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ABSTRACT

Yo,

-

. THE ROLE OF ACETALDEHYDE IN THE MEDIATION OF SOME OF THE
PSYCHOPHARMACOLOGICAL EFFECTS OF ETHANOL-

v

Karen Spivak

The roles of central acetaldehyde and brain dldehyde
‘dehydrog;n;se (aldh) were examined with regard to their
}nvolveﬁént in the psychogharmacologxcal‘effécts 651
ethaﬁol. In Experiment 1, 1t was observed that centrallx-~
administered acetaldehyde produced a time and dose
dependent effect on 'locomotion. Results indicated fhat
acetaldeh}de was pharhacologically active 1in brain.

Furtgkr evidepce for central involvement of‘acetaldehyﬂe in
locomotion induced b& ethanol was provided by Experiment 2.
It was observed that animals‘gretreated with cyanamaide (an,x
aldh inhaibitor or‘4-methylpyraque (an alcohol dehy-

‘ drogenase inhibitor) + cyanamide, demonstrated suppression of

o

increased. locomotor activity induced by ethanol. These
X LN .
results suggested that changes in central levels of acet-

aldehyde due to brain aldh inhibition, may play a role in

mediating this effect. In Experiment 3, the role pf"

. 1S

central acetaldehyde in mediating the conditioned

taste aversion (CTA) induced by ethanol was examined, using

N

the same enzyme manlpulations'as in Experiment 2. In

comparisan to a group conditioned with a subthreshold dose of

14 ’ ' ‘ /.

>
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éthanol (.4 gh/kg), ariimals pretreated with both cyanamide

i

and 4-metﬁylpyrazole + cyanami&e, exhibited a reduction in

saccharin intake. Results i1ndicated that centra11y~gcting
and not peripherally-acting acetaldehyde may play a.role in
the aversive properties of ethanol. The results of‘éhesé
experiments indicate an important role for brain aldh in

‘meaxating the central effects of acetaldehyde. A role for

central acetaléehyde in mediating the positive reinforcing

8
pgoperties'og ethanol has previously been demonstrated.

The présent snudies additionall} implicate a role for
centrally-acting acetaldehyde in the mediation of the loco-

motor and CTA inducing effects of ethanol.
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A variety of gaﬁxal, environmental and biological

factors have been found to contribute to the 1n5iv1duala
N

variations in-alcohol consumption. While approxlmagely 90%

of adult North Americans and Europeans drink alcohol at

* some time during their lives, only about 5-15% suffer from

persistent ‘and pirvasxye alcohol related problems that

could be considered as constituting alcoholism (Haqhel and -

'Tunv1g, 1972; Weissman, Myers and Harding, 1980). ' Although,

, . , )
various psychosocxal factors may contribute to the .develop-
ment of alcohol abuse (see Goluke, Landeen and Meadows,

¥
1983), recent research suggests an equally lmportant role

for. biological factors (for revlew see von Wartburg and.

Buhler, 1984).

Some of the well-known aCUte pgychdpﬁarmacologlcel

effects of alcohol conéumptlbnﬁﬁp humans are reflected .in

1

reports of euphoria (Freed, '1978), loss of motor -control

{see Mello, 1983) and labliltylof mood (Mello,.1983v. In

i

some 1nstances, chronlc exposure to ethanol can lead to

L T

psychologlcal and physical dependence (Geluke et al) 1983),
Anxmal models of human alcohol use have been developed by
reseerchers in an effort to eluc1date the pnec1se |
biochemical mechanisms by whlch ethé;ol “induces these
effects. ' . _ T
Alcohol self—adminxstrat;on has been estgbl;shed in
severa}_laborEtpry species including monkeys (Winger and

Wood, 1973), rats (Smith, Werner and Davis, 1976) and dogs

(Jones, Essig and Créager, 1970). These studies’

J

-~
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- \

- : ’ . demonstrated that under various schedules of relnforcement, !
¥ ‘ . ] >

<3

animals wbuld acquire an operant response maintained by
oral consimption (Meisch and Beardsley, 1975; Sinclair, .
) . Walker and Jordan, 1973),.1ntravenous [Raroly, W1nger, o - /
Ikom:i and WOO?S. 1978; W;nger and Woods, 19?3) or intra- ‘ .
gastric (Amit and Stern, 1969; Davis, Werner and Smith{

[ )
. 1979; Smith et al, 1976) infusions of ethanol. Further-

more, laboratory rats have also been shown to voluntaraily ‘

a

1 a .
yﬂ)“w consume large amounts of ethanol despite 1ts apparent

aversive ﬁaste (e.qg. Richter and Campbell, ' 1940; wWilson,

. : 1972,. . ’ °

it should be nbted that in most of the ethanol self-
adm.n.stration studies, blood alcédhol levels were never -

high enough or continuous enough to produce the blood Y

algohol levels requared for physical dependence (see Amit,
Sutherland and white, 1975), Theserresuiis therefoxg,. . o o

‘- ¢ suggest that ethanol has positive rexnfgrcang pndbé?tles :

PR . - ot -

which may account for the initiation and malntenance ¢f*

ethanol self -~administration. ©. T ;i".ww ' ~~¢'3;"N i .ok

- * . L T L

e - .- In- re¢ent years, aﬁqreat deal of evrdence has emerged . é-f‘~7',»

- v
P - . . - .y
., - atr - LN . - & ”

. squestang &n°1mpertant role- for acetaldenyde,,the prlmary
s - - . . - - CL 4
metabdlxgé éf ethanol -1n some af the bghav1oral pharma— , .
n - °0 o
- T cologhcal and p051n1ve rexnforc;ng propertxes o£ ethanol Lo -

.. o . ., . By
> (fof‘rey1ew, see-LLndzos. 1978; Am;r” Brown and Amlth - R PP

1y ' .7 . + . .« ; ' .'" st .0' -~ :‘ ' ?
. . 1980). Numerous studies have démonstrated that aCebéldg- A
2 . h}de, when bresent in the ﬁerlpheral:circulatlon dt high  ~

. concentrations sfollowing ethanol administration, can evoke

- + tes
e -

f
W + -
«
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various aversive and physiplogical symptoms in bo%?xﬁumans
and expe:xmentaﬁ animals (see ﬁindros,ule78). ‘ j '

In addltlpn to these wellfestabllshed'aver51ve

w5 effects,. 1t has also been demonstrated that naive labora-
& . ~ ' .
tory rats wil learn to perform an operant maintained by

[N

‘ ,
response-contingent intracerebroventricular (Amit, Brown

»

and Rockman, '1977; Brown, Amit and Rockman, ,1978) or intra-

venous (HMyers, Ng and Singer, 1985) infusions of acetalde-

I

hyde. These results suggést that acetaldehyde may possess

positive reihforc1ng properties (Amir et al, 1980; Brown et

[ ~

al, 1978). . .
. . It would appear therefore, that acetaldéhyde may act

« either as an aversive or positive reinforcing agent and mdy

mediate some of ethanol's actions. Given that acetéldehyde

-

;s,tﬁe primary metabolite derived from ethanol, i1t has been
postulated that the enzymes responsible for the formation

and degraéation of acetaldehyde may play a role 1n a number

A 14

of the psychopharmaeelogical.gffects of ethanol, including

~

volu;tary ethanol consqmpéibn (Amir, 1997; Aragon and Amit,

[

in’'press; Lindros, Koivula ang'Erlksson, 1975); locomotgr

.activity (Aragon, Spivak and Amit, 1985) and toxitcosis

-

T =" e{Mi1zo1 et aly 1983). Accordihgly, the contr;bﬁQlon of

these enzyme systems in modulating the phquabologlcal and

behﬁygﬂﬂhl effects of ethangl, may provide invaluable
. .+ information concerning acetaldehjde'ﬁ role in ethanol's

actions. More importantly, it has been suggested that
N ’ N . . v
’ genetic or pf%dlspositional factbrs towards alcoholism may

‘u - ) .

o

e b sk g e et e
Lol



logical effects of ethanol.
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be potentially related to differences 1in the metabolism of

[

ethanol. Consequentl?$\a/better undé}standing-of the -«

interactlon'between the enzyme.systems and .the metabolac . .
fate, of gcet;ldehyde may weil-prévidé‘critical insights .
into the motlvatlohal properties of etﬁanbi and alcoholU
asxse; ‘ '

-

The followlng sectlons will review the #érlpheral ¢

mechanlqms that mediate the formation and metabolism of

4

acetaldehyde and the evidence for the occurrence.of

-

ace'taldehyde both in.the perlphery\and the brain. This

will be followed by a review of the psychopharmacologlcal

effects of acetaldehyde and the evidence su/éestlng a role

for centrally-acting acetaldehyde in-some of the pharmaco-
P - rs . ' f.

‘e
-

s P

Metabolism of Ethanol: Acetaldehyde ﬁprmation

Ethanol is highly soluble in water and after oral .

admlnlstratlon in, both humans and animals, is readlly

absorbed from the gastrointest al tract where it dlffuses

1

rapidly and uniformally thr ugh ut the body (Erlckson, -

1979}.! The ellm;natlén of abso;bed ethanol is extremely

ef}lcient with over 90% being metabolized in the body

(Erickson, 1979). ’ o )
There 1s general agréement that lhe principal enzyme

responsible for the initial megabolf}y of ethanol to

acetaldehyde is NAD+ - dependent alcohol dehydrogenase (see

£

Hawkins and Kalant, 1972). ‘Alcohol dehydrogenase is



s " ’ - 5
— " s L} ‘

k] LY
f ’ . v <
' ;{ located primarily 1in the cytosolic/:;gion of the cell’ :
, , * - %
" tHavre, Margolis, Abrams and Landau; 1976) and is abundant

-, b @  in the liver where qver 0% of ethanol ingested 1s oxidized ,’ j;’\
to acetaldehyde (Hawkinsand Kalant, 1972). Smaller
- | “ e
' LL- : amounts gf alcohol-<dehydrogenase have heén detected in

7 . : hd >

}
extrahepatic t1§%ue including the kld%eys, gastric and -

2 ", intestinal mucosa {Lundguaist, 1971; Raskin and Sokoloff,

-

- ¥ * 1972) well as the brain (Buhler, Pestalozz1, Hess and :

f  wvon Wartburg: 1983; Raskin and Sololoff, l968i 1970).
e .

Although alcohol dehydregenase 1s the principal
- »~ ' .

ethanpl—ofidlzlng enzyme in the %1?5:, ethanol may also be:

.

A

~ . - metabolized by the NADPH~ and Op- dependitg mlcrosomal‘ K
., - ethandﬁioxldizlng system (MEOS: Lieber ana DeCarla, 192%; - ‘ ’
Lleb%r} 1977) and by the éerbxidatlc Hp05-dependent R
catalase system‘(Keilin and Hartree, 1945; gleber, 1977).
~ The participation of these non-alé;hql dehydrogenase

pathways in ethanol metabolism 1s minimal under normal ' <L\\

2

cbnd}tions. However/’some investigators argque that at haigh \
; .

e . L
, blood ethahol concentrations (> 20 mM) and after chronic

-0 . ethanol ingestion, these alcohol metabolizing systems may .

-} ) P. Ty .
have a more active role 1n ethanol metabolism;and subse-

quentlf enhance acetaidehyde formation (e,q. Hawkins and

' ‘ - ‘ .
f' Kalant, 1972; Lleber(‘\977).o Ndnetheless, other investiga-

2

o

tors have found‘bery’llttle evidence to(fupport any rele-

v , vapt contribution for synthesis gf acetaldehyde £rom non-

alcohol dehydrogenase pathways in vivo at high blood

.ethanol levels or after chronic administration ’ .
. ‘)

-
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(Khanna, Lindros, Israel*§nd orrego, 1977; Laindros,

Salaspuro and Pikkarainen, 19775.
TheAfunctlonal rolef of thé MEOS-anEAcatalase systems
. an acetaldehyde synthesis is still cont;bversaal. For _
;xample, tNe ggoz—medlated ethanol peroxidation by catalase
s controlled by the@rgke of peroxide proﬁuctlon rather
than thg»amount of éatalase,(Boyerls, Oshino and Chance,
1972).' The eff1c1éncy_of the ‘catalse system 1in ethanol

t

metabolism may thus' be dependent on the presence of

. sufficient peroxide. The role of MLCOS 1is evepuless clearly

-

. i ) q
understoqd. Although there 1s evidehce suggesting a
significant contribution of MEOS to ethayol
v ) “

vitro (see Lieber, 19835, activity of the MEO

metabolism 1n

-

ystem 4an

intact 11ver)cells has not been clearly demonstrated

4 Khanha and K;lant, l9i7).

\Metabcilsm of Ethanol: Elimination of ‘Acetaldehyde

Acétdtﬂéhyde that 1s formed by the oxidation of
éthinol 18 raplély Aeggbollzed to acetate by the NAD-
dependentrenzyme éldehyde dehgdroge;ase {Hawkins §nd
Kaladt, 1972; Lundquist, 1971; von Wartburéi 15865. ‘
p .

