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I. HISTORICAL

A. The Fleld of Linogonesis

It iz Imoun that froe secetle nedd i motabolieally inert and in
order to he motabolized requires conversion 4o an Mactive® form, bub
only in the last few years has this active form boon idontified ae
asetyl-coengyne A. Coenzyme A (CoA} is (in word Corm) specifically
adenine- | riboge-phesnhate)-prrophogphate~-nantothenie seid-beta mereapto-
othylanine. I% conteins o free sulfhydryl group, iees 8H group, in the
beta merceptoothylamine portion of the molseule, and it ieg this S¥ growp
wiich combinos with the carboxyl groun of acetate through a thio-ceyl
linkage. Thie hond appears to have an energy of 12,000 %o 13,000 cal-
ories per mol, a velue near that »f the terminal phosphate of adenosine
triphosrhate {(ATP). This gives %o the complex a high potentlal reactiv-
ity in nmetabolle eystong.

Rittenborg and Bl r:;z:’l:‘£ using f} ana denterium showed that fntly
acids ean be synthesised vholly from condensation of 0z units now rocog-
nizmed as being ncotyl-Cod units. Synthesis of fatity acids is probably
in essence, thus, o rovorsal of the Wota oxidation scheme, suggested in
vrineinle by Knoops As to the degredation of fatiy sclds, the rates of
fatty seid turnover exprossed es helf 1ife in days is epproximetely one

'i:zfs three deys in liver and six to nine days in the caresss of the ret

E4

{(Went and Todd ).
How ore acobtote and £ 4ty acid metoboligms related to cholesterol
. 3
motabolism? Rittenborp and Schosnheiner , using douterium, showed that

one-hall of the hydroren atoms of the cholepterol molecule come from



body weter. From thiz they ecmeluded thet the biologleal gymihosis of
cholectorol is brought cbout by the condensation of & larse mumber of
amall molecules. It bas gince been shown that labeled acetic acid is
converted to cholosterel in animal tis;ma&. Degradation exporinents
bave also showm thet gll the earbon atoms of cholecterel can originate
fron the methyl and carboxyl carbong of acazm?s@ﬁ’é. 1% iz now kmown
that three molecules of acetete condense to fom e €y compound and that
eix of these €y units further condense to form cholosterol. As to the
turnover tine of cholestercl, apein emoressed as halfl life in deys, for
Uiver cholecterol it ls apvrarimotely five to seven days, and for core
cags cholestornl twelve to fifteen éaysn. Recent worl: indicoted that
the previous figures for liver mey bo unduly hig 7. To further rolate
fat end cholestorol meteboliss, L:’.pgzmma hag recently reported that co-
enzyme A 1s necessary for steroid symthesis.

The preceding short deseription of synthesis and turnover of linids
is pertinont o an exnlanation of vhy radicactive acetate is used to
ptudy the liropenic ability of various tlssuwes. To guote from the work
of Matchens, Von Bruggen, and Xf@s‘t”t "The major assummption involved in
ealeulating the 1linid synthesis rnte is that an acoetylating agent, ~C,,
dorived Trom pyruveie, fabiy acid, certain amino scids, and exopenous
agotote, serwes an the corbon source for all the earbon stoms Tor fatty
acld and eholosterol synthesis, and for the soetylation of oxslacetate
to forn eltrate for the tricarboxylic acid cyele.” Thus we ses thnt the
injeetion of a tracer dose of acetate into an animel will tag the common
Gz pool tut not meborially affect its concontrntion and should give an

indicotion of the activity of varlous tissues In linopenic renetions.



Another important aswect is the rate at which the fatty acids and also
cholegterol are catabolized in varions tissues. The shortest half 1ife
of any linid reported is one to two days for fatty acids in livers B
periments to Lo deseribed contimed for four hours after the injection
of acetate. Only a2 small froction of the liver fotty aeld could "turn
over® in thie time pericd. The degreo of incorporation of acetetoe1l-0 -
thus should be little changed in o four hour peried.

In the worlk to bo reported, the t‘;{}z oliminated in the expnired alr
by the rat during the four hour metebolisn poriod wes collected. By far
the preatest amount of GH tracer activity le eliminated by this rouite.
In the tricerbouylle acid oxldative ayele, acebate is an oblipgator
active mombors In this evels acebtyl-Qof comhinoes with oxaloacetale to
a’”am'eitmte whiech, through a succesgion of chonges invelving dehyira-

tlon, hydration, oxidation, snd decarboxylotion, produces COa and 1,0
and reforns oxnloacedato. The anly major gource of rogpiratory COp out=
side of the eycle is tho decarborylation of pyruvate. In sddition, pyrue
vate combiney with 00, and forms omeloacetate wideh iz a necessary com-
nonent of the oxidative ¢rele. C€0p dats thus may yiold useful informa-
tion about molebolic renetiong.

Thiz thesin lp coneerned with studies on lipogenesis corried oub in

the Iscolone Laboratory of the Blochemistry Department of the University

&

off Oregon Medieal School. Using rediosctive acoetato as 2 tool, it ha
been showm that meny tissues in the body ave eapeble of synthesiming
fatty aclds and cholestorsl. It has nleo been domonastrated that wats
show o maximm incorporation of acetato into fatty sceld and cholesterel

fractions of gldn, liver, gut, and careass tlssue in less thon twonty



&

mimatese Significent further chanpes were not observed in the following
€@
9

four hours » In other experiments, on fasted enimals, tho cholesterocl

content of the tlessues was ghown to remain constant, whereas the fatby

acld content wo redneed 757 in 120 hows of fasting. In rats fasted
14

120 hours and given a tracer doge of C  acetabte awl ellowed to metabo-

iize 1t for ome hour, the activily of 00, did not change from thet in

14
normel animals, bub the € appearing in fatiy celds was reduced to lese
than 327 of tho normsl and cholesterol activity wos voduced to 437 of
10

the normal . This fasting study wes exbended to 240 hours =nd all
ticeues ghowed gimificent decremses in the incorporstion of label, but
iwvor decpesged most. In many of these studies, the incorporablon of

2

label into sut 1inid wes oxtonsive. This high gut astivity will be ex-
- it
anined eritically in cuwr study .

Redionctive € 4o pertioularly wnlusble as a label in meta Iﬂm‘} ie
stulice. It has the long holf life of 5,000 years. With this long half

™

1ife, the experimentsl technmioues, the eounting procedures used, and the

ai

erdod required for the experiment need not beo limited as ‘i‘m tino. The

. G4
radintion omittod by € i1s a boia perdlcle. Its range is only one om.

s

in alwr, and thorafore there iz no porgonal danger from being in close

®

14
proxinity to radicsctive substances eontaining € . Comounds contain-

ing it shonldd, however, nobt bo ingested.

e Spoeific Problom

'l
88

Since the edvent of both redicactive and gtoble lsotopes, thore
hoen & rovolubion in the field of bioscherisgtry. In in-vitro techniques,

nroblone of “ispue permeshility to the label are of serious concorn, in



W

goite of apparent substrate la:f&al availehility. In in-vivo studles,
some investipators have used the intreperitonesl (I.P.) route of label
administration exelusivoly, some the intravonous route {I.V.), and some
both routes. Practically no Iinformaticn iz avoilable az to whether or
not the route of adinistrotion affects the rosulis oblained.

This lghoratory has boon acbive in the fileld of 1ipnid metabolimm
for o mmber of years, end it seemed imperztive to determine if the high
ineorporation of acetote label inte intestine and liver tissus of Sprague
Daxley rats is influcnce’ by the route of tracor advinistmtim“, Tig-
gue utilizatien of acetete is so rapid thet the avallability of the
label to 2 given tissuec wight beve an importent offect on the inecorpore~
tion of acetate by the iissue. How quickly is acetate utilined by the
tissuee? How Lrmediste is the dlstribution of acetats to tlssues?
Hautchens and Van }Bmggen” reported that half the C“ activity disappoars
from the peritonenl space in one minute, wheross the helf time Tor blood
agotate was Comd to be seven minubes. However, Dusch and ?&x’i‘&mﬁhm
Pormd the half time of absorpiion of mata‘{;&alwcu fram the blood to be
1% seconds, and, ten minutes after injectlon, less than 10f of the total
activity wes found in the bleod. One minute after injection of tho
traeer into the tell veln of wrats, 7% to 100f of acetate hed boen trzng-
forrod to other substances. Hovper end his ggm‘up“ reportod thet trocer
or nsn-tracor amounbe of acetate injected into the fore leg voln of dogs
seve the samo patlern of utilization, bub showed a difforence in time,
The non~tracer dose wea utiliged completely in 39 ninvtes and the tracer
dose of scotate in five or oix minutes. Also he reporitsd a high "tum-

over® of liver fatty neid, ons grem/hour/100 grams of livers If this is



true in the rot, then it appears that in four hours the ¢4 incorporntion
into liver fatty acld would ghow & reduction from the lnitial & incor-
poration Because »f fatty acld bweskdowm. However, Von Bruggen, Iubchens,
and Gls;ycmah? renorted no chonpe in ¢ incorporation of acetate inte

1liver fobtbty acld up to 126 mimites after tracer scetate wms injected.

Claranfi and Famesuw showsd that normel blood valucs of acotate
for dogs overcge 7 mge §-  Injeetod non-tracer seclate dicenpenvs very
rapidly from the blood at a rate which is related to the Initial blood
concontration., They noted that only a neglipible amount of acelate is
eliminated by the kidneys. Thoy eoncluded that injocted acoltote ls
rapidly metaholized by the tisesues and thel a non-itracer dose diseppears
from the blood stream in five to ten mimabtes. I% is clear from theso

mporimonte that acetate lg readily utilized by the tissuee. Moot ex-

perimenters have roported a utilization time of five Yo ten minutes for
acetote. The only oxtreme diverpgencs from this Cimure was reportcd by
Busch > who found an acetate half 1ife of 1¢ seconds.

The fact that acetate is so rapidly motabolized suggests that the
route of ad=inistrati-n may affect the incorporctisn of sestate by tls-
sues. The study renorted horve compored four tlssues, liver, gut, car-
cass, and gkin, of the Sprague Dawloy vhite mele ret and soecks to deter-
mine the influsnco of the adninistration route wwn scetate ubtilisation
during livogencsis. A1l provisus studise on these four tlssuss reported
froa this laborstory have involved the intreporitoneal roule of trocer
pdninictrotion. In our work the acebato wes glven by both intrapori-~

tonoal and intrevenous routes in an attemt to better explain the di-

vergent results reported for acetote utillzellon time.
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Sinee it wns nocessary to anosthetize the snimals for introvencus
injection, control experiments were done in vhich ancethetiszed animels
were given the tracer dose by the I.P. route. Theso control animals
vere then eompared to other rate which were injected I.P. and subjocted
to ldentloal experimental conlitions emeept thet no anesthesiaz wme used.
Hembutal (Pentoberbitel Sodium) wee ehosen sinee 1t iz onslly adnminige
tered, has 2 short period of setion, and hes been reported to have no
direct effect upon hepatic function, circulation, or basal metobolis
rate, Nevbutel has been showm to depress the conbrel nervovs syaten
with resultent slight dopregsion of the rogpivatory c@m‘bmrw.

