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- ey "ABSTRACT *
[ \ ?

9 ' Pe -
Brain A¥dehyde Dehydrogenase ,and Central Acetaldehyde . -
. in the Mediation of Ethanol Consumption . "

. . 4

Karen J. Spivak, Ph.D.
. . Concordia University, 1987

a . N
.
. H .
’ .

, The roles of braig aldehyde dehydrogenaée (ALDH)
> " . : ) ’ . .
and centrally-acting acetaldehyde were examired with

.
\ ¢ [N

regard to .their involvement fn mediéting an ethanol’ ' i

L A=

-

. . . o .
drinking bout. In Experimén; 1, 1t Yas observed that

b . . . " -
- -there was a relationship between the amount of ethanol
consumied in a 10 m{n. restricted access paradigm ' -

. >

("sfulated initial”" drinking bout) and total amount

. /consumed in a 24 hr access parvadigm. These results
LY L]

:p; suggested that a drinking bout was a pharmacologicdfly . S,
”

-

meaningful event, . - T - L e a/) ;

]

"In-Experiments 2 and 3, it was demonstrated that-
animals pretreate& with cyanamide (an ALDH inhibitoy)

i or a-met%ylpyrazple (AMP— an alcohol dehydrogenase

,inhibLtor) + cyanamide increased ethanol. intake, ' )
- ' however, in Experiment 4 it was shown that animals

trained to ingest a saccharin-quinine solution or water

" during a 10 min. restricted access period, also . *.
increased fluid.intake followiné pretreatment with '

cyanamide. These results sugggsted that cyanamide.may

< e e ‘préddce a general increase in fluid intake. The - T

- . .

maéﬂitude of increase, however, was appreciably lower.

. X . . . f . ¢ o . o ) ' ) ~ . . .."3
-~ . - e / . . . : . el



3 iv,
. .- . t r

for ethanol drinking subjects compared to water’and
. - o : c . - r "

. - v,
- saccharin-quinine drink;ng animals., ' Imn Experiment 5;

-

the effects of cyanamide on ethanol and sqcchariq-
P ,
quinine consumption were examined using 'a 24 hr'access

. . ) ) _
paratdigm., The results suggesfed tha;’cyanamide

—nha*speciﬁically suppressed ethanol intake and preference.

The results of Experiment 6 suggested that

those specific effectss of cyanamide on ethanol may be

attiibuted to the inhibition of brain ALDH, since

\

pretreatment with the ALDH inhibitor coprine préduce&,

similar reshlts. Furthefmore, pretreatment with

4MP+cyanamide and AMP;coprjne resylted.in a ., o -

-,

hbidiréctional effect on ethanol intake which was .

related to individual subjects” baseline levels of

o

-

censumption in a 24 hr access Daxaﬂigm+~*1agethenr_che-f

»

restricted jaccess and 24 hr access paradigms ﬁrovided

evidence éuggestiﬁg that the pharmaeological

consequences of a drinking bout maj,’in_part, determine‘
7 . * *

the pattern and intake of ethanol when given continuoas

L]

‘ethanol availability. 1In addition, ‘the results of the

N b * P

present series of-experiments suggested that‘brain ALDH

~ . ‘ .

end by implication, centrally-acting acetaldehyde may

play a role in regulating ethanol drinking behavior.

.

~b

.-
)
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In recent years, a great deal of evidence has ;

~

emerged suggesting a role for acetaldehyde, the primary

metabolife of ethanol, in some of the behavioral,

pharmacological and positive reinforcing properties of

" ethanol (for review, .gee Lindros, 1978; 1985; Amir,

Brd&n g.Amit, 1980; Smith, Amit, gﬁigon & Socaransky,
1985). Numerous studies, however, have demonstrated
t hat acetaldehyde, when present in 'peripheral circula-
tion at high concentratiops following ethanol admini;
stration, can evoke various ayefsiye symptoms in both
humans and experimental animals (;ee Lindros, 19785:

v In addition to these well-established ave;sive
effects, it has also been demonstrated that‘paive'
1l aboratory rats will learn to perform an operant” ,
maintained by response—contibgent intracerebroventri;
cular (Amit, Brown & R}tkman, 1977;'Amit & Smith, 19855

«

Brown, Amit & Rockman, 1979) or intravenous (Myers, Ng

& Singer, 1984; Takayama & - Uyeno, 1985) infusions of

’

A .

acetaldehyde. Thp@e results suggest that. acetaldehyde
may posseés positive reinforcing properties (Amir et
al, 1980; Brown et al, i979).

It J;uld appear, therefore, that acetaldehyde may
act both as an aversive or positive reinforcing agent.
Given that acetaldehyde 48 the primary metabolite
derived from ethanol and given acetaldehyde”s psycho-
pharmacological properties, it has been postulated that

the enzymes responsible for the fotmation and degrada-



4 . . o/ —
tion of acetaldehyde may play a role in a number qf the

) psychopharmacological effects of ethanoi, including

[ 3
voluntary ethanol consumptiop (Amir, 1977; Aragon &

. Ay

Amit, 1985; Lindros, Kiovula & Eriksson, 1975), loco-
motor activity iSpivak, Aragdn & Amit, 1987) and
toxicosis (Mizoi et al, 1983). Accoidingl;, the
possible contribution of these enzyme systems in

moduylating -the pharmacological and hehavidral effects

-~

"of ethanol may provide invaluable information concern=-

e

ing acetaldehyde”™s role 1in ethanol”s actions, More
importantly, it has been suggested that genetic or

-5
predispositional factors towards alcoholism may be '

potentially related to differences in the _metabolism of

- .
ethanol (Amit, Smith & Aragon, 1986; Bosron & Li,

1886). Indeed, some investigators have gone so far as

to suggest that "alcoholisﬁ may be in fact acetalde-
hydism" (Raskin, 1975;.von W;rgpurg.&.Buhler, 1984),
Consequently, a bet%er understanding oof the interaction
between the enzyme systems, the metabolic fate of acet-
aldehyde and 1its behavior;E consequences may well
prqvidi critical insights into the motivationél proper-—

ties of eghanol and alcohol abuse,.

N The folloying sections will provide evidence
supporting iye notion that cene&ally-acting acetalde-
hyde may mediate some of the psychopharmacological
effecté of ethanol. A review of the psychopharﬁaco-

logical actions of acetaldeHydé as well as evidence

- ¢ v



"'. - r -

—_— suggesting that ethanol metabolizing enzymes in b;aih

, . . ‘ ) -
‘ ’////,//A may play a role in regulating central levels of acet-

: "aldehyde will also be presented. However, before

B

discussing these areas, 'he first few sectlhons of the
0 gk .

1)

- = —————

L g . introductionprovide an overview of the peripheral
. . . .

mechanisms that mediate the formation and metabolism of

[ , - . . )
4 acetaldehyde and the evidence for the occurrence of

. acetaldehyde both in the periphery and brain. . Q;

<
[

Metabolism of Ethanol:; Acetaldehyde Formation

~ N -

'Ethanol~1s<h1ghlv soluble in wate; and after oral

p————
. ingestion both in hymans and'animals, is readily >
absorbed from the gastrointestinal tract where 1t ~
Fd i diffuses rapidly and uniﬂqrmallv throughout the body

(Epickson, 1979). .The elimination of absorbed ethanol

& , ) — .
is extremely efficient with over 907 being metabolized .
l . .
L) N . -
in the body (Ericksony 1979), . 4

- -

The%e i{s general agreemeﬁt that the principal
enzyme resbqnsible for the initial metakoldsm of i
eth?nol po,acetaldehyde‘is/the NAD+ - dependent alcohol ¢ “
dehydrogen se‘(seg Hawkins $ Kalant, 1972; Lundquist,
Tygstrup, Winkler, Mellemgaard & Munck-Petersen, 1962).
Alcohol deﬁydrogenase is located primarily in the cyto-
solic region of the cell (Havre, Margolis, Abramﬁ_&

. : [ ]
Landau, 1976) and is abundant in the liver where over T

-
90% of ethanol ingested 1s oxidized to acetaldehyde

- - (Hawkins & Kdlant,ll972). Smalfer amounts of alcohol

4 .
. »
T ™




. .~

deﬁ?d}ogenase'have‘been detected in extrahepatic tissve

r o ) . )
including the kidneys, gastric and intestinal mucosa .

°

(Lyndquist, 1971; ;Raskin & Sokoloff, 1972) and trace

amgunts have also bfen found in brain (Buhler,

5 N YN, —

Féﬁtalozzi,'ﬂess & von Wartburg, '1983;- Raskin ‘&

SokoToff, 1968; 197)9). “

o

- Although alcohol deﬁydrbgenaﬁe is the principal

- -

ethanol-oxidizing énzymg in th&?liver,'ethanol may also’
- m ) ' .' .
be metabolized by the NADPH- and Oé’ dependent  micto- .’

[}

" somal ethanpl—bxidizing system (MEOS: Lieber &

DeCarli, 1968; Lieber, 1977,) and by the peroxidatic

- Aas

HZOZ— dependent catalase system.(Keilin & Hartree;

I -

1945; Wendell & Thﬁﬁaan, 1979). The participation of

these ron-alcohol dehydrogenadse pathways in ‘ethanol
L . T,
‘metabolism -appears to_be'mznimal under normal condi-

&

tions. However, some” investigators argue that at high
n ~
blood ethanol concentrations (> 20 mM) and after
. 4 .

) chronic.ethpnol ingestion, these ethanol metabolizing

—-— >

. . P . .
systems may have a more active role in ethanol meta-

.

" boTism and subseduently enhance acetaldehyde formation .~

{e.g. Hawkins &.Kaliﬁt, )9755 Leiber, 1977). Neverthe-

, o [

less, other investigators héve fohﬁd‘verv liitlp

. -

evidence t6‘support ani/:elevant coftribution to the

.
- P £

svnthesig of dcetaldéhvde,from non-alcohol dehydrogen-
;ése paéhwayg in-vivo at high blood ethkanol ‘levels or

‘aftér-chroniéﬁadminisggation (Khanna, Lindros, Israel &
- D, 3 - . : T .

Orrégo, 1977; Lindros, Salaspuro & P{kkarain;nr-i977).

b33

4 - - .

v
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Metabolism of Ethdanol: Elimination of Acetaldehyde

-~

- -
- PR

' Acetaldehyde that isiformed through the oxidation

of ethanol is tapidly metabolized to acetate by the

.

N AD~- depen&gnt enzvme aldehyde dehydrogenase (Hawkins & .

Kalant, 1972;‘Lundquist,.l9]l; Weiner,‘l979). Because -

——— - ~

aldehyde dehydrogenase {ALDH)- is the primarv enzyme

¢

fespohsible for oxidizing bioggﬂic aldehydes to acids, !

it is widely distributed in mammalian tisgues

\ —

~.(Deitrich, 1946) and can be found in the mitochondr%ﬂ

Pettersson & Tottmar, 1982; Pietruszko, Reed, Vallari,

1 h Y

\cytosolic\pnd endoplasmic.reticulag,regions of the cell

- . ' - »

(Pettersson & Tottmar, 1982; Tottmar, Pettersson &

Kiessling, 1973). Althqugh a‘®large quantity of ALDH is |

‘f ound in the liver,.@onoiderabie‘levels are found in ° :

k-tduey, small intestine and brain (Doitrich, 19667
Koizzii;%ytf:::j,Huttuneﬁ & KoisJLsalo, 1981 ; !

Major, Saini & Hawley, i981). TWo major classes of

- .

ALDH have heen found in ‘1iver of both humans and rats

‘1

Witn improved methods fqr ¢ellular fractionation and

O"
(Deitrich, 1966; Goqdde & Agarwal, 1987 Harada,

Agaiw 1 & Goedde, 1978). A low Km isoenzyme of ALDH ‘ -

- -

with a high affinitv for acetaldehyde {s located in the

mitochondria ﬁf cells (Pettersson & Tottmar, 1942'

ngner, 1986) and a high Km isoenzyme of ALDH with_a '

8’

low affinity for acetaldehyde is. located in the cyto-

solic fraction of cells (Pettersson. & Tottmar, 1982).

L4

enzyme aBssays, hepatic mitochondrial ALDH which has a



.ﬁeiner,~l985). ' v - - *

of metabolizdng 90-95%Z of acetaldehyde produced during -«

‘(Lindros, 1978).

. ‘ y )
high- affinity to acetaldehyde, has been implicaf%d as

the principal_enzxme responsible for écetaldehyde

oxidation (Lindros, Vihma & Forsander, 1972; : .
- \ . ‘

Socaransky, Aragon, Amit & Blénder, 19843 Svanas &

-

Asm with ethanol metabolism, the liver is the

i
’

primary site of acetaldehyde elimination and 1s'capab1e

.

A\
. .

ethanol oxidation (see Lindros, 1978). Acetaldehyde
metabolism can occur in ex;rhhépatiq tissue 1ﬁcldding‘

0e

kidney, muscle (Deitrich, 1966) and brain (Deitrich, ”

1966; Mukherii, Kashiki, Ohyanagi & Sloviter, 1975,

Pettersson & Tottmar, -1982a). Hepatic ALDH;;ﬁBwﬁver,”””_‘“““*“*‘
< * )

is so efficient-in eliminating acetaldehyde that only

part of the extrahepatic tapacity is nbrmdlly used

-~ -

LS

-

It- has be'en postulated that acetaldehyde may play ~ .

a role in the mediation of some of fhé actions of -

1 ’

- - ) . T~
ethanol in the qéntral nervous system (Smith et 31,
) w

1985; Walsh, 1971). To this end, the source of acet;;

»

aldehydelresponsible for these effects,maf arise -from
circulating plood acetaldehyde dgvelb deriveg from\tﬂe
ggpatic oxidation of etganol or from direct ethapol.
oxidatio; in brain. The pha:macplogical effects of \\g
aqetaldehvde in fﬁe ce?éral nervous system Wili; - N

i, . )
therefore depend on the amount of acefaldehyde that B

e - *

leaves the livér and reaches'brain (via periphera
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T circulation) or that is formed directly in brain. 1In
‘ . . ry ’
~ the _next 'two sections, a brief oveérview of the
. . occurrence of dacetaldehyde in the periphery gnd_brain

\ -

is presented.

Océurrence of Aceta;dehydé in the Periphery

-3

-

"Minute amounts pffacenaldehyde have been detected

. in the peripheral circulation of rats following the

.administration of moderate doses of etﬁanol (Eriksson,

1977; Eriksson & Sippel, I'977). When larger doseé of

3

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

\

ethanol oxidation may exceed the rate of hepatic acet-

¢ v 1

fw~m~~~~~mT”MW"MWma1ﬁehydeueliminamion“capacity,,resultiqk in ellevated
peripheral acetaldehyde concentrations (Lindros et al,

~
1972; Raskin & Sokoloff, 1972; Weiner, 1979). However,
a recent study'using mth demonstrated that no acet-

S

aldéhyde could be detected in blood even after a

\ ’

‘ chalienge with a high dose of ethanol (3 gm/kg), when

.

- . . proper control samples were included in the ﬁssay
. procedure (Erikgson, Atkinson, Petersen & Deitrich,
~ - 1984)., It is possible, nevertheless, that the discrep~

ency in blood acetaldehyde levels, cited above; may be

ﬁart?x;attiibuted to the use of different rodent .

“ -gtrains (Eriksson & Sippel, 1977).

Chronic ingestion of ethanol may also lead to
- - elevated blqod’acetaldehyéq levels (Lindros, Stowell,
£ . . ’ .
- < Pikkarainen & Salaqp%ro,fl980, Palmer & Jenkins, 1980).

- . - [ * —

-
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It 18 known that prolonged ethanol exﬁosure may disrupt
4 .

liver functien (e.g. Hasumura, Teschke & Lieber, 1975).

o

One such consequence of this disruptive influénce may
% .

v

be a decrease in hepatic mitochondrial ALDH activity,
theéeby reducing the capacity of the liver to oxidize
acetaldehyde and subsequently increasing circulating

levefs of acetaldehyde.(ﬂasumdra et al, 1975; Jenkins &

"Peter, 1980; Palmer & Jehkins, 1982):
Peripheral blood concentrations Qf acetalkdehyde

can ;150 be elevated by pharmacological agents that are

capable of inhibiting hepatic ALDH. Two such agents

~

widely used in.the treatment of alcoholism are disul-

. . 1 .
firam .(Antabuse) and the cyanamide derivative, calgium

carbimide (Temposil) (Ritchie, 1970; Sellers, Narahjo &

’

"Peach%y} 1981).  In the presence of ethanol, these

agents 1induce a reaction referred to as the

Disulfiram~alcohol:reactfon (DAR: Truitt & Walsh, 1971;

t

Kitson, 1977). Symptoms of this. reaction include vaso-

dilation, tachycardia, decrease in blood pressure, ™

o

dizziness, nausea and vomiting (Kitson, 1977). 1In more
sfevere cases, respiratory depression, cardiovascular
: P

cdliapse and death may occur (Jacobsen, 1952).

-~

.The.effects of these compounds on both man and

N

animal have been-attributed to their ability to inhibit
ALDH activity, thereby causing an accumulation of racet-

aldehyde -in blood and tissue after ethanol administra-
° T \
tion (Kitson, 1977; Marchner & Tottmar, 1978). It has

f
4 .
- . R

- -
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.“ been demonstrated both in humans as well as laboratory

-

animals that the administration of .disulfiram or cyan- -,

amide reduces voluntary consumption ®f ethanol (Amit,-

.

Brown, Amir,[mit'h & Sutherland, 1980; Eriksson, 1980;

Mottin, 1973y Sinclair & Lindros, 1981). Hoyever,

there have also been other reports indicating no change

—

in-voluntary ethanol intake ind laboratory rodents )
foilowing treatmenf with cyanamide (e.g. Amit, Levitan .
& Lindrqg, 1976), The discrepancy in findings may .he

due to Qrocedural‘diffefences in cyanamide treatment as

s

wk1ll as the use of different drinking schedules. For

\

example, in the study by,Sinclaif and Lindros (1981).
R ‘ .

cyanamide was presented in the food and animals had
acontinudus accessyto gthanol.\ Suhjécts‘ip the sﬁudy by
Amit et al (1976) were presented with an ethanol solu-
tion every second day and cyanamide was adminigtered

intraperitoneally only on days when animals.had access

to ethanol.

\

The widely'acceptéd eéPllnation for thé demoqatr—
gﬁed reductions in voldﬂfary thanol coysumption.is o
'tﬁat acetaldehyde, at high lévels in the bléod (as a
_co;sequencevof ALDH inhibithA), is tbxic and produces
aversive effects (Lindros e

)
al, 1975; Schlesinger, .

Kakihana & Bennet, 1966; Sellers et al, 1981). This
. & e ‘
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treatment with'cfanamide and the 41cohol dehydrogenase

‘ L
L ' inhibitor 4-methylpyrazole st#11 resulted in the

' . . . \
‘ suppression of ethanol drinkyng in rats. These authors
O concluded) that acetaldehyde’accumulation in the

periphery was not responsible for the suppression of

‘ “»

ethanol drinking following cyanamide pretreatment.

However, the contention that high circulating

levels, of acetaldehyde may limit subsequent ethanol

, .

drinking has pebn supported by 1nvestigatio?s of the
innate ethanol—sensitivfty.obéepved in some Orientals ‘
'(éoedéé, Har?da & Agérwa1,11979; Mizol et al, 1983;
Wolff, {972). These;studies.}evealed that at least 50%

. .
of Japanese lack the hepatic mitochondrial low'Km
.

enzyme ALDH (Harada, Misawa, Agarwal;& Goedde, 1980;
Mizoi et al, 1983). Following the'éonsumptio; of‘iow
to moderate doses of ethanol, these individuals have
much hié%er blood acetaldehyde levels than phat found
in Caucagians and Japanese without this deficiency
aftervlngestion of similar amounts of ethanol. Because
of the inability té’mefabolize épet%lﬂghyée.quickly and
efficiently, these Orientals may have a heightened
;ensitivity to ethanol and experience dysphéric
reactions (Goedde et all 1975; Mizoi et al, 1979).
5 -
T This reactioq_is similar to that obsérved in alcoﬂolics
who .consume ethanol whife geéeiving é&sulfiram or

£
calcium carbimide (see, Brien & Loomis, 1986; Kitson,

.1977). On the basis of these findings,. it has been

a
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postulated that the low 'Km ALDH deficiency iﬁ‘Orientalé

- . . P N
may, 1n fact, be a genetic factor protecting them from
d elopiﬁé‘alcoholism and may also help explain the

lower prevalence of alcoholism aﬁong Orientals (Goedde

et al, 1979;'Gpedaé & Agarwal, 1987)., Taken together,

4

the findings suggest that ‘elevated bhlood acetaldehyde
levels may be aversive and deter suhsequent dtinkinga‘
However, recently it has been reported'fhat at a low

dose of ethanol, non- alcoholiéﬂgub1eéts pretreated

o .

with disulfiram or calcium carbimide experienced

N

"edphoria" which was associated with slightly elevated
blood acetaldehyde levels (Brown,.Amit, Smith,

Sutherland & Selvaggi, 1983), o

.

It shonld be noted that in'mpst cases, elevated

blood acetaldehyde levels are detectﬁble'only when

acetaldehyde leveis are aﬁnormall& (e.g. ALDH.«
aefipiency)’or‘artificially (e.g. with ALDH inhibitogs)
increased. However, under conditiogg in’which animals
volhntarily.&onsumg gghangl (i.e.'ffee‘choicé paradiﬁm)

.

and after moderate consumption in Caucasians and some

Ofiehtals, acetaldehyde cannot readily,be detected 1n

)

blood (for reyiew, see Eriksson, 1980; 1983; Lindros,

1983). 4 .

The 1nability to detgct such low levels of °

-

acetaldehvde may be.partly htfributed to the fact that

t

most studies have uséd_assay procedures that'de;ggminé
unbound aéetéldeh&de in plasda extracts (e.g. Eriksson,

o

[ .
iy . .
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+1983)., Recently, it has been questioned whether the. ®

low levels of écgtaldehﬁde‘detected in blood plasma:

actually reflect the true concentration of acetalde-

hyde in blood (DiPadova, Alderman & Lieber, 1986).

~U§fng an improved method for acetaidehyde measurement

in red blood éells,'DiPadové et al (1986) and Baraona,

DiPadova, Tabasco and Lieber (1987) reported signifi- —

cantly. h}gher-concentrations of acetaldehyde 1q'red
cells and total Blojﬁ/Lhﬂﬂ\%f plasma extract. More-

over, it was demonstirated thal acetaldehyde coul%/%ind

——.

reversibly to ted bldqod cglls (erythrocx&es) and be

\

tr@nsported to and tak up by extrahepaticﬁtissues

‘

(Baraona et al, 1987). &

These fiqdings sugggsted that acetaldehyde can be

detected in total blqod_following the administration of

ethanol and can be transported to various tissues,

-
a

including. brafn.,  Therefore, it is conceivable that

i

$4ome quantities of acetaldehyde, albeit low, formed
through the hepatic oxidation of ethanol, can be

r

transparted in blood to khe,brain.
Presence of Acetaldehyde in the Brain

It has been frequently reported -that ethanol

d}ffuses through body tissue and can be readily
detected in brain tissue (e.g. R{téhie, 1970).
Acetaldehyde, because of its high 1ipid affinfty, can

also easily diffuse through varioys organs including
V4 ‘ .

g
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7
. the brain (Akabane, 1971; Lindros, 1978). However,

-~attempts to méééuré]or detect thé‘presence of acetadde-
T - i »

hyde in brain following exposure to ethanol has yielded
ambiguous results, Earlier studies reported the
presence of acetaldehyde in the brain of ethanol~-

treated animals at levels equal to or greater than
-

acetaldehyde levels measured {in cgrebral blood (Ddritz
& T;uitt: 1966; Kiessling, 1962; Majchrowitz, 1973):
The rela&ively high levels of acetaldehyde observed 1in
these earlier stp&ies have been disputed’because of
techn;cal‘and methodological difficulties (Eriksson,
1980; Eriksson et al, 1984; Lindros, 1983; Sippel,
1972). The problem with all these procedures wasléhe'
spontaneous non-enzymatic formation of acetaldehyde by
ethanol oxidation dyring sample preparation (Sippel, -
1972; Truitt, 1970). Sippel (1972) demonstrated that
the addition of thiourea to the deproteinized brain
homogenate prevented the.non—enzvmatic reledse of &
acetaldehyde., When thiourea was used in the assay\
procedu}e of subsequent stddies, acetaldehyde levels
vere éxgremely low or undetectable in brain tissue of
rats after an infection of 3 gm/kg of ethanol (E}iksson
& Sippel, 1977; Sippel, 1974)., Acetaldehyde was‘
detected in brain’only‘if cerebral blood levels
exceeded 200 nM following . pretreatment with cyanamide

(Eriksson and Sippel, 1977). In contrast, Tabakoff,

Anderson and Ritzman (1976) injected mice with 3 gm/kg

L
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of ethanol and detected very 1éw brain acetaldehyde
levels (about 6 nM) when the concentratipn of ac;talde—
hyge in the glood was approximately 70 nM. -
Since acetaldehyde levels in the central nervous
system wéuld reflect ,brain tiésue conc;ntration more
accurately than peripheral blood levels (Erifsson &
JSipﬁel, 1977; Nuutinen, Salasp;ro, Valle & Lindfos,.
}9&4), some studies? have examined acetaldehyde
concentrations in cerebrosﬁinal fluid. In one study,
cerebrospinal fluid of rats was shown to coﬁtain acet-

aldehyde at cpncéntratiénsLiowe}"fﬁgh‘that fdund in
blood but at levéls appreciably higher than thosg found
in brain foliowing ethanol administration (3 gm/kg)
(Kiianmaa & Virtanen, 1978).- Pettersson and Kiessling
(1977) also demonstrated the presence of acetalﬁehyde .
{n ce?ebrospinél fiuid of rats.” However, they reported *
a direct relations{;p between concentrggions of acet-
aldehydf; in blood and cerebrospinal fluid. WHe discre-
pency between these two studieé mav be attributed to
the lagge number of methodological differences.
Hquver: what .was apparent from these studies was that
acetaldehydé levefs in cerebrospinal fluid after acute
5 ,
ethanél administration did not reflect acetaldehyde
Soncentratio:s found in brain. DespithltheAdifferenceg
in acetaldehyde concentrations in cerebrospinal fluid

and brain, the preseﬁce of acetaldehyde in cerebro-

spinal fluid suggests that acetaldehyde may have a
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-

fqnctional role 1in mediating some of the actions of
N -~ ‘\ 1

; B}
ethanol in the central nervous system,

—

Various theories have been'proposed to account ;or
- N - o »
the lack, of a direct relationship . between levéls of

o . '
acetaldehyde in bledd or cerebrospinal fluid and those

S
“
Cles o

found in:brain. It has been suggested that the
cerebral capillary walls may agt as a special enzym&tic

-

blood brain barr;ex. limiting the entry of .circulating
acetalgehyde to the brain (Eriksson & Sippel, 1977;
‘Kiianmﬁa & Virtanen, 1978;-Sippé1, 1?7&; Tabakoff et
al, 1976). howev;r, ghe presence of ace;;ldehyde in
cerebfdspinal fluid 1ndicate;‘}hat acetaldehyde may
cross the blood brain barrier. It has also been
proposed that the presence of high affinity brain ALDH
may resgult in lower levéls of acetaldehyde in ‘brain
than in cerebrospinal fluid (Petgerssoé & Kiessling,
1976).‘ A study by Westcott, Weiner, Shultz and M&ers
(1980) supports this notion. . U;ing a push-pull
perfusion technique, these authors deFe;ted acetalde-
hyde in the interstitial fluid of rat -brain (5-%0 nM)
.after intragastric administration of ethanolb
(A.S'gh/kg). At the termfna;ion of this ﬂ}ocedﬁre,'the
rats were sacgificed and the brains were ext}acted for
acetaldehyde Jiterminarioa. Similar to the results of
pfevious studies (Eriksson & Sippel, 1977; Kiianmaa &

Virtanen, 1978), Westcott et al (1980) did not detect

écetaldehyde in whplefhrain unless blood. levels. of

-
.
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acetaldehyde were artificially elevated using the ALDH

‘Ainhibitor disulfiram. Westcott et al (1980) concluded

that the presence of acetaldehyde in the extracellular

fluid of'the brain indicated that acetaldehyde could

~

cross the hlood brain barrier. Furthermorg,_the

absence (or undetectable levels) of acetaldehyde in -
. .
whole brain tissue may have resulted from the rapid <
L 3

L “
"oxidation of acetaldehyde by brain ALDH, 1In addition,

these authors suggested that acetaldehyde present in

t he inter&titial fluid of the brain could impingk upon

the environment of the neuron, thereby exgrting some

»

pharmacological effect.

