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INI'RODUCTION

"The theory that there 1s an ultimate truth, although very
generally held by mankind, doss not semm ussful.to sclence except in
the ssnse of a horizon toward which we mey proceed, rather tham a point
Wh&.eﬁ nay be reached,”

(ilbert Lewis
The Anstomy of Science, 1926, (LG

This thesis iz concerned both with certain basic problems of
lipid metebolimm and alse with the spplication of basic Imewledge to
the better understanding of two disaasea. disbetes mellitus and abheros
selerosis. The Pleld of lipid meta:bol‘im is in a phage of dwelcmentg
in which new information iz bedng supplied very rapidly so that oom.
prehension and application of this field alonme iz 2 formidable uvnder-
taking. An extension of the basle findlngs on lipid metobolism o two |
poorly understood clinleal conditiens is done with the realismation that
only a small beginmning can be made on two of the grest problsms that
fage nedicel science.

It is understandsble that the amount of work done in studying
the clinieal aspect of s disease hos been proporticnal to the impor.
tance of the disease to mankind., The condition of diabetes mellitus
has been known for several centurdes, Until 17838 when Cowley pube
lished a paper in the london Medical Journsl relating the condition to
the pancreas, the diseass had only been desoribed (12 with ne sttempt
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at explaining its cause., However, at that time Cowley did not offer
any experimental proof for his finding.

While work progressed on the relationship of the disease to
specific tissues, some of the concomitant metabolic alterations of
disbetes were also extensively reported on. Towards the middle of the
19th century the ketone bodies, acetone, ascetozcetic aclid and B.
hy&ma;y butyrie acid were found in the urine of disbeties and cone
sldered with great interest. The work of Magnus Levy and others as
early as 1901 pointed to the fatty acids as the main precursors of the
ketone bodies. Later it was shown that certain amino acids could also
be converted to ketone bodies (11). In nomel animals the ketone
- bodies were found to accumlate to only a slight extent, i.e. the
normal human being has only small amounts in the circulation. Until
the relatively recent experiments of Banting and Best, that permitted
the isolation of insulin from the islets of Langerhans of the pancress,
the dlsease could enly very inadequately be trested by special diets.

As with the early history of diabetes, there is evidence of
atherosclerotic lesions in the arterles of Igyptisn mummies, and
lesions of thls lind were discussed in early medieal writings. It is
obvicusly impractical and beyond the scope of this thasia to deseribe
in any detail all the ramifications of the two diseases or to present
an evaluation of the economic importance of them, however interesting
these may bhe.

In the voluminous literature on factors which predispose to
atherosclerosis we find a common, although ss yet cbsoure, link be-
tween both athernsclerosis and diabetes. If only one looks deeply
into the problem of disbetes and sttempts to loealize the disease at
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the molecular level, or to "sites” in intermediary metabolism, it will
be seen that of the many steps that show alterstions, several cccur
in the field of lipid metobolism. If the same detailed search is carried

out in the case of atherosclerosis, some of the alterations found are

also seen to be related to problems of lipid metsbolism. TYet another

cmmn link appears falrly certain: among the many factors conditioning
for the development of atherosclerosis (high blood pressure, diet,
poi.nta of arterial branching, ete) disbetes also appears as an impor-
tant predisposing state. |

The approach to the study of these diseases, through the use of
experimental animals has been made diffienlt because of certain pro-
blems inherent in the use of animals. Species of snimals yary in res-
ponse from one to the ether, and within one species also, tissues may
differ from one another in cmgittan and in metabolic mt&ﬁty. The
liver is consldered to be the primary organ for symthesis of struc-
tural and metabolic products and alsc for the catebolism of many sub.
stances. Mugcles are considered to be concerned mainly with energy
production. The elrculation of blood, so brillisntly described by
Andrea Cesalpine and later by Harvey, at the time when so feﬁr alds for
the study of physiology were yet knowm, until recently was considered
only as an elsborate and smasing distributing system. The role
played by the walls of the arteries as metabolizing systems, them-
selves sble to synthesize compounds and, inversely, to catabolize
others, has been minimiged until current years, There is literature
from only one decade ago (33) that cltes the inability of the vessel
wall to synthesize cholesterol. Sinece then, this statement has been
cisproved by various workers. The experimentsl work to follow will



Mlustrate the metabolic role of the acrta.

As was said before, the clinical aspects of diseazss have long
besn studied, tut the metabolic errors present have bean neglected
until these last years. In recent years, due lorgely to the nge of
radipactive lsbeled compounds mmd advenced ingtrumentation, nore
attention has been directed to this field., In genexral then, this
metabolic area will be the one to be considered in the experiments
. deseribed in this thesls.

The synthesis and oxddation ef cholesterol and fatty acids
have been well covered in review articles and in books by leading
investigators in the fleld.§0,63 ) We, therefore, present hers only
an owtline sequence of the reactions that are helleved to occur. This
is dome Yo ensble the reader to localisze within an overvhelmingly
large and complex scheme, the particular sequence under diseussion.

The relotionship of acetoscetate metsboliem to fabty aeld
metabolism is presented in the following schemes:

Tabty acld broskdown and enzymes inyplved:

R (CH,)n-GOCH
+ ATP + Cod
T Thitkinase
R CHge CHym CHpm gm CoA (anyl Cod)
TP Dehydrogenase
Re CHym CH=CHa ;g- CoA (‘-P unszturated aoyl Cod)
+ Ezﬁ - iia@ Enoyl-hydrase

fg,.eca3~ama,.zzaz-g~am (P.wﬁ,mzyaayls@w
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DPR \/ F-h;'drnxy acyl-dehydrogenase

R = CH, = CuCH, w C = CoA (P-keto acyl Col)
2 g 4 I F'
(4]
- Cod l F-.keta agyl thiolase
8 = (CHp)ne2 « CO-Cod + Clly = C - Cob

A IR A 0

3

TPH - Batyryl dehydrogenase
N
CH, « OH = CH - ﬁ « CoA (crotonyl CoA)

0

+ ﬁzﬁ - xze Crotonase

V : .
SHB - CHOH - &Hz - g - Col (P hydroxy bubyryl Cod)
oPN ' : F&-lmm butyryl dehydrogenzse

W
CHy ~ CO = CH, - ¢ - CoA (acstoacetyl Cod)

The acetyl CoA formed may undergo the following reactions.
0
2 CH ~CaCoh wmmammennd  20otoacetyl Colk + CoASH

and
acetyl CoA + Acetoacetyl GoA wemwwwm-w) sterol
Krebs
acetyl Col + oxalacetate s mosen ey ﬁcz + Hy0
eycle
Fabty acid Biogymthesis: Fatiy acids are synthesized by reactions
that are not the exact reverse of those of fatty acid breskdom. The
ou%lﬁne for febty acid synthesis shown 4in a preceding page has recently
been modified to & newly supgested sequence presented below. In these
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recently reported observations, malonyl CoA plays an importent semi-
catalytic role. The new scheme was discoversd by the observation that
mitochondrial enzyme systems required bicarbonate for fatty acid forme
ation. The final version ni‘ the malonyl scheme below is not completely

asbab’%ﬁmdx "
CHg = C = 8+Coh + HOO —wwwwen) HOOC = CHp « C - SeCok Halonyl Cod
0 COOH Qi COOH ¢ o< Carboxy
Cob==—0 332 s > 533 w C mew C wew G » CoAd B Hydroxy
* | | | Butyryl Cod
0~ 0 w 5-Cob H i
| GOOH O Unsaturated
caj Hgﬁﬂ{:“:f:mﬁwﬂﬁﬁam
‘ H Compound
GOOH Q
ﬁ:}ﬂ e g - {} DU 4 S %A oiﬂmm'
HE B Batyryl Cod
0
Butzryl Cod

It may well be the initial product of condensation of malonate
and acetate is not the ~{carboxy compound shown but is in reality the
decarboxylated form.

Cholesterol bigsynthesls: PEarly in the use of isotopes as tracers, it
wos learned thot smoll moleoules such as acetate and ethanol coulci be
incorporated into the cholesterel molecule by animel tissue. Although
sach of the severel steps below involved 2 major plece of work for
clarification, the reactions can be sumariged as followss

2 acetyl Col—— acetoacetyl Coh + Col

aseetyl Cod + &wa’ﬁomﬁyl CoA— B-lMe, B-OH, glubtaryl Cok
SHp %ﬁm Cok) |

. ~ 3
HiG - Col + 2 TPHH + m*r___umrz aeid + 2 TPN + Coh

mevalonic asid + ATP———— 5 phosphomevalonic acid + ALP

5 phosphemevalonic acid + m’w—*x 5 pyrophosphorylmevalonic.
acid + ADP



Vo
5 pmhma@hwylmmi;m_e’ ¢ MNPy (5 pympho;:pheryb}phospl‘m-
valonic

phosphomevalonic 2cid ww-wwws lsopentenyl pyrophosphate

Lsopentenyl PYTophosphat emmwe=adimethallylpyrophosphate

isopentenyl pyrophosphate + dimethallyl pyrophosphate we—wesonwd
geranol pyrophosphate

gersnol + isopentenyl pyrophosphate SARSR—— fﬁgml pyrophosphate

2 farnesol eee-e-» squalene |

squalene we-w--=p lanosterol

lanosterol~3CH, wwww-~ass cholesterol

Liggues Uged

Tn the previous studies done by this writer (52, liver slices,
sdductor miscle strips, mnd dlaphragm muscle ware used. These studies
then compared two ldnds of muscle; & complex, contimmally active
structure, the daphragm; snd & wmore homogenous preparstion, miscle
gtrips from the adductor muscle, which ere functionally relatively ine-
active in confined laborstory mmimsls. It was considered of interest
to inelude heart muscle slices with the tissues being sbadied because
of several uniogue properties of heart muscle. Cardiac msele is an
involuntary migele although it iz alsop striated, but, unlike skeletal
misele; it has central mucled snd the sppearance of & symeytium, Heart
muscle shows structures known as intercalated Jisks (Eberth lines)
which develop late in fetal 1ife and then increase in number, thelr
function not belng well understood; they may well be a separation of
seguents o act ap cellular units, since they stain like membranes and
- are sttached to the sarvolemma (53,1,60 ). Unlike voluntary muscle,
cardiac musele has abundant lymphatlo vessels in its @te}ﬁber
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connective tissus, It is the most active of the three kinds of
mugcle studied and it is unique in never ceadng its rhythmic con.
tractions from early embryonic life until death. The heart, considered
as specialized blood vessel, has the usual 3 layers of the vessel:
a) its internal cost or endocardium, b) the middle coat or myocardium,
¢) the external membrene or epicardium. The morphological character
istics of these coats point to the myocardium as responsible for most,
if not all, the metabolic reactions to be discussed. OF the three
miscles stucdied it is the one with the highest mitochondrial density(37)
(50« As compared to other maala tissue it is incapeble of performing
work under sn oxygen debt., To survive and perform work.it can utilize
carbohydrates and nonecarbohydrates from the arterial circulation.(s )
After a mesl rich in carbohydrotes these substances become the msin
source of energy for the myveardium while in the fasting state, or
after a fabty me2l, it drews principelly om the cirenlating fatty acids
(2s free fatty asclds) with a greater utilization of the saturated
rather than the wnssburated seids.(3 ).

The study of arteries ns organs having active metabolic processes
wag delayed partially due to a lack of relisble methods. However,
experiments indtiating such studies were begun in 1910 (73 with the
quantitative determinations of some components. Since then, interest
has ineressed and methodology has progressed rapidly so that more
dynamic studies have now been carried out, and good reviews on the
subject are becoming availsble (L5, Probably one stimulsting factor
in research on the aorbta is the reslization of the high place of athero-
sclerosis in the list of fatal diseases of man.,

In deseribing the morphology of the arteries we distinguish



three concentyic coats:

1) The turdea intima (innermost, 1.8, in contact with, the lumen of
the vessel).

2) The tuniea media (in the middle),

3) The twmica adventitia (outer layer or forthest from lumen).

The vessel relies on oxypen and other metabolites, obtained by diffusion

from the blood it is transporting, for its own netabolie needs, In -

those vesgels of more than 1 mn in diemeter, thickness of the wall

would be a limiting factor for- sccess of these compounds to the cuter

portions of the vessel wall. Nature has provided these larger vessels

vith their own circulatory system, these “vessels of vessels® known as

"yasa vasorun® are present in the adventitia end in approximetely the

outer half of the media.

0f the sortic tunica intima we shall mention its endothelial
polygonal cells lining the lumen, providing it with a asmeoth surface
adequate for helping to medntain the fluddity of the clreulating blood,
whilse, st the some time this cell layer offers tul small resisbtence
for diffusion of oxygen and mtrients from the blood to the metabolic
gites in the srterial wall, If the intima suffers s dameging reaction
and & lesion develops, 8s in stheroscleresis, & clrculatory network is
formed in the lesion as it incresses in size.

