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The ﬁffect of Schedules of Alcohol Adminlstratxon on L
Na « ;
Voluntary Alcohol Intake in Electrlcally Stlmulated '

N s ?t’
2 . . . -
‘Rats}\ p ! . Co . . K .o < s .

~ ' S e

o . . *

Electfical stimulation of the lateral o -
hypdthalamus has’ been ShOWn to increase.the consumptlon
of alcohol in the laboratory rat. The present study ‘ R
' \was almed at assesslnd whether dlfferent schedules |

£ alcohol admlnlstratlon would alter the 1ntake '

iRdueed by .the electrlcal stlmulatxon,;or whether a B

B . ~ - N -
\

IS ) \
electrical stimulation per se is the only condition

)

afﬁéctlng the 1ntake levels. Four randomly selected

groups .of rats were each exposed to ?ne of Iour ' '-

differérnt schedules durlng the, period of stimulatlon-6 v ‘,.‘ ff

continuous "forcel alcohol, discontinuous forced- ‘ . ‘.‘ o

alcoﬁofﬁ discontinuouslfree'cﬁoice and adaptation.. : ~ -

(It was ﬁgund that the method of presentation mafkedly ) | .%{ ﬁp
i §luénces the development of alcohol preference. o fﬂ L

’.‘ , Animals exposed to thewhontlnuoos forcedwalcoholfﬁbhedule ) . tj
. o ‘falled to develop a preference for alcohol, in splte of ’

- adequate stlmulation. The adaptation and discontinuous.

: ' free choice schedules were most efficient in producing 1'?‘:U":

LN

\ o

ti , . \J " hi, gh alcohol 1ntakes suggestlng that dzscontxnuity of

IV SRS exposure to alcohol enhances the-estahliehment of,
: SN _ . IS
’ ' alcohol preference,by electrical stamulatmon..x?gﬁouc
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: /o ‘ OVERVIEW L

[

e

‘4
‘ Rats usually refuse to drink alcohol solutlons L N

.
’ B - . «

< C in concentrations greater than 7% and normally only ' : -

. ¢ N

consume small amounts of solutionf of lower strength.
* Several techniques including‘electr&c.shock,‘cerebral'
¢ . ° iy ) , .
‘ventricular infusion and chemical stimulation, have . -

been successful in imcreasing 'alcohol intake.  However

the effect has only been temperary.,

Recently aeveral'investigators have claimed ' o

-1

success in enhancing the alcohol intake of rats by means

-of eléctrical stlmulatlon of the lateral’ hypothalamus.

- i

A range of alcohol‘solutions of high concentratipn was S

used. 'The Ppreference“‘for alcohol {the consumption of "
'(/ - - Y L. .
more than 50% of the total fluld 1q¢ake in aIcohol :

"solution) per51sted for at least 3 months after cessation ' ' ’

,

vy

_of thejelectrical stimulation. Other workéts, on the

‘other“hand,~failed to confirm'theee results. Howevér,

methods of presentation.of aieo differed in -the .

dlfferent experlments.. . - - T

’ . ’ - ~.

It is the alm of this the31s to inltially

‘examine the_role of alcohol presentation scheaule in

the development of a stable alcohol preference in rats

l



!

treated by electfical stimulation of the lateral. - | = %
' ¢

¢

S

hypothalamhs. If schédule is important then this e Lo

work would show that it is not permissible to compare - v

- . f N ¢ . + - P

~ results when different scheaules have been used. .. SR L £
gf'in fact it will ,be shown that the type of alcoliol ' et
presentation schedule is vital in determining the

P
¢

drinking pattern of animals following electrical

} : ’ stimuIatiez;,\ I S o o
’ ‘ 3 - , . . - .
- . . ) .. t ( 1 . ,‘ ‘ ) N ) .
L T ' Vi 1 C o . L
' T Co INTRODUCTION - oo :

C ' . © ' Genetic Predisposition , - o

o - Genetic factors:may be 'important determinants oo

f
N A . . B

of alcoholwselectipn,(Rodgeie.ﬁ McClearn,%éGZa).
- Preference for-a .10% alcohol solution over water . = S
‘has varied with different species. ©On an'adequate o o

| ' - diet, deer‘mice'and hamsters showed a harke@. ' 1 ‘ -
l‘ .

- \ e . = . . ! .
. _) ' preference for alcohal whereas Spragde-Dawley and A o s

[}

cotton rats showed relatlvely low preference (Emerson, ‘ﬂ

” v

. B Brown,.Nesh.& Moore, 1952). Wistar rats which‘dlffered oo T

" iﬂ their élcehoi consumption have been bred and two

f_: o . genetically dlstlnct lines have’ been developed o S .7lg
Eriksson (1968) reports that by the. eighth generatiqn
ﬁemales congumed markedly more alcohol thaj malés.



! . ’ +

- N .
. d . A

Stable straln differences in aleohol preference have ' .

L'also been establlshed in ‘the mouse (McClearn 1960; ' ’

v
N

McCiearn& Rodgers, 1961; Rodgers & McClearn ,1962b) oo N

-

The C57BL/Crgl straln shows a hggh mean preference s
) . ° for 10% "alcohol over water and the .A, A/2, BALB/C

and DBA/2N straipslshow'% low mean preference. oL
.Differences in genetic constitution may eeéount for ‘ .

s e . |
the high variability in alcohol consumption between . . ;

{
.

_ individuals.
' T C ' Several studies have been concerned with o 3

- “

~breed1ng two stralns of rats differing mainly in the .
'degree_ of emotionality determlned by the opeén field -

test. A low-emotlonal strain of Wistar rats whlch s

N dlsplayed patterns of high phy51cal actLv1ty and 1ow .

' defecation on the open fleld shows a lower mean .’ :
- R " e

preference for alcohol over water than.the hlgh
"‘ emotional strain (Brewster, 1969) which demonstr;tes L
, low physxcal activity and hlgh defecatlon. This flndan e
e ) was‘not confirmed in. two other investlgations (Brewster,: :\} ..ﬁ
. 1968, 1969) wherejlt was reported that the 1ow ' - ' ;
£ | emotional strain shows a higher mean preference than - "4—‘“‘(»a

.

j ) .
o ., . . the high. emotional straln. . In mice, the high.preference;a S

h— \

[ — ‘Csng/Crgl.exhibits the charactér;sties'of low N

s

".3..: s z ¥
& YR ATk 'i_
é 2 'aﬁff‘,;—“".*‘
1% ﬁ,ﬁg” 1 m"‘:".x
mﬁ ﬁ
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P

:emotionalitf end the low, preference'BALB/C shows patternB:

o

of  high emotionality (McClearn, 1960; McClearn & '
Rodgers, 1960 J1961, Rodgers & Mcdlearn, 1962, 1964).

« It has also-been concluded from a series of behav1o;a; '

’
{

tests that the more timid animals consume,less“alcoﬁol

thén those that are less tlmldi(Tobach, 1957). Since

62 from a p0351b1e 66 behav1oral measures do not ,"é

¥ i

Yield significant c¢orrelations thiSrconclusion needs .

to be treated with caution. While it seems that some
'data support'the notion that high emotional animals
1ngest less alcohol than low emotional ones, the

. 2 b
ev1dence is not at all clear-cut or gonc1u31ve.

