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FACTORS INFLUENCING. THE ELEVATION OF’VOLUNgARY ETHANOL INTAKE
. 'BY HYPOTHALAMIC STLMULATION‘IN RATS :

-

\

- In an attempt to determlne he 1ocuSaof lateral hypo—

Athﬁiamlc (LHA) stlmulatlon Whlch maxlmlzes volunxary ethanol

\

'intake, rats were stimulated at a variety of hypothalamlc

’ L4

/) Sites 1n %kétandard brain stlmulatlon paradlgm.- The electrodes
wepe alméd either 4 mm anterior.‘posterlor (dorsal. ‘or Venxral »

to placements used by others.,’ Only small. statistlcally~ V2 v
Vo

N\
vnunrellable. dlfferences in ed#hanol intake levels were seen
Between the stimulated groups w1th dlﬁgsrent electrode N .
placements. To further examine the small differences, a f C PR

repI1cation study was run with the addltion of  a group of s
>
non-lmplanted cantrollanlmals. Agaln. there were only small. *
Y o ¢

non-slgnlflcant, dlfferences in ethanol 1ntake 1evels between R
. \

the groups with varylng electrode placements. The pattern
of dlfferences did not clearly replzcate with the possible )
exceptlon of the group with the more .anterior. placements _
Wthh consumed the hlghest percentage of ethanoi 1n'both e
studles. both the original etudy and the replication, the
pooled stimulated animals drgnk slgniflcantly more ethanol
than the impladted, unstlmulated anjimals at day 30: howeVer.

. this difference was. onuy temporary. By \¥he end of the
’erperlment.nday‘72. there .was notelgnificant difference\)
between the two'groupq. Histological confirmation of the A_J;i?

electrode 81tes revealed thﬁt all the rla menta wére dorsal -
. ' / . .

. s o S ¢




VI no sxgnlficant differenoe at dayi72. Thus. some aspect of”

\ . ' , — Y 3

R ‘_to cthe intended targedtg tbus the findings regardlng locus K | :

of ;%imulation a§g4not def1n1t1Ve and further work is needed ' o

. in this area. he°two cont’ol,groups‘of*noolstimp%ated_rats .

- - dlffered in thei& levei of hanol consumption. The implanted.qi
‘control anima&s conspméd signlficantly less ethanol than the * -
non-implanted control animals by day 303 however. there was

- ,-surgezy temporarlly sqppresses ethanol drinking. *The

~st1mu1at€3 animals, although implanted, did not show .this'

suppression, 1ndicat1ng that stlmulation counteracts in part (4

the suppressive effects of surgery. Thié finding. 1ndlcates

4

.o “h{ inportant and- previously unappreciated influence on ethanol

D

. intake in braln‘stlmulayion studies, -~ ° A,

.
~ v [ .

. Y f
. - N R s ‘o ~ LR w
,r\. . ’ ) i R N .- )
a -
. 3 .
« 2 . -
C N “ Lo , .
T - . - - ® : oy e
. ¢ A . . ’ L’
\ s > . \r ' . ' -
. . . > LI I s ‘-’
4 ‘ .
RS - r L] -
!/ -
5 - R : .l«.
. 4 . : '
- @ \ o
A ’ ¢ (
. . ” - & .
{ B
! Rl L -
- r
t e bﬂ :
- ' - ' N N
. : :
- -
. ~ -
- - . I
. . N . Y
[



‘. ' g e R A R
) R N e . ~~~'~x o ! P ,'
.d\:~ . . .. R y ¥ i '.:\/' . ¢
' .. . _ . . ; . , "A J. ‘ [y
2 ‘ ‘._ i v ‘ 3 =
o s - s, . |
\‘ .‘ - " LS ¢ . “ _ ' - ’ o |
. . . J- ’ ;, . . : - ¢ ) . ! ' )
. . . . & = 'l . - 1 . : ’ )
‘ ‘ K - T, e i ’AcknoWlédgemerits , . ' ' LT b
: o N , : - . o PR N
] This ‘research was suppor%ed in: part by a re.search e
. »
scholorship from the Non-MedicalJUse of.. Drugs Directorate o
' . of I‘-'[ealth and Welfare banada under its Program of Research - i
on Drug Abuse (RODA) ,and by the' Medical Research Council of -
Canada. o ' ' :
. ' y : > ' .
. I especial‘ly *(:hank Roy Wise for :mitiatlng‘ my :mterest
) ‘ * in. thls topic. the use oi)‘ hlS faclll'ges. his advice and )
a " 3’ .
) RN patlence throughout all phases of thls research and for his . .
v : L3
cr1t1ca1 appraisal of this manuscrlpt. Ta o " ' !
Cy \
- . 1 also thank Zalman Amlt for the support and knowledge
! whlch he generously bestowed on me, . Jerry Chinerman for his -
‘ ’
. assistance cruring the surglcal 1mp1an1sations and Bob Meade '
'l» \
- - \who -gave me technical assistance and friendship whenever it
.. was needed, - , L ’ "b R .
’ . ‘e , R ’ * s [y ’ . . .' N A "' ve” / fy . J
’ ) ™ . s . ¢ ',":- ‘ . - ’ : > . ‘
I' -" . " ?
. . . . f g . J X
‘ [} * s ' L, re A ’ ‘ . . t
. : ~ O ’ ‘ v . . v -
R T e T e T, 4 . :
i . ‘ ) . g . o ‘:’ L '”’ . . ”. . ‘
P M . ’ A &
e . L B - 5(‘
! . . ) 5 ' P , ) -.
. ‘ L ; ' } ~" , 14 ¢ - ’
LI . Y L - e S S . . ~
: ) - . o ,gf” .\~‘r, \ ’ “
N 'l‘. N - ' Y ‘:\ ""Qf&:.":._ B EARTY .")’



.

: . : . ' : & k

Iﬁtrﬂdl}ction > oL ; 1Y R 1 . :
‘ ) o [ : -0 " ¢ N ’ e '

‘Method . . : - B .13

. Results - AN £ R 18 R S
. ' ) S ¥ . .
Discussion . * * . : ' oL e 22 L :
. ! . - . o s R
L. - . e . S ) .. . . ., .
'Refererices. . .. . . T 37 . -
. o . . ' . P N ) . Qs o KU . ‘o ]
13 = ¥ ¢ \ Yy e . N . .3‘
0 : . ! ' . C o n: T - ¢ o . ’ . N
. . . S g ; L
P Y . . . .7 . , . ‘ T y
- o S ' R e oo s
e ' : ’ : S J Vo

, i ’ . ' "
. M . . B
_ - - . . - . .
- . . M . > . . — L
4 . . . . . . N . . e e -
[ B . » . . o
. v R . . -
o ~ N a2 . . . . : . 1
. . 3 . e . o N 3 . ; N »
.« ! . A . P . . . |
(X4 . L0 * . ' . CE
A + - - -
. ' - - N L ; . .
- )” ’ . o . 4 .t . R .
. ¥ N 4 'S s o
i, . ¢ . LN " . .
. A . A » ) o . . [ <
- .. .o . » . . ' .
. N . . v .- . . . . - . . o .
L " B , , , ¥ . . " )
. i v . .
H P . .t - ~ - ' .,
oo . . . . e i
N . . o s N « vl . ., . N
. Lo L» - ’ > - "2
4 - - L. . - [
2 . .. Lt y o - P . e N
- : [ e -~ -l L.
.. v \ . Y] . - .
. , . - . ) . . . . . R
L . N cee T N R . T I o
T o . * - ‘L, ’ , ’ L7 . P t.
. S -, A . . N, | I N . (" .
: . N N et : . . Y . . . L NS .
. - ) . . _ , \ + . \ N .r’ X
oo . . o . . .. R . R i
. °, s . | I @ o - ) . . w‘
NS . . . . . . .
. . N . P . ' ,
) . . e . . .- A . . . - & :
; . . . . . -
’ . . 1 ) LT - .y ‘1 ) <.
- . I 2 K N .t L% : ) - " .
. " v ' . . : . N
. . , . ' ‘ :
: . . - ' - . B .
. ® ,r . . B - . - N .
- . < ] .
' ’ o N Lo
* . ‘ “l . . a B
vey e . o N . B . s B R
. . . ¥ . .t . 4 . ' ~ L , ‘qi
— . . [ L o . .
. . . . ., ., . 5 ~ N B - AR v P . » ; N | .
N + ey ! « ! *
N o - e . e . Y N ° by N Ly . N N




- ~. .
.