Because aldehyde dehydrOge;aée 1s the primary en;}me
respon51ple fbr-oxldlzxng biogenic aldehyaeé‘io ac1d§, it
is widely distributed in mammaliaf tlsgqes (Deftrich, 1966)
and can be féund in the mltoéhonArlal; cytoso}lc and eqdo—

-

plasmic ;étlcular regions of the cell (Pettersson and

'Tottmar, 1982; Tottmar, Pettersson and Kiessling, 1973).

4 . . L}
¢

-

-
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Alghough a large quantity of aldeﬁyde dehydrogenase lSl
found 1n the 11yer, considerable levels are ﬂmuniln the
kidney, sﬁail intestine and brain as well (Dgitrlch,'196£:
Koivula, Turner, Huttunen and Koisvusalo, 1981). In )
addition, there-are variaﬁlons of aldehydg dehydrogenase 0
(Lsozymes)lHSv;ﬁg'dlfferent subcellular organlz;txon,

specificity and kinetac constants (Deitrich, 1966; Hafada,

Agarwal and Goedde, 1978). with improved meéthods for

~

cellular fractionation and enzyme assays, hepatic mitochon-
v

drial alQthde dehydrogenase, which has a high affinity to
acetaldehyde, has been implicated as the principal enz;;ev

résponsibie for acetaldehyde oxidation {(Lindros Vihma and'
Forsander, 1972; Socaransky, Aragon, Amit and Blander,
1484;‘Tbttmar and Marchner, 1976). -

‘As with ethanol metabolesm, the liver 15 the primary
site of acetaldehydg el;mlnat%on énd.fs capa?le of.

mqubollzlng 90-95% of acetaldehyde produced during ethanol

' oxidation' (see Llndrqs,'1978). Acetaldehyde metabolism can’

~—~— .
occur 1n extrahepatic tissue including the kidney, muscle

(Dertrich, 1966) and the brain (Deitrich, 1966; Mukherji,
Kashiki, Ohyanagi and Sloviter, 1975)ﬂ Hepatic-aldebydé
dehydrogenase however, is so efficient 1in eliminating

acetaldehyde, that“only part of® the extrahepatic capacity
‘ y part

’

is normalily used (Lindros, 1978).

i)

o




Qccurrence of Acetaldehyde in the Periphery

Lot
’ »
.

Most of the acetaldehyde formed following the

consumption of moderate quantities of ethanol Ls\fapldlﬁ

4 . b
oxidized and only minute amounts of acetaldehyde can he

détecied in the peripheral circulation QEkasson. 1977; .

Eriksson and Sippel, 1977). ﬁhen larger doses of 'ethanol

(> 2 gm/kg) are administered, the rate of ethanol oxidation

e .

may exceed the rate of the hepatic acetaldehyde elimination
. b N
1) N .
.Capacity, resulting in peripheral acetaldehyde accumulation
-~ . . N

“» . {lLindros et al, 1972; Raskin ang Sokoloff, 1972). However,
contrary to reports of significant blood acetaldéhyde A

¢

" 1#:els; a recent étudy by Eriksson, Atkinson, Petersen and

Deitfich (1984) using mice demonstrated.that‘no acetalde-
B . .
~ . hyde could

4
»

el

"a high dose of ethanol (3 ém/kg), when proper control
samples ;ere 1ﬁclhded in-the assay p}ocedure.
Chronic ingestidn of ethanol may' also lead to eléva;ed
blood_aéeta}dehyde levéis.(L1;dros, Stowell; PiKkarainen
i 'éhd Saléspuro, 198p). “It 3s‘knowh that proﬁongéd ethanol'
e ‘f‘exéosuré may disruét liver function (e,.g. Hasumura, Teschke
and Lieber, 1975). One such conseguence of this disruptive
influence may be a decréase in hepatic mléochonamlal
aldehy;; dehydrogenase activity, thereby reduc1n§ the
.capacity of the liver to oxidize acetérﬁehydq andlsubsé-_
quntly increasing circulating acetaldehyde levels
(Has&mufélet al, 1975; Jgn:ins and Petet, 1980). It should.
’ be‘poted however, that demonstrations of in¢reaseq

A N
Q . . r

B

be‘aetectgg in blood even after a challenge with

-




(Amir, 1978a) or unchanged (Redmond and Cohen, 1971) alde-
hyde dehydrogenase acilvity after prolonged ethanol

exposure have also been reported. Due to this'discrepanpy

across studies, only tentative conclusions can be drawn at

3

this time. ‘

Peripheral blood conéent;atlons of'acetaldehyde can
also be increased by pharmacologicéi agents that are
capable of inhibiting hepatic aldehyde dehydrogenase.',Two

such agents widely used 1n the treatment of. alcoholism are

disulfiram (Antabuse) and the cyanamide derivative, calcium

carpamide (Témpoéll) (théhle, ié?Q). In the presencé of
ethanol, these agents ;nduce a feactlon 1dentified as the
Dlsulflram-alcéhol—reactlon (DAR; Truitt .and wélsh, 1971;
Klt;on; 1577). Manifestations of this.reaction include
vasodilation, tachycardia, decrease i1n blood pressure,
dizziness , nausea and vomitting kKitson, 1977). In more
severe cases,‘reSplratory depression, c;rdlovasculaf ;
collapse’and death may occur (Jaqébsen, 1952).

The effects of these compounds on both man and animal

have been attributed to their ability to markedly inkibat

aldehyde dehydrogenase activity, thereby causing an accumu-

lation of acetaldehyde in the blood and tissue after

1 L3

ethahol administration (Kitsqon, 1977; Marchner and Tottmarf 7

1978). It has been demonstrated both in humans as well as

laboratory animals, that the administration. of disuifiram %

"or cyanamide reduces voluntary consumption of ethanol (see

»
Lindros, 1978). However, there have been other reports

—— e o o et B s e e
>

«
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i1ndicating no change in voluntary ethanol lntake in labor-

¢

atory rodents followlng treatment with cyanamlde (e. q.

Amit, Levitan and Lindros, 1976). The discrepancy in

' !
studies may be due to procedural differences in cyanamide

4
treatment as' well as the use of--different drinking

"
echedu}es.

The widely accepted explanation for the demonstrated
reductions 1n voluntary ethanoi consumption s that acet-
aldehyde, ag high levels i1in the blood (as a conseqéence of
aldeﬁyde dehydrodenase inhibition), 1is toxxc‘end produces
aversive effects (Lindros et al, 1975;-Schlesinger,
Kakihana and Bennet, 1966; Sellers, Naranjo and Peachey,
1981). *?hls view has recently been challenged by Slnclalr
'and Lindros (1981), who demanstrated that prevention of the
accumulation of blood acetaldehyde by concurrent treethent
with cyanamide and the alcohol deﬁydrogenase inhlbxeo} 41
methy}pyrazole, still resulted in the suppression'of
alcohol drainking in rats. These authors concluded t/at‘
acetaldehyde accumulation in the perlphery was not .
re5p0n51ble forzthe suppression of al;ohol drinking

- 1

following cyanamide pretreatment. ' \

However, the contention_that high circulating levels
of acetaldehyde may limit subsequent ethanol drinking has -

been strongly supported by investigations df the innate
ethanol-sensi@ivity observed in_some Orientals (Goedde,
Harada and Agarwal; 1979- Mizoi et al, 1983; WOLff, 1972).

These stndles revealed that at least 50% :0f Japanese lack

\

.




acetaldehyde in the blood that are necessary to exert some

11 ‘

. 4
the hepatic mitochondrial low km enzyme aldehyde dehydro-

genase (Harada, Misawa, Agarwal and Goedde, 1980; Mizoi et
al, 1983). 'Ingestion of low to moderate doses of alcohol
1n these 1ndividuals results in much hlgher blood acetalde-’

hyde lévels than that found in Caucasians after ingestion
/

" of similar amounts of ethanol. It would appear then, that

elevated blood a&egaldehyde levels may be a major facgor
contributing to the lower alcohol consumption observed 1in
N ,
some Oriental societies (see Lindros, 1983).
ylt should he noted ghat in most éases: elevated blood

acetaldehyde levels are detectablé only when acetaldehyde g

levels are abnormally or artificially increased. However,

unde; conditions in wh}ch‘animais voluntarily consume

ethanol (i.e. free choice paradigm) (Lindros, 1978) and A
after moderate cpnéumption in Caucasians, acetaléehyde -
cannot réadlly be detected in the blood {for review, see

Eriksson, 1980; Lindros, 1983). Consequently, it has not

been possible to determine the threshold levels of

t

,pharmacoLogical effect (see Lindros, 1983).

3

Presence of Acetaldehyde in the Brain

" It has been frequent%y reported that ethanol diffuses -

°

through body tissue and can be readily detected in brain
;issue {e.g. Ritchie, 1970). Aqetaldehyde, because of its
high lipid affinity, can also easily diffuse'ihrough .

various organs including the braih {Akabane, 1971;
£
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andros, 1978) However, attempts to measure or detect the

presence of acetaldehyde in the brain following exposure to

ethanol has yielded ambiguous results. Earlier studies
geborted_the presence of acetaldehyde 1n the brain of

_ethanol-treated animals at levels equal to or greater than,

%easp}ed in cerebral blood (Duritz and

acetaldehyde, levels
Truitt, 1966; Kiessling, 1962 Majchrow1tz, 1973). The

relat1vely high levelsk& etaldehyde obServed in these

earlier studies have beé;\?fsputed because of technical and

methodological dlfflc:iiies\‘ riksson et -al, 1984; Sippel,
1972) The proble all these procedures was the
spoﬁtaneous non-enﬁgézkxp férma;xon of acetaldehyde by

ethanol oxidation during sample preparatlon (Slppel, 1872;
i
Truitt’, 1970). Slppel (1972) demonstrated th he adm1n1—

-

stration of thiourea to the deprotexnlzed brain homogenate
preVentedJ?ge non-enzymatic release of acetaldehyde. When
thiourea was used in the absay procedureé OfOSubseqhentf
studi;$, gcetaldehyde levels were extremely low or
undecectable in brain tisshe,bf rats after an'infection of
3 gm/kq of ‘ethanol ﬁBrlksson and Slppel, 1977; Slppel,

1974) . Acetaldehydé was detected in the braln only if

™~

cerebral blood levels exceeded 200 nM followlng pretreat-
ment with cyanamlde (Erlksson and S1ppe1, 1977) In

contrast, Tabakoff, Anderson and Ritzman (1976) injected
' . R . )
mice with 3 gm/kg of ethanol and detected very low brain
; i

;" ‘ ’ .
acetaldehyde levels (aﬁoqt 6 nM) when the concentration of

. L ; ;t I\

acetaldehyde in the blood was %gproxxmately*70 n n;

r
14
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Pl - .
addition, cerepbrospinal fluid of rats has been shown to‘xw~ ~

contain acetaldehyde at concentrations lower than thaﬁ

Y

found in e blood but at levels appreciably higher than

those found\yn the brain folloWwing ethanol administration

I

(3 gm/kg) (Kiianmaa and Virtanen, 1978), Pettersson and

S

Kiessling (1977) also demonetrated the presence of acet-

aldehyde in cerebroSpinal fluid of rats. However, they
reported a direct relationship between concentrations of
acetaldehyde in t;e blood and cereerSplnal fluid. The
discrepency may be due to the large number of methoéologi-
cal differences between these two studies.

The @iscrepency in the levels of acetaTdefjyde found in
the brain and cerebrospinal fluid in the studies stated
above, may be attrlouted to different experimental }
conditions (Eriksson and Sippel, 1977). HoweQer,'what is
apparent from these studies-is that blood acetaldéhyde
levels'ofter acute ethanol administration did noq{refieci
acetaldehyde concentrations found in the brain. .

*Various theories have been proposed to account for the

lack of a dlrect relatlonshlp between levels of acetalde- \

¢
+

hyde in the blood or brOSplnal fluid and those found in
the brain. It has been suggested that the cerebral
capillary walls may act as a special enzymatic blood brain
barrier, limiting the entry of circulatihg acetaldehyde to
the brain (Eriksson and Sippel, 1977; Kiianmaa and A
Virtanen, 1978; Sippel, 1974} Tabakoff'et al, 1976).