Some In-vitrs homogenate work Involving barbiturates showed in-
hibition of inorgenie phogphate uptoke by liver when metebolizing myru-
vate. Brody and Bainw found that along with 2 20 to 407 decresse in
oxygon uptake, coused by pentothal (2 drug quite simdlar o nembutal),
inorganice phosphate uptsie alge wae almoot completely inhibited. They
eoncluded that the barbitwrates appesr to uneouple phogphoryletion from
oxddation and thus desrease nouronol astivity,

It is known thet adenoceine triphosphate (ATP) is the prinery source

]
=

energy Tor tisous activity. To be used in llpogenesis, ccetole mst
bo activated by convergion to acelyl (el threough the following reactions

in vhieh AMP represonts sdenogine monorhosehate, PP represents pyro-

phosphate, anl 19-Cod represents coonzyme Ay
Mgt
Eazyme * ATP —— Enoyme ~ AMP + PP

Enoymo « AMP + HS » oA —Engyme - 8 « Coll + AP
Engyme = S = Cod + CllyCO0H —>CHy = €0 - § = Col + Enzyme



The smmetion of these reactions glveoss

CHyCOCH # H~ 8 = Colh + ATP —> CHy » G0 = 8 ~ oA + AP + PP

Thus 1t can be ccen thet ATP ig essential in the symthosle of fatty acide
fron acotate. In this study the offocts of nombntal ancsthopis unon
lirogenceis in-vive are compared Lo the In=vitrs effects clied above.

The fact that nombutel depresses the raspliratory econtor direcetly,
or indirectly by first denressing the corebral cortex, meds it of in-

14 16
terost to analyme the expired air continaelly for ¢ 04 sctivity o In

. 1.
the anesthetized I.P. rats, then, the tlme course of expired C Oy was

[

B

compared to the other I.Ps injocted animels that roceived no snesthesic,.
The time course of I.V, and I.P. injected animals wng also compareds

Thus the offect of anesthesia on the elimination of COp and the twne
over of the biearbonate pool should yleld information as to ite influence
upon respiration. Also the offect of different routes of tracer adainig-
tration on C:“Og elinination ghould throw some light upon the relative
avellability of label to tissucs vhen injected I.V. and I.P.

In an atterpt to dscover more sbout the high lipogeniec ectlvity of
oub tissue, the intestinal tract was divided into six seperate fractions.
Tho stomach and egophapus, stomach contents, small intestine, omall ine
testine contents, large intostine, and large intestine conbents were
examined for cholestorol and fatty seld {:M activity. The gmall in-
testine is very active in shgorntion of anino aecids, surars and fatse
It iz alse setive in ostorifying cholesterol, phosphorylating sugars,
pxereting linrlde; ond 1% evorts selective absorpblon. It ls thus im-

portant to know, beemuse of the high metabolic activity of the intestine,



*

how mach of the acetote incormorated ints lipids in gub tlssus is ate

fa

b

tributeble to the emell intostine alome. Cholestercl wmg isoisbed in
the non-gaponificble moterial and then deternined quantitatively by
eolorimetry. The peresnt of cholestercl found in ench non-saponifishle
fraction wns enloulated. A study of the factors that influemced the
cholesterel content in different non-soponifiahle frostions wes



1o

II. METHODS

Many of the techniques used in the wark being reporbed in this
thesis have been deseribed in nmublleationsg from thils laburatory. How-
gver, gince n fow modiflcations of the established technicues wore
developed, the mroviously peported nracedures will be rovieved ond the

nodifieatiome prasented.

A. Caore ond Feoding of Retg

Adult mele rots of the Sprague~Deviley cirain were trained-fed with
Purina chow, The amount normally eaten by a rai in one day wes deber-
mined to bo 20 Lo 25 grams. To condition the animals to eat at specified
times, the robdg wers fed 10-12 gm. of ehow at 8 g.m. and again at 5 pe
each day. Rats wore started on trained feeding when they weacher 100
gme volght and wore trained fed until they weighed approximetely 220 .
On the morning of the day of the experiment the rat was fed as usunl at
8 seme Any remoining food wmg talen awey at 9 s.me. and the animal was
allowed to fast for omo hour. The one hour faoting poriod wnp selected
since during this period Ilpogenesis ls at its m:dmm. 1t wne feld
that if a signifieant chonpe wns offected in lipogenesis by our experi-

mental methods, it could be best demomstrated in this period.

B. Anosthosia and Injection

Fiftoon ninutes before the hour fast wms comloted, the rat was In-
Jected intraperitonsally with nembutel, the doge being 3.5 mg. per 100
@i body woight., At the completion of the ome hour fast the rat wms

injected sither intravencualy or intraporitonsally with Q.5 nl. of



14 6
acetate~1-C  solution, containing 1.35 x 10 cepens whon asceyed os in-
A k] * he 3 8
finitely thiel Bally with o Q gas countor . When counted with a thin
: % . 6
end vindow Gelger tube” tho dose contained 0.57 ¥ 10 cepeme This dose

i equivelent to approxmately 10 <.

C. HMeitabolism Poriod
After injection the rat was kept in o closed metabolism chombor for

14
Pfour hours, and the totel 00y end C 0, exhicled was collocted in Hall.

The apparatue used Lls shown assembled in the photogroph, Figure 1. The
ze and shape of chamber 4 normitted 1ittle body movement. When the
rat reecovered from the anosthesla it often strugrled for a short period

but then quieted down for the romsinder of the metabolism pericd. At
the end of the metebolism peried, the Ha 00y-NaOH solubion collceted in

absorber I wns transzforred to a 500 volwmetrde flosk and brought wp to

volurw itk dletilled wntor.

De Injection Techniquo

In preliminary work, intravenous injection wme attempted using the
tell, jupular, or saphenous veins. The tell vein reute woe elinminated
hecause we could not be sure that the full dose would onter the venous
gyston. Criffith and E’sm,sw raported that only 07 of teil vein ine
Jection atterptes wore qu-ntitatively succesaful. Buseh and E&lﬁmdzw
found it necegsary to sabbract the amount of mdicactivily leoft in the

tell tiscue after tail veln injection of acotato, from the total amount

ﬁgsaarch Tgulpment Co., Ghicago.

2
#rracorlab 760-2 (12 nge/on o mica window
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injected. These roports confirm our Jifficulty in pobtbing 1007 of the

£

injocted dose into the vein. The juguler woin injection wee abbompied,
but without great succeas. However, the saphenous veiln prove: accome~
ible snd the following technique wns dewvelopeds:

1. The halr wus clipned on the medial aopeet of the hind log.

2. The gkin wne picked up in a fold and cut across with scicsore,
very olose to the modial mnlloolug.

3. The gkin and subcutsneons tiscuo woro pulled awny from the
muscle faselia for o dlgtance of 1.5 an. This revealod the
Junction of the saphenous and laternl plonter voing.

e The feméml vein et the groin was comprosse ! with the index and
middle finyers.

5. A 27 geuge, 1 :Zfsc%& needle was used and ingerted into the june-
tion of the saphenous and latoral planter weina. After aspire-
tion of a emll smount of blood the 0.5 nl. dosc of acctato wes
quickly injectod.

6. The vein wes now comprosazed with a gmall sguare of saline wet-
ted Gelfoam to prevent homorrhage. |

7. The siin flans wore approxinated and the animal quieckly »ub

into the metnbolism chamber.

Bs Dissection and Dipestion of Animailg

After four hours in the meiabolism chamber the ¥at was removed;
quicily chlorofomed and welghed. The rot wnp decapitated and digsected
into put, liver, coreass and skin. The tlssuca wore put lnto previousl)
preparod 20% aleoholic XOH and saponified by hoating under veflux for

four hours,



Fo Igoletion of Fabiy felds end Cholesterol

. After roflux, each fruction wos concontratod on o steun bath with
the 2id of an alr stroam, and the slochol removed. Waoter was then

added o the digest {lasks to restore the originel volue and the eon=

AR &

tents were trmnsferre’, hot, to seperatory fumnele. Tho gubt and enrease
fractions were filtered through glass wool intc the funnels because of
hone and other residues. To ingure complets trangfor, the dipest £lacks
vere washod three times with hot water, ond tuwlee wilth hot slcohol. Suf-
ficient amounts of aloohol wers used in the transfer to give a retio of
581 of agueous to alechol phases. This rotlo zllowed mavimm recovery
of linids with o mintmm formation of emulsions.

The digest wes extracted successively with four portlons of patro-
leum other (boiling polnt 30-60% C.). The petroleun other extracts were
pooled, washed with 1 7 KON, and thon with water. The XOH and wato
washos were added to the aqueous dicost. The poolsd petroleun othor ox-
tracts were dried over WapSl,. The alkaline water phace wng aeidilied
o Congo rod with 101, and four successive extractions agein were made
with petroloum ether. Ethor oxtracts were pocled, weshed with water,
end then dried over NepS0,.

The firpt ethor extract contained the non-saponifiable (cholesterol)
fractlion, and the extract made after scidification contained the sapond-
fiable frrction. Tho separation of lipids into these two Lractions by
the use of the same solvent Lz possibls becouce the potossium soaps of
the fotty acids are not soluble in potroleum ether, wbereas the saponl-
fMed sterols ars soluble in this solvent. Upeon meldification the fotly

"

aclds boeome soluble in notrolewnm ¢thor and are removed by the solwvent.
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The ethor extrscts were now filitered into boiling flaske bo remove
the Nea804. Bight soperate froctions were so obteined frow each animel,
repreosenting the cholesterol end febdty acld fractions of pub, liver,
skin, ond carcass.

A11 olpght froetions wers next dletilled to small volume and the
lagt treees of petrolewn ether vemoved by en air sivean. The none
saponifishle extracts wore transferre’ to volimetrie flashe with four
transfers of eold cthanol. Bach trancfer wnp Mirst heated with the
athanol aliquot and them cooled ond filtered. The filtrate wos dAlluted
to o stondard volume with rlochsl. 8hin, carcass and gut exbtracts were
nade up to 100 nl., shereag liver was diluted on’y to 50 ml. Fatly secid
fractions were fronaferred to weighed 250 ml. Erlenmeyor flaghs by alle
quote of acotone. Each aliquot of transfer solvent wes first heated in
the fatty acld flask and then cooled and filtered. About 200 ml. of
acatone cach were nsed to trensfor earcass and gkin froctiong. OF this
amount, 75 nl. wore used in the first tranmafer, I these lsrge volumes
ware not used, non-lipid residues were found in the fatly acid frae-
tlons. About 25 ml. of acetone woro used in sach gulb and liver fatty
aeid tronsfors The flltrate was ovaporated and the amount of fatiy acid

determined by welphing.