Ad@itional ptﬁdies examining brain enzyme acti&ity

: ' =
have suggested the possible presence of acetaldehyde in

cerebral tissue. The brain does possess the necessary
N

‘oxidative }achinery for ethanod metabolism. Ethpnol’

[ 4
can be metabolized yia brain alcohol dehydrogenase.

Alcohol dehydrogenase has been detected ln the brain
(Buhler et al, 1983; Raskin & Sokoloff, 1970; 1972) and

its activity has been reported to increase follqwing'

chronic ethanol administration in mice (Raskin &

/ -

Sokolof f, 1974){¢_However, only minute amounts of
alcohol dehydrogehase is present in the brain and very
little acetdfaehyde may aétually be formed thraugh'fhis
route (Lindros, 1978; 1985), It 1is therefére unlikely,

that alcohol dehydrogenase plays a role in ethanol

Fr

.metabolism in brain.
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Ethanol metabolism may also occur via.thé form-

\ationiof réactive hydroxyl ra®icals during the

oxidation of ascorbate (Cohen? 1977). Another poten-

- tial oxidative pathway may,bé via cytochrome P-450,

whose presence in brain has been egggblished (Paul, \\

Axelrod & Diliberts, 1977). There is, however, no

direct evidence to support the role of these two

. \
systems in ethanol metabolism in brain.

Ethanol oxidation may occur through the peroxi;

(Y

datic actfvity of brain catalase, Studies using

various biochemical and histochemical methods have

verified th;€ cataifse is present in brain (Brannan,

ﬁ;ﬁg; & Raes, 1981; Gaunt & DeDuve, 1976; McKenna,

Arnold & Holiiman, 1976). In addition, Cohem, Sinet
. < .

and Heikkila gléBO) presented biochemical evidenée of

ethanol 6xidation in rat brain in vivo via the peroxi-

rdatic actividty of brain catalase., In this study,
y ) .

\y ,/
treatment whth ethanol prior to the administration of

>

the catalase inhibitor  3~-amino~1,2,4-triazole prevented

the inhibition of catalase in rat brain suggesting that

hY

ethanol competed Successfully with the inhibitor.

These authprs concluded that their resdlts consgituted

indirect evidence for ethanol metabolismg, in brain, 1In

-

%fﬁition, in vitro studies using neuroglia and neuro-

blastoma cell lines have shown: -that neuroglia cells

were extremely efficilent in metabolizing ethanol to

-

acetate (Wgckramsinkhé, 1987). Moreover, neuroblastoma -
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cells significantly reduced ethanql meiayurism in the
presence of 3-amino-1,2,4~trlazole, suggesting that
ctatalase may play a role in ethaﬂhl metabolisih in

neural tissue, : ’ .

The brain- also possesses the necessasy oxidative

maEhinefv‘fqrfihe removal of acetaldehyde. Mukherji et
£ - ) i -

.

“al (1975)\d§monstrateﬁ that the addition of radio-

—_ ’ ~

'act&vely—lﬁbélled acetaldehyde .to an isolated rat brain

~

‘ preparation Yesulted in_a'signif;cant-incorbotation of

’ .
"

a\\radioaptivity into the free amino acids of the brain .

{

+ Bample. The authors therefore suggested that the rat -

-~

o

brain was'capabletof métabdliqing acet'aldehyde. Simnce

ALDH i present .in considerable quantities in brain

3

(Deitrich, 1%66; Koivula et al, -1981), ALDH has been

.

proposed to be‘the‘moétﬁgikely candidate responsible

\ . s | R -
for théfeli%ination of acettaldehyde as' it has a high

© —_ . . j )
éf{}nity towards this substrate (Duncan & Tipton, 1971;

Erwin % Deitrich, 1966; Mukherji et al, 1975). -

% . .
In summary, the presence of acetaldehyde in brain

[

may arise ffom circulating blood acetaldehyde produced

by the hepatic oxidation of ethanol, However, acet--
s “ . ! - s * o
aldehyde appears to--be detected in brain only following

- N

.a~ very high dose oﬁ‘ethanol-or'when'acetaldehyde meta-

» N . N
bolismkhas been blocked with ALDH fnhibitors (e.g.

Eriksson & Sippel, 1977; Westcott et al, 1980)a. .Alter%

- -

nativply,.fh&ﬂbrain does po§§E&s the oxidative .

‘ 'machigery for the nroduction and degradation of aéeﬁr

R LN :
o

ST T

- ey
.

¢

bl

-



,aldehyde, suggesting tpat acetaldehyde metabolism can

.,

OCCUI'

-~

directly in braine T6 date, the presence of

a'ppreciable ‘amounts of acetaldehyde in brain during

ethan

ol administration has not been conclusively

<

demonstrated. However, the_evidence provided by

numerous behavioral studies preéentedfin the folléwiné

-s8ectl

aceta

of th

ons supports-the contention that centrally-acting

T

ldehyde may play a role in the mediation of some

e central -actions of ethanol.

-
-
-

Rsychopharmacological~Effecga of Acetaldehyde

-

Aside from the well-known aversive effects

(Er%k
posse
catin

tion

1985).

strat
\hyde,

alkal

Rhesu

Yak'sh,

gimil

tO re

,1975-

al (l

A

sson, 1980a), Qbetaldehyde has also been-*shown to

88 primary positive reinforcing properties, impli-

>

g this compound also'fn\voluntary ethanol consump-

(see Amir et al, 1980; Amit et al, 1986; Lindros,

)
L]

In earlier studies, Myers and his covyorkers demon-
ed that intraventricular infusions of acetalde-

as well as a variety of alcohols, aldehydes and

oids, increased ethanol drinking im rats and

s monkeys (Myers;& Veale, 1969;'Myers,‘Veale &

'

1972; Myers. & Melchoir,, 1977), However,,nsiné
ar paradi’ms othet 1nv¢stigato;s hav; been unable
plicate some of those findings (Friedman & Leeter,
Amit, Smith Brown & Williams, 1982).\ Brown et

979) demonstrated’that naive rats would gself-

,

-

%

P
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“admiqiségr acetaldehyde ;n;o the cerebral.vgntricle;
%pt would nok,perfbrm the operant ta;k vhen ethan91
‘1Ef68ions were used as the reinforcer; These same .
au?hbrs aIEd%Eeported that tﬁe propensity to ? :
’helf—administer acetaldehyde 1ntravehtricu1arly‘wa§
positively correlated with ethanol'prefgrehcg (B}pﬁn,
Amit & Smith, 1980), ‘;t\was therefore suggested that

’ FWe‘centraINfeinfofcinﬁ effect; of acetaldéhyde may
mediate, at leasf in part, volun;a}y ethanol consump-

. tion inofaté (Brown et al, 1980). .
[ ) : . o ’ .
Consistent with these findings, 1t has been'shown~

- &
tBat animals will learn to self-administer acetaldehyde

. ,/) —-1ntraven0u§ly, suggesting that low periphe;aﬂ concenfr—
. a&iéns of acetaldehyde may also be reinforcing (Myers,

o Ng & Singer, 1982; 1984; Myers, Ng, ﬁar?uki, M;:}s &
Singér,.l984; Takafama & pyeno; 1985). fMoreovgr,'it
wasvalsokshown that épiqals withla prior history of

+ 7 . acetaldehyde self*aninistration.subsequently-consuméﬁ

sbre ethaﬁol'when they Were latet preeenteﬁ with a free

cholce of increasing,conceétiations of ethanol and

. water kMyers et al, 1984 MyeTs,'Ng,.Marsuki et‘al,

1984). These 'results suggested that‘acetdiqeﬁyde may

. possess positive reinforcfng propertiés‘and prior
' 0 -
e exposure to acetaldehyde may facilitate the subsequent

acquisition of ethanol intake. Furthermore, 1t has
o . ot
‘< - - been reported that naive rats self-administered acet-

t - \

aldehyde intravenously at much higher rates compared to

- -
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‘

animals lever pressing for intravenous 1nfdsions of

ethanod.(Takayama & Uyend,\l985).. These - findings

suggested that acetaldehyde may be ‘a more potent

, .
reinfomkcer than ethanol.
o

0y

* Using another paradigm to exanine the-reinforcing

properties‘of acetaldehyde, Smith, Amit and Splawinsky

(198&5 investigated the effects of multiple intracere-

L 4

broventricular infusions of acetaldehyde on conditioned

place preference. Earlier studies examining the

.\h' . - ~ . ’
phenomenon of place conditioning used aversive agents °'
. Mo .
such as irradiation as the unconditioned stimulus
. . . < P

(Garcié, Kimeldorf & Hunt, 1957). 1In' a study by Garcia

et al (1957), rats showed a clear aversion to environ-

-

mental cues that had been paired with irradiation,

Regently, conditioned place preference has been shown T

I3

to ocecur fo}lowing the administration.of self-

adpministered drugs such as morphine (Blander, Hunt, \\

"Blair & Amit, 1984), heroin (Schenk, Hunt, Cdlle & -

Amit, 1983) and cocaine (Spyraki, Fibiger & Phillips,

-

—~>~ '1982). Consistent with these findings, Smith et al

L

(1984) %emonstrated that multiple intracerebroven-
. . 4

tricﬁlar.infusidns of acetaldehyde induced conditioned

‘.placed preference in rats. *

3 -

- T . \

‘

Tpe imblic%tion of these studies is that acetalde-

'hyde méy be active at low doses which neQerthg{ess

\ -~
appear to support intggxenoas and intraventricular

self-adminiafratlo;,of qcépaldéhqu. Moreover, these

. . N (N 1.
’ . ' . -
v ' A
.
.
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findings'sdggest thp% acetaldehyde may possess positive

reinforcing prbperties. Further support for this.

¢

notion can -be found in several studies examining

i

ethanol”“s effects on human squects. As mentioned
gg;i{g;iﬁphg_ﬁgpﬂ>1nhibitors disulfiram.and calcium

carbimide are commonly used as adjuncts in the treat-

ment of alcoholism, It is presumed that the aversive

‘s}mptoms associated with ethanol consumption while on

this medication will deter alcoholics from further

drinking. In an earlier study, it was reported that
L

patfents consuming low to moderate doses of ethanol
following the administration of calcium carbimide

(Temposil) expressed feelings of well-being with an

l1ncreasing desire to drink (Minto & Roberts, 1960). in
a more recent study, subjects pretreated with the ALDH

inhibitors disulfiram or calcium carbimide reported

enhanced euphoris and stimulationmwhich was associated
\ * s

with elevated blood acetaldehyde levels following the
consumption of low doses of ethanol (Brown et al,
1983)L No suEh effects were reported in placebo-

t reated sp??ects consuming the .same amounts of ethanol.,
The duthors concluded that the potenéiazion of the
"euph?ric"~effefts of low doses df‘ezﬁanol with thé
ALDH inhibitffs appeared to be attributed-to thé
increased a;éiiability of acetaldehyd;ﬁto the bradin.

In another study whe;e blood acefaldehyde levels weré

not.maninglated, it was reported that ethanol-induced



increases in mood (1.e, talking easy and feeling good)

following the ingestion of ethanol was pos{ﬁively
correlated with blood acefaldehyde levelsu(Behar.et al,
1983). The results of these behavioral gtu&iés suggest
t hat acetaldehyde at low doses may be positively rein-
forcing and may mediate ethandl consumption On the

’

basis of this notion, it has been suggested that acet-
:1dehyde has cgntral pharmacologiéal effects which
appear to betinvolved in the actions: of ethanol. (e.g.
Amit et al, 1986; Smith et al, 1985). The following
section provides evidence suggesting that the ;;ﬁf;e of

centrally-acting acetaidehyde responsible for these

effects‘may be derived directly 1in brain. .

. . s
The Role of Ethanol-Metabolizing Enzymes in Mediating
.

the Psychopharmacological Effects of Eiﬁaﬁbl

-
-

I; is ppssible éhat the presence of centra}lv—
acting acetaidéhyde ionhe brain may conceptually arise
from circhia;ing blood acetaldehvae levels produced by
~hepatic oxidation of ethanol. Th}s noute,‘hqwever, has
bgen,qhestioned since thé levels of acetaldehyde
qesu]tihgﬂfrom‘voluqtary ethanol consumption in animals
are ver;'low or even below the level of Qetection in
peripheré}.bldod and consequently in brain (Deitrich,

. 1987; Eriksson & Sippel, 1977; Sippel, 1974). ?n view
of more recent findings; however, 1t 1is ;ossible that
acetaldéhydeg reversibly boﬁqd td erythrocvtés.'may be ,

. . ,
-~
’ ’
] .
.



al, 1987; Diﬁavoda et al, 1986). A second possible
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’
transborted from hepétJeytes tokghe‘brain (Baraona et

~

route coantributing to the central pharmacological
v

~

actions of acetaldehyde may be direct ethanol oxidation
in brain via the enzyme .catalase., Ethanol readily

passes into brain tissue (Ritchig, 1970) and{catalase.

¢

has been suggested to play.a putative role in the

oxidatiog of ethanol in rat brain (Cohen et al, 1980).

Over the last few years, there hal been incfeasiug

evidence to suggest that catalase-derived acetaldehyde

may mediate some of the *sychopharmacological effects

-

of ethanol. Acetaldehyde has been shown to possess

both aversive and reinforcigg propérties (se® Lindros,

1978; 19855.' A common property shared by a variety of
sy .

selfﬁadﬁinigtered drugs ,including ethanol and acetalde-

h?de is the ability to indute énponditioned taste

ayersibn (CTA) (for review, see Goudie, 1979; Hunt. &

Amit, 1987)., Earlier studies demonstrated that rodents

. N ”

exposed to a novel flavored.éplutioq and then injected
with an aversive or emetic‘ageht (e.g. lithium
chloride) reduced thei? intaké.of that flavored

e : s -
substance on sgbsequent pfbsentations (e.g. Nachman,
1963; Nachman & Ashe, f9735. This reduction in intake
of the test substance was assumed to be due to an
association bet;een the taste of the substance and some

aversive action df the drug. It has been suggested

that the nature §;>CTAS induced by self-administered

A

§
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’drugs including ethanol dare qualitatively different -
than CTA’ induced by emetic agents such as lithium
chloride (Hunt & Amit, 1987). While the evidence would

. s .
in fact suggest -that lithium chloride~induced CTAs arve
medi;téﬂ by’copditioned illness or toxicity, other
srtudies éuggest that'CTA;’Enduced by selfﬂadministered
drugs may be functionally rqlateq to the positive‘rein-
foréing properties of these agents (Sklar & Amit, 1977;
Switzman, Amit, White & Fishman, 1978). ThuspaLTAs
i nduced by self-administered drugs Iincluding ethanol
may not be based on a single pharmacological variabTle
such\as gastrointestinal malaise (as Iin the case-aof
1ithium chlordide) but are related to a constellation of -
stimuluf properties of ‘these drugs, reflecting the
"euphoric/dysphoric® interaction of the drugs~” effect;
#(Colpaert, 1978; Hunt & Amit, 1987).

There are numerous studie; demonstrating CTAs *
{nduced by ethanol (e.g. Cappell, LeBlanc & Endrenyi,
1973; Lester, Nachman & LeMagnen, 1970).ﬂ The rolevof
acetaldehyde, 1if any, in mediating this effect i8 at
present géélear. Because of 1ts toxic properties, 1t
is.conci;v;ble that circulating blood acetaldeh&de .

levels produced By ethanol metabolism .may play some

role in ethanol-~induced CTAs. However, acetaldehyde 138

self-administered by rats indicating that this meta-'

P

bolite may mediate the positive reinforcing effects of

-

‘ethanol (Brogn et al, 1978), It is possible then, that



2

bpth ethanol self-administration and ethanol-induced

-

CTA may be mediated by acetaldehyde and are function-

<

ally related to the "euphoric/dysphoric" properties of

eéetaldehyde. Work by Aragon, Spivak and Amit (1985) --

t

has implicated catalase-derived acetaldehyde in brain

in mediating CTAs induced by ethanol. Rats, pretreated
with the catalase inhibitor 3-aminop-1,2,4-triazole
(AT), did not demonstrate a CTA norﬁally induced by

o

ethandl. It was therefore suggested that the blockade

of ethanol- induced CTA by AT was due to its inter- ‘
ference in the production of centrally-formed
acetaldeh}de via brain catalase, More directly, this

effect seemed specific to ethanol, as pretreatment with

AT failed to attenuate or block CTAs induced by

- 4

‘morphine or lithium chloride (an emetic agent). The

*
authors concluded that brain catalase may participate

speci%ically in ethanol metabolism .in brain Qnﬁ\that

.centrally-formed acetaldehyde may mediate CTAs induced

by ethanol.

To determine the contribution df catalase-derived

acetaldehyde in mediating other psychopharmacological

’

effects of ethgnol,-the same authors investigated the

rolg of centrally—formed acetaldehyde in the degressant

effects of ethanol using the open field paradigm
(Aragon, Spivak & Amit, 1985), ?he results indicated
that rats pretreated‘wi;h AT did not demonstrate
depression of locomotor acti&}ty following eth;nol ‘e

- .
¢
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admif®istration (2 gm/kg). 1In yet another study, these

.

authors reported,thaﬁ pretreatment with AT attenuated

‘ ethanol-induced narcosis in'rqfs (Aragon, .Spivak &
< - . B
Amit, "1987). Together, these findings suggest that
+

acetaldehyde formed centrally via tﬁé“peroxidatic
- . o .

detivity of brain catalase may. also be important {n
mediatiné the psychopharmacological effects.of ethanol~

induced locomotor depression and narcosis.
. - | .

. '] '
As ‘a consequence of these findings, Aragon and
4

. T Amit (f987) compared a variety of ethanol-related
behaviors i1n rats pretreated with AT or vehicle, to the

behavioral responses of the two mguse strains C57BL/6

3
«

and DBA/2. These mouse strqiﬁs were chosen because 1t
was shown that C57BL/6 mice had approximately 35% less
brain catalase activity than DBA/2 (Aragon & Amit,

1987). The authors reported, for example,.thatl

# following a challenge with ethanol, C57BL/6 mice did

¥

)
not demonstrate an ethanol-induced CTA (Horowitz &
Whitney, 1975) %nd slept for a shorte; period of time
L3 by » N

L8 - .
(Damjanovich & MacIunes, 1973) than DBA/2 mice. The.

-

" behavioral responé{né of Cf7BL/6 mice following eihan@i
administration was similar to that reported earlier ﬁor
rats prekreated with AT. Pretreatment witp AT resulted
ina blockade of,ethanolrinduced éTA {Aragon et al,

o 1986) and attenuated sleep ti?e in-ratg,(Aragon et al,

.: 1987). The.authors suggested that this similarity in -

ethanol-related behavyiors prg:ided further support for

-
- -
~ -«

@
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the notion that déntraily-acting acetaldehyde produced

through the activity of brain catalase may mediate many
N .

.of the psychopharmacological actions of ethanol.
It appears that catalase~derived acetaldehyde may

- play a role in.medidating many of the central actions of
ethanol. It is conceivablg then; that centrally-
» . -

produced and.centrally-acting acetaldehyde may also

mediate ethanol-motivateld behaviors under conditions of
ndrmal volyntary ethagf?

1 intake (Amir et al, 1980; Amit,
et al, 1986; Aragon & AmﬁT, 1985; Lindros, 1985).

Recently, Aragon, Sternklar 'and Amit (1985) demonstra-

-

ted a direct relationship hetween brain catalase"

activity and voluntary etpanol consumption in rats,

-

ﬂ
Animals that consumed more ethanol were also found to

have higher levels of brain catalase activ{ty; The N
$ . . ’

. authors also reported that there was no induction of

»

brain catalase in animals folloqing 25 days of forced-

choice exposure to ethhnol. It was tnerefore postu-

¢

lated that the central \formation of acetaldehyde via~

brain catalase may pf a regur;tory role in ethanol
intake. In an attempt.to demonstrate that catalase
aétivigy plays a role in regulating ethaqoi‘consump-
tion, Amit and Aragon (1'987) measured catalase activity
in tail hlood of naive rats collected prior to exposure

to ethanol. Following a stable period of ethanol

'copsumption, animals were sacrificed and brain

-~

" . ‘ s N \
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homogenates were assayed for catalase activity. The

authors reported a relationship between blood and brain

catalase activity and levels of ethanol consumption in

4
rats. These results suggested that brain catalase and

et

its potential ability to synthesize acetaldehyde
/

directlylin brain may play a4r91e in regulating ethanol
intake,

It has also been repoftéd that a direct relation-
ship exists between brain ALDH ajkivity and ethanol

L]
consumption under a variety of manipulations and’

.

conditidns (Amir, 1977; Amir, 1978a; Amir & Stern,
v

1978; Sinclair & Lindros, 1981; Socaransky et al, 1985;
Soéaransky; et al, 1984)., Two recent studies investi-
gated the role of brain ALDH in mediating some of the

" 1
psychopharmacological effects of ethanol (Spivak,

-Aragon & Amit 1987; 1987a). These authors used various

enzyme inhibitors in an attempt to assess the putative
roles ;f, primarily, liver ALDH (as-reflected by blood
gcet‘l ehyde levels) and brain ALDH in mediatitg

eiﬁano -induced CTA‘(Spivak et al, 1987) ang locomotion

ivak et al, 1987a). In the CTA study, animals

—~

pretreated with cyanamide or 4-methylpyrazole (4MP) and

cfanamidé (a treatment manipulation which prevents the

acc;mulatiqn of, blood acetaldehyde) both demonstrated a
potentiation of ethanol-induced CTA af the lowest dose

(0.4 gm/kg) and an attenuation of CTA at the highésé

dose (1.2 gm/kg) in comparison to e control groups.,
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Thié effect could not be attributed to quvated blood

acetaldehyde levels since pretreatment with 4MP and
g »

cyanamide prevents thé peripheral accumulation of

acetaldehyde (Hillbom, Sarvihariu & Lindros, 1983;

n

Sinclair &*Lindros, 1981). Similar ‘results were
obtajned from a study examining the effects of cyana-

mide on ethanol-induced locomotor activity (Spivak et

al, 1987a). Animals. pretre#ted with cyanamide or 4MP

and cyanamide demonstrated more locomotor depression at

the lowest dose bﬁ et anol and an attenvation of locox
motor depression a; he hfkhest dose compared to the
coné%ol group. The re;ulfé of the two ,studies suggesF
';ha} brain ALDH may also play a role 15 mediating gome
of the ppychophgrmaéological effectstof ethanol, .

-perhaps by regulating acetaldéhyd%,levels in brain.,

These results support the findings from an earlier
¢ »

4
' ) ) ' B b
study exami%§ng the role of brain ALDH in ethanol
consumption. Sinclair and Lindros (1981) concluded

-*that the suppression of ethanolrconsumption by cyana-~

‘mide.was d

blood acetaldehyde levels, They

of ethanol drinking. This notion is

ith other reports Euggestipg a systematic

0

\ . .

.
. . o -

Ko

to its d}rect'inhibition of brain ALDH anl.

»*
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-Taken together, these studies suégest a role for
centrally-acting acetaldehyde in the mediation of many
of the psychopharmacolgisal'effects of‘ethanol_and in
the mediation of ethanol consumption. Furthermore{ the
enzymes wﬁich regulate the production and degradation
of acet- aldehyde in brain may be a critical link in

‘mediating the psychopharmacological effects of

K .

acetaldehyde. On the basis of these findings, 1t has

, N
been postulated that the modulation of ethanol intake
” . -

s

may .be dependent, .in part, oyythe brain“s capacity to
form and eliminate acetfldehyde centrally (Amit et al,

1986; Aragon and Amit, 1985; Socaransky et al, 1984).

1]

. On the %urface, an "apparent coqgradiction"

[y
)

appears to exist between the roles of brain catalase
and brain ALDH in ethanol consumption, This contra-
dictfoé refers to the fact that both enzymes are
correiatéd with ethanol consumption, yet each enzyme
appears to have a;different functién, Brain catalase
may play a ro}e in the production of acetaldehyde s
(through the ;etabolism of ethanol) and ALDH may play a
rofe in the degradation of aqefaldehydefintbrain. To

P

address this "apparené contradiction”, Aragon and Amit

(1985)'progosed a two dimensional model of ethﬁpol

. consumption which emphasizbd“é dynamic relationship
N ! Q- B

»

‘between these two enzyme systems in brain., The authors

&eveloped a mathematical function relating. the / ,
- - - : : - - ’ Y
- ~. R . *
synthésis and turnover (or degradatign),of :acetaldehyde—

v a@

. L Te fL ot T o

st



S .- ‘based on the kinetic properties of catalase and ALDH, ',

* 5 respéctively. fﬁey reported a high1§ significant .

y}‘ ',. . . ' - N ,

¢ " correlation between ethanol consumption and the levels

of acetaldehyde per unit of timeé, derived from the : .o
» ’ . . ;
1 . .
_ model and determined by the synthesis and degradation

® - . .
+ . of acetaldehyde. Moreover, the correlation coefficent . .
. . e b . ‘ .
; derived from the mathematical model was higher than

] a "

c . adiE either of the individual correlations between ethanol .
» . - - . . - o -
. "intake and.-brain gatalase or brain ALDH. These’

findings suggested that the regulation of ethanol - -

v ' - -

. . inlake may be dependent on the fegulatibn ‘7 levels of

. . .

acetaldehyde in brain per unit of time, mediated by a . T

3
- - A

~. . potential dvnapic interaction bemween brain catalase A )
‘ : e e

v 8

and ALDH. Aragon and Amit (1985) further s@ggesteﬁ : . '

- ’ . - P -~
© . - N - Py -

RPN ) that the central enzymatic control of ethandl consump-

. tion may be based 6n the resultant’ central effects of ) : -
4 5 . . R R B -
a ' acetaldehyde. — - - . ‘ -

¥ ) . .7

- - The Present- Investigation ST

a . . . : ¢ - . °
) . To- . . N [ R .
Ry ) In the traditional voluntary ethanol .consumption

. ' .
4 Ry

- * . -

- t N < ,

- . *paradigm, animals are"presenied with continuous dccess
. g .o T i ' AR
T ‘e to a free.choice of ethanol and water. Typicallyg§ -

“;" - ethanol intlake 1is measured once~daily at the\egd of a

- ; ."24.hr éeriod:‘ Ho:ever: it is‘wefl esta%liéhed“that .