However, the presence of acetaldehyde in cerebrospinal

*

“Sgw

byt J-"‘:a}ﬂ"
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fluid indicates that acetaldehyde can cross the bloa’ brain
barrier. It has been proposed that the presence of hiéh
afﬁlnlty brain aldehyde dehydrogenase may result in'lower
levels of acetaldehyde 1in the brain than in the cerebro-
spinal fluid (Qetteféon and Kiessling, 1976). This notioa
is supported by recent work by Westcott, Weiner, Shultz anad
Myers (1980). Using a push-pull perfusionhtechniqu:t these
“authors detected acetaldehyde in’the interstitial fluid of
rat brain (5-20 nM) after intragastric administration of
ethanol (4L5 gm/ké).‘ At the termination oflth procedure,
the rats were sacrificed and the brains were tracted for
acetaidehyde'determlnatlon using the gas chromaf gréphlc
technique. Similar to the results of éfev1ous studies
(Eri1ksson and Sippel, 1977; Kiianmaa'and Virtanen, 1978),
Westcott et al (1980) did not’detect acetaldehyde in whole

br;in unless the bloed levels of acetaldehyde were
artifaicially elevated using the aldehyde dehydrogenase
inhibitoer, dlsulflrém: Westcott et al (1980) concluded
ﬁhat the presence of agétaldehyde in the éxgracellulgr
fiuxd of the brain indicated thatlacetaldehyde could cross
the bloodlbraln barrier. Furthermore, the absehce of
acetaldehyde in whole brain tlssue‘hay have resulted ffom

the rapid oxidation ofdﬁcetalsig;de by brain aldehyde

dehydrogenase. In addition, these authors suggested that

- acetaldehyde present in the interstitial fluid of the brain

could impinge upon the environment of ithe neuron, thereby

exerting some pharmacological effect. .
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Additional studies examining brain enzyme activity
have suggested.the possible presence of acetaldehyde in ——

cerebral tissue. The brain does possess the necessary

~oxidative machinery for ethanol metabolism. Ethanol can be

 finding suggested that central acetaldehyde formation may

’

«

metabolized via brain alcohol dehydrogenase. Alcohol

¢ .

dehydrogenase has been detected”in the brain (ﬁuhler et al,
19B3; Raskin and‘Sokofsz, 1970;-1972) and 1ts actaivity has
been reported to increase following thonlé ethanol

adminigtration i1n mice (Raskin and Sokolff, 1974). ,This,7 /

- be enhanced*aﬁrlqg chronic ingestion of ethanol [(Amir et

al, 1980). Although alcohol dehydrogenase 1s present in
the .brain, 1ts capacity .to metabolize ethanol is extremely

low and very little acetaldehyde is actually formed through

this route (see Lindros, 1978).

”

Ethanol metabolism may also occur via the formation of

reactive hydroxyl ,radicals during the autoxidation of

ascorbate {(Cohen, 1977}. Another potential oxidative -
] , .

pathway may be via cytochrome P-450, whose. presence in the o

brain has been established (Paul, Axelrod and Diliberts,

“ -

1957). There 1s, however, no direct evadence to support

~ 0y °

the role of these two systems in ethancl metabolidm in the

brain. .

t

Cohen, Sinet and Heikkila (1980) presented biochemical *©
evidence of ethanol oxidation in rat brain in vivo via the

’ }
peroxidatic activity of hrain catalase.” In this study,

treatment with'ethanol prior to the administration of the
' )
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catalase inhibitor 3-amino-1,2,4-tryazole (AT}, preventedw

the inhibition of catalase in rat .brai ugéestlng that
* - ] .
ethangl competed successfully with the inhabitorT These

authors concluded that their results constituted-indirect

evidence for ethanol metabolism in the brain. ’<:

The brain alse”possesses the necessary Gxidative,

. machinery for th& removal of acetaldehyde. Mukherji et al

.+(1975) measured the ancorporation of radiocactivity in amino

acids of the 1solated rat-brain after perfusion with [14]-c
acetaldehyde. These results indicated that the rat brain
was capable of metabolizing acetaldehyde. It has been

suggested -that aldeﬂ’ﬁes of the brain are the mgst likely.

it , \
candidates responsible for the el}mlnatxon of acetaldehyde,

since they have a high affinity tdwards this substrate;&/

i
{(Duncan and. Tipton, 1971; Erwin and Deitrich, 1966).

In summary, the presence of acetaldehyde in the brain

i AN

s,

may arise from circulating blood acetaldehyde produced by
the hepatic oxidation of etflanol ., However, acetaldehyde
appears to be detected in the bréin only foliéwlng a very
high dose .af ethanol or when acetaldehyde metabolism has
been blocked with alaehyde dehydrogenase inhibitors (e.g.
Eriksson and Sippel, 1977; Tabakoff et al; 1976). 'Aiter~
natively, the brain does possesslthe‘oxldgtive machinery
for the production and degradation Qf aéetaf}ﬁ yde,
sugqgstlnélthat acetaldehyde metabolism can'ocﬁur directly
in the brain, possibly without proddcing any measurable

levels of acetaldehydé (Eriksson‘ahd Sippel, in?).

' ’ -5

o
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hyae,in the brain during ethanol administration has not

been concl®sively Hemons;ratéd; the absence of such a

demonstration does not preclude the possibility of ggme

©

guantities occurring. e BN

-

Psychopharmacological Effects of Acetaldehyde

a
>
-

Aside from 1ts well-known aversive effects (Eriksson,

1980), acetaldehyde has also been demonstrated to possqggt

b

positive reinforcing properties, implicating this compound

in vdluntarg ethanol conéumptlbn (seé Amir et al, 1980;
Y .
Amit, Brown, Rockman, Smith and“Amir, 1980b; Lindros,

1978). _ | R b

r

~ ' .
In earlier studies,, Myers and his coworkers dehon-

/

‘strated that intraventricular infusions ‘of acetaldehyde as

well as a variety of alcoholg, aldehydes and alkaloidsg,
“Liblncreaspd e;hqnél drlnkiﬁg in rats and Rhesds ‘monkeys
(Myers‘ana Veale,.1969; Myers, Veale and Yaksh, \1972; Myers
5nd‘Mélch01r, l97f). llowever, using 51milar paradigms
other investigators -have beenlunable‘to'replicate some of
those findings (Friedman and Lester, 19757 Amit, Smaith,

_Brown and Williams, 1982). More recently, 1t was shown
that naive rats would self-administer acetaldehyde into the
“ v . P,

cerebral ventricles but would not perform the operant task

when ethanol infusions were used as.the reinforcer (Brown-

et al, 1979). These same authors also reported that the
progensity to self-administer acetaldehdye 1ntraventr1c%—

4 B N
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larly was positively correlated with ethanol preference

(Brown, Amit and Smith, 1980). It was suggested that the
. N\

central reinforcing effects of acetaldéhyde may mediate at

least in part, voJuntary ethanol consumption in rats (Brown ®
P
! 1

et al, PQQO). In’ suppori q; these findings, Myers et al

(1982) reported that animals would séif-inject acei&ldqhyde -
intravenously.
»° Further evidence for the central reinforcing effects

' "
of acetaldehyde was obtained from a study examining alcohol
effects i1n human subjects (Brown, Amit, Smith, Sutherland
i

.

and Selvgggl, 1983). After consumption of low doses of .. &{w'
alcohol, enhanced euphgrla and stimulaéion were reported in
subjects pretreated with Uu;aldehyde dehidrogenase
inhibitors disﬁlflram‘or calcium carbamide. No such
. A .
effects were reportd in placebo-treat®d subjects consuming
the same'qmounks ofqglcohol. The authors concluded that - ¢
. the potentiation of the euphoric effects ofy low doses of
alcohal with the alHehyae dehydrogenase inhibitors appeared
| L SN
to be attrybuted to the 1n€reased availabjlity of acetaréilfwﬁfl,/
hyde to th@}brain.
Tﬁe implication of thgfe studies 1s that acetaldehyde
& ‘ may be phar;écologically active at low levels which appear
g\?b suppo£t°1n¥ravenous and 1ntraven£r;cular self-
administration of acetaldehyde and ethanol consumption
(Amit, Brdwq, Amir, Smith and Sutherland, 1980a; Amit et
al, 1980b), It would appear then, that higb«ciréulating

o

levels of acetaldehyde may not be necessa } to produce

o
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psichopharmacologlcal effects.

-

. As discussed earlier, t.' presence of Centrally—acf.lng
acetaldehyde 1n the brain may arise from circuléting blood
aéetaldehyde levels produced by hepatic oxidailon of
ethanol. This route however, has been questioned since the
levels of acetaldehyde reéultlng from‘voluntary ethanol
consumption in animals, are below the level. of detection in
peripheral blood and conseduentlylin the brain (Erlisson
and Sippel, 1977; Tabakoff et al; 1976). A second pogsible
rou§e contributing to the central pharmacological actidns
‘of acetaldehyde may be direct’ ethanol oxidation in the
brain via tﬁe enzyme catalasel Eth;nol readlly passes 1into
brain E;ss?e (Ratchie, 1970) and catalase has been Hemon-
strated, to play‘a role in the oxidation of ethanol in rat
brain (Cohen et al, 1980). .

$ It 52 p0551ble then, that cenﬁrally-produced and

‘centrally-acting acetalde?}de may mediate alcohol-motivated

Q .
behav1drsLPn er conditions»of normal voluntary ethanoél

intake [Amir et al, 1980; Amit et al,il980a;¢l980b).

Receﬁtfy, Aragon, Sternklar and Amit (in press)

¥ 4 . ) . . )
demonstrated. a direct relationship between brain catalase

activ;ty and vélﬁntary ethanol Consumptiéﬂ in'rats. These
authOrs suggested %ﬁat the central formatlon of acetalde-
ﬂxdexyré brain catalase may play a regulatory role in
eth?nol 1n;ake. In addition, it has’ been reportedhthay a
direct relatlonsﬁip,exists between Prain aldehyde dehydro-

genase activity and ethanol consumption under a variety of

— e e en b ———— e o b e e e
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manipulations and conditions (Amir, 1977; 1978b; Amir and ‘ //// :

Stern, 1978; Sinclair and Lindros, i979x S1;cla1r and

- [}
Lindros, 198l; Socaransky et al, 1984). It has been %ostu— ‘
lated that the modulation of ethandl intake -pay be ‘

dependent, 1in part on the capac;ty to form and eliminate
ot

acetaldehyde centrally (Amir et al, 1980; Aragonﬂnkd Amit,

) -
£

in press; Socaransky et al, 1984).

_Two recent studies suggest a role for centrally-formed

R

adﬁfaldehyde in mediating some of the psychopharmacologlcal

effects of ethanol. Numerous studies have demonstrated

-

that rats injected with ethahol (intraperitoneally)

;mmedfately following the presentation of a novel flavored

i

solution, reduce their intake of that-flavored solution I
upon subseguent presehtatlons (e.qg. Céppell, LeBlanc and

Endreny:i, 1973; Lester, Nachmap and LeMagnen, 19%70). This

reduction, commonly réferreﬁ to as "condatiéned taste
- 9 . N I
‘ { ! v -

aversion" (CTA), 1is characteristic of most self- .

administered drugs (see Goudie, 1979), work by Aragon et .,

p

al (1985) has imp%icated centrally—formed/acetaldehyde »n

. ~ ‘ '
mediating CTAs 1nduced by ethanol. Rats pretreated with

the catalase inhibitor AT, did not demonstrate a CTA , .

normally induced by ethanol. More directly, this effect® = =~

seemed specific to ethanol, as pretreqtmenf with AT failed

to attenuate or block the CTAs induced by morphine or
lithium chloride (an emetlc agent). The authors concluded
that not only was brain catalase important for ‘ethanol .

metabolism 1n the brain, but that gentrally-forméd

- ‘ -

vi
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- acetaldehyde may medlate .the CTAs induced by ethanol. .
These same authors 1nvest1gated the role of central
acetaldehyde in the depressant effects of ethanél using she
apen.field paradigm (Aragon et al, 1985). The resultsl
.1nd;catéd that rats pretreated with AT did not demonst;ate
.depeeSSLOn of;loc0motor‘éct1v1ty following ethanol s
admlnietraglen (2 gT/kg). These authors suggested that

-acetaldehyde formed ceﬁtfally via the peroxidatic activity
¢ -

of brain catalase was alsd 1mportant 1n mediating the ;

pharmacologlcal effects of ethanol on dpen fleld activaity.

»

'Howéver, the eliminatidn of acetaldenyfe from the -

-, ) \ .

prain may also be an 1mportent‘facﬁor 1n’Fhe céntral
effecps prodgced by ethandl.ﬁ.sxnclalr and:Llndqoe (1981)
conc}udedﬁkrbm thear studles,thet the suppression of"’
'aleohol~cdnsumption ey cyanamide was due to 1fs direct
inhibitioh of’ braln aldehyde dehydrogenase and not to.
eélevated blood acetaldehyde levels. They suggested a role
. for.brain eldehyde dehydrogenase 1in the central regulaﬁlng

mechanisms of alcohol drinking. This notion is cohsrstant

»

with other reports suggesting a systematlc relationship
between alcohg} intake and braln’aldehyde dehydrogenasé

aq£1v1ty (Amir, 1977 l978b Socaransky et al, 1984).
Taken g%gether, thesé studles 1m911cate a role forn
centrally—actf;g acetaldehyde in the mediation of ethanoli
‘eonsumbtlon, and ethanol's effecﬁf on locomotor actingy
andé CTA. Furthermpre( the enzymg; which regdlate ‘the I

production and degreddtion of acetaldehyde in the brain,

v '
.

3
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may be a cratical link in mediating the p;ychophérmaco—
logaéal effect;\of acétaldehyde. The work by Aragon and
coileagues (1985) represents a mlnorlty'of stua;eS‘that
‘have examined the }nvolvement of centrally—aétlng’
acetaléehyde ;n behaviors other than alcohol cénsumptlon.
The present series of experiments was désxgned to:u

a) further investigate the potential behavioral effects of

centrélly-adm;nlspered acetaldehyde on locomotor activity;

. N . /(
b) to demonstrate that ethanol-induced effects on locomotor
activity and CTA can be altered by manipulating the enzymes

résgonélble for the dxldaplén of ethanol and acetaldehyde;

c) to attempt to differentiate the relative contribution df-.

central and or peripheral actions of acetaldehyde 1n

mediating some of ethanol's behavioral effects.

