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Introdaotion

The work embodled in thde theals le & Jirect outgrovih of en Atomle
Energy Comdssion contamodl musrded to Dr. T. 8. Weet, University of Ove-
gons Nedieel School, In the fall of 1948, Drlefly, the contraat sronaoses
the follouling: to stuly, by use of esoedic neld and ethanol labeled with
¢'*, wurtous fectors relating to the simltencous aynthesis and dogredas
tion of cholesterel, fetty ncida, end ketens bodles in the enimel. The
spocific phooes of this gensral program belng lnwestipsted wrier this
contract are outlined, with some explanation, in Sgetions A, B, and &

widoh followy tids thesis iz primarily concermed with Section 3.

e To study, by use of acetic sold leboled with O , the melstion of
kotons body formatlen to the hyporcholentorolemls and “adty liver eondi-
tion of the diahetie stato.

Tt io woll establishe! that hyporcholostorelemds, along with fatty
livere, is in gonseal nosociated wilth e ntate of ketosis in the animal
body. It Img slso beon shown thet the ketone bodlos sxe formed in the
livor from acotlc acld derived fram the breskidoun of fetty aclde in mots-
bolism, That cholesterol end fatty acide ame alsc eymtheslsed in the liwey
from acetie seld hoe boen wll estadlished, In view of the facd thed,
vithout Ingulin, there is a greatly ingrosnsed m"ﬁe of fatty asld hroak-
down, the production of hepatic ecotis acdd hy the diabetle animnl 1o e~
eopoive, sinoe the initial slapes of fatly acld moteboliem ococur in the
liver vith the lormetion of svetle acid,

Tds axacosive production of asebic aseld leads to excecs ketone body
syntheais and resulting ketonemia ond ketomarize It is Jogionl 4o gosume
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thot in Bds comfition theve wAll elsv be ineweaced! chalestersl synthosls
fron the acotic acdd,

Our theory then postulates that the hypercholesterclonis and kebosls
of the dlebetic plote nye mlsted Huovush slsmitenacus gymthosla of
cholestorol and kotono bolles fron a commsn precursor, nemely, the asotlie
sedd from fatly acid cxldation.

Om exporimental plan s %o give igotople acetic aaid Yy intzo-peri-
tononl injoction s normnl and 4isbotle rels and o follow the retes of
wwa“mmmuﬂmmmmammmw
gagn eholestorol and fatty solds. m“bufuwﬂﬂ ingoys
mwwmmﬂmmmmmuummm
£ollowed, Deta fyem guch experiments ahould indiento oy rolation betwnen
Kotene hody and eholesterol synthosos, and aleo vhether derredation
svoluets of eholesterel mey be used in ketme body eynthosie.

A%er such experiments hove provided edequate inforrntion, attommbs
nmﬁhm&e%ﬁhrthﬂmm&mmfam“mmm
wwﬂmmmmmnmwmnoumafmmm

agenio.

mw —————~s
cn,m<: xmmta" Urine

) H,udtﬂmhmundhﬁwﬂahﬁcmh O chject 1s o
mmzmamummmmamx just sz 1s i~

mmiﬁuarwummmmwummmw
wlled dlabetlc state is of moh clindenl importence, mnd the wperinmbes



ontlined should provide Pundamentel infermmiion pelative %o this condi-

tiam,.

B.  To stuly, by the use of sostic eld lebeled with Gy the slmile
tenoons pyntheses and depradations of fatlty selds end eholesterel in the
body, and Tasters viilch modify these symiheses. Thiz problen i aleo ro-
lated to lgpercholostarclomia and fetiy livers, end ia of twoad mediesl
isportance.

The liver symthesives both fatly scide and cholestorsl fram acstle
aodd, wut 1ittlo is kmovn relative Yo fetly iafiltmtion of the v
ongsod by vitemin and horuone doficlensiop and exoosees, polsone, starve-
tion, ate.

The ewperinental nrosoturs heing followed in the developmont of thia
partion of the ppopren ic injection of isotopie, carbeuyl-labaled sodiua
acotate inte experimentsl mimele {rate snd mice) snd cboerwmtion of the
yatos of insorporation of this 0 into eholestorol and fatty ecld males
edles. Champes in theso ratee are obsarved wnder varlshle conlitions of
o types: amammmﬂmmmimamﬁm
progrem of ferting conditions prier %o the injectlon of labeled acetate;
ﬂa.mﬂ@ﬂﬁﬂi&ﬂﬁhﬁtmmmh%m%m
1a allowed $0 motabolize & given injection. [Thia time will herednalfter
bo roforred to s tlmn of meximws udilisation.)

Isotoric seotle acld is given to anlmls, and the simullansous mioe
of appearsnce an! dlsspponrancs a!c“inthe fatty noide enl chologtorol
of the boly ave followed. This hag been dene with noxwel smimale ca &
standard dlet and, ebeoquently, with animels under conditioms wideh pro-
duce lypereholesterolads end fatly liveors. Studlies with sgents whilch



prowent and reliove these conditions ave mew in pyogross by workers in thip
labovetory. It 1o folt that ouoh exporinents will provide a betler under-
gtanding of nowanl an? pathalogicsl cholesterel and fatby acld metaboliem

than 1o posseased at the presont time.

In the sperimemts concarned with tloe of oscdmem wiilisetion it i
desivehls 4o dotermine the retes of incowporation of administered radio-
active sceinte into fatly mclds end eholesterel of different tissucs. Con-
soquently, the animals avre “frachlonated” into brein and spinel eond, liver,
pidn, guty, and carcass.

c. To ghnly the relative rate of isotople ethanel { GE,G tm} insarpore-
tion into eholasterol, fatty scids, and ketone hodies In bnrtb the normal
and the allozan~diehotic mnimal, This phese of the progrom is nov belng
investigated by Dr. E, S, Wost and associates in the Radlolsotopic Lebore-
tory of the Universily of Oregon Modicol Schoole

Ag hos heen pointed cut, ono of tho main phases of the Atomiec Sunergy
Comdasion eontract adninlstered by Dr. West ia the evalustion of acetle
acld metabolism in the normal and in the fasted enimel, It is alse desir-
ahles in Yids comwotion to stuly the mates of gymithesis of lipids in the
novmel andmel in relstion to the totel time of maxlmm willizetion. This
theels 1 primarily omeomod vith $he retes of linid mynthopls in the
nowmal animai.
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SHAPTER X
HISTORY

Contrary o conmem belief, the uoe of isotopes in bloahomical studies
is aporonching the quarter sonbury mark. While inotonss such ep ﬁ“, ﬁ“,
"%, 2*%, b, 8”%, ¥, heve Decome pevk o 0 everyday motebolis Fesessed
toole sines the sdwnl of the "A® M, gone wore used befors that $ime.
Tiowower, only with artificially prodused radicgctive olements hapg their upe
baccewy videspread. Tecouso of the great cowrrent interest in lsotopos as
blologleal trscers, & brlef veviow may be of valus.

Tn 1923 Teveay used matamally cceurrisy redicactive thortws B (M )
to staldly "The Abvsorption and Trenslooetion of leod hy Flanta™, The roots of
been plants wore nlsced in solutions of lsbeled lead nitrete, and the uplals
of the load Yy the warious portions of the plent wae determined by the
ralioactivity cubsoquently found when these different parts vore ashed.
fle donoluded that the olememd G4 not combine with carben én the plant bub
romained in lonlzedle form,

Mthough this ploneor exporimont esteblished the pattern Lfow isotope
use in bYlochemiesl researsh, it wse not wadll Lsotopes of othor elemsnta more
olosaly melated to tissve composition becmme evailoble fhat use of isotopos
in the fi21d of intermediate metadolles bocams promising as e research pro~
—— _

fon of the fimst of these nomr lsotopes to be used in matebolig
studion was doutartus, B, or heavy hydregen, B, discowsred in 1932 bty Urey
and hie eollsagung, who soom developed practieal methods for produciion of

Dgh in high concendration. Deutorimm is unidue emong the lsciopos in thet
the retdo of ite mass $o that of 1te ommwon isobtope, I', ls appworlmately
two. In high concentrutlons 1t (D) 1 tonie to lower forme of 1400,



G We Lowvis ®aperibed thie offoot Yo nlysicothunicsl canses, prisscily
$0 the lowr mobiliily of the dewtoriun fon ap compaved with that of the
Iyirosan ion, and pointed out thet ihe physicloglesl effecte of thip d4f-
ference shonld ha obosmyshle only dn relatively Migh concontwsiions of it.™

Subsequont inmetigntors who have wed this heovy lsotope of hyirogen
have kent its sonconteation ut safle lowls, as 414 Hovesy snd Ebfmrﬁ, who
fmmegoed a maall fsh in weter eanteining 107 D and obsorwed thet the car-
bon bowal hydrogen 314 not exshange with the D of tho Dyl However, the
hyfrogen that wae of Iahile neture, Lsn., thet attached to 0 end/er N, 8id
enday into very renid equilibveium with the D of deuterium oxide. fovesy
mm‘, one yoor later, wors the frst to uso “bagped™ stoms to trece
m a'ministered compound in mems, Ono of those authors iagested two
Yitory of heavy vaber (450 pepeme) ond ot frequent intervels theweafter
dotesnined the deuterium content of he wrine, They slated that 2 woter

moleculs ressing in the lumen body 13 1 1.5 deys and thad, during wemm

wsathar, sbowt 607 of the 10 molecules leave the body by ovmperation,

T was not sl Trey mede avalladle larpe amvants of D ia 1934 that
the gtady of the fate of metobolites in the bady could he instituted on &
promlsing seale by Rittenberg and Schoonhoimer. These workers used deu-
tordun ae 8 tracer aton ommonent of pubstences underpgedng metabolism in
the body. The deutarfws, posssssing chemical properiies similar to o~
dinary hyirogen, M4 mot qualitetively chongs the chemdesl propertles of
subpbmess conteining 1.

Previous %o tils, investigators used compounds with labels uhich gove
rize o umhysioclogieal subotintes. Therefers, the resulls obtained vere

¥ sgtones in Blalomy and Nelicing, pe 4 Nans T Glerke, Tho Unlvarsity
of Wisoonsin Prees, Madlson, 1040



baged woon almermal conditions., Thie Mmitatlon dose not apply %o the
otuly of cwmomnde in vhich carbon-bound Wnlrogen stome ave peplaced Wy
dovterin. Bltienberg and Sehoorbelnmer found that the deuterlun-contain-
ing molecnlos are blochemdeally indistinpuicheble frvom thoso gontalning
oriinney hydrogen. Therefome, with onristrwnt of the denterimm content
of & motabolite®, a lahel can bo intweduced ints o moleeuls which allows
an investigetor 4o trees dhe fate of the motabolite in an ovgenim. These
men woro sble bo demenstrate with a doutero-libelel fob’ that all the fats
of an sximal owe in oguilitwivm with the emseption of the essential, high~
1y mwstureted lipide, sush ag linoleic end Llunlonig.

Thls Cinddng wop contwrary to the nroveiling concapt at thet ¥ime, wig,,
that omoe fute sve depopited in the depots they remain ae relatively inert
cubatances. These experiments would not have beon possible without the
aid of en lsobople W‘ ocapow] .

¥hile Sohoonbelmer and Rittenberp were evalusting the possibilities
of deuterium as e label in thw stuldy of intemwediate 1indd metabolim,
trey and his growp doveloped o prectleal nrocsss for the envlclment of am-
monta with the matumlly ooeurring etehle Lsotope . This clement bo-
enme nnother ool for Wiochemical investigetions.

Ksston sl ascoslotes. Pod lov protein dfets sontedning isotople su-
mondwm eitrats to growing rets mnd reportod thet the mimels mynthosised
glyeine from dlotary isobople comsnis. They lsolated isotople glyslne
from the tisouwes of the enimals. To prove that any labelod amine seid
1solated wms mmthestosd from the fcotople § - and net formed by an

¥ in oll metarel motebalites the hydrogen stoms inalule only one den-
toriun aton for every five thousand protivm aloms. “Mm

i Dlalot s %a Fang 7, Olarko, Toa
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axehenge yesctlon, thay treated N - -oontalning smine acids with bofldng 101
and netuval anino sedds or TH,CL and fadled bo denonstrate any exchangs of
anin aeld 11 with the crdinary § of the naturel emine acids ar the N0l

fn eperimant of agpesial interest performed hy Schosnholmer and ase
soctatas’ involved the foeding of the smino seld, leusims, lebeled with
' ood slso with deuterfum {abtachod to the soxbon atoms), to retos Len-
aine fsolaoted from the teow protelns wme found to bave the fsotopss in
an altered retio. This vetio Indionted thad more thwn onpg-thdimd of the
lebeled N in Hhe criginal leucine hed boon veplseed by mon-dsstonic M.
Mnly with the use of thie type of lsotope tecimique omld 1t bave been pos-
sile to dencnstrate the vepid oponing and rafommetion of peptide Iinkages.
fimmver, whother the paweess involves complete rupture of & protein into
all of 1te consbituent amno scids or vhether the peptide linknges ave
openad end eloged ono ot a time 1s a matler of conjeeture with the inlfovme~
tlon presently available. Schoenhedmew, Ratner, Rittonberg, and Heidel-
bargor: also demonstrated thet, by adninistwetion of lsotople axino scide
%o mats, e plagss protelns, 1ike sther tlsmue proteins, tele part in
metebalie reactions imwiving the lncorporation of dietary nitropen.

sadionctive sulfue (8°°) was enployed by Tarver and Schmlds’ for
statying bislogionl problass. Thay showed thet in nommel netabolisn the
sulfur of cyotine 1s derived, at least in purt, frem metidonine, but not
foon alomenbery oulfi nor fran eulfete, Radicactive Lsotopes of iren
Jave boen used by Whdsple and his essoclates | in bloshenlesl and physic-
logloal stulles of svythwooytos. Quishy and Swith  uped redic-sedium in
the staly of peripheral wscular dlsoases Mylin  used P %o detersine
Mlood volime end clreulation time, Varlous imvestigators heve employod
wmmmwmmmmmthmmawm
arnle mbotanoos.
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Radlonotive Onshon with a masg of 14 wme used oxolugively in the AJ0.0.
aontragt vork of which this theals 1z a part. The yoasons for Hhile sve:

{1} Tt Le safe to handle bdesouse of the very lov encyglos sssoclated
with its bota enmlesion (0.15 Hov maxiswm).

(2) The oarbon Lsotope le abteinshle in the fomn of Bad O, + Ne00y
in any asoumbe and at reagonabls prices (Oak Ridge, Tenneusse).

{3) Sines its balf 1ifc is greater then 5,000 years, there is ample
tima o gynthenise compounis condedning the lsobope, use thom ag oub~
strates, and detormine thelr fate in meladollc stndies.

{4) I% can be detocted with the use of suliable elestronie equipnent,
sharess N, B and O ° dotestion all yequize slsberate squipssnt of wideh
em expongive apparatug, tho Hage Spactrogmmph, is the allef instrmumsnt,

‘!hwatﬂuln‘tnatr thﬁhuafﬁmﬁammmma
12 timough 22 of this thesis. Thewefore, a fow omments w11l be made ebout
the natmeelly coomrring lsotope of mass 13 and the wedloastive, ghort-lived
E“WM‘ 1ife 2 mimutes). It in obvious thet an dsotops with &
half 2ife of only 21 minutes con be used only st or vory mear ite site of
produstion; and, ag previously mentiomed, 013 requires a mass spoetrograph
for ewluntion. |

Isvtopos of carbon woere first emloyed ne Iaboretory toola shout
olevan yoars ego vhen the nebarally oscurving Lsobopo © © and tho redio-
sotive leotops of nuss 11 boeomss avnilsble. The first bochonmiocal use of
mmuamaam,wumﬁ. It weg dlecovered very eorly
that C0s is not merely en ond product of motaboliem, but ls Insorporeted
into other compounds of the body, sither in whele or in part.
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Wood, Werlmamn, Homdngury and Mior  fouwsd that sussensions of busterls
hﬂ-mwmm,mmutﬁa” laoorparate the isotope inte
the carbory] positian of sueclale ecid,

Bvans and Slotin  Ancibated pigson Jiver slicss in radioackive
Nallt' "0, and gubwoquently wore sble 4o isalate madlcestive elnhawieto-
gluteric acid. Tho ulilimation Yy liver slless of 00y in wes formetion
was domonstrated by Rittenberg end Waclesh'® who wsed G, and thls 0D,
utilisation in uwres formitlon ves alse denonptuated by Dvans sad &M&nu
using € '« Both growps used the dootope in the form of Halliige

6" s 6'"0, ov as mam0" 0, has hems uwsed by nany sescerchers to dn-
vostigate tho wolo of crrbon dlaxlde in the motabolim of yosst s protos
son' s basteria’ ' molds s 6nd in growing plants '« Towever, oaly those
expariments in vhiech experimental enimals or tissues therelmm were used
will %o congiderod in thim thosia.

Tho parkicipation of earbon dloxide in the memalian earbolyirate
ayele wnp domenstretod Yy Hastings and assosistes « This group aduinle-
terod rediccetive hlearbonzte to fmoted rads. They woio able to lsolnte
Ttvor glysegen dhnt adibited radipactivity Inlleating that epproximmtely
ono 1n evory alsht eavhon atons of glywegen hal been dertved Srom the fso-
tonle BMoarbomate, Thepe same imvestimnborp obtained a siniler result
Mglmmmﬂmﬂmﬁm&%mmmwn.

Tt 45 apparont that most of the empariments with mdloactive caxbon,
t”, wore pozformed vith the carbon as Inorpgande »c“f;*x or ml‘lln'op Tde
wes noctseery becsuse 1te ghort half 1ife, 2 mimstes, poses o 81ffNenlt
borricy for the gymthosis of compounds condalning it.

Ghemists ad Teryand undartonk the ALfflenld tank of nynthosindng
lnotie acld eombaining € '« Two types of lsbeled lastie acld wewe properod:
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one in vihidh the lootope reslded polely in the earbouyl position, and the
othey In which both the alnha anl hots nositions vere labeled but thw core
bouyl position wmp not. Consnd and mmigh;‘ cheorved that the feeding
of earboxyl-ldbeled lackie eold to vets resulied in 207 of the inguatod
"' appearing in the 00, axpired during tw and eme-edf hours. liver
glyeogon hnd Insorporated 1.47 of the adminigtored isotope. On the other
hand, when leotic seld with the corbon fsotope in the alpha and bota posi-
tioms wup fod So vote uier Ldentiosl conditlons s 107 of the adninfstered
6" wan recovered fn the emirel G0y Tho Liver glyoogen sonteined 3,2/
of the Initdally adminlstered soblvity.

The differoncos obeorvod betueen those supuoriments indleate thet et
Inasdt Gwo melabolic patiwoys com bo followed lhy the carbon atoms of Isctie
peid. These ¢on be explainod 4L wo assuwse thet I1nitislly, in both amopi-
monte, logtle aeid is omidimed to ryruvic acdd, Ll.0e, cﬁ,mm—{i_»
ORyC0000H, Then part of the pyyuvie acid mey be incorporatod into glyvo-
gen any! other ccempounds axd part may be deenrboylated %o G0y axdl “Aetive
Aeotyl® “letive Acotyl" thom combinoe wilh oxnlseetate to onber the frdi-
cerboxyiic acdd syale. From thds motabolic egyele the carbon atome egaln
may bo inoornoreted fnte glyoogen, olcs, or oxidined o 0Oy It is necos-
pary to benr in mind thet, Por owery twm carbon eloms entering the tei-
carboxylic acld ayele, tam must appesr ss Clge Therelove, sithough the
fnltia) alpha and hete lobeled earban stoms of the laetlc acdd oon bo In
corpornted into the glyeogon molecule efter thay roach the acslato otage,
no net inorecse in the tote)l amount of glycogen in oblalned; only an ex-
shange of carbon atomp oocurm. Accordingly, oorboxyl leboled lsetio seld
mﬁsmmmuﬁwmmmmmam"mww.wm
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into glyeogen than the alphs end bota Isholed asld. Such was the oune,
Sinee in hoth emperiments the per cond of lsotope incorporeted late gly-
cogen was o), it appoars thet lsetis acid 1o largely coverted into
other metabolites.

