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CHAPTER I
INTRODUCTION

Acetoin (mcetyl methyl carbinol, & hydroxy 2
butanone) (fig. 1), has long been known to be a product
of metabolism in living organisms. Widely distributed in
nature, it is found in good mu:#t in many foodstuffs of
animal or plant origin, Alcoholic beversges, being pro-
ducts of fermentation contain apprecisble quantities of
asstoin, All wines contain amounts varying from 2 to 20
ng/l (1, 2), Butter, sour cream, and other milk produscts
depending on storage conditions produce various amounts
of acetoin dus to bacterisl fermentation (3), Acetoin is
also consldered as a natural constituent of wheat bread,
the content depending on various factors, and on storage
(4)e In roasted coffes acetoin was detected in concen-
tration of 15 ng/g. About one half of the discetyl content
i3 redused to asetoin during staling, which may explain
some loss of aroma (5)s More generally, whenever fermeta~

tlon ocours, we can detect the preasence of acetoin,

As P : of acetol:
In animals pyruvie actd 1s motabolized through
four major pathways, to lactate, acetyl Coi, alanins and

four carbon dicarboxylic scids, Other pathweys of
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metabolism of pyruvic acid do exist, one of which is scetoin
formation: %two pyruvates will condense giving acetoin and
COge

20H,C0~000 === CHy~CO~CHOH-CHg + 200q

Experimentally the injection of pyruvate e#mi an
inereased amcunt of aeetoin to appear in the blood,

The oxidation of aleohol, usually proceeds through
the intermsdiate formation of acetaldehyde, Hormally,
acetaldehyde is further oxidised to acetate. However, as
a minor pathway in accmdohyd. metabolism, 1t is c«mmtsé
to neetoin,

Experimentally, Berry and Stots (&) found that the
lenl of acetoin in the brain of intact msle rats was
elavated by the intraperitoneal injeetion of acetaldehyde,
Again, more recently (7), i1t has been found that the forma-
tion of acetoin by brain mitochondria was proportionsl to
the amount of acetsldshyde in the medium,

ln formation. The first step in
pyruvie ascid oxidation to Acetyl CoA is the well known
carboxylass reaction, The enzyme has been isolated frem

pig heart and from pigeon breast muscle.

Carboxylase can act on pyruvic acid in the presence
of thiamine pyrophosphate and divalent metallie lon (Mn**)
to give an "active scetaldehyde.” The "active mcetaldehyde"




was proved by enszymatie, and chemical procedures to be
DL-x-hydroxyethyl 2 thiamine pyrophosphate (8). This
aldehyds thismine pyrophesphate complex can resct in various
ways to give active acetate, acetoin, and other products,

The formation of acetoin is postulated to involve,
the condensation of free acetaldehyde with the active ;¢n£11~
dehyde complex. The free acetaldehyde aan‘bc the result of
dissoclation of the complex (9) or can result from action
of alcohol dehydrogenase on ethanol,

The mechaniaz of the condensation was studied by
Juni (10) who used pyruvie=-2-C** ana unlabelled acetaldshyde
83 substrates. He showed that pyruvic acid is descartoxylated
giving COg and forming carbon 1 and 2 of acetoin,

CHyC0-C00H T2y (CHgCHO) TPP + COp

gHO
(cHgCHO) TPP S0, CHyCO-CHOH=CHy

Another mechanism of active acetaldehyde condensa=
tion also exlists in living systems. The sctive acetaldehyde
can react with pyruvic seid giving a condensation product
&-ascetolactic acid, ?his product was shown to occur when
a large .xni:s of pyruvie asid relative éo acetaldehyde was

present in pig heart preparations (11)

"CHxCHO" & CHyCO~COOH —mmed CHy GOH=COOH. ..

COCHa




In some bagteris, but not in yeast and pig heart
preparations, decarboxylation of x-acetolactic acid is the
ma jor channel for the synthesis of acetoin (12-13),

P casaoﬁczm«-cna + COp

CO-~CHy i

Bacterial extracts that do not decarboxylate
ax=acetolactic melid are incapable of acetoin formation (12),
whether a~acetolactio acid is capable of decarboxylation
in anmmain is unknown, It was not detected in pig heart
preparation (11) but other tissues wers not studied,

In 1947 Oreen and co-workers (14) were able to
isolate an enzyme, diacety)l mutase, from pigeon breast muscle
which catalyzes the reactiont

20HgC0C0=CHy wwmmmsp CHyCO~CHOH-CHy + CHyCOOH

Purthermore, mineed preparations of pig heart containing
dlacetylmutase activity, were incubated with cocarboxylase
and (¥Mn**) using either aeaﬁaldehydo~l~2~01‘ with nunlabslled
dipcetyl as substrate, From the total yleld and the total
radloagtivity of acetoln formed, it was concluded that the

major reaction ia a transcarboxylation (18),

CHyCO~CO~CHg + cnsena‘--~a.enaceaa + Gﬂscﬂuﬂﬁbﬂ*ﬂﬂa
| ] ® [




Later on Miguha and Handler (16) confirmed the
mechanism of transcarboxylation mac;'.iong They found that
& high concentration of thiamine in alkaline aaiuuon, non~
engymatically catalyzes several reactions of carbonyl com=
pounds known to oocur in blologloal systems. Among them,
the formation of acetoin and roetate from acetaldehyde and
diacetyl, The reaction wes proved not to be an oxidation
redustion resction but one that involves the scission of
discetate into two moletlies, one of which reacts with acetal~
dehyde to give acetoin,

Acetoln production was estimated in animals using
two enizyme aystems: a orude pig heart preparstion and a
purified pigeon bresst muscls preparation both of whiach
utilize pyruvate (17), In the first system the proportiecn
of acetoln formed, to pyruvate utilized was 1,68 while in
the second system 23% of the pyruvate ended up in acetoin,
These atudies suggest that acetoin is produced in apprecisble
amount in animals,

Bacterias can synthesisze acetoin from sources other
than pyruvic acid. It has been found that Aercbacter soetl
can synthesize acetoln from lactlc and succinic acids (18).

