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1 ' Mean-saline baseline body tempera,tureﬂ.g“gf all’ 34

X% LT

animals averagéd over Days .1 ‘to 4 at various
T stlim’e's‘of the day in the home-cage (HC), the ,’
o ) oo \ . .
‘ pre-injéction enviﬁrgnment (Prae-1), and‘ ih the
apost'—:injectxon cnvi;or;megn. (Pps‘t—..l). ‘ o ' '

2 - Mean body tcmperature of animals in the four 38
oo 4 e '
groups at 12:45 h in the post-injection envi-
* . ronmerit, 45 minutes after morphine administra-
b4

.-+ tion, for Days 6 to 9;‘\r) . T I

- B R

-3 Mean body temperature of animals in the four , 40
groups at 18 h in the home-cage averaged over .
. . T e .
Days’ 7, 14,- and 21 and over Days 70, 77, -and
B4. .
. ; - / |
4 *Mean body temperature of animals in the four 42
groups at 11 h in the pre—'m"jection environ=
- *  ment for Days 6 to 9. S .
. . .

) " Mean body tecmperature$df animals in the four 44

groups at 11 h in "the’pre-injection environ- :

v

‘

ment averaged over Days 7, 14, and 21 and Days

* °

70, 77, ‘and B4:
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‘

used as the uncoriditxojr;d stimulis, ‘and, for many years, little

Pavliow (1927) was.the f;fst to rebort the use of

morphine as an unconditioned stimulus in a study of classical’

conditibning.

o

’

salivary response.
i

If the morphine is preceded by a conditioned

®.

stimulus, a tone or even the’ injection rit;ual,

after several

Morphine, in the dog, elicits an unconditiéqe'h .

pairings presentation of the conditioned stimulus alone results

in conditioned salivation mimicking the unconditioned response.

The classical c‘énditiominq procedure seems ‘straightforward.

-

a

L4

onceptually, Pavlov considgred there to be little 'digference

" {Concept

in the conditioning process whether food, acid or morphine was

«

.

‘further work using morphine was done.

P

.

B

*

\

4

”

'resp'onse as-one that simply mimics the unconditioned ;esbonse.l

morphine's unconditioned résponse Ts, in salivary conditioning

3

g

e

(Pavlov,

1527, p.

35},

there

4

is alsd evidence that the condi-

»

¢

. ) ’ 3
While there is. evidence that conditioned responses can mimic

tioned response can be in orvposﬂion to morphine'§ effects, as
p ,

demonstratedwhen Siegel (1‘375) found that tolerance of the’

‘\ 4"’
gesic action of

tory, hypermgesxa.

with morphine have been reforted capable of preventing the

-

24

lecently ¢vilulice .1a8 Leen presented that raises,
: ,

questions about the adequacy of conceptualizing the conditioned

morphmn was d}:e to a conditioned compensa-

Similarly,

u

'

v

.stimuli that have been paired

occurreanf withdrawal symptoms (Roffman, Reddy & Lal, 1973},

J

/‘ t=nl
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‘ separate headings; the initial or acute effects, ,theAchronlc ) T

on, any. pﬁysiological system can best be&‘escribed- un'der fo'uz-' o '

- - b

K

effects, t}\ﬁ\ef\ffjt\sfgl,gphme termmatxon, that is, the 'wz.th-

drawal effects and fznally, e effects of the morphxne

1
LN .

antagonists.’ ' oL ; e

A The 1ﬁi¢ial effects of morpl}i}‘ie an most physio- ° Co
: ' s O .
logical systems seem to be-not only dose.related, but also

biﬁﬁasic in nature. —,In general, small doses of morphine can 'Ipe o ,_c*
- - ; ’
“said to pictuce exc1tatory‘£effects, while larger doses cause‘ L
N [ § N N P
biphasic effects consisting.first of e;.depressant phase a.nd then

: A -fs\\
of an excitatozy phase (Dom,mo, Vasko & WJ.lson, 1976; Séevers & ' g
t -
¢ . Lt S I
Deneau, 1,963)q + The dose that marks the 3lﬂference between a . ! 4
. te [ %\b ~
.~ - . . . . . . ) ’ 3
small dose and 2 large dose‘ ‘varies with the response under ' - . /
‘ . ' : — ‘ . e
study, angd'depends on fact’:ors such as the enviromnental condi—
‘. L - 5
tions (Peolino & Bernard, 1968) and the route of admm:.stration’
‘ . ” . , i IS ——— - ' » ’ ?
(Lotti, Lomax & Geotge, 1965). The txme that any effect lasts ,
Y. - - L .
appears to ipcrease with dose, but is generally in the range of '

»
’

- - w i -
several hgux%. .(Morphine itself does npt accumulate i'n body

A
_ tissue, *and is 1argely gor@ from the s&stem within 24 hours

(Jaffe & Martln, 1975) “The dose related\biphamc pattern. of '
3 R '
morphi s effects have been found whe’i; measuring general activ—

-

ity (Babini & bavis, 1972), témperature (Gunng, 1960), and ¢

various other phygiological responses (Domino et al, 1976). - . . ’

- b
. \ N
Similarly, rates of bar presig:ng for food or-for electriecal ’5
w
stimulation of the brain are firgt depressed, and then elevated, ‘

e













» . ‘ " N " i o ) »' '.',
placing a rat on a hot-platq§§:d measuring the latency to paw= .

o ' lick. 1If mdrphine is administered tb rats, its effect is to ;

] increase the paw-lick laténcy, an indicator of its analgesic
N r . . . KA. i o . ]
effect. With repeat®d injections this.effect disappears, an o
v . ) . ' [y
. " example of tolerance, If other rats are’ given similar *injections
s 4 - . * N

- - -

" of morphine, but . in an environment distinctly different, from the ' .-

v B Y {,7 .