The central focus of the present investigation 1s theé

role of centrally-acting acetaldehyde and brain aldehyde

dehydroggnase 1n'the mediation of ethanol's eﬁfectj/on

locomotor activity and CTA. By achieving a better under-
standing of these phenomena, 1t 'i1s hoped that new light

will be shed on the 1nvolvément of agetalaehyde in

o oo A .
mediating some of the*ﬁﬁychopharmacologlcal effects of .

"

ethadQl.

ow




.numerols attempts to detect or measure the presence of

. animals will self-administer acetaldehyde intracerebro-

. role in the mediation .of voluntary ethanol consumption

" (Amiy et ‘al, -1980; Brown et.al, 1980).

Kimeldorf *nd Hunt, 1957). 1In a $tudy by Garcia et al

_ EXPERIMENT 1 ' - '

.

=

:

‘Acetaldéhyde, the proximate metabolite of eihaﬁol has
been implicated 'in some of the pharmacological properties
of alcohol (Amir et al, 1980; Amit et al, 1980b). This

B

notion has encountered immediate difficulties since '

acetaldehyde 1n the brain following exposure to ethanol
have been inconclusive. (Eriksson, 198B0; Eriksson and
Sippel, 1977). However, 1t has been demonstrated that

ventricularly, stggesting that acetaldehyde may have rein-

forcing properties (Brown et al, 1979) and may play’somel

4 ~

»

De;plteighese positive findings, only a few studies
have examined the central properties of acetal?ehyde in
dlfgs;egt péradlgms. Using a convenhional'CTA paradigm, ' ‘ v
Brown, Amit, Smith and Rockman (1953) demon§trated‘€h;t

-

1ntrace£ebfoventricular infusions of acetaidghyde did-not 4
1nduce a\CTA. Smith, Amit and Spljylnsky (1984) 1investi-

gated the effeéts of multiple infusions of éEetalééhyde on’
conpitloned place pféfeféncel Earlier studies examining

th enomenon of place conditioning used aversive agents

such as irradiation as the unconditioned stimulus (Garcia,
Fa M . . ’

. (1957), rats showed a clear aversion to environmental cues .

that had been paired with irradiation. More recently,

9
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access to food and water throughout the experiment. The

24

condxtloned place preference has been ‘shown to eccur
followlng the adm1n15trat1oe of self administered drugs
such as morphlne (Blander, Hunt, Blair and Amit, 1984),
heroin (Schepk, Hunt, Colle and Amltf 1983) and cocaine '
’(Spyrakl, Fibigér and‘Philllps, 1982). 'tonslstent with
_these fihalngs} Smith et ai (1985) demonstrated that
multlple 1ntracerebroventr1cular infusions of acetaldehydeA

\

lnduced .conditioned place preference 1in rats.

"In an attempt to elucidate the'possible role of

.centraf‘acetaldehyae.lh the various actions of ethanol, the

present experlment egpmlned the effects of centrally-

admlnlstered acetaldehyde on locomotor activity.

| Experlment 1 conSLsts of two sections (a and b)w

cause experlments were conducted on two separate ”

. *  Method

Sublecté

Subjects were 15 male Long Evans rats (Charles River

Breeding Farms) welghing 250-275 grams. The animals were

individually housed in stainless steel cages with free

.

animal coleny room was 1lluminated on a 12 hr day/night

\

schedule.
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. hindlegs crossed the line. .

| . N

Surgerz\ ,

Following an adéptatloﬁ period to the animal room of
at least 3 days, the animals wsre anagsthesized with sodium
peﬁtobarb}tal (60 mg/kg, i.b.) and simhltaneously receiyed
é subcutaneous injection of atropine sulphate (.6mg/ml) q
(Glaxo Laborétorles). Under anaesthesia, a 22-guage
sgainlesg gtee% cannula guide (Piasth Products Inc.)
s;eredtax1c5ily aimed .at the left lateral cerebral
ventricle was implanted ;n each animal. The stereotaxic

. i N N . ' -
co-ordinates were as follows: the incisor bar wasvset at

0.0, and the stereotaxic co-ordinates were 1.0 mm posterior

2

to Bregma, 1.5 mm lateral to the mld-saggitai line and 3.6
mm ventral to the dura. The cannula guide was secured 1n
pos;tlon‘by“cranloplast cement anchored to the skull by
five stainless steel screws. A.stainless steel stilette
wasg 1nserted into the gﬁide to keep 1t free froq
obstruction.

Apparatus ' ' ' i,
., The experimental chamber consisted of a clear
plexiglass box with a wire mesh floor (30 ém x 30 cm x 38
cm). Thin colored cord divided the floor into four egual
squareé. A single ac£1v1ty count was recorded by the

observer each time the rat crossed the corded line in any

direction. This was determined only when both of the rat's

.

.




Procedure i . . . v
After a 7 day recavery period, animals were randomly

divided into two treatment groups. Animals were infuseéd
with acetaldehyde (Ach) or saline (Sal) using a micrometegr
syringe connected with polyethelyne tubing to a 28-guage
cannula which was inserted into the chrohlcally implanted
guide. Acetaldehyde was ;dminlstered lntraéentr%cularly at
a dose of 640 mag (40 ml of 2% aqetaldehyde). The amount of
acetaldehdye infused was based on observations reported by
Brown et al.(1978)1 They erorted that animals treated
with a dose of 800 ag o{ acetaldehyde were sedatéd within a
minute of the infusion, while no observable effects were
demonstrated by rats infused with 64 and 320 amg dos;s. The
control animals (Sal) were infuséd with 40 ml of the
vehicle (saline) which was buffe}ed wlih hydrochlorlc.aclé
to a pH of 4, equivalent to that o¥ the acetaldehyde
solution. All infusions were delivered over a 20 sec
interval. One minute after Eompletion of the infusiog, the
inner cannula was re&oved and the animal was randomly
placed 1in one o% the four squares an the open field
chamber. The frequency of crosses was recorded by the.
observer ea;h minute for a 10 m;n,ggstlng period, At'the

end of the 10 min session, the rat was removed from the

open field box and returmed to the home cage.

b

.It should be noted that although only one observer
carried out all the open field testing, inter-rater

reliability was verified by independent observations.. On 3

i

separate occassions, the regular observer and an

T2, 1

S
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1ndependent observer both recorded the open field‘activity

of a single naive rat subject over a 10 minute testing

-~

period. (gorrelatlon of\ the activity counts recorded each

minute by the obsgrvers Imdicated inter-rater reliability

" of r= .95 (t(8)= 5.04, p<.00%).

eriment, all animals were

At the termination of the e
sacrificed by decapitation. The brains were extracted
rapidly, stored in formalih and then sliced 1into 40

A

coronal sections for determinations of cannula placement..

*

Results

Mean activity counts Qver the 16 mln.test peraod for
acetaldehyde- and sallne-treated'anlmalé 1s presented 1n
Flg;re 1. Analysis of variance with repeated'ﬁeasureé (2 x
10) yielded both a s&gnlflcant Time effect (F(1,9)= 3.81;

p €£.0005) and Group x Time interaction (F(l1l,9)= 5.32;

< .00001)% Group comparlsﬁns across days using Tukey’
tests revealed that the activity level of grouﬁ/;;; was
significantly depressed relative to group Sal from Minutes
1 to 4 (g(2,110)= 3.04; p< .05). However, at Minutes 9 and
10 the activity level of group Ach was significantly higher
than group Sal (p<.05).

Histological examination of the brains confirmed that
all cannula guides were propérly implanted in the left
lateral ventricle'of each rat. Furthermore, no damage to

brain tissue was-evident in any of the sections.
t

¥
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Discussion

The results of thg,present study demonstréted that
. intracerebroventricular administration of acetaldehyde at a
dose of 640 mg produced both deépressant and stimulatory |
effects on locomotor activity. Both phases of this
biphasic effect on motor activity were of short duratloﬂ“ﬁé
both sedation and excitation occurred within a 10 mip

testihg\period. )
O 2

Ethanol is characterized as a depressant of centrd?"

r

nervous system function (see Pohorecky, 1977; Waligren and

i

'Béfry, lQbOf'but 1ts spectruﬁ ofaéctlon has been shown to
include an excitatory cohponent {(e.g. Carlsson, Engel and
Svensson, 1972; Sanders, 1976). There 1s evidence u;\'
indicate that moderate to large d&ses of ethanol (1.5 -
6.0 g/kg) have time-dependent blphasic effects OHNSQFH
experimental animals (e.g. Cgabbe[ Johnsén, Gray, Kosobud
and Young, 1982) and man (Ekman, Frankeéhaeuser, Géldbefg,
Hagdahl and Myrsten, 1964}. Hodever, the time course for
this ethanol-induced biphasic effect has been reported to
occur over several hours (for review, see Pohorecky, 1977),
Results of the present study indicated that c;ntral |
écetaldehyde adﬁxnlstrationdlnduced both depressant qqd .

‘

stimulatory effe®ts on locomotor activity similar to the

.

'time-aependent biphasic effeéct induced by ethanol

Y

admimistration. - However, the rate of onset ahd duration of

the biphasic effect occurred more guickly followlng

acetaldehyde treatment.
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¥,

The time courses for ethanol's effects and acetalde-

hyde'ipactlbns in the present experiment are so diffﬁgéé@’

that 1t may b3,d1ff1cult to argue 1in support of a role for

r ty

acetaldehyde 16 the locomotor effects produced by ethanol.
However, in the éresent expefiment acetaldehyde was
administered directly- 1nto the brain whereas ethanol‘Jnlth;‘
studies stated above was administered orally of intra-
perltoneaﬁiy (L.p.). The process of absorppion and metabo-\

4

lism of .ethanol would pe much longer in theselstud:ies when
]

cOmpared to central acetalgfhyde admrmistration.

The results of the fresent study aremconsjstent with

other findings that the psychopharmacological conseguences

of exposure tb acetaldehyde are generally more rapid than
=

those observed with ethanol. Holtzman and Schneider (1574)
reported that the depression of motor activity in mice

followxgg intravenous administration of acetaldehyde was

~relatively brief in comparison to ethanol-treated mice.’

P

britzn Grlfklth and Littleton 51974) demonstrateg that
acute acetaldehyde 1nhalation induced a faster peak of
excitation and depression on locomotor aétlvxty_than
ethanol inhalat}on in mice. In addition, these authors
reported tﬂat the onset and duration of w1thdra§51 after

chronic acetaldéhyde inhalation treatment was much faster

compared to ethanol-treated mice.

To examine whether the results observed 1n the present

study were due to some non-specific effects vathe high

dose of acetaldehyde used (640 mg), Experiment lb was

AN

e

\
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conducted using a lower dose of acetaldehyde.

Experiment lb : ‘ : ’
;, | ‘ ) ,
' Method

u

Subjects

Subjects were 14 male Long Evans rats (Charles River °
Breeding Farms) weighin 250-275 grams. The housing
conditions were the.same as Experiment la. The surgical

procedure was identical to that-performed in Experiment la

as well. ' . >
Aggaratus‘ ‘ . o
Open field boxes as described 1in Experlment'la were
used. '
o
Procedure '

. £ '
> . . . .
fhe identical procedure to that used in Experiment la

+ was conducted. However, acedaldehyde was administered

}n£ra¢erebroven£;1culagly at a dose of.64,gg (4 m1 of 2%

acetaldehyde). fhe saline control animals were infused

with 4 mul of saline vehicle which was buffered ?lth‘

hydrochloric acid to a pHl of {4, equlbalent to that of the

'acgtaldehyde solution. All the infu51ons.§ere delléered
-

over a 20 sec interval. One addition to the procedure was

to extend the open freld testing period to 20 min 1instead

“of 10 min used 1n Experiment la.” At the termination of the

experiment, animals were sacrificed by decapitation and the
brains were extracted for determiyatipns of cannula
‘ AL ) ’ \'\ ~

~ &

placement.

W

g



Results

-

- s/
.

Mean activity counts in 2 minute blocks. for acetalde-

-

hyde and saline tEEated animals is p;eseﬁted in Figure 2.
A two-way %nalyais of variaan (ANOVA) with repeated

measures yielded a‘sigﬁiflcant Groué effect (F(1,12)= 6.21,

g

p<.03) and a significant Time effect (F(9,108)= 11.28,

p(.OOOOl):‘ Although°both grQups demonstrated a progressive

-

decrease 1in activity over time, the activity'counts of
> . i

group Ach were lower than saline-treated animals (see

Figure 2). " ) } /-

.

To compare these results with that of Experimen% la, a.

P s . \.T
two-way ANOVA was conducted on the first 10 min of open

field testing. ‘Thﬁﬁgnaly§is yielded only a significant
Time effec; (F(4,48)= 14.10, p<.00601). No significant
differences in activity counts were found between the '
groups in the first 10 min of Festing.' A two-way ANOVA

conducted on the last 10 min of open field testing yielded.

N

only a significant Groeup effect (F(1,12)= 6.10, p<.03).

The gnset of locomotor depression for group Ach appeared to

/sccur 10 min after,the drug infusion. ¥

”~ ' <
Histological examination of thé brains confirihed that
v f

all cannula guides were properly implanted in thé left _

rd
lateral ventricle of each rat.

. ( .