Gs» Detormination of Cholesterol

The colorinetric method used was 8 modification of the Behoenhelmer-
Svorry method, and wos done as follows:
1. Two aliguots, generally of difleront sizes, wore teken from

s

pach tissue froction and plpetted into Colemen tubess Sufficient volumes
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vere used so i one tube contained spreoximately 0.4 ng. end the other
about 0.25 mg. of each fraction. These quantities of cholesterol gove
opticsl densitics in the moebt aceurate range of the colorimeters Two
aliguots of a stondan?® wvero also folen. The standard contained 50 mo.
per 100 nl. go that each ml. contained 0.5 mp. of chelestorel. Thus,

1 mle and 0.5 ml. allquots wore talen.

2+ Choleaterol scamnleg wore now evapornted to drymoes in o wmber
hath with the ald of an alr stromm.

3. Tubes were mext put in sn 110° drying oven Tor one hours

he Two ml, of glacial acetic acld were added to each tube while
hot, and ‘t?m- tubea lightly shaken to help diszolve the cholesterol. Two
nl, of glacial acotic aecld were also added to a blank tube.

5. Tubeg werc placed in a 25° ¢, water bath.

G. A vespent containing acetlc anlydride and sulfluric acid ina
vatio of 20+1 woe prepared, and four ml. of this reagent vere added to
sach tube ten minutes efter preparation of the magent.

7. Tubes were immediately placed in a light-tight water bath at
25° ¢,

#., The Coleman colorimeter wag allowed to warm up Dor 15 mlmutes
and thenh ils response wue checked with a stendard Didymiwa £iliexr.

é. The blenk tube woe uged to get the instrumendt ot gero density,
the weve longth being sot at 640 mu.

10. Tubee wezre reoad at L0 minutes aftor the addition of the re~
agent and the onptleal density was recorded,
1l. With the resulte cbinined from the standards a4 cumve was pre-

pared on praph paper, and the amount of cholesterel in esch tube was now
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detornined, From this floure the amount of eholestersl in each fraction

wg calenlated.

He Combuction Procedure

The apparatus and techniques esteblished for the wnt combustion of
non=volatile smmles by Clayeomb, Hubchens and Van Emgganw WOre em-
ployeds The method wae as Collovm:

1. Vhen cholestersl wns combusted a volume of a}.eoaohc: golution
eontaining approximately 7.6 rﬂg.* of cholesterel was placed in 2 come
bustion tube and eveporated to ﬁxyﬁesm The tube was then placed in an
oven for one hour to remove traces of water.

2. In the comtmstion of the fatty acids, 10 mg.* samples wore
woighed in poreolain boate and thess placad in combustion tubes.

3. Five nl. of Van Slyke-Foleh solution were added to the proner
side arm of the combustion tube. The equipment was arrenged so that
samples could bo mm in duplicate.

;!;,. Six ml. of 0u5 ¥ NaOH were placed in the aboorption flasks.

5. Hgh vooum crease weg applied to the glase Joints and then the
combmstion tube and ahoorntlion flask assembly was evacusted by a unter
mmn o about 20 rme Hg.

6. The tuhes were tulsted or invertel so that the combustion solu-
Yon mized with the sample, and snonteneous oxidation was allowed to
oecur ot roon tormernbure for about § minutes.

7« Tho abgorption flasks were cooled by ice wmber and the combus~

tion tubes imwrsed in a hot wax bath (160° C.) and combustion carried

rmm O P DL NSRS M USSR —

Tho above amounis of linids were chosen for they produce enough GOy to
maks infinitely thick BaCO, plates, .., 100 mg. in woight.



a =
e

out for 20 minutess The reaction wne congidored somplete whon the Ng.

in the menometor srm roturned to its nrevious setting.

I. Plating

l. The contents of tho sbsorption flasks wmro transforred Lo eonbrie
fuge tubes and the BQ; procipitated with an emeecs of Ball <01 ro-
agent.

2. FEqual aliguotes (usuelly 10 ml.) of the HaQli-NayC0y solution from
the collection of wespiratory $0, vers alse nub inte contrifuge tubes and
precipliatod.

3. For optionsl preeipitation conditions, the eonbrifupe tubss were
warned to 5!‘»500 G« before the BaCly reapent was added. After the addie
tion of romrent the tubep remsined at 50’3 €. for an additional 10 mimutes
to allow the preciplitate to flosculate.

4o If the amount of Bally produeed was low, carrier BaCUs was added
at this point to insure an infinitely thick plato. One 6o two =l, of
othor-cleohol were added and the tubes were centrifuged for 10 mimmtes
at 2,000 R,

5. Tho supernatant fluid was aspiroted and the precinitate wag
tritarated.

6. The precipitete wis now washed with 5 ml. U0, reesntrifuped,
and retriturated. This operation was done threc times.

7. The precivitate wns nov washed with ahout 25 ml. of ethor-al~-
eohol (1:3) and comtrifuged, and the supernatent was aspirated.

8« The precipitate wms transforred to contrifuge eups containing

ared aluminu dises. Mot more than 15 ml. of ethor-aleohol e used in

the transfer.



9. The cups were conbrifured for § mimutes st 2,000 RPM.

10. The supernatant ather-aleohol wme asplrated and the cups wors
agzin contrifuge’ for 30 mimutesy they were dried durdng this time with
the aid of a heating spparatus in the centrifure.

11. The sannlog were romoved from the contrifure ewpe and weighed
to constant welght.

Ry 21922523
J. Counting =~ =

The BaCOy samples from cholestercl and Lobty aseid eombuotions were
of low enough aetivity to be counted in o gas flov coumbor using Q gos.
The 00y plates wore of higher activity ond wore beeb counted with the
use of & Geiper-Mifller end window tube. The background count and the
activity of a standard nolyethylene source weye algo determined. Most
semmles were counbed Tor 30 minutes or until 6400 counts vere obbainod.

The stenderd had 2lso beon counted 2t the dime that the redioactive
gotium acetate had boen aseayed. The standard generelly eounted about
1ﬁﬁ€> ceparts with the § gos countor end about 560 c.peme with the end
window couwnter,

The officiency of a eounter depends upon peumetric effficlency, baclk
scattor correction, self absorriion corrections, and uporn lonization
probability. The uge of a stendord as deseribed above serves to minimisze
the corrections required. In radio-agsays thoere ls the posolbility of
twn particles being enltted from the E}t ’ at precigely the somo time,
causing an avelanche g¢o that only ome is countedy this phencmonon is
called coineidonce. It is noeessary to corract for this only vhen over

5,000 Capeite oxn recorded,



Aftor the counbs of the BaCOy plate vere shtained and the back-
und wes subtracted, the samples wore corrected to infinite thickness.

This was to account and correct for the shsorption of beta pe tieles oc-
enrying within the Eflﬁmleagw The gelf abgorplion correction wag ob-
tained by the following method. A series of ineveasing weipht Dally
plates was preparod, and the number of eounts obbtained from those plates
was compared Yo the unilt weight of the BeCly plate. It wne found that ot
a wolrht of 20 mg. por cz:‘zgq and grentoy, all the plates peve o gisilar
mmber of counts. After s thicknogs of 20 mp. per cazaﬁ. was obbtalned

the radiationg of GM below this thiclnoss were gbeorbed in the sample
iteelf and were not recorded. The nlanchets used in this laboratory
were arbitrarily mede 5 cma'; in area. Ag infinite thiclmess is at

20 mge !‘cmg., a 100 mg, plate iz an infinitely thick plates From the
chove serisg,a "G foctor” was obtained. Uelng this "G factor® the wvalue

that o pamplo would eount 12 4t wes Infindtely thick could he obteined.

3
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The rlate wms corrected iff it wns eoither above or below infinite
thicimess in welpeht. TFor nlates shove infinite thiciness the totsl
..,'*?em.'

ate eound wmp ealenlndod as followss

/00, ~ Dhg = Plate Volrht In mge = fotal Plote Count
Plate Welrht ot Infinite Thiclmess

I
n

For plate weights below infinite thiclness the following formuila was

glgs/iin, - Bkg x Plate Welght in mfs = potal Plate Count
G = Plate Weirht at infinite thicimess )
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The activily of cholosterol and fodly acids in each tissue we rocorded
as spoclfic sctivity and as { incorporation. These fipures vere eslou~

lated by the following methods

Total Plate Count e Hrte M s oy 3
fioe Semolo Camtmater - Comts/Mimite/Mg. = Specific Activity (S.h)

Sede x Total Amount of Eggaggaiﬁvgl in Fraction = Total Aectivity in
Fraction

Totel Activity in Frection . : @ "
Total Counts Injeobed x 100f = ¢ Incorporation

With GOy the totel asctivity in the 00y pool wos caleulated, and from this

the ¢ incorporation inte 00, wes determined.

L. Techmicuog uped in Froctionatod Gub Andmals
1. The Fracltionigntion of the Gut
In four animals the put wep discected inte six froctisns. T
of these four rots wore injected intreperiteoncally and fwo were injected

ntravenocusly.

fbs

The gastrointestinal tracts of these enimals were firet separated
into three parts, namely esophagus end stonmack, amall intestine, and

irrge intestinog and oach tlecue, with contents, wme welghed. The

wel hoeds The small and larpge intestines wore dissocted into shord sec-
iong; o gyringe and wnter were used to force out the contents of these
goctions inbo digostion flagks. The tigsues of emall intestine and

large Intestine were also then welghed. The weights of the contents of



The six frectiong were now dipected end extrected as proviously ex-
ploined; volwmes of weagent proportional to the amount of substence were
usad in the digestion and extraction. As the smounts of fatty seid end
cholestorel extracted wore amall, BaCly was added as ¢ovrier at the com-

bustion time to bring plates wn to infinite thiclmess.

2+ Avalysis of Expirved Adr
In the fractionated gut animals the €Oy given off in the ox-
vired air was contimually enalyzed for activity. To conltrol the rate of
flow of eir throvgh the metabolism chamber a Cartesion mencsted, o vacum
regulating deviee, was used (sec I in Pigure 1, pe 12), and a wmter pump
ws comected in serics with the mancstat.