As was true in the case of heart miscle, it is probably the
media tissue thal is mostly responsible for the metabolic activity
that will be reported for sorta preperations. In the aorta the media
is the thickest of the three tunics and has a large amount of elastlc
and collagenous tissue with a few mscle cells. Oenerally, as arteries
progress further away from the heart the propertion of muscle cells
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increnses a5 compared to the content of elastic fibers. This change
in gelinlar compeosition is not ooncerned in the experiments of this
themls since the some segnent of artery was removed frem zll animals.
The deseription is for the purpose of pointing out the very acellular
structure of the sortic wall: 2 relatively few fibroblasts, mast
cells and muscle cells then, are responsible for its mebtabolic mactimﬁ.
Seversl suthors have shown the presemce of an sotive oxldative
oyele (16,21) for the aorta, alse, the sbility to uiilize intermed-
iates of the tricarboxylic aeld cyele and carbohydrates has been re-
ported { L2,51). We have found studies on the metzbolism of fatiy aclds
and cholestercl by the sortic wzll to range from statements on the ine
ability of the wall to synthesize these compounds (33), to more recent
studies proving that these resctions do teke place in situ (10 ).
is is also the case for other tissues, the study of i;he neba.
boliam of the serta is complicabed by possible deposition on the -
artery well of substances synthesized by seme other organ and trans
ported by the general cireulstion; in the case of the artery this
possibility might sppeer grester since transport is dome through the
arberial tree itself and the lipid composition of the arterial wall
is very similar to that of plama (10,65 ). |
 In addition to considering the differences between tlssues it
48 necessary to look within the tissues for possible deficiemcles.
When substrates oross physiological barriers and arrive at the level
of the interior of the cell, the plcture of the fate of the substrate
48 not as simple as we might be led to believe. lLately more and more
importance is being given to the different sites ia the cell, whers
mebobolic precesses ocour. Even if the cell, becanse of its reduced
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gize, tends to give us the impression of a common "conteiner” for many
different compounds, it has become more evident, as hetter methods of
study have been made avoilsble, that compounds do not mix homogenongly
ingide the cell, loleoules of the same nature in some cases appesr

to keep within certain definite cellular boundaries so that the overall
concept of one "pool” for each inbermediste would, in meny instances
be erronecus,’ sceerdifig to.Creen et,al;(35). It has oven becoms possible
to separate experimentally the coupling of oxidative phosphorylation
fros the electron transport system and cellular sites have been sstab-
lished using the morphology developed with the use of the elsctron
microscope; oxidative phosphorylation resides on a double membrane
structure in the mitochondria while the electron transport system is
related to the muber of eristae per unit area.

Mabster has been mentioned as a predisposing fa&of for the
development of atherosclerosis, the resson for this belng 28 yet une
inown. Oomposition of the stheromatous plague (1arga‘.1# cholestercl)
pointe to almommal lipid metabolism among other posgible aberrations
of intermeddary metabolism. A conditdon of Lrregular carbohydrate
end J4pid metabolism also is present in the dlebetic condition, The
fanlty metabolimm of f2t6y aclds and cholestercl, as shown for other
tissues (26,7.)s is also txue for the srteriel wall in vitro as will
be shown in a following sectlon.

By consldering the sequence of reactions thal teke place in
the breskdowa of fatty acids one can imagine that in the dlzbebie
state, where on impeired mebabolism of carbohydretes requires a
grester breakdown of fatty soids es a compensatory source of energy,
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a condition of ketosis might be favored. It has been showm (1),3))
| that the liver is the chief organ in the production of ketone bodies,
and that these compounds are carried by the cireulstion and then
utllized mainly by the extrahepatic ’tiasuoa as a source of energy.
When the rate of removel from the blood camot cope with an overpro.
duotion of ketones or when there is underutilisation (even with 2
normal production) thé conddition of ketosis may be prodaced. There are
other orgmme capsble of the formation of ketone bodies; such is true
of the kidneys, but there is & difference in their overall contribution
to ketonemia as compared to the liver, Kidney, for example, dbo has
a considerable power to utilise acetoacetate so that the net amounts
it produces do not grossly comtribute to that already sxlsting in the
cireulation,

Let us sonsider briefly some aspects of the chemistyy of the
ketone bodies (acetoa.cetio acdd, scetone, md B-hydroxybutyric ecid):
| Acetone con be formed by the decarboxylation of scetozcetate,
this reaction taldng place non-enzymatically 4n the body and in the
urine. Acetoacstate can also be converted to Pe hydroxybutyrate by
a reversible enzymatic reaction linked to the TP system. The snzyme
L-B-hydroxybutyrie dehydrogenase, necessary for the reaction, is present
in meny tissues bubd is found in greater quantities in muscle and
kidney, ond to o lesser extent in liver. As o condition of kebtosis
develops the rise in total ketone bodies usually is reflected in o
rise of the p—mmtyrate fraction., Some investigators have con-
sidered g-h.ydmmﬁmhwa‘as the storage form of ketone bodiaa end f0e-
toacetic acid that form which is ready to be utilized in metabolic
reactions. Some of the in vilre experiments presented here are an
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attempt to exploin certain aspects of the derangement in ketone body
netabolism daring the condition of alloxsm disbetes in rats.
Activation of metebolites

It mist be kept in mind that molecules must sequire a cerbain
energy level before they can go on to & new arrangement of their
sbome. The product of that necessary energy level is what is commonly
referred to o3 the "active form" of the substrates I ds well to
review, because of its importance in this fleld; the activabilon me-
chanien invelving coenzyme 4, .Thaae ware studied by Krebs, Lymen,
Berg, and many others (7,L1,l9 )+ after the isolation of the coensyme
by Lipmen and Snell (L7,61)s

In the transformation of fatty 2cids to thelr thiol esters the
thickinese enzyme necessary for the reaction can be of three different
kinds: a) acetie 'ts}z;&amnaaka. b) Cy to 512 thiokinase (including
bronciing hydrexy scids and unsaturcted aclds), o) Cg to Cyg thic.
kinase. Berg (0 ) (after synthepizing acetyl AMP) showed that acetic
thlokinase catulyzes the foliowing reactions:

asetyl &P + COASH ewmwmwmw-s asetyl Cod + ANP

asebyl AMP + PPL : 3 acebate + ﬁ'?

The second reaction has z reqirement for Mg, Therefors Berg
believes the enzyme catelyses 2 two step reaction:

aootate + ATP we—wewoneay ooetyl AMP + PPL

acebyl AMP + CoOASH ww-mws acetyl‘ CoA + AMP
The process of activation beocones very lLmportant for experimemts like
thoge desoribed in this thesls since substrate was used in the free
form, i.e. non-active form. The laek of atilization of & radioactive
tracer for labeling o product could well be due to the lack of the
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proper activating system in that partiouler tlssue. The case of aceto.
acebobe is & good evample AL we consider that the liver is known %o be
a good source of ketone bodles becsuss it favors the reaction:

NMILMW A weammm—wey fostoasetate + COA
ihis resction was belloved to be s simpls deasylation medieted by 2
descylase ensyme, but more reoent stucies (S0) show it to consist of
8 condensotion of acetoacetyl.Cod with acetyl GoA to form Jahydroxye
pemethylgintaryl CoA (HS0 CoA) whieh in tum is broken dewn by an W0
aegvagemmmmmmﬂumxwmmm& it
sppears that with the proper enzymes presmmt, both of the above
nechaniams can teke plase. The reversible reaction, that is, sotivetion
«mwm@u-wmmwmhm
such aotivation com osour by o thiophorese or by & thiokinnse resellon,
In heort mecle mother activation becomes of isportence end that is
the net transfer of the coensyme molecule fyom suoeinyl.Col o acotow
acetate, Activetion of aoeboasetate (3¢) contimues to bs reported os
heing sheent 4n liver tut that 4t does oeour, although to o mmch leseer
degres, will be shown by some of the following resuits.

The use of hydroxylamine as a method for determiming levels of
those resctive anyls, is very wvalusble, since it is reaily these
m&umwmmmmwmuummmmtm
dynomie stobus for that partienlar tissue.
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IT EXPERIMENTAL

Hormal rats. As used in previous work in this }.aboratory-,
"normal® amimals were male rats, of the Spregue Dawley
strain welghing approximetely 200 g» The rats were trained
to feeding (17} and then were fasted for three hours befors
wee. ' |
Digbetdc ratss Animals were made dlabetic by 2 single
intramseular injection of alloxsn given after 2 48 hour
fasting period. They welghed approximately 200 g and the
104 slloxan svlution (in 0.9% saline) was freshly prepared
each time, The smount injected was caleulated on the bhasis
of 0.06 ml. {6 ng) per 100 g weight. At the same time
5ml, of 0.9% saline was injected intraperitoneally. The
rats were not fed agein until approximately 4 hours after
the injection and were given saline solution in place of
drinking water for 3 or 4 days after belng injected. 4is
the eriteria for disbetes a minimum fasting blood sugar
level of 200 mg. per cent present three weeks after the
injection of alloxan,

By this method, usually 2 rats frem 2 group of 12 or
14 snimals, died one or two days after the injection of
alloxen. Of the surviving group spproximately 755 became
diabetic snimals.

These animals, because of their Increased water cone
sumption and low resistance to stress were nottrained to
feeding but were fasted approximetely 8 hours and then
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were fed i‘cr”;m hour, By this method the animals always
gbte well when food was offered., After feeding, the ani
mals were fasted for thres hours prior to sscrifice, these
conditions being the same as for the normal animals.
Hommal gosts, Tissue from these animslg were made svedl.
able through the kindness and the ¢ooperation of the
Surgery Department of t.ha University of Oregon Medical

School, Sections of aorta were removed during studies on
mrgica;i progthesis, The aortas were placed in special
containers and lmmediately token to the Department of
Blochemistry. The goats were adult animals of mixed séx
and were generally 1 to # yeers of zge. The animels were
maintained en & regular prass diet.

use of the Stadie Riggs tissune alicer for liver tissue and
the method of obtaining the two musele preparations has
already been previcusly deseribed.{ S)

Heart slices. The heart was obtained after removel of the

diaphragm and the major vessels were cut as close as pos.
sible to the organ. The heart was left for a few mimtes in
& beaker with ics-cold Krebs.Ringer.phosphate solution so
that by its owm pumping action it would empty itselfof
blood. The organ was then cut transversely through its
central oxds and from this ares further slicing was done
using the Stadie.Riggs slicer,

Aortas. In the f&lmng experiments two lkinds of vessel
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wall preparations have been used.

Rat aortas. In these cases aortas have been dissected
from normal and dizbetic rats; prior removel of the
kidney and liver facilitated the procedure considerably.
The artery was clamped off as near as possible to the
heart and was removed rapidly, tc:gﬁthér with & large
amount of surrounding comnective and fatty tissue, and
put 4n a2 beaker with ice cold buffer. The sorta was
freed of all extraneous materlal and the preparation
checked under the diaswtﬂ.ng microscope. In removing
the adjacent comnective tissue the adventitla layer was
also discardeds The elemped segment was dlscarded be-
canse it differed from the rest of the vessel due to

- prolongations of hesrt msele fibers into the initial
portions of the sorta {4))« The artery was cut long-
itudinally to check the lumen for remaining blood clots.
Tt was assumed that for the rat, the thickness of the
two remzining tissue layers (intime and media) was not
a barrier to the exchange of metabolic iﬁtemndiates
and produets, The tissue was blotted on filter paper
and welghed. The amount obtalned from an animel varied
between 25 and 60 mg. Incubation of these samples at

37 was storted before 30 mumbes had elapsed from
the tine the amimsl was sascrificed. |
Goat_sortas. In these experiments, since the tissue
was obtained after 2 conslderably more cifficult sur.
gical procdiure, the time elapsed from the moment the
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aortic segment was removed from the animal until in.
mﬁat&nn was begun, was zomewhat longer than it ‘ms
for rat zortas, Approximately 1 gram of nomal gorta |
tissue was made available by the Department of Surgery.
As soon as the segment of the artery was removed from
the living animal under Sodium Barbital anesthesiz, it
was put in 2 beaker with Krebs-Ringer-phosphate buffer
solution at room temperature and taken to the lzborw
atery.

The gost aortas had a 'hhiek. fairly rigld wall
with a distinetly visible vasa vasorum and a diameter
of approxmately 8 mm, Theouter layer was stripped
off and sections vhers the vasa vasorum were visible
wers discarded. Rings approximately 1 mm., thick wers
cut from the tissue snd inoubated =t 3 . itw&hatian
time was extended to two hours for these preporations
for, as will be obsarved, metabolic zetivity was mich
lower than that seen for the rat sorta. Prior to ex-
tending the incubsbion time it was necessary to debere
mine whether the metabolic acﬁvity of the tissue cone
timied at the same rate during the second hour of in.
cubation as compared to the first hour. This was
found to be so, therefore the longer period was pre-
ferred in order to have a grester use of tracer and
a larger activity for the radlozssay of isolated pro-
ducts., Aortas were used in the present work less
than one hour after the ramoval from the experimental

amimal,
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In vitro studies, incubation technigue and C::M labels, In
vitro experiments were gll done using a conventional Warburg
incubation procedure at 77°6.( 6§ KM&-»&ingar«phmphata
buffer solution was used as the suspending medla at a total
volume of 3 ml of fluid in the 17 ml Warburg flasks, Incubation
time wes elther one or two hours. The acetoavetate 3-011“
avallsble sommeraially had a specific activity of 0.92 wx per
millimole, a concentration of label considerably lower than
that of the asetate generally used in the laboratories. Al-
though it is generally desiroble to use such smeall smounts of
lsbelled compounds that the tracer will not exert a mass effect,
it was necessary to use the acetoacetate ot a level of 1.5 mg
4, This level iz close to the concentration of seetfoacetate
found in normal plasma. The ezaatute-wm used was added te
tissues abt 2 level of about 1 Mo per 100 mg. tisaue, the
specific activity of this acetate m 0.2l me por ng.

The IL nﬂalmata-%-c‘m uged in & limited number of studies
had a spesific sotivity of 2.25m per milimole =nd the material
was added at a level of Q.W)ﬁc per 100 ng tiassue.

The time course experiments

were done on & group of normal rats which was injected with
acstate-1-C* and then sscrificed st varying time intervals in
order to follow the lsbeling of the fractions: Lfatiy acld,
cholesterol and hydroxamic asids formed from reactive acyl
derivetives present in the tissue. In these studies there were
four animals at each time period; two of these animals were used
in determining the fatty acid and the cholesterol fractions and
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the obther two were used for the determination of the zoyl
derlvztives. These deteminations were carried out both in

1iver and in aortic tisae.

animals used in this group of experiments were those kept on
different fat diets in this laboratory for z study of another
agpect of fabt metaboliamm, The small amount of tissue represented
by the sorte in comparison to total body welght made it possible
to obtain the vessel without interfering with the other work.