Again, the same bacteria were sble to produce acetoin in
lesser quantities from fumaric and oxalomcetic acids (19),
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PIGURE 8, ACETOIN PORMATION IN MAMMALS. THE DECARBOXY-
LATION OF x=ACETOLACTIC ACID (BROKEN LINE) IS
ONLY EKNOWN 1IN BACTERIA.




B. MNetabolism of scetoin

Acetoin 1s matﬁbaiixad by many types of living
cells through diff'erent pathways.

In bacteria: The metabolism of acetoin in different
spscies has been investigated by different workers. Early
studies showed that Bacillug megatherium can convert 2,5~
butanediol to B-hydroxybutyric scid (20), Later on the same
suthors (21) showed that acetoin in sowme bacterisa 1s not an
intermediate in glycolysis but a product of & side reaction
which may substitute as a source of carbon and energy. In
1958 Aubert and Gavard (22) demonstrated the existence of a
dehydrogenase system which catalyses the oxidation of 2,3~
butane diol to acetoin in Nelsserig winagradskyl. ' The most
widely accepted mechanism i1s the one propesed by Juni and
Heym in 1956 (23) who demonsatrated that & number of bacteria
are capable of using acetoln and 1ts raduetion'prednct 2,5~
butanediol as the sole source of carbon and energy. Thess
bacteria develop a oycle pathway named the "2,3-butanediol
pathway” capable of converting scetoin and butanediol to
acetio scid (Pig, 3)s These organisms possess an ensyme
that can oxidize butane-diol to acetoin followed by another
oxidation step to diacetyl, Discetyl is then converted to
diacetyl methyl carbinol, and acetate by a diphosphothismine
acyloin condensation resction, The diacetyl methyl earbinol
is further metabolized to acetyl butanediol whiech 1s
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hydrolysed to 2.5~buwia1 and aeetic acid, All thess
resctions can occur anasrobieally., The same suthors studied
the stoichiometry of the ensyme involved in the acyloin
condensation, showing the speciricity, the inhibitors and
the co-factor for this enzyms (84)., Another atudy (25) was
done on the dehydrogensss involved in thia cycle demon-
strating that a single enzyme acted as 2,3-butanediol
dehydrogensse and diacetyl reductase., Recently (26) the
metabolism of acetoln in soms bacteris was proved to be
discontimous. These bacteria were only capable of pro-
ducing and metabolizing acetoin at certain stages of their
growth, |

Other living organisms like filaria Limosolideg
garnii (27) oan synthesise agetoin from scetaldehyde and
ﬁjmvato and utilise the 1 form much faster than the other
form of acetolin, | |

In masmalgt In studying the elimination of aﬁh;rl
alcohol and its metabolites, Greenberg (28) fod acetoin

orally to a dog and followed its fate in blood and wrine,
Doses of 1 g/kg snd 2 g/kg body welght were given. The con~
centrations in blood after one hour were 64-71 mg/100 mlj
and 193-250 mz/100 ml respectively, After nine hours both
levels were down to 1 mg/100 ml, %he control blood before
feeding contained no detectsble aaéeain. Acetoin appeared
in the urine in a concentration of 1,2 that of the blood,
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but the percentage loss of the administered dose in the
wine was smell, Also, scetoln was found to diffuse %o
the intracellular as well as the extracellular flulds,

In 1953 Jirnefelt (29) studied the metabolism of
acetoin and discetyl in rat liver. He found that liver
slices were able to metabollize both acetoin and diacetyl,
while homogenates were unable to utilize acetoln, they could
convert discetyl to acetoin,

C. ZEathologloally

Variations in the metabolism of acetoln were observed
in many pathological conditions: diabetes, panthothenie aeld
deficiency, liver damage, and various mental atates.

Disbetag. Alloxan dinbetlic rats (30) were found to
have an increase in urinary excretion of total acetoin
(detected as the sum of acetoin and diacetyl), This eleva-
tion was later mnﬁmdln diabetic patients., Also, follow~
ing the adminiastration of acetaldshyde to slloxan dlsbstie
rats, blood acetaldshyds and meetoin levels wers raised, and
1liver acetoin level deareased, |

negls. Experimental avitemino-

sis produces a fluctuation in acetoln level, The amount of

acetoin and dimcetyl in the liver wers markedly incressed
in mice by feeding a panthothenic ecid deficient dlet, The
amounts of pyruvate and x-ketozlutarate also increased bdut
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| to @& leosser degree. Mnmunn of large amounts of fruc~
%:ﬁ succinate and isonieotinic acia hydrazide to man ine

oreased the concentration of moetoin and dlacetyl in urine

(31)s This 1s expected, sinee panthotenic acld constitutes

an integral part of CoA which 1a required for further oxida~-
tion of pyruvic seid through the tricarboxilie acid ecyole,
In uremia and hepatic coma

