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The Activation and Expression of Endogenous Pain' Control
Mechanisms in Rats Exposed to Nociceptive Stimulation Under the
Influence of Morphine or Naloxone: Implications .fer-Models of

Environment-Specific Tolerance to the Analgesic Effect of

’ Morphine - -

v

)

Joseph Rochford, Ph.D.
Concordia University, 1985.

*

The present experiﬁents investigated the effect of morphine and
naloxone administration on the development of condi;ioned

autoanalgesia. It was predicted that, by attenuating the 1ngensity~of

nociceptive stimulation to which animals are exposed during

.

conditioning, morphiﬁe would attenuate the development of conditioned

autoanalgesia. In addition, it was predicted that naloxone '

administration woyld enhance tﬁe devel&pment of conditioned

autoanalgesia by magnifying the perceived intensity of nociceptive

stimdigzion (i.e., eliciting hyperalgesia);' fExperimentemlas—were-w-Afun__;~;__
conducted\to investigate the predibtion tha; morphine would attenuate

the development of.conditioned autoanalgesia. The results of these

experime;ts confirmed the prediction, although the degree of

attenuatiéhhwas dependent upon the intensity of.the nociceptive

stimulus employed.

Experiments 4-9 tested the prediction that naloxone administration

" would enhance the degglppmeqy)of conditioned autoanalgesia. As .-

predicted, naloxone did enhance conditidned autoanalgeéia. Howeéer,
contrary.fo prediction, naloxone administration did not elicit
hyperalgesia, but produced a robust analgesia that developed over

111
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. repested analgésia‘tests. It was found that the nalbxone-induced
analgesi; resulted pagtly from the ;ttenuation of the habituation of
novelty/at;éas-induced analgfsia, and also in part from expasure to
nociceptive st;mulatiop. In addition, it was found that tbe naloxone-

- induced analgesia was mediated by a non-opiate antinociceptive

L] \.‘—_A’-’“
- substrate. Y. '
The results were discussed in terms of the activation ané
I3 yx - . .' *
' expression of both opiate and non-opiate pain control mechanisms, and
ey
their implications for models of environment-specific tolerance to
morphine analgesia were addressed. oy e
: \ )
" I
[t \ 1 .
“
§
4 - /
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The endogenous pafin control system. (See
text for details. Abbreviations: DLF:
dorsolateral funiculug; E: enkephalin; 5-HT:
serotoﬁin; NRM: nucleus raphe magnus; PAG:
periaquecductal gray; RGC: nucleus reticularis
gigantocellularis; RMC: nucleus reticularis
maghocellularis; SP: substance P. Adapted

' f‘rom\ Basbaum & Fields, 1978)-.-.....-...-0.0..0.0

Mean response latencies (+ SFfM) for groups
previously injected with morphine in the test
room and'-saline in the home cage (RM-M/HC-S)

or saline in the test room and morphine in the
home cage (RM-S/HC-M) during the three saline
and the morphine test days of Experiment 1.
Prior to the test days animals were exposed to
either no shock (left panel), moderate shock
(center panel) or severe ghoctk (right panel)eecce.

Mean response latencies (+ SEM) for groups
previously injected with morphine in the test

room ahd saline in the home cage (RM+M/HC~S)

or saline in the test room and morphine in the
home cage (RM-S/HC-M) during the three saline

and the morphine test days of Experiment 2.

Prior to the test days ,animals were exposed to
either no shock (left panel), mild shock '
(center panel) or moderate shock (right panel)....

Mean response 'latencies (+ SEM) for groups
injected with morphine in the test room and
saline in the home cage and saline in the test
room (RM-M/HC-S) or saline in the test room

" aiid morphine in the home cage (RM=S/HC-M) and

exposed to either a'50° (left panel) 52° .
(center panel) or 54° for the four

conditioning days of Experiment: 3;-.0:...«--..-.

Mean tail-flick latencies (+ SEM)

for groups previocusly injected with morphine
in the test room and saline in the home cage
(RM-M/HC-S) or saline in the test room and
morphine in the home cage (RM-S/HC-M) and
previously exposed to either a 22° (left

" panel), S0° (left-center panel), 520—¢right-
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center panel) or 54° (right panel) hot-plate- - , \ o’
during the three tail-flick test days of C

’ Experime“t 3....'..'......’...‘..I"....‘....‘..“..”

Figure 6 Mean response latencies (+ SEM) for groups ¢
previously injected with morphine in the test
room and saline in the home cage (RM-M/HC-S)

- oxr 'saline in the test room and morphine in the . o
. home cage (RM-S/HC-M), as a function of the
hot-plate temperature during the conditioning
g phase, for the hot-plate test day of Experiment ,

3.cocon-onc:o‘.._..-olono.uotlo-...ooo..ooov’...'..

Figure 7 Mean paw-1lick latencies (+ SEM) for groups :
injected with naloxone in the test room and .
saline in the home cage (RM-N/HC=S) or saline
in the test room and naloxongein the home cage
(RM-S/HC-N) during the eight days of the
naloxone administration phase of Experiment 4.
Groups- were administered either 0.5 (left .
panel), 2 (center panel) or 10 mg/kg €¢right
papel) NalOXOMECecessesceasiocnocsroonssssesscoces

59

Figure 8 Mean paw-lick latencies (+ SEM) for groups -
. previously administered naloxone in the test ' \

room and saline in the home cage (RM-N/HC-S)

or saline in the test room and naloxone in the

home-cage (RM-S/HC-N), as a function of

previous rhloxone dose, during the two saline

test days (left and center panelg) and the _ -

morphine test day (right panel) of Experiment e , ¢
61
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Figure 9 Mean paw-lick latencies (+ SEM) for groups . ' Lo -
receiving naloxone in the test room and salime '
in the home cage (RM-N/HC-S) or saline in the
test room and naloxone in the home cage (RM—
S/HC-N) for each of the three plate,

- temperatures during the eight days of the .
. naloxéne treatment phase of Experiment S5ececesces 68 . .

Figure 10 Mean paw-lick latencies (+ SEM) for groups
" previously injected with naloxone in the:test
room and saline in the home cage (RM=-N/HC=S) - ' s
or saline in the test room and naloxone in the ‘ ‘
) home cage (RM-S/HC-N) for each of the three ; ) -
"~ -plate temperatures during the two sdline test e ’
days (left and center panels) and the morphine

test day (right panel) of Experiment Seecececece 170
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. Figure 16
~ . . groups exposed to the 48,5° hot-plate during'
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Figure 13
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Fi’éure 14

+°\ (RM~S/HC-N) for the eight days of the hot

Figuie 15

sy

administéred naloxone in the test room and

saline in the home cage (RM-N/HC-§) or saline,

in the test room and naloxone in the home cage
(RM~S/HC-N), tested at either the 45° (left _—-
panel) orf the 50° (right panel) water

temperature during the eight days of the ,

naloxone treatment phase of Experiment 6.icececes _ 74
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Mean tail-flick latencies (¥ SEM) for groups
previously administered naloxone in the test
room and saline in the home cage (RM-N/HC-S)
or saline in the test room and naloxone in the
home cage (RM-S/HC-N), tested at either the .
45° (left ‘panel) or 50 © (right panel) water
temperature during the two saline test days of .
Experiment\ 6.00-.0.-..0.ov’fco.oco.oo-----not--o. 4 76

Mean paw-lick- latencies (+ SEM) for the group
previously habituated to the plate under.
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Mean paw-lick latencies (+ SEM) for groups
injected with naloxone in the test room and
saline in the hWome cage (RM~N/HC-S) or salin
"4 the test room and naloxone in the home e

ate testing phase of Experimerit 7.
panel shows the latencies for animals
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Mean paw-lick latencies (+ SEM) for groups .

previously receiving naloxone in the test room
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‘Figure 19

Figure 20

Experiment 8. Group RM=N/HC-S-HP was .
administered naloxone in test room and saline 4

in the home cage; group RM=S/HC-N-HP received

saline in the test room and nalgxone in" the
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Mean paw-lick latencies (+ SEM) for groups

previously injected with naloxone in the test

room and saline in the home cage (RM-N/HC-S)

or 'saline in the test room and naloxone in the

home cage (RM=-S/HC~N) as a function of

previous, plate exposure during the morphine i

test day of Experiment B.iiecsecesesvscosssccsces 93
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‘Mean paw-lick latencies (+ SEM) for the
groups receiving naloxone in the test room and
saline in the home cage (RM-N/HC-S) or saline
in the test room and naloxone in the home cage
(RM-S/HC=N) during the five days of the hot- .- L=
plate testing phase of Experiment 8. The left
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exposed to the 22° cold-plate, the latencies

for groups previously exposed to the 48,5°
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Mean tail-flick latencies (+ SEM) for groups
receiving naloxone in the test room and saline
in the home cage (RM-N/HC-S) or saline in the

test room and naloxene in the home cage (RM-
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shock ‘administration of Experiment 9. The *
left panel shaws the latencies for groups ”
which were not shocked, the center panel the
latencles for gro&)s receiving prolonged, )
f'itermittent shock, and the right panel ‘the
latencies for groups administered brief, -
continuous B8hoOCKeesoooesresescscsrerscasssrconses 102

Mean tail-flick latencies (+ SEM) for groups
previously administered naloxone in the test .
room and saline in the home cage (RM-N/HC-S) '
or saline in the test room and naloxone in'the
home cage (RM-S/HC-N) during the saline and
morphine test days of Experiment, 9. The left
panel shows the latencies for groups not
~previously exposed to shock, the center panel
those for groups prgviously exposed to

. — <

'S

xiii



o
. —

4
R
o
.
)
& .
A :,
;
|
i
.
-/‘ )
{
[
.
.
.
N f -
” L]
’

-
=

\_’

prolonged, intermittent shock, and the right
panel displays the latencies for groups .
previously administered brief, continuous : _ i

N Bhock.‘..l........l.l....lll...... ® 0P OBSSISO OIS 104 !
v .
™~ N\
- \"'
N .
N
- - ~ [
- !

N
¢ -
N
Q
[
- 0y
- v ’
.
W \,
- [
1 [}
L4 .
- \ N
q -
- "
LI -
. -
R .
s ¥
RS
L
. ! - o
.
s - *
L v ——
\
.
I
" “
9 rt
T . ‘ "N
. .
- . 1
¥ -
+ N
¢
& s .
'
o ~ 1
™
.
.
‘n .
¢
O :
¢ -
\
. -t .
» - - Py
« -
N
. . . -
. '
o .
.
.
o N :
¥z
‘
. ! »
"
. . - . ‘
LY ,/ .
"o .
v—"". -
xiv ¢
- '
. h
. - !
—— - -
v N *



o
Ve

-

i .
! In a series of studies f)ublished in the late sixties and early

seventies, Mitchell and his associates demonstrated that the 4
development of t<.)lerance to the analgesic'effect of morp‘hine is ;
maximized if tolgranc;a induction and analgesi‘c‘ Eesting are conducted in
the same environment (Adams, Yeh, Woods & Mitchell, 196%; Ferguson,
Adams & Mitchell, 1969; Gebhart & Mitchell, 1971; 1972; Kayan, ;efguson
& Mitchell, 1973; _Kayan, Woods & Mitchell, 1969). These s.tudies vere
i\m'port:ant because they they were the first to demonsﬁtrate tt;at
environmental manipulations play a\functional role id the development h
of tolerance. Until that time it was assumed that tolerance re'fiecged
a change in one or more physiological processes, such as receptor
occupa;icy (Axelrod, 1956; Seevers, 1958), receptor disuse (Collier,
1968; Sharpl:ess & Jaffe, 1969), ,0or the formation of new receptors '
(Collier, 1__965), solely as the result of iterative drug
administrations. These theqries'clgirly did not anticipate, “ﬁor cou’tld
they account f:)r,' t\‘;e'"work emanating fronlll Mitchel l'B‘Laborqtor‘y.
Although Mitchell and his assoclates were the first to d-emonstrar.e
env}ronmeng-specific”toleranc;a, they were unable to specify a mechanism

for the effect. Adams et al. (1969) suggested that environment-

specific tolerance is attributable to a drug-stress interaction. This

hypothesis was so poorly formulated, however, that the assessment of

its validity was precluded (Kesner & Bakex, 1981). ' As such, the major

impetus of toleranceuresearch dAn the last fifteen years has been the

delineat:ion of the mechanism(s) responsible for environment-specific

tolerance. ’

—
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The Pavlovian Model of Envirorjment—Specific Analgesic Tolerance:

2

In a series of seminal papers, Siegel (1975; 1976; 1977) argued that
_Pavlov:lah conditioning?'is the mechanism underlying environment-specific
toleranc;e to t‘he analgesic effect of morphine. ch'o;'ding to Siegel,
morphine serves as an unconditioned stimulus (UCS) that elicits
unconditioned responses (UCRs) such as analgesia. When morpﬁine is

' réutinely administered in a particular environment, t:.l'1e environment
comes to serve as a conditionéd stimulus (CS) capable of eliciting
conditioneci responses (CRs). The l'\allmark of Siegel”s hypothesis is

that the CR elicited by a C//is—’no\t\éentical to the UCR elicited by

the drug (as is often observed during Pavlovian conditioning with more-

-~

.conventional reinf ers, see Eikelboom & Stewart, 1982; Mackintosh,

1974; {983), rather is opposite in direction to the UCR.. Thus,
whe;n a given environment is paired with morphine administration, it
;cquires the ability to elicit a compensa;:ory response that counteracts
the direct, unconditioned effects of the drug. It is this compensator)\r_——
CR that is assumed to mediate environment-sp'ecific‘tolerancc_-:. In Eh’e
case of morphine-induced analgesia, for {nstaﬁce, the CRyis.assumed EQ
be hyperalgesia. With repeated environment-morphine pairings, the N
envi‘ronment comes tgjelicit a conditioned hyperalgesic i‘esponse that
attenuates t‘he potency of morphine-induced analgesia, thereby resu{ ng
in environment-specific tolerance to morphine analgesia,, /

The hypothea\is that Pavlovian conditioning is involved in t&ue
development’ of environment-specific tolerance to morphine analgeQia is

consistent with demonstrations that tolerance development is sim lérly

influenced by manipulations known to affect Pavlovian conditioni
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more conventional.reinforcers. For instance, it has been shown that:
(1) analgesic tolerance can be extinguished by exposing animals to the
cs dith;ut §r2§/(81egel, 1975; 1977; Siegel, Sherman & Mitchell, 1980);
(2) the devef;pment of analgesic tolerance can be at;enuated by.
intermittent reinforcement (i.e., pairing tide CS with drug
administration on less than a 100% basis, Siegel, 1977); (3) analgesic
tolerénce is subject to "latent inhibition" (Lubow & Moore, 1959), that
.‘is, tolgrance dévelopment is diminished if animals are exposed to the
CS prior to CS—drug pairings (Siegel, 1977); (4) the development of
anaigesic tolerance' to a CS can be overshadowed 1f that CS is presented
in compound with a more salien; CS (Walter & Riccio, 1983); (5) the
development of analgesié tolerance to one component of a compound CS is

reduced if the second component of the compound CS is paired with drug

delivery prior to pairing the compound CS with drug (i.e., the Kamin

—

(1969) "blocking” effect, Déftgrs, Hetherington & McCartney, 1983); and

\

(6) a CS can elicit tolerance if it is paired, not directly with
morphine administration, but with another CS that is subsequently

paired with drug delivery (i.e., sensory preconditioning, Dafters et

al., f§83).