Shpleataral

A brief reviow of cholestorel mwholien and catebalien is neocessery
ot thls polnt. A meher of starol intorvelatisnshipe in moteboliem have
boon woried oub in the lest fom years by man sueh ns Schoonbelimey, Ritten-
borg, Bloch, Chaikof?, Iitils, und others, vho used D, O p and ¢ as
tmncers. These mew with lsotople tools hove contributed encemously to
o knovlodns of sterel chemigtry.

mtmmmmmwmﬁmmmmwnw
penaels with the ald of trecsr techmiques. These workers found that dou-
toxdun 1o incorporute’ into tiseno liplds such as oholesterel and fabtiy
aclds whon the drialdng wmisr of emporizmgmtal anfmels oomiuing D0 This
insorporetion of deuteriwm Snbo eholestorsl and fally aclds io the wvesult
of may shanmienl processes. Since the dlot fod YWy these workers was
ehologtorol fres, the isolated lsotople sterel was the vesult of codo-
ponous gynthosic.

Bloch and R‘lthnhurgw in 1944 incubated deuterlum-lobelod asotic
soid wAth livor sliees sad foundl D in tho cholestercl formeds They eliso
fomt”" that oy comowmd giving rise to sestic acld in motabolimm, which
includes such substances ss loucine, alaaine, ethanol, =ni isowalorla,
nshyrle, n-walerie snd myrletic acids, glso forms cholesterol.

Moah, Bovel: snd Mttenbarg ~ cbsorvod bhat the aynthosls of choles-
tevol roguires the notion of verieus sullably orpanised enwmws. This
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renctlan takes plage roadily in glicss of vuwrviving Mvor, but stons come
pletely vhen the orpenisetion of the Wssue is destroyed by grinding, They
reporbod the rate of cholesterol ayathesis in liver homogonates to be less
than ome ten thousendth of the rate in slicss, AMnsthor 1iver slice expori-
ment vms voportod by Littls and Moch™ who lnsubsted the slises vAth &
sotipl-lsbeled acobic acld and alss with O ewbaxyi-lshelod acetete,

From the results obbtained they goncluded that seetie acld ia the prinedpal
17 not the gole prosursor of chalestercl. In this same esperimet 1t was
obgerved that the mothyl growp of zestic eeld is the soures of Garbon atoms
18, 19, 2, 27, aad possidly 17 of the cholestercl malecule. Cesbon atems
10 end 26 ave Qerived frem the earboxyl part of the acotic acid. These
somorinante ales led them to helieve that the half 1life {10, Gime ve-
quive? %o lose half of the lmcorporated actdvity) of liver eholestercl ie
gix days, end for carcass chalesterol 71 %o 22 days.

Wnlls early in-vitre exporiments indissted the Liver to be the maln
site of cholosterel synthesis, it ig not the enly place of formalbionm,
Shallof? and assoclates | cbsorved the symthesis of labaled cholosterol
Prom *tagred” acetate by surviving beef aldrenal stices. Thay alee found
thet other tiames are cepable of incorporaiing lootople sootete inbo the
sholegterol moleculo. These inoinde Miduey, testls, -1l intestina,
benin, and skine The rut tlemuss most astive in cholesterol syntheels
are liver and ekin of the adult val, and Weain and gidn of the doy old

33
mt .

ItiaMWMtﬂyhmmmmtm&#
Chadkof? and ssopointos wns cholesberol ayathagised by rain tlosuc.
33
Thls chearwiion ws sapporded by that of Spemy snd Weslseh , who give
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Dl to rats and found the hipghost concentretion of U In the wnsaponifiable
fynction of hrain and eninel cord four days alter bLirth. If the tws core
‘bonﬂamtis aceented as being the principal ssurce or sole nrocursor
of sholesterel, then it iz probeble that ad flrst vheon the central novrvous
ayoton of the ret 4o prolifersting most repidly, 1t unee $his acobate-like
entity most readily, As the mnimelsts rate of growth inorecses, the rest
of tho metaboliec mooesses uilllize more of 4w two sarbon fyagsents and
thus may redugn the awmilabhility of acetie mcld fop contial nervous eys-
tom utilizstion =l eventuelly bring myelination to a stendetil! with con-
gequont nlowing of 1ipid repleeesent in the alult rat bradn,

T™his slow replacemmt of brain linlds supports the previsus oheerve-
tion of Bipch and nmtmu. who injocted doge intravencusly with deu-
toriun-labeled cholssterel snd found 1t in all tipsues exeopt brain and
spinal eopd. They wore aleo wmable to lsolate any rodlecctive choles~
sorol from the slult bredn of vats after adninistration of €' -labsled
ecetato, In contrast to this, workers in our Rediclsolople Leboratory
have bosn able So demonstvete small but sigifiosnt seiivity in the chales-
gorol and fatty solds lenlated from tewmin and spina? ol of vets Injected
Vith © @ sgotate. Thomo experiments are deserided in detedl in Chapter
IIT of this thopis.

It hos hoan showm thet an sndmel can syntheslze cholosterol frem a
voristy of svwbstonces. It is of interest to Imow the efloct of digtaxy
slolosterol upon this cyathesls and something of the body’s cepacity to
dagrade cholesterol. These guestions are enswered by the porly expord-
mente of Schoorhwimer end m”, whe porformad dietary balonee stodien
tven mloo. It wos Shserwed thet miece oo dlete low in cholestamel amthesize
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the equivalent of the body content in & month end vhen fod high cholssterel
flete destray Cfive tlmes thic saoumt. They stabed that tlasue cholestorel
1s eontinely boing fomed and destroyed and oither o rositive o nepgndive
balsnoe may be found depending wpon sperimentel sonditions 2t the tian of
the dotermination. Mok  statos that dlotery affects ewn be neglested,
gines a cholentarel egullibriwm exists in the anlmel so thet the dally exe
crotion of feonl storols earresponds roughly to the quantity of cholestewsl
gmthenlioed during the save nerlaed.

Gould and !aylw“ used an lsotoplo approach Yo evalunie the affects
of dleSary chalostors? wpon the adilidy of subsoquently lsolated tisoues
to amthonize #hiz sterel., They oheerve)l thet whon dogs end mbhits whieh
hed hean meintained on high cholestorsl Mets for six wooke wore szerificed
and the tlesues inoubeted with lsotenic (2 ') seetate, the cholesterel syne
thesls war smopressed %o & fow por comt of thet oymthesized by anlmels on
gtandapd Mets, Oood agrooment hetween in-vitro and in-vivo axperinents
wis noted vhen Leotonle (G ) asstate was adniniatored by stomach tube o
enimals Tod high oholestore?! dlete for six wweks prior o glving the radio-
notive mibehtance.

Synthestis rates of cholesternl were gtudied by Alfin-Stater and asoo~
dlam“, who Tount the tlorues of wate to incorporete B of D0 Inke choles~
teral ot votes aveanged in the folloving orfder advennls lwgs liver
Iddney temine They 2lse cheerwed that hrain tismws hawe a very low rete
of cholesterel turnover.

 Com’” fmyostigatod the vate of sevum aholostarcl tummover end veporbed
thet persistent ACTH stimdation of the adremal cortex wesulie in 2 signi-
fleant deamvase of total sorum cholosterol. The oster froction exhilbited
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the prostest decvonse, requdrdng fowr %o five doye %o rotum $o normal
valuss. In pationts with Addison’s dlscass mo decronse way choerved with
AOTH siimilation. Oomn postrloted from these findings thet sccelermded
adroval sellvity mesulte in decreased gorun clolestorol. The negetive
rogronse In Addison’s disesse eliminates the possdbility that a thyro=
trophie contaninant of ACTH might have been responedhle for the docrcase
in gerum eholestorcl.

Pactors vhich mey favor renowel of cholostersl from he hlood aves
ineresead edvenal cortlcsl activity (from stress, ACTY, or eplneplwrine),
formetion of or comvorsion do other stercls, mmthesis of cholic acdd,
and interration inte tho genersl metabolic prosesges. In guppord of those
pogeibie pathe of aholestorol metabolien ip 2 pertinest obeervation of
Mﬂ in which he gave deuterium-labeled cholesterol to a pregnmb
woman and lselated pregnanediol comtaiming deuterium from the urine. Oinee
the isotope comcomtration of the isolated storol was of the same oxder of
magnitude as that of hey hlood cholestorel, hie considers the divect com-
vorsion of echolesteral $o propesterens %o bo & normel proovss and thot the
nrogestorons so formed is then redused to pregmnedisl and avereted.
later Aoker and Rluh“ reportod evidence suggesting that eholesterel e
sonverted to clolestenome anl exereted as its reducilon proluct, copros-
torel, in the Ssces. hen douboro-tagped cholestencns wis fod to yubs,

g bigh eomoentretion of the lsotope wes found In Gilpdrocholosterol end

in feons coprogterol, but little in the isolated cholesterel. They pro-

posed the following reagtlions

SHOLESTEROY, —> CHOLESTENONE —>-DIRYDAOCHOIASTEROY —-COPROSTEROL »m:
in the tissucs in the gut
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Mloch an? Rittenbers fowsd ehalonterl bo fomm aholie aald tmouch
exddation of the cide ¢min end olicht madificetion of tho muoleus., This
convereion wae domanstrated by intemvonous injootions of douderdun-lsbolsd
cholosterol into s dog 1ith en emastonssle bobueen the gal) Bladler and
the Iddney nelvis. From the wrine, which contoined biliary socretimns,
they lsolated oholle seld comtedning douterium,

Qould"” showed thot cholestorol fs invelved in gonarsl entsel metabel
fen, lie ndninistored Blosynthosised & =labsled cholosterol to mbs and
mios an? fousd an spproctable fmetlon af the O ° incorperated in pegplra-
towy 80y focal fotty solds, and liver. Only & very mwmll fraction of e
indtia) mdlosotive covbon wes fownd in the Bloods Vam Bruggen, Mibehens,
mm%mﬂnmmmummﬁm agaumam,
and tdesuo fabty scids when Blosynthosised O =laboled sholosbozel was adr
nlntetored to youmng wate. In alx hours 17 of the eholesterel ¢ & sctivity,
glven in a single ctomnch tublng, wns exsived ag Guﬁs. Pron the inidlal

specific activity of the adsinistared sholesterol as cumaved $o that of
the isolsted liver gholesberal thay concludsd thal ot leasst coo-fourth of
the total liver cholesterel wap veplsead in elx hours.

 In order to b ac certedn es possible thet the medlosctivity fous? in
the isolated fatty nelds s frem incamporation of G of aduinistered
abolesterol, and not from cantemination by G abolesterel pex gg, these
Liplds wore mbjocted to extensive purifieation. Fatly acids vidoh cone
tained 10 or more earbon atoms weye precipliated as Cu-Go salle, seprraded
and regomereted as free selds. Those salds wire treated with dlpltoain to
renove aw cholosterel thet might heve heen carvded through the copoer 1ime
st procsdure, The nurified fasty nelds combalned 57 of the adwinistored
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isotopio gerhbons Dredn and epined cond feltly acld enuelific activity wmap
2475 oupeiie/ings, & vulus only oxscoded By that af the scids Mrem the gut
{243 copemin/finge)e Thir wap unerpucted boomus previcus lmvesilgmtors have
reparted only slight Leotonie incorpevotion inte centrwl nervous aysten
Yplds.

Talby heida

The fisld of fob molabolism iz wery extonzive, ond many capedls ey
pordmenters hove contributed to our Jmowledge of 1t. However, it is de-
yond the ssope of this thesls to roviev lipogenesie thoroughly; thoraefore,
only the experiments in widloh isotopop wore used sp blochemicnl alde w11
he revieved, and then only ¢o o 1inited oxbend.

Sohoanhedner mnd Ritberbery ~ sre asaln foremost as plomsers in the
uso of leotonie teclmique in stodies of fab motabolimm. They cheerved
that the isotople eoncentretion in the fates of anlmals fod deutoro~laboled
fat dscrecsed exponmtiaily vhon natural dlet feoding wop rosumed. In the
short tine of thuwe deys, ome-helf of the deutorium of the body fute had
Moappesped, iniloating the fate of an animal o be in a highly nobile
gtats, Tat denosite of antmals fod & norma? dlet and yntor emtaining
douteriun oxdde, which resmiited in a consgtont leowvel of deuterium inteke,
vere foumd to noguire doutorium at 2lmost the semo ryate as douwterium dfe-
arneare’ from the labelod depots in the previous exporiment. Patty aclds,
both satureted snd singly maestureted, wore fomd to Yo synthesined in-
vivo. Yo deuterfus was Pound in the essential fatdy eclds., This fatlure
of zn animel %o smihesisze essential fotty aclde has besn substantlsted
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by lator coperimonters, uwsing, in edditdon to denterium, the isotoves of
carbon, O 'y O Ty a8l C s

Fetty aclds, ageoriing to the present convept, sxw hrolen down Ly bota
odfation with sucesssive romovel of & tuo carbon eutlty. These acatie~
1tve frogmonte eon be further oxddiped to OOy, I0Y, and smeryy wie the
tricayboyylie ¢lcle, or they mey undarpo condensation resctlons, giving riee
to sovtoacetlio scld nnd fubs, as well eap chelestercl., It iz roupomable,
from the fafommation that wo now possess, to postulate that lioid, casho-
hydrate, end mrotedn metabolisms sre all interrelated thwough this two
cavhon compound, which for lme: of a babler neme wo term “actlve acotyl®
or "active acetato™,

As pointed out above, both frbly mclde and clolestersl sre formed fyom
agetate, Mooh  has stated that fathy aclds need not be intermediates in
the conversion of ssstate to cholesteroly in other words, this two carbon
frognont oan be incorporsted disectly lnte fots or into sholesterol.

Gurdn end rady | ware sble to isalnte labaled long-cheined faity nolds
uhaat}“ garboryl-labaled acotets, or acolic seld precarsor such as pyre-
wate, butyrete, hemanoate, ond ootefioate wero ineuboted with rat 1lyor
sllona.

Balow is & heief mwtceh of the nrobable path of the acsbats Cragment:

!‘aw telds
/ b
P S m ACETATE
Cholegterol { Prravate
Trimi&n Aeld Gmﬂa\ T
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Blooh and assootatos fod rate diets containing G cavbosyl-labaled
agobate and were able to eptahlich the following relations: eabturated
acide of liver voach balf of thelr meximed lsolope concentration in lesp
then one dagy the msaturated eclds requive o dgys to resch this lewvel.
Baturatod carvess lirdds reqive 156 4o 17 days, ond unsaturated onop need
mwmmmmmrammuww“wam

Most worlers in 1inid nebaboliom beliove thet the liver iz tho moat
active sito of cholesterol en? faity scld pymtheals. Howeover, Chalkoff’s
growr'” found that the converelon of caxbolydrate to fadty acld procoeds
plgnificantly in extvn-lepatic soi extrm-intostine) issups. When tde
grow injectsd € -lsbeled sostate into hepatestonised wats , they found
Ywt eldn, tostls, mwll intsptine, and kidnay all gmiboscized “tagged®
1iddo. |

T4 is appropriste at this time to dlscuss dedefly shmownl 13pdd weta-
bolim,. The objest of the work emboliod in this thesis was %o throw addi~
tienal 1ight wpon the nrocesces of normal lipdd mebaboliem to sowve as @
oets for futiure work on lipld metabolism in pathologlesl states.

In the ddpcase of dlabotes, the anizel cannot atidise eaxbolpniraie
sormelly, wideh loads to an elewntlon in dlood suger. Jecompenying this ie
a mibsoouent Tioe in the clreulating ketons bodles yesuliing frem mn in-
arense in fodly scid breskiown from which tho animal muet oblain mosh of
145 onewgy. Por axmmsle, Chedloff sod assoctetes found thet the eMlity
of 2ohotle mt Iiver slices to uillize carbolyiente for fably asld formp
tlon is drestieally redused, This 1s in agroement with the {indings of
Stotton and S, thnt fallure to utilise glucese for Satty acld sys-
theele is a mejor modabollie defect in dlsbotes., JAn in-vive eperiment



of ChalkoP? and sscoslston  mepoctedly showed that the mate of couveruln
of plegms glucces 4o 00y by the sllwmn-dishetic mt doos not a1ffer slg-
alfeantly fron that of the nopmal mabe Theos workers csasidered thils dif-
foyence to by reconciliable Yy aseming ikat glucoss cddntion rumaine nee-
ml or neayr normel in pomw exbma-hopatlc tiosus or tissuce of sufficlent
Mk to mek the dopression cheorved for livews Tholr intempretation of
tholr vork 1s open to questlan, howowosr, nince the Mool glucsse lewsls of
thelr axporimentn? antmals wvere very mush cbove any lowel oboorved for the
avorege allomne-dishotie rate This epparontly nomel plagm glusoso oxida-
thon By the dlabetis yet esuld well he dus to & mess actiom offoct, olneo
Stadie and sssoelates  found o mexted incvease in glyeogen symthesls with
lver alicos of nomml yete vhen tie inoudating nedlum cnntained # high

Another dbnomml 4ype of motabolign is found in tho Znsting asimsl,
kmamu-mmmmsnmm_ntmm\e
the dlsbotic in thet enargy Lo Jamgely dewived fyom fetp since carbohyirete
roperwes aro deplotel. In both stetes, the animal shows Iinereaced Wlood
ﬁmuuhwmm

jn in-vitwo emperimnt using Jiver sliees, parfomod by Chefioff and
associates , indieates that the previous matritional stato of en mnimal
influsnces the converslion of gluoose to fetiy aclds. Those woriers ro-
serted Gt 12 of the 0'* of glucose wilfomly "tagmed® with O sdded %
Taver slioss was sesovered n fabty aclds when tho dlet of the animal bed
conteined 60 doxtross, 227 caseln, eellu flous, and mlneyel seltes Past-
fng of 24 hours vodased the C © nscsporetion inte fatty asids %o oo Sesth

thet of tho non-facted mndimols. Howewnr, the recowsry of the radisisstope
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in Tho emplved 03, 214 not differ appreciehly from thnt of the non-fasted
anfmnls. In vate on dlots dewold of earbohydwrate, hopetie lipogenesis
foll off yrapidly, 2 thres dxy diat composed enbively of wreteln or of
proteln and fot resulted in en exteacrdinary veduction in hopatic lipo-
gemegig. Thres day feoding of only sarlolpnirato showed no fmpairment in
1lipogenie oapacity. & ten day Qlct oonsisting of only osrholpddrate re-
sulted in o noderate roduction in fatdy acid symthosis. Chalkef? end ag-

. sonlatos thevefore conclude? that dlotary corbolyimte ds sssontisl to

mintonance of the ewpacity of hepatle tlsene to cowvort gluesse into
futty solds.