. Experimental Influence on Intake
- ! L Ed - -, -

.Methods of alcohol presentation

s

I

Some investigations have been concerned with

.

aSSeSSLng the effects of a method or a combination of

. . . BaTy

”

' .méthods of alc}hol presentation on alcohol intake. There
are two ba51c methods- forced alcohol - in- which alcohol

-t - R

~"s;o].ut:ion 1sqthe only flufd offered ‘to the animal- and

free EhOLce - 1n»which both alcohol and water’ are made

avaiieble. In the forced alcohol- approach there’may

be no' ch01ce - only one solution may be offered~ or




- { "o f

L - . PR

- . ° .
. ‘ I
3 : . o’ o

offered. Manivulations of the above technigues are:

. "] .
E?ntinuity - daily use of any one of the‘bgsic
ec

hnlqués- dlscdﬁtanulty - lntermlttent replacement
; ; . J
of alcohol by water; adaptation - systematic bhange

0y 4

in,alcohql concentrations in any of. the above. .

—

-

Forced alcohol - continuous. Richter (1926).

reported that folf%wing a period in which alcohol was
the only 11qu1d offered the alcohol 19;ake increased
more rapidly. More recently, the same‘%qthor (1957)

stated that domesticated rats do not increase alcohol
consump?ion after-a period of forced administration AN

’

of alcohol.‘Prieto, Varela and Mardoqgs (1958) examined

IS

. the effects qf the %orced‘alcohol no—cﬁbice situation

“ B 1

using an alecohol b9ncentrﬁ£ioﬂ‘of 10%, 20% or 30%
during periods ranging from one to five weeks. fhe
‘ results inaicated tﬁat a period of forced ingestion .
. of alcohol does not increase the preference of alcohol.

. s t

Employing theasame-bgéic teghnique on Wistar rats;’

L]

. Rick and Wilson (1966) use4 a 2%, 4%, 8% or 16% alcoholJ

solutlon over a perlod of six months. Durlngjth e ;?.,}g

actual period of treatment rats slowly 1ncreased their o
af'f‘ Lo ~(§%lcohol.1ntake. When subsequently Preaented.thh ,‘ ~f:.' vﬂiif;

a choice of water and alcohol the groups given 2%, 4%




7 -

of alcohol (1n terms of absolute content) to. those
consumed during the perlod of ‘treatment.’ There was

. . - [ . .
a decrease-in algohol ‘consumption when 16% alcohol
c ,

T N ’ [

was offered. . \ ' -
N ’ » ' “

. In contrast wiﬂ:fﬁe findings of previees
-studies, GCicero, Snider and Swanson (1971)-repor§eq‘
that a fercee alcohol‘;egimen was effective in ‘
produciné a preference for alcohoi over water..fThe
'no—choiee'presentation of althel was used with very
young rats (days 21—60):of the Holtznan serain. . .
Cicero et al. (1971)]suggested ﬁhae the age at which
alcehql is introduced may be the‘cruciai factor
responsible' for the increase in aicohol intakg. The
available eviderice does not indicate a clear-cut
relationship~betweeﬂ age and alcohol. Parisella
and Pritham (1964) found that rats. aged 3-4 months
showed a hlgher preference for 8% alcohol over

water than did rats of other age groupg (1-2, 10415'and'

20-24 months).' However, Wallgreen and Forsinder (1963) i

obderved that rats, aged 30 months developed alcohol
preference to a greater degree than those aged 3 months.

The explanatlon for the difference between the :esults
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AN . T . . «.c
' ) . \ . . ’ .
“Ww'e ..., .-+ . of Cicero et al. (1971) and thos® of the previous . 2 !
[ . studies remains unclear. o - e .
i ST . . N, . . . 7
- . Although thé expetiments on forcedralcohol,
‘ \!; L 4 . ». o hd
. 'no-cholice presentation vary in the length of exposure - .

to alcohol, and also in -the concentration of alcohol _ .- .
. \ N
. ‘used, the- overall flndlngs (w1th the exceptlon of ' §

» Y

. .. -. Cicero et al., (1971) indicate that the forced—alcohbl,.

-~

K ’no—choit:e method of alcohol'presenté’tion does not . . . .

@

o ~ increase algohol intake during a 'subsequent period
. ) -5

~ = ”
,

I~ R when both water and gléohol are made’ available. ! .'

Forced alcohol - choice. I}d‘endelsqnhand Mello

" (1964) examined the combingd effects of both continuous
. ‘ free and forced choice preysentations of alcohol. -

-

AlYl® agnimals_" were tregte& with fourteen weeks of the : : :

© . .

ftee choice regimen followed by the foxced, choice

situation. ° v_\‘ll"err‘ra.ts' w)er:e' rt_)f;?ered a choice 'betv”veeri . . a ’(
{ * - °  ‘two alcohol solutions of thé sare concentxation, thé = . J
' preferencé 'fo'r alcohoi- over water was increase;i. 'i'his' o L
v fmdlng is unexpected in view( of f;;'xe ‘results obtained

v «

e ' from the no-choice alcohol studies. * The Mendelson and

. [}

Mello .(1964) study suffers from the dlsadvantage that -

, a continuous free choice penod was 1nserted before Y e
o . - oLty

the forced choice z:egimen ol that the efiecta of forced ', - ...}




. . ) . . 4 M
i . ‘ @ : : ,
k) - .

LA ‘.\ choicé‘éibne cahnot be evaluate@t No other spudies ' : ;
‘ bearing on this point could be found in thef . C
N literature, Cy LT "
. Y | - Free cheice‘-Lpontiﬁuous. Mendelson and o

Mello (1964) found that after a seventeen week ' ) . ,

continuous free eﬁoice peribd using 5% or 10% elcthIL

hooded rats consumed more than 50% Of the toti; ' -

fluid intake as alcohol. Sinclair and Senter 0}967) .
also malntalned a group of rats on a schedule of

Iy

contxnuous ‘free choice bgtween 7% . alcohol and water

.

for twelve weeks. Approximate;y 58%.0f the g?ta; nod

'fluid intake consisted of alcohol, In a later study, . - .

(1968)nthe same authors foﬁnd:that when the free choice

treatment was extended to six month§, using 6%'solutiens,
algohol constituted 75% of the total fluid-intakenz .. . -

//e\ When a 20% solution was’ used the volume of alcohol

- . N . E 4

consumed as a percentage.of the toal fluid intake '

-

,was less but the amount of absolute alcohol ingested
remained essentially unchanged. It would therefore - -

, seem that the continuous free choice method is an

effecﬁlve means of establlshlng stable alcohol prefe;ence

*

D rats and is capable of produc:.ng an 1ncrease in
c

-\ L

ohol intake over the duraﬁiop of treatment.




.

Free choice - discOntinuous. In the above

studies alcohol was offered on a-daily basis or
L )

.continuously. Intermittent presentations have been

uged in several studies. Sinclair~§nd Senter (1967)
and Senter and Sinclair (1967) claimed that when
alcohol is withheld for six days followiug a free

choice schedule with 7% solutions, a higher alcohol

s

preference is achieved than after continuous treatment.
L

This enhancemgnt of intake is maximal during the first

i

two days of reintroduction of alcohol. Subsequently
the intake falls until the.po§€~deprivation alcohol

consumption ié‘approximately~equal to that before
o ' : _ :
depriVation. When a control study was done using

-

sucar%kylnstead of alcohol there was no significant

3

1ncrease in consumptlon after a perlod of deprivation.

a

The increase in alcohol intake following a ﬁeriod,of

s 4

’abstlnence Tannot therefore be' accounted for solely

by the novelty of the 51tuatlo% P

v

Senter andlg;chmun (1969)Areported that

‘following six weeks of a free‘qhoice“treatmeﬁﬁ, usiﬁé .
: \ .