Although these results are consistent with thg 1de; hat a
Pavlovian mechanism is/;;erative in the development of morphine
analgesic tolerance. they do not in and of themselves pr vidé‘direct
support for Siegel’s h§pothesis. Unequivocal support for the validity
of this hypothesis rgﬁbires the demonstration that the CS paired with
erphine administration can elicit a conditioned compensatory

hyperalgesic response when animals are tested for analgesia under



saline, Siegel and his associates have repor%ed just this effect

(Krank, Hinson & Siegel, 1981; Siegel, 1975). The design of each of

|
these studies involves two major groups. One group, the experimental

roup, is administered morphine in the prese7ce of a distgnctive set of
cues, the CS. The second group, the control /group, is administered
morphine that is explicitly unpaired with the CS. Following the /

morphine administration, or tolerance induction, phase of the , /

- experiment, both groups are administered tests for analgesia in the

/

presence of the CS. The typical result is that animals in the//
experimental group are more responsive to nociceptive'stimulktion than
those in the control group (i.e., they are hyperalgesic)///

The idea that environment-specific tolerance repredénts the
conditioning of a comnensatory response has much intqftive appeal; more
importantly, it has been the directing force behind/a considerable body
of research. There are, however, a number of tnénretfcal and empirical
problems with the hypothesis. The first is that Siegel fails to
specify a necnanism throngh which compensatory conditioning may occur,
Why is it.that morphine administration eiicits a CR that is

antagonistic'to the UCR? The implicit assumption is that compensatory

CRs are adaptive, at least insofar as they allow the animal to maintain

" homeostatic equilibrium. This logic, however, does not appear to be

ideally suited to certain responee systens, fone of which is the dystem
mediating pain responsivity. To 1liustraue, eonsider first the syetem
controllin& body temperature. The_advantage inherent in thexebility to
leither increase or decrease body temperature in response to changing )3

envi ronmental conditiona is obvious. The ability to increase or

LY
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decrease body temperature in turn suggests that both 4f these redponses

are potentially conditionable, such that if administration of a
hyperthermia-inducing drug is consistently predicted by a given set of
cues, these cues can come to elicit a compensatory, hypothermic CR that

would help to maintain equilibrium.l

The logic of homeosiasis is not as readily apbﬁicable to the
mechani sm mediating an animal”s responsivity to nocicepFiQeJ
stimulation, however. Under what environmental circumstances would it
be advantageous for an animal to lower its pain threshold? There are
eqyiroﬁmental conditions in which an advantage would b; conveyed by an
increase in pain th;eshblds (see Bolles & Fanselow, 1980), btut
delineating circumstance§ in which 1ncre;sed pain-responsivity would be
advantageousxis more difficult. If an animal cannot lower its pain

threshold, then it is unlikely that such a response is conditionable.

These'speculationéﬂndtwithstanding, the compensatory conditioning

hypothesis can:be attacked on empirical grounds (see Baker & Tiffany, -

1985; Kesner & Baker, 198l; for reviews)., Most damaging to the
hypothesis have been studies thatfﬁave failed to find evidence for
condiéioned %yperalgesia when tests for“analgesia were conducted under
saline?‘in spite of the.fact that environmgnt-specific tolgrance was
observed when animals were testeé undgr morphine (Abbott, Melzack &
Leber, 1982; LaHoste, Olson, Olson & Kastin,‘¥980; Motris,. Jonzen,
Welsh & Cah;séc, Note 1; Sherman, l97§; fiffany, Petrie, Baker & Dahl,
1983).\ These studies suggest that tonditioned hyperalgesia is not the

4

mechanism mediating environment-specific tolerance (Baker & Tiffany,

1985).

¢
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The Opponént Process Model of TolerancgilmLike Siegel”s model,

e 4 -
«©

— . -
" Solomon’s (1977; 1980) opponent process modef&of tolerance is founded

K

“ .y

on ‘the concept of homeéostasis. According to Solomon, ‘all hedonically
{mportant gtimuli 5?'évents, one example of -which could be the efféct
of a narcotic drug, eizéié;primary hedonic responées, defined as a-
proces;es. The strength of a given a-process is assumed to be
determined by the intensity, quality and duration of tﬁgﬂgédonic
stimulus that ;libité the process. Moreover, it is assumed tgéc the
abiii;y of a given hedonic stimulus to elicit an a-process of a given
strength does not diminish as a function of repeééﬁh presentations of
the stimﬁl&s. Rather, a-processes diminish in strength because they in
turn elicit antagonistic b-processes that counteract the effects of thé
a-processes and function to.retur; the organism to equilibrium. 1In

constrast to a-processes, b-processes are assumed to have longer

latencies to onset, to increase in strength o er iterative stimulus

—- —presentations, and to decay more slowly over fimé: such that b-

-

-

proqesges can persist for longer periods of time than a-processes.

It i8 the incremental increase in the atfength of b-processes over
repeated morphine presentations that is presumed to constitute
tolerance. This occurs because the overall effect of morphine is
assumea to be an additive function of the strength of the a-process
with the counterdirectional b-process. As the b-process grows in

strength over repeated drug presentations, the apparent strength of the

-
“

‘a=-process 1s reduced.

3 11

The opponent process theory of tolerance accounts for situation-

spéciflc tolerance by assuming that the environment in which the -

-



stimuluk 1is presented becomes capable of directly eliciting the b-
process. In this sense the model is comparal;ie to Siegel’s N
compensatory res;;onsg hypothesis. As such it is open to the same
criticisms. - \

There 1is, however, one fundamental difference between "the.

* compensatory response hypothesis‘an'd the opponent process model that
allows the latter to account for a phenomenon ’Ehat the former cannot.
Specifically, the opponent process model can account fer—those .

demonstrations of tolerance that do not appear to be attributable to
the operation of a Pavlovian mechanism. It is clear that not all

' demonstrations of the development of morphine tolerance are.
envi'ronment-specific. Demonstrations of tolerance EMarel the
most obvious examples (Ehrenpreis, Light & Schanbuch, 1972; Schulz,
Seidl, Wuster & Herz ,-‘ 1982), but non-environment-specific tolerance has ;
also been observed in vivo (see Baker & Tiffany, 1985; Kesner & Baker,

b 1981; for reviews). S.uch demonstrations have’been termed

"dispositional" tolerance in order to distinguish them f\;ﬁ)m

env‘ironmént—specific tolerance, and also to indicate that the p'robablle

mechanism underlying the effect involves a physiological substrate that

@s unaffected by envifonmem:al manipulations. The opponent process

model can readily account for dispositional tolerance because the b- .

process is assumed to grow in strength primarily 'as a function of the

- number of mc‘>rphine presentations, As such, “tolerance should be

observed even if no single environment is consistently paired with

morphine delivery. 1In contrast, since Siegel’s compensatory response -

»
hypothesis requires that tolerance should be observed only im\those



fnstances where the environment elicits a compensatory CR, his .,

hypothesis cannot‘éccohnt for demonstrations’ of dispositional

N A

N . /A v’ !-
tolerance. . ) . .

In fairness, it should be noted that Siegel (1978) acknowledges
that not all instances of tolerance can be accounted for by the
Pavlovian mechanism he has proposed. His emphasis is on explaining the
environmental spec?ficity of some forms of tolerance devélopment. As a
consequepbérﬁgémonstrations of dispositional tolerance are not fatal ’
for his hypothesis. Nevertheless, the opponent proc;és model possesses
more explanatory power than Siegel”s hypothesis because it c;n, at
least theoretically, accomodate demonstrations of dispositional

tolerance,

To summarize, both Siegel and.Solomon attribute the development of

5
£

environment-specific tolerance to the conditioning of a compensatory or

opponent CR that counteracts the direct, unconditfioned effects of

morphine. Thus, both theories make identical predictions regarding the

L%

development of environment-specific tolerance. The opponent process
model, ﬁgbever, is better equipped to accomodate demonstrations of

dispositional tolerance.

The Novelty Hypofhesis: Both the compensatory response hypothesis
and the opponent process model invoke Pavlovian conditioning as the
mechanism underlying the development of environment-specific tolerance.

Not all theories of the effect have assumed that this mechanism is

" operative, however. In this and the next section two models of

environnént—apecific tolerance that do not invoke Pavlovian

conditioning as their modus operandi are reviewed.

L

. -
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Bardo' and Hughes (1979) suggested that environment-specific
tolerance to morphine may reflect the habituation.-of an endogenously
mediated analgesia produced by the :wvelty of the analgesia testing
apparatus., That is, animals administered analgesi:a té‘sts; for the first
time display reduced sensitivity to nociceptive stimulation because the
novelty of the tésting conditions elicits a novelty— or stress~induced

N

analgesia. As .anfmals acquire more experience with the test precedure,

-

‘however, the novelty-induced analgesia habituates, resulting in a '

heightened sensitivity to pain.

4
!

In order .to test this hypothesis, Bardo and Hughes (1979) exposed
animals to a hot-plate apparatus maintained at ambient temperature,
One* group was exposed following an injection of morphine, while' a

second group received saline prior to exposure. Two other groups also

received morphine and saline,” respectively, but were not exposed to the .-

hot-plate cues. Following the exposyre phase of the experiment all

groupsrwer-e admini’stere& tests for analgesia on a 49.5° C hot-plate.
h .

It was found that animals previously exposed to the plate were

' hyperalgesic during the test for analgesia relative to animals

experiencing the plate for the first time. Moreover, this effect
occurred independently of whether the animals were pre;liously exposed
under morphine or saline, as well as whe\ther tests for analgeslia were
conducted un;ler morphine or saline. These results suggest that
: [
morphine need not be paired with a particular environment in order for
1nc‘reaseé pain sensitivity to be observed. All that 1is requ.iretd is
that animals be mdde familiar with the test apparatus.

Both Kayan et al. (1569) and Sherman (1979) have repottgd evidence

b
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consistent with the novelty hypothesis. However, habituation to
novelty can account for only part of the increased péin sensitivity }'.
observed during the development of environment-specific tolerance.
?irst, env;ronment-specific tolerance has been ob;erved in the absence
.of any pre~exposure to the testing érparac;;'(Siegel, Hinson & Krank,
1978; 1981). Second, in much environment-specific tolerance research
all animals are equally familigrized with the testing apparatus, but
only animalsbthat receive such exposéfe under the influence of morphine
display maximal levels of.ﬁolerance (e.g., Adams et al., 1969).
Finally, the novelty hybothing cannot explain demonstrations of Fhe'
extinction of tolerance —following non-re}nforced (t.e., non-drugged)
exposures t0 the test apparatus (éieggl, 1975; 1977; Siegei et al.,
1980). Since animals administered extinction trials receive more
exposure to the test apparatus than’non-extinguished animals, the
\novelty hypothesis'would fredict that extinction should result in more,

. not less, tolerance.

The Habituation Hypothesis: The most recent theory of situation-

specific tolerance has been advanced by Baker and Tiffany (1985; see
also Kesner & Baker, 1981; for an earlter formulation). NBting that
the behavioral mainfestationsnof both habituation and tolerance}are
. characterized by a reduétion in response magnitude to a stimulus over
repeated stimulus presentations, Baker a&d Tiffany argue that the two
processes may be fdentical. ' h ‘

The particular ﬁode{ of habituation adopted by Baker andiiiffany
was originally developed by N?gner (1976). Wagner assumed that the

>,

qégnitude of responding promqtéd by a stimulus is determined by the ‘\

10
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degree to which it is processed in short-term'memory (STM). The level '
of stimulus processing\is determined by the extent to which the

stimulus is already primed or represented in STM. " That is, a

surprising stimulus is assumed to generate more processing than an

expected stimuh‘xs‘ because the latter is already primed in STM.