the blood levels of a acetoin and 2,3~butylens glyeol wers
studied intensively by a group of Swiss workers (352-35)s They
found an increase in both acetein and 2,3~butylene glyeol in
patients with kidney disemse when psychic symptoms were present,
In liver disense an elevation of both scetoin and butylene
glycol was detected only in commatose states where values as
high as 265 ug/lw ml for acetoin and 7480 ug/100 ml for
butylene glycol were founds (Normal levels were estimated to
be 14 4 11 and 125 & §7 ug/100 ml for acetoin and butylene
glycol respectively) (36)s Also, when consciousness was
disturbed acetoin and 2,3~butylens glycol in blood inecreased,
but there was no correlation between blood levals of these
compounds, and the degroe of impairment of consclounsness.

| Menta) gtatege Acetolin levels in blood are said to
be high in patients with manic éoﬁmsaiva paychosist In 96
non fasted patients with manic depressive psychosis the
average concentration of acetoin in blood was higher and

variation was greater than in 45 control persons, The acetoin




level was increased, and the concentration of 2,3~butansdio)

was decresned in normal persons by fasting. In faated

patients in the depressed phase acstoln ineressed with no
significant change in 2,3~butenediol. In the maniec phase
scetoln decreased, and 2,3-butanediol increased (37, 38),

Do Scope of the investigation

The widespread existence of acetoin in living tissues,
its appreciable rate of formation by muscles in mammals as
well as its fluctuation, in meny pathological atates stimm-
1ated us to look for its fate in systems not investigated
intengively in the past,

By the use of scetoin=1-C1% ga a tracer, we tried

to study the metabolism of acetoin in mammals as well as
isolating and identifying its metabolites. ’




in our Laboratory by Ali and Al-Khalidl (39) ascording to
the procedure of Erady, Rabinowits, Van Basler and Gurin
(40).

Abors 21g, Albino rats of the Wistar
strain were obtained from the An.‘lml House of the Medisal
School of the American University of Beirut. The guinea
pigs were obtained from a local farm,

3. Chemicalss Chemicals used were B.P, or UyS.P,
unleass otherwise spaaifiia in the text,. )

B. Counting of radiosstivity
" Three methods of counting radloactivity were useds

ls 042 ml of the sample wes placed on a ut&iﬁhu
steel plmahsk, dried under an infra red lasp or in a
desitoator under vasuum, and counted in a Baird Atomie gas
flow counter with an efficiency of 28% and a backmw
counting rate of 20 counts/minute, Whep.necessary, these
counts were corrscted for selfabsorption using a standard

curve.

=lde




2, Por counting of solutions O.1 ml of the water
solution was introduced in & 20 ml scin’éillatian glass vial,
3 ml of dioxane were mixed with the aguous solution to which
15 ml of scintillation mixture were added forming s very
fine emulsion. The emulsion formed was counted immediately
for five minmutes in a Packard seni-gutomatic tri cardb scintil-
lation spectrometer model 3003, A gain of 8,5 and a window
of 50 to 500 were found to be appropriate for C1% counts
with a background of 12 counts per minute and an efficlency
of 72%, Corrections for quenching were made for concentrated
and colored solution by the internal standerd method.

The same procedure was followed for counting ethanol
or ether solutions, except that dioxane was omitted, The
same gain and window was used resulting in a similar effi-
ciency and background rate,

3. Por counting on paper strips the sample solution
was applled on a 1 x 1«8 inch 3 mm Whatman paper and then
dried in a dessicator. The paper was put vertically 4n a
20 ml scintillation glass vial filled with 20 ml seintilla=-
tion mixture, A gain of 6,5 and a window of 50 to 500 were
found to be appropriate for cl4 counting, with a background
of 12 counts per minute,

50 mg of dimethyl POPOP

/A ,Mirz-( 4-Mathyl-S«Fhonyloxasolyl)-Benzene (sointillia-
tion grade)/ and 4 grams of PPO /2,5-Diphenyloxasole (soin~-




tillation Grade)/ were dissolved in one liter tolusne labore
atory reagent. The solution was kept in a dark bottle at
room temperature,

Ce Chemi ' 1oa) test

1. Iodine value, The pyridine bromide method was
performed (41) on a mierosecals, using a syringe micro
burette (Micrometric Instrument Co., Cleveland, Ohio),

2, Fotentiomstrie titration, The substance was
introduced in a & ml beaker, having a micro bar magnet, and
adspted over a mmgnetlc stirrer, Two miero electrodes were
dipped in the solution and a dry stream of COp free nitrogen
was blown on the surface. The solution was titrated against
normal sodium hydroxide in & micro syrings burette, Potassi-
um acid phthalate was used as s standard. Very dilute
hydrochloric acid was ﬁaod as a water blank,

ume A Perkin
Elmer infra red spectrometer model 237 was useds The I.R.s
were run in ether solutions dried with sodium sulfate and
in echloroform solutionss The ultra violet spectrs were
run in water solution on & Bausch and Lomb spectrometer
Model 508,

Whatman paper three spots were applied: ucoteinw1~01‘, the
tested compound and a mixture of acetoin and the compound
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to be tested, The solvent used was composed of n-propanol
wateridiethylamine:85:1831, The chromatogram was counted
by eutting the paper 1 centimeter wide along the path of
each spot. Esch paper was counted by scintillation, The
counts were reported on a graph each squsre representing
one continat&r of ths chromatogram,