The Ct #():;, and 00, leaving the metabolisnm chamber entored a Tracor-
lab logd ghieid (B in Fige 1) modified by Huobehens and Ven Bruggen to
allow direet counting of the esetividty in the elr strosm. A Gelger-
Miller tuhe wms nmomted inside end near the end of the loed shield, and
5 mmall soacs wng aviilable for the aly stream to sweep by the end win-
dowe The counts were reconded on s Model 100 Berkelsy deoeimal gealer

{(J in Fipe 1) The scalor wes in turm commected to a Berkeley Model

1400 count rete compuber (L in Fig. 1), which trunsferred ‘{x‘im impulses
t5 o unlt count bagls, 1.0. Cspume  The pulses frem the rate compuler
wore transferred to an Beterline-Angus recorder (M in Fig. 1), & D.C.
mlllismetor. An inkeble slow moving graph provided a permanent record.
The total accumlated muber of counts was obtained from the Model 100
gealor at freqguent intervals and recorded by hand. Fron this the time

course of ¢ O expired was deternined and recorded.



III. RESULTS

A. Incorporation of Acetate inte Fatty Acids and Cholegbersl in fnce-

thetizged and Ungnepthetized Ratg

2
"

Sineo, as previously described, 1t wee necoscary to enesthebize
rats to give an intravenocus injoction, the intreperitoncael route of
m@ta&*a-l-»ﬁm adninistration wng employed with five controls, ancsthoe
tized with 3.5 mg. of nembutal per 100 gi. rat body weicht. Theose anes-
thetized amimalg, intreperitoneally injeeted with twecor, wore compared
with four other rate which were not anegthetized and which received only
the tracer scetate I.Ps Another differonce in the experimental condl-
tions betwcen thoge two groups wig that the tracer dose of aaetﬁ'mul»t}%
wes not the same; the sanmesthetized rate received 10ue. of acelute,
vhoreas the unanesthetisged rate received 20 /ue:g.. As no exmet correle-
tion is aveilable betuween gpecifiec activity debs and the size of dogo
adminintored, only ¢ incorporation data will be compered, for this is
independent of dose slze.

In Table I ore shown the ¢ incorporations of aeetaﬁe~1~ﬁ1 ¢ into
cholegterol and fatiy acid fractions in the four tlosues of the two
groups of rats. The xesults from the anesthetized rats were averaged
for each tissue and commered to the aversge results of the unanegthetized
animals. A stetistlieal test of difference botween the mesns wog ap~
plied, using a 957 confidence limit. The "", or test of significance

valuos, wore also dotermined. WMo significent difference wms nsted in the

A ——— ke i e

)
¥20 mierocurios Jne.) is equivalent to 2.6 % 10 cepems vhon asooyed es
infinitely thicl Ball4.



Table I

14
DICORPOAATION OF ACETATE-1-C  INTO TISSUE LIPIDS
OF ATTMALS INJECTED INTRAFERITONEALLY
WITH AND WITHOUT AHESTHESIA

A, Anosthotized CGroup

*L:‘mzr " Gut Carcass Skin |
Rat Nos  Fahs Chols  Fehs Chol, Fe.As Chols  Fads Chol,
5V-L 69 +09 340 419 3.’?5;3 25 8 L2
V-8 1.29 o 26 5460 33 4.65 28 1.82 W15
SV-é W31 W16 1»4!;:3 28 5.92 .20 .’?’{ 13

SV‘“B.G 1:19 511 1117$ 0356 2190 nlg 1* % '3.1
w12 W65 0 o8 0% L7 200 e W1

ﬁif@k‘&g@ qgl -1& 2e 53. * ;33 »’;.u% B2 ‘im@ nlg

Bs Unanesgthetised Grow

¥-10 45 W14 Te89 W34 Al .2 166,10
7-12 92 L8 G586 B4 .26 295 WL
713 B2 A2 174 &322 374 L1900 115 .10
H-14 A2 19 2,38 W68 L% W19 57 W09

hverage 59 W16 5,15 .43 341 .2 L .10

® 1.10 A7 100‘5 34&5 1.19 70 5 1.26
8ipgnifi-
cant Dif- o Heo i Hes e o Ho Yo
foroneo:
{or = ,05)

*F.he = Fatty Acid

*ﬁh@la = Gholesterol

aTetal of Cubt Fractions



€ incorporationg of acetate into any of the tismmes of the tuo proups.
These rosulte indisate that ancethesis had no significant offect on the
4 incorporation of acetabte into fotly acids or cholesterel in the iniact

rats

Be Comparison of I.P. with I.V. Injocted Animalp

ks no gignificont difference was found belween the groups roported
shove, all dete of the I.P. animals were nooled. This pocling wos done
to glve a larger number of animale 1n the I.P. semple and fo pive to the
interprotation grecter statistical securilty. These poolsd data were
cormared fo deta from 1.V, injected emimels. 1In Table II are reeorded
the dato Por the ¥ incorporation of aselate inte fatty acld and choleg-
torol fyections c)f gut, liver, careass, and ghkin tissues of the tun
croups. The statistical test of differonce botween the means wos agnin
ammloyod at a 957 confidence level. The resulting ™i* values for each
tissue mre listed in the next %o the last line of flgures at the botton
of Table IX,

The rogalts showed thot the use of different roubtes of adwinistra-
tion geve significent differences in the ¥ inmcorporation of ascetate in
three of the tdesue 1ipid froctions. In the fatty acid fractions of
gut, there we a significant decrease in label incorporation from 3.687
o 15570 vhen the I.¥. route woe usod. Oovcass and gkin fatly aclds
showed no significant chanpe. Liver fatiy acid showed a signillemnl
inerease in insovporetion, i.e. from 0,714 to 1.13%, when the I.V. route
we uged, In the cholesterol fractions, only shin cholselerol lneorpora=
tion changed significantly, inereasing from 0.111 %o 0.157 when the

tracor wae administered I.V.



Teble II

COMPARISON OF ¢ TNCORPORATION OF I.P. AND I.V. DNJECTED ANIMALS

1P
Injected

V-4

Sv-8

V-9
SU-10
8v-12
W-10
p-12
N-13
H-14
Average

TePs
Injected

&v-3

V-5

gv-6

av-7

sV-11

8V-13
Averags

4

Signifl-
eant Dif-

forencss

{Ds‘” »%35}

Gut forense

Fohs Ghole  Fuhs

Liver
FeAe Chol.
69 +09
1.2 «25
31 «16
1.19 «11
265 «10
o45 A
92 «18
o 58 12
o2 «19
271 «15
76 012
le 3*) 218
1.7 o 20
1.18 e
1.07 12
65 W07
113 .26
a2 « 30
8 He

Bedld «19 3473
5#6& «33 !&"63
3.0!{»3 L] ?:g 5 @ QQ

1.17 25 200
YA T A B

7.9 W el
2.5 W46 T4
1.7 o 22 3.74
2,38 48 1.3
3,62 .32 2.93

1.46 -7 2.51
127 W2 3.5
225 B 6.70
1.83 o0 473
37 4em
1.00* .6 .55

1,55 «25 4425

G20 «10 5
You Yo Ho

F.A. = Fatty Acld
Chol. = Cholesterol

25
28
.20
19
20
21
025
o 19
«19
22

.28
.22
.35
.51
2
.25
.30

1.7

Skin
Chols  Fefts Chols
92 012
1.82 15
a7 a3
1.24 % b &
1.6 il
166 W10
2:95 «11
1.15 10
57 «09
1.42 211
.41 .17
1. 78 s 16
270 16
253 21
1.7¢ + 20
L8 .0
2,00 <15
1.27 2.2
Ho Yes

Ho

¥rotal of Cut

Pragtions
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Ce Comporison of Specific Activities of I.P, and I.¥. Bats

Ag previously mentionsd, gince no correlation wes sveilshle bolween
the specifle activily of the lipids end the size of dose injected, only

the anesthetized I.P. and IV, sanimals vere compared, for these received

1%
acetate-1-C ', There wes found (as shown in Table III)

2]

the game doge

&

no significant difforence botween the specilic activities of linids of
tissues from thesse enimals. Speeific activity figures may be mis‘ieaélingg
becauge of thelr exbreme varistion, due largely to the faet that the
smount of 1lipid in the tlssues of different animels veried sonsidershly.
This extrene varlence wre found evon though the mts unced were of the
gome stroin, put on the seme diet, keot under the seme emperinmental con-
ditions, and use’ abt approximately the same wedght, 220 gne The extreme
varience in gpecific activities made it difficult to show significent
diffevences betusen groups. The ¢ incorporstion caleulstion helped
correet for the divergonce in fatby scld concontration, ond these figuves

thus yield a more simificant bapis for comparisone

D. GOp Daile

B

i}
»

The 00y dota Crom the five ancsthetdzed I.P. Injected rats and six

I.V. injected rots are listed in Teble IV¥. As high as 737 of the ad-
14 ,

ministered rodlosctivity was climinated as € 0p in the expired elr dur-
ing the four hour metobolism poriod. The € incorporation ranged from
537 to 737 in the clewen animals. The specific sctivily, cxpressod as
counts por minute per millimol, ranged fron 730 to 8210, The total
i 1limols of excreted 0Oy verdied from 4149 to 58. It can be clonrly
soen thet there wes no significent difference betwcen any of these

walues, vhen different roules of administration of label were used.



Anssthetized
L.P. Injected

< V=4
V=8
V-9
av-10
-12

Avoyepe

Anesthetized
1.Va Injected

V-3

V-5
V-6
V-7
Sv-11
8V-13

Avornge

1

Significent
Difforonce

COMPARTSON OF SPECIFIC ACTIVITINGS

Table III

OF I.P. AND I.V. INJECTED

ANESTHETIZED ANIMALS

Liver Gut Corcass Skin
Fahe Chols FsA., Chol. _F.fs Chole FeAs Chols
7.2 1987  31.97 47.02 5.4 V7.42  2.28 10.25
52,84 169.26 55073 €0.23 812 2372 814 LheGh
15,21 100,08 21.04 74.95 11.97 2376 2,49 20,1
C6a5L ot 1Te35° T13.92°  5.96 1740 Ael5 15,06
30,00 56.73 11.53% 20.00% 6,36 18.75  4.23 1429
3% 923 27,52 6122 Te52 20,21 4e26 15,02
103 49,10 1155 67.12 420 20,41 318 1591
51057 10986 13020 64a20 450 1562  3.83 1431
82,93 142,29 17.66 56,19  Ou84 26,64  8.15 18.84
5325 174:90 23,32 106,80 9,62 33.07 850 20464
1940 76,0  12.33% 42.20% 9,21 2.8 2.30 14.03
29.63 45,59 17.12% 48.26%  5.58 10,96  5.64 10465
1695 103,45 1691 6helh  Te16 2298 628 15,70

