LIPOGENESIS
OF THE
INTACT ALLOXAN~DIABETIC RAT

by

Paul i, !aﬁ}ad&, Beh e

& THESIS

Fresented to the Department of Biochemistry '
and the Graduete Division of the University of Oregon lledical School
in partisl fulfillment
of the requirements for the degree of
Haster of Seience
June 1955



AFFROVED




TABLE OF CONTENTS

Liﬁtﬁf?&‘&l@ga-ncat&a.coo-c.»c

Inﬁrﬁdﬂction & @ 8 o & & 4 + & ¥ & © & B 6 8 e &

I. Historical Backeround o o » « o o s o « o o o

Intermediary letaholism of Fatty fcids . + o .

Intermediary lletabolisz of Cholesterol . « . .

K@tonel%(?ﬁiasocnﬁ-vovaaotabto

IT. Experimental Hethod + s o o o « o 5 « o & o o

Ao
Ba

Ce

De

fcetate el L L, . b v owiE e &
Alloxan monohydrate .+ « « » « « o v o » o
Alloxan~-Digbetic Hats o v o o o o o o « &
1. Haintenance of Disbetic Rats . » + «
€ Blood Bughr . + ¢ v 5 % 6 4« o = 2 o =
3« Urine Bugey s 4 6w 6 b s s e s a8 s
e Snzar Determinetion . « o o v o o o &
S¢ Carbon 1HoXide « « « s » o o ¢ o « o
Apparatus and Technique for Vet Combustion

&nd Cholesterol .« v o ¢ ¢ o « o o o &
Preparation of ﬁaco3 Piske y s = o o % o &
Counting and Calculation of Results . . .
Deteils of a Typicsl Hxperiment . . « . .
le Injection of 2nimel . o o o o o o o »

2 Ed Eatabolism - L - * L] L4 ® L] L & L] o L L

- w @ @ L] L » L

of Fatty Aeids

Pt

Pt
|
$rbe

L T

17
19
20
23
23
23



3.
L.
5.

KOH Digestion of the Tissues o « « + & &
Extraction of Unsaponifiable Fraction .

The Extraction of Saponifiable Fraction

IIY. Experimental Results and Discussions . « . . .

IV.3%&1&1‘}"«‘....'.‘......»....

Biblicgraphy

L3 L] & * L] L3 L] £ » L LI & L4 L L] LJ * ¥ 9

23
2l
2L
26
L1
2



Table I,
il

Vie

ViI,

VIII.

LIST OF TABLES

History of inimals Frior to ﬁﬁsclhooxa Injection . + + 4 &
Tissue Vedghts and Weights of Fatty Acid and Cholesterol
Fractions of Disbetic Rat8 + « o ¢ 4 o « o o » « » o o
Tissue Welights and Weights of Fatty iAcid and Chclestercll
Fractions of Control RabS v v o 4 « o o « 2 » o o o o o
#illigrams Fatty icids Recovered Fer (ram Tissue . I
01lé Incorporated Into Fetty Acid and Cholesterol Fractions
of Diabetic RS + o o o 4 ¢ o ¢ ¢ o 5 ¢« o v o o P
clh Incorporation Into Fatty foid and Cholesterol
Fractions of Control Beds o v o o o o « o o o o o o . .
Per Cent of Radioectivity Incorporated Into Fatty Acids
@nd Cholesterol « o « o o & o ¢ v ¢ ¢ 2 0 0 ¢ 2 o 2 o o
Data On Respiretory Carbon Dioxide of 1B Hour Fasted

ﬁi&b&tie?ﬂat&%».-m.o..a..e-......e.

. 29



INTRODUCTION

This thesis presents a study of some phases of lipid metabolism in
the alloxan-disbetic rat, acatata—l-clk being used as the "tracer-tool®,

Diabetes is a disease in which the utilization of earbohydrate is
impaired. In this disease state, subjects preferentially metabolize fat
for energy production and lose much of the ingested sources of energy from
their bodies as urinary glucose and ketone bodies. Heredity and obesity
are known to be imporiant factors in the development of this disease,

The etiology of}diabetes iz still unknown.

Approximately 1,000,000 persons (1) in the United States have been
diegnosed s diabetic, and it is estimated that there are at least another
million undiagnosed disbetic cases in this country (2), Approximately
60,000 new cases are diagnosed annually., About 39,000 deaths in 1948 were
classified as due to diabetes, which made the death rate of diabetics 26,4
per 100,000 population (3).

Recent statistics on mortality from diabetes show that the disease
causes more deaths in the female than in the mele (k). This sex dif-
ference may be due to be the influence of endocrine factors ouisida the
pannréas. Another characteristic of diabetes mortality is the fise'with
age. The cause of death in the disbetic group is pPredominantly srierio-
sclerotic lesions of the vascular system.

Root and eco-authors (5) have studied vascular lesions in the kidney,
retinae, and periphersl vessels of 282 patients who first developed diabetes
when they were between 15 and 30 years of age. These authors found that
the arteriosclerotic lesions increased in these Patients with the duration

and severity of diabetes. Clinieally, the incidence of atherosclerosis
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was higher when hypercholesteremia was present. A disturbance in cholese
terol metabolism may be related to the incidence of atherosclerosis, but
a direct proof of this is lacking. In animsl experiments in which vascular
lesions are produced from the ingestion of excess cholesterol, & relation-
ship between hypercholesteremia and atherosclercsis is clearly demonstrable.
Fathologically, the disease of disbetes is rot en easily definable
state of metabolic derengement. It is definitely established thst the beta
celle of the islands of Lengerhens in the pancf@as produce insulin, Prie
mary pathological cheanges are often found in the islends of Langrerhans,
but in 20% of diabetic cases, no demonsireble pancreatic changes can be
shown by the most modern histologiecal techniques (6,7} In the preet
majority of human diabetics, very few bete cells are destroyed, but they
are frequently sranulated which suggest that they are injured to sore dagree,
Fituitary growth hormone mey nullify the effect, or prevent the formation,
of insulin by actingz direetly upon the beta cells or acting at the hexokie
nese level, The adrenal steroids promote glyconcogenesis and may cause
hyperzlycemia. The recent work of Pornstein and Park Ta} indicates that
through the combined actions of the growth hormene and an edrenal cortical
hormone, @ substence is formed thet inhibits aglucose utilization. This
substancé is sesoclated with the lipoproteins of blood snd its effect can
be reversed by insulin. This materisl may be the true inhibitor of the
hexokinase resction, Glyconeogenesis is promoted by adrenccorticotropie
and hypophyseal hormones throush the adrenal glands. These agents which
promote hyperglycemia and agents which are antagonistic to insulin setion
may cause stimulation and proliferation of the beta eells in the pancress.,

In excess, such stimulation may exhaust the bets cells.



Experimental diabetes was produced by pancreatectomy by Mehring,
Winkowski, and Allen; by treatment with anterior pituitery extract by
Houssay, Bresotti, and Riettl and Fvans et alj and by the use of chemjcal
agents, slloxan, etc., by Dunn, Sheehan, and lMeLetchie (8). Alloxan has
& specific necrosing or killing action on pancreatic beta cells but may
also affect the epithelium of the renal tubules when injected into rabbits
and rats {9,10,11).

Since an understanding of the metabolie defects that oceur in diabetes
involves an understanding of lipid metsbolism, the following section is
presented as a review of some of the more important phases of lipid metabo-

lisma



I. HISTORICAL BALCKGROUND
INTERMEDIARY KETABOLISH OF FATTY ACTILS

Only swall amounts of fatty scids are present in the hody in the free
state; rather, they exist in combinstion with glycerol, cholesterol, carbo-
hydrates, and proteins. Of these, the glycerides are predominant. £ cone
stant emount of these lipids oceurs in the tissues as essentisl constitise
ents of the cell structure. Hueh of the glycerides is stored as reserve
food in the various depots of the animmnl body. The smount of fat in the
depots is subject to wide variations, However, the kind of fatty acids
forming these lipids is constant and charscteristic in & glven species on
a uniform diet. The guantitative fatty acid distribution in the tissues
of normal rats is widely varisble. In an enimal subjested to starvstion,
or in an uncontrolled diabetic, the depot fat may be depleted to a very
small value.