According to Wagner, there are two ways i{n which a stimulus can be
primed in STM, self-_-generated and associative priming. Self-generated
priming refers to those instances where a stimulus is presented at a
time when it is already represented in STM, for example, by a prior, -
but recent, presentation of the stimulus. Associat.ive priming occurs
not by the présentation of the stimulus itself, but rather by the

'
presentation of a second stimulus that predicts or has been paired with
delivery ofl the first stimulus. For example, if a tone has been paired
with s‘hock administration," subsequent presenta.tion of the tone aione
will suffice to elicit a representation of shock in STM. ¥

Baker and Tiffany assume that self-generated priming and
assoclative priming are the mechanisn;s ur{derlying the development of
dispositional and enviro'r;ment-épecific toleyance, ré‘e/pectively. 1f,
for example, a second administration of morphine follows ‘a first before
the dffects of the first administration have dissip.ate'd‘,ﬂthen the
effect of the second administration will be diminished. Thus, the
development of dispositlonal tolerance is presumed to be an inverse
function of ‘the interval between morphine administrations and a direct
linear function of the dose adnﬁnistered; the shorter the interval or

the higher the dose, the greater the development bf dispositional

tolerance. ' This relationship between administration interval, dose_and

s —



g: ,disﬁositional t;ierance,‘however, 1s_assuﬁed to occur only in those
instances where there are no reliable cues that signal d%u% delivery.
When réliable p;;:Ar g signals exist, dispositional tolerange.is
overshadowed sy environment-specific tolerance due tO‘as;ociative

priming. In this case the drug signal primes a representation of drug

in STM before the drug is administered. As a consequence, when the

\ hid ’ - \

© drug is administered it will exertta smaller effect because it has
already been primed by the pre-drug signal,

Unlike dispﬁsitional tolerance, associati;ely primed, edvironment;)'
specific tolerance is assumed to be acquired more rapidly with long
inter-ggminfstration—intervgls and smaller doses. This occurs because
longer{intervgls and smaller doses permit more accurate discrimination
of reliable drug signals. Thus, those conditions that, would bet“
expected to optimize the‘development of dispositio;a} toler;nce (short
inter-administration intervals, high doses) are prec£sely those'fﬁat v
would be detrimental to the development of environment-specific
tolerance.  ~

Baker and Tiffany have reviewed the morphine tolerance lite;ature
and have shown convincingly th;t much of the evidence is consist;nt
with the habituation model. These authors themsel&eq note, howevef,

’

that there are limitations to the model. Most problematic is that the

.
»

model cannot account for CRs that are antagonié;ic to unconditioned
drug effects. Indeed, on the basis of research.conducted within their
) ‘:N{own léboratory kTiffgny et al., 1983; iélmer, Tiffany & Baker, 1984;)
/}”’(‘- \ cited in Baker &‘Tiffany, 1585),‘Baker and Tiffany explicitly ﬁuestion

LS

the validity of those demonstrations of conditiomed hyperalgesia that

- 3
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have been reported (Krank et al., 1981; Siegel, 1955). -They wek:

5 ‘

unable, however, to provide a satisfagtory accqunt of the discrepant
results emanating from their own and SithI<a;:Lboratories. They
offered the possibility that Siegel’s results may be the result of a
drug-stress interaction, or possibly attributable to ¢onditioned

activity effects (see Mucha, Volkovskis & Kalant, 198]; Tiffany, et

-

al., 1983), without explaining in detail how these hypotheses can

account for Siegel’s data. .

t

Nevertheless, the theoretical advantage of the habituation model

lies in the possibility that a single meéhanism may be able to account
N .
for dispositional and environment-spécific tolerance. It is worth

\

ng;ing,{héwever, that the attempt to integrate both dispositional and

—

environment-specific tolerance within an habituation framework does not

3

convey a theoretical advantage over models that invoke Pavlovian

conditioning as one of a number of mechanisms mediating tolerance

development. For example, in an earlier formulation of the habituation

model, Kesner and Baker (1981) suggested that both Pavlovian and

@ ——

habituative processes were involved in tolerance development.
Dispositional tolerance was attributed to habituation, while

environment-specific tolerance was attributed to Pavlovjan N
. T
conditioning. Moreover, Tiffany and Baker (1985) acknowledge that such

model. Further research

\
will be required, therefore, to determine if\enxirbnment-specific

available data as readily as the habituati

a “two-process" model of morphine tolerancgqcan account ‘for the
“w
\

" tolerance is best attributed to a Pavlovian or an habituation

- ’ . .
mechani sm.
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Foundation of a New Hypothesig: The conclusion to be drawn from

fhe review of the four models of environment-specific tolerance just
completed is that Pavlovian conditioning very probably plays a role in
the de;elopment of the effect. The major theoretical chalilenge té th;e
claim was provided by the ﬁabituation model proposed by Baker/and
Tiffany (1985), and, as noted, above, many of the predictions of the
model are consonant qith those that invoke qulovian conditioning as
the operative mechanism. It is not clear, however, that the
homeostatic models suggested by Siegel®(1975; 1976; 1977) or Solomon

N

(1977; 1980) correctly characterize the influence of Pavlovian

——

conditioning on environment-specific tolerance. LDemonstrations of CRs
that are opposite in direction to drug UCRs are criticgl to the

uqequivocal support’ of these modéls; yet the evidence for these 1is
inconsistent. Moreover, neither model provides a mechanism through

. “&hich the conditioning of compensatory or opponent CRs may occur.

Eikelboom and Stewart (19§2) have aréued that a coherent

ekp}anation of the Pavlovian conditioning of drug-induced physiological
responses must first take into consideration what facets of the drug
experience constitute tﬁe UCS and the UCR. It ﬁas been well
demonstrated, for example, that morphine can induce either exc}tatory
or depressant effectsadependiqg on the response under investigation
(see Eikelboom ‘& Stewart, 1982; for review). In fact, with some o
regponse systems, for example, thos; controlling body tempé}ature (Co;,
:Ary, Chesarak & Lomax, 1976; Gunne, 1960) and locomotor activity
(Babbini & Davis, 1972; Sloan, Brooks, Eisenman & Martin,%1962; Vasko &

Domino, 1978), a singlé administration of morphine can produce

&
- - ~—
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biphasic, depressant/excitatory, effects. These rosults make it
difficult, in many oases, to 1den£ify which offect constitutes the UCR
to‘morphino. Should the UCR‘be -tonsidered the depressant or the
excitatory effect? The . correct identification of the UCﬁ to morphine
is particularly crucial to models of environment-specific tolerance
that assune tho'operation of a homeostatic Pavlovian mechanisﬁ&
Because ;hg CR is presumed to antagonize the UCR, the nature and
v direction of the UCR must be specified before it can be determined if,
e indeed, the CR opposes the UCR. |
It could be arguod that the foregoing discussion is irnelevant to
investigations of the analgesic effect of morphine for the simple ’ -
,neaéon that morphine administration always unconditionaily induces
analgeoia. - This éenqraiization, howevor, like most, is incorrect.
Aithough rate, there havo been reﬁorts‘that; under certain conditions,
morphine elicits an unconditioned hypenalgesia (Jacquet & Lajtha, 1973;
Kayan, Vooos & Mitchell, 1971). ?hese results raise the possibility
that the conditioned hyperalgesia demonstrated by ;iegel and his
associates is a CR that minics a hyperaigesic UCR. -
Eikelboom and Stewart suggest that the identification of the UCR
must be made on the basis of the manner in'wnich a drug affects the
. response system controlling the response in question. Fortunatel», the
system mediating an organisms ability to regulate pain sensitivity is

beginning to be defined. Thus, examining the manner in which”?Bf;FANQ

. affects this system should provide some clues into the manner in whiuh\’/ 7

Pavlovian conditioning affects the devﬁ?opment of situation-specific

tolerance to morphine analgesia.
,/’ ~r S

\
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The Endogenous Pain Control System: The very fact that morphine

induces analgesia suggests the ekistence of an endogenous mechanism for
the perception and modulation of nociceptive stimulation. It was not.
until Reynold’s (1969) demonstration that electrical stimulation of the
periaqueductal gray (PAG) attenuates pa;n responsivity, howeQer, that
the details of the endogenous pain control system (EPCS) began to be
elucid;xted. In particular, Reynold’s demonstration spurrell a
considerable research effort that has, for the ;dqglpart, idéntifiéa
the neural circuitry involved in the endogenous control of pain.
Basbaum and his associates have made several reviews of the
relevant literature (Basbaum, 1984; Basbaum & Fields, 1978; 1984; -
Fields & Basbaum, 1978; see also Mayer & Price, 19765, and have
proposed a tentative model of the EPCS. The EPCS is a three-tiered
system comprising the dorsolateral funiculus (DLF).of the spinal cord,
as well as a number of diverse nuclei located within the mid—b;ain and
the rostral medulla (see Figufe 1). The neuronal circuits are
.constructed such that they form a negative feedback‘loop. Thus,

A

nociceptive information is carried from the periphery to the spinal
ésrd and 1s then }elayed, via the nucleus reticularis
gigantocellularis, to the PAG in the mid-brain. The PAG innervates
’

various nuclel within the rostral medulla (e.g., the nucleus raphe
magnus, tﬁe nucleus reticularis magnocellularis) which in turn project
fibers to the DLF., These latter fibers, when activat?d, inhibit the
transmission of the nociceptive signal, thereby inducing analgesia..

One of the first questions that arose from the discovery of the

EPCS is whether this system is involved in the mediation of the

16
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Figure 1: The endogenous pain control system. (See

.
1

text for details. Abbreviations: DLF: dorsol;teral
funiculis; E: enkephalin; 5-HT: serotonin; NRM: nucleus'raphe
'magnus; PAG: periaqueductal gray; RGC: nuéleus reticularis
g;gantocellularis; RMC: nucleus reticularis magnocellularis;

SP: substance P. Adapted from Basbaum & Fields, 1978).
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'analéesic effect of morphine. It sbon became evident that it was.
First, morphine admini_s't;r_;t‘ion into the.PAG (Lewis & Gebhart, 1977; {
&kﬂ} Yeung .& ;§dy, 1976), the raphe magnus (Azami, Lleweln & Roberts,
1982),and‘:ii’ntrat:hecal administration of morphine directly into the
spinél cord (Yaksh & Rudy,' 19765 wa's shown to produce analgesia.
Seco;d, ad@nistration of the opiate antagénist naloxone blocks the
antinociceptive effect of morphine microinjected into a number of brain
nuclei or the spinal subarachnoid sp'ace (see Yaksh & Rudy, 1978; for
review). ’Third, a“ll of the critical neuronal loci of the EI;CS have
l;een found to be rich in opia’Ee receptors (Atweh & Kuhar, /1977a; 1977b;
Pert, Kuhar & Snyder,ll976). Finally,‘ cross—toleran_cg between
morphine- and stimulation-produced analgesia has been observed (Mayer &
Hayes, 1975). B
There appear to be at least two sites where morphine exerts its *-
analgesic effects (Basbaum, 1984). Both sites are located on the
efferent arm of the system. First, exogenous morphine is assume;i to
directly activate descending inhibitod neurons originating in the PAG
and the rostral medulla. This sugges?i—cm 1’5 suported by th‘e
observation that the analgesic effect of systemic morphine is abolished
by spinal cord transection (Satoh & Takagi, 1971). Howevef. as noted
above, the finding that morphine produces analgesia when injected into
the spinal cord (Yaksh & Rudy, 1976) indicates a direct spinal action.
. There is some evidence that t‘he supraspinal site isvldominant (Barton,
Basbaum & Fields, 1980), but Yeut{g and Rudy (1980) have demonstrated
that the overall analgesick effect of morphine most likely results from
-an inte;acti‘on between spinal and supraspinal sites:'

) . \‘
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A second question that has received extensivg at':tention is' the
identification of the neurétransmit'ters or neuromodulators responsible
for the analgesia resulting from the activation of the EPCS. The
discovery g_f,end'éﬁous, oplate-like peptides (i.e., met- and leu-

-
e’ﬂk/eﬁinalin,'\ﬂughes et al., 1976; beta-endorphiﬁn, Li & Chung, 1976)
poas'essing analgesic activity (Beluzzi et al., 1976; Bradbury,
Feldberg, Smyth & Snell, 1976), appeared to suggest that endogenous
analogt;es to morphine were responsible, and raised the possibility that
the pai,n-inh;lbitory function of the EPCS is mediated by a single
transmitter. It was soon démonstrated, howev;ar, that naloxone
administration did not always produce complete reversal of stimulation~-
produced anaigesia (Akil, Mayer & Liebeskind, 1976), suggesting that
the EPCS consisted of two compone'n‘Cs: a .naloxone-gsensitive, opiate-
mediated comporient, and a naloxone-insensitive, non-opiate component.
'i'he neurotrans‘mitter mediating the n\on-—opiate component of the EPCS has
yet to be identified, although there is some evidence to suggest that
norepin‘ephrine is involved (see Basbaum & Fields, 1978; Basbaum, Moss &
Glazer, 1983; for review). T

Thé third, and perhaps most important, issue that-has been
1nvestig_a;~ed has involved the identification of the conditioqs that
normally activate the EPCS. Noting that "pain inhibits pain' (Melzack,
1975), and that exposure to noxious peripheral stimulation is the m'ost
effective way of Qctiva}:ing the nuclel in the rostral medulla
(Guilbaud, Peschanski, Gautron & Binder, 1980), Basbaum and Fields
(1978) suggested that pain itself may be one of the factors activating
the EPCS. Support fo; this hypothesis came froml su}fsequent l

1
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demonstrations that exposure to painful eléctric foot~ or tail-shock
elicits profound and long—duratiog analgesia as assessed by a variety"
analgesia tests (Chesher & Chan, 1977; Drugan, Moye & Maler, 1982; -
Ha&es, Bennett, Newlon & Mayer, 1978; Hyson, Ashcraft, Drggan, Grau &
Maier, 1981; Lewis, Cannon & Liebeskind, 1980; Lewis, Sherman &
Liebeskind, 1981; Madden, Akil, Patrick & Barchas, 1977; Maier, Druggn
& Grau, 1982; Maier, Sherman, Lewis, Terman & Liebeskind, 1983; Terman;
Shavit, Lewis, Cannon & Liebeskind, 1984; Watkins, Cébelli, Faris, ' .
Aceto & Ma&er, 1982). Pain 18 not unique, however, in its ability to ., |
induce endogenously mediated analgesia. Lt has been shown that
exposure to a varlety of non—-painful stressors, such as centrifugal
rotation, injection of intraperitoneal hypertonic saline (Hayes et al,,
1978), restraiﬁt (Amir & Amit, 1978), hypoglycemia (Bodnar, Kelly &
Glusman, 1979), novelty (Bardo & Hughes, 1979; Sherman, 1979) and
exposure to a bright and noiéy environmeng (Tiffany et al.,, 1983),
reduce pain sensitivity.