6 o3 La W19 W4 90 leh W3

Ne o Ho Ho o Ho o o

Bgnocific Activity = S.A. = c.pen./age ipid
*9otal of Gut Prections

Tohe

= FPably Acid

Chol. = Cholesterol
= Intreperitonoal

I.Pe
va-

= Intravencus



Table IV

DATA ON CARBON DIOXIDE COLIBCTED
FROM THE FOUR HOUR EXPERIMENTAL PERIOD

Total

I.P. Millimoles Specifie Activity , €4 Incorporation
Injected 80, Counta/Min/m4 x 10 .of Aoetata
V-4 58.0 6640 X
ar-8 5640 672 674
SV-9 43.7 81.2 6040
SV-10 6.7 6843 58.7 -
av-12 Lhe2 V54l 62,9
Avarage 19.7 ‘ 71.6 63.5
1.7,
Injected
sV-13 57.3 72.0 73.6
ov-5 55.3 72.0 71.0
V-6 £9.0 T5els | 6640
sv-7 L7.9 76.8 65.8
v-11 56.6 57,3 61,7
av-13 1.9 82,1 63.0

Avernge 51.3 726 66.9



E. Froctionnted Gub

In Table ¥ the rosults obiained on the fatly ccid froctions of the
fractionste? gut animals are listed, and in Table VI the cholestersl
wvalues sre recorded, Rats SV-10 and SV-12 were I.P. injected, while
-1l and W13 wore 1.V, injected animals. There wez found to be no
sigmificont difference between the specific activitles, £ incornorations,
tiseue welghts, or fatty acid or cholesterol welghts of these two groups;
and, ags & regult, the enimals were growed together. It ume interesting
to note thet stomech contents showed no measurchle incormoration of
acetate 1abol inte foit ty acid or cholestercol. This finding enableg usg
%o have confidence in the exireetion and transferring techmicues, for no

14
¢ contamination wms present.

As the smell intestine is very sctive metebolically, it mipht be
expected to have considersble ability bto incorporate aceotate into Loty
acids and cholesterol. This proved to be true, flor almest tuice the in-
cornoration of escetnte {0.744) into Padty acid sccurred in the emall in-

tegbine ticsue o compared with the walue for all other put atly acid

fraetions combinad (064310).

1. ILipopenesis
The largest amount of febty aeid found in the three gubt tisme
froetions, 3 6 mgey, wos foumd in emall intesbine tigsue, slthough it wae
not *hc heaviest tismue. It wesg also intercsting bo note thal sl ine
testine had approximately the same cholesterol concentration as liver,

*

, . 3 : . S e i aag ol e
«Gey 207 mg./gn. tlssue. Smell intestine and liver wore of about the

Jole

gome weight and were compareble as to thelr Lipogenic actividty.



Table V
PRACTIOGIATED GUT FATTY ACID DATA

Weight  Fatiy Acid Mg. of Fuhe/ Specifie
Tigeue _(pms) Teirht (mee) _gme Tiscve  Activity Incornoration

Stomach Tisous

5?"'11 253@ I%u’.@ %QB 2{31‘3 016
ﬂwl.?‘! 2 sf;{i gjygh 3 3.00.9 80 lp * 1&
SV*‘IB l»% ?le 36:3 13s? DO‘?
Average 2.31 146.7T 61,78 13.5 14
Stomach Contents
sv-10 9.65 2085.5 23.7 o )
s-311 12 .66 300.8 23,76 G Y}
Sv*lz 13a< ] . @2.6 5 n?g Q G
&v-13 8.08 176.0 21.78 G O
Average 10.81 191.1 18.80 4] %]
Small Intestine Tisoue
f;V“' 10 3: GA 3‘{)29 E 5‘1 *‘65 31 » :33- * & i
SV”:LI 3.0.1 1;;{3?‘5 46&6? 2&‘3&93 1.00
-13 8.22 290.1 3.39 32.33 71
f!ﬁ?"‘“l“i‘ﬂ 8. 51 326::4 33»69 20, 5'? 5?14«
Small Intostine Contents
S‘I"':\L 3& 57 3206 ‘%13 6«19 wﬁg
Sy-1l 3,36 20.7 6.16 602 01
SN~12 3&63 19»3 5.31 ?n&l »f}l
S?“lfj‘ % :23 11,38 {”}!&.» 34- 13.!@3 092»
Avorege 2,70 21.9 21.24 2.1 01
Torge Intogtine Tiscue
L OBVLI0 2.75 i22.5 26.73 17.14 »16
e T‘“‘ll 2&!&"’} ‘?G- 5 25_‘:‘. 33. 190 55 ‘19
sv-12 3.17 517.0 162.83 92.78 «37
A "‘13 tf;mi};. g‘?&wﬁ 66*1&% 3.3056 023
Avernge  3.14 2T .5 76.01 15.02 225
Larpe Intestine Conbtentes
&V-210 Lo T3 254 8. 7 491 +01
W"‘ll 55!5»1 4&1»5 ’?06‘? 30% QQ:.
W“lg Z&m i:)‘{l ;?7- 8 6*&0? s?w % ‘01
&V-13 521 27.7 6.58 5.04 01

Avarore 4,“?’3 39&6 be ;3 3*8@’ 0L



Table VI

FRACTIGNATED GUT CrOLEZTEROL DATA

¥p/Chol.
Weight per Gou.
Tigrue  (ome)  _Tiseve
Stomech Tigsue :
sV-10 2e83 2497
s7-11 2,30 2,00
&V-12 2adb R7T2
sV-13 1.96 3¢50
Avoraze 2.31 3.08
Stomach Contents ;
SV-10 £.65 &9
8V-11 12.66 40
w12 13:86 1.08
SV*lB 3.8@ ngg
Aversge 108 o2
Smell Intestine Tigeue
V-1 8.84 Ze32
sv-11 10.19 1.92
SV~12 6&3 2054
SV-12 8.2 2.30
Average .51 2627
gmall Intestine Contents
V=10 3.57 +54
5“”11 3’36 057
w-l2 3.63 - 32
Sv-13 23 7239
Avorage 2,70 228
Tarre Intasctine Tisoue
wW-10 2475 1.91
sv-11 249 2230
W12 3.17 1.87
wW-13 Leld 168
Average Beld 14

Large Intestine Contents

sV-10 4T3 oS4
sv-11 541 1.15
SV-12 456 1.12
W-13 Le21 1,10
Aﬂ@fwgﬁ Aa?3 1&55

Non-sax
onlfiable Color
Fraction Detor-

Mg.Chol. % Chol.

in non-
sapond-

(mg,) . _mined fiable _S.A,

0.2 7.5
15 6.92
lgel' éoﬁg
12.1 6422
12.2 700
13.5 5.95
9.1 8.73
23.7 12.90
15.5 713
18,0 9,18
234 20,148
2467 19.52
23.0 17.30
239 18.98
23.8 19.07
8.4 3.0
9.6 1.9
Ge8 1.16
St 1.70
743 1.94
- 18.3 5e 6
15.5 5,72
12.5 5.92
11.4 6.95
1hed 5496
1040 395
22.1 6420
16.5 5,10
1641 45
162 24298

74
45
55
57
5.5

NWBER

pegs

47
&l -
43

2ENI

2446
30.1
25e5
22:9
25.7

0

1.69
1.30
206
1.26

121.6
75.9
63.9

88.0
0.8

il eis

7649
31.9
4761
68.2
5549

.2
35.0
23.%
253
2843

7.7
17,0

8.7
20.9
2.1

4 Ine-
COrHOTE«
tion

0’:]1 ‘
02
01
<01
<01

OO0

+ 20
A

2%
L

«13

+02
«01

<01
«01

+01
02
<01
-01
«O1

«01
«0L

+01
»01
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22 The Hon=Sononifinble Froction
The nmeveent of cholesterol in cach non~saponiflable fraction
was determined. The highest wmg in the amall intestine tissue, this be-

storols Only 277 of the non-smponifisble fraction of small

-
3
~

iy

a

.

o

Fuat

& -

intestine contents wog chwlestersl. The large Intestine none-sanonifiable
fraction contained 227 cholesterol. The ;” inesrporation into cholesterol
was highest in snmall intestine tissuo, an sversge of 0.137 of the labed
beins incornorated, whoress legs than 0.04% of the injeeied acetote was
incornorated into all sther cholesterel fractions cormbined.

It was noteworthy thet fatly zeld synthesis in the large intogiine
tigsue (based om £ incorporation) was the noxt highost, being one~third
of the snnll intestine activity. Howewer, the ability to gmthegize
cholestorol in the lorgs intestine sms only one-thirteenth that of the

2

gmzll intestine tigous.

3« Carbon Dioxide Data
In Figure 2 the time course of Guﬁz elimination in the e«
pirved air is shown., Three different groups of rate were compaved:
(1) I.P. injected, snesthotized rate; (2} I.P. injecled, mmsnosthetlzed

rato; and {3} I.V. injeeted, sncsthetized rots. The rabs recovered from

he nembutal anesthesie approximately 50 ninutes after the injection of
acetate was given end, thus, 65 minutes after the aduinigtration of nem-
bubale

#

When the o Gmammmg‘ 4 yae glven by t?:m I.V, rouvte, it was quickly
convertad to 0Oy the econcontrotion of 8 {3 2 in respired elr veached a2

meximm in only four ninutes. Thie concentration gradually decreased
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wntil the aninal came oul of ansstheslie. At this point the concentra-
tion of QWQQ abruptly inerenged and a2 new exerotion rabte we develoned.

When the doss was glven I.P. %o the ancothobtised rate 2 pradusl ine
ercage of C m’;}a activity occurred for 30 ninntess From f}ﬁ to 3!,, minutes
after the Injection, the CMG;; eliminated wes almost eonsbont. From 34
to fjl rinubes there wms a gradusl decline in GM% concentrotion., The
enimel at this time recovered from the ancstheosla, and again an abrupt
ineronge in aclivity wos noted. This wes followed by 2 gradusl decrecase
for the remalnder of the emperiment.

The I.P. non-~anogthetized rat expired the highest setivity 14
~dnutes after injection. The activity in ths exhaled air now decreased

at 2 rogilar rate for the remainder of the melaebolism period.



IV. DIsSCUSSION

P T TR R g b ™ i o & Ep s - -
!&@ FElieny OF ??@733.)’_}1.3”5_ }i’ WweaLhesla O 3:.2. DOERIGELE
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The faet thel nepbutal snesthecia profuced vo significant ehoanpe in

grdficant. Brody

*

17
P} & o ¢ e f T T den e S W n o :
and Bain  ghowed thot camonly used barbituretes inbibited phosshate up

teke of liver sliceg when pyruvabe was the substyate. From thelr in-vitro
stuliss the suthors concluded that barbiturates uncouple shosphorylation
from oxidation.

