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" THE EFFEET OF ACUTE AGGREGATION ON CONDITIONED TASTE AVERSIONS INDUCED
BY PSYCHOACTIVE DRUGS N RATS \

Anthory Hunt

B | ;
The effect of e:cposiq@ individually housed rats to dcute social ’
aggregation imediately following drug administration was, examinea - l'.
&ithin a standard conditioped taste aversion paradigm. In the first’
exper:ment water deprlved rats were allowed to consume a novel-tastmg
fluid Jmmedlately following wh1ch they were injected with one of three
-doses of morphlne‘ or Ringer's solutlon. After the injection, rats: ‘ . \
were either imnlediately returned to their respective home cages or were |
temporarily place,d in groups of/flve in large plastlc baskets for a
period of approximately two hours. After this perlod ‘of acute aggre;

. ' . [

gation, each rat was returned to its individual home cage. This

procedure was repeated on a second condltlonlng day. Results revealéd -
that on preser}tations of the novel-testing fluid subfequent to .the
initial conditioning day, rats giveh morphine at' two\of the three doses
demonstrated significant reductions in fluia.consumpti ,, indicating
forpation of a conditioned taste aver51on Of these %‘ats animals

exposed to the acute aggregatlon condition were found to demonstrate

-~
an enhanced taste aversion in comparison to those animals maintained in

isolation. Although not reaching levels of statlstlcal 51gnlf1cance on

L

any one occasion, this phenomenon has been observed across five ™ sep-
>
arate replications and was- found to be statistically 31gn1f1cant there- '

»
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fore appearing to be a,reliablié effect. In the séeonq yexi)eriment;, the

effect ‘of acute aggregation was exaniined in regard to a conditioned -
taste averglon induced by lithium chloride, usmg the same procedure.as

m the flrst expernnent. Follow:mg exposure to the novel-tasting

-

f1u1d rats were 1n3ecbed with elther 1ithium chlorlde or w1th the drug

Vehlcle. Results 1nd1c:ated no 51gn1f1cant differente between isolated

" and acutely aggregated Tats in magnltude of the lithium chloride~induced

. conditioned taste aversion, although a sllght attenuatlon of the taste

a\[e;'smn was ‘observed in the aggregated rats, The apparent divergence

of acute aggregatlon effects in these two exper:\.ments 15 discussed m

terms of the characteristic properties of the two drugs, morphine and

lithium chlpride.. It would appearthat mvestlgatlon of effects of

different social enviromments upon drug-induced conditioned taste .

4

“aversions may lead to greater understanding of the important differences

‘" in metivational effects of such drugs as morphine‘and 1ithium chloride.
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The purpose.qf this thesis'is to e:tamirle the possible influences of
certain'enviromnental factors on responses of animals ro drug achr):'Lnistrarion.:
A multitude,':)f s'tudies' are availafbie within the erperimental literature
which investigate the effect; gf drugs ip animals. The Iﬁajority of these

é studies assume the possible ihfluence' exerted _upon the ‘dnimal. by that ani-

mal's umnedlate enviromment to be a flxed factor constant across the

Ty various expgbiménts that have been conducted. However, there are a “number .

of studies which suggest that enviTormental COﬂdlth‘nS may \CO}\.trlbute
significantly to the overall determlnatlon of an animal's responses to drug
' exposure. For .mspance, studies were conducted examlnlng the influence of
different housing‘ con'dit'ior‘rs"on the ' ffectls 4in rodents of narcotic anal-.
wgeasics such as mdrphirze, 'psychomotbr stimulants such as amphetamine and

_cocaine, and'sedative hypnotics such as ethanol anda‘ herobarbital.

'. Differences in response to drug exposure were found in aggrega_ted animals
és oppoeed_ ‘to animals housed .in iso-larion '(e.g.‘, Baumel, DeFee, & Lal, 19&9;
Bomnet, Hiller, & Simon, 197§; Chance, 1946; Hedaway, Alexander, .Qoambs,

& Beyerstein, 1979; Hill & Poweli, 1976 Mohrland & Craigmill, 1980' ”

" Parker & Radow, 1974; Pilcher ‘% Jones, 1981) - These researchers suggest
t}rere to be an interaction of the, errvirorlmental.lnfluences on the animal
with the hehavioral, physiological,- and neurochemical effects of the various
drugs indicated above. - s \ o

Two rela‘cively distinct aspects of exposure to different hous:'mg
“ conditions appear in the 11terature In the flI'St emphasis is placed on
effeets. of ‘chronic exposure to, such condltlons (e.g., Amir, Gallna, & Am1t
1*979;(Bormet et. al.,‘ 1976; Hatch, Wiberg, Zawidzka, Cann, Airth, & Grice,
1965) ,‘whi’le in the s,econd:, the emphasis 1is ’on the effects of acute exposure

-

to. dﬁfferegt social living conditions (e.g._; Blackshear, Wade, & Procter, - ( .
] . ‘

.o
i

!
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1979; Brister & Davis, 1974; Chance, 19464 Mohrland & Cra1gm11 19805 Sklar

o “/

& Amit, 1977). . . S

Alterations in the distribution and activity of opiate receptors ° =~ .

.

endogenous to the organism have been implicated in various behavioral and
L 4 .

physiological changes attributed to chronic exposure of animals to different-

<

B, - 2, ¢ X ° .
social emfiromnents‘ (e.g., Amir et al., 1979 Bonnet et al , 1976 DeFeuctls,

DeFeudis, & Somoza, 1976 Hadaway et al. , 1979). These changes are reported
in such measures as body weight gain (e.g., Amir et al., 1979), opiate

binding capacity (e.g., Bommet et al., 1976; DeFeudis, Somoza, DeFeudis, ‘
Pugnaire, Munoz, Po'rt‘al ,V Ibanez, & Bonnet, 1978; Schenk, Britt, & Atala).f,
‘submittéd for publica‘tion) ‘morphine-induced aﬁalgesia (e.g., Bonmet gt al.,
1976; DeFeudls, DeFeud:Ls g: Somoza 1976 ;- Kostowsk1 Czlonkowski ; Rewerski

& Piechocki, 1977}, self-admmlstragon of- morphlne (e; g:» Hadaway et al.,

1979) and signs of morphine. abstinence (Adler, Bendotti, Ghezzi, Samanin,

~ X » 5

% Valzelli, 1975).

A

Indirect evidence is also presente;d in the literature for mediation of
such social beha;riors as distfk{? v\ocali\zations) induced py social éepa;aj:ion,
ami maintenance of physical proximity, by endorphins (see Pahksepp', Herman,
Vilberg, Bishoi), & De Eskina;zi 1980) . Endorphiné (opié.tte—like substance$
naturally occurring in the organlsm) are found to be acfive .at the same
receptor (the opiate receptor) as are opiate agonlsts‘such as morphlne and
opiate antagonists such as ngloane (e.g., see Pert, 1981) . " "Panksepp and
) his col}feagues (1980) report finding reductions of separation-induced distress .
{rpcaliiations with admin‘istration of op)'iates‘l and endorphins, while opiate °
an:cagonists can inc%ease these Vo-calizations Morphlne admmlstratlon is
repdrted to reduce the amount. of tlme spent by aggregated rats in close phy-

v

Slcal proxmlty to one another (Panksepp, Najam, & Soares, 1979).

[
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lants, S{JCh as amphetamine- (e.g., Segal, Knapp, Kuczenski, & Mandel¥, 197

-

'I‘Prus, alteratlons mvolvmg op tate, mechanisns’ are hypothesxzed to . L

underl;e differences in an#mals chronlcally exposed to dlfferent social - )

enviromments and also are implicated in the med_latlon of social separatlon—

-

,indﬁced distress _and nq)intenance of social proximity. Social.‘ separation is

intrinsic to chronic ‘1solat10n housmg conditions, while soctal proximity is
¢ ‘

1ntr1n51c; to chronic aggregatlon housmg conditions. It therefore is ¢

‘apparent that oplate and endorphm—related mechanlsms may be involved in

some of the-effects observed 4n animals chronlcally exposed to these -~

. B . 13
conditions.

.,

Alterations in adrenocort1ca1 act1v1ty Ceé Hatch et al., 1965), and

v

act1v1ty of’ central\ blogenlc amines (e.g., Welnstock Spelser & Ashkenazi,

. 1978 Welch & Welch 19¢9) are also reported in anlmals chrenically exposéd

to different soc1a1 env1ronments These alteratlons are, in turn hypothe- 2
élzed to underlle some of the differences obsewed Ain animals exposed to dif-

ferent soc1al envn;omnen}:s in rélation to the responses of these animals to

administration of sedative hypnotics such as ethanol (e.g,, Parker & Radow,

1974) and hexobarbital (Baumel, DeFeo, & Lal, 1970) and psychomotor stimu-

For instance, Hatch et al. (1965) repor'e helghtened activity of adrenoc/or
tical thyrqid hormone (ACTH), as mdlcated by increased plasma Qgrt{coste one
levels, in 1solat10n—housed -rats. Enlarged adrenal glands were found in -
isolat'ion-houéed rats that were also discovered to self-admin,i/s:ter ethanol
to a greater degree than did rats housed in groups (Parker &/ Radow : o \
1974). Segal et al. (1973) report finding altered act1v1ty of central & -

biogenic amine enzymes tyrosine hydroxylase and tryptophan hydroxylase

in isolation-housed rats that also exhibited enhanced locomotor activity |

in.response to administration' of amphetamine. These differences

N
~

-
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in difﬁtréptiy housed animals willf,})e:,examined in the ensuing pages. As well,
some consideration will be given to Behavioral changes ‘in locomotor activity
‘(e.g.,’ Bellk, Miller, & Ordy, 1971) ahd aggression (e.g., Knutson & Krape,
1980) observed in animals 11v1ng in condltlons of social isolation or aggre-
- gation. These change; may be important in tha\t for example, Modlgh (1974)
observed dlfferences in noreplnephrme depletlon in grouped animals’ exhibi t-
ing aggre551ve beHaV1or as compared to those in which suc:h aggression wa\s!
‘not observed'.

A seconci aspect Qf the study of effects of different socialﬂ envirgmrients \
© on Tesponses of anima‘ls to drugs involwes the examination of the effects of
acute exposure to different scicia’i enviromments following drug ad:ninistrat/ionf'
Acute exposufe to aggrega-tion: conditions are reported to enhance the
1§thality of amphetamine (e.g., Chance, 19}16; Lokiec, Rapin,\ Jachuot,- &
Cohen, 1978), and of morphine (e.g., Mohrland & Craigmiil, 1980; Sklar &
Amit, 1977). These pher'mmen;a will be coﬁsidered below.

The findings described above, are of sp‘ecial interest in that both
amphe‘fa{nine 'emd morphine have been found to be both positively reinforcing.
(és indicated by fa}cilitated operant behavior) and aversive (as indicated
by induction of a gonditioned taste averéionj (Reicher & Holman, -1977; Wise,
Yokel, & deWit,, 1:2176; White, *Sklar, & Amit, 1977; Switzman, Amit, .White,

& Fishman, 1978). For‘ﬁexample, the same injection of “morphine has been
found to facilitate an operant behavior (rumning down an alleyway) and
sinmultaneously, to induce a conditioned taste aversion (as indicated by
reduced consumption of a novel~-tasting substance) (Switzman et al. ;) 1978) .
Thi‘s seemjng'ly "paradoxical" phenomgnon‘ has received considerable attention

co '
within the 1iterature (e.g., see Goudie, 1979). The same neurochemical

| interventions which block seif—administration of morphine and ethanol are
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.

. see Pert, 198

- /‘ ’ ~ 4
e . . 5

t
.

atso repérted to attermuate conditioned taste aversions (CTA) ‘induyced by
thése drugs (Sklar & Amit, 1977). It may therefore be possible that the
positively reinforcing and aversive effects of these. drugs are at least

| .

partially mediated by common neurochemical mechanisms. The final determina--

t

tion of the animal's response to the drug ‘advministration may then be
dependent upon other fa&/t;)rs beyond the initial phannacological impact of
';the “parti¢ular drug involved. | | }

- It may be that-manipulatioh of eﬁiromental conditions, as’ outlined‘

-

above, will make Possible a ciearer differentiation of thé positively rein-
forcin‘g and aversive effects of narcptic analgesics, such as mor[;Hine,

| psychopotor stimitants, such as amphetamine, and sedative hypnotics, such
as ethanol. Changes in 'the responses of animals to these drugs as induced
by’ exposure to different social en(ri'rorxmelni:s may, in turn, result in
alterations in these drugs' motivaiionai propepciesf. ‘Understanding the
nature of, tl_leée alterations may provide ijporta’nt new ins‘i-ghts into the
capacity of ‘these drugs to be aversive or positively. reinforéing.

Effects of Chronic Exposure to Different Social Environments

~

Involvement of the Opiate Receptor

Endorphins, opiate agonists (such as morphiné) and opiate "antagonisté
o(such as nalo pne) are all known to act at the opiate.recep«tor (e.g.,
j). Adminjstration of thesé substancies 1S found to affect

. suich social bqhaviofs as separation-induced 'distress' vocalizations (Herm;amn '
& Panksepp, 1978; Panksepp,:Vilbérg, Bean, Coy, & Kastin, i978; Panksépp,
Hermann, Vilberg, Bishop & DG;Eskinazi, 1980;' \filt;eyg, Bean, Bisho(p ) Porada,

& Panksepp, 1977), maintenance of physical ﬁroximity (Panksepp et:l., 1980;
Eanksegpp, Najam, & Soares, 1979), pla& beh‘avior (Panksepp et a}. s 1979)‘ and |

maternal behavior such as pup retrieval (Panksepp et al., 1980). For

- . M V

o ‘I /
* s
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example, administration of low doses of morphine is found to attenuate

~

distress vocalizations induced by social separation in puppies (Panksepp gt
all, 1978), guinea pigé (Hermann & Panksepp, 1978) and chicks (Vilberg et
al., 1977). Endorphin administration resulted in simila: attenuating effects
i\n\‘chicks (Panksepp et al., 19?8]. In addition, administration of the
opiate antagonist, nalox'or;e,‘ was found to enhance these vyocalizations in .

guinea pigs (Hermann & Panksepp, 1978), and chicks (Vilberg et al., 1977).

A genéral decrease in behavioral activity cannot explain the morphine or

endorphin-induced suppression-of distress vocalizations. First, in.guinea

’pigs, vhile no significant reduction in motor activity was found for two

low go§és of morphine, these 'signiwficant’iy'decreased vocalizations (Hermann
& Panksepp, 3978) S Second, 'n'on—opiate behavidral depressants such as

sodium péntobarbiteil largely failed to influence distress vocalizations of

infant puppies exc%pt at’dosages which ‘clea[rly incapacitated the animals.

+

These. two observations seem to militate against an explanati?n of general -+

¢

behavioral inactivity.

(I

Also, Panksepp and his colleagues (Panksepp 'et al. s 1@‘/9) demonstrated

ithdt administration of low doses of morphine reduces. the amount of t1me

£l

paired rats spend_in close phy51ca1 proximity to oné another.

'

Taken together, thls evidence cited above ° concernlng -opiate modulatlon

of separatlon-lnduced dlstress andfmalntenance of phy51cal proxunlty can

‘be seen to be congruent with a hypothesis of involvement of oplate mechan- ~

o

isms in the effects of isolated and aggregated housing conditions insofar
y . .

" as these involve sdéial“ ss?paratiOn and physical proximity respectively

')

Involvement of opiate systems in effects of different social environ-
K 2N .

‘ments is more direCtly mpllcated in a study by Amir, Galma and Amit (1979)

These authors found that chronic admmlstratlon of naloxone reversed

, H
> L ~ e
. 3 B * \ . \
' . N A - . l\
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the suppress:we effects of body weight gain observed in rats housed in.

. ipairs as opposed to being kept i isolation. The suppresswe effect of the

, 5
aggregated housiﬁg was hypothesized to be due to anvunspecified "crowding,

‘s

stress'' inherent in this condition. An important role for endorphins has
.beph widely implicatéd in réiation to the m‘edi{ation of jche organism's

. . . > . ) 4
response to stress (see ,&\mir, Brown, & Amit, 1980). The term '"'stress' has
t

been defined as "stimulation that requires behavioral and/or physiological
adjustments'" (Anisman & Bignami;-1978). Thus, chronic exposure to crowded
housing conditions may be.segn to constitute stimulation re‘quirihg repeated

adaptive adjusﬁments, «given that social ‘emfimmnents axle dynamic. A number ~
4
.of studies report flndlngs in support o thlsfhypothesis Recurrent

. [ f&

expo‘&re of young rats to heat stress during the early]postnatal period was

found_to result in an increase in endorphin content and in opiate receptor
- # Tt .

