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CHAPT™R T
INTRODUCPION

Preliminary remerks

FPeoples in many parts of the world lezrned, in antiquity, thet
fruits or grains which were stored in the heat, under certein condi-
tions, produced unususl effects when eaten, Thus, from prehistoric
times, humens have had uvallable cumuletive experiences with aleoholic
beverages, but have conspicuously failed to use them, Certainly, from
the time of the sons of Noah, alcoholie drinks have been o problem
which has taxed social end indivicual contrel,

The abuse of the use of aleohclic bevorapes in the United States
led to the prohibition movement. This reached a climsx in the prohie
bition amendment to the United States Censtitution., The subsequent
repeal of this legislative device for control did not remove the
problem any more than did the original passaze., It is rather intereste
inz to note how little effort was made to obtain scientific informge
tion about the physiologicel effects of alcohol snd their relation to
alcohol adiiction or to soclal problems Jerivin- frem them, It is also
interesting to observe how little people wanted to learn zbout alechol
in a scientific way, They ssemed much to prefer their violently differ-
ing emotional speculations sbout it., Until recently, the excessive,
uncontrollable use of aleohol (aleoholism) wes regerded as a menifestoe
tion of spiritual weskness, a deficiency of moral fiber, an inguffie
clency eof will power; it car.ied more the label of sin than of disease,

iradually a change has come, and alcoholism is becomin- looked

upon as & disease, a disease still with social, morsl and religious



ramificetions to be sure, but nevertheless a disease., As a result,
considerable systemstic scientific study on all aspects of the &leochol
problem has been undertaken in this country and sbroad in the past
thirty years, UHot the least of these fields of investigation is that
concerned with the intermediary psthway of alcohol metsbolism. The
post twenty years has seen the elucidation of the major metabolice
pathwaye of acetate, i.e., the activation of acetaie to acetyl Cof,
followed by the use of acetyl Coli in the synthesis of faity zeids and
stercls or its oxidation to CO2 and HoO via the Krebs' e¢ycle. The
major guestion invelved in this aspect of the alcohol problem is
whether alechol follows & unique metabolic pathway, or whether it
sinply enters the two-carbon pool of acetyl Cod units which aro
normally derived from the breskdown of fatty acids and other food-
stuffs. As will become clear in the following brief review, this

question has not yel been satisfactorily answered,

Beview of ethanol metabolism

It was not until the turn of the ecentury thet there was general
acceptance of the very importent fact that ethenol could be utilized
as a foodstuff by the mammslian organism. Following this, attention
was direected to the rates of metabolie use of aleohol and then,
following the development of micromethods for the determination of
aleohol, the general facts sboul slcohol sbhsorption, distribution and
elimination in the human and enimael body were cleared up.

The information aveileble on aleohol wetabolism in 1935 was

summerised as follows (33)s aleohol is readily absorbed in the inteste

inal trect, but certain foodstuffs, especially protein and fat, sre



3
sble to delay the sbsorption considerably, The distribution of zlco-
hol in the body follows the equation:

A=pxcxr
gvbeing the total amount of alcohol in the orgenism in gzrams, p the
body weight in kilograms, and ¢ the sleohol concentration in milli-
grams per gram of bleod, The factor r is the proportion of the body
in which tie aleohol is distributed; on the average it is 679 % 20%,
but it is relativels constant in the same individusl from time to time,
From this formula it is possible to calculate that an aversge indivie
dual is able tebaxidiaa about one grem of alcohol per hour per 10
kilograms of body weight.,

These early peneral conclusions are beyond dispute and are
accepbed as faet by workers in the field, A4s we turn to look et some
gpecific aspects of this problem, namely that of the slope and shape
of the bloed alcohol curve in the post sbeorptive period, we find many
points of disagreement. Jacobsen (33) hes extensively reviewed this
work, which sp&ns three decades, and it is from his artiele that the
following information wes obtained,

Hellanby, in 1919, first reported thet the decresse of alcohol
content in the orgenism, as messured by the concentration in blood,
follows a straight line from the point where the sbsorption is ended
and equilibrium is established betwesn the tissues and the surrounding
fluid untll 211 mesgursble rsmnants of alechol have disappesred from
the bloods The most common expression of this slope is found in
Widmerkts factorff?, which indicates how many milligrams of alcohol
disappear from each milliliter of blood per unit time, The /? factor



blood. These observetions have been confirmed in meny species by
numerous investigators,

In spite of this, the conclusion that the metubolic rate of
aleohel is independent of the concentration of sleochol in the organism
has been repeatedly challenged, and convineing experimental evidence
has been brought against it. BSome investigators have found & hypere
bolic rather than a rectilinesr curve, and others who report z recti-
linear curve, claim a definite dependence of the slope of the curve
on the original concentration of alcoholy i.e., they say that the
metsbolic rate of aleohol is higher with a higher initial concentra-
tion of alcohol, but the rate remsing constant until all of the alcoe
hol has dissppeared,

Jacobsen (33) summarizes our present knowledge im the followins
wayt "The rate of oxidation of ethyl elcohel in the orgenism is
somewhat incressed with inercesing coneentrations of slechol. Within
the concentrations possible in the living orgenism this incresse is so
small that the elimination curve of sleohol generelly follows a
gtraight line, and for forensic purposes no error is nade if we zssume
a ractilinear curve for alecohol.® The imortance of this rather
unusual elimination curve will become apparent leter as we discuss the
ensymie processes involved,

Attention during the last two decades has been directed toward
elucidation of the possible enzymes involved in the oxidati-n of

ethanol and, especially since the introduction of radioisotopss, to



the ldentification of intermediary products,

Again this ie an ares of dissgresment betwe n workers, snd zt the
time of this writing there is no universally accepted pathwey (s) of
ethenol metabolism. We micht logieally spprosch this subject b outw
lining the propesed pathwsy as is presented in a modern textbook {(27):

{ﬁ') é'bhmfwl + TN nnmﬁﬁmlmm% acetaldeh e 4 “}’f&ﬁ + H
ehydrogenase ~

(B) asetaldehyde + DPN + Ho0 ’”§E§%§§E§§§Z§§“5> scetic acid +
PR + H*

An alternate pathway for reosction B sbove is the gonversion of zcetal-
dehyde dirsctly to acetrl Cok without the intervention of acetic acid:
(€) acetoldehyde + DIN + [15mC0i mmunbdS8UIL8umns acetyl Coi +

dehycregenasé
opiH + 0
The enzymes capable of catalyzing thils reasction have been prepared
from Clostridium kluyveri (51),

Although the ovidence for this peneral pathway is fairly substane
tiel, it is by no meens conclusive, The litersture is filled with
conflieting reports, and therc arc a number of findings that are not
easlly explained by the above postulated pathwer,

In the following pages we will look at thesc two steps indepen-
dently and present the evidence for end sgainst them,

A) ethenol + DIl e-w-e2dS900L 5. acetaldehyde + NPNM + Bt
( ) ki dehvdraqena39"5> Caaidia: dnie ’

In the past thirty years there hes accumlated a considerable
volume of evidence to suppert the theory that the first step in the
metabolism of ethenol is ite conversion to scetaldehyde., In, in vitro

experiments with tissue slices or tissue brei incubated with ethanol,



é
acotaldehyde can be isclated as & reaction product (1), The level of
acetaliehyde in the blood of normel hmans ﬁas been reported by Stobts
(52) to range from 0,002 to 0,037 mo, %, This same suthor reports
levels of 0,7 to L4 mg, % scetaldehyde followin- ingestion of suffi-
cient aleohol te reasch a blood aleohol level of 100 to 190 mg, %.

Hald et al. (34) report an ineresse of 0.105 mg, % acetzldshyde in the
blood of humans following ingestion of L0 milliliters of sbzolute
aleohol, Hulpieu et al, (32) report similer fin’ings in robbits,
their reported values for serum acetaldchyde concentration before and
after administration of 1 gram of aleohol per kilogram of body weight
were 0,001 mg, % and 0,063 mg, & respectively, Similer results have
been reported for other species,

The evidence that acetaldehyde is & product of othanol nmetabolism
wag strengthened by Hald, Jacobsen and Larsen followine their discovery
of a compound which has the effect of sensitizin- an animal to aleohel
(35} This compound, tetreethylthivrem disuliide, better known under
its proprietars neme antebuse, has boen extensively investicated by
these worksrs. They found that sntabuse does not delay the disappeosr-
ance of aleohol from the blood, but thet the blood levels of acetalde-
hyde sre five to ten times higher following slechol ingestion in
humans and animels pretrested with antabuse than in subjoets not glven
antebuse (3h, 35, 39). In snimels treates with antsbuse end not piven
alcohol, they found no accumulation of acetaldehyce, Trom these
observations they concluded thet ecetaldehyde plays an insignificant
role as en intermediste in metabolic processes, except during the

oxidation of ethanol,



The Danish workers also reported that the physiological effects
of infused acetaldehyde, notably the increased pulse and respiratory
rate, the ineressed alveolar dead space and the decreased alvsolar
Cop, were qualitatively and guantitetively identical o those Follow.
ins sdministration of antzbuse and aleohol, sugpesting thet the towice
effects of antsbuse and alcohol are due to‘elavateﬁ acetaldehvde
leveles, This latter finding hes been denied by seversl investizstors
who have failed to find apy correlstion between the level o acetsldew
hyde end the presence or asbsence of symptoms {(L2), or any tiue
quelitative or quantitative similority of symptoms (23),

To date, two purified enzyme systems have been preparcd frow
aninsl tissues which are capsble of oxidizing slcohol iﬁ.f&ﬁiﬂ‘ These
are the aleohol dehvdrogonase and catalsse svstems,

Alceohiol dehydrogensce

Animel eleobol dehycrogenase was first studied by Lehman (33) who
showed its dependence on PP, In 1938 Iutwak-Menn purified eleohol
dehydrogenase from herse liver and studied its properties more closely
(L1), THer semiepurec preperstion of aleohol dehydrocenase required
cozymeae (UPN), "eozymase fector? end &n‘electrmn seceptor {methrlene
blue or pyocyenine), When the Yecozymase factor® was obtained from
skeletel muscle or heart muscle, the preparation oxidized sleohol to
aceteldehyde, the lstter belng racovered quantitatively., The results
varied when the "cozymuse factor® was obteined from liver tissue, and
the importance of this will be mentioned later,

Bonnichsen and Wassen (h) erystallized horse liver sleohol dehy-

drogenase in 1948, and using this preparzticn Theorell ane Honnichsen



{3) in 1951 extensively studied the kinetics of the reaction:

ethanol + DPN meww=8dG00Qdann.> acetaldehyde + DPNH + B*
dehydrogenase

The 'r work has been very sbly reviewed by Jacobsen (33), Twe of their
results ere of extreme practical interest., The turnover number (the
nunber of molecules of alcohol oxidised by one molecule of enzyme per
ninute) is found to be 14O at 20°, It is probebly somewhat higher at
37°, but on the other hand this figure is determined under optimsl
conditions which mey will not be found in the orgenism, Using the
turnover number 150 it cen be shown that 1 millimole, i,¢., 73 grams,
of the enzyme (M,W, 73,000) is able to oxidize 150 x L6 millicrams

of aleohol which 1s equal to 6.9 grame of zleohol per minute, or L1k
groams per hour. In order to oxidize 10 srems of aleohnl per hour,

1.7 grams of alechol dehydrogonsse must be present in the organism,
This is not en astonighingly high figure, Bormichsen obtained & yield
of 1 gram of crystalline dehydrogenase per kilogrem of horse liver,
and thus it does not secen incrediile that & humen liver weighing about
1,5 kilograms should contain 1.5 grane of alechol dehydrogenase, encuzh
to oxidize the amount of alcohol actuelly oxidized by the human orranism
per hour., Another interesting point is that the Michaflis econstant
(an expression of the affinity Letween engyme and substrate) is so low
that tﬁe rectilinear course of the physiolegical alcohol elimination
found in human experiments is to be expected from the kinetic data

of the in vitre experiments with the rure ensyme,

Catalase

4 possible sec-nd wechanism for the oxidation of alcohol to



scetaldehyde was demonstrated by Feilin and Hertree (28, 29), When
alcohol and catalase are coupled with an oxidation system which reacts
directly with molecular exygen with the formation of Hp0s, aleohol is
oxidized to acetaldehyde with the simultaneous reduction of Hzy05 to
HoOe The oxidation systems they studied included uricase and urie
acld, xanthine oxidase and acetaldehyde, deamino-scid oxidase and
alenine, xanthine oxidase and hypoxanthine, The general scheme of the
resction is as follows:

ethenol + HpOp ~-8812l888.> acetaldehyde + 2150

acetaldehyde + Hg0 + 0 ».Eéﬁﬁgfm@ acetic acid + Hy0p
‘ oxioane

Unlike the alcohol dehydrogenase enzyme, cotalose will axidize methyl
ag well as ethyl sloochol, and at an equal rate,

There have been many educated guesses sbout the relative impor-
tance of these two pathways of ethanol metebolism in vive. The
majority opinion holds thet catalase plays & minor vrole at best., This
is based on the following observations, PFirst, the kineties of the
DPi-alcohol dehydrogenase process would suggest 2 rectilinesr shape
for the alcohol diseppesrance curve, while the kinectics of the
catelase~hydrogen peroxide process would suggest a hyperboloidal shape
for the aleohol curve (9). Most workers in the field, ss mentioned
above, have found the curve to be rectilinear in 21l but extremely
dilute concentrations, Still more convineing is that in an in vitro
system of catalase and HpOz, methanol and ethanol ere oxidized at the
same rate (29), while in vivo ethanol is oxidized at lesst four to

five timee as rapidly as methanol, While the problem is not comnletely



10
resolved, the overall result would be qualitatively the sawme by either
process, ethanol being oxidized to acetaldehyde,

Thus, much of the knowledge gained in the past quarter of a
century points teward acetaldehyde 28 the immediate oxidation product
of ethanol, There are, however, certain observations not easily
explained by this hypothesis,

First, es alluded to earlier, the seml-pure, cell free, zlcohol
dehydrogenase preparation of lutwekelann, when composed of horse liver
alecohol dehydrogenase, NPV, and so called "cozymase factor® obtained
aleo from horse liver, metabolized slcohol Ly some pathwsy other than
via aceteldehyde, That is, when alecohol was added, it disappeared
from the system and sceteldehyde wss not recoverable, When acetaldee
hyde wes added to this same system, it was recovered quantitetively,
unaltered in structure,

4 second point that has never been explained is why aceteldehyde
accurulates at ell during aleohol metabelism, Westerfeld (71) makes
the statement: "At first glance it would seem obvious thet if alcohol
were converted to acetsldehyde, the latiter should appeer in body
fluidsy but this is not necesserily true., The equilibrium between
sleohol and acetaldehyde in an in vitro system is greatly in faver of
the aleohol by a ratio in the order of 1300:1, In those species which
accummlate scetaldehyde after receiving alechol, the blood aleshol:
acetaldehyde ratio is of the order of 130:l, In other words, there is
ten times as much blood ecetuldehvde present as would be expected from

the in vitro equilibrium figures, This point alone might not be too



11
significant since the retio could be influenced by the formation of
complexes between the enzyme and reduced DPN, However, the rate of
aceteldehyde metabolism is much faster than the rate of aleohol metabo-
lism in all species studied, and 211 of the scetaldehyde formed by the
oxidation of aleohol should theeretically be destroyed as rapidly as
it is formed, How and why it accumulotes to the extent that it does '
is not et all clear,®

Newmen (LS) found that dogs metebelized acetaldehyde more rapidly
than they do ethanol, He adminiﬁt&reﬁ 1 gram of alcohol per kilogram
of body weight intravenously to normal dogs ever & ten minute period
and found them able to metabolize aloohol =t the rate of 100 milliprams
of sleohol per kilogram per hour, & figure in dlose agreement with
that found by others. The blood cancentraiisn wi acetaldehyde slowly
increased over the six hour period of the experiment. Yeit these same
dogs when infused with acetaldehyde at the rete of 185 milligrems per
kilogrem per hour, nesrly twice the quantity that could be formed from
the alcohol of the previous experiment, after an initial repid rise to
nearly 1.5 mo. %, showed a2 steady decline in serum concentration for
the remainder of the experiment, despite & continued infusion at the
seme rapld rete. Westerfeld et al, (72) injecﬁgﬁ acetaldehyde into
2 dog four hours after a large dose of alcobol. At the time of
injection the blood level of alcohol was 125 mg, i snd thet of acetale
dehyde 0.1 mg, %, The amount of acetaldehyde administered was suffie
eient to raise the blood level to at least 15 mg. & if it were
completely distributed throughout the body uneltered, Yet, three

minutes after the injection was completed, the bleood level was less
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then 1 mg. %, and had practically returned to the starting value withe
in 30 minutes, Throughout this time the blood alcohel curve continued
to decline at it previcusly established rate, The rate of acetaldoe
hyde metsbolism was the sema, whether or not the animal wes metoboli-
zing aleohol at the time of its administration,

There is a great deal of evidence that the metsbolism of alcohol
is favored by the simultsneous metabelism of carbohvdrste, uring
alcohol metabolism the blood glucose level is inereased with & sismle
tancous decresse in liver glyecogen (L7, k9, 53). When liver glycogen
is depleted by fasting, the utilisation of alcohol is depressed (4o,
h3}. TFeeding large doses of cerbohydrate increases the rate of
aleohol oxidation (8), Insulin, and more especielly imsulin plus
glucose, increases the .ate of aleohsl metebolism (10, 11, 20). Ome
intermediate of glucose metabolism, i.e., pyruvate, hss been shoun by
numerous investigatore to secelerate the oxidation of zleohol in vivo
and in vitro (22, L0, 76-79), however, this effect of pyruvete does
not seem to be found under all circumstances, for Hulpiew et 21, (31)
found no sccelerating effect in dogs, nor did Gregory (2L} or Xinerd
(37). The apperent discrepancy between these results seems to be
answered by the fact that the latter suthors werkes with animels
already oxidizing alcohol at & maximsl rate, which for dogs lies
between 21 and 2§ mg, % deerease in blood alcohol per hour, Onee this
rete is reached, it can not be exceeded by giving doses of pyruvate
(76).