The presence of & marked impairment of faﬁ synthesis in disbetic
animals was {irst shown by Stetten and Boxer (12, 13) who administered
deuterium labeled glucose to alloxen~disbetic rats. These workers found
that the utilization of glucose for fatty aseid synthesis in disbetic rats
was reduced to 5% of the normel. Brady and Gurin (1L) observed that utie
lization of ecetate and octanoste for long chain fatty acid synthesis also
was markedly reduced in liver slices from alloxanedisbetic rats. This
defect in fatty acid formation in diebetic animals is related to their
inebility, or drastically reduced ability, bo utilize carbohydrate precur-
sors for fatty scid synthesis. The similarity of the diabetic state to
that of the fasted state was noted by seversl authors (15,16,17,18).

Hasoro et al (19) found that glucose utilization was depressed in

fasted normal animals snd in the normel animals fed a diet containing



little or no cerbohydrate. Semi-starved human subjects studied by
Chembers (20) and Lundebaeck (21) showed similarly depressed glucose oxida-
tion, depressed glucogenesis and increased glyconeosenesis, When glucose
was given to such fasted subjects, hyperglycemis and zlucosuria reaultéd.
A term, "hunger diabetes™, is given to such a nutritional state becausé of
its similarity to disbetes. Boxer and Stetten (22) reported reduction in
deposition of newly synthesized fatty acids in rats on restricted food
inteke. Turther evidence was recently reported by Van Bruggen and oo
workers (15) ﬁhat rats fasted 120 hours lost about 25% body weight, 759
of their fatty scids, and much of their ability to form new fatiy ecids.
Lyon, laseri, and Chaikoff (17) found decreased fatty acid formation in
liver slices from fasted rats,

Chernick and Chaikoff (23) reported thet livers of both slloxan-
disbetic rats and fasted rats regained the capacity to synthesize long
chain fatty scids when these animsls were pretreated with insulin and
carbohydrate for 48 hours. Krahl end Cori (2L) reported that the rate
of glucose utilization by disphragms from disbetic rats varied inversely
with the severity of the diabvetes. Adrenslectomy of such severely disbetic
rats was followed by a fall in blood sugar end a return to normal of the
rate of glucose utilization by the disphrams. Insulin did not restoré the
zlucose utilization of diabetic diaphragm to normsl. Broh-Kshn and Kirsky
(25) reported that muscle extract of alloxan-diabetie rats displayed
hexokinase activity comparsble with that found in the normal rat. TFurther~
more, the addition of insulin failed to ineresse the activity of either
"normal" or "disbetic" extracts. These findings appear to support these
authors' idea that inhibition of hexokinase aetivity is not necessarily

the only cause for the disturbed glucose metabolism in diabetes.



Brady and Gurin (26} reported that liver slices of normal and fasted
cats converted appreciable amounts of rediocsctive scetate to lonz chain
fatty acids. Addition of lmsulin to the medis containing these tissues
enhanced the synthesis significantly. In contrast, liver slices from
depancreatized cats converted only minimal amounts of acetate to fatty
acids, Addition of insulin to the incubation medla showed no effect.,
Houssay cats, on the other hand, resdily incorporated labeled scetate to
long chain fatty scids. Ourin (27) obtained similar resulis from alloxan
treated rets., ILiver slices of hypophysectomized animels synthesiged fatty
scids to & greeter extent than did the liver of intasct animals, Surgical
removel of both hypophysis and pencreas from animels did not influence the
rate of fat synthesis, but addition of purified growth hormone or cortie
sone to the media lowered the fat formation. OJurin believes that these
results indicate that neither hormones of the Fitultary nor insulln is
noeded directly for fat synthesis, The pituitery secretion may contein a
prineipal which inhibits fatty acid formation. It is possible that in the
disbetic state the normal hormonsl balance is disturbed, and conversion of
Gy fragments to fatty acid is blocked (28).

In 1937 Schoenheimer and Rittenberg (29) discovered that when the
body water of rats was anricﬁed-uith heavy water (Dg0), fetty acids, smong
other body constituents, beceme lebeled with deuterium. These investiga-
tors were able to increese the amount of deuterium in the fatty ecid up
to 50% of the deuterium concentretion in the body weter. The isotope,
stably incorpersted iﬁto the fetty ecide bf these animels, was convineing
proof of the synthesis of new fatty scids in the body, This finding led
the way for intensive research in the field of 1lipid synthesis and meta-

bolism,



About fifty years ago, Knoop (30) advsnced a concept that fatty scids
are degraded through bete oxidation end that the synthesis of fatty acids
proceeds by the reversal of the catabolic processes, However, the direct
proof of this concept was lacking until recently. Correctness of Knoop's
principle is now recognized, and the intermedisry steps involved in the
synthesis of fatiy acids are better understood.

Block (31) advocated that any scheme proposed as & mechenism of fatty
acid synthesis must account for the presence of an even number of carbon
atoms in naturally occurring fatty acide of series Cg~cghﬁ if milk fatty
acids aelso are included. Condensation of seetic acid or of closely related
2 carbon compounds in stepwise elonpation to form long chein fatty soids

is generally accepted as the mechanism of fatty acid synthesis. The proof
| of this process is available from the reporﬁa of ﬁany lahorgtories,
Stetten and Schoenheimer (32) re?orted thet deuteriopalmitic scid elengated
to dsuterio stearie acid. Rittenbergz and Block (33) by feeding scetate
labeled with deuterium and C%3 to rate and mice, demonstreted that the
acetate is utilived in the formstion of higher fatty acids. The degrade-
tion of such fatty acids suggested that the carbon atoms of scetate were
uniformly distributed along the fatty acid chain.

More recently, using 613 labeled palmitic acid and lnﬁl24 acetate in
the media, Zabin (3k4) studied fatty scid synthesis in liver slices from
fasted rats. This euthor found that stearic scid isolated from the liver
slices contained almost all of the ﬁlg carbon in the carboxyl position.

Popjéck and collaborators (35) reported that in mammery slands of
ruminents, acetate is & major source of the carbon chains for fatty acid
formation, and that milk short chain acids arise ot by degradation of

fats but are intermediates in the formation of lonz chain scids by



stepwise chain elongation. ?cpjéck reported that the mechanism of mille fat
formation is besicslly similar to that of other fats in the anmimal snd that
the process of rapid secretion of milk by the mammary g¢land has the effect
of causing an accumulation of the intermediary products of synthesis.
Lnker (36) fed lwﬁlh myristic acid to rats and isclated palaitic acid from
their carcasses. The rats gynthesized palmitic acid by the condensatién

of the methyl carbon of & 2 carpen compound with the cérboﬁyi carbon of &
long chain fatty acid. Stadman (3?) reported that in the orgeniems,
Clostridium kluﬁvgri, the é&praic acid chain is formed by cnndensétian of
the carboxyl-carbon atom of butyric acid with the methyl carbon stom of
ethanol., £ general scheme of the mechanism of fatty acid formation in
¥hich acetate or active scetyl compounds are used as the building blocks
in the synthesis of fatty acids was proposed upan‘the basis of the ebove
findings.

Acetate arises directly from the beta oxidation of fatty acids, from
& numver of amino acids and indirectly from carbohydrate sources through
Pyruvate. The magnitude of C, formation, in rats, was estimated (38) by
the acetylation of foreign amines as iS to 20 mil of acetic acid formed
per 100 grams of rat tissue per day. Anker (39) demonatraﬁed the imporw
tance of pyruvate as a source of acetate in the normal rat.