* bindi capacity'in the brain (Torda, 1977). As c1ted above, suppressmn

_of body weight gain induced by chronic crowdlng was determined to'be reversed

2

with chronic ndloxone treatment- (Amir et al., 1979) ’ FT.nhancement of a

Iso reported. (Pilcher

naloxone-induced TA by long-term soc1al cfowdmg&
& Jones 1981). These authors compared aggregated mqls' chron}éally .
housed under lcrowdgii/d.'rﬁ non-crowded conditions. .
exhi’b‘i,ted a stronger CTA, and cthis was not reversed by placing the rats in

v

e crowded animals w

isolation three weeks prior to the experiment. The enhanced aversiveness '
of naloxone observed in the crowded a{nlma.ls was taken to be indicative of
underlylng changes. in oplate*related systems in these an1maI§ as a result of
,:exngﬁfe to crowding stress. , ~ / N °

A prolonged increase in endorphin activity and alterations involving

the opiate receptor, then, are hypothesized to he  consequences of the stress

associated with crowded living conditions. However, a body of evidence ‘

P ‘
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exists which suggests that isolation-housing' conditions may also result in
g ' .
altered opiate receptor binding capacity. Bonnet et al., (1976) reported

\

alterations in opiate bindingain mice chronically exposed to different

housing conditions. Isolated mice of the C57BI/J7 stram showed a 51gn1f1-
. - K}

cant reduction in opiate binding and while exhlbltlng h\xgher initial pam

\

-

thresholds, the niet analgesic potency of morphlne was reduced in these

1] 4, R

..animals.” However, in_Swiss_albino mice, ar¥ incregee in opiate binding was

h-‘

reported for the isolated animals, 'eccompanied by a decreased initial pain
X .

threshold and more »prblonged effects of morphine enalgesia. Despite the .

. strain difference, a positive correlation is evident between alterations in

}

entially hovlsed anlmals DeFeudis et al., (1978) ‘I;eported 1ncreased opiate

'opiaté receptor inding and analge51c potency of morphme in these differ-

receptor binding of morphine in aggregated $wiss albino mice in agreement

with the earlier finding of Bomnet et al,, (1976). Taken in’concert with

the findipg of Torda (1§77)_ cited above, of increased opiate receptor

binding in young rats exposed to heat stress, it would a‘ppear that in at

)

least one’strain of mouse, isolation-housing may constityte a stress condi-

T

* tion. -~

Several studies haye reported differential responses to morphine

-analgesia due to different hmming conditionsl of animals, E ced morphine
%

analgesia is reported for mice reared in isolation, in agreement\with the

findings of Bonnet et 8_..1. (1976), (DeFeudis et .al., 1976; Kostowski,

Czlonkowski, Reyerski, &*Piechocka, 1977). Interestingly, isolated rats were

found by Kostowski et al., (1977) to exhibit decreased morphine analgesia,

LS
ins concert w'tl%h the binding results of S;Llenk et al. (submltted for

il

pub,hcatmnl /Panksepp et al. ) (1980]. found that even brlef 24 'hour periods

of isqlation can result in decreased -analgesic potency of morphine in young

7 - ) \ . .
. ~ - - L)




rats. In contrast,‘howeyer, Adler, Mauron, Samanin, and Valzelli (19}5) Te-

'ported no differéﬁce in morphine anaigesia in differ:§$ially housed.rafs.

Th? effects of chronic exposure to Qifferent housing conditiorfs is a1§o'
b?eporied in relation to self-administration of mogphine (Alexander, Coambs,
& Hadaway, 1978; Hadaway, Alexande;; Coambs, & §eye;stein, 1979). It was '
_found in these studies that isolated rats self-administered morphine to a
significantly greater-d;gree than did their group-housed counterparts.
The authors suggest that this -phenomenon could be expléined either by the
idea that grouped animals cqnsumedﬁless morphihe because the drug effects

" would -interfere with their speéies—specific social behaviog, or alternatively,
that for isplated rats morphine was 1ess\effective and so increased morphine
consumption would result in order to a;hi;ve greater ‘drug reinforcement, -
Eithér of these ideas cduld be @céommodated withig the body of opiate-rela-
ted\studies previously discussed. Hiii and Pgweli, (1976) published‘a
stud;>in which no difference was found in‘self;;aministration of morphihp

" between isolafed and ‘aggregated rats. The discrepancy with the Hadaway o
(1979).and Aleﬁandef (1978) studies could most parsiﬁonigusly'be accounted
“for by a floor effect séén'in thé data, as peither of the two treatment,
groups in the Hill study consumed sign%ficant_amounts of the morphine
s#lution due pe%héps to a difference in taste. However, an increased self-

" administration of cocaine,wgs also observed in the aggregated animais
studied by Hill and Powell (1976). _An important procedurai difference be-

) tween these studies is that the aggregated animals in the Hadaway Q1979)
and Alexander (1978) studies Qere maintgﬁned in colony setting during drug

’ presentation whereas, in tﬁe Hill and Powell (1976) study, - the aggregated

animals were individually housed when they reachéd 100 days of age,'brior

to presentation of the drug. This may help accounthog the discordant

L]
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findings: " Differences in si’g'h' of ‘inor;phin,e abstinence have also heen reported

in differentially housed rats (Adlef Bendotti, Ghezzi, Samanin, & Valzelli,

“

1975]' . In these ammals morphine depender}ce was produced by chronic pellet

i m[plantatlon and 51gns of naloxone—prec1p1tated w1thdrawal were subsequently
o, N
observed. , Isolated rats demonstrated less jumping and less diarrhoea than

[

did group-housed rats. : ‘ ;

From the above studies it can be clearly seen that chronic exposure to

J . ‘ . . . .
different social enviromments cah result irr altered responses to opiate

/

_ administration possibly reflecting .underlying‘ physiological adjustments in-

. =~ e . . Lo .
duced by -this exposure. It the next section, consideration will he given

to some other alterations in drug responsivene‘ss reported to be due to

differential housing. | N \

NI N

Involvement of Adrenocortical and Biogenic Amine Systems

| Pro’néuqced behavioral differences between chronically agéregated and
isolated animals have been ‘observed in measures of aggression (e. g., Brain
& Nowell, 1969; Knutson & Krane, 1980;‘Sigg, Day, & Columbo, 1966; Weilch
& Welch, 1969), ‘and locomotor activity (e.g., Bell, Miller, & Ordy, 1971;
Del Pozo, DeFeudis, gJimenez, 1978; Weinstogk, Spe‘i'der, & Ashkenazi, 1978).
Phy;iological altefations -in adrenocortical function (e.g., Bell et al., '
1971; Brain & Nowell, 1969; Hatch, Wiberg, Zaividzka, ‘Cann, Airth, & Grice,
1965), and in biogenic amines (e.g., Modigh, 1973; 1974; Segal, Knapp,
Kuczensl‘ci, & Mandell, 1973; Welch & Welch, 1969; Weinstock et al.l, 1978) K
are hypothe51zed to underlie these behavioral changes These physiological
changes are also hypothesized to underlie changes in self administration of
ethanol (Ellison, 1981; ’Parker & Radow, 1974) and metabolism of hexobarbi-
tol (Baumel et al., 1970) and amphetamine (Segal et afé, 1973).

Heightened aggression is reported to be induced by chronic isolation

-
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i?l studies of rats (Hatch et al.; 1965; knutson & Krane, 198Q; Sigg et al ,
. \1966) 'and of mice (_e.jg., Baumel et al.,‘1970.; Brain & Nowell, 1969; Sigg )
dt al., 1966; Welch and Welch, 1969). Several authors explained this
phenomenon in relation to isolagion«induced ch;inges in adrénocortical acti-
vity which, in turn, are suspected to possibly me;diate differences in drug
effects due to differential housing (e.g., Baumel et alk., 1970, Ellison,
1981; Parker & Radow,'1974). Baumel et al (1970) reported finding reduc’cions~
of ‘hexobarbital narcosis in isolated 'miée, indicative of enhanced hepatic
de"n:oxific:éit‘ion.J Also, recovery of these isolation-housed animals from the
drug-induced narcosis was foLmd to take place at higher brain concentrations
of the hexoharbital. These changes in drug sensitivity were found to, be -
‘unrelated to the development of increased‘ aggfeésion-. While altered drug :
-, sensitivity was observed for both males and females, the heightened \
" aggression was only seen i‘n‘& the male mice. Also, while the decline in hexo-
| barhital narcosis was greatest after the first week of isolation, male
aggressive behavior increased progressively over the five week period of
isolation. - Thus it appears that explanation of this altered hexobarbital
sensitivity must be sought elsewher(;. | )

In the study by Hatch et al (1965) isolated rats, in addition to having

o

decreased body weights, also exhibited greater adrenocortical Tesponsé to -
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.increased ethanol consumptjon observed in these rats. More recenfly, this

" in a”colony setting,.individual colony rats exhibited extremes of ethanol

finding .has been replicated and extended by Ellison (1981) who reported that

13

" while isolated, rats voluntarily consumed more ethanol than did rats housed -

preference not- seen in the isolated animals. The important influence of
l ¢ : {

N o .
social” emril%omnent on ethanol self-administration, then, is clearly demon-

T

strated in these studies, While isolation-induced cha{{ges in adrenocortical

Al

agxivitif may account for differences in ethanol conswﬁption, "these physio-

logical\changes do not seem, however, to underlie the changes seen by

. ‘ . /
Baumel et al (197Q) in regard to isolation-induced alterations in hexobar-

bital metabolism. An explanation of thfis phenomenon may be related to

isolation-induced changes in brain biogenic amine activity to be discussed

_ below.

3

In a study by Bell et al (1971) the mean brain and pituitary weights of
aggfegated mice were found to increase with increased group size in a non-
ctowded condition (in which cage size was increased in conjunction with
increased -group size). In a crowdeé\ condition (in which living space‘
allofed per animal decreased with larger group size), these weig};ts decrgaased '
with increased group size of up to sixteen animals per cage. With crowded
mice housed thirty-two per cage, however, mean pituitary weights were found
to be heavier than those of crowded mice in groups of sixteen. Thus it
appears” that tj\e degree of crowdirlg inherent in aggregatéd housing (as
determined by“restfiction of 1living space) may be a critical factor in :
regard to consideration of ils effects on-endocrinolégical function. In

this study by Bell et al (1971), the effects of crowding or aggregation were

- examined in relation to possible effects on locomotor activity.

It was found that exploratory behavior in a maze decreased with larger -

‘ .
“ . . .
'
’
N .
¢
B . ay
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group size in'the home cage regardless of whether the mice were;érowded or
not., Whereas a similar decrease in locomotor activity as measured on an

. ectivity wheel was observed with increasing grodp size in hoth crowded and
non—crowded treatment groups, the largest non- crowded group of thirty-two
anlmals unexpectedly exhlblted a relative 1ncrease in locomotor act1v1ty o {\
This torresponds to the relative 1ncrease previously mentioned for this '

group &n regard to pituitary weight. Thus a curvilinear functlon of group

size w1th locomotor activity and pltultary weight is indicated by thlS study,

. a phenomenon which meriés further investigation. The overall finding of

Bell et al (1971) indicating an inverse relationship between group size and
locomotor activity'is supported in a complimentary fashion by the finding;

of Del Pozd\et al (1978), and Weinstock et al (1978)L These authors repor- l
ted increesed activity in'isolated mice as compared to those,housed in grdups

when each animai-was individually placed, in activity test'chamBers. Del

Pozo et al (1§k§) also reported an enhanced sensitivity in the ;7blated ) '
mice to amphetamgne s stimglatory effect on locomotor act1v1ty This pheno- |
menon has also been established in rats 1solated for as llttle as flve days
(Segal et al., 1973) In this latter study, differences between isolated
and aggregated anlmals were also found in brain levels of tyrosine hydroxy—

lase and tryptophan ﬂydroxylase,~enzymes involved in the metabolism of

catecholamlnes and se;ptonln respectively. Isolated rats exhibited elevated

activity of mldbraln and striatal tyr051ne hydroxylase and decreased septal

tryptophan activity. 1?} decrease in tryptophan act1v1ty in conjunctlon

with increased motor actjxlty found by Segal et al (1973) is in agreen?nt
with the findings of Appel \Lovell and Freedman (1970) who reported an

inverse relationship betweed\braln levels of serotonin and spontaneous motor

activity. The 1solat10nr1nduked elevation in tyrosine hydroxylase activity

-

%
\
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.complements the findings of Weinstock et al "(1978) who reported changes

. . - . . . s P e s
in catecholamine turnover 1nduced by.isolation. Hyperactivity in isolated

- rats was observed by these authors to be accompanled by increases in fore-

brain dopamine and hlndbraln noreplnephrlne levels as compared to those of

grdbp—housed rats. After inhibition of catecholamine synthesis by alpha-

methyl-para-tyrosine (AMPT), norepinephrine concentrations declined to a
lesser extent in the isolated than in the aggregated rats when the animals
/o . :

. were allowed to remain in their home cages, but.these levels were diminished

- ) ) ,
to a greater extent in the isolated animals when the rats were transferred

to a novel open field qnvironment. It can be seen from these résults that -
. ?

., familiarity with the test enviromment and prior housing conditiong may be

critical factors in the determination of the effects of drugs such as
amphetamine .which act on brain b1ogen1c amines. Increased levels of brain
noreplnephrlne in isolated rats are also reported by Tanaka and Noda (1974)

and Stolk, Conner, and Barchas'(1974). Stolk et al (1974) also reported
- ¢

.increased norepinephrine turnover in isolated rats. In contrast to these

~

data, Garrattini, Giacolini, and Valzelli (1969) and Welch and Welch (1968)

reported finding incredsed turnover éf noreplnephrlne and serotonln in
isolated mice. It is possible that enzymatic differences may account . for
this ddscrepano; between species, but such speculation must await further
seudy.

. Neurochemical changes in biogenio amine activity induced‘by exposure
to additional stress have also been investigated in differentially housed
aniqals (Modigh, 1973, 1974; Welch & Welch, 1966, 1968a, 1968b, 1989)..
Modigh (1973)’isoleted aggregated male mice for six to eight weeks efter
which they were exposed to brief periods of aggregation in groups of twenty-

five to thirty animals. Intensive fighting occurred during this time. It
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; was found' that the rate of* synthes1s of Brain catecholamines was lower in

I3

1so£ated than in previously grouped mice and that intensiye flghtmg rapldly
accelerates the synthesis of both the catecholamlnes and serotonin in gle
brain. In a subsequent study, Mod;Lgh (1974) observed that depletlon of .
norepinephrine. by AMPT was least in 1solated mice; slightly g;eeter in grouped-
non—flghtmg ammals, mdMst in grouped-~fighting mice. 1In .contra'st,
pr‘etreatment w—ith a tryptophan hydroxylase inhibitor had no differential
effect on serotonin levels between isolated, .grouped or fighting mice, sug-
féesting that this amire may not be involved in the differences obséryed
({j‘é*vdeen treatm:eht groups. This last fmdlng is in confli‘ct with those of
Garrattini ;t al (1969) and of [Welch and Welch (1968b), although differences

in inteﬁsify of the treatment stress may partially account for this
_discrepancy.' Welch and Welch (1968a, b) reperted that restraint stress can

N

cause a‘g‘reater elevation of brain catecholamines and serotonin in isolated-
- .
than in grouped mice, reflective of the hyperexcitability of the former
ahimals'. After Mibitien of catecholamine ‘éynthesis‘ by p'retrea;t"ment with
AMPT, expos;ﬁre to restraint stress refarded the consequent depletion of
nofepinephrine and dopamine in the group-housed mice, but facilitated this
depletion in the iso%ated miee. Welch'and Weich (1970Q) ’have sugges:Eed that
the isolated mice, due to their enhanced reactivity to the additipnal stress,
may not ber-lefit.from a postulated compensatory mechanism activated'«by mild
stress involying partial inhibition of monoaminé oxidase, which would 'fhen
result in témpofarily increased ievels of brain aminesu.. Thus, additional .
stimulation requiring phys:iological adjustments may differentially affect
isolated and eiggregated animals.  Differences in’ this regard may ultimately
be reflected in altered responses to centrally acting drugs. o

Finally, a recent study has reported inereased ‘dopamine receptor bind-

ES
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ing ‘in the rat striatum following long-term isolation (Guisado, Fernandez-

Tome, Ggrzon, & Del Rio, 198Q). This ffndin‘g, taken in concert with, the

:

other chénges in catecholamine and serotonin activity discussed above,

clearly emphasizes the importahce of ansidering the social enyiromment in

+

%ny determination of the effects of centrally-acting drugs administered ito

L4

these animals. Adrenocortical changes due to differential housing conditions
3 .

may also be important -here as evidenced by'the studies on ethanol consump-

tion by Parker and Radow (1974) and Ellison (1980). Further investigation

" is required in order to more fully integrate the data concerning isolation-

‘induced changes in adrenocortical and biogenic amine activity and to clarify
their respectiye contributions to the differences observed in drug responses

- N > - ’ - . N
of animals housed in different social envirénments.