_ test environment, they show no tolerance when first tested on the
. . . 3 T . - . A . e
hot-plate. -Moreover, if animals are intjected.in the test en- - . .
vironment, but are given an analdesic test only once, on the last

. . . .
. day in that’same environment, they do show tolerance. Thus it
? . .

L S

appears that tolerance cbsexved in these animals is a §earned
Y ) *

t

situétioﬁ—spccifié réSpohse. Siegel found, in-addition, that - T
tolerant animals wvhern tested with saline showed hyperalgesic . g o %:
. N xééponses {Siegel, ;975f. It was this finding that led to the o e

. .. ’ . >

° suggestion that Eolgrance is a conditioned .compensatory resbonse !
to morphine's initial effects. Since the original studies, -
"Siegel (1977) hag gone on to show that the conditjoned effect éan‘:

, ' & . B
. be manipulated by variables that effect other classically con- '

ditioned fesponses; he has obsgrved extinction, latent inhibi-

tion, .and a decrement due to partial reinforcement.

. - Some of the conditioned ‘effects of morphine, o

- , ‘however, appear to mimic the original respon-se t& morphine. It

c [y

- 2 ! N . N
is interesting to note that these responses, more often than not,

. ’ are ones that have been reported not to tolerate. These are the

_ so-called excitatory effects, in that they are apbarent as

, N 3 i N ‘
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- °

for wet dog. shakes, in the home&cage or the uithdrawal environ-

"ment. They found more wet’dog Qkakes in the withdrawal environ-

P

ment than the home-+cage up to 72 days after motphine terminatlonl

~

“They con¢luded that withdrawal symptoms could he paired with a -
. o4

partigular env1(0nment. Trost (1973) repo;:gd simllar success
in conditioning withdrawal symptoms using chel runnlng as a

dependent measure. o

a
«

Goldberg, w°ods and Scnuster (1969) repeatedly

4

paired a conditioned stimulus with naiorpbine'injéctiqns in mon- ° N

I3

. N . . \ . i
. keys that were self-administering morphine. Nalorphiné alone, a

morphiﬁe antagonist, resulted in increased morphine self-admini-

stratian. After several pairings the CS alone was able to pro-

duce 2 s\imilar rise in morphine's self-administration. In an-

’ . ‘ .

other exp rlment, witn dependent an1mals thac were bar pressing - o

Y -

for food, conditioned stimulus ‘previously paired with nalorphine

suppresseé‘fﬁgponding in the same way nalorphine did (Goldberg\;
& Schuster, 1967). '

The iéea that.withdrawal symptoms eould become
conditioned to the environment in théh ;th occurred has'been
tested.reccntly'using héroin addicts on a methadone maintenanée

program. O0'Brien, Tcsta, O'Bricn, Brady & Wells (1977) re-

peatedly paifea,a distinctive environment with small doses’ of

7

naloxone, producing‘mild vithdraval like symptoms, in eight;

~

human heroin addicts. Afterwards, saline, gi@en in that’ en-
hd [

S

vironment, was able to cause similar withdrawal &ffects.
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et al (1963) have fouhd that even in dependent rats each injec-

° l . . tion of morphine causés the exéec;ed hyperthermia., However,

Siegel (1976, Noté, 1) ha$ presehted évidenbg\suggesﬁiﬁg'that

v
»

i\ -the hyperthermic response to small doses of morphine does toler-

- q
ate with repeated injections. ) : -
‘ ) In. the dependent rat the initial effect of termin-
i - . : * . -

ation of morphine administration has been reported to be amild ;L — g
Qq : K

P

'hypothermia. The animal's body temperature decreases.for about - &

1 ' , ., .
- normal, and then returns to baselire
\ ‘ ~ T &
, " (Roffman et al, 1973). Martin et alf (1963} report that, affer— ' -

' the hypothefmiak_there is a second phase of withdrawal character-

"ized‘by a hyperthermia that occurs four or £ive days after.mor-

[}
-

phine termipation and' lasts . apkroximately three months. o . j

. . The hypothermic rgsponse to the initial dose of

. . - ~

morphine can be blocked by thg/morphine antagonis;‘nalorphine¢'

ﬂ; ' . Ce ( ti et al,{1965). This blockade by nalorphine of morphine

effectsﬂhlso )events the development of tolerance, that is,

R N . . , Y .
Pt . .. the second injection still causes a strong hypothermic response

v

_— - . ‘.-(Loﬁax &‘Kirkpat§5;k,‘1965). Recently, however, Cox et al ,\\

{1976) havé presented data suggesting t%dt naldio;:\aoeg’ﬁggfj‘ \\
block the hyper£hermia prodiced by small dosés of mprphine: 7 : ‘
They compared three groups of rats: oneegrous injected with . ‘

0.5 mg/kg of naloxone only, the second with 4 mg/kg of morphine - C,

.

