mice, the animals were able to
synthesize, in a ronth, the amcunt of chelesterol initially contained
in thelr bodies. When noderate amounts of cholesterol were administered,
swaller amounts were found to be synthesized. lhen large amounts of

cholestercl were fed, a conesiderable part was found to be destroyed.



Large amounts of fat, on the other hond, were reported to heve no
effect on the cholisterol balance,

Sinultanecusly, other studies on cholestercl balonce were being
carried out (56), If large arcunts of lard were fed to pice, no sige
nificant increase in cholesterul synthesis was found as comesred with
controls on a low fat diet. Awud again, cholestercl was found to be in
o state of flux, continual:y bteing involved in the processes of forrae
tion and destruvetion.

To growing rats, Lekstein and Treadwell (19) fed corn oil or soy-
bean oil and found that the awounts of stercl in the livers were greater
when the per cent of either oll was increazsed in the diet. A nepgative
balance, i.e. fecal sterols exceediny fed sterols, was also observed
when the dietary corn oill or soybean oil was increcsed,

Studies (18,19) also demonstrated sterol synthesis to be increased
when corn oil (iodine number 118) was fed as compared to coconut oil
(iodine number 8), Both of these distary fats were fed at the level of
28 per cent of the diet. Fekstein remarked at the close of his report (18)
#It is thus evident thot more information concerning the relationship
between the degree of saturetion of dietary lipids and sterol formation
is deslirable®,

Ae isotopes became available for blologicsl research; a plethoras
of inforration emanated frow secientific laboratories. Of particular
value was Lhe appliestion of this tool to Intermediary metzbolism, and
the pathways of cholesterol metabolism were no exception in this regard.
At the present time, many of the intermediate compounds of cholesterole-
genesgis are known and for genersl informetion,; a brief schema of the

known steps in cholesterol biogsynthesis ls listed as follows:
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A mumber of factors have been found to 1nfluence the biosynthesis
of cholestercl. These facturs are as follows: () age of the animal,
(b) nutritional state, {c) intake of cholestercl and cholestercl-like
compounds, (d) intake of soy sterols, (e) the cations present and the
hydrogen ion concentration, (f) hormones, () vitamin deficiencies,

(h) tissue injury, snd (i) fat feeding. Sone mention should be made

of the more outstanding polstc concerning the sbove factors, with partic-
ular stress being applied to the category of "fat feeding®., The
experimentsl animal is a conplex syster for study, and full knowledge

of all the factors pertinent to cholestercol synthesis is of utrost
importance,

Synthesis of cholestercl is apparently most ravid at an early age.
The forration of cholesterol in nervous tissue is accomplished in early
life for the rat (63,20), and hepatic synthesis is incressed at an early
age (54).

Hutritional State

The nutritional state of the animsl bhas a profound effect upon
cholesterclosenesis in the intaet animal, Futchens st al. (35) demon~
strated decreases in this function in liver, gut, carcass, and skin
tissues of rats fasted up to 240 howrs. A1l of the fractions showed
decrezses in lipid labeling from an acetale precursor, but the liver
seerod most susceptible to this prolonged fast. HRestorstion of the
animal's ability for biosynthesis is possible if glucose, a protein
hydrolysate, or fat is fed (45).

Cholesterol Intake

As was mentioned earlier, cholesterol included in the diet of

experimental animals decreased cholestercl biosynthesis (56)., This
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report has been confirmed a muber of time in studies in which labeled
acebate was ubilized as the choluslerol precursor., This suppression
was apparently not a fleebing effect sinece the inhibition was still
present & days later when the anivals were maintained on a fat-free,
cholestercl-free diet (2). This effect seers locsted mainly in the
liver, since skin and intestinal nucosa stwdies in vitro did not deron-
strate inhibition of cholestercl synthesis with the administration of
exopenous cholesterol (27).

Cholesterol analogues, and precursors such as squaléne, have a
similar effect on cholestercl synthesis. Primarily fromw these obser-
vations, it has been postulated that the rate of cholesterol synthesis
in the liver is subject to howeostatic regulation, and that the
inhibition of cholesterol synthesis is a function of the level of
liver cholesterol (68,24).

Lffect of Soy Stercls

The soy sterols prevent accumwlation of cholesterol in the liver
by blocking chelesterol absorption from the gut. Bo affirrative answer
has been given Lo Lhe question of soy sterols depressing cholesterol
synthesis,

tifect of Catioms and Hydrogen Ion Concentration

In vitro studies have placed the optimum pH for cholestercl syn-
thesis to be between 6,2 and 6.8, Variable results have been obtained
in pedia in vhich potassium and magnesium concentrations were varied,
Sufficlient potassium and pagnesium ions must, however, be present in
the incubating wedium if marked vuristions in the rate of cholesterol

synlhesis are 1o be avoided,



Horrones

Thyreid hormone has sore effect upon cholestercl synthesis,
Synthesis is stimulated in hyperthyreid eccnditions and depressed in
hypethyroid conditions., This wes found to be true for liver, intes-
tine, kidneys and spleen, bui not Por luns tissue (42).

The influence of the pancreas upon cheolestercl petabolism has been
the subject of numerous studies with the diabetic rat (79,80,13,22,21),
An early, postulsited origin of the hypercholesterclenia of diabetes
waes that of the incressed biosynthesis of cholesterol (34). With
alloxan treated animals and with pancreatectomized anirals, a decreased
turnmover of cholesterel in the liver was shown Lo eause the aberrant
cholestercl metabolism, rather then any increase in synthesis., In fact,
a decreazse in cholesterclogenesis has been deronstrated with acetate
used as precursor, Nevzlonle ascid used 22 a2 cholesterol precursor did
not demons irate any decreased incorporation in the disbetic preparation.
£11 of the avallable evidence indicates that cholesterol netabolisw is
affected by darage to the pancreas, as is reflected by the studies with
the diabetic preparations.

Aecording to Tomkins et al., (67) cholesterologenesis from acetate
is depressed in hypophysectomized rats. This observation implicated the
pituitary zland to be in control of stercic production in endcerine and
non-endocrine target organs. However, this observation has subsequently
been shown to be due to the effect of the poor eating {distary) habits
of the operated rats,

Vitenin Deficiencies

(a) Pantothenic acid deficiency

Deficioncies in the He-vitanins have been found to alter cholesterol



synthesis, Pantothenic acid, a structural nolety of coengyme A, is
presumed to alter cholesterel metabolism by Llimiting cholesterclow
genesis because of a lack of activated precursors, An interesting
report in this regard is given by Rablnowitz and Gurin (51) who state
that acelyl-Col was incorporated more readily into cholestercl than
was acetate alone.

() Diotin deficiency

There is a close relstionship of biotin to faity aeid netabolism,
but only & very limited or guestiomable relationshin of biotin to
cholesterol metabolism,

(e} Deficiencies of niscelleneous vitarins

FYany of the early studies on lipids were done with fatty liver
preparations. Cholestercl is only one amwong a list of many substances
that cause fabty livers. DBest gt al. (2) found choline to be effective
in relieving many of these fatty livers, bBul the role of the B vitarins
in cholesterologenesis is not clear,

Tigsue Injury

As might be supposed, cholestercl biosynthesis varies inversely
with the degree of liver darage. kany of the studies on liver dawage
have bheen carried out in surviving livers perfused with Ctb-acetste,

Lffect of Fut Feeding

The experimental prooi’ that cholesterol was not forred by eycliza-
tion of ingested fatiy acids, bub instead was forwed by the coupling
of smaller nolecules, was a major contribution to lipid chemdistry.

This faet was ascertained in 1937 by Rittenberg and Schoenheimer (53)
using deuterium as 2 label, The {inding that the fatly acids did not

directly participate in the forration of cholestercl did not elininate
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dietary fat from exerting indirect influences on cholesterol biloaynthesis.
fumerous liwestigators, however, have reported conflicting findings
relating the effect of ingested fali to cholesterol synthesis and
deposition (2,56,19,45,32,11).

Alfin-Slater et al. (2) found normal cholestercl synthesis at
the end of 8 days of feeding a high fat diet. Also, the newly formed
cholesterol present in the liver and plasme of rats prefed low fat diets
was unchanged when the anisals were placed on a high fat diet,

In recent years, a number of reports have appeared in which an
alteration in cholestercl synthesis was observed in rats fed diets in
which the fatty acld component was varied in kind and asocunt. In one
of these studies, fabtty acids were found to inhibit cholesterel synthesis
by rat liver homogenates (81). Although apparently both saturated and
unssturated fatiy aclds were inhibitors, the inhibition increased with
the degree of unsaturation of the acid. (lelec and vaccenic acids, whieh
differ only in having a double bond in the 9-cis and ll-trans positions
respectively, had spproximately the same effect on cholesterol synthes s.

However, in a later report using acetate-1-(4 as precursor, nood
and Nigicovsky (82) found thet unsatursted oile and fatty acids stimue
lated the incorporation of the aaeta{:e into cholssterol both in wive
and in liver homogenates. “hen the unsaturated oil was corn oil, the
incressed systhesis could be deronstrated, as it cowld be when coleic
scid, a major component of the oil, was fed, The corn oil was fed as
20 per cent of the diet and the oleic acid as 9 per cont of the diet,
The 2bility of liver homogenates to incorporate the more specifie
cholesterol precursor, mevalonic acid, into cholestercl was enhanced

by previously fending the animals the corn oil diet., C(oncurring
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evidence was presented by Avigan and Steinberg (4), who likewise found
the rate of incorporation of acetate-1-Clé op of tritiur oxide to be
higher in corn oil fed rats than in others.