Many investigators have tried to develop an animal

In doing so,. two critical

‘}

analpgue for the human alcoholic.

attributes of alcoholism have been considered to be linkedn

-

1) the physical dependence of the organism on alcohol and
f2) a high level of voluntary consumption of alcohol

It was generally assumed that 'if anlmals could be

\l .

made physically dependent on alcohol then they would also

voluntarily consume large quantities of alcohol. This ' X

Several investigators
P

have now successfully produced physical dependence, but none

" approach now seems unlikely to work,

-
’ .

report abnormal voluntary consumption of concentrated ethanol
<

solutions‘(Veale & Myers, 1969; Ratcliffe, 1972; Martin &
Myers,” 1972; Mello, 1973; Lester & Freed, 1973+ Begleitér,,

(in press)) e

< -

~

Another approach*to the problem has been to attempt f

-to directly maximize voluntary ethanol intake without consid-

v

" eration of the devélopment of. dependence. Thisn¢hesie deals

.with studies taking this apprwach. '? )

i A maJor problem ‘has been in getxing r&ts to leun-

tarily. Gonsume ethdnol at high concentrations. "Rats. gener-

T .

: ally prefer water over. a concentrated (e.g. 15% or higherb

ethahol solcrion. If the ethanol concentration is as low




LU

—

“water. The ‘gt ulated anlmals' abnormal volunt&ry prefer~

as 6%, retts may be willing to conSume it in preference to

* T e~

water; but at:\ concentration&» above 6%, voluntary ethanoﬂ.

oonsumption decreases rapidly. At ethanol concentrations‘

above 15% (20% for- occasio’nal rats, Mendelson & Mello, 1964),

the ethanol solution 1s éenerally re Jected.in favour of water., .

)
(Richter & Campbell 1940, Kahn & Stellar, 1960; Myers, 1966) .

" One method that -has successfully reversed the nor\nal
préference for water over high ethanol\, concentrations was ‘
reported by Amit, Stern and Wise, 197o. Male Wistar rats

whic@ had stimulating electrodes 1mp1anted ‘in the laterall
hypothalamic ‘area (LHA) and' which drank in response -to hypo-'

> thalamic electrical stlmu,lation, recelved‘ 30 minute daily

" ———
4

stimulation sessions- for 30 days in the Ifresence of ethanol

sol 1ons. The level of ethanol coricentration was 1nd1v&d-

ually determined so’ that each ra'c was exposed to the ethanol

] ‘\

¢concentration level at whic‘h he !‘!ad greviously refused to
f

drink for l&B hours, (mgdian concentration was’ 21$ v/Y).

' ' 4
‘These anima;l,,s drank the previously rejeeted ethand'l solutions

7

during the stimulatiqn sessions and. more 1mportantly, sig-
~

’ nificantly 1ncreased thgir home cage consumption of ethanol

over that of control anima]:s._ In the home cage, ethano],\ was

pre§§ﬁted eve ,other da;’ in a free ohoice situation with

a !

ence ,for ethapo over water developed tﬁroughout the 30 days.

o

'
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i

' manipulation waslhyﬂothalamic stimulation per se, and hot'

lsimilar ﬁreference'for_previonsly.avefsive eﬁhanolasolutions

. the stimulation-induced drinking experience. -

2 - . .
. N . ’
Pt N '
. - »
- . . ’ . o
~ . .
- - *
. « ot
- 3 . v N
. .
L . —
. .

Lo

o ‘ _’ . - It & . [}
of stimulation and continyed following termination of ‘the

.

stimulation sessions. Thus;'%his method\of_eleotrical-LHA

stimulation in the'presehce of .ethanol succeeded in'inducing'

v [~

a permanent reversal in preference for ethanol over water

which persisted for the duration of the animal's life (soné
animals having been maintained for over a year: Amit, per-
sonal communication) ' - | 5~ L .

. It was 1ater reported (Amit & Stern, 1971) that the

stimulation induced drinking of ethanol during the electrical

stimulation sessions was not necessary for the home-cage" ' -

reversal in preference to occur, Wistar rats which received

LHA.stimuiation in the presence"of only tap water and also

animals sttmulated with no fluidipresgnt both developed a '

e L]

Jirésented in the 'home cage every other day in free cholce = .,

with water. Since this permanent f%versal of preferenae ' A

o occurred both in énimals that drank (drinkers) and,also in

animals that did.not drink.(non-drinkers) in. reSponse to the

lateral hypothalamic stimulation. th@ important experimental \

’G

The geBeral finding that LHA stimulation _enhances -

home—oage ethanol preference was further subst&ntlated by

_ Wayner, Gawronski, Rouble & Greenberg (1970), who discussed

4
e =



-a gingle rat, g s'timu;'ationq-induced drinke}, whith recerived

4

' electrical stimulatlon of the LHA Ir -the presence of various

' ethanol solutions. This animal (and; others. which Vayner

Py
il

_notes without details) appeared to confirm the g;eneral find-
"¢ {ng of Amit, ‘Stern and Wige (1970) and Anlt aid Spern (1971)
that daily lateraI hypothalamie stimulation increases home oD
cage voluntary ‘ethanol consumptior_) ‘and reverses t_h’e normal N .
prefe1~enee for water over eonceﬁ.trated etﬁanol sGlutiond.
e | “ . ‘. _-Subsequently,’ fallures to ‘conf“irm the general findings
of Amit et al.,: (1975') and- Amit and SteI‘-n.(l’9?1) were repoi'ted‘

v [ . Wayner, Greenberg, Carey and Nolley (1§?1) reported data from =+ ., -

7 :

2

‘four animals which zeceived daily LHA stimulation in the

-presence of ethanol_L sclutiors f‘or up to 25 days. These rats

Ingested 1ntomicat1ng anounts of 20% ‘et.hanol during- the ‘test

»

sessions but there was no Bigniflcant change 1n the amount of '

Fe

T s theirg volunt ry home cage e:hanol consumption.

\Ma.r in and Myers (19%2) tralned rats to llck él drinko-

B

meter tubte 1n order to receive stimulation of‘ the LHA,. They ’
> " reported th&t the drinking respoxse to obtain 1ntracran1a1 .
- “ , ’ , -.
» reinforcement decreased as the et) anol ooncentrations in the . '

¢

) o
-drinkometer 1ncreased. They also to>und that ethanol intake

of the animals in their 'home cage. di\' ‘not inerepse elther i .-
A g '
following the daily sessions during W lch ethanol was con-

K ) ;
sumeq in the test chamber or_ as a result of the repeated - Y
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pattern of\brain stimulatlon glven. . L -
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Lﬂk stlmulationw This paradlgm, however, diffens very sig-

nlficantly from thefothers in. terms of the total amount and

. . - -

'“_ ' L@) " WayneT and GreenbergbL1972) attempted to re-assess-

\J

ethanol solutlons. One of the groups of ‘rats in this study

Hkhe contribution of LHA stim%z%;p?p and ethanol presentation

’ Scheduleqto .the 1ncreased consu tion of previously aversive

", was treated similar to those of Amit and Stern (1971) They .

.received LHA electrical stimulatron during daily 30 mlnute

sessiéng in the presence of water only. Thelresults_fmqm oo

this group coMfirmed’ those of Amit’ snd Stern (1971)." The !