Acute Aggregation and Enhanced Drug To;(icitx

In the previous section various behavjoral, physiological, and neuro-

’
-

cliemical differences induced by prolénged isolation or aggregated living
conditions were discussed. Generally, it was found that comparison of .iso-
lated versus group-housed rodents exhibited important differeﬁces including‘
Eitered responsivity to mbrphine across several different. behaviors includ-'
ing analgesié and self-administration, increased behavioral reactivity as
measured by locomotor activity and aggressive behavior, and altered peuro-
chemical and adrenocortical responses to stress. These findings demonstrate
N .
the importance, within the animal literature on df.ug effgcts, of taking into
consideration. thé nature of prior hous‘il:ig conditions. In this\,present
section, the influence on drué effects of acutely aggregating or isolating.
animals subsequent to drug administration is examined.

Drug lethality is found to be markedly enhanced in aggregated animals

as compared to those left in isolation after drug e'prsure (e.g., Chance,
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1946; Davis & Brister, 1971;; Mohrland & Craigmill, 1980; Sklar & Amit, 19.77).
The two drugs'most extensively studied in this context are amphg¢tamine and
morphine. ‘Separate consideration of the various factors i)_ostuléted to be
involved in the erthanced lethality 'of each of these ‘drugs will be presented. .
These factors include changes in behavioral reactivity (e’ é P Chance 1946),

and locomotor activity (Greenblatt & Osterberg, 1961; Swmyard Clark

Niyaharia & Wolf, 1961}, increases in -ambient. temperature and hyperthermla

(e.g., Craig & Kupferberg, 1972; Menon & Dandiya, 1967; Mohrland & Cralgmlll, >
1980Q), alterations in brain amine levels (e.g., Davis & Brister, 19>/i\;‘

Nkenne;ar & Ruc}iik, 1‘966‘;' Stolk & Rech, 1968) as well as changes‘ in a number

of other physiplogicéal indices such as blood glucose levels (Clax-‘k, Blackman,
% Preston, 1967; Stoll'<, et al.,‘ 1970) and bra.in polyribosomes (Blackshear,

Wade, & Procter, 1979)' "Gi‘ve.n that these various alterations in the organism's

\

responxses to these drugs are at least to some degree overlappmq, it becomes .
quite clear that the anml s social environment, at the time when the animal '
is under the drug's influence',acan be of considerable relevance in determining
these drugs' lethal efchts. It would seem important to 'establish how ﬁhis
acute éggregation phenomenon might influence drug effects using other )
: 'measures. aside from fhat of lethaljty, with an eye to understanding the ' !
mechanism underlying a drug’s 'motivationai effectivenes§, The term "t_gxi'city""
is used here as being Synonymous with "lethality'", that is to say meani;lg a5 )
"causing death". ' '

It is unfortunate that within the .literature on-acute aggregation

& - . .

1ethality, few studies report on chronic housing conditions prio? to the
acute diffé;'ential housing manipulation. That such a consideration is
important is indicated from the ffndings discussed in the previous section.

Several studies, however, have addressed this issue. Consolo, ’ ’ )
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Garrattini, and Valzelli, (1965a, B) found the taxicity of dexamphetamine "

was greater in aggregated mice made aggressive by prior chronic isolation

than in aggregated mice which were nomal whether or not they had heen

. previously “1§olatéd or group‘housed Enhanced lethality was also reported

for fenc-amfam:m, an amphetamme«hke drng without apparent peripheral
sympathemimetic activity, Pentobarbitone sleep~time was also increased
in the aggressive animals. A girect camparison of chronic. and acute

)
differential housing effects on amphetamine toxic¢ity was conducted by

. 4
. Welch and Welch (1966) . They found that while acutely aggregated mice died ..

'mére quickly than acutely isolated mice, pre-isolated mice placed in
isolati‘on‘ after drug administration died more quickly than did pregrouped.
ﬁice isélated after drug administration. Si&niiar-ly, it was fom;nd that pre-
isholated‘mice grouped subsequent to d?'pg injectilarg died faster than did
the pregrouped mice grouped after the drug. Also, group size in the , (\/‘

chronically aggregated mice was inversely related to the reductions in

-

subsequent. drug toxicity seen in the pregrouped, cendition. Chronic isolation
for a brief period of one week wasrsuffilcient to produce an imcrease in
responsa to the ampheta{mine. _These studies clearly demonstrate the complex
relationsﬁip betweén chronic and acute housing manipulations on the effect

of psychoactiye drugs. 2 /

Amphetamine Toxicity

An early study on the excitatory effects of benzedrine and. several
related ccnnpmmds reported that mice placed together in groups were
considerahly more susceptlble to the‘ exc1tatory effects of the drugs than J
were mice left isolated after the drug admlnlstratlon (Gunn & Gurd 1940) .
In 1946, Chance observed that the taxicity- of amphetamine was increased

ten-fqld by aggregation. It was also noted that as the area pe,r’moruse
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_in the aggregated condition was decreésed, the number of mortalities Wag
progressively increased. IQ addition to this crowding.effect, an increased
Toom temperature was also found to markedly increase the amphetamine toxi-
city in the aggregated animals. Since this 6rigina1 study first appeared,
a considerable number of studies have beén published addressing the 'amphe-
famine aggregation effect'". The mediation of toxicity has been attributed
to several factors inciuding increased behavioral excitation, alterétions
in brain amine 1évels, hypoglycemia:'and hyperthermia. It seems apparent
that these factors are not neéessarily mutually exclusive and that each ﬁay
cdntribu;e.significant%y to the overall toxicity phenomenon. In the fol-
‘lowing pages, the relative contribution of each of these factors to aggre-
. gation-induced enhancement of amphetamine ;ethality will bé¥discussed.

In accord with the description of Chance of a rapid alterati@n of -
"defensive encounteré” and '"'escape reactions' in aggregated mice, Swinyard
and_his.cqlléagues (Swinyard, Clark, Niyahana, & Wolf, 1961) reported that -
thresholds for pentylenetetrazol seizures were reduced in aggregated mice.
.The authors also noted that édaptation to aggregation just prior to amphe-

tamine administration attenuated the enhanced toxicity effect, and that,

while mortalities for the isolated animals given amphetamine all octurred

4 -

within two hours, mortalities in the aggregated‘aniq?ls occurred as ldﬁg as
twelve hours after drué.administration. Thgse datafWere taken to support |
the idea thataﬂeightened exéitabilitf due .to introdﬁction into a novel,

. crowded envirdnmen£ involving unavoidable high levels of stimulus contact,
mediated the enhanced toxicity._‘Furthef supporf for this idea is found in

a study in which it was found that the incidence of to*icity for mice

aggrégated with either untreated or sedated mice was intermediate to that of

isolated or amphe;amine-ihjected aggregated mice (Wang, Hasagawa, Reters,
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&’Rijmn,'19.69), 'Usirig a wide range of excitatory drugs including methyl-. l

M / i - 4 ! . e ’ i < N
phenidate and caffein, Greenbldtt and Osterberg (1961) found a significant
correlation between increased léthalit}r and acti‘ons on motor ac'tivity and, ‘

body temperature grouped but not in 1solated mice. In contrast, Abdallan,
Smp An OUP

lesford and Burnell 61981) , in examining agg'regatlon lethality across
many different drugs; concluded that the phenomenon cannot be explained by

central neryous stimulation alone in that enhanced lethality was also seen
\ 2

in such clearly non-excitatory drugs as aspirin. However, these authors, . -

also report no aggregation enhancemegt@f mor’bhiﬁe 1ethaii;cy, an effect
reported b;y seyeral other experimenters (e,g., Davis & Brister, 1971;
Mohrland & Craigmill, 1978, Sklar & Amit, 1977), Lasagna and McCamn (1957)
reported that pretreamnent’v?ith' pheﬁobarbital, chlbrpromazine or reserpine
successfully protected aggregated mice; from enha.nced amphetaminé toxicity.
This effect waé attributed to the tranquilizing effects of’these drugs.
Moore (1964)‘: extendéd the findin_gs of Lasagna et al (1957) and postu-
lated that the aggregatidn-enhanced amphetamine taxicity may be mediated .by
enhanged ld’epl‘etin_)n of endogenous peripheral norepinephrine‘ob.s'erved in this‘
condition, As’;r\'évibusly shown, pretreiat;neﬁt ;f aggregated mice with
chlorpramazine and to same degree‘, with phgnobarbifal; ‘re'ducec.i the initial
behayioral excitation seen in these animals and also served to pr’o‘ce_ct them

from-increases in mortality as campared to isolated mice. Additionally

| howevyer, pretreatwﬁent with phenoxybenzamine, alpha—methyl—m-tyrosine and

reserpine tended to exaggerate the exc1tement phase yet effectwely protec«

) ted the aggregated animals from enhanced a;mphetamlne tox1c1ty It was

\
postulated that reductions in norepinephrine release 1nduced by these drugs

protected the aggregated mice from increased amphetamine toxicity. Also,

as reserpine reduced peripheral (heart) but not Rfain norepinepErine levels,
-

¥
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it was suggested that enhanced depletion in peripheral amines may play an

o -

mxportant role in the 1ncreased tox1c1ty seen in aggregated animals. Pro-
tective effects of pretreatment with reserpine and alphasmethyl<tyrosine
have been reported elsewhere (e, g ) Menon & Dandiya, 1967, Mennear & Rudzik,
1966) Chromc reserpine pretreatment has been shown to enhance ampheta-
mine toxicity in aggregated animais (Mennear et al., 1966; Stolk & Rech,
1968) possibly due to peripheral adrenergic receptors developing sirpersensiv
tivity to sympathommetm agents d:urlng the chronic pretreatment Stolk and
Rech (1968), also reported that acute reserpine pretreatment may only delay .
amphetamine lethality in mice, in that while acute reserpine pretreatment
protected' against amphetamine toxicity over a four hour period poét«injee- ‘
tion, the number of fatalities over a twenty—four hour period were not
d;Lfferent for saline pretreated as versus reserplne pretreated mice. A
trlphasm dose-mortality curve was,obtained in aggregated and in 1solated
mice given -amphetamipe, suggesting that multiple actions of amphetamine may
be inyolyed. This effect has been repdrted by others (George & Wolf, 1966;
Gardocki, Schuler, & Goldstein, 1966). Amphetamine lethality ‘was found to
gradually mcreasg with dosage, reaching a peak at a lower dosage, (less
than 30 mg/kg)__,' and then as the dosage was increased, lethality was observed.
to decrease followed by a second peak at a higher dose range (greater than
100 mg/kg) |

Differences in the characteristics of amphetamine toxi;:ity have been
--reported between rats and mice (Stolk, & Rech, 1968; Stolk, Burnett & Rech,
197Q). In these studies, no difference in.amphetamine—induc_:ed mort;lities
~»«rer;a,found, between aggregated as versus isolated rats, nor did reserpine

pretreatment protect rats from dying. Also, the trimodal dose-mortality

curve observed in mice given amphetamine was not seen {1;; the rats, It is

2
a i
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not clear 'at presemdyvhat facto‘,rs may mediate chese_differences.

In addition to differences 1n behayjoral excitation-and in le\rel‘s of ,
biogenic amines, a third factor which has been reported to:influence amphe~
tamine taxicity has been the depletion in glycogen observ&d in perlphefal'
tissues following acute amphetamine injections. Differential response
patterns in mice have been reported in regard to tissue glycogen levels
following hifher (64 mg/kg) or lower (32 J‘n(g}gg) doseng of amphetamine

(Stolk et al., 1970). While reductions ifd -liver, hear'c, and skeletal muscle,

' glycoien stores were observed at the lower dosage, at the higher dosage

reduction of liver reduction was less severe and heart and skeletal muscle
stores actually increased. ' Tt was noted by Stolk and his associates that
this di‘fferential response pattern corresponds favourably with the trimodal
dose-lethality curve exhibited by mice given amphetamine. Al/thongh hypo-
glycemia has been associated with amphetamine tox1c1{s;c/by a number of
different experlmenters (e.g., Blackshear, Wade, & Proctor, 1979,, Clark,
Blackman, & Preston, 1967; Moore, 1964) it appears that this \factor alone
cannot'accolmt f01: the phenmﬁenon. 'QCllai'k et al (1967), demonstrated that
pretreatment with glucose reduced but did not fully prevent amphetamine- |
induced morté(‘lities. These authors reported t?at fatalities occurred only

in mice with body temperatures above 104 degrees Fahrenheit. It seems that

'cher factors such as hype‘rthem1a may work in concert with glycogen

B
depletion in determining amphetamine toxicity.

Hyperthemla has been postulated to be a contrlbutmg factor in relation
b0 amphetamine taxicity in several of the studies mentloned above in regard
to other factors such as enhanced motor act1v1ty (Greenblatt & Osterberg,
19161) and the protective actions of alphavmethyl tyrosine (AMPT) or reserplne

pretreatment Wenon & Dandiya, 1967). In this latter study, elevating

“
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body temperature by exposure to heat stress was shown to markedly reduce
the protectiye effect of AMPT on amphetamine toxicity and as ‘;&eil, by main-
taining reserpine-t;‘eatednmice at a higher environmental te!uéerature,; the
protective effect of teserpine was reduced. Im addition in the original
study on the amphetamine aggregation phenomenon, Chance (1946) noted that
envirormental temperature was an important factor in detem-ining the degree

of amphetamine toxicity, It would seem appa;'ent' that the'degree'o'f cfowding

‘enyirormental temperature of the animal. Askew (1962) reported that a rise -

in body tempera,ture of mice given amphetamine above a critical maximim value
was a reliable predictor of ensuing death, The fiyperacti\(ity observed in
aggregated mice was, also suggested to contribute 'to increased body tempera-
ture. Craig and Kupferberg (1972) mvestigated strain -differe‘nces in res-
\ponse of aggregated mice at tZree distinct ambient temperatures, and -found
that while at the lo?vest temperature, one strain exhibited aggregate taxici-

ty and the other did not, at mcreasmg temperatures aggregate tox1c1ty

appeared for the second strain also, It was suggested that a dlfference in~

themoregulatlon rather than in phamacoklnetlcs may account for thlS strain
difference. More recently, Blackshear, Wade, and Procter (1979) observeél
that amphetamine-induced disaggregation of brain polyribosomes was enhanced
by crowding. Thisggeffect could be-mediated by lowered blood glucose levels
and has been show'ﬁg to be facilitated by hyperthemia tﬁosk(cwitz, Rubin,
Liehschutz, Mmro, Nowak, & Wurtman, 1977). ’ '

In contrast to the study by Stolk et al (1968), cited above in which |
it was reeorted that no amphetamine aggregation was tmmd with rate, Lokiec

and his colleagues have more recently reported an enhancement by aggregation

.of dextro- but not of levo~ amphetamine lethality (Lokiec, Jacquot, Rapin,

-

within an enclosed space could also contribute to changes\in the immediate N

s

-
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L& Cohen 1977; lokiec, Rapin, Jacquot,-.!& Cohen, 19‘78)_. The greater sensi-
twlty of aggregated rats to dextro-amphétamine was ascrlbed to change in

" serotonin’ metabollsm seen in the aggregated But not the ‘1solated rats. Also,
it was found that in the aggregated anrmals the dlsappearance curves for
lahelled' amphetamine were b:Lexponentlal whereas in isolated animals they -
_were monoeXponentlal This cm"responds to the trimodal dose-mortallt;r z;nd
hypoglycemc response pattern mentloned abmre (Gardocki et al., 1966 George
and Wolf, 19667 Stotk and ‘Rech, 1953. / . .