Zabin (34) reported that stearic scids isoleted from the liver slices
of fasted rats showed an asymetrical distribution of isotope. He believed
that unequal distribution of acetste carbon in fetty acids would result
whenever the rate of fat synthesis was slow. This author stated that under

& condition of impeired fat synthesis, higher fatty acids are formed pri-
| marily by the elongation of the lower homologue, and the rats of this

reaction is much slower than the formation of a long chein fatty scid by



by total synthesis from 2 carbon units.

Recent advances in enzyme studies of fatty acid metabolism opened new
approaches to this problem. The work of Barker and coworkers (LO) demon-
strated that the processes of fatty scid synthesis and oxidative degrada-
tion in cell=free extrects of Clostridium kluyveri sre complex reactions
involving many steps. In the synthesis the net result is & condensation
of the methyl carbon of C» compounds with the carboxyl cerbon of a pre-
formed fatty acid to produce 2 fatty acid with two more carbons. They
were ungble to produce caproic acid by a condensation of two molecules of
propionic acid.

Green and coworkers (L1) reported from their findings that the en-
gymes which affect fatiy =cid oxidetion and synthesis can be isolated and
studied in vitro, These authors believe thet the cells of all animal
tissues contain thousends of specific enzyme systems, These enzyme sysw
tems are so integrated structurally and functionelly that the complex
ascts a8 & unit. The structural unit of this complex is the mitrochon-
drion, and Co A appears to hold a key position. Acecording to the evidence
availeble, the synthesis ef fatty scides in vitro is & reversal of the
catabolic process,

INTERMEDIARY METABOLISM OF CHOLESTEROL

Cholesterol is an essential constituent of the cell structure. It
oceurs in all tissues and tissue fluids of the animal body. Normally, the
amount of this lipid in sach tissue is fairly constant. The animal forums
cholesterol from metabolites of smell molecular size, prineipally acetate.
The principal site of the formatien of this lipid hss besn thought to be
the liver, but the synthesis is known to oceur in other %{issues and orgsns

as well (L2).
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It was shown recently that in all tissues, except in the brain and the
spinal cord, continual regeneration of cholesterol occurs. The brain and
the spinal cord themselves are the sites of active cholesterol synthesis
in the early stages of an animel's development. Cholesterol synthesis may
ba accelerated in the disbetic state for hypercholesterolemiaz is often
associated with prolonzed severe disbetes.

The use of 2 tracer technigue for the study of cholesterol formation
detes back to the classical work of Rittenberyz and Schoenheimer (29).
These authors noted that deuterium was stably incorporated into the cholese
terol wmolecule, Rittenbery and Bloeck (Li3) demonstrated thet the synthesis
in surviving rat liver slices proceeded without an apprecisble change in
the total cholesterol content of the tissus. They showed thet when liver
slicos were incubsted with e media containing radicsctive ecetate, or pre-
cursors of acetste, the cholesterol isolated scveral hours later showed
radicactivity. Chemical degredation demonstrated that the majority, if
not 2ll the carbon atoms, of the sterocid structure were contributed by
acetic acid (hh). fcetoacetic ascid, short chain fatty acids, certain
suino acids, and pyruvate were readily incorporeted into the cholesterocl
molecule presumebly as two-carbon units, In the three or more carbon
precursers, the preliminary f{ragmentation of precursors into two-cerbon
units occurred prior to their incorporation intc the steroid molecule.

Zabin and Llock (LS) found that isovalerate was degraded into two
types of Oy units, One of these C, units resembled acetate, while the
other unit, derived from the isopropyl portion of isovalerate, wes a more
efficient cerbon source for chaolesterol synthesis. They suggosted that
acetozcetate or & similar Ch compoundd is formed in vivo from the isopropyl

group of isovaleric acid by the addition of a 01 compound., Brady and



associates (L6) assumed that aldol may be cleaved by liver slices into two
carbon fragments by way ol beta hydroxybutyric aecid or acetoacetic acid,
These asuthors found that aldol was more efficiently incorporated inte
cholesierol than into the long chain fatly acids,

Little and Block (hl) studied the incorporations of ecotate~l=Cll and
acﬁtatamﬁuclﬁ, as well as acetate labeled with 013 and Slﬁ. They found
that the methyl carbon was incorporated into positions 18, 19, 26, and 27,
snd probably, 17, while the carboxyl carbon entered into carbon atom 25,
and probably, 10, of the cholesterol molecule. Some decarboxylation of
acetste must have occurred in the process since the ratio, Cily to UOCH
earbons incorporeted into cholesterol, was found to be 1.27. Those authors
noted that more carboxyl carbon of acetate was incorporated into the nue
cleus than into the side chain of cholesterols The ratio of Ciiz/CO0H
incorporated into the nucleus was 1.1, while the corvesponding velue for
the side chein weo 1.07.

The mechanism of cholesterol formation ie not well understood. Hlock
et 21 (L7) observed that the synthesis of cholesterol was complately ine
hibited in liver slices when the orgamization of the liver tissue waes
destroyed by prinding or homogenizing the cells. These authors believed
that the synthesis required a higher orzanization of the enzyme system
in space.

Formation of cholesterol from the long chain hydrocerbon squalene
was reported by Block {L8). In such reactions the condensation of two
carbon unite wes followed by dehydration, rearrengement, snd ring forma=
tions Squalene is found in small quantity in the liver, and when plh
labeled squalena was sdministersd to a ret, labeled cholestercl was obe

tained. The literature conteins few repvorts on lipozenezis on intact
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diabetic rats. Host of the information on cholestercl synthesis was ob~
tained by the liver slice techmique, but the results cbtained were not
consistent. DBrady and Gurin {28) found little impairment in the choles-
terol synthesis from acetate while Hotta and Chaikoff (L8a) fourd a 10-
fold increase in cholesterol specific activity and steted that this ime
plies & definite increase in cholesterol formetion in the livers of
alloxan-diabetic rats. Because of a possible relation to atherosclerosis,
more information on lipogenesis, especlally cholesterol synthesis, in

vsrious tissues of the intact diabetic rat is desirable.

KETONE BODIES

Due to the presence of metebolic blocks, disbetics are predisposed
to the development of ketosis. Superimposition of ketosis, induced by
insulin hypoglycemia upon such predieposition, tends to csuse severe
ketosis, acidosis, and potassium depletion.

In laboratory animals, the injection of alloxan has the initiel
effect of releasing an sbnormally large quantity of insulin. The éevare
hypoglycemic shock that follows often causes coma and death of the animels
unless glucose is given. Beatty and Vest (L49) reported that alloxan-
disbetic rats showed severe ketosis during the first week following alloxan
injection. The degree of ketosis dropped to & lower steady level after
the second week. At the terminel stage the ketosis again rose to & higher
level.

Deuel (50) observed that glucose in small quantity is capsble of
reducing ketonuria in rats. MacKay and associates (51) found that suc—
cinic acid, as well as citric acid, reduced ketonuria in their raots, and

Beatty and Vest (52) reported that substances related to the tricarboxylic
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acid cycle diminished ketosis in thelr rats. It is well knovm that keto-
gis develops in starvation, diabetes, and thiamin deficiency in some
species., In these conditions the animaltls cerbohydrate metabolism 1s
diminished and fat catebolism is increased.

Vieinhouse and associates (53) reported that scetoacetate is formed
and oxidized by the liver, the kidney, and other tissues. These authors
found that the kidney oxidized acetoacetate ten times more efficiently
than the liver tissue., Ketone body production is at & minimel rate under
normal dietary conditions, because the acetyl groups of intermediary
metabolism condense preferentially with oxaloacetsate to enter the citrie
acid cycle for complete oxidation. Ketogenesis is assumed to becoms prom-
inent only when the supply of oxaloacetate is depleted to such an extent
that scetyl groups undergo self condensation, predominantly in the liver.

