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SUMMARY

The role of acetaideinyde in reducing tine oxidative patissvay anud inscresisinng tine reductive

route for nnorepimncpinrinnc (XE) nnetabolism wsis evaluated. Experiments uvere performed
ins which ‘4C-NE us-as injected imnto rsuts amid its nnetnsbohic fate in vivo usas nioinitored inn tine

urine. Etinannol adminnistratiomi failed to sulter tine biochuensical dispositions of tinis annimnc,
whereas, acetaldeinyde produced profounnd aberrnttions in NE metabolism. The excretioms

of ‘4C-vanuillylnnanndclic acid amid diinydroxvmamndehic acid us.as decreased as a result of treat-
ment w-itin acetsildehyde, disulfiram, or calcium csirbimide. A concomitant increase inn hnibelcd
3-metinoxy-4-iuydroxyphenuylglycol us-as also observed with these treatments. Adminuistrationn
of ethnannol to amnimnths I)reviousl� treated uyitin disulfirsim or calcium carbimide potcmstiated

thus effect rind resulted irs elevated acetaldehnvde blood levels as measured by a specific

gas cinromatographic procedure. These findings confirm tine inypotinesis that competitive
inhibition of aldeinyde dcinydrogcmnase by sicetsildehyde is tine quantitatively importamnt
mechanisms in tine genesis of altered nneurosunsinnc nsnetsibohism by ethanol.

INTROI)UCTION

Ethanol has beers reported to produce a
pronounced decrease ins tine cndogcnous out-
put of 5-inydroxyimndolcacetic acid (1 ) and
3-mcthoxy-4-inydroxymansdehic acid in the
urirue of man (2) and dogs (3). Studies using
‘4C-serotonin (4-6) and 14C-norepinepinrine
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(7, 8) also revealed a dccresised excretions of

5-in�-droxyinndoleacetic ricid amid 3-methoxy-
4-iuvdroxyrnaiudelic acid , respectively, after
etinannol treatmcnnt. These changes its tine

oxidative pathuuvays for the biogemnic aminncs
ssere nicconspamsied by an irncreased excretions

of hnibehed 5-inydroxytryptophuol (fi) amid ems-

dogemsous (2) or labeled (7, 8) 3-nsethoxy-4-

inydroxypiuensylglycol.

Sinnihar alterations in tine mctabohisns of

scrotonnimi have been sinouvns to occur ins liver

Inonnogennates from ethamnol-treated rnsts to

ushicis substrrstc usas added (9), but could

msot be sinous-n to occur ins rat brain after

inutracaudate injections of ‘4C-serotomnin to

etinamnol-tresited rnits ( 10) . Studies utiiiziing
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tissue slices shouved mo effect of ethiamnol oms

tine formations of 5-iuvdroxvinndolcacctic acid
or 5-hydroxytryptopinol ins brssinn slices,
ushereas a marked change occurred inn scro-

tonrn metabolism us-hens liver slices us-eve used

(11).

Tine precise mechanisms involved inn tine
genesis of metabolic alterations inn biogennic

amines evoked by alcohol are still unsettled,
althougin various suggestions have beers

proposed to explains these fimndiiugs. Tinese
effects inave beets attributed to a blockade
of release of biogensic amuses (3), an imsinibi-

tion of monoamine oxidase (1), a depletions
of NAD uvitis a rcsuhtanst increased NADH : -
NAD ratio due to tine oxidations of ctinanol
( 4, 7), amid, finally, a competitive innteractioms

betweens acetahdehyde derived from etinannol
and tine inntermcdiate biogenic nuideinydes for

tine active site on aldehvde dehnydrogensase
( 4, 7) . Recently, evidence for tine latter iuy-

1)othnesis has received expcrimenntal support
in vitro (12, 13). It ussss shnoss-n tinat acetalde-

hnvde alone, evens ins the prescnucc of excess

XAD, caused a decrease ins tise formations of

‘4C-5-huvdroxyinndoleacetic acid, us-ithu a si-
multancous inscvease ins tine iscutral fractions

ins rat liver inomogenatcs (12). Tine snume
workers demomsstrated a competitive inter-
actions betuveens acetnuldehyde amid 5-inydroxy-

itidoicacetaldehnyde, using a brains mitocinon-
dna! preparations. Tine K2 for acetaldeinyde
ins brains us-as found to be 2.6 x 10_6 \� in

agreemcnst uvitis results for bovine aldeinyde
dehydrogenase (14). In order to appraise tine
role of acetaldehnyde ins tine mechanisms of
alteration of biogemnic amine metabolism in

vivo, the effects of etinanol aind acetaldehnyde
ons the metabolic dispositions of nnorepimuepis-

rinse in rats us-crc investigated.

