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CHAPTER I
INTRODUCTION

Generel Description of the Investipations

A portion of the work embodied in this thesis origine
eted as the result of the need for improved redioassay and
lipid separation techniques. An additional portion of the
work which is presented is releted to esarlier studies on
tracer methodolozy.

In radioassay procedures the Geignrmﬂullgr counter is
sensitive to any source of lonizing radiation. Any oross
contamination of ciﬁ labeled lipid frections will thus lead
Lo erronecus results., A procedure was needed fopr fatty
acld purification that could result in the separation of
fatty acids of hish radio-chemieal purity. Such a separe
ation wes doubly lmportant for it was also desired to isoe
late individual fatty acids from the complex mixtures which
occur bioclosically.

Another need w-s for an adeguate semi-micro lipid ex=
tract.on procedurs, Previous 1lipid separation procedures
required the extraction of the four tissues, liver, gut,
carcass and skin of a 200 gm. ret after each tissue frace
tion was first digested in aleoholiec KOH, The extraction
of the digested tissue involved the use of soma 12 sepe
aratory funnels some of which were of the two liter size,
These large separatory funnels proved herd to clean and

ebove &ll, hard te deconteminrte, Becguse of the bullki-



neas of this macro procedure and because of separatory
funnel stop cocks that hed to be lubricated, loses endfor
greass contamination, errors became s problem, This thaéia
deseribes & new semi-miecro, quantitative method of 1lipid
separation,

With the sdvent of more sensitive radio essay equipe
ment, & re~evalustion of lipid rediosssay technigues wes
necessitated, The fatty seid plating m-thod previously
employed in this laboratory, required sbout 2 mg, of fatty
gcid per cm.a or approximetely 10 mg. per plate. Becsuse
of the large amounts of fatty acid involved end beceuse of
the technique of preparstion, esch plate had & different
peometry {or surface) ereeting an unwanted veriable.
Described are new methods of radioassay thet eliminate mueh
of 6ha}unaartainty described sbove,

The finel study presented attempts to anawer the
questionj whet constitutes the size of a trecer dose of
labeled metabolite? Pew investizetors have considered this
problem and fewer have studied it, yet it is = very importe
ent one %o conglder when interpreting data on intermediary
metabolism, The above guestion must be ssked regardliess of
the kind of trecer or lsbeled compound used, for the sisze
of the tracer dose mey be different for verious lebeled
compounds and for verious routes of administration. The
tracer used in this study wes sodium acetate lsbeled in the
carboxyl carbon with 31&, The purpese of this study wes to

determine if varying concentrations of sodium amcetate had



eny eoffect upon Tatty scid synthesls, cholesterol synthew
sis andfor on carbon dloxide production. Within the dosage
range studlied the labeled acetate appesred to be tracer in

anount .



CHAPTER II

Review of

Acetute Actlvation eand Metebolism

The following is = review of the history of acetate
actlvption end metabolism, This section wes assembled
and wrlitten to help the reader gain e greater apprecistion
of the role that acetate pleys in intermediery metebolism
end to ald the writer in his comprehension of the general
problem, A

Summeries of much of the following materiel were found
in the review entitled "The Metabolism of Acetic Acld in
Animel Tissues" written by Bloch{l) ana in the paper based
on Lipmann's Hobel Prize addraﬁa(23 entipleé."ﬁevelcpm@nt
of the ﬁce#ylaﬁimn Problem, & Personal Account®, For a
more comprehensive and detailed review of this subject
these two pepers may be consulted,

Barly jlstorical Informetion

The bilosynthesis of long-chein fatty scids from smell
molecules, notably [rom two=carbon conpounds, is one of the
oldest concepts of biochemistry, tie Ldea dating back slmost
100 years, Raper(3} wrote in 19073 "The formetion of fatty
acids in enimels from cerbohydretes, end the oceccurrence in
natural fats, such ss butter, of all the fatty secids containe
ing en even number of carbon atoms, from two to twenty, suge
gest thet these fatty aclds are produced by the condenseation

of some highly reasctive substance containing two cerbon atoms



and formed in the decomposition of sugar®,

This view was formuleted after Lawes & &ilbart(&) in
1866 hed demonstrated by balenceesheet experiments the cone
version of carbohydrate to fet snd after ﬁgnckits} had found
in 1878 that two molecules of acetaldehyde, a product of fere
mentatlon of suger by yeast, condensed in en elkeline me dium
to aldol. Nencki{5) suggested thet aldol might be rearranged
to butyric acld, %agnua~Levr(6) in 1902 and Raper(3) in
1907 developed this idea further and it wes considere that
the longwchaln fat.y acids might be formed by multiple cone
densations of acetaldehyde. Although it is now known from
experiments with isotopic tracers that acetaldshyde es such
is not used for fetty aeld synthesis, nevertheless, presumw
able after its conversion to "acetate", ascetaldehyde is en
effective souree of carbon for fatty acid synthesis.

Another important observation was made by Fmbden and
ﬂppanhaim@r{7} in 1912, They showed that, when the survive
ing liver of dogs was perfused with blood 5o which pyruvate
was added, acetoamcetic acld appeared in the blood, A4lsc
Loeb!8) 1n 1912 end #riedmann{9) in 1913 demonsirated the
Tormation of acetomcetic aeld from acetate. ,

The first experimontel demonstration thet two~carbon
compounds ware indeed used in the synthesis of fatty ascids
and sterols wes made by Smedley, Maclean and‘Haffarttlg) in
1926, who found that t'ese lipids accumulated in yoast
cells grown in a medium in which either ethanol or sodium

acetate was the sole source of carbon., Nevertheless, the
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real lmportence of two-carbon compounds in the blosynthesis
of fat 1n enimals was not fully apprecisted uatil after 1935,
when Schosnheimer and Rittenbverz(}!) introdueced the tech~
nique of isoteple laeballing for the study of this problem,

Bloch snd Rittenberg{12s 13, M) neported that the
small molecules from which cholesterol and fatty ecids are
synthesiged in enimels are scetete units, or a more reactive
derivetive of ecetcte, Since then the centrel role of ascew
tate In the metabolism of fat hes bsen well established, ale
most entirely on tha basis of work carried out with the aid
of isotopic tracers.

Although acetiec acid had long been suspected to be an
intermediate in animel metebolism, the significence of its
rele in blochemicsl processes has only been recocnized for
about the past 15 yeers. The lack of information on acetie
acid metebolism durlng the past is in pert attributable to
the lnadequacy of methods for its identification gnd for its
quantltative determination end partly due to the faset that
in some izoletsd tissues acetlic seid appears %o possess only
limited reactlvity. Up until the past 10 or 15 yeers the
principal arproach to rroblems of intermeéi&rr meteboliasm
had bsen the balance experiment, i,s.,, Lthe messurement of
the changes In concentrestion of the reaction produet induced
by varyling concentrations of suspected precursor, The only
reactions of acetle acid in animal tissues which eculd be
reasonably well established by balence experiments wers the

acetylation of forsipn aainas{ls* 16) and the Tormation of



acetoacetic acid(g* 17, 38}* A mueh greater variety of
resctlons invelving acetic ecid has since been revenled
wlth the sid of isotopiecally labeled substences. The
utility of the tracer techmique for the study of intermede
lary metabolism derived from the fect thet with its aid,
blochemieal conversions become demonstrable irrespective
of whether or not the totel quentity of the resection pro-
duet undergoes a chenge. Thus the use of labeled acetie
gcld has been of particular service in deteecting acetate
fornation and in demenstrating its participation in pro-
cesses which proceed ladependently of exopgenous ascetate
supply, viz., the blologlesl synthesis of steroids, fatty
acids, porphyrin, glucose and uric ascid.

Studies on Acetylation

Acetyletion 1s one of the processes oceurring in the
metabolism of forelign amines prior to their esliminstion
from the animel body., To what extent scetylation takes
place in e glven case will depend on the chemical nature
end the ﬁﬁﬂ&ﬁﬁilg: of the foreipgn substance and on the
specles of the test animel, Im rats, sulfanilamide is 1.)
excreted unchenged, 2,} converted to Neacetyl sulfanilamide
and 3.) oxidized to & hydroxyl compound which can subsow
quently be conjugated with slucuronie ascid,

The view that detoxification resections occcur W th
foreign substances in enimel tissues mirror normel events,
formed the basis for te clesssiecal investigetions of

Neubauer, Knoop and Dekin, who employed vhenyle-substituted



compounds as models for the sbtudy of the metabolism of the
fatty acids. It atbests to the velidity of the originel
concepts that the conclusions errived at by these investi-
zators some {ifty years ago have not required fundamental
revision,

Meny attempts were made to identify the nature of the
gcetyl precurscr by balance experiments with intact animels
but no clear plcture wes formed., For instence, there were
reporta both that tae dietary addition of acetste depress
(20, 21) and inerease(22) scetylation of sulfenilamids,

The probsble scetyl precursors such ss sacetete, pyruvate,

or acetoaceteate must be avelileble from metebolic reamsctions
in much greater quentities then are reguired for the acetyle
ation of the reletively small amounts of fdraign amine which
can be given to animals sc thet the dietary adiition of pro=
cursors 1s unlikely to influence the yield of acetylated
product., Direct evidence concerning the sources of acetyl
groups for forelpgn amines has been obtalned from feeding
experiments with isotopleslly lebeled test substances,
Bernhard hes administered to humans and rabbits deuterio
scetic acid(23) ena deuterio sthenol{2H), as sources of
acatyl for either sulfanilemide, pwemine benzolc acid or
cyelohaxyl«&l&nimaigs}. In ell cases high concentrations

of deuterium were found in the excreted acetyl derivetives,
demonstrating the conversion of both scetate and ethanol to
acetyl groups for arometic amines and foreipn amino acids,

Acetyletion of sulfanilemide has been investigsted in



slices of guineawplz liver by Klein and Harristlg) and in
homozenate and extracts of pigeon liver by Lipmannflé}* In
these investigations the aromatie emines, sulfanilamide and
p~amino benzolc acld, were used as acetyl acceptors, In
these systems acetate was the most poient acetyl donor,
while acetoacetate and pyruvete showed a lesser aff@at*‘ Th@
results suggest thet the immsdiate reactant iz either acetic
acid itselfl or a C& compound which under the aandiﬁipns
arises more readlly from acetate than from pyruvete or .
acetoacetate, Plve times as much scetylsulfanilamide was
formed under smercbiec than under enaerobile aandi%iona(iéi*
Although oxygen does not enter Into the formal equetiocn of
the acetylation by acetate, aeroblosis is required to supply
the energy for the condensation. Lipmann demonstreted that
acetylation of sulfanilemide tekes plece also anaercbically
if alenosine triphosphate is added to the resctlon mixture
(16)

it was evlident that whatever the nature Qf the 02 COMe
pound which is the immediats acetyl precursor, 1t can
readlly be formed from acetic seld itself, The effect of
adencsine triphosphate on the acetylatien reactlion obsarved
by Lipm&nn{lé} suggests that the condsusatlion between the
carboxyl group of acetie scid and the amine involvas the
eliminetion of phosphoric aeid rather than of water. Since
the effect of sdenosine triphosphate cannot be attributed to
the intermediary format on of acetylphosphate, the possibile

ty remalned to be explored thet phosphorylated sulfeanile
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amide of an ecetyl derivstive of adenosine tripghosphate
may be formed as intermediates,

Formation of Acetic Acid

The first sugrestions of the formstion of secetle aeid
itselfl in quantlity in enimel metebolism were conteined in
sxperiments of Knaap{26) end Bukin€273 on the bloloslical
degradetion of phenylegubstituted fetty scids. The exere=~
tion of either phenylacetic a&id‘ar benzole acid, depending
on the number of carbon atoms in the sliphatic chein of the
test substence, wes nost ressonably expleined as resulting
from the successive ramovals of two carbon {rapments by
hydrolysis of en Intermediate beta-keto acid., Acatic smeid
had been proposed repeatedly as en intermedlete in the main
path of carbohydrete oxidation, Thunbargiaﬁ) surgested that
oxidetive decarboxylation of pyruvate acid gave rise to
acetic acid, two molecules of which were dehy drogenated to
form suceinic acid. Several amino ascids, in the course of
their metabolism, were found to form intermediates which
were ldenticel with products of eitner cerbohydrete or fatty
acid breakdown, pointing to protein as & potentiel source of
acetic acids Thus it was conceivable thet the metsbolie
paths of {he three major dietary and tls-ue components, fet,
carbohydrate and protein, could converge at the two carbon
stage and that, once this stare had been resched, only one
common mechanism of oxldetion would be reguired. From the
foregolng it would seem thet ss an intermediete in the main

chain ol metabolie veactions, ecotlec seid should continually
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arise in lerge quantitlies., An enalysis of tlscues and body
fluids revealed that in the equilibrium state, ascetie acid
is present in quantities which ares berely d@tectablatag).
Specific methods for the determination of smell quantities
of acetic acid in biological mixbtures sre not aveilsble and
it may aleo escape detection becsuse it maybe firmly bound
to protein in biolo rieal nedial30, 31), Even if asecetic amcid
were found to be practicslly absent, the sugpeated role of
acetie ecid as 8 major product of catabolism would not be
eontradicted, The condition which has tec be satisfied, and
which aprliies to 8ll metabolites which lie on the main mete-
boliec peths, is a cepacity of the tiaauﬁ to metabollze the
intermediate as rapidly as it is formed, The concentration
of the metabolite et any one tize will then be less importe
ant. The significant concentration of acetic ameid and other
fatbty aeids of intermedicte sige in snimel tissues wes howe
ever cited es evidence ageinat the theory of beta-oxidation
(32},