Carbop Diexide

Regplratory 00y 1o an Indicator of the overall metabolian of an andmal
and gt b taken into scoouwnt whon evoluating any eporinent designed to
study the ubtilisation of motabolitss, The rate of excretlon of C 0y has
heen followed after the intveperitenssl injoetion into rats of:

{1) dsotopic i M" (m,e“r:f,}
(2) isotopic O sestate” (0H,0" ooa)
(3) Lactoplo C = suecinate’  (HaOOSH,0M,G 00ia)

Data oblained fron these expordments yvielded inforsation ag to the
ratas of lsotople earbon diexide elimination, as well =s the rate ad which
ﬁﬁ;w@iuﬂp&mmmmhﬂhmmadmw. fou’ld and associ~
ates domigned an experiment to stuly thuse retos, boaeuse previous
measurenents of exavellon of fsclople 0Oy reported in the lltereture hed
beon few, and in theso the rate following a eingle injection of isotopie
matorial hed not beem detormined. These mon followed the wooretlon of
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¢ %0, om2 total &' 0, and 00, Pormation at frequent tnbervals w to fowr
howrss  Thoy obporved the rates of exorotion Yy nomml rats following the
intoa-perdtonen Injoetisn of isstople Nalil0y, oavboxyl-labelod sodium
acetate, =l corbonyli-lobeled sodlum susolnate. It was found thet the
cumlstive exoretion of redlosclive carban in four houwe was 957 after
blearhonnte injection, 877 aftor anoolate, and 287 altor succinste sdninis~
tration, The rates of change of the speciflo sotivity of the 00, veve
intepproted 4n torms of the metabolle reactions of the suhstanocss injectod.
The data cbtadned aye presentod in Ghe grask on page 2.

The mrepondarmncs of tho exparimonte concerning muteltionsl effeats
wpon animals have beon of the In-vitwe type; and, while these are impowtent,
they ave not physislogleal, Therefore, experiments vere designed to ovaln-
ate the rates ab which rate Incorparate the 0 of CfyC GONe iato carbon
dtotde, fatty nclds, and cholestorel in & period of ane howr, and also
to investigate the in-vive effects of varying the time of macciml utilisa-

»um(hmwmmtmmummﬂwmu»m

14
Injoctsd intre-peritonsal dose of € oarbooyl-labeled sodium acetute}.
These exporixents ond thelr resulte sre copiaine! in detall in Chepter III,
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CHAPTER 1T
DAPSRDENTAL TECHIIQUES

A Plating of Dad 0,
B. Combuation of Nem-Volatile Sawples
G. Propavetion of Giiy8  Os fros Bal' O
D. Treatment s Injeatiom of Amdmals
Bs Tissue ldpid Frostlouailon
1., TFasting Experiments
2, Time of laximm Utllisstion Experimonts
¥. Oarbon Dioxide Gollsetlion
G. Velidity of Practiocmaiion Techndque
1. Isotope Dilution Bxpariment
2. Purity of Cholestorol
3. Purlly of Fatly Aclds
#. Counting of 8 and Caleulation of Nemilts

In thds clentor o Yrie review of exporimentsl methods will be pre-
gonted end date glven to indicats the valldidy of the mothods used.

A+ Plating of Dat0,

Sinoe the only dsobops used in these studies was G , and since the
tiologlenl mteriale to be stulied vere readlly comverted to 00y & con-
venient rodionssry mothod for GOy or its derivetives wes roquired. 4 molid,
ingolulte dewivative of 0Oy, Bally, wes selected as the material for the

apsay nyocedures.
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i wamber of tochnigques have been deseribed for the prepavetion of Balily

sempleop vhich are sulteble for comting. These Include ﬂlh-uﬁaa” s OOD

anguﬁm“, and mpmﬁm“. Flliration and swnnorstion methods vore
fom? to roquire extensive, timp-consualng msnipuletions. A centrifugntion
techndoue, whick mindindses bendling tut gives wreprodueidls plades, was
dewveloped. Although Calvin and assoalates = bave provicualy suggested this
trve of sample preparation, the datalle of the method wers mat glven,

The apperatus and nethods developed and deperibed below give Mgh ro=
covery of c;“ﬂ,, eonsistently reproducible specifin sctivities, an? samle
serfacos that ere mooth, unifemms, and free from orecke. Ulght samloes
ean be prepared in one $o two hoursg, & goall portion of this time belng
nesd for manipulation, and the remalnder for the several perdods of centrl-
fugation. The dedails of thip work have boon publighed in m_gg” v

To detarmine the raliosctivity of a samle of G 0p the solution come
taining c”a;' wag procipltated with BaCl, eb m"’, weshed by suspenslon in
othar-slachel, contrifuged in round bottom gloss tubes, and the suporoatent
iquid removed. The Ball, was resuspenied in sther-alachol, elirped, and
transforved to a specle) apneretue, uring & modified medieine dpepper. The
apparatus, designed by the Rndisisctope Taboratory, is shoum in Figure 2,
This precipiietion apsonhly eontaindny the suspended Bally was contrifuged,
the ethor-aloohol remowed by aspiration, and the eups ageln centedifuped un-
411 the precipitete, which had eollected mwpon the tared sluminmam niate, ep-
peared dey. The Bally dises sere walighed and cowmbed waler thin end window

——

: &6

® 1¢ uas boon shown by Regler  that edequate gontrol of papdicle sive
10 ossontial. When the precinitetion is done at 579, the most desirebls
partieclis slze la oblained.



BIFLARATION OF FIOURE 2

The epperatus conalsts of & Duralumin cup A and sloove B held in
place by thres thwd serous C.

The intorne) dlameter of A ie 1-1/4 Im., wells eve 3/8 ia, thick,
sun depth is 1~1/4 in., and bothtom end top flanges sve of 215/32 in,
adamoter, 5o that the wnit flts emugly into the 250 nl. tewmion owp of
Taternational Centrifugo Sisc 1. The hobtem of 4 has thwee holes to
adnit the prongs of adaptes ¥,

Sleeve B f1te with close toloranse in A and bas en intewnal dla-
wtar of ono dnch, The botbem edge of § 1s cavefully mechine? to o
tight it bYetusen D and an slumimm plate Be In operelion, plate D is
held fenly bHotween the bodtton of A and gloeve B Ny meons of tinmib
sorevs nrojecting through the flange of B into matohing thweaded boles
in the woper flange of As

Plate D 1s punshed from 1 ma. polished alumiwm shoots. Cave must
ba taken to renove all Wurws or projectlons from the odges. Vsahiang |
with organde solvends to remove any gressy film ssmures better adlber-
snce of the Dald, to the plate,
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gountors or in an intews) ;rs coumter, In oxder o obtain constont, re-
producible remlts, the radlocetivity of ths Bally was detormined at in-
finite sample tideinues or adjusted to thie thickness.

 Tho weight of BeS0y necessary for infinitely Silck samplen wie found
by preparing & series of samples at differet welcohis ut with sonstant
spocific aotivily. From these plates self-ahbsorption cwrves were plotteld.
Bate Tor these cwrves were obtained fron ¢ paries of tem consecwhive nre-
porations made by precindtoting the &“0: from ¥nown ancmaa solutdons,
the velght of the proaipitated Ba00, sanging from 1.7 mge 4o £14e2 mge

The recovery of COF from the standard solution used % prevers the

plates s indicated in Teble 1. Tables 2 and 3 show the repmeducihility of
the platlsg nrocedure. Teble 2 lists the resulte of elght eonssoutive pre-
mﬂm(hm@M‘M}Whmmmduﬁﬁw
of ldentionl comples. As the probable error fndicates, good reproduadbility
is assured by the prosedure. Pehle 3 shows that m constant st of O
agtivity can be dlluted by increasing amounte of inert eazbonate $o yleld
plates of varying uﬁﬁiﬁt&.ﬁas. falenlation of total activitios by the oque~
tion with Tuble 3 provides 2 mothod of ewmineting remroducibility over a
wide range of sample weights.

2. Gonbmatlon of Nen-Valatile Ssmpleg

Once the besle netheds of treatment of O as Ba00, had heen estab-
lished, a madiflcation of the Ven Slyke-Poleh "woit combustlion” mothod wus
dovelopod %o oxddize fatty acids end cholesterol o 00y and M0, Tho ap~
parntus uged ls showm in Figure 3.



TABIE 1
RECOVERY OF CANBONATE BY THE PLATING PROCEDURE

ok B
0.7 63 w7
435 8.7 105
59.1 n.s 100
857 17.1 e

8.5 3el. 97
15640 912 7.7
204.1 408 , 973
221 52.6 98,4
N2.5 6248 98.7
4142 9.2 99,06

Hean recowery of 6 protected samples = 97.651

tmr&mtfmmﬁmmummt&r
cut comlete protwction from atusspherie 00, and
s 1llustrets the dogree of conteminmtisn thet
IRy ooor.



TARIE 2

HEPRODUCIRILITY OF THE PLATING PROCEDURE
AT COROTANT SPECIFIC AQTIVITY

{Idontical Samplos)
+ |
BaCO, Bago Betivity T Spesifie T
ng/plate ngfoar om/olate Aotivity
15149 30s6 1,792 17.92
1551 7 1,760 1760
15340 2140 1,700 17,80
152.5 30,8 1,790 17.
15340 N.0 1,08 18,12
16442 ad 1,798 17,9¢
15140 303 1,767 17
1546 .5 L7 v Ay
standar dovintion = 0,161
Reletive probeble ersor = 0,607
+

BaCly plates vere prepered by prociniteting a milxltuvre of 1 ni.
of NapaCl40,, 1.5 nl. of Go5 Mag0ly, and 4 nles of 057 Vel with
50@ m:-.s of ﬂsﬁ m“"m&lﬂ

Toomtod tmmediately unler the window of an ROL mk 1, m3 3,
15 mg/on? end-wlndow GM tube.

Fas 1nfinite tckness or above, only the op 20 mg/en® con-
tribvotes to the count, oo thet one moy caleuliste the specifie
notivity as

i e - 217 o)




- TANER 3

WPMODUCIBILITY OF THE PLATIND PROCEDURS
AT VARITHG SPROIFIS ACTIVITIES

{Congtant Aetivity with Varving Amounts of Carrler)

nl 0,51 Cals. fala. w Gnlon~ %
WagC0y Balo Bel0y sample 1atod

earrier ng/pla g en® ashivity
2d 184 2.6 2002.2 25TT 2
3.0 1i8.0 2.8 17H0 220,85
b By 35.5 14158.0 2513.0
Le? x7.2 1.8 18,8 pe, 3 P
4B M6.8 LS 1105.9 218.8

Standawd doviation = 72,48
Relative probable error = 1,997

¥ Total ealoulnted activity 1o detesmined fyron the following
eguntion:

e oy o CDB/sample x eale. mg Ball
SEeasne MY 20 % aves of smaple (?)




EXPLATATION OF FYIGURE 3

The conbmstion apperatus has flve osmponentss an oxldation
Tlask & vith sxident reserveir B, 2 delivery or adapter tube O; an
shsorption Tlagk ¥, anl e mercwmy menometor £. An ewporation slesve
i sunplements tho boslic squipment. In the follmdng deserintions,
axmsot Amensions are mot plven, ap they are not evitliesl. Comperl-
son of wilt parts with the ¥ jolnts ns shiown will sevwe o epprosd-
mbe all actunl Almengions.

1. Coubmation fsgk A ip made from 2 male ¥ 19/98 joliut cealed
$0 & 10 nl, micvo-Fijaldahl flask. The & to 1D nl. oxldend recelver,
ﬁ?ul, 1:‘thﬂm1nnbmﬁlﬂmlhwmadn
of Flesk

2. The adopter, or delivery tubo C is mede from two fomnle ¥

19/9% joints, shordaned snd umited a¥ mn angle of approximately 100

. & tw-uny oblique-bore stopesslk, D, is senled midumy mnd

&mwmo. 4 E 10/90 male joint is sealoed wmidwey snd on
lde of C.

%. A ospillory merewry menemoter B having a female § 10/30
Jaint i comesded to the 10730 Joint on € and ies ensily removed

for oleening.

4, Bbgorotion flask F is made from & mle ¥ 10/38 juint emd
a 30 nl. mlovo~Kjoldal] lagke.

B mnﬁm&pmwd-mui,sﬂm::mg%
19798 jolns, end s longth of capillary tubing ©f mme coaxially with-
in the joint and extends Hayond ik. Tubing ¥ is held in placo by
h&ngmeaﬂﬂnm@am;amefmwﬁmtnm%
gvar the end of 6. Side nmm I oomects with an aspirator.

* fationa) Duvesy of Standenls eymbol for “standasd tapor®.
Tamarator of folloudng frection gives larpe Alamoter in mm., denom-
fmntor gives Yength of ground surface. :
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The sarmle %o be combusted was pub into tube 4, and the Van Slvike-
Foleh wot axtdation misbure, prenared sscording o Calvin W (less potessium
iodate), wms placed iz side mwm B, 4 known amount of standerd sofium hyw
droczide, obout 0,74, we plpetted into Flash ¥, The assenbled eppavatus
wag then ewmouated %o approximtely 20 to 30 mm. Hg thwough stopeock D, and
the oxldiping solution edied to the ssmple in tube A Yy rotating the flask
180°%, The b of flask A wap leated in & 160° bath, wiile sbeorptien
flagk F we cooled in an ice bathe The heating wes contimmed for 10 to 15
nimatos, the flask removed fron the bath and aliowed to coole The mount
of COg produscsd ves determined by tiratiom vith stanfaxd G %o the phonol-
phtbalein end point. The entire alkeline sarbonate solutlon or any aligquot
thereof wes used for Bally plating es proviously deseribed.

™he data of Tahle 4 11lustrnde the mnge of reocowery of corbon by this
procedure, 2inen these data were obtulned on welatively levge samplos, the
reprodugibility and relisbility of the tedmigue in recovering grade] mmounts
of 6'° activity in the pressnce of warying snumuts of earrier was stuiled.
Table 3 presomts the data chitained by the "oombuetion” of $wo 100 lanbde
sumlee of gl 0, and by the dizest » colpliation and pleting of tw
oquivalent sewplon without sombustion, Thoss data show the efficiency of
00y dstillation and sbeorption in terns of rocovered activity.

G Preperstion of Giyd' 00t Srom Bag’ 0y

It wng apparent that lavge asounts of Gﬁﬁc”m wuld be neoded in fr
gue the conbemplated ressarch progemm. Cerboxyl-lsbeled acstate can bo pir-
ahnsed bt is expansiys, Thovefore, 1t was desirable %o synthesiso it frwm
low oost Bat' Oge The activity of the synthestsed ratic-ancstate can be



TaBIE 4

CARBON WICOVERY WI WRT COMBUSTION

¥ntorial
sotrantod®

Podagnlimm
rhthalate

. Oholesbarol

Digléonin

e R e

0.1

2a6
Tl
1046
0.2

13.1

13.2
b4

* Samples combustod with § ml. of coubustlon meagent. 00
wes abeorbed in 3 nl. of 0752 Helll, Blank of 0.07 mmbles CO,

subtrasted. The

phthalate and oholestorel were of purified re-

ngont quality, but the digitonin ws of quantionshle purdty.
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TARIL §
REQOVERY OF ACTIVITY FPROM MICRO AMOUNTS OF SAMPIE

A nu;n Mrwolos

+4 205  Total Cale. Apoprm
Enn- & mm Meoles mg. ualm age

pame= in cam- g 003/ Dal0y/ opn/

m ~Lropedure | ols ustion caxwier somnle somie mn mu
M 100 ﬁa@%{g G.72 0808 u”oﬂ' Mlé £%15

3 Comtraated” }%m 0.0%" 072 0.7% 19,2 3Mu6 LS LM
3 Not Combust 072 ﬁ;?! 122.,1 343.4 4880
2 et G@ﬁmhﬁ?‘lﬂﬂ »e 072 0,72 U2 I3 B8 47648

¢ 9he yariations in these waluss sobually represent variations in the
blenk valuos, since the parhomats fwyom the sewmples combustol is too small
to Mirate.

¥ palonlated total sctivity =

om/emmle x cole, mg Bald
m:mm{%I
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mwmmmtaxm"a,m if the effialongy of the reao-
o s Imowm. By comparieon of the ralicectivity of the gmthesised
produst with the sotivity of sestate obtained frem commerednl scuraes, it
is possible alse to conflrm the sciivity of the carboxyl-labeled produst
nropared.

Wy published artlelss give procodures for the smthesis of a‘ “hbtl-
&l avetato, Doth by chemien? and microblolngionl mothods. 24 god review of
thews motheds has boen given by Calvin fn Ygotand Gasbon  » bub all in-
volve mlatively meero quantitios of w”cs end conplox and amponsive equipe
mont. Initlally an ettompt wep meds to soals down somo of thoso mothods and
to aynthoalze esrboxyl-labelod acotats in pend-miaro quentitios hy the car-
bonation of a mothyl Grignerd veagent. Hovover, all atéomyte were wnmmoe~
censfl mtil an apporatus declmed by this leboratory wes emiloyed. It is
sunll, compaoct, inemnensive, and oagily assembled. Howewer, if used under
the proper conditlonpg, pood yields of cnrborgyl-lsbaled agetate are dcbiained.
With the teclmique employed, reproducidhle yields of 20 to 90 por cont were
voalinad shon 0,25 40 1.0 millincles of acetato wore gmtlosiged.

The gyathesls of scotate ueing thie equipment (seo Pigure 4) was es
follows. The redicactive barlum carbonate wes plseed in flask ¢ end tiw ap-
smibly svacuated. ﬁ“ﬂ. wie gonorated fyom m"a,mm porchleric
acdd, stoved In viel &, wes added to tho cerbonate. The liderated €0y wan
dried by pessing through tube D contelining anhydrons, and then frosen in the
botton of flagk 5, cooled By a liguid nitrogen Dath, Mellyl Grignesd re-
mmdﬁ,a,msmmtﬂmmgtm”mm
%o the layer of eolld oavhon dioxide Yy opening stopoock F. Mighest ylelds
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of earboiyl-narked scotats vere obtained when the 00y and motiyl Grignend
rengent vore odded in alternats emnll incremonts to flagk B. Whem this
flask wns removed fean the 1lquid N bath end warmed 40 07 in an ioe Dath,
carbonation of the Grigansd wesgant oovuwrred, and the resulédng compound
vas docompoped by addition of weter and acid. The overall rencticns for
the gyntheels may be wepresended as followa:r

1 & ’
CllgitgX # ﬁ‘ﬂ, S . Ilg:tf»ong* -0y  (Orlgoard eddition product)

*
*

H & Hy0 cowes Mg{OI + G}i,cﬂma
| (Corouyl abeled
acotle nold)
The acedle¢ nceld wos vocovered from the seactlion miwbure by dlstiliation.
It wes foun? adviesble o add Agysly prior to dlstllling o prevent any HI
conteninstion Crom Mg(OM)I decompondtion during thle operation.

The desipn of the resction vopsol made 48 poasible to carry out ths
agetie acld removnl directly by commecting 1t %o the condensor H shown in
Pigare §, theredy oliminating exposure of the opemtor to rediosctivily fraa
sry wipoasted & g During the dlstillotion, reservolr O vas kopt fi1led
with water wiilch was added to the distdlling mixture in a condimious tyiekle
through atopoock F. This not only furnished the water vequired 1n the
acatic mold soparetion but eolss allmed a higher bedling mixbture o be nain-
tained. The roveiving vessel I, equipped with 2 hwretie, pornitted combimu-
ous tbmation of the diotillnte with stapdard bese. This enshled the opera-
tor to detormine the scotic acid distillistion rete end yleld. A COg trap



EXPLAHATION OF FIOURE &

The spparatus bas throe compononts: a 00 genevetor 8, a delivery tube
B, end a corbonation and dletilletion flask B, a1l of Pyrex glass. |

1, Flask € 1s mafe from a femnle ® 14/95 jolnt and hae & mwll bulb ab
the end. 1t is fitted with & side are baving o two-usy obligue-bore stop-
ocodk betypen flack ¢ an? rosorvoly A above. The cspecity of resorwolr A ls
spproximately 5§ ml. 14 1o clomod during the veaotion with n tightly fitting
wbibor vial closure,

2. m@mmssgmﬁem;mmmﬁmmmam
B 19/90 jolnt, The flask ie Jelned %o the 10 ml, zesorvoir ¢ by o 2 mu.
bore gesdllery tube through a twop-wey oblime~-bore stopeock, Since the £
nal produst s dletilled from the same flack, 1t 4s well to hawe the stop-
ooak above the ¥ jolmt on B, Resorvelr G iz also fitted with a zubbor aloo-
we. The copillexy tubs frem stopoook P %o {lask T should ontor flask ¥ e
puch an engle as to direet entoring meagant to the botton of the {lask,

3. Plagks C and ¥ ave somected by tabe D sontaining 60 to 20 mosh an~
hpdrons held in plage with glass-wool plugs. The tbe i fitted with @
jointe to £i% C and B.