Considered together, the data cited'above rella;cing ‘eo éggregate agphe-
tamine 'éoxi‘city\ emphasize that consideratioh of the multiple actions of both .
drug and of its interaction with enviromT;enteil conditions is necessary in ‘
order to achieve a coxnprehensive appraisal of amphetamine's effects. Mo.re—
o\ver, those interactions such as ‘result in altereci réspons‘iveness of peri-
B pﬁexal amine systems (Mennear & Rudz ik, 1966; Moore, 1964; Stolk & Rech, 1968),
altered glycogen levels in ’reépon’se to drug’aciministration (Blackshear et
al., 1979, Clerk et al., 1967; Moore 1964; Stolk et al., 1970), altered
‘body' temperature (A:ekew, 1962; Craig & Kupferberg, 1972 Greenblatt & |
Osterberg, 1961; Menon & Dandiya, 1967; Moskowitz et al., 19/77) and central .
serotonin leyels (Lokiec et al,, 1977 1978) all may actually alter the
be};avioral effectiveness of psychoactlve drugs.

hY

Morphine Toxicity B ,

\

" In contrast to the rather extensive literature on amphetamine aggrega-—
tion toxicity, only a relatiyely small number Qf‘ studies haye specifically
considered the effect of acute aggregation on opiate lethality. E\}idenéev
: for\ ‘a distinct demarcation between morphine and amphetamine toxicity has
acolinu‘llated a;1d will be discussed below. As well, two major areas of
emphasis‘ fiave. emerg'ed‘ in regard % acute aggregation and mgrphine 1etha1ity.‘b

.
N
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The‘firs't addresges possible mec@ims~ which may mediate the lethal effects
of moréhine in aggregatefi mice or fats. Respirat,’ory depression is usually -
considered to _be; the cause of mo\rphine mortality], but there is also some
evidence for other contributory factors. | The second area of infcefest is)
fo@sed on the quite striking dependence upon ambient tempferaturle'bf the.
morphine aggregation taxicity phenamenon, As.in the previous discussion of
a;:utel aggregation apd asrqﬁhetamine action', accent will be Iplaéed upon the
hnporténce of :'mciuding consideration of envir(';iunenta} factors such as leyel

of exogenpus stimulation, or of ambient temperature, in determindtion of

Aggrégati‘on enhancement\of morphine toxigity' in mic'e ;ras first demon-
strated by Spoerlein (1968), and while‘Verdemik'ov (1970) consequently failed
to demonstrate this effect, the: latter study is compromised by the fact that
the "nonaggregated" condition ~was camprised of grouped rats placed in a cage
larger than that used in the aggregation condition. Thus the results of
this study are more propérly congidered\' to represent a failure to fiﬁd any
effect of differential crowding on morphine.lethality rather than of an

aggregation effect per se. Enhanced morphine lethality has also been demon-

strated in aggregated rats (Sklar & Amit, 1977), This study also found that’

‘'aggregation can enhance morphine lethality at relatively low dosages which' -

" are clearly non-lethal when administered to rats kept in isolation. This

latter finding emphasizes the potential impact.that aggregation can have on
thg actions of psychoactive drugs such as morphine.

| In accord with previous studies inyestigating the role of prain cate-
cholauniﬁes "in the amphetamine toxicity phenomehon (e.g., Mennear et al.,
1966, Mer“lon et ai‘., 1967), Davis and Brister (1971) examined the ability of

pretreatment with AMPT to protect aggregated mice againstamphetamine or

'
@

¢
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morphine-induced toxicity. AMPT has been shown to bloc:k_ the stimulatory '
effects of morphine on locomotor activity in mice (Menon, Dandiya, & Bapna, |
1967) and in rats (Ayaahan & Randrup, 1973) in a manner .similar t® that
seen with AMPT pretreatment réduction of amphetamine-imduced motor excité-
'tion. Enhanced lethality of morphine or of one of several morphine-like
. analgesics was found for aggregated as versus isolated mice although the
potency of this effect was significantly less than was found with amphetamine.

Pretreatment“with AMPT éffectively protect/ed aggregated mice aéains(c én-
~ hanced amphetanine toxicity but did not reduce the lethal toxicity of the
‘narcotic‘ analges\ics. This finding is clearly indicative of a basic dif-
ference between the @hetmﬁne and morphi_né toxicity in 'reg:ard to the role
of catecholamlnes in the respectlve phenomenon. In a subsequent study,
Brister and Davis (1974), found thit pretreatment W1th pilocarpine, a ¢ho-
1m0m1met1c ‘agent, - successfully protected aggregated mice from enhanced.
_lethal effects of morphine But not of .amphetamine. Moreover, in isolated
‘mice, an jncrez;se in toxicity was found with pilocarpine pretreatment, andl ‘

acute morphine administration. Slmultaneous administration of a peripheral

anticholinergic agent, met}[ylatroplme bromde, assured that the effects of
the pilocarpine pretreatment were' cent;rally and not ‘periphera'lly mediated.
The synergistic effect in isoiated bﬁt not-.ir} agg'r_egafed'animals may in part
‘be due to the higher,dosage:s requir‘ed in the nbﬁaégregated coﬂditioh. How-
ever, it is cle;n' that pilocarpiné appears to have both clentra}l dep}*essant
and excitatory effects, and that withiﬁ the a;gregated conditioh the cen-
tral cholinomometic action of this drug serves to reduce morphine-induced
lethallty while not affectmg aggregatlon enhanced lethality of amphetamme
Thls, then, is a clear example of ‘how the aggregatlon phenomeinon may serve

¢

to elucidate differential effects of centrally acting drugs. '
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The lethal effects of I.norp’hine have most commonly been associated with
the ig's depressive effect on respiratory activity (Jaffé, 1970; Tatun,
Seevers & Collins,_ 1929). Morphine-induced respiratory dep}"essibn has' been
clearly associated with changes in brain levels of serotonin and noradrena- .
line . (Meldrum & Isom, 1981). Yohriand and Cr\aigmill (1980a) however, were
unable to find any ‘diffexo'er;ce between aggregated and isola‘ted mice, given
acute injections of morphine, in brain 1eve1.s of serotonin, norad;'enaline,

4

dopéminé, or morphine, Thesg data suggest that aggregation enhancément of
morphin‘e lethality ;nay involve other mechanisms of morphinea lethality asid'e»
. from those involyed in morphine's dep;essive actions upon respiratory activity .
aLs mediated by; alterations in brain amine levels. - Mohrlauld and Cxlaigmill
(1978), reported that an aggregation effect on morphine lethality®was found
at an aJ\nbient temperature of 29° C but not at 19° C. At 29° ¢ rkmm tempera-
ture, _the time course of the hyperthermia exhibited by aggregated mite * 4
clpseiy followed that of enhanced locomotor activity observed in these mice.
Also, whereas morphine produced significant hypothermia in both isolated and
_ aggregated micé at 19° C and in i§olateg jmice at 29° C,l aggrega;ced mice at
29° C-were hype;rthermic after morphine administration. In addition, no \
'apparent threshold body temperature was 3‘:'oundr for 'these hyperthermic
agé;egated mice. Thus , it appears' that the enhanced morphine lethality was
not due to }}eat e;chaus'tion alone. In a s{lbsequent study, Mohrland and
'Craigmili (1980b) reported that the incidence of cc;nvulsidns as well as

the degree Of morphine -lethality was significantly gréater in aggregated .
thant in isolated mice at a room temperature of 299 C. When the.room

"“m ’ . - -. 0 : -
temperature was maintained at 19° C, no aggregation ‘enhancement of lethality

was found and no significant difference was found in the incidence of

convulsions observed in the two differentially housed groups. In a )
- ’ . B \\‘\..

4
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second - stt{dy with ambient témperatlrre at 299 C, .isolated mice given morphine
were stressed by means of .continuous gentle prodding for five secpnds every
minute Qver a two hour period pogt—injection. It was found that the
Incidence of comrvulsions was significantly greater. in stressed than in non-
stressed mice, Therefore,' it 'seems: that the enhaﬁ‘ced lethality of morphine
in aggregated mli may be /ch/Je to a higher mc1denc:e of comvulsions induced
by the 1ncreased %ctlle Stmulatlon present in this condition.

Fram the studles dlscussed above it can glearly be seen that the envir-
ommental factors 1ntroduced by aggregatlon can dramatlcally alter the charac~
teristics of phannacologlcal and behavmral response of such psychoactlve
drugs_‘as amphetamine and morphine. It seems apparent that greater under-
standing of this phencmenon wili provide valuable insight into important
physiological and pharmacological mechanisms underlying these drués"' effects.
Also, the role of environmental factors in the detem.lination of drug res—l
ponses constitutes an essential component of a better overall understanding
of drug—related behavior. It would appear important to extend the investi-
gation, of the acute ;gg'regation phénomeﬁon beypnd studies of lethal taxicity
to address motivationgl’ aspects of drug administration as well. One such
measure is discussed in the followiﬁg section.

Drug-Induced Conditioned Taste Aversion

Conditioned taste aversion (CTA) induced by drug administration
involyes initially allowing the subject to ingest a novel tasting fluid of
food immediately follo'wing which a drug treatment is administered, After
full recagyery from the drug s phannacolt%glcal effects the subject is again
exposed tq the. taste and a reduction in intake is assumed to indicate an
association between the taste and some aversive consequence of the drug

administration.
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Early studies of CTA usually inmvolved administration of treatments such
as X-ray~irradiation, which possess well-known toxic effects (e.g., Garcia,
Kimeldorf, & Koelling, 1955). Interest here was focuSed on certain facets

~

of CTA in relz{tion to . learning theory . CTAs hav;y’.been demonstrated with ,
long delays hetween presenpatiérf of | the conditi?nned (taste) stimulus and the,
‘unconditioned @rug) stimulus, (Garcia, Ervin, & Koelling, 1966) and are
reliably induced after only one trial (Nachman & Ashe, 1973). It is not the -
aim of this section to address these issues associated with CTA but rather,
”émphasis will be placed on studies within the CTA literature which have
. provided further upderstandihg of the motivational properties of drugs and
of the pharmacological mechanisms which underd ie thes‘e 'prépert-ies. Major "~
consideration will be giv-en: therefore, to CTA studies involving psychoactive
dmés. In parjcicﬁlar, the féllowing discussion will address studie/s'.t;fhich
involye the induction of CTA‘ by drugs such as amphetamine and n}orphine which
have also been found to be self'-e;&ministered by animals (e.g., Yokel &
Pickens, 1974;:‘§Veeks & Collins, 1‘964) . These two drugs are also those most
extensi\(ely investigated within ’.t'hel acute aggregation paradigm as was outlined’
in the previous section. Several factors which may potentially modulate |
CTAs induced by bthes\e drugs will alsa be considered. ‘ X -
CTA may be induced by a wide range ' of drugs (see Riley & Clarlge, 1977)
including psyc'hoact;ive drugs such)as amphetamine (Cappell & LeBlanc, 1971;
SFoleman & D'Mello, 1978) opiates (Cappell, LeBlanc, & Endrenyi, 1973;
Jacquet, 19.7?), ethanol (Cappell, leBlanc, &;E-ndrenyi, 1973; Eckardt, 1975},
barbitufates ’("Vogel _& Nathan, 1975) and benzodiazepines (Cappell, LeBlanc,
& Endrenyi, 1973; Vogel & Nathan, 1973), amongst others. . '
SeveralVa.uthors have attempted to explain drﬁg:induced CTA in terms of

""taxicity'', a hypothesis originally postulai:ed by Garcia and his associates
. \




30

-
.

(Garcia, Haxikins, & Rusinak, 1974)., No clear interpretation of this tem
has been reached However,' and-Several lines of evidence miiitajce against
"such an e;cplanation. ' Bérger (197l25 observed that there is only a poor
correlation between wvert behavioral signs of c;.*:ug-—induced toxicity (e.g.,
sedation; diarrhoea) a_.nd ’potency to induce a CTA. Ionéscu and Buresova
(1977) demonstrated that severe poisoning by several drugs, such aé cyanide,

~

fail to induce CTA. Perhaps the most convincing evidence to indicate the
inadequacy of a toxicity ngtion to explain the CTA phenémenon is to be found
in the studies demonstrating induction of a CTA By administratio-n of drugs
which have also been shown to be self-administered at comparable dosages.
Morphine is self-administered (Weeks &' Collins, 1964) and cap also induce a

| CTA within a similar dose raﬁge (Cappdll et al., 1973). Amphetamine is
sel'f-administered (Yokel & Piclgens, 1974) and a similar dose has been“shown
to induce a CTA (D'Mello, Stolerman, Booth, & Pilcher, 1977). Even more
convincing evidence is to be found in studies in which the same drug admin—
"istration ﬁediafes both positive reinforcement and aversion (Reicher &

~ Holman, 1677; Wise, Yokel, & DeWit, 1976; White, Sklar, & Amit, 1977;
Switzman, Anit, White, & Fishman, 1978). In the. s‘tudy of Switzr;lan et al
(1978) faqr instapce, food-deprived: rats wére allowed to run down an alleywéyd
ff)r novel-tasting yfobﬁd, consumption of which was followed by an injection
of mqr‘phine. It was shown that in subsequent trials, rats would run -faster
down the alley and eat less food as compared tO\COIltll‘Ol- group rats. . Further-

_more, a direct relationship was found between the ;norphine—produce&l positive
reinforcement (as indicated by faster running speeds) aﬁd aversion (as in-

dicated.by redictions in food intake).. Rats increasing their rumning speed

er trials also evidenced a CTA whereas those rats not demonstrating an

¢ increase. in. running speed also did not exhibit a CTA-mediated reduction in



food inta;ke. ’
in adciition to this behayioral evidence for the prgsen::e of both
positively*reinfor‘cing and aversive characteristic; of sélf«admix}istered =
drug‘s, morphine, and amphetamine, a m:unbér of studies havé indicated a.commen '
phamacological mechanism for these effectg. The catecholamine system has
been widely implicated.in the mediation of po’siti\fe Teinforcement (see
- Fibiger, 1978; Wise, 1980). Studies: have deinonstrated that functional ..
disruptions of catecholamine system‘s which can attemuate or bioc;k CTA-for-
mation are identical to t}iose which disrupt positive reinforcement in studies
- of self—admihis"c‘ration. For instance, pretreatment. with AMP’I: (a tyrosine
hydroxylase blocker] has been found to block foﬁﬁnagion of a CTA induced by
morphine, ethanpl (Sklar & Amit, 19775, and a'mphetaminé (Goudie , Thornton,
& Wheatley, 1§7~5) . Intraventricular administration Sf 6-hydroxydopamine
(a ce;techolamine neurotoxin) has been reported to atterrﬁate an amphetamine~'.
induced CTA (Roberts & Fibiéer, 1975).. In a subsequent study (Roberts &
Filgig‘er; 1977) these authof; fotnd that inj ections of 6-hydroxydopmniﬁe into
the dérsél tegmentdl noradrenergic pathway attemuated a morphine CTA while
not avffec:ting an amphet;mine CTA",’ thereby J';'mplicating é role for norepine-
phrine in the CTA=induced propertiés of morpfii'ne: Pimozide, (a aopaminergic’
receptor blocker) has been” reported to blgckl a CTA induced by morphine;
ethanol (Sklar & Amit, 1977) and amphetamine (Grupp, 1977). Sklar and Amit
have also Idemonstg'ated that F)‘;A(S7 (a\ dopainine'-:beta—hydroxyla‘s.e inhibitor)
atfenuéfed'morphine and-ethamot CTAs,  This accumlation :)f .evidence' suggests
. that simidar méchanisms may underlie CI‘A and positive reinforcement in self-
administered drugs . . |

‘Mech\ahisms involved in pituitary-adrenal responses to stress have also

" been implicated in the mediation of CTA (Riley, Jacobs & Lolorde, 1976;

)
]
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Riley, Zellner, & Duncan, 1980). A large number of drugs used to induce,
CTA,*result in the sec.retion of ACTH (Riley et al., 1976). 'Actfiyation of

the pituitary-adrenal axis has been found. to occur when animals are forced

: to consume substances paired earlier with toxic substances (Ader, 1976;
Smothemman, Hennessy, & Levirfe, 197@, b). Avoidance of the paired taste, ‘;
~ on, the other hand, is not accen1panied by this acti:ration, as indicated by in- -
creased leyels of plasma corticosterone (Slx{othenr}an et al., i976b) . FEarly .
hand1 iné, :; tredtment demonstrated to reduce the elevation ?f plasma corti- ~
costerone in response’to novel stimuli observed in adult rats (Ader, 1970;
Levine, Haltmeyer, Karas, & Denenberg, 1967) has also beeil shown to atten-

- vate a lithium chloride CTA (Weinberg, Smotherman, & Levine, 1978) . Admin-
1stratmn of ACTH or one of its fragments devoid of steroidogenic activity .
(AC’I‘H4 10) has been found to delay the extinction of a CTA with 1ithium

‘ chlorlde (Smotherman & Levine, 1978). Pretreatment with AC'I‘H4 10 has also
been »shown to potentiate a lithium chlorlde CTA at a dosage with whlch
otherwise no CTA was.observed (Dra)r & Taylor, 1979). More recently, Sinyor,
Switzman, and Amit (1980) found that silinulteneous injection of ACTH along’

w1th morphine administration resulted in a potentiation of a sub-threshold

dose of this drug to elicit a CTA. It is interesting to note, in the con-

text of the previous discussion of (TA with self-administered dmgs that

. ACTH has also been 1mp11cated to play a role m mecilatlon of morphme self - O -
administration. ' For example, it was found by Amit, lekmd Gelfand and '
Hébe;‘t, (1977) that administration of ACTH reinstated oral consumptlon in
hypophysectomized rats. One p0551b1e explanatlon of ACTH effects /m mor-
phine-related behaviors has been that these may reflect altered attention

to particular components of the narcotic cue (Colpaert, Niemegeer, Janssen,

Van Rie, & DeWied, 1978). Clear interpretation of this hypothesis in rela-

o
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tion to the "paradox'" of CTAs induced by self-administered drués as outlined
before has not yet been articulated. n
Environmental factors haveélso been found to modulate CTAs. Extinction
of a litﬁium chloride CTA was shown to be specific to the enyironmental '
context in which the taste was initially paired with the drug administration, -
(Archer, Sjoden, Nilsson, & Carter, 1979). Krane (1980) has reported find-

ing that envirommental cues previously paired with,drug-induced toxicosis

?