Recently, it has also been demonstrated that, in addition to
nociceptive stimuiation or stressors themselves, exposure to
environmental signals predictive of pain or stress can activate the:
EPCS (Chance 4 Rosecrans, 1579a; 1979b; Fanselow, 1984; Fansleow &
Baackes, 1982; Hayes et al., 1978; Oliverio & Castellano, 1982;
Sherman, Strub & Leyis; 1984; Watkins, Cobelli & Mayer, 1982). That
is, exposure to cues previously associated with stressors that in
themselves activate the EPCS.can elicit_analgesia in the absence of the

stressor, an effect that has become known as "conditioned ‘ -’

autoanalgesia" (Chance, 1980). o
- . ~
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It has-been shown that the anélgesic potency of morphine is"

enhanced duging those instances where the EPCS has been previously

acpivaced, suggesting that the antinociception 'resulting from the

activation of the EPCS can gynergize with morphine’s analgesic actions

/

(Colpaert, Niemegeers & Janmssen, 1978; Colpaert, Niemegeers, Janssen &

Maroli, 1980: Shermaﬁ, Procter & Strub, 1982; Sherman et al., 1984).
In each of these studies the analgesic potency of morphine was
potentiated by administering analgesia tests in the presence of cueg
capable of éliciting conditioned autoanalgesia.or by exposing animals
to nociceptive stimulation prior t&lmorphine‘administration and the
assessment of aqalgesia.

Although it is clear that, once activated, the ﬁPCS can enhance
morphine anéigesia, it is worthwhile considering the complimentary
question of the effect of morphiné administra%ion upon the activation
of the EPCS. Consider, for example, animals thit are exposed to
nociceptive ;tiqulatioﬁ some time a;ter the; are administered morphine.
Given that morphine is an analgesic, it should reduceithe intessity'of
the gociceptive stimulation, and as a %esuit the pain-induced D '
activdation of the EPCS that would normally occ;t in the absence of
morphine would be reduced. Not only would the unconditioned activation
of the EPCS be 1gh1bitéd, but, as a result, the development of
ténditioned'auto;nalgesia to the cues predictive of pain would be f, .

attenuated as weli. v
‘ These considerations suggest an alternative account of the
“ influence of Pavlovian conditf&ning on th;)de;e;opment of environment-

r

specific morphine analgesic tolerance. Specifically, they imply that
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the the effect is not attributable to %he'conditioning of a conditioned
compensatory or opponent response, but rather it depends upon the
degree to which morphine administration reduces the uncopditioned (aﬁd,-
as a ;onsequence, the conditioﬁed) activation of the E?CS.(,Conaider,
for instance, two éroups of.animals that are exposed to nociceptive
stimulat;on in a disﬁinctive environment. One group is exposed under
morphine, the oﬂﬂbr under saline. ' When both groups are subsequently
adm{nistered analgesia tests under saline, the morphiderexposed group
will appear hyperalgesic relative to the galine—exposéd group because
of 1§;phine attenuation of the development of conditioned
autoanalgesia. Moreover, when both groups—Teceive morphine 1n,the
distinctive environment, the‘morphine-exposed group should appear more
tolerant‘fo the drug, because, as noted aone, conditioned
autoanalgesia summates with morphine~induced analgesia. ’

The Present Experiments: The foregoiﬁg discussion can be

summarized more succinctly: The development of environment-specific
tolerance to morphin; analgesia will vary, at leagt in pért, with the «
extent to yhich the environment recruits or activates the EPCS, When

recruitment is minimal, as in the scenario outlined above, tolerance -
will appear maximal. The first series of experiments to be reported in
this thesis was carried out in order té test this prediction. The
effect of morphine administration on the aevelophent of conditi?ned

autoanalgesia was examined. Animals were administered either morphine

d - -
or saline aﬁd then exposed to varying intensities of nociceptive
stimulation. On the test dqys, animals were administered either saline’"

or morphine in the environment associated with nociceptive stimulation

22 : .
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and then given tests for conditipned autoanalgesia. It was predicted
that animals éxposed to nociceptive stimulation under morphine would
show increased sensitivity to pain during analgesic testing relative to .
animals exposed to nocickptive gtimulation under saline.
In the second series of experiments, a corollary of the hypothesis
wasg ifivestigated. Specifically, the hypothesis predicts that the level

of conditoned autoanalgesia, and therefore the analgesic potency of

morphine, will be enhanced in those ciycumstances where the recruitment

-
.

of the EPCS is increased. One way of ‘¥ttempting this was to administqr
the 3piate receptor blocker.naloxone prior to nociceptive stimulation.
It was thought that naloxone administration might interfere with the
pain-inhibitory effécts of/the'EPCS, thereby causing animals to
experience more pain (Amir & Amit, 1978; Bonnet, Alpert & Klinerock,
1978; Carmody, Carroll & Mérgans, 1979; Ebderre & Rollman, 1983; Jacob,
Tremblay;& Colombel, 1974). Tﬁis increased pain would in turn Iead to\a
greater feéruitment of the EPCS over repeated éxpoeures to nociceptive
stimulation and to a greater conditioned autbanalgesic response, which,
o

would be expected to manifest itself as an environment-specific

analgesia when tests were conducted without opilate receptor blockade.



Chapter 1
In the present se‘ries of° experiﬁents- the effect of morphine
administration on the development of conditioned autoanalgesia Vas
examinéd. As stated in the introduction, it was predicted that 'animals

Y

exposed to nociceptive stimulation under the influence of morphine
would display lowered levels of conditioned autoanalgesia than ‘aninals
exposed to pain under saline.
Experiment 1 .
In Experiment 1 animals ‘were administere.:d either morphine or
saline and were then exposed to either no shock, 1 mA shock for 45 sec,

or 2.5 mA shock for 180 sec. The shock parameters vere selected in

order to vary both the intensity and tl:ne duration of the nociceptive

sti;mlus. Previous resea‘rch has ind:located that the unconditic;';ned .
analg;';;; elicited by these two different sets of paran;eters is
mediated by different endogenous pain co.ntrol substrates. Forty-five
sec of 1 mA shock appears to elicit an oplate-mediated analgeazla, ?t
least insofar as it is blocked by prior administration of naloxone
(Sherman et al., 1984; Terman, et al., 1984). . Exposure to 2.5 mA shock
for 180 sec 1s not antagoni:;;ad gy naloxone (Lewis et al., 1980),
suggesting médiation by a Hon—opiate substrate. The use of these
diff;erent pa;'ametérs permitted the determination'of whether morphine-
attenuation of conditioned ?utoanalgesia was dependent upon the
gubstrate activated 'by the noci&eptive stimulus. -

a con , .Jjethod

Suﬁjects: In this and subsequent experiments the subjects were

experimentally naive, male Wistar rats obtained from Charles River -

-
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Breeding .F;rms, St: Constant, Quebec. The ;:ats weighe& 275-30Q g upon "
arrival at the laboratory. They were indivi{iually housed, provided
with constgnt access to food and water, and were maintained on 12:12
-
light/dark schedule. All procedures were condudted during the 1ight
phase o'! the cycle. In the present experiment 48 rats were used.
Apparatus: The apparatus was locaCed in a test room illuminat by
three 25 W, red light bulbs andl maintained at a constant 22°(C

temperature. Analgesia was assessed by a hot-plate apparatus, which

xiglas chamber mounted on

consisted of a 20.3 x 20.3 x 38.1 ¢m clear

a .6 cm thick, 26.7 x 30,5 cm plece of shegetal. A hingejd, wire
mesh top mounted on the top of the chamber prevented the aniﬁlalsl from
escaping from the ch'amber. The pla't:'e temperature was contro"Iled by

immersing the sheet metal in a water bath heated by a Haake E‘z‘
/

" Immersion/Open Bath Circulator. ) /

/
{

. Shock was administered in eight operant conditioning chambers
P / . 14

meaguring {9.5 x 29 x 23 cm (inner dimensions). The side walls were

. made.of stainless steel and the front and back walls and the <eiling
were constructed -of transpar&nt plexiglas. The floor was constructed

) of stainless steel bars. A lever, food cup and two plastic light

covers were located on the right side wall. DThese objects were not

used in tHe present experiment. The chambers were located in sound and

light attenuating chests. ,Both the fan and houselight of the chests
* A

. g
. were disconnected, providing a dark and quiet environment. A Shocks were

administered by eight Gr;aop Stadler scrambled shock generators (Model
E1064GS). Shock administration was controlled by an ISAAC 91A (Cyborg

Corporat:lon) laboratory int®¥tface connected(to an Apple II+
‘ ' . .



microcomputer located in an adjacent room.
—

N

~- HMorphine or paling was administered by subcutaneous injection in )
the dorsal surface of the neck. In this and subsequent experiments the
morphine dose was' 5 mg/kg dissolved in a dose/ml/kg volume.
. Procedur;a: All animals were handled in the morning (10-11:00) and
afternoon (16-17:90) for five/‘; days prior to the stzlart of the
experiment. In addition, the rats were weighed duriﬁg their morning

handling.

.

Habituation Days: The first three days of the experiment were

used to habituate the animals to the procedures in order to minimize
.the influence of stress-induced analgesia elicited by the novelty of
the ‘:est‘ing procedure {(cf. Bardo & Hughes, 1979; Shermaﬁ, 19795. The - -
. rats were transported to the test room and placed on the plate surface
which was maintained at ambient tgmperature (2}9 C), for 60 sec. The
animals were’ subsequently placed in the shock boxes, but received no
shoc}g. They were then removed and placed Aon,the plate for 60 sec at
:36, 45 and 60 min following the initial placenienlt into the shock boxes. ‘
During the interval between plate exposures the animals were returned
‘to t:“h\e s,hod: boxes. After the last exposure ani\mals were returned to
their hgme_cages. No 1njéctions were administered during t]l:ese day 8,

/ . .
Conditioning Days: On the first conditioning day, the rats were

\ assigned to\o\ne of six groups (N=8) differ%lng with respect to d;ug
treatment and\shnock condition, . 'Three groups of rats were administered.
morphine in the test room and saline in the home cage (groups RM~M/HC-

( S). Three groups received the reverse drug treatment; saline was

inject:ed in the test room and morphine in the home cage (groups RM-

ny
4
. -
'
@
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S/HC-M). Within each drug treatment cqndition, one of the groups was
administered | JA shock for 45 sec (moderate shock), a second group
feceived 2.5 mA shock for 180 sec (strong éhock), while tﬁe third group
was not exposed to any shock (no shock).

The conditioning days of the experiment were simi;ar to the
habituation days. Following transportation to the test room animals
weré'exposeﬁ to the ambient temperature plate for 60 sec. They were
then administered their test room injection and placéd in the shock
chambers. Shock administration for the groups assigned to the’ moderate
shock condition began 28 tmin, 15 sec following placemeqt in the shock

boxes. In the strong shock condition shock administration B?é;n'26 min

‘following placement in the shock boxes. This procedure was adopted to

insure that shock termination occurred at the same time for both shock

!

conditions. Groups assigned to the no-shock condition were merely

\. .
placed in the shock chambers without shock. Ambient temperature plate
exposures (60 sec) were conducted at 30, 45 and 60 min following

-

placement in the shock ‘chambers. The animals were then returned to .
their home cages where they received their home cage injection 4-6 N
hours later. Except for days wheQL analgesic testing was conducted

(see below), conditioning was conducted over four consecutive days.

Analgesia Testing Days: On the analgesia test days the water

temperature of the hot-plate bath was 50° (+ 0.2° C). The animals were
placed on thf gurface of the plate and the latency to perform a hinds

paw lick or a jump response was recorded to the nearest\OJ sec with a
stopwatch. The a;{mals were removed from the plate chamber immediately

{

following either of these responses. A jump response was defined as

* . F/

-~



any vertical movement that lifted tﬁs animal”s entire §ody at least .
three inches from the surface of the plate (as indicated by a marker
taped onto the hot-plate chamber).

The procedure followed during the analgesia testing days was"
identical to that on the conditibning days witﬂ the exceptions that no
shock was administered in the’shock.chambers and no home cage
injections were administered. The hot\plate test conducted prior to
injectisn in the test room and prior to placement "in the shock boxes
constituted the baseline trial, Thé baseline trial was conducted to
éetermine if any conditioning occurred go general cues su;h as
transportation to the test room or the test room 1£se1ﬁ Jests
occurring 30, 45 and 60 min following plaéement into the shock chémbers
constituted the post-CS trials. |

The first two analgesia testing days were conducted after the
first and fourth conditioning days. Following the second analgesia
testing day the animals were given a two day respite during which time
they remained-undisturbed in their home cages. They were then .
administered a third analgesia testing day. On ghe first three test
days all animals wereladministered saline. The‘day following the third
saline test day all animalgj;;;e injected with 5 mg/kg morphine in the
test room prior to placement in the shock boxes and post-CS testing.

