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. ALBINO RAT BY HYPOPHYSECTOMY
‘ ABSTRACT

, -
% ’

Beceuse pr ious studies had ehown thet lesions of
* the leterel hypothalemue inhibit the oral intake ot a
morphine solution and beceuse the’hypothelemic areas
are intimately related enetomicelly and £unctionally to
pituitary function, it seemed reasonable to expect to
find evidence of pituitery involvement in the control .

of oral morphine inteke.4 Hypophysectomized enimals

L v

nefusod a morphine solution in-a fo&ced-choice situation.’
.An isoavereive quinine solution’ was ‘ingested, indicating _
thet taste factors alone did not control the behavior.
Berbiturete consumption Wee unaffected, while the
esults with. alcohol were intermediete between the -
effects on morphine end barbiturate coneumption., Animele
which were tested three months after hypophyeectomy
ehowed some recovery of mcrphine drinkini Evidence ie'
. * presented .thht the morphine dosage delivered in thie )
' - study i: phermecologicelly effective end that "the blockede
.-of inteke may 'be medieted by ntrel ettecte of the -
morphine,/~reeeib1e phyeiologicel modee of conttol o£°

bn e

morphine intake behavier ere discuued.‘
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i z INTRODUCTION )
’ . Previous studies have implicated apeoific central . /[“ :
¢ nervous system structures as being involved in appetitive : 3

(Anand and Brobeck, 1951; Devor, Wise, Milgram,‘;namﬁozbglf*_
1970)4%nd'drug directed behaviors (Stern and Amit, 1972).

. ==l
These are discussed in relation to the experimental design

' of’nsing an oral intake’roube of dru;'aelf;administration ‘
and in terms of a possible theoretical framework which may.
account for the observed bBlockade of morphine consumption.

"Different methods of drQg’ solf—administration in
small animals have been developed. Goldatein and Judson . f'
(1971) have bpused mioe in sealed containers to whi¢h a o

'//V* . controlled.atmosghére containing ethanol'vapor'was introduceo,

< " While this technique is not strictly a voluntarf”intako

paradigm, more volitional teobniques are . available. a

The presentation of drug solutions in drinking tubes

’ ,bas beenlusod with rats to doliver,ethanol (e.q. Amit and
Stern, 197l§,Masoerman and Yum, 1946; ﬁichﬁer} 1940; Wayner, 'h

‘Greenberg, Tartagliono, Nolley, Fraley and Cott, 1972),

: . morphine (Risner and Khavari 1973: Stolorman ond xumar, 1972;

) Tratton and Kahn, 19743 Wikler and Maosorman,.l943), hashioh
resin (Corcoran and Amit, 1974), diazepam (Amit and Cohen,.'

, 1974), and othhr unrolated drugs. . ‘ p

' Boach (1987) moqhaliy lnjoctod rats with morphino upon ’
rontranoo to tho propor arm o£ a Y-maso.

An intra-qontrio fiitula dotiqnod to dolivor a solﬁtioa o

di&ootlgkto tho nromuoh amd aotivutod by n bar prauo. wat unod

‘,, 'lx e
1<%

.(,\*“ '1'*' ; : . et 5 . g
N . o » . '




by Amit and Stern (1969) and by Epstein and Teitelbaum (1962)

to deliver ethanol and even varying food concentrations to

'

— e e ~the—a,lbino_retg S
. ’ T e

Weeks (1962), Wilson and Schuster (1973), Yok,e’]’..i,and

-

Wise (1975), and others have embloyeni an intzravenous catheter
attached to a bar-preas actuated pump’ for the delivery of

amz)hetamine, morqhine., cocaine and other drugs.’ / T ’
e . -
' ‘Khavari and Risner (1973) have added morphine to the.

food presentxed tQ their rats in order to produce 1ntake of

the drug . ,

l * .

There .are also’ a number of techhiques available for,

initiating and maintaining drug intake Eehavior. The

»

technique of presenting the animal with a "forced choice“ !
=

of not drinking at all or of drinkingka drug\solu‘tion. :th tap

water (Kemeno ana Arp; 1964) or in a solution made more L

palatebla by the eddit:lon of sucrose (Wikler and Pescor, 1967)

*- ' saccharin (Risner and Khevari 1973) or milk (Muserman
. and Yum, 1946). has been wide;.y used. L
“ S 'ro f;aoilitate drinking Veale and Myers (1969) and '

- mit, Stern, end Wige (1970) have, used gradually 1noreasing
' '. conoentrationl ot druq gsolutions to "acolimatc" the animals.
| A schedule of alternag:o day preuntetion of ct:hanol was -

zound to inereua im:ako by Amit, ‘Stern, end Wiae (1970) ,W:I.le (1973) ,

and by waymr and praley (1972)- BT S
. In 1970, Amit roportcd thet olact:ical stimulation M ‘
th. 1«.-:&1 hypotmimnt incmnd o!:hanol 1nqo,0eion din me.h -
‘ qlb&no zatm u;ie wbmmuy two:t.ed that f.ha techeiqno

4

ﬂ‘n
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of stimulating the 1atera1 hypothalamu dai (fBr 30 days).

. was emplbyed inm this’ study.

. lowest concantrationu .
. for deeiding that the yhamcoloqical azfect of tha drug,

and presenting a free-choica between water and ethanol on

alternate dayl, resu ted in animals which developed a

‘permanent- prvfmnce‘fomthanel—oveuatwoncm

above that which they had previously rejec\tedf

Masserman And Yum v(1946) reported the temporary’ - L
P , ,

‘induction of drinking” of ethanol in a milk solution by cats

placed in a conflict ‘situ‘ation. A bar-press effecte& de~
livery "‘of{’q"c::hoice between milk or a milxk'-e\th&nol solution
plus an aversive air blast. This,t.ech,nique yielded ethanol
intake during the Per}od in which thée air blast‘contin.-
gency was ixfi pfféct, which shifted back to a preference
for the'pure milk when the air blast was, discontinued _

InN961, 'Falk reported. the phenoménon of "schedule

X

induced polydipsia." Rats placed on a schedule of inter- _

mittent food reihforcement and prévideci with water ad 1libitum
in the experimeéntal !chamber were found to consume very ¢
lérge quaﬁtities‘ of water. If a drug sohutidn As s'ubstii:uted

for water in this procedure, enhanced drug intake may be ‘~
l 1 .

obtained But the results have been raporte& o be temporary

.

