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ABSTRACT
- . v e
ACETALDEHYDE AND POREPINEPHRINE INTERACTIONS IN THE
MEDIATION OF SOME OF THE PSYCHOPHARMACOLOGICAL
PROPERTIES OF ETHANOL

L4

\ ., BRIAN R. SMITH
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- * The pﬁesentoinvestigatfbn‘attémpted to examine the roles
of acetaldehyde, norepinephrine, and their possible.inter-
dction in the mediation of some of the psychopharmacologiéal
properties of ethanol. In section A, it was abserved thaF

(éentyally administered acetaldehyde.could indute a condi-

tioned place preference supporting previous reports deqpn—

strating that acetaldehyde ma&-have reinforcing’properties.
2 ‘. . \\' B

In section B, it wasshown that ethanol had a time- and
dosé—dependent Biphasic:effect on ndradrenergic activity and
sthat the efhanol- ~induced stimulation was blocked by pre-
treatment with FLA-57, a dopamlne beta hydroxylase 1nh1bitor
o It was suggested that the increased activity of the nor-

adrenergic 'system may play an [important role in the mediation

T
- of ethanol oriented behaviors

. ) »
. The final section examined the possible inyolvement of

»
@

tetrahydroisoquinoline (TIQ) alkaloids, condensation product§
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between gcetaldehyde and catecholamines, in some of the

“ F

pharmacological 2ffects of ethandl. It wa§’obs¢rved that TIQ

-

alkaloids were se}f:administefed‘via the intracerebroventri-

cular route, suggesping that they may have ‘reinforcing

properties; ho&evgr, their,eéhtra& administration failed to

result in alterationsntn voluntary ethapol intake. It was
, v ) Ll

. suggested that TIQ dlkaloids may have psychopharmacological

properties capable of influencing behavior but’ﬁ%ey do mnot
appear to play a mghiational role in ethandl conshmption.

These findings were discussed with respect to possible mecha-
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nisms of action of ethanol reinforcement. » T
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The use of alcohol throughout the centuries is
“well documented. Yet, despite a vast amount of

research during the past 50 years, there remains a

great deal of ambiguity regarding the biochemical
» mechanisms which underlie its effects (Lester, }966;
Littleton, 1975; Deitrich, 1976; ﬁ;hwan, 1974): AN
variety of models fér alcohol use have beén developed
in an attempt to understand the psychopharmacological
action Bf alcohol (see Meisch, 1977).
b e It has been shown that animals will'congume large
quantities of. alcohol despite ité apparent aversive
tasté {Kahn and Stellar, 1§60; Richter and Campbell,

il

1940; Wilson, 1972). A number of techniques have been .
used in order to induce a‘preference for consumed &

- alcohol iﬁ laboratory animals. One such technique is

| the schedule-induced polydipsia parad;gm which results
in the drinkihg of intoxiéating quantities of ethanol
(Falk, Samson and Winger, f972; Senter and Sinclair,
1$67). Elimination of the concurrent food reinforce-
ment, however, does not result fﬁ a decrease .in ethanol
iﬁtake as a preference'ﬁor ;thanol err water rema%ns
(Meisch and\Ihompson,'19743. Intermittant presentatioﬁ

~\_of alcohol also results in-an increase in voluntary

ethanol intake in rats (Amit, Stern and Wise, 1970;

-,

»
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’ Sinclair'apd Senter, 1968). Animals can also be demon- . .
. . ; . . .
T \\\\\ strated to-leatrn to self-administer ethanol in a
e - . :

variety of operant paradigms. 'Rats have been shown to

press a lever for drops of ethanol solution (Meisch and
' . \"‘
"Beardsley, 1975; Sinclair, 1974) as well as to self-ad- L
A

minister via the intravenous (Deneau, Yanagita énd A
‘Seever, 1969; Winger and Woods, 1973; Wdods, Ikomi and
. Winéer, 1971) and intragéétric routes of administration
. (Amit and Stern, 1969; Yanégita and Takahashi, 1973;
( ‘  Werner, Smith and Davis, 1977). 'Tﬁese data démon— ‘
"strating that animals will voluntarily consume and
. o . ‘ learn to self—administerdethaqol, suggest that the '
. psychopharmacologicalkeffects derived are positively

.'» reinforcing and that they may be important in the

- ~

o™~ N
initiation and maintenance of alcohol-oriented beha-~

hd /

o“"
. viors.
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“

The Involvement of the Central Catecholamines'ip

5
h ~

Ethgnof Self-Administration ‘

e
O e

L3 . : . . 4
~ * :
In 1970, Amit, Stern and Wise demonstrated that !
~ éiectrical’sfimulatiopvof the lateral hyﬁotﬁalamus |
resulted in an increasF in voluntary ethanol consum- . ol

- ption in rats and that this increased preference for

ethano% over wéter persisted for some time following
/ //" ! .
’ . L] ﬁ - » - -

! .
i
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the termination of khé-stimulation'(Amitland Stern,
1971; Amir\gﬁd Stern, 1978). The lateral hypothalamus
hasﬁgien shown to be traversﬁé by some-of/tﬁe ﬁajor
catecholamine (CA) pathways/(Lindvall and Bjorklund,
1974; Ungerstedt, 1971) svggesting an involvement of
norepiﬂéphrine (NEQ and dopamine (DA) in the mediation

/
of voluntary ethanol consumptign.

Aﬂnumber of studies have demonstrated that disrup-
tion of central CA can result in alterations in
ethanol's effects. ’Myers and Veale (1968) have shown
that administration of alpha—methyltyro;ine (AMPT), an

inhiBitor of tyrosine hydroxylase, the rate limiting

enzyme in CA syntheéis (Moore and Dominic, 1971),

produced' a transitory attenuation in ethanol xfnsump—

-

tion in raté. It has also been demonstrated that AMPT
administrapion’interfere; with the re-acquisition of
intragastric self-administration of ethanol in rats
(Davis, Werner and Smith, 1978). Furthermore, pre-
treatment with AMPT suppressed ethanol-induced euphoria,
foliowing programmed ingestion of alcohol in man
(Ahleniusa Carlgson, Engel, Svenssgn’and Sodersten,
1973) and ethanol-induced locomotof stimuiation in mice
(Carlsson,'Engel and Svinsson, 1972.; Engel, Strombom,

Svensson and Waldeck, 1974). The administration of

nialamide, a monoamine oxidase i?hibitor, has been

0

>
-




shown to antagon}ze ethanol-induced locomotﬁr stimu-
latian;n mice kAhlenius, Broﬁn, Engel, szgnsson»and
Waldeck, 5974). It was suggested that this was the
result of decreased CA synthesis\gaused,by a feedback
mechanism.

It has been observed that electrolytic lesions of
the ventral hypothalamus reduced ethanol preference,
(Amit, Meade, Levitan and Singer, 1976). Similarly,
when the neurotoxin 6-hydroxydopamine (6-OHDA) was
infused into the lateral ventricles of - ethanol
prefering fats, it resulted in an. attenuation of volun-
tary ethanol intake (Brown and Amit, 1977; Myers and
Melchior, 1975). These results suggest that central CA
play‘a fundamental fbleiin mediating the psychopharma-
cologiéal effects of ethanol. However, they do not
provide data regarding the relative importance of NE or

k]

DA in ethanol'é actions. )

The findings of Brown and Amit (1977) suggest that
those brain systéms containing NE rather than DA
subserve volunpary.ethanol consumption‘in rats.
Furthermore, 6-OHDA lesions of thé ascending dopamine
pathwayé failed to alter ethanol intake in rats
(Kiianmaa, Anderson and Fuxe, 1979). These results are
supported by others who have demonstrated that 6-OHDA
iesions of NE pathways and not DA neurons produce

. pal

4
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alterations in voiuntary ethanoi consumption (Kiiaémaa,
Fuxé, Jonsson and Ahtee, 1975; Kiianmaa, 198Q; Mason,
Corcoran and Fibiger, 1979). 1In addition, the admini-
stration of n;>adfenergic peceptor_Blocking agents,
phenéxybenzaminejéﬁé:yohimbine,\which byizhemselves did
not affect locomotion, significantly suppreéséd
etﬁanol—inducéd locomotor stimulation (Lil jequist,
Berggren and Engel, 1981). These authors also observed
that low doses ofiyohimbine, which stimulate NE
activity, resulted iﬁ an enhancement of the ethanol;

\

induced stimulation.

T% Central depletions of NE by the dopamine-beta-
.hydroxylaSe (DBH) inhibitors, FLA-63 (Svens;on and
Waldeck, 1969 andﬂFLAL57 (4—methyl—1—homopipefazinedi—
'.thiocafboxylié,acid;'Florvall and Corrodi,, 1970fvwere
obsefved to suppress locomotor stimulation by ethanol
(Liljequist et al., 1981; Brown, Smith and Sinyor,
1928); The use of these DBH inhibitors has also been
s%qwn to attenuate voluntary ethanol intake in rats
(Amit, Levitan and Linéros, 1976; Amit, Brown, Levitan
and Ogren, 1977). Further experiments demonstrated |
that treatment with FLA-57 along with the presentation
of ethanol-as the sole fluid sourcé resulted in a re-

™~ ) ;
jecyion of ethanol when later presented in a free-

choice with water (Brown, Amit, Levitan, Ogren and

P R

e
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Sutherland:*1977). It gppea:ga that FLA—57'§logbed the
reinforciné'propertiesnpf ethanol and alcohol drinking
bghav;;r was\subsequently extinguished; These Eindings
suggest. that the reinforcing properties of ethanol are
mediated through an interaction with central norad-
renergic systems. | )

Additional suppofﬁ for the'hypéthesis was provided
by Davis et al. (1978) who show;d that réts given the
DBH inhibitor U14,624 (1l-phenyl-3-(2-thiazolyl)-2-thio-
urea) failed to re-acquire a response contingency for
iﬂtragastric infusions\qf ethanol, whereas, haloperi-
dol, a DA receptor blocker had no effect. Subsequent
experiments replicated the effect of-FLA—57 on the
reinforcing properties of ethanol in that treatment of
the DBH inhibitor blopked intragastric self-aaministra—
tion of ethanol (Davis, Werner and Smith,'1979). From
the foregoing, it would appear that the central CA, and

in particular NE, subserve those reinforcing properties

of ethanol that support its self-administration.

i s
3
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"Norepinephrine turnover has been reporte

The Effects of Ethanol on Catecholamine Metabolism

A number of studies have in@estigated the possible
effects of ethanol on central CA. .It has been shown
that the CA neurons in the lateral hypothalamus were

highly affected by electrophoretically administered

ethanol (Wayner, Ono and Nolley, 1975). In most cases, _

the treatment of ethanol has failed to§induce altera~

tions in brain CA 1Eveis (Corrodi, Fuxe and Hokfelt,

1966 Duritz and Truitt, 1966; Efron and Gessa, 1963;
3

Haggendal and Linquist,.1961; Hunt and Majchrowicz,

;1974; Pohorecky, 1974), however, there have been some

reports of ethanol-induced changes in CA content in
brain tissue (Carlsson, Magnusson, Svensson and

Waldeck, 1973; Erickson ang Matchett, 1975; Gursey and

Olsen, 1960; Griffiths, Littleton and Ortiz, 1974).

Similarly, discrepancies in the effects of ethanol

on the turnover of NE have occurred in the literature.

to decrease

(Pohorecky, 1974; Poherecky and Jaffe, 19§75; Thadani
and Truitt, 1977) and to increase (Carlsson’ and -
Lindquist, 1973; Carlsson et al., 1973;/Corrodi et al.,
1966; Hunt .and Majchrowicz, 1974; Borg, Kvande and.
Sedvall, 1981) following ethanql administration.

Dopamine turnover as well”has been shpown to increase

e e st

.
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(Carlsson et al., 1973;‘Kéroum, Wyatt and Majchrowicz,
1976) and to decrease (Hunt and’Majchrowicz, 1974). It

has also beén shown that acute ethanol administration

may have differential effects on NE and DA turnover in

various regions‘of rat brain (Bacogoulos, Bhatnager and
van Orden, 1978). Hunt and Majchrowicz (1974) have
observed a biphasic effect of\emﬁanol, in that both
increases and dgcreases in biogenic amine Furnover can¢
be seen over time. Since ethanol appeaéé to alter NE
metabolism and NE manipulation alters ethanol intake,
as well as tﬁe ind%ption of stimulation  and euphoria,
it suggests that there may be an interaction between
ethanol and brain NE which may subserve the reinforci;g

pRroperties éf,ethanol.

