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nFF13CT~ OF RBPBATBU ADMINlST~ATION OI~ MORPHINE 

-~ . ,ON SlmTTLn.~x AVOIDI\NCn I\ÙUAVIOUR ' 

d ' 

Tho affacts o( morphino on shuttlobox AvoldAnco b~havlour. 

and spontanoou:1 A~ti vi ty in ~ the j tRilla CARo 3.nd f\Umina whoal, 
~ 

wOl'à. Ob80~VO~ ovor 20\dfUR sossions. Tho fitst morphino injoc-

tion';';oducOd faciU.tÀtion of shuttlo 3.voidanco. no claaf~affoct 
~n j \IUllo-c3.go acti~ttY. Al\d 'slillht suft)fO~SiOn of whoel l'UlmCing, 

Tho:1o 3.nd othor fOSU.~ts sURR~S t tluft morphino 1 s acuto affoct .. 
dop-onds upon tho ta,poRl'aphy of hahaviour \mdor .invostigation • . 
With rO\'loatod~administl'lltion,\ mOl'l)hino's facilitation of shuttlo 

. \ 1 ~voidanc~ and jigglo-cagc Act~vltY incroasod'~voi tho first 8 to 

10 drug sessions, suggostinR bithor tho potontiation 01" unmasking 
i ' 

of tho stimulant affoct. Ova~ tl}o lAst 10 drug sosslon~. facili-

tation of jiggle-caRo act~vity romn!nod stablo'whila facilitation 

of shuttlo nvoidllnco declin6d. This ~uggosts tho dovolopm~nt of 
Q '0 \. \ ) 

-toleranc~ to morphino's facilitation of instrumental l'OSporls~s. 
" l)ut n.ot of spontlll\aOUS aC,ti vi ty. 1h080' fin,dings arc broadly 

consiston~ with tho.viaw that tho hasis of toloranco dovolopmont d 

, 
~s drug-producad impairment which i8 ~ropol'tional to the f~nc-

tional dem~nd made upon the organi.m by the testing situation. 
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l~US llFFBTS lln l.'ADM1NISTRA'flON. RIlPUTEH lm MORPIUNB 

\ -4 SUR l.ll COMPORTHMBN'l' n 'llV 1 TRMRNl' 1 AJ.'rURNH 

\ 1 • \ 
, , ft 

1.0,s offot~ do l k mOl"llh1tno ~,sij\, l' Ivi t(n,\ont al to\'~tf cont 1nuo 

do mSmo qUè sur l '.Acttvitô .!\llontanoo cm cago inclinaa ct À ' 

1 ' i, nt&'r 1 OUt' \\0 11\ l'OUO do coursa furont obsorvos QU co'u\'S do 2-0 \ 

so.!\s ion~L\ tA promtèl'o injaction do mor!lhina Il rosul t6 on \lI\C;) . 
AURmontntlon du t.,\UX d'ovitomant continu. l)"S d'effet marqué SUl' 

\l'l\cttvittf on CQ{t.e i,ncllnao ot uno 10~~ro diminution do CO\H'SO Q 

l'irtt6rtour do lA rouo, Cos resultAts ot d'autres sURRarent quo 

l'offot ml\rqu6 cIo là morphina 'dolland dos cnl'Actorist iquos du 

compol'toment otU\t to. AVCC\~OlH"ti tion dos inj octions'~ l' AUg" 
, ' ~ 

montation duo a la morphine du taux d'ovttemant ct d~ l'activitl 

d:ms 1:\ CA'{to tnel inoo dov it)rc:m t plus marquas nu COU1'S dos promièr<ls 
, A • ~ 

8 ft 10 sassions. co qui sembla otro soit uno sonsihilisation « 

l' offot st imulant soit uno r61"âcho do l' offot \\OI)\,OS 8 0\.\1' conc\lr~ont. 
, , ~ 1. 

Au cou~s dos 10 derniaros sassions. l'augmentation do l'Qctivit{ 

0ï CI\gO in.:l inoo ost dom/o,urio 'lovcfo tandisi quo l' Qugmon.tat.ion . 

du ~aux d'ovitomont s'ost amoindrie. Ceci suag~ro la d~voloppo .. 
t 

mQ.ht d' uné toloianc~ \a l' offet d'augmentation do la mor·pJ~ino SUt' 
1 

1 , , , , 

'la taux do roponseAnstrumehtale. mais pas a l'offet sur l'activito 

spontanoo.-' Ces obsorvations sont on accord a.vec la COnC01)tion quo 
1 

10 dove10ppoment do III ,toloranco est fondé' sur un dommago causa" 
, , 

par la drogue. loquol ost proportionnel a la demande fonctionne11-c 
1 

, , 
~o la situation, exporimonta10. 

\ 

\ 

) 



e 

e 
\. 

\ 
\ 

,,' 

\ ... 

" \ 
• 

BFPBCTS,9F REPBATBD ADMINISTRATION~ OF MOR~HINB 

. l, 

ON shUTTLS-BOX AVOIDANCB JU:UiAVIOUR .' " . 
~ 

. , 

'. 

l ' ! 

\ 

\ 

\ . 
\ 

by 

.. 

lCenneth G. 

\1 

\ 

--
/ , 

J. L01'4 
., 

. -
ri t 

, 

A thesis submitted'to the-JacultY of Gl'aduate Studios and 

Rese.rch in partial ful-filmen,t of the requirements for th~ delr ••. 
\ 

\ of Master of Scionce\ \ 
. ~ 

r 

1 

!lffll"tment 9f PsychotolY 
, McGi11 University 
'MQntl'o.l 

Soptember, 1915 

\ , 

-
. .. _J'~""""J ... ?".m_Î 

® ,KENNETH S.J. LORD 1977 
~~ - ...... " .... "'~ .. l •• ~:: 

1. 

\ 



. ~ . 

. \ 

\ 
~ ,1 l\ 

\ ' , 
! 
1 
(, 

ACKNOWLBDGBMBNTS 

-' 'II, 
1\ • 

Tho w~it.~ is I~.atly ~nd.bt.d t~ Dr. Dalbir Bind~a for 
, . ~l. 

, hi, advic'o and support th:ou;hout thi~1 study .• n~ fot his 

Gcritital reading 0' tho man~lcript. Thanks are duo to Atan 
1 • 1\ 

North for helpful cdmments and discussion. 
" 1 

Tho ~.so&rch,w~s supportod by a I~ant (A-1918) from th. 

National Rosea~~ouncil of Canada. and a arant from the~ 

Pl'o~inc. of QU.b~. Departrii.~ o~ B~uc.tion. to Dr: ri.~b1l' ..• 

Blndra. Tho rosearch and completion,of;thé manuscript w.~ 

. undortaken wh!lo tho writor held a Natidnal Research Council 
./ 

Post-Gradulte ~chola~shi" 

\ 

\ 

.. 

\ 

• 1 

\ 
\ 

, i 
t/ 

\ 
1 ~ 

r \ 

..... 