6% alcohol) a one-week period’'in which no alcohol

was presented, produced a subsequent preference for A

\-

- 208, alcohol over wdteru

kS L W "*r ﬂ,‘
F :{4“{25&;‘
s
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N
alcohol ‘consumed doubled. Anlmals deprived of alcohol
and then presented agaln with a 6% solutlon did not

show any significant increase in alcohol preference. .
Aamit, éfern and Wise (1970) showed that in

electrically stimulated rats a stable alcohol preference
was developed in animais given alcohol on a’
.discontinuous schedule. During a phese in which no
alcohol was provided, lasting seventeen days, the
subjects lost weight and showeé abnormal behavior in

the open field test. Similarly to the results of - - .
Senter and Richman (1969) the above authors found ﬁhat

the absolute alcohol consumptlon after the withdrawal

perlod was approx1mately equal to that prior td

L]

deprlvatlon.

It. is possible that the failure\BI an

s

abstinence period to increase alcohol intake may "have
been due to the already high consumgzlon (éb% of total
Jfluid intake) achleved prlor to the phase in which

Hno alcohol was prov1ded. Alternatlvely anlmals exposeé

to a given alcohol concentration for an extended

.
.

period of time may'develop sucﬁ a stable‘response
pattern that a degrlvatlon period cannot alter 1t

T_Also, the period in whlch no aicohol was presented may




[S . - " 11 ‘

»

‘

have been too loné to produce an effect. Another {

possibility is that abstinence may still produce a 4

. need for alcohol which may not'be reflected in the

° . 0!

-consummatory behavior but in some other type of “

behavior such as bar'pressing°or greater physical ‘

, ag&ivity: - It ie concluded that abstinence from

alcbhol does not necessarlly produce an increase in
\ﬁ

alcohol 1nta5£y ¢ ‘

. | - -

\ Adaptation. Alcohol intake changes as'a - R
BN D T N

L , - result of repeated expQsure to either indéreasing or .

deereasing alcohol concentrations. Richter and - | -

!

" Campbell (1940) reported, that raéggpreferred alcohol . .
. . : . wr
to water in roncentrations ranging from 1.4% to 4.8%

when the alcohol concentration was systematicaliy e
. y S

3

\

| . . ‘

| increased. Kahn and Stellar. (1960) confirmed that
: ‘ ' ', . alcohpl preference is established following a

% ~

contlnuous ascending schedule of alcohol concentratlons

~

. “

. : up to the 5% and 6% level. However, when the stzength- . .

=S

. o -~ of alcohol solutions was progressively ged%ged{ alcohol

preference was not‘eetablished. The subjects thaﬁ N

™~

were presented with the ascending scheaule ﬁere also

i - _treated for a longer perlod of time than those on the 3:;“1‘

o descendlng sohedule and thls may: account for the i*::r;ﬁ?;i

c.

Aok
\ ¢
ai‘*r@a\j?e?;hgfg

Yy

l ‘.\

\r{;

ﬁ“" ‘Ek,zg



alcohol concentration. Myers (1961) increased

. percenﬁage'concentfations from 5% and decreased
oS \

eoheentrations from 15% in 1% steps on successive
daily sessions after a no-choice period. Preference
was established at the 4% concentration with the
decreasing schédg}e and at 6% with the ihﬁreasing oﬁe,

= Veale and Myers (1969) investigated the effects .

of alcohol concentratiens increased JLeryfthird day

(only water was presented on inteivening :ays)“in the
followieg sequence:93%, 5%, 7%, 9%, 12%, 15%, 208,

25% and 30%.;_S§rague—Daﬁley raes which were initially
presented with a-12% alcohol solution as;the only
source of fluid and:then given th seduence of:
concentrations drank little.alcohol regardleds of
,condentrgéion. ,Shbjec;s that Qere not forced to

consume alcohol before the ascendlng alcohol sequence

- ed

se&ected a high 12% concentratlon in‘ﬁteference to

_water. In another study, Veale and Myers (1969)

-

presented the above adaptatlon sequence contlnuously

fdr a perlod of 9 days before and after either a 9--day,o

T

forced-alcohol, no—choice perlod (15% concentration),

. a9 day abstanence,period, or another"simila:, 9 dﬂy
SR Thee. |
aﬂaﬁtatibn sequence. They found that the<mean daily
N

%zwwﬂw

! .
gty




‘

adaptation sequence increased significantly,by 0.45 gms.

of absolute alcohol between the first and third .

Iy

sequences. The abstinence group increased its alcohol

—

intake by 0.38.gms per day, ile., by a smaller but
‘significant increase, and the no-choice .group increased
its mean aaily alcoﬁol consumption by oniy 11 gms
‘per da;(which'was insignificant). The investigators
éoncluded that when animals are given a choice between

water and alcohol solutions of increasinyg concentration

the praference for alcohol rises. It also appears

n

. ‘ .
from the available evidence that the ascending adaptation

'( ) " L3 » ’ 3 L3
schedule isKmore effective ‘in increasing alcohol
kY

4

intake than the descending. one.

®

Permanency of intake

"evaluated. A permahent prefere ce for 5%, ID%"”IB%“
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»

‘{Mello & Mendelson, .1964). - Veale and7Myers (1969)

L]

¢

14

treatment consisted of»free/and forced periods for a Cox

period of five months. ' In 'terms of absolute alcohol

”~

content the greatest amount was consumed in 20%.and 25%

- [}
* I3

) . | S i
concentrations. The same subjects were used in an
N N T y .

investigation in which rats were trained to.bar press - !

for alcohol without any other motivating stressor :

also reported a, permanent alcohol prefe;ence~aftet the

” ‘e

presentation gf a series of "alcohol solutions with

v

EA

different alcohol concentratloug over a period o§~ten .
months, ‘Amit, Ste;n and Wise, (1970) and Amit and ’ f '
Stern (1971) showed that after‘electrical stimulation

of the lateral"hypothalamus in rats, the same hlgh

level of alcohol intake persisted for over seven months.

\
valcohol‘haye used a free choice condi¥iofi as well as a

A

oﬂer .water decreased their alcohol cOnsumptlon when a fat ._;1

%

-

All the studles showihg,a permaqeét preference for . .. {
|

1

’
‘i

Iong alc 1 exposure period.

The preferefice for alcohol over other solutions

. Alcohol prefereqpe,has usually been established S ;
when{pnly-alcohol and water are made’available. A third SR

solutlon hawébeen 1ncorporated in some investigatigqsw
Rats w1th an alreadv established preference for alcohol e




. . [ . \

solutlon.was added as a third ch01ce (Lester & Greenberg,

| ' - '1952). 'Alcohdl consumptlon dld not change when a

solution of B vitamins was offered (Mardones, Segovia;
. ﬁiqueléime, Hedera & .Aleaino, 1955). During the

period when a saccﬁarin solution @as presented there

wasye considerable reduction in alcohol_intake[and o

high consumption of the saccharin solution (Lester &

Greenbeérg, 1952; Mardones et al., 1955) . > =
No alcohol iéjingesﬁed in a situatioh where«\

aﬁJil.S% sucrese.solutibn; 7.6% alcohol and water are

- }ade avéilableﬁifester & Greenberg, 1952). Using e. KA )
similar sucrose solution Mardones et al. (1955) report: E
.a significant decrease iﬁ alcohgl intake but not a

complete suppréssion w1th vitamin déficient rats.

w

In mice, a greater pg erence for a 15%

sucrose solution is exhibited than for either 10% alcohoL)

s

or water (Rodgere & McCleérnd 1964) ., In addition,

t
[

*  nine mice strains show gieateL preference for sweetened
3 PR Y
a'alcohol solutlons than for nonsweetened alcohol.

This preference is augmented when the sucrose concentration .