It has been postulated that the accelerating effect of pyruvate is

due to a coupled oxidationereduction reaction with aleohol, in which
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alechol is oxidized to ecetaldehyde, and pyruvate is reduced to lactate
(77)s In agreement with this proposal several investigators have found
an increased blood lactic acid concentration during aleohol metabolism,
especially aiter administration of pyruvate (30, L0, 77). Others have
reported opposite results, i.e., & simulteneous fall in beth pyruvate
and lactate following the administration of aleohel (78)., Westerfeld
et a1, (77) and Leleir snd Munoz (L0) have both reported & stimulation
of alechol oxidation by lactate as well as by @jrurate, Westerfold
working with intact dogs and lLeloir with rat liver slices., This latter
finding, the stimulation of alcohol metebolism by lectate, is difficult
1o reconcile with the theory that the accelerating effect of carboe
hydrate on alecohol oxidation is due to a coupled oxidation-reduction
reaction involving the oxidation of eleohol to acetaldehyde end the
reduction of pyruvate to lactate,

For the sake of completeness, the work of Vitele et al. (65)
should be mentioned, These investigators, working with intect rats,
reported a depression of alcohol metsbolism by both lactate and
pyruvate, Working with humans they found that administration of
sucrose alsc csused 2 deerease in the rate of disappesrance of alechol
from the blood, An explanation of the epparently completely contra-
dictory results of these authors and other work menticned above is not
apparent at this time,

Briefly, then, to sum up an extensivs and sometimes contradictory
literature on this subjeet, simultene~us carbohydrate metabolism seems

t have a2 stimulatory effect on the oxidation of 2lcohol, The ressen
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for this, to date, hes not been clesrly shown, but any acceptable theory
of the pathway of aleohol metabolism must take this stimulatory effect
of carbohydrate inte account,

DFN is a necessary constituent of the proposed pathwey of aleohol
oxidation via the alechol dehydrogensse ensyme system, DPN is & adseln
¢ontaining coenzyme, and as such one might anticipate a decresse in the
rate of aleohol oxidation in & nisein defieient snimal. Nelson and
Abbenhaus (Llj) found the opposite results, i.e., niacin deficiency in
rats actuslly caused an increase in the rate of alcohol metabolism,
Also, recent work by Swith et al. (h6) indicated that injection of
nicotinamide into mice six hours prior to the injection of aleéhol
hed no effect on the rate of alcohol metabolism, although the DPN con=
centration in the liver was raised tenfold, This latter finding
conld be explained if DPN is normelly present in excess of that needad
in the aleohol dehydrogenase resction, and that the latter reaction
is the rate limiting factor. However, the resson for the increase in
the rate of aicohol metabolism in the fece of & niacin deficlency is
not so essily explained,

Thus, while the proaaas;

ethanol + DPW m‘fﬁg&% acetaldehyde + DPNH + HY
is widely accepted as the pathway of alechol metabolism and has much
evidence to substantiaste it, there are 2 number of observetions which
are not readily explained by this hypothesis. The strongest evidence
in support of this pathway perhaps is the finding of acetaldehyde in
the blood in significant guantities only after alecohel inteke, The
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method of determination of blood acetaldehyde in most genersl use since
1943 is that of Stots (52). This method has proven to be very sensitive,
but is not entirely specific. Of the comvounds tested by Stotz, he
found interference by such volatile substences as discetyl, fermaldehyde
and pareldehyde; and if distillation was done from an seld solution,
by pyruvate and lactate as well, In addition to the lack of comp}.&tsz
specificity, the procedure requires the use of concentrated acids and
high temperaturss, It is not entirely illopical to question the
possibility of either an os yet vnidentified "aotive alldehyde® intere
mediate in alcohol metabolism being determined as acetaldehyde, or the
decomposition of a complex formed between & normal tissue component
and the first breakdown product of alcohol, this chemical or thermal
decomposition ylelding sceteldehyde as one of its »roduets. This late
ter possibility seems not unlikely in view of the work of Sehulmen
and Westerfeld (73) in which they found thet the C«3 position of
acetoacetate formed by malonate inhibited rat liver homogenates ina;
cobated with ethanol-l-(}lh contained ten to twentv-five times as much
label as did the («1 position, Using acetate-1-01 in this same system
the C-1 &nd C~3 positions of acetoscetate were labeled equally, They
postulated as a result of this work, the condensation of aceteldehyde-
1«.611* formed from eth&nﬂl—-luﬁlh with endogenous acetyl CoA to form
Behydroxybutyrate-3«C1l or its Cod derivative, Sinee thet time they
have reported the presence of & highly radicsctive impurity in their
filtrete prepared from the rat liver homogenate incubated with ethanole

163 (74). This radio-contaminant precipiteted with the aceboscetic
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acid fraction. The compound accounted for most of the radiocactivity
in the filtrate, was steblie when dry, has been separated by paper
chrewmatography, eluted and shown to farm aea'baldehydev.-cui when sube-
Jjected to a Hg-acetone procedure, Since this eompound did not eee
cumulate in the absence of malonate, it is not known whether it is a
nornal metabolite of ethanol or an artifact arising from a reaction
between scetaldehyde and malonyl Cod, Though we can draw no final
conclugions from thelr work at this time, it doss make us acutely
aware that the conversion of ethanol to acetaldehyde and then the
latter to scetate, as the pathway or at least the only puthway of
ethanol metabolism, has not been conelusively showm,

(B) metabolism of acetaldehyde

The palhway of acetaldshyde metabolism is not yet established,
There is no doubt that aleohol con be eonverted to acetyl Cod,
Bernherd (2) as early as 1940, using deuterio scetie acid, showed
the in vive acetylation of foreign amines by acetic acid, Using
deuterio ethancl he agein observed the exeretion of the deuterio
acetyl derivative of & foreign amine which was cow-administered. In
fact, Bernhard found that ethanol was & better precurser of the
acetylating agent than was acetic acid, This work was confirmed by
Block end Rittenberg (2) who, however, found that scetats and ethanol
were equal in their effectiveness as sources of acetyl, The acetylat-
ing agent in these reactions has been well estoblished to be acetyl
Col, Hore recently, Forsander et 2l, (19) have isolated the carbexylis
aeids formed during the oxidation of aleohol by intact rats and by
perfused rat livers, They found that rat blood normally containg
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pyruvate, MO-hydroaxybutyrate, lactate, snd small amounts of acids from
the tricerboxylic asid cyele, After intreperitonesl aleohol administrete
ion to lntact animels, acetate and acétamatate were found in additlon,
Aftor perfusion sxperiments with sthanol-1-C1 and ethanol-2.c1b,
scetate, acetoacetate, /Jalwairam,'bu'an*&te, pyruvate end en unidentified
acid contained 6‘1’* activity., In view of these experiments, the overs
all converaion of at least scme of the ethanol to scetcte and acetyl
Col can be accerted as faot, If acetaldehyde is indeed an sbligatory
intermediate of alechol metabolism, then it in twrn must be converted
to acetyl Coh., This gonversion to scetyl Col need noty; however, be &
direct one,

Six enzyme systems have beoen isolsted which in vitro catalyze the
oxidation of aceteldehyde, Westerfeld (71) has reviewsd the literature
en this subject, and inasmweh ag rone of these engymes hag besn shown
to be of major importence in vive, they will not be further discussed
here.

Schulman, Zurek and Westerfeld (75) compared the ability of
various rat tissues in vive fo incorporate the label of ethanol-1wclk
or acetate~leGll inte glycogen, protein, cholestervl or fatty sceids,
They found that all tissues studied utilized both esthencl and scstete ’
but that ethanol consistently contributed twe to three times ae mach
isotope to the tissue constituents studied es did acetate, This was
true for both large and small doses of label, and in short and long-
term experiments, They coneluded thet sce-ate gould not be an oblie

gatory intermediste of ethanol metebolism, Their reasoning was that
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if both components are metebelized by the same tissues, as Indiceted
by their results, that the pool size of any common intermediates
would be the same {or both compounds and would be expected to dilute
both labels equally. Thus &n incrsesed dilution of administered
acctatewl-01b could not explain its decreased incorporation inte
tissue components, The fuet thati ethenol-1-oU proved & better pree
curgor of tissue constliuents in long term as well 2s ashort term
experinents, preeluded the idea that a mere rapid metabolism of the
ethuncl could explain its greater incorioration., Free acetate theree
fore cen not be an obligatery intermediate of ethancl oxidation, for
it does net seem likely that there i a way that tracer doses of
ethanol could be metabolized via acetete and at the same time cone
tribute two vo three times 28 much isotops 4o the tissue constituents
as does the acetate itself, If acetyl Cold is an oblizatory interw
mediate of scetete metabolisu, and all known pothways of acetate
metabolism invelve iis conversion to acetyl Cof, then a similar
argument san be uwsed againet acetyl Cod being an obligetory intere
meciate of alcohol metabolism. That is, if the size of the aéstyl
Cod pood is identical fér both asetate and ethanol; and both gompounds
are metabolized to the same dagree In a given wnit of time, then it
would scam thet there was little chance that eﬁh&nclmlwclh eonld cone
tribute two to tiwree times ag mwer lebel to the products formed from
the acetyl CoA than acmtatewluslh doos, and et the same time acetyl
Cok be an obligatory intermediate of both compounds, The abeve ressone

ing hes two weaknesses, Firsi, the rettsy of the relative rates of
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metabolism of ethenol and acetate, Schulman et al. in the above quoted
article do not report any COp date to substantiate 2 similar rate of
metabolism for ethancol and acetate, but they do make the statement
that "on the basis of CO, production, small doses of eleohol and
ecetate were oxidized at the same rate," The second point open to
argument is whether the acetate and acetyl Col pools available to
these two substrates are indeed identical, The only direet evidonce
to support this is the faet that all tissues studisd utilized both
compounds. The possibility that different narte of the cell oxie
dize each of the two substrates along identical pathweys has not been
excluded,

There has been little isotopiec work done with scetaldehyde itself,
Brady and Gurin (26) did incubate rat liver slices with either double
labeled acetate or double labeled acetaldehyde and compered the effectivew
ness of these compounds in the labeling of cholesterol and fatty ascids.
They found that scetaldehyde incorporated about 1/ times es mueh label
into both cholesterel and fatty acids as did scetate., These findings
have not been eonfirmed, but if true would seem to indicate & greater
similarity between the metabolism of ecetaldehyde and alcohol than
between acetaldehyde and acetate,

Rationaleof present approach

Thus, while the tentative pathway of alcohol metabolism is that
as outlined sbove, there certainly is no universel acceptance of this
scheme, which aypears to be at veriance with several reported findings

a8 has been indicated,
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Some of the apparent disorepancies may be due to differences of
procedure of oné investigator as compared ¢ another, or to differences
in animal preparation, strain, or species emploved. Thus, while
several groups have compared one or more aspects of acetate, ethanol
or acetaldehyde metabolism, no one group has done a truly comprehensive
comparative study of the metabolic fates of s5ll three compounds under
stendardized conditions, If acetate or scetyl Col servee @3 a common
obligatory intermediate of the metabolism of these three compounds ,
such a comparative study should reveal parallel incorporstions of -
these compounds into all tissue ccnstitvents, If the metabolic pathe
ways of one or more of these compounds is divergent, however, it might
result in gross differences in the incorperation of that compound into
tissve components,.

We have developed in this laboratory in the past few yvesrs methods
for the study of the ineerporation of tracer quantities of clk labeled
precursors into COp, cholesterol and fatty acids, both in intect snimals
and in liver slice preparations. Bthenol, acetaldehyde and acetate are
all Imown to serve as precursors of these tissue constituents, It was
felt then that parallel experiments emploving ol lebeled acetate,
ethanol and acetaldebyde might be axpected to furnish informetion as
Yo the similerity or divergence of the metabolic pathways of these three

compounds .
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CHAPTER IX
METHODS

Animel preparation

Source of animels

The animals uged in these studiee were male albino rats of the
Sprague-Dawley strain eblained from the Horthwest Rodent Co, at
- Pullman, Washington., The rats weighed between 125 and 175 grams when
obtained, and were maintained in & cagehood assewmbly developed in this
laboratory (55). Animels were trained to feeding and welghed between
200 and 2hO grems at the time of sacrifice.
Trained feeding

Previous commmications from this laboratory (56, 60, 69, 70)
have dealt with the effect of feeding end fasting upom lipid labeling
in the intact rat and in the liver slice preparation, Idpid labeling
from tracer acetate has been shown in beth preparations to be directly
related to the Limediate past food consumption to such an extent that
the lack of conirol of feeding and fasting perinds might well obscure
lipogenic variatioms being studied, Others have reported, largely
from in ritro studies, the effest of various dietary constituents upon
lipogenesis (12, 15, 16,, 25, 50, 68), 'Thus, it becomes of paramount
importance to control the variables of both the time and quality of
feeding, if other effects upon lipogenesis are to be studied. Our
method of training to feeding was similar to thet previcusly reported
from this laboratory (56)., The enimals, upon arrival, were placed in

the cagehood assembly and given water and Purina chow &d libitum for
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several days to ellow them to become sccustomed to their new environw
ment, to regein any weight lost during shipment, and to allow them to
approach the desirable experimental weight., The controlled feeding
regimen wes then begun, and consisted of two caily feedings of Len grams
of Purina laboratory chow per animal, The chow wes placed in the cage
at twelve hour intervals and, at the end of one hour, any food remalne
ing in the eage was removad but water was sllowed ad libitum. Four to
six days of this regimen were gufficient to train the rats to eat the
entire ten grams almost imwediately, and rarely was it necessary to ree-
move any food from a eage after the first week of train-feeding, The
rets showed a consistent dally welght gein of four to six grams, All
rate were on this regimen for at least five days prier to use.

Preparation of diasbetic rats

Inducement of disbetes

The diabetie animels being reported in this work were made
diabetic with alloxan, using a vtechnique developed in this laboratory
by Rose K, Wong (6L). 411 animals used had blood sugar levels in
excess of 200 milligrams percent, and were used thres to six weeks
after alloxen injection,

Feeding regimen

The feeding regimen of the diabetic animals varied from that of
the normal animals, It was found that the diabetie animals deter-
iorated rapidly when allowed only two one-howr Teeding periods per
day. It became necessary to allew them food and water ad 1ib wntil

Just prier to the experiment, At that time & twelve hour fest was
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instituted followed by & one-hour feeding peried, The twelve hour
fagting period left the diabetic snimals hungry enocugh to guarantee
us that they would eat during their one~hour feeding pericd, even
though they had neot previously been trained %o feeding, Thus the
normal and diabetic animals were comparable as to thelr immediate
past food intake, l.e., each hed a terminal one~hour feeding periocd
of Purinz chow preéﬁdad by & twelve hour fast.

