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I. IHTRODUCTION

In the course of human history meny excellent opportunitics for
etudying the phenomenon of starvation have ccourred, Boll wars and
famines have resulted in the desth of millions of humans from thls cauge.
World Har II provided eonditions from which come inveluebls ohservations
on the physiology and blochemistry of chronie melnutrition and starve-
tlon.

During stervetion meny alterntions of nermal physiologie procosses
socur, the moet readily detoctable of which is the ehange in body velchts
logz of welght bepins soon when the food intake is resiricted and con-
timves until insndtion end death reguli. The three major organic come
ponents of animal tiscue, earbohydrate, protein, and fat, are available
Por ngo whon food is withheld end are utilized by the animal for emergy.
When the wolght loss which results from the use of body olements reaches
20 to 807 of the prefast m:‘tghﬁz death nay result.

Glycogen is a carbohydrate formed from food and sbored primarily in
1iver and mgele cells, bub the amount present is small wnder normal cone
ditions¥. Ao Food ig withheld this is tho firet cell constituent to be
utilized by the animal. Hershey and t:ia:-rg have shown the rapid depletion
of tiis substonce from the liver and rmusele of starved rate, minimal
amounte being detected in &f*’ hourse Glyeogen is not complotely removed

from tisewoe watil terminglly, but is maintained at low lovels by the

Mo totel body glycogen for a normel 200 gren rot might be estimeted es
followss the muselo mase = g8, 407 of body weight or 80 gme, le57 of
whioh s mussle glycogen (1.2 gns)s Tho livor weighs ga. 8 oo, Ll of
wideh is liver gilveogen (0.3 gme)s This totals only 1.5 gme glyeogen
por 200 go. rat, or less than 0.87% of the body welghte :



process of gluconeogenesiges Also, blood glucose is meintained at low
noroel levels by this mchanisna, When the noymal glyeopen slores heve
been utilized, energy roquirements are met from veserveg of fat and from
protein.

Protain ie not stored in animal tigsues, but is a baslc component
of all cells. As fusting is bogum, 2 negative nitrogon bolance occurs
vhich progrossively incressos. Deeresses In the tissue protein content
and the pleems albumin concentrations occur as protein is uesd as a fuel,
and 1t ig estimated that in starwedion 587 of the body protein meta-
bolised is comvarted to glucaa;aﬂ (oncomitant with tlssue protein cate-
holism s tho deercased formation of ensymes and nitrogoncus hormonsge
The body tends, howswver, Yo conserve the most essential components, =0
that the lowering of "metebollc enzyme” lovels is acoelerated only pre-
terninally, while enzymes secreted into the gastrointestinal tract peem
5 be decreased at & rote proportional o that of general body protelin
depletienﬂ& The endoerine chanpes ccourring during storvation resuli
prineipally bocaugs of decrsased pituitary function, Decreased produce
tion of somnbtotrople, thyrotropic, adrenocorticotropic, an? gonedotropie
hormones resulis seconderily in profound alterations in carbohydrate,
protein, and fat motebolimm. |

One of the most important of these secondery changes is the change
in thyroid Punction. In the Mimmesota Experiment of Teye and assoel-
a’t;esﬁ, the basal nmetabolic rate (an index of thyrold cetivity) was shown
%o decrosse at o rate proporblonal to the rate of weight loas in seni~
gtorved humans., The body temperature also declines somevhat during starve-
tion, slowing to sone smell degree all chemicel reactions in the body.



Oxidative reactions are deecreased in tissues of starved individuals.
One indieation of thig is the decreased tolerance to sdministered glu-
eooe. This response to gluncose may be due to the fellure of insulin ao-
tion, bub studies of Kaplen and GmenberJ indieate that e low adenosine
twiphosphate concentration in the liver assoclated with lowered body
phosphorus levels is responsible. The accumilation of lactate and pyrue
yate following glucope administration to starved humens is also indics-
tive of docressedl oxidntive processes. Ono possible explanation Tor ooT
tain of the findings in stervetion is the decreased concentration of vite-
ming, some of which are integrel parts of the cxidative enzymes necessary
i‘mvpyz*m.t;e oxidstion and other emerpy vielding reactions of tho tri-
carboxylic acid oycle.

Oxidetion of body fat stores emntributas the maejor poriiecn of derdve
able energy in the fested state. In Bonediet®s famous study of a fasted
svbjecztg the estimatod contribution of energy by fat wes 850 The ro-
s“pirat\- vy quotiont for this man decreased from 0.8 to 0.72 by the sixih
Pagting day and remeined et this figure {wileh is characteristie of fat
oxidation) for the rest of the 31 day fact.

In the normel breakdown of gluesse, energy is derivod from o serles
of vesctlons Imown ag ansersbie glyeolysis. This process beging with the
formation of glucose-PO,, which is subsequently degreded by engymic ac-
tion, and ends with the formetion of pyruvie acids This labtter compound
ig enzymatically decarboxylated and the realdusl Cp uit is converted %o
acetyl Coonsyme A. Acetyl-Cod is also formed from amimo aclid and folly
aeid breakdown, and honce bocomes & sosmon intermediste in the metaboliem

of carbohydrate, proteln, and fat. The concentration of acetyl Coenzyme A
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in the tisenes is vory low, and the turnover (i.e., rete of formotion
md rate of breakdown) of this substomce is very rsplde Acetyl Coenzyme
A combines with ommloacetate for oxidation to carbon dioxide and water
in the triecrboxylic acid eycle. Additional portions of thls compound
eondonse to form aseto-agetyl Coenzyme A, and further condenpatlons re-
glt in the formation of fabty scids. A& small bub measursble mmount com-
fenges in-a gtlll difforent fashien Yo form 5 carbon units which then
condense in the formetion of ehalasﬁ@roi and relajed sterolds. Recont
studies of the gymthesis of cholesterol by Blaahg indicate that the 5
carbon compound iz dimetlyl acrylic acid and that condemsatlon of tids
isoprennid wnit results in squalene Pormalion. Indications that sgualene
iz an lmmediste precursor of cholestercl wore found by'Di%urit10 aud ag-
sociatess thlaﬁtefnl is not imowm to be degraded Ly & reversel of this
process. It appears to be exeroted entirely through the blle. The time
2t which half the liver cholesterol of rats is replaced has been estimated
to be ¢a. 6 daye by Pihl; Bloch, and Anker‘s-

The mochanicns involved in fatty acld breakdown and synthesis were
recontly reviewnd in oxecallent fashion by Graanfa; the following discus-
gion is largely from this rofevence. In the hroakdown of body fat,
enorgy mist first be supplied in the formetion of fubty acyl Coenmme A
fron triplycerides. Pollowing this, bete-dehydrogenntion ocours with
the formation of beta~ketomoyl-Ooenzyme A. The following sahemﬁqs

depiets thess reszctlonst



Fatty acyl Cod
y {long chain} Cu

gree : drorens
Eﬁﬁw {short ohain) Fe flavoprotein dehydrogenases —={onergy)

Coh :
P«Imtoaayl Cohn) ‘ >Acetyl CoA—>-Citrate * Cod
Fetiy acpl Cokfy.2)
Dehydropenases ={eneray)
GoA |
P ~ketoacyl Cok(n. ) >foetyl Cod—>=Citrate + Coh
Fai:élsy oyl GGA(WQ
[ Dehylrogenases >{onargy)
i
]
' Col
hoetoncetyl Cok =2 Aoetyl Col—-2 Citrate ¢ 2 Cod