The results lrom this exporiment are not in sgrecment with the in-
vitre report of Brody and Baln, but thoy de sgres with the thoorics stated
by Krantz end ﬁz;am?“. These latber asuthors stated that barbituretes had
no effcet on liver or gestrointestinal function when used in normel thera-
peutic dosos. Our own exporimonts demonstrated that liver tissue showed
a slightly groator incorporation of acetete into fatly ncids whon under
the influonce of anesthesia. The difference was not gtatigbicslly sig-
nificant but showed thet nembutal did not inkdbit lipogencsis,

Additional physiologlcal effecte of nembutsl ag an anegthetle are
given below. Drill hag reported that the cardiovascular system is not
g rnilicantly affected by the administration of the uwsual soperific doses
of the ‘émr’.e:a%m:*:;zms:%u Also in theraveutic doses the barbdturates have
no direet effoct on the myccardium and produce no significont electro-
eordiogranhie abnormalitiess There 1s no significant direct effect on

the paetrointestinel troct excont s seeondary offect to depress the

*,

2

norvous systom. As to the kidne “’, the glomerular filtrstlon rate i
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not changed; however, renzl plasme flov ls decrcased olightly. The in-
vivo results of cur cun study are in direct agreoment with those of
Drill, "ranbtz end Corr.

If barbituretes inhlibit inorpenic phognhate untoke, the synthesis
of fatbty aclds and cholostorel wuld be dserensed. Ieohninger and Ken~

27
nedy , in thelr studles on the wechenigs of fatbty ncld oxddation in
intact mitonchondria, found thet nelther acetic acid, nor auy other two
carbon compounds behave as Intormedistes in the roactions of onzymetic
fotlty acid cxidation. It has algo bsen s?;}.smm thet acotote can by
blolopically activated and will then act ne an intermediats having the
nropertics of active acetate. It wos found thet scetate Lo activated by
an enzynatie rocctlon requiring ATP and o now coenzyme, Cosngyne A
Fably seld is elso activated by the lommetion of a Loty acld-Col com-
plex. This activated form was shown to be oxidized in the breakdowm of
fatty acids to vield cecetyl Cod and a fotiy acid~Col compound now
shortened by two carbon atoms. This ocddation sontinunes through seven
or eight eyecles in the case of the 16 or 18 carbon ecids to vield 211

24

acolyl CoA molocules .

A1l the meastions of folbby acld oxidation wero shown to be roverse

ta
e

ible, so thet the same cystons can readily account for the resctions of

fatty acid synthesis, startiang from acstyl CoA, Stansley and §3aimmw
hove shown thot the purifiod ensymes of the oxidative cyele can convert
leotonically lobeled acetyl Cofi to butyryl Col.

The oxidotion of fetly ecidg is lmvorbent as 8 source of onergy
and the pynthesis of fatty acids is important as ¢ mesne of storing energy

for future usce It oppeors e¢lear that aestyl Cod is an ebligatory



internediate in the gynthesis of futly selds.

What have the mechanisms of oxidation and gynthesis of fatiy aclids
to do vith nombutel enenthesia? It was shown in-vitro thet nembutel ln-
hibits inorgenie phosphate upbake. In addition, activation of acctote
and fatty scids ie necessary for oxldation ond synthesis of futly acide.
However, phogphorylation is necessary for coenzyme & to react and form
pootyl-0oA. Nembutal then ghould inhibit the odddabion and gymthesis
of fats and cholestersl in-vitro. However, ocur in-vive results showed
no ¢ffects on liropgencais.

That nourons have a definite sensitivily to barbiturmitos has been
showme. This may be the explanation of the different results found Be-
tweon the in-vivo and in-viitve techniques, In in-vive siudiesg this
chenioal a%mcta,m of nourons in the eentrnl rorvous svsten mirht have
beem such that the rot would expire from depression of the reepiratory
center befors high liver or gut tissue levels of drug eould ho atbained.
Brody and Ba.inw in *wcz* homogenates used nambutal ecneentrationg
ranging from 1 X 1‘} 78 x 1*"5' Mo, and fomnd that nhosrhorylation
wes inhibited. In our situdics 3.5 ng. of moobuied ner 100 gm. of ratb
wore injected. The liver of the rot welighed aspproximately 10 gr. Ir
wve sssured wniversel distribudion of nembutel, this would result ina
nemoutal conesnbtration in Idver of 14 x ?ﬂus M., However, it is doubtful
that the congentration of nombutal resched this level in-vive. In in-
vitro at this concenbra umx*w oxyoen uptole was not inhibited bul inor-
ganic phosphate uptake wee inhibited. From our in~vivo shudy 1% ig con~

eluded that nembuial snesbhesia has no sipnificant effeet on linogenesis

in the rat duris z the four howr metabolim perdol.



B. Effoct of Route of Adminietrotion on Linopenssis

Our results show thet liver Tatly ecid activity and skin cholestoral
activity increase sipnificantly when the tracer aceiate is adminictered
I,V. rathor than I.P. However, gut fotby acid ¢ incornoration of ncetate
decreages slgnificently vhen the I.V. voute is used. The higher value for
liver by the I.V. route wWns not expected. It wor antieipated that the
L.Pv tracer dose would distribute itcelf in the poritonsal fluid and
then drain into the liver portal syasbem. If thie were true, then the
1iver would be oxpocted to mvé rendy access to the acetats activity snd
result in a higher ¥ incornmoration thon if the dose of acedate wore ine
jeetod I.V. The lower 7 incorporntion shown by the I.P. route mirht cast
puspiciom on the sumpoesition that the neritonown lg drained by the hepe-
tie porial route. Indeed the enstomints are not in gonerel apresment on
the matier of neritoncal drainege. One poseihility io that the periton-
eur 1z dralned by the lymphatie syotom. The thoreeie duet in the rat
runs alone the sunorior vema eave =snd the lofft inmmominste $o dArein inte

2 ; 14 .
tha venous evotem at the jumlo-subelevian , The ¢ activity could then
bynass the Iiver and roach the ceneral eirenlation by the thor-cic duct
divently,

The incressed aetlivity of cubt tigone in I.P. Injacted rots ms pos-
sibly eontributed 4o by a ddrect viilization of the acotate by sut tissue.
This geared 2 plaugible emvlmetion st first, for the helf time of perd~
tonasl dreinace uns ostablished to he one =inute, and it wves shown that
aontats wee extresely lahile, If the ecut ha? aboorboed an smomdt of the

tracer dore diveetly, & higher 2 incorporstion wouls hawe resulied than

1f the scetate had to po first throush the penarel elrewletion before



reaching the rut tissues The higher activity of skin cholestersl by &
I.V. voubte might then be due to pub tlesuc not having hed an ovnortunity

for diroot absorption. When the dose wes given I.V., more activity was

©
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avalishle for utilization by the othor tlsmice.e The increan
incorporation from the I.V. doso wes 0.040, incrcasing from 0.117 o
0e151, However, if o lessencd trupping of aeobate by gut wes responsible

#

for this, othor tissues should have alsc ghown an Inorcage by the I.V.
route. The dota indicetes that this &id hepnen in most tleooues, o
cluding, of course, gubt tissue. The incrsage wes, howcver, only glotig-

Hoally silonificent in liver fotty sedd and ghin cholestorcls

The average total of the acstate activity incorporated into 21l tis-
sues vhen the I.V. route waz employed 9777 Uhen the 1.P. route was
ueed, 1t was 04674 Thug, sprroximately the same smounts of acotato were
:imar%wtcc’i Wy the differsnt routes. The only differonce wie & rodio-
tribution of the label by the tissues. The difference in [ incorporation
in gud tlsoue betuveen I.V. and I,P. Injection wee compared with that dife
ference in the other tlssues. Cul decrensged an average of 0.961 incorpora~
tion when the I.V. route was used, The average inerease in the other .
tismuss was 1.04% when the rots were injected I.V, It must, thoreforve,
be considered a poseibility that the nebi .ty which the put lozt by the
1.¥. route waeg poained by the othor tissumes. The gbove comperison wns

made on deta from anecthesipod animals,

O+ Effect of the Route of Aduinistrotion i :sr:m Fraetionated Gubt

In the tissues of the four rats thal had thelr goastreinitesiinal

trects fractionsted, no difference wes found in 7/ incornovntion bhetween
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the I.V. and I.P. injected snimals. As showm in Table II, the value for
totnl gub tlseue of all four animels wis low In eomperison o thet of
the non-fractionnted ratses The two I.Ps froctionnted rots showed os-
pecislly low ¥ incorporations wvhen eompared to the other I.P. injected
rate. Sinee only gut tiscue showed thds lowered sctivity when She gnge
trointestinal tract was Fractionnted, it becams obviove that sn coplena-
tion of this vhoncmoronwes desirnble. It is »osolble thed in the divi-
sion of gut into six {ractions and with the subscouent extrs ction some
activity vas logst. Movever, this seome Improbeble sinec the amount of
c¢holesterel exbrocted from the three b $issnes wes vory constent (soe
Teble VI, If sctivity were lost, one would expect to find a variance
in the amomnt of cholesterel in the nartiocular tiscuc, for tizoue cholog-
terol har heen ghowm in the nast to be quite constont.

When the fatiy scid Tractions ore commarad {Teble ¥), it 1s seen
thet the amount of fotty acld and mge per gn. of fabtly acld vary widely
for stomech, small intesltine, and large intostine tisscue. The leand
varicnce is found in emnll intogtine tissue. In the orevious separe-~
tion of gut tisoue from the enimel, the neritoncal £at sms not carelully
dissected away from gut tlpove snd thue the smount of peritoneal fat ine
eluded in gut tiscue voried from digseection to dissceetion,

It is possible that peritoneal fot had an influense on the [ ine
corporation of acedate into the tissue, for it ig apparent from the
fractionated gut studics thet the gut tissue iteelf did not directly ad-
sorb the I.P. injocted seotate. In the fractioncted gut, less peritoncal

2t weg ineluded vith gut tiseues Then if the neritoneal fat had



ineorporeted acetate divectly 1t could have had on influence on gub %

el 5 e

itoneal Faot gx__x_ Regults

Haugbergey, Milgtein and ﬂum ciefmne:'*' ted that adipose tiscue
participates in lipogenesis Cron glucosc. They used wniferaly labeled
14
glucoee € ond found that both liver and adinose tissue have gimilor

ﬂ

capacitios for the oxidation of glueose. Ib wae suggested that a grecter
7 of the ensrcy derived fronm the oxidatiom of gluesse in adipose tissue
is chonneled into ottty 2eild formation than is the case in liver tissuo.
Thor related Iirogenesis o the nitropen contont of the tlssue and ro-
norded that adipose tissue ls 500 dimes more ective 'thﬂq Iiver on this
besis. In~vitro work on Ineorporation of mt&t@—lwc ¢ into linide by
glices of adipope tissue wae reported by I-’eller”. He found that adi-
pose tiseue converte! 2.57 of the rodlosetiviity supplied as aceinte-~
Z%,*«G“ to fobtly acldes. This wne about tawdece the smount of the substrote
eonvorted to faotity acids by liver dlssue. Ho also found that adipose
tiscue converts only neglipible amoumts of aeetate inte the sholesgterol-
contoinine non~-saponifishle lipids. In in-vive studles, Lepkovsky,
Lemon, Chari-Briton and Dis ﬂekﬁ raported that adinose tilasue s of
lowar activity t}w an liver in the ineornoration of labeled acetate in faste
ing rato. lowsver, 5 hours afiter feeding the sctivity of adinose tissue
inereasnd 20 to 40 times, whoreas liver only inereased 2 to 6 times.
A1} sur animals were sagrifficed five hours »nost-prandielly but received
the labeled scotote one hour nos twﬁamm“wla
Algo, Mngoro, Challoff and D¢ aubi‘m ﬂmmﬁsﬁmﬁed that funetionally

liverlese vate doorived of thoir intestines synthesliszed the somo amount
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of fatly acids from radloglucose as did intact controls, the GH’ glucogo
being Injectod subcutancously. It wo agsumed thet adipose tissus is
capable of {orming fatty aclde inwvive 25 well ap inevitro. As skele-
tal mugele and Lidney are not very sehbive in vitro ﬁ, Chernik, Magoro,
end Challkoff concluded that adipose ticoue has 2 high lipogenic sctivity
in-vivo.