_only apd the third with both naloxone and morphine. While

-










. s LN [y

; . - *

returned to normal after, or whether they wexe at.a norﬁai body , ~

_Eemperature'before‘ and were hyperthérmic after stimulus,presenta—

L ' - «
k‘t:ioh. This procedgral point may be- important as Siegel- (1976,

.

a stimdlus paired with a 5 mg/kg subcutaneous ihjection.of mor-

-

phlne is hypotheﬂhla i€ the temperature is compared to that of

» ‘ e &

céntrol group. anlmals that rece;ved only sallne ;njectlons -

- .

. , throughout. This is a matter that requires further study.

b o=

. . “
If stimuli that have been paired,with‘morphine

.- ~

injections can elicit" responses that mlmlc the effects,of mor—

phine’ and produce, for example, hyperthermia, it nght be' that

they can prevent the hypothermia evident in dependent animals

after withdrawal of ﬁorphine. In fact Roffman et al .(1973) had

N " founa, prior to the work of Miksic et al (1975)Areportéd above,
that if a bell was repeatedly patred wlth dependence-producxng
morphlne injections (f ﬂt 1n3ectlons daily betweén 8 and 22' h-

increa51ng to a maintenlance. dose of 200 mg/ day). the bell

alone could prevent the hypothemmic withdrawal respohse, and also

- ] .«

' reverfe the hypothermia if it had been allowed to start.

One of the more interesting questions is what
effect might morphine antagonists have on these conditioned

effects? At the antagonists were found to black’'the conditioned
effects,‘it&ould suggest that the brain systems involved in the

.conaitroned‘responbes are similar to those ifivolved in the direct

¢

14 -

effects of morphine. Lal et al-(1976) fouhd that naloxone 9id
- -

- * Note 1) has evidence that'the conditioned température response to

"

4
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*  hydrochloride (Endo) was always.injegtea at.a 'dose of 2 mg/kg. . .
" — Daily routine:, %our yeeks éfte; the rats arrived |
‘.in the laboratory the experimen?‘pfﬁper was stgrtgd. w{th the .
exéep;ion of the homé-cage da;s (§eé below), the daily routine was . ’ -

the same for all animals th}oughout the entire study. Essentially

. '
. B

it consisted of taking the animals from the home room to a distinc-
( .

tive pre-injection environmegt where they were immediately in-
jected with their daily dose of morpbine."fhus it was possible to ' *

3

) M . ) £ 3 ‘ ‘ r
take temperature measurement in the home room, 4in an environment

prédictive of m%;phihe,.but in which morphine was never-.given, and '
' .- . vy .-

. . Y - St .

in an environment where the effects of morphine occurred., The

details of the routine were as follows. ' ' ' *

-

Cw At 9:00 H all animals were weighed and their tem=
4

perdtures were measured. One hour later, at 10: 00 h, the rats ' .
. ~ vt - 1 ’ ' .
were placed, in groups of three or four, in a carrying cage and ) ‘{

tak%n to a presinjection room, where they were-individually housedx

in wooden boxes (17cm x_28ém x 13cm) with wire tops and wood

shavings on tye floor. This room was dimly lit, was quiet, had

N

L
an oil of cloves odour’cue,/and was-maintained at a temperature
. . : ) ' ’ , ]
of 22 2 lo C.\I&.ll:OO h all animals had their temperature mea-

"

LS

sured in this room. At iZ:OO h, folloving the two-hour péiiod in , g

the prelinjection room, the animals were moved in their boxes to
. . ¢

a second room (the post-injection room) where they vere immediate-

ly given an injecéion of the appropriate drug. The post-injection

« v

- Yoomw as bridhtly lit, had a continuous 12 db white noise back-
) R . ol

. : ‘ '




@

"all animals -‘f‘ollbﬂv’ed the normal routine but were given two injec—

‘ ] . a
morphine. , , . . - - / .

mg/kg of morphine on Day 6 and 'increasing to ’iOOng/kg by Day 32

© . R . [~ ) ‘ -

. 28

T 5 .

: n

Day 5 was the naloxone morph'iné day. On this day

-

a ‘ .
tions at 12:00 h, spaced approximatély 5 minutes apart. Animals
in Group 1 wérq first injected with naloxone and then with saline. )
N h 13 . M . .

\ »

jettion of .5 mg/kg.of morphine.  Animals in Group 3 were injected

Group 2. animals were -injected with naloxone followed by an in-

with naloxo'ne and the'n'wit‘n 25 mg/kg of mérph:'ine. ‘Animals in- . _ .