. . K . . v - R .
, animals consume ethanol in a series of discrete bouts ‘

:‘ < ~ over the 24 hr access périqk;\ (Gentry, Rappaport & . * . :,

- oy

« ;o Dole, 1983 Gill, France & Amit,_1986 Iso, 19875 L

< - Ha}cucellg, Munto.&*MacD&nall; 1984) and, {n . N
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"’ . ' .
- QQXticular, during the active or night ‘cycle (Gill et '

al, 1986 Ise, 1§87) As a résult of employing the

traditionalroral consumption p&radigm, series 6f' '

discrete drinking behaviors are»collapsed to reflect a

/.

single beh%yioral event (i.e. total ethanol.intake in.

1

24 hr). In order to understand the behavioral '
1 l !
determinants that underlie ethanol-motivated Behavior,

r

it is most ‘crucial to+runderstand the components that
. . - .

~.

comprise the behavior. G111 et al (1986) reported that
5 ethanol Antake in a 24 hr paradigm wa; characterized by

short rapid bouts OCCurring predominantly during the

night cyclea Iotal ethanol intake was reflected by the

size and frequency of bouts over the 24 hr period.

On the bagis of the ethanol drinking patterns

.
CY

established in the 24 nr acc%fs aradigm, Gill et ai
.(1986) attempted to determine th:\;i::;acological ‘
efficacy of these discrete d{inkipg bouts. They
devised a "simulated drinking bout" whereby animels‘
were trained‘so consume ethanol within a‘restricted 10
min., drinking perfod.. The results indicated that =

animals drank sufficient quantities of ethanol -
(0.6 gm/kg) during the "simulated Sout"‘to prpduce
pharmacologically meaningf bloqdfand brain ethanol

levels as well as to alter performance in a passive

avoidance task and exploratory/locomotor dctivity., The'

4 T —

-authors concluded that animals were motivated to ingest

. . . ' L
- pharmacologically meaningful levels of ethanol both 1n

X

xr

i
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-

s and 24 hr access paradigms. These.

.

r

the limited acces

> reéults are sdppo;ted by recent findings ‘demonstrating
LN t .

that animals consumgd sufficienf-quantities of ethanol

N - . ).
to produce detectable and pharmacologically relevent

blood ethanol levels,during a.30 min. (e;g. Grant &

A

-Samsan, 1985; Samson, 1986) and 60 min. (Linseman,

f987; Stewart & Ggupp,jl984) rgstrictedxacéess period.

\

Toiigher, these studiés suggest that the rapid

consumption‘of ethanol over a short period of time -

(i.e. drinking bouts) may be bharmacologicall{ o
. - ‘ A ]

meaningful’ to animals. ]t is therefore possible that

given continuous ethanol availability, ethanel drinking

-t

behavior may be determined by the pharmacological .

consequences of .these individual bbutslover time.

.

Given that ethanol consumpgf%:jis a behavioral
phenomeﬁon gy definition, géﬂanol self—adminiétration
may be viewed as an acquired motivated behavior, In
l%ég wité,convghtionaé 1earning‘theory thén; the .
pr?babilit& and frequengy of a behavidral fesponse
should increase when the behavior produces favorabIé

changes: in the environment. This process is commonly
( - -

known as reinforcement. Since ethanol-.is endowéd with
positive reinforcing properties (e.g. Amit, Sutherland
’ &‘ﬁhite, 1975),.expdsure to the drug may trigger a

learning process. whereby the animal learns to’
discriminate the positive reinforcing properties ofj'
) & L : :
ethianol and thus acquites the motivation,to ingest

»

[y
%
v

o

.
R
. . !
a N .
' . . - .
. ., M . -
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.ethanol. 'Within the context of 1learning fheory, an

"ethdnol drinking boyt. can be considered as a behavioral

[ [
response, and the consequences derived from the

'reéponsg~may determine subsequen't drinking‘behavior.
‘ o

' :Conséqueﬁtly,‘fhe reinforcing efficahy_gf ethanol for

each’'rat may be determined By the size and freiyencx of
s '

bouts over a 24 hr drinkifig period.’

<

Recently, several studies have ieﬁofted a direct
relationship‘bgfyeen brain catalase and brain ALDH
activity and ethanol chsumptidn in a 24 hr aécess .
parédigﬁ (Aragon et al, 1985; SinéT:in‘& Lindroh, 1981;

Socaransky et al,dl§85). The firdings suggest that
these‘enzimes;mayéplav a role in regulating ethanol
int;ke by modulatfng the levels of bcetaldehyde in )
brain. The reinforcing properties of acetaldehyde may

4 '
therefore be related to its rate of formation and

degr;dation in brain by catalase and ALDH‘fespectively.
?his is shéported by the findings that a faster rate of
productfon (i.e. hEgher levels of brain catalase

activity) and a faster rate of degradation. (i.e. hiéher

levels of brain ALDH activity) of acetaldehyde correl-

ated with higher levels of ethanol intake (Aragon et

»

al, 1985; Socaransky et al, 1984). 1Interestingly, it

LN
[}

has alsoybeendéuggested that+a rapid rate of onset and
-a brief duration of action are characteristic of a
drug”s potential as a reinforcer (Falk, 1983; Busto &

'

Sellers, 1986). It follows then, that 1f acetaldehyde



36

plays a role in mediating the reinforcing properties of
]

ethanol and brain catalase and ALDH regulate the, levels
. - R \ .
of acetaldehyde in brain, these central enzymes may

play a role in regulating the size and or frequency of{
bouté in a 24 hr access period. Moreover, srnce/thé\
animal must emit a dginfing'response‘before reinforce-
ment can occur, the initial drinking bout may serve to
inflhence in some fashion the pattern of drinking foéj
rats during thelir gc;ive cyclé.
The focus of the preseﬁt series of experiments was

] ’ :
to investigate ghe role of centfally—acting acetalde~-
hyde and brain ALDH 15 mediating the initial drinﬁing
boﬁt. In an attempt to simulate a drinking bout, a‘IO
mip.'restricted access péradigm tvas employed. G?ll'et
al (1986) rgported that the amount of etpanol,consumed
during the restricted access period was comparéble to
tﬁe‘quhntities consumed in a single bout by animals
giveg free access to ethanol. It was hypothesizgd that
if lévelg 6} acetaidehy¢e 1n\bra1n are a physiological
parameter that control ethanol intake, then vaniations
ip brain ALDH activity may alter the rginfdrcing
efficacy of the initial drinking bout and subsequently
‘-give rise to différencés in Qphanol‘coqsummathy-

behavioh..—The present series of experiments were

designed to: .
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l)'demonstrate'tﬁat a. relationship exists between a

*"gimulated" 10 min. drinking bgﬁt and total ethanol

-

gopéumption in a 24 hr access paradigm;

. ’

2) fufther‘demons;rate that a "drinking bout" is a

pharmacologically meaﬁipgful'event;

[

3) demonstrate that ethanol consumption scan be altered
by manipulating the enzymes responsible for acetalde- '

r

-

hyde metabolism in brain;

"4) attempt to differentiate the relative contribution

.

of central and or peripheral actions of acetaldehyde in
N . ’
mediating ethafiol consumption.

Ihe centrpal focus of the present dissertation 1s
to investigate the role of brain ALDH and by
implicationy, centrallv—;cting acefaldehyde in the
mediation of é}hanol'consumpqion. By achievidg a- .
better uqﬁersfanding of this phengmeﬁon, it is‘hoped

that-lngw light will be shed on the 1nv4vement of

'acetaldehyde in meﬁiéting ethanol-motivated behévior.

-
oY
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—— EXPERIMENT 1

Laboratory -rats In a 24 hr free choice paradigm

consume ethanol in a series of discrete drinking bouts
L3

(Gi1l et al, 1986; Marcucella et al, 1984), G111 et al ° .

-

(1986) devised a "simulated" drinking bout whereby

{
animals were trained to drink ethanol within a 10 min.
drinking session- The results indicated that animals

drank sufficient quantities of ethanol during Ehe

restricted access to produce pharmacologically meaning- .

ful blood and brain ethanol levels as well "as to alter

performance in d4 passive avoidance task and

exploratoryllocomotor behavior.

It would he important to Qetermine whether the
"simhlated" drinking bout has any meaningful relation-
éhib to drinking behavior in a 24 gr'access paradigm,

In an attempt to address this issue, naive animals

trained fp drink ethanol in a variety of exneriants

were pooled to determine whethe'r the 10 min. restricted:
B 4 —

access to ethanol (simulatgd drinking bout) was rglated

. .
-

. L} -
t¥ total ethanol consumption in 24 hr continuous
access,
METHODS
- Subjects were 273 male Long Evand rats (Charles
River Breeding Farms) inftially weighing 150-225 grams.

The animals were housed individually in stainless steel

cages with free access to laboratory chow and water
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throughout the experiment.: - Fluids wete presented in
-

"two glass Richter tubes mounted on the front of the

" After 7 consecutive davs of exposurer to 10% ethanol

.

c ages. The animal'colopv room was illuminated on a 12

‘hr day/night schedule.

Procedure

3

The ethanol training procedure comprised of two

phases. Phase I consisted of the ethanol screening
4 ! 4 . )
prgcedure. After 7 days adaptation to the laboratory -
! -
housing conditions, animals were screened for ethanol

'
t

consumption by presenting ethanol solutions (prepared

from 95% v/v stock solution with tap water) in an

ascending order from 2% to 10% on .an alternate-davy

. : .
°
schedule. On each subseauent gthanol presentatfon, the

4

concentration was increased b4 17. Animals were

¢

exposed only once to ethanol toncentrations of up to
y £

-

5%. Concentrations from 6% to 10%, however, were
presented twice with intervening water days hetween

each exposure, On intervenidé days, both Richter tubes

‘ \ ’ 8

were filled with water. The position of the ethanol v

and water tubes was alternited daily in order to d\
4

'

eliminage position bias. llowing the screening

period, animals were switched to a schedule of everyday

ethanol presentation in a free choice with water.

.

solution, animals were placed in new cages with free
<

access to food and water (presented in a single water

bottle) and -deprived of ethanol for a two week period,
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Phase I1 consisted of t}aining animals to drink

v

ethanol within a restricted time period. The
* 7

.

restricted access procedure included several steps.

>

Following the éwo we ek deprivation.per}od, animals

received a 24 hr free choice hetween water (presented

in the water bhottle) and a 10%Z ethanol solution

.

presented in rubber stoppered plastic tubes ‘fitted with'
7 ' v

stegl ball-bearing spouts. For thegnext,7 days,
ethanol was presented each day for a 45 min. périod;
Water bottles were removed just prior to ethaan
presentation and were immediately returned follgw;ng

the drinking session. For the following 10 days,
o ) :

(Pays 1 to 10); animals were presented with-ethanol for

. M ‘
a 10 min., period each day. Treatment manipulations
. - ‘ v oo

began on Day_11.
RESULTS

A baseline meature of ethanol intake iﬂ the 24 hr

-
H

access paradigm (24 HR) was determined by calculating
< . ’ . ’
mean ethanol intake (gm/kg) on the last three davs of
102 maintenance (Phésp 1) for gacﬁ animal. BRaseline

measures for ethanol intake in the 10 min. restricted

«

access period (BOUT SIZE). were detergined by
— . £

calculating mean ethanol intake (gm/kg) bver the last

five training days (Days 6 to 10). Ethanol intake was

measured to the nearest 0.5 ml. Suﬁjects whose mean

hout size was less than 0.25gm/kg were eliminated from

AN

the presént ‘analvsis and all future experiments.

.
,

°
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- Informal observations of the subjects” drinking
behavior led to the conclusion thatg such low quantities
of ethanol (less than 1.5 ml) were more related to

spuriodus factors such as leakake or animals pushing the

tube than actual drinking behavior. Consequently, a

otal of 35 hnimals'wgre'qliminated from the experi-
. [ ¢
mentsand the togal number of subiects used in the

present analvsis was 238. 'A Pearson product-moment

" correlatfbn revealed that the amount of ethanol

~

consumed by each animal in the 10 min: restricted
4 . ¢

access was correlated with the total amount of ethanol '

v

consumed over a 24 hr period (r=.361; N=238; p<.001). !
To facilitate visual inspection of the data, Figure 1|

represents mean bout size for animals grouped on the

» <

basis of their ethanol intake ip the 24 hr’ paradigm in &

one gm/kg increments. As shown in Figure 1, thereawaa . N

r a gradual increase in bout size as animals consume

A

greater quantities of.“ethanol in a 24 hr access

péradigﬁ. ' | \ -

. DISCUSSION

~

The present findings indicated that there

was a

relationship between the amount of ethanol. consumed in

the féstrictéd afceas paradigm andhthe total amount .
. ) ] P )
_ponsumed‘in a 24 hr access paradigm. Aniﬁalsf who .

-
—

~: ingested larger amounts in the restricted access, also

drank more ethanol over a 24 hr perfod. These findings
. ' ! ( .

1
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)
suggested that the "simulated" drinking bout may in

fact reflect the init;al drinKing bout and that ifﬂhay
ot

serve to influence in' some fashion, the pattern of

" drinking of rats during their active cycle. Indeed,

drinking behavior in the restricted access paradigm was

veri similar to a drinking bout in 24 pr access. aB

.

-

described ii Gill et al (1986). Upon presentation,

animals imm§diately drank the ethanol solution and

drank continuously for-a 2-4 min. period.

It is also possible'that'the amount of ethanol

-

consumed in the limited access paradigm reflected a

compensatory response to the restricted availability of
LY ‘ N

“%ethanol. 'These animals were allowed unlimited dccess

to varving concentratfons og ethanol for a period of _

1

four weeks anmd have learned how to regulate their

ethanol intake.

4

redtricted and this may havé influenced their drinking

Ethanol exposure was then subsequently

behavior in the restricted access paradigm.' MacDonall
>

and Marcucella (1979) demonstrated that animals h
consumed more ethanol‘per hour when'ethapol avail~
ability was limited to one hour compared to three
- hours. In the pfes;nt-studies,jsome animgls may have
‘'subsequently increased their oéherwise fegulatéd drink-
‘ing bout to. compensate for the restricted access to
Ethanol. Thiﬁ may explain the more prominent inéregse

in bout size for animals who consumed 5 gm/kg or more

Despite

v ’ * L]

/

in the 24 hr access paradigm (see Figure 1.

"\
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C ‘this potehtial influence 6f the restr}cged access per

-

.t ~
-s8e, a relationship between the size of the drinking

bout in a restricted ecce‘s.pakadigm and total consump=-

- )

/ « vt tf%n Yn a 24 hr access pa#a&igA was still appa}ent and

- . ; > . ’ i ’ - °

1 _— significant. These findings suggested thgt the size of
C ¢ i . )

the bout "and {ts subsequent pbarmacological effects may

be important variables 1n‘peteiﬁiniﬁg ethano;‘drinking

-~

 hehavior.

The results of the present study established a

- -éelatiohsﬁip between the amount of ethanol consumed in

' a "simulated" d;fnking bout and, total consumption in a

. ’
-

. 14
24 hr access paradigm.. Thus, ‘the’ hypotheses to be : .

[
- -

tested in the following experiments were bdsed, on‘the

- i . . :
assumption that alteratibns 'in the "initial" drinking ., -

bout would reflect alterations in éthén61 drinking

-~

- ’
behavior in general., The following series.of .

experiments were desfgngd to investigate the gole of

. * . *brain ALDH and,K centrally-aéting acetaldehyde in .
co /o : oL o
medfafinﬂ a drinking bout.




*’5

. - » " EXRERIMENT 2 .°

Several investigatoxYs have suggestea that K ’

. 4

centrallv acting acetaldehyde may nray a role in the

. .regulation of ethdnol intake (Amft et al, 1986

, Lindros,, 1985; Triitt and Walsh, 1971).  This notion is

\ 3 suppé%ted by reporté of a direct reletionship between -

K brain ALDH acti%lty and voluntary ethanpl consumption

o ]

' o . . ™~ '
(Amir, 1977; Sinclair &\Lindroa, 198]; Socaransky et

'fﬁ\\\\’ : al, 1984)., Furthermore, Sinclair and Lindros .(1981)

-

challenged the widely gccepted-view fﬁat reductions in .

D ' N a
. , v6luntary ethanol consumption following cyanamide . .
v .o pretreatment Gan ‘ALDH inhibitor) was a consequenée of

r e

the aversive effects produced by high circulating

’ 4 v
]

1evels of acetaldehvﬁe 1n ‘the blood (e.g.~Lindros,

£ n N

1985; Sthlesinger et al, 1965). They demqnatrated that

P

Btherpre\'rention' of the accﬁmulation 6f blo d acetalde—

hyde by cdéncurrent treatment with cvanamide and the

“

alcohol dehvdrogeﬁase inhibitor 4—methy1pyrazole stiil

-
. « .o Y L e
v

rats., These éughors cenclnded that the eupp;éséion of
. . ] . .

resulted 1in tne'sdpprepsiom of ethanol drinking in_

) .. ethanol consumption by cianamide'was due to ite direct

. - {, . Y .
inhibition of braiq/ALDH and naot due to elevated blood -

- acetaldehyde levels. ) E . -

- . . ‘. .
. e " A .

The drinking*data in the anclair and Lindros . g

L

. — (19819 sfudy was bas®d on continuous access to gtﬁanolm

»
-

a

Consequenély; the effects .of cyanamide on ethanel

aonsump;lon can only be determined by changes 1in total -t




©q
‘L

. ecetaldehvde may also play a role in regulating the

ethendl intake,  Since animals drink in discrete bouts
R B o . IS A
ﬁith varying frequencvtpit can .be asBumed that' cyana- 7

mide altered the si?e of the bout and‘or the frequency

~

of bouts ver the 24 hr ‘access periqp THeAadvhntpge

- St

" of & re trictdd sccess paradigm 1is thft it allows bne
1 - . W N
. . . <
to'examine"a discrete component of the total drinking
S0 . PR . . s o
behavior, in this case, a drinking 'bout or bouts within

a )0 min. drinking session%ﬁ The;amount 5f ethanol -~ .
o o L o x }
consumed in bhis.?simulated" drinking bout was fould to

be related to 24 hr consﬁmptton (see Experiment 1) and
Py =N

has heen\shown ,to be phagmacof%gically meaningful (£ill

-

et al, 1986' Stewart y(3rupp, 1984). If such a drink—

ing bout pfoduces'a pharmacoloéically relevant effect

and brain ALDH has been implicated in mediating ethanol

-
7

consumption in general; it would .be of ihteresthll.

?

-

determine whether brain ALDH and centrally;acting‘

s

size of a drinking bout; In an attempt to investiééte‘

2

this notion, it was hypothesized that brain ALDH . !

activitv, and by implication central levels of a%ﬁt-‘

t aldehvyde, could be manipulated in the rat by the

o

édministraqion of agents which inhibit oxidative
. ) . ) . ,

s enzymes responsible for ethanol metabolism.
‘ Iy . v -

R .o - £
lt das_beenrieported that, the aninistrati%i of
b

h-metnylpyrazple; an alcchol dehydrogenase inhibMtor'
. ,l ‘ . ’5}' - . © '
(Magnusson, Nybherg, Bo@;n’& Hangson, 1972) decreases

' o . e . .

thefrate.of.eliminaticn of ethanol in the liver and

Ky
2

.

=z

b ]
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~

consequ%ntly,

limite the production ?f acetdldeﬁyée in

& s ) i . ’
‘t’he periphery (L%ndros,'Stowell, Pikkarainen &

Séiaspurb, 1981; Sinclair & Lindtos, 1981). This

v . . s LN
treatment is not expegted to interfere with the central

[}

fqrmation‘of acetaldehyde through the peroxidatic

N

activity of catalaée (Cohen et al;, 1980; Aragon et al,

1985), Therefore, it was assumed that. in'brain ethanol
' ) A\ .
could be metabol@zed'by catalase 'to produce acetalde-

»

hyde.wfreatment with cyanamide has‘been shown to

14

interfere w;ih the,mefabolisﬁ of acetaldehyde in the

liver by inhibiting hliehydg'dehvdrogenase;_;herebv
causing elevated levels of acetaldehyde in the

r
. -

periphery (e.g. Marchner & Tott ar, 1978), Brain ALDH
activity was reported to be inhibited by cyanamide as
well' (Sinclair & Lindros, 1981).

It hag been previouslv demonstrated thgt the

. 2

s imultaneous administration of the alcohol flehydro-

génase‘aﬁh aldehyde hehydrogenase inhibitors .

v B
v ‘

. - L) . 3
la—methvlpyrazore‘and cyanamide respectively, preventm&

' the accumulation of apetéldehyde in the periphery

'l (Sinclair &.LindfOf, 1981; Sinclair, Lindros & Tehro,

1980). Moreover, brain ALDH activity was also
J, » - . ' . , . . ¢
inhibited (Sinclair & Lindros, 1981; Sinclair et al,

1'980) and th'is manipulation may havé‘éerved to increase

central levels of acetaldehyde formed via hrain,cata-:"

" lase (Aragon & Agft, 1985). It' was therefore ’

& '

‘hyppthesizéd

A

that the qcéumufafion of'aceta}dehyde in



<

‘e

.

—

btain as a dongequence Bf‘brain ALDH eﬁhibitio& may

+ alter ethanol conaumptidh in animals pretreated with

: Afmethy1p§gaéole and cydnamide or cyanamide alone. If,

— gy

.however, peripherally-produced acetaldehyde is a major
contributing factor in regulating ethanol inéake,.then

difﬁgrenfial.drinking 1eve1§ should be observed between

‘these various treatment groups. .
. N " ' L N

The focus of the present experiment was to - |

. . : . R _ oo N

investigate!/the potential relative roles of centrally-

and or peripherally- aétfng acetaldehyde in me@iatihé

'
<

ethanol congumpﬁipn when using a restricted apcéés

.

.
x

2

paradigm. -

METHODS . - -

-~

Subjects . : »

_Shbfects were 100" male Long Evans rats (Charles

"River Breeding Farms) initially wéig?ing 175-225 gpams.—

The housing conditions were identical to those outlined

“1in Experimént 1. ' ‘ - ‘ Ce

Drugs
4-methylpyrazole (10mg[kg) and éodium cyanamide
(25mg/kg) (Sigma Chemicals, St. Louis) were each'-

. _ °
diésolved'in saline,: All indections were administered

L4

‘intrapéritoneallv (i¢pe), in a volume of 1.0 ml/kg.

., Bxocedure

The "ethanol screening procedure and restricted

v

access procedure were descfibgd in Experiment 1. An

outline of the procedure 1s,presentéd in Table 1. -

- b N .
.

\
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Table 1. Experimental Procedure .

‘Procedure, ’
-7 , ) Habituation
'8-35 B . Fthanol screening (2%2-]10%)
"36-42 ’ . . Ethanol maintenance (10%)
43-56 , o Ethanol_deprivation R
57 - o . .Acclimatization to ethanol in tuhe
58-64 Ethanol presented for 45 min. - ]
65-74 (Training -days) Ethanol presented for 10 minm. -
66,69,72 . Saline pretreatment (i.p.) .
725-79 (Test days 1- 5) Drug pretreatment (i.p.) ‘ 1,/
80 . Drug recovery day’

"immediately returned following the drinking session,

Briefly, animals were initially screened for ethanol
'fonsumptfbn by presenting ethanol solutions in an
ascending order from 22 to 10% _on an’ alternate day

schedule. After seven consecutive days of exposure to

the 10%7 ethanol solution, animals were deprived of

ethanol for a two week period.

Restricted access procedure: Following two weeks

o

of ethanol deprivation, animals were nreaented with a T
choice of ethanol (10%Z) and water fofr one single 24 hr

period. For the next seven days, ‘ethanol was presented

each day for a 45 min. period. Water bottles were
-

removed just prior to ethanol presentation and were

For the following 10 days (Days 65 to 74), animals were

presented with ethanollfor.a 10 min. period each day.

On Training days 66, 69 and 72 animals received th—” o .

.successive 1.p., in1ections of saline (1.0 ml/kg) four

hr priof to ethanol,ppesentation. This was undertaken

] &

in an attemptﬁ:d hhbituate‘the'animals to the iniectfen-

P v
.
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procedure that followed. Based on mean ethanol intake
(gm/kg) of the last -five training days, animals were
'ranked and assigned to one of four treat- ment groups\

to ensure an‘equal distribution of drinkers in each

group, Fbr‘the next five days (Test dav§ 1-5), fqur hr -

'prior to#et*anol presentatibn, animals received two

r

successive i.p. injections. Half the animals received

‘saline (S) and the other half received 4-methylpyfazole

¢

(4MP) as the first injection (Pretreatment 1)..

Subsequently, half the animals in each of these groups

[y

rece{ved saline (S) or cyanamide (CYAN) as the second

-inj#crion (Pretreatment 2). This procedure resulted i{n _

.four groups as outlineﬁ in the following table:

Table 2.‘ Summary of treatment groups

5 PRETREATMENT 2

Saline Cvanamide
PRETREATMENT(I .
Saline . S+S (n=23) S+CYAN (n=26)

AR

4-methylpyrazole 4MP+S (n=25) 4MP+CYAN (n=26)

Following the injectioh period (Test days lLS), ethanol

was presented on one more day without drug treatmeéent

»

and drinking was measured.
RESULTS.
A baseline meagure of ethénoi intake was deter—
mined by caiculating mean ethanol i%t%ke (gm/kg)oner
‘the last five training days (Da&s 70-74) for eacﬂ

animal., A one-way analysis of variance (ANOVA) on .-

haseline intake yielded’ no differences between groups

<~
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(F(3,96)= .41; p>.75). All drinking data was therefore

analyzed as percent change frgm baseline level of
‘ \
consumption for each animal. Mean ethanol intake

(Y

(gm/kg) expressed as percent change from bhaseline
™
Intake is presented in Figure 2. A three-way ANOVA

with repeated measures (Pretreatment 1 x Pretreatment 2“
x Days) yvielded a significant Pretreatment 1 x
Pretreatment 2 inttraftion (Fﬂl,96= 5.5; p<.02) and a
significant Pretreatment 2 x Days inte42ction
(F(5,480)=*6.NQ; p<.00901). Post hoc Tukey.tests
reVeaied‘khat groups treated with cyanamide

(Pretreatment 2), lndépendént of their Pretreatment 1

conditions (Saline or 4MP),* drank significantly more

~éthanol than groups S+S and 4MP+S across all the test

days (q(2,430)= 28.4; p<.01). There were no ‘differ-
ences between grogps onthe day following the f;st
infection day (p>;05). As shown 1in Figure 2, tge
increase 1in éthanoi congumption for groups AMPjCYAN and .

L2

S+CYAN was evident on the first. day of drug-treatment

'and appeared to be stable across the treatment period.

'

Although both cyanamide treated roups 'significantly
| ; L4

increased drinking across the five Test days, Tukey

———— -

tests for the Pretreatment 1 x Pretreatment 2 inter-—

action revealed ‘that overall, group 4MP+CYAN drank

.significantly more eghanbl than groups S+CYAN, S+S5 and

.