-]

is progre351vely xncreased. CoL e \

v

, It would seem’ that the presence of a third ‘ ; : \iﬁ

- substance does ;nfluence alcohol preference.to a maxkéi;;;f‘
- ‘ - . * ~ ) v o ) ‘. )

v o




y x

| " \\ ~ -degree in both rats and mice. Whereas saccharin results

T

’in a reduced intake of alcohol, sucrose may cbmpletely .

inhibit alcohol consumption.
| o .
Stress : .

The role of psychological stress on alcchol .
] o : .
intake has been examined. Masserman (1957) produced

deviant behavior patterns such as aversion reactions, _ - -

. regression and catalepsf\}n cats by adminlsterlng an

electrlc shock or  air blast as the anlmal approached

a food box. These behavior patterns disappeared._ghen

¢

alcohol was offered, leavin% intact simple manipulation o

behavior patterns. Many animals-preferred milk with
5 or 1l0% alcohol to plain milk. . Clark and Polxsb (1960)
indicate that monkeys may select a norﬁglly-aonpreferied . e

alcohol éolution‘foliowing a chronic period»of iespondihg - -

-, ~

og a continuous 24 hr shock avoidance schedule.

Other evidence (Myers & Holman, 1967) has

-~

indlcated that rats do nat increase their inthke of » R . -

. alcohol when unavoidable shock is. d livered intermittently.

Similarly, Mello and Mendelson (1966)\report that monkeys
do not_increase alcehol intake if unav01dable shock is

glven on a 24 hr schedule.. ‘Cicero, .Myers and Black (1968)

'7\5- f;nd that rats performing a dlscrimlnated shock



N -
N

‘ | 5\M] ‘

avoid;;;ETtask increased their aicohol intake
significantly Qhen'unavoidable random shock, signalled
by a warning light, was administered simultaneoﬂsly.
When non-cued unavoidable shock was deliveged the
animals did not increase alcohol consumption. - .
There are some data which support the notion
that stressed animals increase alcohol intake in.% \>
comparison with those which are not stressed.' Stressed
aniﬁalg appear to behave similarly to highly emotional

ones in the open field in that’frigid or catdleptic .

. rpactions occur. The cpnclusion from studies concerned

with genetically ined emotionality contradicts o
that made from stress-induced emofionality in that : | ;
the highly.emotional animals ingest less alcohol than ' .

thg.iess emotional ones in the latter studies.

! : N .

Physioiogical faéﬁors ' ‘ : :

Alcohol can be used by rats as a calorie

~ »

source to maintain body weight when it is partially
substituted for food in the animal's diet (Richter,
1941, 1953; Gillespie-s Lucas, 1958; Morgan, Brinner, =~

‘Plaa & Stoné;?1957).‘ Westerfield and Lawrow (13953)
» . N . . .

¢

reported that severe food deprivation increases alcohol . , ° o

preference although moderate food deprivation does not.::



With restrictéci food intake, there is an iﬁcreas’e of
G © ™ alcohol preferénée in rats (Zarrow & Rosenberg, 1953):
It has therefore been sugge's;ted ltha£ alcohol may be
" consumed as a source of calories when é{nimals are under '
"severe food deprivation.

Se;veral investigators found that some vitamin
deficiencies will. increase alcohol preference. Mardones )
(1951) , Beersteecher, Reed, Brown and ?érry (1951) and
Mirone (1957) demonstrated _that_ thiamine deficiency

+  increased alcohol preference of rats .and mice. Other

L 4

vitamins, the deficiencies of which have beeri found

to increase alcohol preference, are riboflavin, péntothenié
acid, and pyridoxine [(Beersteecher et al. , 1951),
vitamin 3122 (Williams, ﬁerry & Bee .teect‘xer,’ 1949a),
vitamin A [(Williams, Berry & Beersteecher, 1949b) and
factor Ny from thg B complex family ~(Mardones, Segovia;
& Hede;rra, %953) .* The increase in alcohol preference

is.not feyersed_ by increased intake of'any 'singlef

e -

vitamin if other .vitamin deficiencies continu'e'to exist.

The involvement of the thyroid in alcohol . R
preference has been examirigd—.by Zarrow and Rosenberg .

(1953) who found that propyl thiouracil, an. apti-thyrbig‘ ;

fet - 8
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drug -increaséidf alcohol préferéncé ‘of Spraéﬁe:ﬁawl@g‘ S
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I

, rats. Thyroi?fctbhy haa nBZfoect on pfeferencé.

*They concluded that propyl “thiouracil acts independently , | .
of the thyroid and that the gland itself is nét |

» d;rectly involv;d in incréasing alcohol preferen;e.
Richter (1957) found that thyroid hormone, thyroxine -

5 and t:i:iodo-thyronine decreased alcohol preference of -

.Norway rats whereas thyroidectomy tended to increase

preference. The site or mechd&nism-of propyl thiouracil

or the thyrbid derivatives is not yet clear.

The direct effect of alcohol on the pituitary
,and the indirect effect through the pituitarylon
either organ systems may account for the symptoms of
alcohol 1ntox1cat10n and chrongc alcoholism (Gross, -1945). , ’f

Ilda (1957) found‘a small 1ncrease 1n alcohol preference

'of saline-fed mice when they were injected with ' ' e

desoxycorticosterone acetate or. cortisone in small

. -
.

doses. Large doses decreased the preference.

Administration of ACTH, posterior pitwitary hormone

N

and desoxycorticosterone had no'effgpt on preference.

$he 1mp1icatlon 1s that pitultary-adrenal manipulation

has only a small effect on preference.; Lo



- * and Suomalainen (1958) report an increase in alcohol o g
' r

prefefence in rats fed N-sulfaminyl—N—n-Butyl—car mide

. ('Nadisan'). and in ratscinjected witH insulin.”Liver .

damage and alc¢oholism have also:been~closely linked. ‘ ' :

Sirnes (1953) reported that experimentally induced .- » !
cirrh%pis of the liver markedly increased alcbhol. N ‘ |

,preference in rats, ' v .

. . 8 :
Several investigators (Rodgers, Pelton & ’

Williams, 1955,_1956) have %explored the effects of

<« . various amino acids on alcohol preference and.cépclude

- .
that preference of alcohol in rats is decreased by ¢ '

ingestion of glutamine. No effeqt was obtained from L |
ingestion of glutamic acid, sodium glutamate:and
“glycine. * . A
A\ . ' 4 & °

Alcohol infusion o - e ~ .

< ] Myers (1963 1964) found that alcohol
concentration in the cerebrosplnal fluid of the rat was
related to the preference.for a ‘particular alcohoi- : u;;{
. concéhtration.' A ten day infusion of 1 ml/ﬁin info the““
o " cerebral véntriclés fesultéd in the selection'bf an
‘8% alcohol solutlon whereas the infu51on of 3 ul 10%
solﬁtlon into the ventrlcles@resulted in a- preferencé\

L for '30% alcohol: Animals that hpd been preViously

en,w.n
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exposed to alcohol did not show as greatran alcohol .

———

preference as those who had not been previously exposed.
. Myers concluded that alcohol infused chronically into :
. the cerebral ventricles produged a marked increase

in the intake of alcqholf . However, Koz and Mendelson

- e e n s

v (1967) failed to obtain an ingrease in alcohol intake

with monkeys us&pg a similar intraventricular infusion

.

technique. Jones, Essig and Creager (1970) were also
unsuccessful in obtaining‘a change in "the drinking of

alcohol in dogs when alcohol was infused via cannulae // .
(Y - - ' 1 '
implanted in the left lateral cerebral ventricle. 1In Y '

. ? v

addition, Myers and Veale (1963) have found that the

-
L

* ' oral intake of alcohél was increased noﬁ‘oniy by ' .