L . % : .
. animale\}eversed their preference for water over - previously

eaorifioed.

aversive ethanol concentrations in ﬂheir home cage and this

~effect perslsted for 63 days at which_ time the animals were

ur . -
' \ )

Thus while dramatlckyleVation of home cage voluntary

Jethanol 1ntake has been produoed by lateral hypothalamic_

.stimulapion in the hafids of‘some 1nvestigators =1t has not

béen easily produc%i by others. Amit, Sterrand Wlse (1970)’
and Amit and Stern. (1971) reported high levels, of ethanol

K 1ntake rrom their stinmlated animals which differed slgnlfi-

cantly from the ethanoi intahp from their unstimulated

controls., But, as’ mentioned above, with anothen‘paradigm,

. "Martin and Myers (19?2) - not find any chanse 1n home oase

L3
- a
o) . J . - - . Q .
. o ' .
R - r
4 ¢ o
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. . ethanol consumption following LHA stimul tion. Wayner and '
| . bhds. colleagues followed the paradigm of Amit. et/gl (19?0)
" more closely and were first successful (19?@), then un—
successful (1971) and finally successful (1972) in con- ‘.
firming the finding of Akit et al, (1970), although even’ in
their recent successful study the observed elevation of . -
. ethanol intake As of lesser magnitude than that seen by Amit

. et al, (19?0) Thus it would appear that unappreciated as@ .
" : " " pects of the paradigm of Amit et al (1970) are important,~
and it seems necesSary to determine which of gmany, arbitrary
‘ o @rocedures in their paradigm are critical for their findings.

‘\ . . This thesis is a step toward such a determfnation.,

E>:Procedural variations among investigatqrs are numer—

[

R ous.. ‘In order to aSsess the contribution of LHA stijylation .

\)

’to enhanced ethanol consumption, the effects of various other

faotdrs, - strain dlfferences, method of ethanol presen-~

¢
3 .

tation, eleotrode placement; must be determined. As these

o . factors were not kept 1dent1cal by all investigatorS. they

1

may accounj ror somgxof the variability in results reported

) by imdep ent inyestigators. ) _ . : y L T
‘Strain Differences ‘ .
* . ' . ’ ‘ ) v ‘! N [ ‘ ’ * -
e s One of the precedural differences.noted involves -

. — . .
‘rat strain.- Amit and his colleagues, (1970, 1972) used

. ' . 2 -t 4 3 <




“ Wistar rats as'subjects. Attempted confirmatioﬁe have th-

5\ N :
Avolved‘e&ther Sprague—Dawley rats (Wayner et al., 19?0z
o
Wayner,gt al., 1971) or hooded rats, (Wayner et al., 1971

- therefore,;to control for the strain of the animals within'

necessary, when attemption to‘replicate findings invoiving'

Wayner & Greenwg, 1972; Martin & Myers-, 1972) as subjects.

Strain differences in alcohol intake»have been widely

: ' . . . . |
-documented in other ‘parddigms (Rodgers & McClearn, 1962 o

McEwen, 1965: Eriksson, 1968); and ée (1574} has shoﬁﬁ
that they can occur in rats which are presented with a 20%
ethanol solution every othervda; in a free choice situation
with water. Under these\conditions. Wistar rats ingested :
twice as much ethanol relative to water as did Sprague- -
Dawley rats when both groups wene\obtained frém one suppi&er ¥
Wistar and Sprague&Dawley rats,obtained from another breeder ) :
showed no-signifioant differences in ethanol intake. Thus, N >

these rats showed varying willingnéss to consume ethanol

depending on both strain and supplier. gt seems essential,

‘a par%%cular study 1n order to(relfably assess the amount of .

ei?,pol intake due to an e&berimentai\manipulation. This ]ﬁ
wa_,not done in one attempted epldcation of 'Amit et al.'s ‘ ey
paradigm which used both hooded and Spragiie-Dawley rats in R .

, the same experiment (Wayner’gt al., 1971). It alsogseems

‘jthanol consumptio%, that the same strain kand perhapa




--

‘breeder) be used in onder‘to’have compearable results;.t

-]

Schedules of Ethanol Presentation

_Another facto; that contributes to the amount of - -
ethanol'consumed by experimental animals'isythe specific
schedule of ethanol presentation. ance investiéators have - ..
employed dlfferent schedules of ethanol presentation, this

- may account for some of the difficulty in attemptfng to com~ 0
. ) . . i
pare results. Animals progresslvely egposed to increasing

: -

concentrations of ethanol solutions (acclimation) come to

s,

consume higher concentrati:zs than would normally be Aingested

» (Veale & Myers, 1969). Intdrmittent schedules of ethanol ¢

availabllity, in which the ethanol solutions are periodi-

¢

! ‘cally préeented and withdrawn also result in an lncrease in

VU ) ' ethanol consnmption (Sinclqir & Senter, 1968; Wise, 1973

+

L .f : Wayner, 1971 Engel, 1972) ‘ ) ' . ‘
Wise (1973) 1nvq§tigated the effects of acclimation,

1

-

forced versus free choice {ethanol presented alone or in N
. choice with water) anq“schedule'of ethanol presentation
" ’ “(every day yersus every other day), on the amount of a 20%

. " .concentrated ethanol solution consumed in subsequent free’

3

choice situations. _After 30 days on the every-day presené //
P tation schedule, the free cholce group had.a higher ethanol

3 ' .

\
intake level than the forced chfice group; but on the*

-

} f, C ,interpittent schedule, the forced choice group drank more

. 1q



‘o

ﬁhan the free ohdice group. Periodic withdrawal of the

YN ——

solution' (the 1nterm1ttent schedule), led to higher levels

i
"y

forced, cholce was

\
‘of ‘intake than were seen withfcontingiis avallabllity of .
‘ ' .

ethanol regardless of ﬁhether a fréé

'given % Engel (1972) studied the effects of brain stimu- \\;

latlon in interactlon with the above schedules of ethanol
presentation and found simllar resultst the stimulated

animals glven ethanol every other day oonSumed at high
~
1evels, while those given ethanol every day drank minimal

amounts.' Thus,~1nterm1tten§ schedules of ethanol'availg-

bility resulted in the most dramatic increases in ethanol °
> . . ~~
intake. - N .

_ A cycle of -2 days of ethanol presentation in free

< 4 o .

cholce with water followed by water only for 2 days. was com-

rared to every—day exposure to ethanol and wvater by Waynér,.

. Greenberg, Tartaglione, Nolley, Fraley and Cott, 1971.

' Thelr findings were consistent with those of Wise (1973)
S ' . -

and ‘Engel, (1972); @npeimittent ethanol exposufe led to

higher intake than continuous exPosure. ‘ ’ v

The 1mportance of the intermittent exposure schédule -

would appear to explain one of the ‘fatlures to replicate

the Amit et. al.‘findlng. -In thé Wayner et al& (1971) study
in whioh LHA stlmulation caused ‘no chafige in home’ oage'

" ethanol bonsumptlon, every day presentation of ethanol X'

-

~ . 3 f
.

cl--_



- splutions was emplbyed It would abpeaf (as coﬁfirmed by

from the Lntermittent preseftation schedule used by Amit et

Wayner & Greenberg. 19?2) that the failure to produce high v

intake in this study was 1n great part due to thls deviation . p

A4

. (1970) and Amit'& Stern (1971). . g

L4

In addition to the intermittent schedule of ethanoY
availability, the agémals in the Amif et al. (1970) and the

Amit and Stern (1971) studies were given prior acclimation'

-~

to ingcreasing concentrations of ethanol. Howéver, aceli- |
- Ve

AN
mation, itself, does not seem to contribute §ignificantly;

' ' . - \
v . . ' s |

in the long run, to the.lncreased levels of ethanol intake'

-

,séen in ani s which are given 1ong expoaffe on an 1nter-

mlttent ethanol schéedule (Engel, 19?2: w1se, 1973). " Wise ;
(1973) has shown that long term intake  of 20% ethanol |-
solutions on intermittent schedules by animals, that were,
given'previous accllmation tq 205 ethanul concentration %F .
net significan€ly different from that of animals which re- ‘
ceived 20% sohetions at the stamﬁ'of the 1nten\1ttent

schedule. Engel (1972) showed the same results in- con~ .