Evidence for the oreurrence of a metabolite which does
net normelly accumulete 1ln sufficilent amounts t¢ permit anae-
lyticel deteetion can be obteined with the ald of the iso=
tope dilution method, The isotoplc anelorue of & suspected
intermediete is administered to en enimel, or added to an
isolated system, and subsequently recovered either es such
or in a combined form, & diminished isctope content of the
isalate& material indicates that the test substence had

merged with identical unlsbeled molecules Formed in the
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tissues, Bernmhard, in en investigation of the acetylation
of foreign amines with lsbeled test aubstances(23) found
that the acetyl groups of excreted acetyl sulfenilamide cone
tained 5 to 20 per cent as much isctope as the deuterio
acetiec scld edded to the diet, He conecluded that the frace
tion of acetyl groups contributed by exorenous acebate was
related to the difference of isctope content in the test
substence and excreted scetyl. From such experiments, Bloch
and Rihtsnbsrg(13# 33) concluded that the isotepic dilution
obtained in the acetylation process can be a tributed to the
merzlng of labeled dletary acetete with acetzte arising in
metabollism,

Pormatlon of Acetoacetic Acid

Fatty acid oxidation has been investigated in a variety
of systems} in the festing or diebetie animal, in perfused
livers, in various liver preperations, and in the intact
enimal with the aid of labeled test substences., Under sll
conditiona except those of the intact animel studies, acetow
acetle aclid is the prinecipal product of the oxidation DPI'Ow
cegs, Lelolr and.nunaz(3h} detected acetic acid in the
course of octenoate oxidation by liver, but the amount waes
insiznificent compared with the quantities of ketone bodles
which eceumileted. Douel and eaﬂrorkers(BSﬁ 36) found a
unifonm inerease of ketone body execretion with Laereasing
chain length of the fatty acid sdministersd. 1In vitro,
fetby scids e peared to become inerecsingly resistant to

oxidation 28 the length of the chain lncreased, The dew
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pressing effect of hisher fatty secids on the respiration of
isclated tis:iue, noted by Quastel and Wheatlay(37), wes
sttributed to thelr surface sctivity, Lehninger showed,
however, thaet ocxygen uptake can be restored and thet the
higher fatty aclds ecan be oxidized by addition of adencsine
triphosprete to the liver system(38), Under these experis
mental c@ndiﬁion$(38), the eerbon atoms cf some sven and
odd numbered febtty ecids could bhe cocounted for s acetos
acetate in nearly quentitative yellds,

Slnee aceteacetic acld mecumleted as tihe princlpal
product of Tfatty melid oxidetion, it 1s not surprising that
acatoacetale rather then scetate wes frequently emphaesized
ga the primery oxidation produet, However, experiments have
furnished clenr evidence for the correctness of tiue prineie
ple of bets-oxldetion a2 proposed by Knooy{aé), Stepwise
dezradation of a blololeally occurring fatby acid by elime
ination of two carbon atoms wes first demonstrated by
Schosnhelmer and Rittenberg{il),

The two cerbon fragment which is detmched from the
fatty aseid chain was not identifled as such, although its
intermediete formation has been clearly esteblished,
Weinhouse, Medes and Flayd‘Bg) investipated, in liver
slices, the orxldation of cctanolc acid which wes lasled at
the carboxyl group with ﬁlB. The acetcacetie aei& which
sccumulated as the main produet, contalned lebeled carbon
in nesrly equal concentrations at the carbonyl and carboxyl

positions. Acetomcetate with suech isotope distribution
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could not have resulted from the splitting of the 68 acid
into two four carbon compounds, nor could it have been
formed exclusively from carbon atoms 5 to 8 of the ocetanocle
acid. Acetoacetate must have been formed, at lesst in part,
by random recondensetion of liberated Ca freoments,

The demonstration of the ketogenic sffect of valerie
aeid(hﬁ' 1) had an inportent bearing on the development
of more recent theories of fat oxidstion. This finding
could not be adequately expleined by either cles:ieceal
beta~oxidation or by the hypothesis of multiple sltern:te
oxidation., MacKay et al.(hl} suggested that the five
carbon chain of velerste wrs degreded to s thres carbon and
& two carbon unit and that two of the latber combined to
yield acetoacetate, It became evident therefore that ketone
bodies could be formed by recondensation of two carbon frag-
ments split off from the fatty acid chain ss well es by
direct oxidetion,

It is generslly belleved thet amine sclds are catabole
ized by oxidatlive deaminetion to alpha~keto ecids with sube
sequent oxldation and decerboxylation to acids contalning
one carbon atom less. Amino acids which ¥yield short chain
fatty acids as intermediates should be sources of acetyl
groups. This possibility has been studied with the amine
aclids leuecine end valina which contained carbon chaing labe
eled by ﬁautarium(&g). Dsuterioleucine yislded labeled
acetyl groups tc the seme extent as dld Isovelerie acid

indicating the acetic mcid wes formed as an intermediste in
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the formetion of secetoacetic acld, The ketogenic effect of
1&11@:1?13{&‘3' Lh) wes eXplained on the seme basig, Veline and
iscbutyric ascid beth are non ketogenic end are slso ine
effective &3 sources of acetyl groups.

Formation of ecetate from pyruvate can be demonstrated
to occur in animel tissues, sither aarmbicﬁlly(gs’ 46, 47)
or angerobically by ﬁiamutatian(us* u6, L8) but this ree
action is not believed Lo represent an imporitant pathway,
because under the same conditions acetate itself is oxi-
diged relatively slowly. It is considersd more 1likely that
the oxldation product of pyruvate is represented by a two
carbon sampéuné which is metebollically more resctive than
acetle mcld itself. A phosphoroclestic splitting of pyru-
vete inte acebtylwphosphate end formate ss it ceccure in
baetariu(hg} hes not been observed in animel tis-ues.

Metabolism of Acetic Acid

The administration of lebeled scetic acid to enimals
has been found to result in the incorporatien of isotope
into a variety of tissue aonstituentst glycagen‘ge’ 51, 52,
53, 514). cholesterel'10s 12, k2, 55, 56, 57, 58, 59, 60)’
fatty &eida(la‘ 55, 5T, 61, 62), the dicerboxylic amine
aai§s£63’ 6“’, pratoparphyrin(33i 65' 66), uriec aaidfé?’ 68),
citrate‘ég) ete, It thus appears that in the biolozical
formation of the cell constituents, acetic acid is of gene
eral importance as a scuree of carbon stoms. It hes become
inereasingly evident in recent years that many body conw

stituents of high molecular weight are synthesized by cone
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densetion of numerous small sized units rsther than by the
utilizetion and rearrangement of preformed large molecules.

The ability of animal tissues to utilize acetic seid
efficiently is illustrated by the fact that when fed to
enimals, acetic scld does not appesr in the urine in measw
urable amounts., In the experiments of Buchanen, Hestings
end Nesbett!51) with acetate containing radiosctive esrbon
in the earboxyl group, over {ifty per cent of the acetate
obsorbed by the rats wes totally oxidiged within two hours,
as determined by the appeerance of isotopic carbon in the
expired carbon dloxide, |

Since in isoleted tissues, acetic seid showed less
reactlvity than in the intect animel the poaaibility had
been widely discussed that acetie acid was metabolicelly

converted toc a more reactive form,

The Role of Acetyl Phosphate |

It wes the interest of Lipmann in the nhenomenon of the
Pasteur effect, namely the depression of fermentation in the
respiring cell, that helped to explain the mechanism of mcee
tete activetion. By locking for e chemical explenation of
this sconomy meesure at the cellular ievel, he was diverted
into 8 study of the mechanism of pyruvate oxidation, for
it is et tie pyruvic acid stage thet resplratlon branches
off from fermentation, For this study he chose a relatively
simple system, thet of a pyruvic scid oxidetion engyme in &
certain strein of Lactobaeillus delbrueckii,

An important event during this periocd wes the accidental
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observatlion that, in the L, delbrueckii system, pyruvic acid
oxidation was completely dependent on the presence of ine
organic phosphate., This observation was made in the course
of attempts to replace oxygen by methylens blue. To measure
the methylene blue reductlon menometricelly, Lipmenn had teo
switch to a bicarbonate buffer lnstesd of the otherwise |
'rautinsly used phosphate buffer, In the bicarbonate buffer,
pyruvate oxldation proved to be very slow, but the addition
of & little phosphate caused s remerkeble incresse in rate,
In spite of suech & phosphete dependence, the resction
did not at {irst indlcete any phosphorylative step. Nevere
theless, the suspicion remained that phosphate in sone
menner was entering inte the reactlion and thet & phosphory-
lated intermedlary wes formed. As a first approximetion, a
eoupling of pyruvate oxidetion with adenylic acid phosphorys
laetion was ettempted. Addition of adenylic amcid to the
pyruvic oxidation system brousht out e net diseppearance of
inorgenic phosphate, which was sccounted for es ATP. In
parallel with the then just developing fermentation picture,
Lipmenn concluded that the missing link in the reaction
chain wes acetyl phosphete, In pertiasl confirmation 1t wes
shown that & crude preparation of acetyl phosphate would
transfer phosphate to adenylic aecld, However, it st1ll took
guite some time to l1dentify acetyl phosphate definitely es
the product of pyruviec oxidation in this sys%am(7si ?1}.
An importent investigetion during this and later work was

the developement of enelybical procedursa(?g} and in partice
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ular of the very useful hydrozemic aeld meﬁhod(?3) for the
determinetion ol aeyl prosphates and other resctive rpeyl
devivatives.

There weg a further unusuel feature in shla pyruvates
oxidation system in that the product emerging from the nro-
cess not only caprried an energy-rieh phosphoryl »adical but
¢the product wss even more imﬁr&asi?& threugh 1ts ensrgy-rich
acetyl, It rether naturally became & contender for the role
of "active"™ acetnte, for the wlide-spread exlstence of which
the lsctope experiments had alreedy Murnished extensive evie
dence. Lipmenn was therefore, guite attracted by the possi-
bility thaet acebtyl phosphete could serve two rether Jdiffere
ent purposes, elther %o transfer its phosphoryl group into
the phosphats pool, or to supply its sctive acetyl for the
bio~gynthesis of carbon structures, transferring, on esch
aide of the oxygen center as indicated by Bentlay’s(7&}
early experiments on the cleavage of acetyl phosphate in
Ha018,

Lipmenn, reelizing that & better understending of the
mechanism of group activation wes a most urgent problem in
blosynthesls, set out te find & sultable system on which to
check the sasumption thet ecetyl phosphate reprecented
active acetate, After working cut a reletively eesy msthod
to prepare the eQMpaund{72’ 75}, a first unexpected diffi
culiy arose when it appesred thet animsl tlssues rather
generally contein a very active, specific, heat-stable,
o(16, 76)

acetyl phosphatas in cruds preperations of
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musecle, liver, and other tigsues, the half-1life ol scetyl
phesphests is only a few mimutes., Thls phosphatsce activity
in animal bissues mede tests wlth secetyl phosphate very
difficult.

In loocking for a sensitlive msthod Uo study acetyl
transfer, the acetylation of aromatlic smines wes chosen
23 2 promiging end bechunicelly sasy procecure. Farthermore
Lipmann was gulte confident that any results obtzined wlih
this method could be gensralized over the whole metabolie
field concerning the transfer of ective ascetabte, lncluding
such resctions ss cltrate, acetosceteste, snd lipid syne
thesis. Acetylatlion of sulfonamide had been leund to occecur
in rebblt liver slicesélg’ 7?" Although acetylation
cccurred in rabbit liver homogenates, the resction was
rether wealty, In seerch of a more active sysbtemy; pineon
l1iver homovsenste wes tried and found to have an exceedingly
potent mcobylation systam(i6* 7?}. This finding of a
partieularly active acetylation resction in celle«fres pigeon
liver preperetions wrs most fortunate and played an importe
ant part in the development of the acetylation problem.

Although the aeetyl phosphatase sctivity of the pigeon
liver homogenste was considersble and, to some extent, obe
scured tho test with scetyl phosphete, it became elear thet
ecetyl phosphate 414 not furnish active acet&hs(lé}. Under
anasrabic}coné;tiams with larges concentrations of acotyl
phosphate, no acetyl groups for the acetyletlon of sulfone

amide could be derived under conditions where en easy
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acetylatlion ocecurred with a reaplrliug homogonetbe,

Using ATP end acetale &8 nprecurscrs, it was possibls
to set up a homogenous particle-free acebyletion system ob«
tained by the exbtractlon of an acetune powder of pigeon
liver, In this extract likewise, acetyl plhiospiate was une
able Lo replace the ATP-acelete ss acebyl precursor,

Hole of Coenzyme A

In apite of tle dlsappointment wlith acetyl phosphste,
the declision teo tura te g study of acetylation started then
to be rewariing in asnofther way. Daring these studles
Lipmenn beceme gware of tie particlpation of a hest-atable
factor which diseppeared from ths ensyme soxtracts on ageing
or dialysis, Thiaz cofeactor wes present in boiled sxtracts
of ell orgens es well as 1n microorzanisms and yeesbt, It
could not be repleaced by sny other known cofactor and he
sugpscted thet he weg dealing with & new coenzyme., From
then on, for a number of yeers, the lsulstlon and 1dentifie
catlen of this coenszyme became the prominent task of his
laborstory.