' M »
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‘excitation induced by ethanol\ls more variab

Discusgion '

The results of Experlment 1b demonstrated thdt ~ .
lntradereb:oventrlpular aamlnlstratlon of 64 ang of acet-~
aldehyde did’ not 1nduce ChaHQES’ln rocomotor activaity
similar to that observed with a dose of 640 ;g. Al though
botb acetaldehyde and-gallhe treatid animals éemonstrated a//’w
decregse in éctlvi}y‘over the 20 min test Eeriod,.péteﬁila-

tion of this decrease was observed with group Ach durlng '

o
the last 10 min of open f1e1d testing.

1)

-

These data indicated that a lower dose of acetaldehdye

’
'

(64ug) infused directly 1nto the brain, may produce some
locomotor depression., However, unlike anlmals gpfused Wlth

640 ng. of acetaldehyde, the §€te of onset of locomotor
depression was much slower. ;¢~" o

The results of Experiments la and 1lb suggest. that

centra;ly—admlnlstgreé acetaldehyde may have dose-dependent

effects on logdﬁotor activity. These findings are

consistent with other reports of dose-related locomotor

P

effécts. Morphine administerec at high doses (1.p.) to
rats, preduced a time-dependert 5}pQ351c effect *

characteﬁlzed by locomotér depresg, llowed by locomotor

stimulation :(Babbin and Dévxs,nl972 At low doses, -

morphine induced only.bé%omotor excitation (Babbins and

IS

Davis, 19725._ The same effect for high and low doses of

ethanol (1.p.J have been reported 1n mice (Carlsson et al,
‘ 0 < .
1972; Matchett and Eriksson; 1977). However, locomotor

°

dand less

3
o L
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evident in rats (see Fr}g<and Breese, 1981). Consequently,

even at low doses of ethanol (.5 or 1.0 gm/kg), rats have

-

been shown to démghskrate iocomotor-depresslon when
compared to saline control animals (e.g. Mason, Corcoran
laqd Fibigez,ll979).‘.1n the preéént‘experiment then,
animals treated with 64 mg of acetaldehyde may be
.displaying the "normal" aeprjzghnt.component of a low dose

of aceta;aehyde. ’ '

The results of Experiments la and lb demonstrated that

acetaldehyde'when administered lnpracerebfoventricularly

can be pharmécolqglcally active i1n the brain. The next

—

step was to investigate whether endesenously-produced

. . u .
' acetaldehyde. could also affect locomotor behavior.




EXPERIMENT 2

N

In the preceding experiment, 1t was shown that a
single intracerebroventricular infusion of acetaldehyde

produced changes ,in locomotor activity of rats. These -

. - v
results suggested that acetaldehyde can be pharmaco-

logically active 1in:the brain and may play some mediational

role 1n ethanol's actions,

Administration of high doses of ethanol or acetAlde—
hyde caugindepre551on of the central nervous Eystem (Truitt
and Walgg, 1971) and consequently locomotor activity \
(Holt;maﬁ and Schneider, 1974). It would be of interest

then to establish whether some of the actions traditionally

.

' Y
ascribed to ethanol argﬁ&n roduced by acetaldehyde ‘or

whether these two compounds produce their effects, though

similar in nature, indepéndently of each other.

-

As mentioned 1n the ntroduction, Aragon et al (1985)

have receqtly demonstrated that pretreaﬁment with the
c&taLase'lnuibltor 3-amino-1,2,4~-tryazole J(AT) bfocked
ethanol—lnéuced locomotor Jdepression 1n rats. These
authors concluded that thé central formation of acetalde-
hyde via brain catalase may be 1nvolvéd in ethanol's
effects on locomotor actlvxty.
‘ S

The present experiment was desxgned to i1nvestigate the
role of centrally-acting acétaldehyde in mediating tﬂe
locomotor gffects produced by ethanol. It was hypothesized

that acetaldehyde levels both in the brain and in the

periphery coulR bée’ manipulated in the #at by the
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1

administration of agents which 1nﬂlbit oxidative enzymes
responsible for ethanol metabolism. )

It has been reported that the administration of 4-
methylpyrazole, an alcohol dehydrogenase inhibitor
(Magnusson ) Nyberg, Bodin and hansson, 1372) decreases the.
Tate of elimination of ethanol in the liver and conse-
quéntly limits the production pf acetaldehyde ain the
periphery (Llndrﬁs, Stowell, Pikkarainen and Salaspuro,

1981; Sinclair and Lindros, 1981). This treatment 1s not

expected to interfere with the central formation of acet-

. aldehyde by the peroxidatic a&thlty of catalase (Cohen et

al, 1980; Aragon et al, 1985): Tnerefqre, in the brain,
ethanol can be metabolized by catalse#®o produce acetalde-
hyde. Treatmeﬁt with cyanamide ﬁas been shown té interfere
with the metabolism of ace;aldehyag'ln'the liver by

;nhlbin ng aldehyde deﬁydrogenase{ thereby causing elevated
levels Qf acetaldehyde in the periphery (Marchner and
Tottmar, 1978). Cyanamide treatment has.also ‘been repérte?
to 1nh1b;twnra1n aldehyde aehydrogenase activity (Sinclair
and Lindros, 1981). | .

It has been previously demonstrated .that the .simulta-
neous administration of the\aicohol dehydrogenase and alde-
Ayde dehydrogenase inhibitors 4-methylpyrazole and éyana-
mide respectively, prevents the accumualtion of acetalde-
hyde 1in the periphery (Sinclair and Lindros, 1981;

Sinclair, Lindros and Tehro, 1980). Moreover, brain alde-

hyde dehydrogenase activity 1s inhibited (Slnclair and

>

n A b
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. Lindros, 198l; Sinclair et al, 1980) and this manipulation

. may serve to increase central acetaldehyde levels formed

via brain catalase (Aragon et al, 1985). It was therefore
hypothesized that this possible accumulation of brain
aéetaldehyde would potgntiate the locomotor effepts of a
moderate dose of ethanol (.8 gn/kg) 1n animals pretreated
with 4—methyipyrazole + cyanshide or cyanamide alone. If
however, peripherally-produced acetaldehyde (lavels’ialch

can be potentiated by cyanaqlde pretreatment) 1is a major

contributive factor in mediating the locomotor effects

-induced by ethanol, then differential activity levels -

between the various treatment groups should be observed.
The focus of the present experiment then, was to
rnvestigate the potential roles of centrally- and or

' ' x
peripherally~-acting acetaldehyde in the. locomotor effects

-

i1nduced by ethanol. %

'

-

Subjects
Subjects were 51 male Laeflg Evan rats weighing 275-300

‘

grams. The housing conditions were identical to those used

“1n Experiment la.

4—mgthy1pyrazole (Sigma Chemicals, St. Louis) was
dissolved in saline and the pH was adjusted to 7.0 with 1IN
sodium hydroxide to yield a final conceptratroh of 10
mg/ml. Sodium cyanamide (Sigma @hemlcals, St. Louis) qéf

also dissolved 1n saline and the pH was adjusted to 7.0

:
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w1£galN sodium hydroxide to yield a final concentration of
25 mg)ml. Saline ‘when required 4s a pretreatment vehicle,
was injected at a volume of 1 ml/kg.
Apparatus

The open field boxes were the same as those used in
Experiment la.
Procedure

After 7 days adaptation to the laboratory housing
conditions, thg\experlment began. 2 hr prior to testing in
'tﬂe open field, animals were raﬁdomly assiggﬁd to 6 groups.
Animals then received 1ntrageritoneal (i.p.) 1njections of .
ethanol (.8 ém/kg; 30% v/v ethanql solution) or sallﬁe

{5 ml/kg) and were placed in the open field one minute

after ethanol or saline administration. A summary of the
o

treatment groups is presented i1n Table 1. The frequency of

crosses was recorded by the observer each minute for a 10

min testing period. . 3

i

LY

At the end of the 10 minute testing session, animals
were.saérlfiCed by decapita£1bn. Tfunk blood was collected
Bfor_gas chrématograpﬁic énaLy51s of blood ethanol and
acetaldeﬁyde'levels using the procedures outlined below.
The brains were rapidly extraéted, rinsed in '1ce ¢old
--saline and blotted lightly on dry filter paper.. Brain
samples were stéred~at -70°c, then assayed for aldéﬁ?ﬁe
dehydrogenase activity levels. ,

Preparation of Brain Tissue: Frozen brain samples were

weighed and then placed into the homogenation medium.
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Table 1. Summary of Treatment Groups. -
GROUPS PRETREATMENT TREATMENT
S+S--E (n=8) saline® ethanol
4MP+S--E (n=8) 4-methylpyrazole ethanol
. .
C+S--E (n=8) © sodium cyanamide ' ethanol
4MP+C--E (n=8) 4-methylpyrazole + cyanamide ethanol
5+5--5 (n=8) saline saline
4MP+C--S (n=9)  4-methylpyrazole + cyanamide saline

-l Y
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Whole brains were homogenized (Teflon on glass) 1n
sufficient .25M sucrose containing 1% Triton-X100 to make
'10% brain homogenates. Homogenates were centrifuged for 60
min at 100,000 x g, at 0’ c and éhen the clear supern;tant "
was used as the enzyme source. All samples were frozen at.
.=70"¢c until assayed. T o

Assay of Aldehyde dehydrogenase: Aldehyde dehydrogenase

activity was assayed spectrophotometrically by measurement

of the rate of the enzyme-catalyzed NAD+-dependent

production of NADH (modlfied from Deitrich, Troxelll Wort
and Erwin, 1976). A reaction mixture cog§}st1ng of 0.03 Mmi
pyrophospba;e buffer (pH 9.6), 1.0 m&ANAD and 6.2 ml of the
enzyme substrate was incubated for 10 minutes at 23°c; The
reaction was 1initiated by the addii;on of 3.3 mM acetalde-
hyde, bringing the total volume to 2.0 ml. '
Protein content was measurednfollow1ng the method of
Lowry et‘al (lgél) and bovine serum albumin was us?d as the
standard. All assays were carried out in duplicate for
both the enzymé activity and protein determinations.
Determination of blood ethanol ahd‘acetaldehyde: The
procedure used was baéed on that of Stowell (1979) with
modifications by Iversen and Damagaard (1983). .These
modifications were used to ensure accurate ethanol and

acetaldehyde levels by protecting acetaldehyde and ethanol

8
degradation during sam Afﬁ?reparatlons. A brief outline of

®Wi2d. Animal trunk blood was

collected into test tubes which contained 150 1.U. of
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' Y
sodium heparin. .Blood (1 ml) was mixed with 4 ml of ice-
cold semicarbizide reagent, containing 25 mM of t£1ourea.
This mixture was spun 1n a fefrigerated centrléuge at 400 g
to sepafqte blood cells from serum. Serum (2 ml) was-+added
to 0.5 ml of 3.0 M perchloric acid and then spun at 11,000
g to obtain a cleag protein-free supernatani. At this
time, 0.5 ml of the supernatant was pipeted 1nto an 8 ml

vial, stoppered and stored at :701g until assayed for

ethanol and aceﬁaldehdye by head-space gas chromatdgraphy.

.

Results
F '

An 1nhérent component of the open. field paradigm is
the interactlon beﬁween the drug gffect and individual
responses to a novel environment (Denenberg, 1969).
Compounding this 1interaction in the present experiment 1S
the variability in the rates Sf absorption of ethanol
following administration. Conseguently, it was decided
apriori to eliminate animals 1) whose total,aét1v1ty counts
were 2 standard deviations above or below the.group mean
(based on cumulative counts over the 10 minute téstlng’
period), or 2) whose blood ethanol levels were 2 standard
dev;atipns abové'ér below the group mean. . Using this
criterion, ong'animal from group 4MP+C--E and one animal

s0

from group S+S--E were removed from the experiment. A’

.total of 49 out of 51 animals were included 1n the

statistical analyses. , -

Mean activity counts i1n 2 minute blocks for all groups

o X
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1s presented in Figure 3. - A 2-way analysis of vaf@ance
with repeated measures yielded a significant Group effect
(F(5,43)=5.24, p<.001), & significant Time effect
(F(4,172)=82.03, p(}OOOOl) and a 51gnflcaﬁt Group x Time
interaction (F(2Q,l%2}=l.94, p(.Ql).A The 1nteraction
indicated that the act1v1t; counts of the various groups
were different atlsgme blocks of time and over time.
Pairwlise comparisons using Tukéy tests Tevealed that in
Block 1, group‘4MP+S--E displayed significantly higher
levels of activity than all the.othec groups except group
S+S--E (q(6, 215)= 5.74, p<.05). 1In addition, activity of

group 4MP+C--E was szgn;flcantly'depressed conpared to

group S+5--E (p<.0§). Purthermore, Scheffé tests applied
to the data 1n Block 1 revealed that the activity counts of
groups C+S--E and-éMP+C:-E were sxgnlflcéntly depressed
compared to that of groups 4MP+S--E and S+S--E (F(5, 215)= Yg
11.05, p&.05).