4MP+S (a(4,96); 25.3; p<.05). 1In particular, the mean

~

oY -

v \\ ) . v
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increase {n'ethanbl consumption over the five Test days

. ) ™
for group 4MP+CYAN was almost twice as high as theA ‘
incréase demonstrated by group S+CYAN (62% increase vs
34%‘1ncr;asé, respectively). - )
As previougly mentioned in the proceduye, animals ///
wére initially raﬁked on the basis of baseline lévels‘

of consumption and'equally distributed to the f&un

treatment groups. qBv emploving thié ranking method,

each treatment g§0u; consisted of animalg with varying
baselihT consum i;n levels. It was hypothesized that
the treatment manipulatiops may have differentially
affected animals who consumed larger or smaller 0
.quant;ties of ethanol. Conséquently, it was decided to
arbitrarily categorize animals on the basis of their /
baséline levels of consumption into LOW, MEDIUM and

HIGH drinkers. “LOW" drinkers were those animals "<T

. r
consuming between 0.,25-0.49 gm/kg in the 10 min.
-, »

v

restfictéd access paradigm., “MEDIUM” (MED) drinkers
were subjects whp drank between 0.50-0.79 gm/kg and
“HIGH” drinkers consumed 0.80 gm[kg or morewip'the
restricted accegs paradigm. ‘A closer analysis of Fhe
‘contribution of these drinking groups to the’bbserved
treaﬁment effects was undertaken., Mean ethanol intake
(expressed gs.percent éﬁange from baseline) as a
"function of’treatment manipulafion for each drinking
group (Hihﬂ, MED, LOW) is presented in Figure 3 (panels

a,b,ﬁ, respectively). " Individual tﬁree-way ANOVAs were
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. .
—a S48 7 A :
. —a 4MP+S .
' — S+CYRN .
7 p—— AMP+CYRN i -
N
AJ
b 1
1 =
) a
"« Lov .
[ ‘CoRrINKERS
¢
.l 1 i [l 1 .
1 2 3. 4. 5 Re ‘
o TEST DAYS .~ - * SRS
Figure 3. Mean ethanol-intake (expressed as o
‘ percent change from baseline -,
intake) as a function of treatment
" manipullation (S+S, 4MP+S; B+CYAN
. _and 4MP+CYAN) for, each drinking -.
R " group (HIGH, MEDIUM, LOW) (panels
p ,a,b,¢ respectively). - - , I



: revealed that animals pretreated with cyanamide (groups

performed on each-drinking. group as a function of

treatment manipulation. For HIGH drinkera, the‘

analysis yielded .a significant Pretreatment 1 x

Pretreatment 2 x Days intermaction (F(S,lOS)-‘Z.S?f

N . ! [

p<.03). Post hoc Tukey tests revealed that group
4MP+CYAN drank significantly more ethanol than groups
S+S and 4MP+S on Test days 2 to 5 (q(4 115)- 47,2

p<.05) and ﬂignificantly more ethanol than group S+CYAN

4

on Test days 2' and 5 (p<‘05).~'5é shown in Figure 3,

panel a, group 4MP+CYAN increased ethanol intake by T e
. . . N .

about 30%_atrossnTe§t.Haves It 18 of interebt to note, ‘

that although groups S+S and "4MP+S both deémonstrated a °

reduction in ethanol intaﬁe (about 20%), group S+CYAN

N o

did not fluctate from'théir‘baseline level during‘the

injection period (see.Figure 3a). . However, on the day
1 . L4 ’

following the last injection day, groups pretreated

+

with cyanamide decreased their ethanol intake compared
to the ‘previxou‘s Hav. ‘ . ) %

%. A three-way ANOVA for both MEDIUM and LOW-drinkers
revealed significaht Pretreatment 2 x ﬁays interactiona'
(F(.5,205)= 3.69; p‘<.oo'3; F('s 130)= 2.61; p<.n$ .
respectively) ~ Tukey ' tests for MEDIUM drinkers

’

S+CYAN and bMP+TYAN) drank significantly»more ethanol
n' LY

than groups S+S and 4MP+S across 'all Test days except,
T2 (a(2, 212)-\35 9: p<.05) (see Figure 3b). Pos? hoe . ‘

Tukey tests for ﬁOW drinkers revealed that animals pre~



[
)

treated with cyanamide 1ndependgnt of their Pretreat-

56

¢ .
1 : 6-
~

3

» ’

ment 1 condition dfank gignificantly more ethanol

across all Test days than ﬁroups(s+s and 4MP+S
(q(2,138)= 49.6; p<L05). As shown.in:ngure éc;
however, thelpaétern of drinking wa; différent for the
°t wo cvanami&é treated é:ou;s. Gr oup 4MP+6Y1N demon-—
strate{’a 100% 1increase in ethanol cbnsﬁmption f;om i »

Test days 1 to 5, wKereas group S+CYAN demonstrated a

~

. ——gradual increase in ethanol intake over Test days to

approximately 907% 'above baseline level. The ‘mean _; .

increase in etthanol consumption over the five Test -days
‘ . »

\

for group AMPfCYAN was almost double the increase

observed for group S+CYAN (109% i1 ncrease vs 59% "

* ’

increase, respectively).

Because of the igdividual Qariation in ethanol

1ntake_wi§pin each %reacment group, a graphic

representation of mean ethanol intake as a function of -

T

drinking level (HIGH, MED, Loﬁﬁ for each treatﬁent
groﬁbais presented in Figure’4 (panels a,g,c,d, :
respectively). As shown in Figure 4a, animals ' /
pretreated‘wit% Salinéb(groyp.s+s):did not appear to
demoﬁstraté«vériabie drinking behavior as a consequence

of the:injection procedure. However, HIQH'drinkers !
apbeared to‘be seﬁéiti&e to the injection procedure. o
in Figure 4b, HIGHGdriﬁkers pretreated with 4MP+S also
demotﬁtféted a reduction in ethanol conéumption, vhere~

N

as MED and LOW drinkers were not influenced by this
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treatment manipulation., The data of Group S+CYAN is

presented in Figure Ac;' The drinking behavior of this.
. o

K

' group appeared to be altered in a dose-dependent

manner. HIGH drinkers demonstrated no change from
* (3 [} . v

.‘ haseline levei,,MEh drinkers increased by approximately

40% 1nd:wa drinkers increased ethanol intake to about

90% aBgve their bhaseline levels. A similar dose-

< ’

response }elationship 18 shown in Figure 4d for group

2 .

4MP+CYAN.\ However, MED and HIGH drinkers appeared- to

.

-

', - 1
demonstrate similar increases in-ethanol intake com-

[ - -

péred to the drinking response observed by group

——

» .S+CYAN. Low drinkers showed the greatest increase 1in

.

ethanol]| intake. - o . .

.

' PISCUSSION

The resuylts of 'the present experiment«support the .

.

finding:thac.a simulated drinking bout is a pharmaco-
logically meaningful event (Gill et al,:1986) since the
drinking lévels in suth a bout can be altered by

ﬁaﬁipulatgng acetaldehyde-metabolizing enzymes. It 1is

ev;€>nt that from Té%t‘days 1 to 5, animals preﬁreated

A

with cyanamide independent 'of their Pretreatment 1
‘condition (groups- 4MP+CYAN and S+CYAN) consumed l

significantly more ethéndl than groups S+§ pﬁd 4MP+S.,

’ 1

The increase in ethanol Intake was consistently demon~
. ' - P

&trgtéd during-the injection period. When'cyaﬁamidé

9

treatment was terminated, animals retur¥ed to baseline

., -

- ‘.levels. Thb'increase gp ethandl c¢onsumption by cyana-

12 *
3 ‘ Y .
- «
v

PR ’ )
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mide does not appear to be attributed to elevated hlood

~ .

acetaldehyde levels since animals pretreated wtth

L3 -

4MP+CYAN (a condition which preventa accumulation of

aCEtaldehyde dn the periphery) alao demonstrated
'increases in mthangl consumptionf. A common factor 1imn
. . . Y .

Jboth.cyanamide "treated groups was the- inhibition of °

« * © \

brain ALDH. Thesé'results therefore suggest thet'brain

~

ALDH may play a role in regulating an ethanol "drinwing

)
<

aldehvde. It should bEMHOtEd, however, that the '~

increase in éthanol’ intake for group S+CYAN was much

1

Iower than that observeds for group 4MP+CYAN.'\These

.

aresults suggested that the péripheral accumulation of

.
-

acetaldehvde appeared to pf%v a role in limiting the

k!

increase 1n ethanol intake produced’by cyanamide.

-

a
v

,°

[}

An interesting,finding in the,conteﬁt oT\Jhe

Cad - B
present study was ,the immediate change in consumption‘

l . - ! * -
on the first test day of cvanamide trdatment. ’

a Y

Moreover, the increase iniethanol intake perpisted

13 A\

L]

‘across test days and appeared to asymptote on the fir#t

o

test day (see Figure 2). Furthermore, as sqon as drug
- 2 ¢ :

* . 4 4 o
treatment terminated, animals abruptly returned ¥o

i [

-

.o o .«
baseline levels of consumption. These findings

"suggested that the effect of cyanamide on ethanol wag

Y

immediate, occurring in the first few minutes during o7 .

following ethano]l consumption andﬁfurthgr suggested

that animals were capable of detecting the termination

bout(s)", perhaps by regulating central levels of acet-

-

.
ko
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FXPERIMENT 3 C-
} ' . ! B
In the previous experiment’ it was- observed that
animals pretreated with cyanamide independent of the

Pretreatment 1 condition (groups 4MP+CYAN and S+GYAN)

‘demonstrated an increase in ethanol intake across Test

davys. Of particular interest was the finding that this

.increase was evident on the first -day of cyanamide '
A v '
treatment and. abruptly ceased when drug treatment was

‘terminated. If this phenomenon 1is related to a

specific effect of cyanamide on ethanol during or

4

‘ ) a —_— .
quickly following ethanol consumption, then animals

should be able to alter their drinking respanse in the

1

presence and absence of cyanamide. - The present experi-
ment was designed to investigate the nature of

cyaﬁamide’s effect on ethanol and its immediacvy using

the restricted access paradigm. Experiment j'was

divided into two parts Part I consisted of the
) , )

behavioral assay to test the hypothesis oﬁtlined above.
In Part 11, some of the subﬁects were used for assays

to determine blood ethano] and acetaldehyde levels

following restricted access t6¥ethanol.

METHODS ‘

Subiects - 7 . '\
Ninety-nine subjects from Experiment 2 were given

three additional weeks of restricted access to efhanol
o . -

for a 10 min. period each &ay. One subjlect from group

.

N\



N

).

S+CYAN was eliminated from this phase of the experiment

due to sickness.,
“

Drugs,
4b-methylpyrazole (10mg/kg) and sodium cyanamide

L d

(25mg/kg) were prepared as outlined in Experiment 3.
Procedure

~

Following three additignal weeks of restricted

. access to ethanol, the experiment bhegan. On Day 22

(Drug day 1), four hr prior td ethanol preséntation,

animals were divided into their previous treatment

groups and received i.p. injections of their respective

'drug treatments (e.g. S+5, 4MP+S, S+CYAN, 4MP+CYAN).

These - drugs were administered every o;her day (Drug

days- odd days). On alternate days (even days), all

1
animals received i.p. injections of saline (1.0 ml/kg)

)

fogr»hr prior to ethanol presentation (Saline days).
This p;ocedure was maintained for 10 cdnsecutive days.
RESULTS. ° ¢
A baseline measure(of ethanol i;take was deter-

j . . :
mined by calculating mean ethanol intake (gm[kg) over

the last five days prior to Drug day 1 for each animal,

A_one-way -ANOVA yielaed no significant diffetedceé

be;ueen groups on bhaséline levels of ethanol ,
. <

_consumption (F(3,95)= 1.9; p>.13., Mean ethanol intake

ﬂexpreésed as percent change from baseline) for all

- <

treatment '‘groups is pres nted in Figure 5. A fhree—way
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'ANOVA with repeated measures yielded'a'significant‘
Pretreatment 2 x Days 1n;eractioﬂ (F(9,855)= 9;3;
‘p<.60001). Post hoc Tukey teésts revealed that;groups
pretreated with cyanamide independent of the Pretreat-
ment‘l~manipu1qtiqn kgroﬁps 4MP+CYAN and S+CYAN) A
‘consuméd siknificantiv ﬁo;e ethanol on all Drug days
than groups S+S and AM%+S (q(2,126)= 26.9; p<.05).
Groupsldid noé differ from one another on Saline 'days
(p>.05). ‘It ig evident from Figure 5 that group
'AMP4CYAN éonsumedlmore ethanol on Drug davs than group
S;CYANZ However, an interesting pattern of ethahol
consumption for groups 4MP+CYAN and S+CYAﬁ was observed
over the 10 testing’days. Both grOup% demonstrated an
increase in ethanol ¢tonsumption on D;ué days yet mai#—
tained baseline intake ie;els on Saline days. Tukey,
tests revealed that group S+CYAN consumed significantly
jmore;ethanolyon Drug days than on cqrresponding Saline
days (q(2,855)= 30; p<.05). This same pattern of
_1ntake-was.demonstrated for groub 4MP+CYAN (p<.05).
PART 11 ‘ :

A Biochgmical assay was carried out to confirm
previous reports that a "simulated" drinking bout
proauced de;ectéblg bloéd ethanol leveis. I{ addition,
the ass;y would verifv.whether cyanamide did in fact
produce detectable blood acetaldehyde_levels following

the drinking bout as well as inhibiting brain aldehyde

dehydrogenase.

-

s N



) v ) - . ) . .
Subjects . . : , ’ - ' ‘
Subiects . ‘ '

- . Fifty-two subjects from Ekperiment 3 were used for

¥ . \

w the "assays. Aﬁ‘adgitionél 10 naive male Long Evans .
. rats weighing‘4804550 grams were 1nciuded for the ALDH .
assay.
\ 2

Procedure

1

Following Expeéiment 3, éhe 52 subjects weré
deprived .of ethanoi for a 3 weeg ﬁeriod. .Animals were :
‘then presented with ethanol for a ld'min. period each
- ' day. Subjects were given five additioﬁal training days-
prior to Fhe start of —the—experiment. On testing davy,

four hr prior to ethanol presentation, animals were

3 . . '
‘ . divided into their previous treatment groups and

received 1.p. injections of thelr respective drug

treatments (e.g. S+S, 4MP+S, S+CYAN, GMP+CYAN). . :

:

Immediately following the 10 min, drinking session,

animals were sacrificed 'by decapitation. Trunﬂ hlood
" .
of each animal was collected and later assayed for

ethanol and acetaldehvde detefminaffons by head-space
gas chromatography.
To determine the effects of cyanamide on brain

ALDH activity, the 10 thaive subjects were sacrificed by

deqapitat#on following anaesthetization with ether four

v

hr after i.p. administratjion of cyanamide
(25 mg/kg; n=5) or saline (1,0 ml/kg; n=5), The brain
of each éuhject was rapidly extracted, rinsed in ice

cold saline and blotted lightly on dry filter paper.

2N

v =




66

s

Brain samples were first stored at -70°c and later .

v . 1

assayed for ALDH activity levels.

Determination of Blood Ethanol and Acetaldehyde: The

procedure used was based on that of Stowell (1979) with
¥ .

~modifications by Iversen and Damagaard (1983). These: '

modifications dere'used to ensure aceurate ethanol and

acetaldehyde levels by protecting the blood sample from _

\ 1

acetaldehyde and ethanol degradation during sample ,
~preparation. A brief outline of the procedure is
presented. Animal trunk blood was collected 1nto test
tubes which con;ained 150 I.U. f sodium heparin.

Blood (1 ml) ‘was mixed with 4 ml of ice cold semi-
carbizide reagent,.containing 25 mM ef thiourea. This
mixture was spun in a refrigerated centrifﬁge at 400 ¢
to separate b}ood cells from serum. Serum (2 ml) vas
‘added to 0.5 ml of 3.0 M perchloric acid and then spun
;1 11,000 g to obtaip a clear protein-free supernatant.
‘At this time, 0.5 ml of the supernatant was pipetted
into an 8 ml vial, stoppered and stored at -70 ¢ until
assayed for ethanol and acetaldehyde “by head;space gas
chromatography. -

~N

Preparation of Brain Tissue: Frozen brain samples were

weighed and then placed into the homogenation medium.
Whole brains were hemogenized (Teflon on élassl;ggﬂ
»anfficientZO.ZS M sucrose containing 1% Trit9n7X160 to
make 10Z brain homegenatea. Homogenates were centri-

. fuged for 60 min. at 100,000 g, at 0 c and then the —

JR— ———— — R ORI - —
-
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clear supernatant was used as the enzyme source. All
samples were frgzen at ~70 ¢ until assayed.

Assay of Aldehvde Dehvdrogenaséi Aldehyde dehydro-

3

genase activity was assayed spectrophotometrically by
. {

.

measuring . the rate of the ennyme-éatalyzed NAD+ -
- 'depende%t production qf N@DH (modified from Deitrich,

R Troxell, Worth and Erwin, 1976). The reaction mixtu;e

s .

consisted of 0.75 ml qf 0.03 M pyrophosphate buffer (pﬁ
?'.6), 0.075 ml of 20.0 mM &An, 0.275 ml of distilled
water and 0.2 ml of the enzyme source, incusated for iO
, min. at é3 c. The reaction was initiéted by the
addition ‘of 0:2 ml of 36.3 aM acet:?gehyde, bringing *
the total volume to 1.5 ml. Protein content was
measured following the method of Lowry et al (1951) and
bovine serum albumin was used as the étandard. All
. asgévs\were'carried out in duplicate for both the
enzyme activity and protein'determinatioqs.
RESULTS
Ethanol intake (gm/kg) during the 10 min., drinking
session was calcufated for each animal and subsequentiy
compared to blood ethéqol‘lgvels @etermined by head
space gas chrom&tograbhy. A significant positive
. . ' correlation was revealed between the quantities of
ethanol consumed and blood ethanol leveis (r(53)=

0.699;- p<,001). Mean bout size was 0.56 gm/kg and mean

blood ethanol level was 4#0Q.4 mg/100 ml. Blood acet-

\
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* ,aldehyde levels were only detectable in -animals

- 3

pretreated witﬁ c}anamide alone (group S+CYAN;
294% 53 uM acetaldehyde). -
The effect of cyanamide on brain ALDH activity is

presented in Table 3. , ) Co

TREATMENT ALDH activity saline control group
*CYANAMIDE | 1.16% .02 * 11
SALINE 1.31% .01

Table 3. Brain ALDH activity S.E.M. (expressed as nM
) X of NADH/min/mg. protein) following pretreat—
. - ment with cyanamide or saline.

% INHIBITION from

* - gignificantly different from saline, p<.00l

Independent T tests revealé&d that pretreatment with
cyanamide prodiced a s;gniéicant reduction in brain -
ALDH activity (t(lO)f 6.14; p<.001),
DISCUSSION
The results from Part II confirm previous findings

(
that the consumption of small quantities of ethanol

reaﬁli in detgggable_blood ethanol levels (Gill et al, "
1986; Stewart & Grupp, 1984). 'Fufthermore, animals
ingested sufficient quaﬂtities of ethanol to produce
cogcentrations'of acetakd;hyde that could be manipul-
étedvby the ALDH inhibitor cvdnamide.' Only animals
pretreated with cyanamide alone (group $+CYAN) |
‘demonstrated elevated blooa-dcetaldehyde levels.,

Pretreatment with bL-methylpyrazole together with cyana- *

mide'proved effective in preventing the accumulation of ! -

t
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v
L]

acetaldehyde in b}ood for group 4MP+CYAN., The assay of

. brain ALDH activity suggested that cyanamide inhibited
,on;y 112 of braih:ALDH a;tivity compared to the saline

.coentrol group. Howeveg, it has recently been reported

that the same dose of cyanamide (25 mg/kg), admini-

' stered under the samé conditions, inhibited 30X of

?

’brain”ALDH'Ectt6ityj(Sﬁivak“et“él}i1987);’“Fdftherméfe,

’ [N

pilot work from our 1abopatory as Wellhas'ﬁfndings from

other studies (e.g. Sinclair & Lindros) have shown .that

., cyanamide produced higher rates of brain ALDH inhibi-

tion than that reported in the present experiment., It

1

is therefore possitle that_the relatively low gate of

brain ALDH inhibition reported in the present étudv may
be due to a methodological problem and that the actual
inhibitory action of cyanamide on brain ALDH may be

significantly higher.

The results of Experiment 3 ?%art 1) sugggsted

that cyanamide had a specific effect on ethanol during
. : >

or following ethanol consumption, Animals consistently

.

demonstrated an increase 1in efhénol.intakg on days when

they were pretreated with cyanamide, suggesting that

~

cyanamide”s effect on ethanol-was discriminable to

N

animals. The 1n;rease in ethanol intake cannot be
attributed to elevated blood acetaldehyde levels, siqce
animals pretreated with 4MP+CYAN (which pre;ents the
ac;umulation of acetaldehyde in the peripher;) also

demonstrated consistent increases in ethanol consump- -

g

e \':—jdlff:z
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tion on Drué davs. Tbese results therefore suggeéted

‘

that cyanamide”s act%ﬁn on ethanol may occur at. the

central levéi, potentially mediated by brain ALDH.,

A consistent finding in Experimerts 2 apd 3 was

that pretreatment with cyanamide resulted in‘an .

incréase in ethanol intake. It would be of interest to

determine the n}tqre of tpe:increase as welllas the

specificity of this effect to ethanol. One possibility

L™ ;\"_ .

18 that by inhibiting’brain ALDH, c}anamideialteréd the
bsychophaamacoloﬁical properties of etha{ol and the
in;regse\in ethanol consumption reflectgd chahkes in
the reinforcing efficacy of-ethanol. 'Aﬁ alternative
explanation for the rapid cHange in consumptibn is that
cyahamid; may mod%fy the taste of tﬁe ethanol solution.

These hypotheses were tested in the following experi-

mentB.. N «

- e e

-
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Y ' EXPERIMENT 4  * -

In the previous two experiments ié was demon-

B

. stfatqd~that pretreatment with cyanamide increased
ethaﬁoi'coﬁsumption when a reshricted access p;radigm‘
was used; It was ﬁarticuerly‘1nteré§ting,that ethanol
consumption increased on the very first day of cyana- -

.

mide treatment. It has beeﬁ postulatgd that thgg rapid
change in consumption may reflett alterations in the
psychophayrmacological properties of gghanolz ngever,

‘an alternatiwe‘hvpothesis is that this immediate
incrgase in ethanol consumption may be related. to
c;anamide’s ability to modif} the taste of the ingested
solutions.

The purpose of th? present experipent was to
furiher investigate the nature of the increase 1in
ethanol intake by cyanamide. 1In order to test the
"taste hypothesis", animals were trained to’consume a
saccharin-quinine solution or plain tap water using a
10 min. restricted acéess axpedule. A saccharin-
quinine solution was used in an attempt to create a
distinct flavor comparable to ethancl on a preference-
aversion gradient, yet'possessing no pharmacological
properties.j The water group was {ncluded to determine
qhe effects of cyanamide oﬁ fluid intake in general,

It was hypothesized that 1f the‘incre{se in ethanol

. consumption was a consequence of cyanamide”s ability to

modify the taste of the solution, then it should also
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[
«

.mod;fv consumption of a saccharin-quinine solution.

‘e

If, hbwever, the incréase reflected a specific effect

of cyanamide on ethanol, then cyanamide treatment

; 8hould not alter intake levels of the saccharin-quinine

L4

o "solution. 1If water intake increased in the water

“drinking group, then the increase observed with ethanol
may he attributable to a general effect on fluid -
1nduced by cyanamide. The présent experiment was

therefore designed to investigate the nature and

.

-—specificity of the increase in ethanol intake produced

'
-~

by cyanamide when using the restricted access paradigm.

')

- : METHODS
Subiects
Subjects were 29 male Long Evans rats (Charles
;\~ River Breeding Férms) initially weighing 125-150 grams. \ -
The housing'conditions were ideglical to those in
txperiment 1.
Procedure
An outline of the screening and restricted access
procedures for the sacchariﬁ—quinine (SQ; n=15) and Q\b
water (WAT; n=14) drinking groups 1is presente& in Table
4. A brief outline of the procedure for each &rinking
group 1s presented below. For the saccharin-quinine
(SQ) group, animals were first screened for 5Q consump—=—""""""
tion using a 24 hr accesgs paradignm. Animals were

12 .
~-presented with a-free choice between water and sacc-

harin (0.1%2 w/v) adulterated with -increasing

-




" . Table 4.

1. Group drinking bécchar!n;qqinine (sQ)

Days

1-7
8-9

10-11
12-27
28-34
35-48
49

50-54
55-69
62,66
70-74
75

76-96

3

I

Outlinetpf EkperimentaI.Procedure . -

(Test days 1-5)

97,99,101,103,105 (p¥ug days)

98,100, 102 106 106 (Saline days)

Group 2.

" Days

&

1-52
53-54
55-69
62,66
70-74
15

76-96

(Test days 1-5)

Group-drinking water (WAT) - -

-

97,99,101,103, 105 (Drug days)

98, 100 102 104,106 '(Saline days)

3

- . . . . 1] . . womrw N 3 P V'l X"{'
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Procedure -

Habituation .

Saccharin (0.1%) nnd vater fot }b hr
continuous access

Quinine (0.,0025%) added to lacchnrtn ¢
SQ screening (0.0025%-0.02% quinine)
SQ maintenance (with 0.02X quinine)
SQ deprivation

Acclimatization cs 8Q in tube

$Q presented for 45 min..

SQ preseffted for 10 min.

Saline pretreatment (i.p.)

Drug pretreatment (i.p.) - - -
Drug recovery day v
SQ presented for 10 min.

Drug pretreatment (i.p.)
Salige pretreatment (i.pf) -

Procedure

Habituation ,,

Saccharin (0.05%) presented for 45 min,
Tap water presented for JU min.

‘Saline prgtreatment (i.p.).

-

Drug pretreatment (i.p.)
Drug recovery>day . .
Tap water presented for 10 min. '
Drug pretreatment (i.p,) -
Saline pretreatment (i.p,) -
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. "Day 49, The procedure was identical to that used for

1 2]
‘
-

74

.
»

. ' -

concentrations of .quinine (0,0025%2-0,02%). Subjects

L]

were initdally presented with the saccharin solution

for only two davs. Animals were then exposed-to each

-

1 SO concentration for two consecutive days. On each -
subseq eni SQ preseﬁtation, the‘concentfation of
4" quinifie was increased by 0.0025%. The position of the

SQ d water tubes was alternated in order to eliminate

™

position bias. A stable SQ concentration was cﬂ%sen

5

whgg 50 préferénce was equivalent to the preference !

"® ratios of animals with a freé cholice of water and

N —_

K ethanol (107% concentration). Once this criteria was

. met, animals‘'were given seven additional days of expo-
> N “?

sure to the S0 solution and water (saccharin- 0.1%,
quinine--0.02%). ' On Day 35, animals were placed in new

.cages with free .access to food and water (presented in

a, single water bottle) and depgived of saccharin-

¢, . . .
quinine for a two week period. : »

. The restricted access training procedure began on

ethanol-experienced subjects in Experiment | with soéme

+ \\ +
reduced from sevep days to five days and the 10 min. T

.. \ 2, . o L . . . B ,
. &\\ ; minor modifications, The 45 min. tralning perépd was
\ . - + M 0

regtricfed. access peﬁiod\was increased from-10 days to -

15 days. These modificatioqs'wefg,ﬁade in order to e
. . -

N

- give_ subjects more traihing‘exposhre to the 10 min.