Contrery evidence was presented by Hill et al. (33) in which animals
were injected with acetate-1-Cl% and fed fat diets for three days, Yo
change was observed in the 61432 reecoveries regardless of the anounts
of corn oil fed in the diets, Increassing the percentage of corn oil
in the dielt from O to 15 per cent foiled to change significartly the
levels of ithe compounds resulting fror acetate uvbiligzation. Hovever,
the short duration of the feeding regimen certainly could sccount for
these results since 7-1C days of feeding seems to be necessary in order
to cause any change in cholesterol metabolism,

Saturated lipids such as coconub o0il or lauric scid had the opposite
effect with respeet to the in viveo incorporation, i.e. they depressed
synthegis, The saturated compounds had no significamt effect on
synthesis in howogenates.

Other workers (46) compared the acetate conversion to cholesterol
in animals fed cottonseed oil and hydrogenated ccconui oil. Feeding
30 per cent hydrogenated coconui oil markedly reduced cholestercl By
thesis. The maximum cholestercl synthesis was observed in the slices
of livers of rats fed a diet containing 15 per cent cottonsecd oil,
which is riech in linoleic and oleic acida,

The essentinl fatiy acid, linoleic acid, was fed to deterrine what
its influence night be. This acid is the major fatty acid compenent of
corn oil, and together with oleic acid, comprises more than 80 per
cent of the unsatursted fatty acids of corn oil., Hats fed linoleie

acid as the only falty component, in an otherwise fat-free diet,
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maintained normal chelestercl synthesis. It appears that the major
influence of unsaturated oils on bdesynthesis of cholestercl is due

to discrete components of the oil and net to total wisatwrstbion. The
aiteration is not depeudent vpon the “escentisl® mature of oty ncids,
or al least, not in the case of limoleic acdd,

Other animals fed 10 or 30 per cent lard, 10 or 3C per cent corm
oil were found to incorporate acetzte or mevalonsie no differently than
nerwal animals {76). ‘hese in vitro studies were intervreted as
suggesting that the efiects of saturoved and unsatwrated f:ts on
chelesterol levels in rats were meciated st some phase of cholesterol
petabolism other than upon the hepatic gynthesz’s of the gterol,

in general then, the majority of reports indicate fat to afiect
the capability of the cholestercl gynthesizing syster in the livers
of animals. Large amcunts of corn oil, containing considerable amounts
of linoleie and olede acids, sugment cholestercl syutnesis as neasured
by incorporation stwiies with acetate as the tracer.

Gorrelative studies using hydrogenated oils or mturally satursted
fats, such as lard, tended to depress cholesterol synthesis when ingested
by rats. 7The more extensive the hydrogenstion of cottonseed oil, for
instance, the greater became the lnhibltion on cholestercl Giesynthesis,
indicating an inversely proportilonal relationship between degree of
fat saturation and cholosterclogenesis,

dnfivence of Fat on Tissue Lholestercl Loncentratiocns

Dietary fat is in some way related to the arcunts of cholosterol
deposited in tissuen. Dlood levels of cholesterol have boen extensively
reported on in reviews on this subject; the review of Portman and Stone

{50) covers this litersture well. A few surmsry statenents on this



subject would, however, appear to ke desirabie.

Veget=ble fats generally, tend tc lower blocd cholesterol levels.
The responsible ingredients seer to be linoleic acid and arachidonic
acid (QI,B?,Bl). There has been shown to be a direet conversion of
liroleic acid e srachidenic acid (43), so the sctive factor way in
fact be arachidenic acid, At any rate, when adenuate amounts of cne or
the other of these fatty acids is present in sz dietary fst, drops in
the tleod cholestercl levels have been obzerved., Though this faet has
not been shown universally (64,55), it is now generally accepbed to be
the caze, The converse is also accepted, i.e. animal fats, or saturated
fatty acids, tend to inerease cholestercl levels in the blood.

"xtensive work has been done on these and other factors relating
to hyvocholesteroleric infiuences of fats and sterols by Leveridge et
al, (10). The summary of their results is as follows: (1) there is no
simple relationship between the hypocholssteroleric effeect of an oil
and the degree of unsaturation, (2) sitcosterol, or scmething closely
angsociated with this sterol in the unsaponifiable matter, sccounts for
a large part of the hypocholesterolemic setivity of corm oil, aund (3)
gertain fatty pcids of short chain length, or sore other substances in
butterfat and coconul oil, bave a hypercholesteroleric effect.,

Liver analyses have shown variations in cholesterol concentrations
deperding upon the past history of fat feeding. Reports have appeared
in vhich unsaturated fats have produced incresses, decr=aszes or no
chanzes in the livers of the animals (£9,55,5,17). However, the
majority of reports find cholesierol levels in the liver increasing
with corn oil feeding, the major portion of this incresse being in the

gholesterol ester fraction.
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Ulets were fed 1o rots which contained coconut oil (iodine value 9)
and corn oil (iodine value 127) for nerieds up to 80 days (4). There
was vory little, il any, increase in the cholestercl concentration in
the livers of the coconut oil fed anirals, wherecas, striking inerecses
were noticed for the corn fed aniwals, The incrzased cholestercl coneen=
tration of the corn o0il fed animals was attrituted Lo Lhe prezence of
the linoleic acid in the corw oil,

wood and MNigleovesky (82) likewise confimed these findings bub
were lese svecific ard attributed the increzse in liver cholesterol to
the unsaturated oils and fabty acids. They found setursted material,
Y¥iz. coconut oil or lauric acid, to lower the cholestercl conceniration
in the livers of rats. In thelr studies the asount of oil fed cecupled
20 per cert of the total diet vwhile the administersd faity acid was
present as 9 per cent of the diet, deterrined cn a welght basls, Tie
actual amount of fat fed is an important cenelderation, since liver
cholesterol levels are higher when dietary fat and iinoleic acid are
either in voery low or very high swounts rather than when the levels of
dietary fat are at an interrediary level (33).

In rate receiving 12.5 per cent cottonseed cil, cholesterol
increases in the liver and adrenal glsards, and plasra cholestercl
lzvels decrease (1). In essential fatty acid deficlencies, an iancrease
in esterified cholesterol sccounts for most of the ineressed cholasterol.,
The conclusion seems 1o be that in the abseace of essentisl fatty aclds,
the incresse in cholestercl results from failure of cholesterol estors,
containing other thon polyunsaturated acids, to be availabie for
proper metabolism,

In order to sscertain wore specifically the location of chelesterol
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in liver cells, a quantitative distribution of free and ester cholesterol
wags determined in five ultracentrifugal fractions (57}, "he five
fructions were as follows: (1) nuclear, {ii, mitochondrial, (14i)
submicroscopic particulate, (iv) supernatant, and (v) floating, 7he
livers were from normmal and cholosterol-fed rats. In the normal liver,
more than 6U per cent wes free cholesterol in the submicroscopie
perticles, while the rajor part of the esterified cholastercl was
assoeleted with the centripetally wmigrating fraction. With cholesterol
feeding, increases in the esterifiec cholesterol in the centripetally
migrating fraction was observed aftey 7 days,

To swnarize the fectors influeneing the tissve cholestorcl
levels: The “active" fatty acids appsar to be arachidonic acid and
linoleic acid. 7The oils in which these acids are present are similor
in action to the acids when fed separately, These oils or fatty acids
have a depressins effect on serum cholesterol levels and mediste an
increase in liver cholesterol concentrations, the majority of increase
belng in the ester form. The saturated fats and fatly acids have a
slight increasing influence on blood cholesterol levels, and either
do not affect the level of cholesterol in the liver or else decrease

it very slightly,

Theslis obisetives

Very few reports have presented a conprehensive study of the
cholesterol levels in the whole animsl as influenced by dietary corn
oil or lard. This study was designed in an attempt to cover ne complete-
1y as possible the changes mediated by this fat feeding regimen.

Tracer studies were done to study cholestervlosenesis using
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mevalonic acld, since revalonste is & more specific precursor in
cholesterol biocsynthesis than is acetate. A paucity of information
about, mevalonate melzbolism under these experimental conditions nade
revalonate the more atiractive tracer noleeule for this study.

hiter studying the effects the diets had on normal animal Lissues,
2 similar program wes undertaken o compare with the norsal, Lhe
alloxan diabetic animai. 7Thws fer, no report has been presentsd to
deseribe the influences that thes: diets might have on the alloxan

disbetic rot.
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FATERIAL AND KETHODS

A 1s

The animals used were male, albino rats of the Sprague-Dawley
strain, cbtained from a2 camercisl colony maintained at Pullman,
vashington., Upon arriwval, the axainalslwere fed ad libitum on Purina
Rat Chow until the start of the experiment, The animals to be used
as norrals welghed approxiwately 160 grs. at the time of arrival, and
the animals to be used as diabetics weighed approximately 200 gms.
Drinking vater was available to the animals at all tiwes., All animals

were housed in a cage-hood assembly developed in this laboratory {71).