The animals were male rats receiving differemt fatty dlets
at three levels of fat (56 = 105 - 30%) and with two kinds of
fat, saturated and unsaturated, The animals were part of
another experiment in whioh it wes n&casswy' to 1lshel thelir
body eholesterol with as much sctivity as possible. Because of
i1ts speelfic and direot position in the pattern of cholesterol

| synthesis, mmii&na"m-&»ém was used for injection, The time of
injection prior to sacrifice was either 2 hours or & days.

Tt was chosen to nse sortas to study the in vitro incor-
poration of activity from acetate-l.c" into the carbon dioxide,
fotty acid and nensaponifisble firactions in order to determine
if these reactions had been influenced by the diet to which the
animal had been subjected to curing the 4 weeks prier to the
experiment. In addition to the tracer study, the non-sapone
ifisble fraction was measured quantitetively. Since the animals
had previously been injected with labeled mevalonic acid, one
asorts from each group was irxcu‘b.atoé without lsbeled acetate in
order to see Af activity from the mevalonic aoid was present in
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the tissue. If this turned oub to be true this yalue would

have to be subtracted fram the activity found after the uge of

14

acebat el : i

M

rted. |
Qxypen sonsumption: Oxygen utilisation was caloulsted by
the usual Warburg method using the flasks' constonts and ’
the serial readings of the manometers during ineubatien, '
Carbon digxide actiwity. Carbonste, fomed by the resction
of tissne carbon di.o:ﬁ.de with sodlum hydroxide solutlen in
the center well of the Warburg flask #as f.:latad (L)) as en
infinitely thick sample of bariun carbenate after the
addition of carrier carbonate.
lg. Iue to the smzllasounts of

tissue used in these experiments it was not possible to
determine the (uentity of carbon diexide put out by the
tisme. 4 manulutric technique was then tried but with
unsatisfactory resalts. It is considered of general in.
terest, however, to f@nﬁ these negative results together
with the possible reasons for thelr fallure.

i

A procedure which is adequate for worldng with bacterisl -

suspensions consists of woridng with duplicate flasks for
each experiment, one of which has the uwsual flter paper
with sodivm hydroxide in its center wll while the other
does not. In the first flask the menometer readings will
indlcate oxygen consumption while in the second flask the
reading will reflect the net pressure resulting from the
consurption of oxygen and the ewolution of carbon dloxids.
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By difference (uming oxygen consumption from the 1st
menometer) theoretically one should be able, using the
proper flask constants for carbon dioxlde, to caleulate the
omount of earben dﬁbﬁdﬂ produced. Ae can be seen from
Table I, the ranges of values obtained by this method are
wide and are unsstisfactory. It ig possible to suggest

reasons to explain these resultis.
TABLE I

LIVER LEG MUSCLE  [(EAPHRAGM ~  HEART
gn@n Je— 379 63.6 66.9
| Range wmmeme (2B,0.47.6)  (61.5-67.3)  (26.2-89.%)
No. of Samples e-ewew - 2 3 3

IABEIICS

LIVER IEG MUSCLE  LILAPHRAGHM HEART
Mean 86,6 w3 64,2 84
Renge (77.4-92.2) (29.8-5.7)  (47.5-79.5)  (36.6-110.3)

Ne. of Samples 4 6 6 6

Ti) et welghts.
The method presumes that the tissue is respiring under the
same conditions in both flasks, otherwise any change in the
respiratory rate inside one flask will be reflected as an
error in the amount of carbon dioxide ss determined by differ-
ence. This sssumption mey not be valld here for the tissue
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prepavation is, in one ocase, respiring in the presence of the
carben dioxide produced while the other sample 1s respiring in
an atmosphere free of carbon dioxide, since the CO, Was removed
by absorption in the center well.

Tt is also assumed that the tissue samples are exactly the
same in the two flasgks. With a complex bieologicel structure,
this may not be the case for, even if the same worker prepaves
the samples for each experiment, there will always be a vor
iztion both in the technigque of the experimenter and in the
trama saffered by the tissue., Besldes this variation it is
necessary to introduce a correction for the difference in tlssue
weight, since for these preparations, it is seldom thet identical
tissue welghts will be obtained for different flasks.

A further lmitation of this method is the need for o
double sample of tissue which in itself defeats part of the pur.
pose involved in using small amounts of the tissus in the small
Warburg flesk, There is, furthermore, & loss of carbon dlexlide
from the flask without the center well NalH, so that in the
cage of a required radicassay of the carben dioxide fraction,
one cayimot even use the extra flask as 2 duplieate control.

It was mentioned this double flask epproach is a fairly
commn technigque in work related te bacterisl physiology. Be-
cause of the nature of the p-r-para;ttiazm used in those instances
it is essy to see how 2 homogenous bacherisl suspension measured
in eqal amounts into 2 flasks can be asssumed to contain
practically the same mumber of viable cells in sach one of the
alimots, It is probable that the lack of identiezl tissue
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preparations is the main securse of error rather than the
presence or absence of carbon dioxide from the gaseous phase
of the ﬂask.

Fatby acid determinstion. The fatty acid fraction was
sgparated by extraction with petroleunm ether followinz o
technique previously deseribed (23). By this method the fatty
acids are cbtained in an alechel solution. The evaporation
of an aliquot of this selution im 2 tared vial allowing the
determination of the weight of fatty acid. The procedure had
originally been used for extracts of one grem portions of
liver tut it was found that with 100 mg or less of tissue, the
nethod gave incomsistent and falsely high results. It was
realized that with these small amounts of tissue, even if the
total volume of the aiocohol exbtract were to be evaporated,
{(which was seldom the cese since a certain volume was needed for
the determinstion of radissctivity) still the net weight of
the fraction would be on the order of 1 mg. It became apparent
then that, whereas in the case of the larger liver sample, 2
amall contamination with extreneous materisl could still yield
acogptable resulis, for the small tissue samples the error was
unacesptably large. ifith the "constantly loaded" balance used,
and with the elimination of contmminents, thers should be no
reason for the fallure of the technique. Two possibilities for
reducing the weight of the extraneous materisal have been cone
sidereds 1) It was thought possible that the aleohol used in
the tissue extroct might have a non.volatile residne. 2) in
the extraction procedurs, after acidification of the saponified
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fobty aclds with HCl, the ealt KCL is present in the water :

phase. If not enough time is allowed for separation of both g

phases sny small droplets of water in the petrolem ether layer

would be carrying some KC1 which, upon drying, would add false

wedght to the fatty acid fractions. ‘l
Worldng with blank extrasctions end with a standard solutlon

of palmitic acid, recovery experiments were done 2s shovm in g

Table II. > ‘ f
TABLE 11 |
Prosedure Residues
1) 10 ml. of zleohol measured into tared , 0.0005 groms
vial and evaporasted under nitropgen ‘ ‘
2) 10 ml, of petrolem ether measured into 0.0000 grans
visl end evaporated under nibtrogen
3} 1 boiling stome and 15 ml, 20% KCL sol.+ 0.0023 grams
1 ﬂlo m@lﬂl ’
5) 1 bolling stons + 15 ml. 20% KCL sol. 0.0011 grams

+ 10 ml. alschol.

The last two tubes were made acid to Congo Red paper with 0.5
N HC1 and extracted with two 10 ml portiens of petroleum ether, This
‘solvent was evaporsted almost to drynees, some alcohol added and evap-
orstion contimied to remove the last traces of petrolemn ether., The
volume was made up bo 10 ml, with slechol and 5 ml of tihis aloohol
exbract avaporat&d in a tared vizl under N, and welghed.

With the use of labeled snd unlabeled palmitic acid we tested
for the resovery of fatty acid when d&.ﬂm kinds of aleohol were
used, and alse after allowing 30 mimtes for the separation of the
webevwpetrolenn ether phases after each perloed in the shaker.
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A group of 11 samples was set up:
1) 5 ml, alochel (undistilled) + 20 wl. FZO
2) 10 mg unlabeled palmitic aeid 4n 5 ml alcohol + 20 wl
EIzO + KOH + HCL until acid reaction.
3) 10 mg unlabeled palmitic acid in 5 ml alechol + 20 ml
320 + KOH + HCL + (}.25}40 paimitic acid,
4) 2 mg unlebeled palmitic sedd 4n 1 ml aloohol + 4 ml
aleohol + 20 ml. Hy0 + KOH + HOL + 0.25 sic palmitic acids
5} 2 mg unlabeled palmitic acid in 1 ml aleohol + 4 ml
aloohol + 20 ml H,O + KOH + HC1 + 0.25 }h palmitic
acids

These § samples were extracted 3 timeswith 10 to 12 ml, portions
of petroleun ether and made up to a volume of 10 ml. with dechol; 5 ml
of the extracts were then evaporated in tared vials. In this way the
actual tissue procedvye was followed., With the two concentrations of
the fatty acid used, ome of these was in the renge of the mmall samples
of tissus, while the other resembled the case where more tissue was
availsble,

The next 6 samples were mads up to test the inflnence of dis-
tillation of the alochol and also of its storsge in pleetie or glass
containers, Some of the standard fatty #e.td solution was measured
directly into the vials in order to determine thai its concentration
was as caloulated:

6) 5 ml. dist. aloohol not extracted but messured directly
into wvials.

7) 10 mg unlsbeled palmitic acid in 5 ml aleohol not exe
trocted but messured directly into wvials,
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8) 2 mg unlabeled palmitic acid in 1 ml aleohol not ex-

tracted tut measured directly into vials,
9) & ul undistilled alochol (glass bottle) not extracted
but measured directly into vials.
10) 5 ml undistilled aleohel (stored in polyethylene botile)
| not extracted, tut measured directly into vials.
11) 5§ ml undistilled aleohol (stored in polyethylene
bottle) extrocted as were the first 5 tubes,

Table ITI vecords the recoveries from these trials,

TABLE IIX
= Welghts (mg) Counts
Samples ~ Kdaed | Found  Jiiecovery |  Added | Found |jnecovery

) I o

| |
1 00 L R
3 10.0 2.8 | 96 105,842 | 105,160 | 99.36
B 2.0 2.0 100 | 105,842 100,804 | 95.24
5 0.0 0%9 fsesd Edat R it it
8 “’60 “‘QQ lﬁﬁaﬂ i ] .I - .
9 OQG q "002 o Rt it i
lﬁ | G!a | *9:3— okl i - e sl
l’l ! 9;5 i -Q.l gy o | e e

From these resulis it con be concluded that the procedure was an

efficient one for the recovery of futty acide and that the use of stock
alochol without special distillation was Justified, It became clear
that 4t is mmek more likely that the main ocanse of the previously
obtained high velues was electrolyte contamination due to the ine

sulffotient time allowed for the separation of the two solvent phases.

The alechol extract of the falbty

acid fraction which was obtained as desoribed was also used for its
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radiosssay. 0.5 nl portions were measured into 1'1l/4 sopper shallow
planchets and allowed to dry under an infra red lamp., By this method,
counting was done &t Infinite thimmess using as eriteria for the |
upper margin of the infimitely £hin sone 0.3 mg lipdd 1:& plate.

following the extraction technique for cbtaining the fatty acids as
has been deseribed; the first produet of the extraction with petroleum
sther afber soponification is o non-sapomifisble frection which, if
determined quantitatively by colorimetrie precedures { 77 )59 ), will
consist of cholestercl and other sterols.

For mopt purpeses it is adequate to consider the non.saponifioble
fraction to be the eqivalent of “cholestersl®, but it is well to keep
4n mind thet this froction may contain material obther than cholesterol.

Precipitating the 37sterols of the non.saponifisble fraction with
digitonin (62) makes it possible to determine the color reastion on 2
nore spesific fraction and which 4is more justifisbly regarded as
cholesterol. 7The results presented in this thesie in some coses refer
to the less specific non-ssponifisble fraction while others fefer to
the digitonide but eech will be gpecifled in the appropriate places.
Determination of the radipactivity

was corried out at infinite thinness elther directly on the aleohol
axtraot of the non.saponifiable fraction or on the solntion obtained
by dissolving the digitonide.

Aoyl derivatives. In order to detemmine the presence of some
reactive intermedistes of 1ipid metabolism the derivatives formed with
hydroxylamine were studied.(31). .

By varying the conditions of the reaction, hydroxylamine can
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be seylated by almost any substance of the general structure B-COX

0
ReCOX + NE,OH womcone s Ratt? + HX
“HHOH
& hydrozamic agid

The rates for the formation of different hydroxsmic acids vary
sceording to the seyl compound in the reaction and ascording to the
kind of grouping sbtached to the acyl. '

The formation of hydroxsmie aclds by & non-enmymatic reaction of
hydroxylamine with the tissue extract containing the expected acyl
intermaddotes, is of great interest bevause it offers a good nethod for
detostion and separation of the different acyls, One can assame that
the blological system being studied will eontain, at ony one time, many
acyl compounds so it is valunable to be sble to dso geparshe the varipus
hydroxanic asids, This separstion can be accomplished by chromato-.
graphie technicues.

The experimental work in this thesis followed the procedure
that had been previcusly esteblished for the optimum cﬁnt.%mtrai&m of
hydrexylarine, the time of recction, the tesperature of inactivation
of enzymes, etc. (27,67) It 4s considered useful to debeil one of the
present blological experiments since, due to the small quantitles of
tigsue used, the details of the original teclmigue had to be readjusted.
The following method was developed to use optimm conditions for the
selective reaction of hydroxmylamine with thiol acyls.