- intraventricular infusion of alcohol but also wheh ‘\/'
' . &
acetaldehyde (0.'5%'),? raldehyde (0.5%) or methanol (0.2%)

were used. Paraldehyde produced a}greater increase . ;

1 kS .

. in alcohol‘Rreferencé\than acetaldehyde or methanol.

\ The reason for the effectivene%s of intraventricular o
. ) Lo { T
alcohol infusion in rats but not in other species is . - '

.

5 . . .
. . I

not obvious. - ' .
Withdrawal symptoms may be induééd‘by depritfpg .

animals of alcohol after a period of gastric infusion of -

— e
. ) Lo e e

alcohol. Essig and Lam (1968) }éport;d tha;occu#rebbe

/
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. . ‘ '
° - "’ . ' . '

. of=convu1510ns in dogs upon the withdrawal of alcohol

after two months of continuous admlnlstration through

, .

surglcally implanted gastrlc cannulae.» Durlng the

.

. 1nfu51on perlod water was withheld to .encourage oral

intake of 10% alcohol fog sixteen hours per day- -Ellis '

and Pick (1970) found that termination of gastric

., T o , .
) intusi alcghol after 10 to 18 days in rhesus e
: .
A monkeys resultedein signs © rexcitablllty which ¢
! o could be classified intotremulous, spastic aﬁa‘con sive

) . ) stages. The progre551ve severlty of these stages

. <

was correlated with the declining blood alcohol .
N ~ ’ Y

. concentratlon. Withdrawal symptOms have not. been "

reported in rats after a period of gastric infusion "

(Amit & Steiﬁ, 1969) . It appears that after a péxiéd'

.of gastric- infusion of alcohol, withdrawal symptoms "

~“ymay occur upon_ termination of the”?nfusioﬁ‘%b ' '
, : . X ’ , ’
some species. ' S . . :

.

bY3

Neural manipulation . ‘ G

Lesion: Marfaiing-Jallat, Larue and LeMagnen e

(1970) found that after ventromed1a1 hypothalamic

: 1e31ons th@, majority of rats 1ncreased their intake of

alcohol solutlons. The authors attributed this increase‘



.

of alcohol. °* T " ' : ‘

Chemical stimulation. The notion that chemical ’

. SO

.

stimulation of the brain may cause a significant change’
in an animal's.selection. of alcohol has been examined

by very few investigatprs. Cicero and Myers (1969)

produced polydipsia in rat§ by injecting carbachol
into the nucleus reuniens, preoptic'region, seé?um J
or hypothalamus.’ When offered a forced alcéhol choice
of 4,°8 and ‘123 alcohél, the alcohol solutions were
acéeptable by animals depfived'of ali fluid for 23
.. hours ‘but were rejected‘folloﬁing a microinjection of ‘ |
carb;chol in all regions. Cicero and Myers (1969) . <
and Veale andgMyefs (1970) ﬁouné that when levels
.of Brain se;otoﬁin’are lowered over a'long period : N
.of time by p—chlorophenylalaninq, a potent‘inhibitorc : -
J% tryptophan hydroxylase, the animal's intake. of
alcohol is markedly'reduced. Although in%akeﬂ&f alcqpol."
increaked when rats were_stresseé by random intermitfgnt‘

unavoidéble shock, intake again decre?sea duringthe JRICRORR

peribd of random-punishment when levels of ngin |

serotonin were lowered. Reduced levels of serotonin. - &

can effect alcohol intake whe?eas carbachol does pqg,‘*:;}ﬁ”

- . Electrical stimulation. Sefal, Nerobkova & .
and Rybalkina (1969) rfeported that electrical:stimulati,
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. of ﬁhe’véntromedial hypothalamic ‘nucleus resulted in

short term increases in alcohol intake while - . v

A <

‘ stimulation of the lateral hypothalamus resulted in ,
P .

decreased alcohol intake. Amit, Stern and Wise  (1970)_

and Amit and ‘Stern (1971) found that electrical

stimulation of the thirst areas of the lateral

LIRS
9 »

hypothalamus was effective in inducing a permanent

preference for alcohol over water. :The availability of

alcohol.in the stimulation boxes dﬁring the 30 m%nutes

daily stimulation ses$ions was not a necessary

condition for inducing a preference. In-addition the

preference was not correlated with stimulation-~bound
drinking sincg both stimulation-bound drinkers and |
non-stimilation-bound drinkers xreversed their preference

i

for alcohol. Neither was the development of a\gyeferencé

o

for alcohol correlated with the initial alcohol
drinking pattern. The range of individual test solutions

for subjects that reversed their preferénéélwas identical “_HX

to ‘that of those who did not. BAmit and Stern (1971) ’ RN
concluded that it is the direct effect of the stimulation  ‘ | |
on hypothalamic tissue which'constitutes the necessiry‘
and sufficient condition for the indgcfion Qf'aléohol:'

preference. Neither a}éohél drinking during Stimulapioﬁqu;w:;f 7:

v
u cF e e e

nor any other consummatory responses appear necessary ..
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(Amit & Stern, 1971). However electrical stimulation ° oo

L ‘/‘ ' was not the only exéerimental manipulation in the studies -
of Amit; Stern and Wlse (1970) and Amit and Stern (1971)

. 5 Other features included an adaptation period where

. % - ¢

water was’ﬁreely'available and the alcohol concentration ‘ -

~ ]

<

. was gradually increased by 1% per day until the ' . ‘
.. hY

solution was rejected. Thére was a discontinuocus

.
'

free choice procedure”duriné stimulation and post- “ \

stimulation periods.

1
.
; .

'

¢ K The Present Iavestigation

. .

The present investigation was concerned with . -

the interaction of schedule of alcohol availability . -
ha .

g

with hypothalamic stimulation. Brain stimulation inoreases

4
EN

alcohol intake when used in conjhnction'with adaptation
. and a discontinuous free cho ce schedule (amit, Stern = - .
& Wise, 1970; Amit & Steprd, 1971). The purpose of"

the present study was\ to determine the impogtance of

adaptation, free choice*and dispontinubus pfesentaﬁioné

on this phenomenon. o



Each ®animal was individually housed-in a steel wire
a - . B

I’'4
-

mesh cage and was maintained on a diet of Purina lab ' .
4

chow pellets and,a fluid intake of water and/or alcohol. -
+ek 1 ate.

The rats were exposed to.light for 16 hours'a‘day,
. . ,

a constant températﬁre of 74° F and 40-55% humidity.

' Apparatus ' o Coe ;
Intracranial electrical stimﬁlation was . ’
. - Lo
delivered by a 60 Hz sine wave stimulator. Current

was mornitored with a microammeter and adjusted with Sy
a calibrated potentiometer. The schedule used was - R
|
|

. a twenty second-on~twenty second-off patfern of o ' y

gstimulation. - s

. ‘ f
: i . {

The experimerrfal chamber in which subjects : .( .
erj ' |

: : i
received stimulation. measured 10 x 14 f. and was 3

'

constructed from wood except for a sheet of clear . :

plexiglass on the froﬁt‘wall. For the stimulus-bound 1
,,Frinkidg périod, water. bottles were mounted on the E (.
front walls with drinking spouts extending % inch - | ;

“

into the box at a height of z'inches from the floor.

Room lights were on continuously. Consummatory -

s

5

responses could be observed throudh the'plexiglasé.

.

In the home cage alcohol solutions ﬁere\;'

g, N

presented in one of two loé.cb, graduatgd Riehﬁégﬁt
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N -

- drinking tubes. Alcohol solutlons were mlxed volumé‘ . :
- VA '

by volume '(vv) by addlng tap water to 95% alc¢ohol.