- Results

)

Figure 2 shows the hean response latencies on fé; post—CS trials

for the six groups on the three saline and the morphine test days. For

purposes of analysis the data from the three post-CS trials were

collapsed. Inspection of Figure»2 shows that exposure to both moderate
/

28
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Figure 2: Mean response latencies (+ SEM) for groups previously
B , '.
injected with morphine in the test room and saline in the home cage

(RM-M/HC-S) or saline in the test room and morphin‘e‘in the home cage

3 .
" "(RM-S/HC-M) during the three saline and the morphine test days of
Experiment 1. Prior to the test days animals were exposed to either no
N ' , . .
shock (left panel), moderate shock (center panel) or severe shock

— ~

(riight panel).
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and severe shock increased latencies relative to non-shocked animal%
This obec;rvation was cqnfirmed byl a split-plot analysis of varlance
(drug treatment x shock.condition x test days), which yielded a
significant main effect of shock condition, 5(2,42) = 2291, p <.001, -
It is' also clear from Figu're 2 that the magnitude of the conditToned
autoanalgesia within the two shocg cond’itions varied as a function of
the drug treatment administered during conditioning iays and drug «»
treatment at the time of testing. This was confirmed by a significant
drug treatment x shock condition x test days interaction, F(6,126) =

2,25, p <.05. Tests for simple main effects (Kirk, 1968,.pp. 179-182)

were conducted between groups for each shock condition for each test

’
-

day. No ' significant differences were obtained between the non-shocked
groups on any test day, Fs(1,168) < 1.13, ps > .05. Moreover, although
the response latencies for group RM-S/HC-M-2.5 mA-180 sec were longer

than those for group RM-M/HC-S-2.5 mA-180 sec on saline tests 2 and 3

"and. on the mofphine test day, thesg differences were not statistically

significant, Fs(1,168) < 3.14, \P_s > 05. In contrast, group Rf{—S/HC-M—
lG mA-45 sec exhibited significantly longer latencies than group RM-
M/HC~S-1mA-45 sec on the first test day, F( 1,168) = 5.89, p < .02~5.
'i‘he difference occurred only .on the first saline test, no significant
differences between these groupé occurred on the g;coﬁd or third saline
tests, Fs < 1.0. However, whenﬂthesAe groups were subsequently tested
under morphine the longer latencies initially observed in group Rﬁ-
S/HC-M-1mA-45 sec reappeared, F(1,168) = 7.38, p < .0l. -
Ttyxe analysis of variance performed on the baseline scores resulted
in significant main effects for test days, F(3,126) = 3.99, p < .0l,

A
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and a significant shocg condition x test days interaction, F(6,126) =
3.89, p < .002, Pairwise comparisons, conducted using,fukey’s Wholi&
Significant Difference test, revealed that animals in the strong shock
condition exhibited significantly longer latencies th;n non-shocked and
moderate shocked animals on the second saline test da&. However, no
other differeqpes between shock conditions were obtained for any other
test day. These results suggest that some conditioning of

autoanalgesia occurred to Qhe general transpostation or test room cues

A

3 -
in the strong shock condition, but that this conditioning was weak and '

tra;sient. ' n o
Discussion

The results of Experiment 1 replicate previous reports that the
environment in which animals are exposed to nogiceptiv;-;timulation
el@c;ts analgesia when animals are expésed to the environment without *
nociceptive stimulation (Chance, 1980; Chance & Rosecrans, 1979a;
!979b; Fanselow, 1984; Fansleow & Baackes, 1982{ Oliverio & Castellano,
1982; Sherman et al., 1984; Watkins et al., 1982). The résults of
.Experiment 1 also provide partial support for the hypothesis that
morphine attenuates the deQélSpment of conditioned autoan;lkesi&
Animals administered 1 mA sﬁock for 45 sec under the influence of
morphine displayed lower response latencies on both the first saline
test day and the ﬁorphine test day.Howeve;,there werelno differences
between the groups on saline test days 2 and 3. These results  suggest
that morphine attenuated conditioning early in training, but upon

further exposure to shock the level of conditioned autoanalgesia in

animals shocked under morphine appsoached the level seen in animals

’

)
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sondition, where morphine administration consistently failed to
s |

' . ttenuate conditioqed autoanalgesia, This failure may simply reflect

shocked under galine. Thus, ‘some degree of autoanalgesia was /
conditioned in morphine-shocked animals.

The results from the morphine test day, howe;re.r, suggest that
animals previousiy shocked under saline and then ex}msed to t'he cs
under morphine disi;layed significantly greater analgesia than animals
previously shocked under morphine. It is as if‘ the manifestation of °
the grea‘ter degree of conditioned autoanalgesia in the saline-shocked
group is accentuated when testing 18 conducted under morphine. The
absence of a difference on saline test days 2 and. 3 may simply reflect )
a ceiling effect. That is, a 50° hot plate test may have been e
insensitive to any subtle difference in autoanalgesia between séline-—
and morphine-shock;zd animals. During the morphine test day, however,

the ceiling is lifted, and the difference between groups rez;ppears.

~Sherman et al. (1984; Experiment 2) have shown that animals exposed to

shock did not display longer latencies than non-shocked controls when
tests for conditioned autoanalgesia were c;onducted under slaline and the
plate temperature was 52..50, but they did show increased latencies 1if
the temperature of the plate was reduced to 51.0°. When tests for
conditioning were conducted under morphine, however, the tempe;ature of
the hot—plate was irrelevant. In their experiments animals exposed to
shock were more .analgesic than non-shocked animals at both

2

temperatures.

" Consider now the results from the 2.5 mA for 180 sec shock - , J

o«

the severity of the shock to which these animals were exposed. The

“
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dose of morphine administered may have been insufficient to

significantly reduce tiie aversiveness of this form of shock. Therefore
morphine would not éttenuate conditioned au;:oanalgesia'.f" i
Alternatively, these results are consistent with tiié;/possibility
that morphine may attenuate autoanalgesia in those cases where the
shock ;')arameters activate only the opilate compo;\ent of the endogenous

pain-suppression mechanism (i.e, the moderate shock condition; see

" Sherman et al., 1984; Terman et al., 1984), but not in those instances

\ :
where shock elicits a non-opiate mediated analgesia (i.e., the severe

o —

shock condition; see Lewis et al., 1980; 1981; Terman et al., 19'84).
The results of Exper;iment.l do not permit the determination of whether
shock severity or the analgesic substrate activated by shock is the
crucial variable, although it shduld be possible to discriminate
be;:ween these two possibilities. If morphine failed to attenuate the
development of conditioned autoanalgesia produced by a more severe form
of shock, but one ,that: elicited an oplate-mediated analgesia (see
Terman et al., 1984), this would suggest that dhock severity, rather
than the antinociceptive substrate activated by shock, is of primary
fmportance.

Finally, there were no significhch differences in response
lat;encies between'morphine- and saline~treated animals within the no
shock condition. This result suggests that morphine adl:xinistration
alone 1is insufficient to produce (apparc;.nt) conditioned hyperalgesia in
animals habituated to the experimental procedures. Rathe;, it suggests

that morphine~treated animals will display hyperalgesia only in those

cases where they kand their saline controls) are exposed to some form
! ‘ .

»
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lof stress or.npc

;/cept-iVe stimulaton. This issue will be elaborated on -

'

further in thqfﬁéneral Discussion,

o

e
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Experiment 2

Experiment 2 was conducted to determine whether morphine )
administration woéld attenuate the conditioned autoanalgesia produced
Qy a weakér form of sh;ck; specifically, 1mA ghock for 15 secs 1In
addition, a few minor modifications were incorporated in the Aesign of
Experiment 2. First, because the effects observed durirtg the baseline
trials of Experiment 1 were weak and transient, and because these

’gz;als ma¥ have made it difficult for animals to ;I;;inguish between CS
trials and non-CS trials, no baseline trials were administered in
Experiment 2. Second, only two post-CS hot-plate tests were
"administered in the present exéeriment. Finally, shock wéal

administered for seven days, rather than four as in Experiment 1.

Method

Subjects and Apparatus: The subjects were 48 rats maintained as in
Experiment 1, The égparatus&:jjviientical to that employed in
Experiment 1. ‘

Procedure: As in Experiment 1, the animals were handled twice daily
for’f}ve days priof to thé start of the experiment,

Habituation Days: The habituation days of Experiment 2 were similar to

those of Experiment 1 with the exceptions that no baseline exposure was
administered and the animals received only two post-CS exposures. The
exposures occurred 30 and 45 min following placement into the shock

boxes.

Conditioning Days: On te first conditioning day the animals were:
randomly assigned to six groups (N=8). Three of the groups (RM-M/HC-S)

recelved morphine in the test room and saline in the home cag;ﬂ the

35
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other three (RM-S/HC-M) receivéd the reverse drug/treatment. Within

each drug treatment condition, one group was never exposed to shock (no
shock), the second group was exposed to 1 mA sho for 45 sec (moderaté
shock), whf&e the third group ;Zceived 1 mA shock for|l5 sec (mild

shock). qu\gnimals receiying moderate shock, hock administgation
began 28 min, 15 sec following placement into the shock boxes. Shock
administration for the mild shock condition bega ZQ,min, 45 sec

following placement into the shock boxes. Shock (was administered for .

seven days.

: “ .
Analgesia Testing Days:. The analgesia test days were similar to those

Experiment 1, the data from the fo post

: ' ' !
the previous experiment, the magnitude of the conditioned autoanalgesia

‘of Experiment 1, with the exceptions already note?. Analgesia testing

days, during which all animals received saline in *he test room, were
£ .
R \
conducted following the first, fourth.and sevgéth conditioning days. A

morphine test day (5 mg[k89§ﬁ;s conducted on the dax following the
. o0 9 ' i
third salipe test day. - t

Results , ) \
Figure 3 shows the mean response 1at%nc1es for ttf six groups on
the three saline and the morphine test é:fglof Experiient 2, As 1in

S trials weJe collapsed for

“the purpose of data analysis. The analys&s of variance (drug treatment

x shock condition x test days) revealed that exposure to shock produced
/

conditioned autoanalgeéié, F(2,42) = 8.52, p < .002, ofever, as in

varied as a function of drug treatment and test day,{ 8 indiéated by\h
significant three way interaction, F(6,126) = 3.27,:p/< .01.1 Tests for
: \

simple main effects, conducted between groups at each shock Londitioh\ .

| S
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Figure 3: Mean response latetllc;les (j-_’ SEM) for grodpé -previously
¢ * sy . M
injected with morphine in the test rpom and saline in the home cage

(RM-M/HC-S) or saline in the test room and morphine in the h‘om’e cage

4]

(RM-S/HC~M) during the three saline and the morphine testodays of

, "Experiment 2. Prior to the test- days animals were exposed to either no - ,
t N
\ t ’ ”
shock (left panel), mild shock (center panel) or moderate shock (right . v
panel). .
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for each day, revealed the nature of this variability. Although group
1 ?

RM=M/HC-S~NO SHOCi( displayed longer latencies than group RM~S/HC-M-NO
SHOCK on .Saﬁne test.s 1l and 2 an;i on the morphine test day, these
d1~ffergnces were not significantly different, Fs(1,168) < 3.10, p > ]
«05. Nor were there any sigpificaﬁt between-group differences on the
three saline test days at the 1" mA for 15~sec shock c;onditiuén, Fs <
1.0 On tl';e morphine test day,‘ however, animals previously
.administered this form of shock\under saline displayed significantly
,lc;ng.er latencies than did animals shocked under: morphine, _I'_‘_(l,i68)‘-
22,14, p < /00l. As in Experiment 1, group RM=-S/HC-M-1mA-45 sec
exhibited longer late\t\cies than ggcj:u.p RM-M/HC-S~1mA-45 sec on the first

»

saline test day, F(1,168) = 4.06, p < .05, but not on the second or

" third saline test days, Fs(1,168) < 1.06, ps > .05. However, when

tested under morphine, animals previously shocked under galine again ¢

showed longer latencies than animals previously shocked under morphine,

~ * .
F(1,168) 72, p <.001, a finding that also replicates that of
¥ 4 . 4
Experiment 1. - _‘//
‘ N Discussion

-

\ . X '
'As in,Experiment 1, animals exposed to the moderate shock

' condition u’der saline displayed longer latencies than morphine-shocked

animals on %he first saline test day and the morphine test day. These

-

'findings— add further support to the argument that morphine

administration attenuates the conditioned autoanalgesisa-elicited by
this form of shock. More interesting, however, were the'results from
animals exposed to the mild shock condition. Although there was no

evidence for morphine-attenuation of conditioned autoanalgesia within

-
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this shock condition on the t;u'ee saline test%{‘days, on the mofphine o
test day animals previously shocked under saline displayed
significantly longer latencies than ‘animals shocked uqder morphine. As
aréued previously, these results may reflect a ceiling e‘f‘fect. Thgt
is, it 1is possit;le that saline-shocked animals possessed stronger
levels of condi_tione'.d aut.oan'alges.ia reiative to mprphine—shocked"
animals, but that the hot-plate test .employed prevented the
manifestation of this difference.until the animals were tested under

-

morphine. . 'v
/

| '
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Experiment 2

In the majority of experiments demovnst:r\ating thé development of
situation-specific morphine analg;sic toleraﬁce, the nociceptive
stimulus to which animals are exposed is not electric foofshock, but
thermal stimulation as applied by either the hot-plate or the tail-
flick test. Therefore, Experiment 3‘was conducted to determined 1f
exposure to thermal stimulation would produce conditioned autoanalgesia
and whefher or not morphing administration would atter.\uate the \
development of conditioned autoanalgesia. Animals were exposed to
(_aither\ajx ambient temperature, 22° C cold-plate, or a 50°, 529 or 54° ¢
hot-plate. Tests for conditioned autoanalgesia were conducFed using
both the tail-flick and the hoi:-plate tests.