MATERIALS ANt) METHODS

(ia.s Chrrnnatoqraphy

Blood levels of acetaldeinyde and etinanuol

uvere analyzed simultaneously by tine gnis

cinromatographnic metinod of Dunitz rind

Truitt (15). Tine original method usas nnodi-

fled to avoid tine problens of sponutssmneoins

production of acctaldehsyde ssineni etinrusol is

present (16). It usas founud that obtainninng a

protein-free fiitratc of sshnole blood uvould

chiminnnnte tinese sintifsictusr 1 imicrcnnse.s ims

acetaldeinyde (16).
For blood aissilyses, 76 male Wistan rsits

svere used. Tine animals ssere decapitated,
rind tineir blood ssas collected in lneparinsizcd
tubes. No significannt differenuce us-as founnd

betw-eens blood ssumples obtained by tisis pro-
cedure ansd samples tnnkcns by cardiac punuc-

ture. Tsso nnihlilitcrs of us-hole blood svcre
added to 1 nil of ice-cold 0.9 % NnsCl amid
0.5 nih of S % ZnnSO4 constaimued inn a rubber-
stoppened plsistic cemitnifuge tube. After tine

blood laud beens added, 0.5 ml of 3 N Ba(OH)2
us-as added tisrougin tine cnip usitiu a syringe.
Tine 1)recipitatcd sninnplcs svere centrifuged

at 4#{176}sit 1500 x �, for 10 mini.

For dctcrnuimnnitiomns of sicctaldehiyde iii

proteins-free filtrates, duplicate 0.4-mi sam-
pies of the clear filtrate above tine packed,

precipitated red cells us-crc transferred to
stoppered 5-ml virus ushnicii contained 0.4 g
of dry NaC1. Vials us-crc tinen placed ins a
usater bath at 55#{176}amid equilibrated for 15

miii before analysis of tine incad space gas.
Inclusion of NaCl ins tine vials more than

doubles tine senusitivit�- of tine method amid
gives excellent rcplicsttions for submicrogram

(fuanntities of acetaldeinyde.
Recovery us-as measured by addinng kmnoss-nu

amounts of acetaldeinvde ansd cthsimsol to tine
blood amid processing tinese sannples as de-
scribed nubove. rn nscann recovcr�- (± stamnd-
ard error) for acetaldehvde w-itin mit blood
uvas 60.3 ± 4.3 %, and for ethnsuuol it ss.as
104.2 ± 5.9 %, in protein-free fiitrsttes corn-
pare(l usitin standards prepared ins 0.9 %

NaC1. Inn all experiments reported in this

paper, proteini-free filtrates us-crc used and
corrected to blood levels.

Adut in isti-ation of 14C-Norepinephrine and

Sample Collect lOfl

(ii- Xorcpimnepinrinie (cavbinnoh-’4C) bitnir-
trate usitin a specific activity of 31.0 mCi/
numole us-as purcinstscd frons Amcrshrsm/
Scarle Corporations. Vials of 50 �rCi us-crc
diluted to 2.5 nsi, yielding a comnccntnatiois
of 1 j.tCi/50 1ul. Ahiquots us-crc stored at - 20#{176}.

Tinirtv-six msiie \Vistar rats, useiginimng

250-3 10 g, uvenc fasted ovennuigint before

rcceivinng 50 ,.d (1.0 �nCi) of m4C-mnorepi-
nucphninne, yin tine tail vcinn, at zero time. Tine

animals ssevc immedisitehv plniced ins inndivid-
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FmG. 1. Cumulatire excretion of 1C in urine of rats

following intravenous injection of 1 .0 �Ci of m4C�

norepinephrine

ual metabolisni cages for tue collcctionn of
urine samples. Urimse us-as collected at 2-Inn
intervals for 18 inn susd tinens continsuously