Afthough the activity levels were more depréssed for
ethanol-treated animals in the second 2 minute block
{Block 2}, the pattern of locomotor activity was similar to
that observed in Block 1. (seef;:;;re 2). Tukey tests
revealed that actxyity of group 4MP+C--E was depressed
.compargd to grpupé 4MP#S—;E‘(p= .05) and S+S--E (p<. 05).
.Additional Tukey tests 1ndicated that all groups treated v
'with ethanol demonstrated locomotor depression within 4

minutes (Block 2) 1in comparison to their activity levels 1n

Block 1 (q(5,17§)=47§4, p<.05). Thls.effect was Observed

1.
)
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-

‘in the saline-treated animals only 4t Block 3.  In terms of

overall activity within the 10 minute testing session,

a

Scheffe tests i1ndicated that the activity levels of groups
4-MP+C--E and C+S--E were signlf%caﬁtlyrlower compared t¢&
groups S+S5--E and 4-MP+S--E and compaféd to the saline
control groups (F(5,43)= 12.25,'p<.05).

Blood'ethanol and acetaldehyde levels and-brain

- , \

- . . ! T ﬁ‘;r
aldehyde dehydrogenase activity for all groups 1s presented
in Table 2. Blood acetaldehydé levels were undetectable

)

for all groups except group C+S--E. Blood acetaldehyde

Y

levels for these animals were significantly elevated in

comparison to the other groups. No significant differences

Qere found 1n blood ethanol levels between gréubs.
. . “

’ &
Brain aldehdye dehydrogenase activity was analyzed

using the apriori t-test for orthogonal comparisons among
'means. It was revealed that. aldehyde deﬁydrogenase
actaivity wés'SLgnificantly 1nhibYted (20-30%) in all groups

pretreated with cyanamide compared to the saline control .
i

(S+S--S) and ethanol control (S+S--E)‘g;oups (t(40)= 2.74,

L)
p<.005, one tailed test).

Discussion

The results of the present expérlment suggest that

Eentrally—actlng.a;etaldehyde may play some'rple in media-
tihg the locomotor effects induced by ethanol.

«_In the first two minutes (ﬁrock l), .animals pretreated

' with 4-methylpyrazole (4MP+5--E) displayed more activity

:

% i . ,
o,
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.

than all ptﬁer'groups'except the ethanol control gwoup
{S+S--E). This effect is consistent with a previous -
finding that mice pretreated with 4-methylpyrazole demon- - ////f

strated increased locomotor excitatibp following ethanol

administration (Svensson and Waldeck, 1973). These authors

suggested shat this effect may be due to 'increased circula-

_tion of blood ethanol levwgls as a consequence of alcohol

dehydrogenase 1nhibition. However, 1in the present

experiment, no detectable increases in blood ethanol levels

were evident for animals pr eated with 4-methylpyrazole.

o . .
It is difficult then to sppcu%ate why group -4MP+S--E

displayéd more activity than the other groupsf
1 ’ .

In®he present experiment, pretreatnfent with cyanamide

reduced the.1increases 1n sporitaneous locomotor activity

3

produced by'etbanolf This reduction %B lqcomotor'act1v1ty .

- can not be attributed to peripheral acetaldehyde accumula-

tion slnce locomotor activity of group C+S--E, who- sHowed *

[ [ .
elevated blood acetaldehyde levels, was not different from

.group 4MP+C--E. - ! B

n

'The dose of ethanol administered (.8 gm/kg) was also

an important factor contributing to the pharmacologlcaf
k ) .
effects observed 1n the present experiment. There as

considerable controversy in the literature cpncerning

v

ethlanol-i1nduced i1ncreases 1n spontaneous locomotor activity
in rodents (for review see Pohorecky, 1977; Frye and
Breese, 198l1). As mentioned earlier, locomotor excitation

1s more variable and less reproducible in rats than i1n mice

-

[y o P
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(see Pohorecky, 1977). A methodollglcal problem 1n most of
these studies may be the 1aék\of a sensitive measure to

examine locomotor activity. In particular, many of'tﬁ?

studies which examined locomotor ekc1t§tlon in rats were * -

. pe . ‘
ased on recordings of cumulhtive activity counts ranging

fram 5 mlnutés'(e.g. Mason et al, 1979) to one.hour (e.qg.:

Frye and Breese, 1981). pélng this measure 1in the present
. : o . '
experiment, the overall activity (cumulative counts at 10 .

minutes) of the ethanol contrgi/aﬁE\4MP+S--E groups wWas not

significantly different from saline control animals. .
j .

:

. ¥ .
However, by present}Qg activity:levels. at 2 minutg inter-

v

vals, qualitative differences between ethanol-treated and

saline-treated groups could be'observed, In particular,

N

tAese data indicated that activity in minutes 3 and 4

(Block «2) for all ethapol-treated groups was significantly
lower than activity in the first two minutes. No sigmifzi-

cant change 1n activity levels was observed for salinée-

treated groups from Block 1 té Block 2. These data there-

»o ¥

r
fore demonstrated that some pharmacological effects of

ethanol on locomotor activity at a dose of .8 gm/kg can

N

© OCCur.

More -1mportantly, the 51gn;ficant effects observed 1in
the first 4 minutes of open.field testiffg for ethanol-
treated animals conforms to the di1ffusion kinetics of ’
;thanol. It gas been reportéd,that'1@mediately followiﬁ

. ® 2 : :
ethanol adminibtration alcohol 1s rapidly abSorbed by the.

brain from arterial blood (Sunhara, Kalant, Shofield and

’

3 M . L

o n m—— e
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. o~ v ‘ }
Grupp, 1978). Egquilibrium between arterial blood ethanol

.

“and brain ethanol concgnt?gtlons has been demonstrated to

5 £}

occur within 5-10 minutes after ethanol adminyStration

{Eraickson, 1976; Sunhara et al, '1978). Animals in the

- ’

Al
present study were tested one minute following ethanol )
N , .

adminigtration. Consequently, the increased locomotor

activity observed with groups 4MP+S--E.and S+S--E 1n Block

l, may reflect this influx of ethanol availaple to the

< , , ' !
brain.- Animals pretreated with C{8z-E and 4MP+C--E should

. also exper:ience this initial i1nflux of ethanol to the
. el .
brain. However, changes i1n central acetaldehyde metabolism

.
i

due to aldehyde dehydrogenase inhibition, may have contri- -

buted to the suppression of the increased locomotor
» . : :
r

' a

activity induceé by ethanol.

4

It would appear then, that the locomoctor activity

» ¢

~ Z.szlayed 1n the, first 4 minutes L Op;:\fléld testing may

d’ -%Q reflect sensiflve changes induced by a moderate dose of
ethanol: Once eguidibrium between brain ethanol and blood

ethanol concentrations’ are reached, these effects may .

N g
.

- become less dramatic. These subtle effechg.would have

clearly been masked hacd only cumulative’'activity counts

- over an eitendd‘ peraod of time been recorded.

L4 ¢

;Aragon et al (1985) demonétrated that animals

v

pretreated with the catalase lnhlpj;6§’AT, failed to
demonstrate locomotor depression produced by'ethahol. In

the present exper:iment, animals pretreated with cyanamide .

’ or 4-methylpyrazole + cyanamide demonstrated less activity
. . \ . , : ..
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.than the other groups. Together, these results‘support a

role for centrally-acting acetaldehyde and bra;n aldehyde

\ dehydrOgenase in mediating the locomotor effects 1nduced by

ethanol. If centr?l acetaldehyde formation 1s an 1mportant
variable mediating ethanol-induced locomotor effects
(Aragon et al, 1985 ), perhaps the degradation of acetalde-

hyde via brain aldehyde dehydrogenase plays some regulatory

Fole 1n maintaining this behavior as well (Amlr et al,

'1980).

i
To examine whether thls hypothesis can be, generallzed

to other behaviors influenced by ethanol, Experiment 3
\\
1nvestlgateo the effects of cenhrall/ acting acetaldehyde

and braln aldehyde dehydrogenase 1in the conaxtloned,taste
‘| ) -
aversion produced by ethanol.

a"




EXPERIMLNT 3

Results of’the previous experiments pfov1ded some
evidence for acetaldehyde® involvement Ln.Ehe ipcomotor
effects induced by ethandl. These results further support
the notion thét acetaldehyde may be pharmacologqically

. active Ln &he brain and may be directly involved 1in some of
the pharmacologlc;§ conseqguences of ethanol administration
(Ah;r et al, 1980; Aragon et al, 1985).

As mentioned earlier, qcetaléehyde has .been shown to
possess both aversive and reinforcing proéertles'(zrxksson.
1980). A common property shared by a variety of self-

o administered d;ugs inclucing ethancl and acetaldehyde, 1s
tﬁe abi1licy to lnduqe a conditioned taste aversion (CTA)
(for rev.ew, see Goudie, 1979). Earile; studies )
aemonstrated that rodents exposed to a ndel flavored
7‘soluzlon and then 1injected with' an aversive or emetiCc agent
. . - .
(1.e. lithium chloride), reduced their intake of zaat
flavored solution on subsequent presentations (e.g.
Qachman, 1963; Nachman and Ashe,.l973). This reduction in
intake of the test substance was assumed to 5e due to an
association betweén;ghe taste of the¥sybstance {gustatory

H .cue) and some aversive action'of the drug:

.

. e
While the CTA phenomenon has been dgmonstrated with a

variety of self-administered ardgs {see .Ri1ley and Clarke,
o 1978), the nature of the conditioned response 1nvolvea in

CTA learning has been shown to be- different 1n self-

[

-+
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administered and non self-administered or emetic agents
(see Goudie, 1979). For exa&ple,\dlfferent neurochemical
syséems have been'impllcated in stserv1ng CTAs 1ndyqed by
self-administered drugs such as améhetamlne, mbrphlne and
ethanol and.thﬁse induced by lithium chloride (Goudie,:
Thofnton and Wheatley,71975; Sklar and-Amit, 1977). More-
over, 1t has been demopnstrated that neurochemlcai
1nte£ventldns wﬁléh disrupted positive reinforcement,

psroduced by self-administereéd drugs also disrupted CTAs

induced by the same drug -{Goudie et al, 1375; Sklar and

R
Am?f, 1377). These data 1in conjwnctxon with the finding

that positive reinforcement and CTA can be demoqstrated in
the same animal-at the same time (White, Skiar apd Amict,
1977}, has led. some 1nves¢1gaiors to suggest thatka
functional rexatlonéhlp exists between the positive rein-
fdrc;ng and averszve‘effects éf self-administered drugs
(Switzman, Amit, White \and Fishman, 1978; White et al,
& :

There are numerous studies demonstrftlng‘CTAs 1néuced
by ethagol (e.g; Cappell er al, 1973; Cunningham, 1979).
The role of acetaldehyde 1f‘$ny, in mediating this effect
1s at present unclear. Brown et al (1978) reported that

1.p. administration of acetaldehyde (.2 and .3 gm/kg)
. ' .

produced CTAs 1n rats, whereas intracerebroventricular

infusions of acetaldehyde did not induce a CTA. These -

" authors cascluded that the aversive effects of acetaldehyde

were mediated by pérlpheral toxicity rather. than by its

N

;
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pharmacological actions in'the brain. More rec\pély.
.Aragon[fAbltbol‘and Amit (in press) reported that the -
anvolvement of peripheral toxicity in the Qi%s induced by
acetaldehydé was dependent on the dose of é&etaldehyde,
administered. These authors demonstrated'th;f the nature
of the CTA induced by .2 gm/kg acetaldehyde (i.p.) waé more
similar to that producea by ethanol (1.2 gm/kg) “han was'
the CTA anduced by .3 gm/kg acetaldehyde.

/ﬁ\¢‘ Beca$se of 1ts toxic ﬁroperties, 1t 1s conceivable

.

. that circulating blood acetaldehyde levels préduced 5y"
ethénol metabolism may playvsome role i1n ethanol-induced
CTAé. However, acetgldehyde 1s self-administered by rats
indicating thgt this metabolite hay mediate'the positive
fe1nforc1ng'effec£s of“ethancl (B;own{et al, 1978). 1t 1is
possible then that both ethanol self-aaﬁlnlstratxon and
et&anol-lnduced CTA may be mediated by acetalaehyde and fre
fuhétlonally re}a;ed to the positive ;elnforc1ng and aver-
sive progértles of acetaldehyde. Supporﬁ for ;his notion

. 5
as recently been provided by Aragon et al (1985). As

dentioned 1n the introduction, these authors prowvided

indirect evidence for central acetaldehyde involvement in

]

CTAs 1nduced By ethanol. Animals pretreated with the
~ catalase inhibitor AT did not ‘demonstrate an €thanol-
induced CTA, suggesting that centrally-formed acetaldehyde

via activity of catalase may mediate CTAs prodd%ed by
, . ,

ethanol.

v

In an attempt to .elucidate the nature of CTAs induced




- ] 54

by ethanol, the present.experiment investigated acetalde-

hyde's i1nvolvement in ethanol;;pduced CTAs. Blood acet-‘

aldehyde levels were manlpulatgd with the alcohol dehydroj
genase and aldehyde dehydrogenase inhibitors 4-me£hylf'

’

pyrazole ?nd sodium cyanamide respectively, 1in an attempt

to assess the putative roles of peripherally- and
centrally-acting acetaldehyde in CTAs 1nduced by ethanol.
Experiment 3 consists of two sections. Because
experiments were conducted on two separate occasions, each
section represents a dlfferéntvdosg of.sthanol tested.
Each section consists of two phases. Phase 1l investigated
the behavioral effects of ethanol on taste aversion. In‘

phase 2, naive animals were used to determine blood

acetaldehyde and ethanol levels.