Diets

The food congisted of synthetic diets conteining 10 or 30 per
cent corn oil (¥agola Corn 0il, Best Foods Division, Corn Products
Company, Wew York), 10 or 30 per cent lard (Portland Rose Pure Lard,
Fortland Provision Company, Portland, Oregon}, and a comtrol diet
conbaining 5 per cent lard that was desigred to resemble Purina Rat

Chow in fat composition., Table A liste the compositions of the diets

uged,
TABLE A

Rat Diets
Ingredient Control & 108 302
Casein 18 18 18
Dextrin bl 39 19
Glucose 25 25 25
Yeast b L L
Salt Mix b & k

Lard or Corn 0il 5 {Lard) 10 30
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water soluble vitamins were mixed with the food and fat soluble
vitamins were given orally, in daily doses to the rats by eye-dropper,
Table B contains a list of the vitawins snd the smounts given, as

caloulated for each kilogram of diet,
Table B

Vitamin Composition of Rat Diets
Fat soluble vitamins:
dissolved in triproprionate

Vitamin | mg/lilo of diet
B-carctene : Sols
Caleiferol 0.{)3
2~m®hﬂ-—l.h-uaphthaquimm 2,0
2-tocopherol | 60.0
Pyridaxine ' e

Water soluble vitaminss
mixed with fatefree dry dist

Vitamin mg/kilo of diet
Thiamine ‘ 440
Riboflavin 10,0
Caleium pantothenate 16,0
Inositel 1000,0
p-amincbenzoie acid | 30.0
Choline chloride 1000,0
Folie acid 2.0
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In addition to the vitamin supplementation, 15 mg/rat/day of methyl
linoleate was administered orally to the animals,

The above diets were fed for 28 days. The noarnal animals demone
strated a rapid gain in weight throughout the course of the experiment.
In opder to restrict this welght gain to approximately 100 grams for
the 28 dey period, the animals were fed 2d libitum for the laitial 14
days and trained to feeding for the final 14 days. The trained feeding
regimen consisted of restricting each rat to 10 g of food per day and

allowing them to eat for one hour at a time, twice a day.

Saerifice

On the day of sacrifice, the animals were fasted for 12 hours, fed
for an hour, fasted for sncther hour and injected with a tracer dose
of mevalonic acid. 7This procedure was followed due to the influence
of fasting and feeding upon lipogenesis (14,40,44,72). Immediately
following the injection, the animals were placed in metabolism chambers
and the urines collected for 2 hours. At the end of the 2 hours, the
animals were anesthetized with chloroform, blood was taken by hesrt
puncture and the animals were decapitated. The animals were separated
into four fractions, liver, gut, carcass, and skin. These Iractions
were welghed, dissolved in aleoholie-KOH and refluxed for 2 hours.,
At the end of the reflux periocd, guantitative recoveries of cholesterocl
were made with petroleum ether extractions. The digest was acldified,
and the fatty acids recovered quantitatively with petroleum ether

extractions.



Condition of snimals

Normal and allexan diabetic enimels were studied, The rats wers
made diabetic by an intramuseular injeetion of 0,06 ml of a 10 per
cent allaxan solution per 100 grars of body weight (28). Just prior
to the alloxan injection, an intraperitoneal injection of 5 nl of
isotonlc saline solution was administered. The animsls were fasted
for twe hours efter the injections and isotonic saline was given as
drinking water for 48 hours. The criterion for dizbetic animsls was
a blood sugar greater than 200 mg per cent. Three weeks were allowed
for the diabetic state to develop before the blood was drawn for the
sugar determinations. Blood sugars were deterrined again 26 days after
the diet studies commsnced, Animals not demonstrating suf ficiently
high blood sugar levels at this time were eliminsted from the experi~

ment,

Isotope
Kevalonic acid-2-Cl4 was the isotopic compound employed., It was

obtained from Isctope Specialities Company, Inc. as the N,N-dibenzyle
ethylenediamine salt of mevalonic acid, The 0.1 me of material received
was hydrolysed and the mevalonic acid extracted, The free acid was
dissclved in water so as to contain 0.67 uc/ml. This amount represented
6,88 x 10k epm/ml counted as infinitely thick BaCOq under a D47 counter.

The animals received 1 ml of this solution,

Chemical determinations and procedures:

#liquots were tsken from the aleoholic KOH digestion solutions,
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extracted with petroleum ether as previously deseribed (23), taken to
dryness on a stear bath, and made to volume with 95 per cent ethanol.
The extractions were carried out in 50 wl serew cap culture tubes using
syringes and needles for the separation of phases, The non-saponifisble
fraction will be referred to as cholesterol, although compounds closely
related to cholestercl are known to be included in this fraction (see
Appendix I). The saponifiable fraction is called the fatiy acid

fraction.

Cholestercl

Amounts of cholesterol were determined by the method of Zlatkis
(84). This colorimetric procedure was used on digitonide samples and
on non-digitonide sarples in order to compare these two methods, The
data and results for this comparison are found in Appendix I,

The non-digitonin procedure consisted of taking an aliquot of the
non-saponifiable fraction to dryness; to this is added glacial acetic
acid and 2 ferric chloride color rsagert. The color is stabilized by
the sulfuric acid used as solvent for the ferric ekhloride,

Digitonin was added to an aliguot of the non-saponifiable fraction
and the digitonide precipiated (30), The digitonide was processed
by a modification of the method of Sperry amd vebb (62) which resulted
in the washed stercl digitonide being dissolved in anhydrous methanol,
An alicuot of this methanclic solution was removed and taken to dryness,
and the Zlatkis method used for the sterol determinstion.

Color densities were measured with a modified Dausch and Lomb
Spectroniec 20 colorimeter (16) at a wavelength setting of 560 mm.

Standard curves were prepared and standards were run with each set
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of determinations. Dilutions of the cholestercl samples were made so
that the concentration did not exceed 0,10 mg or £211 below 0,025 ng
per tube which gives optical density readings between 0,20 and 0,76 on

our instrument, Samples were run in duplicate.

The extracts combaining the fatty acids were transferred to shell
vials that had been previously weighed., The ethanol solvent was
evaporated, the shell vials being placed in a 60° C water bath, while
a strear of nitogen was played on the surface of the evaporating solvent.
The dried vials were reweighed and the amount of fatty acid residue
obtained by difference., The amount of fatty acids in the total fraction

was then calculated,

The blood sugar determimations were done following the procedure
of Somogyi (61). After a 24 hour fast, the end of the rat's tail was
clipped and blood obteined for analysis. A protein free filtrate was
made on 0.1 ml of blood with barium hydroxide and gine sulfate., Final
results were obtained from sodium thiosulfate titration of the excess

jodine after reaction with the reducing eopper,

Radioactivity analysis
The radicactive analyses were done using three instrument assemblies,

all of which had Ceiger-bueller tubes. The samples were counted for at
least 1600 total counts, and if very low count rates were encountered,

the samples were counted for an additional 1600 counts. With the low
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background counter, described helow, it was sometimes necessary, with
garnles of low activity, to count less than 1600 counts, the time fachor
being = practicel considerstion. In these cases the sarples were

counted for 800 courts.

Automatic DA7 Vieromil gas flow system (Nuclear Chicago)

The D47 Ficromil counter used is very suitable for low energy beta
ray counting, i.e. carbon~l4. The microril window is an optional feature,
but for all of the counting done and reported here, the window was
always in place. The eificiency of this counter with infinitely thin
sawples wss pear 28 per cent with a background about 16 counts/minute.
Auxiliary equipment used with the counter was a Huclear Scaler (Model 183)
with cireuits for preset count ‘or preset tiwme assay, and a Huclear

autoratic sample changer capable of handling up to 32 sarples.

Ind window system

The Geiger-fueller end window system was a Nuclear Jcaler (Model 143)
attached to a Tracer Lab 1.8 mg/cm? end window tube which is housed in
an sluminur-lead shield, 7his ecuipment was used rainly for ligquid

sample ccuniing, due to the easy accessibility te the counting area.

sutomatic C115 Low Background gas flow system (Nuclear Chicago)

This low background coﬂnhing gysten is designed to provide auto-
natic detection with a low background of less than 2.0 ¢pm and a good
effieiency of 21 per cent, This efficlency is 7 per cent lower than
the efficiency of the D47 and is primerily due to a different sample-
window geometry. Corrections for the twoe counting efficiencies were

made for activity incorporation comparisons. The low background is



obtained because of an zbundance of graded shiklding, and a "guard"
detector tube that zcls as a cosmic ray shield, acting through an anti-
coineidence cirecuvit, The autoratlic sarvle changer and the Nuclear

sealer are used with this detector also.

Samples

"he sarples assayed on these instruments were of two types, (1)
the liguid sarple, and (ii) the infinitely thin sarple, Factors were
deterrined previously in this latoratory pernitting the roference of
all sarples to what they would have counted had they been infinitely

thick 1alUs sanples courbed on the BLT counter.