The procedure consisted generally of three }partm (1) form-
ation of hydroxamie acids. Hydroxylomine can be used as a “trapping®
aget for acyl derivstives being formed engymatically by the tissue
during a certein time period; the general equation for mich o reaction



isy E
Aoyl-SoCod + NH20H Non engmatic . Acyl-NROH + CoA-SH !
Tmmat:}.@ ' tz |

Acdad + ATP < J

By addition of NH20H at the begimning of = tissue incubation
one can obtain certain information as to the totel hydroxamic acids
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formed during the incubetion period. One camnot assume that this ro-
presents 2 "mormal” figure since the tissie has probably altered its ;é
metobolism in the presence of the reagent. It is also quile certain
that the rste for Lhis general reastion is not the same as that of
the ur:t&aata& sample since one product is bedng “"trapped® while another
is regenersted and ocon again take part in the resctlon, nevertheless,
if one Xeeps in mind these limitations, hydroxylamine cen be used in
this way to yield useful information. In the determinotions of hydro-
xomie derivetives desoribed below g different use has been made of
this reaotion. 7The problem here was mainly concerned with the quan-
titstive and cualitative evaluation of those intermedistes of the
type acyl-S-Col, present in & tissue preporation at any one moment.
This required the bresking of the reaction secuences just discussed,
so that theve would be no feed-back of the libereted CoA-SH. Since
the recycling of the coenzyme A molecule, by which it can convert more
acld to the active scyl fomm, is an ensymatic reaction, the present
technioue uses the property of heat insctivation of ensymes to stop
this part of the resction. The bissue semples used were those from

a one hour Warburg incubstion, without the addition of H 50), to dis-
place dissolved CO,e The same procedure was carried out as for

those in yitro esperiments in which labeling of carbon dioxide,
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cholesterol and fatly acid was determined. In some of the experi-
ments t?aﬂ‘e@ smounts of acetate Mm were added and labeled hydroxamic
acids were separated by chromatography. Our purpese was to obtein a
pleture of the pool size for these intermediates as well as Yo gain
an idea of rétes for the different reactions. In other cases, incu.
bation was carried out with no added radioactive msberial anc the
tissues were uged only for the estimation of amounts of hydroxasde
acids. For thess latter cases the imcubation peried might have been
unnecessary yfsfis it wes used so as to duplicate the other in viltre e
pariments as closely ¢s possible. In this way, any change in the meta-
bolic activity of the sample, within thet one hour period, would also
be reflected in the quantitative determination of hydroxamates. B
periments such 25 these were run with liver and with aortas of nommel
and dshetic male rats. This technigque wos also used in the lneubation
of gost aortas, snd in ruming a time course study on liver samples
and sortas of 2 group of 20 nommal rats.

The conditions for formation of the hydroxamic derivetives were

as follows: when the incubstion peried ot 37°¢ (with or without

| addition of ncetate MSM) was completed, the tissue was rinsed free
of the suapension media by washing it with Krebs-phosphate buffer
delivered from 2 polyethylene wash bottle. The tissue was then roe
pidly homogenined with a teflon pestle homogenizer for the liver and
a ground glags tissue grinder for the acria. At this point the tube
of the homogenizer bad in it the tissue and only 2 or 3 dvops of
buffer. The tube wos kept in & besker with cold water, and the
grinding was carried out as fast as possible. It was tlms necessary
to stert the incubation with eppropriste time intervals between flasks,
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Inzyme inactivation was then carried out by placing the homogenizer
tube in a water bath for 10 mirutes at 70°C. The neém step was the
addition of an equal volume of 0.6 ¥ (pH 7) hydroxylamine solution.

The mixture was dlowed to Mﬁ for 30 mimites at roonm temperature,

- Becense of the small semples it became necessary to sacrifice the
convenience of separsting the derivatives into two groups as deseribed
in the original procedure in favor aﬂ. a mothod involving less transfers,
and also in order to keep the volume of the extract as small 28
‘pc:séﬁblo. ‘

The treated homogenstes were now transferred to 10 ml sevew
cap tubes using 2-3 ml ethanol m the process (proteins precipitate
at this point)s These tubes were placed in the sheker for 15 mimutes,
then centrifuged for 10 mimutes at 1200 rpm. The sleoholic solutions
were then transferred teo conieal tip gradnated centrifuge tubme, Two
nore extrastions wilth alcohol were carried cut in the seme way on the
protein precipitate and each time the alecholic supermatant decanted
into the same graduated tube., The wlume of this asleohol extract was
then rediced to 1 or 2 ml in a water bath at 60°¢ under a stream of
nitrogen. As will be described, the colorimetric determination of the
hydroxamebe required a larger volume, while the solution for paper ~
chromatograrhy was preferred more concentrated to fecilitate the
application of meterial to the peper,
wemdo acidas. The assay
for hydroxylamine derivetives wea based on the original method of
Lipmenn amd Tuttle (L8 ), which uses the color reaction studied by
Pdgl (20), witoh consists in meagaring, by optical density readings,
the amount of colored (brownish pink) complex these compounds form
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with trivelent irem. Agzin in this case there was need to reduce the
volumes of the resgents in order to get a maximum concentration of the
complex in the minismum volume necegsary for reading in a Bausgeh and
Loub Spectronic 20 colorimeter.

The hydroxemie scids used in preparing standards wers synthew
sized by Dr. Ja C. Hwood. Acetchydroxamate was prepared from acetyl
glutathione by reaction with hydrosylamine for 30 mimites.

Some results will be presanted for what mey be a derivative of
malonic acid, therafore the i:rsparatim of the standard meberlal used
4n this case will be deseribed (39). Preperation of the monosthyl
ester of malonde acld was dome by dissolving 8.7 g (ﬁ).“jl equivalents)
of EOH in 100 ml of sbsolute alcobol and graduslly adding this solabien
to o well stirred solution of 25 g (0.31 sgnivalents) of diethylmalonate
in 100 ml of sbsolute.alochol. The mixture was kept ab room temper-
ature {or about one hour, or until its alkaline reaction disappearsd.
Tt wes then heated to boiling and filbered while hot: Neutral po-
tassium malonate remained on the filter and the filtrate contained the
potassium salt of the monoethyl ester of malonic acid, which ory.
gtallized sut in large flat needles as the filtrate cooled. The yleld
was approximstely 618, The derivative with hydroxylamine was made
by ddssolving some of the ester in water, in the eppropriate con.
centrabion, end leaving an sliquot to resct with NH20H at an alkaline
pﬁl for ons hour., Murther reference will be made as to characteri-
gation of the Rf valme of this compound in the discussion of our
results,

resotion. This is a simple reaction, that
according to the original procedurs consisted in aliding 5 nl of a 1%
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alcoholic solution of Felly (0.1 N in 1) to 2 ml of an aleoholic
solntion containing the derivative. The color produced by the reaction
is gtable and is vead at a wavelength of 520 M. | ‘

Since it was expected that very small quan‘bﬂj;tins of hydroxmmates
would be found in the biologieal reactions, & atandard' oUYVe WAS DI'e-
pared, using the same ratlo of reagemts for the reaction, but with a
total volume of only 5 ml, It was not possible to u& smaller volumes
gince, upon eluting & spot, the filter pa;uf abgorbs a considerable
quantity of the solutien, Another variation introduced in the colori-
netric assay and for which a calibratiom curve was made, was the use
of & 2% solution of FeCl, in only & 2.5 ml volumee, This permitted the
completion of the assays of tissue extracts in z shorter time since
there was less need to reduce the volume of the extract. By this modi-
floation, 2.5 Wl of 2 FeCl, solutien were added to 4.5 ul of extract.
A new calibration curve coincided exmotly with that determined using the
original amounts and concentrations. There was also no difference
between & calibration curve determined using = standard solution of
palmitohydroxsmate and that Jdetermined with acetohydroxamate.

With the colorimetric method 4t was possible to meagure as
Jittle as 0.1 lm of hydroxamate per colorimeter tube.

Recoveries from tissues. 7o test for the quantitative ex-
traction of hydroxsmates from 2 blological system, sets of reactions
with added smounte of hydroxamic zoids were measured for recoveries.
in example for this kind of assay is described below:
1) 1 g Mver 70°C (10 mimutes) + 1.2 fim scetylgluntathione + NH,OH (30 min.)
2) " . 1.0 v palmitohydroxsmate
3) e " 1.2 " acetohydroxsmate
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4) 1 g Mver 7% (10 minutes) + 1.2 i scebylglutethions + NHOH + 1 fin

palmitohydroxamate
gy v nothing added
6}t - mzoa (30 minutes)

s»thess tubes were considered “blanks".

For these levels of hydroxamic acids (1-2.2 Jimoles) recoveries from
tismes were 95¢ or higher. A similor series of recoverles were rmn
with smaller smounts i.e. omount compatsble with tissue levels,

1) 100 mg liver + 1 Jimole peluitohydroxsmate

2) " 00.6 " acetylglutathione + NHOH

5 = " 0s6 " palmitohydroxamate

By n ok 8 n

B " 0e2 " " 4+ 0.2 fiole acetohydrexamste
6) " g1 "

7y ® LR ¥ GR—

8)y » b .

Recoveries ab these concentrations of hydrexamic acids were above 80%
except for the 0.1 finole level, Resovery of 0.1 jimole was tested

above

repeatedly and wes never found ta bev60%d.80%,

hydroxamate derivetives cbtained by allowing hydvoxylamine to reect
with tissue aves mixture, Therefore, if the tissie extract is ono-
lyzed directly colorimetrically the result will represent the total
mount of & complex mixture of the derivatives.

+ Ascending peper partition chremetography was used in an attempt
to separzte different fractions from these tissue extracts. In
partition chromstograph, the solute is frasctionated according to its
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pertition coefficient for 2 non-miscible two solvent system, in which
the more polar phese is held “stationary® by a supporting structure.
The mobile phase is the other solvent, and the solute partitions
itself between the two as if a considerable number of plates were
present as by Creig's counterecurrent method. The two kinds of
supporbing media nged were peper and silieaz gel; in both instances
water was the stationary phase, The mobile phase for the ascending
paper chromatography was butenol, The solvent system consisted of
butenol, scebic acid and water in the ratio of 41115, and the paper
uged was Whatman #3 filter paper.

An aliquot of the tissue extract was chromatographed on paper
after gencentration to a small yolume, A stresm of warm alr was used to
speed up the drying of the spot 2% the origin. The paper strip was
left hanging in the bubamoliscetic scidiwater solvent system for 12
to 15 hours, end was then left to dry after marking of the distance
covered by the solvent front. Onge dry the chromatogram was radio.
assayed or sprayed. Radloassay was dene in a Muclear Actigraph
Assembly with a D47 debector. Spraying with 1§ FeCl, made visible
spots of the hydroxametes if 0.3 pmoles or more was present.

Elution of ampot from the peper consisted in ocutting out that
portion of the strip and placing it in a screw dap tube with 4.5 ml
sthanol and then shaking the tube for a few minutes. 2.5 ml of 2§
FaGiB reogent were added to the tube, and the contents mixed and
decanted into a colorimeter tube. In cases where some turbldity
developed, the colorimeter tubes were centrifiged before reading the
optical density. Rmoverieé after elntion of Imown amounts of palmito-
and scetohydroxamates, were around 95F when the amount chromatographed
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was ot the 1 pmole level, and from 80 to 90% if amount was appmﬂmate];;r
0.1 pnole. :
The following list in Teble IV of Ry values was obtained with

{
the indieated standard substances, those marked * are values reported
by other authors (47).

i
i
!
3
i

TARTE IV
Pthylearbenohydroxamat ¢ 0.76
Carbanohydroxamat o* 0.30
Acetohydroxamate ’ 0e52-04 58
Free acetoacetic acid ’ QQ?,?MO . ?5
HMalonylhydroxsmate® 010,23
Myristohydroxamate 0.95
Laurohydroxamate 0.95
Palmitohydroxamate 0,91
Stearohydroxanste 0.98
Fumavohydroxamate® 02310, 50

Suecinohydroxamate* Q. 240,53
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RESULTS AND ESCUSSION

Although all theexperimental work of this thesis is related to
the same genersl problem, the studies can be divided in two main
groups: 1) those related to ketosis using &aetuacebatu—ﬁ-cm as
$racer, and 2) those pertaining to the metabolism of the aorta.

0f the three ketone bodies, acetoacebic acid is the form which
is generally stated to be direotly utiliged in metabolie reactions,
This is not altogether true, for by reviewing the scheme for fatiy
acid metobolism, one can observe that the asetoacetate takes part in
these reactions only in its active form, the thlo.acyl derivative. |
The breakdowm of fatty aclds produces the acetoacetyl Col molecule
azfd the reaction responsible for hydrolysing the acetoacetic acid
from its active form takes place mainly in the ldver, It is also
generally stated that the opposite reaction, i.0. ﬁetiva.tim. does
not take place in hepatic tissue., From the data presented here it is
¢lear that activation of acetoacetate does take place in the liver.

{ftmmtim of acotozcetyl Col takes place prineipally in
extra hepatic tissue which has been represented in these experiments
by seversl kinds of muscle, As with liver, after the addition of the
labeled material to the muscle tissue, activation must taoke place if
scetoncetate is to be used in 2 metabolic pathwzy. In this case
activetion is favored and mediated through the thiokinasse and thio-



phorase enzymes of muscle tissue.

Congidershle controversy in the fisld of metabolism snd disbhetes
has revolved around the problem of the production and utilisetion of
ketone bodies. In the absence of normal earbohydrate metabolism,
there is an increase of fatty acids end a potentially large increase in
the formation of ketone bodles. An immsc in ketogenesis would not
necessarily result in the condition of ketosls developing if there
was present an increased rate of atﬁliz&tmn of the ketones formed.
Both phases of the problem of ketosis, i.e. production and utilization,
have heen extensively studied, and the various theories on overpro-
duction or under utilization have ardent proponents, The problen of
ketone body utilisation has been the ahief aspect studied in the
present experiments.