" restricgfd access prdégdure. Water bottles were
emoved justfprior to SQ presentafion and returmned . -
» , . N -
e .
L3 ﬁ ‘ ’
. /v' “ N N ! v ’
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immediétely\after the driﬁking session. Animals -

LY

received i.p, injections of saline (1.0 ml/kg) *on

4 -

training days 62 and 66, Based on mean SQ intake (ml)-

B g
of the last five days (Days 65-69), animals were ranked
i 4 .

~ t

and assigned to one of two treatment groups to ensure
“ . ! . 0
én‘equal distribution of drinkers in each group. For

the next five ‘days (Test days-1-5), four hY prior to SQ

presentation, ;nimals received 1.p. injeétiqns of
either cyanamide (25mg/kg- gréup CYANSQ; ﬁ-~7) or -
saline (1.0 ml/kg; grOup;SALSO; n=‘8). Folloying'the
injection period, SQ was presented on one more occasion
without drug treatment and . drinking was measured.

Following three additional weeks of restricted

k)

~

access to SQ, the "alternate day"_tez}ing paradigm was

a

empl oyed. O&'Day 97 (Qrug day 1), fbur hr ﬁrior to SO

vpresentation, animals were divided into their previous
! . a
\ + -
treatment groups and received i.p. fnjections of their

r .

]
respective drug treatments (e.g. cyanamide. or saline) .’

e ———

These drugs were administéqu every othef'day‘(Drdg
days— odd days). On alternate da&s (even days), all“{ '

s . i . s,
aninals received i.,p. injections of saline (1.0 ml/kg)
g . ‘:-’\ \

four hr prior to S0 preséntation (saline days). This
H . . s RAEEN

procedure was maintained for, 10 consecutive daié.

Subiects in the water dpin&iné\group were housed
_ ~ : ' ,'
imdividually in stainless steel cages with free access

~to food and water (presented in adsingﬂe water Qo&tle)

.

xhroughodout the expeflhent. .Altﬁough there was no-
o , Lhe

-

LNy
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screening—proecedure for this group, subjects were .

4

handled 'as often és 50 dfinking gsubjects. Follo&iﬂg an
habituatién period of 52 days, water drinking animals

., were presented with a séccharinssolution (0.05% w/v)

. t “
_for a 45 min. petiod each day for two days. Water

bottles were removed just prior to the saccharin
presentation and immediately returned following the
drinking session. During the next 15 training days of

10 min., restricted access, tap water was substituted
for the saccharin solution. Animals received i.p.

% . ‘
injections of saline on training days 62 and 66. The'

testing procedure was identical to that employed for

L
group SQ. One water group was pretreated with cvana-

mide (group CYANWAT; n= 7) and the other group was

Thest

ptetreated with saline (group SALHAT{'Q- 7) for five

successive days. Following three additional.weeks of

~

restricted access to water, the "alternate day" testing

paradigm, identical to that used for group SQ was

émployed.
RESULTS

"Thé’present experiment was designed pb investigate

. , . \
the effects of ‘cyanamide on fluid intake other than

ethanol. Since an ethanol drinking group was not used
in the present expéfiment, ethanod coﬁsumptién dita for
animals P;e;reated with cyanfm;ée/éloﬁe (CiAﬂ@; n= 26)
) ;nd saline (SALE; n= 23) from Experiments 2 and 3 were
presented fof comparative purposes on1y~l A‘baseline

,\\~ -‘v

&

-
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. L 4 ,
measure of intake was determined by calculating mean SO

or wgﬁer ;n;ake over the' last five training days (Days
65-69) for e;ch animal, 1Individual one-way ANOVAs per-
formed on baseli;e in%ake revealed no differences
betwe%n ;yanamide or saline groups within each fluid
group prior to the testing phase (p>.05). Mean fluid
intake (expressed as percent change from baseline
intake) for ethanol, SQ and water drinking groups is
presented in Figure 6 (panels a,b,c, respectively).
Individual two~way ANOVAs-{Dr;; x Days) with repeated
measures were perfo}med on the SQ and water drinking
groups. An ANOVA performed on SQ intake vielded a
significaqt Drug x Day interaction (F(5,65)= 3.3;
p<.01) and a significant main effect of Drug. Tukey
tests indicated that Animals pretreated with cyanamide
significantl& increased SQ intake on Test days 3,4 and
'5 compared po“whé saline control group (q(é,Zl)- 150.3;
p<.05). A $igﬁificant Drug x Day interaction and main
effect oftDrug was als ound for the water group
(F(5,75)= 5;4; p<.0003). Tuk " tests 1nd1c§tgd that N
an;hals pretreéted with cyanamide cansuméd more water
during the testing phase (Test days 1-5) th;n congrols
(4(1,18)3 126.6; p<.05). As shown in Figure 6;,
ethanol drinkiég animals préireateﬁ with cvanamide
cbésum d mére ;thanol across fest days than the salihe—

l »
tre?te group. J

§
v
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For the analysig of the "alternate day" test
procedure, a paseiine measure onintake was determined
by calculating mean SQ or vater intake over the iast
five days (days 92-96) prior to Drug day 1 for each
animal. A one—way’ANbVA on baseline intake for the
water drinking group yielded no differences bekween
.faling or cyanamide treated groups prior to Drug day 1
(p>05). Howe:er, a one-way ANOVA revealed a siénifi-
cant group effect for SQ intake (F(1,12)= 8,3; p<.01).
Baseline 1n§aké of animals previously pretreated with
c;anamide was siZnifig;ntly higher than group SALSO
(CYANSQ~- 6.5% 1.1 ml; SAtSQ; 2.7 0.7 ml). Qonsequent-
ly, the drinking data for‘the water drinking group was
analyzed as percent change from baseline and the drink—'
ing data for the gaccharin—quinine group was analyzed

a

as raw scores. Ethanol and watér intake (expressed as

L4

percent change from baseline) across the 10 Testing
days is presented in _Figure 7 (panels a and b,

wespectively). Saccharin-quinine intake is presented

in Figure 8.

- A two-way ANOVA on water intake yielded a

\

Eignificapt Drﬁg x Days interaction (F(9,135)= 11.7;

\
p<.00001) and main effect of Drug. Tukey tests

indicated that animals pre- treated with cyanamide

(group CYANWAT) consumed more water across all Drug

days(compared to group SALWAT (q(2;19)- 72.4; p<.05),

In addition, water intake wvas significahtly higher 6n,
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bl

Drug days -than on corpesponding Saline dhys for
ggoup_CYANWAT (q(2;135)= 52; p<.Q§) (see Figure 7b).

; two-vay A&OVA performed on the raw drinking scores
for the saccharin-quinine grodp yielded a significant
Prug x Days interaction (F(10,120)= 7.1; p<.00001) and
.

main effect of Drug. Tukey tests revealed that ‘
cyanamide treated animals (group CYANSQ) consuméd more
saccharin-quinine on al} Drug days than on
corresponding Saline days (q(2,120)= 1,8; p<.05). The
meanuincrease in SQ intake on Drug days was

Y
approximately 100X above baseline levels. 8Q intake
fﬁr saline pretreated subjects‘(group SAL§Q)-did not
significangly differ across all days (p>.05$.

Although drinking data for the ethanol group was
analyzed in Expefiment 3, 1t is important tJ'poﬁ} that
anfmals pretre;ted with éyanamide alone demonstrated a
signifipant increase in ethanol consumption on Drug
days yet maintained baseline intake levels on Saline
days. vAs_shown in Figures‘7 and 8, thévbattern of
fluid 1ﬁtaﬁe for ethanol, w§ter and SQ drinking groups
pretreated with cyanamjﬂe is almost identical.
‘HoweVer, the magnitude of increase on Drug days as well

' - as the magnitude of decreasg on Saline days is very
different for tﬂe ethanol drinkiﬁg group when the

former is compared to saccharin-quinine and water

drinking groups. -
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The results of the present experiment do not

»

support the hypothesis that cyanamide merely modified

L8

factors relating tp the taste of flavored substapces.

‘What is evident, however, is that cyanamide influenced

Sbe consumption of all the flu?ds t

water. Although animals pretreated

*§\?ncreased_their.1ntake of a SQ solu

tralned to drink plain tap water al
intake following pretreatment witﬁ

A striking feature of the data

in pattern of é;nsumption for ethan

consuming groupf. As shown in Figu

in fluid intake was evident from th

throughout the five testing days.

the "alternate day" test paradigm.

increased drinking on Drug days vs

on the corresponding Saline daylwas

characteristic in all three. drinkin

Figures 7 and 8). It is important

ested including

‘with cyanamide

tion, animals

80 Increased water

n

cyanamide,

is the similarity
ol, SQ and water
re 6; the increase

e first Test day

The "specificity" of

cyanamide”s effect was most markedly demonstrated in

The pattern of
deéreased drinking
a salient
g groups (see

to note, however,

thatfthe magnitude of increase was very different for

the ethanol drinking group compared

drinking groups. In the first part
where animals wvere treated for five
ethanol drinking animals pretreated

demonstrated a mean increase of 40Z

to the SQ and. water
of the experimept
successive days,
qigh cyanamide

in comparison to



i 8 4
'anreases of over 200% for the SQ and water drinking
groupgf?see Figure 6). ‘Moreovef, in the "alternate
day" test paradigm, ethanol drinking anima}é did not
differ significantly from saline controls on Drug dayg;w

M ~
L) 9/

the cyanamide effect was mainly attributed to the

A *oa ~ @

reductions in consumption on Saline days relative to

<

intake on the preceeding Drug day (see Results section

in Experiment 3). On thg other hand, the SQ and water N -
drinking ;:dupé oretreatéd with cyanamide 1ngestéd
significantly more fluid oﬁ Dfug days than their

-

respective saline control groups.,
. The present findings suggested that cyanamide
tregtﬁent resulted in a general increase in fluid
\intake. “However, éhe'magnitude of increase was differ-

-ent for énimals consuming ethanol, It was therefore
suggested that cyanamide had a specific effect on
ethanol which placed a limitation on the amount of

ethanol that the animal could ingest, The following

“Y  experiment addresses this notion. . .
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EXPERIMENT 5

iﬁe series of experiments presented thus fh; were
design;d as a systematic investigation of the nafurg of
cyanamide’s effect on ethanol in ap—atiempt to under-
staﬁh the rol® of brain ALDH and centrally-acting acet-
aldehyde iﬁ mediating a "drinking bout". The results
suggested that cvyanamide increased ethanol intake as
well as saccharih-quinine and water consumption in a
restricted accesg parad}gm. It would appear then, that
cvanamide produced a general increase in fluid intake.
At present, it is not known whether this increase 1is
relaéed to a direct inhibition of ALDH by cyanamide or
some éther property of cyanamide itself. However, as
reported in Experiment 4, the maghituée of increase in
consumption seen in ethanol drinking animals ‘was much
lower than that observed in the saccharin-quinine and
water consuming groupé. Based of the above, it is
;ossible that two properties of cyanamide may be.
influencing ethanol dfinking behavior simultaneously.

.

One may be related to the capacity of cyanamide to
[}

increase fluid intake and the other may be directly
related to the inhibition of brain ALDH, which in turn,

.limited the amount of ethanol ingegted. Thus, this

Y L]

concept assumes the presence of two overlapping but
independent processes influen¢ing ethanol drinking

behavior. It is therefore conceivable that in the 10
5

~

min. restricted access paradigm, the general fluid
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effect produced by cyanamide may initially be the more
%glienc feature because of the limited availability to
ethanol. It is -possible that by extending the duration
of exposure to ethanol, the potential "limiting"™ factor
(invol&ing brain ALDH) may become more prominent, This
notion 1s supported by the finding that animals pre-
treated with cyanamide demonstrated a suppression of
ethanol intake using a 24 hr access éaradigm (Sinclair
& Lindros, 1981; Eriksson, 1980). Moreover, if the
"1imi ting" factor is specific to ethanol, then cyana-
mide treatment should not suppress saccharin-quinine
intake using a 24 hr access paradignm.

To test these hypotheses, a 24 hr access paradigm
was emploved in the presen} experiment. Following a
'screening procedure for ethanol or saccharin-quinine
consumption, animals were pretreated with cyanamide and
total fluid ;ntake over the 24 hr period was.recorded.

- l | METHODS

Subiects |

Subjecfs %ere 28 male Long Evans rats initially
weighing 125-150 grams. Housing conditions were
identical to those in Experiment 1. Fluids were
presented in tyo glass Richter tuhes mounted on the

(o]
front of the cage. The animal colony room was illumin-

ated on-a,12 hr day/night schedule. The light cycle

changed at 8:00 PM/AM.



Proced&re'

|
/

Ethanol drinking group (n=14): The ethanol
*
screening procedure was idertical to that described in
P .

Experiment 1. Following the alternate day sgrbening

procedure,(ZZ-IOZ), animals were switched to a schedule

of every day ethanol presentation in a free choice with
.water for 12 consecutive days. Based on mean efhanol
« 1intake (gm/kg) of the last five days (Baselineg intake-
Days 8-12), animals were ranked and assrkped to on .of
two treatment conditions to ensure an e;ual distribu
ftion of drinkers in each group. On Da; 12,4 animals
'were injected i.p. with cyanamide (ZSZﬁg/kg— groub
CYANE) or saline (1.0 ml/kg- group SALE) at 5:00 PM
(three hours ' prior to the onset of the night cvclé);
The Richter tubes were- removed from the cages at 4 PM
and returned at 8 éﬁ. fhis was done Iin an attempt to
- maximize cyanamide”s inhibitory action on ALDH activity
{ sinde it has been reported £hat ethanol administered
prior to cyanamide treatment interfered with cvana-
mide”s ability to inhibit ALDH activity in the liver
D (Tottmar{ Marchner & Lindberg, 1977); Animals were
infected every afLernoon at the same time for figﬁg}
consecutive days (Test days 1-5). Drinking ;as
measured on one more occassion following'the'tescing
periéd.

Saccharianqinine congsuming group (n=14): The

saccharin-quinine (S0) screening procedure‘was

[

{
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.

n . . @

ident%calvto that described in Experimert 4. Anfmals

wérg initially~exposed to a saccharin soiu;ion (0.1%

S .

. . B X . s L o N
, w/v) and watepifor\&yo days. Animals- were then_e;pdaed

-

to the saccharin soldtion\aﬁulterated with increaging _

o e .
congentrations 4; quininé (0.0025%-0,0175%). Animals

were pfesenfe(‘ﬁith each «SQ concenttation for twa days,
Using the criteria eé%ablishéd ih'Expefimegt 4, the SQ-,

4

to the preference ratios of animals with a _free choice. |

™~

coy o . - .
of water and ethanol (10Z concentration), Subjects in

the present experiment appeared to be more seqaifive to

.
. ~ .

. | o .
the quinine concentrations usaﬂ\than subjects “in

. 4 . .
Experiment 4. Consequently, two SO~concentrations were

. o . .
employed. Seven subje¢ts were maintained{at a quinine

"Concentration of 0.0IZSZ and the remaining animals were

-

~

4

r

-

¥

L]

maintained on a‘quiniﬁe concentration of 0.0125%. Once

the criteria wasomet,'animals‘wére givens five addi-
, . > R
tional days of exposure to the S5SQ solution and water,
\\ * v - R
Based on mean SO conaumpglen (ml) over the ldsg;thrge

.
.

dayS'(Basefine'intakeT Days S;Q), animg}!'wefe ranked,'

AN e ’

and assighed to one of two treatmenk conditiohs to ot

ensure an éjzal distribut - rinkers in each group.:-
On Day 5, -ani s were;inithed i.p. with cyamanide =~ __

(25 mg/kg- group CYANSO). or saline (1,0 ml/kg~ group

Y
-

SALSO0) at.é:op PM. The .Rfchter tubhes were removed from

' v

the cages at 4 PM and retﬁrned at B PM. An}mals were

iniected every afternoon, at the same time for five

Y

)

concentration was set wheq,SQ'preference was equ&valentA

..
\

v

v

\| -
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4. ™~ _consgecutive days (?est'days 1-5)« Drinking was ) . ‘-

. ) . ) . e , ) . . )
’ T qe&sured on one motre occassion_following the injectiédn o
. . - . . ; ) - - - ~
/ ' peridd. . o . D
: . L o ‘ o i
. RESULTS . . ' ) . *

b~ - K .
« . -

[ R ’ : ' - / - * ~ 7 . ) ‘
- Baseline vaiues for mean absolute ethanol (gm/kg) \
x . ‘ - .. N )
dr GQ (m1l)! 1ntake, mean mreference ratio (calculated as ) -
. %

percent of ethanol or SQ in total dailv fluid 1ntake) ' .

. ~ and meanwtotal daily fluid 1ntake were. calculated over .

’ * - .
- 4 M - t

= -

- < \the last ;hree or five training days for ‘50 .and ethapol
. . . - ' B - .

~
2

- drinkfng animals, respecsively. Since ,ethanol is a . '
. : , ) g . .
e Yoo pharmacological agent and drinkigg behavior mdy be -, &

% = . . N ’ -
- ’ speqifiqally influ'enced by <factors relatéd to the d C . Lo

. A . _.' ' K
pharmacological actions of ethanol, the ethanol and_SQ

. »
\

4 o T o drink;ég ﬁrouﬁs;were analyied sepé;atgly; A ' s A
% oL R NN = « ) "
i . Ind%vidual one-way ANOVAs were performed on base- -~ e

y ( line 'data for all the abpve_mé83uré§. The analyses
. : ' RN . B . -, .
) T $y1e1%$d no differences in"baseline intake between .

. ~

& groups within each fluid drinking group (p>.05). All
: ” “data wag_Ebe:efoié.analyzed'hs percentfchénge Trom‘ vy

' baseline ‘level. The data of all three measuresv(gm/kg,-

Coon , ' opreference and total fluid intake) for the ethanol weo T
° " _ ““drinking group are presented 'i_n‘\‘Figu,re 9. 'A'*two"“ay ‘,‘- ’

~ . - J

ANOVA on ﬁﬁan absolute éthanol‘fﬁﬁﬂge (gm/kg) yielded a

~ .. .0

- - : -~ ~ N 4 v o,
- significgnt’Days effect only (p< 05). As shown in” & - ;
< . a |\ - K
' Figure 9a, however,,animals pretreated with cyanamide . . .
N o~ T 4 AY
) - demonstrated a large decrease in ethanol’ consumption on -
3 AN X. C - E v '
. v 1
- ~ ° oo rd < b . . e ° O
. . - - X
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Test days 2-4 in comparison to group SALE. A two-way .

ANOVA on ethanol preference yielded a significhnt main

~ <] . - —

effect of Drug (Fl,125= 13.3; p<.003). ﬂThe‘Drug x Day;
.interaccién was not significant‘(F(5,60)= 2.1 p<'.07‘6).tg
Overall,.gr0up CYANE demonstrated a significant
.

decrease in preference for ethanolggomparéd to group

S ALE. Aithough the Drug x ﬁ;ys ié racti&n was not d
significant, 1t 1s quite evi&ent from Figure.9b that
ethanol p%eference was strongly reQuceé for group CYANE
on Test days 2-4, 'Consequently, post hoc Tukey tests

vere performedfon tﬁe Drug x Days interaction, It.was

.

revealed that ethanol preference was significantly

reduced for group CYANE on Test days 2-4 and recovery

-

day 6 (R6) whén_pompared to group SALE (q(2,18)= 42,5;

p<.05). It is of interest to note that animals pre;

treated with cyanamide decreased absolute ethanbl .

. ( o
intake on these corresponding Test days as well (see

Figure 9a). A two-way ANOVA on total” fluid intake for

the ethanol drinking group yielded a significant main

effect of Drug (F(1,12)= 23,1; p<.0004) and no signifi- "~

cant Drug x-Days interaction (F(5,60)= 1.8; pd>.13).

‘ L] < ‘

Overall, total fluid intake was significantly higher

¢

for animals pretreated with cyanamide (group CYANE)

(see Figure 9c). Taken together, these analyses

suggested that animals pfetreated with cyanaﬁide,
- . N ”

reduced their preference for ethanol as well as dritake

of absolute ethanol and increased their total fluid”
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P4

intake. This wogfd indicate that water intake )

a

increased dqver Test days. E '

.
Mean slaccharin-quinine intake” (ml), SQ g;efenence '

-

and total fluid intake (expre§sed.as‘percent change
f;om‘baseline) afe‘preseniéé in Figdre 10, (ﬂanels a,b,c
respeqtivelz)i A two-way ANOVA performed on mean SO | ?7
intqke yielded{no significhnt Drug x Days ;ntéraotion
(F(S,;Oi=*l.8; p>.13) nor main'effect of Drug (F(f;lZ)-
1.2; p>.30) (see Figure 10a). A’tdeyay ANOVA’on SQ l ’ !
preference also ylelded- no significant 1ntefaéélon.
(F(5,60)/=\1.5; >.20) nor Drug effe'ct; (F(l,lZ?- 02,

.p>.§2) (see'€ gu;e‘IOb). However, a t;o—Qay ANOVA on -
tpial-f}?id {ptake vielded a significant Drug ; 6ay§_

interaction. (F(5,60)= 4.5; p<{.002). Post hoc Tukey

tests revealed that animals pretreated with cvanamide — v ——

-~

consumed more 'fluid than group SALSQ on all Test days
. 1 . v

(q(2,15)= 27.6; p<.05) (seenaFigure 10c). The increase

in total fluid intake indicated that animals pretreated

4
with cvanamide consumed more water over Test days .than- '

the saline pretreated group. ) .
DISCUSSIpN
The results of the presen{‘experiment supported

the notion that cyanamide may have a specific effect on

ethanol. Subjects pretreated with cyanamide suppressed

e'thanol tbnshmption and demonstrated a concomitant

. . . . . 5 .

decreaée in-preference for .ethanol. In contrast, SQ
| . ‘

arinking‘animals_pretreated with cyanamide demonstrated

.

. - - - .
.
, .
v . . ~
LY . - ’ B .
- . N . 2 [
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no change-in SO 1intake nor preference. A commop .

feature to both &yanami¥ e treated groups was a

' -
¢ . IS .
-

significant increase in total fluid intake. These

o
~ L
o

resul-ts suggested that cyanamide mavy pfoducé a general

- © (] .
increase in fluid consumption ( in this case, water

intake) in a 24 hr'access\péradigm. However, the »

suppression of ethanol ' intake as well as the reductlon

.

in ethanol preference sugéesneé that cyanamide may have
a specific effect on ethanol. ' ' . o ¢

These findings were éonsisignt diﬁh'other reports
that fyanamide suppressed rethanol 1ntgke in a 24‘hr
acéegé paradigm Céinclair and Lindros: 1981; Sinclair-’
et al, 1980; Lindros, Koivula & Eriksson,'l975).

Unfortunately, these authors, did not report whether or:

not water or total fluid intake qés also altered by r

'

[

cyanamide treatment. / :

P
Given the present results and given the  putative’

a

role of cyanamide, it is of interest to determinpe the

contri%ution of brain ALDH in mediating‘tﬁe alterations
in ethanol consumption by cyanamide. However, since “

cyanamide may also produce a gene£a1 increpae_in fluid

—

v \ ‘
intake, ‘1t would be beneficia¥-to use an ALDH inhibitor

J

that: does not possess this property. If cyanamide”s

effects on ethanol were attributed to brain ALDH

N
inhibition, then similar effects should be observed
using a Aifferent ALDH inhibitor. The next experiment

.

was designed in an attempt to ajj;ess this 'issue,

\ 2 S ~J
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EXPERIMENT 6A .

Cyanamide appears to possess at least two indgpen-
/s : ‘ - .
dent properties. It seems to enhance consumption of

-

, flpiis in geheral and also specifically suppress
. P . .

ethandlﬂfntaké. It has been suggested that the

suppréssion of ethanol consumﬁ;ion may be ‘attributed to
‘ the giféct inhibitiqn of brain ALDH by cyanamide_

(Sinclair & Limndros, 1981; Sinclair et al, 1980). //

Howevegr, recently it has been demonstrated that an

“ a

active metabolite, of cyanamide an@ not cyanamide itself
. is responsible for the inhibition-of ALDH activity
¢ (Cederbaum & Dicker, 1985; DeMaster, Shirota &

- . . ..
Nagasawa, 1984), Interestingly, the enzyme catalase

"seems to he involved in,the conversion of cyanamide to

its active metabolite DeMasters et al, 1984; DeMaster,

Shirota & Nagasawa, 1985; Svanas & Weiner, 1985). As a

v

consequence of this convquion process, catalase

activity was also repofted’to be inhibited. DeMastef,
N\ - .

Redfern, Shi}oﬁa and Nagasawa_(l986) demonstrated that
. < .

treatment with 0.68 mM pf cyanamide inhibited approxi-

mately 50% of catalase activity in brain. It has glso

[y B I

. . _
been shown tha¢ approximately 50% of brabq catalase is

e inhibited with a dose of 25 mg/kg cyanamide (0.59 mM),

. . ~
used in the present series of experiments

(C.M.G. Aragon, personal commwnication).' Given brain

catalése’s‘pé&gntial role in régulating ethanol k9

’\-
consumﬂtion (e'.g. Aragon et al, 1985), 1t is possible

.

L]
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that the inhibition of brain catalase by cvyanamide maj

-

also contribute to the observed alterations in ethanol
I . .

N

.consumption following cyanamide treACmént.

In an attEmpt to further determine the contribu-
. . .

tion of brain ALDH in regulating a "drinking bout", the

ALDH inhibitor céprine was used in the.pregent experi-

s

ment, Cop®ine, a constituent of the inky cap mushroom
o
L.Coprinus atramentarius, has been reported to be a

potent inhibitor of ALDH both in the liver and in brain

(Tottmar & Lindberg, 1977; Pettersson & Tottmar, 1982a;

"Tottmar, Marchner & Lindberg, 1977), and has been ‘
. . . v ) .
reported to suppress ethanol intake in rats (Sinclair
. ¢ 1

et al, 1980). Pilot work 1in preparétiOﬂ for the

present study also indicated that coprine‘did not
iptérfere';ith bréin cétalase activity. b
Furthﬁrmore,‘one dif ference in the methodelogy
underlying the 24 hr access and restricted access para-
digms empioyed\in the present serles of‘exnepiments was
that animal% had a‘choice;of tw? fluids (ethanol and

water) in the former (24 hf) and only one fluid

(ethanol) in the latter paradigm (restricted access),

-

Since cyanamide may influence fluid consumpt#fon in

general, animals pretreated with cyanamide may consume

ethanol in the restricted access not specificaly for

ethanol but because:it was the only fluid available to

.

them in this paradigm. 1If animals were given a choice

between water and ethanol during the restricted access,

B

- ™
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‘ag wéll as 1t's direct action on.ethanol may be

T B
. . "9710

thé‘contribu§16n~of cyhnamide’g effects on fluid intake

1
’
-

clg}ified.

0 o,
s

The goal of the present expéeriment was two fold.

@

If brain ALDH plays a role in regulating a "drinking

-

bout", then pretreatmént with cyanamide or coprine

s hould produce similar éhanges in ethanol consumption,

Moreover, if either agent 1nfluedce§ fluid intake in .