(Lester, 1961, Senter and ‘U!.nclair, 1967) .
An oral,. "forch-choice" mode of drug 7e -adm1nistration
There are several dicadvantages

to thia tachnique, bath procc;dural and theoretical. ‘Most

’druga' investigatad are aversive An taste beyond all ‘but the

'fhnu, a bllil mmt be astablinhcd

!
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" and not its taste, is the relevant variable controlling .

.+ intake. It is pbssible to employ very dilute drug solutions

/

‘ in testing, but the problem then arises.that the animal o

B S N - !

. ' must ingest Very large quantities of liqu d:in order to

‘obtain a "pharmacologically active" dose of the drug. 1In G g
3 ) - ~
addition to drug concentration, it is e&go necessary to, ’ o

'/ 'q consider the time, course of drinking in order o evaluate

the guantity’ of druglpresent in the system at any time. ‘
It is impoigant to note in this respect that Geprge and'Way'
(1959)_have reported‘benavioral effects with in a-per}tonea%
(i.p.) doses of morphine in normal rats as‘low}as‘o.l ng /kg,

of body Weicht,vQWhile the rate of absorption and speed of

onset.of drug effect varies with-oral,uintra—peritoneai,
;ﬁb intravenous or subcuteneous mautes of'admf%istration,‘;t i
may ‘be reasonably postulated that 2 .02% morphine solution |
(0.2 mg/ml or 2.0 mg/l0 ml) may produce a pharmacological,
rather _than merely a taste or gustatory, effect. March and '3) \
Elliott (1954) report that the elxpination of morphine frcm
the rat after injection requires up to 48 hours to be, complete.
\, The rate of absorption of a drug viavthe aral route is
also an important factor in terms of the delay of reinforcement
,resulting from drug ing;stion.. It thus becomes difficult.
to account for an animal's inqestion behavior or lack’of
;:'r " this behavior in operant terms if aqrequirement of clos; 3f~
- temporal contiguity is demanded. it has been'shown, )
‘:howevery that very long delays between cs and ch may still

RN roault in 1oarning in rats'whan the alimantary system is-
N . ! _ :
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' involved (cf Garcia and Koelling, 1966- Kalat,and Rozin,

1970 ROZln and Kalat, 197l°*Seligman, 1970)

S~ W

A number of studies have indicated that selective -

_destructicn_pf the lateral hypothalamus will produce aphagia

[

‘and adipSia. ‘to varying degrees. (e. g.ﬁ&ontemurro angd:+~ . ] l,
Stevenson, 1952; Teitelbaum'and Epstein, 1962). Destruction /
- of the .ventdomedial hypothalamus, ﬁhile producing hvperphagia," \\\; \
has also been reported (Corbit, 1965; Schachter, 1971) to | d
" produce an increased sensitivity to normally only mildly
'averSive adulterants in food., Investigations invg}vxng_oral ?
drng'intake in combination ﬁith CNS manipulation or even
peripheral manipulation may therefore suffer from contaminaticn
. by spurious taste or motivational factors.
. There "are also a number . of serious diSadvantages 3 )
‘involved in the use of the other available techniques of L o
evaluating drug self-adginistration behavior in animals.r . .
Masserman and Jacques, (1948) trained cats to r;spond to ’
electric shocks and air blasts as feedin;(signals and to
“self-administer“ these stimuli in order to receive food.
After the food reward was discontinued, hoWever, the’ cats
continued to administer ge air blast to themselves and- two
cats continued to administer the electric shock.’ Since. ‘
responding or the absence of responding for drug presentation T j .

" is the. indicator of its reward value in tethiques which

tz:y on instrumental conditioning, it is. important tc be able

state that the animal does in fact xespond for reward,
not punishment. In addition to ths lack of clarity in




\ inferring reward from the observation of reinforcement,
) . it has also been shown that the interacting effect of a drug

.;rrwrr___eﬁnv n_ggmblnagiegwyigh a partlcular schedule of reinforcement

¥ L

w will dlfferentially affect respondlng. MacPheri (197{)“?:;5“_”‘w (L"
Ll l ,

shown that amphetamlne lnjectlons will increase the rate
of responding duzlng intervals when responding is normally .
1owe whlle decreading the rate of respondlng during éerxods
‘  when respapding is normally_hzgh.{ In addltlon to the effect .y
of the amphetamine', the partlcular value of fi«ed interval

schedule which was employed exerted control over the rates r:
, . .

of response.- ) :
One method of obtaining a‘direcr'measure of reSpondiﬁg
. for a drug wdqid’entail tﬁe use of a eontinUOusﬁrein- . ‘
forcement (CRF) schedule of d\gg presentatlon. However;

. this precedure is rarely used with the lntravenous&%atheter
technlque because of the effects of the drug itself on / §°‘
respondxng. Weeks, and Collins (1968), for instance, presented
‘10 mg/kg of morﬁhlne 1ntravenously after every 10 responsee ‘
to anlmals which had already been subjected to .eXtensive
Rassive experience with morphlne‘in order zo develop to;erence;

N | “The preseetation‘of\a large amount of morphine after avery
;reeponee in a naixe animal would soon. have produced eraxiar
P z o Varioua schedules” of intermittent ‘reinforcement .

produce characterisitc ‘temporal patterns of responding o SRR

‘ 1
(Ferster and Skinner, 1957) and various drugs produez

. characteristic disruptions to %ﬁhse patterns of responding ’ 'f .

,\.f'“""". - { ) ;
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_ (Schuster and Thompson, 1969). Thus the use of differing !
schedules of drug presentation may produce differing E
' ) I's

“schedule artifacts " .