Studies by others with intaet animals (63) measured bloed
levels of the ketones before and after eirculation through the liver
or musele, but the in yitro preparation has hardly been used, In the
intact animal, it has also been reported that exercise will increase
utilization of ketone bodies as measured by thelr decressed concentra.
tion in the blood of rats made ketotic by fasting., Exerecise will,
however, 2lso increase their production as is cbserved by a later
rise in the blood level (22) ( L). Among other conditions affecting
the utilization of acetoacetic acid which have beem considered are
age (72) and certain compounds with chemiczl groups believed to yield
better oxidants for acetozcstate and thus act as antiketogenic sub-
stonces (13). As far back as 1928, Chaikeff (13), by measuring the
f£2ll of ketone body levels in tﬁu cirenlation, saw that this occurred
at é lower rate in the diabetic animels (dogs) ss compared to the
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normal, If however, the liver was eliminated from the circulation, the
diabetic animals showed the same rete of removal of ketones as the
control group. This observation was taken as substantiating the
theory that utilisation by the extra-hepstic tissue was the same for
the diabetic preparation, and that ketosis developed only because of
the overproduction by the liver of the diabetics.

In the following group of experiments the results are expressed
as "per cent incorporation of the labeled msterial into the fraction |
studied, per hour incubation and per gram of tissue.” In order to
compare the percent incorporation figures the fatty aelds and nonw
- seponifisble fraction of the tissues were also quentitatively eval-
nated. Amounts of the two lipid fractions, per unit weight of tlssue,
for the normal and diabetic group of snimals were found not to be
significantly different statistically for sny one tissue. The aotivity
of the carbon dioxide fraction is measured as evidence of an active
tricarboxylic acid eycle, but, as was explained in the experimemtal
part, the quantity of carbon dioxlde has nol been measured,

By looking at the comparisen of the percent incorperation into
carbon dlexide from acstate into the fractions studied, we can observe
that the normal muscle prcpar&m follew the general concept that
the more active the oxidstive cycle, the higher the activity of thé
muscle (which has also been related to a higher mitochondrial demnsity).
In otherwrds the heart slices show the greatest activity in the COp
froaction; lez muscle and dlaphragn are lower, but in turn much higher
than liver, which iz considered an organ of synthesis,



TABLE ¥

Rat Tissues in vitro, Comparison of Normals to Diabetics,

% Incorp,* of Acetate-1-C34 iamto COz.

HORMALS
Liver MUSCLE
Leg Adductor Diaphragm Heart
Yean 13.19 3&036 2&&3‘ 3&0%
+ St. Dev, kMR ‘3.7 5,62 9.4
Range {8.5-17.39) (19.32-29.76) (18,9-34.7) (21.1-41.5)
No. of Animals 8 8 8 b
DIABETICS
Liver MUSCLE
Leg Adductor  Diaphragm Reart
i S’t. ﬂt‘v. 3*1 9.“ 503 5&9
Range . (9.0-17.8) (22.66-47.5) (11.7-32.4) (32.8-50.9)
No, of Animals 10 10 11 6
P 041 >0l >0.1 >0.1

# per hour per gram wet welight



TABLE VI

Rat Tissues in vitro. Comparison of Normals to Diabetics.

% 3:morp.(1) ofﬂ Acetate—lwclh into

Cholesterplt2)
Liver MUSCLE
Teg Adductor  Diaphragm  Heart
¥ean 1,220 0.026 1 0,057 0,005
%+ St, Dev, C.41 0.006 0,043 0.003
Range (0.51-1.72) (0.018-0.04)  (0,02-0.14) (0,002-0,009)
No, of Animals 8 8 . 8 6
DILBETICS
Liver MUSCLE
Leg Adductor Diaphragm Heart
Yean 0.041 0.006 0,012 0.008
%+ St. Dev,. 0.019 0.005 0.002 0.003
Ho., of Animals 10 9 9 6
P <0.01 <0.01 <0.0L >0.1

(1) per hour per gram wet weight.
(2) non-saponifiable fraction.



Liver KUSCLE

Leg idductor OUlsphrege _Jeart
¥ean 0.23 0,08 0.67 0.026
% 5t, Dev. O.14 0. 0ldy 0.h3 0.0115
Range (0,10.0.52) (o.ma-e.m w.zm.m {0,012-0,042)
Yo. of Animale 8 ; 8 é

DIABETICS
Liver HUSCLE

Xog idductor Tlaphregs Heart
tenn le Q.Qw 0,062 60012
+ 3%, Dev. 0,003 0.006 .49 0,007
; , {0.006~0,015) (0,001=0.021) (0,004~0,127(0,006-.022)
Ho, of Anime:ls 9 9 i0 é
P < 0,01 < ¢,01 < 0.00 < 0,05

# per hour per grax webt welight
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In tebles VI and VII the nomal preparations with acetate-l.
glb show that mscle does carry on an active lipogenesis as evidenced
by the activity determined in the two lipid fractions of all muscle
prepavations. Although these figures are much mmaller than those
for liver slices, if one considers the importance of muscle tissue in
terms of percentage body wedght, its contribubtion to lipid metabolism
is not negligible, |

If results for the disbetic tisﬁms are compared to the nommal
preparations, dats of @mmﬁ incorporation into COp fyem scefate-1-
¢, (rable V, page 41) shows no statistically sigmificant cifference
for any of the 4 tissues. In the case of the liver this result would
still support the theory of a decrsased scetate pool formlated
through previcus work in this lsboratery (25). In that set of experi-
nents, amounts of carbon diocxdde for liver tisme were determined
gravimetrically and found to be reduced as compared to the normal ani-
nals, If we assume the same tendency for the amounts of carben dioxide
of the present two groups of animals, the same pereent incorporation
fizure with the cl“bz contained in a2 smeller amount of 3;202 would
indicate a more concentrated or smaller pool of acetyl-CoA. Labelling
- of the 2 lipld fractions from dgetete l-cm was found greatly reduced
for the livwa:m shosm previously in this laboratory (25). The sans
significant deerease in percent incorporztion figures was found for
the mscle tissues, although the greztest decresase was for the liver
slices indicating that this tiasue, speciclly in the synthesis of
cholesterol, is much more affected by the disbetic condition as com-
pared to similar resctions in muscle. The only tissue showing no sige
nificant change in percent incorporation for these fractions during
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dishotes was the heart preparction regarding ite non-sopomifisble
fraction however it should be notel that cholesterelogenssis of heard
masele 48 instigniflemt. It clao is the tismue with the lenat decrecse
in lobeling of the fatty noid fructiondnce ite approvdnately two fold
deorecse is only significent st o 4% proboddlity level while the other
preparations show desresses ranzing from 8 $o 20 fold, T oould wery
wall be that the heart Lo ioast affected ainse it 4o an orgon that
mast dreow dreetly on mobabolites &n the cireulating blood for ils
o enevgy roonivenants (3 ). In spite of baing essentinlly migele
tisame the heart camnot withstend snoxie conditions and funection under
m oxypen debt, like obher mscle tiame, One importont olass of
subgbrotes 4t edracts from blood are the free and esterified foily
oedds, Ib could be possible in this case that the one hour incubation
perdod wes not long encugh to erhmat the supplies of this ruterinl
that renoined within the tlesuel .
Mﬂﬁc@iﬁhuMMEhthamﬂmi
of tisme preperstions, ork dome by other workers in the field (5 )
inddostes that there is no ddlubion of the lsdel, as 2 resull of
poctoncotate belng added to the medda by the moele tisme, elther in
the normal or the dlabetic preperations, These same mthors have Jow
(‘eponorestized) macle tisme, Upbake by the ‘labeble was fomd o
be about one half of the nowesl. This is an Ssportant figwre to bear in
mind when interpreting resulis as Lhe percent incorporations since in
this cose incorporetion figures shonls have been caleulabed by Jivl dng

e

*In penertl 34 4s observed thot Ancorporetion of reciomeidvity from
aaebebo- - into fotty aocids is much wore affected by the dishetic
stote then ig the aotivily in the ocholestarol froction,



by one half of the added dose. Therefore, the percent incorporation
figures as presented hers might sctually be spproximately twice as
large for the diabetic group.

When acstoasetate was added, the results in C'%, that weve obe
tained were in the same range as those reported by Erebs and  pggleston
(L3}« These authors, after comparing sheep heart minces to the other
tissues, found thet the former have the highest rete of scetoacetate
removal. Teoble VIII lists setivity from acetuacetat&-ﬁmcm in the car-
ben dioxlde fractions, It is shown thet the liver CO,fractlon has
activity, so there must be a way for liver to activate the cceto.
scstate nmolecule, The possibility that the campound has been broken
down non-enzymetically to asetate moleculss and used as the source of
activity in the liver caz fraction. is mlied cut because we would
then apect ’e:}::;e same degree of change for the lipid fractions (Tables
IX and X) as compered to the results for acetate in Tables VI & VIIL.
We des this is not the case becsmse the percent incorporation figure
for acetoacetate into Co, is spproximately 1/7 that of acetats, while
the unsaponifiable fraction is approximately 1/2.5 and for fatty aclds
approxdmately 1/2. In comparing the figures for the CO, incorporation
of the diabetic and of the control group, they sppear significantly
decreased in the case of the disbetic condition. NHevertheless 1f one
renembers the fazet that uptske of the lebeled substrate has ‘bm e
duped to approximately 50%, then these figures could be corrected and
they then eppear to have no difference from those of the normal group,
Labeling of the 1lipid fyactions also appears reduced hul these figures
would also approach those for the normal preparation if they are
spproximately doubled to acecount for the decrease in upheke, Also in



Rat Tissues in vitro., Comparison of Norrals to Disbetics.

TABLE VIII

& incorp,* from Acetoacetate-3=CH* into 002,

ROHMALS
Liver MUSCLE
| Leg Adductor  Diaphragm Heart
* 8t, Dev. C.56 3.55 3419 bol7
Range (1.06-2.85)  (9.35-19.67)  (1h,73-26.45)  (32.6~43.3)
Yo, of Animals g 8 B - b
DIABETICS
Liver HUscLe
, Leg Adductor Disphraga fleart
¥ean 1.78 8.92 13,63 25,26
% 5t, Dev, 0.3 2.66 L 57 5.15
Raﬂga _ (133"2 Qlé) (lh 8——-11{«0‘}) (?03""19 vg) {21»‘::*3*{909)
Ho, of Animals 10 9 - 8 5
P >0.1 < 0,01 < G.05 < 0.01

#per hour end per gram of wet weight.



TABLE

Rat Tiesues in vitro, Comparison of Normals to Diabeties

4 ﬁ,ncarpgl) from Acetoacetate-3-Cl4 into

Cholesterol(2)
HORFALS
Liver HOUBCLE
Teg Adductor Diaphragm ~ Heart
¥ean 0.49 0.033 0.056 0,003
& 8t, Dev, Go&? Q:C’llk 0,051 T 0.001
Range {0,18-1.01) (0.01~0.05)  (0,02+0.17) (0.001~0,004)
Mo, of Animals 8 8 g i
DIABETICS
Liver MO9S CL B
Leg Adduetor  Uiaphragm  Heart
Mean 0,018 T 6.008 0.016 0,006
£ 5%, Dev, 0.011 0,006 0,015 0,001
Range (6.005-0.045) (0.002«0.018) (0.005-0.049) (C.004~-0.007)
No. of Animals 10 9 10 6
P <001 <0,01 <G 05 < 0,03

(1) per hour and per gram of wet weight.
{2) non-saponifizble fraction.
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Bat Tissues in vitro, Comparison of Normals to Diabetics

% incorp.* from Acetoac:etam*:%-ﬁ}m into
Fatty Acids

NORMALS
Liver EYUBSCLE
Leg Adductor  Diaphragm  Heart
Kean | 0,11 0,08 0,35 0,020
+ 8t, Dev, 0.07 0.007 0.129 0.005
Range {0.05-0.21) (0.05~0,10) (0.14=0,50) (0,014~0,026)
Lo, of Animals g 8 8 L
DIABETICS
Liver MUSCLE
Leg Adductor Disphragm Heart
Mean 0.020 0.025 0.051 0,020
+ 8t, Dev. 0,008 0.009 0,02k 0.00L
Range (0.007-0,030) (0.008-0,044) 0.032-0.088)(0,013~0,028)
lo, of Aniwals 10 10 10 6

F <001 <0.0% <0,01 20.1

% per hour and per gram of wel weight.
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this case the heart is in dlscrepancy by having an increzsed zetivity
of its unsaponifisble fraction for the disbetic and showing no differ-
ence for the case of the fatty aclds. '

In conclusion: The results for t%xis group of experiments can
be listed as: (1). Anounts of the two lipid fractions and Jin of
oxyzen consamed are the same for the hormal and the disbetic prepar-
ations, (2) Musele tissue does show evidence of lipogenesis from
acetate, and if considered in relation to percent of the body welght
smatmut«a& by masele, this property of the tissme becomes fairly
important. (3) A comparison of the utilization of acetate by the
dlabetic and the nomal groups supports the theory of a decreased
scetate pool in the liver of the dlabetic and 2lso shows decreased
lsbelling of both lipid fractions by liver and mscle tissue. Of the
dAfferent kinds of muscle, heart muscle seems to be least affected
by the dishetie condition, (4) The diabetic muscle preparation shows
a decreaged (50%) uptake for depancreatined rats. If this same
phenomenon ocours for alloxsn diabetes, then the per cent incorpor-
ation Pigures for the dsbetic animals should be approximately doubled
before comparison to determine abé;lity of extrohepatic tissue for
utilizetion of ketone bodies. (5) These results confirm the work of
other authors on the fact that heart slices utilize ascetoacetale st
the higheat ré:he» {6) A mechenlsm by which acetoagetate is sctivated
to 2 emall extent by liver slices is showm to ocecur and 1t has been
pointed out that the data suggests this mechonism cennot originate
from 2 non.ensymatic breakdown of acetoacetote giving rise teo laobeled
acetate which could then be used by the liver slices. (7) The per-
cent incorporstion data from acetoacetole into Cé@z for different kinds
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of mascle shows & significent decrease of appreximstely two fold in
the labeling for the distetic, If one agein applies & theoretical
eorrection for the decreased uptake of the disbetie, utilisstion in
vitro of this ketone bedy by the uormal and the disbetic suscle pre-
paretion would be the same, If the ters utilisation refers to the
overall processes of uptake and use, the d:hm&é mraua# reported
hore shows s decreseed utiliszation of nmmtﬁ;.
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Paele Legue