Lo nnmmmmmhwmmmmmmmm

5. Distillation of the ascetie scid is socomplighed with the aid of the
aesorbly shown in Figme §» The ¥ 19/32 joint of the condenser U sorves o
atiach the flagh X,
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BXPLANATION OF FIGURE §

The spparatue bas two medn oswpononis: & condenser H, with
e ® 19/9 joint for attachmont of veachion flask & Pigwre 4),
and fiagk I, whlch sorves to collecht the diatiliate.

In addition to thess, there 1z alse & Ulewe-hole Tubber ebtop-
por, whioch &g used to close flagk I and prevides for the ontemnice
of the end of sonfonser 1, the tip of & nlovobwwette, and s soda-
1ime eheorption tube.
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esrved a8 a vent for the clooed gystems The resulis of this procedure are
tabulnbod in Table 6.

In addition Yo the reported isotople amporimente, fouwr eonsecutive
Tung were made with inactive 3e00, to chock the efficlenay of the apnaretus,
The fivet dotoraination in this series semsiste! of 0,503 nillimola of Bal0,
and 2,0 milliequivalants Grignesd roegont and gove a 72.60 yield, The next
tireo Involved 2.7 allllequivelonts of Orignaxd roagent and gave ylelds of
9540, P0ad, and 88.47 vospootively,

Tabls § liste tho results of five resctions using Bad 0y videh had a
veportad setivity of 0,0136 mo./ag. It is readily seen thet, under con-
tmlia& condltions, the ylold of eootie acid, as dotermined by NelH Litra-
tlon, 10 cesontially the same as that obeerved in the nop~isotepic resetions
above.

Sodlum acodete thus oblained wag diluted to o osnvenient volume, ali-
quots evaporuted and combusted to 50y and plated o Ballye Theso Bally
samples ware oombed of infinite thidmesa (carrier Na,y00, sdded) at a die-
tence of 2 s, from s thin window C.Me tube. ,

The ratic between the mumbor of cownts per sawle and the gheolube
munber of disintegretions per swmple can bo epproximsted for any standard-
imed comting procedure if aliquots of o standmrdised radlochwedonl, sach
az Onk RiQre-asesyed muﬁg, are treated in am anelogous mammew, end also
by detordnation of end ocorvection for prossdural losses of eambmstion, |
plating, and combing. This ratio indleated n ecounting efficlensy of ap=
proximadely one snd one~half to tuo porcent. |



) %
SITMESIS OF G GATDAXTL-TATEIED ACET

TABIE &

Synthesle uood @’*..f‘:"“ ;&f"ﬁ Paposnt® yg:zl? a8 e':w“‘
mesbor | Ea rog meq yield mg Hale yiald
¥ oo 098 0.8 152 68,0 20,8 5.6 x 108

2 0O 02 AT 2W TR0 B8 B 210

3 0:307 0822 14959 2056 834 20 59 =30

4 013 1IN 22 563 0 %7 27 11x10

§ 02 217 4l TI0 873 S8 2% x10

¥ oalouleted from milliomrivelente base roquired.

# Roaction produet diluted o 100 ml. Aliquobs oumtmsted and plated
as previcusly desaribod.

# Loos of an wilotormined mumt of Bl 0, durlng Seensfer of the
veighad Bal0y o Teaction flask O (Plgure 4)7°,

¥ Yaomn loos during mwm (pinhole digcovered is apparatus after ayn-
thosia). Appuzetus wee ropalred anl o mubsoquant “esld »m® showed 877

off'ieloney,
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Do Treafment anl Indoction of Andmels

The aninels vere injocted intraperlitonealiy with ons ml. of sodimm zoow
fats (1,04 = 19‘ Gapalis ) por 100 momme of boly welght and placed slagly o
in pairs into the molshollism wessel 4 [Mgure 6)e A etwomm of (0y-froe aly
g pulled through the weesel end then through en ebsorption eolwm, B, con-
taining sbandard NaOll, The vespiratory cerbon dicdde of the rat yms thus
cerrind into the basic solution where it rossted with the WeOR, forming
Tnglitye The epparatus wme desfgned fo collest O for intesvals renging
fron 2 fow mimiteg up to one hour.

A% the desired time the sir flow wap dlscontinued and the animals
¥illed by dnsortion of & O, saturatsd sotton plug fnto the neck of the
notabolisn wogsol.

B, Zlegne Muold Pectionetion

1. Paoting Sxarinonts

Afber the animel vas saewificed, it wos put In fobo into a flesk come
tadning alechelic XOH und digested wnder reflux for four %o five hows. At
the ond of this time eny wrilssolved materisl was ramoved by filtration,
Twanoration of the solution to one-half volume remywod practically all of
the aloohol, and vater was then added to the syruny meterlsl to hwring the
total volume %o 500 ml, This agqueous solution wns then tvunsferved 4o a
2000 al. soperatory fummel. The non-saponifiable frection wns vemoved Wy
vopoatedl extractions with low bolling petroleuwn other; the wmmet wolumes
snd procodure used are listed in the flow sheot shown in Toble Ve These
othar extrmocts wvere combined, washed with 1 XON and them Jig0 to romove any
saponifisble matter, dried with Hepht,, and concentyadod by dlstiliation %o



BRPLANATION OF PIGURE 6

The epparatus is comosed of three coponent pards: mete-
bolism jar A, 00y sheorbovs B, and Ba(0H)y tude I,

1. Two sloes of wotabollmm jar A are used; ame lhas a capa-
elty of one zat, the other, of tw. Rach in equipped with & mib-
bor stoppor contelndng en air inlet and outlet. These tubes ave
of safficicnt slse to nomit an sdequate flow of aly into shambor
As

2. The absovbers B each sontein 100 ml. Badl, aad a sintered
glass disc is sealed into ench so that the enterlag COp~carwylag
adr from jar 4 1s dispersed fnto fine Tmbhles. This arvengememt
will absorh 25 millimoles of 00y in 10 minmutes.

3. BalON)y tube D trape any explived a“a,, not abaorbed in B,

4o TBypeas tude C poreits flushing of A without €Oy conbame
ination of B.

S5« Line E osttends %o a constan® vacuum souroo.

fs Clp=fres nir 1z conducted inte the weiabollam chmaber

W‘hﬂw ¥






TARIE 7

200 groma tlame
Digect dn 400 ml. aleshol containing 100 gwmms ¥OM
with reflux for 4 hours, oool
Filber on conras siaterel glags, wosh vepddus with

hot aloshol, hot petrolew other, hot Hy0, eash Hwo
times with 100 mls each

Tyaporate to 1/2 woluse
443 140 %o 500 ml. total volmmw

Add 150 wil: alcohol

Bxtract with 500, 400, 300, 200 wl. potrolom other {L.B,)

Ps Be phase

—

sam

(Vash with ROE 2 s, 50:1.<J

L
Aeldify ¢ compgo red

Extract with 500, 400, 300, 200
ml. Po Be (L.B.)

Waah with K0, 100 ml., 2 ;‘s
Dry ovar Heglly
Distlll to dryness

Hoat with alliguote of avotons,
dool and Miter

Cold anstome eoluhls, tranafhr o

{Tis arrle wight roughly equal
to weight by aloohalic KOH tiime

Enmhmmmlm

Uash with Hg0 3 ®g, 50 ml,
hﬁdnﬂm&uﬁo Lt

Pry Hagio,

Distill %o drynese

Brtract 45 *"s with hot aleohe) tut
allow alsotol to copl before tranefer
to tored flask

Duy =nd weigh {erede wolght)

Talte vy in standas) volume alochol
Datervine ¢holestorel colarimotrieally
Cembmot somlo ﬁ‘wﬁ“

Gholestorol by 8oloR = ayomge @05
Cholosternl by welght o

Yield: approzimctely 3 ug/mran ot
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dryneoss The remulting eolid was dissolwed in hot sdoshol, cooled, mnd £~
tored through fine f1iter paper into 2 tared voluwsstrie flask. The alechel
wos vemoved Yy evanoretion and the dry wolcht of this wiwapadfishls Swace
tion deterdned.

For the dotorsdnntion of ehuleatorel the sontonte wre Mesclved in
algohol and Mlubed to 2 Imowm wolume, lquots of the solution wore ova-
popated and developed oolorimotrdeally by s modified Sohoenhelnes-Speresy
nothod, Comarison of the tared wight with the smownt found YWy colovimet-
rio detormdnetion indleste? that aperordmtely 007 by woight of the crade
umsaponifisble feaction wne eholestorel. The st of ineorrvoretion of
rallonctive cerbon into the frection studied wae found Cpot combing Bad0,
samples which had been prepared by ovapornting elisuwots to drymosa, “wet
axidieing®, and plating,

The saponilishle Tractlon of the Aigoet wme then separatoed fram the
squocus phase by seldifying do congo red with ommoentrated 01 end extract-
ing the libarated fatty aclds with low boiling potroloum ether, Tohls 7
gives the emet volimeas used, Tho oxtracts woro ombdned, washed with RO,
dried over suhyivous NeefOy, and the solvent removed by dlstillsties. The
solid fatty aclds wore dissclved in hot acetone, ceoled, emd flt%ered inte
e taved Lrjemwyar flagk, The purified 1linids wore vecovered by ewporation
of the acetons in e stroan of iy or alr enl then vacum desicented over
lighlge Aflar wolghing, portions were removed for direct combmistion ov were
diseolvaed in 2 known volune of sosbone, from videh aligquots were trane.
forred to the conbustilon flacks, dried and coshusted by the provioualy dog-
eribed tochnique, The amvmt of U incorporstion inbo the fatty aclds ves
Tound Wy coumbing Betly samples mibsoquontly mreparods



2. Tine of Uaxbam Uisabion Dxporiments
In this study the mothsis omloyed vere esnentially tho seame, axoept

thet the enimale wore treated in pairs with thelr individunl tlssues being
pooled prior $o Aigetion. Tho rets were decanitoted fmmodistely upon re-
moval from the metaboliss vossel, and the livers excieed as repidly as
roseible, The exlmals wore furthor sepaymtod inte skin, gut, bmin and
w gon!, and ocnvenss; Wlood from the desspitetion wms mided to the
carcass Tyaction. Tissuss were wolghed and lmmediately pimeed in 2leohol-
ic KOH, These oporeations were parfomed as reapidly as possible to arrest
ey further metebolie activitys Boosuse of the muslier mammt of tissup
involved, as osmered to the whele . 1wl work of the provious ecmerinent,
the yolumes of solvents snd reagente were refuoed proportliommtely. Fow-
over, thn least voluw of dipestent mixbure uped for sny tlsew wms 100
mls of nlechol and 25 gemms of NOH.

The digestion, isolation, and treatmont fopr ewlueiimm of the degreo
of ¢ incomoretion Into the tissue liplde and yempiretory corbon dioxide
were ecarried out simllavly for both series of eoperimmts. In the latter
pexdos 4t wap also chesrwed that the wedght ratlo of cholesterol to that
of ths unsaponifiable frection wma C.0.

P« CDy Collpction
The expired G0y of Both sordes of experdmonbs, ot the terainatlon of
the collection time, were trenafurred by wshing into volumetric {lasks
and Aluted bo 100 nl., end sliquots were titrated to the phenolphthaledn
ond podat for total 00 deternination, Frem the following wyoscllons
2 Ma0H 4 Dy wewee-wm Haglhy + Hgd
HoglOy & IOY wmmeow-am HalCO, * Nold
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the milifequivalante of 60y eollocted con bs ealouloteds To doteswine the
radiosctivity, ono-half to one ule allguote of the basie cesbonate solu-
thon were tronted with s Wi,Gl-Dally reagent whish presipitated the O @ s
Do’ 0ye Uslng suoh sl amowsts nesepeitated sdittion of fnovt NaPly 80
ghwe Infinite thick pemles for coumbing.

G. Valldlty of Famotionatlon fedimione

1s Isobone Ditudlon

Mﬂnmﬁyhmmwmtimﬁmﬂﬁsw
into the 1ipid Pracilons of eaoh oxperiment was osloulated from the epo-
olfie netividy (G.p.ne/ng. of compound) multiplied by the total omount of
ihe ompound. Therefore, it 1s veedily epparent thet the total amount of
fotty acld or chnleaterel isolated wnaz of axtrems immortance. In many blow
phemionl procodures, teciminues of solvont partitionings, ote., are used
that are folt to beo adequatey bul often mo positive informatlon ls avails
shle rogariing the walldity of this ssmumption. %o test the efficlemcy of
the ertraction procodure, two investigetors in the Radiclsotope Laboratory
(Dro. J. Ts Van Sruggen and T 7. Hutchens), using an isstope dllution
mothod, sopamately digested tuo normsl mies, ome 10 greme, the other 30
grems, in alooholic KOH. Before refluxing wes started, weighed emouwnte of
a blomynthosizmed cholegterol (89,7 cepem/ug., 28 Bally ab infinite thiok-
ness) wore 8dded to the Algestion wixbure. Tbm%iﬂmﬁfwmm
subgoquant solvent and reagent volwmes wers adjusted to the proportions of
10/200 on the basis of the previcus 200 grem welight ss described 1n Tebla 7,
The 30 gras enimel was troated as 4if 1t were s 10 gram nouse; therefure, a
thrae=Told axooss of tissus wae presant.
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Fron the 10 grem mouss, to whish had been added 2,1 mgs of labeled
gholoptorol, thore werw lsolated 33 mge of oholestewsl that hed o gpocifie
activity of 3454 qepeme/Bge, oF & total of 122.8 cupune The total counte
thet could have been isolabed were 2.1 mge ¥ 09,7 Cupenie/ige = 180,4 oupine
Tan 188.4& Copalle ¥ 5o’ Sapeia/ige @ 440 mg. of cholesberel whieh should
have bom recoversd, o 33.0 mg./34.0 ng. = 97 officdenay of recowery wag
achioved, Uith the 30 gram andmel the speeific aotivity of the lsolated
cholosterol, using tho somw veasoning ap for the 10 grem mouse, Indioaded
thet 0.0 mge should hawe boen obteined, vhereas only 50,4 nge wowe loo=
Iste’, & recovery efficlenay of 575. Timw vhen tho milo of rempents o
tlomw wms low, poor recovery resulted. Oonsequontly, ell the work reported
heredn is based upon the proper ancwate of reagente ss indisated In Table 7.

2 Doty of Cholestordl,
Whereas the necsseily of total lsclatdom of all the obolosterel and

fodtty aclde 1 lewmortent, it iz ovon move importomt that thoy bo pures Thal
is, if ths isclated elvlosterel wore to contain ey contendnating Patly aeid,
ralnted gterols, or othor hiologlonl substense that comtalned apprecishle
radicactivity, the obserwations motod would nod be walid, Tharofore, &
mbor of cxperiments were done to dotormine tho degeee of purity of lipidg
{solated by the aforsmentioned techniguo.

Tn the Mret, the cholostercl from oight mico which had been injocted
intrepord toneally with m,c**mmamuuﬂmmwmm
aeotota prepared. The lotior wae made Wy the pyridine cleavsge mothod of
Borgmm | and scstylated after the procedure of Wost '« Doth compounds
wveve sorimsted and plated as Baldy, anl counted. /s oan be soon fyum
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Table 6, this exbonsive pmurification ceused omly a 5.17 difference, sn
et nod elgnificent when one realises et the coumntdng officlongy of
the eloctronie equirmant and tho sletistienl warlction of radio docay hewe
8 conbined error of this magnidtude,

In the second experiment, two fnvestigators in the Raliolsotope Leb-
oratory {(Van Trugoen and Mutcheno) comgbed Blsmmthesized lsheled sholes-
torel ap the erule oxmpound, s the digitonide, as the ehnlostorel Tendde,
and floally apein as & chologterol regenerated from the Mbromide. As
ghowm in Tahls 9, 1lithle i3 ¢o be gained Ly ertonelve puriffcations thed
involve muny days of worl, for apbivitiesg in termg of coumts por nimute per

st ilipran did not sigaificantly olumge.

5+ Ruxlty of Zabiy fcids
Sinos the fatiy nclds were isolatod from the agqueous portion of the

supopifoation mixtare, 1t is posuible et contemineting unssponifiedle
subatances, Yigs, cholostersl, might contribube to the appavent redioac-
tivity, Acotie scld might aleo be a cmteminant, sinoce 4t 1s both the firet
naribor of the fatly nalds seyles and the usual materiel injected. To cheek
the nurity of the isolnted fatly melds, & sorlos of integrated exporiments
wg porformed; these were: purifleation of the aclds with Cu-Ca salt
formotion and vegeneration of the Tree fatty aclds, removal of any contam~
inating ohalealerol as the digitonide, and dlgertion of non-isotuple anlmels
in the presengs of rediosctive soflum acoloabe,

Co~da salte of tuwo lobelsd fatty ccld prepurntions wore made by dlse
selving 300 mg. of onch smmple in 30 nl. of 1Y XOH and adding 2 ml. cach of
ousn, end Oa{0f), solutdons. 'The lheavy flocoulent precipitats formod



TABIE 8 .
SUCCESSIVE PURIFICATION (F TIOSUE CHOLROTEROL
VERS(S SPECIFIC ACTIVITY

Specific Activity (cememe/mg.) dndmnl Yo,
ap Chnlemtarel when oomimoted

ans o O, SgN, ST Tee FEST Tagen. Sgev Ry T
Chologtoml asstete Db a3 2548 17.3 20,1 15,7 23,0 18,6

Cholestersl digltonide 2e0 2946 23.7 2142 1942 2346 225 1746
Difference GA/CD 10 41,2 «1.] #1.2 =1ls1 #1.6 #1,0 #1,1
£ aifferonce CA/CD hefi el Jeb 5s6 542 6ol dad Ge 843

TARIE ©

Stage of Purification tpocife Activity
1. Crude cholestersl (non-gsaponifiahle
fraction) 98
2. As dlgitomide preaipitate 93
3» Cholasternl regenarated from diglionide 100
4e Cholostere) e the ditwomide 25+

5« Chologterol rogmemtod frox the
dibrondde 1 s
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contodned only the selds of ton ow mowe onrbon atons, the lowew menhors of
tw sorles remmining o soluble soaps in the suwpoermatent solution. Thase
Cu-0a sslls wore zoparated by centrifugstion, washed by muspending la g0,
and sgain somtrifugeds Acldifiostion wlth concentrnted N1 1ibewated the
lipide se free oty 2cids, vhieh wore thon recowvored Sron the amons
phage by repsated axtrastions vith petroleun sthers (Total volume used wag
800 ula)} These cxbrasts wore coubimod, weshod with Hg0 and dried over an-
hpdrous Wapit,. The organic solvent wes removed by dlstillatdon and the
purifiod noids deled in vaowm over 5,50, The vesults obbained from aone
bustion, plating, asd ecumbting ave shovn balow.