for ainothcr 12 mr. All animals uvere givers
an oral dose of 10 ml of a 2 % glucose solu-
tionn at the beginning of cads collections
period. A 5-mi dose uvas also givers to cads
animal 30 mlii prior to tine injections of radio-
activity. Urine us-as collected ins polyethylene
bottles which contained 25 mg of ascorbic
acid, 50 mg of EDTA, rind 0.5 ml of a “pooi”

of nnorepincphrine amid its five major metab-
olites, each at a concentrations of 100 �g/ml.
For each collections period, tine metabolism
cage uvas thoroughly rinsed into tine col-
lecting vessel and the urine sample us-as
diluted to 50 ml. This dilution resulted ins a
final concentration of “carrier” compounds

of 1 �tg/ml. From this sample, tw-o 0.5-mi
ahiquots us-crc withdrawns for total urine

counts. For the analysis of metabolites, the
12-14-hr arid 14-16-mr cohlectiomns us-crc
pooled.

Isolation and Separation of Norepineph vine

and Metabolites

Tine method used for tine separation amnd
identification of NE2 timid its five major metab-
ohitcs us-as previously developed inn omuc of

2 The abbreviations used are: NE, norepi-

miephrine ; NM, normetaniephrinne ; DHMA, 3,4-

dihydroxymandelic acid ; DHPG , 3 ,4-dihydroxy-

phennylgiycol ; VMA, 3-nnethoxy-4-hydroxymami-

delic acid (vamnillylmanidelic acid) ; MHPG, 3-

methoxy-4-hydroxyphemnylgiycol.

FIG. 2. Rate of urinary excretion of 14(1 following

a(lministration of 14C-norepinephrine intravenously

The total radioactivity excreted during the

collection interval is expressed as a percemntage of

the administered dose excreted per hour. The

meanns of six experinnents have beeni plotted at the

midpoimut of the collectionn initervals (�-S).
Curve A represents a taingenit to the slow exponen-

tial process extrapolated back to zero time (-).

Curve B represents the difference l)etween curve

A annd the actual data (A-A).

our laboratories (7). All samples us-crc anna-
lvzcd by liquid scintillatioin spectromctry

usimsg a toluene-Triton X-100 (2: 1) sciintil-
lationn mixture.

Determination of 14C-norepinephrine and
normetanephrine. For tine determinations of
total urimse NE and NM ins acid-inydrolyzed

urine, four 5-mi aliquots of the pooled 12-16-

hr urine samples us-crc used for duplicate

ainalyses.

Determination of (leans mated ‘4C-mnetab-

olites. For tine determinations of mill deami-

minted mctabohites, 65 ml of urine were hy-

drolyzcd enzymatically by adjusting to pH

5.5; tinen 1 ml of Glusulase (Enndo Labora-

tories) containing 100,000 units of �-glucu-

ronidase and 50,000 unsits of sulfatase was

added to each sample. Tue snsmpies us-crc

tinens iincubated ins a uvater baths at 37#{176}for

32 mr. For duplicate analysis, four 15-nil

aliquots of inydrolyzed urine uvere used.
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perimenits.
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Thug Treatment Schedules

One group of rats received ctiuainol (20 %),
4 g/kg orally, at tine bcgimnnninng of the aiuai-

ysis interval, 12 hr sifter the admimnistration
of ‘4C-norepinephnine. Anotincr group was
givems three consecutive intraperitoneal imn-

jections of acctaldehnycle (10 %), 300 nsg/kg.
These animals us-crc dosed at 12, 12�, rind
13 hr. Other animals us-crc first treated suith

an aideinydc dchydrogemnsise inhibitor, eitiner
disulfiram or calcium carbimide. Disulfirsum
usas givcms as a 2 % suspension by gavage at

a dose of 200 mg/kg 20 hr and 4 hr prior to
the analysis period, uvinich represented S hr

before amid S hr after the administration of

‘4C-nuorepinscpinrimse. Some of tine amninnals

that received disulfirans us-crc also givers 4 g/
kg of etinamnol sit tine 12-mr time interval.