In vitre studies with normel and diabetic rat sortas, ond mormel goat
aortas,
Viable preparations of rat sortas were incubated for one hour

with aocbatﬁula&m and the incorporetion of redicactivity into COp,

fatty acdds and cholesterol was measured, Messurements of oxygem
consumption, as shown in Teble XI, are slightly higher than figures
reported by Briggs et al { 9) who showed that arteriol tissue of the
rat respires at a rate sbout one tenth that of rat liver slices. Whem
the omaﬁ consumption of the nowmsal group is compored to the diabetic
there is no significent difference, although a sigmiiicant decresse
for the diebetic group has been reported (70). It has been found that
in stheresclerosis, changes in blood proteins and lipoproteins take
place {20,32); the most common changes are a decrease in albumin, an
inerease in <4, P and | globulins, serum cholesterol, tobal 1ipids
and B lipoproteins and some of these changes, especlally the laost two,
ape present in disbetes. Since the lipld compositlon of the arterial
wall is sbmlar to that of bloed plasma (LC) it has been assumed that
the fatty deposits in stherosclerosis are produced by deposition from
the blood. The plagues formed during the stheroselerotic process have
also been amalysed ((5) and found to resenile the composition of blood
1ipids so clozely that this f!.nding]‘-’safrarud as farther preof for the
theory of lpid deposition from the cireulsting blood. As mentioned,
gbove, it hos been found that in diabstes certain lipid fractions of
blood plasma are increased but whether this inerecse is thought to
conse & greater deposition of lipids in the artery well, is not nenw
tioned in the articles. Table XI shows 2 significaont increase in the



TABLE XX
b A

Rat sortas, Uxygen consumpbion and amounts of iipids.

ison normals to diabetiecs.
HORMALS
gﬁ
Oxygen consunption Fatty aclds Cholssterol
1 wet welght mg/g wet weight
Fean 12 13.3 0,98
St. Dev. L.82 1.88 0.3
Range (6.02-21.3) {10.12-27.87) (0.59-1.4}
Yo, of
animals 6 6 b
*®
Oxygen consumption Fatty acids Cholesterol
_Um/he/g wet weight mz/p wet weight
¥ean 6.17 23.62 1.42
'ﬁgt}u '36?. Bozé 3,83 00?5
Range (2.23-11.57) (14, 56-35.74) (1.06-1.96)
Ho, of
animals 8 5 g
P N 0.05 { 0.05 { 0.05

# gholesterol digitomides.
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aorta lipid frsetions of the disbetic over the normal., Even if this
significant increase in 1lipids for the diabetic would seem to agree
with this hypothesis of pxeei;:itatﬂm of lipids from blood serum on
the artery wall, one hesitates to ignore the part thot might be played
by endogenous synthesis. The use of P42 pas permitted research an the
endogenous synthesis of phospholipids (15). Experimental atharoms;
produced in 'rabbﬂ.ts bﬁr.a cholestersl rich diet hove been shovm to have
the major pertion of thelr phosphatides synthesised in gitu by the
sorta (60). An endogenous synthesis by the sortaz of the rat, and other
species, alm ocours for fatty acids end_cimlastml as hag bem; deter=
mined by a muiber of investigators (2L,71,23,55). The difference in
gpecies for resotions of this type is pointed out repeztedly by thése
anthors. The anthor of this thesis believes that this difference might
well be due to problems in technique sueh as lack of a2 proper counting
device for the low activity of the lipid campound, the incubation of
the tissue after o considerzble lapse of time, ete. This time foctor
is speclizlly true for the work dome with hummm sniopsy samples in which
in some coses reported ( 2) as unasble to convert aeetatamcl 4 into
cholesbm*@i in vitrg, eight hours had elapsed since the removal of
the tissue.

Table XII shows 2 .aonpar&,son of radicactivity incorporated from
acestaﬁe-.mm into fatiy acld and cholesterol by rat aortas from normsl
and disbetic groups. One can observe » deereased incorporstion into
the two lipid fraoctions by the disbetic simllar to whet has been shown
for other tissues. Both groups of animals convert sppresisble amounts
of acetate to CO, which suggests the presence of an active tricarboxylic
acid cyele, which should in turn provide energy for the symthesis of
fatty acids and cholesterol. Considering the large amount of relatively



| - s (2)
O Fatty Acids CM?ZL
Mean Ejs 0.22 0.03
s Stt ﬁﬂ‘v‘ ) 21&?5 9‘3.1 ¢023
ange (8«#2*1504} (6;11-0‘3%1) (0*02‘0-08}
No., of Amdmals 6 , é 6
DLABEIICS
(2)
6‘03 ty Aedds _Cholestergl
4 St. Dev, 0.025 3.007
Range ' (11‘35..28.353 {0.007-0.07) {0.004-0.02)
Ho. of m3 5 5
< 0.05 <0.01 <0.05

(1) et Wedght.
{2} Unsaponifiable Frectiem.



inert extracellular, strmctursl moterial, this represents an active
metsbolic role for the smoll mmber of cells invelved., Resulls for
“these mperinents ave I*epoﬂ:nd: as for one grem of wet weight. Samples
were pooled and then dried to detemmine their water comtent. Mo
difference was found for the 2Vgroupa of onimals (28f dry weight for
the normals and 30,3% for the disbetics as caloulated from pooled
tissue from 7 rats each., This small difference in composition would
not significently change va.hmé reported as per wet or dry welghts. -

Arterdal 1ipld synthesis by sortas from diabetic animals hes
not been extensively studied. A paper on the subject has rather con.
troversiel results {30) for it reported that {nereased cholestero-
ganesis “occurred in this preparastion as it did in livers from dizbstic
reds”. In this laberatory it hes nevez?'?&?wn that the disbetic con-
dition emses increased lpld labeling by the liver, Table XIT shows
that the three % incorporation values reported, differ significantly
if the corresponding nommal and dizbetic fraction are compared. The
degree of labeling exhibited by the fatty acids of the nowmal group
is pointed out as an wnexpectedly high figure since it lies in the
renge of values found for liver slices (Table VII). This fatty acic
volue also 4s the one that appesars most influensed by the dlabetic
state and the same tendency was previously mentioned for muscle
tissue. '

The increased acbivily in the carbon dloxide fraetion of the
disbetic prompted the investigation of the amounts of intermediates
for resctions as studied by the use of hydroxylamine, Activity was
too low to be measured after paper chromstography of the extract of
hydroxamle seide from duplicate flasks., By the colorimetdc assay of
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for acetohydroxamate

the extract ot o specific RcYfrom several paper sbrips the following
figures were obtained: for the diabetic--0,20 Jmoles and for the
normals 0,30 Pmoles for 1 gram of tissue.

Blthough these ﬂgxraa‘ were obbalned only after pooling a con-
sidersble mmber of samples they represent only one determination for
normel tissue end one for disbetiec tissue. l‘i‘herafare frem this eperi-
ment one can only conclude that the difference between the 2 Mgures
is in the right direction to postulste a decrease in scetyl.Coh con-

cortration for this tissue.

Hesn : : 5
Renze (0,05+0.68)  (0.05-0.1%4)  (0.06.0.09)  (10.97-22.7)
Ho. Amimale 5 5 5 5

(1) vet wedght.
{2) Unseponifisble frastion.

Table XIIT presents dota from nomel rut aortas incubsted with
mevalonste. MNevelonic acid requires phosphorylation prior to becoming
an active metabolite in the patiney to cholesterel synthesis (57).
These results indicate that rat asortic tisswe does have thecspacity
to incorporate the mevalonabe moleculs into cholesterol.

Tsble XIV presents results for incubstion of goat aortas with
acebate-1-c¥, [1though the 1ipid compenents are not grossly different

in amounts, to those of the rat, the oxygen consumption has decreased



to approxdmately 1/4 that determined for the rat:

(2)
Oxygen C (1‘ on Fatty Aeid W Cholesterol

o 7
i &t. Dev. 1.&" 5&% G.ﬂa
_“: st. Error [+ 18 2095 0.18
Renge {1,0247423) {6.34.21,90) {0.61.2,186)

(1) Wet Wedght,
{2) Digitonides

Heon . 2.5 : 0032 0.0031

% St. Dev. 0.64 0,0018 0.0016

4+ St. Drror 0.17 040005 0.0004 ;
Range (1. 243.62) (0.001-0.007) (0,0007-0.006)
Ho. of Samples 14 i3 13

(1) Vet Welghts

(2) Digitomide

Table XV shows & incorporation figures for goat zortas and these
are also deereased to about ome fourth the walnes reported for the rat,
This could well be a species difference as hes been cited from the
literature or be due solely te the difference of the preparation of the
tismue preparstions {see Experimental part). Although for these experi-
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ments with goats, more tissue was avedlable than in the case of the
rat, the low metabolic mivity did not permit radioassay of hydroxs-
nzbes and the colorimetric recdings were in a range of amounts of
hydroxsmates ot which recoveriesiere considered unreldsble,

Ime to the insbility to evaluate the hydroxamic acids from
the in vitro preperations 2 proup of rzbts wes studied in vive.

In e«;&}.us!.gn it e be sald for this group of upu:ﬁm’ts that

arterial tflssue from rats and gosts has sn setive oxddetive ecyecle, and *
czn syntheslze in gitu fabty sclds snd cholesterol from acebate, although
to /a mich lesser extent by the goat sorte thenm by that of the rat.
This difference is thought to be due to structural differences in the
artery well of the two species., Considering the small mumber of cells
that are present per unit wet welght of arterial tissue, this metabolic
activity for the rat is high,

The normel rat sorta is cepsble of phosphorylating mevalonate ‘
in vitro and of utilizing it in the synthesis of cholesterol.

In comparison with the normal tissue it wes found that the aorts
from the diabetic rst had z higher content of both fotty seids mnd
cholesterol. Labeling of these two fractions from acebate-1-C¥, as
has been found for other tlssues, was greatly reduced for the disbetic
group which can indicabe a decreased turnover rote of the end product
or dilutien of the lebel at some of the intermediate steps in the syme
thesis of these components. Parallel to these findings there was on
increased lobeling of the carbon dloxide of the disbetic group; one
determination of scetohydroxamate separated by paper chromstography of
many pooled samples gave a lower volue for the dicbetic lemding support
to the theory of 2 smeller pool for this compound,
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Description of method, In the previous in yitre work with hydro-
xylamine, the epproximste lsvel of hydroxamic acids determined rep-
resented the amounts of resctive seyls present at 2 particular moment
in the intermediste metabolism of that tissue.

The present studies on liver and aorta tissue hydroxamates hove
as thelr goal the eventual description of metabolic processes in terms
of the size and turnover of reactive couponents of these Processes.

It is our belief thet measurements reporvted here represent the Mret
such studies to be reported. It is scknowledged that the present dets
are limited, and that interpretotion mist also be ldmited. The moterial
is presented then as an example of o new experimental spproach rather

then a§ 2 completed study,

A group of 20 normal, mole rats wos divided into 5 sub-groups of
four opimsls each. The smeller groups represented 5 different time
inbervels measured ss the time elapsed from the moment the enim-ls
vere injected intraperitoneally with &aetaba-—lncm until they were sace
rificeds These five time perdods were: 15 mimtes;, 30 nimites, 1 hour,
2 hours, 6 hours. Because each amimal was injected with approximately
100 Jie of asebate it was necessary to place the animal in 2 metaboe
1ism chamber to collect respiratory carbon dioxide in a solutieon of
sodium hydroxide.

Within one group of four amimals, two were used to determine the
emounts and the rediosctivity of fatly seids and eholesterol digitonide
from liver and arterial tissae. The obher two of the sems group were

used in determining the content and radiosctivity of the hydroxamic
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acids of the sorba and liver afiﬂ' e partial separation by puper chromge
tography. The data that can be obtained from such an experiment ozn be
extensive and complesx; so that it is necessary to decide on specific
steps to be followed in deriving the information z-ﬂﬂ.oh had the greatest
significance, 2in outline is pﬁumw s0 that the reader can follew
the sequence of operations.

Qutline, (1) geparatiom, raMaay. and deberminetions of amounts of
hydroxamate derivatives. The p:wudnra for formation of hydrozamic
aclds in a blological system and thelr separstion into more specific
groups of campounds by paper chremabography was followed as has already
been deseribed. /1l paper strips were radiocassayed in a Nuclesr Actie
greph with a DU7 Detector so that this procedure resulted, for this
eperiment, in 10 graphical representstions of the distribution of
radioactivity on the peper chrematogrophy strip which permitted thedr
eveluation as follows:

(a) Teach radiochromstogram was divided inte emal “zones” correse
ponding to 0.05 Rf units in width.

{b) The highest point of the raﬁiaactivity curve for each
“zone" was measured in millimeters and nommalized to the same set of
counting characterdstios for the machine (slit wAdth, scenning speed,
etea).