» Vseuunm qistilliation.. V:auum,distillatiun was
performed by putting the substance with the reagent in a
tube kept constently at 40° C and connected to an other
tube cooled at ~80° C acting as a condenser and attached
t0 & vacuum pumps

De In yive rime

In yivo experiments and tracing experiments with
labelled scetoin in the intact rat were performed in an
apparatus consisting of a mason jar two liters capacity
put horisontally, A wire gsuse was placod inside the bottle
at a height of two om, in order to separate urine from
feces, The bottle was aehneetod to two tubes! an inlet

tube going to the end of the Jar and a short ocutlet one
bubbling in four consecutive tubes, the firat tube contained
saturated 2,4=-dinitrophenyl hydrasine in 3 normal sulphuodie
acid, and each of the 3 other tubes contalined 40 ml normal
NaCH,




per minute acetoin=1-034 ang 0.5 gm glucose were injected
intraperitoneally in a rat which was then introduced into

the Jar, The Jjar was checked for any leakage and a streanm
of air was pumped. After 3 hours the rat was anesthetiszed,
the liver removed, sliced in three to four pleces and put
in & 40 ml centrifuge tube containing 10 ml of a hot 30%
KOH solution, The tube was kept in a boiling water bath
until the solution became clear, The tube was then cooled
to 48° C and 18 =)l 95% othanol were added. The temperature
of the mixture was raised to 80° C for five rminutes, The
tube was cooled and centrifuged at 2000 R,P.M, for ten
minutes., The supernatant was ax@&netsd with ether in a
separatory funnel to remove the non~-saponifiable lipida,
An aliquot of the ether sxtract was counted on a planehet,
The aquous layer was than ascidified with five normal
sulphuris acid, and extracted again with ether, An aliquot

of the ether extract was counted on a planchet,

The precipitate after centrifugation was suspended
in 15 ml of 10% TCA (trichloroacetic mcid) solution, The
suspension was centrifuged and to the supernatant containing
glycogen 25 ml of 95% ethanol was added, The mixture was
eontrifuged again, the supernatant discarded., The glyeogen
residue was t?an purified by dlssolving in water and
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reprecipitation with alechol, The glycogen was counted on
t}planahot. The aadium;hyﬂﬁuxido solution containing the

oxpired COp was drled on a planchat and counted,

' g 43 ' n-1-ci4¢ 1n
intact rat. An adult rat wes injected intraperitoneally

6.6 um scetoin~1-Cl4 having a total of 1.2 x 10% counts per

minute dissolved in 2 ml of 20% glucose solution, and placed
in a Jar arranged as above, At the end of the required

time, the rat was snesthetized and dissected. The different
organs wers removed and analysed in the following way: teo
0.2 gm of the homogenized brain 0,5 ml of 10% TCA solutien
were sdded, The mixture was centrifuged and the supernate
counted directly in a scintillation counter, The liver and
kidneys were counted in the same way. The G.I. tract was
removed, smptied from its contents by washing with saline,
The contents were pooled with the feces homogenizedy filtered
and counted directly in the seintillation counter, The
washed G,l. tract was homogenized, The homogenate was
counted the same way as the preceding organs. The remaining
vigcera were homogenized and counted after protein precipi-
tation with 10§ TCA solutions After removing the skin,

the body and carcass were ground and counted following
protein precipitation with 10% TCA solution. The pooled
NaOH solutions were counted directly in the seintillation
counter, The radicactivity was checked to be in the COg
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by putting 1 ml of the solution in an Erlenmeyer flask
closed with & rubber stopper to which wes attached a vial
containing 1 ml of 5 N NaOH, 1 ml of 5 N sulphuric acld
was injected through the rubber stoppers The flask was
cooled at 4° C for 12 hours, At the end of the incudbation
the content of the suspended vial was counted directly in
the seintillation counter, The urine wes collected and
counted directly in the scintillation counter,

1. Determination of the radioactive COp evolved.

An adult rat was snesthetized, the liver was removed, and
sliced in a micro latapie at 0° C, One gram of liver slices
and 3 ml Kreba Ringer phosphate buffer at pH 7.4 were added
%o each of 4 125 ml Erlenmeyer flasks provided with a rubber
stopper to which was attached a small vial containing 1 ml
B NaOH solution, To two of these flasks 0,066 umole
acetoin-1-C1% naving & redloactivity of 1.2 x 10% counts
per minute were introduced and incubated for two hours at
370 ¢, To the other two controls 2 ml of 10% TCA were added
followed by 1.2 x 10* counts/minute acetoin-1~Cl4, They
were then incubated at 37° C for two hours. At the end of
the incubation 2 m]l of TCA solution were injected through
ths rubber atopper in ths two experimentel flasks, The

four flasks were inscubsted again at 37° C for 30 minutes,
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The content of esch flask uay.enntriragad, extracted twice
with q@hnr and an qliqnotfﬁr egch sgueoiis liquid was plated
on & piunchat snd ocounted, The sodium hydroxide solution
in the vials were plated on a planchet and counted,

2, Time study on gceto ;abolipms The liversof
two rats were sliced in a micro lataple at 09 Cy, The slices
were introduced in a 250 ml Erlenmeyer flask and suspended
in 3 volumes of Krebs Ringer phosphate buffer, 6,8 um of
soetoin-1~C3* counting in a total of 1.2 x 10° counts per
minutes were added to each flask and incudbated at 37° C.