' subsequently seryed to block acquisition of a CTA taking place in the pre- .

sence of these cues. In contrast, ‘Stewart and Eikelboom (1978) examined "the

role of 'situaticnal cués in drug pre-exposure effects on morphine CTA and
’ &

’ Al . - . e . » /
analgesia. They found that while attenuation of morphine analgesia by pre-
exposure. to the drug was specific to the pairing environment, this situation-
specificity was not observed with morphine-~induced CTA.- Moreover, while pre-

exposure to morphine .successfully attenuated forimulation of a CTA with this '
[ 4

drug regardless of the environmental context, when the pre-exposure drug ad-
ministration was paired with a distinctive taste stimulus, this preyented the

attenuation of a CTA to a secon7d c%ifférent taste stimulus. I?rocedural dif-
-

ferences between ‘these studies by .Archer, Krane, and Stewart, and Eikelboom,

~make consolidation difficult. Most importantly, perhaps, whereas in the first

. ‘ i y
two studies cited, 'lithium chloride is used, in the Stewart paper, morphine

is used as the conditioning drug. The rieed for further research into the
. modulation of drug-induced CTAs by envirormental factors‘'is, however, clearly

underlined by Ithese studies. |

JChroni‘c aggregation ‘conditibns have recently been shown to affect 4 CTA

with naloxone, an opiate antagonist. Naloxone was demonstrated to induce a

i

CTA (LeBlanc &-Cappell, 1975; Van der/ Kooy-& Phillips, 1977). Pilcher and

Jones (1981) differentially housed rats from time of weaning in either crow-
4

-
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,tial housmg in the CTA paradigm.

ded or non-crowded conditions. When t;hese rats reached adulthood, a two-

flavour discrimination procedure for conditioning taste aversion was admin-
, -t

istered. Results indicated an enhancement of the nziloxone-induced CT® in

those: animals that had been reared ih crowded conditions. In a second ex-
periment, it'was found that individual hoQising initiated three weeks prior
. i - ]

to the conditioning "proce'd\ure'did nqt alter the enhancement by cr'ow'ded

\

.

housing exposure of the naloxone CTA. In view of ‘the considerable evidence -

for altered responsiveness to psychoactive drugs in amfimals housed invgl_i'vi— ys
< © r » o
dually or in graups discussed in previous sections of: this introduction, it

weuld seem appropriate to further evaluate poss 1b1e influenceSu of differen-

. ' Overall Considerations™ . -

In summary, there is considerable evidence to suggest ‘that exposure of
: . ‘ ‘- .
" l '
animals to different social enviromments can alter their responses to drug '
administration. One critical component of this alteration in drug sensiti-

viﬁy appeare to involve epiate-related mechanisms. Enhancyed morphine anal-

’

R

gesia is reported for n/\ice reared in isolation' %_Bonnet et al.,;.l%76- }
LB

DeFeudis, et al., 1976, Kostowski et al., , '1977), ‘while isolated rats: exhibit ’

-a decreased morphine analgesia (Kostowski et al., 1977). A positive cor-

relation is found here with alterations in central opiate binding cap'acity‘
in isolation-housed mice and rats. (Bonnet et al., 1976"De15éudis et al .4
1978' Schenk et al. submltted for publlcation) , ralthough there is incofi-

sistency in this effect across strains of mouse.” Decreases in two signs of

the morphine abstinence syndrome were'reported' in rats housed in isolation

.(?dler et'al., .1975). Chronically isolated rats are reported to self-admin-

1ster morphine to a greater degree than do chronically aggregated rats . ,

(Alexander et al., 1978; Hadaway et al., 1979). - ' ;

-
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Another component of the pattern of alterations in drug sensitivity ob-
* LY

served in animals chronically exposed to different social envifomments in-

"volves altered adrenocorgtical activity in these animals. For instance,-Hatch
et al., (1965) reports gredter adrenocortical response to exogenously admin-
i v - ¢ '

istered adrenocortical thyroid hormone (ACTH), as measured by plasma corti-

o

costerone levels, in chronfcatty 13slated rats. Isolated rats were also
foufl\d. by Parker and Radow (1974) to exhibit enlargeci adre‘nal glands and were
.also found to volmfa’rily con;ume ethanoélz to a greaterfaegrée than did aggre-
gatled rats. Ellison (1981) recently replicated'this ‘filnd'ing. Baumel et al.
(197Q) reported reduced :er_lsitivity to the sedative hypnotic, hexobarbital,
int isolated mice as indicatéd by reduced drug-induced sleep-time in these
animals. ] .
Alterations in activity of central biogenic aminés are also reported in
. animals exposed to different s&:ial environments (e.g., Modigh, 1973, 1974;
Stolk et al., 1974; Nelch & Welch, 1969; Weiﬁstock\ et al., 1978). Enhanced
sensitivity to amphetamine"s stimulating effects on locomotor activity is .
réporﬁed in isolated mice (Del Pozo et al., 1978) and rats (Segal et al.,
1973). 'In this latter mentioned study, elevated activity of the Tatechola-
mine enzyme, tyrozine hydroxylase and decreased acti\}itvy of the sérotonin
enzyme tryptophan hydroxylase was reported in the isolated rats. - Increased
. , levels of brai\ri\ l;orepinephrine were found in isolated rats (Stolk et al.,

1974, Tanaka & Noda, 1974 ; Weinstock et al., 1978). Isolated mice are repor-

\ . . _ :
ted to exhibit decre\a%ed/ turnover rates of norepinephrine and serotonin)

{

"
Exposure to acufe aggrégation conditions is reported to enhance the

toxicity of amphetamine in mice (e:g., Chance, 1946, 'Blackshear et al.,

1979; Moore, 1964; Stolk & Rech, 1978) fmd in rats (Lokiec et al., 1978).

1 t

‘ | )

. (Garrattini et al., 19&3; Welch & Welch, 1968). By
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Factors hypothesized, to be involved insthis phenomenon of altered responses
to amphetamine in aggregated animals mclude changes in: rtesponsiveness of
. pe¥ipheral amine systems {e.g., Mennear et_al. 1966; Moore, 1964), glycogen
levels (e.g., Blacksheat et al. ,. 1079; Clark et al., 1967), thermoregulation
(e.g., Askew, 1962; Menon & Dandiya, 1§67)\ and central serotonin levels
“(Lokiec et al., 1978). | - . *
*  Exposure to acute aggregation is also reported to enhance morphine
- l‘etnality in mice (e.g., \Bristei' & Davis, 1974; Davis & Brister, 1971; -
Spoerlein, 1968) and in rats (Sklar & Amit, 1977) Brister and Davis (1974)
reported that while pretreatment with an anticholinerglc agent, pilocarpine
successfully protected aggregated mice from enhanced morphine tox1c1ty,

no such protection was realized for the enhanced lethality of amphetamme
Mohrland and Craigmill (1980) clearly: demonstrated the importance of ambient
temperature in the determination of this morphine %ggregation toxicity
‘phenomenon. While enhanced morphine toxicity was observed in aggregated mice at.
a room temperature of 29° C, no such enhancement was observed at a room
temperature of 19° C. Also, it was tound that by exposing isolated mice to
continuous tactile stress following dz:ug administration, an enhancement in
lethality similar to that observed 1n the aggregated mice could be seen.

In a recent study by Pilcher and\ Jones (1981), a CTA induced by the

opiate antagonist naloxone was found to b% enhanced by crowded housing con-
ditions mgintained prior to conditioning. Within the CTA literature, an

- -

appArent "paradox" presently exists concerning the capacity of some drugs

such as morphine and amphetamine to mediate p sitive reinforcerient and also !

aversmn (e. g s Reicher & Holman 1977; Wife et al., 1976; Sw:Ltzman et al.,
i ¥
1978) . ‘It is proposed in the present the51s that by prov1d1ng acute expo-

-

sure to dlfferent social env1ronments to_animals administered one of these

\ ’

jf
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lc}rug#, ﬁpo‘rtaﬂt additional information concerning the complex motiyational
prdpe‘fties of these &mgs m\a_y‘ come to 1ight, Tt is presenfly unclear as to
how poésible atlterarttions in the responsiveness of animals to'drug exposure
induced by acute exposure‘ to diffe‘rent social environments may affect the
capacity of su(;h drugs as morphine to induce a CTA. This ques_.t‘ion is

investigated in the first experiment of this thesis.

~
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“EXPERIMENT I

An enhancement of the excitatory effects of amphetamlne in aggregated
mice as compared to mice kept in isolation was first reported by Gunn and ’
Gurd‘(1940). Chance (1946) subsequently reported finding a ten-fold
increase in the lethal effects of amphetamine in aggregated mice. Since
these initial studies first appeared, mumerous reports hate beenlpublished
demonstrating that aggregation of mice potentiated tne 1eth%1 effects of
'amphetamine (e.g., Lesagna & NtCann,.1957; Moore, 1964; Mennear & Rudzik,
1961 ; Swinyard, Clark, Miyahana, & wo1f,‘1961;’wang, Hasagawa, Peters, &
Rimm, 1969). More recently, this phenomenon was reported in rats (Lokiec,

‘ Rapin, Jacquot, & Cohen, 1978), although an earlier study reported failure'
to find such an effect (Stolk & Rech, 1968).

" Enhanced group toxicitx of morphine is also reported in mice (Davis_
& Brister, 1971; Brister & Davis, 1974; Mohrland & Craigmill, 1980a, b;
Spoerlein, 1968)l and in rats tSklar & Amit, 1§77). There is one report of °
a failure to find enhanced morphine lethaﬁity in aggregated mice CVedernikov,
1970}, But comparisons\of this study with other studies of acute aggregation‘
effects is made problematic by the lack of en isolationehouséd'control
"group;in this study. J

A mmber of effects of chronic'eggregation or/isolation are also
reported.’ These include chnnges in morphine-induced.analgesia (e.g.,
DeFeudis,‘DeFeudis, & Somoza, '1976; Kostowski, Czlenkowski, Reverski &
Piechocki; 1977}, signs of morphine abstinence.(Adler, Bendottif Ghezzi,
Samanin, & Valzelli, 1975), and self~administration of morphine (Hadaway,
Alexander, Coambs, & Beyeretetn,“1979)“:of cocaine (Hill '& Powell; 1976),
and of ethanol™gParker & Radow, f11974). Baumel, DeFeo, and Lal, (1970)
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reported alterations in metabolism of hexobarbital in differentially housed

.animals: Differences Between chronically aggregafed and isolated animals

are also reported in a naloxone-induced conditioneda taste avgrsion (CTA)
(Pilcher & Jones, 1981). In addition, an alteration in the density ‘of brai:n
opiate receptors due to chfonic different\ial housing has been ohserved in _
mice (Bonnet, Hiller, & Simon, 1976) -and in rats (Schénk, Britt, & Atalay,
1981).

Acute aggregation was demonstrated tJo "enhance the lethality of morphine

©in rats at dosages which are clearly non-lethal in isolated rats (Sklar &

Amit, 1977a). Morphine is also knowlm to reliably induce a CTA (Cappell,
LeBlanc, & Endrenyi, 1973;" Farber, Gorman, & Reid, 1976; Sklaf & Amit, 1977b). ‘
Moreover, the same jno‘rphiné injection was also shown to induce a CTA as well
as po3itively reinforce‘ an operant behavior (White, Sklaf, Amit, White, &
Fishman, 1978). This phenomenon is also reported in regard to amphetamine
(Reicher & Holman, 1977; Wise, Yokel, & deWit, 1976).

In the 1.ight of these‘ 'f/i’ndings, it would be interesting to exaniine
whether exposure to acute aggregation might influence the ability of morphine
to induce a CTA. No study to date has investigated the possible effects of
acute exposure to different social environments on the \ability of psycho-
active drugs such # morl;hine to indu;e a CTA. Sﬁch an investigation may »

4

serve to elucidate the apparently complex motivational properties of these

. drugs. The present experiment investigates possible effects of acute

' SUBJec_ts ” .

aggregation following adininistrati‘qn'_ of morphine within a standard CTA

paradignm, o C | ' "

\ ' Method ( : : 7
. ’ « /'/

Subjects were 130 male Wistar rats weighing 250-300 g at the start of
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the experiment. The animals were indiyidually housed in stainless steel
cages with free access to Purina laBoratory chow and water,

Drugs and Apparatus ) o ,

Morphine hydrochloride (May -and Baker Can. Ltd.) wasldissolved J‘n,‘a
vehicle of injectable Ringe%'s solution (Abbott Laboratories Ltd.).
Animals exposed to a(cute agg'regation after drug admipistration were
’ placed\ in large, opaque plastic baskets (26.5 cmx 26.5 cm x 22 cm).
Procedure 1
Following arrival from the breeding farm, a period of 7 days was
observed to allow for adaﬁtation of the animals to laboratory housing con-
ditions. During this period, the animals were handled and weighed on three
separate occasions in order to familiarize them with this procedure. On the
next day, following this adaptation period, water was removed from the home ,
‘ cagels. and for the remainder of the e;cperi:mént, the animdls were maintained
on a 23 hr and Sd min water deprivat‘ion schedule. For the following 7
co'nsecutive days, tap water was ;vailable to the rats for'a 30 min peric;d v
" between 10Q0Q and 1206 each day in the home cage. The water was pres'ented‘in
stoppered plastic test tubes fit'ggd with stainless steel ball-bearing spouts
o inserted through the front of the cage. The rats were weighed on two
B / Separéte days during this period. ‘
/ On day 8 (first conditioning d_ay) the animals were prgsented with a
0.1% saccharﬁ.n solution as their drinking fluid for a 30 min period. Fluid”
\consumption was measured to the nearest ml. Following within a r;;inute of
thé; teminatioh of the drinking period, animals were intraperitoneally (ip)
injected with either Ringer's s’olution (n = 40) or one of three dosages of

mofphine. The 'mo?hine dosages administered were 8 mg/kg (n = 30), 15 mg/kg
(n = 30), or 21 mg/kg (n = 30). Immediately after injection, half of the

g

¥
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animals -in each treatmeﬁt group were teturned to their respectiye home "
cages, and the remajning animals in each group were placed-in plastic baskets
in.groups of five. These aggregated anrmals remained in the baskets for the

following 2 hr and 15 min after wfuch time they were returned to thelr home

cages, - The injection wolume for all treatment groups was 1 ml/kg body weight.

For 3 days following rthe first conditioning day, tap water continued
to be available’ for 30 min daily drmklng perlods On day 12 the fourth
day after 1n1t1a1 conditioning, the saccharm solutlon was agam presented
“1:0 the anlmdls, and the' identicdl procedure was subsequently conducted as on
the first conditioning rda)ﬂ (day 8). On the ensuing 3 days, tap water was
\a:gazhl presented. Onl'd,ay 16, the saccharin solution was once more presented

1

-to the animals. ™~

e
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" at the 21 mg/kg dose of morphine (E(1,27) = +65, p < .4269).
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Results e

‘ . . 3
Saccharin intake for each test day, expressed as a percentége of change

’ /

- from baseline levels, is presented in Figuré 1. Baseline levels were

, determined for each rat by their individual levels of fluid consumption on

thé first day of sacchagiﬁ presentation (day 8) and percentage changé from
these Vélﬁes were then calculated for individﬁal levels of fiujd intake on
the subséqpent saccharin test days (days 12 and 16). Two animals in the
isolated-saline group and one in the isolated-morphine (15 mg/kg) group fell
i11 during the course of thé initial water dep?ivation period. A fourth

animal in the aggregated-morphine (21 mg/kg) greoup died at the time of the

.

first aggregation. Data for these animals were dropped from the statistical- ~

analysis. .

three-way ANOVA indicated a sighifiéant intéfaction between dosage

and dgys (F(3,118) = 5.69, p < ,0011) and significant main effécts for . e
dosage (F(3,118) = 11.06, p < .0006) and days (F(1,118) = 8.97, p < .0034).
No sigﬁificant difference was found between aggregated and isolated groups
(F(1,118) = .17, p < .6774). ‘l

. Individual fwo—way ANOVAs were also conducted for éach dosage. In the
saline group, no sigpificant change was found in saccharin intake over test
days (F(1,36) = 2.48, p < .1239) nor was there any significgnt.effect due
to aggreé%tion Cé(1,36) = ,0097, p < .9223). In khe grodpsladministered |
morphine, ;ignificant decreases in saccharin intdke were found at the
dosages of 8 mg/kg (Fél,ZS)-= 21.63, p < .0001) and 15 mg/kg (F(1,27) = -

5.10,'p.< .0323). However, no change in saccharin intake was indicated

1
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'Figure 1. Percentage of baseline saccharih intake for aggregated and iso-
harin days 1 and 2.
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¥
No significant effect was found for aggregation either at the 8 mg/kg

(F(1,28) = .44, p € -.5148), '].S‘mg/kg (F(i,27) = 2.74, p € ,1095) or 21
mg/ kg (F(1;27) = .86, p< .3608), The raw data for this experiment appear .
in Appendix A. | | | '
Although a stati'st‘ically eignificant- effect of aggregation was not

" found in the present experiment, 'the same pattern of aggregatibn*in;iuced
enpancenent of a morphine CTA has beem observed across five separa‘t‘e Té-

plications (see Figure 2’). Data oBtaiﬁed from Replications 3, 4, and 5 - '
. were later canbinéd" to make up the data base of Exper-imenfc IT. Exaetly the *
‘same procedure was followed on each of, these three separate occasions, with

animals Zf the same '‘new colony" Wlstar straln (Canadlan Breedlng Farm
' and Laboratorles Ltd.) being exposed to ‘identical experlmental conditions.