Radioisotopes

Source of radioisotopes

The acat&te»lmclh used in these experiments was synthesized in
our laboratory by a procedure previously described (57)., The remsinder
of the radioisotopes employed were vurchased from commereisl sources,
ethanol-1-C1 and ethanol-2-C14 from Nuclear Chicsge Corp., acetaldehyde-
1-2-6% from Volk Redio Chemical Go., end scetate-2-0M from Tracerlab Ine.

Doses of radiotracers employed

If & labeled molecule such as acetate-CM is used in amounts
exceeding tracer concentration, i.e., thet emount that will not ine
fluenee the resction being studied, the ingorporation of the agetate
label will no longer quantitatively reflect the rates of resctions pre-
veiling prior to its intreduction, Emerscn and VanBruggen (59) have
presented data on the changes seen in COp, fatty acid, and cholestercl
radioactivities when standerdized liver slice preparations were studied
over & wide range of tracer acetatealmelh concentration, The chenges

they reported in the specifie activity responses indicate that COg~,
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fatty acide, and cholesterol-forming systems each have & critical level
of "tracer concentration® above which tracer condiiions are violated,
They found these tracer levels to be surprisingly low for the two lipid
systems, the fatty acid specific sctivity response st 0,025 ymoles was
enly 90% of that expected on the basis of the restonse at 0,0025 ymoles,
end the cholesterol respense abt 0.025 umoles only 60% of that expected
on tho basis of the response at 0,0025 ymcles, In view of these finde
ings, it becomes important to standardize the dosare of "tracers® efe
ployed il retes of reactions are to be compared,

In practice, the minimum size of a duse of radioisotope that can
be employed is determined by the specific activity of that compound,
the percentage incarporabtion of that compound into the product to be
esscyed, the degree of dilution thet the label will undergo, i.e., the
snount of unlabelsd product present, and the sensitivity of available
assay methods. The concentralions of tracers that we employed and
that were found to fulfill these requirements in our in vitro experiments

are given in table I.

Teble I
Concentrations®of tracers employed in the in vitre experiments

minimum conc, MEXLmUm Cone,
trager in micromoles in micromoles
acetate-l«-si“hk 0.21 0,89
e‘bhanala-lnc 94;25 Ga??
acetate-2-01l i.1¢ 1.20
chml‘zﬂﬁm 1.10 , 1:16
scetatenl-2-C1lk 0.63 1,26
acetaldehydoel-2-CH 0,16 1,70

# per gram of liver slice



25
In vive
A study of the role of tracer scetete concentration in COpe,
fatty seid-, and cholesterol-forming systems of the intact animel
has also been done in our laboretory (16), The specific activity
responses of these systems were found to be linear in doses ranging
from' Du2 to 519 ymoles. The doses we employed were well within this

range, and are given in table II.

Table 1T

Dosages of tracers emnloyed in the in vivo experiments

minimum dose maximum dose
tracer in micromoles in micromoles
M@tﬂtﬁﬁlﬂnm ¥} ™ 9}3 2 0311
athanol—l—(}m 2 .2&& 7 ® ?Q
soetates2-Cll k.5 337
ethanol-2-C1l .30 11.0
acetate=1-2-CL4 6430 750
acetaldelyde-1-2-0L 2,28 26,

In vitro experiments

Liver slice technique

The liver slice procedure used was that perfected in this
laboratory by R. J. Emerson (18), As the procedure is cutlined in
‘the above work in detail, only & brief cutline will be rresented here,
The technique for lipid separation and assay hss been altered cone
siderably from thzt described by Emerson (18), end will be given in
detail,

Following the fasting period, which was one hour for the normel
animal and two hours for the disbetic, the animal was killed by dew

capitation, the liver rapidly dissectod free, snd immersed in 4O buffer,
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The buffer used was Krebs-Ringer phosphate buffer, pH 7.k, and was
prepared according to the method of Umbreit, Burris aznd Steuffer (Sh).

A block of tissue of convenient size, gemerally 1.5 x 1.5 centi=
meters, was cut from the liver znd placed on 2 disec of moistened
filter paper on & Stadie<iipggs microtome. Slices of quite wniform
thickness, averaging 0.5 millimeter, were easily obtained and randomly
distributed smong previously weighed viale containing 5 wmilliliters of
ehilled buffer, Approximately one gram of tissue slices was added %o
each vial (torsion balance) and then the final total weight was
sccourately determined on & (Qran-fAtic balance, The slices were then
edded to 125 milliliter Warburg flasks with the use of 2 funnel and
the funnel rinsed with 20 milliliters of chilled buffer, The flasks
were then cassed with 100 % Op for one minute at a flow rate of six
liters per minute while the medium wes agitated, Previously
prepared COz sbsorption tubes contedining 0.4 milliliter of 9 NaOH on
#50 Whaiman filter peper were placed in the center wells, The flasks
were then attached to the manometers and placed in the eonstant tenw
perature water bath at 37° C, 0One half hour was allowed for temper-
ature equilibration before the radiostracer was tippesd in from the
gide arm. DBecause the flasks had to be removed from the water bath
for spproximately fifteen seconds to tip in the substrate, snother two
minutes were allowed to regain constent temperature and the manometers
were then closed snd pressure readings taken at fifteen minute
intervals throughout the experiment,

At the end of the 60 minute ineubztion pecriod t.e menometers wers

opened and 0.5 milliliter of 12N HpS0), was adied to the incubstion
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mixture to stop metabolic sctivity end to release any COs present in
te substrate, An additional half hour was allowed fer collection of
COp in the center well,

Tissue fractionstion and sussay

ggg transfer and plating

At the end of the U0y collection period, the flask wes removed
from the bath, quickly removed from the menometer, and stoppered
briefly until the CQo ebsorber was removed from the flask, After
removal of the absorber tube, the filter paper roll waﬁ,?auuved from
the tube with a pair of rat-tooth thumb forceps and transfered to a
50 milliliter thickewalled centrifuge tube, The sbsorber tube was
then washed five times with hot, COp~free, distilled water; the
washings being added to the centrifuge tube eontaining the paper, The
tube was then sealed with a2 tight fittins rubber vial clesure ond
allowed to stand. At a2 convenient time, usually the fellowing day,
the tube was opened and the filter paper strip wes grasped =t one
corner with & small hemostat end held over the tube while hot, COpe
froe distilled webler was allowed to ﬁrip on it until the total volume
in the centrifuge tube was sbout LO milliliters. About 10 milliliters
of this volume were contributed by the five washings from the €0z
absorber tube and the remaining 30 milliliters was the quentity of
water used to elute the NaOll and NaglO3 from the filter paper strip.
A known amount of csrbonate, as standard NapC03 solution, was adced to
the tube {0 serve as carrier. The carbonate was precipitated as BaCﬂB
and plated by our ususl technique (62),

Control flesks contsining buffer, CNy absorber, and acetate~cth
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were run repeatedly and the center well never contained more than two
micromoles of COp after the*iacubation, transfer and plating procedures
deseribed sbove, 'This amount of C0p represents only shout 2% of the
total COz wenerally found st the end of one hour of incubation, These
contrai semples never counted more than seven counts per minute above
backzround,

Slice transfer and sasponification

After removel of the C0 absorber, the substrate wes decanted,
ne slices rinsed three times with ten milliliter portions of distilled

water, and transfered with a smell spatule to & 75 milliliter screwcap
eulture tube, Twenty milliliters of 2 molar KOF in 95% aleohol were
added to the tube containing the washed slices and the tube was
covered with a large glass merble. It was then placed on o steam bath
and allowed to reflux slowly fof* two hours., Additional alcohol wes
added as necesgsary to ﬁaintain the volumo,

At the end of two hours, the marble was removed and the alcohol
blown aff, Five milliliters of alcohol wore then added to the tube
and the volune taken to 20 milliliters with water, thus giving a 259
solution of alcohol,

Lipid extraction

All extrection procedurss were corried out in the 75 milliliter
serewscap culture tubes into which the slices were initizlly trans-
fered and in which they were seponified, Twenty milliliters of low
boiling petroleum ether (B.P, 30%-50°) were added to the tube containe
ing the sapenified slices dissolved in 20 milliliters of the waterw

alechol solution. The cap was screwed on securely and tested for
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leaks by shakinz 8 few times by hand, Severzl such tubes were then
placed in & horozontel position on ¢ shaking mechine and sheken for
five minutes at a rate of 180 strokes per minute, the horozontal
excursion being 1! inehes, The tubes were removed and allowed to
stand in a vertical position for sbout five minutes or until complete
saparatisnvoccureﬁ. If an emulsion persisted it wes -asily broken by
the addition of & little 95§ 2lcohol delivered &s a fine jet from a
velvethylene "wash bottle". The petroleum ether layer was then
removed using & 30 milliliter syringe fitted with an 18 peuge 8 inch
needle and was added directly to a 50 milliliter volumetrie flask
containing & boiling chip., This extraction procedure was repeated
three more times, making & total of four extractions, esch with 20
milliliters of netroleum ether., The 50 milliliter volumetric flesk to
which the petroleum ether lavers were added was cautiocusly placed on &
warm aresa of the cover of the stezm bath and evaporated to & volume of
5«10 milliliters so 28 to moke room for the next extract, After the
last extrazct hed been added to the volumetric flask, the contents were
evaporated to 2~5’mi11ilitera, then several milﬁilite_s of aleohol
wore added and the remainder of the petroleum ether evaporated, After
cooling, the flask was mnde to volume with 957 alecohol. Radiosssay
and cholesterol eolerimetric determinations were done on sliquots of
this selution without further fractionation,

Following extraction of the nonsaponifiable lipid, the contents
of the extraction tube wers acicified with HCY to & conpo red endpoint,
Doring the aecldificetion procedure the tubes were shaken while

suspended in an ice bath to prevent excessive warming, The fatty scicds
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were then extracted with petroleum ether, the procedure buoing essentiw
ally the same as for the nonsaponifisble lipid as outlined sbeove
except that only three extractions were found to be necesssrv,

Lipid recoveries

The above extrsction procedure remnV@d many tedious steps from
the lipid extr:ction procedure previously used in this lsberatory, and
gave equally good recoveries. HRecoveries were determined by adding a
known amount of lsbeled pelmitic scid (palmitic seidwletld, Pisher
Scientific Co,) or labeled cholestercl (cholestarol»b«ﬂlh, Radioactive
Products Inc.) to aliquots of rot tissue digest and fractionsting the
lipids as described above, The tissues used were liver, put, carcass

and skin. The distribution of cholesterol and fattr acid between

Table TIX

Percent recovery of cholesterol-h=Clt from tissue digest

cpm theoratical recoverios
tissue  epm recovered % two three Tour Mve
frection added one extract recovery extracts extracts extracts extracts
liver 1150 930 81 964 99.3 99.9 99,9
carcass 1150 685 60 84h.0 9346 97.h 99.0
skin 1150 705 61 8h.0 93.6 97k 99.0

petroleun ether and the tissve digest in 25% aleoholic aqueous solubion
wag determined by measuring the pereent of the acded label removed by
the ether in one extraction. The results for cholesterol sre shown in
table 1II. Also shown are the theoreticel yields for a totsl of two
to five extractions based on the determined distribution. Fven with

the carcass froetion, which gave the smallest eoefficlent of distribue
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tion, four extractions would remove 97.h% of the total labeled cholese
tokol added, sad peesumsbly She Bins pacaenbags bf the wniabeled
cholesterol present. An additionel extracticn of this fraetion could
be expected to vield only an ad itional 1.67, and we did not feel that
this yield warrented the time expenditure involvaed in an additionsl
axtraction, |

when knouwn amounts of palmibic aaid«lnﬁlh were ad cd to tissue
digests, the least faversble distribution for the fatty acid in the
ether phase was 80%, This pives a theoretical recovery of 96 after

two extractions and a total of 99.2% aftsr a third extrsction.

Table IV

Lipid recovery by the modified extractien rrocedere

cpm recovered  Cpm recoversd 4
tissue in cholesterol 4in fatty acid recovery %
fraction fraction frection of label contaminetion

2500 epm of cholesteroleh=cH sdded

liver 2500 0 100 o
gut 2482 0 99.3 0
carcass 2350 o Oy o0 0
skin 2360 o b 0
2L300 epm of pelmitic a&idniuﬂl& odded
1iver 370 24600 101 1.5
gut 17 21850 102 0.7
carcass €0 2h000 98,8 042
gkin 9] 2h700 1062 0

The total extraction procedure was caerried out on eipht tissue
digests, labeled cholesterol being adced to four and labeled palmitic
acid to the other four, The recovery of the label and the eross

contamination between the two classes of lipids are shewn in teble IV,
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it is seen that the recovery of the adcied label i# essentizlly complete,
that an average of less then 1% of the added radiow-palmitic acid is
removed during extraction of the nonseponifisble fraction, and that no
contamination of the fetty eeid fraetion by the labeled cholesterol

was found,

Juantitative determinstion of lipids

Color reacting stercls in the nonsaponifisble fraction (mainly
cholesterol) were determined as cholesterol by the method of Zlatkis
(80). Aliquots of the saponifiable fraction were taken to dryness with
a Np Jet in previously desiccated, tared vials, The net welght was
presumed to be due to fatty scids, and is so reported in the experi.

ments to be deseribed,

Radioassay of lipids _

Lipids were redioessayed directly at infinite thimmess (0,15
mg. per amﬁa), using a Neh7 gas flow counter with & micromil window
(Nuelear Chiecego Corp.). The infinite thinness procedure was developed
in this leboretory and has been described elsewhere (36), The effici
ency of counting by this procedurs was 28,7%,.

In vivo axperiments

Hetabolisnm chamber

All animals in the in vive series were used after 2 "one hour
fast" following their last one hour feeding peried, After being
weighed, the animels were injected with the sppropriate tracer intra=
peritoneally using a 1% ineh, 21 gauge needle on a Luer Lok syringe.
They were immediately placed in the metsbolism chamber (61) where they

remained for two hours, Uuring this time the metabolism assembly wes



3
constantly flushed with dry, Clp«free air, the expired gas being
passed first through concentrated sulfuric acid for drying, then
across the window ol 2 thin end window G, ¥, tube contained in a lead
shield, The scaler to which the (G, M, tube was zttached activated &
count rate computer, which in turn setiveted & milliammeter recorder,
thus giving a continuous graph of the relative specific activity of
the expired COp, The air streenm was then passed through & eonteiner
of 1N ¥aOF, thus trepping s1l of the expired 120, anda clo, for
further quantitative titration aﬁé radiocassay (see below), TFor a
more detalled deseription of the essemblr see VanBruggen snd Hubchens
(€1).