. \ 
! • 

, 
o 

1 -





o 

o 
, , 

INTRODUCTION 

Liko.m4n~ o~\or dru,s, morphine f~cilltatos co~tain ro~· 
l')onsos u1\dar '''~o~o co.ndi tians lllld supprossos thorn umier oth\or 

" , 
,conditiahs. Thoso stimulant And d&prassant compononts of 

1 

morphlno's action hava bacn domonstratod on a wida r3nso of 

ha~\l\Vioul'. (Goldstoin, Arohow, & Kalman, 19(8), ()vor thQ coursa 

of ropoated Admiristrntions of. the drus, however, tho morphino­

indudod chana~s in behQviour mny bocomo progrossivoly attonuAtJd, 

requi r 1.n.g incroasod dosos to l)'roduco a givcm bohaviournl affoct, 

This llh\nomonon of toloranco to morphine's' affocts on bahaviour 

i8 woll doc\l~ontod 1 fil" tho doprossant' ~~mponont o'f i ts action in 

tho ru,t (o.a-, Kaymnkcalal\ & Woods, 1956, "Kumar, Mitc'holl, , & 
f , 

Stolormnn, 1971; Lorons & Mitcholl, 1973; Martin, Wiklor, Endos, 

& [loscor, 196~). But fU yot no firm conchision has boen r,ollchod 

rORllrdinR the oxistence of tolernnco to morphine's fncilitatory 

offe~t_ on bohaviour in this species. Whilo sorne invostigntors 

hnve stlltcd that tolerllnco to the stlmulant component of morphino's 

action does not dovolop (~eovors & Dcmonu, 1~6S), rocent posltivo 
1 

findings ~ndicQto tho nood for furthor investigation, This thosis 

boars on t-ho quoslioll1 C?f tho development of tolero.nco to the! 

stimulant componcmt of morphine t s bohavioural action in tbe rat." 
"II ' ~, 

A briof reviow of selécted studios will aid in furthor dofining , 
1 ' 

the purpQse of tho presont study. 

Stimulant Effocts of Acutoly Administered Morphi~o t . 

\ 

1 Tho rat is usually con~idered to bo among thoso specios whos? 

prodominant rosponse 'to morphine is one of sedation (Maynort.' 1967). 

• i 
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o Rut i t 19 likcly thllit tho ~{\c~ of obs~l'vod stimulant effocts on 

~ behavioul' reflects sorne peculiAl'itios of dose'or the l'osponso 

mOllsurod. Fol" instAnce, morphine (sulfAte, unle~s oth~~w~so i~di­

catod) Is reported to dopross'discrtrninatod-avoldanco bohaviour 

o 

-1 

\ 
\ 

1 

',r 

1 

whothol' tho l'osp,onse ~~ polo climhfn~ (Cook ~ Woid10Y, 1957) t 
-- " 1 

runniri8 in a who01 (Varhavo, Owon, ~ Robbins, 1959), -or shuttlinR 

back and forth across a harrler (Vorhavo, Owen, & Slate~) 1958). 

5mo.l1 doses o.rd ohsorved to have no affect while largo doses 
-G 

increaso rosponse latoncios. "ow~ver, sineo nvoidance-ro~ponse 

latencios ara minimal hi the timo drug tosting is bogun, tho 

absonco of a stimulant effeet of smatl doses May ho duo to a 
\ 

ceiling of tesponso spoed. 
\ 

Holse and Boff (1962) have ~rouped morphine with hypnotics 
'\ 

and phonothi{uino tranquilizers on the ht\sis of its action on 

fl'oe-operant avoldance he~viour. In their procedure, the pressing 

of an "uvo.i,danco" lover IJostponcd the onset of footshock; tIlis 

responso-shoek (R-S) interval was 40 sec. w~on the animal failed 

. to avoid) the S-sec. ~ PUlS~ of foot shock COUl~ bo turned off by 

_pressing a second or "escape" lever. Howevor, the shoc~ was 1"0-

~eatod at intorvals until an avoidance response was emitted; 

thls shock-shock (S-S) int~l'val was 20 sec. They observed that, 

followin~ 0'.7 S mg/kg of morphi,ne, subj ects would occasionally 1 

stop lever pressing, receive sevoral shocks. and then rcsume res-
• 1" 

ponding at a h~gher ~ate than on pre-drug baselines. After a 

few minutes1the subjccts would pause again and the cycle would 

be repeated. Hence, although they made approximately the samo, 

number of avoidance responses as 1Uring pre·drug sessions, the 
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,1 

S\lbjocts rocoivod significantly more shocks because of ·the .lr~ 
o # 

rOQuldr tomp'oral distribution of rosponsos. A mo~phino dOS~ ~t 

1.2 mg/kil lad to Il docroaso in tho total numbor of avoidanco 
\ 

ro~ponsos cmittcd during a session. A Mean dose of 3.8 mg/kg 
l ' 

rosultad in rospo~se fal1uro, dofinod'.s four fallures pel' hour 

ta press the escape lover whon ~hockod. Thoso findings suggost 

t~at morphino doos not uniformly do~~oss\avoidance beh8viour~ but 

that \ts offoct, doponds 0; th~ dose and the-particular bohavioura) 

measurc used. 
\ 

Evidence that morphine Eacilitatos freo-operant avoidanco 
/ ' -

bohaviour 15 provided by Holtzman and Jewott (1971)'who report 
\ 

that 1 m~/kg of morphino produced a 7.5 porcent incre~8se in 

avoidanco rate rather than a docroase)" -as ropol'ted by Heise and 
, \ 

Bof! (IQ62). This discropancy may be partly due to procedural 

difforencc~ sinco these iJvesligators usad chambers with only ~ 
\ ... 1 ........ ' 

one level: and R-S and S-S intorvals of 30 and lS sec., r~spoctiVOlY. 

The noxt largest d'cise tested, 2 mg/kg, produced ,an initial de-

Doses of 4 and crea~~ Of
l 

avoidance r~te followed by a~ incre~~e. 

8 mg/kg produced a uniform r.Ate decrease. , 

Facilitation following 1 mg/kg of morphll\e has also been 

reported for responses maintained by food Ion several fixed and . . 
variable ratio schedules (Thompson, Trombley, Luke. & Lott. 1970). 

\ 

Rates-9n interval schedules were largely decreased by this dose 
p \ 

. whil~ 3 and 6 mg/kg decreased response rates on all.schedules 

test~d. { 

Glick and Rapaport (1974) report that doses of Il . 25 ahd 
'----2.5 mg/kg of morphine significantly increase lever-pressing rates 

" 

. ' 
" 

" 
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\" 
for lateral hypothalamic electrical self-stimulation it\ the rat. 