Experiment 3a- Phase 1

Methods
SELANES

o N

4+

Subgects -

Subjects were 56 male Long Evans rats (C*arles River
. Breeding Farms) Mexghlng 250-275 érams. The animals were
individually housed in stélnless steel cages with free
access to food and water prior to the‘onset of the experi-
ment. The animal colon; room was i1lluminated on a 12 hr
day/night scheduie

Drugs

4-methylpyrazole and sodium cyanamide were prepared

#




55

and administered 1n the same manner as that used in

Experiment 2.

" Procedure

After 7 days adaptation to laboratory housing condi-
tions, the-animals were blaced on a 23 hr 40 min water
deprivation schedule. For the following 7 days, tap water
was available to the rats for a 20 min drinking period 1in
the homescage. On déy 8 (Pairing day 1), a 0.1% (w/v)
sodium sécqharln séf%tlon was substituted for water during

o'

the 20 min drinking period. 4 hr prior to saccharin

presentation, animals were randomly assigned to 4 groups

In= 14 per group) and received varloushdrug treatments.

. v — 4
The pretreatment conditions were as follows: Group S+S
received two successive injections of saline (one 1njection

‘ ‘ t
immediately following the other), group 4!MP+S receitved two

successive 1njections of 4-methylpyrazole (10 mg/kg) and

saline, group C+S received two successive injections of

”

sodium cyanamide {25 mg/kg) and saline and group 4lMP+C
received two 'successive ln]ections.ﬁf 4—methylpyrazoleland
cyanamide. All 1njections were admlnistered intraperi-
toneélly (1.p.). Within a mlndte after termination of the

20 min drinking period,  animals 1n each pretreatment group

received 1.p. 1injections of either ethanol (.8 gm/kg; 30%

solution v/v, n= 8 per group), or saline vehicle (5 ml/kg; ~

n= 6 per group). The saline condltlonlhg groups were -

1ncluded to i1nvestigate potenti&l confounding effects o%//q\§*‘

. . ‘ )
the various enzyme manipulations on saccharin consumption.
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<

For 5 days following the first pairing day, £ap water ]
‘continued 'to be avaiiable for 20 mlﬁ drymking periods. On
day 14 (Pairing day 2), and'identical procedure t9 that

-used on Pairing dap was conduct?d. The cycle of pairing
day foliowed by 5 1ntervening water days was repggked until

T =

3 pairings had been completed. Saccharin solut:ion was

presented on 2 more occasions followed by 5 intervening

water days' (Test days 1 and 2), however, no pretreatment or ’

. cqndltionang,agents were administered.
, - .
Phase‘g : ’ *

’ Subjects

* Subjects were 24 male Long Evans rats {Charles River

' Breeding Farms) weighing 300-350 gramsz‘ The housing condi=~

“tions were the same as those in Phase 1.
Drugs
A—methylpyrazole-and ¢yanamide were prepared and
administered in the same mannér as that used in Phase 1.

Procedure

After 7 days pdaptatibn to the laboratory hqusxng
conditions, animals were randomly é;Slgned to 4 gfopps {n=
6.pe} group) and received various drug treatments as
described 1n Phase 1. The éretreatment groups were: S+S,

“4MP+S, C+S and 4MP+C. 4 hours aftef the pretreatment

regimen, all groups were administered .8 gm/kg ethanol (304
solution v/v). Twenty minutes aftér the ethanol 1njection,

subjects were sacrificed by decapitatione¢ Trunk blood of

each animal was collected for blood aéetaldehydq and

C

a
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ethanol detcrminations. These determinataions were assayed

by the same procedure w&ed in Experiment 2. ¢

Results

A three way analysis of. variance (Pretreatment X

'Condltlonlng,x Days) with repeatéd measures_ ylelded a

significant Pretreatment x Conditioning x Days interaction

(F(9,144)= 2.08, p<.035). Subsequently, individual two-way -

analyses of variance (ANOVA) were conducted on all

pretreatment groups receiving saline or ethanol‘as the.

.condition.ng agent. A two-way ANOVA for the saline condi-

1

tioned groups ylelded a significant days effect (F(3,60}=
3.58, pé.OZ). There was no significant Pretreatmént effect
nor Prgéreatment x Days 1nteractlon,.1nd1cat1ng tha£ the‘
Jretreatment ménlpulatxons diad not*&ifect saccharan intake.

Mean saccharin intake (expressed as percent change from 7

' basel.ne) for these control groups 1s presented in Figure

4. 'A two-way ANOVA with repeated measures for the ethanol

\

conditioned groups revealed a significant Days effect

(F(3,84)=12.35, p< .00001) and a significant Group x Days

_interaction {(F{9,B84)=2.45, p< .045). Saccharin intake

- -

(expressed as percent change‘f:om pasél;ne) for all\ethénol

cond1itioned groups 1s'presented in Figure 5 panel A.

Dunnett's test comparing the control group (S+S) to the

various experxmentaf groups revealed that group 4IMP+S drank ',

. szgnfflcantly less saccharin than group S+S on days P3, T1"

and f2 (d(4,84)=29.2, p<.0l). Group C+S demonstrated a

2
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Qignificant reduction in saccharin intake on Test day 1
when compared to the control group. ’
Blood acetaldehyde\and'ethanol levels for all groups

1s presented in Table 3a. Peripheral acetaldehyde was Pnly

) ,
\S.detected in animals pretreaded with cyanamide (C+S). These

.

levels were con51de}ab1y elevated 1n comparisonm to the

. P, . .
blood acetaldehyde levelg of the'other~g;oups. A one-way

ANOVA on blood ethanol levels yielded no significant

-

differences between groups.

Discussion
- S

c - | .
" The results of the present study demonstrated that

"

pérlpherally—pro uced acetaldehyde, and hence'peripheral

I

toxicity may not a factor in mediating CTAs produced by

ethanol at a dose of .8 gm/kg. Bloed acetaldehyde deter- ﬁF

2

minations indicated that only animals pretreated with
cyanamide "(C+S) had significant increases in bloéﬁ acet-
A .

aldehyde levels. However, these animals demonstrated a

similar pattern anag maénitude of jgthaan intake as gjoup

4:1P+C, whose blood acetaldehyde levels were undetectable.
Although group C+S did demonstrate a significant reduction

» ) )
1n saccharain intake on Tl, the same reduction was observed

in group 4MP+S, whose blood acetaldehye levels w.eres\\~~

undetectable with this pretreatment manlggfggzon. It

ls~p0551b1e then3 that the reduction on Tl for group C+S

X
may be a spurious finmding..

s

\

Anifmals pretreated with 4MP+S demonstrated a

<
2 &

-



7

‘5}_

-

e ,

.

‘6l

TABLE 3a. Blood ethanol and acetaldehdye levels for all
groups treated with <8 gm/kg ethanol.

'
{ 1
'

t

GROUPS
(n=6 per group)

Is

S+S
© 4MP+S
, *

' c+S

amp+c .

Blood levels -’

{ug/10C ml)
Ach Etoh
-—- 120% 4
— 12;: 5
930 £ 79 ‘ 127{}
-—- 113%5

\

, Ach= acetaldehyde, Etoh= ethanol.
= undetectable. o

4

| Table 3B. Blood ethanol and acetald

® -

- . s . g . s
S= saline, 4MP= 4-methylpyrazole, C= cyanamide.

Ve

ehyde levels for all
groups trgated with .4 gm/kg ethanol. :

’

GROUPS
(n=6 per group

S+5

. 4Mp+s -

C+5S

4MP+C

Ach

{ug/100 ml

' "Blood levels

) N
Etoh

7 - . .
.S= saline; 4MP= 4%methylpyrazole, C=
.Ach= ‘acetaldehyde, Etoh= ethanol

. - -=-- = undetectable.

e

cyanamtde.
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-~ stimulus propersaes of the‘drhgjktbelpgrt, 197

‘ 62 -
\ ’ T, . D
N

51gn1f1cant reduction over days, indicating that thas

9 ’ N
pretreatment manipulation potentiated the effect normally
- -
N n

induced by ethanol.  This effect may be due to an increase

. . s )
‘1n circulating blood ethanol levels as a consequence of

alcohol dehydrogenase.inhibition (Magnusson et al, 19%72).
g

However; blood ethanol determinations indlcatéd that °

pretreatment with 4-methylpyrazole did not alter blood
)  wWith 4 : \

B

éthanol.lévels, suggesting that another mechanism may under-
lie this effect.
L]

It 1s unclear why tyanamide pretreatment’failed to
s un / ¢ L

. N X .
alter the effects of ethanol c¢nditioning on safCharin

o i ' s
intake. However, ‘ome must consider that the est

of a CTA 1s not based on one particular pharmaco}bgical ‘

effect of the drug pbut 1s related to a constelfation of

- 4
-

). The dose

of ethanol . used in the present experiment may habe been

sufficient to produce discriminaole pharmacological effects

. . | B
'that were insensitive to subtle or discrete changes Induced-

by the’enzyme manlpqlatzons.J To examine this possibility -

- +

¢ .

~ .
of ethanol (.4 gm/kg). ' n

Experiment 30— Phase 1 . -

.

. . . . .Method

, . . - RN
Subjects
]

Subjects were 24 male Long Evans ratsU(Ch%Fleg River

Breeding Farms) weighing 250-275 grams. The housing -

.

. " .
Al .
e . .
' . PN »
. '

further, Experiment 3b was conducfe@jh51ng a very low dose

.



V.
- » . .
m\ ‘ '
) - .

fcondltlons were the same as Experiment 3a.

» e Dan v

Drugs - - . o o
Drugs . «

. - . . ..( )
"4-methylpyrazole and cyanamide were prepared and

administered in the same manner as that’used 1n Experiment

’

3a. .-
Procedure
.

.?heildentlcél ﬁrocedureéto that used in Experiment 3a
.was.cor;dhcted. Anlma%s wer‘e. p‘la'ced’ on a water deprl@xon'
schedule and waterlwas available to thé rats for a 20 minm
éri.nking period. On da}}e (Pairing aay 1), 4 hr prior to

saccharin presentatlion, anpamals were randomly assigned to 4
groups (n= 6 per group) and received various drug treat-

. \ U ‘
‘ments as described in Experiment 3a. Tne four pretreatment

o

"groups were. as follows: S+5, 4MP+S, C+S and 4iP+C. l

: o ¢
immediately following saccharin presentation, all animals

recgived ..p. injections of ethandl (.4 gm/kg; 30%®

3

solution, v/v,. The-cycle of paxrlng(déy followed by 5.

interven.ng water days was repefited until 3 pairings had
' . ’ ] ot
< , LS A
been completec. The saccharin sclution was presented to-
the an.mals on two more occasions without the administra-

.
1

tion of pretreatment or concditiCONing agents.. ' \

.

Pnase 2

FY

1
»

o

Subjects = . . " ’
,Subiec{s were 24 male Long Evans rats {(Charles River
\ ' * -~

Breeding Pgrms):&e;gplng 3G0-350 grams. . The housing condi-/

tions were the same as LxgJeriment 3a.

'
re
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Drugs . . '

¢ -

4-methylpyrazole and cyanamide .were prepared and

.

administered i1n the samé manner as that used in Experiment
i+ 3a. , ‘ . '

Procedure

The 1dentical procedure to that used in Experiment 3a

was émployed. Animals were randomly assigned to 4 groups

(n= 6 per group) and received various drug treatments as’ .

descriped 1n Experiment 3a. The pretreatment groups were
as followss¢ S5+5, 4MP+S, C+S and 4MP+C. 4 hr. after the

. , &
[ y -

‘pretreatment regimen, a.l groups rece;ves‘x.p.-xn]ectlons -
. » ,

¢f etnanol (.4 gm/Kkg]). A50 min after etnanci adm.nistra-

tion, an.mals were sacrificed by decapitation. Trunk blood

N .

. Log
0f each animal was collected for blood acetaldehyde and

-

i ' 3 8
etnancl deterrrinat.ons. These determana*ions wete assayed

py the same procedure used in Experiment 2.

Resuits .

M two-way ANOVA Qﬂth‘repeated mgasureé,for the ethanol
cond;:;on;ng cose zf ,{g/kg Yielded a significant Group . b
effect (F(3,20i=4.%E&, p<.Cl}), a significant Days effect
(F(3,6u,=12.25, p< 400001) and a significant Group x Days

.nteraction (7(3,60,=2.18, p €.04). Mean saccharin intake :

(expressed as percent\change from baseline) for all groups
H .

15 presented in Figure S panel B.- Multiple comparisons
using Scheffe tésts revealed that saccharin .ntake of )

groups C+S and 4MP+C was significantly recduced compared to

. . ¥
R - - vy e R « . e
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groups 5+S and 4MP+S on all pairing and test days (F(3,80)=
8?@2, p<.05). As shown in Figure 5 panel B, groups C+S and
4MP+C consumed less saccharin than the other two groups
across days.