Initlel Fimad Difleronce 4 pifforencs
WM& Bps Arye S_ﬂp Age &}t Mtf"ﬂfh Aﬂvs‘ Dif. *M& Lo

A 1843 1%;& ¥l 7
3 v Mﬂ G Woﬁ “‘7#2 "&c‘

Other seewlos of these fotty seids were dlssolwed in alechol, 107
acotle acld added, and an sloohonlie solution of digitonin added. Although
no vigible preoinitato wns dlscemniblo after standing twenty-four houre st
roon tempornture, the solution wep filtered thwough very flns filter paper
dises. Vhon thess wore dvy they were eounted for one hour undior a G.l.
tube and ales Por an hour in & goe flow inetrament {videh hos a oounting
officioncy some Sour times thet of the C.Me apparatus)s In nedtiws in-
ghanoe could radiosetivity bo demcnstimtods Thevefore, it ls belloved that
the Practionntion techniques used in this thosie yesuli in soperatiom of
the mure {oity acldes vhioh are wmoomntanineted with chelesterel. Van



5

Brugzen aad wm"’ obtained similar meeults in thelr labeled blosyne
theaised dholostercl feeling axporimonts.

Tho poasibility that in the lsclation of fatity aclds and cholosterol
ssotic oeld would be earrled as a donteminant was considered. Sush seodtle
eacld conteminntion appsored unlilely, but ewperimente wre desipned to furw
anish spoaifie information on this matter. Three male ndee wore Klllad YW
ghoyy craninl blows and slaced in an elocholic KON dlgestion mixtuve, and
3/2 wile of 1,07 % 10° upemefiile € carboxyl-lsboled ssetate was added,
{Thie amowat ig bnsod upon one nl. of asotate per 100 pgrams of tlsscuse)
The usual reflwdng, lgolation, end ewveluetion tecimiquos were follovad,
When duplieate Bul0y; ewmwplos of the eholesitorol and fatly ecids were pro-
pared anl counted, no elgificant sotivity over background wes {ound.
Therefore, 1% doos not appeor thet any of the radicactive sodium acetats
hod bosn fsmoloted with olther the sazoniflabile or now~sepondfiehle bisloglo-
al matorial.

He Gomine of 0 s Galewlaticn of Bemilia

In the relatively new field of igotoplo twecer work, theve is ol prosent
1ittle wifornity in the mmner in vhich data i¢ presented. Vo aid in wn-
Mmaummmwmmmmﬁuﬂywmwh
obtadning the oomelusions revorbed, the fsllowing definitions and coloule-
#ione of sctivitios were developed. With these ealeulations It is possidle
to intervelate oxperimombtel data Cpom mumbers of exporimenis.

A1) senpyles were combusbed and pladed in duplicate and couwnting
mothods choson to minimize arrors due to low ocunts, oo well s those due
to coineldones lossss of very active samples.
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To count Bally at infinite thiclkmess, 1% is necessary %o hove 20 mge of
carbonate peor pousre contimotor, eince ot thds welight or ehove only the dop
20 nge/eny layer contridutos to the aotivity obsoxved boceuse of sslf abe
sorption phanomonn, The astivity of this layer is enlonlnted ss shown in
T bolms

T. Aotivity of top layor = total c.peme/plate » background
iX. G.’pmfm» m’, ]

5
20 mes/ond. % aren (em)
Sineo ths aren of samples propered = § on”, then

B/t s 5T ° 15 vem/eg. by

IIX. Totel plate counts = IT 2= welght Bal00 (nge) = cepeme/plate
W. Spocific Activity of mubotanses studled =

e - %hﬁm %o 'i_;i‘u = hpn‘l&ht sbstancs

Vo Cupems of redicactivity dncompomated in substense
= IV = mg. substance isolated
= gepeme/Potal substonce

Vi. Por cont incorporetion into eubstanse

= Iiﬁ.awm
Coelle

As has been proviously etoted, the setivity of a seaple meommred in the
1shorntary ls reporded in termm of combs per walt timo as Holdy at Infinite

tidimess. Bines the combe obiaine? ropresent only o fragélon of actusl
dimdntogrations, and since counting sates of any one sanpls Moy vary fren
doy to doy, it is neceseary to have somo obeolute method for comparison.
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Tils is partioularly troe for the evalustion of the degree of incorporetion
of a trecor inbo blologleal materiel. As reported in VI shove, tide per
oot Incorporation repressnte o roliso Lotusen regovered and adminlgtored
activity, Within practioel limits, then, the abooluts nature of aotivitles
is less importeant than the preper eovalustion of both mombers of the ratlo,
It is therelore aniy mecospary to lmow the apparent activily of the com-
pound 1solated ap compared o that ealenlated for the adninistored mete-
bolite at that time, With thiz in mind, the ratio of cepas fmnﬂ"
“tagped® polystyrens stendexd snd fvom beriua carbonate semples prepured
from ond nl. of the earbouyl-labeled acetate was detormined, To find the
ommto whidch could e oxpected at any time from o glven amount of labeled
sootats (with 0 ), 1t is only necossery to miltiply e cepens of the
polystyrens ptandaml with this predetermiond retic. Therolfore, it de
neceasary to afainister only enough of the radisisotople material for
statisticnl comting dete after 1% has unlergone bislogice! dlluticon in the
ecmparinmitg,
A swplo enleulation of the activity %o bo expecte! fron the fsotople
oodive acotats glven Lus
Counte reocsried from comting the stondasd . + o +541.7 Gupatis
S S S
of caybaxyl Iabolod acotate « « o « » » » ».» 3397/l
WM11111ters of medionchive acetats injooted . « 3.7 ul,
Therefore the total mudber of somts injestal
ean bo ealeulatol as follown:
41,7 Gepate = 1MTAdle x 3T5 ml. =
3.2 tm‘&pﬂ-
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Orisuely the tables propomied oo nod sontain afl of the arltissedienl
sompretndiong nemganty %o obtain the per cond of ﬂ“ Sngorporation inte the
varioun 1ipid an! resriretory carbon dlodde. 8ince only the epsential
deta ave given, 1% is svovoprinte st this time to presont a somple ia.lmfls-
tom in ito enbively. The following information wms ohbained fmmtﬁ?.
17, wieh hed beon injeoted intraporitoneally one hour poot sbeorptive with
1abelod nootate and tho tipmes twested ap previoualy dlsonssed. Mpllecate

BaCOy platos were prepored.

Velght of ¥ab 185 grame
1M ters of scetate injected (1 ml./100 go.

of tisme 1.85 ml,
mmata e BaOoy at infinity thick- 6

noas, injectad: 1.0% a‘.’h x 1.07 = GeDalie 2.0 2 10 gupeite

Velght of fatty aclds fsclated %D groma
M1 geeme of Patty asld combusted (1) 10,3 mge
WIigram of fatty oold omimsted (R) 0.8 wgs
Yot mg. of Dal0y fyom GOp precipitetion (1) 1754 ngs
Het mge of BaC0y from 00y precipltation (2) 169.1 ng.

Aetivity recorded Drom top 100 mg. of carbonate |
Avtivity recosded @cig' : .u&i” S -
Prom fge of
(less beakground) {3) 14047 Gapetie

Bepetifing. of Bally oquation IT

(1) 140.1/200 1,40 Copeme
{2) 140,700 Iadl CeDoita



Totel plate counts, oquetlon XTI

1) 1ad0 cupetie % 17544 mg 25e  cupenis
52; 1.4 Oepelte 2 1001 “: 298.2 QeDells

Specific activity of fatty acide, ogation IV

' {1 ARG Galhellis / lﬁ.B 4G 23.8 QQM,*
avorage soooifle detivity of 4w smmples 3.3  oupemefags
Total anownt of HM ingorporated into fatty acids,
oquntion ¥
23.3 awpate/pe ® 4,700 mg. Bl = lﬁ‘ CuPelte

14
Par oont of injected ¢ recovorsd in Pafly selds,
equation TI
4

mx.lg’_nm.,f 100 hat 7
20 x 1 ,ﬂt@f‘q

MMulmﬂsﬁmmmMMmaumemm“m
ot the mepiretory 00, obtained firam the Festing and Tlme of Masclumm
Tiilisation smperimenta.



CHAPTUR IXI
EXFERTMINTAL RESULT? AD INTERPRETATIONS

L Fneting Beporlmonts

The litersture contedne o few yopords on the effects of festing upen
Uoogenosls. In soverel of thmse stailes =’ dsolated Slesse siises Svam
ctnﬂaﬂm&mhmymd,mémmmmrmamﬁmmmmuhuh
nolis, In othare * ', ueing intact enlanls, the lebel (Dg0) was contlm
ounly administored in the drinidng water over a prolonred porfod of time,
Both of these anproachas are limited In the typo of information obbained.
In the eaco of the lsalated tissue depeived of ite normal clreniation and
thug of its "oomonous® energy euwnly, the informetion pedned 1p ACMoeuld
of interpretation. Lipoganic prosesses omemutive in the Intnet animal
eonateantly suniled with & “fapsed® copo? mny be contimougly varlishle
during the prolonged fhet, although only an avernge of these offects is saen
at the termination of the ewpoarlmmyt.

In the experiments desarihed below, an aliempt hae been mede to define
moye svecissly the phyelsloglonl shale, aftor festing, by the injection of
a sufftaiont amount of mdionchive matorial whioch would allovw adoquats
labaling of fotty sclde ond oholestersl fyactions in the short parlod of
ong howre It wme bolleved that the conowrrent oollection of C05 would parw
it an evnluntion of metebolile oxidations Gueing this timo.

A total of sixtoon yomng Spmgus-Dasiloy mala mis coven weols old wes
use? in thene comerimwnts. For five to seven days befare festing wes begun,
thaso podents had boen hend-fad Gilos e doy an amomt of plandan? diet that
uny ammtately antan in a short time, end vhich canend a norwal galsn ap
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shown by delly wight records. This controlled Teedliag pormitted the cholee
of similar anloals and alloved close control ovor any fasting paxdod ime
posel. The olooe morvisieon alsa made 48 possible %o eliminate any sndmels
with ohwious organle Alsturbenoss, dlarrhon, oo, Lt the end of the desived
time of storvetion the enimal wes injected latweporltoneally with ono nl, of
ot oot (2 x 10° qupene/iil.) por 100 gems of body weighh and dmmeddately
pleced in tho waltobolion chanber, The reeplratory G0y wap savried by &
plhroan of COp-~fyes alr froas the chambor into an absorbor containing standusd
Hadlil, Affer one hour the rat vas killed with CIDL, and digested in fafg in
ploocholic KOH. The impoped Pasting poviods were so avyenpged that two and-
mels ocould wo Injected and dipested on tho smme dsy, with subsequent tdosue
fractionation comeneing on the next day. Pour mats wvore used afltor ons
hour e four after twonty-four hours of facting, The other four paire were
used at ingressing imderwmis of twenty-four hours, fa8a, after 48, 72, 96,
end 120 hours of foeting, During the sterwetion peried there was fyea aso-
ooge to water at a1l tines,

Table 10 ligte the pordinont date vegariing the body wolght and the
body Patly seld losses of the fasting period. It can be observed Hwd body
&% docrenses more aplidly then dome body wipht durdng fasting. This is 1a
agroonet with the sesilis Yeported hy Biile |, who sbulied the ehangss in
Wwﬂﬁunimﬁatﬁsﬂﬂmﬁh It 1o intoresting 4o note that these

roslis are cluilsar $o those Pound Tor hymng on cend-starvatien diete, in |
mﬁameWm&mmmwwamamn of body

mmamgum



TABLE 30
MISTORY OF ANIMAL PRICR TO en;,u' "’m ancTTon
Gromg of %
MnimeY  Hours Tnitdad nwi;mm Pereomt  Fatty Acdd 7 loss
mumbey of Foot Boldy Velght a Lass Ioolated Average
1 o5
2.6
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averago 190

averago *
1z 120

8
]

3
1 9 4

33
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averags "

* ssmemtion that one howr snimale represont nopml averese

amomnt of Tol.
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The influence of the muytritional state of an animel uwpon 4ts suhmeeuont
sbility %o forn fatty ecide {s chown in Teble 11, The date indicabe thad
the greatest desrease of total fatly asids ssowrred efter 72 to 96 hours of
feating, wharess the proatest doorease in the vate of c” inoorporation inte
Patty acide was found at 24 bours. Thet is, only 2,320 of %w injected coo-
tato dose wes vesoversd in the looleted lipide, or only 547 of that found
for the ons howr rots, As addltionsl festing poried of 06 houre remiited in
an sdiitionel doesonse of 0.977. AL 120 hours thore wee YLa35¢ incorporation
afa“mmth-wmu, this boing 517 that of thoe ove huwr animals,
That ¥ds doorease is not due primerdly to & slowing of the lipogenie rate
bub to u desrsase of totel andmal fatty acdds lsolated i indlested in Table
11 by the epoelfic aptivition of these 1ipide. It s aleo murprising %o
note $het, even though the total body fat at the emd of 120 hours wes To-
fuood to 7O of the nomal values (Table 10), ommeiderahle lipogenie ability
ts 5411 ovident Syom the 1,357 inooeperation of the U s

mmmmwmﬁmmmmmnmm
vhio used liver slices frem rata starved 24 bours, and found thet the ability
of those tlesues %o inowporate © & af lsboled glucose indo fot had do-
eressed to 1/10 ¢hat obpexved for the norwal pat. Thie apperent dlacrop-
anty may be pertislly avpleined by the different eperimeniel tecimiques
wsed (in-vitwe and in-vive) and by the possidility thet glucose ylolis wpom
catabolien & type of tw carbon Sragment , ubieh differs from that Sormed
Wy ecetic sold or sodiu acotate.

Ap mondlonod previously, theso expewiments were designed o study the
effeods of fapting won eholegbarvl gmthosis as well e the eynthesis of
fatty aclds. As cun be obstrved fyom Table 12, the total amwwnt of body



TARIE 11,
¢'* moonronirrar Timo Far Acm

{Pasiing Dxporimontes)

Greng Spe A ’ % $2
Aodwml  Vowes  4so- capema/  Total Mﬁvi? {8 % of 1w,

tasbor Fast  Iated nuge  Cupetie % 10 Ine. velue (ovg)
3 1 75 120 9.0 IR

] 2.6 Be2 7«0 3.3

g 4.1 3.3 k0] 4o
o B By 4w
7 22, 8.2 546 b 2.1

8 6.2 6e3 32 1.8

g _ﬁ- 16,0 - 6ol 32
oo ool - S < B = S
33 A8 4a3 Ted 3.2 2.0
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TABIE 12
QM INCORPORATION INTD UOTRSTEROL
{Fasting Dmmeriments)
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ohalesteral vemmined relatively conctent, even chowlng o slipht inerense as
the fast progrosead, This olowatlon might be dus, in part, to en inerease
in enlogencus acelate being mode evailebls fov syntheuls by the incrvasad
catabolisn of fatty nolds [from eoncept of botawoxidetion of fut piving »ise
to sootyl-like fragments). Ouch nerossed catabelism of fat boocomss noves-
pary gince the fasting animale’ ecavbohydrate yessrwos ave quiokly depleted,
and therofors a greator proportion of Lte enewpy requirmments meet ocome from
acddetion of body fat. Wowevor, this concept is 4iffionlt to rooomcile in
viow of Blook's wrk , in vhieh he shoved that dletary scotats s insaps
able of quantitatively wodifying foreign aming acetylation weactions. Also,
if an inocveased asetats "pool® did stdmiiate oholestercl enabolism, s slmi~
lar offoot night bo emected forr Tathy celd gynthosis. Tramination of the
agholectorol and fatty acld specific metivitise shows o strildng Aiffevencet

- the speciiic activitias of Datty ecid remained relstively oonstemt, widle

those of the aholosternl decrsosnd as the fast progressed. A poseible e~
plonation of this 4ifCerance ip that both ohnlesterol fomation end bweak-
fiowm wore dosressed with total body cholesterol rmmining eougtant, while
anabolign of the fatly esclds wos washenged, bub inereased catabolism oo-
curred.

mmathmmmmam“zmnﬁmm@
gholostorel affter 72 hours (belng lees than one-lnlf thet of tho one hous
rate) is due to appreclable decrvnse in specific activitios rather than to
& lossening in the smount fsolnted, ap wae true for falty ecdde.

Tho 003 data of Takle 13 indiente that the total amount of CO; expived
decrossed ar the fapt progressed, with the exespiiom of the 24 hour endmels.
Tads drop would be expocted from the genarally lowered netsholic reactions
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sseociated vith stasvetion '« The por eant of reilosstive earbon insowpoves
tion Into the mmired 00y 434 not doewwass proportlommlly; howvever, a maxted
ohange onn bo goon at 120 hourge At thad tlme only 337 of the injfected iso~
tope wma mcovers! in the emired alr, or 627 of that amount incorvorated by
the ono hour anfmnle, Intorpretation of Shese romlte fs A1ffloult decaune
the snimale vere not in a busal state during the perdod of study, ad no
meammres vare uzed 4o minimise the homaomnl offscte (epinephrine, ote.) of
fouy or olight traumatic ohook fron henlling at the 3w of tha Injection,
Tho varlation of piyeleal activity of thw d12ferent mbe wiile in tho mota-
bolise chanbor night have also comteibuted to 4de dlwersifisd remilis ob-
tadned, It must Do kZept ln mind that tus adlditionnl factors could elso yeo-
oult in a lowering of the 00z oollosted. One ia o decronse in the metaholic
mu,mmamzsammmmpmmmm“mmm
enimal. buning primarily cavbohydrote to thad of one using mostly fatty
acide for ite eource of enorgy.

A summyy of the ‘espentdal portions of tebles 10 thaough 13 is given
1 Tdle L |

3. Ziog of Mechae Ulisetlon Dmoninontg

In the presoding avperinmnis, aniugls sterved 1 4o 120 heuvs were al~
loval to metabolise o stenderd anowt of G cerboxyl-lsholed aostate for
one hour and then were digosted. After the bdologleal produsts wore lso-
labed, tho pow cenb of 0 inserperatied into each wes Seterwined,

The experimonte dssariboed sbove fumishe! infammtion in separd 4o the
11pegenic nochanims of starwation, tho bime of £ab eynthosis romining
fived ab one hour,



TASIE 14

NUTRITIORAL WIPECTS UPGH ACRTATE INOORPORATED
INTO PATTY ACIDS, CHOLESTEROL, AND OARSOM DIONIDG

Body Wi
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1.9 0.32 2.2

128

D39

3.6

# of tme Howr
Fatty Choleg-
Acids Serel 00,
W0 100 1%
54, 84 113
52 2 a3
Al R <
& % a8
n A1 60

05



o7

The firat anfmal work dome in the Radielsobopo Tabowatory Inwolved the
une of mien injested with labeled acetats in vhiah the time of sacyifloe
woried fron two to eight howrs. Prom this wvork, much %o our momrise, it
wme fond that sopeavently sacdme? acobate utilisation scourred In an hour op
to. Tilp sarly word, topothar with infoomation gainad in the awmperinmente
roporbed ehova, nropted ve o investignie the dymmmles of 4w early phages
of Mpopenesis in the nonefastel anlmml, Since spreramtly a two-hour peiod
eownen the moot active phase of aosstate metaboliam, animels were saorifleod
at 0, 7, 15, ﬁ,%%mmmmmmmammm
doeo of labelod scotate. Tho par cenb of G = incorporetion into fobty astde
and cholesterol of twain and spinal oo, 1iver, oidn, capenss end pud vere
stalied. The 1inid sepahents were isolated fron the tasmes by the pro-
v wmly deseribad tecinigues. Respiratery 00y was collected during the in-
dmtod times for el snimsls asesnt those of the sere anl sovon nimite por-
1odn. In the latter exporimant the rate vere samrificsd fmmelistely after
Injootion of the laboled noobebts, while in the soro thwe exporiment the
animale wore ohlovoforad just nelor to injestlon; hence in neldther instanoe
wnp there an oprortundty 4o colleet smy epized carhon diowlde.