& : :
Junction with the brain stimul&tion paradlgm..' : - .

<

In summary, acclimation to 1ncreasing concentratton

of ethanol solutions does not seed tc account for the
higher, permanent ethanol 1ntake levels seen in the Amit‘

1 ) . .

i

‘paradigm. However, periodic presenta;iQn.and w;thd;awal-."u‘ . ,;;j
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of the ethanol solution doeﬁ)appear to~contribute signif14

cantly to the high drinking levels reached by animals in

a

.}hese studies.

Variations 1n‘E1ectfode Placements
,\ ‘IF appearé"clea{~that in studies-using an alternate _

Qay ethanol presentation schedule, animals which -receive “

sflﬁﬁIation of* the laterel‘hypethalamue 1eerease Qheir eub- \
' sequent vo;uﬁtarf etﬁanel intake ‘over, tHat of enimais.whicﬁ

do not receive LHA‘stimulati n:  (Amit et al., 1970; Amit &

<+

. - q

|

|

J

|

|

|

|

|

|

. stern, 1971; Wayner & Greenberg, 1972). However; therevare" | g

differenceépln the magnitude of’increase reported in these }

different studies. ‘The locus of stimulation sltes mediating "' 1

the sffongest effects 1s net clearly establlshed. ’ &\ ' J

Animals stimulated in the®LHA revereed their normal

. peeference for watter over ethanol, wﬁile‘those stimulated in

'the;venfromedial hypothalamus .(VMH) drank‘v}rguall& no 3 ' .
P ethanol ‘during the 30‘§ay stimulatione periéd (Amit'& Stern, |

1972). Thus thel£oqu1red préferepce foreetheno; has been

-

'suggeseed (Amit &-Ste;n,-i972§ to be'a specifiq function 9?
electrical Etimulation'of‘the‘LHA and to be dye to modifi-
cations in the hypothalamic ‘substrate 1mmed1ately adjacent ’
to the tip of the stxmula‘ttmg electrode. T
However, Wayner &'Greenberg (1972) observed only a "
‘_slight‘increase in ethanol consumption (lg/kg) due’ to LHA
. ~ -
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stimulation when stimulated ahimels were compared to animals -

'?(that received no stimulation., This differs‘from the findings '

a

of Amit et al., 1970 and Amit & Stern, 1971 An which a.much. °

o

1arger anrease in ethanol consumption (on the order of '
3g/kg) was observed; Wayner & Greenberg (1972) have sugge%ted

on the basis of the results of their’ study that the electrical
)
stimulation of the LHA contributes 1itt1e by itself to the

observed 1ncreased\ethanol consumptlon and that periodlc

presentation of ethanol solutldﬁ is the &tronger efrect. v

[ q " T

However, an alternate explanatidn for these differ-

-

ences in efflcacy qQf egimulation may lie in’ the differences .

in electrode placements within the lateral hypothalaﬂus. . A e

Histological examination of electrode s}tes of.the Wayner
‘and Greenberg (1972) study show placements omewhat fore
A}:xit et al. (1970)

.
used sites supportlng stimulation-induced dringing of rluids ; ﬁ

i

during the stimulation session, but none of “the stimulated . v

dorsal than those of Amit\et al. {1970).

animals in the Wayner and Greenbe;g study showed hese - .

stimulation;induoed.behaviburs. This suggests. that the, small

ments gre functionally significant; et'least in terms of

'drinking‘circuitry. The idea ‘that they mej beﬁs‘énlficant
i § N . , *
in terms of circuitry involved in ethancl consumption is k& -,

suﬁported by the findfng that dorsal LHA lesions do not

- y
2 . . -



/ - 13- " A
| AT B . <
- ) . . .
‘agolish ethanol 1ntake, where'vehtfél LHA Yesions dof(Meade;
Amit and/Singer, 1974) .
R - The purpose of the first of “the present experimeqts
- - was to assess the effects of electricg& stimulation at
. differing sites with n the LHA on subsequent Yoluntary \
ethanol intake. Perhaps'variatloné\of electfode'placeﬁents
N ., among éﬁd within investigators may account 1n part for the
T : Aifferlng amounts of i.creased etbanol intake seen in stim- . s
‘\ uiatea’animals. Thﬁgfnthé'girst exﬁeriment was concerned ‘
witﬁ whether the {ncréased ethaﬁpl intake obgerved‘as a

result of Yrain stimulation sessions varies as a funcfion’ of

the specifit area of the LHA that is stipflatdd, end whether
! k]

.

doréalsveqtral dlrfereﬁpes, in parti lar, ca® be critical in

‘this regard.

. . Method o L _ . '
Experiment I | N ' ', —— .Z ' _' ”';

. . . SubJ:;ts were 40 male albino “rats of the Wistar strain
-obtaiﬁed ‘from Bio-Breeq;ng Farms. They were approximately
100 days‘old and weighed approximatéiy 350 grams at the
bgglpn{ng p} the experiment. The animals were randomly .
.divided into five groups of eight aniﬁals ééch. They werQ
anestheéi:ed with sodium’ pentobarbital (Nembutal) and supple-

. L mental injections of chloral hydrate as neoessary <A ' e 5;:’
L. ¢
v L . _ .
CEN . N # . . ' i .



=

lateral of the sagital suture and 8.2 mm ventral to the

~infection. A reoovery\Period of at least 5 days followed

fA f1xed arbitrary ethanol concentration was used for all y

[ . . -iu‘ . . .

. 1

t -~
h » »
;o Lot S ~ N
e - - ' . »

monopolar stainless steel stimulating electrode, 'insulated

except at the tip, was stereotaxically aimed for the lateral
hypothalampte area (LHA) and implanted in eaeh animal. “The .
stereotaxicncoordinates were systematically.varied frgrg ’ |

ose-used .by Amit Stern and Wise (19?0) Amit et all’ .
&

70) coordlnateé were 0.8 mm posterior to Bre§ma 1.5 mm

skull surface, 1&Lthis study the<éoo dinates were changed ’ .
by .4 mm to be either more anterior, ?érou A); posterior,

(Group P)s dorsal,. (Group D); or wentral, (Group V). A .

fifth group of animals was implanted in the LHA (some ani-

mals at each of the placements listed above) and served as

unStimulated controls, (Group c). Each subject was injected

wi&h 60,000 units of Pennicilin G to reduce the chance of

surgery. “Since there were- 40 animals which were implant d, ‘

some exp?}ienced a longer recovexry period (up to fourteen

day:? during which time the others were belng implanted. ’ A
_All animals were. housed individually with free S

c e

acgess to food ‘and water ahd ‘on alternate days were kiven .

~

free choiee between water and a 20% (v/v) ethanol solution.

animals following Engel's (197%) and H"ise s (1973) modifri- |
. \ .
cation of Amit's'paradigma As was reported in the CeTel
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Introduiyion, Wise and Engel found that there were no sig-.
7 9

nificant long term differences in etha'bl intake levels
“between animals on an intermittent ethanoI*pregkntation

schedule which had received previous acclimation to 20%

i

solutions and anvmals which did not receive acclimation.
Thys, it was decided to use the more simplified technique
of fixed concentrations, realizing that this is a modifi-

cation of the original”Amit et al. paradigm, e

Water 'and 20% ethanolﬁsolutions were presented in

"t

graduated Richter-type drinking tubes and the position of

-t

» the tubes was dnterohanged in a non-systematic order. Water.J
was. tbe only fluld ayailabla on tﬂe days between ethanol
presenbations. Ethanol and water inteke were measured on
'ethanol presentation days; the animal weré wei?hed once a

—week and the ratio of ethanol solution to tota fluid intake

¥

, .
and the grams of ethanol consumed relative to body weight <j§ .
were calculated daily, R _ B oo

' lDuring Days 1-30, the animals in Groups A, P, D and’
V were administered eleetrical stimulation through the imJ
‘planted electrode during daily 30 minute sesslons, The'
general method of LHA electr!bal stimulation was similar to
that reported by Amit and Stern (1971): stimulation,eonsisted
of a 20-seconds-on, Zo-seconds-orf cycle of 60 Hz sine wave
current. However, a seoond deviation from the Amit et al..”