Method

Subjects: The subjécts were 64 rats maintained as in thetprevious
experiments.
Aggar.atus: The hot-plate apparatus was identical to that used in t’he
previous e@eriments; Tail-flifzk testing was conducted with an acrylic
Srestraine;: (Hafvard .Bioscience, Catalog No. 52-0916). _Followilng
injection in the test room the animals were Iisolated in separate 30.5
x 20,3 x 15.2 cm wooden boxes, which were lined with~Beta—chtﬁ and
covered by steel grid tops.
Procedure: ' Twice a day for five days precedi‘.ng the experiment the
animals were handled and acclimat'ized to being inserted and restrained
in the restrainer. Because in most studies of situation-specific

morphine analgesic tolerance animals are not habituated to the testing

procedure, no habituation to the test room or hot-plate apparatus was

40



given in the present experiment.

Cdnditioning Days: On the first conditioning day the animals wex:'e
r;andomly divided into eight groups (N=8), differing with respect to
drug treatment and the temperatﬁre of the hot-plate, Four groups (RM-
M/HC-S) received morphine (5 n;g/kg) in the test room and saline in the
home cage, while the remaining four groups received the reverse drug
treatment (RM-S/HC-M). Within each drug-treatment condition, one of
thg groups was exposed to an ambient temperature, 22° cold-plate; the
remaining three groups were exposed to the plate immersed in a 50°, 52°
or 540' water bath, respeétively. ~
The animals were transported to the test room and immediately

administered their test room injection. They were placed in the wooden
boxes for 30 min and then exposed to the plate apparatus., All
exposures to the plate wefe of 45 sec duration. For anin;als receiving
hot—plellte exposures, the latency to lick the hind paw or to make a jump

ponse was l:ecorded to the nearest 0.1 sec with a stopwatch. The
anipals were then transported to<«helr home cages where they received
their home cage injections 4~6 hours later. Four conditioning days
we‘re admi nistered.

Analgesia Testing. Days: On thg test days for conditioned autoanalgesia

.all animals were injected with saline and 30 min later received either
a tail-flick or a hot plate test. During the tail-flick test days the
animals were first exposed to the ambient temperature cold-plate for 45
sec. They were then inserted into the restrainer and the digtal 5 cm
of the tail was immersed into 50° water. The latency to completely

withdraw the tail from the water was measured to the nearest 0.] sec.

b1
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Foliowing tail-flick testing the animals were rettn‘ned to their home
cages. : '

. Three tail-flick testing days were conducted. The first two test
days occurred following the firsth and the fourth conditioning days.
The third test day was conducted three days following the second -test .
day. ‘During the respite betwee;l t‘he second and third test days the
animals remained undisturbe;i in their home cages.

Three days following the third tail-flick test day, the animals
were administered a hot-plate test under saline. The temperature of
the hot-plate water bath fs 50° f: and the latency to pérfor.m a hind-
,paw lick or a jump response was measured to the nearest 0.l sec.

Results
Conditioning Days: Figure 4 presents the mean rc;.sponse latencies for

)
the six grc;ups teceiving hot-plate exposures during the four

1

conditioning days of the experiment. The analysis of variance (drug
treatment x hot-plate temperature x conditioning days) ylelded
significant main effects for hot—plate t—emperature, F(2,42) = 38.29, p
< 001, reflecting the fact that ‘higher temperatures produced shorter "
latencies, and for.drug tréétment, F(1,42) = 32,24, p <.001,
indicating that morphine tenc'led to elevatellatencies. However, it is
clear from 'Figure 4 thgt the analgesic potency of mor;;hine varied as a
function of plate temperature and conditioning days, as confirmed by a
significant three way interaction,‘£(6,126) = 3,10, p < .0L Tests for
simple main effects conducted over déys for each group at each plate
température revealed that the latencies for morphine-gxposed animals

declined over days, Fs(3,126) 2 8.‘5\1Jx p < 001, 1indicating tolerance to
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Figure 4: . Mean res.ponse latgncies‘ (+ SEM) f.or groups injected '
with morpllxine in the test room and, saline in the home cage (RM—M[HC—S)

/ or saline in the test room and morphine in the home cége (RM-S/HC-M)

and exposed to either a 50° (left panel), 52° (center panel) or 54° .

(right panel) hot-plate during the four conditioning days of Experiment

3.
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morphine aﬁalgesia. Among st;l:lne-exposed animals, only éroup RM-S/HC-
M-50° displayed a significant decline over days, F(3,126) = 9.18, p <
.001.

Tests for simple main effects were also conducted between groups
at each plate temp’erature f9r each day. On the first conaitio'ning day ‘
morphine significantly elevated latencies at each plate temperature,
EB(I,IGS) 2 1031, ps < 005 The latencies of morphine-treated
animals on the 50° plate temperature were consistently longer than
those of saline-treated animals, _I-‘_s(1,168),.>_'12.8b, ps < .00‘1, but at
the 52° and 54° plate temperatures there were no significant ‘
differences between morphine- and saline-exposed animals over e

conditioning days 2-4, Fs(1,168) _<_ 2.72, p> .05,

\ail Flick Testing Days: Figure 5 shows the mean-tail-flick latencies

for the eight groups for each of the three tail-flick test days

conducted under saline. The analysis of variance (conditioning drug
treatment x conditioning ixot-plate temper;ture x tail-flick test days)’
yieldc}ad a significant main effect of conditi;ming drug treatment,
'F(1,56) = 4.25, p < .0?5, indicating that animals that had previously
been administered saline in the test room displayed longer tail-flick
latencies than those that had ree'eived morphine. This effect o.ccurred
on ail three test days as indicat4ed by a non-significant drug treatment

x test days interaction, F(2,112) = 1.18, p > .05, The longer latencies

exhibited by animals previously administered saline in the test room

appeared to be independent of the hot-plate temperature during
conditioning, neither the drug treatment x plate temperature or
e

' <. ~ )
the drug treftmert x plate temperature x test days interactions

PRI
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Fiéure 5: Mean tail-flick latenciqsv(:_SEM) for groups previgusly

" injected with morphige in the ﬁést room and saline in thée home cage
(RM~M/HC-S) or saline in ;He.fest room and -morphine in tﬁe home cage
ZRM-S}HC-M) and previously exfosed to g}ther ; 22° (left panel), 50° o
(left-center panel), 52° (right—cénter-panel) or 549 (right paﬁel) hot=

plate during the three tail-flick testjdays of Experiment 3.
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significant, Fs < 1.0. However, inspection of Figure 5 clearly shows
that the longer tail-flick latencies of animals aéminiate;ed saline
during the conditioning days occurred only in the groups exposed to the
hot-plate; animals previously exposed to the 22° plate under saline
displayed tail-flick latencies on the test da&s that were not different
frog;those animals previoﬁsly administered morphine when exposed to the

Rt .

st
p;ét €. ::' *

,fﬁot-Plate Test Day: Figure 6 shows the mean response latencies for the

A]

eight groups on the hot-plate testing day of the experiment when all
¢ ) .

animals received saline injections and were tested on the 50° hot

.

plate: Inspection of Figure 6 reveals.that animals previously exposed

" to the 52% and 54?Mh6f4p1ate under saline during the conditioning days

o

exhibited longegflatencies than animals previously exposed to these
A+

temperatures gﬁder morphine. No differences in latencies between

saline~ and ﬁorphine-treated animals exposed to the 22° apd 50°

temperatures were observed. The agflysis of variance (conditioning drug

treatment x conditioning plate temﬁéiature) yigl@ed significant main

effects for drug treatment, F(1,56) = 11.63, p < .002, indicating that

animals reéeiving saline in the test room during conditioning generally

displayed longer latencies than morphine-treated ahimals, and for plate

temperature, F(3,56) = 11.85, p < 001, reflecting the longer latencies
in animals'previously exposed to the 52° and 549 plate tempefatures.
In addition, the drug treatment x plate temperature interaction was
significanc; F(3,56) = 11.41,‘2_< 001, Tests for simple main effects,
conducted between group; ?or each plate temperature, revealed no

significant differences 1n'saline- or morphine-exposed animals at

46



R ]

$

2

1

g
N
Yoy -

a

A

-

Figure g Mean response latencies; (_+_~_ SEM) for groups previousISr
1nje’ct¢;d with morphine in the test room and saline in the home cagé
(RM-M/HC-S) or saline in t:he test room and morphine in ’the home cage
(RM-S/HC-H), as a function of the hot-plate temperatui'e during the

conditioning phase, for*the hot-plate test day of E&periment 3.




Resbonse Latency-Sec

Previous Hot - Plate Temperature-C’

P 3
-
oy ) . .
o
N L]
: Figure 6 ' B
& o . - *") -

/x
BRM-MIHC-S
25 . " [CJRM=SIHC=M " C .
20r o \ o
15- .‘ T -y
y | [} .
10 .
5' - -
22 . 50 52 54



- — o
. ~, -
. A T " .
either the 22° or Ape 50° plate temperatures, Fs(1,56) < 2.76, ps >

[

«05. In contrast, animals previously ex;;osed to either the 52° or 54°

1 . -
plates under saline exhibited significantly longer latencies than @
animals that had experienced these temperatures under morphine, d
Fs(1,56) > 7.17, ps < .0l . ..

* . Discussion /

<
*

The results of Experiment 3 show that, as was found with electric

footshock, expdsure to thermal stimulation can elicit conditioned

L]

autoanalgesia (see 41s0 Sherman et al., 1982, for related findings).
lMoré idportantly, lt:he results also demonstrate that morf;hine

= administration attenixa'teé the conditioned autoanalgesia elicited by

this type of 'nocicepti\;e stimulus, When tested under saline, animals
B ! 4 . Iz S

1 -

previously exposed to the hot-platve under morphine’ displayed shorter

o .
latencies than animals exposed under,salige.- This effect occurred
.y

whether tests for conditioned autagnalgesia were conducted using the

tail-flick or the hotiplate test,

6

The results of Experiment 3 also demonstrate that the greater the
intensity of the noxious stimulus to which animals are exposed during:
Y . . ' -
- * conditioning, the greater the extent to which morphine attenuated the

development of conditioned autoanalgesia., Differences between the
morphine- and saline-tfeated gt:oups only occurred when the nociceptive
st imulus was sufficiently intense for condition?ng of .autoanalgesia to
- be evident among Asélipe-treated animals. Examination of Figures 5 and
6 shows thlatu motp.hine-attvenuation bf conditioned autoanalgesia, as.!

: : 4
assessed by the tail~flick and hot-plate tests, became more pronoynced

as the temperature of the plate was increased. .Figure 6 shows that, as
, p . ;

4 . |
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. : assessed by the hot-plate test, little,Tf'any, conditioning of

autoanalgesia vas evident among animals exposed to the 50° hot-plate.
Both morphlne- and saline-treated animals exposed to this platje

temperature had latencies similar to those of animals previously

exposed to tHe 22° plate. ) :
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General Discussioﬁ

——

The results of the three experiments presented here suggest thac\

’

\
administration of morphine prior to exposure to nociceptive stimulation |

¢ . ,
can attenuate the development of conditioned autoanalgesia.

Furthermore, this effect occurs when animals are exposed to m
electrie shock (Experiments 1 and 2) or to ;:hermal stimulation

_ (Experiment 3). .These results suggest that one of the mechanisms
un/d‘erlygg situat‘ion-specific tolerancé to ‘morphine analgesia, and the
putative h\?eralgesia that has been reported to oceur in the same
en%;ironment) when tésts for analgesia are conducted under saline, may be
the al:‘tenua(.tion by morphine of the development of situation-specific or
conditione’ﬂ autoanalgesia.

. ) - Th /;es;xlts of the present exp\eriments may ;lso explain why some

- . ;
nvestigators have (Krank et a\xl., 1981; Siegel, 1975), while others

\f \‘,/.‘v—/‘\ /(\/ N

- 1983; Sherman, 1979) found evidence for "conditioned hyperalgesia'" when

have-not (Abbott et al., 1982; Morris,/et al., Note 1; Tiffany et al.,

tests for analgesia. are conducted under saline. The pregent C
experiments suggest that evidence for-“hyperalgesia" in morphine-
treated animals will depend upon the degree to which autoanalgesia is.

-conditioned in animals exposed to a stre\ssful or nbci.c;gptive
}

envi ronment under saline, which in turn is depe,nde}/upon the ini:et}sity
[+ h—\\ ’

——nmi

.} \ of npciceptive st imulation. Evidence for this is found, for example, on
/ \ the hot-plate test day of Experiment 3 (slee Figure 6), where there was
\‘\ .
4 \ . .
no difference in latencigt—between animals previously administered

A
morphine ayé/p!(s/e_:r:\;.ously administered saline at the the 50° hot-

f -

'plate temperature. Animals exposed to thils temperature showed

7 \ -

/ g
. .
, .
.
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nociceptive stimulation. This possibility is supported by the results

" stimulation used in tests coﬁducted under saline to assess conditioned

latencies similar to those .of-ani‘mals‘ exposed the 22° plate, suggesting
that exposure to the 50° hot-plate failed to promote substantial levels
of conditioned autoanalgesia. I .