Tissue fractionation and assay

€0, titration

The total quentity of COy expired during the two hour period in
the metebolism chamber was determined by titration with stenderd HC1,
The reesctions involved in tris titretion sre as followst

€Oz collection in NadOh yields

COp + 2NAOH  wwmwed NagCOy + HpO (1)

Titration with HC1 leads to the following resctions

NaOH ¢ HC]l wwwwsd NaCl + 70 (8)
NagCOy + HCl wmwn~=> HaFGOy + NaCl ()
NeHCO3 + HCl wemmw-d NaCl 4 HgCO3 2222 Hp0 + COp (D)
At the phenclphthalein endpoint, pH Bk, rcactions (B) and (0) sre
complete, and the original NazCOB is present as KaHCO3. As the titrs-
tion is continued to a2 methyl orunge endpoint, the NaHCOB is converted

quentitotively to HpCO3 which decomposes into water and Cfgp, and the
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latter is released from the titration flaslk, Yhen the phenolphtholein
endpoint is reached (resction ¢ sbove), each millimole of ﬁaﬁCﬁ3
present is equivalent to one millimalé of CO2 reascting in equation (4),
- Sinece one milliequivalent of HC1 is needed for emch milliequival-nt of
KaHCOy to complete reaction (D), the milliequivalents of HC1 required
to titrate from z phenolphthalein endpoint to & methyl orange endroint
are equivalent to the millimeles of CO originslly absorbed in the
Hadll solution, The equation for caleulating totsl millinoles of

expired COy then is:

mi of COp = (1wP) (normality of HCL)(total vol. of collscted C0s)
volunme of aliquot titroted

where
P = bhurette reading at the phenolphthalein endnoint
¥ = burette reading at the methyl orsnge endpoint
The actual technique used was as follows:

A1l titration flesks to be used were pre-flushed with Ng before
addition of the samples to be titrated, 1f a2 series of samples were to
be determined et one time, they were all measured in advance, bub kept
tightly stoppered except during the actual titration to prevent sceumus

lation of stmospheric COgs Ten to fiftesn milliliter aliquots were
uged, and for this volume a 50 milliliter Erlenmeyer flask with a
small magnetie stirring bar wes found to be very sstisfactory, A ten
nilliliter burette, graduated in 0,02 milliliter, was vscd for addition
of the HCl., When nearing endpoints, quantities of HC1 lues then & drop
were removed from the burette tip with a fine stiresem of water from a
polyethylene "wash bottle"™, The titrotion wes carricd out under a

contimious flow of Hg,
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& drop of 1% phenolphthalein in alcohol was added at the beginning
of the titration end HCL run in until the red color of phenolrhthalein
Just eleared., The burette reedinc was recorded (P), and two crops of
0.1% methyl oranze wers added, givine s yellow eolor. Adcitional HC1
- was added until the pink color of methyl orange developed, merking the
end of the titrution, The finel burette reading (M) wes taken st this
time,

In as much as the COp liberated in this reaction was radioactive,
the titration wes carried out under the hood,

G0y radiocassay

The radicactivity of the expired C0p was deturmined by liquid
assay by a procedure developed in this leboratory for volstile squeous
semples (63), ’

Tissue saponification

Upon completion of the two heurs in the metabolism ascembly, the
animal was immediately seerificed by decapitation snd separsted by
blunt:diﬁsaetian into frsetions of liver, gut, carcass and skin, the
head and spleen being added to the carcass fraction., These fractions
were weighed and immedlately added to flasks containing a préviously
prepared digest mixture of 25% KOW in 95% ethanol, This digest mixtwre
was preperad as shown in table V,

The flasks containing the tissues were tien placed on electric
heaters and esch tissue digested under roflux for two hours. At the
end of this time the flasks were removed and the contents filtered
while hot through glrss wool into gradusted cylinders, The flasks

were thon rinsed twice with smsll volumes (5-10 milliliters) of hot



Table V

Freparation of digest mixture

tissue dlrestion WL, 750  grems ol
fraction flask size ethanol KnH
liver 100 m1 50 12,5
gut 500 ml 150 37.5
carcass 1000 ml 200 50.0
skin 500 ml 100 25,0

alcohol and twice with small volumes of hot distilled water, These
washings were also Tiltered through the gless wool into the graduated
cylinders., The digests were then allowed to cool and were teken up to
convenient volumes end the volumes recorded, The digests were then
well shaken to insure homogensity and sliquots taken for lipid
extrection. The customery finzl volumes of the digest mixturzs end
the aliquot sizes baken were:

tissue total volum- aliguot beken

liver 100 ml 25 ml
gut 175 ml 10 ml1
carcass Loo ml 10 ml
skin 175 ml 10 m1

The aliquots were trensfered to ?5 milliliter screw-top culture
tubes, the tubes placed in & boiling water bath, and the entire
aleohol phase removed with the aid of a Ny jet. The digest was then
reconstituted to spproximately 25¢ aleohol by adding six milliliters
of 95% ethanol and teking up to 25 milliliters with distilled weter,

ILipid extraction, quantitization, and radiocassey

The procedures for lipid recovery and assay were identicel to

those already deseribed for the in vitro animels,
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CHAPTER ITI
IN VITRO NORMAL ANINMALS
Hesults

Cuantitetive recoveries

{ne would not anticipate that tracer doses of substrate would have
any influence upon the quantity of C0p produced or upon the 0o
utilized, or upon the concentration of lipids in the liver slice, As
can be seen from tables VI and VII, no lorge differences were found in
the amounts of COp, Op, fatty acids and cholesterol isolated, regarde

less of the label used,

Table VI
C0p produced and 05 utiliszed by liver slices

number oggz number of'gz

substrete animals Tocovery# animels ___recoverys
acetate-1ecll 6 6343 £9.67 5 61.8 %8,33
acetatee2-glt 7 61,6 £9.88 6 60.2 £7.,10
acetate-sl-.?iﬁm 7 59.3 $12.L 6 62, 26,19
ethanolelel L 56,0 %7.55 3 62,6 15,56
ethanolw2-cll 7 604 £9.49 é 59,5 29,00
scetaldehydosle2eCll é 58,6 £7.9k 5 5646 $10.8
t@m _ 3? é@al t?.hﬁ 32 60.3 3?09&

# Heen value in micromoles per gram, & standerd deviation

These results are in agreement with results previously reported
from this laboratory (18), and tend to confirm the belief that the
labeled substances used were indeed tracers, eompered with each other,
in thet any one compound did not shift the paremeters of comparison,

Percent incorporation

The percent incorporation of the various laebelad compounds into
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Table VII
Concentration of lipids in the liver slice

nuUmMber of
substrate animals cholesterols fatty acids#
aﬁﬂt&'ﬁwlﬂﬂlh & 2;26 + 9.196 2201-1 . 5005
acetotewlel 7 2.25 % 0.287 23.7 £ 2,79
acatate-.i-ziglh 7 2,15 & 0,198 23.5 & 3.7h
ethanolwlel b 2,28 & 0,07 23,2 : h.ﬁt
ethanol-2-c1k 7 2,1k 3 0,289 21,5 % La55
acetaldehydeale2aCll 7 2,09 3 0,183 23.9 % 2,35

# Mean value in milligrems per gram of liver, g standard devistion

CO2, cholesterol and fatty acids by the liver slices from the normsl
snimals ere shown in tables VIIX, IX and X, It will be noted from the
values in these tables, thet even with control of the diet, as regards
composition, quantity end time of feeding prior to an experiment,
uging sn inbred stroin of rats of uniform weight snd sge, end using
nearly identical doses of substrate, that thers are wide fluctustions
of the percent incorporation of any given lebel into the 1191& fract-
ions. Although the Elhﬁg values have s maximum of a 1,5 fold range or
spread of values, Celli cholestercl values have as much as z fourfold
renge and fatts acid values an even greater range, Although it is
likely that certein of the wvalues could be shown gstatistically to not
belons to the particulsr group, all values have been included in the
pregent tables and comperisons made on 2 Yhorisontal besis" ss is
described below, This variability of the fatty ascid lsbeling ragnonse
of the slice preparation is due to factors beyond our knowledge and
control, but suffieces to coneceal differences between the met:cboliswm of

the substrates if the means end standsrd devistions of the groups sre
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Teble VIII

4 incorp. of CM¢ inte €0y by liver slices of normel animals ¥

substretes

animzl  #AwleCHl  #0e2401 %8.7w2e0 wEale0lll wuEw2~C1l wadel-2-cll

U=la 1.1 12,0 .

Cuwlb 8.9 ' 12,8

Deel, 10,6 5439 10,6 8423

w3 10.6 L.79 7402 15,8 1.25 Se7h

Dl 746 L.56 T.40 16,0 L.09 6.2

D“‘S 1105 h-él 7:93 lhaﬂ hoél hoa‘?

Dub 3333 5998 ?'82 6.15 5927

.ﬁ#? 121;@ 5.81 8-17 115»03 7-91 : 5013»3

ave, 10.9 5 nl? 8016 MQB 6037 5055

# expressed as percent incorporstion per grem of tissue per heur

#A = pcetate ##E = ethanol wehld = acetaldehyde
Table IX

% incorp. of Clh into cholesterol by liver slices of normal animals #

substrates

snimal %;a,.l-.c“{ she2aClll 2801a2eCll suBn1 gl nuBa2cll M%A::.c*-.zgz-clh

Cwla 1‘53 zilh

C=lb .47 2,15

Dwl 1.7k 2,17 2,80 oy 3.87

D“B hthg 5ﬂhé uaé,a 5‘68 8;9& . 5.0}&
Pl 3.43 64li0 bok3 7.02 .12 h.23
Do L7 6.31 5e3h 6,18 Eals1 3.0
Neb 7.20 10,3 8.11 . 12,1 5.97
DT IJOS}» 508? }4106 5;2&1& 5.52 20}1?
BYE 3."':‘7 6935 h.?ﬁ }418{3 ?06? ho;-’z

# expressed as percent incorporation per gram of tissue per hour

*4 = zsostute ##E = ethanol seub]l: » ageteldebyde
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Table X
# incorp, of ol gno fatty acids by llver sliees of normel animels ¢

substrates

animal  #heleClll #2a2-0M #80302.01 £uEa1ncY B0l rxp1dw1w2.cll

Cela 0,102 ‘ 0,163

Celb 0,098 0.118

Dl 0.040 0.121 0.067 ' 0,085

De3 0.720 1.00 0.790 1.03 1,12 04990
Dy 0,660 1.1 0.820 1.h9 2,07 1,18
Deb 5,95 6468 5e9L 9417 7.98 3.77
Db 2.10 2,62 2,39 ‘ 3.53 L7
}3"7 1092 0. 95? 0 9?;@8 1.1{4‘ Iolé ﬂ.hhg
8 €e 1&?8 ) 2.09 1.79 2.19 2466 1063

¥ expressed as percent incorporation per gram of tissue per hour

#4 = acetate #E = ethanol  wiefld = acetaldehyde

used for comperisons. The liver slice preparation, however, offers an
ideal means of minimizing the variability between animals, for 1l
substr:tes can be used or tested on liver slices obtained from the same
animal, With such sn "internal control®, the rstio of the responses of
two substrates can then be determined, and it becomes rossible to
establish stotistical differences between substrates when that difference
i3 smeller than the difference between two animels with one substrate,
In tbis thesis the deta has been treated in this manner, and the ratio
of the utilizetlons of substrates are shown in tables XI, ¥II, and X111,
and are graphicelly illustrated in figure 1, The statistical evaluation
of the data was done by means of the ¢ distribution, the equation being:
tal=1

/R
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Figure 1

Ratios of the percent incorporation of varions
labels into COp and lipids by the normal rat
liver slice

In the row of columns at the bottom of t%ﬁ figure
the percent incorporation of acetate-l«Ci#¥ into
each of the fractions is given the value of 100
and the percent incorporation of the otherlgabels
plotted as & percentage of the acetatewlel
response. The p values listed refer to the sige
nificance of the difference between the percent
incorporation of the respective label and the
percent incorporation of acetcte-l-clh.

The other rows ere handled similarly except
that for the mjgdlie row the percent ineorporation
of ethanole2«C*¥ into these tissue fractions is
given the value of 100 and the other labels
cam?ﬁrad to it, while for the upper row scetatewls
2m04 serves as the basis for comparison,

For sase in reading, the p values that are
significent at a 0,95 confidence level have been
placed in parentheses,
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where W 48 equel to the mean of the retiss of © o percent incor oree
tiong of the two substrebes, = is egual {o the number of such ratios,
avpd 32 iz egunl to J§f5£!§§EEZ » The p valuog so0 cslenloted are shown
on figure 1, and for case in reading, those thet are significsnt et a
0495 confidence loval are eireled, ¥or esse in grapking, the veluve
for the percent incorporstion of one of ithe lebels in caeh groue of
three is erbitrorily taken to be 100, and somo other response eompor-d
with it on » pereontoge banis.
gzgm

tp seen in Tigwre 1, the Cwl carbone of both ethansl an' scetets
are betier sources of respirslory COp than ere the el sarbons by
ritios of 2,851 for ethanol and 2,211 for acetate,

From the same figure 1t is seen thet the Cel position of ethanol
is & better souwrve of ﬁlhﬁz than is the sawe position of scetate, by a
ratio of 1.hsl, It is wlso seen that the mean percent incorporation
of ethanolede:ilt inte ras irstory OOz compared to the mesn percent
incarvorstion of mcetnténaucih i not significantly higher when teeted
at & 0,95 eonfidenne lovel,

ﬁﬂﬁth%inlnﬁnﬁlb wus & significantly better precursor of respirie
tory C0g than wes double labelad scotaldelydetll, gnd since cither
resition of ethanol wes sn equsl or better precursor of (7 than
sinilarly lsbeled secetete, 1t con sefsly be eonclured that ethanolele
2wl 45 Iikewise e batber procurser of 0% in this rrepsrction then
18 scetaldehrdowlmiecil,
Cholssteprol

The methyl carbong of both acetates and ethanol were significsntly
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better prscursors of cholesterol than werc the Cel cerbons, by retios
of 1.L7:) and 1,22:1 respectively, Ethanol labeled in either position
was a gignifiesntly better precursor of cholestsrol than was acetatc,
the retio of the percent incorporation of ethancl-lucm:&cetatealmm
belng 1,4711 and that of ethanole2-CUirscctaten2a0ll being 1.23:1.

At a 0,95 confidence level, there wss no difference in the
magnitude of acet&t@alezuclh and acetaldehydeuieﬁueih incorporstion
into cholesterol,

Fatty aclds

hgein, ethanol labeled in cither rosition was & sipgnificantly
better precursor of fatty acids than was similsrly labeled acetate,
the ratio ethaneialuﬁlh:acetﬁte»luclh being 1.5:1, and ethanol-2«t M,
acetate~2«01h being 1,311,

There was no significant difference between acetate and zeetaliew
hyde in fattr acid labeling,

The Gel and Cw2 carbons of either ethanol or scetate were equally

efficient precursors of liver fstty acids,

Disecussion

le On the incrsased incorporation of C-l carbon into COp

Working on the basis that the largest amount of metsbolic GOy
erises from oxidative decarboxylations of the triearboxylic acid (TCA)
eycle it is to be expected that the (el carbons of both acetate and
ethanol would make greater contributions to the GOy in short term
experiments than would the respective m-thyl esrbons, As one follows

the carbon of acetyl Cold units throuch multiple turns of the TCA eyele



1t becomes obvious that the deecarboxylation steps of the erele more
readily remove the C-l1 carbon of the original acetyl Col than thev do
the C2 carben, Strisower, Hohler and Cheikoff (17) have czleulated
the percentage distribution of the methyl and carboxyl lebels of
acetate into the four earbon rositions of oxaloscetic acid after -
successive turns of the TCA cyele, They heve shown that the cerboxyl
labol is found only in the Cel and Cek positions of oxaloacetic acid,
the carbons thet will be removed in the next turn of the eycle, The
wethyl label, however, becomes distributed thraughnut’all four carbon
positions of oxalozcetic scid, with the grratest amount being found
in the («2 and C-3 positions, The COp arising from the eyele then
would be expected to contein more of the originel csarbexyl carbons,
while compounds derivud as intermediates from components of the evele
would be expected to contain a& grester percentage of the methvl
carbons of the original scetste, Katz and Chaikoff (1h) working

with rat liver slices found that the retioc of 81502 derived from
acetate~l~31hxclhﬂg derived from acetate«?»ﬂlﬁ ranged in thelr exper-
iments from 2.h41:1 to 3.8:1, end the range 2s reported from the litere
ature variec from 2:1 to 511, Our results presented zbove, giving a -
ratic of 2.2¢1 for acetate end 2,8:1 for ethenol are in acreement with
the results of these authors and reflect this somewhet seleective
release of the Cel position &s (N,

2. On the increased incorporation of methyl lebel into cholesterol

Konrad Bloch (1) studied the distribution of lsbeled acetste
cerbon in cholrsterol and found that the methyl earben contributed

1.27 times as much activity to cholesterol es did the carbexyl carbon.
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Fonjak (LT) in 195L succeeded in biesynthesizine squalene from radio
acetete, The squalene was suffieiently labeled to allow chemical
degradation and identification of the ecetate carbon positions, The
formetion of cholesterol by the cyclization of this squalene would
result in the incorporation of 15 methyl carsons of acetate into
cholesterol and 12 carboxyl carbons, riving 2 retio of 15/12 or 1.25,
The present findings of ratios of 1.,i, for incerporation inte cholese

terol of 015 derived from acetate~2é€1h and of 1.22 for incorporation
gcetaten1.CLl

into cholestercl of i derived from eth&nﬁl”g‘clb are in cleosse
ethanci-1-C1l

agreement with the work of Bloch and Popjak.
3+ On the equal incorroretion of C-l and Cw? labsl inte fatty acids

The theory that fatty acid synthesis is a simple reversal of

the beta oxication degradative nathway has been rendered unlikely by
the recent work of Salih Wekil (é6) and Rescoe Brady (5). They have
shown by means of purified enzyme systoms that aceryl Cok is converted
to malonyl Cod by the addition of COp, By the hypothesis of Wakil,
this malonyl CoA then condenses with acetyl CoA to form ciweearbvoxy-§-
keto butyryl Col, By successive steps of reduction, removal of Hpo,
and further reduction, this is converted bo scarboxy -butyryl Cok
which is then decarboxylated to form butyryl Cof, The butyryl Cold
then condenses with another molecule of malonyl Coi and the equivalent
reactions of the previous steps repested, The process of addition of
malonyl Cok followed by decarboxylation is presumed to continue until

fatty acids of appropriste chain length are formed. The hyvothesis
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of Brady is similar, except thet he would condense the malonyl Colk
with an aldehyde rather than with the analogous scyl Cod derivative,
in an aldol condensation of the Knaavenaga; type. Tlecarboxylation
would occur in this same step givinz rise to /5 hydroxy butyryl Coh.
This would then be converted successively to butyryl Cold and butyre
aldehyde, The butyraldehyde would then condense with z second mole-
cule of malényl Col and the process repeated until fatty ecids of
sufficient chein length were formed.