¥ . '
. ¢ f

¥ 1

v
.




ST D RV S
Sl N - . . , | h 5; . )

u ' paradigm Anvolved stimuletion intensity. In the“mlt studlee,”
. stlmulatlon 1ntengit{\was adjusted for each animal to pro- .
dl.e atimulatlon induced ethanol dr.ink)&ng. However, in the’

¢ 1

present.study, the electrode targets. varled for each éroﬁp., ae”

Thus, many electrode placements would not be expected to

"support stlmulation-lnduced d 1nk1ng. Moreover,.in order to

.

assess the e%%pcts of variations in electrode place?ent, it
i

wasS necessary to attempt to equate the bpread of current
>

around each electrode by holalng stimulation lntenslty con-~
stant, Thus, the stlmulation ihtensity was fixed for all
animals. Fifteen (L5)/uA stimulation 1ntensity~was chosen

J as 1t oonslstently produced forward searching movements in

" most animals in the present study and because it Has been

A
Prone=SN—

found to exceed the usual stimulation- 1nduced drinking . v
mhreshold under the present conditions'for animals previously
' ' 1nvest1§ated'1n'bur laboretory. Three animals ‘showed pro-n
”n@unced motor or atersive side-effects at If/uA ana they weré
stimulated at slightly lower current 1evels (10 -13 pA).
~ s Concernlng ethanol:availabillty in ‘the test box, ltL
:'has been shown (Amit & Stern, 1971) that stimulation without
ethanol avallable 18 suffictent to eleVate home-cage ethanol

. ]

1ntake .and that ethanol consumption in the test box is not -

- - ‘-‘ N I‘ ¢
o - .essentlal.' In.the present study, since the varled electrode -,

Placements were not expected to support stimulatlon-induced -
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‘in 1ntake between groups in Experiment I, 1t was decided to . -

additional group of q'noimplanted animals was added to the: = .,

and.the-prains were removed,and frozen. Forty micra sectlons

_of the electrode tips.

- \ ‘
. . ' .
! . , ‘- 1 7 - « ’ ) - ' “j
. s
4 .

L~
“ i
N N

,drirking, this fact was exploited: animals in Groups A,

P, D and V were Stimulated 1n empty, 1ndividua1 test boxes /” =

Lr/

sAnlmals in Group C were brought daily to the test room but v {
s - ‘1

did not ﬂgceive electrlcal stimulation. On day 31, stimu-
lation sessions yere discontlnued. All anlmals were main-/
tained on the alternate-day free-choice fluid schedule, and

ethanol and water intake continued to be monltered for an

Ps o
.

additional 42 days. After day 72, animals were sacrificed, :
\

1

perfused wlth saline fq}lowed by‘a 104 formalin solution,

of brain:tissue were cut. near the electFode tracki they were

- :
stained”with thionin and examined to’determime the location

“
L] -
I3

A . . . .
Experiment II CL s , ,.‘}b
N In order to assess the rellability of the differences
replicate the study with an 1ndependent group of animals,
At this time, it was realized “that undergolng general surs !

N .
glcal procedures might 1nf1uence ethanol 1ntake. {Thus, an

replication study.. }
Subjects were h8 male albino rats of the w1star
strafn obtalned from Bio-Breeding Farms. They were approx-

1mate1y 9&\days old and weighed approximately 275 grans at ‘L :
.
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W, ' e ‘ . . )
' ) A . . 3 ‘ .
. the beginning of the,experlment. . Al]l procedures wery
identical to those reported above.slth the addition of a

sixth group -of eight animals, which received no surgery and

+ ' served as e non-implanted control group (Group UC).
A3 ! \
LR ] : "‘—:d . ° P
i ] . Besults
.w-"f’ -~

‘»,. -
e The ethanol consumption data have been expressed in

4

'.terms of “the percentage of total fluia intake*consiihned as
kg,ethanol solution and the absolute: grams of ethdnol 1ngested
per kllogram.of body welight. These -two aspects of ;he'same
"data have been reported by other investigators in the past . .
and are followed in the present study-for purpose of compar—

isonn. As both reflect the same 1ntake, only the preference

" data were subjected to statistical analysis. ' ‘ S s
| o
io : Ethanol‘consumption as_a function of ;1ectrode placement -
. The ethanol consumption levels .of the four groqps ‘of” : .
/ stimulated animals with differing electrode placementé‘I“““—ﬂ—- 22

Experiment I are shown in Flgure 1. There were small dlffer-
ences in the ethenol .consumption levels between the four, '-f . o
o~ Tgroups. Hovever, there was a great amount of variabllity
among animals in the amount of etnénollconsuﬁed. None of
these differences proved to be statisticillz signifioant.
The preference for ethanol between the’ four groups of s

' . W .
' ’ LI r" s s P
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o ) " s . ‘ . ,
' stimuthed animals in Expe:timent I was not significantly " ‘
~d1fferent by the end of the stimulation period (Day 301 . ‘

, A'KrgskaI«Wzillis:.HJ# 191d. 7. =31 p'>.05) or at thetend of the ~.

—‘experiment (Day 72; Kruskal-Wallis; H=2. 15 d. f._B: p> .05).

b The replication study ﬁﬁth independent groups of.

animals, Experrhent II, revealed a similar finding (Figure s
3). Again, there ‘was no stgnificent differepce in the

. ethanol preference levels between the four stimulated groups ‘ o .
with different electrode placements at day 30 (Kruskal- = - J }

v, Wa lis: H—3 20;d f._33 P> . 05) or at day ?2 (E;uskal Wallis;

fH-—073df 3:p> .05). '

‘Althéugh none of the small differences between thes

k.‘,

-

5

.groups with different electrode placements was signﬁficant, o .
- ‘1t -was 'of imterest to see If any of the trends seeri in. Ex-™\

periment I would occur in: Experiment II. iny one of theée , -

. trends did stand up in meplication. This waS'the more’ .o -
<. 3 ,
elevated drinking and preference levels ‘seen in the group e

’

with the more anterior placements.
. % -‘ .~“ . ! ) IR ‘l’ ‘ .o ' -
‘ , . ; . V
. Stimulated animals compared with implanted controls . | ,

n;\~qy( As the four groups of stimulated ahipals proved to el

-
.

drink ethanol at comparable levels regardless of the'placg-

ment of the electrodes, they were pooled together and treated

-~

as one group, (Stimulated animals), for comparison to L. .