Sinsilarly, citrated calciuns carbinnide (Tens-

posil) us-as admimnistratcd instraperitonseally

at a dose of 50 mg/kg ms a 1 % suspensions at
6 iir and again at 2 Inn prior to tue amnalysis
period. Comntrol animals us-crc eitiner treated
uvitin imntrapenitonneal imnjectiomns of 0.9 �o

INaCl, 3 mi/kg, or givenn thus fluid orahiv, 16

mb/kg. All comntrol values us-crc connbinucd,

simnce tine tsso routes of administrations did

not affect tine ressmlts.

RESULTS

Kinetics of Exci-eti�m Radioaetiv ity

After tine imnjections of ‘4C-NE, radiostctiv-
ity uvas detected ins tine urinue during tise

first 2-hr sample period (Fig. 1). Appn�oxi-
mulch- tuso-tinirds of tine adnsinnistered iso-

tope (65 (,;� ) appears in tine urinse svitininn 10 hr

AMINE METABOLITES

SALINE TREATED CONTROLS ± S.D.



420 WALSH ET AL.

after innjectiomn. Amnotiner 12 % apperirs ins the
urinne durinsg tine succeeding 20 mr. Tinis
exponenutial excretiois pattern is typical of
tinat obtained us-hen botin optical isomers of
NE are injected (17). It usas dcsirsible to
analyze tine urinary radiorictivity represent-
mug the portions of ‘4C-NE svhich mixed usiths

the emndogennous bound stores of tinis nucuro-
tramusnnitter (is, 19). A kinetic annalysis of
tine excretions patterns of radiorictivity is de-
picted inn Fig. 2.

Tine rridioactivity excreted durimng tine
initisil period represeints NE ushuicis usas cir-

culated, redistributed, aind rripidly metab-

ohized, and presumsibly comprises tine bulk
of tine (/-isomer (20) . The radioactivity cx-
crctcd during the slosver pinase represcmnts

‘4C-NE usinich became mixed usith tine endog-
ensous pool of this critecisolamine and us-as
continually being released from tissues annd
metabolized (17, 18). From Fig. 2, it cnn be
seems tinrit curve B uvas constructed by sub-
tracting curve A (sloss- expomuemutial process)

from the entire curve. Curve B reprcscnnts

the differenstial curve for tine rapid process,
usinicin is essenntirilh�’ complete at about 12 hr.
i’or thus reason, tine urimue excreted betsscens
12 stud 16 hr sifter imnjcctions of tine isotope

uvas annalvzed for tine nnetmsbolitcs of nor-

epinuepinrimne.

Urinary iletabolites of ‘4C-Norep inephrine

Tine nsetabolic patterns of 14C-NE excre-
tion during tine analysis imuterval (12-16 hnr)
by control rats is reprcsemnted by tue shaded

areas ins 1’igs. 3-5. NE stud NM accoumst for
a total of about 10 � of tine ‘4C excreted dur-

hug this time period. Tine dcrtmimuatcd date-

cisol metabolites nsakc up ansotiner 24 % of
the urinary radioactivity. Both DHMA arid
DHPG occur iii about equal proportions.

Tine O-methylated dearninisited nnctabolites
rcpreseist 48 % of tine radioactivity excreted;

VMA, 21 % ; and \IHPG, 27 %. Ins tine rat,
tine major metabolite of enndogensous nor-
cpimnepiurimne is MHPG (21), in constrast to

mrimu, iii usinom tine mrijor urimuary metabolite

is VMA (22).

Effect of Diuq Ti-eatme-nts on Lxci-etwn of

..4 ?fl ines

1’�igure 3 shouus thnat tine different drug

treatmennts hnid little effect oms the amount

of ‘4C-NE excreted during tinis time period.

All tine bar graphs overlap tine control valise
± stansdard duration. Tine effects of tine vrtr-

ious drug treatments on the excretions of
‘4-C inormetainepinrimne sire illustrated lnn tine

louser panel of tine figure. Ethrimnol caused a
signnificamnt increase inn the amount of NM
excreted (p < 0.05) . After administration of

etinamnol, NM excretion usris inicressscd 26 %
above the conntroi level. Tine administration
of acetaldehyde to tine rats caused ann even
greater rise ins tine proportion of radiosictivity
excreted as NM (45 % rise; p <0.01).