Brady and Gurin {28) believe that every isolated tissue capable of
the synthesis of cholestercl also has the ability to form acetoacetate}
the amount accumulated, however, may be very small.

L possible role thet ketosis pleys in the etiology and progress of
disbetes may be surmised from the work of Nath and associstes (SL). They
daily injected gradually incressing doses of sodium bete hydroxybutyrate
and acetomcetate into rabbits for 130 days. These substances caused the
onset of diabetic symptoms in normel rabbits. Their histological studies
on the pancreas of these rabbits showed that ketone bodies first stimulated
the beta cells and later exhsusted them.

Stadmen and sssocistes (55) reported & mechanisw of Co A-catalysged
escetoacetate synthesis from acetate and ATP in a pigeon liver extract.

Their findings showed that 16,000 calories sre required for the conden-

sation of twe acetates to form scetoscetate. One energy-rich phosphate



bond carried sufficient energy for such condensetion. These authors
observed that the resctions proceed as follows;

acetic acid +ATP SHE&yme acetyl~Po) + ADP

2 acetyl~ PO +2 Co A transacetylase o seetyl-Co A+ 2 FO),

2 acetyleCo i ILVer ensyme ...4oscetate +2 Co A

In confirmation they found that for every acetoacetate formed, sbout two
moles of scetyl phosphate dissppesred from the media.
These findings indicate that ketosis is an importent intermedisry

metebolic process in an alloxan~diebetic rat.
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II. BXPERIMENTAL METHOD

BKe &cetateﬁluclh

Carboxyl-labeled acetate was synthesized from BacthB in semi-micro
quantities by the carbonation of & methyl Grignsrd resgent. Aluogi theo-
rotical yields of o1k acetate were obtained sccording to the method of
Van Bruggen et al {56). The samples of tagged acetate were pooled, ag-
sayed for redicactivity, and diluted so that 1 zl. of the final sample

6

assayed approximately 1 x 10~ counts per minute as an infinitely thick

BeCOy semple, counted under a thin end-window tube.

B. Alloxan monohydrate

Alloxan monchydrate was twice recrystalliszed sccording to Speer et al
{(57), The method consists of dissolving the sample in & ninimel quantity
of hot water and then adding‘glaﬁial acetic acid in & ratio of one grem
of alloxan monohydrate te 10 ml. of acetic acid. This solution wes al-
lowed to cool in & refrigerator, and the crystals were harvested by
filtration through a gintered glass funnel., The erystals were washed
twice with ethyl ether and allowed to dry overnight over calcium chloride
and 20lid sodium hydroxide under vacuum. The twice recrystallized
alloxan monohydrate was colorless, very soluble in water, and decomposed

without melting at 170°%175° ¢.

Cs £lloxan~-Disbetic Rats

Healthy, virgin female rats of the Sprague~Dawley strain, weighing
spproximately 100 gms., were selected. Female rats were used because
this sex is more susceptible to the effects of alloxan than male rats

(58).
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1. Haintenance of Idabetic Rats

Alloxan diabetic rats are susceptible to various respiratory, as
well as gastro-intestinel diseases. Therefore, these rals were isolated
from the rat colony, housed in clean, standard wire cages, and placed in
specially vented boxes (59). An excess of Purine Laboratory Chow and
water was always meintained. The progress of the disease wes ¢hecked
periodically by the body weight and determinations oi the blocé and urine
suger levels.

2. Blood 3ugar

Tail bloed was obtained by warming the tail for one minute in warm
water, drying it thoroughly, and cutting the tip by a single stroke of a
seapel, Six to eight drops of blood were collected on & spot plate con-
tsining potessium oxalate crystals.

3. Urine Sﬁgar

The azlloxen-diabetic rats were placed in steinless stesl metsbolism
cazes and & twenty-four hour urine sample collected under toluene. The
total urine output was diluted to one liter. & 1 ml, aliquot was diluted
again to 100 ml., and 1 or 2 ml. samples from this dilution werc taken
for analysis.

L. Sugar Determination

The determinations of blood and urine sugar samples were made accord-
ing to Somogyi and Nelson (60=63) on a Model 1 Spectrophotometer.

5. Carbon dioxide

The totel collection of 602 {in Ha¥) of each experiment was transe
ferred with washing intc a 500 ml. volumetric flask and diluted to the
maerk., Duplicate samples of aliquots were titrated to the phenolphthalein

end point for the totsal GDE determination.
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Milliequivalents of GO, in the samples were calculated from the fol=-
lowing reactions:
2 NeOH+C0p wmemes NepCO3+HgO
NagCO3 +HCL . .. KaHCOy +NeCl
The radiosctivity of the COp was ealculated from the sctivity of a
BsG0g plate (infinite thickness) prepared from one~half to one ml, alie

guots and & sufficient amount (C.75 millimole) of inert NayCOj.

D, Apperatus and Technigue for Wet Combustion of Fatly &cids and
Cholesterol (56a)

The combustion apparatus consists of five components: an oxidation
flusk with oxident reservoir, a delivery or asdapter tube, an sbsorptlon
flask, a mercury manometer, and an eveporation sleeve. A& constant tem-
perature bath maintained at 160° . was used to heat the oxidation flask
during the combustion period. Fisher Compeny's Bath Wax was a satisfac-
tory bath fluid at this temperature.

The reagents required for oxidation are:

1. Van Slyke~'oleh wet oxidation mixture without potassium iodate
2. Stendard COp-free NaOM 0.5 N

3. Standard HCl, about 0.2 N

L. Standard NenCO3, sbout 0.75 N

The glass to glass joints of chemically clesn and thoroughly dry
slass equipment were lightly lubricated with Dow-Corning Hizh=Vacuum
Silicone Lubricant.

Aliquots of cholesterol solutions, containing about 10 ms. of choles-
terol, were pipetted directly into the bulbs of the oxidation flesks. The

evaporation sleeves were attasched, and the slecohol was driven off {rom the
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samples with an alr stream, Yhen cholestercl residues were dry, acetone
was sdded to each flssk to concentrate the cholesterol in the botiom of
the flask for combustion.

The weighed fatbty scid ssmile was warmed end mixed well with a spat-

3.5

ula. 10 aws. fatty ecid samples of esch tissue were weipghed accurately
in poreelain boats and transferred careiully into the bulbs of the oxida-
tion flasks,

%With a bent-tip pipette, 5 ml. of Van Slykeelolch resgent were care~
fully introduced into the oxident reservoir of the oxidation flasks

)

wls of ﬂ%gnzra@ FaOH

N

eontaining cholestercel or fatty scid ssmples.
were pipetted into the absorption flasks. The oxidation [lask, the
absorption {lask, and the menometer were fitted to the adapter., This
apperatus was then secured to the stand. The system was evacuated to
20 m.m. of mercury, and the stopcocks were closed, #ny air lesk was
detectad by changing manomster resdings.

The oxidetion {lesk wes rotated 180 deprees to empty the contents
of the oxident reservoir into the bulb of the oxidation flsek. Fifteen
ainutes were sllowed {or the indtial reaction to subside, then the bulb
of the oxidation flask wee immersed in the 150° vath. The sbsorber flask
was cooled in an ice bath during the oxidation end cooling period. Fif-
teen minutes were allowed to oxidize each sample. If no leakape had
oneurred, the manometer reading returned to 20-30 m.m. of mercury at the
completion of the oxidation. Allowing ten minutes for cooling, the air
wes admltted slowly from the stopcock, and the ebsorber {lask was removed.
The conteais of the absorber flask were titrated with 0.2 ¥ stendard BC1

to a2 definite phenol phthalein pink. &fter titration, the solubtion was
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made alksline with 3 ml. of 0.5 K ¥aON and then transferred to a LO ml.
heavy walled, round battom.tube.