In addition, however, little evidence for "hyperalgesia" will be
observed in the test environment in animals previously administered | '
;naorphine if the 1nté’nsity of ‘the nc;ciceptive stimulus experienced
during the conditioning trials is too severe. In this case the dose of
morphine use;i ffay be ineffective in reducing the inte;\sity of th; pain,
and the\refore will not attenuate conditioned autoanallgesia, When tests
for anélgesia are conducted under saline, animals previously exposed to |
noxi ous s‘t\imulation under morphine will show latencies similar to those

exposed under saline; in this case, however, both groups should dis Y,

latencies that are longer than those of animals never exposed to

from animals exposed to the strong shock condition (2.5 mA for 180 sec)
in Experiment l. In this shock condition both morphine-treated and
saline-treated animals exhibited longer latencies than non-shocked
animl‘q‘%s on the saline tegt day., * ™~

The present results ais/g suggest that the intensity of nociceptive

\

s :

—

autoanalgesia will affect the appearance of "hyperalgesia.'"
|

Specifically, if the nociceptive stimulation of the ‘analgesia test is
[ ~

too intense for conditioned autoanalgesia to‘manifest 1tsé1f, then the
demonstration of 'hyperdlgesia" will be masked. For example, in

Experiment 2, there was no evidence for attenuation of conditioned

autosnalgesia (i.e., hyperalgesia)-in animals previously exposed to the.

{

' -/ 51 '



mil& shock (1 mA for 15 sec) condition under morphine. Tt will be
remembered, however,.that on the morphine test day these same aniﬁalé
showed considerably less analgesia than those previously exposed to
mild shock under';alige. As stated earlier, conditioned autoanalgesia
may not magifest itself when pain tests are c;nducted under saline, but
when teéts are conducted under morphine the two sources of analgesia
synetgizé to produce a stronger analgésic effect (Sherman et al.,
1984).

The hypothesis that situation-specific tolerance to morphine
analgesia and evidence for "conditioned hyperalgesia" arise from the
attenuation by morphine Af the UCS for conditioned autoanaf}esia (1.e.,

--nociceptive stimulation), thereby attenuating the 9evelopment of
conditioned autoanalgesia, suggests that ;xposure to nociceptive
stimulation is crucial for Eheir development. In none;of the
experiments were there any differences in response latencies between
morphine- and s;linE;treated animals that were not explicitly exposed

()
to nociceptive stimulation., There are several studies in the

Aiterature, however, in which evidence for 'conditioned hyperalgeéfﬁ"
(Krank, et‘al,, 1981) or ;ituation-specific tolerance to morphine
analgeéia (Adams et al., 1969; Gebhart & Mitchell, 1971; 1972; Siegel
et al., 1981; Tiffany & Baker, 1981; Tiffany et al., 1983) was found in
animals given repeated morphine .injections but not exp;sed to
nociceptive stimulation. Because the animals were never exposed to

—

nociceptive stimulation, it would appear difficult to argue that the

situation-specific tolerance to morphine analgesia or "conditionad
hypefalgesia" observed in morphine-treated animals arose because

N\
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morphine rendered theﬁ analgeyic to noxious stimulation and therefore
blocked the conditioning oghéutoanalgesi&

Recall, however, that the more general implication of the
hypothesis is that tolerance to the analgesic effect of morphine will
be more prohounced under any circumstances where the‘activstion of [
endogenous ﬁain control mechanisms 1s prevented or reduced. It has
been argued that animals previously exposed to nociceptive stimulation
under morphine are relatively less analgesic in tests under either
saline or morphine than apfmals previously exposed under saline because
morphine prevented the ;ctivation of the .endogenous analgesic
substrate. However, in the introduction it was noted that exposure to
nociceptive étimulation is only one way to activate nandogenous pain
. control mechanisms. Exposure to non-painful stressors can also activate

the EPCS. 1t is possible that morphine administration may interfere
/ with the ability of these stressors to activate endpgenous pain control
meggfnisms, perhaps through its anxiolytic actions (Amir, Brown, &_

0; Beecher, 1956). It has been well demonstrated, for

d to a stredg-inducing environment under

the influence of mérphine appear ywore tolerant to the analgesic effect

of morphine compared to animals gxposed to the environment under the

influence of saline (Adams et #l., 1969; Gebhart & Mitchell, 1971;

1972; Tiffany et al., 1983). These demonstrations of a morphine-stress
interaction are consistent with the hypothesis that the tolerance

observed in animals exposed to stress under the influence of morphine

_3g-attributable to morphine-attenuation of the activation of endogenous
! B

» -

/ . pain control mechanisms by stress. It should be noted, however, that
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_although this hypothesis may account for the demonstrations of morphine

analgesic tolerance when animals-are notw exposed to nociceptive
stimulation, it is not clear that it can account for the one report of/_
"hyperalgesia" observed unde; these circumstances (Krank et wgl., 198’15.‘
Tiffany et al. (1983) fai‘led to observe any differences between animals
exposed' to stress under morphine and those exp?sed under saline when
tests for analgesia were.conducted under the influence of saline.

Thus, further research is needed to determine whether morphine
attenuation of stress-induced analgesia f.an agcount_for "hyperalgesia"

when animals are not exposed to nociceptive stimulation,

-
)



Chapter 2
The results of Expeﬁiments 1-3 supporéed thé hypothesis.that
morphine would attenuate the development of conditioned aﬁtoanalgesia.._
The experimeﬁts reported below investigated the corollary of the
hypothesis that the administration of naloxone prior to exposure to
nociceptive stimulation would, by increasing the perceived intensity of
pain, enhance the development of conditioned autoanalgesia.
Experiment 4

In Experiment)4, the effect of the repeated administration of three
@oses of naloxone, 0.5, 2.0 and 10.0 mg/kg, upcn the development of
conditioned autoanalgesia was examined. Animals were injected with
either naloxone or saline in the distinctive test environment and then
administered a nociceptive test. Following the last day of naloxone'
administration all animals were tested for conditioned autoanalgesia
foiiowing an injection of eithér saline or morphine. As stated in the -
introduction, it was predicted that animals tested under the influence
of naloxone would appear hyperalgesic relatigéfgo animals given
repeated tests under saline, but would display reduced sensitivity to
pain when testing was conducted in the absence of oplate receptor
blockade.

| Method

Subjects and Apparatus: The subjects were 84 rats maintained as in the

" previous experiments. The hot-plate apparatus was identical to that
employed in the previous experiments. Naloxone HCl (Endo laboratories)
was administered by sub-cutaneous injection in the dorsal neck area.

Three doses of naloxone were administered, 0.5, 2.0 and 10.0 mg/kg.
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Naloxone was dissolved in’0.3% saline in a mg/ml/kg volume.

Procedure: For five days prior t‘.%a the experiment per se, animals were
handled in the morning (10:00-11:00) and afternoon,(l6l:00-17':00) for
approximately one min. The animals w.etér also weighed during their
morning handling. The day after the last handling day the experiment
proper begamn

s

Naloxone Treatment Phase During the eight days of the naloxone

treatment}mse, the rats were transported to the test room, injected

<2 .
with either naloxone or saline and then placed in the wooden boxes.

Thé experiment was run in two replications. In the first replication,

'the interval between injection in the distinctive room and hot-plate

testing was 15 min. An N of 6 subjects per group was employed. In the
second replication Mection-test-int?r\;al was 30 min and groups
consisted of 8 rats each, Following‘the appropriate injection-test~
interval, each animal was placed on ;:he hot—pl;ate surfacé and the‘ ‘ ‘»w_.
latency to perform a hind-paw lick was recorded to the nearest 0.1 sec
with a timer (Lafayette Instrument Co.). The water temperature of the

hot-plate bath was 48.5 (_-t.2)°C. This low temperature was used because

it appears to provide a more sensitive analgesic test (see 0°Callaghan

& Holtzman, 1975).- If no response wa;s observed within 90 sec the test
was terminated and a paw-lick laten.cy (PLL) of 90 gec was recorded.
Following the hot-plate test all animals were returne,d Eg their home
cages where, between two and four hours after the hot-plate test, the
animlé w;re administered a second injection. In each re'plication, six
groups of animals were employed. The groups differed with respect to

the dose of naloxone received and the environment in which naloxone was

7 il
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administered. Groups RM-N/HC-5-0.5 mg/kg, RM-N/HC-S-2 mgikg an:d RM=-"
N/HC-S-10 mg/kg wé.re administered 0.5, 2.0 and 10.0 mg/kg naloxone, .
respectively, in the test room~and saline in the home cage. Groups RM-
S/HC-N-0.5 mg/kg, RM-S/HC-N-2 mg/kg and RM—S/HC-N;IO mg/kg received the
reverse drug treatment; saline was administered in the test room and
naloxone was.injence&-in the home cage. Except for a fwo day réspite

between days 4 and 5, the naloxone testing- phase was conducted on

successive days.

Saline and Morphine Test Phase: The dny following.-tt:e last naloxone
treatment day cnnstiltuted the firf;t saline test day. ' On the teést day~
all anixnals were administered saline in the distinctive room and no
injection was given in the home cage.' The general procedure remained
identical to that followed during the naloxone administration phase in’
all other respects. A second snline test day was conducted -one week
follo?vi’né the first. During the interval between the first and second
saline test days the animals remained undisturbed in their home cages

and no drugs were administered. The one week interval was selected to

insure that any residual traces of naloxone would be eliminated from

- the body. On the day following the second test day, al} animals were

adnﬁnistered a hot-plate test under the influence of 5 mg/kg morphine.
Again, the general procedure followed on this day was identical to that
followed during. the salineiﬁest days.
| Results
Since preliminary gtat;scical analyses revealed no significanﬁ
main ef(ect for the injection-test-interval, nor any significant

interaction between the injection-teat-interval and any other factor,

- N
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the data from both replications were combined to yield an N of 14 per

group.

Naloxone Treatmerit Phase Figure 7 shows the mean PLLs for the six”
groups over the eight days of the experiment in which naloxone was

administered. Inspection of Figure 7 reveals that there was no support
. @

for the prediction that animals administered hot—-plate tests while
/Lnder the influence of-nalogone.wodld display a hyperalgesic response.
To the contrary, naloxone—test?d animals appeared analgesic Eflative to
their saline controls, although the magnitude of the effect was
dependent upon the dose administered. With the exception of days 6 and
;, rats receiving 0.5 mg/kg naloxone in phe test rooﬁ displayed longer
PLLs than their saline controls. Administration of 2 mg/kg prior to

+

nociceptive testinghfailed to produce any markqg or consistent effect.
. By far the most pronounced analgesia was exh;gited‘in animals injected ™~
with 10 mg/kg naloxone in the test réom, particularlyvfrom days 4-8,
A split plot analysiq of variance, with drug treatment (RM-N/HC-S
anleM-S/HC~N) and dose as between subject factors and days as a githin
.. subject factor, confirmed these obeervations:“The mﬁin effects for both
. drug administration, F(1,78) = 14.13, p < .005, and days, F(7,546) =
¥ ) 2201, p < 000!, were significant, which reflected the findings that,
tespectivelﬁ, naldxone-testeq animal§ displayed longer PLLs than

saline~tested animals and that the PLLs generally decreased over

repeated tests. Although the main effect for dose was not significanf;

F < 1.0, the drug treatment x dose x days interaction was significant, -

F(14,546) = 2,58, p < .002, indicatiné that latencies did vary as a

‘fuhction of dose. Tests for simple main effects, conducted between

“ “ ’ . ‘\/\J
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10 mg/kg (right panel) naloxone..

- ’,.

o

Figure 7: Mean paw-lick latencies (+ SEM) for groups ;njected
with naloxone in'the test room and saline in the home cage (RM-N/HC-S)
or saline in the test room and naloxone in the home cage (RM~S/HC-N) -

dur‘i;g the eight days of the naloxone treatment phase of Experiment 4,

Groups were admiﬁistered either 0.5/};;&: panel), 2 (center panel) or

§
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groups at each dose for each day, revealed the nature of this

variation. At the 10 mg/kgv&oée the megn PLLs for naloxone~tested and
. kN ] .

saline-tested animals did not differ from days 1-3, Fs(1,624) < 2.20,

ps > .05, but from days 4-8 the PLLs for group RM=N/HC-5-10 mg/kg were

. signif.icanfly longer than those for group RM-S/HC-N-10 mg/kg, -Fs(1,624)

2 9.6('), ps < .0l. The longer PLLs in group RM=N/HC-S-0.5 thg/kg were
7

significantly different from group RM-S/HC-N-0.5 mg/kg only on days f,

4 and 8, Fs(1,624) > 5.44, ps < .05. No significant differ\énces were
observed. between naloxolne—test‘ed and saline-tested animals at the 2

‘mg/kg dose, Fs(1,624) < 3.79,-ps > .05, Te;ts conducted for each group
over days revealed that, with the exception of group RM~-N/HC-S-10 mg/kg |
(F < 1.0), all groupslshoded a general .decrease in PLLs over days,
23(7;624) > 2.40; ps < .05.

i

Saline and Morphine Test Phase Figure 8 shows the mean PLLs for

the six groups over the three test days. With the exc¢ption of group

RM-N/HC~S-2 mg/kg on the second saline test day, the groups previously

receiving naloxone in the distinct}.ve room displayed elevated latencies

w

relative to their respective saline control groups. The analysis of

variance (previpus drug treatmeﬁt X pfevious naloxone dose x test dhy)
. . 1

performed on these data frevealed significant main affects for previous
drug t.r-eat:ment, _Fi(l,? ) = 14.15, alrlld for test'd;ys. !;62,'156) = 34,16,
ps < .00l. The main effect for previous drug treatment indicates that
animals previously exposed to the hot-plate under naloxone’ were‘_

analgesic when tésted under saline or morphine compared to animals

prevjously gfven hot-plate tests under saline. The test days effect
, S '

reflects the general tendency for latencies to decddine from the first

v
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saline test te the &fcond, as well as the increase in PLLs when the

animals were tested under morphine. The analgesia did not vary as a

function of previous naloxone sgée; ne;thei the main effect for dose,

_11(2,78) = 2.37, the dose x group interaction, F < 1.0, the dose x test

days interaction, F(4,156) = 1.10, or the dose x drug treatment x test

days interaction, F(4,156) = 2.24, were signif;cant (ps > .05).
Discussion

w

Experiment 4 yielded three main findings. First,” the

o — " ’

qdminiséggfion of naloione prior to nociceptive testing did not -produce
; hyperalgesic response, as was initlally predicted, but iﬁsteadf
increased latencies relative to animals tested under saline (but-that
received naloxone injections in the home cage). The analgesic effect
observed following repeated naloxone administration was a function of

“the dose administereé; the stronge;;\Z}E;;; occurred at the 10 mg/kg
dose with less robust effects occurring at the lower doses. *Second,
animals prev%ously administereq hot-plate tests while under the
influence of naloxone displayeduétronger levels of conditionea

° autoanalgesia when tested unde; saline than aid animals always .given
hot-plate tests under saline. Third; the greater conditioned
autoanalgesia observed in naloxone-tested aﬁimals summated with the

" analgesic effect of morphine. Unlike the analgesia observed during the
naloxone administration phase of the experiment, the greétef~"
conditioned autoanalgesia and thg'éynergism with morphine’analgesia
displayed during the test phas; of the experiment were independent of :
the dose of naloxone administered. ‘

Although it was not possible to identify the mechanism involved in

. . \
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8 administration, therefore no evidence of hyperalgesia would be

2

/
/

~——— .

the naloxone-induced analgesia from the design of Experirmet{'t 4, two

pqssibili‘ties.exist. First, it is possible that the anaigesia was
opiate mediated. According to this view, the repeated administration
of naloxone might have caused some ‘chdnge in the functioning of the
oplate componeqt of the EPCS;"fqr example, a gre;ter release of
endogenous ppiate ligands or a change in opliate receptor affinity or

number. Lahti and Collins (1978) have shown Fflat chronil: opiate

_ receptor blockade results in prolonged increases in brain opiate

binding sites, an effect that is man.fested behaviorally as an

- enhancement of morphine’s analgeéic potency (Tang & Collins, 1978).