2 3

Gfo‘up' 4 first received an ‘irijection of saline, then 25 mg/kg of

Days 6 to 32 were conditioning days in which the

- :

normal Qai:liy routine was always followed. ' Animals in Groups 1, 2,

and 3 received daily injeéfions of 0 (saline), 'S, and 25 mg/kg of -

-

‘morphine, respectively, throughout this period; animals 'in Group ,

4: were finject;éd‘with increasing. doses of morphine.s'tarting with 25

(see” Table 2 for details). The animals in Group 1 were injected

. 1 N
with a volume of saline equivalent to that given to animals in

Group 4. . - - ' ' o

' Days'33 to’ 85 were, with the exception of the 4 R
v R .

. - t { [y

"test" days, gmainte'nance daoys in which animals in Groups 1, 2, 3,

and 4 rece:ived th’ci; usual inj‘ections of morphine, O, 5,l25."‘ and'\

200 xr;g/kg relspectivgly, The "test" days %houid.be cc.‘msi.d'ered' in

pairs, on ;'.he fiz:st ‘of the two days, the normal .d'aily rlcguti;\xe‘ was
. . . - e h '

followed; on the second, ‘the animals remaingd in the’ home-cage-.

t

On pay 37, the first of the Mtest".days, animals were taken . Co-

/ -

Al

. . . : ’
. - ' OB b by Aperertf ey sk RN ISR 7










- ,TABLgB

- L = .
. "'v A sumnary over days ;rf‘f;he desiqn of the experi.ment. .
‘?ﬁﬁ o -q Lo . s | .
1 -4, ‘ -Baselinge No;:malﬂrogtinxe yi"th salige inj;ect;ioﬁs'
‘6 = 36.\,/. .éonéit:“,{qr;iné ’ Nomé‘i‘rc;utinae with mor:phine.'i\h;iecltions
37. - Bﬁ‘.'.rcomii,tionin'g days interspaced wi't'h: " ’: * " ,
' r3‘7l.‘.',’,..Saliné test day l;loxgmél ropt:z.ne ‘. K
’3 43. :.....Home-cage. d‘ay ) ~ No inj éct}o‘ns
,, 51, ..'...Naioxdne”éegt day Normal .routine,." . -

2

r . N
. 97..... . Home-cage day “*  Naldxone Jinjections *

v 5 L .. . : .- - )
. " 65......Morphine test day  RNormal, routine . ‘
o \ H A » - Y] - [ . ’
¥ . - : . ‘., -
.. 7Y......Home+cage day- - ‘.° Morphine injecticns )
:79......5aline test day  ° Normal routine’ ..
; . o , ' , E b § ™ < , f‘ . .
« - 85%..,..Home~cage day No injections - °

' ' s B T ) "
- .85 - 9 .- .Abstmence /V'Ejomg'-cage days with no injectiong " / .
. . . LT .. N .~ .

. g

95 - 96. . .Salipe te V¢Norma1. routine ‘with saline injgctions :

o, 7 :

97. secene .Naloxoye test Normal routine wzth naloxone 1nject10r;s , ;

Normal routine with saline *injections‘ Af

. No injectio‘ns‘.,.‘ . :

5 ) . M i- . N ‘ , , s . %

> No injections . . i . s

d ’ . ’ . [ “ T s 1

121:......Saline test ~ Normal ‘routine with saline injections’ , :
.y ot ' . L ‘ < .

122.......Home-cage No ihjections . . o . g

A ’ . - ‘é

i , . _ . . ) 4;

‘ . i ) ; . \‘r .0 %

. X .. 5













J o =2.84,p 7.2

N O ' ‘ : - 36

that there were no physiological effects on body temperature.of?? .
the brevious days' morphine administration éyident at thig‘time.é

Z Morphine naloxone day: On Day 5, at 12 h, all
- " - S . -
animals were given two injections to determine the effect of na-

-

" loxone on the initial hyperthermic response to morphine: Two one-

- - "

way ‘analyses of varlance, .one for the 12:45 h and one for the °? T -
14:15 h temperature readings, fevealeh a significant Group effect
- R A s

in each case, F(3, 26) = 14.87, p < xOOl‘and F(3, 26) = 10.35, '

*

p ¢ .001. Fuziher analysis using tﬁE Scheffé test revealled that
: ' in neither case was the mean body temperature of aniakis in Group .

1 (the naloxoné alone group) different from those in Group 2
L

d 5 mg/kg ,of Worphine group) (at 12:45 h F(3; 26) P

Y

(;he naloxone

; at 14:15 b F(3, 26) = 2.76, p 7 .25), At neither .

-

hals in Group 3 (naloxone and 25 mg/kg of morphiﬁe) o .