The hypothesiz of Brady is more scceptzble to some from z chemie
cal stendpoint, but hes less experimental evidence to support it then
does the hypothesis of HWakil,

By either mechaniswm, however, the €Oy thet is remeved from the
malonyl CoA unit contains the same carbon that was added %o the original
acetyl Cot to form melonyl CoAj for while label from exogencus radio-
COp appeared in the malonyl CoA, tie fatty acid ultimately formed was
without sctivity. The net overall process also remeins the same, long
chain fatty acids being formed from the union of multiple two curbon
units, Sinece this is the case, there should be no difference in the
incerporation of the Cel or C«=2 carbons of acetate or ethanol into
fatty seids, and indeed we have found no significant differences in
this werk,

L, On the increased incorporation of atbanelnclh into COs, cholesterol

and fatty acids

ks mentioned sbove, ethanol sermed to be a better precursor of
GO0y, cholesterol and fatly scids than was scetate, This was true for

the C~l position, while the d¢ifference wes not statistically signifi-



cant st 2 0,95 confidence level for tie incorporstion of the (w2
carbon. The relative contributions of these compounds to the lebelw

ing of the three tissue components were:

ethanol«l-cl4 ethanoleg=C 1k

acetatowleCll acetotoedwCll
o2 1.k 1.2
cholesterol 1.5 1.2
fatty scids 1.5 - L3

When the data is viewed in ¥!1s manner, it becomes readily apparent
that the differences between the two components can be explained by &
greater sbsorption andfor by a more rapid metabolism of the ethanol,
and one need not postulate a vathway of cthanol metabolism different
from that deseribed sbove, Thus, one can let the relstive percent
incorporation inte COz indicate the relstive amounts of the two
compounds that have entered the tissues and become available to the
metabolic pathways 10cated there. From the sbove data it can be seen
that 1.2 to 1. times 28 much ethanol as acetate beceme sveilable to
the liver slice oxidative system during the duration of the experiment,
Likewise, 1.2 to 1.5 times as much ethanol as acetate was incorperated
into tissue lipids. Thus, the same percentage of that part of the
dose that sctually becomes available to the tissues for metsbolie
processes is incorporated into tissue lipids from both scetate and
ethanol,

There is no problem in coneluding thot these results sre COMPa~-
tible with the thesis that acetate ig an oblipetory intermediste of
ethanol metabolism, particularly if one assumes thet the greater

incorporation of ethanol is due to a more rarid trensport of this
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molecule across the cellular membrene. If the difference ig due to
a more rapid rete of ethanol metabolism rather than & grester flux
across the cellular membrene ... and we have no way of telling which
effect we are seeing here ... the findings are still compateble with
the presently proposed pathway of etharol metsbolism which postuletes
that ethanol is converted to acetyl Cod rather than to aceteate,

Another nossibility exists to explain the ineressed incorroration
of ethenol into COp, cholesterol and fatty scids without postulating
different pethways, and it may be of profit to explore it briefly,

For ease in discussion, we will essume that acetate is the common
intermeciste, but the same reasoning would hold il scetyl Cof were the
intermediste,

If ethanol werc metebolized in a different geometric rosition of
the cell than was acetate, and the acetate intermediate common to the
metabolic pathwey of the two compounds did not become dispersed in o
common acetate pool, then ethanol might indeed be absorbed and metow
bolized at the same rate as acetate and still put more label into Coy,
cholesterol and‘fatty acids than the acetate itself does, One might
have to postulete, in this case, that the ascetate pool zvailable to
ethanol was smaller than that which diluted the sdministered acetete,
One would further have to postulste that acetate derived from ethanol
wes oxidized to COg, and also used for the synthesis of fatty sei s
and cholesterol, without entering a part of the cell thet exogenously
administered scotete enters, for inereased inecorperation of ethanol
was found in 211 three commonents,

That such a complete seperation and duplication of metabolic pathe
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ways exists ecan not be absolutely denied on the basis of our present
knowledge, but it seems highly unlikely for the following ressonss
First, alcohol dehydrogenase is found in the water soluble fraction
of the cytoplasm of the liver cell (L), end thus the metebolism of
ethanol probably begins here, and not in one of the subecellular
pgrticlms that have been identified, Secondly, as far ss we know, the
synthesis of cholesterel and fattry acids, and the oxication of fattiy
acids, take place only in specific sress of the cell. Thus, the
synthesis of cholesterol appesrs to be limited to the mierosome (7),
the oxication of fatty acids to the mitechondria (21), and while the
exgct gite of fatt acié_synthasi$ is not known; 1% does not oceur in
the mitochondria (21) but sppeers to occur in the cytoplesm., At
least, complete enzyme systems eble to convert acetyl Cod to long
chain fatty acids are found in pariicle~free soluble extracts of
liver and other tissues (6, 38, 67)s These various sites, then,
would seem to be common meeting ¢rounds for scetete destined to
become cholesterol or fatty acid, whether it be from exozencus acetate
or acetate derived from the oxidation of ethanol. An incressed incorw
poration of ethanol inte choleste:rol and fattr acids then does not
seem to be loglcelly explained on the bosis of dilution by acetate
pools of different size,

A different degree of dilution does not seem likely for the reasons
mentioned. £4n incremsed rate of metabolism of ethanol over acetate
also seems unlikely in view of the rather slow decline of blood
eleohol following its ingestion, and the low‘turnov@r number and low

Micheeélis constant (33) for the reaction



ethenol + NPN  wowenBd8QU0lavo.s acetaldielyde + DENH + HY
dehydrogenase

An increased rate of absorstion of aleohol, on the other hand,’is in
keeping with our knowledge of the rspild rste of ethenol absorption

by the gestric mucoss, and the great solubility of ethanol in both
aqueous and in lipid systems, Of the verious yossibilitias mentioned,
the most likely explanation of the incressed incorporstion of ethanol
into the tissue cémpanents would seem to be an increassd rate of
absorption of ethanol,

5. On the comparison of acetate and acetaldshyde

Acetate proved to be & significantly better precursor of respire

atory C02 then was acetaldehyde, and the mean percent incorporation

of seetzte into cholesterol and fatty zeids is higher then tﬁa mean
for acetaldehyde, Thus, while ethanel proved to be a better precursor
of these tissue constituents than acetate, acetaldehyde is & poorer
precursor. These results ere contrary to what one might expect if
gcctaldehyde is & metabolic intermediate between ethanol and acetate,
However, if one again assumes that the percent of the dose thet is
incorporated into COp is indicative of the percent absorbed by the
tissue, then the tissue put an equal ameunt of the absorbed dose of
both acetate an’ aceteldehiyde into cholestercl, and a slichtly greater
percent of the sceteldshyde into fatty acids., When compares in this
same manner, we saw that acetzte and ethanol were equally elficient
precursors of cholestercl and fatty acids. Assuming then that the
percent of the dose incorporated into COp is indicative of the pereent
of the dose zbsorbed and thus available %o the tissues, then tiese

results arc consistent with the hypothesis that ethanol is oxidized to
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acetaldehyde end the latier to acetate,

There is another possible explanation for the cbserved lower
incorporation of acetaldehyde into (02, cholestercl znd fatty acids,
that would also be consistent with the view thet acetaldehyde is
metabolized via scetate, It may be that acetste end acetaldehvde are
absorbeg in the liver slice preparation at essentially the same rate,
and thet the decreased incorporation of the latter is a réflectiom of

its slower rate of sctivation and metebolism., If this were the case,
hen ethaénol could not be metabolize’ via acetaldehyvde, as the rate of
ethanol metaﬁélismAis equal to or greatexr then that of acetete, a8 we
have seen above, One could postulate in this case that ethenol is
converted directly to an "active aldehyde™, a process more readily
carried out in this preperstion than is the activation of exogenous
aestaldehyde,

In this regerd it will be noted that Newman (LS) and also
Westerfeld (72) heve both reported & repid rate of metebolism of
injected acetaldehyde. This would make it more likely that the
decressed incorporestion of acetaldehyde in the liver slice preparztion
is due to 2 decreased ubsorption and not to a decrsased rate of
metabolism, ° However, it must be pointed out that these other investi-
gators were working with intact animals and sdministered pharmacolos
gicel rather than tracer doses of acetaldehyde,

Our results for incorporation of acetazldehyde into fatty aelds
differ from those of Brady eand Gurin (26) who reporﬁed scetaldehyde
to be a better precursor of liver fatty acids than acetete, by & ratio

of 1.5t1. It must be pointed out, however, thst the conditions of the
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two experiments varied in mony respectss Of particular note is the
difference in the amount of labeled substrate used, Brady and Gurin
used 75 micromolss of acetaldehyde or acetate per flask, while we
ewployed approximately 1 micromole, Ewmerson and® VanBrupgen (59)
have pointed out the marked effect that increasing deses of tracer
acet te have upon lipozenesis in the rat liver slice, the percent
incorporation of acetote inte fatty acids at 2 dose of 75 microwmsles
being spproximately 1/3 of the anticipated response on the basis of
the percent incorporztion from » dose of 1 mieromole., 4 similsr study
has not been done on scetaldshyde anc there is no wey of vredicting
the response to incressin: doses of thils compound, A different
response of liver slices toward inereasing deses of these two sube
atrates could, however, explain the difference between our results
and those of Brady and Gurin,

It is interesting to speculate on the possible meening of the
ineressed incorporation of acetaldehyde os comparcd to acetzte into
liver fatty acids (assuming that for both tracers the percent of the
dose incorperated inte C0p is indicative of the percent of the dose
metabolized), If acetaldehyde must be oxidizmed to acetzte prior to
being converted to fatty acids, then one would expect either the same
or a2 smaller percent of a dose of scetaldehyde to be incorparatcd into
fetty scids, as compared to & dose of acetete, If, on the other hand,
the synthesis of fatty scids occurs by the resction of aldehvdes with
malonyl Cok, as postulate by Brady (5), then acetalcdehyde would
enter this synthetic pethway directly and would be expected to be

incorporated to the seme or to 2 greater extent into fatty seids than
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would acetate, which would require prior conversion to acetaldehyde,

While these results are not offered as strong support for Bradyts

hypothesis, it is certainly one way of interpreting the data,

de

2.

3.

Lfm

L

Summary statements

Acetate»lnclh, acet:tenzuclh, ethanalalﬁﬂla, athanalwz*ﬂlh,
acetatewlu2uﬁlh and acetaldehyde~1»2-01& have been compsred as
precursors of the €02, cholestercl and fatty acid fractions of
surviving liver slices of normel rets in vitro.

The Cel carbone of both ethanol and acetate were found to be
better precursors of respiratory COp than the methyl carbons,
This is expleined by the discriminastive decarboxylations of the
TCA eycle,

The methyl carbons of both ethanol and acetate were found to be
betier precursors of cholesterol than the Cel earbons, This is
explained by the known ratio of Cel to C~2 carbons found in
cholesterol which is bioclogically synthesized from acetats.

There was no significant difference in the percent incorporation
of the carboxyl and methyl carbons of acetate or of the Cel and
Cw2 carbons of ethanel inte fatty escids, That this is to be
anticipated from the propesed pathway of fatty acid svnthesis is
discussed,

Ethanol labeled in either position incorporated mere carbon stoms
into CQQ, cholesterol and fatty acids than di7 similerly labeled
acet: te, It is proposed thet this is due to & grester zbsorption

of ethanol by the liver slice, Other rossible mechanisms to
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explain this increased incorporation are discussed,
Acetate=le2-CHt wag found to be a significantly better precursor
of COp than acetaldehydeel«2+014, and tended to be a better
precursor of cholesterol and fetty =eid than &aataldehmﬂe~1m2aclh,
thuugﬁ the differences were not significent at a 0,95 conficdence
level, It is proposed that this sgein is cdue to & difference in
the rate of absorption of these two compounds, though other possie
bilities are discussed,

The grester pereent of tie favailable" dose of aceteldehyde incore
porated into fatty eeids, as compared with the "available" dose of
acetate incorporeted into this same froction, is suggested to be
congistent with the hypothesis that fatty acid synthesils occurs
vie an eldol condensation of the Knorv&négel typé, az postulated
by Hoscoe Brady (5),

It is concluded that the data presented here for the normsl rat
liver slice is consistent with though not proof of the presently
proposed pathway of ethanol metabolism, the oxidation of etha ol
to scetaldehyde and the oxidation of the latter to scetate of

acetyl Col,



CHAPTIR IV

IN VITRO DIABSTIC ANIMALS

The diabetic rat liver slice has been shown to have a decreased
rate of lipogenesis from acetate (58), Klwood and VanBruggen have
shown that a substantial part of this block of lipogenesis occurs
prior to the formation of [ «0H butyrate, perhaps on the busis of &
decrease in the availability of acetste for COp and lipid formetion
and 2 decrcased acetate pool sisze,

If ethanol and acetaldehyde are metabolized solely via acetate,
this deprossion of lipogenesis im the disbetic should be similar for
all three labels, If these compounds are metsbolized vis alternate
pathways not requiring prior conversion to scetate, then significent
differences right be found in the diabetic preparation in the
conversion of these compounds to lipids, It is for this resson that
the diabetic preparation was studied,

Quantitative recoveries

As wes also previously noted for the normal animals, there was
little difference found in the amounts of (0p, Op, cholesterol or
fatty acide iselate@ fiam the diabetie animals, regsrdless of the
tracer employed, These resulte are summariszed in tables XIVZ XV,

Percent incorporations

The comparison of the results of the various substrates was
handled stetisticelly in the same menner ns the comparison in the
normal animsls, end are plotted in & similar manner in figur. 2,

The actual values of the percent incorporastions are given in tables
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Table XiV

COp produced and 02 utilized by liver slices of disbetic arimels

C02 7
number of . number o

substrate animals recovern animals  rocovery

acetotoal-Cil 6 57T £ 9.41 6 65,6 & 6,65
acetatem2egi! 6  58.0 % 5,08 6  63.0 % 8,16
acetate=le2ep i 6 55,2 % 7,50 6 €1.3 3 5.97
ethanolelel 6 Shet § 12,1 6 6347 % 7.10
ethanole2.ck 6  57.4 % 5,58 6  63.0 & 9,52
aceteldehydesle2eGl & L9.7 & 9.17 5 6642 & 4,15
total 36 55, & 8.33 35 63.8 & 6.66

# Mean value in micromoles per gram per hour, g stendard deviation

Teble XV

Concentration of lipids in the diabetic liver slice

number of number or
substrate animals  cholestorol#* animals fatty acids#
acetateml-gll L 2,29 ¢ 0.6 6 2746 & 2428
acetaten2eClll h 2,12 £ 0,240 6 28.7 & 2,16
acetetewle? lh Li 21:28’ F ﬂ.ghﬂ 6 2?:0 :. 1037
ethanoleleC k 2,31 & 0,305 ) 26,5 3 2.37
ethanole2«gik L 2.48 3 0,312 é 26,1 & 2,55
acetaldehydemle2aCll 4 2,35 3 0,118 6 26,1 £ 1,81
total Zits 2036_! 0,278 3_6 27.1 ; 2.15

# Mean value in milligrams per grem of liver, i stondsrd deviation

XVI, XVII, and XVIII, and the retios of the responses of the substrotes
that we are interested in comparing ore given in tebles XIX, XX, and‘
Xxx,
o,