Acotoacotnte + Cod

In thess reactions it is seen that with the removal of cach acedyl Ced
fragment {betn oxidation}, one molecule Cod is made availsble for the next
step. Energy is noedod only zt the stavt of this process in the formation
of fatiy acyl Gai,‘ and it im provided Wy adenosine triphosphate in the
presonce of God, Thug, once started, the resction is autocatalytie and
will run to comletion in the presence of the dohydrogensse enzymes.
Forther oxidation of the acotyl OoA occcurs in the tricarboxylic scid
eyels, In the last step, where scstoscelyl Gold 1s being broken down, the
reaction prococeds primarily toward tho formation of 2 acetyl Col’s, Dut
in all tissues some deacylation cccurs and acetoacedic seid is formede
Undor normual conditions, all tissuss but the liver are capable of refomme

ing secotoasetyl Cod so thet 1ittle free secotoscetate scomiletes. The



acatoncotate formed in the liver is trangported to the periphorel tis-
suce vhere 1% is reconverted to asetoscetyl Cod and there broken down to
eeotyl Cole

In conditlons whore fot breskdowm is ccourring at an accelersted
rate, il.0., diobotes mellitue and stervation, acetoscetate may accumlate
in appreciable quentitiss beesuse the rate of acetyl CoA formatiom i in-
sreseod while the rate of its oxidation is deocressged. In such states the
quantity of acetoncotate converted to ketone bodies is increascd§4@ ¥hon
carbohydrate 1a agein utilized st a normal rate, ommloacetate 1s provided
by the addition of COp to pyruvabte. Avallability of this cotalytie C,
molecule cnahles more acetyl Cod to bo oxidized to 0Oy and g0, The
equilibriun concernod in acetyl God production may be reversed and fatly
acide then form.

Lipogonesin, which is the reverse of bota oxldation, is dependent up-
on three fectors, the first of which is the presence of acetyl Cod. Hor-
mally this is provided by syruvate from earbohydrate breakdown. The
seeond requirement is the presence of gyntheslsing onzymes, and the third
is provision of adequate energy to initiate the reaction and earry it to
completion. Snergy is provided from dehydrogemation resetions in which
reduced Coenzyms I {DPNH) le formed, DPHH provides hydropen for the en-
dergonic hydrogenation of the B@tawkatowa@yl Ooks VWhoreas enerpy {or
DEIE) is produced by each step of the beta oxidative breskdown of fatly
acids, DPHH must be srovided for each step of reduction in the synthesis
of Potty seids, and it is normelly produced from DPH as a hydrogen ac-

suptor in glycolytic and tricarbanylic acld eycle reastions.



7

The relatlonship betusen glycolysis and lipogenesic has been em-
vhaglzod by nany investipetors. Haugasyd end &taﬁic‘aw correlated & high
liver glycogon content with rapid lipogonesis, and they showed that the
convergion of CM glucose to fatty acids is grostest following ¢ high core
bohplrate meal. These conditione are not met, however, in the fasted
state, and these workers felt that spprecisble glyoogen doposition is
noccasary hefore Ineressged fovly acld symthesic ccours.

That glycogen deposition per ge is a prerequisite to lipogenssis wes
argusd by Hirsch, Bavueh, and Sh&ikofff 6} vho studied Iipld synthesls in
lactating mammary pland slices (s tissue in vhich no glycogen is stored).
They found that glucose stimulsics the comversion of ace‘tﬁ;a«l«ﬂm and
:}yz*mta-zucu o CH labeled fably acids, suggesting thet the provess of
glyeclysis diverts acetyl Cold wnite from oxidative routes to synthetic
pathueyse It was found by Bsker gt _a_,,Lw that tho low lipogenic ability
of diabetle rut liver glices oan ho enhanced by the addition of insulin
and glucoss, or by fructose alons. Binee fructose is phosphorylated withe
out tho help of insulin and gince glucose did not stimlate lipogenesis
without dngulin, 1% was felt that restoration of the glyeolytic process
is necessary for lipogenesis in the dlebetic vat livers

Further svidence that glycolyeis ies stimilatory to lipogencsis wus
provided by Iyon, Masrl, and Bhaﬁccff? g@ Rats were fasted 12 hours and
a comparison wes made of the Lipogenic respomse %o glucose, fat, and a
protein hydrolysate. Glucose wes found prompily to stimulete lipogenesis,
wiileh wne not the ease with fat or protein, If the animals wore faoghed
folloving ingestion of mueh carbohydrete, fal, or proteln, the lipogenic
response remained high for a longer period of time following glucose
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adminigtration than after fat or protein.: These inwvestipgntors postulated
from thesse and previous findings that "high activity in the giyeolytie
gyeten 1s required for maintenmnce of lipogenesis®.

The disturbed fot synthesis in fesbting ls then beot rechabilitated by
the adninistration of carbohydrate, ac the biochemistry of these substonces
is so closely interrelntod. The old axiom that “fot burns in the fleme
of carbohydrate® would more aptly read “Pat fornmg in the flame of ecoarbo-
hydrate e |



I1, STATCMERNT OF THE PROBIEM AYD

THE BXPERTIENTAL DESICH

The work embodied in this thesls ls, in part, a contlmustion of fast~
ing experiments conducted by Dr. C. K, f:ﬁl@wmtsi 9, who helped to egbabe
" lish neny of the techniques used herein. In his work, the effect of fagt-
ing upon lipogenesis in the vhols rat wes studled, by tho use of tracer
anounts of awmw-éi»-&}”* The time of maximumm incorporation of the la-
beled carbon into fobty acids, cholesterol, and emired €0z was estab-
1iched for cortain tissues of the rat. In the fasbting experiments of
Clayeonb, the ghortest fast period renorted wes 24 hours. After metabol-
imm of the injeeted aeetaﬁe—l%)u lsbel for o desired time, the ral was
quiekly dissected into liver, gut, skin, brain and sninal cord, and car-
eaps, 80 that the time of mexdimm label incorporation could be determined
in these sopercted tissues.

In this thosls, snimels were separated for smalyels into liver, gut,
gkin, and carcass, ell dissections taking place fowr hours alter the ln-
traperitonoel injection of 20 pe T ,ﬁwtam-}m—ﬁua By voerying the mutri-
tional factors vhich nreceded the acetate administrntion, differont lewels
of incorporstion of label into tissue lipids may be exvected to occur,.

The oxperiments reported here are dlvided into throe groups vhich cover
the throe asmoots of linogenesis under investigation, namelys (1) the
affect of fosting, (2) the offsct of rofeeding fasbed rets, and (5) the
effect of substituting carbohydrate or carbohydrsie intermediste compmmds

for food in previougly fasted rate.
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As Tho Fagted Group

It was {irct necessary to sbuly the effect of short term fosting on
lipogenesis in these four tlssue fractions. For purposes of clarity,
“Pagting® iz defined sy “the time pariod elapeing betwoen vemoval of faod
from the rat cage and the injection of the laboled acetote®, The fasting
timo ranped from ghort perieds of ang hour to longsr poricds of 240 hours.
The influence of the provious meal wron Uipogemeslis wme studied in shord
fast porioda of 1, é, and 5 howrs, Additionsl groupe of rats were fasted
7 9 1;4, and 19 hours.

Another motaboliec phase cocurred during extensive fasting, for thie
nmciuw& nrr**‘omﬁ alterations in tiseue lipid composition as seen In vats
fasted 4 daya {96 hours), 7 days {168 hours), and 10 fmy:s {240 hours).

The fagting experiment, then, was a time course study of lipogencsis fole
loving withdrawel of all nutrinent. A paticrn of peslk and minimm, and
8 time of most rapid decline of lipogenesis were ostoblished in the four

tlosue Practions studied.