In Repllcatlon 3, data for er's and morphine (8 mg/kg) groups ‘(n * 5)

for both a’ggregated and isolated copditibﬁs a.re presented. In Replication '._
'4, \data\for Ringer's groupe for aggregatea (n ® 5) and isolated (n = 4) \ ‘
‘conditions are'presented as well as for morphine (8 mg/kg) Vaggregated

(n 10) and Isolated (n = ¥0) condltlons and for morphme (15 mg/kg) ag-
gregated (n = 5) and isolated (n * 51) animals. In Replication 5, data are
preseﬁted for Ringer's groups for ;both aggregated (n = 10) and isolated

n =9 COndlthl’lS as well as for morphine (15 mg/kg) groups (n =10),

In Repllcatlons 1 and 2, an 1dent1cal ‘experimental procedure was followed.

as was presented for Experiment II of this thesis with the exception that
‘ five days (mstead of three days) mtervened between the f;r;t and second
sac;har}n exposures and only two days (instead Q,f three days) elapsed' be- .
tween fhe second saccharin presentations and the final saccharin exposures.

Additionally, in Replication 1, it is not clear whether the Wistar rats

used in the study were from tl{e_"new colony' or '"old colony' breeding condi-

4
1

. .
! . . ¢
. '
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" tions recently instigated at Canadian Breeding Farms. 'New colony' rats are
‘raised in a more pathdgen—free envirorment and are handled less frequently

than ''old colony" animals (personal communication, Canadian Breeding Farms).

In Replication 1 Ringer's and morphine (8 mg/kg) groups/were run for both ag- .

.

» gregated (n = 10) Lm'ld.isolated (Ringer's: n = 10, mo 'hini n =,7) condi-
tions. In Replication 2, Ringer's and.morphine (8 mg/kg)

oups were run for
aggregated (n = 5) and isolated (Ringef“"s n ¥ 4; morphine n |# 7) ‘conditions
using the/''new colony'' Wistar animals.

As no difference in the strength of the aggregatign-induced alteration

of a morphine CTA was evident for 8 mg/kg and 15 mg/kg_jdoses, these data were
considered tégether. A chi square analysis (Winer, 1971) of the percent
(baselilne data for each saccharin test dbay over the five| independent replica-
tions was then perf'ormed.. This was done under the hypot\hesis that the ob‘— |
'seﬁed proI;abilities associated with the levels of sacch%irin consumption of
aggregated as compared to isolated animals are a random ;'aniple from a popular .
tion of probabilities having a mean of ",50. The obser:ved\\\probabilities of ob~
taihing a greater reduction in sacchafin intake in aggreg:iﬁ:ed as versus iso-
lated animals on each of the five. repli:cations on each of %he two test days

’ i o .
were calculated using -individual t-tests. These data were ithen tested against

N

a one-tailed alternative hypothesis. This“apg%ysis ‘tr;eveal a significant .
effect of aégregation in the morphine-treated ann;;ls on saccharin day 2 (_XZ,
= 19.26, df = 10, p ¢°.05). An effect of aggregation apbrolched but did not
reach sfgtisti;al signif i‘caﬁnc“;vﬁn saccharin day 3 for the drug-exposed group
_(XZ = 16.54, df - iO, p € .10). No differences were found for the saline~
treated control animals foi- saccharin day 2 (X6 ® 10,10, df| = 10, p &4 ,49) or

saccharin day 3 (X = 9.72, df = 10; p ¢ .49).
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. Discussion

It appears from the data collected in thi‘s.exp‘eriment that acute ag-
gregation has no effect on a morphine-induced CTA. A significant reduetion
in. saccharin “intake from baseiine'weslrecorded for the 8 mg/kg and 15 mg/kg
.morphine dosages, indicative of effrective CTAs. In the moet effecti\‘r’e dos-
age of iS ;ng/kg,. exposure to acute aggregation appeared to enhance the CTA,
' althoﬁgh this did not reach statistical significanée. This pattern of CTA
enhancement by exposure to acute aggregatlon also was apggrent to a lesser'
degree at the 8 mg/kg dosage, although again thls was not statistically sig-
nificant. This same pattern of acute aggregation-induced enhancement of
morphine CTA has, been replicated at this dosage 1eve1 on five previous
occasions im pilot studies and appears therefore to be a reliable effect,
albelt one in which dlfferences between scores of 1solated and aggregated
animals are not establlshed statistically on any one occasion,

Several factors may help to explain the failure to establish a strong
- effect of aggregation within the ‘present paradigm: . First, Welch and Welch
(1966) reported the chronic housing conditions briorzto an acute aggregation
. oT 1solatg.on manlpulatlon served to influence the efféct of this manipula-
tion on the lethallty of delta-amphetamine in mice, Whlle enhanced lethal-~

ity was observed in acutely aggregated mice as compared to, those placed in

\

isolation after drug administration , those aggregated animals which had -
been housed in isolation for a period of 5 weeks prior to the experiment
died up to 8.5 times faster than did those that had lived in groups for

. this same period. It may be that, in the present experiment the period of

b

. isolation prior to the-onset of the experiment was not sufficiently pro~

longed to enable observation of maximal effects of the exposure of acute
. v . P‘ b
aggregation. Second, there have been several reports emphasizing differ-
8 1 *

e
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‘ences in strain and species in differential housing effects. For instance,

‘ Bonnet et al. (1976) reported reduction in oplate binding in chronically

1solated mode of the C57B1/J7 . straln, while . in Smss alblno mice, ‘an

_mcrwse in opfdte binding was reported. Cha.nce (1947) reported dlfferences

'

between strains of mouse in the degree of enhanced tox1c1ty seen in aggre—

gated znlals 4 Stolk and Rech (1968) reported species: dlfferences in

amphet e tox1c1ty seen in acutely aggregated rats and mice. 'Ihus it may

4 4

be lmportant in the context of t}ue present study to mvestlgate the acute

i
aggregatlon phenomenon in other strams of .rat.  Third, it .can be seen from

the@results of the present experiment that a high degree of \}ariability in
the saccharin'dntake scores over the test was present, making it problematic
to clearly establish any statistically significa.ntu differentiation between
the trea?tment groups. This phenomenon of relatively high degrees of -v.aria—
blllty in a morphme mduced CI‘A as compared: to C'I'As induced by non selfs

admmlstered drugs such as llthlum chlorlde has been noted €elsewhere in the

'Titerature (e. g., Gorman, De Obaldif, Scott, & Reid, 1978) Al'so, the ab-

sence of a graded effect 1n which- higher morphJ.ne doses would mduwtrong—
X

‘er CTAs than at lower doses, as ev1denced by the lack of a reliable reduc-

<

- tlon J.n saccharin intake at the 21 mg/kg dose, is a. phenomenon which has been

eprev1ously reported (Riley, Jacobs, & LoLordo, 1978}, This aspect is most

'reductlon did no'& reach levels of statlstlcal significance, -

s

evident in the case of the 21 mg/kg morphine dosage which clearly appears to

demonstrate a reductlon 1I1 saccharln intake (see Figure 1) although this

Another mterestlng aspect of the pattern of saccharin mtake at the _
21 mg/kg dosage is the apparent reversal of the trend of possible CTA
enhancanent by aggregation discussed ab\ove. This is of particular interest
in thgt one of the rats. administered this- dosage: died during initial/ aggre-‘

! " . ¥
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‘gation. 'I:he facts appear to argue for a disassociatioh Qf tﬁe effects of
acute aggregation on morphine-induced lethality and possil’ale effects of - |
acute aggreg:;tion on morphine-induced CTA. Howe\}er, a low baseline saccharin
intake for one animal in the,aggregated group resulted‘in inflated scores on,
the Jen'sueing tes;c days so that while the aggregated group scores are not
lower than isolated group scores, it can not tge irrevocably stated that a
reversgl from the pattern ofgthe lower dosages stores was indicated even at

a 'sta{:istic.ally,norf—significant level,

. * While not réaching statisticgl s@gﬁif@;mce, in the present study, a
mild yet reliable effect of ‘acute aggregatiéx;l is clearly indicated by the
data presented from five iﬁdependent replications, It seems clear that the

’poss{‘tl)le effects of acute aggregation on CTAsinduced by i)sychoactive drugs «
merit further imnvestigation. In the following acperinient, an investigafion”
is conducted int¢_the possible influence of acute aggregation on a CTA

induce\c} by lithium chloride, a non self-administered psychoactive drug.*

[

al
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= In the. p?e\fious experiment, enhancement of a morphinevind\uceél\CTA was
‘ihdicat.ed across 'a series of five independent replications in those animals . .
exposed to acute aggregation (as opposed to being kept 1n isolation) foiiow— J,
drug administration. The high variability typical of ‘this kind of data may '

-

have contributed to the failure to achieve statist»ical‘significa;lce',in any

single experiment.

The present Study in\}estigates the effects of acute aggregation upon a o
CTA induced by lithiun chloride (LiCl), LiCl is an emetic drug, with
central and pez:ipheral effect}s, whiclk is commonly used within the CTA ‘
literét_ure {Riley & Clérke , 1977). In contrast to morphine, there are no
reports of Ligl bemgﬁselfwadministered. It has been sholwn to possess.
unpleasant side-effects as indicated; for exar;xple, by sedation and diarrhoea
observed in animals éxposed to the drug (e.g., Garcia & Koelling, 1967;
Nachman & Ashé, 1973) . Specificallj, LiC1 is‘reportedi)to exhibit sever[al .
properties which make it particularly advantageous for an investigation of
effects of acute aggregation on a CTA induced by Fhis dllug.' ‘Birst, "LiC1 -
‘induces a CTA which is greater in magnitude and is ;éss v;rie;ble than a CTA °*
induced l;y morphine (Géman, Ricardo, De Ob;aldia, Scott; & Reidt, 19]8;‘ Riley,
Jacobs, & Lolordo, 1‘978) . Possible modulation of a LiCl-induced CTA .by
acute.aggrelagation may therefore by easier to detef:t. Second, Sklar‘;q aJ‘la it
. (1977) reported, that phamacolo’gical” distuptions of catechola:ninquic Sys-.
‘tems which block a morphine CTA failed to block a C'IjA induced by Liéi ‘. " -
These same pharmacologicéal disruptions are also répbrted ',t'o attemuaté mor-

b

»®

phine's positively reinforcing properties (e.g., Davis & Smithﬁ,lg'fé,



" Subjects o S ' o e

"administration were place'd in large (26,5 cm x 26.5 cm x 22 cm) plastic

£
. baskets as in Experiment I.

50
1974, Glick, Zimmerberg, & Char’ap,\ 1973; Meade & Amit, 1974). For instance,
pretreat’rnen’e of rats with alpﬁa-qnetﬁleﬁara‘—-tyrosine (AMPT, a tyrosine

hydroxyiase inkibitor) blocked a morphine CTA but failed to block a LiCl

. CTA. Pretreatment with AMPT is also Icn?wn to attenuate self-administration

of morphine in rats (e.g., Dayis & Smith, 19725 Glick et al., 1975). The
findings cited above, then, suggest a 51gn1f1cant dlfference between CTAs

induced by morphlne and LiCl. Investlgatlon of the effects of acute aggre-

gatlon on CTAs 1nduced by morphine and L1C1 may serve to further delireate . .

thlS dlfference Furthermore this study‘ may result in a clearer under-
standing of the possible effects of acute aggregatlon upon the beha\rloural
properties of psychoactive drugsa o . '

1 4

Method ' ‘ e

. Subjects were 60 male Wistar rats weighing 250-300 g at the start of
the.experim“ent The anlmals were md1v1dually housed in stalnless steel .

cage’g with free access to Purina laboratory chow and &ater

-

Drugs and Apparatus’
. R

+
o

Lithium chloride (Abbott Labgratories Ltd.) was dissolved in a vehicle

of distilled water. \ Animals exposed to acute aggregation after ‘drug

Procedure ' . ) Ly

The procedure used in this experiment was the same as that used in .

Experiment I. Fifteen animals were randomly assigned to each of the four

. treatment groups. A_ 15 ml/kg dose of lithium chloride (0.15 molar solution)

was administered intraperitoneally. Control animals received an injection e

of distilled water ‘in the same 15-ml/kg volume. Half of the animals in both.
. . g .

\
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' . * .
the LiCl and control groups were immediately returned to their respective

_' .home cages following‘ injecti"on. The ~remaming animals were"pl'aced in
plastic baskets in groups of five for a period of 2 hrs and 15 minutes

- following injection: . \
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Levels of fluid intake' for each day of saccharin presentation are
presented in Flgure 1. Baseline values and percentage change from these 1
values are calculated as,in gxperment 1.

Due to illness, six animals were el:unmated from the"‘gtudy prit;r to t‘he
first conditioning day. Due to a procedural error, a seventh animal- exposed
to both isolated and aggregated conditions was also eliminated from the
statistical analysis. ~ | | '

A three-way ANOVA performed orr the data for the remaining S5 rats re- g
vealed significant main effec?s ‘of dxﬁg (F(1,51) =» 70,36, E( ,0000) ®nd of .
days (F(1,51) = 20.33, p ¢ .0000). No significant difference bei:wéen aggre-
. gated and isolated ,enimals was observed (F(1,51) ® .41, p ¢ .6250), The |
interaction between agg'reg'ation and ‘dmg factors also failed to reach signi--
ficance: (F(1,51) = 1.44, p ¢ .2350) . Raw data are ipresented in Apﬁendix B.”‘

o : y: L

Discussion
kclear reduction in ‘saccharin intake over the three daxs of saccharin
presentation in animals receiving LiCl indiqates the formation of a strong
CTA. Comparison with the data in Experiment 1 demonstrates that the CTA
induced by LiCl is greater 1n magnitude than tHat induced by m'orphir}e. -
These I\mdlpgs support earlier reports of CTAs induced by morphiﬁe and LiC1
[e.g., Gorman et al.,.1978; Riley et al., 1978). '

In-contrast to the findings reported in Experiment 1 with regard to
fnorp‘hine, no trend of aggregation-induced CTA enhancement was observed in
animals given LiCl in the present experiment, Indeed, a slight tendency
toward an aggregation- induced attenuation of the LiCl CTA is suggested B)?

% .

the data for saccharin day 3, although thls was not 51gn1f1cant statlstlcally

-
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Two possible explanations of this apparent contrast in aggregation
effects for morphine and LiCl-induced CTAs may be established by consideying
" differences in neurochemical mechanisms underlying the particular effects of
these two drugs. One hypéthesis would suggest that the different degree of

catecholaminergic 1nvolvement in medlatlng the aversive propertles of LiCl
and morphine.(Sklar & Amit, 1977b) may help explain the dlstlnct difference
in aggregation effects observed in the present studies, SkLar and Amit
(1977b) reported that pharmacologlcal disruption of catecholam nergic systems
by pretreatment with such drugs as AMPT blocked a CTA induced by morphine
but did not affect a LiCl-induced éTA. This same. pharmacologic;ll disruption
‘was found to attenuate morphine’s positively reinforcing propertie\e\s\(e.g., ‘
Davis & Smith, 1972; Glick et al., 1973). There: a,I:e also studies rep)r?ing
‘a direct r?alationship bétween mofphine‘s positively reinforcing properties
.and its ‘abil\‘ity to induce a CTA (Switzman et al., 1978; White et al., 1977).
In these studies, the same morphine injec;:ion was found ti) medigte both:
positive peinforcement (indicated by ruming down an alleyway) and aversion
'(indicated by induction of a CTA) . Before further elaboration of the hypo-
_ thesis of catecholaminergic involvement in the reversal of ‘ac:ufe gggregation
effects 1n mo'rphi\‘l\\and LiCl-induced C‘\TAS would be justifiable, it would
appea:r to be nece § 'ry to exanines. effects of acute aggregation on LiCl CTA
at se\feral doses l&ier than that uséd in the present experiment. It is .
possible that at %rese 1ower doses, an enhancement rather than a p0551b1e
attenuatlon, [of thﬁlelCl 1nduced CTA may be observed in aggregated animals.
This might then 1ea to a second possible explanation of the divergent
findings in Exper é{ws I and II. A model for such an explanation may be
fourd in studles of‘lfadrenocortlcal activity induced by morphlne and LiCl

in relation to thelr, respective capacities to mduce a CTA (e.g., Hemmessy,
. J . ’

LY




Smdtherman, % Levine, 1976, 1980; Rigter & Popping, 1976; Riley, Zellner, &
Duncan, 1980) .I Tt has been postulated that the reléase of adrenocortico-
trophic hormone’ (ACTH) may play a critical role in the fommation of drug-

induced CTAs (Braveman, 1977; Riley et al., 1976, 1978; Riley et al., 1980).