The pigeon liver scetyletion system proved to be a
convenlent assay system for the new cﬂanmyma{?gi, since on
ageing for 4 hr, st room tempsrature, the cofector was
completely eutolysed. Fortunately, on the other hsnd, the
engyme responsible for the decompositlon of this Tactor waa
quite unstable and faded out durlng the sgeinz, wlhile the
acetylatlon apoenzymes were unaffected,

Finding pig liver a good source of the coenzyme, &



21

reasonably large gquantlty of a highly puriflsd preparation
was colleeted allowlng an exvensive study on ths chenlstyry
of thils meterisl. In this anselysis, particular astientlion
was pald %o the possibility of fiunding in this cofsetor one
of the vitamins, then not as yet ldentifled with a spscific
metabolle function. Beverly Tulrard, who worked with this
proparction, did not seem o flnd eny appreeisble snounts of
the known vitamina, Ilowever, she becams agwere of ths fasct
that on prolonged enzymetic troatment, the value of pantoew
thenic acld, as determinsd microblologieally, slizghily ine
eroased., This gave ths hint that the coenzyme dld not re=-
lease the pantothenle sclid so sasily, e facht known from exe
periments with pantothenic acld gssay in tissue oxtracts,
In confirmation, sie found on eeld hydrolysls of the co=
snzyme, consldereble emcunts of beta-alanine, corresponding
to slaven par cent cof the pernbothenle aecid in thils preparaw
tlons I% was lster learmed that this preperstion wes forty
per cant pure,

The finding of & E-vitamin in the preperction geve the
workers greater conflidence thet they were dealing with a key
substerce. Lipmann confirmed this finding by liberating the
ciiemically rether unstable prntothenic meid from the factor,
naklng use of okservations on enzymatlc cleavage of the eo=
enzyms. Two enzyme preperabions, intestinal phosphstese snd
an engyme in pigeon liver extract, hed caused indipendent ine
ectivation, It then wes found that through the ecombined

ection of these two ensymes, pentothienic acid wes



libar&ted(?g’ 80).

The two lndependent enzymotlie cleavages indlcatsd that
in this new factor (coenzyms A} thers exlsted two 1ndeponde
ent sites of attechment to the pantothenic acid molecule,
One of these obviously was & phosphate link, pregumably to
one of the hydroxyl sroups in pantothenlc acid, The other
molety attached to pantothenic acid, whieh clesved off by
liver ans&ma, remained unidentified for & long time., In
eddition to pantothenie aeld, this scmple of 40 per ceant
purdity had been found to contein about two per cent sulfup
by elamenﬁary anelysie and this sulfur wes idensified by
the cyenidesnitrosprussids test as 2 potential SHearouping
(61, 82). Also, the coonzyme preparation contained large
emounts of adenylie aaid‘sz).

The phosphate link wes soon ldentified as a PYrorhoge
phate briaga(aB}. S-Adenylic scid was identified by
Hove&li{&h} es an enzymatle split preduct and by Baddiley
(85), through chemicel cleavage, At the seme time,; Novelli
made observations that indicated the presence of = third
phosphate in adaltion to the pyrophosphetes bridze., These
indleations were confirmed by enzlysis of s nesrly pure
praperatlion that was obteined by ﬁrsgcry{aé) from Streptoe-
mycee fradise,

It wes at this periocd that mors sttention was peid to
the sulfur in the coenzyme. Lipmann end his group found

that their purest prepsaretion conteined },3 per cent sulfur

corresponding te one mole of sulfur per mele of panto -
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thenete, They also fuundgg?) thet dephosphorylation of CoA
ylelded a coumpound conbsaining pesantobtlienic acld and the
sulfur~cerrylag molety, which tiey suspsebted es bound
thwrough the carbozyl. Through the work of Snell and his
graugtsa’, the sulfur countalining molety proved to be atte
sched to pantothenle acld through a 1link broken by  liver
engyme, IThe molebty was identified ms thicethsnolamine by
Snell, the muiety belng linked peptidiceally to psatothenie
acld,

(85)

Through enalysis and synthesis, Beddlley ‘ now ldente
ified the polnt of atbtachment of the phosphete hridge to
pantotienic acld in the l~position, end Novelll et al.igg)
completed the structural snalysls by enzymatle aynthesis of
"deprospho-CoA™ from pantothelne-l!~phosphste and ATP, The
third phosphate was shown by Kaplan‘qa} to attach lu the 3=
pesition on the r»lbose ol the S~adenylic ecid. By these

studies the sitructure of cevenzyme A {CoA) was establlished,
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Hg th\bﬁ
g-ﬁ ¥omm | a3
L S I mas
~?.?.?- *aﬁ‘wa*|~o~?—f-¢~ ~K~?~ " *Hu?w?—ﬂﬁ
HH ? HH OH ©0H HO é H é HH
am~f=e 3
oH

Coengyme A



2k

ring this slow but steady eleboration of the siruecture,
Lipmennts group sxnlored intensively, metaboliec mochenisms in
the aecetylation field. By use of the snzymetie sassy, CoA
wes found present in all living cells, animal, plents, and
mieronrganisms(782. Purthernore, the finding that all colle
uler pentothenie arld could be aceountad for by Coﬂ{?a),
meds 1t eclear thet CoA represented the chief funetionsl form
ef this vitamin,

The firat ettemnts to explore further the function of
Cod werse made wlth neantotlienie scidedaficient ecslls snd
tissuss, A daficleney of pyruvete oxldetion in pantethenie
scld~deflcient Proteus morcanii, an serly isolated observee
tion by ﬁbrfman(gi' 92), now fitted rathar well into the
pleture, Lipmenn socn became interested in this effect,
taking 1t as an indleation for perticlpation of CoA in
pyruvate oxidation in P. morganiitgs), Uaine pentothenie
acid-defliclent yeast, lUovelll et al.(ga{ demonstrated n
Cofiedapendence of scetate oxldetion and Olson and Kaplan(QS)
found with duck liver = striking parallel betwesn CoA cone
tent end pyruvie scid utilizestien.

Another si-mificant step toward a conerelizstion of
CoA funetion for acetyl transfer was made by demonstrating
i1ts roll in the enzymetlc svnthesis of acetaacetata{qé}‘

{97

Soon afterwards Stern and Ochos ghowed & CoAwdopendant
eltrate synthesis with = pigeon liver fraction aimilar to
the ons used by Seoodak for acetoscetate synthesls, Novelli

at alﬁigai confirmad nnd extended this cheervation with ex=



tracte of E. Ceoll,

In the courso of thils work, which nore end wuore elearly
dofinod the acetyl transfer function of Coh, Fovelll osuce
uore Lrled secetyl phesphube, T4 appeared tlhat In T, Coll,
extracts, in contrest to Che anlmsl Siassue, acetyl shosplinte

es acetyl doucr for clirate s;nnxaais weg mors then twlee

8)
ps actlve as scetate plus ATP{Q "« Lcetyl phosphats,
therofore, functionsd as & potent mlcreblal acetyl donor.

An importent mlisslng Iink In the pleture was supplied
throush the work of Lyn@ntgg} who chemlcally Ldentifled
acatyl Cold ns ths thloester of CoA., Therewlth the thio-
ester link (CH3~€3~$~¢¢A) was Iintroducsd as & new en pvIye

rich bond, and this discovery sdded a very lmportant facet

te the understanding of the mechenlsms of metaholic energy

Mechunlens of Acotete Coundensation

There 13 one fenture in this plcturs thst hes sittracted
vartlcular attention: that is the two fold type of acbivae
tion involving (1) the earboiyl end, or the "hezd" end, of
the ncetyl and (11} 1ts methyl, or "teil" end,

e definiticn of the heed resctien ls velsnlvely
simple. Acetyletion of arylamine or eholine is & typleal
head reosction, SH :

(cﬁsggsﬁﬁaﬂﬂaacﬁaucﬁ ¢ caﬁwﬂﬁﬁcaﬂﬂs,ﬁ._____ﬂ;
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demonsitrated by Bonner et alﬁﬁiogj a8 intermediary in
rubber synthesis,

In a third type, a combination of heed end tall resc~
tion takes place with two acetyl CoA's reacting with each
other in & headeto~teil condensction. Caleulation of the
energy required ylelded a figure of around 15 kiloecalories
which could be covered by one energy-rich bandt76). By
using as acetiyl donor carboxyl-labeled acetyl phosphate,
fed through transscetylese, the marker eppeared in the care
bonyl, es well as the carboxyl, pert of acetoacetate. This

demonstreated a heade-tell character for the resctions The

Q 0

mg-g-é.em 4 lﬂ-cazag-.s«sm
0 0

'cﬂsngﬁcagwgwsucaa + CoA-SH

g

finer mechanism of this reaction between two acetyl CoA's
has been elaboratsd in particular by Lynen's group‘lgz),

(102) and by Ochoa and hisg group(les).

by Green's lesboratory
Presumably in the building up of longer terpene cheins, @
head~tail condensation may occur between two beta-methyl
erotonyl CoA's followed by hydrogenation asnd dehydretion.

It mey be well to mention here the role that suceinyl
CoA plays in this scheme, Suceinyl CoA can be genersted
either from alphawketoglutarate by oxidetion in the presence
of the eppropriste oxldese system or from succinate, Col,
and ATP in the prosence of the succinyl CoA~phosphorylating

engyme, Suceinyl«CoA in the presence of aceboacetic acid
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forms acetoacetyl«CoA and succinic geld. Acetoacetyl«~Cold
in the presence of sdditional CoA, forms two molecules of
acetyl«CoA providing another mechanism for the goneration
of seetyl«Col,
A new type of headetall condensation, between succinyl=

CoA and glyeyl=Cod was sugiested by Shemin's work on hemin
syntheais‘lah3¢ The keto, amino dicarboxylie seid formed
then appears to be decarboxylated to amine levulinie acid.

Current Theories for the ﬁaahanism of' Acetate Activation

The transformation of ATP bond energy is rather
straightforward being a sequence of two independent SNZY~
metic reactions, the first a transphosphorylation from ATP
to ecetate and tha second, as discussed, a transacetyletion

from acetyl phosphete Lo CoA,

-

0 o= 9
CH —g«»a"’ + Aae;ltami‘aam?e” 3
3 . ’
0
LW
0~ 0

=

01 PO3 4 AdOwIl?«-QV\'%«@”
& 4
0 » 0 (2)
GHB-.ku\eum; + CoheSHe cnrgm 8«CoA 4 HO-PO3

It should be noted that in the first transphosphory-
lation step the scetyl phoaphate cleaves snd condenses beow
tween ¢ and P, In the second transscyletion reaction, howw
ever, acetyl phosphate cleaves and condenses between the C

and ¢, Thus the seme molecule rescts on sach 8ide of the
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oxygen bridge between the cerbon and the phosphorus, A
shift from P«0C to PO«C chould actually be a feature of
many condensatlions initiated by & phosphoryl split from
ATP, These have become increasinzly numerous, end are
geen in glutamine, glutathione, pantothenate, and seeme-
ingly in protein synthesis,

(105, 106, 107) have explored the reasction

Jones et 8l.
with liver and with ysast, and e surprising feature was une
covered, nemely, thav the initiel rhosphoryl split of ATP
occured between the pyrephosphoryl group and AMP, The
clsevaze products of ATP wers identifisd ss inorgenic pyroe-
phosphate {PP) and adenyliec scid (AMP).

Lynanglal) found some rather revesling information by
the use of isotopesa, It was found that ATP and radiocsctive
inorganic pyrophesphate exchenge in the sbsence of CoA or
acetate, OSuch an exchange iz compatible with an initial
reection between the enzyme and ATP, resulting in a covale
ent binding of AMP to the engyme, En,

ATF 4 En&—D>AMP-En 4 PP (3)
1t furthermore wgs found that scetyl of acetyl«ColA exe
chenges with radiomctive free acetate in the absence of ATP
or pyrophosphate, This exchenge would indicate an exchenge
of ecetyl for enszyme in the final atep, Therefors, &n overw
all sequence {(fn standing for enzyme) was proposed as followst
o= o 0~ 0~
En=0H 4 Ad_a-.;luc»;?«_emgw_.; Enan&aL»G»Aé + HOP-OPOF (L)
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0
Enanmjfu-o-.zxd + CoA=SH— > Fn-S«Cold 4 Ad—»@«»?ﬁﬁ {5)
g
(4]
EneS-CoA + Hem@«cx»xa-——.aﬁnuoﬁ + co;;«sng-ms (6)

The middle step, thet is, the substitution of enzymew
bound AMP by CoA is the most problematie but also the
most interssting one, sinece it may foreshadow mechanisms
impliecating nucleotide activation for polynuclectide forme
ation., WNo indicatlion wpz found for the identity of the
group on the enszyme through which the initial binding of
AMP and further exchenge with Cod might occcur.