A% & point during the peried of fasting when lipogencsls in the tie-
sucs wis opproaching minimal velues, food wes given to the animals, %o
study the recovery of E;img;amsia from fasting. Rats wore first fasted
13 to 15 howrs and orsl feeding wos pormitted for one-half hour in one
group of two enimals, and for one hour in enother group of four rois.
tebelod scetate was injected immediately at the end of the feeding perdods,
snd the rocovery of linogenesis wos marked and repid. However, more pro-

longed fasting made the effect of feeding less pronounced, as wag
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evidenced by single rots fasted 22 and 168 hours before refecling end
then bedng injected with acetate,

That corbohydrate ingestion influences lipopenesis has been pointed
oute It wns felt deslrcble to compare the Upogenic resnonge to total
aiei with the rasnonse to the carbohydrate compoment thereln. The ade
ministration of compounds intermediate in the metabolic degredation of cars
bolyydrato might be expeeted to yield results differing from those ohtained
after the administration of the more complex subotences found in the nor-
mal diete For this purnoss rats fasted 13-15 hours were either intubated
or injected intrancritoneslly with one of the followlng: glucose, gly-
eorol, sodium lactate, lactic seld, pyruvie seid, sodium succinate, and
sodivm cltrate,

The work of this thesis, then, was designed to help elucidote some
of the in-vive factors which affect lipogenesis and to determine the in-

fivence of carbohydrnte metabolim upon this process.



I1I. METHODS, MATERIALS, AR TRCHNIGUES

4. Animals

The experimental ardmals of this work were albino rats of the
Snregue-Davley strain. All animale except two (N-7 and N-8) were wvsles,
and all were of yowmg adult age, with welght ranges of ga. 200 %o 250 gm.
Males were used beonuse the fat composition of adult female rats is kmown
to ba gubject to congidershle varistion due to the eyclié inflvence of
sox hormonos, and becanse of the difforent fot distrilmbtion in sdult fo-
males.  The tuwo female rots used in this study were of a youmger age at
whlch these factors would have only minor imporbance. All of the animals
exeept throe were oblained from the Sprague-Dawley Rat Farm in Madison,
Wlsconsin, The three others (-7, H-8 and CF-9) were obtained from the
rat colony of the University of Orepon Medisal School; thege rats being
descondante of $-D rats obtalned fron the above Wiseonsin colomy.

On arrival the wenling rats, weighing sbout 50-100 gm. each, were
placed in cages In groups of 3 to 5 rabss These cages wers placed ingide
vantilated hoode which were dovisod in this laboramx?fw»

The rats were placed on gd libitam Purina Leboratory Chow and water

untll theoy reoached an arbitrary weichbt of 150 gme, at which time they ware
narked by removing segmonts of the oar pinma; and controlled feeding was
institated. Controlled feeding consisted of glving each ret, in two
dally feedings, the amount of food it would consume in one hour poriods
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and yob maintain a normal welight gain. This feeding progrom was inttlated
beceune 1t was maéssa:ry to control scourately the time periocd during
which the animals .canmxmecl food, not only for the refeeding experiments,
but also to serve as the polnt of referonce from which fosting wus to bee-
gin. It vag determined thet our rats consumed ad 1libh. about 24 gn. per
ret por 9,),';. hours while gaining welchd noranlly. Feoding experiments are
presonted at this time wlithout further reference to verify this chserva-
tion. 8ix rots wore meintained on the treined feeding vepimen of 12 gm.
food given tulce dally for 35 deys. The average deily welight guln was

2.2 m./day (see helow)s

Rat Stertdng  Finel Vel ght

No,  lMelght Yedght JGedn Welght Galn pex Doy
1 285 359 U, 21
2 24, 120 46 2.1{fed only 22 days)
3 5 337 62 1,8
4 246 341 84 2ed,
6 250 330 91 26

Average 2.2 go./day
(Avorage woight gein for rats fed gd Libitum from 200 to 300 gme.
2% '
for Main’s group wes 2.0 grome body welght per day.)

When the twice daily feoding was begun, g8 12 gu. of food (2 medium
sized cheekers) were given at £:00 a1t and agein at 6000 pome It wme
noticed thot only sbout one-half of the food was cahwmd in the firet
6o-éo mimuites, but by 4 hours the remainder had boen consumed. After a
week of such a progrem the rzts beceme secustomed Yo this mothod of foede

ing and adjusted to it by esting 80-90% of their food during the first
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hour and the remsinder during the second hour, After this time thoy
wonld fast until the next foeding. This regime will be salled ®treined
feeding®s Only rats that had been "tralned-fed® for ¢ mintmm of one
wek were used for experiments. A doily weight record for ench rat wuae
kent during the t-rainari—-feed.ﬁ.ngg period.

C. Preparstion for Metsholien of Acotate

For the fasiing exrmoriments, the rate were welghed and given the
norning feeling at £:00 a.vs Omo hour later the romalning food wog ro-
moved from the eage, the enimal was rovelghed, end fasting bogan. For
the refeeding experiments, food was glven at 4100 p.ns the day preceding
an experinment, end any remsining food wms removed from the eage at 6:00
peie  Ab the following 8100 awune the rat was weighed and another 12 gn.
of food were plven. Orm»half hour later {rats CF-19 and CP-22), or one
hour later {rats CF-21, »EB, «24, and »26), the rats were removed from
the oage, welghed, and immedistely injected with the radicactive trocer
w@'&ﬂtm Rat 0F-20 was fasted 22 hours helfore feeding 1/2 hour, end rot
ﬁ?«ﬁ'j was fasted 168 hours before feeding one hours For the experiments
in whlch carbohydrate intermediatos wers admindstered, the zome proce’ure
was followed as in the refeeding experiments up until the time the come
pound wag glven, 1.0., the snimalg ench had a 1 hour 1‘-1 3 each rot was
alloved to motebolize the adminlstered chow mbstitute, and the labeled
acetate wms administered. Carbohylirate intermediate compounds were
glven o the animals ag chowm in Table I.

Hone pf the rets piven these compounds orally or intrapord toneslly

showed untowvard gymptoms or chonge in behavior except for ot DF-12 {I.P.



Table I

AMOTITTS OF CARBOHYDRATE INTSRMEDIATE COMPOMNIDS

ADMINISTERED TG RATS

Mothod of

fat No. Admindetretion
p-1l Intubation?
DF-1 Intraperitonsally
DF-2 Intraperitoneanlly
DF-6 Intubetion®
or-13 Intraperitoneally
P-4, Intubation®
DF-9 Intubation®
DF-12 Introperi toneally
DF-5 Tntubation®
D8 Intubation®
DF-7 Intubation®

Sybetance Gilven

{211 in 0,94 HaGl)
5 ml. 307 Glucose

% ml. 107 Glueose

5 ml. 107 Glucose

5 ml. 207 Glyoersi

5 mle 8.5';’ Glyeearsl

5 ul. 207 Lactic Acid

5 nile 207 Sodiwn loctate®
§ ml, 8,50 Sodiums lectate’
5 mil. 208 Pyruvic acld

8 mi. 107 Sodium suecinate

& ml. 107 Sodivm citrate

Amount

Ue5
0s5
Gs5
1.0
Oud
1.0
1.0
Oud
1.0
05
0.5

¥ Intubation wns offocted with the add of a 5 ml. syringe sttached %o a

anall rubber eatheter.