-For instance; it is reported that preexposing a rat to a particudar drug

attemates alsub'sequent CTA induced by that drug' (e.g., Braveman, 1975;
Cappell, Leblanc, & Herling, 1975). Riley et al, (1976) argue that this CTA .
attemdtion may be mediated by decreased levels of drug-induced ACTH re-

lease observed in animals prevmusly exposed to thé drug. This argument is,

however, based on correlatlonal data alone. Riley et al, (1978) also TEepor -~
*

-

< ted .that the relative weakness of a‘morphlne CTA as compared to a LiCl CTA .

may be attribfitable to relatively lower levels of blasma cortieosterqne
(indicative of ACTH release) associated 'with morphine administration,

Support for this argument is founq in reports that ACTH adpinistration prior
to extinction trials delays extinction of a LiClsinduced CTA (e.g., Hennessy
et al., 1976, 1980; Smotherman & Levine, 1978; Rigter & Popping,’ 1976)’.
Additionally, hewever while administration of dexa:nethaso;me (which suppresses
ACTH release) jUSt prior to condltlonl_ng was found to attemuate a LiCl CTA,
no effect was found with ACH{ treatment at time of conditioning (Hennessy

et al., 1976, 1980) . \ | '

In| contrast S:Lnyor Sw1tzman, and Amit (1980) report potentlatlon of a< '
morphine CTA with ACTH admlnlstratlon at time of conditioning. Also Sirtyor
(1979) found no effect of dexamethasone pretreatment on a morphine CTA,

Thus from the stgdies just cited above, it can Be seen that alterations in
ACTH leveis can serve to medulate CTAs 1induced by Li(Cl and morphine. But ’

it appears that these effects are distinctly different for each drug. There

are also reports of biphasic effects of ACIH, Amir, Galina, Blair, Brown,

K
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an;l lyn\it ‘({’980) found‘ that low doses of ACTH stimulated locomotor activity .
. vwhile h:‘igh ACTH doses suppre;sed this actiﬁty. Sands and Wright (1979) \
studied rats' performance in a Y-maze task of active avoidance and discovered
that a low ACTH dose enhlanced, while“a high ACTH dose disrupted, retention
of a previously learnt behaviour. In congruence with these findings of ACTH
effects, it mr;ly be that the possible reversfal of acute aggregation effects
observed in this thesis in regard to morphine and LiCl CTAs may be mediated,
at least in part, 'by a difference in ACTH activity assoc;iated with these two .
drugs. The aggreéation«induced enhancement of morphine-indiiced CTAs pre-
- sented in Experiment I may be mediated by an aggregation-induced elevatibn‘

in ACTH le‘\‘rels! in accordance with the findings of Sinyor et al. (1980).-
Due to the relatively greater drug-induced ACTH release repérted with LiCl
administration (Riley et al., 1978), the LiCl-treated aggregate& animals

may be subject to an elevation in ACTH levels which might .be‘ expecte;d 1.50
surpass some hypothetical critic‘al threshold, This, the'n, might tentatively
be expe;ted to result in an attention -- rather than an enhancement‘ -~- of tﬁé

MﬁLiCl CTA in accord v.&ith the inverted U-shape patterns of ACTH response ’
reported by Amir et al. (1980) and Sands and Wright (1972). This hypothesis
must be considered, howevér, to be purely speculative at this time ,' For
example, Hennessy et al. (1978, 1980} failed to fimnd any attemuation ofia
LiCl CTA with ACTH administered at the time of initial cohditioning.

Two additional factors should be taken into consideration in the inter-
pretatilon of the data prese‘nted in Experiment 2. The first such factor is
constituted in the reduction in saccharin intake of the control animals
'givén injections of the LiCl vehicle. This unexpected tremd may reflect the
effects of illness unfelated to the drug treatment which was observed in a

mmber of the rats used in this study. Unfortunately, no systematic record




- tion of the critical pharmacological mechanisms underlying the important

. was kept for individual animals of the signs of illness such as diarrhoea

and minor respiratory difficulties observed in some of the rats. Such
systénatic observation should be made in future studies to control for this

possible confound. A second consideration which may be important in .

~ achieving a’comprehensive appraisal of the data of Experiment 2 m

found in the extremely low levels of saccharin intake observed in the drug-

treated animals on saccharin'day- 3. This may constitute a situation in

which any further reduction in saccharin intake to be expected in'either

aggregated or isolated animals would not be realizable‘. For example, after
two condijcioning‘ da}.fs using a similar ILiCl Ados‘e; several exéerimé‘nters‘ ’
failed to report flte\ductions of a npvei tasting fluid to levels of under two
miliilife,rs (e.g., Gorman et-al., 1978; i\iachnan & AShe, i973; Riley et a;l.,‘\
1976). | "

\Although no’ d/efiﬁitive explénétion of ,the divergent findings in

Experjinents. 1 and 2 can be attempted at present, it nevertheless is apparent

. that acute emiromneqtal manipulations may differentially influence the *

motivational properties of psychoactive erfgs such as 1ithiwn‘ chloride and
morphine . Such a finding has important implications, As discussed above,
further understanding of 'thi's phenomenon may well vl‘eac‘l to greater apprecia-
differences between behavioral effects of drugs such as morphine and 1ithium

chioride .
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General Discussion
\

' In Experiment I of this' thesis, data was presented from five indepen-

dent replications which indicated that the magnitude: of a morphine-induced

. CTA in rats was found to he enhanced by acute aggregation of the animdls
» _ ﬁ Lo
immediately following the drug administration. This phenomenon was observed

at morphine doses of 8 mg/kg and 15 mg/kg. At the 21 mg/kg morphine dose,

a slight attemation of the morphinevinduéed réduc‘tion in saccharin fluid
consumption was observed in aggregated animals, However, a morphine-induced
CTA was not evidént at this dose, In addition, one aggregated animal died
following injection of the 21 mg/kg morphine dose, “In Exberiment II, the.
magnitude of a LiCl-induced CTA was found to be unchanged or even slightly
attemated in rats 'aggre'gated following the tiCl admj.nisﬁation. The greafer
ovel"all mé.gnitude’of the CTA resulting frqm this second conditioning trial
may ﬁave- served to mask any attenuating'effe_ct of the aggregétion exposure,
It therefore appears from these studie§ that exposure to acute aggre-

gation enhances a morphine‘—i'nduced CTA vhile serving to attermate a CTA

"induced by LiCl. At present it is not clear to what factors this divergence

5

~

of acute aggregation effects can be properly attributed. However, it is
known that pharmacological disruptions of central catecholaminergic systems
serve to block formation of a morphine-induced CTA while these do not affect

‘formation of a CTA. induced by LiCl in rats (Sklar & Amit, 1977b)., So, for

example, formation of a morphine CTA, .but not a LiC1 CTA, was found to be

blocked by pretreatment with AMPT. Thus, it is conceivable that acute
aggregation serves to enhance a morphine CTA by acting on the central cate-

cholaminergic system, while serving to attenuate a LiCl CTA by acting on

%
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some othér, pferhaps peripheral, system:i This hypothesis.mist remain purely ,-
. speculative at this time however. A second, more likely, explanation for
1;he reversal of aggregation effects across the CTAs i;ducgd bf LiCl and
- morphine involves co"nsid\eratio'n of the adrenocortical aativity resulting

!

from exposure to each of'these two drugs, 'Riley et al. 978) reported that

an acute administration o,f LiCl results in a relatively high elevation of
plasma‘.cbrt;'.costerone levels (indicative of ACTH release). In éontrast,
these authors found that acute morphine“administration results in only a
/comparatlvely low elevation in levels of plasma corticosterone. Sinyor et
al. (1980) reported a potentiation of a CTA mduced by a subh-threshold dose
of morphine when ACTH was injected at “the time of the morphine administration.
This then suggests that th;e aggregeition-—induced enhancement"of a mox\'phine- CTA
’reported in Experiment I may be mediated b;f increases in ACTH release. The
basis for an explanation of the possible veversal of the aggregation effect
~on a LiCl CTA, as presented in Experiment II, may be found in two: recent
studies. An inverted U-shaped dose-response cflrve.for ACTH administration
was found on measures of locomotor activity (Amir et al. , 198‘0)_ and active
avoidanceA (Sands & Wright, 1979). Low ACTH doses were found to stimulate -
16c:omotor activi‘gr}, while high ACTH doses suppressed this activity (Amit et
_mal. , 1989) . S.imilarly, low doses of ACTH were found to enhance retention
of é. previously learnt avoidance response, while high doses disrﬁpted this
r_eténtion (Sands & Wright, 1979). Thus, it is possible to‘ argue that a
s'imilar inverted U-sﬁaped dose-response function \fc;rl AC"IH:\méy underlie the
reversal of aggregation effects from enharicement to attenuation across the
CTAs Anduced by morphine and LiCl respectively. Such an argument is
* supportted by’ the f:indings of Riley et al. (1978), cited abgve, in which low

ACTH release was associated with morphine exposure while considerably higher
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ACTH release was ,as‘goc‘:ia'ted ﬁth e;qﬁosure to LiCl. Howeyer, before this

model can Be firmly established in order to explain the results of Experiments-
I and 11, sevygral issues must be addressed, First, the aésﬁvrption is made )
that acute aggregation enhances release of ACTH in previously isolated rats.
This has not yet been established. A biochemical —assay is presently being A
~conducted in ordér to find out whether this assumption is valid or not. ‘
Second, it is reported that ACTH administration at time of conditibning. has

no effect on a LiCl—inducedlCTA (Kendler et'«r%i., 1976; Hennessy et al., 1985) .
However, in these experiments ACTH was administered prior to présentaj:ion 6f ‘.
the taste exposure. It would appear to be important. to investigate effects

of ACTH administrz;tion given following the taste exposure, t\hat is, at the
time of LiCl administration. This would then follow the procedure used by
Sinyor et al. (1980) in their investigation of ACTH's effect é'n a morphine

CTA. Fihally, it would be important that the effect of acute aggregation on

N

lower doses of LiCl also be investigated in order to find out how consistent -

the attenuation effect may-be Vithin a full range of LiCl dosés_. Such H
information would help to clarify what factors may be c?itically involved in
the reversal of aggregation effects on morphine and LiCl CTAs.

From the above considerations, it cdn bé seen that the reversal of
aggrega?ion e"f.fects observed in Experiments I and II carries important
theoretical implications in regard to the mechanisms possibly underlying
CTA induction by morphine and LiCl. The findings of Experiment I also
represent an important extension of previous reports on aggregation-induced .
alterations of opiate-related effects. "Acute aggregation is reported to
“enhance, thé ethaiity of morphine in mice’ (e.g.,ﬂ Brister & Davis, Davisl& '

Brister,“ 197,1,) Mohrland & Craigmill, 1978, 1980), and rats (Sklar & Amit, .

\ 1977a) . Effects of chronic aggregation are also reported in relation to
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_ morphine-induced "analgesia (e.g. ,‘ DeFeudis ‘et al., "1976; Kostowski et al., |
'1977), signs of ‘,morphlne abstinence (Adler et al., 1975)'and self-administra-
tion of morphme (Alexander et al., 1978; Hadaway ét al., 1979). Recently,
Pilcher and Jones (1980) reported an enhancement of a CTA induced by the

. opiate antagonist, naleacone, in rats previously housed in crowded conditiens.
The resﬁlts of Exi)erment i‘, theni, represent an important extension of the

" scope of these Studies. The enhancement of a morphine CTA in rats by acute
aggregation pro:fides ,a;iditienal evidence that alterations in social
environment can influ/ence the motivational properties of ﬁorphme, as was
previously demonstrated in the studies’ by Alexander et al., (1978) and

N\ »
Hadaway et al.- (1979). The results of Exge;riment I also add .to the knowledge

concerning effects of acute aggregation on the responsiveness of animals to

morphfne (fe:g. ,- Brister & Davis, 1974;"Davis 8 Brister, 1971;\ Mohrland &

i

' Craignill, 1978, 1980; Sklar & Amit, 1977a).
‘ Another aspect of the:=findings presented in Experiment I which may be
of potential theoretical s1gmf1cance involves the nature of |the effects
at the hlghesp mor‘phlne dpse. Although af reduction of saccharfin f1u1d
consumption was observed‘/;or both isolated and aggregated groups, these
Teductions did not reach statistical levels of significance. us in
contrast to the two lower morphine doses, the high merphine doge used ,in ;his ‘
study indueed, a’e best,‘ only a weak CTA. This.finding is congnuent with t}{e
study by Riley et al. (1978) who Il‘eported an absence of a grade\fl effect of
morphine dose for induction of CTA. In contrast, increasing doses of LiCl

are reported to exhibit inc;easing CTA J‘t{lducg\ion (?:Iacl'nnan & Ashe, 197‘3/)(\'.
Additionally,’ in the findiﬁgs of .Experim]ent I,.,a potentiel aggregation--

induced enhancement of morp’?ine lethalfty was observed at the highest

morphine dosage. This would be in agreemént with the aggregation-induced  ‘ ’
. - .




enhanc‘!ment of morphine iethality reported ‘hy Sklar ‘and Amit (1977a). “
Taken together, these two dose-related patterns of morphine-induced CTA and

lethlality would appear to argue in favour oi’ a disassociation of morphine's

aversive (as indicated by induction of 'CTA) ‘and lethal effects. Such a Qis-

" association would be in accord with reportéé of earlier studies within the’

C:TA literature. Bergelr (1972) demonstrated ;j':hat only a poor c‘orrelation‘
could be estahlished for overt behavioral siéns of drug-—inducea foxicity
(e.g., sedation, diarrhoea) and .capaci%y of f;he drug to induce a CTA,
Ionescu and Buresova (1977) found that severé poisbning by drugs such as.
cyanlde failed to induce a CTA. Also, psychoactlve drugs such as ampheta-
mine and morphine, which are self- admlnlstered by animals (e. g , Yokel &
Picken;, 1974; Weeks & Collins, 1964) are also known to induce a CTA (e.g.,
Cappell et al\.,, 1973; D'Mello et al., 1;)77). ‘:,\ Moreover, the same single
‘in)'ection of each of these drugs is reported }co mediate both positive

reinforcement and aversion within the same paradigm (e.g., Switzman et al.,

1978; Wise et al., 1976). .It appears, then, from the data presented in

Experiment I, that effects of acute aggregatlon on a CTA induced by morphme /

caﬂhot be simply a function of acute aggregation enhancement of morphine's’ ’
lethal properties. Additional evidence in support of this contention is to
be found within the literature‘jon' acute aggregation-induced enhancement of
morphine lethality. Davis and Brister (1971) reporged thét AMPT pretreat-
menf fajled .to block aggregation-induced enhanc(::jment of morphj}ie toxicity
in mice, Howéver, as previously mentioned aﬁové, Sklar and /ﬁnit 7(1977b)
reported that AMPT cpre-‘creatme‘nt ;ucqessfully blocked a mo’z;phine CTA 1in rats. ’
Thus it appears. likely that clear differences in me;:hanisrn exist for

aggrega\tion—induceli en’hanc;ement of morphine iethaliuty and of morphine CTA.