Treatment of rats uvitlu either of tine tuso
aldelnvde deisydrogensase inhibitors, disul-
firans or csilcium crirbimide, friilcd to alter
tine vsilues obtained for NM excretions. Hous-
ever, us-hens ethamnol us-as adminsistercd to

aninsrils previously treated ssitin tinese ntgemsts,
a sigruificant inscrea.se ins NM excretions us-as
observed. Treatment usitin disulfirarn prior
to tine sidminsistration of ethnsinsol produced a
62 % rise ins NM excretions (p <0.01). In a

similar msimsmscr, treatmcrnt usitin calcium car-
bimide follous’ed by the ridnsinuistrsitions of
etinamnol increased tine NM level by 37 %

above tine conntrol. Tue effects of these treat-
men-its on NM excretion parallel tinose onn

tine blood levels of ricetaidehyde (see Tables
1 amid 2).

Deaminated Catechol iletaboiites

Figure 4 ihlustrrstcs tine effects of these

compounds Oh tine excretions of tine deami-
mated catecinol metabolites DH MA mud

DHPG . Etinrimnol decreased tine proportions

of diinvdroxynssuudelic sicid frons 12.16 #{182}�to

5.71 % of tine totsil uniinary radioactivity.

injection of sicetaldeisyde caused a. slighntly

greater decrease, to 5.17 � of tine radioac-

tivity excreted. Treatment usitin disulfiram

or disulfiram plus ethannol depressed DHMA

excretions to 41 � OF �3 #{182}�of tine conutrol

values, respectively . Calcium carbimide

tresitmemnt lossered tine level of this acid to

5.23 % 5515(1, ins tine presence of cthnansol, i’c-

duccd it furtiner, to 4.57 � of tine urinary

rrsdioactivitv. Thicsc rigemuts mad little effect

015 tine excretions of DHPG, usinicin connsti-

tuted rirounid 12 % of tine 14C excreted inn the

urine usith sill treatmenuts.
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Tine effects of tue drugs on tine O-mnnetin-
viated (leaflninsite(I nsctabohites are sinowns ins
Fig. 5. Etinrinol ins tine rat failed to alter
significrimntlv the proportiomns of tisetwo major

urinnarv nuetabolites. Hosscver, adnninsist va-

tiomu of acetaldeisvde houscrcd tine suuuounut (.)f
\fl�lA frons 21.0% to 11.5�� of tine total
urinary activity (p<O.OOI). This 9.2 (7� (Ic-
crease un tue IiCi(l nnetaboiitc was accomnn-

I)ntluied by a comnconnitamnt sinud equivnilennt

rise ins tine simotmnit of MHPG excreted (9.5 �

rise; /)<0.01). Disulfirrimni cruised \i\IA cx-

cretions to frill frons 22.0 #{182}�;to 10.3 c; (/) <

0.01), usinihc tine glvcol inncrcstsc(i, fromn COB-

troi l(lVciS of 25.7 #{182},/(, to � ‘ (/) < 0.01 ) of

tine ‘4C excreted. Adnsiiuistrations of etinsimiol

to (lisuifirannn-treate(l rats munssrkediv i)oteml-

timsted tins sinift imn munctabolisnus. Tinder tii(’se
comnchtiomns \i”�1A fell to 6.25 � (p <0.001)

amid \lHP(� t�OS(� to 3()..)� (p<0.OOl) of tine
radiostctivitv excret c(l . (1alciuns carbi inna Ic

by itself causc(h a simnnihar sinift from tine oxi-

dative nnnetaboiitc (\‘i\IA) to tine re(IilCtiVe

product (�\1I-TP( ). \\iieni ethainol usas sal-
nnimnistcred to amninnais givems calciumus carhi-

nude, tinP silteratioms usris nnorc pn�)1no11mnc(’(I.

It Crul be seems tinat a(innnimnistratiomi of acetai-

deinyde, (lisillfirmtfln, caiciimnnu carbinnuide, or

eitiner of tine last tsso agemits in tine presemice

of ethnamnoi Causc(I a signnificamst r(’(luctioml in
14C\�\ L.A 5115(1 a connconnitamnt imscrcasc ims

‘4C-1\IIIP(. l�th15LI1�)l miiOII(’ (Ii(l nnot I)n��(iu(�e

this shift.
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Correlation with Blood Levels of Acetaldehyde