Infinitely thin samples

4 sample described as infinitely thin iwplies a condition of
negligible self-absorption. This amount can be deternined experimentally
by adding radiocactive material in small increments until further
addition no longer gives a linear increase in activity, This deviation
from linjarity is the point at which the infinitely thin eriterion
has been exceeded with the beginnimg of a measurable amount of self-
absorption. This amount has been determined previously in our labora-
tory (36), and found to be less than 0.3 mg per em® for both cholesterol
and fatty acids. The sanple was placed in the planchet as a solution
and the solvent was then evaporated under a heat lawp, The dried

samples were radiosssayed in one of the counting devices.

Infinitely thick samples

Samples in our laboratory are all referred to infinitely thick

BaﬁOB sapples. An infinitely thick sanple is one in which the
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self-absorption of the sample is at 2 meximum end any further addition
of material will not change the counting rate of the sample. At infinite
thickness, & mexipum count rate for that particulsr sarple and sample

holder has been achleved,

Lioguid sarples

The radioassay technigue of acusous sarples containin: carbon-1lk
was developed in and reported from our laboratory (73). fThe liquid
sanp&e_is vipetted into a stainless sieel pl&nch&t. A small drop of
1 per cent sercsol solution is added which reduces surface tension and
allows the sample to cover the bottom of the planchet in an even film.

A thin Mylar film (DuPont) is then placed, as covering, over the plandiet
and held in place by 2 rubber bend. Counting is then done under the
end window Guimer tube and the results converted to their equivalent

as infinitely thick Pallq sanples.



RESULTS AHD DISCUSSION
To present the results of these studies as clearly as possible,
and without undue repetition, the Hesulis section will be presented

concurrently with the Dlscussion section of this thesis.

Statistical Methods

The statisticzl analyses used were of two types, the "analysis of
variance test" and the "t~test", A confidence level of 0.95 was inter-
preted as indicating statistical signifieaﬁﬁe, so that "pevalues® less
than 0,05 denoted that statistical difference existed between msans,

totest

The tetest was the statistical test used most frequently. This
test is a swall sample test, and is used to test for statistical differences
between pzirs of means, 7Two levels of significance (.05 and ,0l) are
noted in the text, any value equal to or less than .05 being considered
statistically significant, The assumptions for the t~test are that the
samples come from normal populations, and that the variances are equal,
The advantapge in using the t-test is the test's insensitivity to
violations of its two assumptions, The sampling behavior of "t" depends
only upon the nuwber of samples, and is independent of the population
mean and standard deviation.

Analysis of yariance

This statistical test is useful in comparing the means of more than
two sarples, The premise upon which this test is based takes advantage of

‘the observation that, if means of subgroups differ greatly, the variance
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of the group combined is much larger than the variances of the separate
groups, & ratio, expressed as the F-value, is determined, This ratic is
the variance of the "between" sub-groups divided by the *"within® sube
groups, After determining the appropriate degrees of freecdom, standard
tables can be consulted giving the values for this variance ratior at
the 0.95 or 0.99 level of significance. The assumptions upon which the
analysis of variance is based are the sare as for the t—test, viz. (1)
both varisbles are drawn from normal distributions, and (2) the variances
are egual.

In the material to follow, informaiion relevant to the amount of

sterol and to sterol labeling in individual tissues will be presented,

The concentration of cholesterol in four tissues

1., Liver tissue
A, Normal animals
Table I presents the mean values for the analysis of bhe livers of

normal animals fed the various fatty diets.

Table I

Diet Ho, Animals Mean (mg/gm tissue)

Control 10 2 37%,07
10% Corn 011 8 3.55 £.36
30% Corn 0il 7 | 429 .20
10% Lard 8 2.7h £.30
30% Lard 10 3.33 .20

# mean % standard error
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Diagram I summerizes the effects of the diets on the concentration
of cholesterol in the livers of normal animals. The values in the
parentheses are the mean walues in mg of cholesterol per g of tissue.

The statistical difference of the means is indicated between all pairs

of diets.
Diagram I
Control
(2.37)
<.c|>1 >+05
10% Corn 041l > o053 ——————— 10% Lard
(3.55) (2.74)
<01 =,01 >.€|)5 < »01
4 3% Cirn 011 <Ol 3% i&rd

(4.29) (3.33)

From these data two trends are noted. There is an inerease in

the liver cholesterol concentration as the fat in the diet is increased,
and the amount of cholesterol found after the feeding of the 30 per cent
ccrn oil diet is significantly higher than the amount found after feeding
lard in similar amounts, The feeding of 10 per cent levels of lard and
corn cil causes incresses over control values, but these are not sig-
nificantly different from each other,

B. Diabetic animals

Table II presents the v-lues for the concentration of cholesterel

in the livers of the diabetic animels,



Table 1X

30

Diet

S@ntrbl

10% Corn 011
30% Corn Qil
107 Lard

30% Lard

No. Anirels

10

7
6
]
8

Mean (mg/gm tissue)

2. 14%2 .07
2.53% .13
3.03 2.23
2.19 £.22
2.25 .12

#* mean & standard eyror

Diagram 11 surmarizes the effects of the diets on the amounts of

cholesterol found in the livers of diabetic animals. The values in

the parentheses are the mean values in mg of cholestercl per g of

tigaue,

The statistical difference of the means is indicated between

all pairs of diets,

< .01

Diagram II
T —i o rol
} (2.14)
< 08
I
107 Corn oil = 05
(2.5‘3)
> 095
30% Corn oil <<.05
(3.03)

> 605

107 Lard
(2.ﬁ9)

N .0‘5 >405

30% Lard
(2.25)

The diabetic animsls fed corn oil show similar trends with respect

to incresses in cholesterol as do the normal animals, but they are less

extrene,

Lard-fed, diabeti¢ animals demonsirate no significant

differences between any of the groups of animals,
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Table III compares the findings from the normal and disbetic livers
of animals fed the various diets. The velues in the psrentheses represent

the nunber of animsls in =ach group,

Table III
Liver: Normal Diabetic p_valus
Control 2.37 (10) 2.14 (10) > .05
10% Corn oil  3.55 (8) 2.53 (1) < .05
30% Corn oil 4,29 (7) 3.03 (6} = 01
10% Lard 2,74 (8) 2.19 (5) > .05
30% Lard 3.33 (10) 2.25 (8) <<.01

The high fat diets show greater differences between normasls and
diabetics than do the diets with lower amounts of fat.

These results confirm earlier reports (4,36,49,60,82) that ingestion
of corn oil increases the awount of cholesterel in the liver (Diagram I
end Table I). There was found also a significent increase in cholesterol
in the livers of the lard fed zniwels. In comparing animals fed the
30 per cent fat diets, it is seen that the corn oil diet initiated a
greater cholesterol deposition than did the corresponding lard diet,
This finding is not in sgreement with that of Ckey and Stone (49) and
others (53,66) who found that lard-fed, male rete tended to store more
liver cholesterol than did those fed equal amounts of vepetable fat,

The difference in the lsvel of liver cholesterol cannot be attributed
solely to the amounts of oleie acid in the two diets, since the lard
and corn oill diets contain equal amounts of this acid {See Appendix IT

for asnalysis of lard and corn oil)., The increase in hepatic cholesterol,
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shown by others (17), was primrily in the ester form of the tissue
gterol frachkiom, making a direct comparison with the precent studies
diffiendt,

It 1s of interest to note {Tzble II and Diagram IX) that the diabetie
and norngl animals demonsirate similar liver iissue changes with corn
oil feeding, bubt the changes are not as greabl in the disbetic. In
nearly every case, increases in fat feeding produced higher velues in

norrpal. than in diabetic animals {Table III}.

2. Gut tissue
k., Normal animals
Table IV presents the mean values for the snalysis of gut tissue of

normal animals fed the varlous fatty diets.

Table IV
Diet No. Animals Mean (mg/em tissue)
Control ) l.27%2,11
107 Corn oil 8 2.26 .18
30% Corn oil 7 5.68 £.68
10% Lard 8 2.10 £,18
307 Lard 10 2.13 £.32

# mean * standard error

Diagram IIT summarizes the effects of the diets on the cholesterol
levels of the gut of normal snimals. The values in the parentheses are
the mean values in mg of cholesterocl per g of tissue, The statistical

difference of the peans is indicsted between all mirs of diets.
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Biagrar III

Gonhyol
\ (1.27)
<.01 <.01
107 Corn oil > 0§ ————— 10% Lard
{2.26) (2.3[0)
< .01 <8 > .05 < B0}
L1307 Corn oil < 0} —————— 30% Lard
(5.68) - (2.13)

In the gut tissue, there is an increased sierol concentration with
10 per cent fat in the diets, A further inerease in fat, leads to a
corresponding inerease in sterol content in the corn oil animals only.
The amount of sterol present following 30 per cent corn oil feeding was
significantly greater than the amount of sterol found following the 30

per cent lard feeding.,

B, Diabetic animals
Table V presents the dsta for the diabetic animsls on the respective

diets.
Table V

Diet Ho. Animals Mean (mg/gn bissue)
Control 3 1.52%£,03
107 Corn oil 7 24T .24
30% Corn oil 6 5.03 2,30
104 Lard 5 1.88 £.23

8 2.19 .13

30% Lard

#* mean * standard error
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Disgram IV summarizes the effects of the diets on the cholestercl
concentration as found in the gut tissues of diabetic animals, The velues in
the parentheses are the mean values in mg of cholesterol per g of tissue,

The statistical difference of the mesns is indicated between all pairs

of dists,
Disgram IV
: Control
| (1.52) ‘
<,05 >.?5
|
10% Corn oil > 05 —————10% Lard
(2-177) (Liﬁﬂ)
< L0l <,L,01 >.05 > .05
I |
L*BO% Corn oil < 3 — 30% Lard“——l
(5.03) (2.19)

The diabetic gut tissue shows an increased sterol level only with
the animals fed the corn oll diets, and it also shows an ingrezse in
this level as the smount of fat is increased in the diet.