0.75 i or more of GO% will produce an infinite thickness plate,
20 mg/em®. If the titretion velue is less than 0.75 w' of C0p, & quen-

tity of standard Ha2803 is added to produce a plate of infinite thickness.

E. Preparation of BaSOB FPlate
3803 plates were prepared sccording to Hutchens et al (56b}. The
entire alkaline carbonate solution from combustion was used for the 3&603
plates. Aliquots of HaaﬁuﬁaQCOg solutions from the respirestion trein
were also pleted. The apparatus required is as follows:
1. Internationsl centrifuge with 250 ml. trunion cups
2. Dural plating eup assembly and an adapter
3. Aluminum plates (1. inches in dismeter)
L. Filter paper (1! inches in dismeter)
The following reagents are required:
1. 0.5 W BaClp in 0.k ¥ 1H0L
2. Alcohol-ether mixture 3:1
To the alkaline cerbonate solution, containing sbout 0.75 my of
C0p, threes or four drops of phenolphthelein indicator was added, The
tubes containing this mixture were covered with rubber vial csps to pree
vent (0 contemination. They were heated to L5-550 0. in & water bath.
To this was added 5 ml, of Eaclznﬁﬁhﬂl mixture forcefully from a hypoder—
mle syringe fitted with a needle. The precipitated semples were allowed
to remain at L5° C. for ten minutes. They were then centrifuged for a

period of ten minutes ot about 2,500 TsPeila 3 the supernatant fluid was



20

aspirated; the precipitate was then washed in water and resuspended in 3¢}
alcohol~ether, aspirated, end ground to & smooth paste, This paste was
transferred by repeated washings with alcohol-ether to the precipitation
cups containing weighed aluminun plates and centrifuged. Semiw-dry plates
S0 prepared were again centrifuged for en hour. This length of time was
sufficient to dry Baaﬁg firmly onto the plates. They were further dried

in air to constant weights.

Fo Counting and Caleulstion of Hesults

The method and calculations used in this thesis have been previously
described (él).

411 semples were combusted and plated in duplicate. The plate
weight was meintained in excess of 20 mgs. of 36003 per square centimetar.
At this weight, because of self sbsorption phenomena, the observable active
ity was contributed only by the top 20 mgs. per cm? layer of Bal(y plate.
Since the diameter of the plate used in this work was five sguare centi-
meters, this layer weighed 100 ngs.

The "infinite thickneas” sample on the aluminum plate wes placed
2 mm. under a 3¥ tube and counted. The counts were reported in terms of
unit time. I standerd gas flow counter was used when the radicactivity
of the sample was low, The efficiency af the two counters was ewpirically
determined (6hL).

The definition of terms and the method of caleuletions used in this

thesis are as follows:
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IIT,

Iv.

Ve

Activity of top layer = total c.p.m. per plete less backjround

Dalinlle

Cobente/mg. HaClUy m oot &Df top 1
20 m@*»fo x area %]

sstivity of top lesyer
100

Total plate count m cePeme/mge 2e(0y X Whe BaGOy (mzs)

3pecific setivity of substance studied =

fotel plate count ® Gepetie/mg. Substance
nZ. of substance combusted

Capems of radicsctivity incorporsted in substence
= CePeie/Mys. Substanss x mg. substance isolated
2 CePele/mz. X total substanse

Per cent incorporation into substance

® Cepeme/my, x total substance x 100
ﬁ.y.m. acetate injected




Figure I,

The metabolism assembly consists of a soda lime tower (A) from
which COg=free air is drawn through & "C¥ clamp Flowrator (B) into a
polystyrene metabelism chember (C) through two inlets. Air containing
Clhﬂg is led out of the metabolism chamber (C) through an outlet into
& Hp0 trap bottle (D) into & specially constructed Geiger-liueller tube
assembly (2). Another flow meter (F) is also commected into the system.
Fractional COp absorbers (1) containing 20 ml. each of 1 I NaOH solu=
tion ere connected into the circult with two three-way "T" shape stop
cocks. These absorbers are used singly and one can be by-passed by the
use of water or dilute scid instead of NaOH. The residual COp is col-
lected in enother absorber (H) containing 200 ml. 1 § NaO# solutioen.

4 Certesian Hanostat (1), & vacuum regulating device, 18 inserted
ahead of a water pumc to meintain a constant flow of air through the
system. The Herkeley Decimel Scaler {J) registers the total counﬁs.
An electric timer (K) records the running time. The Berkeley Counting
Rate Computer (L) and the msterline»&ngus recorder (/) indicate and

continuously record the relative specific activity of the respired

ﬂ%g.
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G. Deteils of a Typleal Uxperinment

1. Injection of andmal

An alloxan-disbetic rat was injected intraperitoneally with one ml.
of acetate-l-nll with radioactivity of 1 x 106 CePems The injected rat
was immediately placed in the metabolism chamber. The rate of air flow
through the chamber wae adjusted to ten liters per hours,

2. Helabollism

The collection of respiratory COp was begun within a few sSeconds
after the animal was placed in the chamber. After one to gix hours, the
rat was removed from the metebolism chamber and chloreformed. The lightly
ansesthesized rat was quickly killsd by decapltation.

3» KOH Digestion of the Tissues

Liver, central nervous system (brain and spinal cord), skin, and the
pastrointestinal tract were quickly dissected {rom the carcsss., The
liver and the central nervous systew tissues were welghed on an analyti~
cal balance, transferred into {lasiks containing 100 mi. of freshly pre~
pared 25% alcoholic KOH solution, snd digestion was started, Sikin,
caresss, and gut were weighed and transferred respectively into 300, 3@9;
and 200 ml. of sleoholic KOY.

After four hours of KOM digestion under reflux, the {lasks were dis~
connected from the assembly; and the contents sllowed to cool. Since
carcess and gut flasks usuelly contained solid residues, they were decanted
carefully, The solid residues were washed successively with aleohol,
water, and petroleum ether; washings were combined with the EOW solutions;
ard residues were discarded. The flasks containing clear X0W digest were

evaporated under air stream on a steam table to ome half their oripinal
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volume. Enough water was then mdded to each flask to restore the volume
of digest to the originsl mark,

L. Extraction of Unsaponifisble Fraction

KON digests of skin, carcass and gut fractions were extracted suce
cessively with 40O, 300, 200, and 100 ml. of petroleum ether (b.p. 30-60°C.).
Similarly, liver and central nervous system were extracted with 300, 200,
100, and 100 ml. of petroleum ether. The pooled petroleum ether extracts
of each {issue fraction were washed twice with 100 ml: of 1 ¥ XOH and twice
with 5C ml. of water. The washings were combined with the aqueous ra&idueaA
of the ?espectivé tlssue digests. |

Petrolewn ether {ructions were dried over anhydrous sodium sulphate
overnight, filtered, and distilled cautiously to almeost dryness., The final
trace of solvent wes driven off with the aid of an air stresm. The cho-
lesterol residues in the flasks were successively extracted five times
with 95% aleﬂhol.. Lach extract was heated to boiling, cooled, and f£ile
tered into a volumetric flask. The cholesterol content 6£ ‘the samples was
determined &s follows: Aliquots, as well as standerd cholesterol solu-
tions, in 15 ml. centrifuge tubes, were evaporated 1o dryness in s water
bath, then transferred to a 110° C. oven for an hour. W¥hile hot, these
samples were dissolved in 2 ml. of glaclal acetic seid. These were then
cooled, Tolor was developed with Liebermsnn-Durchard reagent &t 25,00 Coy
and the density determined with a lodel 1l Coleman Spectrophotometer.
The accurscy of the method (modified Sperry-Schoenheimer) used in this
laboratory vas previously reported (65).