’ -

time did an

and Group 5 mg/kg of morphine) differ but at both times ani-
mals i Groupsig and & were significantly warmer than.animals in

¢

Grogp I (p € .05). Thus while 2 mg‘kg of naloxone was able to
, .

|9

block t::fizyerchermicvresponse to 5 mg/kg of morphiﬁe, it had o N
little ect on the larger dose. ) ‘ ‘ ’ -
R . ’ - —

Morphine effects: Separate analyses of variance

.f i ’ ‘ t
were carried out for the two temperature measurements takan in the
7/ , . . . oL .
post—-injection environment, at 12:45 h," and at 14:15 h. The ini- |

tial effects of morpﬁine were studied b& doiﬁg a Group x Day

\
.

analysis for Days 6 to 9. The analysis of the 12!45
\ e

temperature

- ‘.
- [
. I










~

" using a Group x Days analysis of variance (Appendt

hypothermic relative to the saline group over. these four days.

% -

§ = : ’ a
relative ;:p ?t;e animals receiving saline, 'in the pré*injegti_un
en\}ironinent. ) It’should"be pointed out,_ however, that. the pre~ .
injection temperature measurement was taken ‘not only one hour
;lari'ora to the dailly injection of m‘orphine, but that it normally oc-
cufred, by necessity, 23 hours after the 'previou's injectioh of mor-

phine. It might vb'e, therefore, that any dif}ex:ence observed be-

tween the morphine and thé'saline‘groups in the pre-injection en- 7

virqmnenﬁ were due to physiological s;fnptoms of morphine depriva-

tion, "physiological withdrawal”, rather than to conditioned anti-

cipatory responses to tﬁe'oncoming injection. The analyses.of the

results, therefore, required the making of a complex set of com-

- r

parisons in order to differentiate between these two interpreta-

el

tions. These will be presented in the follewing paragrapns.

“ ¥ .
Development of the pre-injection hypothermia: 8

’ k4

The group means for' the pre~injection temperature readings ‘taken -

on J)ay% 6 to 9 are shown in Figure 4. These ‘data weré analysed

X A, Table 19)..
¢

s’ o & -

Both f'actors, and the interaction, were significant. As can be
seen from Figure 4, the three mofphine groups became incre‘asingly -
While the animals in the morphine g{“oups’ did not differ from each
other, there was a significant difference between animals in the
»

. ‘ .
“three mprphfne. groups and Group 1, the saline group, on Day 9, as &

revealed by a Scheffé test (p € .05). These data demonstrate thatﬂv ‘
the pre-injection hypothermic effect developed rapidly, and at T

R

wores
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Figure 5: Mean ‘body @:émperat:t'xre of. ani;uals in the M gmuﬁg at

,

"7, 14, and 21 ‘and Days 70, 77, and 84.

11 b in the prg-ihjection entvironment avéfag‘ed over Days -

) J










. - " 47

_ R .
' . ©

differences Between the morphine and tlie saline groups should have - ,m

increased over time, and then decreased as the animals recovered

Furthermore-, these changes should have occurred re‘gardles“s of ‘the

N

T environment. If, however,’ the pre—injection differences Bé‘tween

. ’ ' , \?/ the groups’f]ad been due to conditioninglfactors, they should' have
# Y . ) : _been evident ;nly in the presence of the conditioned stimuli, the o /""f,:!j
‘ ~ ‘ pre-injection envi’ronment. There were two restingpoccasions when . . S
)’ - 48\Thou“r's intervened betweenﬂ morphine inje?ﬁion-s.e‘ Qn .Days 37'and_ |

. .= 4 -, .
A 38, and again on Days 79 and 80, boatemperatures were measured

) ., *  in both theshomercage and the pre-inj ection environme.n“t ove7va' 1 . ‘
- 48-hour period. The 9 h and’ 11 h temp'erature readings taken on - .
. . » §
C the two consedutive days represent re‘adings taken 21, 23,% 45, and
v . L)

f 47 hours: after the last morphine ,administration. The resuﬁ for‘ -
" th dndividual times over the two ?ccasions, were collapsed and - . .
r —-— .

¢
[y

are presented in Figure 7. The ?esults were analysed separately ’

' . "for each time using Group ﬁkeplication analysis of variance ) — e
'& _ (Appendix A.-Tables 23 to 26) It can be aeen from Fig‘ure 7 tha‘t'.
7 :vhen animals were in the pre-injection er;virpnlnént‘, ‘23 und ;07
\hguré after morphine,\ there was a pronounced _differencc between the
groups~; animals’ in‘ Ke morphine gr.dups had lc;wer body tex’nperat:ure; -
- " '. - than those in the saline groixp. The analyses of variance for. bor.h
e d <’dlese times revealed similar results, significant Group and Repli- LA
chtion effects but no-significant interaction (Appendix A,, Tab‘les |
., 23’and 24). Thhs despite the overall differenc.e bet:w_een the t:.\wo
.o . replications, ‘the group‘d-ifferencve for these two times aftler ’ P e

‘ ! -

y . é ‘ . .
[N K . 09 ., . . A
- . .
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- next ‘ten days, ﬁays 85410 94, were spent ig the-home-cage. The

,ﬁean teﬁperatﬁré readings for the four gio;ps taken at 9 h are
shown 4n Figure 9. It is apparent that at 9 h there was no.con- . -
sistgné difference between the groups. A Qrou; i Day analysis of

varlance carrieé out on thé data for the first five days (Days 85

to 89) yielded oply;a'éighificant'nay effect, confirming the lack

P

of a group difference (Appendix A, Table 28).
& , . T '
‘\&;_// ‘Figure 10 presents the data from the 11 h readings

over the—éqme“period.. As can befseen, there was an initial, dose-

K]

. 2

' "related, difference between the groups - that disappeared over days.