This shift in metribolism of inorepimncpisrinc
from an oxidative route to a reductive one
is well correlated uvith the amount of acetai-

dchyde presenst. In tine rat, ethanol (4 g/kg)
produces blood levels of acetaldehyde of 1.17
j.mg/mi and 2.65 �rg/ml at 1 and 2 hr, respec-

tively, after alcohol administrations (Table
1 ) . Experiments us-crc also performed inn
uvhich rats us-crc givens three doses of acetal-
dehvde (300 mg/kg intraperitoneally) at
30-mm intervals and tincir blood levels uucrc
monitored (Table 2). The levels of acetalde-
inyde ins these animals us-crc at least 5-10

times higiner tinan inn cthuanol-trcatcd rats,
and us-crc compsirable to those obtained us-hen

ethuanoi was givers to disuifiram-treated rats.
Tinis regimen of acetaldehyde administra-
tion resulted in blood levels ranginug from

9.71 to 19.69 jtg/nnl. Acetaldehyde blood
levels after treatmemnt usitls both cthnrimsol an-id
disulfiram ranged from 14.63 to 19.64 j�g/ml
(Trible 1).

Ann important observation also sinousns ins
Table 2 is the production of ethanol in vivo

whemn large amounts of acetaldehyde are ins-

jected. The ethanol levels parallel tinose of
acetaidehyde at various times. Tine forma-
tion of ethamnol from acetaldehvde demons-
strates tine reversibility of alcohol dehydro-
genase in the intact organism. Furtinermore,

there us-as a significarnt increase ins etinanuol
levels in disuifiram-treated rats compared to

control animals (p < 0.0001 , Table 1 ) . Tine

elevation migint have beers due to tine ins-
creased level of acetaldehyde, us-hnichs could

compete for tine reverse reaction omn tine ad-

tive site of alcohol dehydrogennase. This



TAIILE 1

Acetaldehyde and ethanol blood levels in control and

disuifirain -treated rats given ethanol

Ethanol, 4 g/kg, was administered orally to

rats, and their blood levels of ethannol and acetal-

dehyde were analyzed by gas chromatography at

1 and 2 hr after ethanol administration to control

or disulfiram- (200 mg/kg, orally, at 20 and 4 hr

prior to ethanol) treated animals. Protein-free

filtrates of whole blood were used for the deter-

minnations. Values have been corrected for re-

covery.

Treatment
No. of

ani-
mals

Ethanol Acetaldehvde

�rg/m1 blood (± Sf�

Comntrol

1 hr 12 1970 ± 280 1.17 ± 0.36

2 hr 12 1930 ± 170 2.65 ± 0.32

Disulfirani

1 hr 10 2920 ± 200 14.6 ± 1.2

2 hr it) 3430 ± 200 19.6 ± 2.8

dationu (4-7). Winen etinamnol amud acetalde-
hyde arc metabolized, there is a decrease
of NAD ins liver an-id a net productions of
XADH. Tincoretically this excess of reduced

coenzyme would favor the XADH-depend-
cnt reduction of the aldehyde intermediates
of various amincs at tine expense of tine
oxidative pathusay, ushich requires NAD-
linskcd aldehyde dehydrogenase. The increase

inn NADH :NAD ratio as a result of ethanol
oxidation has been shossn repeatedly to occur
inn rat liver (24-31). Despite the known shift

ins coenzvme ratios in the rat, very large

doses of ethanol did not modify the metab-

ohism of ‘4C-NE in this species. Yet, admini-

strations of acetaldeiuyde, disulfiram, calcium
carbimide, or the latter tuso agents in the

Iresence of ethanol caused a significant fall
in ‘4C-VMA excretion us-ith a simultaneous

diversion of the intermediate aldehyde to
m4C-MHPG. rfhese findings could explain
uviny otiner workers have failed to observe an
effect of ethannol on mseuroaminne metabolism
inn brains eitiuer in vivo (10) or in vitro (11).

Sinnce etinamnol adminuistrations did not affect
the metabolism of peripherally administered

‘4C-NE ins the rat, mo effect on centrally ad-
nsinsistered biogemnic aminses sinould be (IX-

pected. Ins liver homogenates witis luigh

rilcoiiol dehydrogensase activity, etisanol can

evoke clnansges ins amimue metabolism (9, 11).