-~
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"~ four groups of stimulated animals in Experiment II. '( A =
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Anterior group;, v v =Ventral groups A D =Dorsa:l groups
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'30; However, this difference was only temporary;: at the end’

'

» . ‘ G
unstimilated control animals. The stimulated animals drank

a sgignificantly higher percentage of ethanol then the im-

‘plahted, unstimuleted eontrols by the end .of the 30 day-

stlmulation period in Experfmenth“(Flgure 3; Mann-Whitneyi

U=68, p< .05). These higher drinklng levels of the stimu--

lated animals replicated 1n Experlment II\\}Flgure L) where

it was agaln found that at day 30 the stlmulated animals

| condgmed a signlficantlyrhigher percentage of ethanol o,

2

relative to water than the 1mp1anted, unstimulated control ' ‘ .~

’

animals (Mann-Whitney; U=56, p< . 05)

However, the difference between the ethanol 1ntake

1evels in the stimulated animals and the 1mp1anted control .

animals.was not permanent. By the end of tﬁe 42 day follow- ' 4 |

up period, the stimulated animals 1n Experiment I. were nqt
significantly different from the 1mplanted controls in terms
qg.sthanol preference levels (Mann-Whitney; U=167, p> .05). : |
This finding repeated itself in the replicatlon studya the " L

~st1mu1ated animals' preference to ethanol was ngh~sign1fi- |

eantly d}fferent than that -of the implanted controls by day . ,:

92 in Experimeht II-(MannAWhitney; 108, p> .05). Thus,

stimulation significantly increased ethanol coqsumption'&é

animals relatlve to implanted, unstimulated controls at’ day

of 72 days there was no signlficant dirference in preference

’ a
R .
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éigure 3.‘ The relatiig and- absolute ethanol intake of the
pooled stimulated animals. compared to the implanted. non- \

‘stimulated animals in. Experiment I, ( v = Stimulated . s
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Rooled - stlmulated animalss the implanted. non-stlmulated & S
animals; and the hon-implanted animals 1n Experlment iI. )
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- 1nterest1ng flndlng. The non-implanted control animals’ drank 1

_Qon-implante

to ethanol between the two groups. .

4 Q N

Non - implanted controls/compared to implanted controls )
) /

. Ac mparison of the ethanol drinking levels 1n the

two control groups-of Experiment II, (Figure 4), revealed-an

a slgnificantly higher percenﬁaée of ethanol than the im-

yPlanted controls at the end’ of 30 days (Maqp-Whitney;‘U %

p< .05). Whereas the implanted controls’ did not begin to
‘drink the ethanol solutions in any measurabie amount until
@ey 18 anq'then only co%sumed less than'loﬂ‘of thelr total
fluid 1ntaie,1n ethanol by day 30, the non-implanted contrele

began drinkirig on .day 1. and steadily increased their con-

sumption of ethanol to approxlmately-jZ% of their total ~ i

fluid intake" by day 30. Howcxer, theése differences were not'
permanent and by the end of- the 72 day observabion period, v~ - * ‘.
tpe two control groups were. not s;gnificantly different in
their‘preference to ethanol (Mann-whltney: U_29,,;>> .05), ‘

" The temporaiy subpreéeion of ethanol _drinking seeﬁ}nf
in the 1ﬁplanted controls relative to the non-implantéd ' |
controls-wd§ not seen in the other 1mplanted group, the i{ "
stimulated animala. The stimulated animals increased their

amount of ethanol,consumptleh at approximetelj the same rate . ,'
I
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and to approximately. the eeme'levels as_the non—lﬁmlantedis

»"animals (Figure”@) The stimﬁlated animals’and the non-

1mplanted animals did not differ signlflcantly in Dbercent N
of ethanol consumed at ddy 30 (Mann—Whitneyz U= 30, p> 05)‘
or at day 72 (Mann-Whitney: qééé,.p>».05). ' o -

Histology . ¥ .
Reponstruction of the electrode placements based on
hJ/;ologlcal verification s represented in Figure 5. A ) \ 1‘

. 3
distinction between the anterior, posterior, ventral an?

. dorsal groups was revealed, althougp a high percentage of.

. ek
the placements wére consistently dorsal ‘to the intended

i target. Even the more ventral placements were found tao be

. . 7
dorsal to the Amit et al. coordinates,.

Discussion : . -

Effect. of stimulation locus . *

Vefletioﬁs-in electrede pPlacements between the‘feur . g
s;lmulate&&éroupg resulted in no significant consistent
differences .in ethanol intake. Tﬁe‘smeli dif;erences in
ethanol 1ntake levels that were observed between the four
- stimnlated groups in the first experiment were not consistent

with the differences Seen in the replication study with oone

"
y -

exceptions ~the anterior group drank the highest amount

4
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. ’ Figure‘?. His ongical reconstructlon oflthe electrode : °

\‘ A .
. 'placements fo Exgerlment I (BOlld symbols) and for Exper-
[
iment II (épen»symbols). . . A
B . . . 6 ‘n . ¢ -
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° of absolute ethanol in both experiments'and the most ethanol .

,dorsal-ventral differences are important, it was not a'good

~23- . ) ,'

¢ N *

7
»
-
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relative to water in Experiment I.
One possibility as to why theé anterlor group showed

somewhat consistently higher intake levels is that the an-

Eﬂ%erlor placements seemed to be most closely gorrelateq.uith

the catecﬂolamlne trajecto%ies of the media f%gebrain

bund 1e (MFB) as mapped by Ungerstedt (1971)“ It has pre-
viously been suggeste@/(Amit and Stern, 1972) that it is
stimulation of‘catecholamine fibers 1in thenMFB that is

critical for the elevation of ethanol intake seen in the
stimulation paradigm. If this does turn out to be the , .
é¢ritical region for stimulation to effectively_increase\’
ethanol ‘intake, then perhap; the anterlor group draﬁk most
because it was the group with the most favourable g}acemeﬁts;

This apparent éuperior;py of ‘the Znter;of placéements s

.

. was unexpected, as the placements of greatest interest were

the-dorsal and ventral placeménts which proved:not to be o
e v . '
significantly different from one another. While the pres?nt

study did not 1tself provide support for the view eﬁat;

|

L)

test .of this view because of the dorsal~b1as ih the placé-'\\

‘ments . Histological analysis reVea}ed a high percentage

ofr all placemé\ts in ‘the presen study to be dorsal to the’

intended target, the coordinatea used by Amit e al. (1970),
{ . .

v s,
- i . '
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aﬁq even the'véﬁtral placements wﬂich'wergwaimed to be .bpm.
ventral to theltarget of Amlt et al. (1970) were found to
'be dorsal to the orilginal target. ‘

, As the plecements genera11y~were enly in the dofsalé
region of the LHA‘wit is possible that more ventral place-
ments_yould have resulted-in higher intake and preference-.
levels than‘were seen in the present study. . Other new
e;idence suégests that the ventral portion of the LHA is
the cripical region for ethan6l preference (Meade, Amie and
Slnger,_197h). fIn‘this study,’lesiens of the ventral portion
of the LHA followed b& stimulation of the more dorsal region
decreased ethanol preference while\lesions of the' dorsal
LHA followed by stimulation of the ventral hypothalamus’
rapidly increased ethanol preference to 82% of tbtal fluld
intake. The 1nvestigators concluded that stimulation and
1esions lnfluence 1ntake only whenixhe ven rai portion of
the MFB are involved.

Because of. the above resuits, a post hoc arajlysis
based on the histologically %vmefied placements in the:

. preeeai\gﬁudy'was carried outs . ethanol 1ntake of animals.
with flacements which fell below the férnixﬁwere eompafed
- to these which fell above the fornix, However, th&s.com-,

parison also revealed no significant difference:1in ethanel

preference levels (Mann-Whitney; U=70, p > .05), Thus those
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y animals with electrode-placements which were closer to the°A

[N

. intended target did not ingest significantly different

' M_\ L o ¥ ’ . . ~
t\ « 'amounts of '‘ethanol than those animals whose placements weré\\

most off-target. ‘ : S . R

| . , The pfeSent daéa‘thus suggest'thatLVariations in .

stimulation. 1oous with%m the dorsal region of the'LHA do
,/

' R not significantly alter thg levels of ethanol 1ntake; The -
' ' ' o3
efflcacy of stimulation wi{hln the dorsalk“EEJon of the LHA\

compared to the venteal region was not’ resolved by thls study,
c .
k& due to the dorsal blas of’the placements. Because of the -

' ; =, fluctuatipns of ethan rntake levels seen between~E§periment

I and Experliment I{, the apparent superf&rity.of the anterior

placement, should be regarded with cﬁption until further data

. {A fre cqllected. . ’ ' ST &

~ . = . . . «
R - '
’ . .
= ‘ : -

. Level of intake in the stimulated animals o

. . AlthOugh electrode plaeements were generally more:?
e, h('
. : dorsa1~than¢1ptended the stimulated animals as a whole drank '