Another poszble "artifact" arises from the demonstration
. \‘ [

' that rats "ri.i:ra " their intake of morphine (Coilins and $
Weeks, 1965; Weeks, 1962). As the dosage per- administrat;ion

is increased, responding per unit of time decreases. *
o o Pickens and Thompson (c:.ted in Thompson and Schuster, 1969) ,
have reported that refsponding for'cocaine exnibiil:s a pattern

of equal"inte,r-self-adminisigration intervals. MacPhail - (1971)
has shown that respon'di;ng on different schedules . of S .
reinforcement" is differentialty ‘a‘ffected by various drogs. .
There 'is’ thus the poss:.bility that interpretation .of

i' ‘ 'reSponding for a. particular drug may be obscured by factors

such as drug ddsage and concentration, density of. reinfor(:ement,

| : ‘or schedule of reinforcement.

“ o . . . !

An?issue of special importaﬁee ".with regare 'to'studiesl

e’ ‘

involvmg the effects of organismic manipulation on

subsequent affective response to drug in]ections is still
| N

" - unresolved.‘ An increase in respondinq could indicate tﬁat each'
| individnal re’infoxfccement is of. smaller reward magnitude
. Sw

.. © and that the animal is t:hus responding more in order to.

recei\re an. increased reward. Alternatively, the - ‘same
\ observation of an increase in responding for a drug could‘ ' {

. R l indicate tha.g: each remforcmg event is of greater erard g -

D n tude and gherefote mo:;e powerful in maintaining or

Various drugs
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coull act differential}y in this respect. The itsue of the . -
Lo /\ , o
v _- effect of reward magnitude on responding 1s also important
.3 o
because of the possibility of a changing drug to&erance .
1

{
I

| affecting reward magnitude and subseguent responding

Thus, there are valid objections to the rigid E » . ///

interpretation of drug intake patterns evinced by all of the . L a

" methods discussed. HoWever, of the techniques available, - | \
- . . V"
_the use of an oral mode of drug presentation suffers least ;

in clarity of'interpretation and freedom from artifaot. . o

The oral presentation technigue does not involve any post-

-

operative, discomfort and does not raise: the igsue of

possible analgesic effects of some drugs. The technique i& : >,
) -

fast and easy to use, and particularly appropriate in testing

an experimental manipulation which seeks to block intake S

I+

behavior. In a forced-choice design, ‘the animal must drink

LY t

the~solutionain question or not drink at all. énﬁé, the: "\

strength“of'the‘statement tnaé a "Blockade of intaked has R B *e
been achieved is increased,when this blockade of intake cannot
* be overcome by en&reme dehydration. Im ; forced-ohoice, .
oral intake testing procedure such as the one used in the
present study, increased "finickyness" can be tested for by .

°. &fferinyg the animals a quinine solution and by offering a’

variety of pharmacglogically active. ingredients. Total hlockade
of all intske, of course, indicates that the drug g,n gueltion Lo

-may not be the sufficient stimulus to suppress intake.

H, N

Selective blockade of intake of certain drugs, howevar, is an ??fiig
indication that tne experimental manipdlation hat atfettad "
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a syStem'which in some way funé%idhs to avoid’further.contact'

]

with thegdrug stimulus. The earlier cited work of Garcia -
‘and Koelling, and“Rozin and Kalat has demonstrated that
gustatory cues«can associate to’ organiemic states ‘over ' :
periods of very long delay, adding further credence to the . -
‘aeeumption that, éven'though slow-acting via the oral route, .

the ingestion of drug eolution, if avéreive, will‘tesult in ¢’ A
a ddcrease in the intake b behavior. , p ,L ' -

‘ "Bumana.normally'self—administer morpﬁine and ite derivatige,
heroin, by the i.v. rather than oral route. However, it

}should be pointed out . that this research ie not directed

-y

toward control of drug use or toward the development of a
xrat analogue of human. drug " use. Since morphineégﬁoduces

rep&ogucible and pronounced behavioral effef}s and is easily ¢

-administered, it ia A useful tool in investigating CNS changes~

I
_as correlated with changes in behavior.

& ’

To'borrow one illusgtration from the human research , "
‘literature? Himmelsbach (1943) reported that regulaf heroin
users will voluntarily undergo withdrawal in order to lower - :
their tolerance td the drug and thereby lower their daily
dosage to an’ afford;bl& 1evel._ Thie report, besidea being

GZiodde with the prevailing ooneeption of "drug addiets' e

also points to, the eigni ioance,’

»

: ‘positive reinforeing SR 3
effects of the drug on the orqanidh, ae oppoeed to the T,
'] a L
orgeniem'a avoidance of ayereive etfecta, ae controlling O a0

drug intake behavior.' 'rhus, the approach in this utﬁdy '

,‘ ARG

i =1 TR B
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'interaction)with the pituitary. As Turner and,Bagnara (1971,
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. . - o ' ) lQ o,
asking questions of the form, "What CNS structures or
systems interact w1th a drug stimulus in such a way as to ' .
lead to the development of an acquired mbtiVation? What is
the site or physiological representation of this acquired
motivation?" - ) o J ot

. The present study stems from the £inding by Amit and
Corcoran (1972) that lesions of the LH block oral morphine

consumption and the later finding (by Amit, Corcora Amir,

and Urca, 1973) that lesions of the ventral portion of the’
IH is sufficient for oral morphine intake blockade., Both’
Pozuelo and K rr (l972) and Amit and Stern (1971) have
suggested that ‘drug self-administration is a cogsummatory

and regulatcry behavior, and therefore it -is 1ikely to be

\*ﬂcontrolled to some degree by the hypothalamus. ~In addition,

a large body of evidence indicates that the tateral
hypdthalamus is intimately involved in regulation of and
p. 51) put it, ”It is apparent that .the whole pituitary gland
is predominantly subservient to’ and has partially evolved .
from the hypothalamic portion of the brain u '
[ It- has been established that the hypothalamus and ’Z'