For example, 1000 ml of a 10% alcohdl solution ' oo o
! ' contained 105.6 ml of 95% alcohol and 894.4 ml off‘é ' S
water. For two days the alcohol was adulterated wi}h . ]
quinine in a 0.05% solution. ° . | : ’
. - a ’ ,
: Surgery . . -

One monopolar stimulating electrode and one - .

‘ : indifferent electrode were used in all subjects. A . : '%

stereotaxic instrument (Scientific.Prototype):with B .
S . L
, the incipign bar located 3.2 mm above the interauralo’ . .

// line was utilized to‘:implant the stimulating electrode. ‘- ;

The target coordinates were 1.5 mm left of the sagittal

suture, 0.8 mm posterior to bregma and 7,5‘mm below - . .
"the supfrlor surface of the skull. _The st;mulatlng . N
electrode was a stralght piece of stalnless steel wire

‘s

0.01 ‘inches in diameter.  The wire was soldered to a - “

- =

miniature male cénnéctoF and the electrode was dipped -

in lacquer and tested for insulation leaks. Three Co e ‘

by t R ‘ ! AT
stainless steel screws were mounted in the skull to _:"i SR é

e 3 g . e

N , ’ . . ’ N E 8

anchor\the‘electrode.assembly; one lateral, one anterior:f
and one posterior to the stimhlating electrode. Thg E

anterior screw served gs the indiﬁferent electrode.



4

-which‘was'conhebted by a stainless steel wire to a

-

- minature brass connecto¥r. A crown of dental cement

was used t¢/ anchor thg,electrodéﬁassembly to the skull
e’ n .

*

screws. A stainless steel bar was attached to the

assembly,t?'protect.the,electrode pins from damage. -
Surgery was performed under barbiturate

anesthesia ‘(Equithesan) at a dose of 3 ml/kg;

‘intraperitoneally. Phenergan at 3 ml/kg was used

initiallfito potentiate the effects of anesthesia

“and 60,000 I.U. Beﬁzaﬁhine'penicillin G was injected -'

] g ¢

intramuscularly to reduce the chance of infectionf

$ r

Procedure o

-

buring a two day training session signs of

» A

3

stimulus bound drinkihg and eating were noted. Each - .
subject was given’free access to water_éhd foodspellets
which'ﬁé?e,spread on the floor of the exéerimental‘
‘chamber. Sine wave stimulation was adginistered

“on a’20 s¥cond on.20 second off schedule. Current

intensity begaﬁ at a-level of 5 uA and was raised by

increments of 2°uA in successive 20 sec stimulation

L4

periods., If 100 'uA was reached without -any observed

consummatory response, or if forced circiingysr jumping . ;f.fuf"‘

occurred the animal was returned to its home cage
. o hr8 IS 7S

1

and -
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RN
-:H{ :fw;\‘ "
W3
T Al
B3




T

“ 4 N °
’ * ]

e ' testing was discontinued. Aanimals which ate and drank ' - ’
, o during the eptire session in which stimulation was - . - B
received were retested on the following day. . -

Subjec&s were randomly assigned to one of

four treatment groups{ each treatment consisting of. >
0 i °

a specific methdd of presentation of alcohol (See

Table 1). -

The group‘design {Table 2) was aimed at

Jasséséing the influence of each of the methods of

presentation on alcohol preference in rats “4ll of which.

) ‘ , i
were treated with electrical stimulation for thirty

days. Only Group 1 was adapted to aloohol during a

prestimulation phase and this group received a free

! . .
choice, .discontinuous schedule-during the stimulation ( K

3

phase. : . .

s G#oup 2 also received a free choice- = '

Rl

discontinuous schedule during electrlcal stlmulatlon o
and served as a control for Group i Groups 3 and 4
received [the discontinuous forced alcohol and the - S

- , N
continuous forced alcohol schedules respectlvely during

. ¢ oy d

the sti blation phase of the experxment. Twenty per.cent ' \‘-:
alcohol |was presented oﬂrdzln the home cage and not

in the. stimulation box. =' ,\ N

s T (;’?.'.\.\ 3
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.

The effect of the treatment was determined - "

in a post-stimulation phase during which subjects were

given access to 20% alcohol solutions on a 42-dayj -
free choice, discontinuous presentation, then a l7~day

period in which alcohol was temporarlly withdrawn,

-and finally a six day périod in whlch alcohol was
\ /
presented again 'on a free choice discontlnuous
- AN

schedGle (See Table 2) In order to assess the degree s

/,

of motivation for alcohol, 0.05% &uinine, a ugually
! .

avoided substance, was combined with alcohol .on days 98

A,
3

and 100. Thus the procedure was 51milar to the Amit ‘ . .

and Stern (1971) paradigm, except that (i{ on}y 20%

solutions were used (after adaptation in Group 1);

and (ii) the importance of schedules of‘elcohél 5

1
[ SRR S

availabilitly was assessed by exaﬁining the effects of

the different schedules during either the prestimulationl‘

-

or stimulation period on the voldntary intake 'in the , i

subsequent pbst-stimula;ion phas€. ., ‘ '( Lm: Y

RESULTS S

. e LRy . P
. K s . ! L PR AN

Stlmulatlon phase o B ;V"] . l f} .

Both the adaptatlon and continuous forced alcoh01m=

groups drank overall means of 3 3 mls af absolute



-

> - /

4.2 and 4.0 mls rgspectiéely (See Fig. 1). On an - R / -
. average, ,the‘ discontipuogs forced alcohdl group" ¢ S
/:m?;qt?d 2.7 mls per day whereas the discontinuous :
. free choice group{ consumed the least amount at 1.9 mils.
The algohol intakes" o.f’ the four groﬁps were in' fhe

AN

. |
' same sequence relative to-'each other over-the first "

8ix day‘period (See Fig. 1) as during, days'24-30 of r
" - ? 5;‘
g . the stimulation phase. : S N

B -

Post-stimulation phase

»

Early pe:riod.h 'The absolute alcohol intake . |

of the contifiuous forced alcohol group dropped markédly

‘to as little as 0.6 mls per day in the first twelve ' f

. . A%
days after stimulation treatment (See Fig. 1).. This

Pt - . ;

' constituted 9% of the total fluid intake in alcohol

N gt -

R

" (See Fig.‘" 2). Less alcohol was ingested by the
continuous forc¢ed alcohol subjects than animals on the .

discontinuous. forced alcohol scheédule both in terms .’ | .

of absolute alcohol and percentage of total fluid intake.. }

This was the reverse of the relative alcohol intakes

Sy reg g o

P
g Ko

of these two groups throughout the st‘iégmlati‘oh' phqsé;

The discontinuous forced alcohol group .~co.ns‘umed‘ 47_§ E

of the total fluid intake as alcohol ,solﬁtidn‘ﬁhiéh'-'._ 1 S
IR t . . ol CT el . % v,“

[
f

N
e

1 nls absolute-alcohibl pex

. c_ompris ed app;bximétely 2%
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Similarly subjects on the discontinuous

1
a ‘ .

S free choice schedule drank 51% of the total fluid - - T -
intake in élcohol which makes up approximatély 2.3’mls : :

, absolute alcohol dally The consumption of the

. ,dlscontlnuous free cho:Lce group was cons:Lderably less
than that'G&f the adapta‘tmon group with respect to ' ' ‘ '
_both absoluteé alcﬁho} an@ﬁpercentage of total fluid -
. intake. 1In fact, the greatest alcohol igtake éés’by
the adaptation group which censumed 4.2 mls absolute . . -

-~ alcohol beraday and 65% of the total fluidﬂintake

in" alcohol. ot t . ’
] - . -

N -

b s ~ Later period. At the end of the test phase“=

{'tbe subjects initialiy exposed to ‘the continuous
'e&{‘ b . fOrced alcohol.schedule continued to ingest very much. R

S . less alcohol than the discontinuous fprced alcohol
. \ v

T T —— < : .l
‘\\grgggiwb5"h tn“termsegf absolute'alc ol (U=0;p <;F?02)

e ey

\\ N I
and percentage flﬁ*a“*ntake~{u-_o+ep g;_ooz See . <
Table 3)\ The anlmals 1n the former group consumed .