/

general, then differences in water and ethanol intake

¢

should be observed when animals are given a free choice

during the 10 min, restricted access.paradigm. _ -

METHODS

réub1ects

Subjects were 42 male Long Evans rats initially
weighing 150-175 grams, Housing conditions‘were
identical to those outlined in Experiment 1. FluidiL

" -

were presented Iin two glass Richter tubes mounted on
the front of the cage.
Drugs -

" 4-methylpyrazole (10 mg/kg), sodium cyanamide

(25 mg/kg) (Sigma Chemicals, St . Louis) and coprine

(20 mg/kg) (courtesy of Dr. 0., Tottmar) were each
dissolved in saline and administered in a volume of

1.0 ml/kg~- "All injections were administered intraperi-

toneally (i.p.). .

-7
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Procedure '
LRI A XS]

The ethanol screening procedure ana restricted

access procedure were described in Lxperiment 2. A

brief outline of the proceduré is presented in Table 5.

'

0
'

A Y

Table 5. Outline of Experimental procedure »‘*,

Days . Brocedure

-7 : Habituation

8-35 * Ethanol screening (2X-10X)

36-42 : v Ethanol maintenance (]10OX)

43-56 ' Ethanol deprivation

57 ’ Acclimatization to ethanol in tube i
58-62 - Ethanol and water presented for 45 min.
63-77 (Training days) . Ethanol and water presented for 10 min.
70,74 \ Saline pretreatment (i.p.)_

78-82 (Test days 1-5) Drug pretreatment (1.p.) ;}/ —

83 . Drug recovery day

-

Briefly, animals were initially screened for ethanol

consumption by presenting ethanol solutions in an

»

. ' >
ascending oraer from 2% to 104 on an alternate day

schedule. After seven consecutive days of exposure to

&

the 10% ethanol solution, animals were depriveda of-

ethanol.for a two week period.

-

Restricted .-access procedure: Following two weeks
of ethanol dep;}yation, animals were presented with a

choice of water (presented in the water bottle) and a

'

10% ethanol solution presented ifi rubber stoppered
L 4

“plastic tubes fitted with steel ball-bearing spouts for

one single 24 hr period. For the next five days a
choice of ethanol and water (both presented in the
plastic tubes) were presented each day for a 45 min.

period. The water and ethanol tubes were alternated oh

each day to prevent position bias. The single water

1 X2
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bottle on the front of the cage was removed. just prior
%

to the free chojice presentation and was immediately

For the

.

returned following the drinking session.

- \ \

. ' foliowing 15 days, aniﬁals vere presen;gd with a chqice
of ethéhoi‘anq_water for a 10 min. period eacb day. On
~ Training days 70 and 74, animals receéived two
séccessive 1.pe injecti;hs gf saline (1.0 ml/kg) four

“hr prior}f&we%hanol and water presentation. Based ‘on

- -

ﬁean ethanol intake (gm/kg) of the last five training

days, animals were ranked and assigned to one of fivi‘

\

treatment ‘groups to ensure an equal distribution of

A ——

drinkers in each group., For the next five days, four

hr prior to ethanol and water presentation, animals
~ ‘ " ‘
received two guccessive i.p. injections. A summary of

the 'treatment groups is presented in Table 6.

a

. ?
Table 6. Summary of Treatment groups
Group Treatment -
S+S (n= 8) Saline + Saline .
S+COP (n= 9) Saline + Coprine
4 S+CYAN (n=9) Saline + Cyanamide
4MP+COP (n= 8) 4-methylpyrazole + Coprine
4MP+CYAN (n= 8) 4-methylpyrazole + Cyanamide

-

.All.drugs except coprine were administered every day
for five days. Since Tottmar and Lindberg (1977)
reported that liver ALQH activity was still signifij
cantly }nhibited by cop;ine k27hmg/kg) twent&—four
hours after administration and in order to control for

N

accumulation effects, coprine was administered to
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gr;§q&\i§£}ﬂoﬁ and S+COP only on Test days 1,3 and 5,

On Test days 2 and 4, saline was administered instead

of coprine. -Following the Lnjeccfonﬂaeriod (Test days

»

1-5), ethanol and water were p;esented‘onybwe more day -

without drug treatment and drinking was méasurgd.

——n

An additional 11 male Long Evans rats were used to \9

/ . ' '.
verify that coprine inhibited brain ALDH activity at 4
o .
hr and 24 hr after reatment. Six rats were sacrificed

&

by decapitatiop‘bhr (n=3) and 24 hr (n=3) following

coprine treatment, ‘The remaining five suhjects were

-

injected with saline and sacrificed 4 hr later. Th¥:

brain of each subject qu‘rapidly extgacted, rinsed in

q

ice cold saline’and blotted lightly 6n dry filter
paper, Brain sgamples were first stored at -70 ¢ and

later assayed for ALDH activity levels. The ALDH essay
-~ \\! .
procedure was outlined in Experiment 3, In addition,
. , . . '
nine male Long Evans rats were included to determine

whether the dose of 4MP used was sufficient to pFevent

the peripheral accumulation Qf acetaldehyde by dqp{ine.

°

Five subjects w; e ﬁrétr&g&gd with saline + coprine’(ZO e
mg/kg) and fogr subjects were pretre$ted with 4MP (10
mg/kKg) + coprine, four hr prior to 1.p. adanist;ation'
of ethanoi (1.2 gm/kg). Animals were sacrificed by

decapitation 30 min. after ethanol administratiqn,

Trunk blood of each animal was collected and later hd

assayed for acetaldehyde determinations by head-space

)
[ .

. Y

. v »

e

-

/f
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gasrcgromaQOgraphy."The procedure. for acetaldéhyde

determinations was ontiined{in Experiment.3. ° ﬂ

’ * - ’

R e +  RESULTS L

hr and 24 hrvfollowing treatment are presented iﬁ Table

.

7. Indepeundent T tests revealed that gfetreatneng,yith

-
3

l\“ , [N R
caprine produced a signficant. reductien in brain ALDH

- - ¥

activity at 4 hr (t(4)= 7.88? p<. ﬁOl) and at 24 hr

(t(4)7°5.?8; p<.001) compared to saline controls.~;&s

[ Y
merntioned earlier, ﬁilot work indicated thax.coprfne_

-

did not interfere with brain‘cataiaée'activity (coprine

*

(n=3): 0. 103t .01 units of catalase/min/mg protein,

saline (n=3): O. 1117'003 units of catfiase /min/mg

&

- -

The effé&ts of- coprine 64 brain ALDH activity at 4
.o 1:'\‘ ~ R ) . .

/}Eh%f‘7; Brain ALDH activity X-S.,E,M. (expressed as

nMBles of NADH/min/mg of protein) following

. . "pretreanent of .coprine (4hr and 24 hr) or
saline. * - Lo o -

- ! -

% INHIBITION from

Tneatment . ALDHractivity saline contrqi group
Coprine (4 hr) =~ 1.17%.009.*% ° 11

Coprine (24 o l.a13%°,03 % . 14

Saline v 1,31% .01 . .

- °
s . . ¢
-

| ox= sizniiicantly different from seline; p<:001

—

/. . i . N
\\

Peripheral blood acetaldehydevwas .only detected in

v 4

animals pretreated with coprine alone (314* 19.4 mM
‘ v
acgtaldehyde) following systemic administration of

ethanol (1.2° gﬁgkg). The addition of. 4MP to -coprine

I3
-
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e , was efficgént in preventing the accumulation of blood

fe - ‘

%ce;aldehydenlgvels by coprine. ' ‘

- . @

A baseline measure of absolutg_ethaﬁbl intake was Ty .
‘ . . 4 . e, g

« " “ 4

;‘ ' determimed by calculating mean ‘ethanol intake (gm/kg) .

4 . . . . . . . F-3 Y ——— - , - b oo
.o over the last five training days (pays 73-77) for each « .

animal.. Baseline measures of mean pfeferencg ratio -

-
~

T -+ (calculated 'as percent of ethanol in total fluid -
R » - ' . )

s . 1ntaké) and mean total intake were 8180.C51C018téd-

[N - . -
— .
. .

LT Indiﬁi%ral one~way ANOVAs were .performed on bﬂséliné ‘

data -6f all the pbove,measurés. -The analyses yielded ! . ‘; l-
; " i . A ST o 9 . .\
-no differences 1in baseline intake between treatment . '

- . ' grdnps (p>.05).r All data was xherefore.analyéedfaw .
A N - 9 B ’ ,
NEE o 1y ¥ '
“a spercent change from baseline level. The data of all .

‘three méashées (absolute ethanol intake (gm/kg),’
o * .

préference and total fluid intake) for all treatment

. [
¢

- ﬁroﬁps is,presented'fn Figure 11 (panels a,b,c, L

N

. respectively) .

rd

A: two-way ANOVA (Group x Days) on mean -
’ e}

. y absolute etlranol intake yiefded'a significént broﬁp X
. o \ Days intefagtioﬁ (F(5,185)= 3.64; p<.00001) and a"

significant é}oup‘effect (F(4,57)- 9.88; p<.00001).° -

b
Post hoc Tukey tksts were performed on the interaction

b

éffect and are summarized in Table 8, ,J

.
] .
. - o " ' . N -
v hd N
. ~ ] gy v - .

- . . !
- . R . « . ’

. . :
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ZCHANGE FROM "BASELINE,

_100 ’ Il [ § [ 'R [
: , 1. 2 .3 4 5 Rp
.TEST DRYS .

Figure '11. - Mean absolute ethanol
intake (gm/kg), preference
dnd :Qfal fluid intake

"(expressed as percent

..change from baseline .

o

4 +

- «0

groups (panels a,b,c
. respectively): S= saline;

o B . . 4MP= 4-methylpyrazole; -

- o “.CYAN- cyanamide; COP=
.. i coprine. N

intake) for all treatment

g
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Overall, Tukey tests revealed that animals pretreated

with coprine alone (grbup S+COP) consumed significantly

less ethanol :than groupé AMP+CYAN, 4MP+COP and S+S

"across Test days (q(5,37)= 35.6; p<.05). 1In addition,

>group S+CYAN drank significantly less ethanol than

groupHAMP+CYAN_(p<.dS). /Jhere were.ho sign?ficant
differences between groups S+CYAN and S+COP (p}.OS); , .
Moreover, no significant differences were revealed

between groups 4MP¥CYAN, 4MP+COP and S+S (p>.05) (see

Figure 1la)., ://(" ‘ \ ‘ ‘

: A two-way ANOVK of ethanol preference yielded a.

~

gignificant Group,x Days interaction (F(5,185)= 2.42;
p<.Opl)‘pn§ a signifiéant Group :ffect (F(4,37)= 4.2;
p<.064)im'fﬁkey tests revealed that group‘S+CO? demon-
v . ’ e ' .
st;aped a silgnificant decrease in preference cémpared
éo gr;ups 4MP+COP and\S+S on Test déy 3, and to groups
6MP+h0P, S+S ?né S+CYAN o: Test day 5 (a(5,86)= 36.8;

ﬂ(.OS). © As sﬁown in Figure 11b, this effect is mainly

- 'attributed to the large reduction in preference on

.these particular Test dévs for group S+COP. Tukey

tests bérformed op’thé Grodp"effect revealed that o&er-

all, gfoups S+COP and‘AMP+CXAN signficantly reducea

preference for etﬁanol compared to gréups 4M?+COP and

S+S (q(5;37)= lé.&; p<.055. ’ - ~
A two-way ANOVA of total fluid 'intake yielded a

significant Gfoup X" Days interaction (F(5,185)=.3,8;

p<.00001)., 'Tukey tests revealed that group 4MP+CYAN

"

-
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consumed significantly more fluid than groups S+§, (

bP and S+COP on all Test days and’dranﬁ more fiuid

thaé géqup S}CQAN on Test days 3 to ¥ kq(5,62;- 96.9;

*4MP+C

p<.05). Group S+CYAN [consumed significantly mgfe fluid
than groups S+S, S+COP and AMf+COP on Test day 1
(p<.05). 1t ?s of interest to noge\phat although group
4MP+CYAN consumed more fluid in total and tended to
consume msre:absolute ethanol, thesgo;nimals demon-
strated a signiffean} reduction in prefe;ence (sge
. Figure 111. These }esult; suggested that total fiuid

intake for group AMP+CYAN reflected not only an

1ncreasé\ in ethanoMintake, but an increase in water .

-
-~

"intake as well during the 10 min. restricted access. ' A
two-way ANOVA was performed on the raw data for water

'{ntake. Raw data was used since baseline levels of

water intake f;r all treatment groups were ;3?6 and
conséquently, percentﬁchange from baseline was an

undefihed value. The analysis yielded| a signifiéant
Group x Days interaction (F(6,2?2)- 2:94; p<.66001).

Ve

Water intake for all treatment groups/is presented in

.

Figure 1Z. - Post hoc Tukey tests revsaled that group
4MP+QYAN'consuﬁed significantlywmore water than groups
S+S, 4MP+COP and S;COP across all Tdst days (q(5,83)=
1.55; p(65) and drank more watem than group S+CYAN on

Test days 3 to 5 (p<.05) (see Figure 12,)
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~ DISCUSSION
{he pi§jen& findings revealed-thqt animals pre~ -
ireated,witg cdprin; alone (group S+COP) s;gnificanfly
reﬂuceq ethanol intake comparéd to~anipals .pretreated
with44MP+COP, Moreqgver, animals pr;treated with cyana-
mide alone (group S+6YAN) consumed signifisfhtlx less
ethanol thanp group 4MP+CYAN; These results suggqpted .

that the peripheral accumulation of acetaldehyde (due

to the inhibition of liver ALﬂH activity) may play a-

role in the‘sﬁbpression of ethanol consumption fn a 10

min., restricted access paradigm.

~

The results also suggested that coprine, unlike

cyanamide, did not alter fluid 1ntakg in general.

Animals préf}egted with coprine (droups S+COP and,

4MP+COP) did notlinErease wafer or ethanol- intake
during treatment (see Figure 11). Animals pretreated

with cyanamide, however, demonstrated an increase’ in
) .

fluid intake. This effect was particularly evident in

group 4MP+CYAN. 1In fact, group 4MP+CYAN demonstrated a

¢

.

gignificant reduction in ethanol preference presumably

' "because these animals consumed significantly more water

i

on Test days. . /’ C

The assay of brain ALDH activity sugges}ed that .

coprine (at 4 hr and 24 hr) inhibited approximatley 11%

o

of brain ALDH activity céhpargd to the saline;éoptrol

group. These resuits appeared to be appreciably ieower

.

that those reported by others using coprine (e.g.
o », * ‘ . ."

) )
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Pettersson & .Tottmar, 1982a). It is therefore

C
v X

-

passible, that the relatively low rate of brain ALDH

.

. inhibition reported in the present study may be due to

a metﬁodological pfoblem (similar to that repdrted in

' /

Experiment 3 for the assay of brain ALDH actiJity with

cyanamide), Consequently, the actual inhibitory action

. of ‘coprine on brain ALDH activity may be appreciably
higher than that reported in the presént experiment.
If brain ALDH pl ole in mediating a

"drinking boht", theén anim ;)pretreated with coky[ne

r with the additioa of 4MP should

&'
demonstrate similar chdnges in ethanol consumption.

Q
Sinclair and Lindros (1981]) rxported tﬁbt pretreatment

with 4MP+CYAN or cfanamide aloﬁe,both resulted in the .
. 4
suppression of ethanol intake. They concluded that the

\

suppression of ethanol® consumption by cyanamide was

>

attribyted to its direct inhibition.of brain ALDH. On
- L v

re v

the basis of the present findings, it would appear that

" brain ALDH does not play an immediate role in mediating

I3 -
'

the initial drinking bout(s) simulated in the 10 min.
restricted accegs pafadigm.( Animals pretreated with
coprine and cyanamide 3£3ne suppressed ethanol intake.
In contrast, pretreatment ' with 4MP+COP an; &ﬁP+CYAN
produced ho‘obéervable change i{n ethanol consumption.
This latter finding 1is inconsisteﬂt with the results

Teported above by Sinolair and Lindros (1981), who .

reported that pretreatment with 4MP+CYAN suppressed
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ethano{\ionsugption; The discrepency in findings may

be agtrib;:ZE to the different paradigms u;ed in the
two studies. Sinclair and Lindros (1981) used a 24 hr
access paradiém whéreas, in the present sfudy, a 10 .
min; restricted access paradigm was employed., It w;s

proposed.egmirlier that the "simulated" drinking bout may
* .

s ’

reflect the initial drinking bout ‘that may serve to

1nf1uence in éome fashion the patitern of drink{ng for
rats in a continJ:us (24 ;r) access paradigm. Following
this notion, {t is therefore conceivable that the
1nh1p1tiod of‘bgain ALDH by cyanamide or cobrine

.

kwithout the concomitaﬁt ;ncréase in blood acetaldehyde
levels) may alter the central actions of ethanol
following a drinking bout. Howeyer, the consequence of
this change may be only observed in subseguent d;inking
behavior and not during the initial drinking bhout
ftself. On the other hand, animals pretreated with,
cyaﬁamide or coprine aloﬂe (groups S;CYAN,:S+90P),‘
reduced ethanol intake in the 10 min. r;stricted access

period and this suppression was consistent with that

reported when using a 24 hr access paradfgm (Sinclagr & -

‘Li'ndros, 1981). It is possible that changes in the

psychopharmacolqgical effédcts of ethanol followiyg a

drinking bout may be more salient when acetaldehyde )

concentrations in blood are elevated by cyanamide,
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. The following experiment was designed to investi-
*gate whether pretreatment with cyanamide and coprine
L alone and with the addition of 4MP would all produce

similar changes in ethanol consumption gsing a 24 hr

ahcess paradigm. BRI

1 r

. 1
- \ -

. Qz . - ., EXPERIMENT 6B | -
\Y .

Suhiects ¢

- Subjects were.l17 male Long'gvans rats weighing

490~600 grams at the start ,of the experiment. Animals

3

PE N e fmee e o

were individually housed in staiﬂié}s steel caéé;‘ﬁitﬁ
free access to food and w%ter throughout the-experi—
ment., $ifteen of the'17 animals employed in the '
present experiment were prett;ated wiéh 4MP+CYAN (n=. 7)°

or 4MP+COP (n= 8) in Experiment 6A. The other two

- 3

subiects were drug naive but .had been trained to drink

hY
ethanol in the 10 min. restricted access,
. bru's ' - ‘ :
g, Drugs . ¥ :
4-methylpyrazole (10 mg/kg), sodium cyanamide (25
mg/kg) and coprine (20 mg/kg) were each dissolved in -

saline. All drugs were administered i.p. in a Volume

)

of 1.0 ml/kg, ' '

[ 4

*
Procedure . .. ‘
) oy

Followin} the last injection day, in Experiment 6A,.

subiects were given an additional seven days of 10 min.

- 3 -~

restricted access to ethanol énd water. Aniﬁais were
subsequently placed in new cages with two Richter tubes
mounted Iin the front of the cage. Animals .were 7

-

- . 4 < .
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.presented with a free cholcegf etﬁanol (10%) and water

for 10 days (maintenance days) using a 24 hr access

paradigm. On Day 11, subtects were divided into their

i

two previuus treagggnt groups (groups AMP;QXAN and
4MP+COP). A grouPzgé;be pretreated with coprine only
(S+COP) was formed by taking two animals from groups
4LMP+CYAN .and 4MP+COP as well as one of the naive

subjects. The second naive subject yas\added to group

4MP+CYAN to increase the sample size. .

OnYWay ll‘qt 5 pm (thf;e hr prior to the start of
the‘night cycle), animals éece%ved i.p. injections of
4MP+CYAN (n=6), 4MP+COP (n=6) or S+COP (n=5) for six
consecutive days. Richter tubes were removed from the
cages at 4 pm\and returned at 8 ‘'pm each day. This was
done in an atfempi to maximize cvyanamide”s inhibitory
action on ALDH activity s{nce it has been reported thqf .
ethanol administered prior to cyanamide ,treatment
interfered with cyanamide’s:ability to 1inhibit ALDH

act{vity in the liver (Tottmar et al, 1977). As in the

_p}evious experiment, coprine was administered every

second day (Test days 1,3 and 5). On Test days 2, 4

and 6, saline was substituted for coprine,

*« RESULTS Y
\
The present experiment was designed to investigate.
‘A
and compare the effects of-£he various enzyme manipu~

latifons on ethanol consumption using A 24 hr access
paradigm. .Siﬁce_a g£TOUp pretfeated with cyanamide

-,

. ) !
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alone .was not used in the present expefimenf, animals
pretreated with-cyanamide alone from Experiment 5
(group S+CYAN) were included in the present analyses

for comparative purposes. A baseline ieasure of

efhanbl infake was determined by calculating mean

ethanol intake (gm/kg) over the last four maintenance
days forvteach animal. A one-way ANOVA yielded no

N .
significant differences between groups on baseline

levels of ethanol consumption (p>.05). Méan ethanol X

intake, calculated in two day Elocks, was.therefor%
analyszed as percent change, from baseiiﬁe intake and ‘the

data is presented in Figure 13. A two-way ANOVA (Group

x Block) ylelded a significant Group x Blocks -~
interaction only (F(2,40)= 2,4; p<.045). Post hoc

Tukey tests revealed that 'the interaction effect was a
. . - ” ?
function of a significant reduction in ethan81 intake

’ ’

for group S+COP compared to group 4MP+CYAN in Block 3

(q(4, 32)= 69.4; p<.05). Although there were no other

significant differences between any of the t;edtment
gréups, it 1s evident from Figure 13 that animals
pretreat;d with cyanam}de or.c0prine alon¢ (groups
S+CYAN and S+COP, respectively) demonstrated a .
\ﬁ

contrast, groups 4MP+CYAN and QMP+COP did not appear to

r'eduction in ethanol.intake across Test days. In

alter ethanol intake over Test days. However, the
drinking data for 1n¢}vidual subjects in these groups

revealed an interesting pattern of consumption. Sqme
-

.

. .-

SN
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aﬁgmals appeared, to increase intake and other subjects

appeared to decrease ethanol intake. A comparison of

-

i ndividual baseline levels of int&*e to me&ﬁ,bercent‘

rchange from basel@ne over the six test deys‘for these
two gfoeps combined yielded a eignificang cérrelaf?on )
(r(lO)-'—.@Oi p<. 05).. ﬁean ethaﬁol intake'(expressed

as mean percent change grom baseline across Test days)

™ I K ' . \

~as8 § function of baseline intake is presented ‘Iin F)lgure

3
* L)
’

14 for all groups. Animals pretreated with 4MP AN

and 4MP+BOP whose baseline 1evels’were 1low appea&ed to

,drink more ethanol .than animals with higher baseline

LY

levels of intake (see Figure lha)

cogrelation was found for animals pretreated with

No“significant h

. A AW f
coprine and cyanamide<¥lone (r(10)= -.36; »>.05).. As

shown in Figure lﬁﬂ thergwyas 1ess’variability in
J‘

ethanol\ﬂntake between animals 1n these groups.
) '
\‘Baseﬁ on the range of baseline levé}p of ethanol .,

\ 4 —

intake for all animals’(0.96—6:6 gn/kg), the ﬁfdpoiet

RPTO

. ¥ .
value of 298 gm/kg was selected as the cutoff pvint,

4 . ’ ~

Animals whose baséline levels of consumption were below

this cutoff were categorized as LOW drinkers and above
this.cutqff were catqgorized.és HIGH drinkers. Ethanol
i eke (expressed as percent change }rom baseline

/nﬁ SRS 1 -

level)qur each animal as a ﬁunctfon of baseline.intake

. . .
is presented in Figure 15 in two day blocks.  As shown ~

in.Figure'15, animals were dMided tnto LOW and HIGH

drinkers wi%hin each. two day block.. 'In'Block 1, LGW

' . “ y
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o
N
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_in Block 13

’ consistently consumed ‘more ethanol than LOW drinkers in b

Individual drinkinﬁ behavior in the 24 hr access TS

o . 118

drinké;f (less"than 2.8,gm/kg).pret}eated with 4MP+CYAN

and &MP+CbP~appeared to consume more ethgnol than

1

animals in group S+CYAN and S+COP.- as shown

‘However,
’M '
HIGH drinkers in all treatment groups . - : ~
. ) / . .

demonstrated a reduction in ethanol intake. Across all

three blocks HIGH drinkets, regardless of pretreatment
'manipulatien, demonstrated reductions in ethanod -
Mpreo;er,ihow drinkers pretreated with coprine ’
. .. . ’
or“cyﬁnam?de alsmé consistently dembnstrated.reductions

intake.

in ethanol 1ntate in eéach two day block. In contrast,

LOW drinkers in groups 4MP+CYAN and 4MP+COP

Y

éroup S+CYAN and S+COP in each two ‘day block.,

' DISCUSSION :
oy . . ’
The results of Experiment 6B suggested that brain

~

/gizf‘may pl%y a role in regulating ethanol consumptien.

In general, pretreatment with 4MP+CYAN and 4MP+COE did

‘not appear to alter ethanol consumption 1in a 24 hr v

access paradigm. The findings were consistent with

those reported ?n Experiment 6A using a 10 min.

4

restricted access. upon(closer examination of

However,

. ) \
an interesting pattern was .observed. Almost

paredigm, )
all subjects whose baseline level of consumption'was;" )

. . U Y '
greater than 2,8 gm/kg (HIGH dninkers) demonstrated

] L
reductions in ethanefyintake regardless of pretreatment
AY

manipulation. This sugﬁression cannot.be attriuted to . ° .
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elevated ‘blood ace;aidehyde levels since animals pre- -

treated with 4MP+CYAN and 4MP+COP (a manipulation which

.

prevents the peripheral accumulation of acetaldehyde)

also demon- d%ratéd a reduction in ethanol intake. In

1 {

_the case of LOW haseline drinkers (less than 2.8
gm/kg), the opposite picture~emepged. Animals

.pretreated with cyanamide or coprine alqpe (groups

-—

S+CYAN and S*COP) consistently reduced ethanol

N,

consumption in comparison to groups 4MP+CYAN and

’ .
4MP+COP. In contrast, these latter gro&ps appeared to
increase ethanol consumption. These resultg suggest

that the peripheral accumu;}tion of acetaldehyde may

F S

play a role in the suppression of etﬁénol intake for

animals who iﬁitially drink smaller quantities of

ethanol in a 24 hr access paradigm (i.e. groups -S+CYAN

3

and S+COP). Conﬁerselv, inhibition of brain AﬁDH
activity without a concenmitant increase in blood
acétaldehyde levels may enhanceg ethanol drinking

behavior for LOW drinking animals. Although interpreta-
\ ’ 4 ' ' ’ a h

vlﬁons are cautiously drawn because of the small sample
sizes, the patterf of intake for individual LOW Yand

HIGH drinking animals in.24 hr access appeared to be
. :

«
diffefentia}ly influenced by the enzyme manipulations

¢

employed in the present experiment. The resulJ% of
Experiments 6A and 6B suggest that the inhibition of
brain ALDH by cyanamide‘and coprine may alter the
psych;p6a>hacological effectsr%j the initial drinking
\\\\ . i V
. .