.ypituitary are interrelated by diﬁﬁct neuronal ccnnection,,f”“'

»

neuronal chemioal transpcrt and storage, and horgpnal

fcommunication by the hypophyseal portal system and through the

* qeneral circulation both directly and via. seccndary hormonal
viﬂe?tects £rom qlaﬁdd affectad by ths pituitary (cf. Bri99$ and




’

Munson,:1955§ Everett; 1564- Kapianski and Smo&ik, 197§r E

Meites, 1970 O'Conner, 1947, Raisman,'1970; Roth Glick,
Yalow, and Berson, 1963w and Zolovick and Labhsetwar, 1973)q

The h;gbthalamus has been implicated in the mediation
of both short and long term motivational 'fects (cf.
‘Lov;sop«and Flynn, ;955; Schacter, 1971 and has_beon,shown
to be intimately }elated‘to p;tuitary ﬁtﬁction. Since i
Aanipulation pf the hypothalamus haq led to the observafion
d: a oircumscribed blockade of oral drug intake (Amit et al.,
1973), it,seqﬁed‘both reésonableuand worthwhile to investigate
"the effects of manipulatioﬂs "oownstream” (Green and Harris, .
- 1947; Popa &nd Fielding, 1930; Wislocki and szﬁg 1936)
from the hypothalamus on oral durg intake behavior.

This study was designed to investiggte the effect of
pituitary ablation on oral morphine intake and to pbtain a
preliminary indication of the effect of this manipulation

£

on ‘the intake of other drug solutions.

.
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) ' ‘Subijects S . _— : , .
~ ) , / - . a N
. ' The subjects were male Wister rats obtained from Lo

> o

Cenadian'Breeding Farms end Laboratories. At the beginning .

o

| . of the study they weighed frgm 175 'to 225 grams. The
'.' , o animals were housed in stainless gteel cages with standard
lab chow -and a 5% (w/v) solution of sucrose in tep water o
available im"libitum unless otherwise stated. ‘ - g
' Hypophysectomy_was performed by the breeder Ey the ;
method for transauricular hypophysectomy described by |
Felconi and Rossi (1964), at a weight of 200-225 grams. \
'The animals were delivered one day after hypophyseotomy and 3 S
. ' . allowed a week to recover, from the acute effects of t'gv
| procedure before further manipulation. fﬁ, . S .

Solutions and Iniections . ' L

i

All drinking solutions were mixed with tap water. “w »

Concentrations are expressed as, percent by weight of solute : 3;

i
.

' in volume of solvent. One kilogram/per liter = 100% d/v. .
o Ethenol solutions are expressed as volume of ethanol « : ~,;;
‘?er volume of tap weter percent ‘ o o :u' . “"?
: Injection,solutions of morphine hydrochlotide were Rt

” » : . + 7 :

5 .t ' N

prépered witb Ringer*s‘solution-—~w~~v*—wqéw"n~w4i”T_"_J =

> " Verification of Surgical Procedure SRS “\ A

s I Those rets which were snccessfully hypophyiectomized

vy
Pt
P

mn'f.“ yelicwish hair ot a msture Wistar‘rat;e:
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. Figure Rl' _Schematic position of the pituitary ‘, ‘ . N
L iﬁ the rat. ﬁqte relaﬁion‘ship to inter‘.ag'ral - ' | B I
.. line ax'fu_} e;cte,rn'al neatus. (Redrawn from de Groot, T a A
' ' L 1959, and”ﬂfr‘om-'E:)aicon.i a'nd ﬁossi, 196;3) o - — i - BE
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were removed dissec free of fat, and placed in ,
physiological saline. They were then'weighed within one
.hour of removal (Brain and Nowell, 1969). . ’ ‘ '. | g
‘ A group of normal ‘animals (n=4) which were recelved
on the same date and were of the same age as the \\»)
hypophysectomized animals was subjected to the same procedure

. - « -

~and adrenal weights were cofpared..

Procedpre . > ' S : -
Before'testiﬁo the effects ofyhypgphysebtomy oh drinking
‘ * of the various solutions, it was desirable to establish

' a morphine concentration that would not.only -be ingested .. .

v 5 in'reasonable quantity by normal‘a;dmals, but, would}also
be fequieversive" to.a solhtion of quinlme which would be
_ingested by normal animals. A pilot study indicated'that

N a solution of 0125% quinine sgéphate (w/v) and 5% sucrose? °
(w/v))in tap water would be equally preferred to a solution of
,02% morphine hydrochloride (w/v) and 5% sucrose in tap water.

"‘ o | " The sucrose was edded to make both solutions more acceptable
, o, ‘

Co . 'to the animels.

' v

. - 'Twelve naive animals Qere~presen£ed\with a free-choice
[N

. C between the above morphine and - quinime solutions in standard

+

e "tm —qlasrgmau.ted ‘Richter tubes for 14 coasecutive days. .

Drinkd.ng tube positions ware alternated daily to eliminate

the effects of position preference. '_ , , .

AN Although the meau daily intake of the morphine-sucrose :

e i ~ ' Y .
, . P

ERSETR ', sqlution was LG 6 ml and tho ‘medh dally intake of ‘the =
o quinine-sucrose eolngion Wes on.'l.y ¥ ,'3 m.l,;i ?‘le-tast £or

AN
0




related samples indicated that there was no significant

difference in preference .for the‘solutibnsv(t-z.lo, P

. two-tailed test). . . : ’
CAll other determinaﬁions of'flﬁid ingestion and

7 ©
acceptability ware determined using a one tube,.forced-
% ~ [. » .

{ , ' .choice procedure in which the - animal'could drink the test

solution or not drink at ell. Epch'test;grcup consisted of .- A

, -

naive animals. ’
. ~.