Since the existence of the postulated enzyme~bound
substrates wes Inferred solely from isotope exchenge exw
periments, Eerg(lgg’ 109) investigeted this hypothesis
once moros to obtain further information on the nesture of
the intermedietes and the mochenism of thelr formation.
With a more highly purified enzyme than that previously
employed, he found that the exchanpge of PP and ATP does
not occur unless aceteate is added, This, together with the
absence of any exchaenge of A4SP snd ATP in the presence of
CoA alone, as was prodicted by Reactions lj and 5, indi-
cates that the proposed mechanism can not be meinteined,

Borgt108, 109)

then presented evidenece in support of an-
obther mechaniam of acetyl CoA synthesis, This involves &
primary resction of ATP and scetate to form ¢ previously

undescribed compound, adenyl ascetate
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end 1ts subsequent resction with Cold to form acetyl CoAl
{Hemetlions 7 and 8),
ATP + acotete « > adenyl acetate 4 PP {7}

Adenyl mcetave + CoA¢——eacebyl CodA « AdSP {(8)

Adenyl acetate has been synthesiged and demonstrated |
to react engymatiecally in the manner shown above. However,
attempts to achleve the net enzymatie synthesis mand isola=
tion of adenyl scetate from ATP and acetate have so far
bean unsuceessaful,

The formation of adenyl acetate as an intermediate in
acotyl CoA formation by yeast aceto-CoA<kinase is supported
by the following obssrvations, (1) The exchange of PP and
ATP requirss acetetej (2) synthetic adenyl scetete iz rende
11y converted to ATP in the presence of PP and to acetyleCoh
with CoAj (3) the CoA«independent sceumulation of acethyw
droxemle meld, PP, and AdSP in the presence of hydroxyle
amine; {lj) the requirement of acetate and CoA for the ex=
chenge of AASP with ATP; (5) and the regquirement of AdSP
and PP for the exechenge of acetate with eseetyl CoA, PFurther
support for the proposed mechenlam has been provided by the
918 exchange studles of Boyer et &1’(116)‘ It was found
that Olawenrbaxfiwlabalad scetate geve rise to excess 018
in the phosphate group of AdSP. Thess rssults could be

prediected from reactions 7 snd 8,
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In consldering the mechenism of the aceto-Col«kinase
resction and its analegy wlth the formation end utilizastion
of mestyl phosphate, certaln simlilesrities are erparent,

Illl)’ in a discussien of the mechenism of group

Koshlend
tranafer rsactlons, pointed out that meny of the well Mnown
enzymatic group transfers may be considered es single dis-
pl&ﬁament or substitution reections. The reactlion muy be

formuleted ns follows to illustrate the phosphorylation of

gcetates
0 o™ ¢~ o
I - - o+
Cﬁéanﬂ: * O-PalwP~OuPeOnsAdenosine 3
- - 0‘-
¢* o0& o° o
A b+

C‘HB-{:M,}; seenaPanea 'anﬁm()&f’m{}wﬁdaﬂﬁsiﬁﬁ --————> (9)

SR SR

I o= o~
g - It A
Qﬁgo ~0wP=(l" ¢ O=PeQaP-OwAdenosine
ﬁ“ - -

Pirst, there is e nucleophilic ettack on the terminal
P atom by the unshared pair of slectrons of the acyl cxygen
atom, Torming an activated complex which breeks down to ADP
end acetyl phosphate, In the case of the scebo-CoA-kinase
reaction, however, the nuclecphilic attack by acetszte may
be consldered to cceur in & similer wsy, but on the adenylie
seld phosphoris atom liberating PP and Torming a dsrivative
of acetyl phoephste; nsmely, adenyl scetate, The formeticon

of acetyl CoA by phosphotransacetylesse and by acebto-Cof=
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kinase alsc appears to be snalogous when considared In this
way, Thus a nuclecphilic attack by CoA on the acyl carban
gtom displeces, in one case phosphate, end in the other,
AAd5P (Reaction 10),
s O 03 i: |
Col3s ¢4 CeDuPul-+idencsine—> Canstvisﬂ-ﬁ:tﬂu «0=fdenosine
I o b
o~
_*————{;eaasncqcﬁs + *0»%;0~&¢anaaine (10)
o~

Although 1t 1is cleer thet the formetion of acetyl Cod
vie acetyl phosphete is cetelyged by two separete enzymes,

8ll attempbs to show theat the sceto-Col-kinsse resction ine
volves more than cue engyme have besen negetive, Also
studles with the veast anzymé'have given no iandication of
a separatlon of the scbivitiag shown in Resctions 7 and 8,

It therefors scems possible that acyl adenylate forme
ation may represent & general mechmnism for the setivation
of faitty aclds, amineo aclds, and a variety of sompounds
conteining an acyl groupe.

It would appear that sfter nearly 100 years of ine
vestigation by many reseecrch groups, the actlivetion of
scetate mey now be “nown and mey be summerized in the
following equetiont

ATP 4 aeacetate ¢ CoA «—acetylelohA ¢ AdSP &+ PP
Pormation of the acetyl-Cod molety mey ccour either by

Lipmenn's hypothesls, Lhe summetion of Reactions l, 5, and



6, or the hypothesis of Bers, namely the summatlon of

Feactions 7 snd 8,
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CHAPTER IIXIX
Materials, iethods, and Technigues

Animals

The enimels used in the experimental work were young
adult male rebts of the Sprague~Dawley strain, obtained from
the Worthwest Rodent Farm, Pullman, Washington., Male rats
wore used to eliminate the variation of fat composition that
is know to oceur in female rats due %o the eyelie effects
of sex hormones., Female rats also have & diffsrent fat
dlstribution pattern than do male rats, so only the mele
sex was used, The welghts of the rats upon arrivel, ranged
from 150 gms. to 175 gms. The rats were sorted as to welght,
marked by clipping 8 portion of the ear with a sharp
scissors; and placed in wire cemes housed in 2 cepe~hood
nssemblyillaln

Trained Faeding

The enimels wore fed Purina Laboratory Chow, ad 1ibitum,
and ziven sdequate weter for one or two deys, Treined
feed;ng followed and econsisted of giving each rat approxie
metely 10 gme, of Purina Laboretory Chow every 12 hours.

The rat was sllowed one hour to consume his food after which
all unecten food was removed from the cage, Care was taken
to ses that sach rat meintelined & ateady weight rain, Those
animals thet fid not paln weight or meintein their weight

on such a regime were not used, About four to five deys

were necessary to train the rats to eat all of the aslletted
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food in the regquired time of one hours Rats were weighed
daily and only ratsg thet had adjusted to the regime and
maintained thely weirht for s minimum of one week after the
initiel training period and appeured healthy, were used in
the eaxperiments, It was necessary te ineméporate & progrem
such as this %o insure & constant matritional state for each

animal .

Preparation of Sodium éaatatewlwﬂlh

The sodium ecetete mlwﬂlh uged in the following metse
bolic experimentes was asynthesiged in our laboratorwillz)
fromABacﬁﬁ obteined fron Oek Ridge, Tennessee, One millie
curie lobs of the carboxyl lebeled aecetic ascid were gstored
a8 dried sodiua scetate in 4O ml, nervow mouth centrifuge
tubes covered with rubber vial closures., Two of such lots
were used In the present studies, To eamch lot wes added
25 ml. of distilled wobter to disolve the acetate, thus each
ml, ccntalned approximetely L0 mierocuries., Eaeh lot of
labeled scoetate was radiaassayed‘ilu) as infinitely thick
BaCQB and counted under s thin end window G.M, tube {Trecer
Leb, TGC-2), The chserved counts were corrected for oo
incidence and thickness when necessery. Multiplication
by 2.4 ylelded the equivelent value of the semple as if 1t
Lad been counted with Nuclear's D-47 counter fitted with
thie thin micro-mil window,. One ml, of acetate lot #200
contained 3.72:1&6 counts per mimute and 5,2 mieromoles of
sodium aeeta;amlwﬁlh and 1 ml. of lot #4102 contalned 3.93x%

106 counts per minute end 2,126 micromoles of sodium
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ﬂcatatewlwﬁzu.

In order to keep contemination and loses of the scetate
preparetion te a minimum the lots were kept frozen between
Injections,

A Semple TUxperimental Procedure

A 200 m, ret was selected and fed 10 gms. of Purina
Leboratory Chow at 8:00 e.m. end any food thet remained une
ecton after one hour wre removed. In the mesn time the
sodlum acatatewlvclh'was removed from the freszer and wermed
to room temperalure after which it w-s thorouchly mixed,
The rot wos ellowed to mssimilete the chow for one hour and
then & finsl welghing of the animel was made. About five
minutes prior te Injfection, one or two ml, of lebeled
acotate wrs asplrated into v two ml, syringe. The asplre
atlon wrs accomplished by fittiug & one and one~half inchy
21 mauge needla to the sypinge and Inserting the needle
through the rubbsr vlel closure which eapped the round
bottom, heavy walled, L0 ml., centrifuge tubes containing
the sodlum aﬁatatenlmﬂlh. A volume of pir agual to tho
volume of acetebe espirrted was Injected into the tube to
prevent the errstion of a vacuum upon agpiration. In all
cages a total volume of two ml. wes injected into the rab,
If only one ml, of acetrte was used, thes volume was adjusted
to two ml, with dlstilled weter, The rat was held, by an
&ssistaat, In the auplne position in preparation for ine
Jectlon, The ebdomlnel aitin wes ralsed sently by the thumb

and forefinger and the needle lnssrted intse the a-dominal
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cavity., Injection was made when 1t was as ured that the
needls was in the intraperitoneal space., PFollowlng the
injectlon, the ret was immediately placed in e speclsl
echembor and allowed to metabollze the injected acetate for
two houprs,.

Metsbolliam ﬁssemblg‘lxg)

3ince, when in use, the mebtebolizing chamber ls con-
stantly belng swent free of explired ﬂla@g and clk02, a
guantltative racovery of Clhﬁg ie possible, It 18 slso
nogsidble to take periodic gsemprles of the expired 602 and
so follow 1ts spoeifiec getivity with time, For s more dee
talled discussion of the metebolism sssembly the reeder is
referred to the sbove muference,

Toraination of sn Txperimant

After two hours the ret wos removed from the metabolism
chamber end Immedletely seerificed by decapitetion, The
obdomen was qulickly inéised and the liven removed end
welghed, The gut wos unext removed snd welghed., The akin
was then stripped from the eareass and esch of these tiscues
welshed separately. The hesd and spleen were added te the
carcess frection. The four tlssue fractions ware placsd in
boiling flrska, of appropriate size, containing 25¢ KOH in
957 ethanol, The total time requlred for removine the rat
from the metsbollem chamber, blunt dissection, weirshing,
and placing all of ths tissue fractions in the direstion
flesks, 21d not sxceel four to five minutss, The Alreation

mixture wes prepered 30 minutes prior to sserificing end
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the flngks were placed on electric hesters and brought teo
bolliny temnorasture. All tissue frections wers asdded to
e bollina dlsest mixbture so that enzymatle activity would
bs lmmadlrtely arrested. The digestion mixtures were pree
perad a3 indiceteds

Practlon Fleask Size Tthanol KoH

Liver 100 ml. 50 12,5
tut 250 ml. 150 375
Carcess 500 m1, 200 50.0
Skin 250 ml, 100 25,0

Each Tractlon was digested under wveflux fuor a total of two
Hours.

Tilpid Extraction =~ Allguot Taahnigue

With the dsvelopemsnt of more sensitive radicesssy and
woelghing teehniques, much less 1lirld wes needed for asaey
rurposss so that less than the totel amount of esech of the
tissusa could be used, Uowsever, by teking only e pert of
aach tissue, the sample would not necessarlly reprcesent the
total tlasue,

L new 1ipid separation fechnique wes developad which
conglsted of plpetting an ap roprigte aliquot of the ligquid
dlgest mixture, after it hed been filtered into graduated
cylinders, to & 1"x8" screw cep culture tube, therefore
cbtaining e semple thet ig representetive of the totsl
dgents The slze of the aliquots used was 25 ml, for the
llver fraction mnd 10 ml, esch for the gut, carcess and
gkin fractione.