(e) The former results were converted, by using = predetermined
factor, to activity counted as Bal0, ot infinite thickness ot 4.63%
efficiency, This operation facilitated caleulations of ¥ incorpor-
ation figures because the injected dese had besn counted st the same
efficlency,

{d) ALl data from {¢lere standardized to the some unit of
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tissue welght (1 gram web weight).

{e) Results from the previcus step were miltiplied by the
proper dilution factor considering the size of the aliquot used for
chromatographys

(£ qu cent ingorporation of the injected acetabe into each one
of the 20 segments in one sbrip, wag now caloulsted.

Mber following the stms;‘ :l‘of the snalysis of the data, figure
1 wes obtained for the lMver by plotting the percent imcorporation
floures against time, permitting o comparison of this measurement, eb
o specific Rf value, made at the 5 different time intervals, Figure
2 42 a representation of the decay in redioactivity with respect to time
for several of the hydroxemates found ot specific RE values: the
disgren being presented to show the direction mnd megnitnde of the
changes for some of the intermediates.

The Rf values selected for these caleulations ave:

(1) 0.55, beomise it is ossumed that ome of the major eomponents
in this part of the poper is ocebohydroxsmabe which repressuts the
activated form of the lzbeled materlal injected. v

{2) 0,75 for ncetoacebate. The product of acetoscetyl.Col and
hydroxylemine reaction has an Rf value very close to thot of the free
aedd, therefore, diffeventiaztion of the two forms is not possible with
this solvent systems

(3) 0435, avound this ares was recorded one of the largest con.

gentrotions of radiosctivity oceuring in the liver samples from the 15
miyibe snimols., Im this area would be the lergest part of 2 carbeno-
hydroxmmote dexlvalive.



Fipre 1

{ime courge of hydroyemate labeling of liver tissue

The percent incorporation of acetata-:!wﬂm is pre-
sented for 20 Rf zones ot five time periods. The
hydroxamic selds chromstographed were chtained from
rat Jdver tissue, As desoridbed in the text, the fig-
ure records, in some cases, ths build up of radic-
activity, and in some others, the loss or decay of
radicactivity during the 15 minute to & hour period
of study,
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For any one Rf vaolue, percent incorporation of ace-
tatewlncm is plotted with respect Lo time and this
represents the change in radicactivity (i.e. tume.
over) of the specific fraction.
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The percent incorporation of acuta?&ml»{?m is pre-

gented a2t varlous Rf wvalues at four time periods.

As deseribad in ﬁha text, the plotted deta indicates
the comparstive “turnover® of radloactivity in ar.
terial tissue hydroxamate fractions,
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(4) 0.85, as an exsmple of an area with acyls of long chain
:fatt-y acids,

(5) Caleulotions were olso done for values at Re 0,22, but,
due to its low activity, the grophiesl representation has been omitted.
At this He value one weuld expect to £ind the malonyl or the suecinyl
derivatives, but Hlwood and Van Bruggen heve found {27) that by the
hest treatment miﬁmdl of extraction of hydroxamie aclds from tissues
that swecinyl Co s completely hyurolyzed. |

Figure 3 represents the smme kind of information for the zorta.
(The 15 mimite samples for arterial tissue were lost).

AL aalaﬁlat&ons of turnover times of compounds using radio-
active precursors require lmowledge of the aspecific activity of the
compounds analyzed; thet is, mmounts of these compounds must be mezsured.
Tor this group of snimals, and keeping in mind the unsatisfoctory re-
sults obtainedafter eluting portione of the peper strip from the in.
yitro studies, the sssumption was made that all andmels had, at the
time of soerifice, a compareble level of zcyl derivatives of similar
composition, 411 10 strips (5 for sach tissue) were cut into frogments
representing C.1 Re units, and 21l strips from one tlssue and for o
same 0.1 Ry zone were eluted in the same tube regordless of the different
time intervals., Elution was done as usual and the colorimeter gssay
debermined on the extrects, 3Speclal care was needed vhen correcting
values for a certein unit of tissue welght, for in this case, the
hydroxmmete derivatives in each tube represented the amounts for that
Ry contoined in 21l of the tissue somples. Figure # presents a quanti-
tative evaluation of hydroxomate derivatives of different Ry values for
liver and sorta expressed as fimoles per 1 gram wet welght of tissue.



The two lines represemt the JPmoles of hydroxamic
aclds present in one gram of liver or sorts tissue
plotted against the position of the derivatives on
the paper strip.
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The results ebtained fyoem the colerimebric analyeis hove been plotted
(fgpire 8) oo tho ordinsto ot tha Re wolno of the partiealar rongo. The
cancentrotion of scotohyriresmmate (Re 0.59) Lo found to bo 0,38
Jimoles per gram of tismie both for Iiver mnd the nerba, As can be
cboerved for the liver, the rocto-derivative s one of the hydrexme
apids found in the lowvest comoentrotions, o finding whdch would be in
sooord bobh wAth the function of the orgen studied, thot is, the grest
variety of synthetic processes whiech oscur in hepatic tissue, mnd with
the hay position of scetyl~Cod in intermedoto metohelimm, foctyl Cot 4n
a cormon intemadiste for lmportmnt secuences 1.6, the tricovbenylic
acdd oyele, Loty nedd eymthesde, cholestercl synthesis, necbyloting
recotions, obes Theb port of figure 2 corresyonding to the 0.55 Ra
gone showe ¢ repidd decrense in activity alrecdy toldng ploce 15 nimtes
ofter injection of aosbubemlel s
Intraperitoneally injected acetate is absorbed inbo.
the general cfﬂ‘éﬁl&ti&n*ﬁfnd'- from it is rapidly cleared in order to be,
metabolized At many. different: sites;. If st such sites, 4% goos through
the tricarbonylie onid eyele the cerbem dlordde produced mist be troms-
porbed, ;s.a-. the blood, %o the lungs. The whole progess, as evidenoed
"ty racioactivity in the respiretory cavben diodde, 18 very repld and
6™, 1s debestable less then 2 mmtes after tho injestion of secbeta.(75)
It hoo been observed, for the rot, thet sporerdnately 0¥ of the
potdvity fram injected sosbate-10>" 1 foumd dn the expdved cesben
dovdde within 1 hour after injection { 79, therefore, the ropid de-
crsase of activity of ~cetyl Cot observed inm Fignre 2 is probsbly m
indloctdon of 3ta incorporation into the btricarberyliec nold eyveles,
if the chrometopraphie finotion of lp 0,35 4s considered to de made of
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the fumerdc acid derivative, one would espect Lhe same kind of rapid
decresse as 1s aétually observed here, It must be pointed out however,
that the formation of & fumarchydrozomate implles the exlstence of an
active form of Dumaric acid, Such on active form is not now recognised.
The large amount of radicactivity in thds fractlon and the ropid turn.
over of it possibly mggeéts the preseuce of 2 compound related to
active carbon dioxdide, the derivative belnsccarbvenchydroxamate.
Although it is acknowledged that the mumber of observotiens
presented do not justify a2 rigorous caleulstion of turnover rates, of
any of the intermediary "poolsy it does seem profitoble to use the
data in preliminary esleulationss In ordér to be ables to eampare the
rotes of the different resctions, these were trea‘hﬁd as first order
resctions, and the rate of change per hour cploulated from the tangent
to the lines obteined by plotting the logaritlm of percent incorporstion
against time, That rate obtained for the rapid deeresse in activity of
the acetohydroxamate fraction has been taken zs the unit figure for
21l the other values. By this trectment the wolues hove been unified
and serve as comparative volues rather than absolute ones. 31 refars
to the chage taking place between 15 and 30 mimtes after injection of
the lcbel, exvept for the case of seetoscetate where 1t has been col.
culanted from the thdrty Yo one hour period. E2 represents the some
kind of evaluation for the two to six hour perdod. Flotting results
- that decrease with time ylelds 2 negative mimber, while the opposite
is true for an increage. The following figures in Tsble XVI were
determined
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TABLE XVI
& ~La
Rp of 0.55 -l no slope
9'. 22 *‘1! 29 ' *GOO?
0.35 ~0.81 ~0.03
0. ?5 .{“G,Q 68 ﬂe‘a 06
0.85 +0.40 0,01

Considering now the amounts of hydroxsmotes formed snd the com.
parative retes of turnover it is seen that for the liver, the smount
of hydroxsmates found at the Rr 0.10+0.20 reglon, l.iiynolnsf&o is hMgh
when compared to the qaa;miﬁiea of other derivatives. At this R, one
finds the malonyl derivative but with the area covered i.e. Rp 0,1-0.2,
it cannol be stated that the moterdial found here is only the malonyl
derivative.

it the Rp zone 0.70.0.75 one would expect to find the scetozcetyl
derivative or the free acié.‘ It is probsble thet in the case of the
liver the free acid is ocomtrilbuting some of the observed vradiocactivity
for in this tissue the rete of the thiolase resction is displaced to
wards the formation of the free acid from its active form. The amount
of derivatives present at this zone is 0.8 Pmoles per gram of hepatic
tissue, while for the zorta it is half this amount. Activity in this
fraction for the liver increases rapidly in the 30 mimutes to one hour
period, while from the two hour to six hour peried there is 2 grest loss
in activity but at o slower rate, indicating thot if this were aceto-
acetyl CoA it has, within o four hour perlod, starting approwimetely
two hours after injection time, gone through almost one complete turn-
over of its metsbolic pool, sither by being transported to other argans
or by going on ﬁo other synthetic processes, such as fatty acld synthesis.
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The eurve in figure 2 for the R, of 0.85 shows an increase in
zetivity at 2 repid rate and a2 slow decsy in activity from the two
hm:a' to the six ﬁnar period. Aroand this ares and at somewhat higher
Ry values one finds acy:‘ﬁderivati‘ves of lnng-uhl!.n fatty zedds, The
anounts of these components are in the level of 2 Pmoles/gram for
liver, and 0.90 fmoles/gram for the sorta. The radicactive acyls ot
this Ry zone are more probably those from the s&hthetic sequence for
fatty acids, ready to be cleaved inte the free acid and a coenzyme A
moleculs, z«athe:{t.han those originating from the first reaction of oxi.
dation of fatty ceoids, that is, activation of the ackd to its active
seyl form. It has been showm {(48) that once the oxidetion of the long
chain fatty scid begins, it 4is usually sarried out until complete
breskdown to two-carbon units so that intermediates probably do not mix
and equilibrate 4n 2 common pool with those of synthesls of fatty acids.

For the sorta, only at the Ry zones from 0.6 to 0.95 does one
find considerable redioactivity for all the tinme perlods studied.
However, it cannot be certain Af this is due to endogenous synthesls or
tronsport to the artery of these libeled intermediates.

Flgures 4 and 6 show results for thosze animsls used for isolating
£atty scids and cholesterol from both tissues. In figure 5, the highest
level of activity for the falty acids of liver tissue, is resched within
10 to 60 mimtes after the injection of lobeled acstate, To obtain an
approximste turnover time for one mg of fatty sedd for this organ, the
slope of the line between the ons hour and the six hour period was used,
and the turmover time was found to be 0.26 hours/mg of fatty acid. In
the case of the aorta, a small level of activity t#as found to be maine
tained constant throughout the six hour interval, indicating 2 slow



The lines for rat liver and aorto represent the per-

cant incorporations of aashate-ww into fatty zcids

of one gram of tissue ot different time intervals
after the injestion of acebate.l-c Y,
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Figare 6
rease or d b sctivity in th 1

sterol fraction with respect to time.

The line for rat liver represents the percent incore
poration of aeetate-lnﬁw into cholestmrol plotted
against time elapsed after injection of the lobel.
Radiosctivity detersined in the cholesterecl digl-
tonide or in the nonsaponifisble extruct produced
similar curves for liver. The Jine for the rat sorta
mpmamta‘ the same ahﬁnga with time, 23 described
for liver, tut refers only to the nonsoponifisble
fraction.
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netabolic process which agein cammot be distinguished from deposition
from the circulation. | | |

Figure 6 represents similar stﬁdiéesr ﬁor the digitonide fraction
of liver. The nonszponifiable froetion m this aa&se gave @ :similar
curve. The ourve for the sorta rgpraaanta only the activity from the
nonsspondfisble fraction since ackbivity was too low to obtain similar
assays for the digitonide. For both ‘bi#;sues. activity was highest at
the two hour point. Caleulations of turnover rates resulted in a figure
of 1.67 hours per mg of cholesterol for liver and 1.28 hours/mg for the
artery, The figure for liver sgrees with one found before bs) ag a
rapdd component in a biphasic decsy curve. The rate fmn{:l for the
artery seems high as compared to liver.

Genclusions:

The velues found for the zmounts of sorta hydroxamates znd the
redioactivity associated with them turned out to be se low that it was
not possible to moke reliable caleulations of turnover rates. It is
elear, however that the aorta does have active metobolic systems eapable
of activating metsbolites. The net contrilution of these systems to
the variations in tissue lipids seen in disease processes is unknowm.

inalyticel information obtained for liver tissue was more
smenable to evalunation and seversl spproximations were made of turnover
rates. In gemeral, the turnover of the various compounds studied,
agrees well with exlsting concepts of metobolle pathways. To account
for the rapid appesrance of cl&% in the respiratafy air after a mini.
stration of acetate, & repid flux of Cyy through the metabolic pools is
required, Turnover rates were also caleulsted for fatty scids and
cholesterol extracted from both tissues. One cannot say for the artery
that this value refers only to sendogenous synthesis; Dayton (19 has
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calculated that approximately one half of the artery wall cholesterol
is dne to transport from other sites. Nevertheless the approximate
values obtained are impertant because this active mblizatim plus
endogenous synthesis could be one of the factém that are deranged

in those conditions that predispose bo the development of lesions. The
turnover rates found for the liver tissue agme £alrly close to the
rapldecomponent rates previously detmd in this lsboratory.
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The inflvuence of different diets on the in vitro capacity of

the rat aart,zi to iaoo:porata acetate 1.0t into its cholesterel, fobty

aelid, and carbon dioxide fractions, The experimental conditions for
these groups of animels have been described in the Faperimentzl gection
md the results of these studies are presented in Table XVIX. Altheugh
4t is reclized that the number of samples in several of the following
groups 4s mmall, the information of the table s presented for two chief
recscns. ‘

The preperation of 2 group of animals on diffmmt diets for &
weeks prior Lo sscrifice is cumbersome and time consuming. These ani-
mals were being utilized in another metobolie study (59), the resulis
of which would not be hampered by removal of the zortz. It was thought
of interest to use these samples to study the influence of diet on the
in vitro mebsboliem of acetabe by the arterisl wall., If the resulis
turned out ﬁo be essentizlly the same for the four diets, or if they
showed a differencs, the reslts could be used to determine if cone
timuation of these studies would be of value md of interest.