In all cases, the expression "mean daily intake" denotes )
the following procedure. The mean deily consumption of the
., £luid in question was determined for each animal by averaging’
its intake over the days of the drinking test, The "mean
_ | , deily'intake”,of a group‘isArhe,aVerege of the mean daily
and eigh; millilitus, respectively, over four days, would be " L0
described as having drunk a mean daily intake of‘five
. ) millilitus of test bolution. : L 5 L
To begin a preliminary consideretion of the specifioity

|

|

|

|

' intake of each animal. Thus, a rat drinking twq, four, six
|

|

|

|

| of the effect of hypoph sectomy on the pral inteke of 4
i

|

\

}

.

.' water. The two ethanol sol‘_ions were offered to both. SRR

- ncrmal and hxpophysect'f

A

“'whe foilocthg;




R , . ‘
Group EM (n=6) was hypophysectomized and tested for morphine

o

intake by the procedure described. Grpdb NM (nnsf conigisted }
, ~ = |
of normal animals which were tested for morphine drinking. -

“Four animals (Group HQ) were hypophysectcmized chd' "

tested for quinine solution intake. '

'
.

In order to get an 1nd1cation of the time course of the
blockade of morphlne lntake effect, eight animals (?roup HRM) !
were hypophysectomized provided w1th ‘5% sucrose solution
for two weeks, coused in spandard\stainless}gteel,cggcs and- v
provided With Purina Rat Chow, and w?tef ad 1ibitum‘for‘ .
three months, cnd tﬁcn cesyed for their intake of the

morphine test solution. . - L

- . '

The groups and treatments are summarized in Table I.

. . . . e o

o - o -
t . e Q% ‘
s - . A S : |
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«1 TABI-’\E l' ) '
"’ o . . .
o . Summary of Groups and Treatments ‘ .
Group n: Procedure L /) T '

bephine Intake

.
- . P L . . .

;o NM 5 .’Normal, test morphine drinking - ‘
K ' . i ' ’ ' P
HM 6 Hypophysectomy, test morphine dxinking
HQ. ¢ ,' 4 Hypophysecfomy, tést'quinine driﬁfing \
- o
. HRM 8 ¢ Hypophysectomy, three, months tecovery, test <.,
) ﬁbrphlne drlnklng - |
P . _ ’/1
4 //
Spec1f1city of effect ~ other pharmacologically active .
preparations )
o - - v f T .
PBH 6 Hypoph§5ectdmy, test sodium pentobarbital-
: a " arinking . .
. PBN 6 ,» Normal, tést sodium penidﬁ?fbital drinking ~
' AlcNe6 -6 .©_ Normal, test drihking of 6% ethanocl (without
A . Sucrose) ] ' .
AlcH6 . .6 Hypophysectomy, test drinklng of 6% ethanol
- ' ' \ , .
: (without sucrose) L
* i . . s Q,
- . AleN20°. 6 - . Normal, test drinking of 20& ethanol
AlcH20 6 - wﬁ;;ggﬁi;hectomy, test ﬂrxnking of- 20%~ethanol-l~*<_~
. ) . ] ,
. d
1




RESULTS

Verification of Surgeryja'f’

{

" Two "hypophysectomiied" ahimals,which‘had shown obvious

coarse hair development alsp exhlbited adrenals of nbrmal

welght, otherwise the groups dld not ove’Igp. A two-

ftailed t-test for‘independent samples indicated,that t@e groqpo'

A d

'differed s1gmf1ca&a%1y (t=5.78; p< .001) . The mean adrenal

we1ght {per palr*o£>adrenals) of the normal ‘animals’was
33 97 gm. , while the mean adrenal weight of the

‘hypophyseotomzzed anlmals was 13.87 gm.
.
Exgerlmental Results

-

Hypophysectomy resulted in animals which almost totally

] s

rejecteduthe morphine .in sucrose solution. The mean daily .
intake of”fluid of the operated eniﬁa;s (Group HM; ‘n=6)

was 4.2 ml while the mean daiiy.mo:phine solution intéke of ).
the normal control animals %Group NM, n=5) was 22 8 ml. A

§

two-tailed t-test for independent measures indicated that the
d;ffegence in intake was sigﬁlfibant (t=6 22, pg 001) A'
two-tailed t-test ﬁqr nelated measures also lndlcated that
thewdifference from haselzne sucrose soiution consumption to
morphine-in~sucroae golution consumﬁtion of theeoperated

“"“"mma}s——(Greup_HM) was_ alao sii;nificant (6=6. 84, p( ,.01) .

»

The obaerVad hlo' ade of moxphine intake deea not n,,m1Q:

2 ,§.

to be basaa ap a reaction tc tusu, 'u iqdicated by
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. Figure 2. Mean ddily intake of a's$olution of . o :
’ o . . . ~’ - . '
.02% morphine hydrochloride (w/ 5% sucrose (w/v) DA .
i‘x‘x; tap water by animals subjected hypophysgcﬁomy A
’ o r . . ' ~ ’ ’ / =
(Group HM), by normal animals (Group NM) and by - . L
"recovered" ,\hyp‘ophysectcmj.zed' animals (Group HRM).. - L S
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”n . 8

' Four animals'(Group HQ) were hypophysectomized,and tasted

‘for their intake offa .0125% quinine HCl in 5% sucrose

solution. Mean daily’intake was 16%8 fl. The difference

in intake between the two groups of hypophyeectomized animals

"~ These results are-summarized in Figure 3.

)

receiving either morphineﬁor quinine was gignificant

(t=2~6§,;><.05, two—taileh't-test'for independent measures).

Although hypophysectomy exerteﬁ its most,pronounted

" blocking effect on morphine drinking, ethanol consumption

[

was also reduced, 'There was a' significant effect on intake
' . ) ' P

levels, but not as total as the effect og'morphiﬁe intake.