Since all extrretlon procedures were gsrried out in
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the same tube into which the digest sliquot was pipetted,

et least two trensfers which would have been necessary, if
the ususl separatory funnel extraction technigue had been

used, were eliminsted,

The signiflicance of minimal trensfers and solvent
volumes cen be appreciated in light of the small quantities
of 1lipld present in one gram of liver, these being sbout
25 mg. of fatty acid,an& 2 mz. of cholesterol, The teche
nique of carrying out all precedures in one vessel minimized
losses which would be unavoideble by more bulky methods em-
ploying several transfers and hes enabled us to obtain re=
produceable recoverlies,

in order to provide the gasw~tight sesl necessary for
extraction with lowebolling solvents, the Bcrew caps were
supplied with a l/iﬁu thiek Teflon liner,

Prior to extraction, boiling stones were added to the
tlssue digest and the tissue digest aliquot wes concontrated
to one~helf volume over & steam bath with the aid of a jet
of nitrogen., The digest was then restored to e volume of
25 ml, with water,

To extraet the unsaponified 1ipid, cholestercl, from
the tissue digest, 30 ml, of low boiling petroieum ether
(B.P, 309-60°C) were sdded to each tube containing digest,
The ceps were screwed on securely and tested for leaks by
shaking verticelly s few times by hand, The tubes were then
pleced in a horizontael position on & sheoking machine and

sheken for 5 minutes at a rate of 280, 13" strokes per mine
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ute, The bolllng stones that were added during the concen-
tration eided in the mixing of the petroleum ether and the
digests The tubes were then placed in s vertiesl position
for sbout 5 minutes or until complete separation had oceured.
Any emulsion that formed wes broken up by the addition of

a few drops of 954 ethancl, The pstroleum ether layer wes
then aspiratad with a 30 ml. syringe equipped with a 6 ineh,
18 gauge blunted needle, The ssplirated petroleum ether was
transferred to a 250 ml,, wide mouth, erlenmeyer flask con=
taining 5 ml, of 1IN KOH,

Five such extractions were performed to remove the none
saponifieble lipids. The 5 ml, of 1N KOH were espirsted,
after gentle shaking, and returned to the extraction tube,
The petroleum ether wes then weshed with 5 ml, of distilled
water, and this was ggain sspirated and returned to the ax«
traction tube. ZEnough anhydrous sodium sulfate to cover the
bottom of the petroleum ether flask wss added to remove
wator,

The contents of the extraction tube wers then acidified
with concentrated HCL (%o conge red peper)., This was done
in an lce bath to nrevent excessive heating, TPive extrace
tions with peiroleum ether were performed to remove the
saponified 1lipids, the petrocleum ether was egain transferrved
to flesaks conteining 5 ml., of distilled weter to wash out
any substrete that might have been carried over. After the
5 mls of water wes wsspireted from the flesks, enhydrous

sodium sulfate was edded as before.
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The flasks containing the lipld fractions were cepped
wlith rubber caps and allowed to stend over the sodium sule
fate over night and were then flltersed inte %00 ml, erlen-
meyer [lasks using five 50 ml. petroleum ether washes, It
was importent that & plug of glsss wool, inserted into the
funnel stem, wes used instead of fllter paper for filter off
the sodium sulfate for if filter peper flltreblon 1s used, &
sonsiderable evaporation of the solvent occurs end mpprecie
aﬁla amounts of 1ipid remain on the filter peper. The pet=
rolsum ether wcs then eveporated slmost to dryness on a
steam bath, removed from the bath, and taken to drynsss‘with
a stream of dry nitrogen while the flask was still werm,

Four ml, of alechol were then added to the flesks cone
taining the lipld fraetions, The flasks were then returned
to the steam bath and wermed until the refluxing column of
aolvent reached mldway up the flask when they wers removed
from the bath and allowed to ccol to room temperature,

The cooled solvent wes then transferred to appropriate
velumetrie flasks with the ald of volumetric pipettes. The
solvent was aespirated inte the pilpettes just to the bulb,
thereby avoiding loss of 1lipid in the expanded portion of
the pipettes. This process of refluxinv, coeling, end
transferring was repeated five times, using a total volums
of 25 ml. of ethencl for each fraction.

The fatty ecids were then determined gravimetrically
by eveporation of & 5 ml, aliquot of the above solutlon.

The evaporation took place in #"x1 3/4" shell vials with the
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aid of o streem of nitrogen end a TO°C water bath, The
cholessterol wne dotermined both by gravimetrie and colorie
metric procedures. The gravimetric enalysis of the cholestw-
ercl was carried out in the same menner ss described above
for the fatty eclds and the procedure used for the coloris

(116)

metric determinstion wre the Zlatkis methed
Radiocessay

In the past, Gihulabeied cholesterol was radliogssayed
by prior combustion of the stercl to CQQ and subsegquent
plating as BaﬂﬁB. To eliminate the need for combustion
and éaﬁeg plating, some cholesterol samples had been plated
infinitely thin and so sssayed, Cholesterol digltonides
were upon oceasion plated directly, PFatty scids were also
of'ten combusted to €05 and plated as Bacos but were also
radipessayed by the direect counting of "plates™ of the
fatty aclda, A more convenlent assay procedure is one using
infinitely thin samples obviating the self absorption
phenomena charscteristic of weak beta emitters auch as 01&.

It mey be well to stop here and define what im meant
by pleting "infinitely thin®™ and "infinitely thiek". Infine
itely thin plating is defined as applying thest quantity of
iipid to a plate so as to render the counts per minute proe
portional te the quentity on the plate, tﬁat iz to sey,
should the gquentity pleted be doubled, the counts per minute
would be doubled. On the other hand plating infinitely
thick requires the epplication of sufficlent lipid to the

plete so that 1f additional lipid is added there is no ine
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erepae ln the counts per minute,

Hew radioassay equipment thet beceme avallebls during
these gitudies made it necessary tc evaluabe existing radioe
essay bechniquess

A re~evaluation of infinitely thin plaﬁing wWag 8CCOMpP=
lished by plpetting incresasing amounts of & standard fatiy
acid solution into eluminum ecups of 5 em.2 in area &nd
evaporating off the solvent by means of a Leat lamp. The
fatty acld used wgs Glh carboxyl labeled palmitie acid ob«
tained from the Pisher Sclentific Supply Co., and contained
40 mg. of palmitic acid containing 1 miero curis of Glh. A
sample of the palmitic esclid wes dlsclved in ethanol and dile
uted so thet I mls of the solution contained 0,476 mg, of
the fubty scid, equivalent to 0.0119 micre curies or 26,418
disintegrations per minute, The smounts of fatty eseid
plsted renged from 0.,0048 mg. per em.2 to 0.19 mg. per cm.2,
The planchets were counted in sn open window, § ges, 3 plece
manuel counter,

The date obtained from the above experiment is shown
in Table I. It wes first believed that the data revesled
& definite breesk in the specific setivity end the retic of
the counts per disintegrations at the level of 0,038 mg. per
am.g which would indlcate that the upper limit of "infinite
thinness™ hed been reesched or that the self absorption of
the fatty acid had become of significent magnitude, It wes
felt that though this breek wes amall, any break observed

would be the result of ebsorption of the very week bets



11

particles sllowing ell other particles of grester energy

to escape., Por this resson all "infinite thin" plating was
done at the 0,038 mg, per e ® level or less, A closer
statlstical examination of the deta revesled thet the specs
ifie sctivity ol the fatty ecids for every plete welght used,
0.0048 mz. per em.® to 0.1523 mg, per em,?, was statisticelly
the same end delonged to the seme famlly of numbers. This
finding, though invelideting our previously postuleted mexie
mun "{nfinitely thin" plate welght, indiceted that all plate
weights used in the metabolic experiments were within the
"infinitely thin" region. Fven though nc maximum plete
wolght established, these statistlics suggested that our
redloasseys of fatty sclds were performed 2t &n unnecessary
low plate weight,

YInfinitely thin" plating of cholesterol was re-evale
uated &t thls time, Table II revecls the data for choleste
erol when treestad in the seme manner sz was done for the
fatty sclds, When the cholesterol was plated between 0.0040
mge poy crie® and 0.1608 nge por om, & a1l gpeclific activitlesn
wore statistlically the aame lndicating that this range of
plate walphts wes within the "infinitely thin' region,

I% is necessary when plating "infinitely thin" that
the concentratlion ol the solld material be known., Thus
gravimetrlie analysls is accomplished simnly by pipstting &
known volume of the alcohel contalning the fatty acids or
the cholesterol into tared shell vials end evaporating the

alcohol off in a 709C water bath with the aid of a jet of
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Number
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Mean
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TABLE I
Patty Acids

@Eaé é E@”bkﬁ

0.0095
0,0143
0.0190
0.0240
0.0286
00,0333
0.0361
0.0l.28
0.0l76
0.052L
0.0571
0.0666
0.0762
0.0857
0.0952
0.1142
0.1333
0.1523

3371
3149
3999
L87h
sh7h
637k
687l
762l
7826
8676
10,451
11,176
13,301
15,176
18,274
21,074
2l,074

EE§;%SX1G
3.28
3.32
3.33
3.36
3.41
3.29
3.35
3.21
3.20
2,99
3.04
3.1
2.93
3.10
3.19
3420
3.16
3,16
3.22
0,14}
0,033

entugédis,

0.5911
0.5982
0.5959
0.605L
0.6149
0.5920
0.6031
0.5782

- 0.5771
0.5386
0.5473
0.5651
0.5288
0.559
0.574ks
0.576k
6,5698
0.5695
0.5798
0.0259
0.0066



TADLE XX

Chelesterol
P;lx&ggggt oM, M= 1;1%‘ ents,/dis
Sifsns Smepise emafag ol enca/dis,

2 0.0080 1163 2.89 0.5237

3 0.0121 1743 2.89 0.5235
I 0.0161 2381 2,96 0.5363
5 0.0201 2871 2.86 0.5173

6 0,0241 3525 2,92 0.5293

7 0.0281 hias 2.93 0.5309

8 0,0322 L1675 2.91 0.5265

9 0.0362 5175 2,86 0.5180
10 0.0402 5578 2.77 0.5023
11 0.0l412 6100 2.76 0.4996
12 0.0482 6500 2.69 0.4880
13 0.0563 1775 2,76 0.5003
i 0.0643 8675 2,70 0.4885
15 0.072l 9375 2,59 0.4692
16 0.0804 10,275 2.56 0.4629
17 0.0965 13,875 2,88 0.5208
18 0.1126 il,825 2,63 0.4770
19 0.1286 16,795 2,61 0.h723
20 0.1608 20,450 2.5 09,4606
Mean 2,79 0.5043
S.D, 0.243 0.0257

S.E, 0.032 0.0057
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nitromen. The vials were desicated end then welched to ob-
taln the mp. of 801id meterliel per unit volume,

The specific activity of the fatty acids and cholesterol
were determined by the use of the following eguatlions:

S.A, ®= opm/mg, Lipid = Ltotal cpm - beckground
mge of 1ipid in planchet

The Glhnz ¢collected from the metebolism assembly was
radioassayed as Ba603{11h). The specific activity of the
Eaces samples were corrected to infinlte thickness, Deterw
minations made earlier in this laboratory showed that 20 mg.
of BaC0y per em,@ was the minimum emount for infinite thick
plating., The ecalculstions for determining specific activity
were made from the féllowing equationst

{(more than 20 mgz, per cmaz)

i A, = QPserved counts-~bkg, x plaie welrsht
S.Ad 2 %
20 mz, x 5 em, X mg. of sample

(less than 20 mg, per em.2)

S.A, z Sbsexved counts-bkg, X plate weight
Gp x 20 mge x 5 om.2 x mg. of sample

where (Gp 18 the factor which 1s the fraction of the maximum
activity. 5 om, @ represents the ares of theplate used, and
bkr., the beekground,

Fatty Acid Purificetion

Both satureted end unssturated fatty eclides form selts
with metallle lons, whose solubility in water end orsenie
solvents varles with the neture of the metalliec ion and the

chain length, degree of unseburetion, end ether character-
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istics of the acid radiesl, The solubility of most of the
salts, inelnding those of the alkaline metels {sodilun,
potassium, and lithium); the elkali earths {caleium, mag
nesium, barium, end strontium)y as well as the heavy metals
(lead, zine, iren, cobalt, nickel, mereury, cold, and
silver), have been investigsted in a veriety of organie
gsolvents, including methenol, ethanol, amyl alechol, ethyl
ether, acetone, benzene, toluene, and in mixtures of thesgs
end other solvents. However, no method hes been developed
which lends to effective quantitative seperstion of esch
component acld of mixtures, but only to fractions which are
relstively homoseneous with respeect to certain types of
acids,

Several methods requiring the use of calcium, copper,
barium and lesd selts wars investizated., VUsinz celeium,
copper and barium selts of thas fatby acids of bilelogicel
origin in alecohol or ecetons, proved unsatisfactory for the
salts formed o pummy mixture msking waghinza of this mixe
ture very diffienlt.