$ Sodiwn lactate wme prepared by titrating 257 (commerelnl grade) laow
tic acld with solid Naylly to pH 7.0 with the aid of the Backmen pH

mator.
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Has lactate), which begen to show signn of listlessness and apathy laeste
ing about ane half hour 15 minutos aftor the injection. This was thought
to be dus to sn intercompertmontsl fiuid shift becsuse of the relative
hypertonielty of the intreperitoneal sontent. The emount of easch com=
pound given was a compromise hHetween the smount of carbohydrate in the
diet {6O% of 10 gu. or 6 goe) and 2 meddmelly tolerable dose of the com-
pounde

14
D. Proparation of Ha Acotate-1-C
14
BaC0, containing 12-147 €  was obtained from Ock Ridge, Tenmesses,

and from it ncelic scid 1~GH wag gynthetized in thig latoratory. Methyl
magnesiun lodide was reacted with 00y evolved by acidification of the
standard BaCOy. Reproducesble yields of acetate of 90-'95'?5 were ohiained
by methodn previously developed in this labamwryal; 0s5 millicurie lote
of the carboxyl labeled acetic neld wore stored ag dried sodium acedlate
in 40 ml. narrow mouth centrifuge tubes covered with rubber capss As
nooded, each such 0.5 me. lot wos dissolved in 26,0 ml. distilled water,
and 1,00 nl. of this solution, containing about 20 ) 8y wRs used Lor the
intraperitonecal injection., For radio-agssy 1.0 ml. wes diluted to 200 ml.
in a volumetric £flask. The same 2 mls calibratod syringe was used
throughout all the rat injections, as well ag for the amssays of the dif-
feront hatches of noelate. Between injections each bateh of acetate wagp
kopt frosen in the vefrigerator to minimize contaminetion and losse In
properation for the injoction the solution was warmed to room temperature

and ghnken bafore the 1.00 ml. wes drawn into the syringe.
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14
E. Motebolign of Acetate-1-0
14
Twenty microcuries of Ha Acetate-1-C  in 1.00 nml. wes delivered

intreperitoneally o all yats through a 1-1/2" 21 ga. needlo from a 2 nl.
syringe, after aspiretion to be assured that the tlp of the needle wue
only in the peritoneal spaocs. Follewlng the injeetion, the rat was im-
madiately placed in a plastic metabolisn chamber end was allawed o mota-
bolize the injected acetote for 4.0 hours. As previously sﬁ:mmzs’ 2y
four houre is adequate for the collection of the groater part of the la-

hol as 6339

Figure 1 shouws the metabolism assembly used in meny of these experi-
ments. {I) iz a constant pressure weowmm regulator, vhich is commected to
a weter pum. GContrel over the flow rate of alr through the metobolism
agsenhly is efforded by a thumb serew regulator on top of {I). Roon aiv
Tirst enters the assesbly through the air inlet at the top of the 60, ab-
gorber Jar (A). The now COg~free air then lesves al the bottom of (4)
and ic next draun through en air flow rate meter {B). The COx-free alr
strean is divided as it ds drown inbo the plastic metaboliem chamber (0)
vhich confinee the injected vat. This chanbor is so constructed thet the
rot’s noge extonds into e cons shaped plece of plastie, the apex of which
contains the main entrance ani the exit of the alr stream, This allows
the rats constant fresh sir and pormits the immedlate withdrswel of ox~
pired gwma {;Mﬂm The othor division of the slr stream is dvawm into
the rear of the metebolism chamber so that the chamber iz eonstontly be-

ing swept frec of COy. The air containing expired €Oy is next drawm
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through o molsture trap (D) contalning comcentrated sulfuric acid. From
thore the C0p-laden air strosm enters o lead shielded chambey {B) cone
taining an end vindow CGeiger Mller tubs which is used to deteet radio-
activity in bthe expired €Oy Next the air ptreenm 1 drawn through anothey
gir flow rate moter (F), used to monitor the air flow rate. A reading of
1.!; on (F) indicates that 10 liters of air per hour are boing withdrawn
from the metaboligm chambers This amount is in excess of the 3 Lo/hvs
normally used by a rat (as provicusly deternined in this laboratory). A
gimilor reading of 14 on air flou rate mebter (B) pglves assurance that no
air leak is cecurring in the system. From (E“), the alr gtroen is drawm
into a aérial garbon dioxide sample sbsorbing device (G), which was not
used in these experiments. Here the alr ip drawm from (F) into (H), which
iz the total 004 sbsorbers A gas diffuser irmersed im 250-300 mls of

1 W HaOH dieperges the air stresm into fine bubbles, alloving efficlent
005 collention by the alkali in (H). The total 00y collscted during the
four hour perdod ig later analywzed for radicactiviiy and for amownt. In-
pulses from {E) reach the sealer (J) (Berkeley Decimal Scalor Model 100}
fron which can be read, ab any time, the accumlated eounts from the
radicoctive €Oy which hes passed through the GM tube chamber, 4 timer
olock (K) is comnected to (J) and used to time the exporiments. Impulses
from (J) are transmitited to (L), a count rete computer (Berkeley Count
Rate Computer, Model 16 00), and when coupled with the recording deviee
(M), the comt rete (activity/time) is time automatieslly recorded. Use
of the continmous gas flow counting was mode for some of these euperi-
ments {this data will not be presented here), but not all, in which cages
{8}, (3}, (L), end (M) were romoved from the aystem. The clock (K) was
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somscted to a standard electrical ocutlet, and (D) wes connected directly
to (F)s At the torminetion of each experiment, when the rat had beon ro-
moved from the chamber, the system wos oquickly re-~closed snd fluched oub

for sn additional 15 minutes to allow the sbsorption of any remaining

14
€ DOge

G. Zgrmingtion of an Exporiment (Dlgsection Progedure)

At the end of four hours in the metabolisn chamber, each rot wag
placed fmmediately in a jar containing chloroforms The rat wms then
weighod and quieckly decepiteted with large sclssors. The bload wes cole
lected in the carcass frection digestion flaslk, to which the woighed heed
was also added. The abdumen wes quickly inelsed and the liver removed in
toto by blunt disesetion end pleced in n tered pan for weighing on a
Gramatic Balence, Whon liver glycogen content was being determined, dup-
licate 0.5 gne saoples were removed from the blotbed liver by slicing with
e gharp ragor blade. These samples were added to tared, stoppered 6" x 17
test tubes conbdaining 2,0 ml. 30% KOHe The gut with iis megentary wes ve-
moved by blunt dissection and weighod. 'The skin wms giripped from the
carcase and each wog weighed. Tlesues were placed in reflux flagks con-
taining 257 XOH in 951 ethanol, The total time elepsing between remove
ing the vat from the metabollsn chamber end plaeing all the fractions in
the digest nixture never swxocoeded five minutes. The digestion mlixbure was
prenared shout 30 minutes before terminating the exporiment, end weg
wmrned on o ghean bath, so that when the tissues entered the solutions
all enzymatic and autolytic activily would quickly eease. Tho flasks wore

prapared as followss



Mouth, § ml. 958  grome
Fraction  Flagk elze  ground glass gthane)  KOH
Liver 200 mle 24740 100 25
Gut 500 nl. 29/12 200 50
Carcess 1000 mle 45/50 300 75
Skin 1000 ml. 45/50 300 75

Bach fraction wis digested under reflux for 4 hours to completely sapon-
ify the lirids, Complote tissue disruption occcurred in the first half

hour,

e Iipid Extroction and Purificetion

The solutions were next reduced to half wvolume on o stean bath with
the aid of mun aly ghtreem. The dipgests wore made roady for exbtraction by
firet traneferring the wurm solubions to separatory fummels, end then
waching the flacks several times with werm water and werm alechols The
final elecohol wesghes restored the wolumes to thelyr original sisze, and the
resultant solutiong in the separstory fumels were 207 with respect to
aleohol. This wos found %o be ontimal in reducing emulgion formetion
during the extractions. Tho extractions of carcass snd siin fractions
wore sarried out in 2 liter scpm*at.cry fumels, while the liver and gut
fractione were oxiracted in one liter separatory fumels. Bach fraction
wes extracted four times with low bolling petroleun ethor (B.P. 30-60° C.)
to remove non-zeronifisble 1irid, The follouing anounts of golvent were
used,

Volumen of Petroloum Bthex
Izt exte Md oxbe rd exbe Lth axte

Liver 200 100 100 160
Gut 200 200 150 150
Qarcags 300 200 150 150
skin 300 200 150 150
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The four extracts of each frection were combined and washed ence with 1N
KOH (50 ml. for eareass and miin, and 25 ml. for liver and gut), and sach
once again with 50 ml. water. These wag ings were edded to the Togpec-
tive aqueous phases. The petroleun @%&ar extracts were dried over night
vith HapS04e  The aquoons pheges remaining after removel of the non- BAPON=
iflableo 1ipld were acidified with concentrated G %o pli 4--{5 {Congo red
paver)s The Patty scids vere removed from each fraction by extracting 4
tines with petroloun ether, using the velumes shown above. Tho combined
extracts of each fraction vere washed tulee with 50 ml. wter, and thoss
waghings, along with the remaining agueocus phases, wero discandsd. Thoge
fatly acid extracts wore also dried over NegS0,.