As was also mentioned in the experimentael description for this
set of rats, these animals had been previously injectsd with mevalonate
..Ba-cw so that it was necessary to incubate one sorta from esch group
without added acetate Lcm in order to determine the presence of any
activity frw the mevalonste. If activity wers to be found, besides
being subtracted as & *blank™, it would be of interest in showing in
vivo labeling of that froction from the mevalonsts activity. The asct-

ivity of the fraction would not necessarily however mesn endogenous
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- TABLE ZVIXL
i

In vivo incorp. from mevalonaste-2-C ~,

(12) 0% ¢ x * None  None Hone
10% v b ( .
(16) 308 S x None 0,006  0.015
(20) 30% » | x - | -
(1) 5% Sai:. 7 x 0.08 Hone Hone
(5) 5%  sat. x 0.025 Nome  Nome
(3) lo¢ » x 0,02 lone lone
(7) 104 no ' % 0434 Nene  Hone
(9) 30% . x Nene  lNone None

34y 30¢ < I x Kene Hone 0.002
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synthesis by the srberial wall, but could represent transport and de-
position at that site, Table XVIII presents these blank values for
each group and shows activity to be present in only two cholesterol
samples: thot from the animel of the 30% unsaturated fat diet {2z hour
mevalonic acid injection) and that for the 30% saturated fab clet

{4 days mevalonic ‘a.aﬁ.d injection). G@z semples from most suimals of
the sstursted fab diet showed a smzll emount of activity which was
disregorded because even ‘hhé largest value represented only 2% of the
value usually found for this kind of preparation. Fatty escid labeung
was found only in one sample belonging to the 3{)% unsatursbed fat
group (2 hours mevelonate injection),

Adédtional information to be kept in mind in the evaluation of
the results in Table XIVII is the faet that the original experiment
consisted of & groups of rats each receiving dlets of ssturated fat
and unsaturated fzt in three different concentrations i‘sr each class
(5% - 108 - 30%). In tabulating and analyzing the data we have re-
grouped smmples zs to amounts of faot in the diet so that by pooling
the first 2 original groups (5-10%) we obtain s"low fab diet™ group
which is compared to a "high fat diet® group represented by the 308
levels.

It should be kept in mind that if additional numbers of animals
wers to be avellable for ea2ch of the groups, differences between even
the 5 and 10 percent levels of feeding might become apparent.
Stetisticel analysis of data from group of diet study asnimalg,

The F valuss given in Tzble XVIlwere caloulated by an analysis
of yariance for the means of the different groups. These F velues

are smaller than those required for the 0.05 confidence level therefore
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no differences are shown for the means within each group {*grouaps® in
this case ave: (1) COs = % ine., (2) F.hefl ine., (3) CHOL =% ine.,
(&) CHOL - mgfgram). Since both the F test and t test for comporison
of means assume equal variances we decided to epply some t determine
stiens to this data beconse the ¢ test is not too susceptible teo
unequel varlences while the 7 test is. We elected to apply the t test
only to those mesns thet appesred to be grossly ddfferents
(1) £ incorporabion into CO,
(a) Unsaturated 5-10% vs the mean of all other samples pooled.
Significently different at 1% level,
(b) Unsaturated 5-10% ws. unssturated 30%:
Sipnifieantly different at 57 level.
(2) ¢ sncorporation into T.A.
{a) Saturated 304 vs the meen of all other samples pooled.
Significantly different ot 5% level.
(3) 4 incorporgtion into Cholesterol.
(2) Saturated 309 vs unsaturated 5-10%s
Yot significant.
{b) Saturated 30% vs saturated 5-10%:
Not significomt.
(e) Saturated 30% vs unsaturasted 30%:
Significantly different.
{d) satursted 5.10% vs unsaturated 30%:
Yot significent.
{e) Unsatureted 5-10% vs unszturzted 30%:
Significont at 1% level.
(4) Amounts Cholestarol.
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{2) Satursted 30% vs unsaturated 5-10%:
Hot significent,
(b) Unseburated 5-10% vs mesn of oll other samples:
Not signdificant (almost significant ot 54 level)
(¢) Unsatursted 5.10¢ vs saturated 5-10%:
Hot signifieant.
(a) Unsatursted 5.10% vs unsaturated 309
Not significant ot 57 level (Significontly different st
10% level)

From this statistiecal waluai;ion of the data, results considered
to be the more signmificant will be briefly disecussed:

1) The group on a 0% satursted fat diet showed = signifieantly
smaller incorporation figure for fatty acids o5 cempared to the mean
of all the other samples pooled.

2) The 30% saturated fat group alse shows 2 significantly
meller incorporation inte cholesterol as campared to the 30% unsat-
urated group. ’

3) The 309 unsaturated group hes 2 significontly larger incor-
porstion inte cholestercl thon does the 5 to 104 unsaturated group.
When amounts of cholesterol are also considered, the specific activities
of the cholesterol fraction turm out to be ihe SEME,

Wood and Migicoveky (76) have compared effects of 209 oils in
the diet of rats with others containing 9% fatty aeids present in these
eils; the workers have concluded that it 4s essentislly the fatty selds
of the diet that determine its cection., They hava‘ also found that un-
saturated oils inorensed totsl cholesterel in the liver and stimlated
incorporation of aaetatu—lmsw' into cholesterol both in vivo and in
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vitro by liver homogemates. Saturszted oils, on the other hand, de-
ereased liver chelesterol and in vive incorporation of acstatwl.cm
into ﬁhat. some froction in vivo (this effect wos not shown in vitro).

It 1o interesting to observe that the two 309 fat e;reugw ébwa show sin.
ilar results vith sorta tissue to those of Wood et al. The speciflc
activity figire for the 30% soturpted diet is lower then thot of

the 304 umatufated‘ This oould indieste o decrscsed lipogenesis

for the acrtas of the 0% satursted fo diet group. Such results

would agree wAth the finding of Wood and Migicousky as te incorpor-
ation by liver in vitro but do not agree in that the amounts of
cholesterol are the some. At a 90% confidence level, the low fat diet
animals have less zortic cholesterol than those of the 308 diets,

end this finding appearz to be more related to amount of fot than

to-tire ettt rtheiiets
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SUMMARY

Because this thesis presents several different approaches to the
study of the metabolism of dlabstic tissue, the results of the various
approaches have be&g surmarized in the respeetive sections,

For the study on utilization of ketons bodies, the bioclogical
preperations that have been used are three kinds of muscle tissus,
leg adductor, diaphragm and heart musele., These tlssue preparations
represented the extrahepatic tissue for the study of ketone bedy util-
jzation, Liver slices from the same animsls were slsc incubated with
the labeled compounds, It was found that of the three muscle prepara-
tions, the heart muscle slice is the most active in the oxidation of
acetate. The litersture suggests that a high degree of activity in a
ruscle indicates a grest mitochondrial density and a more active tri-
earboxylic acid cycle, These suggestionms lend support to the present
results, Amourts of lipid in muscle were found to be the sawe for the
norral and disbetic preparation. Lipid labeling from acetate was greatly
reduced in the diabetic as hee been previously shown for hepatic tissue,
With acetoacetate-3-C1% in the incubating medis, radicactivity of the
COp fraction shoved a significant decrease in the diabstic preparation
as compared to the nermal. Before interpreting these results to mean 2
decrease in utilizastion of ketone bodies by muscle tissue it is important
to define terms., It has been shown previously that the uptzke of, or
that srount of the labeled meterial that is actually made available to
the 4inside of the cell, is less in the diabetic condition, Approximstely
half of the acetoacetate is available as a2 metabolite to the diabetie

puscle fibers when compared to normal fibers. If incorporatlion figures,



which are reduced to one half of the velue of the nnrmals; are compared
on the basis of what is in contact with the interior of the cell,
utilization of this ketone in vitro by rat tissue would be the same

for normal and diabetic animals, If, however, the concept of utiliza-
tieﬁ involves the step of crossing from an extracellular to an intra-
eellulaf environment, then utilization is decreased in the diabetiec
animals,

For the study of metabolism by the aorta, arterial wall tissue has
been used from rais and from goats, In the case of the rat aorta the
vessel was stripped of the adventitia, sliced open longitudinally and
incubated, making the assumption that diffusion was not a limiting step
for this kind of preparation. For the goat aorta, which is a much
larger vessel than that of the rat, it wae necessary to cut rings of
spproxime tely 1 mm thickness or less. The aorta, considered as an
crgan in these mmt&bolic experiments, is quite unique in hsoving much
commective tigsue and very few cellular elemsnts, These cells consist
of soame fibroblasts, some mast cells and 2 small nunber of smooth
msele fibers. The relative nunmber of these elements varies according
to the proximity of the segwent to the heart., In all cases, the sawe
segment of aorta was used and rats were all of one age group ard,
within one experimental diet group. Experimenmts on arterisl tissue
were divided into three groups and the results will be summariged follow
ing this clsssification -— Ipn vitre experiments: In this case it was
observed that aortic tissues of the rat respired quite actively for such
an acellular structure, putting considerable activity from scetate~l-Clh

into the carbon dicxide fraction. In analyszing for mmounts of lipids
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it was found that the diabetic tissue had increased amounts of lipids
as compared to the normal which might be a factor favorinz the consequent
development of a lesion in the diabetic. This finﬁimg brought out the
importance of the possibility of studying (a) transport of the lipid
material to the vessel wall since the present experiments do not
permit conclusions on in situ symthesis independent of that amount
which is transported from other sites; (b) some measurement of the
degree of turnover for intermediates and end products of the ﬁarmal
animal se that in 3&@3: studies these values would be used a5 a pars~
meter for the diabetic.

Work with the rat artery is difficult becsuse of the swall amount
of tissue that is obtained from each animal, The possibility of obtaine
ing a larger sample of aorte from the goat through the kindness of the
Surgery Department of the University of Uregon Medical School at first
appeared as & solution to the problem. Unfortunately, the artery of
the goat being a wuch larger vessel needs more structural material to
maintain its lumen so that the ratio of cells to commective tissue is,
in this case, even swaller. Incubation of this premaration with acetate-
1~clﬁ gave very low figores for radioactivity in the end products.
The presented results therefore, only indicate a viable tissue which,
either because of the histological differences just mentioned, or because
of the use of rings instead of the total longitudinally sliced organ as
for the rat aorta, has a much smaller metaboliec activity than that of the
rat,

In our experiments e method was developed to isclate hydroxamie
acids from tissue which would represent those activated acyl derivatives

present at a finite moment in the tissue preparation, The purpose here



was to attempt to establish the approximste level of such compounds,

or groups of compounds, end to, if possible, calculate turnover rates
of these fractions after injecting acetote-1-CM+ and allowing several
time intervals for its metabolism. DNeterminations were done with
livers and aortas of normwal raté at 5 different tive intervals, Tﬁe
amounts of 10 fractions, spread out in paper strip 0.1 Re units apart,
were determined colorimetrically., PFrom these values the lovest amount s
for liver were cbtained in the zone where the acetohydroxamate would be
found. The largest amounts found for liver were in the gone of the long
chéiﬁ.fatty acids and also in the lower Ry values where malonyl
derivaiives wight be present. In following the time course of activity
fqr‘liver, ﬁhe greétest concentration of activity for all samples and
zones wae at the 15 minute period in the area vhere the carbenc-
derivative might bé found. A number of compounds were anslyzed as to
their rate of decay. These were pooled samples frow only a few animals
and the data cannot be taken as being complete. Amounts of hydroxamates,
for the aorta, were within the range of geod recoveries by the colori-
metric procedure, but the radicectivity fourd in these fractions was
very spall, The greatest tuild-up of activity for the aorta was secured
at the zone of the long chain fatty acids and acetoacetate.

From the amounis and the activity in the end products, turnover rates
were calculated. Those for liver coincide with the findings of a rapid
component that has previously been described in this laboratofy. The
curve for the liver non-saponiiiable fracticn and for the cholesterol
digitonides was essentially the same. For the asorta, only the none

saponifiable extract could be analyzed. Hates of turnover were cslculated
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for this tissue also and from the high values obtaived, it is clear that
the transport of lipids from other sites could well account for one half
or more of the lipid found.

Influence of diet on arterial wetabolism of acetate: The differences
in the diets of this group of animsls werec both in the amount of fat
and in the degree of saturation or umsaturstion., Arterial tissve from
the animals was studied for its capaecity to incorporate scetate-1-Clé
in vitro into GOg, fatty acids and cholesterol. The nurber of animals
does not permit applying high statisticel significance to the results,
but it can be commented that the higher amount of fat in the diet seems
to parallel an increase in chaleﬁterol in tissue. A decreased labeling
of fatty acids and cholestercl seems to accompsny the saturated fab
diet indiecating the poesibility of 2 decrea&eé rate of synthesis for

these compounds,
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