The Metabolism of Ethanol and Formation of Acetaldehyde
¢
In recent years there has been evidence reported
implicating acetaldehyde, the primary metabolite of
ethanol, in the mediation of the pharmacological

effects of alcohol. Acetaldehyde is genefated through

" the oxidét%pn of -ethanol primarily by the hction of the

nicotinamide-adenine dinucleotide-dependent alcohol

dehydrogenase (ADH: Hawkins and Kalant, 1972). This

"occurs mainly in the liver (Jacobsen, 1952; Hawkins and

Rt U WRNNGIC NS Sl
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Kalant, 1972), although If has been shown to take

place in other parts of the body such as blood and
vital organs. (Lundquist, 1971; Raskin and Sokqloff,
1972). Ethanol may also be metabolized by a microsomal

ethanol oxidizing system (MEQS: Lieber and DeCarli,

1968; Lieber, 1977) and by the enzyme catalase!(Kieilin
_ and Hartree, 1945; Lieber, 1977). Ethanol oxidation
can also, occur in the braiﬁ as ADH has been reported to o : ¢
be present in brain tissue (Raskin and Sokoloff, 1968,
+1970; Tyce, Floék and Owen, 19683, however, ADH in the
'brain is relatively inactive and very little acet- !
aldehyde is actually formed (Mukheyji,'Kashiki,
Ohyanagi and S%oviter, 1975; Tabakoff and vonIWartbﬁrg,
1975; Veloso, Passonneau and Veech, 1972). Other .

|
potential pathways for the oxidation of ethanol are via

ghe formation of reacti;e hydroxyl radicals during éhe :
sﬁontaneous oxidation of ascorbate (Cohen, 1977) aédlpy“
the presence of cytochrome P-450 (Paul, Axelrod and -
" Diliberto, 1977; Cghen, Sinet and Hpikkila, 1980).
However, direct evidence supportingithese pathways does
not, at present, exist (Cohen et al., 1980). A fourtﬁ
pathway involving the peroxidatic activity of‘catalase
has been préposed, as indirect evidence for the oxida-
tion of ethénollig vivo has been demonstrated (Cohen et

’
al., 1980).°

i
3
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The oxidation of acetaldehyde to acetate is the
main. royte for fés eliminagion. Several enzyhe systems
such as pyridine nucleotide-dependent gldehydé dehydro-
genases and oxidases are responsible for aldehyde
metabdlism (ALDH: Hawkins and Kalant, 1972; Lundquist,

1971; von Wartburg, 1980). The primary pathway of

metabolism is via the former system, ALDH, and it is

‘m‘

" found: in large quantities in thejliver, and to some

c

extent, in the kidneys, ad}enals, lungs, heart and

brain (Deitrich, 1966). Its présence throughout the

. {
- body appears to be due to its Yole in the metabolism of

1
endogenously formed acetaldehyﬁe and biogenic amine-

derived aldehydes (Deitrich, 1966).

The Occurrence of Acetalde%yde in Brain

4
#

Acetaldehyde, becagge of i;L high lipid solu-
bility, is capable of diffusing into many tissues,
includiﬁg brain (Akabane, 1970): Attempts to demon-
strate the presence 7& acetaldehyde in the brain, '

however, have producged equivocal and controversial

results. Earlier studies suggested that acetaldehyde
was detectable in fhe brains of ethanol-treated rats
(Duritz and Truity, 1966; Kiessling, 1962a, 1962b;
Majchrowicz, 1973; Ridge, 1963) and at levels which

a
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discounted on the /grounds that acetaldehyde can be

formed non-eﬁiymatfcally during sample preparation

(Sippel, 1973). In fact, when this non-enzymatic
formation was prevented by treating the sémple with

thiourea (Sippel, 1972); no acetaldehyde was detected

'in brain tissué until blood levels exceeded’ 200 uM, far

greater than those seen during normal ethanol oxidation
(Sippel, 1974). These re§u1té suggest that elevated
blood levels of acetaldehyde do not produce a concomi-
tant increase in brain lgvels, however, it has been
demonstrated that blood acetaldehyde levels do corres-
pond to thoge found in the cerebrospinal fluid of rats

’ -4
injected with ethanol (Kiianmaa and Virtanen, 1978;

Petterson and Kiessling, 1977).

Different theories have been presented to account
for the differences between brain acetaldehyde levels
and those found in blood or cerebrospinal fluid.

Eriksson and Sippel (1977) for example, have suggested

- that all of the acetaldehyde is metabolized in the

capillaries and therefore does not enter the braiP. It
. ,

has been proposed that this acts as an enzymatic
barrier to the penetration of acetaldehyde into the

-

.4

®
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brain (Tabakzﬁf, Anderson and Ritzmann, 1976; Sippel,
1974). Recently, using thiourea to prevent non-enzy-
matic formation, gcetaldehydg was detected in brain

fluid (Westcott, Weiner, Shultz and Myers, 1980). *

Levels between 5 and 20 uM were measured in the inter-

" stitial thid fbllowing an intragastric administration

" of ethanol in rats (Westcott et al., 1980). Similar to

the results of previous studies (Sippel, 1974),
Westcott and co-workers did nof detect acefaldehyde in
brain tissue unless the blood levels of acetaldehyde
were artifi;ihlly elevated using the ALDH inhibito?,
disulfiram (Hald and Jacobsen, 1948). It was suggested

that the, oxidation of acetaldehyde by ALDH in the cells

‘ié‘extremely rapid (Westcott et~al., 1980). .These

results indicate thétlacetaldehy&e is detectable in the
extracellular fluid ;gdlthat it could impinge upon the
environment of the neuron and thereby exért some
pharmacologiqal effect.* -

Additional studies examining brain enzyme activity

have suggested the possible presence of acetaldehyde.

“Amir (1977; 1978a; 1978b; Amir and Sterh, 1978) has

I,a
shown that aldehyde dehydrogenase-activity is cor-
related with ethanol' preference in rats and that
chronic exposure to ethanol resulted in an induction of

brain ALDH (Amir, 1978b). Amir has suggested (1977)

s BN b I ) TS AR O
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, ) that the capacity of the brain to metabolize aldehydes
could be related to the ‘possible involvement of acet-

aldehyde in ethanol consumption. More direct evidence
v

for the involvement of ALDH in voluntary ethanol con- -
, sumption was provided by Sinclair and Lindros (1981).

By manipulating blood acetaldehyde levels with the ALDH
& P

inhibitor -calcium cyanamide (Consbruch and Derwart, |
P ~ . !

1968; Ferguson, 1956) and the ADH inhibitor 4-methyl-
N |

pyrazole (Lindros, 1975), these authors observed that i

only the inhibiton of brain ALDH résulted in a suppres- ' : )
v " “sion of volunta;y ethanol consumption. Furthermore, |
‘ high correlations were found between brain ALDH N
actiﬁity and ethanol consuﬁption similar to those

¢ o observed by Amir (1977; 1978a;1978b). Lindros and

Sinclair (1981) suggested that the suppression of

. ethanol consumption by these agents was unrelated to

. peripheral aversion but rather to a central‘regulating

-«

mechanism.

R

3
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K The Psychopharmacologid¢al Effects of Acetaldehyde

[FITURCP.

The peripheral accumulation of acetaldehyde has

long been known to be extremely toxic (Hald and !

PR,
.

Jacobsen, 1948; Jacobsen, 1952) and in fact, this

; , toxfcity has become the basis of a treatment model for ,

Bl r andReb Bk se F A<t
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alcoholism (Sellers, Naranjo and Peachey, 1981). Yet,

'at present little is known regarding the central
actions of acetaldehyde. In an attempt to investigate
the central effects of acetaldehyde on behaQior, Brownﬁ
and his colleagues (1978) observed that while intra-
pgritoneal‘injections resulted in a pronounced condi-
tioned taste aversion, intraventricular infusions
failed to induce any such effect. 1In subéequent
experiments by the same group, it was observed that
naive rats would learn to self-administer acetaldehyde
directly into the cerebral ventricles, whereas ethanol
was not self-administered via this route (Amit, Brown
and Rockman, 1977; Brown, Amit and Rockman, 1979).

More recently, it has been reported that animals self-
injected acetaldehyde intravenously (Myers, Ng and
Singer, 1982). These results suggest that acetaldehyde
may have both aversive and reinforcing properties
(Eriksson, 1980). It was also proposed that acet-
aldehyde, rather than ethanol itself, may mediate the-
positive reinforcing properties of ethanol in the
brain. Additional evidence in support of this notion
was provided by the observation that the propensity to
self-administer acetaldehyde.by rats was positively
correlated with subsequept ethanol preference (ﬁrown;

Amit and Smith, 1980a). These data suggest that the
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. central mechanisms mediating the reinforcing effects of

aqetalgehydé‘may also subserve the pharmacologically

reinforcing properties of ingested, ethanol.

» To examine this hypothesis fﬁfther, di§u1f1£am
(tetraethylthiuramdisulfide), citrated calcium |
carbamiae or a placebo was administered to hﬁman
subjects prior to‘the ingest;on of ethanol. The - h
primary action of these two compounds is to iqhibit
ALDh‘causi;g an elevation in blood acetaldehyde<1evels
(Hald and.Jacobsen, 1948; Consbruch and Dewart, 1968;
Ferguson, 1956L2 At low doses 9f ethanol,ﬂtheré_was no
obserdab}e behavioral effects in the placeb6 treated
sub jects, however, there .was enhanced euphoria and
stimulation in the disulfiram and calcium carbamide
greateq sub jects. Blood ethanol levels were shown to
be similar in all three groups, whereas, blood acet-

aldehyde levels were significantly higﬁerﬁin the two

drpg treated groups. It'was suggested that the. eleva-

" tipons in acetaldehyde levels may have produced'the

cé %ral effects observed (Amit, Brown, Amir, Smith and

Sutherland,'1980; Bro&n, Amit, Smith‘and Sutherland, in |

breés). o, - )
_/

The Action of Acetaldehyde on the Metabolism of the

Central Catechotamine;
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‘The effects of high acetaldehyde levels.in'the
"  blood resulting in vasodilation, changes in hea;t rate,
Qecreaséd blood pressure, dizzinéss,,nausga, vomiting
and respiratory depression (Hald and Jacobsen, 1948;
Jacobsen, 5952; Raby, 1953; Walsh, 1971) have be;n
related to a concomitant release of neurcamines in the
periphery (Eade, £959; Permaﬁ, 1958; Schneider, 1971;
Truitt and Duritz, 1967). While thér? are'many studies
examining the effects of ethanol on Ehe metabolism of
biogenic amines in the brain, there are few reports
regarding acetaidehyﬁe"s own actions. It was shown
that inhglation'of acetaldehyde for two aays‘by mice

resulted in an increase in the concentration of brain

B3

CA (Ortiz, Griffiths and Littleton, 1974). These
results we#e similar to those observéd for ethanol,

~however continuous inhalation of ethanol vapor for 8

days was necessary in order to have the same magnitude

of acetaldehyde produced alterations in the CA content

- U
of rat brains (Duritz and Truitt, 1966) and it was .

shown to be- more effective than ethanol in‘céusing
changes in the metabolism of CA (Thadani and Trﬁitt,
i . 1977).

i

The alterations in thé metabolism of central CA by

~ .

of effect (Ortiz et al., 1974). Similarly, in’ections -

%
!
|
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“acetaldehyde may be the result of competitive inhibi-

tion of ALDH and to a reduced availability of the NAD
cofactor during ethanol oxidation. This may cause a
shift OE biogenic amine metabolism from the oxidative
to a feductive pathway (Davis, Brown, Huff and Caéhaw,
1967a; 1967b; Lahti and Majchrowicz, 1969; Walsh,
Truitt and Davis, 1970). Given these effects of acet-
aldéhyde on the central CA and the available evidence
suggesting that acetaldehyde may be present\in the
qerebrospiﬁal fluid (Kiianmaa and 61rtanen,'1977;
Petterson and Kiessliné,,1977) and in the interstitial
fluid of the brain (We;tcott et al., 1980) follo&ing
ethanol administration, it is conpeivable that acet-
aldehyde may mediate some of the central effects of

ethanol.