»

The Group x Days analysis for the first five days yielded signifi- {
cant Group and bayé effects, but no significant {nteract}on (Appen-’
* dix A, ?abie 29). A further analysis of the 11 h temperature

,reading was done to compare Days 85, 86, and 87 to Days 92, 93,

3

" _and 94. For this a Group x Block x Days analysis of variance was
t - . .
used (Appendix A, Table 30). The only significant effect was thé

. . Group x Block interaction. It is evident' from Figure 10 that this

reflects the fact that, at the beginning of the abstinence period

there were group differences, but by the eénd of the abstinence ’ “ R
'!&‘ 4 . B N p—
period the difference at 11 h had disappeared. Note further that

the larger the dose of morphine administered the more slowly the

effect disappeared,

.

-

. . ‘ After abstinence: After the period of abstin-
. 1'- ence, on Day 95, and again on Day 121, the animals were returned
. . s

to the pre-injection gnvironﬁent and temperatures were taken at '

v ?
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11 h. In qrder to test for conditioned temperéture responses to

' 3

the pre-injection enQironmental stimuli a comparison was made be- .
-~ - o P ®

- tween the temperature réadings on Days 95 and 12} and those on .

Days 94 ané 120;(dayann which £he animals remained ‘in the home-
+  cage). A comparison of the 9 h temperature'reading; on these”
' days using a G%pup x Environmeﬂt.x ﬁepl}catiog analygis-of vari-
. ance revealed that nejther the Group effect nor any ihteraction
involving Groups rg;chéd signigihance (Appendix A, Table 31). A
similar Group % Environment x R;plicétibn‘anaiysi; of 'variance for N
the 11 h teﬁperabure.revealéd simiiar findings (Appendix A, Table —
' 32).1,Thus aftér &Fn days of abstinence thé ‘pre-injectign hypo-
. thermia effect was n; longgr éﬁpa{ggt/lnjkﬁe pre-injection énviton_
~ ment.. To provi&e further confirmation for this findin}, thé i1 n
temperature reéadings for the first four days in the preéinjection

environment, Ddys 95 to 98, were analysed using a Group x Déy

analysis of variance (Appendix.A,‘Téble 33). Onl

. Day effect
yaé significant and neither the éroﬁp'ekfec nor ‘the Grbup x‘Day.
interaction were significant.
. . * } . « ,
The Post-Injection Conditioned Effect Co C ;
. ’ In thé c;éé of ;he.pré-injectipﬁ:data, because
there was no significanf'&iffergpcg in’temperature of éhe four
'groups ofianimals ;t 9 h, it was ;ossibye to ﬁakg comparisons be-
tweénsthé groups at 11 h and to. assume. that any differences weré“

5

" due to the experimental manipulations. Any d%ffeg;ncgs; however,

a2
s

-










~ o 4 R N -
» ~

the Environment x Replication interaction évete“s;.gnif'i ant sug-

' gesting zhat ‘the mean temperature for each of the four days included
D 1
in this analysis was different. However, nei,th':ar the Group or
Group x Environment effects were siénificant “suggesting that at

12:45 no réal_’group differences had emerged. In cbntrast the

.

analysis of the 14:15 h temperature measurements revealed that only
Ed

the Envircmment effect and the Group x Envifonment int’eraction were

significant (Appendix*A " Table.35). As can be seen from Figure 11 .

these significant effects reflect agreater difference between the

N
~

,g:foups in -the post-injection environmeht than in the home-—cage. . : 5

Test fof,cond;ttionin’g during the period of mor-

Y -

'

phine admini{stration: Théere were two sets of saline test days ’

3

during the period o'f.moxjphine adminijstration. Each set‘.‘_cansisted_ . x

' ‘of a day‘in the posc-in‘jection 'ehvimment (Days 37 and 79), paired = *¢ o ‘
-~ ’ . §

with a day* iuhe home-cage (Days 43‘&d 85). Tne mean group tem— »

» peratares ‘for these four days-at 12: 45& and at 14:15 h are shown .
.- . §
g 1h Figures 12 and 13 respectively. Again sepafate Group x En\ziron-

o . - N L] -

ment x Réplication anaiyses of variance were done for the 12:45 h

v

. and 16:15 h temperaturcs (Appendix A, nbles 3 and 37). At 12:45

h the only signifl(:ant effccts were thie Group X Eﬁvxronment inter-

“ )

- action and the ‘Replication effect (Appendix A, Table 36). From ~ . '+ .