One ml of the suspension from esch flask was pipetted at
different time intervals: O time, 10 minutes, 30 minutes,
1 hour, 2 hours, To each 1 ml pipstted solution an equal
volume of 10% TCA was added, The tubes were centrifuged,
0.2 ml of sach supernatant wers plaged on 6 stainless ateel

planchets on which various reagents wers added,

gtudlies. Two rat liver were homoge-
nized in a waring blender at high speed at 0° C for 10
minutes in Krebs Ringer phosphate buffer, The suspendsd
liver homogenates were sentrifuged at 3000 R.P.M, at 0° C,

The supornatant was separated from the cell debris by
decantation, The cell dsbris were suspended in 3 times
their volume of Krebs Ringer phosphate huffer, In 2 Erlen-
meyer flasks 250 ml cepacity, 5 ml of the soluble part were
placed, In 2 similer flasks 5 ml of the suspended csll)




debris were placed, In a third group a mixture of soluble
part and the cell debris Menaion was placed, To one
flask of sach of the 3 groups 3 ml of a 10% TCA solution
wers added, and these flasks were considered as control,
To the 6 flasks 0,66 um acetoin-1~Cl% with s total ackivity
of 1.2 x 10° C counts per minute were added., The flasks
were closed with a rubber atopper and shaken in sn incuba=
tor for 3 hours at 37° C, At the end of the incubation
time 3 ml of a 10% TCA solution was added to the 3
experimental flasks, The contents of the 6 flasks were
centrifuged at high speeds The supernstant in each was
separated from the precipitate by decantatlon, An aliquos
of the clear solution was counted on a planchet after
drying under infra red lamp

1, Sixteen healthy adult guinea pigs were anes~
thetized, the livers welghing approximately each 45 gm
were removed, chopped at 0° C in e meat grinder using the
wedium knife., The homogenate from each liver was suspended
in 150 ml Krebs Ringer phosphate buffer pH 7.4 contained
in one litre Erlenmeyer flask. A total of & gm acetoin
having & total activity of 1.2 x 10% counts per minute
dissolved in 100 ml of Krebs Ringer, was dissolved among

the flasks, The flasks were closed with a rubber stopper




»ZB

and shaken in an incudator at 37° C for 4 hours, g

2, At the end of inocubation time, the content of
the 16 flnsku'wnrn poocled and 50% TCA solution in water
were added alayly to the incubation mixture to an ipphranﬁ
complete protein precipitation, the mixture was then
filtered through a Buehner funnel. The praciyisuta vas
washed twice with water and the washing added to the rile
trate,

3, The pooled riltrate and washing were extracted
3 times in a :tyﬂratory funnel with equal volumes of ether
to remove lipids and emulsifying sgents. The ether was
washed with water, and the washing added to the agueous
solutions The sther was discarded, |

4, The squecus solution was nad#rﬂlisaé to pH 4.5
with N NaOH; then passed through a celite charcosl columm,
¢ om in diameter, 8 éﬁ in length, made by suspending equal
weight of celite and charcosl (Merck) in water and packed
by gravitation, This step removes most of the sromatic
compounds, sugars and large molecular substances,

5. The filtrate from the charcosl columns was
neutralized with ¥ NaOH to pH 8, and extracted exhsustively
in a continuous ether extract apparatus for 72 hours. The

" ether layer contained most of counts, the agquecus portion
was diacarded, ’
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64 The ether was evaporated down to sbout 100 m)
at 49 C in en Erlermeyer flask using a stresm of nitrogen

~ and extracted several times with small volumes arkﬂatcr

to take out water soluble substances. The ether cone
taining lipids was discarded,

7« 3teps § and € were repeated once more., Several
teats were éun on this agueocus 1:36!; ,

8+ The water sclution was vacuum distilled, The
apparatus used was composed of a hard glass tube 20 em
height 3 om diamn#ar in which the water solution was
introduced. It was attached to a vibrator to prevent
bumping. The tube was connsoted thr&ugh & trap made from
8 3 x 20 tube cooled to =80° C to a vscuun pump, The
temperature of the first tube was kept at 40° G in a water
bath, The condensed part econtained most of the count,

The brown viscous residue was discarded.

9. The distillate was saturated with sodium
bisulphite and transferred to a small continuous ether
extract apparatus, The ether extraction was fractionated
at 3 hours interval, the O«~6 and the 6-24 hours frastions
were collscted separately. The 6-24 hours fractions vere

'cennontratad by evaporation, then extracted with small

portion of water, The water solution was saturated with
sodium bisulphite and extracted continuously with ether
for 4 hours. The ether was added to the 0-6 hourg frag-

tions, The aqueous solution was discarded,




10, The pooled ether was evaporated in a tube eon~
taining 2 ml water using a fine stream of nitrogen, The
temperature was kept sround 0° C. A safety trap at =-80° ¢
was attached to the tube,

| 11, The water solution having a volums of 4 ml was
passed over a A;epwcx (=10 column made by soaking 50 gm
of sephadex 5*10' pbm overnight in distilled water then
packed by gravitation in a columm 128 cm long and dlameter
1l em, The length of izm packed materisl was 50 om, The
golumn wes washed two d@n with bidistilled water before
adding the soclution, The column was eluted with bidistilled
water at conatasnt pressure using the Mariotte bottle, The
rate of flow was 0,25 ml per minute, The temperature was
kept at 20° ¢, the eluted sclution was collested in 3 ml
fractions using a fraetion collector, 0.1 ml of each tube
was counted in the scintillation counter.