Compering similer portions of figures 1 and 2, we find that the

relative percent incorporaztion of the various labels into COp in the
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Table XVI
£ incorp. of Clt inte CO2 by liver slices of disbetic enimals #

gubstrates

anigel #heleCld #2201 #421-20C1 swBalgld weBu20l wnaLda1-2-C1L

Fel 16,7 6ahils 927 8.91 - B.62
Fug 19,9 AN 1h.1 29,2 13.h 648
Fa3 16,1 6,76 10,7 19.7 8.77 2,58
?ﬂg 3.702& 7&’4’6 3,1.9 21;8 11.”? 5072
Feb 16,7 6493 10.4 26,7 1.6 Se9l
BYCe : 3‘?0!-5 T.lﬁ 11.2 2_}.6 w.é gtm
# expressed as percent incorporation per gram of tissue per hour
#h = scetate #*E = gthanol #uudld = acetaldehyde

Table XIVIX
% incorp, of ¢l into cholesterol by liver slices of disbetic animals #

subgtrates

onimal #AeleCrl 2Ae2eCMl #hulefuCll #5EaloCll suBa2.0ll KA1 dwl2-C s

Fal 0,939 1.35 1,05 1.03 1,51 0.670
Fal 0,855 1,10 0.781 1,35 1.90 0e5L1
,Fﬂs 1032 1.3}«5 1026 1359 1‘?6 0‘51?
Fely 1.20  1.37 1.23 1.51 1.93 0,525
Fub 0.LkS 0,908 0,591 04933 1.36 0.26k
Fub 0.032 0,058 0,038 0.0L3 0,0L6 0.029
ave, 9.?99 3«;9; 6.325 ltﬁs 1&’-‘2 60_375

¥ expressed as percent incorporation per gram of tissue per hour

#& = acetote #4#E = gthanol #x#Ald = aceteldehyde

diabetie proparstion ars similar to those of the pormal liver slice

in vitre, That is, the Cel corbons of both ethenol and acetate are
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Table IVIII

% incorp, of ¢l into fatty acids by liver slices of disbetic animsls #

substrates

animl wAeleCld #4u2eCll shedw2oc supe1 ol wapa2uol wraa1om1.2ucll

Fel 0,051 0.070 0,065 0,075 0,082 0,061
Ful 0.168 0.228 0,137 0,310 0,313 0.129
Fa§ 0,038 0.131 0,082 0,087 0,111 0,058
Fwé 00029 00358 ﬁughi& ' OIOhG 0.0&& 0133?
ave, 0,22 O,e1? 0,170 0.22L 04240 0,116

# expressed as percent imcorporation per gram of tissue per hour

#A = acetate ##E = gthanol #Hellld = acetaldehyde

better precursors of GOz than the C=2 cerbons. Either cerbon of ethanol
ig 2 better precursor of (02 than is the same carbon of acetste,

Lastly, scetate-lw2-Cl4 is a better labsler of COp than is double
labeled acetaldehyde,

Cholesterol

Again, we find that the relationship of the percent incorporations
of ethanol and acetate into cholesterol are identical in the disbetic
and in the normal snimel, i.6., ethanol is 2 better precurser of
cholesterol than is acetate, and the Cw2 carbon of sither compound is
2 botter precursor than the Cel earbon,

We find a statistically significent difference in the smount of
label incorporsted into cholesterol from acetateoeleleCill and acetaldew
hydewlmﬁqclh, the former being more readily incorporated, We did not
find ﬁhié difference to be statisticelly significant in the normel
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Pigure 2

Ratios of the percent incorporation of various
lzbels into €0y and lipids by the disbetic rat
liver slice :

In the row of columes at the bottom of»tiﬂ figure
the percent incorporation of asetatewleCdd into
each of the three fractions is given the value of
100 and the percent incorperation of the other
labels plotted as & percentage of the acetatewl-Clh
response, The p values listed refer to the signife
icance of the differsnce between the percent
inecorporation of the respective label and the
percent incorporation of acetatenlmﬁlh.

The other rows are hendled similarly except
that for the middle row the pereent incorperation
of ethanol-2-Cil into these frections is given
the value of 100 and the other labels campargﬁ
to 1t, while for the upper row acetotowlelelil
gserves as the basis for comparison.

For ease in reading, the p values that are
significant at a 0.95 confidence level have been
placed in parentheses, .
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animal, and it may be related here to the more markedly decreased
incorporetion of aceteldehyde into (0p, &s we shall discuss presently.
Fattx acids

As in the normal prepar:ations, we {ind here thet there is no
significant ﬁifferenee between the Cel and Ce2 carbons in their
lebeling of fatty ecids. Conbtrary to the finding in the normel, in the
Giabetic animal we find no significant diffgrence between ethanol and
acetate in the amount of zelivity getting into fatty acids,

Again, as with cholesterol, we I'ind s significant d¢ifference
ketween the amount of label inecorporated inte fatiy szcids from scetzte

snd acetaldehyde, the former being & better precursor,

Discussion

le On the increased incorporation of (el carben inte COy

Again, this iz in keeping with the selective oxidative decarboxy-
lations of the TCA evele as discussed in the pr-vious section,

2, On the increased incorporati-n of the methyl label into choleaterol

igain, ouwr findings are the same in these diabetie preparations
a8 in the normal snimels, the methyl carbona of acetzte and ethanol
contributing 1. end 1.3 times as much label to eholestersl &s the Cel
carbons, This is in keeping with the feet thoet, as discussed in the
previous section, of the 27 carbons of cholesterol, 15 are derived from
the methyl carbon of secetate and 12 from the carboxly carbon,

3 On the equal incorporation of the Cel and Ce2 label into fatty aeids

Our findinge in these disbetic enimals, as in the normals, are in

ggreement with the hypothesis that the net synthesis of fatty sclds
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ocecurs by union of multiple two carbon units,

. On the relative incorporetions of ethanol and acet:te into COp,

cholesterol and fatty aeids

The relative incorporations of these compounds into the three

tissue components studied were:

ethanol-lClh ethanole2ec 1l

acetatem1-014 acotatom2mCih
COg 1.3L 1,50
cholesterol 143 1.30
fatty ecids 1.45 1.04

Again, as in the normal animals, if the percent incorpeoration into COp
is assumed to represent the relative amount of the substrate sctually
made available to the tissues, the disbebic is handling both compounds
similarly in the synthesis of cholesterol, within the 1imits of
experimental error, This holds true for fatty acid gymthesis from the
Cwl carbons,; but not from the wmethyl carbons, On the basis of the
percent incorporation into COp, the methyl carbon of acetate is a
béﬁter precursor of liver fatty acids in the disbetie liver slice than
is the methyl carbon of ethancl, We offer no explanation for this
finding, and can not reconcile it with the presently known schemes of
motabolism, It mey be that it is an artifsct of small sampling of a
large population, or due simply to experimental error,

5, On the comparison of acetate and acetaldehyde

In the diabetic preparation, acetate proved to be a significantly
better precursor of COp, cholesterol and fatty seids than acetaldehyde,
If caleulsted on the assumption that the percent incorporation into

€0y indicates the amount of the label asbsorbed, then the tissue handled
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both compounds in a quantitatively similsr menmer in the synthesis of
echolesterel, and ineorporated slightly more acetaldehyde than acetate
into fatty acids, a relationship similar to thet found in the normal
animals, Again, this incressed incorroration of scetaldehvde into
fatty acids, when compared in this menner, would seem to be in keeping
with the hypothesis of Brady (8), that fattv acid synthesis otcurs by
means of ropeated aldol condensations,

The differences in the percent incorporation of the label of the
two compounds into lipids is sipnificant in these disbetic animals for
both cholesterol and fatty acids, In the normel snimals, though the
difference is in the seme direction, it is not sipnificant for either
of the lipid fractions. The explanation for this probably lies in the
faet that the reletive incorporastion of aceteldehyde inte CO2 is
further depressed in the diabetic preparation than in the normal, If,
as we have assumed, the percent incorporation into €O indicates the
amount of substrote mede available to the metabolic rathways of the
tissue, then one would expect that 2 depression in the percent incor=
peration of label into COp would be accompanied by an equel deprossion
in the percent incorperation of that label into cholesterol and fatty
acids, This indeed is what was found,

The significence of this decressed utllization of scetsaldehyde
by the disbetic in the formetion of COp will be discussed in the
following pages where there is compared the diabetic and normel in
vitro preparation in respect to formetion of COp, cholesterol and

fatty acids from various substrates.
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Summary statements

gc@tahamlmﬁlh, scettow2uill, ethanalulaﬁlh, &thanml»Quclh, acetatow
1=2«03k gng aeetalﬁahydeuI-Z-clh have been compared as precursors
of the COp, cholesterol and fatty acid fractions of surviving liver
8lices of disbetic rets in vitro,

The C«l darbans of both ethanol and scetste were found to be better
precursors of respirastory €Ny than the methyl cerbons, This is
explained by the selective oxidative decarboxylations of the T0h
eycle,

The methyl carbons of both ethanol and acetets were found to be
better precursors of chelesterol than the (-l cerbons. This is
explained by the known ratio of methyl to carboxyl cerbons found

in cholzsterol which is blologieally synthesized from acetute,
There was no significant difference in the percent incoerporation of
the C»1 and Ce2 carbons of acetste or ethanol into fattv acids,
That this is to be antioipated from the proposed pethway of fatty
acid synthesis has been previouslv discussed,

Ethanol labeled in either position incorporated more carbon atoms
into COp and cholesterol than did similarly labeled acetate, It is
proposed that this is due to a preater abgorption of wthanol by the
liver slice,

Acetate was found to be & significently better precursor of COa,
cholesterol and fatty acids than acetaldehyde, It is proposed thet
this is dus to a greater absorption o the acetate,

The ratio of Qiﬁﬂz derived from'acetateul-E-GEE was greater
CIL0p derived from acetaldenyde=iegw0lh .

in the diabetic prepsration than in the normal. The significance
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of this will be discussed in the following section,

8, When compared on the basis of the percent of the dose that actually

9e

was metabolized, as indicated by CO2 percent incorporation figures,
acetaldehyde was a better precursor of fetty acids than wag acetate.

This would seem to be in keeping with the hypothesis of Brady, that

fatty acid synthesis occurs by means of repeated aldol condensations,

it is concluded that the data presented here for the diabetic rat

. liver slice is consistent with, but not proof of, the presently

proposed pathway of ethanol metabolism, the oxidation of ethanol to
scetaldehyde and the oxidation of the latter to acetate or scetyl

G0k,
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CHAPTER ¥

DIABETIC vs NORBAL IN VITRO

Results
While there was found an slmost identical pattern when comparing
the relative incorporations of the various labels into COp and lipids
by both the normal and disbetic slice preparation, when the percent
incorporation of any one label into these fractions is compered there
are found marked quantitative differences, These differemcas will be
pointed out in the present section,

Percent incorporation

These results have been previously presented, and sre given in
tables VIII, IX and X for the normal snimals, and in tables XVI, XVII,
and XVIIT for the disbetics. The results, however, are slso presented
graphically in figure 3, In this graph, fha percent incorporation of
the label by the normal animal is arbitrerily given the value of 100,
and that of the disbetic animal is given as a rexrcontage thereof,
%

Though the diabetic preparation shows no sipnificent differ-nce
in the amount of COp respired during the course of the experiment, the
€0y formed cantaine& a significantly greater amount of the tracer carben
from acetate and ethanol than did the €Oy of the normal preparation,

Different results are seen when acetaldehyde 1s used as tracer.
Here we find the same percent of the dose incorporated into €Oy by
both the normal and disbetic preparations,

Gholesterol

The incorporation of labeled acetate into cholostersl was reduced



Figure 3

Comparison of the normal and disbetic in the
incorporstion of label into COp, cholesterol and
fatty acids

The percent incorporation of each tracer compound
inte CO2 and lipids by the normzl animel is given
the value of 100, and the percent incorporated by
the diebetic animal is plotted as a percentage of
the normsl response, The p values for the
differences between the diabetic and normal
preparations in the percent incorporastion inte
fotty acids and cholesterol are ,005, The p
values for the difference in percent incorporation
into ¢ aiﬂ .05 for 211 labels except acetalde~
hydewlwdeC*4, in whigﬁ the p value is .1,

Lwl = scetateesleC g = acetatemguclb

Ewl * ethanoleleCll  Eu2 = ethanole-2eC

Awle? = 2cetatomletecil

Aldwleg = acetaldehydenluﬁuﬁib
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82% in the diabetic liver slice, the incorporstion of labeled ethanol
was reduced B0%, and the incorporation of labeled acetuldehvde was rew
duced 91%, These values on acetzte are in close sgreement with those
reported by Elwood end VanbBruggen (58), whe found the incorporation of
acetate1-0 into cholesterol reduced by 83% in the diabetic liver
slice. The p value for the difference is significant at a 0,995
confidence level,
Fatiy acids

The incorporation of labeled scetate into fatty acids wag reduced
88% in the disbetic liver slice, the incorperstion of lsbeled ethanol
wag reduced 90%, snd the incorporztion of labeled acetaldehvde was
reduced 93%., Again, these fipures are in close agreement with the 92%
reduction in the pereent incorpor: tion of aeetat&-lﬁﬂlh into fatty
acids by diebetic 1ivar slices reported by Elwood and VanBruggen (58),
The p value for the difference is significant st o 0.995 confidence

level,

Discussion

l. On the percent ineorporation of ¢l Jabel of acetate and ethanol

into COp in the diabetic liver slice

As has been pointed out, the diabetic preparation produced a
slightly decreased amount of COp in the experimental period, but the
€0p formed contained a2 significantly grester smount of tracer carbon
from acet:te and ethanol than did the C0» formed by the normal snimsls,
This finding is not in sccord with the cobservation of Hotiez and

Chaikoff (13) who concluded, on the basis of the amount of C1hﬁ2
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recovered, th&t the disbetic slice oxldizes scetote to & slightly
grester degree than does the normal slice, 0Our data on the amount of
€0p produced and on CHi0y setivity indicates thet the disbetic rat
forms the same amount or lees COp but converts more of the adwinistered
labeled acetste or ethanol to Glhﬂg than does the normel rat, This
obgervation on the increassed incorporatien of labeled ethanol and
acetate into COp is in agreement with the observation of Elwood and
VanBguggen (58) for aeetﬁte-l~ﬁ1h, thourh they found, in addition, 2
statistically significent decreese in the total, amount of COp. They
sugpested on the basis of their findings that the supplies of acetite
{the size of the ncetyl Cok pool?) in the diabetic are decressed, with
a resultent slowing of the acetate flux through the oxidative cyvele,
but with a concwrrent decreased dilution of the acetate tracer dose,
While the present findings do not demonstrste a significant decrease
in the total ammuné of €Oy formed in the disbetic as wss found by
these other workers, their suggestion of & decrsssed availebility of
acstate and a2 decreased scetate pool in the disbetic would explain the
regults equally well,

2. On the percent incorporation of ol 1zbel of acetaldehyde into Clg

in the disbetic vs normal liver slice

The diabetic liver slice incorporated the same percent of the
dose of acetaldehyde into COp &s did the normal liver slice, This is
contrary to the results found for acetate and ethanol, and suggests a
diggimilarity in the metabolic pathways of ethanol and acetald-hyde,

Thus, 1if ethanol and acetaldehyde are metabolized via identical

pathuays, l.e., a2cetaldehyde is an obligatory intermediate of estharnol
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metabolism, then any block in the oxidation of scetaldehyde caused by
alloxan disbetes should affect ethanol metebolism s well, However,
we find that the disbetic is able to put 65% more of & dose of labeled
ethanol into COp than is the normal, while putting 7% less of a dose
of scetaldehyde into COp than the normel, If the suggestion made above
is correct, that the explanation for the inereased incorporation of
administered acetete and ethanol carbon into G0y in the disbetic is
éva.tﬁ a decreased acetyl CoA pool, then the rate of metsbolism of
acetaldehyde in the disbetic rat must be depreszed over that of the
normel to result in €Oy of similer specific activity in conjunction
. with & lesser dilution of the acetyl Gof,

The argument may be presented thet the decresced formstion of
(0p from acetzldehyde in the cisbetic ie not due to a specific block
in acetaldehyde metabolism in this preparstion, one that does not exist
for ethanol, but that it refiecta e different celluler site of metsboe
lism, 2 site where the acetate pool is not deereased, llowever, as we
have seen, lipid synthesis from acetsldehyde is also further depressed
in the diabetic preparatiocn than is lipid. synthesis from ethanol, and
as these synthetic pathways seem to ocour in specific areas of the eell
that form common meeting srounds for acetate from any source, thieg
argument would not seem valid, Also, if the water soluble eytoplasmic
enzyms aleohol dehycrogenase is concerned with the Pirst step of
aleohol oxidation, then ~thanol must be converted to its first intere
mediate in the cytoplasm o' the cell, This would alze be the srea
into which ecetaldehyde, absorbed from the surrounding medium, would

be first introduced. Thus acetaldehvde from either source wonld find
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itsslf in the same celluler environment, and would be expected to
follow the same metabollc pathway.