Blood acgtala;hyde and ethanol levels for all groups
1s presenteé in Table 3b. Pérlpherﬂk acetaldehyde was’only
detected 1n animals pretreated with cyanamide (C+Syl A

one-way AIIOVA on blood ethanol levels yielded no signifi-
// ..

cant differences between groups.
Discussion P

The results of Experiments 3o suggest thatﬂqpntrally—
acting acetaldehyde and brain aldehyde dehydrogenase may
play ysome ro?b in the CTAs 1nducea by ethanol. Animals
é}étreated with cyanamide reduced saccharin intake

following the administration of a subthreshold ddse of

ethanol, whereas no reduction from baseline was observed

for groups 4iP+5 and S+S. This effect cannot be attributed

10 elevated plood acetaldehyde levels since animals
pretreated wmth‘4MP+C and whose blood acetaldehyde levels
were undetedtable at thxé dose, demonstrated a reduction in
saccharin intaxe.as well.

The results of Expe;:menté la apd 3b suggest that
CEntrallyJacE;pg acetaldehyde and braxn'aldépyde dehydro-
genase may~contr1buté to ethanol’s distinct aversive
stimulus properties aé measured by condltioned Easté

4 -

aversion. Visual inspection of Figure 5 panels A and B
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demonstrate that the lower dose of ethanol (.4 gm/kg) was

not an effective CTA 1nducing agent for groups 4MP+S and‘

.§+5. llowever, animals pretreated with cyanamide demon-

stated a.reduction 1n saccharin i1ntake compared to these

group5. These results suggest that changes in central

acetaldehyde metabolism (due to brain aldehyde dehydro-
. >

genase inhibition), may have poteriti1ated the pharmacol-

ogical properzies of a subthreshold dose of ethanol. Thuis.

suggestion 18 sypported by the finding that human subjects
gretréqted wzth'calc1um5cafbam1de o} disulfiram (aldehyde
dehydrogenase inhibitors) reported elgvated euphoria
followlngla,low dose of ethanol 1in comparison to placebo-
pretreatedw5333epts who reported no euphoglc effects (Brown
et al, 1983). '

At the higher dose tested (.8 gm{kg) in the present
study, thé ethahol cqntroi group dlSpiayed.a similar
reducgion in saccharin 3ntake as was observed with the
cyanamide pretreated grodpg at the .4 gm/kg dose. This |
suggests that central levels of ’acetalde‘hyde at a dose of.
.8 gm/kQ\Tay be suffiﬁxent to bé pharmacologically
discriminable to éhe rats. Because cyanamide éretreatmenc

proved effective at attaining this threshold of discraimin-

ability at the lower dose, the:same threshold~wasidemon—

- strated at the .8 gm/kg dose. However, the maghitude of

the CTA was potentiated in animals pretreated only wath 4-

methylpyrazole. . The mechanism undérlying thxs effect s at

present unclear. Thils magnitude may reflect more. salient

-




B 67

k]

pﬁarmacological effects induced by this enzyme manipulatiqn
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GENERAL DISCUSSION ‘ .

The present series of experlments'examlneda;he‘
1n§olvemen€ of cqgtrally-actlng acetaldehyde and brain
aldehyde dehydrogenase in the mediation oflﬁome of the:,
psychopharmacological effects of e;haﬁol. - ‘

In Experiment 1, 1t was shown that centrally-
administered ace;aidehyde resulted 1n'a time and‘doge

dependent biphasic effect on locomotor activity. These

‘results support and extend those of previous reports dehon—

straclng’that acetaldehYde can -be pharmacologically active

in the brain (Amxr‘et al, 198y; Amlt\et al, 1980b}. For
example, 1t has been demonsérated'that animals will perform
an operant for i1ntracerebroventricular infusions of acet-
aldehyde (Brown et al,{lé?B; 1980) and that centrally-

admrnistered acetaldehyde Lnduced a conditioned place

‘preference 1n rats (Smith et al, 1985) . .

’ . %
To determine i1f endogenously-produced acetaldehyde

~contributes to ethanol's central effects, Experiment 2 °

lnvescigated the role df ce;trally-actxng acetaldehyde 1in
the mediation of the locomotor effects induced by enhanol,
It was observed that pretreatmeni with cyanamide, an -

inhibitor of aldehyde dehydfogenaée suppressed the \ncrease -
in Spon£aheous locomotor activity observed in the ‘saline-

tfeaped and 4-methylpyraicle + saline-treated animals.

This effect could not be attributed to elevated cxfbulating

blood acétiifiﬁyde levels since animals pretreated with'
v . v . . .
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4-methylpyrazole + cyanamide (a condition which prevents
the éccumﬁlatlon of peripheral blood acetaldéhyde) demon-
strated depression of locomotor activity as well.

The results of Experiments i and 2 suggest that
acetaldehyde may have central .pharmacological effects which
appear ta be involved 1n mediating some of the loeomotor
effects produced by ethanol. Furthermore, these s;udlés
indicate that 1in.addition to 1ts role'in mecdiating the
positive reinforcing properties of ethanol, (Amir et al, .

1980), acetaldehyde may alsd mediate other central act:ions

il

’

of ethanol. In thls(context, 1t was of interest to examine

‘theigole pf acetaldehyde in mediating the aversive proper-

ties of ethanol. .This guestion gains importance given the

shégested relationship between positive relnforcemeﬁt and

CTA (vh.te et al, 1977). éxperimeht 3 1qvestl§ated the

‘contribution of acectaldehyde in the CTAs lnducéd by ethanol.
Animals pretreated with cyanamide demanstrated a

reduction 1n saccharin intake following:.the administration

‘

of a supthreshold dose of ethanol. It 1s possible that' '

this potentiation effect may be due to some alteratiot 1in

the rate of central acetaldehyde metabolism (1.e. céntral
accumulation of acetaldehyde) due'to brain aldehyde
Hehyﬁ:ogenase inhibition. However, it 1s presently unclear
why the cyanamide pretreatéﬁsgroups did ;ot show 5‘
potentiation of the CTA at the .8 gm/kg dose of etsanol.

Recently, 1t has been reported that catalase may play a

role 1n the conversion of cyanamide to an active meta-
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bolite, the latter being the actual inhibitor of aldehyde
dehydrogenase (Demaster, Redfern, Shirota and Nagasawa,

_ 2
1985). Perhaps then, the failure of cyanamide pretreatment
to potentiate an ethancl CTA at a dose of .8 gm/kg may be
due to some interactive effect be;ween brain catalase and
brain aldehyde dehydrogenase inhibition.

However, 1t 1s gvxdent that peripherally-produced
acetaldehyde at high concent;atlons did not potentiate the
effecés of ethanql qt either dosé tested. These ¥esults
indicated :Eat acetaldehyde accumﬁla£lén in the periphery
was not a contributing factor in thé“ethanol—lnducéd
reductions 1n saccharin 1nna§g?P

The results of the present sérxes of experléents ind1i-
cate that centrally-acting acetaldehyde may play some role
role 1n ethanol's effects on locomotor activity and CTa.
These data suggest that the enzymes responsible for the

- 4 »

formatioh and degradation of central acetaldehyde, perhaps

< N
Ly regulating acetaldéhyde levels 1n the brain, may be an,

important physiological mechanism 1n the control of ethanol-'

related behaviors. This notion i1s supported by evidence of

a systematic relationship between voluntary ethanol

consumption and brain catalase activity (Aragon.and Amit,

in press; Aragon et al, 1n press) as well -as brain aldehyde

dehydrogenase activity {(Amir, 1977; 19785; sinclair anq

’LGdros, 1981; Socaransky et al, 1984). -If levels of

acetaldehyde i1in the brain are a physiological parameter

that control, some of the effects of ethanol, then varia-
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tions 1n brain catalase activity or in brain aldehyde
dehydrogenase activity may give rise to differences in
behavioral responding to an-ethanolachalienge. Aragon and
coliéagues (1985) have demonstrated that inhibition of

. \ [
catalase activity {hence alterations i1n the levels of

. - acetaldehyde produced} blocked both the locomotor

depressiori and CTA :nduced by ethanol. Sinclair and '
Lindros” (198l) demonstrated that bial‘ aldehyde dehydro-

genasé inhibition resulted in the suppression of voluntary
. ) ,

ethanol consumption 1n rats. Furtnermore, 1n the present

series of experiments an.mals pretreated wi.th cydnanide

.

responded d.fferently than d¢.d control amimals to ethanol's
. ‘ “
effects on locomotor activity and CTa.

T

0 Thes role of the &nzymes mediating acetaldehyde's
actions may De a cr:+t:cal l:inx in understanding thé psysgho-
pharmacological effects of ethanol. These interactions noc

L]

only describe a possible role for central acetaldehyde in

mediating ethanol's €¥fects, put may also account for tne . |

~

individual varrations 1un venaviorail responsgé so citen
oose;ved foiloQ;ng ethanol exppsure (for review, see bon
wartburg and Buhler, 1984). Thus, the metanolic processes
involved inh khe formation and elimination 5f central \levels
of acecaldehy@g may play an important regulatory role in )
the putative psychopharmacological actions of ethanol.

The present series of experiments provide evidence

that Ecetaldehyde i1s pharmacologically active in the brain

‘and may he involved in some of the pharmacological’

.

5

——— i sy ——— S 4
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consequences of ethanol administration. . Furthermore, these
. g . <
studies indicate that in addition to 1ts role 1n mediating

the positive reinforcing properties of ethanol, centrally-
. ;

acting acetaldehyde may also mediate the locomotor'apd_CTA

inducing effects pf ethanol. ‘These findings support the

recent worK by Aragon and colleagues (1985) who demon- |

strated a role, for central acetaldehyde in mediating

.

ethanol's effects on locomotor activity dnd CTA,

0y

It 1s not the intent.on.of this present discussion to

conclude that acétaldehyde mec.ates all.qi\thanol‘s
‘ -4 v AN

effects. The emphasis of this dissertation has been that

centraliy-aciing acetalcehyde .s a cratical-factor media~ "
ting some of- alcohol's central actions. To date, the

! \ .! . ! s .
ev.uence suggests tha: centrally-acting acetalaehyde .

o

mec.aies alconol reinforcement, anc alcochel's. effects on

5P

locomotor actavity and CTA. e present data provide only

ind.rect evidence for central acetaldehyde involvement in

some of ethanol's central effecvs. However, the present

. PR

ser.es of experiments together w.th evidence of a

systematic rela:ibnsnip betweern voluntary ethanol

@

consumption and brain catalase activity (Aragon et al, in

press), as‘weii as brain aldehyde denydrogenase aciivity

{Am.r, 1977; Socoransky ez.al, 1984!,y and w.th evidence

-dempnstrat.ng that the inhibition of brain catalase .

{possibly preventing the central producnxon;bf

acetaldehyde) disrupied ethBanol-indiced locomoIor

-

deyress;bn and CTA (aragon et al, 1985), ¢learly implicates

.

« '
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an important role for centrally-actlng-acetaldehyde rn
mediating some of ethanol's central effects.
. The precise nature of 'the involvement of acetaldehyde-

1n“méd%at1ng'some of ethanbl's\psychopharmacological
'ﬂeffect; 18 aé present unclear.' Brain aldeﬁyde dehydro-
géna§e has been showq to be a4ﬁajor route of monoamine
. . deamlﬁatlon (Duﬁcan and Sourkes, 1974; Tabakoff‘ana Gelpke,
i:” . ) 1975)L4v1t has been postulatgdhthqt acetaldeﬁyde in the
5ra;n‘méy.compet1t1v?ly inhibit brain Eldehyde dehydro-~-
genasé. nging r;sé]:é increases i1n steady state igygls zﬁ
its endoqeno&s substrates- biogenic aldehydes (see Deitrich

and Erwin, 19%3; Thandan: and Truitt, 1977,. The T

accumulation of these biogenic aldehydes may subseguently

affect neuronal functioning the behavioral response to

ethano: {(Deitrich and Erw/n, 1975; Amir, 1977; l%}g)m: fh;s
L 4 B

| nypothesis receives.somg suppor:. from studies démonstratxng:;

‘

that acetaldehyde life ethanol, alters théjyturnover of

brain e!fgggglamanes (Doritz and Truitt, 1966; Orrtz et al,

'1574; Thandani ancd Tru;nx,‘1977; ‘w‘alshf 1971). _Brain

4o . -

-catechulamines have ‘been demonsirated to play a role in
: - g 124

ethanol consumption .(e.g. Amit, Brown, Levitan and Ogren,
1977; ‘Corcoran, Lewss and Fibiger, '1983; Kiianmaa, 1980),
' ] ' ’ ; . ‘ h ", . .
locomotor activity:.(Carlsson et 'al, 1972;.Mason et al,

v 197?) and CTA (Sklar and Amit, 1977). Therefore, «he most

logidal extension of this line of research in the futufe
‘should  focds on the possible. interaction pezween. ¢entral

A acetaldéhyde and the biogenic aminge syétemsfln_thé prain. )
. - ® (. AR ” s . o Yoo

7
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- ~ Adetaldehyde (640 ug)
y ’ ' ) 1 N '
Source as © 8§  MS F Ratio Sign. Level
, -~
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Error ., 11 179.521 16.320
, . I
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Error 99  618.407 6.247

.4
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Source af . Ss MS F Ratio Sign., Level
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