Inn brains luomogennates, hnossever, etinansol
usotild be unable to produce tinis effect, since

only a limited amounst of alcohol deinydro-
gemnase is present (32) arid tine genueration of
adetaldeinyde from ethanol usould be mini-

mal.
Tine current ssork inas sinossms tinat acetalde-

hyde is tine (luamntitativelY insportant media-
tor of tine ethamnol-cvoked altcrrttionns ins nsons-

oamine metabolism. The lack of an effect
of ctiuansol ahonse oIl mnorepinephrinne metab-
olism inn rats is comutrary to tine results of
several studies ins inumamns (2, 7, 8). On tine
other huamud, disulfirans treatmcnut markedly
niodified catecinolaminne metabolism ins rats,
ansd comparable effects inave beers reported

for mars (8). Tincrefore, drug-induced modi-

ficatiomss in nonepinuepisninie metabolic path-

uvays cans be produced ins tine rat in vivo, but

miot by etlurinsol administrations. Tine inseffec-

tivenness of ethanol ins tine mit coimscides usitiu

tine relative inssemusitivity of tinis species to tine

‘l’AIILE 2

Acetaldehyde and ethanol blood levels in rats treated

wi/h acetaldehyde

Acetaldehyde, 300 mg/kg, was imnjected inutra-
peritoneally at 30-mimi intervals into rats. Blood

levels of ethamnol and acetaldehyde were deter-
nninned by gas chromatography. Protein-free 61-

trates of whole blood were used for tine determmninna-

tions. Values have heemn corrected for recovery

Dose of
‘I’ime acetal- Ethanol Acetaldehvde

dehyde

mm mg/kg ��zg ml blood (± SE)

0 300

15 0 45.0 ± 9.21 10.5 ± 2.2

30
45 62.1 ± 6.32 19.7 ± 4.0

60

120 0 8.83 ± 1.78 9.71 ± 0.98

nnnight nnot only sloss tine oxidations of etinamnol
but also result ins ethanol generations. This
possibility is reasonnablc, since tine e(1uihb-

rium for tinis rcactionn lies far inn tine directions
of ethnaniol productions (23).

I) ISCUSSION

It has beers speculated tinat tine rslterationn
of NE metabolism by ethuansol in nsnams nnight
be attributed to a cinannge ins hepatic p�nidinne

inucleotide levels as a result of ethnamsol oxi-
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pinarmacological effects of alcoinol. Our re-
sults inndicritc tinrit it usould be preferable to
study the effects of alcolnol in a species other

than tine rrit, onnc that usould more closely
parallel mans in mis sensitivity to botis tine
imutoxicating and riddicting effects of alcoinol.

The failure of ethanuol to shift tine metab-

ohism of NE from ann oxidative to a reductive
route ins the imntact rat may be related to tine

fact that tine metabolic fritc of NE is differ-
enst in the rat thrsn inn mans.

The acid metabohite (VMA) is the major
excretions product in mans, uvhereas tine glycol
metabohite (i\IHPG) is the prcdominnanit

product ins tine rat. It is possible that tine
greater propemusity of mans to oxidize tine
aromatic ruldehyde derivative to the acid
metabohite may make thus patiussay inn mans
more sensitive to the effects of agents uvinicis
competitively in-ihuibit the oxidations of tine

aldehyde. Moreover, the affinity of aldeinyde
dehydrogemnasc for acetaldcIuyde may be
markedly different inn tine tus-o species. Our
results arc in accordance usitis these possi-

bilities, since modificationus of NE metab-
olism ins tine rat uvere observed us-lien inigis
blood levels of acetaldeinyde us-crc acinieved
either by direct adminnistratiomn or by inulnibi-

tion of the oxidations of acetaldeinyde derived
from ethannol.

It is conncludcd from this study that tine

genesis of tine alterations ins amimne metabolism
by ethnanol inn mans is mediated primarily by

the proximal metabohite of etinanol, acctalde-
hyde. The mechanism of this effect is most
probably a competitive interaction betus-een

acetaldehyde rinnd tine aldchyde intermediate
of the amine for tine active site on ahdchnyde
dehydrogcnrisc (12, 13) . Tinat inninibitions of

the oxidative pathnusay could be innvolved in

tine shift ins amine metabolism us-as furtiner
showns by the altered patterns us-hens disul-
firam or crilcium carbimide, each a potent

aldeinyde deinydrogcnnase inhibitor in vivo, us-as

administered to rats.
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