It is ddifficult ia reconcile the postulate that ethanol is oxie
dized te ageteldehyde as an oblizatory intermedinte with this finding
of a specific difference in the disbetic preparation in the metaboliam
of acetaldehyde to COp, cholestercl and Tetty aclds; a block that does
not affeet cthanel metebolism., Thers is one additional posgibility

- that we are unsble to exclude on the basis of these experiments, that
could explein these differences in the effect of alloxan disbetes on
the metaboliem of acetaldehyde end ethanol, That is, thet the condie
tion of alloxan Jiubetes causes a pertisl block in the sbsorption of
acstaldehyde, i.e., some change in moembrane permeshbility or transport
that affects acetaldehyde but does not afizet othanol or acetate,

3. Tn the decressed incorporation of 51l lsbels inte both Iipid frecte

ions

The findin. of decroased lipid labeling in the diabetic preparam
tion is in keeping with the resulis previousiy reported from this
laboratory (58.).

The percent incorporation inte cholesterol by the diszbetic slice
was reducesd 824 and 80% for scetete and ethenol respectively, and into
fatty acids 88% for acetate and 90% for ethanol., These results, in
conjunction with similar inerezses in percent incorporation into C0p
of L5% and 64% for acetate and ethanol respectively, would indicate
that there was no speeific block in the disbetic animel in the metsho-
lism of ethanol, but that both acetete and ethanol were being influsnced

in this prensration by a comuen metabolic sberration (s).
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The grecter depression of lipogencslis from acetaoldehyde, 91%
reduction in percent incorporation into cholesterol and 93% recduction
in percent insorporation into fatty acids, is in keeping with the
finding of relatively lesser quantities of acetaldehyde incorporated
into €Oy in the diabetie liver slice. These results, for ressons
discussed above, suggzest 2 specific block in the alloxan diabetic
liver slics in the metebolism of scetaldehyds, This block must occur

prior to the formation ol acetyl Cod,

Summary stotements

1, Dizbetic and normel rot liver slices wers compsred in their ability
to incorporste scetate-l-Cll, acetate-2-Cll, zcetatewl-2.-C1l,
et&anal—lmclh, ethanole2-Ct and acetaldehyde=le2-Cllt 1abel into
COg, cholesterol anc fatty acids,

2. There was no significant difference between the normal and dizbetic
preparations in the smount of COp produced or 02 utilized: or in the
amount of lipid per gram of liver,

3. The incorporation of acetatesC label into COp was increased 45% in
the disbetic preparation. The incorporation of ethanol-Clt 1sbel
into COp was ineressed 6L% in the disbetic preparstion, There was
no significaent difference between the normel and disbetic slice in
the incorporation of acetaldehyde-Clh 1sbel into COp.

li. The incorporation of all lsbsls into cholestersl was decreased in
the disbetic slices, the percentage reduction being 82% for acetats,
80% for ethanol and 91% for acetaldehyde,

5. The incorporation of 211 labels into fatty acics was decressed in
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the diabetic slices, the percentage reduction being B8% for acetote,
90% for ethanol and 93% for acetzldehyde,

The inereased incorporation of scetate and ethanol carbons into Cip,
and their deeressed incorporation inte lipids in the diabetie
preparation is suggested to be on the basis of a decreaszed svaile
ability of acetate for COp and lipid formetion and a decreased
acetate pool size, The similar responses of these two compounds

to the metabolic sberration (8) of alloxan disbetes indicates that
there is no specifie block in the diasbetic animal to the metsbolism
of ethanol.

The dissimilerity in the response of acetaldehyde and ethanol metaw
bolism to diabetes suggests that acetaldehyde is not an obligatory

intermediate of ethanol metzbolism,



CHAPTER VI
I VIVO NORMAL ANIMILS
Results
It is well lmown that the presence of certain metebolic pathways

may be predicted on the basis of in vitre evidence, but it is not
pencrally recosnized that this same evidence does not necesserily yield
information on the guantitative importance of such pathways in the
intact animel, In view of the potentlal hazards o! application of in
vitro cdata, it seemed necessary to compare the incorporstion of acetate,
ethanol, and gcetaldehyde carbon into C0p, cholestarcl and fatty aecids
in the intsct animal as was done in the liver slice,

wuantitative recoveries

- The mesns and stendard deviations of the amounts of Gy expired by
the test snimals during the twe hour stiy in the metabolism chamber are
recorded in tzble XYII, The values renge from 26,k to 28,0 millimoles,
there being no siznificant difference between any of the animale,

regerdless of the label employed.

Table X¥I1
Respiratory COp of test animals®

punber of gtandard
label animals meen deviation
scetatealeCll 6 27.3 0,67
acetate~2-01l I 28,0 287
acetateelu oGl L 27.8 2,63
‘ethenolewl«( 8 27 2,17
athanole=2«C L 26.h 1.31
acet:ldehydeslmg-0 1l I 28,5 0457

# As millimoles of COp per two hours
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Table XXIIT

1ipid concentrations® of pooled animals

cholesterol Tatty acice
anrbor of gtandaxd mmber of stondard
tissue gamples mean  daviation samoles mean deviation
liver 21 2,48 0.39 21 32.1 5439
gut 23 1,50 0,25 21 38.0 10.3
carcass 23 1.58 0,20 21 56, 1bhub
skin 23 2,52 0426 21 125.0  33.7

# As milligrams per gram of tissue

The concentration of lipids in the various fractions studied, i.e.,
liver, gut, carcass and skin, are shown in teble XXIII, In as much as
the concentration of lipid did not vary with the substrate administered,
the results were pooled, and the means end stundard deviations of the

lipid concentrations ealeulated for the pooled s:mples,

COp specific activity

The results of the continuous sssay of the glh activity of respira-
tory €Oy are plotted for cach tracer and illustrated in figure l, While
the totel administered counts varisd somewhat with cach label, all
specific sctivity figures were caleulsted anc plotted on the basis of
unitized doses of 1.5 x 10° counts per minute for each tracer,

Radiocactivity fron ethanol=1-c3l {see fig, L) finds i%s way into
€02 more rapidly than does radicactivity from sestete-1-Cl4, the peak
activity being reached in 10 minutes following administration of
ethenalwlnelb and in 16 minutes following acdministration of acetatewle
le. The pesk specific activity of expired (0p following ethanole1-c1h
injection is 12% higher than that followins acetate-1<0lt injection,

These relationships hold for the specifie activities following



Figure L

Respiratory clhoa activities foll g intraw
peritoneal injection of various (44 labeled
tracers

The curves plotted are the averages of seven
experiments with ethanol«l«C*4, eight experiments
with acetatewl(id, four experiments with ethanole
2.0k, four experinents with acetatce2eCli, and
three_pxperiments with acetaldehyde~le2Cll,
The C activity is expressed as counts per
minute per minute, gll doseges have been
unitized to 1.5 x 10 counts per minute assayed
as infinitely thick Ba003.
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Table YYIV

Percent incorporation inte 60y in vivo

subatrstes

#an1otM #4u2oCh 0xB1 0 uB-2u01d xAe1e2-018 wanAld-1-2-c1h

Wo, of 8 L 7 h kL -k
animals : }
s 5.6 G0l S11 L8 32.0
£ he85 2 LU0 g 3@ %342 & 1,68 + b7
L | L =
> <Qm5 <.m5
p values | j
>hr
i |
?Ql
#A = acetate ##E = pothanol #umAld = scetaldehyde

# mean # stendard deviation
el

administration of ethanol«zmclh and aaatatenanﬂlh, i.8., the rise in
specific activity is faster and continues to a higher level following
eth&nalnzuﬂlh administration then after acetate=2-0il administration,

The C~1 label of either ethanel or of acetate appears sooner in
explrad COs than does the methyl label, and also the Glbcg reaches a
higher specific activity,

Percent incorperstion

%

The walues for the incorporatisn of the six labels into Ty are
shown in table ¥XIV,

There is no significant difference in the percent of the dose of

acetate incorporated into COy as compared to ethanol during the duration
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of the experiment, This is true for both the Cel snd Ce2 carbons, for
the p velue of both compsrisons was 30,1, There is 2 difference in the
incorporation of the Cel and Ce2 carbons into C0p, the methyl carbon of
both compounds showing a decrsased incorporation, This difference is
significant only at a 0,9 confidence level for acetate but at a 0,995
confidence level for ethanol,

- Only 67% as much acataldehydenlaamclh label is incorporsted into
expired €Oy as acetates1-2-C14 1gbel, This difference is significant
at & 0,995 confidence level,

Cholesterol

These results are given in teble XXV and shown graphically in
figure 5. Another method of compirison, i.e., the use of the ratios
of the percent incorporations into cholesterol for the various labels,
is given in table XXVII,

As can be sesn in figure 5, ¢l carbon of ethenol, of either the
Cwl or C«2 position, contributed more radiocsctivity to the nonsaponie
fisble 1ipid frection than did 0¥ carbon of similarly lsbeled scetote,
This difference is significant at the 0,95 confidence level for the
skin and liver fractions in the comparison of Cel label, and for all
four fractions in the comparison of the methyl label,

The methyl lsbel of ethanol was incorporated into cholesterol to
& grester degree than was the Cel label, The difference was stotistie
cally significant for all four fractions., The mean percent incorporse
tion of acetates2+CH inte cholesterol seemed to be higher than the
mean percent incorporation of acetetoelcll for all four fractions,

but the differences were much smaller than those seen in comparing the
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Table XZV

Percent incorporation imto cholesterol in vivo

substrates

sthe1aC 580200 ll 5Bl 01l s Be2aCll pA-1e2uCll EsAldulw2uCl
No. Of
animals U i N b 3 k

liver
0.130f 0.221 .

TIEE——DETB 0,72 0.206
1 4026 % 091 % 4056 3 o191 & JOTh

+ ok

-

t
0.2h9  0.329 0,312 0,791  O.2Lk 0,305

#.032 +.093 205 £ .,219 % 061 + 077
carcass :

0,186 0,325 0.361 O. (0L 0.205 0.239
3,001 #,153 .29 .83 .08 + 091
skin _

0.066 0,201 0,149 0,378 0,122 0,107

2 o008 & ,050 & 026 % .112 & .OW2 _+ 0Lk

#A = geetate ##E = ethanol wuAld = acetaldehyde

¥ mesn & standard deviation

two carbon positions of ethenol, As is indicated by the p vslues, a
significant difference is seen only for the skin fraction,

There was no significant difference in the percent of the dose
of acetaldehyde incorporsted inte cholesterol by any of the animal

tissues when compared to acetsote,



Figure 5

Percent incorperetion of various labels into
cholestercl by tissues of normal intact rats

The p values for the significance of the differe
ence between each pair of lubels are listed for
each tissue. For ease in recading, those that
are significant at 2 0,95 confidence level have
been placed in psrentheses,
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Teble XXVI

Percent incorporation into fatty acids in vive

~ gubgtrates

#heleCl 202G 43Ba1 0l #3E2-01l $Au1a2uCll wruAldml2uo Ll
Qs O

animels L h L b 3 L
liver
0.962f 0.4SL  1.8h2 2,701  0.477 0,759
A7 2.12 $ .81 € 1Lk .23 + W26
gut
7.230 3,108 2,438 3.763 k277 3.k53
$1.23 t1l.058 .27 & .06 + 1,83 + .27
carcass
7 03265 }406}3 S .3&8 59 9&5 llo 91? ih 553
$1l3h 23164 £ 113 % .55 + W87 $ 1,15
skin
0,858 1,375 1,790 2,525 1.713 1,200
2.6 3 .23 + 59 t 65 % .26 + U6
#A = acetzte ##E = gthanol - meAld = acetaldehyde

# meen & standard deviation

Fatg[ acids

The means and standard deviations of the percent incorpeorations
into fatty acids are given in table XXVI, and the ratios of the percent
incorporations of the vaerious lebels are given in teble XXVII, The dats
is illustrated graphically in figure &,

There is no significant differsnce in the incorporation of the
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Figure 6

Percent incorporation of various lebels into
fatty acids by tissues of normal intact rats

The p velues for the significance of the differe
ence between each pair of labels are listed for
sach tissue, For ease in reading, those that
ars significant at a 0,95 confidence level have
been placed in perenthesss,



14

Acetate - 1-C'4

= Acetate-2-c'4

£ “A ® A
] s INAERRRRRRRRER O
a5 .W_ - v 1>
SEELE _

z @ ! m mm o

voryps0d109u1 jugziad



89
Cwl a8 compared with the G2 carbon of either ethanol or acetate inte
liver fatty scids. ILikewise, we find no significant difference in the
percent inecrporation of the U=l carbon of ethanol as compared to the
C«1 carbon of acetate into liver fatty acids., The incorporation of the
C«2 carbon of ethanol inte liver fatty acids, however, is sixfold
higher than is the incerporation of the Cw2 earbon of acetate, a diff.
erence which is significsnt at a 0,95 confidence level,

The incorporation of these various labels into gut fatiy acids
follows & different pattern, Here we find that the Cel carbon of
acetate is 2 significantly better precursor of fatty goifa than is the
Cw2 carbon of agetsate, while the Ce2 carbon of ethanol is a signifie
cantly better precursor of gut fatty acids than is the 0wl carbon of
ethanol. The C~1 carbon of acetate is a significently better precure
sor of gut fabty acids than is the Cel carbon of ethanol, while theie
is no signiricant difference in the percent of the dose of lebeled
C=2 carbons of these two compounds found in gut fatty ecids,

We find in the caresss frsction, as well as in the gut fraction,
that the Cel carbon of acetate is & significently better precursor of
fatty acids than is the Ce2 carbon., The differences between the other
labels are qualitatively the same in the carcass and gut frections,
though the remainder of those in the carcass fraction fail to show a
statisticel difference 2t our sccepted confidence lovel,

In the skin fraction, both carbons of ethanol proved to be
gignificantly better precursors of fatty acids then the same carbons of
acet te, The C~2 carbon of acetate was a better precursor of skin fatty

acids than was the U=l carbon, these two carbons of ethanol showing no
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significant differsnce in the percent incorporation into skin fatty
acids,

There was no significant difference in the percent of the dose
of acetate or acetaldehyde incorporated into fatty acids of sny of the
fractions, in spite of the fagt that acetate incorporated 33% more care

bon into expiratory GO, than did acetaldehyde.