The post-hypophysectomy baseliﬁe water drinking.of Group

AlcH6 (n=6) was compared to its intake of a 6% ethanol

.solution. The animals of this group, subjected to an alcohol

A

t \

conéentration which is normally acceptable to rats, dropped”

from a mean daily intake of 25 4 ml of water to a mean daily -

~
intake of 20 0 ml of 6% ethanol. This difference was

\

significant (t=5.71, p (. 01, two-tailed t-test for related

, measuraes) . ' S

A comparisoh of the'intgke levels of 6% ethanol by

normal animals (Group AlcNG) versus hypophysectomized enimals“

3 rf;hypophysectemized animals waa 20 2 ml.“ , h,i?;‘ 535;'53}

*ffholution baaeline intake vexsu drinking of a salutitn bfﬂ’ n‘““ R

1%wpmwﬂaﬁfmwﬁﬁ11ﬂﬁﬁaﬁdﬁﬁmM&m
intake (two—tailed t—test for independent samples, tm5, 26,'“ :

p( .001) . The. mean daily intake of 6% ethanol by the normal.
_animals. was 32,2 ml whila the mean daziy intake of the la'

‘A ainilar cemparison of post—hypéphyéeetomy aucrose
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’ Figure 3.. Mean daily intake of a solution of .

.0125% quinine sulphate (w/v) and 5% gucrose (w/v) in . . ,

pophysectomized anlmals (Group HQ)
of hygophyn ) ‘ ‘

tap water by hy

ﬂ"ﬁﬁmpirethUﬁthE”morphine-SOLU$;Qn“LD§§&Qf

segtomized animals (Group HM).
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;l . - | 19, :
a significapt drop in intake from a mean of 42.8 ml of
sucrose .solution daily to a mean of 15.2 ml daily of 20%
iethanol in suc;gse. This test was performed to observe the
effeote of hypophysectomy on the intake of an alcohol
soldion which is normally not pfefefreq;by rats in a free-
choice situation. (See Figure 4).

Comparlson of 1ntake of thls concentration of ethdhol

. byynormal and hypophysectomlzed animals (Group "AlcN28 vs
AlcH20) indicated signifjcantly differing intake levels
(t=3.60, p (.Ol,ytwo-teiied‘tk@eet for ind;pendent'measuresrn

Tne_nean,daily 20% eﬁhanol solution intakes were 24.1 ml for

Group ALCN20- and 15.2 ml for Group AlcH20. '

The acceptability of a solution of .05% sodium
pentoberoital in 5% sucrose ;elative to the’ecceptability

of ‘a 54 gucrose solution did not seem to be affected by

hypophxeeotomy’(t@o-tailed t-test). Baseline drinking of 
| sucrose was a mean of 32.7 ml daily (Gronpd}gﬂ, n=6), while
the mean sodium pentobarbital solution. intake was 32.? ml
- daily. . - ° o
“In addition, aicompariQOn of godium-pentobarhital .
.ineake of4nypophysectoﬁ%§ed animals (Group PBH) end e.grougF.

of normal animals (Group PBN) revealed no eignificant

difference in.drug solution drinking (two~taiIed't—£est)
"The mean daily intake of the normal animals was 49,5 ml and

the mean intake of the’ hypophyseotomized animals was 32.3° ml.

(SGe Figure 5). . - o R

n Eight an}mals (Group HRM) were hyp&physactomizad. allowed
: @to recover for three months, and tattednéor thcir willingneds

, .
' .7-‘: IR oW A S 'L
« Ly LN ST ST SV SR
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. Figure 4. Baseline water intake of hypophysectomized

animals comgared to their intake of 6% ethanol in tap . , '

water (Group AlCH6) and compared to the intake of’ 6% o . 5

:athggol,py’normal animals (Group AlcNﬁ) Slmilar , ” o
- T e e e R J— - p L ! U _ :

comparison is made,fdr normal (AlcN20) and hypophysectomized

animals (chxzp) rébeiving 20% ethanol in a 5% sucrose

solution. , , E ,
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. Figure 5. Mean daily intake of -.05% sodium

pentobarbital (w/v) xand 5% sucrose (w/v) in tap water,

. of hypophysectomi\zed (PBH) and normal (PBN) animals.
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Cbicity DLy

s .

to drlnk the morphine test solution. .Two'two-tailed t—tests .

‘ for 1ndependent samples lndlcated that thlS group's mean - . .

o

daxly intake of 14.0 ml of mbrphlne ‘'solution was , o

significantly different from the intake of either the normal

or hypophysectomized animals (t=4 76 and 3 61, respectively, ,:

' P - .01). There is thus some indicatlon that recovery ]

’Aigﬁétyfi:f:'occurs from the effects- cf~hypophysectomy on_morphine intake.r L

: (See Figure 2). Unfortunately, the adrenal wexghts of

’

. . A

this group are not available.
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The use of morplune and other drugs to affect “the CNS,

in. combxnatipn wi.tb”ablatlon of se}leq‘ted s,tructures, is
appeal'ing because of the strong possibility of obtaining a
robust phenomenon which may justify -a statement of cause
and e&ﬁect. When dealing with the hypothalamo-pitui‘tary

axis, however, there is always a s.t:::{:m;,'.pc;s.s.i.lé.i.lJ'.j:yw of an

overwhelm:il.n;g effect of inflfuer;cing a behavioral measure by
~ " " ,a’smanfpulation too genexal to lead 'to inferences of ‘meaningful
realatioi‘xshi’ps. 'In this respect i: is worthwhile to note 'th‘at
» While-the relatlvely d;,screte man;.pulation of a vagotomy , '
. raised, the 1a.teral hypothalamic self-stlmulationjthreshold
by over 100 percent in rats (Ball, 1974) , lateral hypothalamic T

—self-gtimulation was unaffected bywctomyr (Ph:.ll:.ps

7

and Shapiro, .1973). .

As demonstrated by this’ study, hypophydec onu.zed rats

S

“

' ‘will drink a solution of quinlne which,:@.n rmal animals
is equiaversive with a moxfphine test solution which is

rejected 'by hprphyse'ctomiz'e'd animals. ;o c o

tos the normal animal, it is .our opinion that the finding of an

i
|
Because of considerations of initial aeé‘eptabilgl.ty I ‘

. .intermediate acceptahili y (between
’barbz.turate) of ethanol after hypophysectomy is /equivocal.
.Further reseaxrch will indicate whether this is a.fruitful - -

lineof enguiry. However, the results with barbiturate are

S e-x'{:i:emvelyl iptere‘g_tinq. Intax levels aftex hypophyseccomy
o fﬁ,“fén:la'ij.z‘za'd Bi‘ql.:x.",f'k' number: of

A’f
l

o

rkers hava repofted the
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22
hyperdipsic, effects of barblturates (cf Schmidt, 1965).