No signif'icant chango was producod by 5 1I\S/kg. while 10 mg/kg f 
).> 

Si~nifi.cn.1\tly decrotlsod l"(,'sponse t\at~s d\~ring the 50-min. so~sions t 
, , 1" 

HowoV'or. ~nvostigQtors us ing 101\gor ner iods of 0 test ing (Adams. ,~ 
" -

D 0 

Lorons, S Mitchell, 1972~ Lorons & Mitchell. 1975) report that. 
,/ 

two to three hours after the inj\ection of a ltlrg~ dosa of mor-

. phino. ther~ Is a graduai reV'crsal of the deprassant. off~ct to 

"",,8. markad incraase of self-stimulation rate. 

Tho- acuto, offe~s of morph~ne on instrumental resl10nses are 
~ 1 

parall~led'by' similar effects o~ certain measures of genoral or 

"spontaneoùs" activityt Davis and Bristol" (1913) have investi -' '" 

gatod the' offoct of morphine on activity in a circular alley in "\ 

wlùch tho photocolls wore intet:connocted so as to detcct only 
.. 

"largo horizontal movoments." During the first hour following 
/ 

injection. Idoses.of 10 .25, 2.S, and 5 mg/kg pl'oduced large in-

croas~s in'activity which 1asted slightly 

incrlea~d and which gradually subsided by 

longer as the dose 1 

the third to four th . 

hOur. A biph~sic effect, similar to that described above, was 

observed following 20 mg/kg. ~his WBS the larges't dose used by 

them. The initial decrease of activity was replaced by a marked 

stimulation,during the third hour after injection. 
1 

Kumar. Mi tc~oll, and Stoi~rman (19 71) f~}lnd i,ncre~ses lin 

b~th eating and spontaneous "âctiV'ity over a 4~hr. period after 

the injection of 20 mg/kg of,morphine hyd~ochlori~e. They 
, 

measured ac.tivity in li squ~re, chamber containJng two photocells---, 

wh!ch were positioned,at rig~t angles, to each ot~rr. 
\ \ 

BehaV'ioural ~,''excitationn in rats, following small doses of 
\ \ 

morphine, has a1so been reported by FoS (1970), Ilia ~ecorded the 

/' 

( 
J~-~ _______ ....tIo. ____________ ...... _-..I 

, ,J 
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incidence of rearing, locomotiCOI\, Bnd tluee foms of grooming 
l 

during the 2- to 4-hr. pcriods of observation. W~ile, a dose 
1 

of 0.5 mg/kg had little effect. 1 mg/kg markcdly enhancod 
o .-

grooming and slightly increased l'earing and locomotion. Doses 

of ,5 Bnù 20 mg/kg decrcnsed the incidence 'oi ail Qategories of 

bchnviour. 
1 

s 

Sloan. Rrooks. "Eiscnman. and Martin (1962) have investigated 

the cffcct of large doses of morphine on the incidence of severa~ 
o j 

categories of bchnviour i'ncluding lying, wal.-king, circ1ing, 

standing, ~cratching, preening) and exploring. Doses of 1S and 

30 mg/kg rcsu1ted in a bip~asic effect like that described above 

for cont inuo\ls avoidance and self - sti1]\ulation behavio.ur. , The 

largest dose tested was 60 mg/kg which produced profound sedation. 
, 

This rca~hed a maximum two hours after injection and had only 
, 

partially su~sided by the end of the 4-hr. observation period. 
1 : 

The findings discussed Itol t}~is point appear to support the 

conclusion tha~ the stimulant effect of 'acutely administered 

mprphine 'occurs "only a t low doses (Glick & Rapaport, 1974). 

Fo11owing large doses, the stimulant component may be,delayed 

until thoc level of available morphine in the blo,od falls to that 
j 

of a sm,ll ini tia! dose,' gi ving r,ise to the .biphas lc effect. 

Yet i t a~pear's that dosage is not the only"variable of importance. 

Holtzman and Jewett (1972) report that the lntensity of footshock 
, 

can determine whethe,r a given dose of morphine has a stimulant 
, . 

or depressant effect on free-operant avnidance behaviour. They 

f~und that the same dose of morphine markedly increased the 
tt 

avoidance rate of rats trained with 1.3 mA ("high") footshock, 

~-~------------------------~----------~ 
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\ 

6 

but docroased the respon,e rate of subjects trained with 0.8 mA 
\ 

("low") shock. For exam.ple. during the first hour foflowing in-
1 

jection of 4 mg/kg, the responsc rate of the high-intensity group 

was over 160 percent of control values compnred ta 40 percent 

for the low-intensity group. The difference between the two , 

groups incrcasod with dose size through a range of 1 to 8 mg/kg. 
~ \ 

Thus, the failure_of Heise and Baff (1962) ta obs,ervc a faeili-
,- , 

tative effect of morP-tlil'le on free-opernnt avoidance behaviour may 
r 1 

also be du~, in part, to thed.r use of a shock\intensity of 0.6 mA. 

Ta the exte~t that a higher shock lntensity ma}' ~nduce a highcr 

level o( drive. the group differences could represent a. pas i tive­

mul*iplicative in~eraction of drive with morphine's stimulant 

effect, similar to ,that demonstrat.ed for methylphenidatc by 

. Mendelson and Bindra (1962). 

Behavioural Effects of Repeated Morphine Administration 

, As statcd at the outset, repeated administration of morp,hine 

often ~esults in the prog~essive attenuation of its behavioural 

effects. Tolerance ta the depressant effect may also be associated 
• 1 

with the e~rlier appe~rance ~and increaied magni'tude of the sti-

mulant component. 'For example; Lorens fnd Mitchell (1973) report 

that reipanse, rate fat: lateral hypothalalllic electrical self 

stîmulation was reduced by 75 percent during/ the first hour 
~ 

\ 
fQllowing an injection of 5 mg/kg of morphine. This decrease 

'\ 

was no longer appa'rent by the third session' and had been replaced 

by a sjigni:{icant rate increase 'by day S. Babbini and Davis (1972) 

descr~be a similar pattern of change for the level_of spontaneous 

activity in a !ircülar alley. Daily injections of 20 mg/kg of 
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1 

morphine, fol' 48 da)'s, re'sul ted in the progtessi vely, earlier 

appearanc.e of peak-activit)' level. Moreover, the increase ,in 

activity hecame larger esch day right up to the final da)' of ' 
\ 

testing. 

Investigations of toleranee to morphine's stimulant êffects 

on behaviour, ufing small doses of the drug, have only recentIy 

bean undertaken. Glick arid Rapapor't (1974) m.asured the fa~il{­

tation of l"eSPO~ding fot~~iectrical s~lf .. stimulation of the brain . 
following the repeated administration of 2.5 mg/kg of morphine. 

They observed a deeline in the t9tal number of resp~nse,s emltted, 
. 

- during the daily lO-min. sessions untii, by day 4. performance 
i 

after receiving'the drug was not significantly different from 

previous, saline baselines. Performance following saline, on 

day 5, was also similar t~ the pre-drug baseline, suggesting that 
\ 

li the Attenuation of ~he effect of the drug was not due to non-

specifie factors such as physical debilitation- of the subj ects 
1 ~I ., 

resul ting from repeated intraperi t?neal inj ections. 