Discussion

1, On CO» specific activity curves

Prior to the appearance of C1i sctivity in expired CO,, the
administered compound must be sbsorbed from the peritoneal cavity,
carried to the orgen in which it is to be metabolized, transported
2eross the eellular membrance and converted to & form able to snter oxi-
dai;ive pathways, The COy formed in the decarboxylation reactions then
enters the bicarbonate pool of the body, the greater part of which is
cleared from the blood via the respiratory systenm,

That the overall process is an extremely rapid one is indicated by
the fact thet ¢l 2ctivity appesred in respiratory COp within one minute
after intraperitoneal injection of each of the tracers. The steeper
slope and higher peak of the specific aetivity curve of the ethanol climg
curve as compared to acetate would indlcate that ethanol is handled more
readily in one or more of the steps in this sequence. Acetaldehyde, on
the other hand, would appear to be less readily oxidized by the intact rat
than is acetate,

That the C-2 carbon of these compounds appears less gquickly in

respiratory COp is in keeping with the fact that the C-2 carbon of scetate
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becomes "buried® in the C-2 and C-3 positions of oxaloacetate, positions
from which they are not as readily removed by the oxidative decaroxylations
of the TCA eyele,

The finding of a more rapid in vive oxidetion of ethancl as compared
to acetate agrees with our in vitro studies in which the increased in.
corporation of ethanol into COp, cholesterol and fatty acid was suggested
to be accounted for on the basis of a more rapid sbsorption and/or scti-
vation of ethanol,

Althngﬁ ethanol ﬁmwad & higher initial incorporation inte respirae
Soy G0p, the Sotal paroent of éilmuol and aeetate incorporated into COp
were identicel at the end of the twowhour period. This is in keeping
Hith the rindirxg th&t the GOy specifie activity curve following ethanol-
1.¢14 cdministretion showed an esrlier and stesper decline which followed
the initial steeper inecline,

The total incorporation of methyl label into COs after the two~hour
period was less than that for the Cwl label, ’meré vbein{z a reduction of
10% for acetate and of 15§ for ethanol. This reduction is likely due to
the faet that the TCA cycle serves as & scurce of precursors for synthetic
pathways, as well as acting as an oxidative pathwey, Compounde such as
glycogen, aspartic scid and glutemic acid that are formed from intere
mediates of the TCA cycle should contain a larger percentage of the Cw2
carbons of the original acetyl Colk entering the cycle then of the Cwl
carbons, These C~2 carbons will be shunted away from the decarboxylo=
tions of the oyele and will not appeer as (311#02 until the compounds formed

freom them are themselves oxidized,
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The totel ineorperation of acetaldehyde-1-2-C1l4 lsbel into CO, was
reduced 33% as compared to the total incerporation of acetatsel-2-Clb
label, This suggests that either less aceteldehyde was metabolized dure
ing the two~hour peried, or that acetaldehyde preferentially entersd ans.
belic pathwaye without prior conversion to acetate, The foct thet theve
wag no inereased incorperation of acetaldehyde into cholesterol or into
fatty scids, the two synthetic pathways examined, would suggest that the
decreased incorperation into COp ies on the basis of a decressed metabolism,
4 postulated decreased raote of metabelism would not seem to be in agree-
ment with the results of Westerfeld (72) end of Newman (L5), who reported
a repid rate of metabolism for acetaldehyde, These workers, however,
messured only the rate of dissprearance of acetaldehyde from the bloed,
which need not be synonymous with its rate of metabolism, In addition,
the metabolism of acetaldehyde, although rapid, mey well be exceeded by
the processes that metebolise aleohol and acetate, It 1s likely thet the
present data is mors peftimant %o this problem than are the studies of
Westerfeld and Newman,

2+ On the incorperation of acetate vs ethanmol carbon into cholestercl

Our results showing ethenol to be & significently better precursor
of cholesterol than is acetate sre similar to those of Schulmen and
Westerfeld (75) who reported values of 1,3 to 1.9 for various rat tissues

for the ratio of the % inc, of ethanol1~C1h into cholesterol
=T ~—5

one=helf hour after intraperitoneal injection of acetate nr ethanol tracer,

Our velues for this ratio in the various tissues studied ranged from 1.28

to 2,25, Our values for the ratio of the § inc. of athanol-2<Clh inteo
£ the % Inc. of ecetatewdalilr
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cholesterol ere even larger, renging from 1.88 to 3.07 for the various
tissues (teble XXVII),

In the liver slice preparation we elso found that ethancl was &
better precurser of cholesterol than wes scetate., It was pointed out in
& przoeding seetion that ethamol in the slice prepratsion was an equally
better precursor of COp ss compared to asetate, the date suggesting then
that the inereased incorporation of ethanol into cholesterol was on the
basis of an increased ebscrption or metabolism of the ethsmol snd not
necessarily indicative of different metabolic pathways for ethancl and
acetate,

The significantly increased incorporation of ethanol into choles-
tercl as compsred to acetate in vive, can not be so easily explained, as
the COp data would suggest that these twe compounds were metabolised to
the same extent in vive during the time of this experiment,

It is also diffiecult to explainr this difference on the basis of
& greater metabolic dilution of the acetate, if ethanol and acetate are
rmatebolized via the same pathway and via & common intermediate such as
acetyl Col, Unlsbeled acetyl Cod should then dilute the alcshol and
acetate equally, as each labeled substrate is conmverted to acetyl Cok,

If eleohol metebslism were largely confined to the liver and
agetate were metabolized by other tissues as well, it eould be postue
lated thet acetate would be diluted more then aleohol even though they
both followed the same metebolic psthwey. However, the results clearly
indicete that alcohol and acetate were metabolized by the same tissues,

If aleohol and acetate metabolism were confined to specifie and

different arsszs of the cell, and the acetyl CoA of these areas were not
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in equilibrium, it could be postulated that the acetyl Col pool aveils
able to acetate was the larger, and thus the acetate would be diluted
more than the alechol, even though they both followed the same metebolie
pathway, This seems en unlikely explanation for two ressons., TFirst,
one would have to postulate that the acetyl CoA of these two arsas did
not equilibrate or mix prior to their incorporation into cholesterol,
This, then, would necessitate that the complete ensyme systems nesded
for cholesterol synthesis would be found in at least two areas of the
cell. On the basis of our present knowledge, however, cholestercl
synthesis appears to occur almost solely in the microscmes, Thus
Rancy Bucher (7) found that over 80% of the total gytoplasmie cholesterol
wes contained in the mierosomes, and that over 908 of newly formed
cholesterol obtained 2t short time intervals after the injection of labeled
acetate was in the microsomal fraction, The microsome then would become
& common meeting area for acetyl Cod being converted to cholesterol,
regardless of the origin of the acetyl Cod, The mixing at this step,
of acetyl CoA derived from acetate and from ethanol, would make it
difficult to explain the grester incorporation of ethamol into cholesterol
on the basis of a greater metabelie dilution of the acetate,

| A sscondepproach can be used to arrive at & similar conelusion,
Thus, if the greater incorporation of ethancl into choluierol, as compared
to acetate, were due to 8 greater metabolie dilution of the aeetate and
not to alternate pathways, whether this be due to metebolism within
different orgens or to different intracellulsr sites of metabolism, then
this greater metabolic dilution of acetate must result in 2 smeller totel

percent of the dose of scetate being metabolised within the time of the
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experiment. That is, a difference in the dilution of the label would
sceount for o difference in the specific activity of the cholesterol
formed from that label, but only a difference in the total amount of the
dose of acetate and ethanol metabolised during the time of the experiment
could account far 2 difference in perecent incorperation figwes, if the
patiweys are identical and proceed through a common intermediste. There-
fore, one must postulate in jdsiitim to & larger acetyl Cok pool; &
longer half time for tiw turnover of that pool, & turnover time so proe
longed, in fact, that during the two hours of the cxperiment 1,25 to 3.07
times as much acetyl Cod formed from ethanol has been cleared as has
acetyl Cod formed from acetate, If this were true, one should see &
proportionate decresse in the amount of clk incorporated into CO2 and
fatty acids from acetate-clli, However, we find that the same percentage
of the dose of acetate and ethanol is inmcarporated inte €Oy during the
two hours of the exp riment, end thet the total recoveries of G label
in COp and lipids ere nearly identical, being 7h.3% for acetateel-Cll
end 72,68 for ethanol-1-0b,

Since the greater utilization of isotoplic aleochol a2s compared with
acetate for the gymthesis of cholesterol cam not be readily explained as
due to either & greater rate of alcohol metabolism or to & grester
metabolic dilution of the acetate, we must agree with the conclusion of
Sehulman end Westerfeld (75) that it possibly reflects some divergence
in metebolic pathways for at lezst part of the alcohol,

3» On the incorporation of C~l vs 0-2 carbon into cholesterol

As has been discussed previously, of the 27 carbon atoms of
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cholesterol biologically synthesised from acetate, 15 are derived from
the C«2 carbon and 12 from the Csl carbon, Thus, one would anticipste
that any ﬁu‘ labeled compound which serves as a precursor of cholesterol
and m&érgc:es conversion to acetyl Gn&b prior to its incerporation into
cholesterol, would incorpurat# 1,25 times as much Ce2 88 Cwl lsbel into
the sterol, zés we have seen in the liver slice preperation, the ratios
for ‘bhe pergent incorporations into cholesterol of the labels of

k] « w201
% and % were both close to this value, The

in vivo results for the comparison of the C»l and Ce2 labels of acétate
are also in agreement, within the range of experimental error, for all
fractions except skin, The cholesterol fragtion contains other none
gsaponifiable lipids besides cholestercl, and the known heterogeneity of
gkin sterols mey explain the difference noted in that fraetion,

The findings are quite different for athmal; the methyl lsbel
eontributing about.l; times as many carbons to cholesterol as does the
G-l label, A ratio of this magnitude is not easily explained if ethanol
is converted to acetyl CoA prior to ite incorporation into cholesterocl.
This difference between ethanol and acetate in the ratios of Cel and Ce2
carbong inecorporated into cholesterol offers additional evidence to suge
gest that ethanol is not solely metabolized via acetyl Cod as an obligatory
intermediate,

Ly On the incorporation of acetate end ethanol into fatty scids
As has been previously discussed, evidence gained from in vitroe
studles with isolated enzyme systems suggests that fatty ecid synthesis

oceurs by the union (net) of multiple acetyl CoA units, Our resulis
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with the in vitre liver slice preparation were consistent with this
hypothesis, i.e., we found no significant d.ﬁ‘i‘erénce between the rercent
incarparation of label of scetate-1-61s and acetate-2-0li into liver
fatty acids., The resulis with the C«l and CeZ labels of ethanol were
similar, suggesting & similerity in the mztabolic pathways‘ of these‘wo
compouis in the liver slice.
i The in vive results for the liver fraction are similar to the in
vitro, i.e., there is no significent di.rfarme in theincarporation of
the Cwl &z compared Lo the C-2 label of either acetate or ethmmol inte
iiver fétty acids,

The fatty acid percernt incorperation figures for the other three
tissuaa, gut, carcass and skin, show significant differences betwesen the
incorporations of Cel and (-2 cerbons. The sarboxyl carbon of zcetate
is a sig!ificantly better precursor of gut and carcass fatty scids then
is the methyl carbon, the methyl carbon of acetate is a significantly
better precursor of skin fatty scids than is the carboxyl carbon, and
the methyl carbon of ethanol is a significantly betier percursor of
gut fatty acids than is the C-l carben of ethancl, These resulte suggest
that fabtty scid synthesis in these three tissues in vive does not occur
solely by the net umion of multiple acetyl Cok units , for if such were
the cage, there should be no difference in the percent ineorporstion
into fatty acids of the C«l ond Ce2 labsl of scetyl Cok precursors,

The gross dissimilarities found in the incorporation of ethapol and
acetate into tissue fatty acids slso suggest that acetate may not be an
obligatory intermediate of ethenol metabolism in ezch of the tissues of
the intact rat, Thus, more ethanol-1-GM is incarporated into liver
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and gkin fatﬁy aclids, while gut and carcass fatty scids show a greater
incorporation of scetate-1-C1, The inereased incorporation of ethanole
3.-631* 28 compared to acetata-iu-ﬂu into liver fatty aecid is in sgreement
with the results of Schulman and Westerfeld {75) who found that ethanole
1-cl was also a betier precursor of kidney, plasma and brain fattr ecids,
The only tissue thet they examined that incorporated more scetate Cel as
compared to ethanol Cel lebel into fatty acids wes muscle, the ratic for .
the percent incorparation of ethanol-l1-tMiacetate-1-0 in this tissue
being 0.67:1.,0, This ratio is almost identieal to the ratio of 0,7211.0
that we found for this same comparison in the careass fraction, &
fraetion which iz composed, on a welght basis, primarily of muscle,

The same reasoning can be used here; as wes used previously in the
discussion of cholestercl synthesis, to conclude that this difference
between ethanol snd acetate is not due to & difference in the rate of
m@m%iim or to 2 difference in metebolie dilution., Additional evidence
is presented here to support this camlu,sien; for if one of these factors
were hoving an influence here, resulting in a decreased incorporation of
one of the labels into fatty aclds, then this label should show & decreage
ed incorporation inte the fatty acids of all tissues, We find no such
conslotbency.

If the concentration of enzymes necessary for the conversion of
ethanol to acetate were different in the different tissues, this might
explain how one tissue could incorporate more; while s other incorporates
less éhanol than acetate into fatty acids; even though scetate or acetyl
Cok were a common intermediate for both trocers, If this were the tmse;

however, we should find the same differences for the incorporations of
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these tracers into cholesterol, for this would also require prior con-
version of ethencl to acetate or zcetyl Cod, These tissue differences,
however, were not scen in cholestercl synthesis.

The comparison of the percent Incorporation figwres of the (vl and
C«2 positions of ethanol and acetate appears tooffer additional evidence
in support of the hypothesis that ethanol and acetate are not metabnlized
solely vie a éom:m acetyl Cok intermediate, Thus, if the differences
noted between the iancorporation of acetate and ethancl into fatty acids
ware due to differences in the rate or magnitude of conversion of these
compounds to thelr common acetyl Cod intermediate, and net to divergent |
metabolic pathways, then the ratio for both compounds for the percent
incerporation of the C-1 ve the C=2 carbon into fatty acids should be
the same. That is, the organism should not be able to differentiate
between the acetyl CoA formed from acetate and that formed from ethanol,
end therefore the relationship of the percent incorporation of the Cel
carbon of acetyl Col to the percent incorporation of the Ce2 carbon of
acetyl Gold into fatbty acids should be the same, regardless of the source
of the acetyl Cok, As will be seen from table XXVII, these ratios are
quite different for the two compounds; ethanol-2.-¢lh contributing more
label to the fatiy acids of all four fractions than does et.hanalwl—cm,
while acetate-2.0llt contributes less label to the fatby acids of the
liver, gut snd carcase fractions than does acetate-l-gl,

Again, we must conclude from this data that at least part of the
ethanol may be metabolized via some pathway other than via sonversion

to acetyl Col,



5. On the incorperation of acetaldehyde into lipids

The lack of any significent difference in the incorporstion of
acetaldehyde as compared tc acetate into both cholesterel and fatty seids,
by 211 tissues studied, indicates a great similsrity in thelr metabolie
pathways., It must be conmcludod that the resulis are consistent with,
though not proof of, the hypothesis that zcstaldehyde ond acetate ars
metabolized via & commen intermediate, such ag acetyl Col,

This parallelism between the melabolism of acetate and acetaldehyde,
and the lack of such similority in the metabolism of acetate and ethanol,
would indicate that acetaldehyde may also not be an obligatery inter-

mediate of ethsnol metabolism,

Bummayy stetements

1. Aca‘b&te—-lwﬁlh, aaaﬁated-cm, ethanol»lusm, athanal—znﬂm,
acemﬁa-lmzucm and aaetaldamﬂe—-la&(}m have been cempare& in their
abilities to serve as precursors of C0p, cholestsrol and fatty
acids in intact normal ratas,

2. The time course of C02 specific activity following intrsperitonsal
injection of t'heae substrates is rresented

Je No significant difference was found in the percent incorporation of
ethanol or acetate label into expired COy during & two-hour period
following injeetion, The C-1 carbon of both compounds was incorporated
to & greater extent inte COp than was the C-Z carbon during this same
time interwval,

ke The percent of the dose of scetotes1-2-010 incorporated into COp was

50% higher than that of acetaldehyde-l~2-Cli,
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Ethanol lebeled in either ‘pwi‘mm was found to be 2 better pre-
cursor of cholesterol than was similarly labeled acetate, the
difference for the C-2 labels being larger than that for the Cel
labels,
The C«2 label of both ethanol and acetete was 8 better precwsor
of cholestercl than wes the C«1 label,
There was no wrrelatimﬁ found in the percent incorporation of
ethanol and acetate into fatty acids by the various tissues, soume
finding ethancl a better precursor and others incerperating a
larger percent of the dose of acetate into fatty acids,
Significant differences were found in the incerporztion of the
Cwl 88 compared to the C-2 label of both ethancl and ecetate into
gut, carcass and skin fatty acids, Agein no correlation wes found
between the incorporation of the two carbons of ethanol znd acetate,
gut for instence incorporating more of the Cel than (w2 carbon of
acetate into fatty acid, while incorparsting more of the Ce2 than
Cel carbon of ethanol inte the same fraction,
There were no significaent differences in the percent incorporations
of acetate and acetaldehyde into either lipid fraction by any of
the tissuss studied,

10. It is concluded from these results that fatty acid synthesis in

gut, carcess and skin tissue may not occur solely by the union of
multiple acetyl CoA units; that neither acetaldehyde nor acetyl CoA
are obligatory intermediates of ethanol metebolism in the intact

rat; and thet the great similarity between the incorporations of
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acetate and acetuldehyde intolipids of all four fractions studied
suggests that these two compounds may be metabelized vis & common

intermediate,
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