5. The Bxtraction of Saponifisble Fraction

EOH and water washes were combined with the water phagse and acidified

to Congo red with concentrated HO1, cooled, and extracted four times with
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- petroleum ether. The volumes of solvent used were the same &8 the volumes
used in the cholesterol extractions. =Ether extracis were washed succes-
‘sively three times with SO ml. of water, dried over anhydrous sodium sul~
phate, filterel, and distilled. The last &éaca of petroleum ether was
hlown off under an sir sitream. The fatbty acid residues left in the
flasks were dissolved in hot acetone, cooled, and trensferred to tared
flasks by filtration in five successive extractions. The acetone in the

- tered flasks was driven off at 75° C. to complete dryness. The fatty acid
residue was transferred to & vacuum dessicator and dried to constant

weight.
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III. EXPERINENTAL RESULTS AND DISCUSSIONS

In this thesis diabetic animels showing constant hyperglycemis of
more than LU0 milligrams of glucose per 100 milligroms of blood were used.
Several blood and urine suger determinations were made prior to the exper-
iments, Table I shows the history of the disbetic enimals useds The
glucose levels are the values determined at the time of sacrifice. None
festing plucose valnes of the fasted diabetle ruats were obtained just
prior to fasting. Blood sugar valves ranged between 435 milligrem per
cent to 683 milligram per cent. Urine sugor values represent the amount
of glucose excreted in the urine over a 24 hour period, The values of
urine glucose have & renge of L6 greme to 10.5 grams per 2L hours,

Nonfasted dishetic animals wers used from one to seven and &-hslf
months after alloxan treatment, and fasted diszbetic animals»ware used
from nine to eleven months after zlloxan iﬁjeetion.

The weights of the diabetic animals used had & spread of 1Ll grems
to 198 grams at the time of the experiments.

Control rats used in this thesis conaisted of sleven adult male rats
of the 3prague~lawley strein of the University of Oregon Medical School
colony. FEight of these rats were used one hour after the last feeding,
and three were used without exact control gver fasting. The everage body
weight of these control rats was 216 grams. These animsls were used as
controls in experiments in which & control fa@ding regime wus not used,

Table II lists the weights of the tissues, and the isolated fatty
acid end cholesterol fractions of the five tissues of the diasbetic
animals., Table III shows the corresponding weights of the tissues and
the lipid contents of the control snimels. The animels listed as pairs

{ie., 25, 26) represent the sctual pooling of tissues of two animals prior
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HISTORY OF ANIMALS FRIOR to
CH4C-400Na INJECTION

ionfasting Disbetic bninels
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Aninal Body Durstion of Blood Urine
No. Weight Diabetes Sugar Sugar
Ge ilonths g, % Gm. /2l hr,
14D 155 ) § 783 L.6
3 AD 186 2.5 L7k 10.5
L AD 153 2.5 L35 8.l
5 AD 148 L0 642 7.0
1 DR 1k 7.5 550 L.8
18 hr. Fasting Diebetic Animals
Animal Body Duration of Blood Fasting Urine
No, Leight Disbetes Sugur Blood Suzar
Gime lionths Yg. & Sugar Gue/2L b,
3om 170 9 520 250 9
L DR 196 9 Lo 2h6 9
5 DR 1he 11 Li1 380 11




TABLE II

TISSUE WEIOHTS AND WEIGHTS of FATTY ACID AND

CHOLESTEROL FRACTIONS OF DIABETIC RATS
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Infasted
Bisbetic Bralin and
Animal Spinal cord Liver Ekin Carcass Gut
Tissue -ﬁ.tro, FHe 2'11 8-36 15-5 ?200 h9.5
1 AD Fattg'écid, MZa 129.3 208, 253.7 1207,7 027
Cho:.aataral, DE e 51.5 15-0 8{)’5 12119 65.0
Tissue %ttl’ 24110 1091 8015 23-5 72'5 29;6
3 AD  Fetty keid, mg. 139.0 268L.9 2658, 3508, 658,
Cholesterol, mg. Li.8 10.5 h6.5 107, 5.0
Tissue Wt., gm. 2.08 7.95 19.5  83.5 32.5
l& AD Fatty fiﬁid, (17 12&0-5 231&-& 13860}4 1:,133&. ?SOQ
Chﬂl&ater’o},, T » hgts 17'2}\ ?1 oi& 66;9 11101
Tissue ??tm’ e 2.&9 ﬁ.?ﬂ 20.0 69:5 hgog
5 AU Patty Aeid, mg. 9643 25449 L10.6 66847 62,7
Cholesterol, mg. k1.5 Foi  108.0 £2.0 75.9
Tissue ‘{itq, Bille 1.9{1 ?-86 18-8 65.5 26»7
1R Fatty Ledd, mg. 1.l 259,2 L483.0 1913, &10,7
Cholesterol, mg. he.s 16.9 oL.0  120.6 £9.8
18 hr.
Fasted
Mebetic Brain and
Animal Spinal cord ILiver Skin Carcass Gut
Tisgna ?ftu, M 2-{}0 9.59 25’;;{:‘ 92'3 2&03
3 DR Fatty Acid, mg. 109.1 276,2 6h3.2 1356, 330.4
Cholesterol, mg. 52.3 27.3 . 185, 63.
Tissue Wt,, om. 2.28 9.33 33.2 110.0 2040
L pr Fatty Acid, mg. 161.0 355.6 217k, 2788, 379.6
Cholesterel, ng. 63, 2L.8  10%, 185, 36.
Tissue ?&:to, Zie 1095’ 61:32.% 2555 7g¢l&, .0
5 DR Fatty fecid, mg. 102.8 268.9 901.1 172k, 200.8
L6k 19.2 107.5 137.5 53.5

Cholesterol, mg.




TABLE III

TISSUE WEIGHTS and WEIGHTS of FATTY ACID and
CHOLESTEROL FRACTIONS of CONTROL RATS
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Auimal

g X i %
Brain end

YNo. Spinal Cord Liver Skin Carcass Jut
Tissue lte, goe L.ho 18,9 63.0 250 83.6
2%, 26 Tatty Aeid, mz. 228,7 539. 2884, 6115 165€.
Chelesterol, mg. 6043 32.5.  277. 274 105,
Tissue Whe, gme «5h 6.4 55.3 229 63.5
27 3 28 Fatty f&Cid, T 19’5 o7 h394 21;1{30 . 5505? 1017.
Cholesterol, mg. 9843 9.5 225, 261 106,
Tissue to, {31 2;-1”3 2616 70‘& 270 8?05
31, 32 Fatty Acid, mg. 157.2 361, 6076, 9936  1868.
Cholesterol, mge. L5.1 25,5 250, 351 133,
Tissus Wt. y Eile }.i. 016 2@&3 éBnE; 232 52 )
33, 3k  Fatty seid, ¥a. 178.6 367 5529, 9731 1989,
Chole St@mlg e 23- 2 23 - 2 231} * 30’2} ?O »
Tissue Wh., gn. 1.87 Te9 19.9 13k 16.0
" 3 Fﬂtt? Fﬁid’ T 179 o3 251-' 26&6» 6&66 S??.
Cholesterol, mg. 3945 16.2 78, 139 3L.6
Tissue Vi. » Eile 1:95 f? of‘\' ? ® 5’ 13‘? 23&3
ML Fatty Acid, mg. 107.8 325, 6077, 10116 1822,
Cholesterol, mz. 38.3 22.0 126, 137 3%9.0
Tissue Wt., gm. 2.28 11.8 h3.0 156 26k
N6 Fatty Peid, mg. 95.0 332, Locs. 6605 826,
ah@l@ﬁmr’(}l, D e 329 2 2,‘;0{‘, }.G @ 1?3 550