: !
Acetaldehyde and Catecholamine Interactions

It has been reported that aldehydes, iniihding .
acetaldehydé, are capable of condensing with biogenic

amines, via a Pictet-Spengler reaction, to form
alkaloids (Cohen, 1976; Rahwan, 1975). These conden-
sation pfoducts callea tetrahydroisoquiholine alkaloids
(TIQ) have been observed in rat brain homogenates

(Davis and Walsh, 1970; .Walsh, Davis and Yamanaka,

o ¢
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1970) and in acetaldehyde perfused cow adrenals (Cohen
and Collins, 1970; Cohen, 1971). A number of investi-
.gators h?ve démonsé}ated that these TIQ alkaloids
possess many transmitter-like properties (Cohen, 1978).
It was observed that they are taken up and storéd by CA
neurons (Cohen, Mytilineou and Barrett, 1972; Locke,

)

Cohen and Dembiec, 1973) and as a result, the reuptake
\qf naturally'occurring CA is inhib%ted (Heikkila, Cohen
-and Dembiec, 1971; Tuomisto and Tuomisto, 1973). . )

Furthermore, TIQ alkaloids have beén shown, via

electron microscopy, to be stored ianA synaptic

vesicles (Tennyson, Cohen, Mytilineou and Heikkila,

1973). It has also been demonstrated that TIQ

alkaloids competitively inhibit the enzymatic breakdown

of CA by monoamine oxidase and caEechol—O—methyl trans-
ferase (Collins, Cashaw and Davis, 1973; Giovine, Renis

and Bertolino, 1976; Cohen and Katz, 1975). The impor-

tance of these findings 1is that the metabolic disposi- -

-

tion of the neural system\may be altered by tﬁé’pre—
sence of TIQ alkaloids. As 1ndicétea above TIQs can be
stored in the synaptic vesicles but they can also be
released into the synapse byvelectricél or chemical
stimulation (Greenbérg and Cohen, 1973; Rahwan, O'Neill \
and Miller, 1974) and can activate receptors
(Mytilineo§, Cohen and Barrett, 1974). Given the
, \
\ :

v
\
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neurochémical ﬁroperties of TIQ alkaioids, it is
possible that they may act as ''false transmitters' and
that they may contribdte to some of the neurophysio-
logical effects 6f acetaldehyde and ethanol consump-
tion.

‘Tetrahydroisoquinoline alkaloids can be formed in
the peripﬁery; however they do\not readily cross the
blood-brain barrier (Rahwan, 1975) and thus it seems
unlikely that peripherally—forméh TIQs would contribute
to the central effects of ethanol. It has been
reported that under certain conditions these alkaloids

may occur in brain tissue. When blood levels of acet-

aldehyde were elevated following‘ethanol administration

with pyragallol, a catechol-O-methyl transferase inhib-
itor, and pargyline, a monoamine oxidase inhibitor,
small quantities of saisolinol (a dopamine-acetaldehyde
condensate) were ;étected in brain tissue (Collins and
Bigdeli, 1975). This is in contrast to O'Neili and

Rahwan (1977) who failed to measure any salsolinol in

the brains of mice that were ethanol-dependent follow-

ing chronic exposure to ethanol vapor. Tetrahydro-
- -

papaveroline (a dopamine-dopaldehyde condensate) was™ -

-

) /
observed following L-DOPA treatment in conjunction with

"ethanol administration (Sandler, Carter, Hunter and

Stern, 1973; Turner, Baker, Algeri, Frigenio and

v
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4 ‘ /
Garattini; 1974.), however this finding was not
éonfirméd by others (Collins and Bigdeli, 1975). In
addition, 6-methoxysalsolinol was detected in striatal
tissue of mice following chronic ethanol exposure
(Hamilton, Biﬁﬁ and Hirst, 1978) and more recently,
using gas chromatographic/mass spectrometric methods,
6,7-dihydroxy-1,2,3,4-tetrahydroisbquinoline (dopamine-
formaldehyde céndehsate) was detected as a normal
constituent of rat brain (Bafker:‘Monti,.Tolbert, Brown
and Christian, 1981). Also, levels of~salsolin01 were
measured in post mortem human brain of alc;holics and
in control cases as well (Sjoquist, Eriksson and

Winblad, 1982) indicating that endogenously formed

salsolinol may be normally present. Since TIQ v

' alkaloids are neurochemically active compounds, it is

conceivable that they may play a functional role in the

‘'mediation of the pharmacological actions of ethanol.

It has been suggested that TIQ alkaloids derived
from acetaldehyde and the biogénic amiﬁes mayybe
involved in egpanol dependence ( Blum, Hamilton, Hirst
and Wallace, 1978; Cohen, 1976; Rahwan,1975). Intra-
cerébral infusions of TIQs have been shown to alter the
severity of ethanol withdrawal symptoms in mice in a
dose-related fashion (Blum, Eubanks, Wallace,.

Schwertner and Morgan, 1976). Azevedo and Osswald

i
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(1977) have shown neurotoxin-{like degradation of
adrenergic nerve terminals in rats and it has been
suggested that this may contribute to ethanol with-
drawal. .

" As with other areas of TIQ research, there is also

conflicting evidence linking TIQ effedts with opiate

&

receptors. Davis and Walsh (1970) prop;;EB that tetra-'

hydropapaveroline (THP), which is the intermediate in

the biosynthesis of morphine in the poppy plant (Kirby,

1967; Shamma, 1972) may be the underlying mechanism for

alcoholism. This notion was severly critisized based
on the inability, at that time, to detect THP in vivo
(Halushka and Hoffman, 1970) and on the lack of simi-
larity between ethanol and morphine withdrawal
(Seevers, 1970) . S;isolinol has -been reported o
possess morphine-1like properties in the opiate-like

guinea pig ileum preparation (Hamilton, "Hirst and Blum,

J 1979), however, this action was nof attributed to an

interaction with opiate receptors (North, Collins,
Milner, Karras and Koziol,.1981f. ¢

There have been a number of studies attempting to

_provide direct evidence for the involvement of acet-

aldehyde and biogenic amine condensation products in
the central mediation of the psychopharmacological . *

effects of ethanol. Myers and his co-workers found”
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A

that during and following intraventricular infusions of
tetrahydropapaveroline, salsolingl aﬁd a variety of
other alkaloid derivatives, ethanol intake increased
markedly compé;ed to control rats infused with arti-
fical cerebrospinal fluid (Melchior and Myers, 1977;
Myers*énd Melghiof, 1977a; 1977b; Myers and Oblinget,
1977; Myers and Hochj 1979). 1In many cases, a seven-
fold increase was reported lasting éeveral‘ﬁonths
following-the termination of.the TIQ infusions and

withdrawal symptoms from the alkaloids alone were '

_described. The results raise many quesfions regarding

the possible role of acetaldehyde and isoquinoline
alkaloids in the mediation of voluntary ethanol con- .
sumption, however the techniques employed‘iﬁ these
studies have been called into question. Repeated
attempts to replicate earlier findings of Myers (Myers,

1965; Myers, Veale and Yaksh, 1972), using the same

techniques have failed (Cicero and Smithloff, 1973;

8

Friedman and Lester, 1975; Jones, Essig and Creager,
1970; Koz and Méndelson, 1967).

In a series of experiments using the same com-

pounds, Brown, Amit and Smith (1980b) failed to induce

an enhancement in voluntary ethanol drinking. - The
differénces in the findings were attributed to pro-

cedural inconsistences Between the two sets of studies
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(Deitrich and Erwip, 1980). Brown and co—wérkers
/{ (1980) utilized rats that were consuming a constant ‘
concentration of gthanol,for an extended baseline
period, whereas, Myers (Melchior and Myers, 1977; Myers :
and Melchior, 19?7&; 1977b; Myers and Oblinger, 1977). i
présentéd"a single series of increasing ethanol concen-
trations before and during the TIQ alkaloid administra-
tion. At present, Bnly.one study reports data similax
éo that of Myers, and even here, it is only a partial
. replic;tion (Duncgn and Deitrich, 1980) . If.was
reported that small increases in ethanol intake can be
observed following infusions of THP, but in conérast to .

Myers, this finding was only observed using very low

doses. At higher levels of THP there is a tendency for
rats to decrease their intake (Duncan and Deitr;ch;

e

1980) . S

In summary, the limited evidence available
suggests that acetéldehyde may play a role in ghe /
,' médiation of the reinf&rcing effects of ethanol. The K s
nature of its interacéion with -the catecholamines,

either direct or via condensation products, remains to

be elucidated. The present investigation attempts to

TR St &

explore the relative contributions of acetaldehyde, the
' -

biogenic’ amine, norepinephrine, and their possible
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interactions in the mediation of some of the psycho-

pharﬁacological effects of ethanol. ‘
Given that acetaldehyde appears to be a self-

administered drug, the purpose of section A was to

P

_,detéfﬁfﬁe.whether central agdministration could .induce a

conditioned place preference. The goal of section B
Qas to systematically examine the effects of ethanol on
nofadrenergic activity and in section C, a possible |
mode of interaction between brain acetaldehyde and

norepinephrine was investigated.
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Intracerebroventricular Administration
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~\;\\\ Experiment 1

Acetaldehyde, the primary metabolic product of ' \
ethanol, has been implicated in several of the pharma-
col'ogical properties of alcohol (Amir, Brown and Amit,
1980). It has been shown that peE?pheral accumulation
of acetaldehyde is toxic (Hald and Jacobsen, 1948; !
Jacobsen, 1952), yet little is known of acetaldehyde's |
actions within the brain. Previous research demon-
st;ated that amimals can Jlearn to press an opeyant
lever in order to receive intracerebroventric&lar (ICV;

Brown, Amit and Rockman, 1979; Smith, 1980) and g?tra—

venous injections of acetaldehyde (Myers, Ng and \\v-\,///xi’\\\§
Singer, 1982). It was also shown that the rate of ICV \
self-administration was related to subsequent voluntary

ethanol consumption (Brown, Amit and Smith, 19805. On

the basis of these.results it was suggested that acet-

;ldehyde may have reinforcing properties and th;t it

may act, at least in part, as a mediator -of ethanol

A
|
¥
;
)

consumption (Amit, Brown, Rockman, Smith and Aﬁir,
1980). / |

Despite these positive findings, however, éttempts
to demonstrate other éentfal stimulus properties of.
| .acetaldehydé in different paradigms have failed.

Peripheral injections of acetaldehyde were shown to

L
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produce a strong conditioned taste aversion, whereas,
centrdl infusions wefe not effective in inducing taste
‘aversions (Brown, Amit, Smith and Rockman, 1978). In
addition, intravenfricular administration of acet-
aldehyde failed to generalize to ethanol-like effects
in a discriminative stimulus paradigm (Altshuler ;nd
Shippenberg, 1982).

An alternative procedure for the study of drug
reinforcement is place conditioning (Mucha, Van Der
Kooy, O'Shaughnessy and Bucenieks, 1982). Subjects\are
treated by explicitly pairing distinctive neutral
environmental cues with the presentation of an uncondi-
tioned stimulus' (UCS). The subjects are 1ater-given an
opportunity to spend time in the presence of these
environmental t®es and the g;havior of the subjects
toward these cues provide information ;n the nature of
the UCS. '

Place cénditioning has been demonstrated using
irradiation as the UCS as rats show a clear aversion to
environmental cues paired with exposﬁre to irradiatié; l
(Garcia, Kimeldorf and Hunt, 1957). Conditioned place
preferences have also been shown to occur.following
intravenous administrations of morphine and cocaine

(Mucha et al., 1982), as well as fo}lowing’centnel

infusions of morphine (Katz and Gormezano, 1979; Van

T
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Der Kooy, Mucha, 0'Shaughnessy and Bucenieks, 1982;
Phillips and LePiane, 1980) and heroin fBozarth and
Wise, 1981).

These studies demonstrate that self-administered
drugs are capable of producing a condiﬁioned place
preference suggesting thap place conditioning may be an
adequate technique for studying the reinforcing proper-

Y ’ .

ties of psyéhoactive drugs. Given that acetaldehyde

also appears to be a self-administered drug, the

‘purpose of the present investigation was to determine

whether central administration could induce a condi-

tioned place preferente. ‘

Method
Subjects ) ’

Fifteen male Sprague-Dawlej rats (Charles River
Canada) weighing 250-275 gm at the start of the experi-
ment were used. Animals were individually housed in
stainless steel cages (24 cm x 19 cm x 17 cm) in a room
controll?d for constant temperature and humid£9y and a
12 hour light-dark cycle. Food and water were avaiff’
able ad libitum throughout.fhe experimént in the home
cage. ]

Surgery

Under anaesthesia (sodium pentobarbitol; 60 mg]kg
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IP), a 22-guage stéinless steel cannula guide {Plastic
Products, Inc.) was chronicaily implanted into the left
lateral ventricle of each.animal using’stereotaxic
procedures. The following coordinates were used:
incisor bar set at zero, with tﬁe tip of &hé cannu?a' .
guide positioneq 1 mm posteriér to bregma, 1.5 mﬁ

lateral to the midsagittal suture and 3.6 mm ventral to

the dura. The cannula guide was secured in position on

the skull with cranioplast Sement_and five stainless
steel screws. A stainless steel stilette.was inserted
into the guide to keep it free from gbstfuctjon. : : -
Apparatus . 4

The experimental chamﬁer cogéi;tég of a narrow box
(60 cm x 15 cm x 20 cm), which was div;ded-in half.
One side of the box had metal walls with a plain wooden
floor while the opposite side had b}ack stripe painted
wooden walls Qith a wire mesh covered wooderi floor. " A
partition constucted with walls similar to ﬁhose pf“ -
each side of the box could ge placed in the middle of
the chamber to divide it into two different boxes; i
Each side was‘eqﬁiped with an infusion apparatus con- -
éistiﬂg of a pump (Razel Inc.) connected via poly-
ethylene tubing to a flow-through swivel (Brown, Amit

and Weeks, 1976) which was syspended above the ghamber.