' . at levels wPich were conEJStent with levels seen in stilmu-

@ ) / N

lated animals in most studies in the literat e. In terﬂs

) of percén; of Ebhanol'eohsumed.relatlve to total fluld -
. \ consumptlon, Amit Stern and Wise (1970) repg//ed mean ,'f' o
A "levels of. 90% by the erd of the experimen#i Amit and Stern & :
- . (ﬁgpl) reported Lntake 1evels of 85% (for animals exposed

s

o ‘: /" - 'J
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to nater during stimﬁletion):°and 60% (for animais stimu-
ih&ted in empty chambers); Wayner and' Greenberg (1972) re-
ported levels of 80%; and the present stud{es report levels
of 62% (Experiment I) and 74% (Experiment I1) of ethanol _
ingested relative to total fluid intake. The results‘
are also comparable in terms of grams of ethenol intake per.)
kilogram of body welght. - In the present studies and Amit's
studles (Amit et al. 1970; Amit & Stern, 1971),‘the fiésl

drinking levels were approximately 10 gm/kg. Although

; Wayner and Greenberg (1972) only found drinking at levels

of 3.5 gm/kg, their animals were of a different strain, and
were expdsed to far weaker ethanol solutions th?n those

used by Amit et al. or in the present studles.

Level of intake°in the non-stimulgigducontrols ‘ ;;

The control animals of the present study on the other

hand, exhibited much higher drinking levels than seen in the |
_econtrol animals of Amit et al. (1970) and Amit angd Stern

(1971).
group and. the implanted control groups by the end of the

“ This was true of both the non-implanted control

72 day observation period. Whereas Amit et al.'s (1970)
‘implanﬁed controls leveled off their ethpnol drinking at
25% of total fluid intake and Amit and Stern s (1971) non—

implanted controls leveled of f at L4Lo%, the implanted eontrols
:t 3 | cx ' ‘ | ‘
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of the present study we§e consuming 50% of their fluid in-

o

take in ethanol in Experimen@.T and 70% in Experiment II

. a/ . [ ‘
and the non-implanted controls of Experiment II were drink-

ing 7é%’of thelr - -total fluld intake in ethanol by the end of

the experiment. This difference in the control anlmals was

N

' also seen 1n terms of absolute ‘ethanol 1ntake per kllogram

of body weight. Amit et al,’ (19?0) reported intake of
'approxlmately 3.2 sp/kg by the end of the 72 days and Amit
ana Stern (1971) reported & sm/ks (these- amounts were es- {
t;\eged ﬁrom Amit's data on absolute ethanol intake by
assuming the animals to weigh approximately 500 grams)
These levels are lower than Were seen in the present study
(Implanted cthrols of Experlment I -6 gm/kg; Experiment °

II - 8 gm/kg: non-implanted controls of Experiment II -
8.5 en/ka). ' ' | ‘ L

The bigh drirking 1evels of the non-stimulated con-

_trols are not, however, unique to the present study. Wise
. (1973) ‘has seen simiTar ﬁigh ethanol’ preferen)e levels (B80%)
in unstimulated, non-implanted animals exposed only tq
every other day presentation of 20% ethanol solutions.
gWayner?@nd Gfeenberg‘(197é) also’reperted high'(90%) pref -

L}

erence&levela in 1mp1anﬁed; unstimulated animais which

i

received ethanolngvery day for 30 days, then every other day

[ \

for 30 days. . s

J

-~
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same :S;edule of ethanol presentation were used in~these ex-

- - 28 -

. The difference betweén:the control animals in Amit's
~ & - -

studids and: the control animals in Wwise's and the presenﬁ
studies is not easily understood. Botip the same’ strain and

)

perim . One difference 1n procedure which may prove to

. be 1mportant is that in Amlt s studies, the ethanol concen-

~wes uséd ,for all. While the same average concentrations

trations presented to the anim%%s were individually deter-
mined to be aversive; whereas 1n Wise's studies and the

present etudy. a single, generally aversive concentration

were used in these studliles ﬂmedian concentratlon 21% 1n © e

Amit et al., 19?0 20% in Wise's and the present study), the

use of "1n1tial rejectlon concentrations" (IRCs) by Amit and
his colleagues starts all the animals off at concentrations .
they avoid equally, while the arbitrary uéz of 20% solutions
for all enimals permits more varietion in drinking prefer-
ence. This digference could have important ioné'term con=-
seqhences’in:terpsfof subsequent ethenol intaﬁe levels. °

LY Ld

Wayner and Greenberg (}572) dld use individually

determined ethanol contentrations for their animals and did

not report loq,drrnking levels 1lke thoSe of Amit's control

o

animals but rather high’ievelskcomparable to those seen in

\

. . ¥
,ﬂise's and the present,étudy. The differing ethanol con-

centrations used by, Wayner and Greenberg may not, however,



rconcentratlons in thelr study.

As the'surgical procedure itself has been found' to temporarily

. suppress subsequent'éthpnol drinking (to be discussed later)’

electrode plaoements occurred) may have 1nh1b1ted drinking

[ 290._ [

I
]

.

have been cemparably aversive\§§ the IRCs used in Amit's
They tlaimed it was difficult to find aninals

o

studies.

[

' wh;ch woyld meet Amit"* s' criterion of aversion, and appeared

£
to use a less stringent criterion anq/considerably weaker

In addition, ethanol was

presented in ballepointed drinking tubes rather than 1n the
standard Riehter-type graduated cylinders.. It has been,
suggested by Amit, Amir & Corooran (1973) that, the use of

ball-polnted drinking tubes results in an unreliable measure

" of the rats ethariol intake due to a marked leakage of ‘eth-

anol solutions from tubes of this type.

Thus the Wayner and
Greenberg data do not help resolve whether the IRC paradigm

of‘&Amlt and hils oolleasues leads to the lower levels: of O

~dr1nk1ng seen in their animals as compared to those in the

bresemt study.
. Another factor whieh mighh conceivably explain the ' st

different drinking levels, is the effect of the stab wound

b

+r

- on subsequent ethanol drinking in the implamted controls.

»

1t is possible that the deeper stab wound (perhaps through ™

‘ more critical tissue) in Amit's-dtudies (where more ventral

L —

more or for a longer perlod of time than the more'dorsal

+
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stab. wound pfoduch in the present and Wayner and Greenberg

a’

(1972) studies.

Only further investigation will reveal\whether differ- '

ences in drinking 1evels between the non-stimulated animals
“of Amit et al. (1970) and those of Wise (1974) and the .
present study are due to (1) the use of 20% solutions

rather thaﬁ IRCs,'(i;) the éffecé of éifferenceS'in debtb of -
stab wounds, or (1ii) her procedural differences. However,

the difference appears reliable -and in order to_coﬁpare and .

‘analyse‘the results of the various stimulation studies,

~ into account.

3

these differences {n con£r01 baseline intake must'be taken

a;:\:;h-stiﬁulated animals

3 . " / i,
istrong effect of, stimulation

i

?elgtlve intakg of the FtiuTS"
The present study sf
on home cage intake. This " ie apparent up to day 30
when clear cut dlfferences 1n:' “;ke levels between thevim-
planted controls andigtimulated‘an;malé were obéqfved. ‘This
finding supports the' conclusion of Amit et glﬂ’(1970) and
Amit and Stern (1971) that stimulation facilitates ethanol

intake, Hoﬁevég, the stimulated animals did not ﬁaintain

. their greater intake; ﬁhe control animals,oaught up by Day o

“a slight, if any, pe gggngnt effeot on ethanol 1ntake.7

-,72. Thus stlmulation. in the present study, produced only

e -

- 30 - - » . R

D
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% .- lated animals would have had to drink ethancl at higher’

R I
’ @ v, ’ ‘ . .. ' . ‘.
Wayner and Greenberé’(1§$2) also reported only a slight
effect of stimulation. Although their stimulated animals
were drinking at high levels, there was only a small differ— '
ence in ethanol intake leveld by the end of the study, be-
tween these animals and:their'comparison group ttat recelved
no stimulation. They concluded that the increase in ethanol
1ntake due to stimulation ¥s only about 1 gm/ks and occurs
almost immediately. - Amit .and his colleagues (1970, 1971) on‘
the other hand reported a much stronger effect of stimul tion

< H

on increased subsequent ethanol consumption. The effect. of )

$ . stimulation in their studies resulted in a permanent e?énlf-

icant elevated intakg ovetr the control,animals.