The dry extracts were next filtered into two liter narrow mouth re-
flux bolling flasks with ground glass Jolnts, and the sodimm sulfete wnms
weshed four timog with PuEs The potroleun other was distilled until only
& gmall spount remained. This remainder was vemwoved by placing the fasks
on e stean bath and direoting fine sir stroems into thems 10-15 ml. of
957 ethanol were added %o each £lask containing non-saponifisble 1inid
and. the flagk wag brisfly heated on the stesm bath., EBach flask wns thom
eooled by sold rumning bap water, and the condensing aloohol wnshed down
the imner swrfoces of the flasis., WNon-saronifiable 14-id {mainly cﬁalzaw
terol) remained in solution, while some impurities separated and Pre-
eipiteted. The {lasks containing fatty aclds were trented in a similar
mammer except thet about 25 ml. acetome instesd of aleohol were used teo
dlssolve and transfer the fatty acids. The fetty scld extrects wore £11-

tered through Whatmen Wo. 42 filter papsrs into tared 125 ml. Erlonmeyer
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flagke with four 10 ml, portiong of scetone. The fllter papurs were
waghed thoroughly with cach woghing,

The mn—ssap&xif;‘iabl froctions wore trancferred, with four 10 ml.
washes of eﬁumm},, to ground glass gtopvered volmmetric flasks through
mwm n No. 42 £ilter pepers. ILiver cholestersl froctions wore diluted
to 5{5 ele and the cholesterel fractions of the other three tlssues to 100
ml., and set agide for combustion and eolorimetric determination of choles-
terol content.

The fatiy scdd fractions were evapornbted over hot wmber, and g fine
alr stroom was dlrected into the flashe to remove the transferring sol-
wvante The last traces of acetone wers removed in from one to two hours,
deponding on the amount of 1ipld present, and then the flaghs wers placed
in & voouum desiccator over night. The followlng day the flasks were

weighed to determine the fatty acid.

I. Lipid Combustion
The technique of wet combustion of non-volatile linid samrles de-
geribed by mztchcns” wap used. Apparatus developed in this laboretory
for this wot combustion has been deseribed. F&aaauraé. amounts of linids
were placed in the combustion arm end 5 ml. Ven Slyke-Foleh Solwtion®
wore delivered into the oxidant arm of ths combustion {leek, which wns

then atiached to one arm of 8 two-srn vaouum evacuation gystoms 10 ng.

of Pfatty acld were welphed in smell tered poreslain boats which wore

t 167 sez., Ganc. HyPO,
333 m‘? ftmmg H,SG
207 free §0,) *

heated to 156° t:,. and cooled.



24
placed directly into the combustion aym. Samples containing shout 7 nge
of cholesternl were pipetied inte the combustion arm of other combustion
flrgks and evaporsted to drymess in a hot wnter bath with an aly siroom.
Combustion fhs”-:ss conbaining the sterols thon were dried for one hour in
a 110° C. oven to remove the last traces of wetor befors combustians

8ix ml. 0.5 W NaON wore placed in shaorption flasks end attached to
the other arm of the ¥ tube sssembly. The systen was evacuated %o 15-20
mi. Hg by & woter pump and then closed off. The combustion flask wes in-
verted by rotstion, allowing the combustion mixture %o come in contzot
with the 1ipid, When most of the intense bubbling hed subsided, the com-
bustion prm vas immersed in a 160° wax bath, and an ice bath we placed
around the absorption flagk. The combustion was complete in 15-20 min-
utes when the mercury in the manometer arm rose agein to its originel
mark, indicating thet no move GO, wme being evolved from the mixture and
that the 00y had been completely distilled over into the a2lkali, The
gyctom was renmoved from the hot wmx bath and allowed 4o eool for about
5 minutes belfore the vecum was releaced. The abserpiion flasks were ro-
moved from the system, and the contents quantitatively transferred to 4D
mles pyrox centrifuge tubes for precipitetion of the Gi}; with B&W. A
fow drops of phenolphthalein added to the last transfer wash indicated
completc transfer of alkali. Duplieate gomples were combusted for cach

1in3d fraction of cach tissue.

Je Platdne Technidue
Rubber eaps wero placed on the contrifuge tubes, which wore then

noated to 607 G in & water bath and allowed to cool to &5'-%& C. Lov
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tha precipiltation, ﬁ«ﬁ mls of 0.25 M Bally in Q.4 N NH,CL were added at
this tenpersture beoceuse the fine precipitete formed iz best for trituret-
ing and waghing, After eoolimg, the rrecipitated solutlon was layered
with 8 few milliliters of & 113 ether-aleohol solution %o lower the sur-
feoo tonsion ard prevent the precipitate Trom creeping up the sides of the
tuba. After centrifugation st 3000 RPM, the supernstant findd was aspir-
ated end the Bally was ‘bﬁ‘mmmﬂ with & glass rod and washed thoroughly
with ca. Eéi} ml. digtilled water added in small portions. Three such
wmter washings were used with centrifugation. A final washing with 30 ml.
of the some ether-zleshol solution was used to dehydrate the Bally precip-
jtate. After the final comtrifugation, the supernmatent wss partially
gsnirated. The small portion of solvent remeining wes used to meke a
paste of the nrecipitate,

Thie paste and seversl ether-aloohol washings of the tube were
trensforrsd with 2 3 ml. blunt ond pipetie to plating cups%. Those con-
d of duraluminum eups with drain holes in the bottom. Two round
filter papors benéath a tared aluminues plenchette were placed in the
bottom of & cup and an inner aluminmum sloeve wns placed lnside the oup
and held in pless with threo thwmb serews. The insgide diemester of the
gloeve was such that the crosc-sectionnl area wng 5.0 squore centimoters,
allowing the precinitate to cover only this area of the tared dise. Af-
ter the Bal0y had been quantitatively traneferred to the plating cups,
the cups were placed in the 250 ml. brass carriers of the Internstional
eentrifuge and eentrifuged at 2000 RPM for § mimudes. The renaining
supernatant wes corofully aspirated, and the cups were then eentrifuged

again at 2000 RPM for 30 minutos and dried with the aid of a heating



2%

element ingide the centrifugs. The mounted samples werc romoved from the
plating cups after they had cocled to rowm tempersture and were weighed
in preperation for counting.

Dupiieate detorminations of the amount and radionebivity of the ex-
pired COy wore mode In the following manner. The total GOz pool, from
flask H (figure 1, page 18) wes diluted to 500 ml. in a volumetric {lask.
540 and 10.0 ml, somplas were ploced in !.D ml, centrifupe tubos and preo-

einitated and plated as described above.

K. Radioagsay

Lov activity DaCly samples derived frem the 1lipid combustions were
gonnted in a ges flow counter. Q gas (0.47 Butene in Hellum) flowed
through the windovless counting chombor across which wes an applied po-
tontial éiffemﬁmai of 1450-1500 volte. A pre-sount Sesler (Nuclear
Model 183) wns used to eomnt @ total of 6400 counts, which s statictice
ally that musber needed to produce & counbting error of not preater than
37::?‘

Sammles of higher activity from the 00 pool and from the acetabe
pseny were counted by an end window self-quenching G-M tube (Tracerlab 1.4
mga/mau mica window) housed in .o thick lead chamber. The pre-time scaler
used was the Muslear Model 165 at a voltoge of 1500.