To agoure wifority of mutritional state, young male rais of the
Spragus-Desiay shesin woso bronght to the laboretory spprodeadaly ons woelk
prioy to use and fod an mawnt of fool wilch perulted in o delly velpht
gain, Fore, agaln, only animels that sppeared heallhy wore used for e
parimental MIPODOS. rach rat wug injected intseperitonsally with one nl.
of labaled scotabe per 100 prame of body wedght end placed in the metaloliem
chanbor, (&, in Plgure 6) with the emeeption of tho sowe Hiwe animal, in
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which the wmbs wvore ahloreformed; injecbol with acsebute, and lmediafely de-
gepdtated. The olther rats wore sacrifiosd b the torsinatlon of the motn~
bolim period., Tissuce vere apidly exeised anidl plaosd for dlgestion in
separeto flaaks of aleolwlle KON, swith the corvesponding Woemmes fvom to
aninals bedng vooled in ench flark. The biologioal esmpomants were firse-
Hlonntod as proviously Gesoribel and the insorporeilion of i?“ aalonlated ag
ghown in Cheoter IT. Hemits of intividuel eperinants ove given in Tables
15 theough 21,

Sinos evon at 15 mimtos the mis had chown o ramnriahble fscorporetlon
fooe Table 17) of %’:ﬁ into fatty acids and cholentercl, it waw Pfalt dealy-
sble %o £ind a pewlod of nminimal incorpomation, T animels we Injected
with padie-aoedado and place? togother in the metaboliesnm epparetus. Instead
of puesing a strean of alr thwough the chutber, the rats vepe immediately
Litled with chlovofomm {pesndradion hod cossod in two mimibop)e The rate
ware then decapitoted and the A1fforent tlssues wrelsed. The liver, which
is Imoam 40 havo & rondd furmover of lipide, wes removed flrst, wolghed, and
mib inte oleoholic R0H, The tofel tlme roqulzed fwom Injectian fo hepatoat~
oy won five to poven nimuides, hance the desigmation “eoven mimste deternimn-
Slon®,

From tabls 22 lo sumery of the fatty seld data fyom Tahles 15 thowough
) 1% oom bo cheaywed that C — wms incomporated inte the futty eelds of all
fraotions shliad. Tho variahility of specific activities and posventage of
G“ {nsomorations chesrved malres one hesltant o prosent any definite con-
slustons. Nowowew, fyom inspeotien of Tubla 22, 1t may be seen that the
cavenss gnve mreotost incorporantion, wth mib, livew, and gidtn following in



TANE 15
TG oF MAXDaN ITILIZATIY - O MNUTes
A11 valosn are the o of Bwo endmale evoent et of nor cond fnooy-
voration vidlah e an average of o reds.

fpeoiflc Aotlvity is renorted abl sounts per mimte per milligrom.

Rat Ho. s rump Dono

g Sop hef 1o (1404 % 10° Gupema/nlle of CHy0 OCHA)
Isolatod
Tame Velght pecific mﬁ? Poy Dent
Cromp  Setivity (x 1073) Isamyporation
PATTY ACID Bealn & Splnal
Coxd 41088 D3 0.0 D00
Iiver Cel 52, 1.6 0.7 0.02
Slcin 4o D50 Osd 1.4 0.03
Cevones 14,0411 2.0 2.0 0.63
b 1.1708 Gud 1.9 M 3
(= 2071)
CHOTESTINOEL. Byain & Spinad
Goxd L0852 0,00 0.0 0,00
Tiver 0,022, 0,13 0.2 0.0
fiin 68,2580 0.04 1.1 Q.00
Cazones 013»@53 0.10 mep Q.00

Qut 0.0756 0,02 Q.0 0.00



T8 16
T OF MAYDIM UTILIZATION < 7 MINUISS
A1} walues are the mum of two andmmls exesnt that of popr cant incor-
pormation whieh ie an average of Swo yads.
Spacdfe Sebivity iz voporied ot emurds por nimmte pey ndlligren.

-~ Rat Ho. Whe grone Dopo .
% %g’g 40 (2,64 % 10° gepartafiil. of G40 O0Ma)
g Aetd Gont
Tipmue Holght  Oposifie Pox '
Cipaoas hetivity (= 1? x Incorporation
PATTY AOID Brain & Sodnal
- Comd 0.0962 1.0 000 >3
Livor 03728 123 Defh OeG
Skin 80006 2.2 11,00 0.0
fiub 0.8273 85.0 P00 1.83
{20 ™)
CROENSTERGL  Bwein & Splnal
Gord 2.0423 G4 (3,02 Q.00
Tivor 00843  T7eB Ael, Gell
Skin 0. 28855 0.8 G20 >107%
Corongs 0. 2260 2.7 060 0.08
Gut 0. 0787 8.0 3.64 0.09



TADLE 17
TRE OF NAIMOY UTILIZATION - 18 MINUTUS

411 values ars the mum of tuo andmals scosot that of por cont incor-
poretion whieh is an svarege of two miba.

Specific sobivity is reported st oounts per ninute per milligpen,
Bat Tin. Wou penme Doso 6 14
23 205 2,12 mila (7004 % 10 cepems/mle of CyC  O0Ha)
3% 7
Isnlated Total
Tinous Walght fpecdfie Activl Por Cant
Grang Aobivity (= 307%) Incorporation
FATIT ACID  Byuin 4 Spinad :
Cond 01796 7 Vel 0. 007
ein 5. 52 21 7.1 Qe 40
Ceronpgs DTI07 2.1 78.8 1.85
Gud 1,9087 Fouldy Tl 1.7
' (z 10"%)
SHOLASTERGL,  Tredn & Spinnd
Copd 0e0232 5T Qeld? 0.003
Tivor Qmw 59'7-3 13.90 De32
Skin Q340 13.2 300 Q.07
Copanss ﬁ«m& 3»g'¢6 5-% abu
Gub 50700 057 G.00 Guld
follaotion Pard- (ML) (2 207" (x 207%)
g = 5 2.13 2,32 LoDk 1.15
§ Lad iﬂ' 1.!59 ?093 uoﬁ 3:15
1& o 15 giw 1-1-‘2 330»3 ?am

Total 6.7 Z1eh 81,74 12,08



TARIE 18
TR OF MAXYMIEG UITLIZATION - 30 MINUTES
411 voluss are the sum of two anfmals emoapt that of por cent invor-
poration whieh is an averape of tuo rats.
8necllic Aotivity ls raported al combs per minmute por ndlligrem.

RBat Moo Wie groms Dose

g g; 2.1 mle (1:% x l@ G&}&c‘»/ﬂt of Cﬁi,t.f m}
Isolated Totad
Togza Velght  Speeific Activi Por Cent
Gyong Aotivity (= 10™%) Incorsorstion
PATTY ADID  Train & Spinmal
Gond 0. 2287 LeB D33 11,008
Liver De5308 1.3 6.0 l.44
fkin 2.87% 7.6 22 0.53
Corvoaps 6t1w un(} ’?.9 13%
tut 1.682% 271 T8 1.88
o {= 1073)
CHOIRSTEROL  Praln & Spinal
Cond, 0.0602 0.2 0,009 0,002

Tivor 0.0329 mna.0 10.0 D24
Siein 02768 4.2 1.2 0.03
Sarenss Qam 3-1:3 3;1. 0,07
frly 0.1050 #3.9 0,94 3,02
Golloation Par~ 2

- lod {¥inutes) (e} {x 104 (= W0"%

’ 0 = 15 X 42 2.8 6.7

5 - 20 Soft Sed %1 745

Total 12.6 9.5 549 1.2



ThEIE 19
TINE OF MAYDIODS UPYLIZATION - 60 sINUDNS
A11 wlues are the sun of two andmmls excopt that of per eand inoom
poxntlion vhish i an avorape of Suo rats.

Specific Astivity is vonoried at oounds por minmabte por mi314em.

Rat How Ve. grems Doane

27 197 3-9 ile citﬂA x mﬁ ﬁaﬁ}tﬂa’ﬂl& of Qﬁ;fﬁ‘%)
2] 195
Isolntod Total
Wolght  Spocife Activity Per Cant
Grome Rotdvity (= 10™4) Incosmoration

PATTY ACTD  Bruin & Opinal
Oordt

D«.1957 1.8 P09 0.008
Liver D. 4308 £l.1 L 0,02
Skin 24602 Le95 1.22 032
Oarenes 25080 10.9 600 158
Cut 1.0072 3.7 038 0410
(= 1075)
CHOLSSTIROL  Yiyeln & Spined
foxrd 0.0083 D42 G.047 0.00%
Ldvey Qe 0308 2170 he B G.11
Sidn ¥ TaT 1.7 0,04
Careans Oe 11.8 3.3 .08
Cud 030682 o0 8.2 8.0
Collestion Por~ »s
fod (Mtlmutes) (L) {x10™) (x10™%
#3]
: 0 - 28 Te2 5.8 1,86 473
i85 « 30 F ] 28 179 %64
0 - 15 48 a8 323 10,80
@ - 69 2.5 7.7 2.67 ﬁ.@

Total 16.0 X8 1255 ..
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TABIE 20
TR OF NACDENM UTITIZATION - 90 MINUDNS
ALl walues are the mm of two anlenls emoept et of por cont incor-
soretion vhich is an svemage of %o rata.

Speeific Aetivity is reported at coumiz por minute per miTligrem.

et Ho. Wi prome  Dose

14
2 195 3,85 nl, (1404 % 10° Gupetne/iile of CHy0  O0a)
e 175
Innlated Total
oo Yadlght Spocilfle Acllvity Yoy Cand
Gyems Aotivity {x 10™4) Inoorpoyation
FATIY AOTR  Byndn & Spinal |
Cond Gom 3&@ ﬁy{}m »(;.Qz
Livoy D022 2.2 La52 .19
Tedn 36700 13«3 4,68 .26
Govonss 8.0284 -+ P 4 iB.2 AT
Gk 09715 1055 15,2 Rals
CHOESSTIROL  Bwain & Spinal {x 104
Cond D.0812 2.1 0.007 0.008
I&vor QQO%Z 431 M) 1 56 D42
Sicin Q23 1.8 0033 0.5
m Gﬁm 'ﬂ-fi , 1.12 {)!ﬁ
Tt 0.1100 112.0 1.22 G323
Colloction Peiw " -5
fod linubes) (a8 } (x307) (=207)
60
v 6 - 18 807 a1 2.8 bl
1‘5 - @ -‘3-3 3.3—‘6 @t? %.G
&5 o 53 '?g.ﬁ &3 3:& 8»6
60 - 75 5.8 3.0 25 5.1
75- - @ é‘m& 2»2 Lé 3-&

Total 3.0 485G 2he7 6329
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TAUE 2
TOE OF MATTM DTTIIZATION - 120 MDNUHES
A1) waluse ave ths oum of bws andanls eumept that of por eont ineoy-
poration viidh i an sverage of two »ats.
Bpoedfie Aotivily 1o vonorded st counds por rdmde per milligren,

Bat Nos Wes Sm Doga

b4 ‘ 4
gé ;zg 448 mile (1,04 = 20° copuan/uile of Gyt OGHR)
Taolated Total
Tlevue Veight Bnocifle Aotlivi Por Cemb

Grovms Aotivity {x10°9) Imcorporation

FATTY ACID  Y¥redn & Spinal |
Comd 01572 410 Oub4 0.013

fﬁm Qim 28, s 'mn? 1&&

Edn 6.0762, 8.0 B, 0.9

Carcase 99356 0,2 M2 2.89

it 1.06'% 1 e 1222 203

{x 10™)
SILnSTENOL  Braln & Spdnal '
Cord 0.0481 e 9 B 0.804

vy 0.,028% L0 17.9 0.37

fedn 02500 2.1 Bl De1l

(arengs O %&1(3 M-‘? 36: 2 0; 3‘(

Gut 0.1325 174.7 23:.1 .42

Collsotion Pare m -

iod (Mmmbos) (i) (= 207) (= 107%)

co
. 6 = 3 5: ] 4-6 2.8 5.?

15 » m g&}a é*ﬁ .ﬁgﬁ 9&?
45 - 60 20 49 39 8.0
60 « 75 Bed, Baf2 2.3 43
a‘;ﬂ . 165 5!3 2‘&' 115 3:1

105 - m ﬁ.ﬂ 2&1 lu( ﬁ 3.@'

Total  53.5 92,9 2.4 458



TABEE 22
14 14 _
npemraATioT A o Oily0  O0Na THTO FAITY ACIDE
211 wlves are the sum of Hw animals ewoopt that of wey cemt Insor-
poration which 1g en gverage of twn mta.

Specific Activily is reported ae eounds per ninde por milligeen of
Patly aclde.

Sl
fice
Time rudn and
{itin. ) Spinnl Comd Livoy Skin Corenss Cut
¢ Wi g 0,2088 D504  LeUBE LAaU43X 1.1788
De AQs 0.00 L6 0a38 26l adt
% Ine. Ce 23 3,02 0,03 MB Cus
k Wi [re gteals] 00062 0&3?25 5#% ?.7453 } 3233
v &0 1.0 A2l 2-15 3.5-3 %5.6
Ing. 0,002 G, 017 D29 3.0 1.23
15 Wee o 0e 1726 02674, 5.5209 DeTIOT7 15887
- . 3e7 m::ﬁ kS ¢ 8.1 36.4
?’Im. 0017 1.08 00 1.05 1.70
%0 Vb, arean Q;?&E'? s 5395 3#%% 6&12}9’? 1:{?533
5 Ao, 105 in. 3 Fald 130 &7.3
Ino. 0.008 1ok Qo83 1.50 1.08
m e Fiow & 200 (hlgﬁ'f Qiﬁsaﬁ Eim s-m 1.0%172
Lo. 1.8 0.1 495 15.9 2.0
me a.008 0.92 0.32 1.55 0.7
?’m. g.01 1.319 1.3 472 249
120 Wee grame 90,1572 03612  6.0764  9.935% 15679
- » Lelld 233-5 757 9.16 ' 6’5.3
S~ .61 0.99 1,5 253
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dozoasing onder. fowowew, the speoiflc ackivity fipores show the Dlvor o
he the organ with the grantost lipogenio aetivity, follawed Yy gmb, crcengs,
mnd sl in that pequoncs. A% 90 minutes a2l tlssues axcont llver bhad
voached thaly macimm incernorotion.

n opdar to bo cortain that the wouy high values fomd In 4he ceveses
and pgut froctions, at soven ninudes, wvore due to true fotly asld activity
and not to canteminnting slorols, the acids wore subjectod te exlensive purle
flontion. Only slight chenges in walues ware moteds (Ses pago 1 of tide
theals, vhere lipid Omotions 4 and B ere vespectively the earenss and gad
Lottty aclls doseribed above.)

T4 4o apperont thek, ovon ot 15 nimbes, considoyniile fatty scld ana-
bolip ceserred in all flospes it wme most pronounesd in e Iilver Dreoe-
tion. The latter obrormtion night lsad one to fonl %wnt fadly eslids wore
syathegiged in the Llver and tronsmortad $o the other crpems. Although thie
toenaport of hopatic Mpdds mey be & contrlbuting faator &o the wluwes found
in the axtva-tematic tlasuss, 1% soans Lmprobelde that all incorpowntion of
the madionctlive carhon nocurrad in the Iivor. This ie bome out Yy the e
porlnomts of Masavo and nsoolates T, who domongteated mpreciells mynthesle
af fotty molds and ohwlogterel by tismns of inbrob hepatoctonimed rate.
Further suparding ovidams of extra-hopatic 1inid mymthesis is peen fvvm
Tahla 22, for in the soro and nevon nmimde experimonte tho sposific active
1ty of the livor e less thon fomd for other tismwe.

Tt G per aond of 0 - ncovporeted dmdo carcass 1iplds we grostosd
1s not mumrrieing vhen tho total tissue fathy celde are compaved, since the
wolght of the oaroags £atly acids reprogented frem two to fowrbosn timos
$he totel mmount of selds vecoversd Pram all of the other tismues. In
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genorsl, vhem tho mimets were alloved to motabelise the B0 *00NA for &
poriod of 90 mimstes, the grastesd noreantegs of imsorsoretion of the lso-
tope wma fomd.

Beanuse amaldambis sotivity we prosent 1n 611 of $he tismue Moo-
thons ob soven mbwtes, ont esparimend wms porforsod $0 ostahlish the time
of ninimgy 11134 enatolien. In s emerined the rods wre ghlsrofomed
and Injootod with "tagred® sectate, then lrmediately deespitated. The tls-
swe wre freotionated and the Liplds lsolsted In the wmnl momewy, The
resuite obioined wre wemmpeoted in that sprroclahle eolivity wes found In
1lvew, onvonps, and guts. The date of Toble 15 show that the put Demotion
hed & epecdfle aotivity of 9.2 cupune/mp. of fotty aelde Wi¥h an ovemll
inonrnosation of f}“ of O.24%, and cavonsz Patty nelds had 8 speciflc so-
vity of 20 oupane/ug. with Q.03 incorporation heving soourred. It 1a
true that theso shaorvntiong axe of o tontative mabure slinee ouly two and-
mals were ured, bubt one wlid miuaimmmm Thls %9 that the ab-
sorphion, trwmmportetion, end Incornorniion of the Injooted sootats {:“ into
biologleal metorinls mwears asbonishingly mapid, 14 is doalred 4o ropoat
thin ewerimnt in the future, using a larper mmbar of sndoals.

The brain and goina) eond date aro wique In that 2 el tut delinite
tnoomoration of 0" ints the fothy nolds we fom? {Tuhle 22). Sincs these
valuss show a alight inerwsge with Increasing rotaboiise periolds, 1% 15 bHoe
Hovod thet the per cant Incomamatlon flgmes havwe a sigdfMewmd meanding.
This elight fatty acld lipsgenosic of the condral norvous gyabem tisenens is
in accor wlth tho oheorvations of Spmmy ond Wesleeh s W afwinistored
B0 to young and adult rate end doterrdne? the anomt of D Wwt had hoen in-
corporabted into the cerchwal tisswos. Thay found thaé voung e showed o
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groutor vate of linogemesis than afults, in whieh the Hmmover of fatty
nelds wun alow.

Spowry and Uneloch were nobt able to donotmlrede any cholestersl spa-
holion of tho emtenl newynoe syston of €w a%lt rot. The lstive inowd
nass of this gbavel was emdwtuntloted Wy Bloch, Dorg, ond mmmgw, vho
injochod dautoro~laboled eholostorsl intvevenously ints dops and wrre unahle
to find ey eotlivity in the oholastarel of the Beafn. Prem thoss espori~
nonte they cmmoluded, . . . the relatively lavg maoses of alwlosterel in
the conteml merwvous sysiom are metaboileally inerd md heve the fmotion of
chologtomnl Aoas not comm to ho apsosiated with any chanmicnl ronctions tnsd
evidently mst veride in some shyalonl or strueturd promsrtios of the molow
m‘,‘m”‘ .