The total gut froctions af the four fractionated gnt enimals hnd a
conztant econcontration of fatty seld expressed in mg. vor gram of tiseue,
this being spproximetely 30 mg. per g in all four animels. In the
rets thot did not have thelr gut fractionated and were injected I.P., the
average wag 447 ng. per gran of gut tissue. This iz an average of 15
ng. por gron more fetity acid. The average wolght of total gut tissue
was 31 gromg. Theon the average amount of fatty acid found additionally
in the I.,P. injected, fractisncted animale was:

L x15 = 465 ng. of Datly acid
The I.V. injocted, non-Trectionnted rats had an average of 51 mg. of
fatty acld vor grem of gud tissue. In the fractiomatod pubt animals the
& of ncetate fixed into fotty acid 434 nmot vary from I.P. to I.V. injected
enimele. Also, in the emall intosgtine, which had by far the groutest
activity, thers wns no differenes botwen the I.P. and I.V. injected ruts
ilzhel incorporation inte fatty celds. I any adsorntion of isbhel
by gut tiscue oceurved, o dilference would have been in evidence hero.
From the regults that adlpose tissue has high ability to incorporate
acotate-1-C  into fatty ecids, and gines leps frily acid was found in

fractionnted gut tiesue, therc is the definite possibility that peritoncal



4

or mesenteric fat mede the difference between the I.P. and IV, injected
rots as to ¥ incornoration.

The average snecific actividy of i‘a’i‘;ﬁv acids of liver tissuc in our
eleven animals was 43. If, as I*el?m* indicated, adinose tissue is
tvloe o8 ac"aivs* as ldver, it could have a snecific activity of £6. low
an sverage of 455 mg. more of fatiy aeld was found in non-froetionated,
I.P. injectod animels., Thus the following calewlation can be made:

ie activity {(86) x mp. of fatty acid (465) x 100% . 3

i g L

Totel activity injected (1.37 % x 106)

o0

ocl

h=iasks

2

Therefore if adinose tigsue in the veritonowm eonld directly ineorporate
redionctive acetate, this mipht aceount for the higher % incorporation
found by the intraperitomesl route. At the same time by I.V. injection
more labelod acebtate would heve been gvailable for liver ﬁa incorporate
into fatbty aeeid. Gut cholestersl showed no change when a different route
of injection wog used. F@lﬁerw revorted no in-vitro inecornoration of
labelod mcet ts inte eholeatercl by adipose tiscue, Therofore we would
not expect chologtersl to show a chango.

Of coursey the vroef for the above explanation could be fortheoming
from the folloving exporiment. First, injoct trained fed Sorapue-Dawiey
rats T.P. and I.V.; otrip 21l peritomeal fat from both enimals and ex-
troet the oty acids end chiolestorel by methods that have beon deseribed;
md deternine the 7 incornorntion into fatty selds end cholesterol. This
would show if veritoneal ot can incorporate aeamm—ri’wﬁm into fatty
2eid and/or cholesterol. Also, if the peritoncal fat adsorbed labeled

aeotate diroctly unon I.P. injeotion, it would be more clearly shown by

g

the contenplsted exmeriment. Whon the label is injected I.V., then the
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peritoneal fot would have to aweit delivery of label by tho roguler ar-
terial gupply before it had aceess to the acetats,

The halfl time for blood acetate reported by Busch and Baltrush o
was 16 goconds. YVan Bruggen snd H tchen; » algo ﬁi.arenfi and Hoxy 3c-r1
fron their varlous sopar-ie studles revorited a half 1life of 5-10 minutes
for acetote. I peritoneal fat can sbegorb acetate directly and the
half time Tor peritoneal drsinace is one mimube, then the 12 seconds re-
ported by Busch seoms too repid. The peritoncal fat with its reported
high lipogenic ability, with sn acetate half life of 12 geconds, would

probably have incorporated more of the tracer acetato,

E. Specific Activity

The srecific activities as revorted in Teble III were not used direct~
lr to indicote 1ipog;enic activity of vorious tissues., As mentioned be-
fore, the extreme varisnce found in specific netivity is partly olimin-
ated wher ¢ incornoration ig deternmined. Many laboretories report their
rosults as snocific activiiy. Because of the large varlation in specifie
activities, the differences in sctiviity of varlous tissues is quite
larre.  Speeific activity date ean gerve as a gulde in reaching con~

clusions, hubt this mescuroment is not adequate for the complete evalus-

tion of a mobtabolie proecess.

F. & Dotodled Analysis of Gut Gontents

R ”

A 13032 anelysiz wos node on the Purina rat chov used in our feod-
ing experimonts. The total fatty acld content was foumd to be aporoxi-

nately 4«7%, vhorens the cholesterol content wis 0.121 Five hours before



sacrificing, the rats hod been fed 2 nellets of chow, which wes & total
of shout 12 gramg of food. The meal, then, contained ehoub:

0.047 = 12,000 nge = 504 mge of fatly acld, and

0.0012 x 12,000 mge = 14e4 mge of cholesterol.
In Tables ¥V and VI are llcted the mmalyses recorded for the pestrointose
$inal tracts thet were fractionslly enalyzed. It was ohserved that five
hours postprendially asbout one~thind of the ingested fatty acld was
a#till left in the stomach. Of the approximately 564 mg. of fatty aclid
taken orally In the food, an averasge of 320 mg. had left the stomach.
Arsund 30 mg. of fatty seid wors found in 4the large intostine, There
wag sn average of 22 ng. of fatty aecld otlll in the amall intestine, someo

gontents of mmh would likely be ghgorbed. Thore woe algo the pogeibil-

ity that the lerge intostine contained fatty acid in the feces from the

provicus day’s foodl. It was thus cleor that the ingested fatiy acids
were absorbed at a high rate. The rat has been revorited to compars

37
fovorably with men in ite ability to utilize high melting point fots .

a8
Evans and Lepkovsky  showed thet in rats moet fats are sboub %L ab-

sorbed, but that palmitic acid is only 74% absorbed. Our resulie are in

arreonent with these findings, for our rats demonstrated a high digest-

4.

ibility coofficiont. The digestibility coefliclent ig thut per cent of

’1&

fat ingested that is cbporbed.

Of the apovoximetely 4.4 mg. of cholesterol ingested, an average
of Te2 ng. wng found in the gtomach contentsy an average of 2.0 ug. wos
found in the small intestine conitomte; end sn average of 5 ng. in the
lapre intestine contentz. These wolusg for gut cholestercl total 15,2

Wi

mge, and tims thore eprears to be more cholestorel in the gut than the
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3
ot inecengruous, ss Siperstein end Chedkof?

.

smount Ingesteds Thig is:
have gheun thot cholectersl is conmtinuelly eliminsted through the inbos-
tinal well end in the bile. It is likely that most of the § mp. of
choleaterol isolated from the large intestine contonts wng an socumile-
tlon of previsus cholesborel exeretion. Also, it has been shoun by Siper-
stedn and Chelloff thet chout 208 of cholesterol ingested is not aboorbed.
The large amount of cholestorsl found in stomach contonts (approvimetely
631 of the emount ingested) did not correlete with 337% of ingested fatty
aeids that were founds It ls ponsible that cholestorol nay leave the
stomach at & glower rate,

The non~sapondflable fractions of the six mut fractions were enelyszed
for their cholacterol contents, The stomach contents contained 507 choles-
torol in the non-seponifisble fractions This weight difference is pog-
gibly due to plant cterols. In the amall intesbine contente, the choles-
terol content of the non-saponifiable Traction wap only 27, This iz nob
unexpectod, for the intestine wes shaorbing cholesterol, whereas plant
storcls wre not abeorbed. In the anall intestine bocterdal cwiém DO~
gibly transormed some chalesaterol into coprosterol. This would reduce
the por oombt of cholestersl in the non-soponifiable fraction. The choleg-
terol content of the lavgn intestine non-saponifisble fraction wee elighd-
1y inepsnood to 320 This wes probebly due to the smell secumilution of
chalestorel seeroted throurh the Intostinal wall and also eliminated in
the hile. About 10f of cholesterol ahsorboed i excroted through the in-

beatinel well, The nonesaponiflshie fraetion of the gmall intestine tige

oo B L ¢

EAg. 4 2 ol

auo contained about 0% cholestorol. This wns interesting for 1% was ruch

Fe

hirher then that of stomach tiscue (590} or laerge intestine tissue (&3%).
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The % incorporation of acetate into cholestorel of small intestine
wms three tlmes greoter than in all other tisoues of gut combined. It
is noteworthy that small intostine tlesue and liver weipghod aboubt the
some, 1.0., -9 grams. Both had tho game cholestersl content of lé to 20
ngse; and both showed the same incorporatisn of ccotute inte cholestorol
{0.13 o 0.14%)s This demonstrated that emall infestine %issue is of
the same high melsbolic activity as liver tissue in the mebtabolism of
cholesterol. Small inestine tissue is slse very active in the aymihesis
of fatty aclds, the £ incorporstion found being 0.79%. The remainder of
gub incorporated 0.41f%; thue egain small intestine wne nost sotive of
all put tiscuse studied. A comarison of liver end small intestine tise
sue egnin wne carvied outs This eomparigon was considered imporbont as
gub had boen reported to be of higher lipogenie activity than liver.

his cmpmﬁabﬁ was mede move significant by the removal of peritoneal
f2t from the small intestine tissue. The aversge 7 ineorporation of
acetate into Lottty acid in llver was 0.874. For amall intestine it was
0474 Thig demongtreted liver to be slightly move active than emall ine
tectine in this reavects I all gut tiesue were ineluded, the incorpora-
tion by gut would be higher than that of liver, namely 1.14 to D.87%.

s proviously digcussed, nortlons of the pastrointestinal tract mey have
had verying amounts of high linogenieelly active peritonssl fat prosent.