Our sttention next turmed o probably the cldest and
most widely used of the metallie sslt geperation wethods
which depends on the 4lfferentisel golubliity of tho leag
sorps of a mixture of fatty eelds in either ether op 2leo-
hol, It has besen employed primarily for the sepsration of
saturated from unsatureted acids and was introduced by
Gugaarnw(117} in 1828, 8ince its introduction, 1t has been

investigated many times and various modifications have baen



adopted to lmprove ilts genersl ap-lication, Among the ime
rortant modlfications was one introduced by Twitcheli‘llg)
whiech provided for the use of ethanol in the place of ether
for partitlonlngs the lesa® salta,

The leed salt~ether method has been adopted by the
Assoclation of Officlal Acricultural Chemists (ACAC) and the
lead asltesleohol method by the American 0il Chemists'
Socciety (AOCS),

The prinelipal of this purificatlon and seperation
method 1s that the lead salta of myristic, palmitie, stearic,
and nigher ssturated scids are practicslly inscluble in
ehilled ethanol, wherees thoss of oleie, linolele end linoe
iinie acids are eppreciably soluble, By converting en secid
mixture into its lead saits snd treating these salts with
chilled ethanol, = seperation o gaturated from unsaturated
secilds ecan thus bs seceomnlished,

Since this simple separation can be done with relztlve
ease, this provides & convenient preperatory gtep to further
ssperation of the satureted end unsaturated fatty secids.
S2ince both pelmitic secld and oleiec @ecid have the same Ep
values in ohromatogrephic methods, the needed sercration is
usnelly secomplished by either bromination or mild oxidation
of the fetty acld mixture, Vhen the seperation of the sete
urated from the unsrturated fatty acids cen be “ome with
reletive erse using the lse? gelt mathed, such steps es
brominetion end oxidetion een be elimineted,

The method thet beerme most suitasble for curp needs
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resulted from a modificaticon of the Official A.0.0.5. Lead
Selt-Aleohol Methods Tetalls of this method ave as follows,
£ sample of Clh lebeled biolopgleal febtty aclds, from in vive
studles, containing 0,1 gram of fatbty sclds eccuwately
welshed wes disclved in 10 ml. of 95% sthancl., 0.3 grems

of powdered lead acetace wna likewlse dissolved in 10 ml.

of 957 ethenol end both solubtlons were hested to bolling.
The lead acetabte solution wes slowly adled to the sclution
of fatty acids with eontinuous stirringz., After first coole
ing to room temperebture, the mixture was then maintained atb
159¢, for two hours, followlng which 1t was filtered through
a small Buchner Tunnel with the &id of suetion, The collectw
od lead sosps were woshad with 20 ml., of 95% ethenol cooled
o 15°C,

A somple of the filtrete which contained the lead salts
of the lignld or unsatursted f tty relds end the excess lead
acetote wrs hbestad with rouncentrated sulfuric scid to detere
nine whether precipltntion w s complete, i.e,, whether the
filtrase actuslly contalinsd sn excess of load acet te.

The collected lead soaps of the so0lil or satursted
fatty acids were suspended in 23~30 ml, of hot 95¢ ethancl,
To the aleccholic solitlon of lead sosps, 0.5 ml, of =lecial
acetlie 2eld was added. The solution was then hested to
bolling end stirred to dissolve the load sears after which
the sclutlion was held at 159¢, for twe hnurs;

The solution was filiered throurh a Buchner funnel and

washad as 1n the flrst filtratlon, After the ssparstad



W
ny

lecd soeps of the saturstad fuatty scids were freed of
aﬁhanal; they were trensferred to e beaker with the ald

of approximately 2% ml. of ethyl ether and decomposed by
the addition of S-10 ml, of nitric seld (1-3), After
trensferring the solution to a separatory funnel with ths
ald of ethyl ether, the etheresrl solution was washed with
distlilled wober until the w:sh watera were neutrasl to
methyl orange. The ethereal solution wes then transferred
to a tarsd erlenmesyer flask and the ether removed by evape
oration under a current of nitromen. The rasidue was then
desiccated in vacuo for saveral hours and then weirhed and
the psrcentane of solld fatby acids present In the sample
was calculated,

The flltretes contelning the alecholic solutions of
unsaturated fatty aclds were poonled, The athenol wes dise
t1lled off on & stesn bath under an atmosphers of nitrozen
to provent oxldation. After the addition of 0,1 mi, glecial
ecatic acid and 0.1 ml. of hydrochlorie acld, to decompose
the sospe as before, the solution was transferred to s sep=-
areatory. The unsatursted ettty aclds were then extracted
5 times with 10 ml, portions of ethyl ether. The ethersal
solutlion wes washed with distilled water until the weashings
were nsuiral to methyl orange, The ether wes distilled off
by werning in 2 water bath and with o stresm of nitrocen.
The unsatureted fetty acids, whiech were in p2 tared flask,
wars desiceated in vaeuo with & nltroren atmosphere for

saveral hours and then weliched and the amaunt of unmseburatsed



fatty aclds deteynine’,

There ere limltetlons, however, to this method of
seperretlion, Unsstiafzctory results ars cbtained when this
method 13 applied to bubterfat, coconut, palm kernel, sand
gimiler oils beeause they contain saturated sclds {(myristie
an’ shorter chain lensth) whose lacd sclts remaln in part
or sntlirely wlth the unseturated ecld fraction., Also, this
mothod esanot he used in sapureting the mixed ottty sclids
of fata and olls whieh contaln aruclce {rape and mustard
olls), elasostearie, chaulmoogric, hydnocarple, or similar
aclds, because tha lerd salis of these gelds are not very

goluble in ethar,



CHAPTER IV
Results and Discusasion

Hadas(11g) stetes that, "if a tracer is belng used to
determine & reactlon rate, such as the rabte of fatty eeid
synthesls, it ls necessary to evaluaste the effect of the
traeer itselfl on the system, It is conceivable thet the
tracer substence may have varying effects on different ree-
actionaj cousequently one may find different patterns of
metabolic conversions at different substrate concentrations™,
In order to eliminate erroneous internretations of tobtal
synthesis and synthesls rates using incorporation datea 1%
is imperative that the substrate itself should have nc ine
fluence on the resctions beins evaluated, It therefore,
becomes necessary to deflfine the amount of substrate that
is truly tracer in the system that is bein: studied.

The literature conteins little informetion in regsrd
to this importent problem, that is, defining the sige of a
tracer dose of metabolite. In 1952 Wiek end Erury‘laa},
while studying acetate metebolism in extrshepatie tissues,
observed thet after injecting labeled sodium acetate intrae
venously into eviscerated rabbitas, the rate of oxidetien of
acetate was proportional to the amount of scetate in the
body fluids, Although there wes considerable variation
among rebblts given the same dose of acetate, the animels
receiving the larcest dose of acetete (14.2 millimoles per

kilopram) oxidized the same percentage of the labeled
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acotate to C0y, as did those receiving
(2.4 millimoles per kilogrsm). This indicated to them

thet a dose of 1l,2 millimoles p:r kilogram was tracer in
amount for the eviscerated rabbit when injected I, V.

Prantz and Buaher‘lal) studied the effect of increasw
ing the emount of acetate upon the amount of sacebate oxie
dlzed to 602 and upon the smount of scetate incorporated
into cholestercl. The system used in their study was a
rat liver homogenate preperation, The results of theip
experiments revealed that with increasing substrate amounts,
the rate ai which the scetale was being oxliized to €05
remained nearly constant over the ranpe of 10 to 50 micro-
moles of acetate., The incorporation of lebel inte chole
esterol was however linsar only at the lower concentrae
tions. At the 20 mlcromole level a platesun wes reached
where no further incresse in incorporation into cholesterol
occeurred, It wes obssrved at the highest concentration level,
50 micromoles, that there wrs sctuslly a decrease in the
incorporation of the acetete into cholestercl. To summare
ize the results of thls experiment, the investigators ob-
served tiat &3 the substrate scetate was inereass’, the ine
cornporation of scetate into 003 continued to rise propore
tionally to the size of the dose while the incorporetion |
into cholesterol resched a plateau at 2 lower nmcetate level,

Medes, et &1¢(1193, studied the effects of various
concentrations of Glhnlabel@d,lactate, glucose, and acetats

upon thelir incorporaetion inteo Tatty ecids, cholesterol,
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acetoacetate and COp using liver slices from rats in vers
lous nutriticnal ststes. The dose of scetate (methyl-
lebeled) and Di-lectate (2«lsbeled) 'studied included four
different amounts ranging from 2 micromoles to 2000 micro=
moles, The uniformly lsbeled glucose was studled at three
different dose levels, namely 20, 200, and 1000 micromoles.
The total volume of the substrate mixture wes hO ml, in
every case to which was added 5 gm, of liver slices,

The results showed & constent ratio of the smount of
substrate metabolites to the incorporstion of isctope re=-
sulting in a proportional inereasse in the incorroration of
labeled molecules into fatty amcld, cholesterol, scetoacetate
and cog with ineressed amounts of substrate. Their curves
showed the incorporation of tihe metabolites into each of
the four products to be parellel., The curves ere linear
at the lower dose levels but tend to fall off or plateau
at higher amounts of substrate. The conclusion that was
drewn from the parallelism of che curves wes that lipogeni-
sls and kebogenesls, can ocecur ot & constant rets whiech ia
indspendent of wide ranmps in substrate amounts.

Enerson and Van Bruggﬁn(1323 performed a similap
study with rat liver slices, The substrate used in thelr
investigation was cerboxyl lsbeled acetate, The range of
substrate amounts, however, was extended in the lower ree
gions, thaet is from 0.0025 micromoles to 2530 micromoles
per 27 ml, substrete volume, The ce2 forming system re=

flected a proprortional increase in activity with inersasing
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anounts of substratve up to 25.3 mlcromoles. Thils propor=
tionality wes lost at the higher concentrations. Plotting
the anticipated response, ratier then the actual swecific
activities, apgainst micromoles of substrate, revealed the
sengltivity of the fatty acid, cholesterol end GOE comparte
ments to verying amounts of substrate, The anticipated rew
sponse wans calculeted as the percent of the specifie activity
which would have been found had the chenme in the produet
specific activity been proportional to the substrate spece
ifiec activity increase, Thus, a ten~fold incresse in pro-
duct specifie mctivity with a ten~fold increase in substrate
activity would represent 100 percent of the anticipated
response. The activity response obtained for the 1ipid
fractiona proved thast tlese systems are much rore sensitive
to the amount cof substrste present thrn is the Gﬁa somparte
ment., At the substrate level of 0.025 micromoles, the fatty
acid fraction showed only 90 porcent of the expscted metive
1t whereas the cholestercl frection showed only 60 percent
of the activity expected, Thls response continued te dew
ereese untll at the 2530 micromole level the sctivity ree
sponses were 5, 5, and O percent for €CO0p, fatiy acids and
cholesterol respectively.

These earlier studies involved tie use of liver slices
in fixed volumes of substrate, Under such conditions it is
generelly conaldered that the substrate becomes svailable to
the slices dirsctly es the concentration of substrete is

incrersed,



The grester psrt of the studles on lipid metebolism
done to date in this lsboratory have inveolved the use ¢f ine
teet enlmals. When 1t became clear Gthat the in vitro experi-
ments had demonstrated s potentiel traeer tachnigue Alffi-
culty, 1t wes felt desirable to study the seme phenomena in
the intect rat. It was realized from the beginning that usee
ing an inteet animel Tor oxperiments certalnly hed its dis-
advantages. Many factors or varlables exlists which ars conw
stantly operative and difficult to control. Varisbles such
as the dynamle endocrine system and the nsurovescular netw
work have the 2bllity toc slter sbsorption vates, rates of
metabolism, etc., meking interpratstion of data obtained
from metrbollc experiments difficult. It wes felt, howsever,
that by econtroling the nutritional state ol the animals by
"trainsd fesding™, thet t ese verisbles misht be kept to a
minimum,

In the in vivo atudi@é, the seme general plan wes used
as for the in vitro studles previously discussed. In gene
erel, the idee wrs to edd inerepsin~. emounts of lebeled
acetate I,P. to the intact ret so thet as the laheled
acetstbe wes dlstributed to the btissues it would merge with
endogenous acetai.e and so lebel the seylat..gz scetyl pre-
cursors to an extent depending upon the smount of lebel ine
troduced. Ideally then one adds inereasing smounts of
&ﬁﬁtﬁtemlﬁﬂlh of constant specifiec activity, progressively
inereasing the speciflic activity of the "precursor pool".,

Practicslly there is 2 limlt to which increesing amounts of



labeled acetate can be given, for Loth the extreme radio~
ectivity involved zs well es the great cost, limlts the
emount of lcbel thet can be used, To obviate thisg 4iff-
leulty, praded amounts of unlabeled acetste wers used to
ineresse the slize of the acetote "dose"w~ewand with this
Peold aeetate” there was mixed enough of &eetatawluclu to
permlt converient radicassey techniques to be used, "his
varietion in the specific sctlivity of the trecer substrate
tegether with the faet that different "batches" of acetste
were used made 1t necessary te adjust or arithmeticelly
correct the specific activity of the dose, This wasp
accomplished by mdjusting the finel speeific activity of
the substrete using epopropriste factors as seen in Tables
IV end V. In the cese where o different bateh of rcetste
wes used, s in the 15 and 1l series, the specific metivity
of the products measured were (ivided by the ratio of the
specific actlvitliee ol the ecetate substretes, nemely 2.57.
In the second cese, the specific setivity o the products
were rultiplied by e fector proportionsl %o the lnerecse
in uwnlebeled zeetate sdded,

Following I.Ps injection of labeled ascetete 1t was
cbaerved thet approximetely 66,5% of the l:boled scetate
{(Tevle III) was incorporsted inte the €0y expired in the 2
hours following injection., Since €0y 18 o netursl metsholie
procuet of protein, cerbohydrate and lipid metabollsm, it
may be expected that eny upset in the metubolic pathway

belng studied would be reflected either in the amount of
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TABLE IIX
Cﬁz Data

_ Moles ag ?xpivad Co2 % chménoraﬁien
Animel 1 nr, 12 tota 1 Ty oLa
:5 ¥ ‘ 1 - 3EG; Eaig L chB

158 16,5 1.9 31.h 47.6 T 55.0
8 16,3 16.0 32,3 75.1 12.4 87.5
88 15.2 13.9 29.1 67.) 12.5 79.9