The backpround counts and the oownts of a standand source of €
wore determined each time the counters wers used. Background on the goe
flow counter varied from 25 to 30 ce.pems, while the background on the end
vindow counter wee 24 to 20 c.pem. Tho standard C“ source counded 1200~

1330 Cepamis on § goo and with the ond window tubs it counted 575-600 Cepeie,
L) -

with & § gas to end window ratic on the aversge of 2.60-3.70.



L. Agstate Aspay

The sodium mﬁam-l*cm uged for injection was assayed by placing
two or four 0.5 ml. {0.05 ,m) samples of the 1:200 dilution of o one nle
injection (0.020 millicurie) in the combustion erms of the combustlon
flagks. Two drops of concentrated HaOH (18 ¥) were added to each aceiate
solutions The aslubiong wers evapornted to dryness by direciing ¢ fine
G0y~freo alr stream onto the surfece end pleeing the flasks in the 160° ¢.
wax bath. To maximelly dry the acelete, the heating and air stream were
continusd for 56 hourp. I the semples contained much absorbed water,
1% wae found to deocresse the final yield obbained from the Van Siyke wed
combustion. 10 ce. of combustion solution wére placed in the combus-
tion arm. The same combustion procsdure was used ag described sbove, with
the excention that the combustion solubtion wms added ell at once and the
combugtion flaghke were ot the same time plunged into the hot wex beth and
left undlsturbed for 20 minutes. 1.5 ml. of carricr 0.5 M Naglly vere
dded 4o the sentrifuge tubes before precipitating, pleting, and counting
as shove. Triplicate sssay counts of each sample were made on the Q gas
counter and on the first and second shelves of the end window sounters
Tha pesult was recorded as the mmber of counts per mimute per milliliter
of injectable doss. Reproducible high values were diffieult to attain
even though the rrocedure wag corefully followed, secessitating as many o8
8 sombustions %o obtein satisCactory rosulis. These walues checked with
velues obloined using the persulfate mﬂza@m of combusting aqueous
somlee {these gembustions were done by Mr. Re Je Emerson In this lohore-

&
tory). Assay velues renged from 2.3 to 2.7 x 10 ¢./m./nde (Q ges counts)
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and 1,00 to 1.12 = 10 c./me/mle (end window counts) for the five scotote

batehos used in these expsriments.

Ms Colorimetxic Cholesterpl Determination
A modified Schoonheimer-Sperry method of cholestercl determinetion

wag used. The deterinstion was done 28 followst 0.1-0.4 mg. samples of
the alechol solutions of the non~seponifisble fractions were pipetied ine
to Coleman cuvetdos, i’fzza alsohol wag sveporsted with the use of g fine
alr gtream while the cuvettes wore immersed in a hot water bath. Samples
wers analyzed in quadruplieate (duplieate samples at two levels of con=
eentration, and simltensous standards were alwaye run). All sammles
wers placed for one hour in a 110° ¢. drying oven to remove the last
traces of edoovrbed weber. 2.0 ml. glecial acetic acld i‘ram.a 50 mis bue
rette were added to the hot tubes just es they were removed fronm the dry-
ing oven. After cooling to room tomporature, 4.0 ml. scetic anhyiride-
goncontrated sulfurde seid (20:1) reagent were added to each tube, and to
a blank sontaining 2 nl. scetle scid, by rapnidly blowing this solution in-
to thé gterol solution to promote mixing. Bach tube was placed in a davk,
25*5 Ce water bath for 40 minutes before being read inm e Colemen junlor
colorimeter ab 640 mu. After the optical densities of the standard choles-
terol snd the tissue cholestercls had baen read, the amount of cholestercl
pregent in cach tlesue was esleulated from the optical densities given by
the stondard cholestorol (0.25 mge gove an 0.D. at 640 mu of 0,27, and

045 nge gave an 0.0 of OaBhe)e

Ne Quantitctive Liver Giyeogen Procedure

29
The method of Good, Kramey and Somogyl for quontitative tlesus

slycopen determination was slightly modified. licate 0.5 gn. frosh
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liver samples wers placed in stompered, tared 6" x 1® tost tubes which
conteined 2 mls 307 KOH. The liver sample welghts were determined by
re-welghing the tared tubes. These tubos were plased in a bolling water
bath for 30 mimutes to allow complete dissolution of the liver tissuo.

The glyeogen wms precipitated by adding 1.1 to 1.2 voluses 957 cthanol,
and the solubtions wore again brought to 2 boll to aid floeculation of the
glycopen. Complete precipitation wes allowed to vecur by stending over
nirht. Bext the tuboe were centrifuged 14 minutes at 2000 BPM and the
supernatant dreained. The precipliate was washed once with 5-10 vl 60-
40 alechol in :wss,t@z-g resontrifoged, and tho supernetant apain drained.

The glycogen was next dissolved in 5 nl. 1 N Hy80, and hydrolyzed for
2+1/2 hours in & bolling water bath, After completion of the acid hydvel-
ysis, the glucose solution wes meutralized to phenol red (2 drops) hy
adding 307 KON (es. 1.1 ml.) drop-wise. This neutralized solution wos
traneforred quantitatively to 50 or 100 ml. wolumetric flasks, the size
depending upom the amount of glycogsn present which wae estimated at the
time of precipitation. After dilution to the mark, these solutlions were
filtered inte beskers fwom which § ml. aliquots were taken for the quanti-
tative gﬂazadse determination,

The glueose was deternined using Somopyi’s Reagent for Todometric
mmmm}a, 5 ml, glueone solution, with 5 ml. of this reagent, were
placed in 8" x 1™ tost tubes, covered with large marbles, m::; heated in
g boiling water bath for sxmetly 14 minutes. Duplicate samples of each
1liver glycogen sample, duplieste 5 ml, water blanks, and duplicste 5 ml.
gtendard gluesse solutions (10 mge ¥ glucose in distilled wmier, freshe
1y prepored each time) were amalyzed. Aftor the glucose hed been oxidized,
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the tubes wore yomoved frem the boiling water bath and 2 ml. 2.57 ¥3050,
wre added to form Culyl, after the addition of acids 5 mi. 1 1 HeS0,
wore added rapldly to eech tube by forceful ejection from a § ml, SyTinge.
This allowed the libveration of lodine from the KI0g and KX preeent, pard
of which reoxddized the cuprous ioms forwed in the glucose oxidations

The romaining free iodine wag titrated with 0,005 W NagS,y0s (prevered each
time from stook 041 N WaghaOg) to a starch end point. The volums of
Ce005 N Nug330y was then directly provortiomal to the emount of free I,
progent and Inversely provortional to the amount of glucose originally
present. This relationship wes used to ealeulate the amount of glncose
in each tube. The results were reported as tolal mg. glucose in the

Liver, and the gramg glucose per 100 groms of lilvers

The figure "pergent ineormoration® used in this laborstory iz the
percent of the injocted counts found in the lipids of each tissue and im
the oxpired Glzs The counbs per minute obbtained by counting the D004
samples of combusted 1ipid, or from expired C0g, were used in salculaet-
ing the amount of labeled acetats ineorporated inte the linids. The total
plate coumnt is determined by dividing the cepeme {Corrected by subtract-
ing the backgromd sotivity, and corrected 4o infinite thicknesa” and
{or evinolidence fmmtaﬁz vhen necessary) by 100 mg. s (wvhich 1s infinite
thicimess for DaCO4 shsorption) end sultiplying by the plate weight in
milligrams. Tho totel plate count iz divided by the mp. of 1ipid com-
busted to give a Digure for the specific setivity (c.psm./mg. 1ipid or

Gopolta/mif 0O3)s The specific activity multiplied by the 4otal amount of
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13514 glves the total sctivity in each 1ipid fraction, and this figure
divided by the injected counte (deternined from the acetate assey) times
100 gives the £ incorporation. The results to follow are given in mg.

iioid per gm. tlzsue, specific aotivity, amd £ incorporatiom,
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IV. RESULTS AND DISCGUSSION