Hoitzmàn (1974) reports tolerance to morphine;s facilitative 

effect on free-operant avoidance by lever p~essing. Rats were 

trained to Avoid a 1 mA footshock'using S-S and R-S intervals of' 

1,5 and 30 sec., respectively. Drug injections were begun when 

subjects attained the criterion of an average of 16 or fewer . ( 

shocks received pel' hour over the 4-hr., twke-weekly sessions. 
• .. • i 

lm~ediately prior to the first experim~nt~l 'session of t~e week, 
, . --Jf~ .... '~"'~, ,,_ 

subjects reCeiv\d either 0.3, 1, 3, '"ot.:O mg/kg of morphine. At 

th 'd f th . r ""1 t 1 (. '. t . . e en 0 e sess1on, sup~ emen a ~ïnJec 10ns were g1ven to 

those rats which had reéeived one of the three smallel" ,doses in 
o 

\ 

. { 

,/ 
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'ordor to b,ring the total amount of mOl'l?hine administorep to each 
1 

animal to 10 mg/kg. Then, five hours later, each subject 

received another l~ mg/kg of morphine which brought the daily 

total up to 20 mg/kg. During each of the next two days, ail 

sUbje2ts rec~iYed two 10 m~/~g injections spaced nine hours 
1 

a~art. The .rats ,M~re tested for the seco~d time on day 4 after 

rece'iving the same dose that was administered ta the~- prior to 

'\ .the- first session of the week. Experimental weeks were alt.ernated 
\ 

'with weeks during which the rats received' saline, until a11 sub-

jects h~d been tested .t ail four doses. With this procedure, 

Holtzman observed a si\g~i'ficant attenu~tion of the facilitativc \ 

effect of 0.3, 1, and 3 mg/kg of morphine on the second test day. 

TOlerance, t~ the 1~pressant component was apparent in the fOTm 

of ,8 marked facil-i tation resul ting from the 10 mg/kg dose. How-

ever, Hoi tzman.' s use of supplemental inj ections léaves uncertain 
1 

whether the attenuation of the behavioural response was a cumula-
1 

[ 

tive drug effect, or represented tolerance to [the particular 

dose. 

Babbinh and Davis (1972) observed no indication of tolerance 
l , 

ta morphine's faci1itative'eff~ct ,on spontaneous activity in a • 

circular al1ey, produced by doses of 1.25, 2.5, and 5 mg/kg. 

Daily ,-hr. sessions were preceded by ïnjection~ of saline for 

the first eight days and morphine for the ~ollowing 30 days. 
, j, 

Drug-induced activity increases continued essentially uncharged 

throughout the month lof repeated adminis~tation. The return of 

o ~~i ty levels to p~e-drug values, fol;lowi~g a ~inal: .saline 
LI· 

injettion. again suggests that there were no changes in the 
1 " ~ 
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behavioural baseiino duo to physical debilitation or cumulative 
1 

drug effects. 
'\ 

Takon together, the results of the .bove three studies 

appear 'to indicate th:at, while the repeated adm,inistration of 

morphine is • nJcessary con,ption for the devel~pment of tolérance 

·\to ' the stimulant component bf action, i t may not be a sufficlent 

one. Experimental procedure appe,ars to be a factor; 1 attenuation 

of the stimulant effect was observed'in su~jects.requi~ed to per-
- , 

form some task, but was not observed_ when the beflaviour~l measure 
• 1 

w.as level of spontaneous activity. Simil~ resul ts ,have been 

obtained with d-ampheta~ine by Schuster and Zimmerman (1961). 
~ 

They observed tolerance to the drugts disruptive effect on dif­

ferential reinforcement of low response rate (DRL) for food, but 

not ta its facilitation of spontaneous activity/measured in the 

sarne subjects on,alternate days~ 

Experimental procedure is also a factor in the de~elo~ment 

~f tolerance to morphi~ets analgesic component 'of action. Usi~g 
l 

a '~not-plate" apparatus, A4arns, Yeh, Woods, and Mitchell (1969) 

measured the effect of 5 mg/kg of morphine on the paw ... lick . 
-... lat'encies of two previous,ly untested groups of ra~s. They found 

no- significant difference 1>etween the g~bup whic,h had ;eceived 

four previous drug injections, and those animaIs which h~d pre­

viously-received oJlY saline. However, they did ~ind evidençe 
1 

of tolerance tin ether groups' which had been placed in the appara~ 
1 

tus following each of four previous i~j ectio~s, ~hether 'the 1 

testing surface had been heated on those occasions or note 

Cebhart. Sherman. and M~tchell (l)l~ll hav~own that. even without 

.. 

, " 
, .' 

.'; 
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exposure to thé testing apparatus, ~ '>moasu;ab1e degree, of ~ole~ance 
to morphine'a ,~nalgesic comp6nent of a~tion will de~elop if the 

inj ections are giv'U) daiIy. instead of week1y, as done by Adams 

et al. (1969)." They consider this ta be "pharmacologie tolerance," 

. as opposed ta t~e "b_ehavioural toferan,ce" IWhiCh develops a~ a 

result ~f experience with th~ testing apparat~s while under the 

influence of the drug" IThis distinction is lej ected by Kalant, 
\ \ 

Leblanc, and Gibbons (1971) who conclude that the only detectablc 

difference betw~hèse two "types" of t~l~aI'\Ce is one' of ,r~ te 

of development" Hen'Ce, the! suggest that, the term "behavioùrally 

augmented tolerance" replace "behavioural tolerance" since ex-

& perience appears tQ accelerate tolerance development rather than 
,\ , 

1 

giv~ rise to a fundamental~y different process. 
, .. 

The Pre~ent Investigation l ' 

It is evident that, at least under c~rtain conditions, \ 

tolerance does develop ta the facilitative effect of morphine on 
\ . . [\ ' \ 

instrumental responses. Since there are so few studies which bear 

directly ~n othis qbestion, however, there is a need for-replication 

and extension of thesè findings. Hence, the purpo~e of the present 

investigation 'was to attempt confirmation of the development of 

tolerance to the facilitative èffect of" morphine on free-operant 

avoidance bérunr1~ur. "Shuttling behaviour" was selectèd im arder 
.--~ q". • 

to obtain information reg~rding morphine's facilitative effect 
(\ . ' 

on a respons~ with a topographt different fro,m tha~ of lev"er 

pressing. T~e suitability of this response for this purpos~r was 
-

establishe~ in a dose-response curve stydy which 1 carri~ out 
"­

\ 

\ 
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. ' 

before undertak;n~ the present investigation. The select~on'of 
a dose of S mg/kg for this inv~stlg,tion was also based on tbe 

\ resul ts of the d\ose-response curve study. 