Figure 12 it can be seen that in the post-injection environment _—
. animals in the morphine groups had lower body temperatures than , T -

animals in the saline group (Group 1), but that in the home-cage

. Do sych dffferences existed: At 14:15 h thé three main effects R \ ,













P - 63,

1

N,

. ’ | ) ' .
variance were done for the 12:45 h and the 14:15 h data (Appendix’

A. Tables 38 and 39) 7 The.analysis of the difference scores be-

tWeen 11 h and 12:45 h revealed only’'a significant Group effect. ;
8

~ This suggests that the group-dependent changes in body temperqture

.were virtually the same in the two periods. A very similar pattern

of results was obtained for the differe%se scores betveen 11 h

and 14:15 h (see Figure 14). The analysis of variance, however,
\ > ' .
revealed that there were significant Group, and Period effects and

- . - . - . ~

a sigmiﬁicamt Group x Period x Replication interaction. -The sig-

v .

nificance of the interaction can be seen from Figure h? in which -

. .. the difference scores for the four test days are‘plotted. It is - ;
‘evident that the differencee between the groups were getting f“ Coy
. larger during\ the period of morphine administration (the acqui- L. ) g
- 1

sition phase of conditioning) and smaller over trials in the period,

- ~

after abstinence (the ' extinction phase)ﬂ This suggests tpat it
» . o

. was the difference petween acquisition and extinction""that«rej e T

f ' -
LI . '

sulted in the three-way interaction. v

Tests using maloxone and 5 mg/kg of merphine‘ ' L )

»

e o Naloxone and the low dose of morphine were given ; .
v instead of the usual unrph ne injections on different test days ) . i

during the period of morphine administration in order to determine

how their effects might interact with any conditioned effects evi-

o T Ly -

.

\%aent in the post-injection environment. However.‘the post-injec-

N ' «tion conditioned effect in itself was difficult’ to analyse

., . ] . .
i . . - s .
i e . - : 4 ° y
. . . .
. B
N
.
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» - - ‘ -

anticipatory hypothermic response opposite in direction to the

wnconditioned response to morphine.

a

The finding of an anticipato?y—ﬁyfothermic response-
is of interest fo; ahgther reason, and beafs on the usual interpre-
tation of ﬂwithdrawal.symptoms". The doses of morphing used in the
present étudy range from small to‘large. ‘Becﬁuse‘the large dose

produced dependence as measurkd by weight loss, the possibildity

v -

that the pre-injection hypothermia waS'a'phy§iological regpohse to
. ] i

<z

. the teﬁporary absence of morphiﬁe from the body had to be consi~

"dered. This was especially important to consider since, over the

‘coursg of the experiﬁeﬁt, the ‘magnitude of the effect proved to be

I

dose~related (see.Figure 5). It-was demonstrated, however, thaﬁ

the hypothermia could not be accounted for in pﬁrely physioclogical

B Y

terms, but was a conditioned énticipatory response evident only in
the pre-injection environment at 11 h and not at 9 h in;the;ho@e-
cage. Similarly, during the perioé of abstinence the group dif-

ference was evident on.successive days at.1ll h, but was not present

) - N / .

during the interveming, 9 h, teﬁpefa§hre readings (see Figures 9
and 10). This spggests‘thatsat'least some of Qhat are generally
labéled "Qiﬁhd}awal symptoms“ are réally ‘conditioned anticipatory
régpogses to the onéoming morphine ¥njection. It may bef there-
fore, ihat some symptémé; ﬁermakly considered to réprésept ﬁute
physiological effecfs, are in fact condifioﬁed’effects inagmﬁch

as as they -are observed in the situation in which the animal nor-

mally receives the drqg: %

) : ' L
v
'

-~

e o e




7% .

. . cconditioned sgtimuli, o o . , , \
’ ‘ ‘An altemative explanstion is that the conditioned

>

. . hypotﬁetmia was tx.ed to an arthlclal depnvatlon state induced

by the daily administration of morphine, mut':fx in the way ,that: con—
ditioned 'salivation would be dependent on foad deprivation. It is

L4 e B ' v

. : possible that the hypethermic response, 'which was cleaply time and

'

w ) situatth, required the deprivation state for its ~

/ , e
elicitation. Thus after the period of-abstinence, when animals

- -

were no longer in the akifﬁcial deprivatign—state, the condifioqeq

s
-

i . ?
< ! rhypothermic response may no longer have been elicitable by the

conditioned stimuli. The adequacy of either. of these two possible

explanations could be tested for in two ways. One would be to,

kS '
\_/ reinducc the morpntne deprivatlon state by giving a few daily in-

)

jections of morphine and then retesting for the coriditioned tesponse

¢ 'Y

in the pre-injec‘tibn environment. Alternatively, morphine)could ‘be

. . . i
administered to animals in a distinctive environment, but at ran-
Rd : . & .

> dom intervals, in order to prevent temporal cues from becoming

3 . . . ,
part\of any conditioned ‘stimu‘fus complex ‘predicgive of morphine.
N N g . )
\) ‘ Under these circumstances extinction of the responses to the con-

) ‘ditioned stl;nulus sho/ld not occur during the period of abstinence.
If, after abstinence, the condifioned effact could still'not. be ..
N elicited by the cues of the distir}cti\{e e’nvir'o.nn‘xent‘:, ite wonld have
to be coneludcd ;h:lt the conditioned response was de;;endeng on the

. . presence of a state of art,ifici‘ﬂ deprivation induced by morphine.