L ‘ “l \'
- . ,
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- GENERAL DISCUSSION —

The present series of experiments examined the

-

r&le of brain ALDH and possibly‘céntrally—aéfing\

acetaldehyde in the mediation of ethanol drinking

‘

behavior. In Experiment 1, it was shown that the
a 3 3

“

amount of ethanol consumed in a 10 min. "simulated"

drinking bout was significantly 2orrelated with ethanol
A

intake in a 24 hr continuous access paradigm., .On the

-

basis of previous reporté that animals consume ethanol

¢

in a series of discrete drinking bouts over a period of

24 hr (Gentry et al, 198;; Gill et al; 1986), the
"3 N

present-findings stiggested that the "simulated" drink-
. '
i1 ng bout may reflect a drinking bout or more specifi-

cally, thefinitiél drinkiné bout when given continuous
ethanol availabilify. ‘A series of experiments were
subsequently designed and carr;:E out in an attempt to
determine’the putative contribution of brain ALDH and
cé‘lraliy-acting acetaldebyde 1nqreghlating a drinking
bout simulated in a 10 min, rest;icted access paradigm.
It wag hoped that the iﬁformatioq galned by examining a
drinking bout bould eiucidate how Arinking behavior is
regulated in general. ' o

In Experiment 2, it was observed that pretreatment

-

with cyanamide onleor 4-methylpyrazole + cyanamide

.

both produced increases in ethanol consumption. This

.effect could not be attributed to elevated blood acet-

aldehyde levels since animals pretreated with b-methyl—
N Y £

.

‘\\’/
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pyrazole + cyanamide (a condition .which prevents the-
“ _ h

*“ accumulation of peripheral ‘'blood acetaldehyde) demon-

strated an igcreaée-in ethanoi intake as well.
Al though both~g;oups incfeased etbanoi'intake, animais.
pretreated &ith -cyanamide alone consumed less éthgnol

than group A-methylpyrazole + éyanémide, suggesting |

that the difference in‘ethanol intéﬁé may - be attributed '

.to elevated blood acetaldehyde lévels ppodhced by

cvanamide. The magnitude of increase f;?lowinkucyana-

-

mide treatment appeared to be inversely related to

baseliﬁe levels of consumption. Low drinkers demon="" .,

strated the largest incréase, mid~-range drinkers o
- \ . rl ‘

increased ethanol consumptioﬂ by abbut 407% and high-

<

drinkers showed the smallest or no increase.,

The specificity of cyanamide“s effect. on ethanol

.

%as examined in Experiment 3, Animals ,were pretreated

«

with various enzyme inhibitors on alternate days whife

receiving ethanol. The results suggested that cyana-

mide may have a specific effect on ethanol since-

® increases in ethanol iptake were demonstrated only on
‘days when subjects were pretreated with cyanamide,

Together& Tésults of Experiments 2 and 3 suggested ‘that

-~

the effect of cyé%i?ide on ethanol consumption was

<t ~

immediate and consistent, since it. was observed. on the

first day of cyanamide treatment and persisted through-

out the treatment period.
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.Ot plain tap water for a 10 min, drinking period were

- ..123

k -
[ L 4

Ekperiment 4 was designed in an attempt to further

- ~

{Egersfiﬁgfthe specificity and the nature of the

o

increase in ethanol intake produced by cyanamide.

Animals trained to drink a saEchaFin-quininé solution

subsequently pretreated with cyanamide for five consec-

utive days and then on alternate days as outlined in

-

Experiments 2 and,3. The results. demonstrated fhat

cyanamide treatment produced increases in. both

.
* i

saccharin-quinine and water consumption. These

findings suggested that the increase in ethanol

-

consumption, reported earlier, reflected a general ¢

v
¢ , .

effect of cyﬁnamide,on fluid intake,

..

" The preseﬁt results were inconsistent ‘with %qme“
previoub rgﬁbrts ghét cyanamide suppressed ethanol’
consumption'(Amit ét al, 1980; Etiksson, r98o0; Sinclair
et ai, 1980). However, Lgose st;dies employed 3‘54 hf'
access paradigq whereas, in the present series of
experiments, a 10 min. restricted access pagadigm'was
used; It was donceivable’;hat the general increase in -~
fluid intake produced 'by cyanamide (i.e. an 1ﬁqrease in
_ethanol intake® may be prominent only in the initial

driﬁking bout but not when animals have continuous

ethanol availability. It was possible'then, that the

'pharmacological consequences of ethanol éssociateéfzzth

this initial incfeasé could subseguently éhange &rink-~
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ing behavior over the cpu}se,of the nighi cycle

resulting inh a suppression of ethanol\inbake.
y . ‘ . . it

-

P To examine this issue further, a 24 BY access -
ﬁqr;digm wag eﬁploye§ in Experiment 5. Moreover, a
“saccﬁarinjquiﬁiﬁe group was included QO°detepminelif
‘cyanamide would- produce a genéral supﬁ;%ssion of drink~ -
. ing qur a 24 hr peri?d or whexher'the effect was

. | sﬁecfic.to ethanol. The resuits suggegted that;cyana—
mide suppressed, ethanol intéke and'prefereﬁce and did . Co
”not &ign?ficantly alter saccharin—quin{ne.consumption.
{'Howéver, both groups demansfra;ed a sign?fi;ant

increase in water intake, These findings'%uggested_
% .

that cyanamide may have two 1ndependhn£ but overlapping
properties; it enhanced the consumption of fluids in

general and it appgared to specifically supprei(

4

ethahoa.intake. : . . g

s

. i In an attempt to tease apart thése two independent
properties of cyanamlde, a free choice of etﬁapol and .-
.y Water was ‘presented to ganimals din Experiﬁent 6A, using
th; 10 min. drinking paradigm. In addition, 4if C
& éyanamide’s effects on ethanol werk indeed attribuéed

Lo

to the inhibition of brain ALDH, then alterations in .

‘.

‘drinking behavior shouldﬁﬂlgo be observed with thefALDH'
1fihibitor c;brine. The results &emonstrated'that
animals“bretreéted with cyanhﬁide or Eopring aféne, ‘
supbre;sed ethanol intake in the 10 min. dfinkingh

#

session. These findings suggested that the dccumula-

. X Y
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tion of acetaldehyde in the periphery may have

contributed to,theuébserved suppression, ,It can be
érgued«%hat brain ALDH may not play a role in

regulating a drinking bout since aqimals pretreated “
withxh—methylpyrazole +.cyanami&e (4MP+CYAN) and
4-methlypyrazole + copride\(AMPfCOF)~d1d‘;ot demon-
stfgte'changes in ethanol intake., "It was possible, y
howevgr;/that these ﬁanipglations did not produce an

1ﬁmedjate effect on ethanol intake but the effect would

become evident in subsequent drinking behavior.
r \'

6B to determine the effects of 4MP+CYAN and 4MP+COP on

A 24 hr access paradigm was employed in Expériment

continuoﬁg ethanol dxirking behazyor.' The results

demonstrated that these manipulations qlteréd ethanol"
intake in a 24 hr access paradigm. ﬂowever, this .
\;%fect\was only evident when‘baseline levels of

\
consdmption were considered. It was apparent that

*

animals whose baseline consumptiion levels were‘greater

~

than 2,8 gm/kg kdetermined as _t midpoint in ethanol

drinking range) suppressed ethanol intake on Test days.

~

These findings were compdrable to animals pretreated

with cyanamide or coprine only, ‘and are consistent with

.

previous reports that 4MP+CYAN suppresses ethanol

intake in a 24 hr access paradigm (Sinclair & Lindros,--

1981). 1In contrast, animals pretreated with 4MP+CYAN

A . -
and 4MP+COP who consumed less than 2.8 gm/kg at base~
- \

-

l1ine incfeased ethanol 1ntak§, suggesting that thig
» - A - - . i
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1

[} .
manipulation may enhance ethanol drinking behavior 1in

.

low .drinking aniﬁéls. To summarize; the key findings in
the present dissertation were:

1) A drinking bout is a pharmacologically meaningful
! * l
eveﬁtc' ! '

4

2) Cyanamide seems to possess at least 2 independent

. -
L]

properties. It can enhance consumption of fluids in
general and it may also have a specific effect on
. ethanol intake. \ {

3 Thoae specific effects of cyanaﬁide on ethanol

5

a-ppear* to be abﬁriguted to the inhibition of brain -

ALDH, since:pretreatment with éOpriﬂe produced similar

results,

, 4) The direction of the effect by cyanamide and coptrine

. wa$ related to individual subjects” baseline levels of
N, -

- ‘ conspmption in a2 24 hr paradigm.
55 Thq,phhrmacoloéical consequ;nces of a bout will in
° ) o part’determine the pattern and intake 4n 24 hr.-
Together, the present findings suggest thag brain
- ALDH and Sy implication, centrally-acting acetaldehyde,
. may play a'folg in regulating ethanol drinking |

behavior. ' The evidence supﬁorting this notion will;;ow

.
; ]

be distussed in relation to ‘the key findings stated

4 o '
= W above,

~.',"., ‘

" -~
l

o



Event,

D

- 127
~

%, e

¢

A Drinking Bout 1s a Pharmachbgically Meaningful ° .
a ,

-

. The present series of experiménts demonstrated.

that the "simulated" drinking bout is a pharmaco-

»

.

. \
1ogically meaningful event. It wag shown in Experiment
3 tHat the amount of ethanol consumed in a 10 min.

drinking bout produced detectable hlood ethanal levels.
» )

These findings were consgsistent with other studies

-

. ’ 7 7 .
d%monstrating that animals consumed sufficlent quanti-

)

tiea of ethanol to producé~Hetectab;e and pharmaco~
logically relgvént blood ethaqol‘}gvels using various

restricted .access paradigms (Gill et al, 1986;‘Gfant &

Samson, 1985; Linseman, 1987). 1In addition, 1t was *

>

shown that blood ethanol levels significantly "correl-

U

. g i\‘ ’
.ated with the amount of ethanol consumed in the 10 min.,

acetaldehydé.

to simulate one of several.discrete drinking bouts

restricted access (r= 0.70). A similar correlation r ,

between ethqnol consump t,ion in a=10 min. restricted

.

access paradigm andblood ethanol levels has been
: . \
reported by Gill et al (1986). . Furthermore, it was

shown that pretreatment with cyanamide resulteﬁ'in

elevated blood acetaldehyde levels following a 10 min.

’

driﬁking bout., 'These findings suggested that animals

consumed sufficient quantities of ethanol in a 10 min.
) )

- ‘
drinking session to produce manipulable levels of

¢
'

G111 ‘et al (1986) devised the 10 min. drinking bout -

AN

L d

J !
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observed in a 24 hr access paradigm. They. éonc}uded

t hat énima1§.were motivated to consume "pharmaco-

logically meaninﬁfpl" or "inthicating" levels of

ethanol both in the restricted and 24 hr access péra-

digms. In'the ﬁrgsent thesis, it was demonstrated that
_—

a sfénigicant relationship existed between the amount

of ethannl/consumed in a Msimulated" dri;king boﬁt and

con;inuogé ethanol availgbiIity. Since the ;ize and

f regquency of bouts may bg iﬁporthﬁt determinants in

ethanol drinking behavior, the "simulated" drinking

D

bout .may provide critical data on one of the behavioral
N

components (i.e. drinking Bout) that comprise ethaan

motivated behavior.

Cyanamide May Possess Two Indegendent Propertié% R
A \

)

In the present series_of experiments it was shown
that cyanamide may ppsséss at least two independent

properties, It may enhance %he_consumption~of f1luids

£

in general, and it may also-have a specific effect on °

Lethanol. It was evidént that cyanamide produced an

increase in fluid intake in both the restricted and 24

LY
-

.

e 'J . . N - ,
hr access paradigms. In.the 10 min. access, the.,

increase was o@served,in'all fluids tested (i.e.

ethanol, saccharin~quinine or water). In the 24 hr
" , «
access paiadigm,'oﬁly water intakee was significantly

increased followiﬁg cyanamide treatment, .The mechanism

by Which cyanamiﬁe increased fluid intake 1is at pr'eféent~

-

. . . . . 4 H
unclear. It is possible that the increase was gelatedr

Co@®
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N to the direct inhibition of ALDH by cyanamide. How-

N y S ) ‘
s .§VEr ;nimals prftreeted with thé ALQH inhibitor: = & - ,

. ' ‘ .coprine, did not increase ethanol or water:consumption .:T~
o - c . | in-the tw;—bogtle r;strﬂlted;agcess or124 hr access‘ ‘ ’
SR ’ Lparadig;ma. Thqrefore{ it seems unlikely that the . . -

increase was related to the direct inhibition of ALDH

Y

-

/ - . ctivi V Another gossibitity‘is that the inctease in
- M ‘
4 . . . f PR
fluid intake was caused directly by some other property -

r .

. “of cyanamid* itself.. Cyanamide 18 known to okidize to

’ [

' - urea (R.A. Deitrich5 personal communication). Urea  ¢ .

¢ “ w

* ‘ \ N ' J
C concentrations may become elevated in animals fo!lowi g

N L}

the administration of cyanamide. ‘To’controi_the urea . L

L4
a o - P . )
,

,concentrations in bloodi animals may excrete more ufine
1 A te

27

and subeequently cons?ne more fluid to compensafe foi‘!9
] [ ; M - LT .k
‘water 1oes. It is o¥ imterest in this context to note

N -

» . i " . v o
13

that/arthough animals in the lO,mim. restricted access .

¢ « -

'were not watex deprided, animals pretreated with, : ¢

9 cyanemide still demonstfated an increese in fluid

A

* I3 t - * .
- intake. . X .

I & Althdugh cyanamide produced a general increase dn

, oy . fluid intake,\ it &lso had a’ specific effect on ethanol T EN
T Lo conéumption. For example,; it waS'shown in°Experiment 5 ‘f 13

o~

that animals pretreated with cyanamide=demonstrated an , ‘-
Y . \\ 3 "‘1 . . " J
) ‘ 1ncrease in water intake but a suppression in ethanol ) o
R ‘ S - . N
. . N consumption in a 24 hr access marqdigm. In contrast), '
- N * ° . M
B h B ) -
o |
°‘anima’ls,. pretreated with cy&n;:Tﬂe demonstrated an ' ’ N

— R . ~ o s s . s Nt . . . . .
e s ,incrbeSe in ethanol consumption during.the 10 miny A o

5 - - o 0
. ) . v, . ‘
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< . - .
drioking session (Experiments 2 and 3). ,However, the .-
Lo ? N R '.. [ ’ \
magnitude of the increase was much lower for ethanol oA
s ‘ ' . v L o s, v
. . drinking animals than saccharin-quimine -and water . '

[3

drinking subjects. These résultb’ﬁ@ggesged_the ,

- .

‘presence of a factor d%ich‘may limft. the increase in ' )

-
— - . o

‘-

: R v ‘ethanol congcmption produced by cyanamide. " One can
spéculate then, that if’ cyanamide did not produycé this
} e . general increase ip’ffhid intqke which contribqnéd'to.'

.: . . the 1nereases 1n efhanel consumbtibn, the sma}lem
increases‘o@eerved;in efhanel drinking an}ﬁale may have /

" l‘ceflect;d an ‘actual "euppression" of’drinking.f;oﬁe. |

facter contribu;iné to tﬁfs Suppression effecl ﬁey be .

N . ' toe ‘ 4

. "elevated blood acetaldehyde by cyanamide. I* fact,

~ »

- . Iy

vanimals pretreated only witH’cyanamide (group S+CYAN) <

. .

. demonstrated ‘a greater "suppression" of~¥thanol . P

. . ' ,
consumption than animals wretreated\bi;k’iMP+CYAN. A
. . ‘ L . Y . [N . ' '.\,
rsiddlar finding was demonstrated by Sinclair and .

_— Lindrys (1981) using'a 24 hr access paradigm, They:

. reporked tha£ although both cyanamide and 4MP+CYAN ‘ _—

. : - \\ treatment produced g  suppression in ethanol intake, the- . .

ffect was greater in animals pretreated with cyanamide . -
'

. alone. , However, 1f elevated blood acetaldehyge levels
were ‘the only factor. limiting ethanol intake by cyana-
N

miée, then pretreatment with 4MP+CYAN should have .

reversed égf' suppression“ since the addition of

ER Y

4—methy1pyrazole prevents the peripheral accumulatiqn

s of acetaldehyde. The 1ncrease in ethanol intake

; ' \- : . N . Y !
B r . . . '
: . . L. .

e ’ - ¥y . . - . R
4 e . . b

. Al . . .

VR ‘ ' - ’ . \ LS L - N . N .,
PN .. . L . - \ . .. N . ;
.81 N v W ey vela . . —
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“

observed in animals pretreated with &MP+CYAN -was

RS

substantially lover thaq that observed in ‘saccharin~ v

»~

_quinine and\water drinking groups. Thus, the’ addition

'a; 4-methylpyrazole to cyanaagde diq‘not reversye, the:

ot

- ==—=+="guppression” of ethanol consumption. 'These'findings

auggeéted that acetaldehyde accumulation was notfthe

.ondy factor limiting ethanol intake" aince pretre&tment

" with 4MP+CYAN prawénta peripheral accumulation of acet-

N Fl

aldehvde. A common factor.to both cyanamide treated

'y

groups was the’ 1nhibition of brain ALDH activity by

tyanamide. It is therefore possible-that the

inhibition of brain ALﬁH by cYmﬁamide may be one of the

"N, ) '\

"factora responsible’ for limiting ethanol intake.

¢ N - * P
N

Furthermore, if cyanamide 8 effecg on ethanol wés

mainly attributed to a general increase in fluid

AY

intake, .then all ethanol drinking animals should have

increased ethanol consumption by the same proportion,

In fatt, the incremse in ethandl intake varied as a
»

. function of '‘baseline intake (i.e. LOW, MEDIUM and HIGH

. drinkers). High drinkers demonstrated the lewest

L3N N, - ™

increase and low drinkers pretreated with 4MP+CYAN or
cyanamide alone degpﬁgfiated the largest increase in

ethanol intake, This similarity in‘effect may be

attributed to theé inhibition of brain ALDH by

cyanamide. ‘However, 1t is important to note that there
were differences in the magnitqge of increase for

animals pretreated ;lth cyanamide alone or kMP+CYAN.

“ . v N

N .
) ' ‘
. - H
B H
* ‘ .
.
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" The magnitude .of increase in ethénol intake for animals
. . “ ' . ‘
] "

-pretreated”with oﬁly cyanamide was significagtlv
smaller qompare& to animals pretreatg@ with 4MP+CYAN,
These fiqdiﬁgs suggested,fhat elevated \blood qéetalde-

hyde levels may have vontributed to the differences

noted ébove. ' i
‘ TN ‘,
An increase in ethanol consumption following -

[

cyanamide treatment has been reported }n studies using

r

a 24 hr ,access paradigm., Sinclair and Gribble (1985) '

dem&nstrated'thaﬁlfive days of cyanamide adwgsnistration

during a period bf ethanol deprivation produced a long--
lasting increase 1ﬁ,ethanol consuyption when'etQanol'

A
was subsequently presented to animals. Using an alter<

-
.

ﬁété aay schedule of ethanol presentation, Amit et-al

°

(1976) reported shat animals demonstrated a slight

increase 1n"ethanol.1npake'folrowing calcium carbimide

(a derivative of cyanamide) treatment. 1In gontréat, it

has been demonstrated that pretreatment with cyanamide

- FRRY

suUppressed ethanol intake when using é coniiquous
.access paradigm (Sinclair et al, 1980; Sinclair &
iindros, 1981). These latter findings were confirmed

in the present studies using a' 24 H; continuous

schedule of ethanol presentation. The discrébancy
¥ - - .

v

‘between studies,using the 24 hr access paradigm may be

attributed to the different procedures employed. The

alternate day schedule used by Amﬂx et al (1976) may'be‘
more similar to the deprivation schedule employed by

’ ¢ .
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Sinclair and Gribble (1985), since anim&ls in the
former study bniy received ethanbl éuery'othet day. It
ig possible that the debriyation factor in both studies

played a role. in the observed tncreades in ethanol

A Y
consumption following ¢yanamide treatment. It can be '

rargued that the 10 min. restricted access 1is also a

Ny

dppfivation-like procedure, since ethanol was presented

J

to animals for a limiteed time' period each day. Conse-
v ' , . ‘ ) ( ‘
-,‘qﬁﬁntly, the mechanism underlying the increase produced

by cyanamide®may be simi}ar in tke studies stated
* .

above, However, in the present lO'min. restricted

access paradigm, ethanol intake immediately returned to

baseline.levels foilowing the termination of cyanamide

- o

?

treatment, Conversely, in the study by Sinclair and

¢

Gribble (1985), ethanol intake increased following the
tefminatiop of cyanamide administration. The different '
. temporal effects of cyanamide on ethanol- intake
. . ‘

<suggests that different mechanisms may underlie the

. - ¥
increase observed in the 10 min. restricted access and

., the ethanol aeprivdtion schedules.

"The Specific Effect of Cyanamide may be Attributed to

" “Brain ALDH Inhibition .

The notion that brain ALDH may‘pi;y a role in
regulating a ﬁdr?gm;ﬂg bout" ;as supported by the °
studies using the ALDﬁ 1ph;b1tqr coﬁripé. The efféctq
uof‘éMP+CO;.and cobrine'alone on ethanol .intake parall-

elled that observed in' animals pretreated with &nP;FYAN'

- . .

-

ALY

M
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and cyanamide: However,'é;prine did*ﬂog prdduce a
general-increase in flpid 1ntaké. If cyanamide“s
effects:on ethanol were mainly.aitriﬁ%tgd to the
inhibition of ﬁréin;ALDH and prgt;gatmgnt with coprine
produced similar effects. on ethanol consumpcion, then
it is proposed that coprine produced 1its effect via the
8 ame mbqhanism {i.e. brain ALDH inhibition)., Thus, the

L ]

similarity in alterations in ethanol intake produced by

coprine .and cyanamide strengthens the notion that these’

.’ ¢

chhnges’afe ﬁygpifiq to ethanol and more‘specificélly,
that brai'n ALDH may bhe involveéd in the obaerv;d
changes.

- This interpretation can ‘be qhallenged since”
differences in ethangl fgfake vere observed when a
direct- comparison was mvde between animals preg}eaCed
with coprine and cyanamide. Animals pretreated ;ith
4MP+CYAN and 4MP+COP did not produce any observable

changes 1in ethanol intake 1ﬁ'the two-bottle choice 10

“min. access paradigm. .In contrast, animals ﬁretreated

. 3
with cyanamide and coprine alone, in the same paradigm,

demonsﬁrated a suppression of ethanoi 1ntgke. _These

-~

‘Tesults tend to syggest that peripheral adcumulatiop of

acetaldehyde caused. by these ALDH inhibitors may be a
ceritical factor in altefing the initial phases of
ethanol consumption.. Furthermore, it can be argued

that the addition of 4-methylpyrazole to cyanamide and

coprine served only to eliminate the peripheial accumu-
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-lation of acetaldehyde and allowed animals to resume

their normal levels of ethanol consumption. Followiﬁg

.this argument, one can conclude that peripheral

acetaldehyde may be involved in regulating ethanol
consumption, However, it has been argued that under
unmanipulated conditions of voluntary ethanol consump-

tion, acetaldehyde levels in the periphery may be too

. 7
- low to play an active role 'in regulating-ethanol intake

(Eriksson & Sippel, 1977; Lfndros, 1985). Moreover, 1if
the peripheral accumulation of acetaldehyde was the

only motivational factor operatipg in the regulation of

eimanol drinking behavior, then animals should have

ceased drinking altogether following the first drinking

. bout because of the punishing, averéive effects ‘associ-

ated with elevated levels of acetaldehyde. In the
present series of experiments, even animals pretreated

with coprine or cyanamide alone did not totally

S ) 1.
suppress ethanol intake. One must therefore assume the

-~

nrésence of another factor which motivéted'aﬁima}s§t0~
o

consume ethanvl despite the apparent aversive' conse-

»

quences of elevated blood acetaldehyde levels.,
, At first glance, it seemed'tha} drinking behavior
\in the 24 hr access paradigm was quite simil Eto that
observed in the 10 min, drinking session (see Experi-
ment 6B). Animals pretrea;ed with coprine and cyana-

mide alone both démonstrhted a suppression of ethanol

intake in the 24 hr access ﬁaraqigm. In contrast,

o

N '

fad
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pretreatment with 4MP+COP and ZMP+CYAN1did notfappéa:

to alter ethanol intake froﬁ bpseline levels. It could

v -

be argued,- as above, that the prévention of the peri-
ﬁheral ac;umulati;n of acetaldehyde by 4-methylpyrazole
mérely allowed animals to consume=theif baseline levels
of intake. However, if brain ALﬁH Qiays a role in
'reﬁulating ethanod consumption,”then, by the nature of .
the m%anuthion, either,an increase or decregse in
dfinking behavior should have occurred in animals pre-

treated with 4MP+CYAN and 4MP+COP. 'A closer examina-‘®

tion of ethanol intake in individual animals revealed

-

‘that pretreatment with 4MP+COP and 4MP+CYAN‘resulteq én

S P .

~
3,

»
bidirectional changes in drinking behavior. High

~drinking animals suppressed ethanol intake comparable

to that observed in high and lbw drinking animals .

pretreated with coprine or cyénhmide alone. In
contrast, low drinking animals pretréated with 4MP+CYAN

: . ‘ " - B
and 4MP+COP tended to increase ethanol intake. These

L

resdfis suggest that inhibition of brain ALDﬁ activityv\
’
may have altered ethancl drinkiné behavior in the 24 hQ\

access paradigm, albeit in a complex fashion.’

-

Taken together, it 1's proposed that peripheral

acetaldehyde may not be the main factor involved in the
. . .

process regulating ethanol driﬁking béhavior when .
ethanol is freely avajlable. Based on the findings
that brain ALDH activity correlated with ethanol intake

in a 24 hr aédcess paradigm (e.g. Amir, 1977; Sinclair &
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Lindros, 1981; Socoransky et él, r984) and that pre-
treatment with 4MP+COP and 4MP+CYAN both suppregsed and

enhanced ethanol 1nfake,in a 24 hr access paradigm, 1t

- >

is suggested that cyanamide, and coprine”s primsry

effects on egﬁanql may be ‘through their’ inhibitory

s

action of brain ALDH.' .

.-
1

The fact that there-were ﬁo observableechamges in
ethanol épnsmetion for groups 4MP+CYAN'and AMP%COP
during.the 16 mi;. drinking session but such changes
were in fact observed in a 24 hr access paradigm,
'suggesfedlthat Srain4ALDH maylnot plgy an immediag;
role in mediating the initial J}inking bout s{muiatéd_ /
in the ééqtriqtea access paradigm;' The discreteﬂnature-
of a single 10 m;nn drinking session may be,éimilar fo
"the one trial learning ‘described in thehcodditioﬂgd
taste aversion (CTA) literature. In the 10 min. drink-
tng paradigm, animals learn to make\an association
between the taste of the fluid (in thi# case, etbaéol)
and some pharmacological propérty 6fr£EE/gpug; If one
assumes that brain ALDH plays‘a roleN}hbéhe pharmaco—-
logical effects of ethanol, then pretreatment with
cyanamide and coprine shduid alter the pharﬁhcol§gical

\cpnsequences of a drinking bout. The taste of éthanéIf‘{

3

would subsequently be the conditioned cue fqr these

1

changes and alterations in.ethanol intake would reflect

§

-

this learned association between the taste and

pharmago}pgical properties of ethanol., 1In this

°
.
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Qonmext{ it has been postulatea'that_CTAs“induced'by
séﬁf—;dmiﬁistéred drugs including .ethanol, ;%y be
functionally related to the pssitive reinforcing

" properties 6f these agents (for review, see Hunt &

Amit, -1987). Moreover, CTAs induced, by self-admini-

~

( [ 4 . . . .
stered drugs .may be related to'a constellation of
\ 1
st%pulus properties of tRese drugs, reflecting the
’ o .