A shielded plastic tube connected to the outlet of the

’

s
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, swivel terminated in a 28-guage internal cannula.

Procedure -

" The following: procedure wag édapted from that used

by Cunningham (1979).and Stewart and Grupp (1981).

T ———

\ Aftef 4 to 5 days recovery from surgery, the aninals

received ten’ conditioning trials of five minutes
duration once per day. The animals were connected to

the infusion apparatds’and confined to one side of the S f

Pl

» chamber where they received a 20 ul infgsfon over the

first thirty seconds. ,Five trials consisted of a

— single -acetaldehyde infusion (20 ul of 2% v/v = 320 ug) '

°
T ¥

it

-paired with exposure to one side and five trials of a

I3
o .
A, i,

.saling infusion paired with exposure to "the other side.

The choice of dose of aéetaldehyde was based on

-

‘ 1
previodus work examining its effects following central

- dministration ( t al., 1978). These drug and -
a m?n;s ra &gﬁﬂ’nxggn e é , rug

3

o ot Ay ke

non;drug pairings were randomly alternated throughout

e O3 W M St

“rthggten days with the restriction that no more than

e

three consecutive trials of the same pairing occurred. ‘ "
In order to control for the influence of a possible . ‘
side preference, irrespective of drug effects, half the

éhimals'received'drug pairings on the wire mesh side

wnt ol " ™

i
1
1
i
‘

while the rest had drug pairings on the wood ﬁloo%

side.: At the conclusion of “the conditioning period,

-

, ' the animals were given access to the full chamber for




i

five minute sessions, once daily, for three days and
the time spent on each side was recorded.

Following the experiment, all animals were giQen a
lethal dose of sodium pentobarbitol and were perfused

L

intraca;“ially with saline and 10% formalin. The.

S i+ RO e S e =

brains were extracted and sliced into 40 u coronal
sections ' . ’ !
Re;qlts ' o
Figure 1 ghows the amount of time spent on the
drug and non-drug (saline) sides during the three t&st
aays. A two-way analysis of variance revealed that ‘ )
there were no differences in the time épent on each

side (F(1,70) = 1.856, p».05) and no interaction

between possible drug paired preference and trials
(F(2,70) = .205, p>.05).
Figure 2 shows the amount of time spent on each

side of the chamber, irrespective of the drug infused.

4
F P A s

It can clearly be seen that the animals have a strong

PRI

» 3

preference for the wire mesh side of the chamber
throughout the three Eest jessions. A two-way analysis
‘\ . / - . .
of \variance yielded a sighificant main effect of side

PR——

preférence (F(1,70) = 55.776, p<.0001). No significant
interacti®n observed (p>.05). .

;
:
"
2
;

Histological examination confirmed the location of
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FIGURE 1 . Mean time spent ori drug and non-drug (saline) sides
following conditioning sessions y1th acute drug
infusions. Vertical lines reprdgént the S.E.M.
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FIGURE 2
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the cannula guide in the lateral ventricle of each

animal.

Discussion

. The results of the present experiment indicate
that ?‘single intracerebroventricular (ICV) infgsion of
acetaldehyde failed.to induce place conditioning as
animals deVeioped,neithe;;a preference nor an aversion
to the acetaldehyde paired side. This failure to
observe a conditioning effect with an acute central
acetaldehyde infusion corresponds to previous research
showing an absence of an acetaldehyde induced condi-
tioned taste awersion (Brown et alt, 1978). The
present findings did indicate that the animals dis-
played a strong preference for the wire mesh floor
‘;ide. This was true regardless of the drug paired with
this side.

One possible explanation for the lack of placei

- conditioning is the extremely rapid elimination rate of

acetaldehyde from the brain (Akabane, 1970; Westcott,

Weiner, Shultz and Myers, 1980). It is probable that a

30 second infusiép may not have been of sufficient

duration to produce conditioning effects. The duration

of action of an unconditioned stimulus has been demon-

strated to be an ‘important factor in determiq;pg its

).
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effectiveness as a conditioning agent (Goudie‘and,
Dickins, 1978). It is possibl\e/that place conditioning
"would have- taken place if ,the duration-ef exposure to o
, i "~ L '
acetaldehyde would have been increased. .
r . @.‘
) g
] ,r'. ,
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' t




36

Experiment 2

In the previous experiment it was obseryed‘that
acute intrayentricular infusions of acetaldghyde failed -
to iﬁduce place conditioning. It was suggested that(
this lack of effect may be due to its short duration of  »

action (Akabane, 1970; Westcott et al., 1980) as the

length of exposure to the unconditioned stimulus has
been demonstrated to be an important factor.in%éondi— g
tioning studies (Goudie and Dickins, 1978). Tﬁe .
purpose of the present experiment was to examine the - }
effect of multiple intraventricular infusions of acet- ‘

aldehyde on place conditioning.

Method. & A s

Subjects
. .
- Thirteen male Sprague-Dawley rats (Charles River

Canada) weighing 250-275 gm were individually housed in -

M4 et S B st AN

stainlegs steel cages in a room regulated for constant
temperature and humidity and a 12 hour light-dark .. \

cycle. |Food and water were available ad libitum in the S

home cage.
Using the identical procedure; outlined in the
-previou%_expériﬁent, a stainless steel tannula guide

was chronfcally,implanted into the left lateral

7 T




37

ventricle of each animal.
Procedure )

The apparatus and experimental procedure were
identical to that employed in the previous study with

the exception that a series of multiple infusions were

- %
PN s e et m

delivered during each conditioning‘pairing trfal.
These pairings consisted of eight 20 second infusions
occurring eyg;y 40 secpnds during the five minute
trial. Each'individual‘inﬁusion delivered 8 ul for a
total volume of 64 ul nver the five minutes. Acet-
aldehyde administration (1% v/v; 64 ug / 20 sec.) was
péired nith one side and saline infusion& of similar
voinmes were paired with the opposite side. The con-,
centration of acetaidehyde and the volume were based on
'‘data from research examining the reinforcing properties
of acetaldehyde (Brown ét 1., 1979; Smith, 1980).

The group was split such that each half received
acetaldehyde pairings on opposite sides of the chamber
during the conditioning phase. The animals were given
access to the entire chamber for three test sessions
duriné which the time spent on each side was recorded.

o At the termination of the experiment, the animals
were sacrificed nnd perfnsed intracardially with saline
and 107% formalin. The brains were extrggted and sliced

-

into 40 u -coronal sections.



Results
i =~ .
Figure 3 shows the amount of time spent on the

drug and non-drug (saline) /paired sides during the

¢

three test days. It appeared that the animals tended
to spend more time on the drug baired side during the o o
second and third test days, however, this was not
significant as there was no main effect of drug pre- .
ference (F(1,60) = .80, py.05). Gxeat.variability in
the time spent on each side was observed (figure 3) and
this was reflected in the lack of interaction between

drug preference and trials (F(2,60) = 2.2&, p>.05).

Figure 4 shows the amount of time spent on each - *

side of the chamber regardless of the drug pairings and

PR

it can be seen that there is no consistent preference

for either side. This was confirmed with a two-way

¢ el ®

'analysié of variance indicating no main effects of side
preference or interaction (p).05).

Histology confirmed the placement of the cannula

R Y -

guide in each animal. It also showed that the infusion"

procedure did not result on any noticable ventricular

expansion. ] ) .
Discussion -

The use of multiple infusions of acetaldehyde in
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the present experiment failed to demonstrate a signi-
ficant place conditioning effect. These results were
similar to those observed in the first study using an “ et
acute administration. However, contrary to' the general \
lack 'of variability observed in the previous experi-
ment, the current results demonstrate a wide fluctua-
tion in the behavior of rats receiving multiple infu-
sions within and across test days. In addition, there
was no consistent preference for any particular side of
the chamber as was observed in the previous gxperiment. i
It would appear that the influence of a nafﬁral prefer- :
ence for one side of the chamber was inhibiéed by (
increasing the duration of exposure to acetaidehyde | %
during the conditioning trials.

| Central adminiftration of acetaldehyde may be a
weak condiFioning agent and in the present paradigm,
where there are only five drug trials over ten days,
the ability of intraveﬁtricularly infused acetaldehyde .
to induce strong place conditioning may be decreased.
This may be an important factor given the inhérent
variability of behav;prél responses to acetaldehyde's
central actions and indeed to ethanol in general
(Brown, Amit and Smith, 1980a). \

The present results suggest that increasing the '

duration of exposure to central infusions of acet-
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aldehyde may produce alterations in tPF behavior of
animals in a place cpnditioning paradigm. Although the
findings do not demonstrate a place/preference or
aversion, the increased variability| and the inhibition

of nat@ral side preference do indicate a change in the

nature of the stimulus properties gssociated with the
. td

‘environmental cues. The present paradigm, however,

does not appea§ to be sufficiently |sensitive to deter-

mine the qualitative nature of' these chanes.
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Experiment 3

-
[}

The previous attempts to demonstrate place condi-
E}oning with intraventrjcular infusions of acetaldehydé
have been unsuccessful in producing a preference or an
aversion. Inhfhe last experiment, it was observed that
multiple administrations of acetaldehyde resulted in an
aiteration of the behavioral response of rats to the
paradigm,vhowever, the nature of these changes remained-
undatermin;d. One factor considered was the increased
;ariability in the behavioral response of the animals,
which may have been due to the ceptral actions of
acétaldehy&é or to the experimental procedure employed.
Jin;the present experiment an alternative method, pre-
aviously used by séveral investigators (katz and
Gormezano, 1978; Phillips and LePiane, 1980), was
emp%éyed in an attempt to decreé§e'the inflﬁenge of
this variability. . y )

. . . g

Method T oo
Subjects ‘k | )
Twenty-six male Sprague-béwley Tats (Charles River
Canada) weighingk250—275 gm were individuéily houséd
under conditions described in the preceeding exber;—

ments. A stainless steel cannula guide was chronically”’

0
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implanted into the left lateral venfricle using the
/
procedures outlined in the earlier studies.
" Procedure . v

o

The experimental chambers and the iﬁfusion

-

apparatus were identical to that used in the initial
.

experiments. After 4 to 5 days recoGery from surgery,

the animals were given 'access to the entire chamber for

{ five m;nutes once per day for three days. fhe amount-
iof timé\sﬁent on each ;ide was gecSrded.
Following this pre-éxposure, the non—prefered side
for each animal:ggs identified and they were assigned
one of two groups such that the mean time spent for
’)the last two -days on the non-prefered s}ae was approxi-
mately equa;. Five conditioning trials followed (five
minutes duration, once per day), during which one group
o ‘gbreceived acetaldehyde infusions (1% v/v; 8 ul / 26 sec
/ 40 sec) while the othe; group received saline infu-
sions. All drug administrations occurred in the non-
prefered side for.each“iﬁdividual animal. Animals were
+  then given access to the entire chamber for five
mifutes. The time spent on the drug paired s}de (non-
‘Eréfered) was fgcorded. : . .
‘ A%%méis were éubseguently sacrificed and perfused

with saline and 10% formalin. The brains were

4;3 axtraéted and sliced‘into 40 u coronal sections.
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’ ResuLts‘
A t—testyfbr independent sampiés indicated that g
there were 60 differences in the amounf of time spent {
on the non-prefered side between the acetaldehyde and

saline infused groups during the baseline period (t(24) /

= .96, p).05). Figure 5 shows the mean.difference from

baseline for the two groups during the three test days.
It can be seen that'?ﬁe\animais receiving ‘intraventri-

cular acetaldehyde increaéga the time spent on the

conditioning side more than the saline treated animals.

A two—wéy analysis of variance revealed a significant

main effect of drug treatment (F(1,24) = 6.01, p<.05)

and insignificant effects of test trials (F(2,24) = '

.10,7p>.05) and interaction (F(2,48) = .002, p%.05).
Histological examfnation.confirmgd the placement

of t®e cannula guide in the left lateral véntricle oé

each animal, as.;ell, no detectable differences could

be seen betﬁeen_thp‘braiﬁs of acetaldehyde and saline -

treated animals. o - \ |
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Discussion '

The present results indicate that intraventricular

NPT

infusions of acetaldehyde are capable of inducing a
conditioned place preference. Simple exposure to-the
conditioning procedure was seen to decreasé the natural
aversion to one side of the.chamber which was observed

in the saline group, however, the acetaldehyde treated

. animals demonstrated a significantly greater change in
preference~which lasted for the three test days. By

using a.chque from baseline measure, thé present study

f o remdms e oo

eliminated the influence of variability in responding
of the animals in this procedure. The findings suggest ¥

that the previous method (experiment 2) was not of

N
T N e

sufficient sensitivity §o dsmonstygte the -reinforcing T
properties of centrally administered acetaléehyde. ‘ é
The results suéport the notion that acetaldehyd;,
when' present in the brain, has positively reinforcing
properties (Brown,” Amit ana Rockman, 1979).. The dose
level used in the present experiment is of particular
importance in that the concentration of acetaldehyde
was identical to that which, previously had been shown
to support selfkadministration (Smith, 1980). The
{eight infusions delivered during each five minute
' conditioning session represented the eqpivaient of 16

lever press~1nfusions{wﬁ3ch was approximately half of

) . e
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the mean. daily rate of self-administering rats. (Brown,
Am£¥\and Smith, 1980a; Smith, 1980).