Table VI compares the normel and disbetic gut tissue from animals
fed the various diets, The values in the parentheses represent the

number of animals in each group.

Table VI
Guts Normal Disbetie ' p_value
Control 1.27 (6) 1.52 (3) >,05
10% Corn oil 2,26 (8) 2447 (7) >.05
30% Corn oil 5.68 (7) 5.03 (6) >.05
107 Lard 2,10 (8) 1.88 (5) >¢05

30% Lard 2,12 (8) 2,19 (8) > 05
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There is no statisvical differsnce between the weans of the normal
and diabetlic animslis,

The gut presents an interesting picture. There is an unusweily
lapge amount of cholestercl in sub tissue of both the diabetic and normal
animals fed the high corn oil diets, but there is no significant differ-
ence between the normal and diabetic animls av this or other dietary
fat levels,

These resulls migiht be explsined vy the amounts of food reraining
in the animal's gastroimtestinal tract at the time of sacrifice. The gut
was not washed ocut to remove residual food before alkall digestion, thus
the values revresent the tissue as well as the gut contermts, There seens
to be at least three possible ways for this to happen, (a) the cholesterol
mpeasured was of endvgenous arigin, (b) the cholesterol measured was con-
tained in the food residue, thereby originating from exogenous sources,
and {e¢) the eclor producing sterol was not cholesterol at all but rather
some sbterol contained in the twe fatty components, but most predominantly
in the eorn oil,

The first consideration dces not seem likely for two reasons. First
of sll, the concentrations of sterol differed widely between the animals
fed the lard and wm’ail diets. Secondly, the concertrations of sterol
are high encugh to cast dovbt on the sourece of this sterol cowing from
intestinal bacteria or other endogenous scurces. Though this possibility
cannot be completely discounted, it does not seem to present the most
feasible explanastion for these observations.

The second and third possibilities seem more likely te afford an
explanation of these results.

An analysis for cholestercl in the lard used for the diets, revesled
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the presence of 0.77 mg of color producing sterol per gram of lard., The
game procedure, when carried out on the sorn oil indieated 9.25 mg of
color producing sterol to be present per granm of eorn oil. 4 published,
cormercisl, analysis of Mszola Corn Uil {Appendix IIIL} alri:‘;.xréd the absence
of cholestercl. There was reported, however, 1.5 per cent of the oil as
sitosterols. Due to struetorsl similarities between cholesterol and the
sitosterols, it is possible that the eclor producing stém}_ of the gut
fraction was BDesiiusterol or sue clussly related compound., Un the other
hand, lard, being »f animal origin, presents the possibility tlat choles-
terol, per se, is the color reaecbing sterol present in the food residue
in the gastrointestinal tracts of ihe lard fed animls,

Sirce each animal ate sore 10 g of diet per day, this would be
responsible for the presence of 1.7 vg of cholesterol in the 30 per cent
Jard animals and 15 ng of sitostercls in the 30 per cent corn oil fed
animals. It is not possible to further guantitate these resuibs with
the tissue findings hecauvse of a2 lack of information on the homogenicity
of the sterols of the gut tissue.

Bollmen and Flock (12) could account for the absorption of 10-50 per
cent of fed cholestercl in the intestinal iymph of rats within 24 hours
after feeding. Vahouny et al. ('?O), found cholesterol absorption to be
facilitated by the presence of oleic acid, Oleic acid is present as 26
per cent of lard, It is concelvable, then, ihat some influeéca may be
exerted by tie lard on ithe absorpticn of exogenocus cholestersl.

Gould (25 fourmsl that rats fed L-sitostercl containing tribtium
had tritiwe labsled stercls in blood, liver and other tissves, B-sitosterol
was found to be absorbed aboul iO per cent as well as cholesterol., The

possibility of besitostercl sbsorption is wresl, but ihe large changes
s [=3
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found in liver tissue sterol do not seem to be accounted far by the
B-sitosterol aleome. It is still entirely possible that some of the color

producing sterol in the gut froction is B-gitosterol, however,

3« C(arcass
A, Hormal animals
Table VII presents the mean values for the carcass tissue of normal

animals fed the various fatty diets,

Table VII
Diet No. Animals Mean (mg/gm tissue)
Control 6 1.56%£.06
10%Z Corn il 8 147 .04
30% Corn oil 7 | 1.41 2.08
10% Lard 8 1.38 £.05
30% Lerd 10 1,42 £.04

* mean i standard errvop
There is no significant difference between any of the means in the

carcass fraections of the normal diet animals.

B, Diabetic animals
Table VIII presents the walues for the cholestercl concentration

in the carcasses of the diabetic animals,



Table VIII

Diet No. Animals Fean (mg/gr tissue)
Control 3 1.64%,09
10% Corn oil 7 1,93 :.08
30% Corn oil 6 1,69 .04
10% Lard 5 1.85 .11
30% Lard 8 1.58 .10

* mean * standard error
Concurrent with the results in the normel animals, the means of
the earcasses do not differ significantly in the diabetic animsls,
Table IX compares the normsl and diabetic carcasses from animals
fed the various diete., The values in the parentheses represent the

mmber of animals in each group.

Table IX

Carcass: Normal Diabetic P _value
Control 1.56 (6) 1.64 (3} > .05
10% Coern oil 1.47 (8) 1.93 (7) < .01
30% Corn oil 1.41 (7) 1.69 (6) < .05
10¢ Lard 1.38 (8) 1.85 (5) = .01
30% Lard 1.42 {10) 1.58 (8) > 05

The carcasses of the disbetic animals contained a higher concen-
tration of cholesterol than did the normals at all diet levels except

the control and 30 per cent lard diets,
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L. Skin

A, Noermal anirals
Table X presents the wean values for the skins of norpal animals fed

the various fatty diets,

Table X
Diet Ho, Animals Vean (mg/mm tissue)
Control 6 2.65%%,21
10£ Corn oil 8 2.68 2.20
30% Corn oil 7 2.47 1,15
10% Lard 8 2.11 2,06
30% Lard 10 2.4 £,07

* mean % standard error

Diagram V summariges the effects of the diets on the cholestercl
concentration as foumd in the skin of normal animsls. The walues in
parentheses asre the mean velues in mg of cholestercl per g of tissue,

The statietical difference of the means is indicated between all pairs

of diets.
Diagram V
Control
(2.65) [_V
>.08 <.05
108 Gﬁlrn, Ml —— < N 108 éa&rd
(2.68) (2.11)
>.05 >.€:15 = .IGS =05
30% CQ‘rn oll—m———— S ILard——~J

(2.47) (2.44)
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There appears to be no change in the cholesterol concenbration in
the skins of normal animels fed corm oil., Any change due to the lard
feeding was reflected only in the animals fed the 10 per cent lard diet.

B. Diabetic anlmels

Table XI represents the data for the concertretion of cholesterol in

the skins of the dishetic anirnis,

Table X1
Diet ' No, Animals Yean (mg/zm tissue)
Control 3 2.98%% .42
107 Corn eil 7 - 3.32 2,28
30% Corn oil 6 2.82 1,18
10% Lard 5 3e49 224
30% Lard 8 2.57 3.20

oo

# mean 3 standard errop

Dizgram VI summarizes the effects of the diets on the cholesterol
concentration as found in the skins of diabetic animsis. The values in the
parentheses are the mean valves in me of cholesterol per g of tissue,

The statistical difference of the means is indicated Petween all pairs of

diets.
Diagran VI
Control I
l (2.98) l
>+05 > .05
10% Co‘m oil > .08 10 Ijard
(3.32) 34k9)
> 05 > .05 <T.01 >
300 L‘s:lrfs oil > .05 308 31;13"11

(2.82) (2.57)
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No change in cholesterol concentration in the skin is noted among
diabetic animals fed corn oil, lLard fed to aninals seems to have changes
dependent upon the amount of fat fed, The 10f lard diet and the 307 lard
diet influence sterol levels toc different extents, the concentration of
sterol being the greatest in the animals fed the 10 per cent diset,

Table XII compares the skins from normal and diabetic animale fed
various dlets. The walues in the parentheses represent the nuwber of

snimale in eash group,

Talle XTT

Sleins: Normal Disbetic p value
Control 2.65 (6) 2.98 (3) > 05
107 Corn oil 2.68 (9) 3.32 {7) > .05
30% Corn oil 2.47 (D) 2.82 (6) > .05
107 Lard 2.11 (8) 3.49 (5) < W01

3% Lard 2.44 (10) 2.57 (8) > .05

v

fovs

The 1C per cent lard diet animals present an unusual picture with
respect tc their influence upon cholestercl in the skin. The ncrmal
animals demonstrated a depressed walue compered to the comtrol value
and 30 per cent lard fed animsls. The diabetic :m:l.mél5 en the eonlrary,
displayed an increase over the 30 per cent feeding level of lard, The

physiclogical meaning of this observation is not clear.