Two mensures Qf spontaneous activity ~ere obtained using 

the "jiggle cage and running wheel. ]he jiggle cage is a sensi-

tive instrument for measuring morphine's stimulant èomponent of 
R 

& Schwartz, 1910; action on. spontan..eous activity (Bidelberg 

Bauxbaum, Yarbrough, & carlter, 1971), but 
... 1 \ 

used in studies
g 

of tolerance. Runnin~ in 

h.'5 appare1\tly not been 

a ~heel wJs chosen on 

the basis of the sirnilarity of-c~rtain of'its 

ponents ta' those of s,huttling, behaviour. 
, 'J~ 

MBTHpD 

Subj ects 

'\ 
\ 

behavioural corn-

The sûbjects were 21 experimentally naive ma~e Sprague­

Dawley,rats purchased fro~ Bio-Breeding Laboratories, Ottawa~ 

Ea'c~ weighed from 250 to 300 gms at the start -of the experiment. 
\ They were housed individually with food and water con~inuously 

. i 

availab1e--except during exp~imental ses~iol).s. The dai.~y light 

phase\in the animal qu~rters was fro~ 07:00 to 21:00 hrs. 

Apparatus • 
\ ~ 

The shuttlebox was eonstructed of Plexiglas., It measured 
l , 

60' cm long, 18 cm wide, and 18 cm high;' the long sides and the 

top were tr~nsparent while the end panel on each side was trans­
I 

lU.cent. A 6-watt bulb was mounted in a circular housing behind 

each of the two end panels. Illumination of the bulb in each 
. 1 

\ 

\ 
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1 ~ , J housing projcctod a bright dise of~1i~ht, 6 cm in diametor, on 

the translucent panel. This l ight served as a discriminati ve 

stimulus during the in,ltia1 phase of training. The f100r ofle 

shuttlebox consisted of 3 mmadiameter steel rQds spaced 1.5 
1 

-
apart and was attached ta th~ wnlls on1y at pivot points in the 

- r 

center of the chamber. Each half of the floor was Independent1y 

pivoted and was held up at the end by two ~mall coil springs. 

When the animal lrossed to one side, its weight depressed that 
1 

ha1f of the f100r slightly and activated a microswitch mounted 
" 

, \ 

~eneath it. Thus, while an animal was in the shuttlebox, either 

dne microswitch or the ether was closed. Each half pf the floor 

was a1so a separatelyawi'red shock grid so that the 1 mA "scrambled" 

footshock, provided by a Grason-Stadler (model El064GS)- shock 

genera tor, was del i vered only to the Side on which the animat was 

standi~g. The experim~ntal proeidure was program~e~ for auto~' 

matie operation with solidasiate IOgidrmodules (BRS-Poringer 

Series 100 "Digi -Bi ts") • Responses and sh'oeks were recorded auto­

matically on GrasonaStadler (model E3700) digital counters and on 
-

a cumulative recorder', (Seientific Prototype Mfg. Corp.). 
_/ r 1 

The figgle cage was 30 cm long, 18 cm wide, and 18 cm high. 

The top, bottom, and the two lQng sides were constructed of 1 cm 

square wire mesh wh~le the two short sides were made of sheet 

metal. A frame, consisting of 2 1/2 cm strips 0jOOd, was 

attached to the bottom of the cage to add rigidit and to permft 
\ \ ' 

attachment of the movement-sensing switches. One icroswit~h 
, 

(nRober-tshaw" Corp',) was attached, wi th' the actuating lever 

pointing down. to the m~ddlè of each of the four sides of the 
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frame. The ~oight ,df the cage wa~ supported by a swivel-jolnt . \ 
("Barry-Mount," Barry Manufac'turlng Corl\.) attached to the 

, \ 
middle of the floor. The cage was t'us able to t.i~ t freely ,in 

a~l direct~ons about the central axis provided by this ~wivel\ 
, !} j Qint. When empty» the cage was maintained in a level position 

by 'the actuating levers of the microswitches which served as 
\ 

"feetH for the chamber. The weight of an animal wo~ld cause the 

cage to tilt slightly and close one or, at most, two switches. 

Each switch closur~ was- recorded on, a Grason.-Sta':jr (model B3700) 

digi tal counter. / 

The running wheel was of the conventional Wahmann ,type with 

a diameter of 35 cm and a width of 12.5 cm. A S-by-5 cm card-. 
board panel was mounted on the ~ircumfrrence of the\wh~el to 

permit detect~on of the revolutions ~y interrupti~g the beam of 
, ~ \ 1 

two photocells placed near the circumferen~e and directly across 

from each other. B th photocells had to be activated before a 

revolution was c9unted; tus, only large wheel movements were 

recorded. Bach wheel revolution was recorded automatically on 

a Grason-Stadler (model E3700) digital counter. 

The data from all three testing devices were cumulated on 
, 

a Gras~n-Stadler (model B1250SA) prin~~out counter, which 

printed running totais at I-min. intervals'. Bach apparatus was 

10cated in a sound-attenuating chamber containing a one-way 
, -

mirror to permit observation of the subject and a1so a blower 

and compressed-air outlet to provide ventilation and to·mask 

extraneous noise. 
J 

\ 
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Training ~rocedure 
, \ 

There were seven subjects i~ each of the th~ee groups. 

Subjectls in the free-operant avoldan.ce group were introdu,ce'd-
1 

to the shuttlebox in groups of f~ur. for 30 min., on the day 

prior to the" start or training-. During each daily I-hr. train .. 

~ ins session, S-S and R-S intervals of Sand 30 sec., respectively, 
, 

were in effect. Discriminated-avoidance training was given 

dùring the firs! few sessions since preliminary results suggested 

that this facilitated the acquisition of free-operant avoidance 

responses. F ive seco'nds 1 p~ior to the onSElt of footshock, the 
) \-

~nd pane~ on the side on which the animal was standing was trans~1 

illuminated u~til a crosstng response was made. Presentation 

of the light was discontinued when the subject received less 

than 30 shocks during each of two consecutive sessions. Sa.lin~ 

injections were begun when the subject had attained a criterion 

of less than 1S shocks r~celved during each of four c~ns~cutive 
sessions andcvisual inspection Jf the cumulative recotd indicated 

that response rate was stable. 

The' daily 1-hr. activi ty measurement sessions for the two other 
1 

groups took place between 08:00 and 18:00 hrs. Saline injections 

were begun on the\anirnals' fourth session in the apparatus. 

Injection Procedure \ 
Supjects in aIl three groups received injections on 31 con­

secutive sessions. Saline injections were given on sessions 1 

t.o 10; morphine injections on ses!sions Il to 30,.and a saline 

inj ec'tian bn session 31. The inj ection procedure was' carried out 

exactly 15 min. aft~r the start of the session and requi,red the 
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.\ , 
remova~ of the subject from the apparatus for no more than 20 

\ sec. AlI injections were intr~~ritoneal,using 2,6 gauge, 3/8 

1 intradermal-bevel needles. Saline injections were O.~ cc of 

0.9 percent saline so lut ion (Lab~ra-toi~e Deme~) whi"ch also 
, ~ 

served a~ the vehicle for the morp~ine sulfate (May and Baker 

in. , 

Ltd.). The latter was made up in a concentration of 10 mg/cc so 
\ 

that drug-injection volumes ranged between 0.17 and 0.23 cc. 