In onpontifem %o thlm, the data In Tahie 23 {0 muwmey of ehalestorol
wiluee fren Tehlos 15 through 22) shov 2 ame?l Wut dofinite Insowporation
of 6" dnto bradn and molmd eond eholaatorol. Oritise) exmdnation of the
epocifie notivity fomd in the MM fTovont amaviments indicaton an Inoveasing
insomnoration of wdis-onrhon into the werponiflnble frnetlon as the ullt-
fzation tine wns Inoressed. This is aiss roflected Yy the inovense in per
oont of incorporation. These difforanocep may be duoe to Alffarant laotope
tocimiwuen, or o the dfTerent WMochendetyy coscaiato’ with the metabolisa
of doutero-lsheled comomnia. The cpeviments bolng roporled nye short tomm
and fawvelve selotiwly grentor ancants of lebel then work proviowsldy re-
porrbed. ,

ma“mmmmmm {Tanle 23) intlenton o
ralatively lover incorporutlion than ochoorved for the fabty solds. This i
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FCOBPMMATION OF Q o G‘fi;(: m INTO CUHOLLSTOROL
ALl valuos are the mm of two andmaly emesnt thet of per cont incor-
pomtion indo cholestarsl, widoh is an avernge of two reis.

Spoaifio Activily is roported at counte por ninube per nllligran n.f
ahaloatarol.

Saerd-
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in eacort with the ewperinants of Rlttenbay and Schoouhelney , vho Pe-
ported that cholestorel gynthesis is o slow process. The wesults ove alsp
in neroomont wlith Moskfo mﬂinm” thnt fatly nclide need nod be inbtoye=
modiates in the sawerpion of acelade to clolestorol. This can he seen
fron goopardeon of the apesifie sollviting of the liver fadly nolde ed
osholomborol, ap showm bolms

Thwe of Bpocifie Lotivitios {c.p.m./iag.)
Fomarinent Loy Pably Aolds Tivor Gholestoral
0 1H 0,18
7 12.6 778
15 1%.5 7.3
20 1113 02,0
60 | s:m n7.0
o0 12,8 i1
90 .8 040

From the above date it omn o poon et the cholesterel socific
activitios are highor than the epeclfic motivitles of the fatty eolds, in-
dicating thel neobie aold carbon atome sre, in ell probabllity, dlwwetly
built dnto the storol molesule rather $hen golng thwough an intesmediaxy
gynithegls into fotly eaclde. In support of this hypothesls is the obserwn~
tion of 1ittle and Bloch , who desonstvated thab ootls seld is thw pwis.
edpal, if not the sole souvce of owrbon alovn for cholegtural.

Theoe exporimonta indicate that chovlesterw] gmithosis in all tiesucse
hed nob vonched o muvdean walus in € poriods stulded, as show by the
eontinml ineresse of insorporution {(Toble 23). This is in sgrewont with
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tho finlings of Moch mnd assseistos 5 vho Sound that the lwer cholesberel
does not wosch half of 1ta maxdmm fsotopo concontwatlon (fyem GG O0Hs)
il aix dayn, with ceronss cholegteinl requiring 31 4o 32 days.

The Insmensed incarporntdon of CM inta pul aholagterol ls n oonpogite
of twos phyalologles? pwosessns: ono en ashunl formmtion of Jaholed shovel
by the gut, the other p Hiliary geerntion of ws“«mggaﬁ' ghalagtorol aqme
thoslend by the Mwer, Consonusntly, the gweater € found dn &he gub
femotion wonld he eomactnd $o rlae o the esporimni noriod Incwaced.

These ovorall inorencss of GM ineoppozeiion found In the wmsspord £iahle
frastions se the time pariods of the wmerinents wre longthoned ie mow
mricing since mavimem oxddetlion of acetate 4’3“ b GMG& oeonrg habmon 30
ol kﬁ mimibes, an con be coan frem Plpure 7. Thess wluoe wore foud
gravhionily By thoe mothod of Peller, Striscwsr and {:m;;arr”‘ Thie mothod
1s aped won the chaorvation of thoos fnwastismbors that the $3qe of masl-
mim value Tor mocdfic acstivity of empived 60, comosmonds with the tima at
vhinh maxioum labeling of the 005 In the body pool fs foud. 2% ¥het time
the ppoeifie activity of this posol hap ettained a wlue eminl to that of the
ngands precargore of the 00p. The top curve In Pipwe 7 e n groanh of an
mmmpe vlue for those acstivitios as plotte? om a soniloy sonle. It cn
ba obgarvad thet a modmun 1s resched botwsen 30 and 45 miwmabes.

The mmeriesl wines of this groph vore obdained faw the dote of Talle
24, which 1p o memary of the 00y findings shown in Tables 15 throush 2.
Prom Meures shown alomdre (nage 87) the mmownt of TG 0e rematning
in the vat 2% onch neried of 00p; enlleotion s esleulated and 4s grphie-
ol1ly reproambad an the badbon curw of Pipme 7. Txtrorolatlion of the
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Iineer portion of this curve gives the hlologienl half Iife (T 1/3) of
inbaled aveteds as 47 mimvbes and o ¥ velus for the disapooermon of goo-
fabo of 0,043, Leoa, ¥ (Goerocse) = 0.403/47 = 0,024

Beoouse the averepe millimcles of ewpived 00y, per wilt $ims, romained
relativaely constant, ng shown Yy Table 24, 4w fotel nor asnd of iﬁu e
tootod n the Temimbomy 003 parnllele the graph of the spocific activity
of the (0z. That is, the proatest ineorworation wme found te bHe at ﬁ’YM
30 mimates. Thet thess fimues am only sporoviasts L3 readly appayent
ginoe the poriods of OOy samnling are really a sewwtion of $1f%oon mimsbo
intervels, If a nadmes volus fg showm prenhionYly as haviag Doon atteined
nt 30 nimuten, astually & penk mey heve hoon mechod botusen smpling tlmem,
Howovey, with shard interwls, the gemeral shapo of tho curve should rawmin
arprodimately the sems.

The inoamoretion of ﬁu into G‘ ‘t.}, ia prosented pranhionlly in Figme
2. In ¥ds Mpoe the terdnation of anch amerinmont 1o denoted Yy the lot-
tor 8%, T prints of InMleotions eon be obesrwd. The shape of e 0 o
15 mimrbe nowtlion of the cuwrves wne dotorm@ned by dividing ¢the eollieotion
pardeds of the 1§ mimte everinent lnts dhwen five nimbe intermls. The
value formd for the §, 10, and 15 mimbe paricds wers rospectively 1.15,
215, and 7,78 por cant. The tola? par cond oheerved for 315 ninvtos e
kgher than for the other parloda. This mey le duo to nomml verlances be-
twean rats or %o mochantenl and nlelsal lindtntiona in the soparotion of
five nimtbe slimuota of the vemimetory afr, Thias murve, however, gives
the somorel fors that wonld be emected fyon the oxtonsion of the othep
gsurven to sero tine {dotted lines). The avarmpges of these mrves hna boon
nlotted dn Figure 8 ap total G avereted.
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In oxder to oxloulnte the mm%efﬁ“pmmmimrgmiﬂ form ag
m“a,", bons fﬁuﬁf, obs., & proosdure of Gould and asw&lﬂm% wma usds
Thoy dotervined the Inorpanie pool of earbonats hy injocting mw"ﬂ, into
reds eandl onlowlating from the dilution of the lsotore the tolal millimples
of inorpanic COge This value ws foumd to bo 2,00 WY100 gron wat, Thare-
fore, fran the everage woight of the animels used and ¥hw average specifie
notivity of the explired 00y, the Inorganic GH in an andma) ot any spocific
$ime om be ealeulnted. One oyemlse necescary for this saleulstion is Gt
the speoifie aotivity of this inovgenic enrhon Is the pome as that of the
expived ousbon Mexide, With this information, the smownt of O yemeining
ag orgenie onrhon {gﬁ,s’ ‘m} ot any specific timo oan e caloulated, con-
sidering the afministore? scetate %o veprosent 1008 and subdwaeting fHrem
s the sun of dhe per eent lnocesomtion waives found from the curvos of
6%, dnovpuds o', and ¢ incowperated inte fatty selds end cholomterol.
Graphile reprasentation of this dota Lp shown In Plgme 9. The fenily of
curves ehown agree remeviably woll with thoee of Could and assoolates {page
25 of this thosls). Thase workers found that 871 of the Lsotople caxbon of
Qﬁ,ﬁ:“m wasg expired ag G“Q, in fouwr bours, but they wore uasble to find
soblvity in tlsmue lipide. Thelr ohservations ave in opoosdtion to those
forn? in this sovios of oxporimenia, in which congldermble astivity wos
domonetrable o 21l tlsme feaotione stodied. loweover, a ton-£o1d inerooso
in vedionotivity over that used by Oould and assoclatos wos employed in Hhie

wotkie
From the slope of the sepired onvbon Moxide owrwe it appoars that aboud

80 of the totel injected mmiionotive cerbon ocould Do epoctod o be foumd In
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#he vesplvetory G0y in four hours, which in the same ooy of weenitude ag
Tound Yy Could an? associatos.



CRAPIUR IV
SRUARY

1. Mothods, squipment, and date heve been deseribed for the preparatlion
of Baty sesmples contalning G which ave sultoble for the essay of C
sotivity by the use of standerd coumting equipment.

Hothods, equipnent, and dota have beon presonted for coobustlon of ox-
ganlo emmomds containing O % G Ogs Date indlenting the dogree of vo-
produeibllity bas heen glven.

Mothods, equipment, sxd date have been pressnted for the semimdero~
smthegis of {}3’;3{;1 "aoﬂ { Q“ enrboxyl-labaled neotls neld)s Good ylolds are
ohtained whon ono=fourth 4o one M1liunie of lsholad acotate 1s propared
fvon Ba Oye

. Poohniques for the lsolation of tissus fabty aclids and aholegtorol

have heon piven, and the walidity of these mothods has been ostablished.
Galenlation and eynluation of c” incorporetion into the blologlieal

produets, 00, sholesterel, end fatty nclds, have been prosenboad,

e The offocts of fasting won subsaquant lipopgenosis heve boen studled
by injection into mnis of mi,ﬁ,“&:ﬂ!& after 1, 24, 48, 72, 96, and 120 hours
of stormiion. It wes foumd that vats fasted up to 120 hours lose 257 of
body wight and 70f of body fut during that time and thab tobal cholestevel
pomains relntively eonptant. Apsresisble liposenasis of both choleserel
ond fatty neld wes cheapved during oll degress of fast. At 120 hours and-
mis incorsorated G“ into fotty aelde at 31T of the rate fomyl in the ome
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howr expordment. Cholosterel synthesic st that time was 417 of the walues
fourd for one hour eninels. Rosplintory 00y wee Jdeproseed to 627 of the
ons hour group, and exbtiensly variablo resulie wore found in the per cent
of 0" inoosporated into medived G0

f  The tise of meximm utilisation of injested C ~labslad sootate we
dotoyninad. JIn thoss mporiments, young male rate of a Speague-Dailay
gtrein wvere poraltted to metabolise, for wrying interwals of ddme, an
Intrasart tonsel injeotien of O earbayl-laboled acvtato. Those tinse
wove 0, 7, 15, 30, 60, 90, and 120 nimates. Patdy ecida end oholesterol
were isolated Dyom bymin and spinel oosd, liver, siln, caveass, and pgulbs.
The poroontage of vedlosctive anrban ineorporated indo each wos determined.
Fatty aclds vore choorved to have peschad & wodmmrs incorporedlon walue ad
90 rimutos aftor injection; eholesterol weluos did not roach a mecdmu dus
ing the interwml {0~120 minutes) studled. The epeoific astivily of iso-
1ated 1ipids ws Poumd B0 Do & maximes Por hepatic tlpsus, Uvidence wna
prosented that ertre-hepstic 1ipid synthesie somurs, Spesific sotivity of
oholestarel from liver ume grester then that faund for the cholestorel of
any other tlscue. The sobivity of this cholesterpl was higher than that of
oy othor mubstanse investigeted. PBrain and spinal oowd wore fowd o have
tneornorated sigificsnt C - of the Ot 00 This % in oppositien o
the oonsents of most wrkers in dhe lipogenic field who boeliewve ne Iipo-
gensals oamurs in Yhe afult hrain.

Cevbon dloxide wns collacted for 41l exporimants from O to tine of sae-
MPloe with the exception of the sere an? sewen mlmte determinations.
leasong for this have bBoen pyomeniod. Caloulations mre ghowm fep finding
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tho time at vhich asobate oxdidation wmae a% & rxdimmme. This wmlne wnp foumd
to be chout 20 minubes.

The half 180 (? 1/2) of motabolic dlaappearance for sediun asstade
wng dotoarmined for these eperimants. Tho hall 11fe of soelate ves found
to b 4% minutos with a K of 0.043. OCurves ave prepentod for emired {:“G,,z
inoronnia QHO, {in Bone, as Wieavhonnte, ote.) and S“ inoorsoration inte
fatty anid md oholostorol. The anound of Ciigl O%le yemaining et any tme
during the experinents wea found by subtracting the gum of those curves
from 1007 at the tine in question.

The euthor viches to admowledge a debd of gretitude to De. B. 5. Used,
adninlgtrator of the Atowmls Unerpy Comlesion aontrmed, and to Dy J. T
Van Byugpen, without vinee construstive aritiels: eni eonstont sdviee thds
thesis oould not hawe boen nosaible.



le

Za

2o

G

e

e

e

T

BIBLIOOR A PHYT

Hovesy, Gs Absorption and tpansiocatlon of lesd by plentes A contrie
bation to the applioation of the method of mdlesciive indlestors in
the investigntion of the chengo of substones of plontas Blocheme J,
vols 17, mpe 4A9=4L5, 1923

Taylor, We 5., Swingle, We We, Byring, M., end Progh, A. Ay Effecta of
wntor conbaining the isolore of hydropen on Mreshewmter srpenisna.
Chemionl ‘hatract of Jowrne? of Imerdesn Chemioal Soslety, wols 26,
Ps 725, 103%e

'Im%a, Ge Hs The biology of heovy wnter. Solencs, wol. 79, pos 151153,
F3he

Hovony, O, o’ Hoffer; B, Der cugtauch des wegeors im fisclibrpors
Z» Thyelol. Chome, vole 275, ppe 2034, 193

Elininetion of water fron the byen body. Nabure, vole
13, BDe Wf‘ 0, 1934

Sehoonheliner, R, and Rittenberg, DU. Doutoriwm sg on indiestor in the
staly of intermediory motalolion, I, J. Biol. Chane, vols 111, ppe
163-168, 1935,

Eaobton, As S, %tmmmrg, Doy 20 Schoonheiner, B Stndles in protein
nobaboilane IV, The stebility of HWitrogen in organie aamem&a.
Je Biole Chon »g vole l"?, it ﬁﬁ*ﬁjﬁ’ 1950,

Schaonholimer, ‘1', Ratner, 8., and Rittenberg, D Studiss in protein
motabolisn, 7o The matebolic aetiviiy of body proteins inventipetod
ulth I{e)=loucine containing two isotonose Je Bole cham., w3le 190
pos TH%T732, 1979, ,

Sehnenhelmer, Re, Rataer, 8., =n? Rlttenberg, D. The iatorsetion of
the blood proteins of the =t with dlotory nltrogame Jo Bole Chem.,
vols 3»&&, Pire 5&1*5&5, 15942

Torvor, W, ond Sclmidt, Cu Lo Ae The convorsion of metbionine %o
eygtines Dmperiments «ith rodiosctlve sulfare Je Riol. Chome vole
130, poe H779, 197

and
Tarwer, Hay ond Sehmidt, De Le et Ralicactive salfur studies: I

Synthesie of Mathionines 11, Convarsion of nmethionine sulfer 4o
tourine sulfnte in doge »nd potas 11lle Distrlbution of milfur in




e

the neotaing of enlmilzs fod eaulfur or methlonine. W, Emperiments
in oltes with sulfur -nd hyirosen muifide. Ju Blols Choms, vole 145,

10 ‘I&&m, Po Fyy Bulfour, We tay Rocs, Je Fay Balo, W Foy Whlpnle, Ce s
2ol 00l volume elrenloting and totcl es doternined by eadls fron.
mﬂm, vols 93, e m, 1941

andl

ﬁ!bﬂ, Ps gq* ﬂﬁﬂﬂﬁ Ju ?G* gﬂﬁ.ﬂ, We ,Frl’ Sﬂfm, K K«; ‘-ﬁ")plﬂg Ge Ha
fad eoll snd ploomn wolums (elroulsting cnd total) as deternined
Wy radio dron - by dym. Ie Bxpe Mode, vole 75, e '"'51*231, 15472,

!

fabn, P. P, Orenlck, Se, Bale, Ve Ts, Hichaolls, L. Terviting Vi
Gomversion of imavganie ond hemoglobin fron inde ferritin in the
anlmn) bolye OStorsgs fmotlon of ferritin iron ap shown by Pl om
active ol mgnetic mosnurementss Je Diols Chome, vole 150, pDe
LTI, 1983 v

ond

Hodm, Po Po, Nole, We ¥., Ross, Jo Fey Belfour, W M., ond Ukdpnls,
Ge e Radivactive ivon ebeorpilsn Wy gnetero~intostina’ trocts Je
Eie f%do, wole ?3, s }fb?""ea, 1345

11, Suith, B, Ca, =l Quindy, E. . Tho use of radionotlive podium ez o
sragoyr in the stuly of periphersl vremiler dipoase. Radlology,

vole ’JS’ Phs 335"336, 1045,

12 m& Ge Blood volume daterminatione with rodionctive phogphoruse
te Thart Jo, vole 7, phe EleBi, 1945,

mxl

Wylin, G. Dilution surve for sctivity in srtericsl blood following
2 brvanos infestion of labaled hlood cormusclog; sethod for
tadying clreslation tinme in mormel perssns and eardiac potlentss

B
Hord, Ve imia); vole & e 1331"133}?, 1945
and

Hyiin, Ge Determinetions of blood #olume by injeotions of Spylhrow
pytse 1abslad with rodlsastive phosphorue in normal and cardioe
Ingle enmose Yord, Meds [Mygoeis), vole 6, pp. 10051002, 1945.