12, Tubes Eﬂ, 25, 24, called Praction X and tubes
26 to 32 called Fraction O were pooled separatsly, Each
" fraction was continuously extracted with ether for six
hours, Ths water was dlscerded and the ether was drled with
sodium sulphate,
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A. Mebabolle studiey

1. Distributlon of seetoin-1-c** tn 1ive;

axpired COg., The object of this experiment waas to study
the route by which ascetoin is metabolized, By injecting
asetoin-1-cl¥ intraperitoneally in a rat snd analysing the

content of the liver for radicactivity in the glycogen,

saponifiable and non-ssponifiable ether extracts we tried
to sce if scetoin goes through a classical metabolic path~
ways The COp expired collected in NaOH tubes was alte
ecounited, The procedure and the apparatus an deaoribad
under Methods (p; 18)s The results are shﬁnn in Table 1,
We can observe that after 3 hours incubation only 2,5% of
the counts were found in the C0ps Lesser amounta were
dstected among the nenwsqpaniriablo, the sqpanirilblc
ethsr extrascts, and the glycogen. The 2,4—d&n1tro~pblnyiv
hydrazine tube contained ne counts,

2, Iigsue distribution of soetoin-1-cl% in the
dntact rat. The object of this experiment was to study
the possibllity of accumlation of acetoin or its mets-
bolites in one or more organs end to know the way by whigh
acetoin or its metabolites can be excreted, We obtained
the following results (ses Table 2) by injeeting acetoin-1-clé

w28




 Total Counts
| Fraction _.per minute
Amount injected 1 x 108 c,p.M,®
Expired 00p colleoted gﬁ,&?@ G.P.Hg?*
Non-saponifiable ether extract P00 CoP M,
Saponifiable sther extract 107 CoP.M®*
Olycogen | 8,000 C.P.M%
| 844-dinttrophenylhydrasine No counts
— e + '

# The acetoin was counted as the 2,4~dinitrephagg?m
hydrazone in s gas flow aqunzur. ‘

o Counted on & gas flow caunair after drying under infra
red lamp, | '




, 'z*iiont Experiment [Biperiment
R-"li I Expon MIII

Total hours of incubation 12 15 | 24

E‘Oﬁﬂ CoPuM,/ organ

Kidneys 3,360 | 4,200 | 28,800
Viscers 1,800 1,810 800
Gels tract | s,800 20,140 | 70,800 :
Brain B E T 1,600 | 2,200

" Liver 7200 | 8,200 51,800

Total CuP.M./Excretas o o
Urine 160,000 162,000 |278,000

Intestinal content 70,600 22,820 35,800
Expired COg  ]pB5,000 166,000  [180,600

Total counts injecteds !lae 210 | 1,2 x 108 1,2 x 106

# Counted direstly in s seintillation counter,
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intraperitoneally, and analysing the different organs
and exereta for radioastivity following the procedure
described under Methods (p, 18), High aumber of ecounts
were found in urine snd expired COg, while the counts in
other organs wers comparatively low,

3. Detes tion of radiosctive CO. evolved,

To determine how mich the carbon one of scetoin was come
Pletely oxidized to COg by the liver in vitro; rat liver
slices were incubated with acetoin-i-C%, The COp evolved
Was colleeted and counted according to the procedure
described under Methods, The results are summarized in
Table 3., No ecounts were detected in the C0ge Higher
fixed counts were found in the experiment flaaks,

4, Time study on acetoln metabolism, To prove
thae(acotain is contiﬂnensly metabolized, as well as to
study the chemical nature of the metabolites (in a time
range chosen) a time study was run., From an incubation
mixture of acetoin-1-C1% with rat liver slices, samples
were taken, dried under an infra red lamp in the presence

of different reagents, for different time intervals, See
Methods (pe 21)s 7The results obtained are summed up in
Table 4. Fig. 6 shows the increase in fixed counts with
time for the sample 4riesd in s dezsicator. It was obaerved
that the 30 minute sample in experiment two was low in
general probably due to experimental errors.
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% 5 x’,

Agetoin-1-c3% with Liver S1ices

Total fixed counts

Radiocactive COg™
after inocubstiont
Experiment 1 No counts 8150 C4P.M,
Experiment 2 Ho counts TI55 CoPoMe
- Control 1 No.gounts 2000 CoPoM,
| control 2 No counts 850 CoPoM,

-

@ caﬁntod on a planchet after drying under infra rad lamp,




Counts per minute *

# Dried under an infra red lamp end counted in a gas flow counter,

%6 Dried in a desslcator and counted in a gas flow counter,

02 ml of Sacple I ' _ e ,
| . Otime| 20 | 30 | 1ty |2 M
0.2 ml N/10 Hpso " 0] 100} 9 130 185
0,2 ml N NaOH® 2¢0 | 250 | 207 180 200
0e2 ml HpO® 0 21| & 65 253
O¢2 ml saturated hydroxyls '
‘adm solution N
0¢2 ml N NaOHs 160 35| 38 a7’ 67
0.2 ml 2,4~dinitrophe . ‘
*hyarasine magont Pt | 120 | 1 197 | 253 | 238
0.2 ml Hpo™* 60 | 128 | 178 3085 472
0.2 ml of Sample IX |
’ +
0.2 ml N/10 Hp804" 0 3| so0 7 | 207
0,2 ml ¥ KaOR" 125 | 105 | 157 191 185
0.2 ml HoO® 61 8| 17 47 113
] 02 ml a&tmtodm o1
hydro lamine ngion
0.2 f N NaOHY 0 ol e7 30 7
0.2 ml 2 i-dinitrophmy}.
draxine reagent (42)° 37 | 47| 89 | 125 | 209
0.2 ml HgOM# 50 | 110} 85 203 263
— N
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FIGURE 6y INCREASE IN FIXED COUNTS WITH TIME OK DRYING
THE METABOLITES IN A DESSICATOR UNDER VAQUUM