1 15.5 16.3 31.8 L6.1 11.5 57.6

4B 17.7 16,5 34.2 50.6 8.4 59.0

1l

9

15.7 1IN 1Y 30.1 L8.9 9.2 58.1

15.5 12,8 28.3 69.7 8.2 T7+9

9B 13.7 12.8 26.5 68.6 13.1 81.7
10 11.1 10.9 22.0 55.0 10.8 65.8
10B 13.7 12.8 26,5 51.5 1.7 66,2
10 18,0  15.1 33,1 §5.9 9.1 65.0
11 9.8 11.1 20.9 53.8 10.h 6ly.2

118 1.6 13.8 28.0 55.8 10.0 65.8
12 18,5 1.9 33.4 46.8 12.3 59.1
128 1.7 15.4 30.1 53.7 11,8 65.5
12¢ 18,2 18,8 37.0 54,0 12.9 66.9
13 16,0 15.5 31.5 49.1 k.1 63.2

138 | 27,6 68,7
13¢ 17.6 16.0 33.6  53.2 12.4 65,6
Mean 30.0 66,1
8.D, h.o1 8.78

8.E, 0.90 1.96



C0g expired or the psrcent of tle labeled incorporsted
into the expired €0p or both,

A dlisasdvantage thut exists when usliag an intact animal,
namely, bthat vhe size of ths endogencus scetate "pool® is
unnown, Suppose that Ghe endogenous acetnte "pool" was
less than some "normal" value, If scotabe-l-CLY ig injeetad
into She intact animal the total scetaie “pool"™ would be

.

comparatively riech in the lobeled 2eetate, thus ons would

i

axpact tha‘expirsé C0p to have & grester apecific activity,
Conversely, 1f the endogenous acetates "pool"™ wss groater
than "nermel", the injected acetate~1-014 would be less
concentrated, thus reducing the specifie activity of the
2xplired COpe This would explain the varietion ssen in the
percent iacorporation of the scotate-1-014 into €O,

Another variable to bs sccounted for is the smount of
C0y expired end the dlfference between the first hour and
saeond hour colleetion, This may be reeilly explained by
the feet that the et 1s necessarily in an exclted stete
during injsction end 1ite entering Inte the mets“oliam
-chember, B3Such excltemeat usunlly results in hyrerventile
atlon for the first 20-30 minutes tending to cauvse more Cop
te be sxplred durling ths first hour sollection then during
the sscond hour,

&s seen 1n Table III, the moles of GOQ explred in two
hours by esch animel ars stablsticslly the seme. The seme
is true for the percent incorporation firures, This ine

ferpmetion convineed us thet the higher dosanes had no
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sffect on the enzyme systems necessary for the metebolism
of Lhe acetabe, 1 other words, the rat wes able Lo metabo-
lize the highest dose in a normsel menner. The amount of
expired CO0p and the percent lucorporabion seen in previous
experiments performed in this laboratory were within the
renges seon in Table III, further reloting thils debta with
tiiet of other worksrs,

The cag speeific activity dete 1s recorded in Tables
IV and V und these deta are presented grephically in Plg. Y.
The linear Incresse of 615G2 specific sctivity with dosaye
inereuses cen now be consllored in terms of %he eriginal
Lypolliesls «~w~nomely thet with increesing irecer doseze, the
speciflie esctivilby of the product will rige directly in proe
poriion Lo the dosege.

The line representing tvhe CCg roaponse, in Pig, 1,
spproximates e [5© angle Letween the e@ually spaced co=
crdinates. This 1a interpreted ns showing & linear we-

4.,
T

sponse Lo ihe Jdosage, l.e., as the dose wes doubled, so

was tLle specific zctiviiy doubled, a2 condition that mush

o

e getlslied 17 the dose is considered tic be trecer in
emount,

"hen the specific activity of the precursor "pool" is
changed, one would expeet this change to be reflceted proe
portionately in the lipld products providing that similer
trecer condlilons exist ss is szeen in iLhe Gﬁg system. The
Tollowing Tables (Teble VI - Table X} present the dnta obe

ta'ned on the fatty seids of ilver, gub, carcass and skin,



TLBLE IV
Pipat Zourp C‘Ca ste

88 Cnta. at 3.4, of f.’:nrr. ﬁ.A,

uf of t.:ou..s. 8 cmﬂsw‘x 00 &

158 zz.h z:«l;
3 1.3 9.31 04931 h3.0 1.0 3.0
88 hi.3 hi.3
1k 2.126 39.3 1.53 116.7 2,37 L.
B 112.l L3.7
14c | | 123.0 47.9
9 2.6 18.6 1.86 84.1 1,0 8h.1
9B 93.1 93,1
10 5.2 37.2 3.72 18L.6 1.0 184.6
108 140.6 1ho.6
10¢ 115.8 115.8
11 10.4 Thak Telik Lio.0 1.0 415,90
118 284..0 284.0
12 7.1  37.2 ljp.o 98.3 x11.0  1001.0
123 42,0 | 1562,0
12¢ | 111.0 1221.0
i3 519.1 37.2 371.0 120,21 x99.7 11,974.0

138 112.8 11,246,0
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TARIE ¥

Sscond ‘lour Gﬁg Date

um o?ﬁaefwun ggi::3gg ﬁ‘A‘ 44 ﬁarr, %‘ﬁ'

158 | | 0.78
2 1.3 9,31 0.931 T3 140 7.3

88 | 8.1 8.k
A 2,125 39.3 1.53 27.0h 92,57 1047

1B 20.3 7.9

1he | 2543 | 9.8

9 2.6 18.6 1.86 11.9 1.0 11.9

98 | 1941 19.1

0 5.2 37.2 3.72 36.6 1.0 36.6

1.0B h3.0 4340

100 23;8 22,8
11 10k 7hals 7ol 6947 1.0 69.7

118 537 537

12 57.11 37.2 1.0 31.5 =10 346.8
123 29.8 327.8

12¢ 25,8 280.5
13 519.1 37.2  371.0 35,1 x99.7 34990
133 29,0 2891.0



Plgure 1

This figure represents
the carbon dioxide row
sponse, for both the
firat and the second
hour oollections, to
Inerensing doses of
acetate, The specifiec
activities of the carbon
dioxide {epm/millimole)
are plotted azeinst

the dose of ecetate ine
jected/200 srem rat).



10,000

1000

SPECIFIC ACT/IVITY

100

CARBON DIOXIDE

] thr collection

i 2 hr. collection

I 10 100 1000
1 1 1 l

I 1 LI L3 1
0.2l .3 26 5.210.4 ST 519.1
2.1
HM SODIUM ACETATE

Fig.1

&J"L



L per gnme of tlssue for the Ioup

s
Yoz

The mz. of Tabty ac
Zissues stulled as wall as thelyr respective percent lancorpe
orations sre shown in Table VI. The average values of ag.
of febby scid pey gm, of tlasue were 33.2, 34.6, 55.9 and
131.3 for Llvep, gui, carcass and skin despectively. ALl

values for the various animals are stasistlically within

i

G limlts of plus or ninus %wo standard devistions., Also

s

the reapectlve percent Lincorporation of acetate into the
fatty aclds were 1.1, lL.l, 6.3 and 1,6 for the liver, gus,
carcess gnd skin, Again nons of the poreendt incorpereiion
vulues for the various animsls appeurcd to differ signifie
ca bly from the menu. These mean values both for percont
lucerporation and Bge per gme of tlsrue, closely approxi-
mokad meun velues cbhisined frum previcus experiments in this
lavorabory,

Flgures 2 through 5 ere the resvonses of the fatey aclds
of Bhe various tis ues to lnercasing ecetate doseges, The
data used for plotting these graphs iz found in ﬁh@ CoOrragw
ponding Tables VII vhrough X, It cen De observed that the
plotted 1lines of the fljurcs are stralght lines and approeach
e sagle of B5° when the specific activity of tiue fatuy
acids ore plotbed s einst the dose on log-log peper. It is
apparont that even when the acebtabte dose wes increcsed 2600
fold, Lrecer conditlons were sabtisfled, The anncually seen
1o Plgure 2 ab the lowest dose, ihes ig, a highor specifie
acllvley than would be expected may be explalnod by the

Tollowlng: A% the low dose of 3,2 mic¢romoles, the liver
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2

158
8
8B

1l

1,8

1he
9
9B

10

108

10C

11

11B

12

128

12¢

13

138

13¢

Mean
3.0,
S.E,

® mg, fatty ecld/pm. tilssue

ﬂizip
mg.* &

£

35.4
31.8
32.2
39.0
34.2
35.6
31.8
29,5
32,8
28.9
31.5
33.8
31.7
31.3
32,4
36.1
347
33.3
a5.2
33.2
2,38
0.53

2.20
0.87
0.63
1.00
0.858
0.67
0.90
1,00
0,68
0.56
1.50
0457
0.58
2,20
0.48
1,50
0.95
1.20
1,60
1.09
0.55
0,12

TABLE VI

gttty Acld Data

tub

o
39.2
36,5
34.5
37.1
30.0
280
25.3
30.1
34.8
29.2
37.3
38.5
33.9
33.2
L2.9
h1.6
30.2
§5.0
35:3
34.6
5.27
1.18

Ine.

700
7+50
k.50
5.70
5.90
k.70
L.20
3.80
Lo
2.70
.00
k.10
2.40
3.80
2,00
3.70
1.80
1.90
2,00
L0
1.73
0.39

.
70.9
Sh.2
52.2
55.3
46}y
h3.2
50.8
551
52.8
L6.0
577
60.0
9.7
60.2
58.4
52.8
50,6
60.3
518
55.9
1.2
2,51

Carcasn
ng L %
oA

%%%3
10.1
10.8
8.40
7.30
6.90
8.00
9.30
7.50
6.70
L.60
7.50
5.00
6.50
6.30
5*33
5.20
k.90
5.10
L.oo
6.80
1.86

0.h2

Bkin

o 5%
e
152.3
1h1.5
125.7
149.9
128.9
97.5
112.8
150
135.9
133.7
115,6
134.1
181.2
165.2
112.8
140.6
9k .2
197.0
~12.1
131.9
29,97
6.70

Ins
M
1,20

0.98
2,00
1,00
1.60
1,00
0.70
1.20
0.80
1.20
3.80
1,30
1.10
1.30
2.40
1.50
2.60
1.90
2,60
1.20
1.60
0.77
0.17



TAPLE VII

Liver Patty feld Date

Deos Cnts, at S.A, of Corr. S.A.
luﬂ‘of Soun gf conmbax T.A, ol P.A,
Appral scptae P15 ngﬁ 1 a ﬁ%?'i%ﬁ?“

158 | 189 7348
£ 1,3 F.21 0,931 160 1.0 160,0
&n 110 116.0
1l 2,126 39,2 1.5% 762 42,57 206.9
1hp T8¢ 2fc.2
e 570 221.8
9 2.6 10,6 1.86 316 1.0 216,06
OB | 39k 29L.0
10 5.2 37.% 3.72 La7 1.0 187.0
10B L8} Leh.o
10 _ 123p | 1232,0
11 10 g 7. gos 1.0 85,0
111 918 n 918.0
12 BTl 37.2 Li.0 1620 x11.0 17,820,0
i2n L28 I708.0
120 y 11Lo 12;5ha.c
13 £19.1 37.2 371,06 7L x99,7 ?h;E??.o
3B an7 00,L28,0

130 1190 118,643,0



Pigure 2

Figure 2 represents the
responge of the fatty
acld of the liver to
inerecsing emounts of
acetate, The specific
activity of the fatty
acid (epm/mz.) are
plotted azainst the dope
{micromoles of acetate/
200 grem rat),
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TABLE VIII
Gut Patty Aeid Data

WP GGEET sensseny AL OO ke
e g T M0ET o Ly e
158 | 115 hi.7
8 . 1.3 9.31 0.931 338 1.0 338.0
88 | 190 190.0
1l 2,216 39.3 1.53 92l 2,57 395.5
148 1272 hok.9
e | 987 38h.0
9 2.6 18,6 1.86 506 1.0 506.0
9B | 451 451.0
10 5.2 37.2 3.72 771 1,0 771.0
108 562 562,0
10¢ , 673 673.0
11 0. 7h.b Tally 1370 1.0 1370.0
118 | 1072 1072.0
12 57.11  37.2 h1.0 6o  x11.0  7040.0
128 329 3619.0
lz2¢ 503 5533.0
13 519.1 37.2 371.0 395 x99.7 39,382.0
138 298 29,711,0

130 367 36,590.0



Figure 3

Figure 3 represents the
response of the fatty
scid of the gut to ine
creasing amounts of
acetates, The apecifie
sctivity of the fatty
acid (epm/mgzg.) sre
plotted against the dose
(micromoles of acetate/
200 gram rat).
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TABLE IX
Cervass Fatty Acid Date

Dose Cnta, att S.,A, of Corr. S.A.
W camtan P.A, of F.A,
gl a3t T ¢ oogan. L, —eoaf.