27%° of total fluld 1ntake as alcohoﬁ/solutlon which

" made up 1. 2 nl of abéolute ‘alcohol daily. The . -
dlscontlnuous forced alcohol group drank 61% of total
fluid intake in, alcohol thﬁ%‘ i‘ﬁ‘geeting 3. 3:ml absolute

\ .
}, ‘: : alcohol daxly. If a preference for alcohol is defined

- o



as an alcohol consumption greater than 50% of the total

. . <6
fluid intake, it is apparent that the continuous

forced alcohol group did not develop such a preferenéej

4

Less alcohol was consumed by tﬁe.discontinuou%

' forced alcohol group than £§e adaptétion group in

terms of qbéolﬁte alcohbol (¥ = 0, p <.002) and
percéntage of total fluid ingake (U = 1, p '<.004). The
adagtation group ingested 4.6'mis 6f absolute alcohol
daily and 73% of the total fldia intake in alcohol
whereas the discontinuous free choice'group drank

4.4 mls absolute alcohol and>é7% of the total fluid
intake in alcohol. There was no significant

difference between either the percentage of total

-

fluid intake in alcohol (U = 10, p -7 .240) or the amount

of absolute alcéhol‘(q = 23, p »>.531) drunk by subjects’

v . ~

in the discontinuous freeg choice and adaptation groups;
Animaisxin each of the four g;g;ps incréased

their alcohol ihtake during the post'stimulation phase.

\ Mild alcohol preference was established within the first

Ewelve days of this phase by subjects in the adaptation

and dlscontlnunus free choxce groups. The d;acontxnuous'

forced alcohol group did not man;fes& alcohol preference

“in the early perlod but developed it later. Subjgcts..*h

I3



Mann Whitney U Test on averages for a 6 alcohol day period at the end

1

of the test period - Two tailed (Days 61-41) . Co '
‘A. Absolute Alcohol ) ] ' ' « . ‘ )
1. Continuous forced alcohol oo ' '
vs. diZGBntinuous forced U=O n=56 p< .002¢ :
alcoho ’ S

. N

2, Adaétation vs. discontinuous

forced alcohol U=O n=6.p< .002*

1

3. Adaptation vs, discontinuou
free choice .

<& . ’
.

U=23nw6 p>0.53LNS

v " v

B. Percentage Alcohol Consumed : ' ‘ ot .‘ :
1. €ontinuous forced alcochol - ‘ - ¢
vs. discontinuous forced - ' p
alcohol : -

y
© . * -

-

2. Adaptation vs. discontinuous

. .forced alcohol . " S

3. Adaptation vs. discontinuous
free choice -

!

. N8 Non- sighificant

. .

AR 2}ghificaqt )



-
.

exposed to a CODtlDUOUS forced alcohol schedule failed '

to develop an alcohol preference, the maximum percentage-/

-
"~ . :

fluid intake in alcohol reached at the end of the

post stimulation phase being i?%.j

- DISCUSSION _ ' :

There was a clear influence of the different | Kk
conditions of adaptation), choice and continuity on d
the alcchol intake of brain stimulated animals. The ;
three discontinuocs'schedules (éiscontinuous-free choice, .
discontinuous forced alcohol and adabtation bresentations)

¢

were more efficient in producing an increase in

s

alcohol conSumptlon than was the continuous presentation.

*

Preference for a 20% alcohol solution~\élat1ve to water | :
was clearly not established for the continuous “forced. . ‘. RS
alcohol schedule-biit did occur with the discontinuous' |
schedules. °Discontinuitybthe}efcre appears po be

" gignificant in ihcreasing aléohol.intake in,stimulated,
animals., Investlg tions in which no stlmulation is

e_

provided also show tha discontinuous schedules produce .

a ‘higher alcchol 1nt e than continuous ones (Wlse, T,

X
l973a, Wayner et al.,t1972). The alcohol schedules used

by wlse (19;§a) were the same as those used in the




- high alcohol intakes in/both stimulated and

-absolute alcohol intake as reported earlier by Myers ’ i

.effect on alcohol«inti}e. éiﬁce adéppati . involves : .

. . . .
discontinuous schedule with a peri®dic withdrawal of

two days and reinstatement of the alcohol solution for

two days. Thus discontinuity is important in prfdducing

unstimulated animals. . ‘ -

Adaptation to alcohol in increasing , .
A J

concentrations had the initial effect of elevating

1961), Veale and Myers (1969) and Wise (1973a). 4
: o ‘

However a difference between the adapted and non-.’ g‘

adapted was no longer evident by the end of ' the

post-stimulation phase of the present study; Animals ' ' .

on the adaptation schedule did not differ in the later,

stages of the experiment from those oh the discontinuous

-
o ——— o w——

free choice prdsehtation. The discontinuous free choice

and the adaptation schedules were identical in ‘ .

e

procedure except that the adaptatijn'groué was exposed
to alcohol prior to the stimulation period., Thus, it - oL

appears that adaptation does not have a persistent

a longer exposure period to alcohol, the.ﬁiédbntinhous['
. - - y 72

free;chdice schedule without a@aptatibn seems to be the

quickest method to increase alcohol intake., - , '_“f9\ ' PRI

A SRS

.,

3

%
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¢

Se ’

»
'

} also may be a relevant factor in produc1ng angdn

K

in alcohol ‘intake. However, in unstimulated animals-
; . N

Wise (1973a) found that less alcohdl was consumed ; . '

9 . '

) |
| .+ by the free choice discontinuous schedule than the 4

forced alcohol discontinuous schedule. Moreover, the
/ »~

continuous free choice presentation does not produce

high ‘alcohol intakes kWisg, 1973a) . Wayner et al.

(1971) studied the continuous free choice sphedules' )

on electrically)stimulated'rats and féund a 16w . _ ; ‘ ;
preference for alcohol. On the basis of this evidenceu< .

:it would appear that free choice is not sufficient for / * )

establishing alcohol preference. 1In order to decisively i

P

test the importénce of freg\choice in stimulated animals,

¥

an experiment comparipg the continuous free chqice

and continuous forced alcohol schedule in stimulated

animals seems to be requifed." AT S ,//
Quantltatlvely the present results @;e

consistent ‘with the reports of others ;Amlt & Stern, 1971"‘%

051ng an adaptatlon schedule Anit, Stern and Wise‘(1970)



‘,the total fluid was drﬁnk in éuintng—adultgrated -

’
N\

- . . : - . . o .

taklng a mean of 98% of their total fluid as alcohol
solution and drinking a‘mean of S.il mlsrabsolute

;lcohol. These intakes were higher than those from

adapted subjedté in the present study. However the
expefimental design of these inveséigations was not
identical. Amit et al. (1970) used 6nly stimulus- ) '
bound drinkers with an élcohol|solutio; provided in

the stimulation box. In the present study stimulus-‘

bound drinking was. not a preréquisite and the animals

were stimulated with no available aicghol." Using
stimulatioﬁ conditions more similar to those in the | '
present stddy,‘hmit.aﬁd Stern (1971) stimulated in g
an-gmptf box -and fduﬁd that animals drank a mean of
4.0 mls abééldte alcoﬁol and 63% of the total fluid . : ¥
intake in alcohol SOLut%on. This is éimilar to the

1.5 mls absolute alcohol and 73% of the total fluid
intaie of ﬁhe present study. = @ ° . ) . : *

Despite this‘éimilafity of intakes, Amit and . .‘ ﬁ

‘Stern (1971) found that when ;lcohol‘wgs adulterated -

with quinine it constituted 40-45% of the animals! = =~ .

total’ fluid ingaké. In the\présent study only 7.34%f6ﬁ5, (

‘

-+ NN I
solution. To the degree that the quinine test reflects ‘.-

l(-‘
o
A



motivation for alcohol it would appeér that animals

in the present ianitigation were less motivated to
drink aléohql than those in the study of Amit and

‘ . -~ Stern.’ ' i ‘ . .