Whatever the mechanisms of actlon of the barblturate indkced

,hyperdipsiay it is still functional-in the hypOphysectomlzed

rat. ‘ | 3
Pickford (1969, p. 59) refers to an increased

sensitivity to taste and smell w1th hypoadrenalism. Again}

T 2

‘**the~findinguofftheeexperimentaleapimalsLewil;iggggggmtg : -

drink quin;ne, barbiturate or alcohol, argues against this

" explanation of the observed "finickyness"(towerd morbﬁinea

In an attempt to narrow the possible factors involved

in the blockade of mofphine’cddgumption, Gelfand, Amit, -and
Ziskind (Note 1) have instiqptéd a réplacéement therapy of,

ACTH to hypophysectomized rats and found that this treatment

.

abolishes the observed blockade of oral morphine intake.

| That this AC?H reversal of blockade is not medlated

through an adrenal effect 1s suggested by,xhe finding by

not affect mdrphine'solution drinking. . There is thus an
1ndlcation that ACTH affects a central structure which does

not receive ACTH in azhypophysectomized anlmal and which

must receive‘ACTH in order'to "allow“ morphine drlnking. o

Scapagn1nI*and*?razxosfv%}943+—suggast—that_cent:alA

‘Hébert, Amit, and lekind §Note 2) that_adrenalectomy doesl a

noradrenergic neurons are responszble for a tonic ACTH

secretion inhibit;on in the rat. They administered alpha—

.methyl-para~tyrQsine (AMPTl a drug whxch inhibits catecholamlne
'fsynthesis by inhxbition of tyrosine hyaroxylase actzvlty)

,&1 systamidally and determined hypothalamic catechblamine ﬁ f;;;“;{v




o

level ‘and plasma corticosterone ievel. The AMPT gaused an

!

1ncrease in adrenocortical actxvxty, indlcatlve of a . K

4

8

-release of ACTH. Intraventricular admlnlstration of a, ,
"systemically ineffective dose of AMPT also increased the '. '

_plasma corticosterone concentration. Selective depletion

a

—_ of NE by bis 4—methyl-1[§omop1pera21ny1thiocarbony1 -

dlsulflde (FLA—63), an 1nh1b1tor of dopamlne-betaéﬁyaroxyiase,-»

-~

resulted 1n a clear-cut adrenocortlcal activation.. Selective

depletion of dopamlne falled to :esult in this adrenocortlcal

-
’

‘activation. - ' - S Co .-

The preceding is intended.to present an argument for

the notion that a NE systep could Inh{;zl ACTH release. -

.- ACTH release (and its subsequent actidn at an unidenfifigﬂ

CNS site) is necessary—in—order to observe oral morphine:

}ntake, and .so "any Manipulation which lowers the NER content
-of the ACTH inhibiting system ﬁill'result in enhanced ~
morphmne intake while a manlpulatlon (Such as hypophysectomy)
which lowers ACTH cohtent. will inhiBit morphlne 1ntake.
~Again, since tht study by Hébert. et al showed that

adrenalectom§ has no effect on morphine drinklng, this ACTH

*_effect should be a direct'one on a CNS structure, and not

S\
, medzated through an adrenocortlcoid induclng effect . and the

- subsequent actzon of one or more mnduced hormones an .

central eiﬁe Further ev;dence for thls line of reasan ng

is presented by Fuxe, Hokfelt LabnssOn,ﬂand Lidbrink cfj5“ RONES

(1973), who poxpt out that adrenocartical hormanns dacxaa(i :1“’,
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turnover and an increase Ln adrenocortlcal actxvxty
Therefore, the ACTH 1nduced NE turnover must be meQ}ated
eitra—adrenally.

'Returning to the, design of the present study, a major

- - n

. : . ) C
consideration is the cht that the dosage of mofphine

. ‘deliverea via the’drinking'solution,was only 2 mg/10 mi.

It should be restated, then, that George’ané%ﬂavalBSQll:rrﬂw

found that a -dose of morphineias small as .l mg/kg was
effective in produc;ng an antldxuretlc effect 1n normal rats. -
" Morphine has been shown to have a dual actlon on the ‘ o
CNS. The low dose effect ;s one of sthmulatlonc while at .
“high ooses depression{occ;rs~(George, 1973). Lorens and | N
Mitchell (1973) hade demonstrated the development of |

. ___tolerance to the depressant effect of morphlne with a

concurrent lack of tolerance to the stlmulant effect “of

the drug,'as measured by patterns ofxlateral hypothalamlc ‘ N
'eelf—sti@ulatlon after drug administration. They found thatj 2

an injectlon of 5, 10 or'zoimg/kg of morphine sulphate ‘ )

subcutaneously, resulted ln an initial drop in respondxng ' -

e ﬁpr rewardlng brain stlmulatlon (ESB), followed ap%rQX1mately

“

frve hours after injection by an increase abaye baseline

responding for ESB. With repeated dally,anECtIon$7Tuue
depress§gp in responding for ESB returned to baseline levels,, - '

while' the later increase ih responding was‘not‘attenuatedﬂd

'\} Lottx, Lomax, and Gegrge (1965) have also recordéa the dual . ;‘nfi—

depressant and stlmulant effects f morphine, as indxcuted
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areas of the hypbthalamus. They reported h{perthermla aﬁd

excitation upon mlcro-rnfu510n of morphlne directly to the

caudal hypothalamus and resplratory depression and

hypotherﬁla resulting in the rostral hypothalamus. These
F findings fit w1th the flndlng by Lomax, Kokka, and George
| .(1970)Dof the development of tolerance to the effects of,
morphlne 1nfyslon to the rostral hypothalamus and the lack
of tolerance wrth 1nfusxons to the caudal hypothalamus,'
The mgasSure used was- 1nh1b1tlon of radloactlve iodine ‘
release by the thyroid as a result of. thyroid stlmulatlng
o | hormone (TSH) release in response to TSH releasing hormone
(TRF) by the’ hYPOthalamus. 2 |

g o Sherman and Mitchell (1972) have demonstrated a.