Amounts of fatty acids

Table XIII presents the means of the fatty acids as determined in
the tissues of the animals on the various diets. The values represent
the means for the normel and diabetic animals in each diet. The values

are expressed as mg. of fatty acid per g. of tissue,

Table XIII

Liver Normal (m ) Disbetic (me/gm)
Control 32.3%+ 0.4 32.3 * 3.7
10% Corn oil 38.5 + 2.6 32.6 x 2.1
30% Corn oil L6.3 * 3,9 45.3 + 4.9
10% Lard 35.1 2.2 31.2 * 2.4
30% Lard 52,7 * 6.9 39.9 1.8

Gut Normal Diabetic
Control 58.4 * 4.1 30.9 * 4.1
10% Corn oil 85.2 + 8.9 36.8 + 1.9
30% Corn oil 142.5 #13.3 B87.3 £ 7.3
10% Lard 81L.1 * 8.9 34.9 * 3.6
30% Lard 111.5 * 10,0 86.9 * 11.7

#*

mean * standard error



Carcass
Control
10% Corn oil
30% Corn oil
10% Lard
30% Lard

1953
~
B

ccntfol

| 10% Corn oil
30% Corn oil
10% Lard

308 Lard

¥

mean * standard error

Table XIII (continued)

Normal (mg/gm)
69.1%+ 11.2
T8k * Lol
75.2 1 6.1
68.5 * 3.2

82,6 * 1.7

Normal (wg/gm)

129.6 £ 5.7
150.7 2 7.5
159.7 £ 9.0
130.8 + 6,2
147.7 * 8.6
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Disbetic (mg/mm)
k4.8 * 7.6
51,7 * 5.1
91.5 = 9.1
L6 + 2.5
Thed * 5.8

Diabetic (mg/gm)
58,0 * 3.9
79.6 * 8.9

136.3 *10.1
39.7 2 9.4

110.4 *13.6

In considering the data on the amounts of fatty acids, a few

" observations can be made,

The fatty acids in the livers of normal and

diabetic animels on the same diets do not differ from sach other, This

result is compatible with other observations on normel and alloxan

diabetic animals (78).

It is also apparent that as the amount of fat

is increased in the dist, the concentration of fatty acids tends to

increase, 1t would be expacted that increased amounts of fat in the

diet would increase the amount of fat in the liver, the liver being the

organ so actively concerned with the metabolisk and handling of fat.
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These data are likewlse consistent with the observations discussed
above concerning the amounts of sterol found in the liver tissues after
feeding corn oil or lard diets, If it is Lrue that the increase in
stercl found in the livers of anirals fed corn oil is predominantly in
the ester form, then there would be a sufficiently large increase in the
fatty acid concentration of the liver with corn oll feeding to support
that contention., If it is assumed that one molecule of cholesteroci
reacts with one molecule of fatty acid to form a cholesterol ester,
then a 2 mg, per grar of tissue increase in the liver of corn oil fed,
norsal animals (Table I) would require a2 1.5 mg. per g. of tissue increase
in the fatly acids, assuming all of the cholesterol is esterified and
that the fatty acid molety is a GIS fatty acid. Since the average fatty
acid increase of 14 mg. far exceeds the value of 1.5 mz. per g. of tissue
for the 30 per cent diet animals, ihe increase in cholestercl as ester
is not ruled out,.

A problen arises vhen aiterpting to correlate the fatty acld changes
in gut tissue with dietary fat intake as was the case in interpreting the
data concerning amounts of cholesterol. How much of the fatty aeid con-
tent found is due to the food residue in the intestine of the snimals at
the time of sacrifice, and how much is contained in the cellular structure
of the gut itself, is impossible to determine with the techniques employel .

The carcass tissue of the diabetic animels showed an inerease to 52
and 92 mg. fatty acid per gram, over the control level of 45 mg. when the
animals were fed the 10 and 30 per cent corn oil diet. The 10 per cent
lird had little effect on the fatty ancid level but the 30 per cent lard

diet caused an increase to 75 mg. per g. tissue.
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The diabetic animals consistently showed a lower fatty acid
conecentration in carcass tissue on the low fat diets., The 30 per cent
corn oil diet value for the dlabetic, which seems to be higher, is
not statistically higher. These findings on the decreased amounts
of fatty acides in the diabetic might be explained by the increase in
utilization of fatty acids by the diabetic, resuliing in decreased
tissue levels., In the animels fed high fat levels, it is interesting
to see that the increased need for fatty scids as "fuel® was met,
allowing some storage to take place.

The skin tissue denonstrated no difference in the awount of
fatty acids between any of the normal diet animals. The diabetie
animals showed incressed awcunts of fatty ascids in the 30 per cent
fat-fed animsls only. This fact becomes more striking when the normsl
animals are compared to the diabetics. The amounts of fatiy acids
present in the skin tissues of the normal and diabetic animals fed
the high fat diets are not significantly different. The high fat
diets appﬁrently*dc provide sufficient guantities of fatty acids for

storage to take place in the diabetic animals.

Blood cholesterol values

Table X1V presents the values for the avounts of plasma total
cholesterol, '[he values are the mean values and their standard errors

and are ilsted as ng per 100 ml of biood piasma.



Table XIV
Bist Normal (mg % Diabetic (mg %)
Control 89 + 5 (4) 162 + 34 (3)
10% Corn oil 7L+ 11 (8) 106 + 15 (6)
30% Corn oil 67 + 11 (7) 121 + 16 (7)
10% Lard 110 + 12 (8) 196 + 20 (5)
30% Lard 100 + 7 {10) 225 » 47 (5)

The numbers in the parentheses represent the mumber of animals in
each group,

The blood cholesterol levels of the diabetics are significantly
higher than the normals, extending sarlier reports (79) of hypercholest-
erclemia in alloxan diabetic rats, This increaée was true, regardless
of the kind of dlet, or of the amount of fat, fed, If cholesterol is
assoclated with the lipoprotein complex vehicles for fatty acid transport,
the hypercholesterolemia seen in the diabetic animals could result from
the increase demand of the animal for fatty acids, these compounds being
transported so that they may be utilized as sources of energy. The lower
cholesterol levels of the corm oil fed animals seem to indicate that there
iz a slight trend towards a decrease in blood cholestérol levels with comn
oil feeding, and a trend towards an increase of bleood cholestercl with

lard dists,

Incorporation of msvalonatt-&-ﬁlh into sterol

Isotope incorporation was studied in order to gain information about
the biosynthetic sctivity of the individuel tissues, Mevalonic scid was
used because of the specificity with which it labels cholesterol (65,15,77).

The incorporation of label was ecaleulated by determining the amount of
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labeled sterol in & tissue and dividing that by the aectivity of the
isotope injected, the resulits usually being presented as a percentage
of the dose. Since the tire lapse between the injectlon snd sacrifice
was constant (2 hours), the per cent incorperation is a reflection of
the precursor label ending up in the stercl fraction at the end of 2
hours. Time course studies have shown (20) thai tracer levels of labeled
mevalonic acld are maximally converted to sterol within an hour after
injection. ~

In the experiments to be described, each animal was given identical
tracer amounts of mevalonic acid, The assumpbion was mode that the
specific activity of the precursor of biosynthesis was equal in all
animals. If this assumption is valid, the comparative amounis of label
incorporated is assumed to reflect the magnitude of the blosynthetic

pathways.



Per cent incorporation

Liver
Table XV presents the mean values for the incorporation of CL4 into

cholestercl in the livers of normal and disbetic animsls.

Table XV
Diet Normsl Diabetie p-Value”
Control 3.95%+ .11 (2) 5.34 * .30 (2)
10 Corn oil 3.92 £ .16 (6) 4,80 + .28 (5) < .08
30% Corn oil 4,69 * .37 (6) boT3 + o2h (4)
10% Lard 4459 * .20 (6) 4,31 3 W49 (3)
20% Lard 3.8L * 6 (7) Lol7 + .85 (5)
p-Value™* > .05 > .05
¥ mean Y stendard error
# Potest
# tetest

The F«test is not significant for either the normal or the diabetic
anirals, This is interpreted to mean thet within the group of normal
aniwals, dietary variations did not 2lter the incorporation of mevalonie
asid into cholesterol, VWithin the group of disbetic animals, dietary
variations, likewise, did not influence the per cent of label incorporated.

The t-t.st analysis demonstrated only one difference between the
per cent inforporations of normel and diabetics on conparable diets.