A. Fagting Dameriments

Fron experdments on the metabolisn of &ceﬁ&ta-l—ﬁu injected in
tracor amounte, we Imow that approximetely 801 of the label is found in
the expired carbon dioxide four hours later. The remsining QM is do-
tected at thle time in the body lipide, with mimute amounts being found
in uren, glyeogen, and steroids. Following injection and sbsorntion, the
laheled acetate lg rapldly activated and wmixes in the tissuves with un-
labsled acetate (ae sootyl CoA}. Within seconds, radicsctive COy begins
to appeor in expired gir; and exeretlon of €Oy contoining the maximm QH
concentration occurs in from 7 %o 15 mimites following the injection.
Maximm aeai;"%‘t@-lhcu oxidotion has bhesn dsternined io otecur approxinately
50 mimtes following intrémvim:ml iﬁjmtﬁ.’mu. The time % which mawd-
mmr Gm setivity scoumulated in fatty aclds and sholestorel was determined
by Van Bruggen et @M to be 20 winutes. Following mfn‘améis of labeled
Iipids by the tlssues, appreclable depradation of the labeled compounde
did not occur durdng the four hour experiments.

The radio-gctivity arpearing in the resniratory carbon dioxide ig
partially indicative of the amount of tricarboxyliec scid eyele oxddation
cecurring during thls periecd. Ome of the greatest influences upon oxidae
tive processes, cther than direet polsoulng or smoxis; is the stote of
mutrition of the animel prior to the time of the {0 formation.

Decronsed oxidation osenrs durdng facting due mainly to a lack of
dlotary foodstuffs, largely carbohydrates, which glve the readily comw

bustible matardsls for the energy needed for sustensnce of Iife. To



and ntillged for the potentisl cnerpy derivable from them.

In Teble II are presented the body weight changes which oe-
curred due to fasting the rats. Wo weipht chonges were observed during
the first 9 hours of fasting, end the first slipht weight deorease was
observed 15 hours following vithdrawel of food. Noticeable Adecreases,
iece, over 104, occurred with a fast of only 19 hourse. By four days the
rats had lost 207 of their body weight. Bxtending the fast to 7 daye nro-
duced a 26 loss of body wight; end by the end of a 10 day fast 361, or
a little over ome~thind, of the body weight had been consumed to supply
basic energy requirements during this time period. These values agree
vith those found in the literature” ' * .

Mthough body weight decrosses ot ths rate deseribed above,
the depletion of liver glyeopen and body fob is much move rapid. Relas
tive fatty aeid, cholecterol and liver glycoren concenirations nre seen
in Table II7. The myr. fotty acid or cholestorel isolated from cach tlssue
fraction wore tobdeled and compared to the totel tisoue welghte detornined
et time of dissgsetion for eoch fant level, During the fupting phese up
o ’13 hourg, 2 slight incresse in relatlve fatly acid concentration is
goony this 1o llkely a reflection of the loss of non-lipid components such
as carbohytirate stores, feees, snd renal and extrarenal fluidse. During

more prolonged fosting, the fatty acid reservee are depleted faster than
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Table IY
RAT BODY WEIGHT CHANGSS WITH PASTING

Welght bofore VWelght after Veight Loss { Weight
dnival Fagt(bre) PFast (zrams)  Fast (grems) _ (grems) Loas

N7 1 207 207 0 0
n-g 1 205 205 0 0
H-10 1 240 240 0 0
He12 1 210 20 0 o
¥-13 1 227 223 o 0
-1, 1 220 220 B B
Average 0 o
CF-7 3 209 20 Y 0
CF-10 3 230 230 L. s
Average 10 0
Cr-11 5 271 23% 0 0
Cr-13 5 240 240 ) 0
CF-1, 5 225 225 = 2 L.
Average 0 c
¢r-18 4 22 22 ) o
Cr-17 9 238 242 Lfgein) _ O
Averoge 0 (s}
CF-18 13 U6 235 1 L5
CP-16 13 230 234 {gain) O
Ayerage ) 257
Cr-8 19 209 187 22 10.57%
CF-0 19 212 192 20 el
CF-12 20 237 214 23 - 10.3
Ryoragoe A7 104 1?»
or-1 96 256 202 54 21 12
CF-2 96 250 201 51

Averege 5245 5%
OF-3 168 283 210 73 2% ¢
OT-4, 162 206 212 7 2%
Ahvorage 74 % 9
CF~5 240 326 210 116 3568
Cr-6 240 317 198 129 _37.5
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Tahle I1I

TOTAL TISSUE LIPID COMPOSITION AND LIVER GLYCOGEN CONTENT
FOR FASTED RATS

Liver Glyecogen

Total mg P.A. Total mp Chol, 28 gme Glucose

Past porgram 7 gs‘f per gram T ef  per 100 £ gi‘
Anisel  (he)  Andmad A* Animel o _B* e, Iiver g
"= 1 81.38 150 -
H-& ] T0.94 2.02 -
H-10 2 82,80 1456 3.03
Ha12 1 26,78 1.92 .40
¥-13 4 93,26 120 -
H-14 1 65; 53 j;ZQw .
Average €0.12 A= 1007 1.7 B = loof 3.22 © = 3007

Cr-7 b
O0F-10 3

aAversge
CF-11 5
cr-13 5

or-14, g
fverage
cr-12 7
o177 9
Ayorvage
oF-15 13
Cr-16 13
Average

or-8 19

ore 19
GF-12 20

Mverage

Average
o = 5 2.{&.6
-6 240

Avarage

£

’tFor enimals

71,68
T4.88
73.38 a1/

9§ @1«'«7
£4,.78
96.09
0236

102.80
L0484
103.82 1202
0040
22982
135.11 131
45.57
£7.63
18,02
57.07

67.17
44 29
55.73

T
92466

’-'f&‘z e‘g.
-‘brq‘ 1 1 2
2411 1347

4293
1.2
30.08

90
s

§

#

gted enly oue hour, i‘sxtt;f aecid, cholesteral, y
copon weipght wneg arbitearily seot at 100%. These fipurcs for animels fart~-

234,

2, 5¢
2.46

g

1127

1044

1367

S0,

-

o

]

B4
B0

1.38

1.10 34

oa

od longer poriods of time are eompared on a pereentage basis.

and liver gly-
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most other body eonstituents, so a decresse in seon {the 31.*4;?‘2 flgure for
the rots fected 7 doye 1s um:z;ﬁaimbla}s

Changes In relative cholestorel concentrstion are less npgmyzm &
decline In blood cholesternl levels has been reported by Bose gt g&M,
and others in seversly sterved humems, but they pave ne veports of tieg-
sue cholesterol levels., The frec and ecterified cholestersl levels in
tissues were found to be unchanged in adult eats fested for 7 days, ac-
cording to Cardner anﬁﬂiﬂud@rﬁg. In tho emperiments reported in this
thesis, the totel amount of tigsue cholsstorel vemalned constant. The
slight increace {over R0% from 19 hours to 2,0 hours of fasting) seon in
the latter part of starvation, vhere the smount rerorted is relative to
the body tlssue welghts, is & reflection of the eongtancy of total tlssue
chologterol lewsls with decressing tissue weights.