The multig}e infusion technique may be of critical
importance in any conditioning.expefimenf with cent-

rally administered acetaldehyde. The rapid elimination

rate of acetaldehyde from the brain (Akabane, 1970;

‘Westcott et al., 1980) indicates that any psychpharma-

cological effecF will be of extremely short duration.
The duratioﬁ of the unconditioned stimulus has been
shown to be an important factor in conditioning studies
(Goudie and Dickins, 1978) and this may account for the
failure to observe acetaldehyde inguced conditioned
taste aversion (Brown et al., 1978) or generalization
in ethanol induced discriminativedstimulus éxperiments
(Altshuler and Shippenberg, 1982). Both of these
studies utilized an aéute administration of acet-
aldehyde, and‘a more continuous or repeated form of
administration may have yielded positive results.

The ability of acetaldehyde to induce place condi-

tioning is in concordance with other research demon-

strating that self-administered drugs can produce &
conditioned place preference (Katz and Gormezano,‘1979;
Phillips and LePiane, 1980; Bozarth and Wise, 1981;
Mucha et al., 1982; Van Der Kooy et al., 1982). This

suggests that this procedure may be an adequate tech-

J
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nique for studying the motivational properties of
seif-adwiﬂistered substances. ‘

An advanfage of the place conditioning paradigm
can be seen in the fact that the conventional self- \
a&ministration paradigm is highly susceptible to the .
motor debilitating effects of various hanip;lations,
however, the place conditibning procedure is ;elatively
immune to thése“effects. The ani@als are tested drug-
free, thereby enabling the use of a wide range of
pharmacological tools to investigate the underl;ing

mechanisms of drug reinforcement.

F) ‘ o . 5

cf




L v

<

' *Section'B,

.

.

.The Effect of Ethapol\on Noradrenergic Activity

in Rat Brain .
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Experiment 1

In addition to the research examining the possible
involvement of acetaldehyde in the actions of ethanol,
the central catecholamines have also been implicated in
.the mediation of some of the psychopharmacological
effects of alcohol. In barticulal:, emphasis has been
placed on the involvement of norepinephrine (NE) in
mediating those effects. Manipulations of central
catecholamines, with the neurotoxin 6-hydroxydopamine,
“demonstfated the importance of NE in the mediation of
voluntary ethahol consumption (Brown and Amit, 1977;
Mason, Corcoran and Fibiger, 1979; Kiiar;;"ur{laa, 1980).

As well, blockade of NE synthesis has been shown to

attenuate ethanol self-administration (Davi%, Smith and

Werner, 1978; Davis, Werner and Smith, 1979) and volun-
tary ethanol coﬁs;.tmption (Amit, ﬁrown, Levitan aﬁd
Ogren, 1977). / '

Studies examining the effects of ethanol on NE
activity have yielded differential findingi. Several
reports have indicated that alcohol incré‘g\ased the
activity (Corrodi, Fuxe and Hokfelt, 1966; ‘Hirnt.;and
Majchrowicz, 1974) and synthesis of brain NE (Clzjirlsson,
' Magnugson, Svensson and Waldeck, 1§73) , while others.

have reported a decrease in NE turnover following

i
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- ethanol administration (Pohorecky and Jaffe, 1975;

Thadani and Truitt, 1973; Thadani, Kulig, Brown and
Beard, 1976). Most of these studies have used various
doses of ethanol with biochemical measurements taken at
single t}mé inéervals, thus it is possible that these\
apparent opposite effects may be related to ethanol's
dose-dependent biphésic actions (Pohorecky, 1977) as
weil as possible time-dependent effects (Hunt aﬁd
Majcﬁrowicz, 1974 ; Pohorecky, 1977).

. The accumulation of brain 3-methoxy-4-hydroxy-
phenylethylene glycol sulfate (MHPG—SOa), a NE meta-
Bolite, was shown to be an accurate jindex of central
npradrenergic activity (Korf, Aghajfnian and Roth,
1973; Karasawa, Furukawa, Ochi and Shimizu, 1978). It
has a;so been sho@n that MHPG—-SO4 concentration in
lumb?r cgrebrospinal fluid was elevated in‘healthy’
intoxicated humans (Borg, Kvande and Sedvall, 1981)
providing further evidence for ethanol's influence on
brain noradrenergic mechénisms.

The purpose of the present study was to provide a
systematic analysis of the 6ime—dépendent actions of
ethanol on central noradrenergic activity through the
measurement of brain MHPG-S0, and blood ethanol at

various time intervals following acute ethanol admini-

stration.

b G e
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Method

Subjects ”

Male Wistar rats (Charles River Canada) weighing
2Q0—2§5 gm were used in the experiment. The animals
were individually housed in stainless steel cages in a
r‘oom r.eguléted for constant temper{aturea and humidity,
and a 12 hour light-dark cycle. Food and water were
available ad libitum. "'The animals were gfven five dayé
to acciimatize to the colony conditions and were
handled daily prior to the start of the experiment.

Y
Procedure

Each animal rec‘eived an intraperitonéal (IP) :
injection of either 2 gm/kg of ethanol (8.5 ml/kg of
3}0% v/v) or Ringer's solution. The animals were sacri-—
ficed 15, 30, 60 or 120 minutes following the IP injec-
tion, by decapitation. Trunk blood was collected for
gas chromatographic analysig of blood ethanol levels
using the procedures outlined below. The brains were
rapidly extracted, rinsgd in ice cold saline and then
frozen on dry ice. The brain samples were stored at
—~70°C then fluorometrically assayed for _Ml:lPG-SO4
levels. |

Determination of MHPG—SO4

The procedure used was similar to the fluorometric

~ =

i
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method described by Kohno, Matsuo, Tanaka, Furukawa and
Nagasaki (1979). Briefly, whole brains were homo-
genized in 5 volumes of 0.2 N H,S0,, containing 0.1%
sodiurﬁ metabisulphite (Na2 8'205) as a protective agent
against oxidation. The homogenate was then centrifuged
at 8000g for 5 nﬁnutes in the cold. Omne portion of the
supernatant (approximately 1/6 to 1/8) was transfered
into a polycarbonate tube. Tissue blanks and internal
standards were dprepared from tissue extracts at this
time. Each sample was adjusted to pH= 6.0-6.5 with 0.3
N and. 0.03 N Ba(OH)2 . Following a second centrifu-
gation at 8000g for 10 minutes, the supernatant was
decanted into a glass tube and passed through a 0.6 X 6
cm column of DEAE-Sephadex A-25 (Pharmacia Fine
Chemicals). The column was washed with 2 ml of
distilled water, followved successively by 8 ml of 0.06
N HCl and 1 ml of 0.4 N perchloric acid (PCA) . MHPG—SO4
was eluted from the column with 2‘m1 of 0.4 N PCA
containing 0.1% Na,S .0 Immediately after tghe separa-

27 2°5°
tion of MHPG-SO, , 0.1 ml of 1% cysteine and 0.1 ml of

4
70% PCA were added to the eluate. These reaction
mixtures were heated in an oven at 100°C for 30 °
minutes. The same reagents were added to the tissue

blanks, however, they-were not heated. The sampies

were reheated again for 10 minutes foliowing the

At e m s
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addition of 0.3 ml of fréhhly distiiled ethylenediamine

~and then they were cooled in a water bath. The fluore-

scence was read aé wavelengths of 325 mm, excit‘:ation,
and 465 mm, emission, using an Aminco-Bowman spectro-
photofluoromei:er .
Determination of blood ethanol

The procedure used was based on Stowell (1979)
with modifications based on reporss by Eriksson, Sippel
and Forsander (1977). Animal trunk blood was collected
into test tubes which contained 150 International Units
(IU) of sodium heparin. One ml of blood was mixed with
4 ml of ice cold semicarbazide reagent. This mixture
was spun in a refrigerated centrifuge at 400 g to

separate blood cells from serum. Two ml of serum were

added to 0.5 ml of 3.0 M perchloric acid and then spun‘\

at 11,000 g to obtain a clear protein-free supernatant.
At éhis time, 0.5 ml of the-supernatant was pipeted
into an 8 ml vial, stopper/ed and stored at -70°C until
assayed for ethén_ol by ‘head-space gas chromatography

'

(Eriksson et al‘. , 1977).

Results
Figure 6 represents the effects of an intraperi-
toneal injection of ethanol on 3-methoxy-4-hydroxy—-

phenylethylene glycol sulfate (MHPG—SO4) accumulation |

4
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injection can be seen in Figure 7. A one-way analysis

s - | - A

in rat brain. A one-way analysis of -variance reveéled

a significant change in the/ lex;ezis of MHPG-SO0 , fol-

lowing ethanol administration (F(4,44)= 15.65,!p<.001).
Dunnett's Test for compa’risons‘ involving a control |

mean (Dunnett, 1955) demonstrated that there was a

. significant decrease kin MI-'iPG—SO4 levels 30 minutes

following the ethanol injection. This effect was not
seenlat 60 or 120 minutes as the levels of MHP(;-—SOQ' f\ad ”
returned to control values at these times.o As can be
ééen inLF;igure 6, there appeared to be an i,ncrease‘ in

MHPG-50, levels at 15 minutes, however, it was not -

4
Statg_istically significant. ) o /C'\;

r

The levels of ethanol in blood following a 2 gn/kg \

of‘\;aria‘nce indicated that there was a 8ignificant ,
alteration in the levels-of ethanol over the four time
periods examined (F(3,36)= 7.88, p<.001). Post hoc
Tukey tests revealed that peak levels.of blood éthanol
occured at 30 minutes followed by a slight ldeclicle at
tﬁe 120 minute time samplhe.

Correlation coefficients were calculated between

v o

i:hg levels of MHPG-S0Q, in brain tissué and the "level of

4

. ethanol in peripheral blood at  the various-time inter- = °

e

vals sampled. The 120 minute time interval was -omitted .
as the number of animals sampled at this time was ‘too

[ S
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"small. Figure 8 shows the scatter plots for the 15, 30

and 60 minute time intervals. ;he correlations
obtained for the three sampling inte;vals\were%statis—
tically significant (p<.05) suggesting a possible
relationsﬁip between peripheral blood ethanol levels
and central levels of MHPG—SCh. Thége associations

appear to change zn a qualitative manner over -the three

time intervals sampled -as the correlation at 15 minutes

was positive while those at 30 and 60 minutes were

negative.r

// . Discussion

The present experiment demonstrated that acute
ethanol administfﬁtiaﬁ can alter MHPGLSQ{ levels in rat
brain and thgt the magnitude of these alterations is
highly cbrrelated with levels of circulating blood
etﬁahol. Aithough the increase in MHPG—SO4 levels
observed at the—15 minute sampling interval was not
statistically significaﬁ;, the nature of the relation-
ships betyeen MHPG1§94 and ethaqol indicate the ﬁte—

sence of a biphasic effect. The significant correla-

tion at 15 minutes was positive, while, those at 30 and

60 minutes were neéhtive indicating a change in the
direction of the association between ethanol and MHPG-

O,. The inability to detect a statisi&cally signi-
Al 4 y
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ficant increase may be due to the time interval
selected and perhapg the levels of MHPG—SO4 may be
higher at five or ten minutes folowing ethanol admini—‘
stration.

As indicateé earlier, the accumulation of MHPG—SO4
in brain has been shown to reflect central noradrener-
gic activity (Korf et al., 1973; Karasawa et al.,1978).
The present findings Eonfirm previous results indica-
ting‘that ethanol seems to exert a biphasic effect on
NE (Hupt and Majchrowicz,.1974). The magnitude of this
effect appears to be strongly related to the leQels\of
ethanol in the blood, tﬁerefore, the’ nature of the
alterations produced by efhanol in the noradrenergic
system seem to be not only time-dependent but also
dose-dependent. This may account f;r the apparent
divergent results observed by‘other investigaﬁofs
(Pohorecky and Jaffe, 1975; Thadani and Truitt, 1973;
Thadani et al., 1976) as both the dose of ethanol and
the time following its administration appear to be
important in determining the nature of its effect on
NE. “

The results also reveal the presence of a highly
significant relationship between periphéral blood

ethanol levels and their central effect on noradrener-

gic activity as measured by the accumulation of MHPG-
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SO. This was observed at 15, 30 and 60 minutes fol-

lowing ethanol administration. The notion that the

observed changes in central NE activity are mediated by"

peripheral blood ethanol levels is supported by a
previous report (Sunahara, Kalant, Schofield and Grupp,
1978) on observed equilibrium between blood and brain
ethanol levels within 3 minutes folloﬁing an IP injec-
tion of ethanol.