To investigate whieh part
of the liver cella contained the enzymes responsible for
the metabolism of wutoi'a, rat livers were homogenised
and centrifuged separating the cell debris and the soludle
part, Each part alone and a third portion containing a
mixture of the soluble part, snd the gell dﬂbﬂs'mrc
incubated separately with acetoinei~Ci%¢, The experimental
dotails are summarised under Methods (p. Bl)e It appeared
from the results of this experiment that none of these

separate three portions were able to give sny fixed eounts,

B,

1. Comparabi scuips distillation betwe
netabolite and acetolin. Vasuum distillation was compara-~
tively performed on the 3tep 7 of the purirication pro-
oodure and acetoin-1-Cl% (See Methods, p. 17)s Two vacuwwus
distillation sets were iiuabad in pargllel to a vasum
Pump, The first dlstillation compared the volatility of
the compound to that of acetoln, The distillate, and
residus were counted. In view of the results shown in
Table 8, acetoin asppeared to be more volatile than the
compound, Another comparative distillation was run betueen

A

;&' vi

acetoin and the ssme fraction in the presence of an excess
of sodlum bisulphite to fix any aldehydis or nethyl ketons




Total sonntstqr iiaﬁtd'
| jBetabolite Asstoin
»;i-tilln$1cn alonse |
Distillate 250 670
Residue 588 60
Distillation in the presenss of
an excess sodium bisulphite
Pirst distillate 240 a4
Second distillate 160 | M:
Third distillate 240 ' 200
Reaidue 380 800

# Counted directly in a seintillation counter,




group., Each sample was distilled nearly to dryness, the
residue redissclved in water, and redistilled., The
operation was repeated twice, The results are summarized

in Table 5. : '

2, Jodine velus. Iodine value was performed on
the ether solution of the c¢compounds The value was found
to be zero,

3. Potentiometrie titration. Potentiomstriec

titration of the compound was carried out on a 5 mg asmple

{see Methods, p. 16). A pK value of 4.65 to 4.7 was found

after subtracting the water blank valus, A comparative
titration was run with asetic acld (msee Fig, 7).

purif!casion was compared to acetoin in order to preve that
the radicactivity of our fraction is not scetoin, Three
spots were applied on & papert: the compound, acetoin=)-cl4 »
and a mixture of the compound and acetoin, The chromato-
gram obtained by ascending chromatography was cut, counted,
and plotted graphically (See Methods, p. 16), From the
results obtained (ses Fig, 8) it can be clearly observed
that a net differsnce in the R, of avetoin, and that of the
compound do exist. Also the acetolin in the solvent used
appears to have a higher Rp than that of its mtubolih
indicating a higher polarity,
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O and X, The infra red spectrum of the X fraction in ether
golution having an activity of 1000 counts per minute per
ml was run. From this, s similarity of the finger print
r&gion of the apectrum to an ether solution of acetoin was
demonstrated (Pig, 9), The infre red apectrum of the O
fraction in ether solution having an activity of 2000
counts per minute per ml was also run (Fige. 10), The
spectrum suggeated clearly the presence of a small chain
carboxylic acid. An other spectrum of the sams fraction,
dried with sodium sulphate and svaporated under a dry
stream of nitrogen, was run in chloroform solution and
compared to many acids dissolved in the same solvent,
Similarity to propionic seid was clearly shown (Fig, 10).
The ultra violet spectra did not show any absorption sbove
200 mmu.
FPhyslcal : : It is
& volatile and extremely hygroscopic acid with an acetis
acid odor, ' 2

7, Migrosnslysige The elementary analysis for
ca'ben, hydrogen and the Mﬁm were performed on &
1iquid ssmple obtalined By the evaporation of an whar
sxtract. Alfred Eomlurt, Rikrumlytiaehal Lnbomtoriua.
433 Milhsim, Germany, performed the carbon hydrogen and
Or. Prans Pascher, Mikroanalybisches Laboratorium, Bemn,
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Busehstrasse 54, Germany, performed the C-methyl determi-
nation, The results and the expected values for propionic
acid containing water contaminent are reported in Table 6,

8¢ Mplegular weight. Using sephadex separation
the compound cams just after acetoin (molecular welght 88},
but just before acetic acid (molecular welght 60)y Indi-
eating,a moleoular welght between these true values,
Another molscular weight calculated on titratlon equivalent
gave an‘appraximnea valus of 80,

‘ The pX determination, as

woll as the infra red spectrum indicated the presence of
a carboxylic group, Other funetional groups tested chemi-
cally were found to be absént,




Caloulated for |
L Og ¢ 28
H 10 8ol 941
[ 32.4 34 5247
o» | s7.6 5748 58
#c‘-nettmu 15,57 14,7 14,8