Shuttling rate per-min., activity count per min., and wheel­

running count per min. were the measures of response fq~ tJe 

three groups. Average rate or count during the lS-min. interval 

prior to injection was considered to be the baseline measure for 

a session. The relative rate or count during each of the ~hree 
1 

subsequent lS-min. intervals of each session was calculated as 

~ percentage of the figure for the baseline interval, and is 

referred to below as either a response ratio, activi ty ratio, or 

rle~pitivelY . 
\ 

tunn~ratio, 

, Shuttlebox Group 
( . 

Approximately 60 ,percent of the rats in this group were 

,discarded because they failed to attain the criterion of re-
l' - _ \ _ 

ceiv1ng lS or fewer shockslper session within 4S session~ of 

avoidance training. Comparable avoidance-training failure rates 

nave been reported by Black (1958) and Kamin (1959),_' The re-

laining seven subjects attainéd the crit~rion within an average 

f \ . ( / 30 seSSlons range: 14-38~. 

,/ 
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, 
The mea.n number of respon~es emi tted dur~ni each pre,-

\ injection interval ~nd the mean number of shocks received dul'inç 

each session are presented in Figure 1.' The number of responses 

emitted during ~he baseline period remained fairly ~table and 
, 1 

showed no significant change ovel' the 20 sessioris on which 
.. '::.. 

morphi~ was administered (f- 0.5482, df- 19/114, p>O.05) •. The 

meart number of shocks received by, subjec~s tend~d to decrease 

slightly over the course of the saline sessions but did not change t ' , 

signiticantly during the 20 sessions on which morphine was adminis-
, , 

tered Cf- 1.2587, df- 19/114, p>O.OS). Very few shocks were 

received after the initial (pre-injecti6n), IS min. of each session. 
\ 

Mean nurnber of responses ernitted pel' morphine session, for 

blocks of four sessions, is presented in the insert of Figure 2. 

While there was no significant change in these means over the 

course of the 2Q drug sessions (f- 1,1322, df- 19/114, p>O.OS), 

th~ morphine-produced increase in me,n number of responses was 

greater in magnitude during the second block of four sessions and 
~ 

then decreasèd. 
\ 

The response ratids for certain selected sessions are pre­

sented in the main body of Figure 2. The left panel shows that 
\ 

response ratios cha"ngé~ very little du'rirg saline-session 10 but 

were increased by morphine~ and to a progressively greater degree, 

during the fir~t eight drug sessions. The right panel sh~ws the 

graduaI ~ecreas-e in response, ratios during the latel' drug ses­

sions and the return to a stable level of p~rformance on the 

final (sa1~ne) session of the experiment C's-p'ost"). Several 
\ 

pairs ofasessions were cornpared using at-test fOt the significance 

\ 

il Œil 
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Basefine pe,rfo<l'man~e . Upper: Meap. number of responses 

during the base1fneO(pre.injection) 15-mi~. emitted 
1 

intèrva1 of~each tes~esSion,. Lower:. Mean, total. 
t. \} 

number ,o,f shocks received 1 during eacb experime'n,ta'l 
. ' seSS1on. .. .' 
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Changes in the effeet l of 
{ 

morphlne on respon.se ratios 
1 

over sessions.' Insert: Mean number of respons1s 
• 1 

emitted per session, . ov~r blocks o~ fo~r ~essions; 
i " . 

thè 20 morphine sessions.) 
'" 

during th~ course of 
, 

Left: Mean post-injection response rate per lS-min. 

interval, expressed as a pereentage of the eorres-
41, 

P9nding baseline ra~e, for the tenth saline session 

and morphine-sessions 1, 6, and 8. Right: Mean 

~o....,s t - inj eetion respqnse rate per l5-min. interval, 

expressed as a perentage of the eorresponding 

baseline rat~, fo the final (saline) session of the 

experiment ("S-post"). \ 
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-lof the difference between two,means for correlated samples. The 

results of these comparisons are summarized in Figur~3, The 

upper-Ieft panel shows that, on the first morphine session, the 

response ratios for the third and four th lS-min. periods w~re 

significantly grea ter than- for correspondJng periods during the 

tenth s'aline s'ession., As shown in the upper-right panel.., thiS\ 

,increase ~ended to be greater in magnitude during morphine-s~ssion 

8,\but was not significantly so. The, panel ~n the lower left 
, 

-shows that the response ratios for the first and second lS-min. 

periods of morphine-session 20 were significantly ~ess than on 

morphine-session 8. However, as shown in the ~oweT-right p,nel, 

response ratios during the second and third post-injection periods , -

of the final morphine session were still significantly ~reater 

than the corresponding ratios on the subsequent saline session. 

Thus, the change in mean numbe~ of responses emitted per session 

is paralleled by the change in the magnitude of the increase in 

response ratios'ov~r the course of the 2b drug sessions. 
1 

N çomparison of response ratios on saline-session 10 to 
" those on the final saline session of the experiment revealed no 

significant differences. This indicates tHa~ the injection 
\ 

\ procedure, as~such, was not a factor-in the change iri morphine's 

ef.fects. 
\ 

Jiggle-Cage Group \ 

\ 

Mean activity counts fOr baseline periods and complete 

sessions are presented in F~gure 4. Althou~ this group,exbibited 

~onsiderablt-more between-session variability than ~~e shuttlebox 

group', there was no si~nificant change in the méan bas'el~n~--périod 

\ 
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Figure 3:( Summary .of the s ta tlstica1 comparison: of th~. cor· 

responding resp~nje ratios of sel'ected .... sessions. " 

Upper left: Saline-session +01 and morphine-session 
1 • j 1 

\ 

1 

\ 
\ 

\ 

1. Upper right: Morphine-sessions \1 all:dl 8. Lower 

1eft:' Morphine se~sions 8 and 20. Lower right: 
. 

Morphine session~20 and the final L~aline) session 
,~'Ifff b 

, ' ... 
of the expe~iment (IfS-post"). ~he ,asterisks indi-

. 1 \ 
cate significant differences,between the block above -

which they appea~and the corresponding lS-min. 

block in the other session plotted in the graph. 
\ 

One asterisk indicates p<O.OS~ two asterisks indicate 

p<O.02; three aJt~risks ~~dicate~p<o.Ol (df=6, . 
two-tailed t-test for correlated samples) . 
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Figure 4: Mean jiggle-cage activity count for each baseline 

interval and each c~~plete session over the course 

of the ~xperimen~. Mean activity count is also 

presented for the first lS min. of the three 

initia~ (fami~iar~zatiOn) sessions, although sub­

jects were not injected on those days. 
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. 
\ activity count.over the course of ~he 20 morphine sessions 
\ 

\ 

\ 

(F-'1.44S9, df-',19/ll4, p>O.OS)</ However, there was a signifi-

cant increase in the mean activity count for the complete ses­
(' 

sion over the course of repeated injections, of morphine, (E.= 4.6311, 

df= 19/114, p<O.Ol). 
.-

Mean activity, count per morphine session, for olocks of 

four sessi'ons, is presented in the in·sert of Figure 5. After a 

rapid increase during the firs·t two blocks of s,ssions, the mean 

count apparently reached an asymptote by session 12. ' Activ~ty 
~ 

ratios for certain sélected sessions are presented in the main 

body of Figure S. The left panel shows that activity decreased 
" 

markedly after the baseline period on saline-session' 10. Morphine 

, initially had littl~ apparent effect but regan to increase acti­

vit Y ratios, and to a progressively greater degree~ over the 
" . 

course of the first Iseveral ~es,~ions. The right panel shows 

that the morphine-produced increases àn activity ratios changed 

relatively little during later drug sessions. The pattern of 

activity on the final (saline) session of the experiment 

(HS-post") is simf1ar to that for saline-sessioh 10. 