The mechanism by which eth?nol may exert two
directly opposite effects remains unclear. The
decrease in noradrenergic activity may be a compen-
satory mechanism in response to the initial increase,
perhaps, mediated by changes in receptor sensitivity
(Skolnick and Daly, 1976; Starke and Endo, 1976) or due
to possible direct effects of ethanol on cell membranes
(Kalant, 1975). Recently it has been ;uggested that
ethanol preferentially activates noradrenergic neurons
and that this may account for the observed motor stimu-
lation- effects of low doses of_ ethanol. However, as
ethanol levels -increase there may be greater activation
of GABA neurons resulting in a depressant action on
motor activity (Lil jequist, 1982).

An dlternative explanaﬁion may conceivably involve.

acetaldehyde, ethanol's primary metabolite. Acet-

aldehyde has been implicated in the mediation of

e Wk
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. 4
several psychopharmacological actions of ethanol (Amir,

Brown amd Amit, 1989). Since acetaldghyde was reported
to trigger yélease of central NE (Thadani and Truitt,
1977) it is possible that some interaction between
ethanol and acetaldehyde may account forgthese biphaéicw
effects. Clearly, further research is necessary in
order to elucidate the nature of 'ethanol's effect on
‘ﬁorepiqephrine and how these interactions may influence

the behavioral response to ethanol.
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Experiment 2
Thé blockade of norepiﬁephrine (NE)‘synthesis by
the dopamineLbeta—hydroxylase (DBH) inhibitor, FLA—57;
has been shown' to attenuate voluntary eth;nol‘consumpf
tion (Amit, Brown, Levitan and Ogren, 1977) and intra-
gastric ethariol self-administration (Davis, We;nér and
Smith, 19%9); In addition, depletions of NE by FLA-63

(DBH }nhibitof) and FLA-57 were observed to suppreés

~ethanol induced locomotor stimulation (Lil jequist,

Berggren and Engel, 1981; Brown, Smith and Sinyor,
1978). Theése findings have led some authors to nggest
that NE may mediate thé }einforcing properties of
ethanol (Amit et al., 1977). '

The results of the previous experiment demon—'
strated that ethanol administration produced a time-
and dose—depéndent biphasic effect on noradrenergic
activity as measureq by changes in the accumulation of
the noradrenergic metabolite, 3-methoxy-4-hydroxy-
phenyiethylene glycol sulfate (MHPG—SO4). .

' The purpose of the present experiment Qas to
' L4

investigate the effects of FLA-57 on ethanol induced

increase in MHPG-—SO4 accumulation in rat brain.
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Method

Subjects . ) '

Eighteen male Wistar rats (Charles River Canada)
weighing 175-200 gm were individually housed in stain-
less steel cages in a room regulated for constant
temperature and humidity and with a 12 hour light-dark
cycle. Food and water were available ad libitum.
Procedure

Following 4 to 5 dastfor acclimatization to
colony conditions, the animals were injected intraperi-
toneally with either FLA-57 (30 mg/kg) or the vehicle
solutio;. The FLA-57 was preparéa by dissolving it in
1N NaOH and then adjusting the pH of the solution to
7.5 - 8.0 with IN acetic acid. Ringer's solution
(Abbott Laboratories) was added tb bring the solution
to a final concentration.of 15 mg/ml. The vehicle @
consisted of 1N NaOH and 1N acetic acid mixed to pH =
7.5 - 8.0. ‘

Animals received one injection‘per day for five
consecutive days. ' Four hours fo{lowing the last drug
administration, each group was divided in two and
ethanol (2 gm/kg; 30% v/v) or saline were adq}nistered.

Ten minutes after this injection the_animals were
sacrificed by decapitation and the brainL rapidly.

extracted. Thé brains were quickly rinsed in ice cold

saline and immediately‘frozen on dry ite. Sambles were
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stored at -70°C then- fluorometrically assayed for
MHPG-50 1levels using the same procedures outlihed in
the previous experiment.

At decapitation, trunk blood was also collected
into test tubes containing 150 IU of sodium hebérinl
One ml of'blood was mixed with 4 ml of ice cold/semii
carbazide reagent and this mixture was prepared using

the method outlined in the previous experiment for gas

chromatographic analysis of blood ethanol concentra-

tion.
- , Results.

Figure 9 shows the levels 6f)ﬂﬁPG—SO4 10 minutes
after’ the administration of ethanol. As can be seen
there appeared to be an elevation of MHPG—SOd in brain
followiég ethanol alone, howéver; the combination of
ethanol and FLA-57 seemed to result in a slight

decrease. A one-way analysis of variance yieiaed.a

~significant difference in the mean levels of MHPG-SO

for the four groups (F(3,14) = 7.61, p<.01). Post hoc
Tukéy tests indicaéed that there were significant
differences between the'ethanol alone group and the
FLA-57 alone and FLA-57 - ethanol groups (p<.05).
There was also a significant difference between the

ethanol group and the vehicle - saline .control group at
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the £=.10 level of siénificaﬁce (p =.07).

Figure 10 shows the mean blood ethanol concen-
tration for the two ethanol treated groups. No'differ—
ence was observed in fhese~ievelé (p>.05).

3
Discussion
The present findings showed éhat an acute ethanol

administration produced an increase in the levels of

, MHPG-SO 1in rat brain. In the previous experiment a

10% increase in MHPG—S%. levels was observed 15 minutes
following ethaﬁoi administration, however, it was not
statistically significant. It was suggested.that due
to the biphasic nature of ethanol's effect an earlier
time may hayve been more appropriate for observing a
strong stimulatory action. The current results sdpport
this notion in that a 25% increase was observed 10
minutes after the ethanol injection. Possibly‘due to
the relatively small sample size empioyed, post hoc
analysis indicated that this increase only .approached
the traditional ievel of significance (p = .05}, -
howgyer, the concordance of the results with those of
the previous experiment seeﬁs to suggesf that ethanol
does indeed produce an increase in MHPG—SO4 levels.
It was also observed'that FLA-57 blocked this

ethanol induced increase. This effect does not appear
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to be due to changes in ethanol metabolism’ as blood
ethanol concentrations of the two ethanol treated
groups were not different. This findi%g was similar to
that reported b; Tottmar and his co-workers (Tottmar,
Hellstrom, Holmberg and Lindros, 1982).

As the accumulation of MHPG—SCh in brain has been
ghown to reflect central néradrenergic activity (Korf
et al., 1973; Karasawa et al., 1978), tﬁe present
findings seem to suggest that’ ethanol produces ; stimu-
latory effect on noradrenergic activity. In addition,
the results also indicate that FLA-57 pre-treatment may
inhibit the stim&létory action of ethanol.

Previous data‘has shown that FLA-57 pre-treatment
atteriuates ethanol consumption (Amit et al., 1977) and
self-administration (Davis et al., 1979). While
further research examining FLA-57's possible effegt on
.the depressant action of ethanol on noradrenergic
activity is neécessary, it is possible that ethanol
induced stimulation of norepinephrine may mediate these
ethanol oriented behaviors. The increased availability
of norep{nephrine combined with the presence.of
ethanol's metabolite, acetaldehyde, could create
suitable conditions in the brain conducive to the
formation of condensation products such as tgtrahy@ro-‘

S

isoquTﬁolihe alkaloids (TIQ; Coehen and Collins, 1970).
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Experiment 1

X
A & N
In 1970, two independent teams simultaneously

demonstrated that catecholamines (CA) could condense
g} “_ ‘'with aldehydes to form tetrahydroisoquinolkne (TIQ) *
alkaloids (Cogen and Collins, 1970; Davis and Walsh, )
1970). réeveral'investig;tors have also reported that
' following ethaﬁol administration TIQ alkaloids could be
detected in the brains of laboratory animals (Turner,
Baker, Algeri; Trigenio aﬁa Garattini, 1974; Hamilton,
. Blum and Hirst, 1978), in the urine of Parkinsonian
patients treatedl;ith L-Dopa (Sandler, Carter, Hunter
. and‘Sterh, 1973)‘and }n‘post mortem examinations of
human brains of alcoholics (S joquist, Eriksson and
Winblad, 1982). Since TIQs'have beeﬁ ghown torhave
\*‘ potent neurocgemical effects (Cohe.n, 1976), these
alkaloids, in their capacity to act as pseudo—tréns—
mitte%s, could conceivably 'mediate the consumption, of
ethanblu
- x“. In an attempt to! provide direct évidgpce for the
involvemént of TIQ aikgloids in the gentral mediation
of-the psychépharﬁécological effects of ethanol, Myéfs
ﬁ ‘ ‘ and -hi’s co-workgrsiconducted.g series of ekperiments
i \\ examining the'effects of qgnt;al infu;ions of a variety

/

A + - . ﬂ i
. ~6f TIQ compounds on voluntary ethanol intake (pélchior
£ : '
S Y .

- - ‘ . +#
, .

D
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and Myers, 1977; Myers and Melchior, 1977a; 1977b;
Myers and Oblinger, 1977; Myers and Hpch, 1979). 1In
every study, regardless of the alkaloid infused or the
infusion regimen employed, Myers reported a marked
increase in ethanol intake in rats following intravent-
ricular infusio;s of TIQs compared to the intake of
ethanol by control animals. In many cases a seven-fold
increase was reported, lasting several months following
the termination of the TIQ infusions and withdrawal
symptoms frqm the alkaloids alone were described
(Melchior and’Myers, 1977; Myers and Mélchior, 1977a;
1977b). v .

Contrary to these findings, another series of
expefiments‘using the same compounds, failed to induce

any enhancement in-.-voluntary ethanol erQ5£Eg*£Brown,
Amit and Smith, 1980b). The differences in the’

_findings were'attriputed to a number of procedural

inconsistancies between the two sets of studies
(Deitrich and Erwin, 1980).

Recently, in an attempted replicatién of this TIQ/
effect, éinclﬁir faiied éo observe any changes in °
"ethanol consumption féllowing single infusions of

Jtetrahydrppapévbroline (Sinclair and Myqfs, in press).
This, despite the fact that’the experiment was super-

vised by Myers”in his own laboratory. However, the use

»
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LS

of a different straiﬁ of rat, a single infdsion regimen
plus various 1éboratory conditions were gescribeé as £
Jontributing to the negative findin%s‘(Sipclair and
Myers, in press). '

The purpose of the present experim;nt was to
eliminate these~procedural and technical differences
and to determine whether TIQ infusions would then yield
comparable results to those obtained by Myers.

Method 1A

Sub jects ‘

Male Wistar rats (Charles River Canada) weighing
250-275 gm were maintained individually in stainlgss

steel cdges covered with plexiglass tops. Food was

‘availéble ad libitum and fluids were presented in a

pair of Richter tubes which were rotated daily in a
random fashion.
Procedure ‘

After 3 to 4 days acclimatization to -the housing
conditions, the anihéfé Qere exposed to the first test )
sequeﬁce in which ethanol solutions were presented in a
free choice with water daily. QOmmenLing with a 3%

(v/v) ethanol solution, the concentrations were '
increased daily according to the following schedule:
3,&,5,6\ ,9,11,13,15,20,25 and 30 percent. Following

\ —-— A
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’ ’
this 12 day sequence, a cannula guide was surgically

implanted into the left lateral ventricle of each ‘
animal in accordance with the procedures previously
described (section A: experiménf 1).

t

Following 2 days recovery, the animals were con-.

nected to an infusion apparatus consisting of a multi-
channel infusion pump (Harvard Apparatus) fitted with
syringes connected through a swivel (Brown, Amit and '

Weeks, 1976) to polyethylene tubing to the cannulae.

Every 30 minutes, an automatic timer activated the pump
for 20 seconds during which 4 ul of fluid was delivered
to each cannula. One group received tetrahydropapa-

. . A
veroline HBr (THP; Burroughs Wellcome Laboratories;:

0.25 ug; n=5) while the other group received R}pger's
vehicle (pH adjusted to 3.6 - 4.6 with hydrochioric» -
acid; n=3). These infusions were maintained for two
days p;ior to and throughout a second 12-day ethanol
test sequence administered as before. The cannulae
were removedﬁand flushed daily and fresh solutions of
THP and Ringer's were prepared every 48 hours.
At the f;nﬁination of the experiment, cannula
placgmeq;réﬁd patency were verified using a dye-infu-
/ston t;zhnique. The syringes were filled with a fil-
tered solution of methylene blue' and ea¢h animal

received a 10 ul infusion over 30 seconds. The animals

.
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were then given a lethal dose of sodium pentobarbital
and the brains were extracted. The brains were cut
either sagittally or coronally at the plane of the

A

cannula implant.