. . Turn now to the rclevance of the present study, to










Y
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| J
@
/

SN / '

¢

gong té€rm treatment progréms will-have to be ltered. (\
, ] .

74

. ‘ ] v . . . . »
long perlo\ds of time. ,Lf long after a peridd f withdrawal from .

& ]

the dx;ug, stimuli that have- been associ(atecy with\@the effects of mor~

{nine continue to be able to eli‘gic conditioned phyeiological

#7 / .

C}Langes, similar to those produced by morphin ,' our ideas about

v

-

4 e Ix\ sunnnary it can be said that the present st;udy

-

shows that the conditioned effects to morphing” are much more com—

plex and probab]g morg importamt t:han previously suggested. Eve"\.
- A
within one regpo}\se system, the temperature systEm,"t\m different

conditioned e%fects were apparent in the same anima,.s, one opposing,

and t:he othe,r mimxcking the unconditi,oned effects of morphine.
i . »
Furthermore,"the results suggest that anticipatory opponent con-—

ditfonéd responses may account for aspects of withdrawal s’.ympto;ns

“r

'whegeas mimickiqg ‘or "placebo" responses ‘evident after a peri.od

®» . - r :
of abstinence may be important “in t‘.he resumption of drug use.

i
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- TABLE 5 . S e 7 o

. The analysis variance of the/ saline baseline temperature of )

) animals in all groups at 12 45 h in the post-ij jection s

va:.ron- ¢ o M ’
o -
. p mént for Days l to 4. P B '
. . s v .0 r - . . ). : * -_ - “ A

, . v - v R n M ~

’ source - . ) ar . Ms | F 1 ’ - .’ g
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: Subject (s) A . 26 S , ) .
. ‘ R - C - v . ’
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The anaiys:.s of variance of the temperature of animals in all
. groups &t z§1 in the home, cage ‘on Days 6 to 9}‘
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- _ . TABLE 13 ' o o L

I :
S The ana'ly"sis,of variance of the effect of an injeét.ﬁqn/qf morphine )
. ’ ginven‘é,t 13 h on the Ltemperatu;'e of animals ir; all groups’at 14:15
' h for -every seventh day of. the experiment from Day 7 to Day 84 . 3
.\ incluiibe.- : ‘ ; .. S e . ) ‘ o .
~ Group (G) - T r . l1os28 261,154+
‘ . Spbject (S)v' ’ 26% a . .40 '
5- jpays: ® n. oones T 9.130% -
6xD v, 33 C. .20 U LR ‘
’'xs LN 12 - '
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TABLE 16 | .

v/ N ‘ - ’
. - ) /.. . s . :
The analysis of variance of thg-tempetagﬁre of ‘animals in all
. - ‘
groups at 18 h (six hours. after mc.:rph;ne administration) for
. . , . - / . o
Days 6 to 9. : : ) T .
Source ' T at / .M R
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- I ' // ' . . . 3
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r The analysis of variance of the temperature of animals in all

. ' q’!.'ogp-é at 11 h in the $ire-injection environment fér'Days 6 80" 9.

X ‘ Group (G) o 3 1,32 9, B4k
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: _ , TABLE 24 ° .

§
&
. . v ’

The anaiysis'of vasiangetof'the'teﬁpe ture of arimals in all

a‘t" .
- groups 47 hours after the last morphing administration, at' 11 h,

in the pre-injection environment for Days- 38 and 80.

™~

Source ” , as ~ Ms " F

F] - - ——

N
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* The anélyéis of Qrariance of the temperature of animals 4in all

.g"_

qfoups at 11 h on re first 5 days ot abstinence, Days 85 to 89. -
N . N ' 1Y . '.

~
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¢ TABLE 32

The " analysis of var:.ance .of the compari on of the temperature of

mimals in all gtoups at 11 h on days in the home cage, Days 94

. 4
and 120 and days in the pre-injection environment, Days 95»adnd
121. . . B .
Source : - af . . Ms . S ) '
Group (G) _ 3 T.04 C .21 &
Subject (S) - 26 ' .19 - o
N . ’ - ' ‘
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- TABLE 35 _ ST e
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The analysis of variance ofthe comparison of the temperature of ) - .-
- animals in all groupé at 14:15 h on'days in the home cage, Da&s ' e . ‘
i N . ’ ‘ '
+ .94 and 120, and days ih the pest-injection environment, Days 95 : . '8
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“'The analys;s of variance of the ccmparzsou of the temperature of

anlmals in all groups aftcr abstlnence. at 12:45 h. on a saline

test day, Day 96 and a naloxone test day., Dag 97.
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‘ The following tables contain the group mean‘ and
& . . ]

»  staridard deviatian for the five daily temperature reédinQSu The

’

first four tables \afe for the days #n the home cage prior to the

a

start of the experiment proper.f (pays i to iv). 1In the subsequent-*

' o

tables the daily temperature means and standard deviations for

the days of the experiment proper are presented. Thé, days refer

.

to the day of the experiment and the number after the means refers

to _tﬁe Group size.
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