Also in contrast to‘the pregent findings, - - ‘ g
Amit (1970) found that on the first day of
stimulation, animals on the adaptation: schedule did'
not consume alcohol. Pfesumably this was -due to
Anit's use of a ¢oncentration of alcohol previously
réjected b{ each animal.',In the present- study,
twenty per cent élcohol solutions were given as the , -
standard concentration, regardless of whether =

animals had consumed more concentrated solutions “ .

previously, Nine subjects in Ahe adapted groﬁp of

this‘study consumed at least a 20% solution prior

to stimulation. Congequently, it is not surprising

that on the first day>of stimuiation, a mean of:4.3 mls . 2
absolute alcohol was ingested by the adapted group . ‘ .
in ‘the present investigation., } " S

- .

In a control study of unimplanted, unstimulated

- ! , T .
subjects Wise (1937b) found high levels of intake =~ .~ .
which were Surprisingly similar to those of .the

stimulated animals of the ﬁreséht study. However,




. N N ;

Wise's rcsults cannot be compared directly with those

in ‘the present study because‘his animals were not ‘
implanted with electrodes.q Imélanted, unstimuléted \
animals drink much less alcohol than do uniﬁplanted‘
‘ones (Wise, 197§b).v This agrees with the results -

‘" of Amit (1970)‘&hose implanﬁed control animais a156

¥ L]

drank less than the unkmﬁlanted ones: However,

quantitatively there aﬁpears to be a discrepancy

between the ré&atively high intake of Wise's unimplanted
© : )
control animals and those .in Amit's investigation. . -. = . ‘

Further study is needed to determine the causes and ' '

parameters of surgery-induced'suppression of intake.

»

However it would appear that had Wise's (1973) . apifals

been implanted they would net have consumed as mwch

-
o s

as was consumed by the animals in the present ,thdy. s,
Martin and Myers 11972) and Wayner et al. ’ .
(1971) have recently challenged the conclusion that
1atera1 hypoghalamic stimulation increases alcohol - . o
intake. However comparisons between their investigatioﬁsj |

and those of Amit .et al. '(1970) are made difficult o N | R

e

by genetic and strain differences in the rat g

population sampled, the type of schedule used, and"ISo

differentAstimulation'methods. Wise (1973b) haB

\) ' ,,.
*a‘ux

'] ..,.’ 3 a0 iy
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pointed oﬁt that firstly, neither Myers and Martin
(1972) nor Wayner et al. followed the Aﬁ@t, Stern’

.. and Wise (1970) or Amit and Stern (1971) procedures

’ exactly,'qnd éecondly, that only the approach of
Amit and Stern (in which there is a conptrol group

. receiving identical treatment except for brain
stimuiaﬁion) can be used to determine tﬁe contributiomn.,
of electrical stimulation. Amit et al.:{1970)2and
Aﬁit and Stern (1971) clearly show that brain

stimulated ‘animals voluntarily consume more alcohol

than appropriate control animals. Thus for éhe, ' : '

Amit pafadigm, brain stimulation increases alcohdl ‘

intake significgﬁtly. . x L, '\

Se?ér;} inveétigators have examined the ‘

“““““ - possible mechanism underlying ﬁhg enhanéemept of ' r

- cohol intake by élégtricgl stimhla;ion. Malmo (1967)"-

developed a theory in which gcquired homeostasis'

reqgulates alcéhol intake. Alcohol dependence, he

y . maintained,gis sim%lar to morphine dependence in . L
. that {Frge quantities of ingested alcohol cauée'

" a deprivation in the metabolism of norepinephrine.

»

P » This results in the formation of 0qtech61amine‘

catabolites that resemble mofbhine. ‘Malmo suggested

)

193 ﬁ‘ifa‘
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“that -the\catabolite levels are requlated by the

-~ \-——- ) ; IS

acquired homeostatic mechanism. '
Anit (1970) proposes that the tetrahydro-
i.soquinoline élkalo.ids formed from ‘the'co}xdensation o '
of acetaldehyde with catecholamines (Cohen & Cbll?i.né, | \
1970) are the substances with addiction liability. ‘
The role of e.l;gctrical stimulation in producing a *
preference ff(()r alcohol over water depends on two "
:fat:ts. Firstly, aceta'ldehyd’e' depletes levels of
norepinephrine (Durltz & Truitt, 1966) % Secondly, .
rewarding brain stimulation has t opposi@:e effect,
it leads to a ‘significant increase -in turnover and
level of norepinephrine (Stein & Wise, 1969). Amit (1970)
suggested th‘at ’in investigai:ioné of alcohol
preference, electr:.cal stlmulatlon has the role of

3 ~

eJ.th?r offsettlng the éepleting effect of acetaldehyde

bn noreplnephrlne, or even increasing the level of

norepinephrine. The acetaldehyde can then combine | ’

with norepinephriie to produc TIQ alka&).oids and thus

start"“ﬂ?g alcohol intake process " Once the system
has adapted to -the &lkaloid és '3/ neural tr‘ansmit‘ter,l
N

the drinking of alcohol con'tinues independehtiy of . ‘:

électrical stimulation. However,\ the impl:.catmn Of



a compensating amount of brain stimulationm)s required

¢’

l
|
<

r ‘ to create the necessary circuhstances for elevatgd £
| intake. ) e
, In the present studfl the coﬁtinﬁous fofced
* alcohol schedule did ﬁot produce a preference for ‘ | S
alponpl although electrical stimulation was used.
. ' The method of presentation méy in effec£ offset the
presumed effects of electrical_stimulation. It is
%’ o assumed in Amit's theory that the motivation to consume

v

large amounts of alcohol regularly ‘is a function of

the synthesis of acetaldehyde and nérebinephrine. ' ,

. 5y o

With the continuous forced alcohol scheﬁulé, large

o

amounts of acetaldehyde may be formed because of
the continuous presentation of’alcohoi. This may !
have the ;dyerse effect of deplefing norepinephrine’
too ;trongly which would liﬁiﬁ the production of TIQ

' alkaloids. Thus the schedule of alcohol presentation < s

- FY . i R . . .
may alter the crtical balance between the : O

sti u}ation—induceq levels of‘norepinephrine and the

inGgested a;ééhok‘aﬁd consequent acetaldehyde; The

- forced alcohol may lead to too much acetaldehyde for

the amount of-norepinéphring released by stimulation?e:
u Whatever the‘underlying»physiﬁlogiga;:‘ |

or.biochemical mech¥iisms may be, ¥t is clear that: :

t




° presentation schedules influence the| oral intake of . L o
o alcohol in rats.. Discontinuous |patterns of ) o

| S presentation appear to be superior to a continuous

. ;‘ v N . ' "l
exposure both in association with or in the absence- .
of glect?ical stiﬁulation of the lateral hypothalamus.
~ . . o B -8 . . '
* , ' C} l’ + ' " -~
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