Severa1 pairs of sessions were ~ompared using a t-tes~ for 
1 " .. 

the significance of the difference between two means fOT cor-' 

related samples. The results of these çomparisons are summarized 

in Figure 6. The upper~left pa~el ~hows that the ~ctiv~ty ratio 

during the second pO,st-injecti/On period was sign'ificant1y gr~ater 
1 1 1 \ 

on the final (saline) session of the experiment than on saline-

,session 10. This diff~rence, though not lafge, was consistent I~· 

f~om subject to'subject an~ may indicate a slight tendency for the 
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Figure 5. \ Changes in the effect of morphine on activity ratios 

over sessions. Insert: Mean activity count per 
1 

, , 
session, over blocks of,four se~sions, during the 

course of the 20 mOTphine sessions.~ Note that by 
1 

the' third block (i.e., by morphine-session 12) the 

total activity count appears to have reached an 

,asymptote. Left: Mean activity'ciunt per Ils-min. 

interval, expressed ,as a percentage of the corres-
~ , 

pGnding baseline count, for the tenth saline session 

.! and morphine-sessions 1, ~, and 8. Right: Mean 

activity count per ~5-min. interval, expressed as, 

a
o 

percentage of the corresponding base1ine count, 
,( ~ 

for/morphine-sessions l2~ l6,.and 20 and the final 

(saline) session of the e~periment ("s-postH
). 
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Figure'" 6: SumMary of the statistical, compar~son of the corres L 
'--...... 

\ 

ponding activity ra~ios for several sessions. 

Upper left: saline-~ession 10 and the final (saline) 
-' - \ 

session of the experiment (Us-post"). tJpper right: r 
1 .) 

IMorphine-sessions l,and 8.' Lo~er le~t: Morphin~ 
, , 

sessions 8 and 20. Lower right: . ~o,rphine-sessian 

20 and the 'final (~aline) session of the experiment 

("S-post"). The asterisks indicate significant 
\ 

differences between the 15-min. blacK above whichjthey 
r. 1 . 

appear an~ the corresponding block in the other!ses-
-

sion p,lotted in tha~. graph.' One asterisk 'indicates 

p<O. 05; two asterisks ind{~ate p<O. 02;' three asterisks 

indicate p<O.Ol (df= 6"two-tailed t-test for cor-

related samples). 
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injection procedure to elicit an increase in spontaneous activity . 
• ' \ ,J 

The upper-right panel shows that the ~ncrease in activit~ ratio 

was significantly greater during the first and s~cond post­

injection periods of morphine-session 8 than o~_the first morphine 

session. ,The lower-;lef~ panel shows that the intrease in rcti;-ity 
1 

r.tios tended to be greater in magni~ude by th~ final morphine 

session, b~t was not significa1tly 50. As shown in thè panel on 

the lower-right, the activity ratios for the secoruYand third 
1 

post-injection periods of morphine-session 20 were significantly .. 
greater t'han those during the final (sa,line) session of the 

experiment. Thùs the'change in mefln activi ty count pet s_ession\ 

is paralleled by the change in activity ratios overthe course 

of the 20 drug sessions. The progressive increase i~ activity 

ratios reached an asymptote by morphine-session 12 and, 'in con­

trast to the shuttlebox group, remained relatively ~tablé during 

Iater drug sessions. 
\ 

Running-Wheel Group 
y 

Of the three groups used in the present study, the runaing­

wheel group was influencedrthe!least by morphine. The mean 

numbers of running-wheel revolutions for baseline periods and 

comp~!te ses~ions are presented in Figure' 7. Between-session. 

variability wa, high, as for the jiggie-cage groqp. 1 Th:re vas 

no' significant change in the number of wheel revolutions during 

the baseline'~eriods! over the course of th~ 20 morphine sessions 

. (.F= 1. 3908, df= 19/114, p>O. OS) . AIso, while there was a graduaI 

increase in total revolutions per session following repeated 

administrations df morphine, this increase did not attain" 
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Mean number of_ whee1 revolutiQ~S f~r each baseline 
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interv~lJ and each complete se$sion, over the cdurse 
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, \ " of the experiment. Mean number of revolutions is / ' 

o'a11o presented for the first 15 mi~. oi ·the three 1 

" 
i~itial (familiarizatio~) sessïons, ~~tpough the .. 
subjects were not ifjecte~ on those days . '\ 
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statistical significance Cf= 1.5671, df= 19/114, p>O.OS). 

Mean number of whee1 revolutions per morphine session, for 

blocks of four sessions, is presented ~n the insertof, Figure 8. 
\ f 

The mean increases until it apparently reache~ an asymptote by 

sess ion 16. Running ratios for certain se1ec1ted sessions are 

presented in the main body of Figure 8. The left panel shows 

that, compared to saline session 10, the first injection of 

morphine decreased running ratios while the n~xt f_ew ~1ijections 

produced little apparent effect. The right panel shows that the 

later morphine inj~ctions tended to increase running ratios some­

what, particularly during the 'second post-injection interval, 

when ~iggle-Cage lctivity ratios also tended to be highest. 