158 27.0 10,5
8 1.3 9.31 0.931 840 1.0 8l..0
88 71.6 71.6
1l 2,126 39.3 153 265.,0 2,57 103,1
148 280.0 108.9
1he | 349.0 135.8
9 2,6 18,6 1.86 157.0 1.0 157.0
9B 121.0 121.0
10 5.2  37.2 3472 209.0 1.0 209.0
108 168,0 168.0
10c 230.0 230,0
11 0.4 Th. 7.4 2840 1.0 28L..0
11B 252,0 252,0
12 57.11  37.2 hi.o 170.0 x11.0 1870.0
128 137.0 1507.0
12¢ | 182.0 2002.0
13 5191 37.2  371.0 160.0  x99.7 15,952.0
138 2.0 14,157,0

130 130,0 12,961.0



Pigure L

Figure li revresents the
response of the fatty
acld of the cerrcnss to
inersssing rmounts of
acetate, The specific
activity of the faity
acid {epm/mg.) are
plotted apninst the done
{(micromoles of acehaite/
200 grem rac},
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TABLE X
Skin Patty Acld Date

Dose Cnte, 8t &,A, of Corre Sl

Wl of Counts consten F.h, of F.A,

158 5.4 2.1
8 1.3 931 0.931 22,5 1.0 22,5
88 15.7 15,7
1y 2,126 39.3 1.53 77.0  #2.57 30.0
1B 63;9 2h.s
1he | 65,0 25,3
9 2.6 18.6 1.86 ho.o 1.0 Lo.o
9B | 20,0 20,0
10 5.2 37.2 3.72 62.0 1.0 62.0
108 : 81.0 | 81.0
11 0.4 7. Tolily 102.0 1.0 102.0
118 109.0 109,0
12 57.11  37.2 hi,0 90,0 x11.0 990,0
128 90,0 990.,0
12¢ | 127,0 1397.0
13 519.1  37.2  371.0 146.0  x99.7 14,556,0
138 81.0 8076,0



Figure &

Plgure 5 represents the
response of the {atty
ecid of the skin to ine
creesing emounts of
scotate, Ths spsclifiie
activity of the fatty
acid {epm/ms.) cre
lotted apealinst the dose
mleromoles ¢f acetate/
200 grem rat),
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tissus may selectively incorporate the acetate into its own
fatty aeid compartment, I this were true, this would elso
be reflected in the othsr tissues by s decrease in the
specific activities of their respective fatty eclds., In
Plsure i, the carescs tissue revesls this very thing, a
speclfic mctivity less than one would erpsect. Of course
the other tissues, ckin snd rut may alzo share in the
deprivation but perhaps due to the few enimels used at this
dose level, these tlissues do not show this sume reduced
speciflec activity,

The data presented for the fatty ncids shows that the
ineorporation of the labeled scetate into the fatty aclids
‘was 1ndependent of and not influenced by the wids renpe of
dosazes studied,

The response of cholesterel to inevessing amounts of
acetate in vivo is nesrly the seme as was geen forp fatty
acids and G0y but much different from that previously deg-
eribed in liver homogenates and liver slices, The mp, of
cholesterol per gm. of liver, gut, cercass snd skin remained
essentially constant over the dosage range as seen in Pahl
XI. These amounts being 2,21, 1.47, 1.33 and 2,52 for the
respective tlssues. 0,13, 0,19, 0,18 and 0.12 are the mean
veiues for percent incorporation of scesate into cholesterol.
Tables XII through XV show the cholestewel specific mctivity
found for the different doscres. Linearlity is azain dlsw
played when the cholesterol specifie sctivity 1s plotted

against dose on logelog paper, This linearity is such that
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TABLE X3
Cholesbarol Data

 Iiver gut Carcass Skin

mgﬁ“ e MQ ot g mg p% % mg‘i;* - '
Animal Chol. Ine Chol, Inc. Chnl, Ine, Chol. Ine
I) » 5«53 Q‘ag iQEg iia:-z * m T Qrﬁs

158 1.13 0,12  1.48 0,18 148 0,20  ewws 0,11
8 2,55 0.12  1.53 0.20  1.73 0.29 2,79 0.1
8B 2,37 0.12  1.67 0.21  1.98 0.23 248 0.10

1l 1.5h 0,09 0.9 0.13 0.96 0.12 2,51 0.09

B 2.15 0,03 1.32 0.10 1.65 0.11 2,62 0,06

e 2,19 0.20  0.87 0.15 0,59 0.15  2.28 0.10
9 2.59 0,11 1,38 0.17 1.85 0.22 2.87 0,11
98 2.29 0.1 1,87 0,19 1.50 0.20 2.13 0,11

10 2,73 0.15 1,55 0,18 1.91 0.23 2,38 o0.11

108 2,06 0.06 1,18 0.11 2,08 0.19 2.9} 0.13

¢ 1.78 0.09 1,50 0.15  0.45 0.07  1.37 0.11

11 3.19 0.19 1.67 o0.2f 1.21 0,16  2.87 0.13

1B 1.79 0,08 1,72 0.1}, 1,97 0.20  3.19 0.10

12 1.98 0.10 146 0.17  1.83 0.21  2.22 o0.12

12B 2,06 0,07 1.53 0.20 1.65 0.20 2,68 0.12

126 1.83 o0.2F  1.67 oJio 0.6 0.0 2.31 0.22

13 3406 0.25 141 0,19  cems aeee 2,52 0.13

138 2,96 0.24 1,78 o0.20 1.99 0.30 2.38 0.15

13¢ 2,40 0,20 1. 0.20 0.23 0.08 2237 Q.11

Mesan 2,21 0.13  1.47 0.19  1.33 0.18 2.52 o.12
$.D. 0,58 0.06 0.25 0.06 0.62 0.07 0.40 0,03
S.E. 0,13 0,01 0,06 0.01 0.1} 0.02 0,09 0.01
# mg, cholesterol/gm. tissue



TABLE XXX

fiver Cholestercl Date

Dose nts., at 8.2, of Corr. 8.4,
Arimel agftgie c;gg s g?i?§§g ng&iiéw L 2§g§§§ii_

iS5 T 0.2i26 T 3.93 0.153 ~133,0 42,57 51,08
158 308.0 120.0
8 1.3 9.31 0,931  299.,0 1,0 200,0
8B 294.0 20k,0
il 2.126 39,3 1,53 1725.,0  ¢2,57 671.0
148 465.0 181.0
1le _ 2858.0 1112.0
9 2.6 18.6 1.86 ko8.0 1.0 1.98,0
9B | 740.0 740.0
10 5.2  37.2 3.72  1390.0 1.0 1390.0
108 , TTL.0 7740
100 v 1332.0 1332,0
11 10. 7h.h T.ilp  3200,0 1.0 3200.0
118 2123.0 2123.0
12 57.11  37.2 41.0 1430.0 x11.0 15,510,0
128 1075.0 11;825.0
12¢ 3803,0 43,833.0
13 519.1  37.2  371.0 2h35.0  x99.7 243,000,0
138 212L.0 212,000.0

13C 2378.0 237,000.0



Pigure b

Figure 6 represents the
response or the choleste
erol of the liver to ine
ereasing amounts of scew
tete, The apecifie
activily of the choleste
erol lepm/mg.) are
plotted apeinst the dose
{micromecles of acetate/
200 grem rat).
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TABLE XIIX

Gut Cholasbterol Data

Doass nts, at S.4, of Corp, S.A,

wi of Conunfs constant Chol, of Chol,

Anlmal gostate %107 S.A.:x10° enmfuz, 4 _epmfas,
i5 0,.7126 ~ 3,93 0.153 98.0 " #7,87 39341
15B 81.0 31,5
8 1.3 9.31 0,931 226,060 1,0 226,0
88 195.0 19540
1l 2,126 39.3 1,53 835,0 22,57 324.9
13 531.0 206.6
e 1066.0 Yah.8
9 2,6 18.6 1.86 Lol;.0 .0 Lok.0
9B 381.0 381,0
10 5.2 37.2 3.72 726.0 1.0 726,0
10B 587.0 587.0
10¢ ‘ 680.0 680.0
11 100 7h Tl 1968.0 1.0 1968,0
ms | 1210.0 1210,0
12 57.11 37.2 1.0 669,0 x11.0 735940
128 9570 10,527.0
12¢ - 1428.0 15,708,0
13 519.1  37.2  371.0 922,0  x99.7  91,923,0
138 8%49.0 3h,6L5,0

13¢ 1008.0 100,499,0



Pigure 7

Pigure 7 represents the
regsponss oi Liie cholesbe
erol ol the guv to ine
cereesing amounis of scaw-
tate, The specifie
activiity ol the clolests
erol (cpm/mg,) eve
plotted s eiust L.e dose
{mleromeles oi acetute/
200 prem reb),
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TADLE XIV

Carcans Cholesthorol Data

Doge Cnta. at S.A. of Corr, S.A.
. wll of  Counja constang  Chol. of Chol.
Animal geebabe _x10°  8.A.x10° epm/mp. £ _cwm/me,

15 0.2120 ~3.93 0.153 3G.0 #2057 15
158 20,0 10.9

8 1.3 9.31 0.931 .0 1.0 Th.0
8s 5%.0 5h.0
1k 2.126 39,3 1.583 270.0  #2.57 105.1
1hB 128.0 L9.8
1o | 517.0 201.2

9 2.6 18,6 1.86 106.0 1.0 106.0

95 | 12,0 12440
10 5.2 3742 3.72 208.0 1.0 208.,0
108 166.0 166,0
10¢ 203.0 | 303.0
11 0.4 7hh T.hh 462.0 1.0 h62,0
118 | | 395.0 395.0
12 57.11  37.2 41.0 198.0 x11.0  2178.0
128 L6k.0 f104.,0
126 193.0 2123.0
138 519,1  37.2  371.0 2710 x99.7 27,019.0

13C 580.0 57,826.0



Figure 8

Figure 8 represents the
responee ¢f the cholests
erol of the carcsss teo
incressing smcunts of
scetate, Ths specifle
gctivity of Lhe chiclest«
ercl (epm/mg.) are
vlotbted anelinst tue dose
%mimramoles ol acetute/
260 grem rot),
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TLBLE XV

Skin Cholaatarol Deta

Doan Cnba, at B8.4. of Corr. 8.A.
ul of  Usungs constant  Chol, of Chol.
Anlnal  gontate X102 B.4,x10% epmfun, £ _enmfme.
15 0.2126 ~3.93 N EY) Lo.0 #2037 s
157 47.0 | 15.3
8 1.3 9,31 0,931 83.0 1.0 83.0
83 38.0 oo.0
1l 2.126 39.3 1,53 283.0 2,87 110.1
1hB 178.0 £9.3
o 375.0 145.9
9 2.6 18.6 1.86 148.0 1.0 1h8.0
9B £00.0 200,0
10 5.2 37.2 3.72 352.0 1.0 352.0
108 317.0 317.0
10 | €18.0 618,0
11 104 Tholi ysnn 611.0 1.0 é11.0
118 5200 520.0
12 57.11  37.2 hi.o 3h7.0 =11.0  3817.0
128 317.0 3427.0
120 693.0 7623,0
13 519,1 37.2 371.,0 Lo8.0  x99.7 40,672.0
138 h21.0 42,6740

i3c 389.0 38,783.0



Figurs 9

Pigurs 9 m»emr=esnta the
responas of thy c¢holost-
arol of the skin to 1ne
ereaging arountys of aceawm
tate. The gneaifllis
acetivity of the cholests
erel (epnfmz.) av
plotted eralngt the Jgue
{micromoles of acocute/
200 grem rat),
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it conforms to the previocusly defined tracer conditions,
The conclusion that ¢aa te wresn {roa such a response is
that the intaet wret utilized all doses as 1 they were
physioclogicel in anowic. -ous, azein wa cen be assured
that whon scebuve 1o injected within the limulz studied
into r normel ret, ms 1is commonly done 1 our laboretory,
we are well within Lrucer liuliis.

The hishest dosage used in these ztudles wes 519.1
micromoles per 200 ygn. ret, This emount 1s (crsiderably
below the 2530 micromoles per gm. of ticsue reported in
eariier studles from this laborstory. The hipghest dosagze
of 519.1 mg. reprcecanted the greatest atount of our sodiuvm
acetate preparations thet could be glvea to the animals
without caucing econvalsions and death. When this dose wra
siceded, the rets dlspleyed extreme thirst followed by
couvuleions whiech ended In death., Upon autopsy, it was
cugarved toat the visceral cavity wes filled vith intra-
poeritoneal fluld and secondly the surrcunding tissues
sppesred inflamed 45 in ecuis peritonitls, sugresting theh

higher dosages ceused a severe salt imbalance,

S
oo



CHAPIER V
Summary

A met.od of puarllcatlion of fatty ~ecids from bicloxl-
cal origlng hos been Jeseribnd, In thin aam. atudy & biog-
lozicel mixture of Tatty aclds may be [rreotionsted into
sacurated ¢ud unsaturated fatty melds ~+- an 2 d to furthor
1iplid separation,

& new prostlesl method “or pleting Catt, ~cids for
r:.lioessay hes been described, permittins the use of smsll
gquantities of lipids eliminating correction factors for
thick'plat%¢.

A new lipld extraction procedure ! outlined meking
use of allgiots of thes total tissue digrots thns minimi@iﬁw
si%e end smount of glasswere end errcr: due to stop-cochks,
s.opwcock grease, leceks, ete,

A stuldy was corcducted o determine what smount of
acciate constituted s btrecer dose, mhe'ﬁag, fetty acld
el chole atorol compartments of liver, ~ut, car~ags and
slin revaalad that all doscges, rengin; Trom 0.2 miercrmoles

¢ 519,1 micromoles, were trecer in cnownt, The use of
higher doseges wes prohibited by the desth o the exporie

mental animals,
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