“A tendency was observed for@the aggrégat&ad animals receiving the high

/

/
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morphine dose fo‘exhibit a slightiy‘gttenuated reduct%on.in saccharin intake
~ in comparison to 'isgla‘ted'animals receiving this‘dose. This pattern of |
aggregatiph—inducedﬁéttenuation of CTA; then, is similar to that foﬁnd in -
) Experinent IT in which the aggregated animals receiving‘LiC1 also eﬁhibited
an attenuated CTA. It wowld be tempting, therefore, to suggest that the
"physiological mechanisms mediating the reduction in saccharin intake
observed inlthose animals'feceiving the high morphine dose may be comparable
to those mechanisms mediating a LiCl-induced CTA. It may be, then, that
for instance, peripheral mechanisms implicated in LiCllindﬁction of CTA (e.g.,.
Gorman et al,, 1978) are also involved in mediating the reduction of
saccharin intake observed in anjmals receiving the high morphine dose.
However, such’speculation mist await more sfatistically reliable validation.
Finally, it would seem important to examine the phenomenon of acute

aggregation effects on CTAS induced by morphine and LiCl in another strain
-of rat in addition io)the one studie& in the present experiments. While
stliain d;fferences have not been emphasfzed, within the acute aggregation
literature, such genetic aifferences are reported in studies of- chronic
aggfegation or isolation. For instance, Bonnet et al, (1976) reported
mportant dlfferences between strains of mouse in the effects of :hronlc
isolation on.monphlne CTA. While Swiss albino mice demonstrated,increased
mo;‘phlne analgesia, thl/s effect was not established -in mice of the C57B1/65
strain. Also, in Expernnentq%I a number of rats were eliminated from the
statistical analysis due to sickness. It would appear to he important

to replicate this study using a different strain of rat which ‘would be,

Yy,

amongst other things, hopefully, less vulnerable to disease.,

o CRRN
It can be seen from the findings of Experiments ‘I and II that acute

i 4
response of’ rats to conditions of soc1a1 aggregation can dlfferentlally
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affect the responsiveness' of these animals to formation of CTAs induced by

-~

fnorphiﬁe and LiC1. A marked dlfference in the aggregation-induced alteration .

of. CTA was observed in rats recelvmg morphlne as versus those reécelying

1

v’

LiCl. It appears, therefore,‘ that an “important difference exists in the
physmloglcal and/or neurochemical mechanisms underlymg the induction of
C'I‘As by these two psychoactlve drugs. PFurther 1nvest1gat10n is required,

‘ however , m~ order to firmly es%abllsh what may constitute the mature of this
'diffé'rence. Nevertheless, 1t is clear that con51derat10n of the effect of

: altered social environments on the motlvatlonal propertles of psychoactive
drugs such as morphine and LiCl promoses to lead to meaningful insights into

the processes underlying these critical drug properties.
S ‘ ‘
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Table 1
Levels .of Fluid Intake (ml) from the Day Prior to
! the First Saccharin Injection Pairing Onward l
/ ’ ‘ '
Day
Group 7 8 9o 10 11 122 13 14 15 16®
. A
13 16 12 "13 11 -12* 14 19 14 12
21 24 21 24 °22 24 23 20 18 29
19 19 18 20 18 22 17 22 19 25
19 22 19 18 21 21. 21 .20 16 - 22
17 20 21 20 20 20 20 20 19 30
18 20 16 19 20 20 -18 17 15 20
6 19 14 14 19 21 17 18 15 25
: 19 21 17 16 15 15 12 14 5 15
Saline 16 15 14 11 14 13 15 20 15 18
(Isolated) 21 22 24 18 19 20 18 18 20 23
. 22 30 20 18 19 25 .18 1F 20 26
22 21 18 18 18 24 17 18 20 20
22 23 20 17 20 23 16 15 20 .21
18 19 16 17 18 20 17 15 17 22
19 18 15 15 17 20 12 16 14 20
12 12 9 9 15 17 14 16 18 20 .
15 -17 17 17 20 21 23 14 15 ‘17
17. 17 15 18 20 ., 15 17 15 19

S
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‘ Table 1
(Continued)
¢ . ‘
Day
_Groups 7 8 9 10 1 12 13 14 15 16°
22 28 17 16 23 22 *16 18 18 - 20
14°°25 18 21 18 24 15 20 21. 23,
22 22 17 16 16 20 17 .17 19 17
23 21° 20 20 20 23 17 14 20 20 .
20 21 19 18 17 22 17 17 18 16 '
21 22 17 19 - 24 23 20 20 20 24
19 20 15 12 15 .18 15 13 15 14
: 18 21 11 13 15 20 12 17 14 14y
Morph the 17 19 20 12 19 22 15 ~16 17 18l
(Isolgatt egd) 18 23 14 18 16 19 12 15 16 °13
| 15 17 15 15 15 13 12 18 15 14
17. 16 19 12 18 20 12 15 13 8
15 18 13 17 18 21 - 13 19 IS5 18
20 21+ 15 15 18 17 15 16 16 12
21022 12 14 20 18 14 11 20 16
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Table 1
’\J (Continued) .
| . . ' - Day

. N * Group 7 8 9 10 11.12% 13 14 15 162
19 .21 20 16 21 22 .17 17 15 15
21 22 17 20 21 18 18 19 17 20
: 16~ 24 20 20 19 20 17 20 18 21
20 23 19 20 20,25 17 19 17 25
20 23 18 18 17 18 13 9 10 15
23 23- 18 18 19 8 13 9 7 17
g 19 17 12 15 17 14 14 13 9 11
g‘gmhﬁe 21 24 19 14 21 21 16 18 15 16
a sngteg) .18 17 18 13 14 11 10 7 10 12
a 17 215 17 16 17 14 10 13 .12.
14 16, 15 13 16 19 13 16 ‘14 15
19 20 19 9 13 18 16 13 15 14
-y 11 15 16 14 21 19 17 16 15 13
18 16 15 12 16 10 16 16 15 13
. - 18 .16 15 12 16 10 16 10
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Table 1
(Cont;iimed)
. Day
Group 7 8% 9 10 1 12* 13 14 15 16°
200 24 15 15 17 21 14, 15 20 16
20 24 15 19 ‘20 20 12 17 18 18
25 26 17 20 22 24 17 <18 20 20
16 18. -15 17 19 16 15 12 17 1%
18 22 15 14 20 19 16 12 19 15
. 22 26 16 16 16 24 15 15 17 .22
1‘24‘1’?;12}’1:6 16 24 17 16 16 23 13 13 17 20
1 Solateg) 22 26 17 18 20 26 14 16 21 21
3 20 22 13 15 17 23 13 18 16 20
19 22 16 16 17 9 .15 5§ 13 12
19 17 10 11 10 13 13 12 11 13-
18 21 9 10 13 15 15 12 16 17
18 20 18 12 17 14 14 15 17 1
21,22 12 9 19 a6 18 16 19 22
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Table 1
_ (Continued)
=y .
Day
.. - N .

" Group A 7 8 9 10 11 122 13 .14, 15 162
18 20 .19 21 18 22 18 2 14 24
13 19 13 17 18 18 ~-14. 12 18 20
19 21 16 15 17 20 18 18 15 22
18 17 13 19 18 17 7 -9 10 9
21 21 21 19 19 20 16 21 1.4 25
12 18 13 7 12 9 " 12 12 18 7
17 15 16 19 20 23 21 18 15 29
16 17 10 15 13 13 13 16 15 15
‘ 17 16 12 15 13 11 11 1112 14
Saline 17 14 12 11 15 15 16 21 16 22
(Aggregated) 22 22 15 18 15 23 16 15 17 17
23 21 21 22 16 24 16 15 19 19
24 24 18 20 2% 21 20 19 20 24
1 19 21 19 16 17 21 15 19 14 23
19 21 15 18 18 25 17 16 18 20
.18 20 18 15 18 19 16 17 16 17
14 15 11 14. 19 17 16 17 14 19
1S 11 3 9 15.20 17 15 18 20
18 17 12 15 ‘14 21 15 14 ‘18 21
15 18 18 18 19. 21 17 17 14 19
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4 | .. Table 1
(Continued)
"y
Group 7 8 9 1w 11 122 13 14 15 16
e

18 21 19 15 20 17 16 16 16 7
22 22 16 16 18 17 16 16 18 17 -

23 24 18 17 17 .22 15 16 18 19

_ 19 20 15 16 18 19 15 17 15 15
; 21, 22 15 15 18 20 13. 16 16 14
13 14 14 13 14 .12 14 .16 17 13

g 15 17 15 12 17 16 16 16 17 13
’“g"lﬁp‘/‘ll,ne 16 18 ‘15 13 14 12 10 14 15 10
(Ag' g;%ed) 16 21 15 12 15 15 15 19 15 11
gregatecl - .22 w8 8 15 17-21 17 16 18 17
15 17 14 16 13 15 12 15 15 12

16 13 6 10 12 15° 14 15 17 18

19 18 12 14 16 20 16 15 16 14

18 20 20 17 18 13 15 15 17 17

16 21 12 15 15 23 12 17 17 17

° P}
¥ n
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) Table 1 ™
//’)'\\uj/ , )
\ (Continued)
Pay J
\ “Group 708 9. 10 1 12* 13 14 15 162
~ ! \ <
| 22 18 12 15 16 18 16 17 14 19
' 200 20 12 14 17 17 14 16 13 14
. "23 22 18 19 20 19 13 17 19, 20
' 22 20 21 14 20 19 16 18 16 - 16
22 23 13 20 16 13 10 22 2 *°§
\ 17 24 15 16 14 8 8 9 7 3
- Morphine 22 18 10 '17 20 9 21 20 18 14
15 mg/kg 160 19. 15 15 13 13 13 16 14 15
.. (Aggregated) 19 21 14 17 18 7 18 20 17, 12
. ‘ 8 18 14 15 13 13 . 11 15 10\ 12
, § 17 2017 14 20 13. 12 12 7| 8
' 16/ 20 15 12 16 15 14 .16 13| 12
14, 18 17 22 21 16 19 17 15 17
15, 20 17 .16 18 18 15 15 151 12"
17 21 13 16 18 19 18 15 17 14
Y
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A ! Table’ 1 '/
. o E
. ) . . {Continued) )
E-' " ) ¥
Day -
Group 7 8 9 10 11, 122 13 14. 15 16
B — ‘
]
N .21 22 15 13 20 18° 20 17 15 17
, 23 27 17 17'16 19, 17 11 16 16
24 :24 23 19 -20 27 20 18 .19 23
- : ~19 2% 18 11 16 21 18 20 16 .22
P .20 21 17 .16 19 19 16 16 16 14
: _ © 200 025 10 14 18 20 12 15 18 14
o is 22-15 16 17 20 - 4 <18 14 6
Morphine . 22 21 17 +18 20 22 19 21 18 21
21 mg/kg 21 23, mepmmmeem—m- #- died F-e-mmmeme—- —————
(Aggregated) 2225 .15,020 19 13 17 .17 20 18
- , 21 22 137714 19 12 15 14, 15 17
.20 24 15 1519 18 '11 15 %7 17
: . 4 : 14 19 16 15 15. 17. 17 17 .16 18
. o . 11, 7 15 11 16 10 19 19 17 .16
ot / 18 14 13 13 17 13 17 12 16 .15-
- ¥gaccharin presénted orll\;th'ese days .
\T - —
:\ R h
[ 1
2
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Table 1‘ ‘ .
Levels of Fluid Intake (ml) from.the Day Prior to the

First Saccharin-Injection Pairing Onward '

A ' . . ~ . . \

A S y ‘ . Day -
\ Groop - 7 .8 9 10 11" 12* 13 14 15 - 16
NN )
- .15 18 15 .18 C {4 20 . 15 15 12 15
D ~15 2 15 21 -13 19 13. 19 8 22
P , 17 18 .14 14 5°10 13 10 10 9
] 015 19 150 18 15 14 12 1z 10 13
- i 7 20 12 19 13 20 15 17 15 17
’ Vehicle 15 ‘22 17 17 “20 22 15 17 13 8-

. (Isolated) . 13 -30 12 14 11 b5 9 Lo
\ »18 20 16 16 18 M8 15 21 15 22
10 15 .17 12 15 ‘18 . 15 16 12 18

- « : 1 19 15 22 20 21 12 22 137-18
g : 518 18 17 18 17 20 19 14 19
TR © 14 18 170 14 17 ‘22 15 - 20 ‘10 19
! 12 18 17 20 17 15 15 18 13 15
\ A " v
! : 5 !
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' b .
Y Tablee 1 __ B
' ‘ 4
N ‘ . (Continued) -
. _\‘ |
3 Day )
Group - 7. 8 9 10 11 12* 13 14. 15 16°
T S
16 18 10 17 1203 15 5 5 1
N 16 18 10 10 15 3 -0 15 18 4 -
- 16 17 16,106 9 1, 10 1 8 4
" 17. 26 12 15 18 5 20 1 16 1 .
14 19 10 17 15 1 18 18 17. .1
: 16 18 13 20 12 7 11 10 14 - 0
LiC1 12 16 10 11 15 1 9 7 7.0
(Isolated) 13 21, 8 16 9 °11 16 18 12 1
-14 15 16 .14 15 2 20 20 12 1
13 15~ 14 17 19 g9, 17 11 14 o
©15 134 16 14 18 4 18 22417 1
13 12 18 -18 18 2 .23 23 15 1
11 14 18 19 20 15 -20 18 15 9
g L 2 ‘ —‘X
KX Fs
5
v
\v \ o«
]
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% .
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\‘J Table 1 °
(Contimed) ,
a
L, S ‘ _ N
‘ Group 7 8% 9 10 u 12 13 14 15 16
3 - f15 20 20 19 20 20 17 16 18 19
- 15 .18+ 13 16 18 18 13 22 " 15 13
L. 9 16 20 15 18 18 17 23 17 =20
12 18 15 17 16 16, 15 21- 14 14
12 13 18 15 .19 -18 20 23 18 23
i\ 14 20 17 15 13 17 15 15 19 18
N 17 18 11°15 10 16 10 11 9 11
Vehicle 16 20 15 18 15 16 15 15 13 .10
(Aggregated) 15 16 13 16 8 6 7 9 11 11
R 19 19 .15 17 16 16 '11..10 9 10
! . . ' 116 17 11 14 13 12 10 9 13 15
\ X 16 22 J2 20 _20 *11 14 10 8 8
- , § 13 22 14 » 19 6 10 9 8
: K - 35 18 13 {3 0,12 2 2 1 -5
A 20 016 17 6 11 12 15 7 2 10
/ . \
. ¢ — Y
C . LS ' ‘ e
AN - ' A
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°l A o 94 ’
% . -
.’0 f
F -
. g
. . "-:Iablgl . / -
! (Continuedy -
v j
o v Day. .
e Group R 88 9 101 1 13 115 K |
Ll ! ° '
. ) ] _ ¢
‘ ! 19 17 045 17 21.. 12 15 24 ,19 9
14 .19 21 16°19 12717 19 18, 2
. ' ) 1\% 15 14, 17 20 12 17 -21 15710
1615 18 15 18 § 17 2 14 2
12015 15 16 17 12 16 19 15 1 L
o T .16 20.12-°18 16° 8 17 13 10 2 «
) ; . LiCl 20 20 17 18 19 6 200 21 19 3 )
o (Aggregated) 20 - 24 10 15 12 g 21 17 15 1
i ' 13 15 1 15 11, 9 15 .15 12 2
1 21 9 15 15 .2 18 16 18 2
I ZI 8 I0 8 1 61T ——4—2- -
S 12 12 10 - 11 8 1 8 3 6 1
g 6 21 8 15 17 "3 15 19 12 0 =
L 15 20 10 12 10 -1 "2 10 15 8
" 4saccharin presentpd on these days -, Q
, : b . .
' 7
» ]
< 3
°& 0 © ~ ] ‘
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Three-Way ANOVA Summary Table ,
¢ i vt . . I . o
. Source 'odf S . . M " F Ratio  Sign, Level, -

¥

Aggregation (A) 1 171,322 171,322 1738 6774
Drug @) . 3 32701.0 . 1090030 11.063 © 0000 -
AxB . ty» 3 336854 1122.85. 1,138 v 336
", subjects (S) . 118 116268, 985,32 C
Days (D) 1 2038,91 ~  2838,91 8 967 , 0034
“AxD - .1 84,055 = 84,055 3636 e
Bx D T3 3s83.al 1294.64 * 5.6935 .Qa11
AxBxD Y. 364,11 121,37 5337 ' 6600
Dx S 128 ° 268317 O 227.387 '
i '
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,wo-Way ANOVA Summary Tables ) o
@ ‘ . " . . ) . S j'.‘ . e
. . " ‘ e .
’; " Saline, i .
- .2 T . : .
Source . . df. SS MG F Ratio Sign. Lgvel
‘. ..Aggregation (A] L. 13,5645 . 13,5645 0097 .9223
Subjects (S) 3 +50855.3 144,31 . 7 S
* Days (D) ] 1 . 538,491 538,491  2,4816, Jg3e
R . ’ . .
A X4 - 1 135,524 135, 524 6246 , A4S
Dx'S ., 36 7811.68 216,99 o .
{
Morphine (8 mg/kg) )
. Sourcer 'df @ ss " . Ms . F Ratio Sign, ﬁev‘el
\ . . ~ A .
Aggregation (A) 1 217.361 717,361 . ,4353 ,5148
Subjects (S) 28 13981.6 499,341 '
. ’ &
Days (D) 1 - 4018.02 4018.02,  21.6343 . 0001
AxD h 1 72.60 72,60 .3909 . 5369
Dx S © 28 5200,27 . 185,724
R S . ‘ o , w
' ; . ] ’ o RS
) = « ] "
f N
S A




. Morphine (15 mg/kg)

SS

te
A\
‘MS

*

Source df F _Ratio S‘ign'. Level
fggregation () 1 20838 | 2081,38  2.,7387 2085
Subjects (§) 27 20519.3 759,97 . |
Days (D) 1 101506 - 103,06 . 5,0856- 0523
AxD 1 20,8552, - 20:8552 . 10484 . ’.'7485;' )
Dxs 27 5367,22 198,812

‘) ?
) . ) . » s
Motphine (21 mg/kg)
Source .- df SS_ - MS ' F ;laéio Sign. Level ]
) ‘ . i ,
Aggregation (A) 1  999.206 - 999,206  .8644 3608
Subjects (S) 27 31211.6 1155,98 ‘
Days (D) 1 203.719°  203.719  .6508 4269
AxD 1.-° zzs.csj 2336 7135 L4057
Dx§" 27  8451.80  313.03 -

o8
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“ .+ ANOVA Summary Table for Experiment II

Source . df 8§ MS " F Ratio Sign. Level
Aggregation. (A) 1 525,23 525,213 4097 6250
Drug (B) 1 90829.3 829,3 . .70,35% 0000
"Ax B 1 185144 1851.44 1.4444 - 2350
Subjects’ (S) 51 65372.3 1281,32 i
Days (D) 1 .3132.85 3132.85 20,3327 0000
AxD 1. 20494 . 20.4904 Q512 .8218
BxD 1 1364.92 136692 3.4124 - L0705
AxBx D- 10 136848 136,849 3471 5612
DxS , 51 203993 309,936
~ ) !
e ! \
. Q =
\\ i . ‘,j
AeoD ’

100 -