TABLE IV

MILLIGRALS FATTY ACIDS RECOVERED FER GRAM TISSUE
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Brain and
Spinel Cord Liver Sicin Carcass Gutb
Diabetic
Unfasted (5) 63.9 32,2 L.k 30,9 19.6
Diabetic
18 hr. fasted (3) 59.9 3300 }4202 21.0 1&»6‘
Control {11) hB.B 2&09 8&.5 3806 2?'5
MILLIGRALS CHOLESTERCL RICOVERED FER QRAL TISSUS
Tisbetic
Unfasted (5) 22.9 1.7 L.2 1.3 PG
Diabetie
18 hr. fasted (3) 25.9 2.6 Lok 1.8 2.3
3.9 1.2 1.7

Control {11) 1h.2 38
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to the alecholic KOH digestion. The date of these animels have been pre-
viously presented (64,67} and were included here because of this writer's
participation in these experiments. The date clearly demonstrete the
wlde veriations that exist among the sizes of the lipid compartments of
different animals. Since the age of the animals differed at the time of
their use, one is tempted to correlate the age with the chanve in the
lipid contents. The data, however, show variation of the tissue weights
and the lipid contents and show no trend or smooth progression of these
changes with advancing age. Thus, such correlation is difficult to make.
Ir general, tissue weights correlate with the size of the snimals, and
the lipid weights are related to the corresponding tissue weights; there-
fore, the lipid weights were expressed &3 unit weights (milligran/gram)
of the tissue to normelize the values. In Teble IV the concentrations of
lipids are expressed as milligraw/gram, and these figures represent the
average values of the animals comprising each group.

The weights of the brains and the spinal cords of the animals were
relatively constant. Since the lipid content of the central nervous BYS=
tem is high, the brain and the spinal cord fatty acid concentration is
higher than that of most other tissues. The relative constancy of the
lipid contents of the central nervous system of the snimal is an expected
finding since these lipids are derived from the essential 1ipid of the
organ. The slight incresse of lipid contents in the diabetic rats is
probably related to the tissue dehydration in these animals.

The lipid concentration of the liver tissue represents both "essen-
tial 1ipid" and lipid which is being transported to the metabolic mille

of the animal body. The role of liver in accumulating the depot lipid
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tissues iz well known., The liver is an active site of the degradetion of
fatty scids to C, and €), fregments, and it is an equally active site of
the synthesis of new fatty acids from these fregments. In the diavetic
state in which the utilization of fat is increased, the increased lipid
contents of the liver tissue is an expected finding, but the increasse
shown is not remarkable.

Normally, the lipid contents of the skin and the carcass represent
the msjor part of the depot lipid of the rat. The wide variations shown
in these tissues in the diabetié retes are undoubtedly the reflections of
" the changes in the depot lipids.,

The values of the skin fatty scid concentrations probably represent
the amount of subcuteneous fat in the animsls. The decressed concentrs~
tions of the fatty acids in the skin, the cercass, and the gut of the
diabetic animsls as compared to the controls are significant findings.
Decrease in fatty acid concentrations in the tissues, in part, represents
the defect in fatty acid synthesis in the alloxanediabetic rats. The gut
and carcess fatty scid stores are subjected to rapid depletion in the nor-
ﬁal fasted animals (18). The similar changes in fatty acid stores in
these tissues in the fasted diabetic animals are shown in Tables II and
IV,

Cholesterol concentrations of the disbetic and the control groups
varied less than the corresponding concentrations of fatty scids in the
tissues. The comparison of uﬁfasted control and diabetic rats reveals
apparent differences in the concentrations between the two groups. Since
vthe state of hydration of the disbetic animals varied congiderably from
that of the control rats, the increesse may not be real, 4 state of dehy-

dration was probably present in all severely disbetic animsls even though
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water was constantly provided. Hotta and Chaikoff (LBa) concluded that
cholesterol synthesis was grossly elevated in the livers of slloxan diae-
betic rats. If cholesterol synthesis is zrossly elevated in diabetie
rats, a greater accumulation of cholesterol in the tissues of chronically
disbetic rats should be an expected finding. The absence of accumulation
of tissue cholestercl in the chroniecally disbetic rats, as shown in Tsble
IV, casts doubts upon the conclusions of Hotte and Chaikoff.

The sizes of the rats determine partly the lipid contents of the
tissues analyzed. The amount of lipid in the tissue, in turn, influences
the specific activities of the isolated lipid. The specific ectivities
of fatty acids and cholesterol fractions were not presented for the fol-
lowing reasons: The weights of the control rets were hesvier, tracer
doses used in the experiment differed in amount, and the counters used in
the lsotope assays varied in sensitivity. Fer cent of incorporation is
calculated from the specific activities of lipids, the total smount of
lipid present in the tissue, and the amount of tracer dose injected into
the animal, and thus compensates for certein variables. The method used
was previously discussed (6k).

Tables V and VI contain date on the per cent incorporation of the
tracer dose of aeetate»lmalﬁ into the lipids of five tissues. The uni-
formly low per cent of incorporation of label into the lipids'af the
brain and the spinal cord is due to faectors peculiar to this tissue. The
"turnover® of btrain lipid is rapid in the young animal, but the rate
drops to a very low value in the adult. Low "turnover® of the brain
lipids does not permit the lsbel to enter appreciably inte the lipid
frection in the short period allowed for these experiments. iuch of the

activity found in these lipids may be contributed by the blood lipids.
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TABLE V

¢l INCORPORATED INTO FATTY ACID and
CHOLESTEROL FRACTIONS of DIABETIC RATS

infasted lLisbetic Rats

Fer Cent Incorporation

Anmimal Brain and

Ho, Spinal Cord Liver Skin Carcass dat

1 AD Fatty Acids 0.02h 0.284 0,118 0.32} 0.138
Cholesterol 000k 0.384 0.038 0.200 0,343

3 AD Yattr Acids 0043 0.L477  0.L33 0.382  0.202
Cholesterol 0,007 0345 0,058 0.21} 0.062

L &D Fatty Acids 0.035 0,168 0.270  0.459 2.07
fholesterol 0.008 0.35 0,061 0.087 0.028

S KD Fatty icids 0.023 0.091 0.179 0.087 2,89
Cholesterol 0.0001 0.058 0,050 0,020 0.266

1 DR Fatty Acids 0.033 0.088 G.189 0.32 1.40
Cholesterocl 0.03h 0.07h 0.106 0.156 C.hi85

18 hr. Fasted Diabetic Rats
Yer Cent Incorporetion
Animal, Brain and

Yo Zrinal Cord Liver 3kin Gareess Jut

3 DR F&tajf helds 0,021 0,112 Qa?lh 3.22? 1&31
tholesterol 0,004 0,137  0.081 0.177 0.275

L DR Fatty Acids C.018 0.260 O.k22 0,286  0.898
Cholasterol 00056 U.153 0,108 0,210 0. 200

€ DR Fatty Zcids 0.053 0.132 0452 0,326 0,818

Cholesterol 4] .Oﬂh O n(}&j O 171 4] 0181 0. 358




oM TNCORFORATION IKTO FATTY ACID and
CHOLESTEROL FRACTIONS of CONTROL RATS

TABLE VI

Fer Cent Incorporation

Animal Braln and
Noe Spinal Cord fiver Skin Carcass (Gut
25, 26  Fatty icids 0.008 Lobiy 0.53 1.90 1,68
Cholesterol 0.002 0.2L 0.03 3,07 0.02
27, 28 Fatty feids 0.008 0.92 G.32 1.55 0,10
Cholesterol 0.001 0.11 0.0 0.08 0,21
31, 32 Fatty Acids 0.013 1.61 . 0.99 1.89  2.53
Cholesterol 0.004 0.37 0.11 0.3 04L&
33, 3’4 F&tty keids 00{31? 1-08 0.2&{} . 1.85 15?0
{:ho}.ﬁgt@r@l 005.}03 0032 (}00? Oolb 0-1’.{
N3 Fatty Lecids G017 013 0.L0 1.42 1.26
Ohﬂlsswral 0 eO@B Q.10 .10 020 g 02?
Nk Fatty Acids .02 0.20 0.81 2.15 1.42
Cholesterol 0.026 8.1% 0.21 0.24 0.25
N é Fatty Aeids 0.016 0.18 0.50 1.82 1.13
Cholestereol 0,003 0.12 (.19 027 .31