Results 1A

Figure 11 shows the ethanol consumption of the
groups receiving infusions of THP and Ringer's-during
both baseline and test periods. Ethanol intake was
expressed as absolute ethanol intake (gm/kg) and as
preference ratios (ethanol volume/total fluid volume). -
A three-way analysis of variance with repeated measures-
on the concentration factor was performed on the data
and the results summarized in Table 1. As can be seen,
the main effect of etﬁanol concentration was the only
significant result. All ather main effects and inter-
aégions were not-signifdcant. This was true for both
absolute ethanoi intake and preference ratio.

Examination on the brain sections revealed that
the infused dye had diffused throughout the ventricular
system confirming that the canulae were properly

implanted and were not obstructed. . \

-

\
Method 1B
[» 4

Subjects

b e
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4 Male SpraguéPDawley rats (Charles Riyer Canada)
weigﬁing 250-275 gm were maintained in conditions
similar to those described in Experiment 1A.
Procedure

The method employed in the present expgriment w%‘L
identical in all respects to that used in Experiment 1A
with the exception that 1—methyi—6,7—dihydroxy TIQ HBr
(salsolinol; Aldrich Chemicals; 4 ug; n=5) énd Ringer's
vehis}e (pH ad justed to 3.6 ~ 4.6 with hydrochloric l
acid; n=8) were infused into~the left lateral ventricle

o -
of the animals.

Results 1B ,
Figure 12 shows the ethanol consumption of the
groups receiving infusions of salsolinol and Ringer's
during both baseline and test periods expressed as -
absolute ethanol .intake (gm/kg) and preference ratio
(ethanol volume/total fluid volume). A three-way
analysis of variance with repeated measures on the
concentration factor was performed on the data with the
results summarized in Table 2. The only significant
result observed was the main effect of ethanol
concentration. All other main effects and interactions
were nog sigﬁificant for both absolute ethanol " intake .

and preference ratio.
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Figure 13 representé the individual drinking

patterns of two representhtive animals from the : ’
Ringer's infused groups. This figure demonstrates the
wide variability between animals within the same group.
In some cases, iﬁtake of ethanol\in the range of 9% to
15% was increased during the Rinéér's infusion period.
By contrast, other animals “failed to consume any sub-
stantial quantities of‘ethanol during either test
sequence. |

Examination of the sectioned brains following the

dye infusion confirmed the placement and patency of all

cannula guides.

Discussion

Consistent with the results of previous experi-

" ments (Brown et al., 1980b; Sinclair and Myers, in
AN

press), it was observed in the present experimens that
|

intracerebroventricular infusions of THP or salsolinol
failed to alter voluntary ethanol consumptioﬁ in either
Sprague-Dawley or Wistar rats. Despite implgmgntation AP
of the same procedures used in Myers' studies, the' -
present data were inconsiétent with théir reportedy
results (Melchior and Myers, 1977; Myers and Melchior,
1977a; 1977b). Myers and his associates have claimed

«that infusions of TIQ alkaloids produce increases in

’

1
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ethanol consumption, yet, using the same compounds,
paradigm and strain of animals, these findings were not
confirmed in the present experiment.

r. 4
It should be noted that in the current experiment

)

. the Sprague-Dawley rats consumed an average of almost 2
® gm/kg per day throughout the baseline period. These
grinking levels were in line with’ those seen in a ,

systematic investigation of ethanol preference in

\

-~ : -
various strains of animals (Wise, 1973). ‘However,
\ ¥

Myers reééﬁts ‘that his Sprague-—Daw\ley rats consumed
less than 1 gm/kg of ethanol per day. It is po‘ssible'
that by using such low ethanol drinking animals, Myers''’
experiments may be biased towards obserying increa~seAs
in ethanol consumption, whereas the present study‘_
employsadanimals drinking in querate rangeé, thus
allowing either decreases or increases in consumption.
It can be seen from samples of indixlridual drinking
patterns (Figure 13) that Myers' ethanol presentation

i

o , |
schedule/ resulted in great variability betwe®en animals

I

within the same group. It is poésible that the differ-

!
ences between Myers' observations and those reported in
the present experiment may, in part, be due to varia-

bility in the'drinking patterns which appears to be »

inherent in this experimental paradigm.’ | "
. . ! 1‘,““
’ " Another potentially importad@factor that may

i o
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contribute to the inCOnsisteq’Tés, is that ‘Myers' used

ascorbic acid as an oxidation redardant in his alkaloid

solutions. It has been pointed out that ascorbic acid

~

_can induce the activity of catalase which is capabll of:

oxidizing ethanol to acetazgeﬁyde (Cohen, 1977).

Markley and Deitrich (1980), in‘fact, have demonstrated

1\

that intraventricular infusions of acsorbate produced

increases in ethanol intake similar to those reported ~

in Myers' TIQ studies and in a study by D%ncan afd’
Deitrich (1980). It is therefore possible. that the
reported effects of infusions of TIQ alkaloids on

ethanol consumption may be attributable to ascorbate

induced synthesis of acetaldehyde in the brain.

-
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Experiment 2
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The failure to affect ethanol<intake by intravent-

ricular infusions of TIQ alkaloids suggests the possi-
bility that TIQs may simply be an artifactual by-pro-

duct of consumed ethanol without any mediational role
r

’

- 87

whatsoever. However, ¥t has been shown in the previous

section of this dissertation that increased activation

"of noradrenergic neurons may be involved in the media-
? .

tion of ethanol oriented behaviors. Thus it wodld

follow that the cfiticaf alkaloid, if indeed this group

of compounds plays any role in ethanol intake, would be

the condensation product of'aéetaldehyde and norepin-
ephrine. 'In fact, in the‘original paper by Cohen and
Collins (1970) they indentified two isomers, products
of this condensation (Figure 14). The purpose of the
preseﬁt experiment was to determine whether chron@c
intraventricular infusions of ngrepinephrine - acet-
. aldehyde condensation products wou}d produce altera-

tions in voluntary ethanol consumption in laboratory

rats.

[R
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FIGURE 14 Chemix:a1 structure of.two isomers of T.repinephrine-
_aceta1dehyde condensation.
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. . ‘ MethodA o /

B ~
Subjects - N ‘ !

- . Male Wistar rats (Charles Rivey Canada) weigbing:

io

» - ’ . - .
R 175-200 gm were maintained individually in stainless
\ Co " steel cages in a room'regulaggd for constant temﬁer—
ature and humidity and a .12 hour light-dark cycle.

Food was available “d libitum. Fluids were presented -

. . \\‘ , a
in a pair of Richter tubes mounted on the frorit of the .

”cage. Fluid intake and body weight were recorded daiiy

- and the t*bes were rotated randomly to prevent the .

development of a position bias.
[ ]

o
», Procedure

. .

. ' Each ani&al was given a free choice between‘pép

. . water .and increasing concentraiigns of ethansl pre-
- sented on alternate days. Only water was available on
the intervenfng days: " Ethanol solupi;ns were prepared

with 95% (v/v) stock solution and taprafer. The

initial concentration of ethanol was 3% (v/v) and ‘this
was increased by 2% on each successive ethanol pre- |

sentation if an animal previously drank more than half

of it total daily fluid- intake from theg ethanol tubé.

1]

,/Ihis procedure was continued until each animal stabi-

N / lized its intake of a particular concentration where
30-50% of its COCal)fluid consumption was in the form

5

of ethanol.’aOnly those animals that met this criterion
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by consuming at least a 9% (v/v) ethanol solution were

. =,
used in the ggferiment. At this point, the ethanol -

!

\

. - , e 3
solutions were presented in a free choice with water on
) \ :
a daily basis and the concentrations fixed for each

animal became the test solution and were maintained for
4. L N

the duration of the éxperiment.

Under sodium pentobarbital anaesthesia, a 22-guage °

stainless steel guide cannula was chfonically implanted

_into thg°1eft lateral “ventricle of éach animal using °
the procedures described in Section A, TFollowing
'feCOverylfrom surgery and the recestablishment of a
stable pattern of ethanol intake, the animals were

connected to ‘the infusion apparatus (see Section

C'experinent 1) The automatic timer actlvated the
. L}

pump every 15 minutes for 7 seconds durlng which a 2ul

infusion was delivered. to each cannula. After a four

‘.K;wm,..y., .

day basellne perlod in which the animals received

| Ringer's infusions, they were assigned to treatment |,
.gngnps which were infused around the cioék every 15
minutes’ for 6nree consecutive days.- Each animal
recei&ed one of the following compbundé; 1—methyl;
4,6;73trihydroxy TIQ (2 ug) (courtesy of Dr.
R.L.Williams), a mixture “cosisting of 60% l-methyl-
4,7,8—trihydrdxy.TId and’ 40% of the former isomer (2 °

ug) (coertesy of Dr. RG&.Williqms)|pr Ringer's .solu-

e | o,
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&iqn.‘.The.cannulae‘were removed, flushed and fresh
solutions were prepare& daiiy. The animals weré

. weighed and.flu{d intake ﬁas recqrded'eQery day.

| o ﬁg‘the termiﬁatign of’ the experiment the animals
W ‘were’ 1nfused w1th 25 ul of Trypan Blue stain and then
'sacrlflced"followed by saline and 10% formalln perfu-
- sion. The extracted brains we;e then sllced into 40 u

coronal or saggi%al sections. \

- -

L4

\ | < . Results . . o .

] ‘, As can be_ seen from'Figure 15 there was né'change,
A | in the“ponsumpfion‘éé ethanol.duriné the infusion ot
the two experi&eqtal compounds. A three-way analysis
of vaifaqbe revealed a significanf«gro%p effeét for

both absolute ethanol intake (gm/kg; F(2,12) = 6.59, p<
.05) and préferenbe\ratio,(E/T;'F(2,12) z 4.38, p<.05).

4 ko
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ar This would appear
Ereatment intaKe of the Ringer's ' group gnd.not due to
any effect of the TIQ infusibns"themSelves.' Ail other
‘maiﬁ-eﬁfeg ‘ fid interactigns were not significant (p?

-

»

.05). N . \
. ' ' ~
Histological examination demonstrated the presence
o | _ "of blue stain thrOUghpht the ventricular system indi-

cating 'that no occulsion of the cannulae had taken

o place and that the administered compounds were deli-

o

W
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.

be due to the léwer baseline and
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.. vered to the lateral ventricle. C ' :

. Sinclair and Myers, in press) arguing against the

-, were implicated in the mediation of ethanol reinforce-

‘and the methodological difficulties inherent in the

studies reporting positive data are ¢ritically

R T T B T o s~ . PPN .. ot

r

- Discussion

.

The data obtained im this experiment lends further

support to existing evidence (Brown et al., 1980b;

" involvement of TIQ alkaloids in the mediation or ‘regu-,

-lation of voluntary ethanol intake. " These. results are

of particular importance in view, on.the fact that the i
o - - 0 4 -

TIQ alkaloids used were acetaldehyde - norepinephrine

e

condensation products. It is important to rote in this -

context that both acetaldéhyde (Amir et al., 1980) and

A

norepinephrine (Amit et al., 1977; Davis et al., 1978)

1 N ) ’ 3‘
ment. ) . o o

|

i

. When the entire body of evidence, imlclﬁding the co
present results and the recent data obtained by i

- 3

Sinclair and Myers (in press) is carefully evaluated o

~

e
{
:
i
:

exafrwined, it must be concluded that, at present, no
role for TIQ alkaloids ha's‘beér) demonstrated. While it
ivs still possible that some link between these com-
pounds and ethanol - intake méy be demonstrated in

future, it would appear that at present they must be
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Experiment 3

. ) ‘a '

(\\ * ~ TR ) Al Lo R .

, In the previous experiments it was dbserved that
intraventricular infusions of a variety of TIQ
alkaloids failed to produce alterations in voluntary

. ’ [
. ethanol intake. It was suggested that these compounds

-

may not play a mediational role in ethanol congﬁmptién'
and may simply be artifactual by—produéts of exposﬁré
to ethanol. ’ . . PR Y |
Despite these negafive findings, however, it is
poggible that TIQ alkalgids may have psychopharmaco-
logical properties Eapable of,influencing beﬁaviorh It
has been demonstrated that TIQs possess many trans-—
_-micter—iike properties (Cohen, 1978) and may act as
pseudo-transmitters. In addition, it has been sug-—
gested that T}Q‘alkaloidsrmay have opiate-like effects
(Hamilton, Hirst and Blum, 1979; Altshuler, Phillips
and Fetnhandler, 1980); although iﬂ has also been
suggested that these effects ‘are not the resﬁlt of
6piate receptof interactions (North, Collins, Milner,
Karras and Koziol, 1981). The purpose of the present
experiment was to determine whether TIQ alkaloids were
capable of acting as reinforcers when infused into the

cerebral ventricles.

4
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L . . Method 3A

. -
Subjects _ :
\ ’ - Mgle Wistar ran (Charles River Canada) weighing ‘ %
275-300 ém at the start of the experiment were used. }
. o These animals were implanted with a can‘nuLa guide aimed ?
~_ }

at the left lateral ventricle using the procedures
’
previously’ described.