Larpge intestine tissme geve about one~thind the £ ineorporation
inte fatly acld as ghown by smell inbestine. However, large intestine
tisesue had essendiaily sero per cont incorporation of acetate inte
cholesterol, Btomoch tigoue is gimilar to large intoebine tissue in

fatty ccid and eholesterol gynthesis; both incornorated acetate into
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fatiy acid to a nominel degree, but practically no sctivity wag found in
cholesterol,

he effect of nembuiel on the empiying time of the stomoch eould
not be definitely determined. As two-thirds of the fatty aclds had lelt
the stomach m 2 five howr period, we can surnisze an approximate emply-
ing time of 7.5 hours. In humang, owlinarily, 5-8 hours are required
for e meal 4o loave the s‘i;am,chm.. Drill g, in addition, reporis no
divect effect of hypnotic doses of barbiturates on the gastrointesiinal
tract. The normel figure for the emplying time of the rat stomach 1o not

Tnowm, and the effect nembutal has on the emplying time wes therefore not

deterninsbhle.

e c ﬁ} Time Gourus Sm&}

L I L

In Figure 2 the eliminetion of c Og ovar a two hour period ig shown
for snosthotized and wnenesthetized rots, injected I.P. {sve page 34).
The time course of regplratory é:? 0y for snesthotized 1.V, injected rats
ig also compared. The G 2«1 05 reached & peak in the unanesthetlizod 1.P.

andmal in 14 nimtes, and thon gradually decresned at s falrly rapid, uni-

form rute. lJowever, vhen nombutel was adminiastered to the I, P-: rzzt, the
12 .
8 of acetolte was again indtially falrly rapidly ewnired ap t,, ﬁg, buah

at a slowr rote then the mnanesthetised I.P. rats The peal olimination
we nainteined far from 22 %o 36 miwmutes. The ancothetized I.P. mnt gave
o mare netivity efter reaching ite meximea then the wmenesthetined I.Pe
rat for the remeinder of the exporiment.

It 1ig of intersst to inguire as to the mode of action of nembutal in

14 .
inhibiting the C 0, concentration of the respired air of the snesthetized
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rote The fale of a tracer dose of acotaute will be followed {to the best
of our Imoviedge) from the time of injoction to the time of its olimine~
tion es CMﬁ,, in an attempt lo decide the rolo of the anesthedic agemt
in ite metaboligm., The time required for the label to lenve the pori-~
tonesl spoce iz not great. Krantz and Gm*r“ reported that thorapoutic
dogsa of barhlturntes do not notlesably affect the elreulations The up-
teko of the label by the eells did not appear to be affocted, This wes
shown by the I.V. Injected noctute in the enesthetizod rat. Thore wus,
in this case, an jmaediate elimination of Gt403, roaching a meximm in
only three minubes. I the nmetebolism of acet: be were inhibited by nem-
butel, a2 more groduel uptake of laobeled scetute and olimination of i}MOg
would be expected. Thus the metsbolis: of acetate to $Uy in the cell wme
not noticeably affected by nembutal. A final obwious vossible factor in
the slow releage of G‘)M@g is the eliminotion of Guﬁa from the blearbon-
ate pool of the bloods Van Bruggen, in an unpublished study, has found
that vhen vadioactive biecnrbonele iy injected into an animal the furnover
time of the hiecarbonnte pool is redueced by nembutsl. The present s:g;ériu
ment gave the same result, When the snimal awole, usually about 50 min-
wtes ofter the injection of acstate and 65 minutes eftor the injection
of newbutel, an increcge in blcarbonate turnover we lmmediately nobiced.
In tho snesthetized I.V. rat the helf time of bicarbonete twmover wap

20 nminutes. When the enimel awoke 1t lmmediately decrsased to 32 winutes.
In the I.7. anosthetized pat the hall time of bicarbonate twmover was
:3’5‘ minuies, but it decreased to 31 minubos vhen the animal awoke. This
demonctranbed that the resniratory denression inhibits the biearbonate

pool turnaver. In the anosthetized and unanesthetized I.F. rats, although
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the time comrzo of ¢ Qp eliminated was different, the total smount of
asctivity glven off in four hours proved to be the seme, This agein showed
that nembutol used in~-vivo, in usual hypuotic doses, tnd ne apparent in-
hibition of the activation of scetic scid. Thi:% le in zccord with
I?x'illz’, vio reported that hypuobie dosos of barbitwrates produce omly a
slight depression of the resplrntion, similor to that of sleep. However,
with larger doses, thore ccourred 2 progressive increoase in vespiretory
deprossion, with rote, depth, and minute wolume being effectod.

In this ctudy nembutal had no offect on the linogenie obility of
Liver, g_gqﬁ, carcess or stin tlsme. Nembubzl had an effect on reepirae-
tion, as evidenced by Inhibiting the twmnover of the blcarbonate pool,

25 24
In agreement with Drill , end Erontz and Cerr , it w2o ghown thot nem-
butal in hypnotic doses sghows simificont effects on resplration only.s

It is roalized that a comnlete knowledge of the metaobolic events oo~

curring daring 2 tine course study of aestate mebtobolisn ls Imnossible.

14 , X
The activity of the © 0y curves reflects complex metobolie pathways of

=

ho Iabel. The sbove digeussion of the "Htuwmover® of the bearbonate

£

ponl represonts only o peneral and superficial analysis of the dota ob-

taineds



V. COucrusIOons

From the date presonted in this thesls it can be concluded that:

1. Nembutal anesthesis hos no simmificant effect upon linopenesls
wvhon acotate label incornoration into liver, gub, corcass, and ghin lipids
is vsed ag the eriterion.

2» HNembutal, in addition, wes found to have no measurable effect
upon acetate metobolisw inevivo, a2s moasurod by Gm*:}; time course studies.
The known effect of anesthesia unon reppiration was confirmed, for Hem~
butal encsthesia did inerense the turnover time of the nlegma bleorbonate
pool.

3. The route of tracer administratlon {I.V. o contrasted to I.P.)
wes shown to have a resl effeet on lipid lsbelling. The £atiy weld and
cholostorol fractions of Iiver, carcass and ghin showed an inerensed ine-
gorporatiom of acematsaﬁl-'ﬂ% whon the dose wne given I.V. Cut fatty sclds
and cholestornl both showed o decressed incernoration of label. Only the
changes seon for livor Datly aeld, sidn cholesteroly and put fabdty seid
were statistieally significant.

Ae The changos scen in the liver 1linid incorporation vhen the label
wee given I.V. rathor than I.P. cnsts susplelon upon the portal gysten as
the main roude of neritencal dralinagso.

e The voleo of reritononl ot in the incornoration of acetnie label
into “put Htissue™ 1i~lde has been discusszed, and its potential large con-
tribution to lipid labeling yoaffirmed.

6, A comerigson wng made of the linopenie activity of stomech, emall

integtine, and lorge intestine ftissue. Marked difforences wre seen,
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both in 1inid content end in linogenic sbility of thege tlscuos.

7. The amounts and GW content of the fatty zeid and eholesterol
fractions found in the gostroinbestinal traoct content were dotermined. A
eonsideration of the data so obbtoined showed thut 857 of the dietary fotiy

aeids had boen gbsorbed in the four hour peoriocd.
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deternined, From this figure the smount of cholestersl in each fraction

wme caleulated,

He Combustion Procedure

The apperatus and techniques cstablished for the wet combustion of
non~volatile samnles by Claycomb, Hubchens and Van Bmggenw wore em-
ployed. The method wog as follovs:

1. Vhen cholegtersl wrs combusted a volume of aleoholic solution
containing epproximately 7.5 mg.* of cholesterol was placed in o con-
bustion tube end evaporated %o drymesss The tube wes then placed in an
aven for one hour to remove treaces of water.

2. In the combustion of the fatty aeids, 10 mg.* samples were
weighed in porecloin boats and these placed in combustion tubea.

i%. Five ml. of Van Slyke-Folech solution wore smdded to the proney
side arm of the combustion tube. The equipmont was arrenged sc thet
samles could bo mm in dupliente.

Lo Six ml. of 0.5 ¥ NaOH vere placed in the ahoorntion fMasks.

5« Iigh vacwm groese wes spplied to the glass Jeints and thon the
combustion tube and absorntion flask assombly was evacusted hy a water
mem Lo about 20 mme g

6. The tubss were tuisted or inverte! so that the combustion solu-
tlon mived with the sammle, and snontencous oxidation wue allowed to
necur at room terpernturc for about § minubes.

7« The absorpiion flasgks were cooled by lece wntor and the combus-
tion tubes immersed in a hot wax bath (160° C.) and combustion earried

!?he ebove emounis of lipids were chosen for they praoduce encugh €Oy to
makoe Infinitely thicl BaCO, plates, 1.e., 100 mg. in weight.
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out for 20 minutes. The renction wms congidered enrmlete whon the e

in the menometer mmm rotwrmned to its nrovious setting.

I. Plating

1. The contentz of the absorption flasks wore btransforred %o contri-
fmgﬁ tubes and the DG; procipitated with an excecns of Boll,-NHLC1 ro-
agente

2. Equal aliquots (usunlly 10 ml.) of the Halii-ileaCOy solution from
the ecollection of respiratory COp wore also pub indo eentrifngs tubos end
procinltated.

3« For optional procipitation conditions, the eontrifuge tubes were
warned Yo 45-50° Ca before the BaCl 2 reapgont was addod. Altor the addi-
tion of resgont the tubes remeined a2t 50° o for an additionsl 10 minutes
to allow the precipitote to MMocculate.

4o If the smount of BalOy produced was low, carrier Balls was added
at this point to insure an Infinitely thick plate. One to two ml., of
ethor-aleohel were added and the tubes wore centrifuged for 10 minubos
at 2,000 RPM.

5. Tho supernatant fluld wee asnirotod amd the precinltate wos
teitursted,

6. The precinitote wns now weshed with 5 ml. Hg0, recentrifuped,
and retriturateds This onmoretion wag done throe times.

7. The precinitate was now washed with shout 25 nl. of ethor-sl-
eohol {1:3) and comtrifuged, and the supematent wes agpir-ted.

S¢ The precinitate was trensferred to centrifuce cups conteining
tared alumimy: discs. ot more than 15 ml. of ether-aleshol was used in

the tronsfeor.