As previously mentioned, in Wayner and Greenberg's °

e

, - ‘ .

o (1972) .study and the preseﬁt studles, hlgher baseline ethanol
- , ’ 8 3

- Antake levels were observed in the control animals compared

& b . '

to the.intake levels of controls in the studles of Amit et

]

al. (1970) and Amit & Stern (1971). Thus, even though the -

.

stimulated animals in all ithesg studies drank ethanol at
. \ ' *
comparable levels, the magnltude of difference in ethanol

-

consumption between stimulated animals and unst;mulated
controls was different. In order to have shown comparable

quantitative effects of stimulat;on on subsequent Homedoage‘

1ntai'<e, Wayner and Greenberg's and also the present stﬁmu-



. “
- . (A *
b " - 32' = > ETS ' v\

preféfenCe levels and. to higher amounts of absolﬁtg ethanol | L
théﬁ Amit's stimulated anlimals Since there was.a-qajor dtffer-

-~ ence in baseline control ethanol intake levels. " Thus the
data from the present study coxﬁpare witlgi. those of Way“ner ‘(

. . § . 4
Greénberg's (1972) study: only a slight ieffect of stimu}
{

. was observed on ethanol intake levels whén the irtake A

3

stimulated anima{s was evaluated rélative to the baseliﬁzg'"
i ijof implanted control animals at the enl of the experiment,
Amit et al. (1970) and Amit and Stern (2971) reporte?’much'
higher 1n}ake levels in thelr stimulated animals relative
to controlla'r;imals, and the diff‘erenqe; seen in thelr
animals:remained,‘unllke‘those séen in the present study; ’
long after stimulation £rea§ment ﬁaslpermiﬂated,
~ An eiplanation for«the different strengéh.yf the
*  effect of stimulation on subsequent ethanol intake 18
suégested by the histological analysis of the locl of stimﬁ-
11§tion aﬁﬁ has préviously been meﬁtioned: . the eleﬁtrode
placements in the present.study were dorsal to ‘the 1nteﬂd9d
taréét. Wayner ana'Gfeenberg‘s (1972) histolégy reveals a
. simflar distribution: their‘plaéements were also ‘dorsal to"
_those of Amit et al. (1970). JIn the study by Wayner and , Lo
Greenberg and' in the present study bhlyié slight increase lﬁ'
ethanol intake due to stimulation was observed whiie in the .

‘Amit studies (Amit et al. 1920; Amib\:‘a:gd Stern, 1971), -

o

L
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. ¢ '//
with more ventral placements, a greater lncrease was repo%ﬁed.

’ ~
In summary, comparabﬁe Jevels of ethanol intake in

stimulated animals were observed in the present studles and

in previous studies. There were, however, slignificant differ-

ence$™n the control animais' intake, which could be due to

any of a number of seemingly trivial detalls of procedure.

Considerable fuyrther investigation 1s needed before the

) .- -
differences in control intake levels seen in different lab-

‘oratorles can be Tully understood. "Two li*ﬁ: of 1nvestigatioh

suggested by the present szody are the possible differences

1

in 1ong-term ethanol intake due to the use of IRCs or 20%
sokttions, or theeffect of varying amounts of damage to
brain tissue dug toﬁdifferent depths of electrode penetration
in implanted control animals.olfhe critical region in which
the effect of stdmulation will be maximal and can be reliably
obtained is still not known. 'The present study indicates
that stlmulation in thé dorsal region of the LHA results in
only a slight permanent elevation or ethanol 1ntake and
other evidence suggests stronger effects may bewfound in the

ventral portion of the .LHA,

Effects of Surgery o °
In addition to the pr mary results discussed above,

the study yielded interesting data on a Beégndary point of__'

i

- .
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interest, The'non-lmplanted control animals of Expeflment
II drank.siénifleantlékhggher lev is of ethanol than did

' '»‘the implanted céhtrel animals'ﬂo approximately thé first
30 dayéﬁ ‘Onée the 1mp1aneed congrols began drlnkieé ethanol, ,

their pattern of intake was simifllar-to that’ of the non-,

1mplanted controls but theirj}nitlal drinking did not begin

to appear until a month after the start of the experiment. “
N y

Thus, the present data 1nd1cate that the proeedure of”

N electrode implantation can 1itself temporarily supbress vol-

. / f
. . A

untary ethanol intake.
LA . Amit (personal communication)-has also found g Tre-
liable difference between his non-implanted and 1mplanted

control animals, although the difference 18 of a lesser

3

magnitude than reported here. This lesser difference seep.

. . y ,
by Amit might be due in part to the fact that his aZimals.

: I’ B have a longer'period of recovery from surgery (2-4 ks. -

h oo - mores this is the period required for the pj?cess of es-

YAS

tablishing "IRCs) than theh‘\Tmals in the predent study.

Thus, 1t seemd as though suppresslve effects of surgery may

?

- ° + be aVoided if a long enough recovary period 1is allowed.

s
i

In tﬁg present study the anlmals were gived’a five day to

two week recovery period prior to the start of the experiment

J .
and then did not beﬁsn drinking until approximately four s
' ’ &
‘weeks later. This suggests that a total stx week,reoovery
el -
\ N » , . \ Q

1
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period may be necessgry in order for 1mp1anted animals to
’ | lngest_ethanol normally. ) ’ ‘
' The stimilated aninals, although implanted, did
" not show this suppresaion of ethanol consumption. JThe
significant difference in ethanol intake levels o}tween the
two 1mplanted groups (stimulated versus unsf%pulated) at
day 30 indicates that the stimulation coug&eracts some of
) | g .the suppre851Ve effects of the Surgloel procedure and leads

, » “ P
to drinking levels more comparable td those of animals which

were not subjected to the lmplantation process., However,l
the stimulated animals did not elevate their ethanol con-

sumption beyond the level of the uncperated .control group

Q .
by day 30, and, as previously discussed, by the end’ of the\

expeximent all groups were drinking at approxlmately the ’ '.
! )

same\devel.

[
-~

N \ It 18 not olear whet/gspect of‘surgery causes the
» suug¥ession of ethauol drinkrng'or what the stimulatlon does : .
| to’overoome this effect. It hes been shown (Wise & J&mes;
°197h) that neither Jnesthesla with sod1Um pentobarbital nor
anesthesia with ether produces this‘auppression. Thus the h
oritical factor must be some aspect of t# surgioal insult

ltself, The suppression of ethanol drinking may be due to ,\

general stress responses to the openiné of . the sgiunor'

skull, specific reactiond to pathogens or foreign material

~
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introduced into the brain or cranial tissue, neu;al demage

caused by the electrode penetration, or to any of a nnger

of other factors. : - ‘. '

Due to the range of surgical factors that may be

1mportaﬁt, and due to the varlability of surgical techni-

ques practiced in different laboratories, it 1s difficult
l_: to assess the generality of thf present finding. However,

it indicates that. studies cannot be adequately compared or

N ' interpreted without consideration of the duration of the

aQ &

recovery p?riod ‘allowed.after surgery and it also urniderscores
for stimulated animals, since’t?f facilltory effect of.
14
stimulation overcomes in part the inhibitory effects of

SUTrgery.

the need to use implanted animals.to provide control baseline ;

't
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