Weuphoric/dysphoric" interaction of the drugs” effects

' / .
(Colpaert, 1978; Hunt & Amit, 1987). . Indeed, this
notion is supported by repgorts within the huﬁgn drug
rabuse literature of the involvement, of mixed

"éurphoric/dysphor;c" effects of psychoactive drugs in

t he maintenance of drug self-adminié;rgtion (Mello,

L]
¢! .

1983; Meyer & Mirin, 1979;.see alsp, Hunt & Amit,

1987). For. example, during a period of thronic opilate
?

and alcohol intoxication! drug-users reported increased

dyspho;ia and .anxiety (Mello, 1983). Moreover, at’ high

doses 'of cocaine Intake, there weére reports.of dys-

- A . '
phoria and a}zﬁ?%& accompanied by a desire for more

cocalme (Resnick, Kestenbaum & Schwartz, 192]). 1t ..

lwoélq appear.then, that CTAs induced ﬁy seif—adminid
ste?ed drugs may reflgct'g congtellation of "euphofic?
dy;phoric" stimulus propertiés of }he\drugsf effects.
Furthermore, theré'is evidence from bq;h the human drug
" and aniﬁal’CTA literature QJ suggest that ;ﬁq positive’

reinforcing pronérties of self;adminiatered drugs may

s

not be readily dibcriminahle. .Ior example, eprriénced‘
’ '- r‘ ‘ .

DR L. ” 3
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oplate users have reported that the strength of the
1q1tfa1‘nahsea occurring following drug administration

»* : .
is often used as.a positive correlated cu% for ppedict--

"ing the intensity of a subseéquent drug “high~
& ‘ 14

(Stolerman & Kumar, 1972). In the animal CTA litera-

ture {t has‘been Teported that it is qifficult ta
aémonstrate‘the formatizn of ,a G@A using centfally-
administered drugs such as morphine (Hunt, Amit
VSwitzman & Sinyar, 1983) and acetaldehyde (Browrf’ Amit, .

Smith &, Rockman, 1978), although systemic injections of

. \ e
/F\/}hese substances readily induces a <CTA (e.g. Brown et
a

1, 1978; Hunt, Spivak & Amit, 1985). Together, these
findings suggested that the ”"dysphoric" gffecis of 4
self—admipistered'drug may enhance the sallency o& the

more positive reinforcing properties of the drug (Hunt

& Amit, 1987). ’ \

., Within this context, the‘éaliency of the central
! 4 )

pharmacological cues 7n pnimafs pretreated with.cyana-

mide aﬁﬂ coprine alone may be enhanced by the conco-

mitant increase in blood acetaldghyde levels. Eleva-

+tions in blood acetdldehyde éonceq%rations'produce‘

various noxious physiorogicai effects sucdh'as tachy-
<

- chardia; dizziness and nausea (see Kitsop, -1977).

- Déspité their seemingly aversive nature,'these pe#i-’

pheral efﬁects may facilitafe learning an association
between the taste stimulus (ethanoi)_énd the centrally-

mediated effects of ethanol (Hunt & Amit, 1987). The

AY
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addit-Ton of 4-methylpyrazole to coprine and cyanamide

prevented the periperal accumuiation of acetaldehyd?
. t

following a drinkink bout., Consequentl&, the central

4
cues following ethanol consumption may be ‘less salient

and animals may not readily learn an association

betwegL the taste and the drug state. .

©

The saliency of the central stimulus propertf;s of
eéhanol following pretreatment with 4MP+CYAN and
LMP+COP may also be influenced by the duration of
exposure to ethanol, It has been reported that the

duration of exposure to the unconditioned stimulus

-

(e.g. drug state) is an important factor in condition<
ing studies (e.g. Cgudie & Dickens, 1978). For

' ' ’ - {
example, cocaine 'and heroin both have a rapid rate of

onset and both act as-relatively weak CTA inducing

- N v

agents (Goudie, Dickens & Thornton, 1978; Switzman,

4

Hunrt & Amit, 1981). .,Howevet, it has been demonstrat'ed

that the magnifude of CTA induced by cocaine can be

. potentiated by extending the duration of drug exposure

by meaﬁs of repeated injections (Foltin, Preston,
Wagner & Shuster, 1981). Using a different Eondit%on-
ing*parddigm, Smith (1983) reported that a single :

AN

intracerebroventricular infusion of acetaldehyde failed

to induce a conditioned place preference. However,

multiple infusions of .acetaldehyde over a period Bf

five minutes reliably produced a conditioned place

\

preference. Egggse latter findings support the notion
2 . / . .

I



- ' - 141
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t
that increased exposure to a drug may ﬁe an important
- Cr ] ‘ \ ’
. factor in conditioning studiesg. .
~- ' , [ . - i) '

3

/i' . In Experiment 6, extending th\ ﬁre‘entation of
‘ - . . 4 ! «

ethanol from 10 min. to 24 hr prodyced an alteration in
. = ’ \
drinking behavior for animals pretreated with AMPYCYAN -

and 4MP+CO§. It appears "then, thaé‘animals may ledrn \j

"to associate the taste .-and the pharmacological conse-"'

’

quewces of ethanol only with repeated ekposure to the

@,\,
cgntrally-mediated event, which 1in this case was

provided by continuous access .to ethanol (1.e. 24 hY~

paradigm). « _ ' ’ . TN ’

- A y

" ‘CYanamiHe and Coprine: Bidirecﬁional'Effects in the 24 .
»N " 4

hr Access,Paradigﬁ; ' . . s
. , . 7 < '
The results from the stwdies contdided in the

'~ present thesis demonstrated that ALDH tnhibition .did

[y

not resuvlt in a unidi}ectional effect on ethanola

consuﬁptiqn.‘ Although there was no effgct on group

Y

rmeans for animals preéreated with bMP+CYAN and 4MP+CGP

3
- R

in the 24 hr atcess (Experiment 6B), there was a

significant efféct across iﬁdividual rats.- It was
. 1 !

shown that the change’in'ethanol_intakefwas a function

hf the Baseline level of intake. Genenally,'hhimals

' S

~f'that consumed éreater than 2.8 gm/kg of ethanol at

baseline (i.e. HIGH d}inkers)'éubsequeﬁtly demonstrated

v

‘ .8 suppression of- ethanol intake, whereas an ingrease 1in
e . 1 ‘

.+ ethanol intake was observed in qnimals_thpt consumed

less than 2.8 gm/kg -at baseline;(Low Hriﬁkets). In

N8 ‘ - - r.

.
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. » contrast, pretreatment with coprine‘rnd cyanamide alone

~produced a suppxession of ethanol intake in both high ,

and .low drinkers. ' ‘ ' .
\ : " ’ N , D S . 3 ! . .
A similar “dose"-dependent change has been
" . ‘f reported for‘q57 hice pretreated:-with a-mgahylpyrazole
" . ¢ Lo N '

c
]

aione\(Geqtry; 1985). .Gentry (1985) demonstrated that

e ow the effect of szethylpyrazole on voluntary ethanol
“ - Sﬁ\\;:onsumption in mice 'was directly related to tkeir bdse~
: - {ne lpvel of intake; it suppressed ethanol ;pfake in

- 4

high drinking mice and increased intake in léwndrinﬁlng‘
Tice. -Gentry (1985) suggested that A-ﬁethylpvrazole

< r exerted its effects throigh its manipulation of blood:

-

ethanol levels. In Qee présenn thesis, the J"dose"—

. -‘ dependent effect 'was only observed id rats pretreated
- A3

v - 'wiﬁy/é-methylpyraque in addition to the ALﬁH . e

.o inhibitors. On the basis of Gentry-s (1985) work,. 1t
18 therefore possible that the change 1in éthanol intake
’ oo~ 0T ’ ) , B .
in the present study was directly related to the N

. N pharmacological effects\produced by h-methylpyrdzole

- -

independent of brain ALDH Manipulations. In Experimeﬁt
2;_animals pretreated wig\\ﬁ-methylpyrazole alone ,did
not demonstrate any change in ethanol:-consumption . y

- -

uring the 10 min. restricted access, Vhenﬂanimals ’ .

H 2 - A

‘ .. were'subséquentlv_dividéd.1ntd’high, mid-range and ioq
v . Ll ' d ) . .

o drinkers on 'the-basis of baseline intake, it was shown .
. - that h%gh‘drinkers reduced cethanol intake over days and

9 N -~

~ -

. - . .no change 1in consumption was observed for the mid—range

- - R N N ' hd M . 9 - - * )

[ B a . x . - 5 ’

» < - R ~ -
- . ¢ - o . N .
. o~ - - s >
. - » . ~
. ~ N N
. R . = . . . -
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'‘and low drinkers. However, the pattern of intake in. .. R

9 . . . N
' . N . °

' antmais ﬁretreated w&th saliﬁe was sfhiiar to thet oo .

. and’ h—methylp zole groups may, have been morevsensi—

1 = v

oﬂgerved in A-methy pyrazolé;treated subjects. It S

¥

would appear then that the high drfikers in _the saline ’

°

’ -

tive to the 1nﬁection procedure than mid -range and low '

. e,

drinkers,. Coneistent,with these finding, Gentry et al
. - - i N } .N . . . ° .
(,1983) reported that daily injectiofis of salige _
T PR B SS

éuppresé&d the high rate of ethanol ‘consumption ° S

-

typlcally bbserved in«C37 mice. The ﬁresept findings .

therefere suggested that the pﬁhrﬁacological effects of :

. {
A-methylpyrazole alone may noéybe responsible for the

.

"dose -dependent effect observed 1n'animals pretreated
4 ¢ - v

with 4MP+CYAN and &MH+COP. : . - L
- ’ ' ' - C . ’ v - . , a

.It is of interest, to note that the, "dose"- "~ . 7 . \41 '
‘dependent effect was not only observed.in the 24 hr'

* " ' T ~ R

access paggdi&r but in the fO min. restricted access - .

. paradigm as well for animals pretreated ‘with 4MP+CYAN.- -

e . - :

In Experiment 2,1t was shown that increases in ethan&ﬂ .

consumption for group 4MP+CYAN was a function of bage- e . O
3 . 4 , . “ |3 . " )
line Imtake. High drinkers demonstrated the sm;ylest - U

[
S

increase and low dirinkers demonstrated the largest °:
o v . : ) ' . ,
i ncrease in ethangl intake, It was ewident from the:

™~
x4 . .o

present series of e:c'per'ime'nts that the "increase {n . . Coe

ethanol consnmption may ‘be relatedﬂto cyanamide
~

effect on general fluid Intakes X However, the magnitude

v

of lncrease parallelledlthe d¢irection of change o T T
H : . - e
“- .' . . i " . ’ " . ‘: .. . . . ¢ #’ ! : ’ '\ . .

v L] . . .
L ¥ . “ . o i a
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1 ow drinkere an inCrease 1n ethanol consumption._' S

\ " X . .
observed Ln:higheana low drinkers in the 24 ‘nr }ara-{
dhtm}'i.e."high‘dninker$'demonstrated a decreaee-and

- K o

Therefore, the’ similarity of ﬁindings in the 10 mim.‘

restricted access and 2& hr access paradigms would tend

‘to further strengthen the relationship between the . .

behaviors demonstrated in a- simulated" drinking bout

\ \\v//(7T~

and those in the 24“hr access.
Pretreatment with ¢yanamide alone prodhced a

. 4
" .

"Hose‘fdependent'change-iw_ethanol intake during the 10

- '

“ ot

min, ;restricted access but- this "doéefde endent" [
relationship was'net observed infthenZﬁ‘hr zeeess
paradigm. . Given'that animals consume ethanol in.d
series of discrete bouts in a 24 hr eccess paradigm
(e.g. Gill et al, 1986) it is ‘possible that each

— - —

drinking bout- would reault in elevated blood acetdl e—
d i
hyde»levels produced by cyangmide treatment. It 1 ‘

therefhreLéonceduable thitﬁboth high apd low drinkers

' S . . . ) \
- may become more seénsitive- to ethanol”s effects as a

~

coensequence of the repeated exposure to elevated t1o0d

‘acetaldehyde levgle (and 1f¢s potential punishing

effectsk‘and subsequently aupurees‘ethanolfintake.

The Pharmacological Conseqyences of a Bout ﬁill in part

' Determine the Pattern and Intake of Ethanol.

-Various factbrs appeatho play =a role in-
‘ \
regulating the size. of individual bouts as well as the -

s

frethncy of bouts both i\\the restricted access. and 24

- " -
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’ . X .
‘ . : \ " : \ ‘ g .) |
: . hr access paradigms. The amount of e;)d&ol. nsumed by .

rats may depend on the reinforcing properties as ‘well

ot @ < . i ) . . i , -
as the taste and peripheral consequences of ethanol. A

eombinatidn of these and other factors may ultinately
determine the maximal rate of responding for ethanol.

.o For’exanplé,-under "normal" conditions the amount of
v § . .

ethanol consuned bykhigh“drdimirs may reflect a N b ,

v

-

. . ""ceiling-effeot", dbove which,’it;may trigger aversive .
. ' ' . N . . - : : A

++ + consequenceés (i.e. motor incoo@dination,,dizzinesé
. : 3

etc). 'Low drinking animals may. be more pensitiye to

N

_‘the taste or peripheral effects of ethanol and may not

experience the reinforcing effects following "the »

consumption of .1ow quantities of ethanol. It s .

. . ' possible that as a consequence of consuming such low
' . 0 I . . -
amounts of echanol, insufficient levels of acetalde—‘

~
P
]

m"'g hyde which may play a role in mediating the rein-
forcing effects.of“efhanol,‘are produced in_brailn, B ‘ o

‘In the'pneaent~experimencs, c&hnanide appeered to ' : 1 //

have a differential effect on ethanol intake in high o ,//

. and low drinkers. The mechanism unnerlying the "dose"-

i -

dependent .effect is at present unclear. It #s * : N

- f . . N . L

o conceivable that the inhibition of bratn ALDH may

-X: - result in a concomitant increase in.brain acetaldehyde

Y ' .. concentrations following a drinking bout in animalq
. " N e ' 3 ‘ : . SR
N - ‘pretreated with 4MP+CYAN and 4MP+COP. For high
" - . ¢ ﬂ -

drinkers who nay already‘bevat their."ceiling", the




-

. )

notion is supportgd by the ﬁindiqé that animals are

of giéériﬁinating the altered central effects of

~alcoholic pat#ents treated with the

K , 146
.

Lo

'ﬁpteptiation may be aversive. Animals may shbsequentlyk

decrease ethanol consumption in.an attempt to regulate

i

-the magnitude of this enhanged‘pﬁarmacolpgical sgate

.

and return to their hrevious drig-state level. 'This

v

1

extremely accurate in regulating ethanol intake.' Amiti

and Corcoran (1975) demonstrated that animals vere very

efficient in fegulating'thé amgunt off absolute ethanol

ingest?ﬁ'when the’ concentration of solutions presented )

B

to them were sy8tematically varied.® It is possible

# . .
then, that in the present study, animals were capable

v

etﬁanol produced by cyanamide ;ﬁd coprine,'and

reéulatea\theiﬁ 15Fake acébrdingly. i
Support‘for thé notion that b;ain ALDH inhibition

may mediate the pharﬁacologicél effects of ethanol c¢an

be found in'a human study eiaminiﬁg_fhe"effecta of .

calcium carbimide and diﬁulfiraﬁ on ethdnol consumption

(Brown et al, 1983). Subjects’pretreated with these

ALDH inhibitors reported enhanced euphoriay following

the consumpﬁion of a low dose of ethanol whereas no

discernible effects were reported fn placebo treated

subjepts ingesting the same low dose of ethanol.

E

, ) s ‘ g
Related to this finding was the observation that some
* At

'ALDH 4inhibitor

disulfiram continued to coneﬁméllow doses of ethanol

.
[} [

- . .
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(Brown et -‘al, 1983; Chevens, 1953). Chevens (1953)

-
-

reported that some alcoholics preferred taking-disul-

f{ram when drinking ethanol because the combination
. : : )

.

evoked ‘the same‘sensations they normelly experienced
from larger amountg of .ethanol. Taken,together; it 1s’
postulated that changes in the central metabolism of

acetaldehyde~as a consequence of brain ALDH inhibition

X4 0

mqy enhance the central, pharmacqlogical effects of .

-

ethanol, This enhancement of ethanol s effects may’
subsequéntly decrease the threshold for the amount of

ethanol necessary .to produce a central reinforcing

% .

effect. However, it-is also possible that the

inggstfon of ethanol "above the "ceiling" may be

‘aversive, causipg animals to reduce their intake.

A similar“mechanism may also underly the increase '

in ethanol intake observed in low drinkers pretreated

with 4MP+CYAN and ﬁMP+COP. As a consequence of the

enzyme manipulations, the'centgal pharmacological

effects of ethanol may be enhanced even fo%lowing the

\

initial consumption of low quantities of ethanol. It

-

is therefore possible.that the animals were exposed to
: - £

an enhanced‘reinforcing effect which may have subse-~

quently overidden other factors previously limiting

.ethanol intake (e.g. taste, periph erial aversion). The

increase in ethanol intake for 1ow"dfinkené may reflect

“an increase in the frequency of responding for ethanol

o
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a; a c!ﬁséquence of its newly acquired reinforcing
éffe;ts. Since low drinkers may initially bé'well
£g1?w their "qeiling",géhev‘may—be ab¥e to consume more
e;ﬁanoi thanhhigh drinkers. }}t is possible that
similar underlying mechanisms may be func;ioﬁing in
high and low inniin& aniqnls pr{i:fated with on}y'
copr?ne and cfanam&de; However, the concomitant __
increase in b10§d aceéaldehyde levels observed in high
drinkers may mask the "positivef central(effeét of

)
gfhanol. -In ﬂQe ¢ase 6f low drinking animals who may

—rr R .
initially be sensitive to the taste or pegipheral
effects of ethanof, elevated blood acetaldehyde may

pbtentiate ghe\hoxibus effe'cts of exdanol resulting in

3

a

a suﬁpression of ethanol 1intake.
| Summary and Conclusions

The results &f thgrp;esent’seriea of experiments
suggehted that brain ALDH and by, impliéation,
centrally-aéting aﬁetaldehyde may play: a yole,ig the

mediation of ethanol d;inkiﬁg behavior. Tt was demon-

’

.strated that tﬁe inhibition of ALDH activity by cyana-
mide and coprine produced changes 1in etﬁ%no% consump-
tion., Animals pretreatéd with cyanamide or 4MP+CYAN

"both displayed similar changes in ethdnol consumptibn

in the 10 min. and 24 hr access paradigms. In the

latter procedure, ﬁowgier, high drirnkers in both treat-

- . EN .
- ment groups demonstrated a suppression in ethanol

. A ’
¢ A
o

‘\\ '\\ _—

wt



.

[

* ' . 149

intake. Nevertheless, the altemations in ethanol
consumption cannot be attribut to elevated blood

a&etaldehyde levels by cyanamide, since pretreatment
Q

with 4MP+CYAN prevented the peripheral accumulation ‘of
Lo ,
acetaldehyde. The similarity in behavi{r between

animals pretreated with 4MP+CYAN and cyqnamide alone,

may therefore'be attributed to the inhibition of brain
ALDH activity by cyanamide: This notion is supported
i .

by ‘the finding that a parallel effect on ethanol

consumption was observed with the ALDH inhibitor

-coprine. Thus, the similarity in alterations 1inv ‘

ethanol intake produced by coprine and cyanamide
strengthens the notion that'thesé changes are specific
tq‘;thanol and ﬁpre specifically, that brain ALDH may
be involved in the';bsetvgd changes;

On the basis of reports on a direct relationship

between brain ALDH activity and ethanol consumption

(é.g. Sindlair & Lindros, 1981; Socaransky et al, '1984)

‘and on thg basis of the present fihd;ngs that manipula-

tions of brain ALDH activity alpered ethanol intake, it

is postulated that brain ALDH plays a role in regula-

¢

ting ethanol drinking behavior. Furthermore, itris

’proposedlthat the reguladtion of ethanol drinking
. . i
bghavior may be mediated by the regulation ,of levels of’

acetaldehyde tn brain by . central ethanol metabolizing‘

énzymes. The 'source of centrally—acqing‘;Cetaldehyde

* -
1

i

N

-
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.responsible for these effects may be derived directly

in brain by catalase. It has been demonstrated that

W
1 [}

~catalase can metabolize ethanol in hrain in vivo (Cohen

et al, 1980). In addition, it has been reported that a’

direct relationship exists between brain catalase

1

actiVity and ethanol consumption in rats (Amit‘&'
.Aragon, 1987; Aragon ep,ab; 1985). .It ;s'therefbre
postulatea that as a dy;amLc interact;onal'syaft@, the
‘rate of formation an degradation of acetaldehyde b;
brain catalase and brain ALDH may be the specific
C'factor within this system which actually regufgates
ethanol.drinking behavior. The reinforcing properties
of ;cetaldehyde may therefore Ee related to its rate -of

formation and aegradation in brain by catalase and

\ALDB. Given that a rapid rate of onset and a brief

duration of action characterizes a drug”s potential as<f

r
a reinforcer (Busto & Selllrs, 1986; Falk, 1983) and

given the findings that acetaldehyde possesses positive
reinforcing propentiei (see Amit et al, 1986), it 1is
suggested that ethanoliself-administratfcn may be bBased
upon the. central effects of acetaldeh;de. This notion
is supported by findings that the inhibition of brain

. c§talase activity by ?—amino-{,],&-triazole anq the

., inhibition of brain ALDH activity by éyahpmide

disrupted ethanol—-related behaviors considered to be

- centrally-mediated, such as conditioned taste avgfsion
. ' . i

\

Ty
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) - . .
(Aragon et al, 1985; Spivak et al, 1987), locomotdion

(Aragon et al, 1985a; Spivak et al, 1987) and narcosis

. (Aragon et -al, 1987).

. ,As previously stated, it has been reported that

P

animals consume ethanol in a ser{es of discrete drink-
ing bouts (e,g.iMércuceIlo et-al,-1984; Gentry et al,
1983). " Furthermore, consistent with previous findings

_(Gill.et al, 1986)°, the present results demonstrated

* . that an initial "drinking "bout" was a, pharmacologically <
“ . . . ’ . . “
meaningful event. Moreover,-it was shown that a -
QD' -relationship existed between the amount’of'ethaqol .
P

consumed in the "simulated".drinking bout and in.

.

v continuous (24 hr) ethanol access, In-the present‘
* % .
series of experiments, g{he 10 min. rgstricted accde'
and 24 hr access paradigm wvere employed in an a;teﬁpt‘

ito elucidate the contribution of brain ALDH in medi-

-

Y,

ating the 1n1tiél drinking bowut as well as fegulating
ethanol drinkingibehavior in general. Qilk et al
(1986) suggested that ethanol conéumption could be
considered ésta'?reiﬂforceme;t-bound" beﬁévior, where
‘totai-intake may be -a fqncgionléf the'freéuen;y of “
,bouts. Since the‘f£equ;ncy of Soutq %ili.bg dnfluenced. .
o | by the consequences of tﬁelprevioud ;esbonée (i.e.
o drinking boutf,iit would follow cﬁac alterations 1n“;ﬁe

> "central actions of ethanol following a drinking bout‘

i, .

_ should'inflqence subsequgnt drinking behavior. . In thgq
W .- ) ~ . o0 /

£ . - .

& ., .

ke . L o b T , L N L
T A A s e
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" context., the inﬁibition of brain ALDH Activi%y by'

'

- cyanamide and.coprine did not produce an immediate

change in ethanol consumution in ‘the "simulated"
. ’ i - ' ‘
initial drinking bout. However, in the 24 hr access

paradigm, pretreatment with 4MP+CYAN and AMP+COP did
produce changes in ethanol consumption, These findings

suggest that the 1nh1b1tion of brain ALDH may not

‘ T

'produce an immediatp change in ethanol consumption,

”during the 1nit£a1 drinking out. Howe'ver, it 1s
postulated that the-inhibitiou of brain ALDH, may

- )
nevertheleEs, alter the central actions of ethanol

following the initial drinkfng bout and may’ 1nf1uence .

N . @
Pe

~subsequent drinking behatior.

Taken tegether,‘the'resurte'qﬂ—the present series
of experiments suggest that e;hano} drinking behavior
18 not a single behavior but rather, is comprised of &
series of discrete components. Thus, ethanol drinking

’

behavior should’be considered as-a seriaf of discrete.
dﬁdnking bouts and each drinking bout should be
considereq as a pharmacologically‘meaningful event,
Consequently, the pattern and“frequency'of bduts will.
determine ethanol drink;ng‘beheviurh Furthermore, the‘
preegut findings suggest that peﬂtrai ethanol metduo-
lizing enzymes may play a role 1n‘regulatihg eth;no1‘

drinking ‘behavior by\iegulating‘the rate of formation

apd degradation of acetaldehyde in brain, . §

0 - T °
t. : . v
‘ » ¢ .o . .
.
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Despite a massive body of literafure on this
sabject, the precise nature of the invol@ément of

abetalaehyde in mediating ethanol consumption is still’

\

at present, unclear. _Brain ALDH has beeplghbén'to be &
major goqie.of mondamine,déami?ation (buncan_& Séurkes,
1974;:Tabgk§ff &'Gelpke,;19%§). It hég been pbstulated’
ghat acetaldeﬁyde in brain may competdgtively inhibit

brain ALDH, giving rise totincreases in steady state N
. 7 T IS
" levels of its endogenous.‘hbstﬁptes- biogenic-aldehydpg

Cﬁo} reviev see Ueit&ich & Erwin, 1975; 1980; Thandani

v

& Truitt,.1977). The accumulation of these biogentic

>

»

‘aldehydeé may subsequently affect neuronal functioning
. L 4

- and the behavioral response to ethanal (Deitrich &

\ hS

Erwin, 1975; Amir, 1977; 1978). -
. . [y . '
Re cently, %t was reported that cyarnamide treatment

:
i

(200 mg/kg'in fobd)‘produced a‘26Z tedwction ia

‘norepin;phrine turnover in rat brain"(Lindrqs,

'S;néiair, Ahtee &vAttiia, 1981). Since,acetaldeﬂyde‘\ .
) .may EOmpétftively 1nhibi£ bréin.ALﬁh;.if 18 possible .,

" that acetaldehyde produces iﬁs effects by interfering

N d

with norepinephrine turnover as well, This'hypothesis

recelves some: support from studies demonstrating, that

acetaldehyde like ethanol, aiters the turnover of

.norepinéphrine (Duritz & Truitt, 1966;'0ritz, Littleton

& Griffiths, 19743 Thz%dani & Truitt, 1977; -Walsh,

1971); Bréin noreépinephrine has been shown to play a

[

o
(3
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+-role In ethanol comsumption (e.g,ﬂﬁhit,1Br9wn,'Lévithn

“ . ' . ?

'& Ogren, 1977y C&rcorad} Lééis & Fibiger, 1983; CoT o,
Kiianmaga, 1980), locomotor activity (Mason, Corcoran & B

Fibiger,” 1979) and CTA (Sktar & Amic, 1977). There-

2 H
-

-fore, a logical extension of this line of researth in

the future should focus on the possible interaction

v

between &pntral acetaldehyde and the norepinephrine . o

system in thejbrainf Lo Lot
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