Procedures

Following a short recovery period‘of 4-5 days, the

v

animals were plaged individually into operant chambers

— ket et <7 Am e

(Ralph Gerbrands Co., Model C) with the food hopper

blocked of f. Each animal was connected to an infusion

s Bt Mo SRR

apparatus which consisted of a pump (Razel, Inc.)
coﬂtmebct'ed via polyethylene tubing to a flow-through
swivel located above thlé operant chamber. A shielded
plastic tube connected to the swivel outlet, terminated
. ' in a 28-guage internal cannula, which was inserted into
‘ and secured to the permanently mounted ca%\nula guide.

The animals were maintained in these chambers for 7

consecutive days, where they had'access to food, water

s and the operant lever. The testing room was regulated

v

T R

for constant temperature and a 12 hour light—dark .
cycle. ‘The animals were not pretrained to press the-
lever. When the lever was pressed, the pump was

)
activated for 10 seconds during which a 4 ul infusion

] /
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was delivered ’into the ventricle. \Additional presses
during the 10 second infusion interval did not réacti—
vate the pump and were not recorded. All infusions
were recorded automatically on a multichannel event
"recorder.

The animals recelved infusions‘c)f l-methyl-4,6,7-
trihydroxy TIQ (2 ug; 1M—4,6,7—.TH;Y para isomer) or a’
mixture compound consisting of ap‘proximately 60% 1-
meﬁhyl~4,7,8—-triﬁydroxy TIQ and 40% of the former
isomer (2 ug; 1M-4,7,8-TH; ortho-para isomer). There
was an additional’ group that received infusions of
Ringer's s‘olution after each lever press. Fresh solu-
tions were prepared every 48 hours and once daily the
animals were weighed and the cannulae were removed and
flushed in order to minimize blockage.

‘ At the termination of the experiment the animals
were sacrificed and perfused intracardially with saline
followed by 16% formalin. The brains were removed and

subsequently sliced into 40 u coronal sections.

Results 3A
Figure 16 shows the mean number of lever presses
per day for each of the three groups. As can be seen

the two experimental groups bracketed the Ringer's

control group. The 1M-4,6,7-TH group appeared to lever

.

B
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press at rates below those of the Ringer's group'while
the animals receiving the mixture compound (1M-4,7,8-

TH) \seemed to have an elevated rate of respondin;. A

two-way analysis of variance revealed a significant

main effect of groups (F(Z,QO) = 8.89, p<.05) but hq

effect of days (F(6,120) = 1.74, p».05) and ne inter-

action (F(18,120) = 0.07, p>.05). Posa hoc tests

(Sheffe) reveal that the two experimehtql groups do not

.~
“

differ from the Ringer‘s control group, however, the

animals receiving’the mixture compound (1M—4,7,8-TH) ‘
did lever press at significantly higher rates fhaﬁ the
1M-4,6,7-TH group. -

As in the previous exp?riments, the cannula
placement in each animal was verified by histological

14

examination.

.,

'
L~

Method 3B
Subjects . S
Male Wistar rats (Charles River Canadé) weighing

275-300 gm at the start of the expe;iment were implan—

ted with a cannula gulde aimed at the left lateral

. ventricle using the technique previously described.

. . ) N
Procedure L. .

Using the exact procedure as outlined in the

previous. phase (experiment 3; method 3A), the animals

. e v e o a2 ot = e
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were placed into operant chambers: for 7 consecutive
days with free access to faod, wat;; and an operant
lever. They were connected to the infusion apparatus
which delivered a 4 ul infusion (10 seconds duration)
following each lever press. The animals received
infusions of salsolinol (courtesy of br. R.L.Williams)
. at doses of 10"ug or 2 ug per infusion. An additional
group received Ringer's solution. Fresh solutions were
prepared every 48 hours. Once daily, the animals were
weighed and the cannulae were removed and flushed to
minimiz; the possibility of blockage.

At the termination of the experiment, the animals
were sacrificed and perfused intracardially with salihe

followed by 10% formalin. The brains were extracted

and subsequently sliced into 40 u coronal sections.

Results ‘3B
The rate of lever pressing for thektwo doses of
salsolinol aﬁd Ringer's solution is showh ih\Figure 17.
It can be sgen.that the rate of pressing for the 10 ug
"dose of, salsolinol was elevated above thé 2 ug and
Rinéer's infused animals.
A two-way analysis of variance revealed no main

effet of groups (F(2,15) = 3.31, p>.05). There was.a
significant effect of days (F(6,90) = 2.34, p<.03) and

“~
) x
' rd
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a significant interaction (F(12,120) =-1.94, p<.05).

Post hoc(ahalysis (Sheffe) indicated that there were no L

-

differences between the rates of lever pressing of the
2 ug salsolino} animals and those of the Ringer's”
iﬁfused'animals?f%).OS), whereas, there was a signi-~

ficant elevation in the pressing rates of the 10 ug

salsolinol animals which began on day 4 and &cnfinued

T et e SRSt vt

until the termination of the experifrent (p<.05). :
Histological examination revealed that all the o

animals had cannulae which penetrated the lateral
\

ventricle.

Discussion

et o oo~ S

The result;of the present study sugges& that TIQ
alkaloids may have reinforcing properties. In the |
first phase it was observed that the nbrepineﬁhrine - /
acetaldehyde condensation products may have iscmer
specific effects. It was seen that the rate of lever

- Y

pressing for the ortho-para mixture (1M-4,7,8-TH) was

higher than the rate of pressing for the para isomer

oo LT T P T

(1M-4,6,7-TH). The inability to detect differences
between the Ringer's infused group and the ortho-para
TIQ infused group may be due to the mixed nature of the

alkaloid. Infusions of the para .isomer appeared to

{
3
4
%
¥
3
Ki
!
i

result in lower rates of pressing, possibly indicating
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a depressant or aversive dction. The use of a pure
.- RN

ortho isomer in future may result in significantly
o "(

higher rates of pressing than those observed in the

present study.

A R D e s b

In the second bhase, it was observed that animals
feadily self-administered salsolinol (dopamine - acet-
aldehyae cpndensafion product) via the intraventriculaf
route. Given the neurotransgitter—like properties of
these alkaloids (Cohen, 1978), it is possiblg that the

"central administration of salsolinol may activate
dopamine neurons wgiph have been implicated in the
mediation of brain reward (Wise, 1980).

In view of the failure of aﬁy of the TIQ alkal'oids o

., to affect ethanol consumption, it is\bﬁggested that the .
possible positive reinforcing properties of these -
compounds are inherent in their pharmaéological actions
and are independent of. any role as mediator of volun-

tary ethanol intake in rats. Future research is

required to understand the mature of the interactions

[ N -

between TIQ alkaloids, central neural systems and
» subsequént behavioral effects. If the efforts of

several investigators to demonstrate the endogeﬁous ' §
‘?rgsence of these alkaloids in an ethanol free organism.

prove succéssfu} (Barker et al., 1981), then the pre- , : ;

sent data may be of importance in the area of \ Y
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General Discussion e
The purpose of the present dissertation was to
investigate. the nature of some.of the brain mechanisms
underlying many of the\ﬁsych¢pﬁarmacological properties -
of etﬂanol. Emphasis was pl;ced on the role of central
noradrenergic neuroﬁélandﬁbn a possiﬁle mode of iq}er—‘
action with acetaldehyde, the primary-éetabolite of

ethanol. .

In section A, it was observed that centrally

administered adetaldehyde was able to induce a condi-

 tioned place preference. These results support and

extend those of previous reports demonstrating that’
acetaldehyde may have reinforcing properties.(Brown et
al., 1979; Smith, 1980; Myers et al., 1982). It has
been .suggested that these properties may play an impor-
tant role in the mediation of ethanol reinforcement
(Amir et al., 1980; Brown et al., 1980).

In section B, it was observed that an acute
ethanol injection resulted in a time- and dose-depen-
dent Piphasic effect on noradrsnergic activity.s
Furéhérﬁare, pre—treatmeét with‘FLA—57, a dopamine-'
beta-hydroxylase inhibitor previously shown to

attenuate ethanol reinforcement (Amit et al., 1977;

0 OB mai

'
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Davis et al., 1979), Qas seen to block the ethanol- '
indﬁced_increase‘in norepinephrine metabolism. These
result§ suggest the'possibility that ethanol-induced
stimulation of norepinephrine neurons may play a role-
in the mediation of some ethanol orienggd ?ehaviors.

In an attempt to combine these two lines of *

) research, investigators have suggested a possible role.

R ]

for éldehyde - catecholamine condensation products
(Cohen and CGollins, 1970; Davis and Walsh, 1970; Stern
and Amit, 1972). The results 'of ;ectiqn B sugge;t that
conditions in the brain following ethanol exposure may
be conducive to the formétion of tetrahydroisoginoline
(TIQ) alkaloids. It ha§ been previously shown that TIQ
alkaloids possess many transmitter—like.pfoperties

(Cohen, 1978) and the results of section C indicate

that their central administration may in fact fnfluence

behavior. However, as central administration of - .

several TIQ alkaloids failed to alter'voiuntary ethano .
consumption (section C), the behavioral effects

observed appear to be inherent in their pharmacologicald‘

»

propérties and independent of any role as mediator of

ethanol %ntake in rats.

*

The present findiﬁgs demonstrate that acet-
aldehyde, when present in the brain, may possess rdin-

forcing properties which have been suggested to mediate
‘ C ’ ) ]

-
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voluntary ethanol consumption. In addition, the
results suggest that activation of ﬁorad:gnergiq r
neu;ons may also be an important factor in the media-
tion of ethanol reinforcement.*” However, the ihvolve-
ment of TIQ alkaloids does not appear to be the|mecha-
nism of interaction between these two éystems n the

regulation of ethanol intake. An altermative hypo-

thesis may involve a direct effect of acetaldehyde on

norepinephrine neurons. It has been demonstrated that

acetaidehyde could trigger the release of brain
norepiﬁephrine (Thadani and Truitt,-1977i and it may be
possible that the'reinforcinngroperties of ethanol are
mediated by a direct activation of central noradrener-
gic neurons by acetaldehyde. |

It is well known that organisms are capable of

I

'regulating their intake of ethanol and it is possible

that the actions of acetaldéhydg and its interactions
with central noradrenergic and related enzyme systems
may mediate this regulétion. It?has been observed that
acetaldehyde may competitively inhibit aldehyde de-
hydrogenase (ALDH; Lahti and Majchrowicz, 1976). Thi§
enzyme was shown to play a major role in the matabolic
pathway of monoamine deanimation (Dunc?n and Sourkes,

1974; Tabakoff and Gelpke, 1975) The acetaldehyde-

~

- induced release of norepinephrine gnd the inhibition of

I
|
I
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ALDH could lead to an increased accumulation of bio-
geﬁic aldehydes which has been shown to affect normal:
neural functioning (Tabakoff, 1974). While the pre-
sence of acetaldehyde may initiall& stimulate norepin-
ephrine.release, the subsequent rise in biogenic alde-
hydes ébu;;ﬁingepfere with this sti;hlatory effect,
pogsibly reducing acegalaehydé's reinforcing proper-
ties. This complex interaction between drug, neurél‘,t
system and enzyme m%pabolism may be a possible
mechanism f?r satiety in the voluntary intake qf
ephénol. Iﬁitial exposure to acetaldehyde, through
ethanol consumption, may resuit in reinforcement,
however continued igposure may lead to an éccumulation
of biogenic aldehydes which could inhibit the
mechanisms of reinforcement, thereby leading to -
satiety.

Previous résearch has indicated that this méy be a
viable hypothesis as it has been shown that the
activity of brain ALDH may play a regulafory role ip
the mediation of‘voluntary ethaﬁol consumption (Amir,
1977; 1978; Amir and Stern, 1978). ‘High rates of
enéyme activity have consistentiy been associated with

elevated. ethanol consumption (Schlesinger, Kakihana and

Bennett, 1966; Sheppard, Albersheim and MclLearn, 196&;

Amir, 1977; 1978; Amir and Stern, 1978; Eriksson,

L TN t -
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»
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1980). These high rates of enzyme activity could

réduce the rate of_éccumulation of biogenic aldehydes
in the brain following catechéiamiﬁe stimulatién;'
thereby;. increasing the brain's capacity to reépond to
"central acetaldehyde and subsequently lead to increased
ethgnol consumption. This interaction~ not 6niy
describes a possible mechanism for satiety in alcohol
consumption but could also account for the individual . -
vériation in behavioral respoﬁses so often observed
folloﬁing ethanol exposure. » /

Clearly, these biochemical interactions are hypo-
thetical and additional research is required‘in order
to elucidate the precise mechanisms whereby ethanol
influences behavior. 'The present dissertation provides
data.regar?ing the nature of thgse mechanisms and fhe
results indicate some of the appropriate avenues 'that
future investigaéors may pursue in order to better
understand the psychopharmacological actions of

alcoholi

l:!

A=,
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