However, nei ther the ini tial suppression nor the la ter increase 
, ... 

attained s tatistical s ignific'élnce (df: 6, two - tailed t- test for 

correlated sampl~s). .. 
DISCUSSION 

, 
The first morp~ine injection ~roduced a facilitation of 

shuttling behaviour similar in magnitude to that observed -for 

lever pressing by Holtzman and Jewett (1972). They report that 

4 mg/kg,of morphine increased avoidance-response rate to 180 

percent 01 control values; in the present study the increase wa~ 

220 percent after 5 mg/~g. This ·~agnitude of thJ initial faci~­
tation of shut.tling behaviour~ is also consistent with the first-

. 
session incre1se in "large horizontal movement" in a ci-rcular 

i alley, following the same dose (Babbini & Davis, 1972). On the 
11 

other hand, the first injectfon of morphine had no clear effect 
r ~ 

\ 
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Figure 8. Changes in the effect of morphine on running,!atios 

over ~essions. Insert: Mean number of revolutions 

per 

the 

session~ over, blacks of four sessions, ,-uring 

course of the 20 morphine sessions.· Left: 

Mean number of revolutions per l5-min. interval, 

expressed as a percentage of the res'pective base1ine 

value, for saline~~ession 10 and morphine-sessions 

1, f~ and 8. Right: Mean number of revolu,ion~ 

per 15-min. interval, expressed as a percentage of 

the correspond(ng baseline value, for morphine-

sessions 12~ 16, and 20 and the4~inal (saline) 

session of the experiment (nS-postn). 
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on spon"taneous acti vit Y in the j ig,gle cage. The decrease in 
, f 

wheel running produced by the first morphine injecti~n is 

puzzling in view of the similarity of certain of its behavioural 
1 

components to those o,f shuttling~ehaviour. However, Co~er and 

App1ey (1964) have revi,ewed the relations among vaYious ac~ivity 

measures and- have concluded that wheel running is ttfundain~ntally 
1 

different" from the types of activity mea5ured by a tilt (or 

j iggl,e), cage or runway. This would seem to be borne out in the 

present resul ts, as well as by. those of 'Lorens and Mitchell (1973), 

who found no iJcreasè in wheel running at doses'which produced a 

significant, facilitation of lever pressing for electrical stimu-
.1 ' 

lation of the brain. The abov~-mentioned differentiai effects 

of the initial dose of morphine on ~he shuttli,ng response, spon-

taneous activity, and wheel running, suggest that morphine's 

acute effect, on' a gi ven behaviour dep,ends upon the spec ific 

topography of behaviour under investigation-. 

The progressive increase in the facilitation of both avoi-
r 1 

dance behaviour, 'ïnd spontaneous activi ty over the course of the 

initial 8 to 10 morphine sessions i5 similar to that observed 

at similar dose~\by Lorens ~nd Mitchell (1973). Thi~ increase 

,may reflect th~ graduaI "unmasking" of the full extent of 
1 

morphine's behavioural stimulation or else it may be ,a poten-, , 

tiatiI\i effect of repeated administration of the drugj' i.e., a ,_ 

sens,itization ta !morphine. ,8eevers and Dene~u (1963) and Kay~riJ 

Woods, and Mitchell '(1971) have suggested that. the incrt:ase 

repre~ents unmasking due to the-development of tblerance to the 
h 

, ÎI 
,~epres,A~nt component of morphine' s action. 

( 
j 
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The f.l d' ln lng of chief interest in the present study is th-e dif-

ferential response to morphine of the s~uttlebox and jiggle cage 

groups over the course of ~orphine sessions 10 to 20. These re-
, 

sults de~onstrate that ,with daily injections of 5 mg/kg of morphine 

over 20 days~ 'rat~ deve10p tolerance to the drugts facilitatory 

effe-ct on ',Shuttlebox avaidance behaviour, but not to its facilita-

-torf effect on spontaneous activity as ~~asured in the jiJggle cage. 
1 . -

The decrease1in shuttle-response facilitation. over, the last 10 

morphine sessions, confirms H6ltzman's (1974) report of the develop-

ment of tolerance~to morphine's,facilitatory effect on free-operant 
1 

[ , 
avoidance behavioUT. ,It appears' that the effect of chrQnically 

administered morphine does not depend upon the topography of,be-
'" ' 

haviour under investigation. This is indicated by the fact that 
, ~ 

. , 

tolerance developed to morphine' s facili t~tion of rever pres-sing 

(Hoi tzman, 1974), whiç.h doe~ not resemble shuttle behaviour in terms 0 

of topography. Moreover, tolerance was 'not founr for morphine's 

:facilitatÎon of "large J horizontal movement;" (Bab1:iini & Davis, 

1972), which do~~ resemble the shutt1e response u~ed in the present 

s,tudy. The decrb~se in morphine' s facilitation of shuttling b~-
, \ ' T 

f'haviour is proQably not a consèquence of nonspecific factors such 

-,as physical debilitation'resulting from multiple intraperitoneal 

injections: This is ind'icated by the stability of baseline per­

fOrmance over thr 20 drug ses~ions and a~so by t~Qset:lce' of a-­

corresponding decrease in the facilitation of the ~ctivity of 
- J 

The finding of no decr~a~e of morphine's 

effect on this gt;OUp' is consistent with Babbini and Davis' (1972) 
• 1 ;!' 

report'that tolerance ta morphine does not influence the facili-
1 

,tatory effects-of the drug on spon~aneous activity. 

\ 
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Siegel (197~) has r~cently proposed a conditioning theory 
~ 

of tolerance in,which compensatory responses, opposite in 

direction to the unconditional effects of the drug y are,~licited 
4 1 

by environmental stimuli which reliably precede the onset of the 

drug' s sys'temic effects. The' cl,\se similaritybetween the 

shUttlebox groupes performanc~ on th~ final saline session of 

the experiment, and thatjon saline-session 10" appears to be 

inconsistent with,this proposaI. However, it is possible that 

a compensa tory response would have 'been apparent duri~g the final 

saline session if the m6rphine injections hdd b~en continued 

until the development of t01erance was complete; i.e., until 

facilitation of shuttling behaviour was n~ longer apparent. 

, It remains to be determined why tolerance has not been< oti-

served in testing situations i~ which subjects are not req~ired 

to perform sorne task. The results of the present experiment, 

and Jh~se of FC~~'" and Zimmer:.an (1961). sypport Ka1a~t et al..' s 

(1971) hypothesis that drugtqlerance is a functiona1 compensation. 

which is specifie to the situation in which the' drug-produced 

impairment is expe~ienced, ~ather than a funda~ental alteration 

of the drug's central effects. While a drug May initial~y have 

the same effect on a ce~tain behaviour in two situations, dif-
~ . 
\ 

de~rees of tolerance-will develop~if the situatioQs vary 

extent to which they make\a "functional demand" upon the 

subject. Investigations of th~, endocrine and, carfio~ascular 

V consequences,of free-operant avoidance training indicate that, 
. 

in terms of stress, this behavioural paradigm make's a considerable 

demand upon'the rat (Harris & Brady, 1974). Morphine's facilitation 

,-'- t 
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of free-operant avoidance behaviour may constitute an impairment 
j 

in tha t ital ters the "efficient perfor~ance, characteristic lof -
, 1 

the baseline period, to a rapid and somewhat irregular pattern 

resembling that seen early in training. In contrast, the low 

( level of arousal ch~racteristic of subjects in the jiggle-cage 

group was indlca,ted by t;he fact that they frequently appeared 
1 

to be asle~p' during the latter part oE each ~aline session. 
'-

\ Henc~, if it,develops at aIl, tolerance' to morphine'~ facilitation 

\ of spontaneous activity might be expected to develop to a much 
\ 

lesser extent th~ for its facilitatory effect on free-oper~nt 

avoidance behaviou1' 

- \ 

, \ 
\ 
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