1%, Vood, He Ga, Verimann, Oy fe, Houdngwy, Ae, and! Nier, As Oe
sarhon ne ¢ trocer in heeberis? Plxetion of sarban dloxide, e
Blol, Choma, Yole 135, P ?ﬁ‘}"m 1940



25

and

WYood, T, G., Verkamm, G, He, Sonlnpuey, ey i Hiow, Ae Oy Hoavy
enrbon as o tpager in heterctropide onrbon dioxide essimilation. Jde
Bioles Chome, vole 179, pne 3654376, 194l.

arsl

Vood, s 8o, Voriomnng Cs H., loningmy, l., sof Bler, i, O Phation
of enrhan dlaxide wpeon liver fg the dlzsisfliniion of souvie
aclids J Blol. Ghﬂt‘ 'V??—-g 3;;2, e 31"‘45, b i A

1hs FErveng, Ba Lsy ond Slotin, L. The utilisstion of carbon dloxlle in the
gymthesip of alpha-imbtoglutarie scld. Js Blal, Chom., wol, 136,
re =307, TNl

el

Ponng, Be sy an? 8loting, T. Crrbon dloxide utdlization Yy pigoon
Tivore Je Biole Chome, vole 141, ppe 439=450, 1941e

15, Ritbemberg, De, ond Naclech, He The sources of ecarbon for ures fopmase
tioms Js Biols Chome, vole 136, ppe 799900, 1940

16, Twonsm, Be fey and Sloting, Le The role of earbon dicdde in the
gymthesis of wren in rat lver sllces. Jo Biol. Chame, wol. 136,
Doe 05306, 1040,

17« Nuben, S., °nd Tamon, M, Dy Badionstive varbon in the ctuly of rogw
piration ir helerotrorie systoms. Proce Nab. fead. Sel., wol. 26,

18 Vmm giﬁi, Ce 31’ 'ﬂ’:ﬂmﬁ, Js 'DO, R}ﬁ‘ﬁﬂ, 8. mnd EE‘JEIQ):\, ¥y D Radlonative
gorbon as an Indiestsr of corbon dioxide utlligeti-gs IZ, The
ssrdsllation of carbon dioxide Yy protosmons Proo. Hat, lead, Sels,
viole 25' peal] 1%35&, 1942

e OCormon, Se Fay ood Rubew, S 00, assinilation Y mronlonle acid duo-
toria stulled by the wee of rédicectlve corhone Pros, Nate Acads
?@1*1 ?@3& %’ Dite 4‘2:%“4%3 19&*

b5

Bardesys, He iy Rubon, 8., and Tamon, Me De The redustion of prediow
aative corben dloxide Wy mothaneeproducing becteris. Proc. Hats
Ronda 5dt, vot. mg jiel ] Wﬁ; 19"03!

and

Barkor, He 8., Buben, S, ond Bedk, Js Ve Rodiosctive oorbmm as an
indlontor of carbon digoxide reduction. IV The gratheois of coslle
aeld from owbon dloxide by clogtrddium aclii-uriofl. Prooe Hate
hon', Mﬂ; vols %, e &W"“&ﬂg 1940



)
[ ™

L

%
ol

Caorson, S. Psy Foster, Je e, Rubon, 5., nd Sorken, H. ‘e Radlom
aetive corhon na su lndiestor of oovhon davi’s utiligsdion. Ve
3@3’388 on ‘a\’shﬁ 1’33".’-‘@@13 "‘C"iﬂ '3':'1:‘:1:&2'1 s m; fﬁ%t. !“ﬁ"ﬂﬂ 3@0’
vole 2’!’, e 6%355 l?!{l‘

Pooter, Js Way Caveon, H. Fo, Twbon, 8., end Ramen, i De Hadiow
active gorbon ap =n indicstor of covban {loxdde uillismstlions. Viie
The apcimilation of cerhon dlovids by wlds. Procs Hots Sels, wols
I, Dre 0095, 1001

Overstroct, R., Riben, 8., nd Doyoy, Te Ca The absorntion of [ o
nate ion by barley plonts ae indlested By stuiles with padios ctive
surbone Proc. lat, fond, Sole, volse 26, poe 673098, 10404

Ay Yup Vemwglonly Be, Demperer, F. Wy Bughonn, Je i, and
faatings, Ae B The portieipation of ovrbon dloxide In the corboe
hydrite eyole. Jo Blols Chome, vole 140, poe 171-182, 1941.

Yonnoslind, Be, Solomon, As Ko, Buchomen, Jo Me, ol flnstinge, ie De
Glycogen formation fyos glucose in the presence of redloccbive carbon
Soxdidies Je Blole Chom, vols 143, poe 370=3896, 19432

Coment, e Day Oremer, Me Doy Tasinigs, Av By Damporar, Tu Wy
Solmaon, fe Ty o Temmeslmnd, Be Metabolien of lactle aeld cone
talning rodisnctive corbonxyl enrbone Jo Biole Chome, vole 13 on

55Ty 1941

Venmanlaw!, B, Solomon, As Ku, Ouchanon, Je e, Cromer, Ra B, nd
Hngbings, Ae Do Motaboliss of Jsetic acdd eontainlng rodloactlve
sarbon in the ~iphe or bele posltions Je Blols Chone, vols 147,
P 3‘71-'3?7, 19

Metanbery, Dey 0l Schoonhelmer, Re Doutorium a- an indlestor in the

atuly of intermadiory metobolimse ¥XI. Furthor stuiles on the blo-
loglonl untale of deuterium into orpenic sabwimoss with special
vofarense i £+t ol elvlesborel form tlons Js Bial, Choms, vole

121. Phw 1235"25' 1527

Bloch, Y., ond Mittenherg, U., Scuvess of socotlo acid in the aninal
bﬂfy’a de Biols m‘, vl 1‘5’:‘; Dive 2&3“'215':, 1944

Blocl, Ke; on' Rittemborg, Ds Some Asraete of the metabolisn of lsucine
et veling, Je Biole Chen,, vole 1553 Pha 2‘5’;“%3’ 194/

Bloch, K., Borek, D., ond Ritienberg, Ds Oynthesls of eholeoterol in
surviving 1ivere J» Biol. Chome, vole 162, ppe 1i1ei23, 19i6e

148tle, He Hey and Blodk, . Studles In the utilis tion of ceeble acld
for the hHiolarlerl synthesie of sholestorols J» Blole Choms, vole
183, poe Fedb, 1750



4 1N

3.

e

g™

e

5t

4D

A

a7

Sreve, Pe Asy CludkafT, I, Is, louben, We Ge The in vilre syotheals
of ehnlegtarsl from agetate Wy swviving sdroonl eortise) flsoua.
J. Riole Chema, vol ., 176, poe 0200727, 1940,

Srere, Pe hey Challoff, Ye le, Preitirn, S. 5., ond Bursteln, L, 8
The oxtrs hepntle synthesip of slwlestorol. J» Dlol. Ohome, vole
187, ppe GU0=034,; 1950

Sparry, We Moy md Hoolesh, He The chonletry of myelinating wnd
demplinctions pe 235, m_ﬂ% e éﬁ%m 22 Rue Denprelimting
Disonge, Williems ond Wiking Coe, 1950, Ballimore.

Mook, Mo, BDory, Be He, Rittenberg, Da The Blologionl conversion of
13w

Sehoonhaimer, R, ond Dreusch, F. Synthesls snd destruction of eholepe
tarol in the orgeniems J. Bicl. Chams, vole 103, pne 439=i48, 1933.

Diooh, % The intermediary metabolism of cholesierel. Oiraulation,
vols 1, pre Z14e222, (Feb), 1050. |

Gould, G., and Taylor, O B. EfTests of ddetary ehnlastercl on hapntde
shnlestorol pymthesiss Pedorndtlon Procs, vole 9, ps 170y 1950

AifineBtotor, Re Duy Dousl, i, Joy Jre, Sclholts, i, .y and Shimoda, P
K. Staly of cholsstarol twrnover rete in uslng deuterimm ne o tracer
ﬁlmtg F Q!ii mbi W}-’ 9} D= 1«:5«"., 195@‘

Gomm, Je Vey Vogel, e Ouy Fajums, Se 8¢ Sorvm cholost rals Probebly
sresswor of ofrome’ ocardies] harmones. Je Labs and Clin, ‘ode, vole
25, poe 504517, {April), 1950

Blooh, ¥e The blologienl eonversion of eholestorol to pregnanedicls.
g« Mol Q}m., ole 15'?,; e mﬂfb{v&, 1"}1’;54:

Anleow, He Sep ond Hloch, Ko On the metabolism of 047 cholestenones
Biols Choe, vole 178, ppe T, 1940

Mook, K., Borg, Bs Ne; Rittenbarg, De The Blologienl converslon of
eholoaterel to cholle nclde Js Mols Ohome, vole 149, poe 511-517,

Gould, Ge The compurelive motabolien of distary and endegencus eholes~
orol Aifferentistod by use of radlosctive crbone Clromlution, Vol
% De 450=480, (Sept), 1950

Von Brugsen, Je Tep, Mibohes, T Tep and Wapth, B. G, Metabollss of sholas=
torols ibsarotion, tissue distribution and Sty aeld eynthesis.
Fade "P0Ce VOls Zﬁ, e :353, 153



45

A

e

5l

2%

Sehoenheimey, N., M Rittenharg, D. Deuderlwm ss i indleator in the
gindy of intermediste moebobollss, VI. Synthesls and leatruction of
i‘a‘%@r aclde in the orgenlems Jo Mol. Chem., vols 11/, ppe 3003089,

2.

PANL, A., ond Bloch, Ko The velative robes of webabollms of neutral
a4 and nhopolplinids In varicus tissues of tho yate Je Nlol. Choma,
vole 123, po. A33=439, 1050,

Brady, Re Osp and Gurdn, S¢ The Mogmibesis of wadiscotive fatty acids
and chologbersl « Je Diol, Chom,, vols, 186, poe 461=2690, 1950,

PinY, A, Mloah, %., nnd Ankor, He Se Fatly acld and oholestorel
mmilesis, J. Biol, Chem,, wal, 186, ppe 40%=409, 1950

Haoowo, Ts Juy Chaliof?, I. Y, md Davben, We Ge Lipogenecis Dron
glugone, Je Biols Chame, vols 170, ppe 17271225, 10/%.

Srere, Pe Ay Chodlioff, 1. Le, Troltmen, 5. 8., ond Dursteldn, . S« The
oxtrnslwaetic pyntinsis of cholesteral, J, Tlol. Chome, wvol. 182, ppe
63, 1950

Chorntal;, S, S., Chotkoff, Te s, Hasowo, Se Ju, snd Tseoff, B, Linoe
gonesis snd glugose exidatiom In the liver of the ~Ilownedisbedle
gute Je Dicl. Cheme, vole 186, ppe 530534, 1950,

Stottln , D., Jre, = Gommr, O. 5. Stodlos In enrbolgrimie metabolieons
III. ‘Motabolis defeets in nlloem diahefos. Je Tiol. Chem., vols
1686, oo L2712, 190/L.

ZAlversait, D, B, Chafkof?, 1. L., Fellor, D Dy, and Megorg B Jde
oxldstion of giusare labeled with radiosotive carbon by norme] amd
lomnedichotic rats. J. Mol, Chem., vol, Y75, ppe 329=00, 1948,

a8l
todia, Ve O :‘mmarﬁ% Moy roxl Havch, Jo B FPacbors influencing the
nation of Inpu'in with rmsele frem nowe?! ratse  Jo Dlol. Chome,
vole 179, e 53wG0, 1951e

lmﬂ' B. é’q &t&i‘mﬂ‘, j P T:i‘-' Chornlek, S+ Lo ond F@itg; b "3; }’!“’Bﬂmm
mitritional state oml glusces comversion 4o fobiy acids in 1ivesr
slicose Je Blol, Chem., vol, 185, po. 245056, 1990

Solomon, As Te, Vornegland, 7., lewmover, Fe ¥., Dusthenan, Je ¥,, and
fagtings, As Bs The particioation of carbon diccide In the corholges
Grete @olo, Jo Blol. Chems, vole 140, ppe 172172, 1941,

e

Delluve, Ae Mey Wilsen, D. We A study with isofopie carbon of the aselnd-
Tndion of cerbon doxide in the rote J Blol, Ohem., wole 166, pos
TS5, 1986



6o

61e

6%e

Glie

65

- 6

67

il

69

70e

99

Wood, H. O, Lifeon, W., lorber, V. The positlon of £iwed corbon In
Eﬁﬁ;;ﬂ:f@gnrm rab Mver plyeogen. Je 3ol. Thame, vols 159, poe 475«
wr--.a’ he

Gould; Gep, Slnex M. Fay Tozenborg, 1. s, Soloown, Ae Koy o Haslings,
Ae By Dzovetlon of yveadiceotive crxbon gigzit’.&a By rats aflar admindge
fotion of im&:pi&* blesybonate, seataie, an’ suesinate, Je Dlole
Chiome, vole I77, poe 205301, 1949,

Gould, Gay Sinoxm, ' ?., Rosemlyvnrg, 1. Hay Snoonam, Ls Y, ol Fastings,
As Be Exervetion of radicsctive parbon :‘{ia.‘d.r'ia by mato after m*'iiﬁinv

tration of lsstonic Bloarbonetle, acetato, and suoclwite. J. Biol.
mﬂ.‘hp %10 1??; e :55— m’» 1?3‘;9.

‘pmsteong, 'y Dy md Colubert, Jo Detorminatlon of rediosctive carbom
in 50142 ssmnlos. fnal, wmm,, vole 20y poe 270=271, 1948

Celving ey 'uic‘femea' 07y ey feld, Je Cey T 1borly Be Uy ol
Yenkwich, Po Zgotoolg o e A%, Johm Wiley and Sons, Inte,
1949

’}m W G ‘ay »k@iﬁ ofs {Pry md Ym@"&, =
o rvhon Lie M. Clumte, Vole 39, DD BM 2.4‘

f‘fim " leAdelhorrer, Coy JG’J‘ Je Gv, Tolbard, B M and
Yunlowleh, Pe  Ipobopde Coxbon, p;‘ 13, Jodm Wiley ond Sons, Inc.;
ftewr Tork, 1@,{.9,

Cleoyooub, & F -o, Hﬁxﬂtwﬂg Te Tog Tan Drug oy ds T ~og "!‘Iﬂ Cn ﬂﬂ, Yp da
’g::&mim in the use of O as a teneore lucloonios, Yol 7, poe 0=
19504

Boglor, Re Do Proparation of berdum earhonnto for assay of rodlo=
msti&'e aenrbon 14, Annle Choms, vols 21, pe 1020, X940

uﬁlﬂﬁ, ‘4;, H@im’i.bnr{m?, ey llﬂ-d; ds Ce {rﬁ?m Be i@, ondd
Yemindeh, P Iglonlg Supdon, v 93, Join Hiloy and vf;rm, Inde,
How York, 194% .

Cﬁl‘l‘!ﬁ, l@i"’-ﬁﬂﬂl’gﬁl‘, Cey 'ia.‘lu, e Cuy 4.’2*3?3‘3"&, Be !g and
) 4 nimﬁn?r Py Igotenio Craben, noe 175=179, Joln "d:z‘lﬁ:,r sl Sond,
Inc., ﬂw York, 945

Giloen, Mo, nnd !wurs, fe . Optimm conditlons for the preparnilion
of Gi-Mg- T s fie Chatle S0y vole 43y DDe 159”‘% 3.‘923‘

Cluyomib, Cs Ky lzbolwng, Te Tey oot Von Brupoen, Je T Tssards
agpocdatud ‘-d“t landling BaCls Gge  Chomte Tnge Hous, wale 25 Do

1304, 1950

in the we of



200
0
A

Tl. Boxpwrm, . The splittdng of diritonides. J. Blol. Chem., wol. 132,
he £73-472, 1040

72. Pateraon, V. L., and Weet, E. &, The velumotric estimtions of Nyiranyl
gromps in sapnrs ond other orpenie compounds. J. Biol. Chame, vol.
Thy pre 370-30M, 197.

73. YVen Braggen, J. T., Hutchons, T. T., and Yoet, Te 9, Hetabolisn of
chologterole Absorpilion, tlssue disteibation anl fatly neld aymibe-
eig. Feds Protca, vol. 10, Tie %3; 1951.

The Vasora, L. J., Challof?, I. L., Chornlek, 8. 8. =d Pelin, J. M. Fro-
vious mibtritionsl etate and glucose convaralon to Datly acids in Iiv
or sllong. J. Blsl. Chem., woles 175, pp. 8435086, 19%0.

5. Brady, R., end Gurln, 5. Biogyunddosls of labeled fatty actde end
ehwlesterel in emperimental disbetes. J. Blol. Cham., vel. 100,
Pire 589"596; 1950,

7. Bower, G. B and Sbetten, De, Jr. The role of thianmine in the symthe-
sls of folty aclds from esvhobirate orecursors. J« Blol. Chems,
vol. 153, op. 6070306, 1944,

77, Schoonheimer, R., ond Rittemborg, D. Deuterium as an Indiector in the
obudy of intermollate metaboliss. VI. Synthmels and destruction of
ga,%y selds in the orgmime. J. Blol. Chem., wol. 114, pp. 391-~309,

9% .

78' m Je He Fab moblifesation 1s glarvation. J. Path. m., vol.
35, rpe 451466, 1932,

9. Xaye, A., Brosen, J., HSenechel, A., Miglwlsen, 0., md Tayler, H. I.

Ihe Biolosy of Hmen Staswallon. pe 177, The Univ. of Mimn. Press,
Minnsenolis, 1950.

€0, Maporo, B Ju, Chaikeff, 1. L., Chornick, £. 8§, end Pells, J. H.
Provions mabritionnl ptate and glucose conversion to fatiy aclds in
liver slices. J. Blol. Chom. > ool 185’ e &&5“% 195@0

1. Crandall, D, I,, and Guris, S. Stadles of scotossedate formation vith
labeled earbon. I. Exporiments with pyruwnte, zcotate, and Dottty
aclds in wshe? liver homogemates. J. Biol. Chem., vol. 181, pp.
£29-842, 194%

Gmﬁ&m’ De IQ’ Beady, Ba ey anyd Gwria, S. StuMtes with labaled ony-
bon. IT. The conversion of meta-/Cy)-lobalad ogtonoets to ncoto-
mmtﬂs g9+ Blal. le.;’ Y01s 1@; Phe 3&5'352, 1‘?49*

22, TBlsch, ¥, and Ritterborg, D, Ax estimmtion of acehlc esld formetion
5-_3 t&@ ?ﬂfu ;a Bﬂ.ﬁ:{, MA; %1« 15?, ’p’.’)a ;5"“%, !‘?&5!



N
Bhe

"
£

iy 1

T

%

He

e

e

/2

m

mw fmya Stervation, pe 329, Tho Unive of Mlan, Prosts,
Mmnacnnilis »

A" w, J'ln’ EW@ Eii # m&%ﬂm gd-’; ?-!Hﬁ f&ylﬂ&‘, R o h
: ggqywmsgﬁ,m%ﬂmsfw{m”
apolis, X

Htasorn, Te sag O SN Is Ty sy Davubeni, e Ga Iwm from
glucoss in the noen’ ond Tporloos ol g etullen with 014
Tobeled slusoses Ja Blole Chem., wole 17, poe 11171125, 1040

Spersy, Ve Ma, 0l Vasloch, T The chemletey of mﬁnétiﬁg oyl demyo
Tinations pe 255 EATJQM ukls m &ﬁ the Dorelipating Digeuots
Willioms ond WA Loag 1950, Du B

Bloaly, ¥a, Jory, B Twy nittanber, Ds The bloleglesl pomwerslom of
chelostarol to oholle nelds Je Mol Cheme, vole 143y PDe 51151,
1943

#loch, E., Derg, D He, Rltlenboery, s The Biologienl ecnversion of
ghalnstarel b0 eholic colds Jo Dicle Chome, VOle 128, pe 217, 1943

nittonborg, Dy o0l Sthoenholuor, Te fenteriun as o indlontor in tha
staly of indermadlery net bRl 21, Fardthur otulloes s the hloe
loptenl wiheke of deunterim inte prppnde substonoss wlth apecial
soference to fot and chwlestersl fommwilons Je Nials Chome, vole

Pihl, A, omd Blogh, ¥e The relotive rates of motchollen of noute.l
ot anl phosholipide fn vurdous dissuey of the robe Je Mola Cleme,

vole 183, ppe 431=439, 1950

Pilil, Ae, =nd Blosh, K The molative rotos of mstebolien of neutwel (ad
s nhoanholindds In werious tocues of tho Tote Je Biols Chome,
vols 123, pne 491w43%, 1950

1d¢tle, Mo Hoy oo Bloch, Ke Otalles in the utilization of acobic aeld
for tho Blolagienl synthesle of sholegterols o» Nlole Choms, ¥ols
18%, poe 3345, 1950

F‘.}iﬂ?&" Da ?jb, ﬂmm’ Bs Hs P ared f.}‘xﬁkﬁﬁ, Is tm Tuensver el
oxddotion of body glugeze in nermal and allownsdicvatic ratos de
m@iu QEMQQ anl 3"3!?’ Tiie Mﬁ’ 3—{3590

Gemld, O., Sinex, He F., Hosenbery, Te oy Solomon, Ae K., ool fastings,
Ae Te Dxerstion of TAndlo stlve T ibon nieuide hy Pots eftor aldminine
tontion of lsotople MMenrhonnte, acetalo, and puesinata. Je Hol.
Chame, ¥ole 177, Dos 205=301, 1980