Liver glyeogen values ars reported here only for extended starvation
and for the one hour t&.r:xet folloving vithdraw]l of food. Hershey and
Dr::m flﬂ?‘%‘i reported a mpici £a11 in liver glycogen lovels in rats fasgbed
24 hours. The mininel walues atialned wers 0.5 to 1.0 gme percent, which
were about one~quartar the prefast levelas. These findings lod them %o
balieve that glyeomonesis wag cccurring from protein and £2% sources even
during the gix day fapt poriod. The llver glycogen valuwes for the four
ond seven fagting day times geen in Table III are In sgrecmont with these
findings.

tsim:se the length of each experiment wag 4 hours, the liver glycogen eould
be isolated only after this minimunm time, The cne hour post prondial ret
is designated ns such for the purnoses of 1llpid labeling, so the one hour
post cibel animels would be 5 houre post cibal with respect to glycogen
gollection.
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3. Tetty felde?

as ILdver

The dncorporstion of labsled avetats into liver £ttty ascids of
fasted rats is secn in Table IV. Iiver fatty acids showed a glight ine
croage in total welpht vhen animels wore footed 13 hours beforo lgole~ -
tion of the lipid. Following this, slight decreases were m“aéd during
further st:-;x*vm;io;n The mg. fatty acid per gne tismue retic romained
falrly constant during the entire fhsting time, ’MacLﬁchhmM in 1942
iselated liver fatty acids from st rved mice and foumd thet Infiltration |
of fat (o histologle intrasellular fot incresse)} oecurred increasingly |
up to the second dey, ab which point an inerease of 1l.51 wms found.
Liver fat has been found by a mumber of osther mri«;earf% Lok to e in-
creaped with stervation. Treadwell et gﬁﬁ, however, found that stetis-
tienlly no inerease in liver 1liplds ocowrred in rats starved 36 hours.
Our rosulie are in acecord with this latiter observation.

Porcent incorporation of labeled acetate into the fotty aclds iso-
lated from livers of fasted rate iz indicative of the gymthesie of these
gubstances. The highest firure seen in these experiments (0«8%) occurred
in rots which hod been fasted only one hour. As fast periods wers e
tended, the peremnt incorporation wos foun? to deerease rapidly. Mush
% hours of fasting roluced liver febiy acid label incorporation to one-
third of the highost zmount, and 1§ hours of fasting peduced thig incor-
porvation to one-quarter of the highest amount., These findings sve not in

46 : .
socordance with those of lLyon, Masri, and Ohalkoff , who fabulated the

#‘!‘ha tern "lipogenosis™ will apply to fatty acid synthegls only, and
eholesterol synthesls will be designated by the tern "cholegterologenesis™.



Yoble IV

THE IHCORPURATION OF LABBIED ACETATE INTO LIVER FATTY ACIDS
IN FASTED RATS

Specific |
Fast Ome Mge Polle por I of Activity £ ‘%f % Incor- ¢ gf
Animel (b)) F.As _pme Idver  A* cepan/me B*  poretion G

H-7 1 «089 33498 13640 1500

},*"19 3. » 3.1’5 3!5; 30 32 & 3& .41';15

§-12 1 #3234 32.31 63,42 » 222

n-13 - 1 +328 30.08 38,20 « 576

‘;3’*}»4, 3 nm E?#&E !&oﬂ i!éé
Avernge 33.70 A= 1004  65.30 B=100l L800 = 100%
CF-7 3 #3851 39.04 59240 o772

er-10 3 L3001 _33.67 5210 2580
Avera,m 36&% 1372' 55.75 5‘5;, G706 81;,‘;
gr-11 5 0250 35.91 22,08 247

CFr-13 5 -%61& 21.99 R5.79 281

oF "1&', 5 L] 2&3& ..ﬁ!ﬁ&.« 0 9 228
Avernge 31.15 924 %&é L% .285 3%
Aveinge ebb 9l 22,8 385 323 Lot
ﬂF’”‘l? 13 4-35'3 35033 . 9'6& nﬁ%

ﬁ"iﬁ 1 B 35{; "\ll > _2‘5 L) ;ﬁ [ 4
Averzge 33.32 o8t  12.54 197 .19 2i%
or-g 12 « 276 34449 5.70 2052
CF-5 i) o234 36,19 9-.6} 083
CF-12 20 220 2010 a6 2039
Avornoe 23.26 o8d 6.69 10f  L050 2p A
or-1 gzg «279 37.70 g.:zg .85;3

CP-2 96 202 _20.93 £a82 2000
Avernge 33.52 1007 6.01 9L .062 24
or-3 168,209 34,75 52 <050

CF=4, 168 03 38 » ?g ___f_g___ ___Q_Q'ZQN =
Average 6.7, 106f 6.65 w07 L0560 ed
(S 240 o254 £5+93 6406 0067

GF "’6 Efﬁg # 157 ?42: gg M_ -02 2
Average 9.4 1164 L+BO TL  #045 A
*Psing the average figures from the one hour fasted animals as 1007, data
for different fogt veriodes are comparsd on & nercentege basls.
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ineorporation of lobeled acetate into the fatty meld of igelatod livers
of rats fested 0, 6, 12, and 1% hource These investigators found masd-
mm livogenegls still oecurring 6 hours post prandially, Minimal velues
vora reached at the 18 hour fast lewel in their in-vitro emporiments.
As soen from Table IV, at the 19 hour fast level, lipogerssis was still
detectable but minimal, se the 0.067 incornoration fimwe shows. Rny'
further fasting prodused no change in this low lewel of liver fotty acld
lsbal incorporation,

Srecific activity data parallels the percent incorporation flgures

gince thore wes no chenge in the reletive 1ipid conecentration,

bs Gub

In Table V s presentsd the data for fatty aclds of gut tissue.
Gut Loty acid aanmzztmmoné parnlleled the findings mentioned for the
vhole rad, o reletive incresse belng noted with fasting w to 13 hours,
which reflects fecal loss rother than deeremsing gut fat content. Further
fasting, however, did reduce the amount of fatiy seide isclated fron this
tissue.

The ineorporation of labeled acetate into the fatty acids of the gt
frection was et maxinmel lovels (5,67 incorporstion) during the short
perdod of fasting, when food hed beon removed only ome to thres hours prior
to injection of the labelad comprund. Ineorporations fell to one-third
these levols when only two more hours of festing were adfed. Minimel in~
cornoration values were atbained by only 13 hours fasting, end no essential
difference occurred by extending the fasting to 10 days. Considerably

more label incornoration wae oveurring in the gut tissue (5.67) than in



Table V

THE INCORPORATICN CF LABELED ACETATE INTO GUT PITTY ACIDS

I FASTED RATS

4 Incor-
noration g7

4 of

Speelfllic
Fagt Onme Mg, F.A, por £ of Activity [ 9f
Andmal  (he) F.de _ gme Gub A*  cuopem/me B
i\‘!"‘? 1 }.v ?ﬁ F'S » Sg . ?3 'Y llfg
Weg 1 1.433 Tl 125,20
W-10 1 2,088 62,90 85,20
12 1 1.2 4896 162.44,
3‘3""13 1 "50303 51&26) wa?é
g‘%f - M 1 1 - ﬁf}*‘"*} » 5 3 )
Average 60.69 A= 1007 90.56 B=1007
G;?"‘? 3 193’1{3 l;ﬂ c% 16‘?#‘ 4‘0
CF-10 3 1.238 22,10 | 99420
Average L1.53 87 13180 148
CrF-131 5  L.JA9% 80+ 45 19.69
gr-13 5 14456 4260 3474
‘Z}F“M 5 1 L] {33-& wf.;)gmp ‘EL »
Average v 61,90 1020  20.49 327
{9“&“*"13 ‘? 10 3?6 ‘:;’?omﬁ‘ 3%0%3’12;”
oF-17 9 1.762 _’_(_:'8: 54 12,1
Avorage 73,19 1308 23.24 2%
OF-15 13 1.317 68,93 | 15,50
OF-16 13 2125 _114.22 050 3
Avorape ‘ §1.58 1507  12.00 138
ﬂ]?"‘g :}.‘7 ® f‘:} fé'? ,A:“..h g}!;' _% L 82
G{“"‘{} :1}::‘ ® 55{3 3 5 ® &2 2{.7 n68
gF-12 20 1,008 51,97 21.22
hvarase 43,13 Ti4 35.24 3971
GE}*" 1 % 1] E: 4 67 ® 38 25 & 30
. OP-2 