The 1C per cent corn oil fed diabetlc animals had a significantly higher

incorporation than did the normals on the 10 per cent corn oil diet.
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Since these findings indicate no change in the spount of label
converted to cholesterol within 2 hours (with the one exception), it
appears that the synthesis of cholesterol in this system is independent
of any change in the size of the liver cholesterol pool within the normal
group =nd within the disbetic group of animals,

Four possibilities seem svailable %o explain this finding. First
of 2ll, the {ree cholestercl pool may remain constant, since ester
cholesterol has been reported to be the predondinant co ponent to increase
in corn oil fed animels (5), Thie could mean that any influence tissue
cholesterol would have on the incorporation of labeled precursor would
be from the free cholestercl, rather than from esterified cholesterol.
Gould has shown (26) that liver ester cholesterol may be the more importsnt
controller of liver sterol synthesis. Secondly, the ceolor producing
stercl in the liver could be Besitostercl rather than cholesterol. B-Sito-
sterol does not appear to affect cholesterol synthesis (25). Thirdly,
these gross observations could be occurring in discreetly sep rate
cellular compartments, essentlally isolating the two events of synthesis
and storage. And iastly, the influence of diet upon cholesterol metabolism
could be medisted izhreugﬁ aone mechsnism other than synthesis, e.g. break-
down or removal,

Wilsen and Siperstein (76, 75) did study the biliary excretion of
cholesterol by the rat, as well as the fecal exeretion of cholesterol end
products with diets containing varylag amownts of lard or corn eil., They
found that neither 30 per cent lard nor 30 per cent corn oil diets had
any effect on either the excretion of total cholesterol end products or
of cholesterol itself into ths bile. Furthermore, there was found to be

a marked excretion of non-digitonin precipitable uneutral sterols in rats
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in which comm oil was the dietary fatty component. It is inferred from
these studies ithst the oliminztion of sterol frow the body is rot decreased,
thereby eliminsting this a5 a possiblie explanation for an increased reten-
tion in the body,

Rat liver mitochondria are szble to oxidize the terminel meihyl groups
of the cholesterol ide chain “o carbon diorxide in ihe presence of a
mmber of cofaetors (74). When the rats were fed corn oil diets or
commercial shortening for a period of 40 days, it was found that the liver
ritochondria of the rats fed the saturated fat oxidized cholestercl to
carbon dioxdde to 2 mmch preaster extent thaan Jdid liver mitochondris from
rats fod wcatursted fat (39). These in vitro studies do not support the
in vivo studies of Wilson 2nd Siperstein end imply s decreased catabolisw
of cholesterol in animals fed corn oil diets.

Gut

Table XVI presents the mean values for the incorporation of labsl

into cholesterol in the gut tissues of normal and diabelic rats.

Table XVI
Diet Normal Disbetic p-Values
Control 1.41%+ ,05 (2) 1.92 » .28 (2)
10% Corn oil 1.30 + .18 (6) 1.89 * .07 (5) < .05
30% Corn oil 1.79 + .24 (6) 1.54 + .06 (4)
107 Lard 1.40 *+ ,06 (6) 1,31 *.,10 (2)
30% Lard 1.31 £ .09 (7) L.48 = .20 (5)
p~Yalue™ > .05 > .05
3%

mean * standard error
i Fetest
¥ tutest
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The Petest shows no significance far either the normal or the diabetie
animals, This is interpreted to mran, that within the normal group and
within the diabetie group, dietary variations did not olter the incorpora-
tion of mevalonic acid-2-Cl4 into chole sterel.

The twtest anslysis demonstrated only e difference between the
per cent Mmrpora'tim camparing noymal and diabetics on the same diet,

The 10 per cent corn oll fed diabetie animais had a significantly higher
incorporation than did the norsals, l.e. thé p value was<0.05.

Careass

Table XVII presents the mean values for the incorporation of 014 into

cholegterol in the carcass tissues of normal znd disbetic znimis,.

Table XVII
Diet Normal Diabetic p-Value’
Control 17.48%+ .32 (2) 15.23 *+ .66 (2)
107 Corn oil 16,27 + .78 (6 17.56 + 41 (5)
30% Corn ol 18,77 * 1,30 (6) 15,65 + .56 (4)
104 Lard 19.66 *+ .99 (6) 13,29 *1.07 (3) < ,0l
30% Lerd 20,41 * .90 (7) 10,05 * .85 (5) < .05
p«-?aluew > 05 << 0L

nean * standard evror
e Fetaat

# petoat

The F-test is not significant for the normal aniwale, This is

interpreted to mean, that within the group of normal anisnls, dietary
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variations 4id not alter the incorporation of mevalonic aai&i-—.?;—-ﬂm into
cholesterol,

The FPwitest is significant for the dilabatic animals. Upon further
analyses with ths t-test, the msans from the 10 per cent corn »il and
10 per cent lard diets ia the diabetie group were found to differ signifi-
cantly from sach other at the 2,01 level.

The tetsst caalysis forther demonstrated o significant difference
between the 10 and 30 per cet laxrd dist animalas,

Skin

Table XVILI preseats the mean values for the incorporation of A

into cholesternl in the sikin tizsues of nornal =212 Jdisbelic rais,

Table XVIIT

Diet Normal Disbetic p-Value
Contral 0.65%+,05 (2) 0.86 + .18 (2)

10% Corn oil C.62 + .10 (6) 0,65 2 0.7 (5)

30% Corn oil 0.58 + .03 (6) 0,73 * .08 (&)

10% Lard 0,66 : 06 (6) 0.39 + .03 (3) < .05
0% Lard 0.74 = 06 (7) 0.62 * .07 (5)

p-Valus' > .05 > .05

¥ mean ¥ standard error

* ratest

# tetest

The F-test shows no significance for either the normal or the diabelie

animals, This is interpreted to mean, that within the normal group and



within the diabetic group, dietary variations did not alter the incorpora-
tion of mevalonic acid-2-C* into cholesterol.

The t-test analysis demonstrated only one differemce between the per
cent incorporations comparing normal and diabetics on the same diet. The
10 per cent lard-fed diabetics had s significantly lower incorporation
than did the narmals,

Thus far, data has been presented which compares isotope incorpora-
tions inte sterol fractions of normal and diabetiec rats. In certain
instances, individual differences between normal and diabetic tissues
have been shown, In order to properly evaluate these differences, it is
necessary Lo relate the incorporation data to the corresponding data on
the cholesterol concentrations in the particular tissue.

Table XIX presents the data for certain of the comparisons of per
cent incorporation and concentration of cholesterol in both normal and

diabetic animwals,

Table XIX
Tissue Diet Yer Cent Incorporation Amounts (g
Normal Diabetic Nornal Disbetie
Liver 104 C. O, 3.92 4.80 3.55 2.53
G‘M} 1% Gu 6# 1.30 1089 2-26* 2:1-}7*
Carcass 1{5 Lard 1?-66 13‘29 1.33 1035
308 Lard 20.41 16.05 l.42% 1, 58%

¥ All diabetic values are significantly different from the cprrea«;ponding
control value with the exeception of the values designated (*).
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The liver tissue from animals fed 10 per cert corn oil, demonstrates
a greater incorporation of mevalomste into cholesterol in the diabetic
than in the normal. At the same time, a decrease in the concentration
of liver sterol in the diabetic is noted (Table XVII). Previously it was
shown (Table XV} that no significent difference could be demonsireted
betwveen the incorporations in the control (5 per cent lard) and in the
10 per cert corn oil animels, either in the normels or in the diabeties.
Compared to the controls, however, significant increases in amounts of
sterol are observed with 10 per cent corn oil feeding, the increase in the
norwal animal being greater than the increase in the diabetic (Table XIX).
These relationships could imply = homeostatic controlling wechaniss for
the synthesis of cholesterol in the animals fed the 10 per cent ecorn
oil diets, ,

Studies by Wong (78) demonstrated little change in the concentration
of cholesterocl in the livers of normal and diabetic rats maintained on
Purine Rat Chow, but o decrease in the incorporation of acetate into
cholesterol was noted. These findings, she attributed to the results of
a horsostatic mechanism brought to bear by a defeet in the mechanism of
cholesterol depradation,

Although a direct comparison between Dr., Wong's work and the results
presented in this thesis ray not be possible, it is possible to postulate
sore homeostetic control, regardless of the actual mechanisms involved,

The gut tissue, as mentioned mreviously, cannoct be objectively
evaluated because of the difficulty in the present approach in
differentisting between the intracellular sterol and the intraluminal

sterol of the gastrointestinal tract.
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The carcese tissue of the lard fed animals of both groups (Table XIX)
displays an apparent decresse in syrmthesis of sterol ln the diabetic
animals. This observation ls compatible with the observations of Wong
ard Van Bruggen {(79) who found a decrease in stercl syntheeis from
acetate in the cercsss fractions of snimals fed Purina Hat Chow. Purina
Hat Chow contzins about 5 per cent fat, nearly all of which ls saturated
fat,

The skin tissue (Table XIX) of the animals fed 10 per cent lard
shows an inverse relationship to that seen in the livers of the 10 per
cent corn oil animals, There is observed in the sking a significantly
higher value for the incorporation of label in the normal skin tissue
over that of the diabetic. A reversed sitwmtion is noted when the awounte
of stercl are considered, i.e. the normal skin tissne contains a lover
cholestercl concentration than does the diabetic skin tissue. These
obgervations can be accounted for by propesing some homeostatie mechanism
to be sctive in these animnls fed the 10 per cent lard diets,

The majority of the work done on cholesterclogenesis, as influenced
by diet, has been dorne using acetate as the cholesterol precursor,