' ifferential effect of morphine.on wholelbrain metabolism

- ‘ in chicks depending upon the nce of a

concurrent stress (heat)cstimulus. They found evidence of
>~dedreaseé whole brain metaholism in the presence of stress

or morphine‘injeotion alone. Brain metabolism returned to

normal levels if the stress was applledvtoﬁe morphiniked .

.preparation. Sherman aud Mitchell (1972) therefore sughgested

that the behavioral state of the organxsm should be

the effects-of morphine, since

considered w
L" .. this factor may change the metabolio state on which the dru
8Gt8« It is 1nterest1ng ‘to’ note in thls context that George

e and’ Way (1959) foun& that antenor med:.an eminenc'e lesrons

'wabolished the adrenocortical response to’ morphine.
. e
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blockade ‘of oral morphlne intake by’ hypophysectomy has

been replxcated in the same laboratory, the reinstitutfon .

of morphlne drinking after hypophysectomy by ACTH 1njectlons

3

has been demonstrated, and the absence of a straight- _

IN -

forward adrenocOrtlcaI 1nvolvement in the phenomenon has = -

been demonstrated with adrenalectomlzed anlmals. The, S

\] N s
,c

. possibi 111ty st;ll GXlStS'that a rELnstltutlon of morphine

¢ drlnklng after hypophysectomy may be accomplished by means

-

' other than the replacement of 'ACTH to the system and the

.90851b111ty also exists that. ACTH exerts its effect .on morphine’

drinking indirectly, perhaps wia the in ion of a CNS B

. n

[N

’ hormpne or perhaps even by the 1nduction of some perlpheral ‘ .
- effect. “An elimination of alternate p0351b1e modes of action

1// ‘ - to account for the phenomenon cannot be accompllshed by .the

&

AT LA o+ e T T s iz

demonstratlon of 1ack of effect of a partlcular manlpulatlon.‘

- : 'Even the positlve demonstratlon of the effects of ACT 1n
. relnstltutlng morphine drinclng does rot preclude the\ C

p9851b11it%§that ACTH is 1nteract1ng w1tn some other hormone .

in order to exsrt*its effect. An obvious first step in l
' SR J ‘ e{gcidating the;mode of anteractlon of AOTH and morphine will . .
- ) eije the inEusion of small quantities o£ morphine directly ,H',jg
) “inta hypothalamic areas which may react to the infuﬁ:bon by ?
‘*‘ ’ I releasing cortlcotrOphin releaszng factor. . ‘< Lo | -

R

. If this. sxte can be established, then it may be j{ ,:}ﬂff
R e * .

. . ’\ 'f -
‘1¢eipning) which may allow"'morphine drinking when “,fﬁﬁcted

sinee the/amount of dn’;g %gaj 13 eff.ect.{va"i

,'4~.\
'

QOIS ?‘ reasonable to expect to olate an area (by seleetive :‘y&5?~'ﬁ-§‘
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*to drink a barbiturate soiitlon provides the possibility of

~barbiturate drinking to continue. Prellmlnary ‘studies

the areas\which are affected by initial drug exposure and

27

-

blocking intake is very small, it is reasonable‘to sgarch |

for an effect in an area of the hypothalamus which,hasfﬁeen .
» :

.shown to be stimulated by morphine and which does not

demonstrate tolerance. ' g .

» —

The observed w1111ngness of hypophysectomized rats

identifying a site which must remain functlonal in order for
(in progress) have shown that the LDy, for both morphine
and-barbiturate are significantly lowered after hypo-

2
physectomy, hut not after adrenalectomy, This may provide,

. S 5
an excellent, K opportunity to develop an’understanding of

ySry,specific_brain-drug interactions and the nature of the
bserved lethal effect. . . ?

A phenomenon of considerable significance has been the

‘'observation that many -self-administration phenomena are

drastically altered by the factor *of experience with a drug
przor to a manipulation wﬂich in naive animals blocks
subsequent voluntary intake (Amir, NotJ 3) The technique

of micro*lnfusion'to specific areas may serve to identifyw

the nature of ‘the chengEs*occurring with drug expcrience." .

vo b3 “.—HM\ :

At this point, ‘it seeéms that continued research into

the factors and structures conxrolling oral morphine intake

”may prove usefulvln elucidating the inter4ctlons involved

in the acguisition of new apgroachi- aVOidance tPndenQiag x\f,fﬂ‘('
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, | ~in reinforcement which have been” demonstrated to be : ,.‘ -
P effective with guétatofy'éues. In terms of the question of ; .
drug approach motivated behavior, it will be very interesting’ ‘
¥ tb invegtigate the differential effects of,éertain CNS Iﬂl

manipulations Such\gs hypophysectony on subsequent drug . .

" appro h behavior whgch does not consist of an oral intake “.-.. |
' ya -
mode of self-administration. ‘It may well be that the , 7

: particular sequence of behaviors involved in obtain;ng~i .

(or approaching) a drug will be the major factor influe;cing

~ ' v L
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of morphine self-= adminlstration in the hypophysébtomize
rat with ACTH. Manuscfipé?in preparation, 1975. -
HEbert, J., Amit, %., and’ Ziskind, D. Lack of effect
of adrenalectomy on the LDsao of morphine, barbiturate,
and chlordiazepoxide. Manuscript in preparation, 1975.
Amir, Interaction of ventral lateral hypothalamic
lesions and experience on oral consumption of morphine.

Paper presented at the Eastern Psychological o o

Association, 45th Annual Meefing.'bhiladelphia,
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