FER CERT OF RADICACTIVITY INCORFORATED

TABLE VII

INTO FATTY ACIDS end CHOLESTEROL

Fatty fcids
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HNo. of Brain and
Animals Rats Spinal Cord idver Skin Cercass gut
infasted
Disbetic 5 0.03 0.22 0.24 0.31 1.34
18 hr. fasted
Diabetic 3 0,03 0«17 0.36 0.28 1.01
C'Dnt-ral 11 chl 0-79 Q.sf;() 1.&0 10&!-3
Cholesterol
Fo. of Brain and {
Animals Rats Spinal Cord Liver Skin Carcass Gub
Infested
18 hr. fasted
Risbetic 3 0.01 017 0.12 0.l19 0,28
Control 11 0.01 0.20 0.09 0.19 0.24
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Thé couplete removal of'bleod and interstitial fluids from the tissues was
not practical. Therefore, the small differences found to exist among the
tissues were not significént.

The date shown in Table V exhibit the ususl wide varlations of per
cent of incorporation. These data and the data in Table VI were collected
before the trained feeding progrem was instituted in this lsboratory. Since
these data were obtained, Van Bruggen et al (68) and Hutchens et al (18)
have shown thet in normal intact rats lipogenesis is dependent upon simul-
taneous glycolysis or upon simultaneous "feeding®., Some of the variations
saen in Tsebles V end VI mey be due to unequal feeding. The disbetic ani-
mals lose much of their ingested food es urinary glucose, a3 shown in
Table I. 0(reatly increased consumption of Iood and water in the diabetic
snimals made the feeding time prolonged mnd increesed the residuel food in
the gut of nonfasted diabetic sbove thet of the normal rats. For these
reasons, restrictions on the amount of food amd the time of eating were
congidered insdvisable. Table VII represents average values of per cent
incorporation of redioactivity into fatty ecids and cholesterol.

The disbhetic animels showed a uniformly decressed per cent incorpora-
tion of radiocactivity inte Iatty acid fractions of the liver, the skin,
and the carcass. Differences in the § incorporations of label into fatty
acids among fasted and nonfasted diabetic animals are slight. Defects in
carbohydrate metabolism in the diasbetic state mey diminish glycerol pro~
duetion. That glycerol may be & limiting factor in fatty acid synthesis
is suggested by the report (69) of Balmain's group on fatty acid synthesis
in the mammary gland.

The findings of high lipogenesis in the gul tissue is not easily

explainable. This high lipogenic activity of gut in the intect normsl rat
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was previously described by this laboratory (68). In the unfasted disbetie
animals, the gut tissues are &bout six times more active than the liver.
The decrease of fatty scid synthesis in the fested diabetic gut is less
than in the fasted normal rats., This difference is either due to the in-
creased mass of active gut tissue for lipovcnesis or the increased active
ity of the tissues in the diasbetic state. Tables IT and ITI show that
the welights of gut tissues are relatively heavier in the diabetic than in
the normal. Since other tissues are less active in fatty acid synthesis
in the diabetic animsls, it is possible that diversion of aaetate~l~ﬁ1h
to the gut is responsible for the high synthesis of fatty ecids in the
sut of the disbetic animals.

The factor which must also be considered st this point is that in
this laboratory all injections of the tracer substances were msde intra-
peritoneally. It is possible, then, to expose the gut tissues prederens
tially to higher concentrations of the tracer substances. The work of
Claycomb (6) showed that the metabolism of acetate normslly occurs rapid-
ly. 'The T4 of the utilization of injected acetate was estimated by
Hutchens (70) to be less than 7 minutes. It is possible, therefore, that
the per cent incorporation of the tissues may be infiuenced by the local
concentration factor. Hotte and Chaikoff, who obtained high specific
sctivity in the lipld fraction of the liver by a slice technique, sube
Jected the liver tissues to & high tracer dose. Bredy and Jurin (28),
using & slice technique, found that in the alloxen-disbetic liver the
gynthesis of fatty~acids from acetate was greatly reduced, but‘the Byt
thesis of cholesterol was only slightly decreased from the normal. In
this thesis the per cent of incorporation of label into cholesterol

fractions of all tissues of the intact disbetic rats is essentially equal
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to the control normal rats, as shown in the data of Table VII. This find-
ing of lipogenesis in the intact slloxan-diabetic rats essentially confirms
the reports of Brady and Gurin, but the findings presented here are the

first such demonstration in intsct animals.

CARBON DICXIDE

When sodium acetate-Cl! is injected into an animel it is rapidly
mixed with the endogenous acetate of the animal body. 4 small emount of
this acetate is incorporated into lipids, carbohydretes, proteins, and
their precursors. The greater portion, however, is rapidly oxidized and
eliminated as respiratory COp. The amount of carbon dioxide produced in
unit time, its specific activity, and the per cent incorporetion of label
should yleld information on the fate of the injected acetate.

According to Gould (66) 868 of injected clhogcetate is eliminated in
a rat as COy in four hours, Table VIII shows millimols of carbon dioxide
formed, specific asctivity, and per cent of incorporation of label into
the carbon dioxide eliminated by 18 hour fasted diasbetic rats and normal
rets, The CO, collection apparatus described previously on page 22 was
developed by our group during the time this thesis work wzs done. Some
of the COp, data were obtained with an inferior equipment. These data
were, therefore, considered less reliable. Only the dsta ¢ollected from
the new equipment are presented in Table VIII, &nd no attempt is made to
compare the 302 data from the two groups. The result obtained from the
digbetic rats in this laboratory agrees with Gould's work cited #bove.
There appears to be no major defect in the diabetic rat in oxidizing ace-

tate.



TABLE VIII

DATA ON RESFIRATORY CARBOI DIOXIDE
OF 18 HOUR FASTED DIABLTIC RATS

Dose injected: 1.18 x 10° n.p.u.

Lo

Animals 3 pR* L DH 5 DR
Total COp mil 40.93 1.6 5C.2
GOy mif per hr. 10.23 1G4 8.4
Specific activity 5.5 x 103 5.2 x 103 b5 x 103
% Incorporation 86.9% 9.3 Bl 3%
DATA O RESPIRATORY CARBON DIUXIDR
OF WORMAL UNFASTED RATS
Dose injected:s 2.2 x 106 CaPolfe
inimsls N 3% Nk NS
Total CCp ml 53.2 Shoky 65.0
COs» wil per hu. | 13.2 13.6 13.0
Specific lotivity 1.6 x 10k 1.} x 0k 1.5 = 10k
% incorporation 93.5% g2.0¥ 95,04

* .
DR, Diabetic rat with respiratory ©0, data.
7N, Normsl rat with respiretory COp data.
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Incorporation of Glh of acetate 1-clh into fatty acid and choleaterol
fractions of the brain and spinal cord, liver, skin, carcass, and
the gut of intact diabetic and normal rats was studied.

A defect of fatty acid synthesis in the alloxan~diabetic rat was
confirmed,

lormal fatty acid formation was noted in ths gut of alloxan~diabetic
rats.

Gholesteral synthesis in the tlssues of the zlloxan-disbetic rat was
not appreciably different from thaet of the normal ret.

Fatty acid stores of all the tissues of éllaxan—diabeﬁic rats, except
the liver, were reduced. The liver contained slightly more fatty
acids than the normal.

Cholestercl stores of the alloxan-disbetic ret were essentially equal
to those of the normel rat,

The alloxan-disbetic rats showed no major defect in oxidation af‘

acetate.
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