‘vigen and [teinberg (4), using in vivo preparations, found the rste of
incorporation of acetate higher in corn oil fed animale, as did Wood

snd Miglcovsky (82), studying in vitro as well as in vive sysiems,

Wilson and Siperstein (76) studied this incorporation in corm oil fed
animals with acetate and with mevalomie, and found no change in chelesterel
biosynthesis with either precursor. This latter publication in which
mevalonate was used, offers cne of tie few reports in vhich this specifie
sterol precursor has been used to evaluate changes in the synthetie

abilities of the tissues of animels fed hish fat diets. This thesis
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presents in vivo date which further deseribes the influence of diet on
cholssterol synthesis,

In an atterpt to explain why corn oil dlets are found to increase
cholestersl blosynthesis from scetete and pot from pevelerste in rst liver
tissue, sore recent reports seer rertinent. Siperstein (58,59) published
evidence to support the hypothesis that cholesterclogenssis wes controlled
by a specific homeostatic mechanism, TFror his in vitro stulies he
advanced the proposition that the gite of this homeostatic regulation is
at the first reaction of cholesterclogenesis unicue to cholestercl
synthesis, i.e, the conversion of B-hpdroxy-Bemethyl rluteryl-Cod %o
mevalonie acid., This perticular reaction wes not positively shown to be
the specific reaction invelved, twt Siperstein implied this to be the
cagse after presenting evidence that the rezctions from acetate to
B-hydroxy~B-methyl glutaryl-CoA were not apparemtly affected by feeding
cholesterol to rats. Cholestersl feeding is known to depreés cholesterolo~-
genesis from acetate, If this proposal be true, the labeling results
from acetate and mevalenate, ss deseribed above, could be aceounted for
by considering the mevalonic acid to be beyond the site at which the
combrol of cholssterol is regulated.

More evidence is furnished for the localization of the chewical step
controlling this homeostatic mechanism by Boher and Baker (7) who fed
- ¢holie acid to rats and compsred the blosynthesis of cholestercl from
acetate and mevalonate, The incorporation of acetate into liver
cholesterol was inhibited by 65 per cent compared to an inhibition of
25 ver cent for mevalonate.

Additional informtion on this problem is sfforded from other studies,

Working with alloxan diabetic rats, Elwoocd, Mavred, and Ven Druggen (21)
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found a decreased incorporation of acetate, butyrate and-acetoacetate
but a2 normal incorporation of mevelensie into cholestercl., It appesrs
that the coubrol of cholesterol syuthesis al the metalolic lovel suggested
by Siperstein, could be similsr te ihe siep al which the zstubolic block
occurs in alloxan disbstes, It is ¢lear thet positive evidencs for a
definiie locaticn of a specific aite of comtroel past await further work,

The results presented in this thesis do confirn previous findings
that the awounts of sierol do increass in the liver with corm oil feeding.
Date are presented on the sterel levels in gub, carcass and sk'n tissues
a8 well, Compariscns are made betueen changes induced by corn oil ond
lard feeding with variuvus levels of fal considered. Furthor attention
has been given tc the synthesizing ablililies of the tissues studied to
gain some insight as Lo possible explanstions for the observed changes,
fnd finalily, the study of the diabetic animals presents infurmation about
dictary influences on lipid metabolism in experiwental diabetes.

It is uncertain how widely appiicable the observitions presentod
in this thesis are to other members of the animal kingdom, but it is
always entertaining to speculate, especlalily in view of the exlensive
contemporary public interest certered asbout this partieular area of

Btudy «
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Suxrary snd Conclusions

A comprehensive in vivo study of tissue cholesterol levels as
influenced by dietary carn oil and lard is described. Cholestercloe
genesis was measured in the animale using the specific cholesterol
precursor, mevalonic acid-2-Cl4, Also, the alloxan disbetic rat

was coppared to the normal,

The diets fed were 10 or 30 psr cent corn oil, 10 or 3C per cont
lard, erd the feeding was mainiained for 28 days, The amouits of
cholesterol and the f2tiy acids were determinred in fouwr Lissue
fractlons, viz, livir, gub, carcass and skin, 7Tobal plusna

cholesterol was also determined.

The liver tissues of both normal and disbetic rats showed an incream
in concentration of cholesterol with increased fat feeding. 'The
increase was most pronounced in the corn oil fed animals, and this

firding was common to both normal and disbetic animals.

The ircreases in amounts of stercl thet were cbserved in Lhe gut
tissue may be due to the food residue remaining in the gastrow

intestinal tract at the time of sacrifice,.

There appears to be no influence of diet upon the cholestercl levels

in the carcass tissue of either the normal or the disbetic animals.

There gppears to be no change in the concsntration of cholesterol im
the skins of anlmals fed 10 or 3C per cent corn oil or 30 per cent
lard diets. The only charge obeerved was at the 10 per cent lard

level,
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7. The concentration of falty scids la tle iivers of normsal end

disbetic anirele does nei differ significenily when esch s fed

=

e R L bk e Fod & S p— TP —— I} E— .
ths same dieb. 4 Clelsry ot 1o dneroesad, howsver, the anount

of falty wvecids leuds to increase,

#, Carocass tissue deronstrated a grester concentration of fatty acids
in the norsal animels thar in the diabetics when the animals were
on the low fat diets. This difference was not apparent when norsals
and diabetics were fed the high fat diets. It is suggested that
the requirement for fatty acids in the diabetic animls was satis-

fied by the high fat diets, and thus, fatty acids accumulated,

G, The diabetic animals displayed pruncunced hyporcholestercleniss, a
finding inat confirmed and extended sariler reporis. 1ie hyper-
cholesterolemia was aprarent regerdless of the type of dlotary ot
and regerdless of the level of fat fed. The plssna cholestercl
loweriug effects of corn oil ano Lle plaspa elevating elffecis of

lard sre clearly demonstrnted in the disbellc preparations.
E

10. There could be demanstfated no influence of diet upon mevalonate
incorporation into chelestercl in any of the tissues studied, It
is sugzested that perhaps the reason mevalomate labeling of
cholesterol is independent of dietary fat, while acetate labeling
of cholesterol is reported to be influenced by dietary fat, is
because of some homeostatic regulation of cholesterclogenesis that
has its site of action above acetate and below mevalomate in the

pathway of cholestercl blosynmihesis,



APFENDIX I

Cowparison of cholesterol concentrations in rat tissue wu;h and without
digitonin treatment

Tissue: Liver
Diet Condition HNo. Animels Means (mz/gm tissue) Hatio
Digitonin Non-digltonin

10Y¥ Corn 0il Hormal L 2.70 2.91 0,93
105 Corn oil  Diasbetic 7 2oh5 2.61 0.94
10f Lard Normal k 2.84 3.00 G.95
104 Lard Diabetic 2 2.2 2.48 0.90
307 Corn oil Normal A 3.84 Lol 0.93
307 Corn oil Diabetic L 2.48 2.62 0.95
307 Lard Bormal A 3.31 3.52 0.94
0% Lard Diabetie 2 2.36 2.5h 0.93
Tissue: Gut

Dist Condition HNo. Animals Means (mp/gm tissue) Ratio

Digitonin Fon-digitonin

107 Corn oil  Normal I 1.59 1.78 0.89
10%4 Corn oil Diabetie 7 2.09 2.28 0.92
10% Lard Normal A 1.68 1.93 0.87
104 Lard Diabetic i 1.84 2.30 0.80
304 Corn oil Nommal L Lob3 L.32 1.03
30¢ Corn oil Diabetic b 3.78 L4 0.85
30% Lard Normal L 1.98 2.32 0.85
307 Lard Diabetic 2 1.54 2.25 0.68



Tissue:

Diet

10% Corn
108 Corn
10% Lard
10% Lard
304 Corn
305 Corn
30% Lard

307 Lard

Tigaue:

Diet

1CGL Corn
10¢ Corn
107 Lard
108 iard
30% Corn
30% Corn
30% Lard

304 Lard

Carcass

oil

oil

oil

Bkin

o3l
eil

oil
olil

Condition No. Anizals Means (mg/gm tissue)

Hormal
Plabetie
Normal
Dizbetie
Hormal
Diabetie
Normal

Jlabetie

Jondition

Normal
Diabetic
Normasl
Dlabetic
Korzel
Diabetic
Normal

Ulabetie

APPENDIX T
{ continued)

No.

61

Ratle
Digitonia Hon-digitonin
L 1.50 Lo45 1.03
7 Le97 2.13 0.93
b 140 1.39 1.0
2 1.72 172 1,06 .
L 1.30 1.29 1.01
L 1,60 1.62 0.99
4 1.33 1.30 i.02
3 Lok Leh0O i.01
Aninals Means (mg/gm tissue) Ratio
Digitonin Non-digitonin

4 2.00 2.18 0.92
7 2.88 3.33 0.87
L 1.98 2.04 0.97
2 2.95 3.27 0.90
& 2.01 2.16 0.93
3 3.08 3.08 1.c0
k 2,20 2.29 0.96
3 2.17 2.56 0.85
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APFERDIX IX

Contents of Corn 0il and Lard (47)
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APPONDIX IIX

Magzola Corn Uil (52)
One hundred graws of Mazmola corn oil will yield:
53 gravs of linoleic acid
12 graws of saturated fatty acids
28 grams of oleic gcid
1.5 grans of sitosterols

¥o Cholestercl.
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