# By difference,

## pun on another sample,




The existence of acetoin as a product of metabolism
in living organism has been known for a long time, It was
detected in lower living organism; bacteris, fungl, ete.
as well as in higher animels, The metabolism of acetoin
in microorganism was intensively studied by many ascientista.
In higher animals speclally mammals, acetoin was found to
be produced in appreciable quantities., Itsg overall metaboe
lism was studied superficially by people who were interested
principally in the fate of ingested ethyl alcohol, However,
little 1s known about the intermediate steps of its metaboe
1ism, |

In this report we trisd to investigate more intene
sively the metabolism of scetoin by mammals, The first part

' Was convdrned mainly to prove that acetoin is a substance

metabolised by marmmals, By injecting acetoin=)~-clé intra-
peritoneally to rats we were able to isolate after 24 hr
collection 158 of the radioactivity in the expired COp,
indicating a psrtiasl oxidation of the injected asetoin,
The remaining counts were found in urine and diatributed

smong various tiassues, In studying the metabolism of
acetoin Iin yitro in rat liver, we were adle to confimm
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Jhrnefelt's work (29) that only the intact liver cells
were sble to metabolise acetoin to less volatile compounds)
liver homogenates wers incapable of metabolizing acetoin,
By running a control experiment where proteins were pree
cipitated before incubation with soetoin, we showed that
this is not s polymsrization but an ensymatic reaction,
Again, in the time study experiment im yitre the insrease
fixed counts was propoertional to the incubation time,
Finally, by comparing the metabolite and scetoin on paper
ehromatography two spots with different Res were obtainsd
suggesting ths produstion of a radloactive compound dirfer-
ent from acetoin (Fig, 8). From these experiments we can
definitely conclude that acetoin is a compound motabolized
by normal tissues,

As regard the route through which acetoin in
metabolized we were unable to demonstrate a COp fixation
using cié Og and unlsbeled meetoin. Also, we cannos
eliminate ths possibility of this fixationj the metabelism
of acetoin 1s probably a minor pathwsy and ths COp fixed
by other metabolites will be higher, Furthermore, by
locking baok on the result of ths in vivp experiment
(Table 1) we can see that the carbon one of acetoin did
net go to glycogen, seponifisble or non-saponifiable lipids,
indicating that asgetoin is not metabolized through any of
the main pathways of metabolism,




The oxidstion of acetoln in vivo was very slow
(Table 1 and 2), only 2.,8% of the counts were detected in

the expired COg 3 hours after intraperitoneal injection
of acetoin-1-C1* and only 15% were found after 24 hours
indieceting that transformations leading to the acoumlation
of a slowly oxidized substrate,

| In vitpe 1iver sllces were incapable of oxidizing
earbon ons of acetoin to CO, but a substance different from
acetoin accumulated, This might be dus to the sbsencs of
some ensymes needed to the complete oxidation of acetoin
to COp, or it is possible that the 13.?:;' 18 actually eapable
of the complete oxidation of acetoin in ylve but falled to
do so ip yitro due to unknown factors introduced in the
pmwnt&ozi of the slices, These experiments show that
acetoin is metabolized in & non-claasical way, and that its
metabolism in liver siices leads to the ascumilation of an
intermediste which is not further oxidized in these slices,
We, therefore, attempted to 1solate this metabolite , The
compound we 1solated was identified as propioniec acid,
This is shown by its odor, volatility, identity in I.R,
spectra, agreement of the csrbon, hydrogen, C(=methyl group
and carboxyl group snalysis with theoretical ‘valms, &8

well as the agreement of the determlned pK value of the
carboxylic group end the rough molecular weight determinge
tion to thelir expected respective valuss,




The radioactivity in the propionic aocid fraction

could not be due to contamination with acetoin as a radlo-
activity of 1000 counts per minute per ml was found in the
X Praction, %he I,R. spectra of which was ldentical to
that of acetoin (Figs 9), while in the 0 Fraction 1sclated
similtaneously and centainins 2000 counts per minute per ml
gave an I,R. spectra 1denticsl to that of proplonic acid
with no evidence of contamination (Pig. 10).

Propionic acid is probably not the original com=
pound acoumilated by liver slices but rather a non-blologioal
breakdown product of ity In the early steps of the puri-
fication the counts were found in & non-volatile frastion

~ even when plated from TOA filtrate, Furthermore, it was

extracted with ether from & water solution adjusted to

pH 8 (Pig, 4). In addition, the proplonic acid 1z known to
bhe readily converted to succinic acld and oxidized o COp
readily in liver (43)s Tho nature of the original derivative
of proplonic acid to which acetoin is converted and the
metabolic pathway invovled remain unknown, This derivative
mist have besn somewhat chemically labile as the mild eon~

ditioms employed in the purification were enough to cauge
its breakdown,




SUMMARY

This ressarch program was designed to atudy the
metabolism of acetoin in mammals and to isolate its
metadolites. The study was done on guinea pigs and
albino rats in yive end in vitro. By injesting acetoin=
1=01% intraperitonesally to a rat we found that it was
partially oxidised to COp in 24 hours. Ko radicastivity
was found in glycogen, saponifiasble and non-saponiflable
1ipids but counts were found in urine. JIn yitro experi.
ments using rat liver slices we showed that acotoin 1s
metabolized giving an sccumulation product derivative of
propionic acid labile chemically. Moreover, liver homo-
genates were unable to metabolise acetoin, A purification
procedure for the accumulated metabolite 1s described in
which propionic sc¢ld was isolated and identified,
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