This explanation of the results, however, is questionable. In the Tang
and Collins study the increase in morphine’s analgesic potency was
demonstra_ted after termination of opiate receptor blockade, whereas the

'anaiéesia observed in the farEsént experiment developed during naloxone

e

administration. Furthermore, the blockade regimen used in the present

experiment can hardly be considered chronic. - .

A more likely alternative is that the analgesia was xpeciiated by

the r‘ton—opia_t:e component of the EPCS. This alternative is suggested by

‘the finding that the highest dose of #&loxone used (10 mg/kg) produced

’ .
the strongest effect. Secondly, the fact that, contrary to

expectation, paloxone did not produce hyberalgesia also Lrgues in favor

of a ndn-opiate mediation of tﬁe analgesia displayed when animals arée

tested under the influence of naloxone. . A non-opiate mediated e

analgesia, should, at least initially, be insensitive to naloxone

AR

" obtained. The issue of the opilate-n n~opiate nature of the naloxone-

e
f 1 -
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/‘ . :
) " induced analgesia is directly addressed in Experiment 9.

Al‘fhough it is probable that the analgesia observed when animals

were tested under naloxone was mediated by the non-opiate component of

the EPCS, {t does not neceesarily fol,low that the enhanced conditioned'
autoanalgesia observed was also.controlled by this substrate. In&eed

inspection of th} results from the groups administered 0.5 and 2 mg/kg

naloxone in Wmﬁggesta that the substrate mediating the

conditioned autoanalgesia may be quite distinct from that controlling

the naloxone-induced analgesfa. Both groups exhibited a pronounced

~

conditioned autoanalgesia when tested under saline or morphine despite

\

' the fact that the naloxone-induced analgesia observed at the 0,5 and

2.0 mg/kg doses was weak or absent. This result might suggest that,

unlike the non-oplate mediated, naloxone-induced analgesla, the

o

. conditioned autoanalgesia may be, at least jn part, mediated by the
\’." « L]
oplate component of the EPCS. The majority of studies that have

5]
investigated the substrate underlying conditioned autoanalgesia have /
found it tao be mediated primarily by an opiate-substrate (De\;ries,

" Chance, Payne & Rosecrams, 1979; Fanselow, 1984; Fanselow & Baackes, '

-

‘&»L ’7‘1,9,82; Fanselow & Bolles, 1979; Oliverio & Casellano, 1982; Sherman et

al., 1984; 1982; Watkins et ai., 1982; but see Chance &‘Rlosecrans,

>

1979a, b; Hayes et al., 1978; for exceptions). Furthermore, it appears
that the conditioning of opiate-mediated autoanalgesia occurs even in

hose instances where the unconditioned analgesia is mediated primarily

R
—

Yy & non—opiate mechanism (Watkins et al., 1982), or when an_

i

u::a)‘nditioned opiat:e-mediated analgesia is prevented from occurring by

prior opiate réceptor blockade (Fanselow, 1984; Fanselow & Baackes,

-

S

64



)

1982). It is possible, therefore, that in the present.experiment the
opiate antinociceptive mechanism was activated (and therefore
conditioned) when animals were tested under naloxone, but that the
analgesic effect; of recruit;ent of the oplate system were blocked by
naloxone. When testing wa; conducted under saline or morphine, however,
the opiate component was conditionally activated withouttfnhibition;
resulting in an opiate-mediated conditioned autoanalgést!f’—#q
Althouéh this argument may account for the finding that all ;hree
doses of naloxone employed in this study enhanced the development of
" conditioned autoandlgesiéﬁix does nof explain why the hnalgesia_ghat
developed during naloxone administration was)most pronounced in animals
@ - déminiéteted the highest dose of naloxone. The most lgkely'poasibility
is that the JZQeloément of analgesia under naloxéne is dependent uéon
the degree to which the opiaté component is antagonized during exposure
to nociceptive stimulation.‘ The General Discuseion offers a model to
. T—explain how this Ebssibilitx may occur. ° ' "
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. Exgeriment:. 3
In Experiment 5, the effect of varying the hot-plate teeperature
;pon the development of naloxone-induced analgﬁsia and conditioned
auéoanaléggia was examined.
Method

Subjects .and Apparatus: The subjects were 36 rats maintained as in the

prévious experiments. The apparatus was identical to that used in

Experiment 4;

.

Procedure: As in Experiment 4, all animals were handled twice daily

for the first five days following arrival at the laboratory.

END k
Naloxone Administration Phase The rats were randomly assigned to six

groups (N=6). For days 1-8 of the experiment, three’of the groups were
administered naloxone (10 mg/kg in a fdlmg/ml solution) in the test
room and saline in the home cage (groups RM-N/HC-S). The remaining

three groups received saline in the test room and naloxone in the home

_cage (groups RM-S/HC-N). The groups also differed with respect to the

temperature of the plate Quring hot—-plate testing. One group from each
érug administration condition was tested on a plate immersed in a 48,5°
C bath, the bath temperature for the second group was 52.0° C,'Lhile
that f;r the third group was 56.0° C.. A 30 min intefval eiapsed
bgtween injection in the test room and the.hot-plate test. As in
Erperiment 4, a two d;y rest period, during which the animals were left

“a

undisturbed in their home cages, occurredkbetween days 4 and 5.

——

Salingﬂand Morphine Test Phase The test phase of Experiment’g was

identical to that of Exﬁeriment be
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‘ Results

Naloxone Treatment Phase: iFigure 9 presents the mean PLLs for the

six groups over-the first e"ight gays of the experiment./ As in
Experiment 4, animals tested on the 48.5° hot-plat‘g following =
administra'tion of iO mg/kg naloxone displayed longer PLLs than saline-
tested animals, beginniné on day 5. .No differences between naloxone-
and saline-tested animals were observed at the higher two plate |
temperatures. The analysis of variance (drug treatment x plate
temperature x days) ;evegled significant main effects for plate
temperature, F(2,30) = 3'50.70, and for days, F(7,210) = 25.29 (ps <
0001), as well as a significant plate temperature x days 1r;teraction,
F(14,210) = 8.56; p < .0001, Tesﬂts for simple main effects conduct.ed )
over days at each plate temperature revealed that the PLLs declined
over days in animals tested c;n the 48,5° C platej_l_{(?,ZlO) = 2509, p <
001, and the 52.0°C pllzfte, F(7,210) = 6.96, p < .01, but not in
animals tested-on the 56..00 C plate, F(7,210) = 1.93, p>.05.
However, Figure 9 shows thz;t the decline in 1a.tenc1es among animals
tested on the 48.5% plate occurred mainly among saline-tested animals.
Naloxone-treated animals tested at this temperature displayed

relatively constant latencies ovetr days 2-8 following a decline in

latencies from day l. The main effect for drug treatment only

approached signific,énce, £(1,3(j) = 3.65, p < .07. In spite of this

weak ov'erarll effect of drug treatment, Figure 9 shows that, on the last
four days of testing, naloxone—treated ;nimais‘tested on the 48.5° C _
plate had considerably longer latencies than did saline-treated animals

tested at that temperature, a finding which replicates that seen in -
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‘ Figure 9: Mean paw-lfck latencies (+ SEM) for groups receiving

naloxone in the test room and saline in the home cage (RM-N/HC-S) or

" saline in the test room and naloxone in' the home cage (RM-S/HC-,N) for

each of the three plate temperatures during the eight days of the

‘naloxone treatment phase of Experiment 5.
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Experiment 4. In order to statistically confirm this observation,

_Scheffe’s test (Kirk, 1968) was\employed. It was found that although

the latencies of the groups tested on'the 48.5° C plate did not differ

on the first four test days combined, F < 1.0, over the last four dAys
' S

the combined mean PLL of/”the naloxone-tested animals were significantly
longer than animals tested under saline, F(7,240) = 11.68, p < .00l

Saline and Morphine Test Phase: Figure 10 presents the PLLs for

the six groups for the two ‘saline test,‘days and the morphine test day.
On all three days group RM-N/HC-S-48,5° exhibited longer latencies than
group RM=-S/HC-N-48,5°, No difft':rences were observed at the higher ’
plate temperatures on any dz;y. A previous drug: treatment x plate
temperéture x test days analysis of variance confiximed these
observations. The main effects for previous drug t;eatment, f_(l,30) .
4.68,ﬂg_ < .05, and plate temperature, F(2,30) = 112,88, p <.0001, vjé;re
aigni:f‘icant as was the drug administration x plate temperature
interaction, F(2,30) = 3.36, p < .05. Tests for simple main e,ffecats
revealed that group RM-N/HC-5-48.5° exhii;ited longer PLLs lthan group
RM-S /HC-N=48.5°, F(1,30) = 1130, p < .Ol‘. “No differen‘ces between

groups were observed at either the 52.0° or 56.0° plate tempei‘ature)s,

' 4
Fs < 10,

Discussion

In this experiment, as in Experiment 4, naloxone-induced analgesia
was evident during the last four‘ days of testing, and administration of

naloxone prior to mociceptive testing resulted in greater conditioned

autoanalgesia when hot-pﬁte tests were giveﬁ under saline or morphine.

However, these effects were evident only in animals testéq on the

-
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A

Eg'ggﬁ-l_gz Mean pa;r;lick Yatencies (+ SEM) for groups previously
injected with naloxone in the test room and saline in the home cage
(RM=N/HC=-S) or saline in the tes)t room and naloxone in the‘ho;ne cage
(RM—S/HG—N).for each of the three pla‘te temperatures during the two

saline test days (left and center panels) and the morphine test .day

(right panel) of Experiment 5.
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~lowest plate temperature (48.5%). No evidence for naloxone-indﬁced‘

)
1 4

analgesia or potentiation of conditioned autoanalgesia was evident at

the 52.0° or 56.0° C plate. temperatures. The fact that no differentes
- P -
were obtained at the hotter plate temperatures suggests that the’
& : ,
potency of the naloxone-induced- analgesia and the conditioned !

autoanalgesia was insufficient éh inphibit the effects of more intense
ya . 5 @ ,

levels of noéigept;ve stimulation, and adds further support‘to thé

r

, €

» v

argument that the int§nsity of the nociceptive stimulus during tests

for analgesia is crucial to the demonstration of ‘certain analgesic
effects. Effects might very well have been observed if, following
tests on the 52.0° or 56.0° plates, these animals had beeneédmihistered

<

hot-plate tests at the 48.5° temperature. . ¢
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~ Experiment 6
There exists considerable evidence to suggest that analgesia- .

| inducing manipulationg@&ary in effectiveness depending on the analgesia

-y

test employed. For e'xample, annis and Me l'zack‘ (1989) re{ported that
administration of the serotonin precursor L-EryptOphan pi'oduces
analﬁeaia as assessed by the tail-flick and formalin te:nt:s, but not on
the hot-plate test (see also Dennis, Melzack, Guttman & Boucher: 1980):f
Thus, 1t appez'ars that one of the criticaln variables involved in the
determination of the ana‘lgesic effeetiveness of various manipulations
is the type of analgesia test employed. Given this finding, Experiesent
6 examined wht;.ther naloxone would induce analgesia as assessed by the'
t:ai_l-fli'ck test. Furthermore, as in Expé}"r\n‘iéht/'s,” the effects of:

différent intensities of nociceptive stimulation on the deVelopmeni of

the naloxone-induced analgesia was inveqtigated.

L
o,

Method T *

Subject: The subjects were 32 i'atq maintained as in the ppevious

e;cperimerfts.

Apparatus: The apparatus used in the p viom\g}ﬁeriments was also
. em‘p}oyfd here. In addition, however, ‘a yhite plast;c bottle, 15 cm -
‘ long and 5.25 cm wide (inner diamete?) with the bottc;m, of the. bottle
removed, was used to restrain the animals dufing tail-flick tésting.
The rat was inserted into the bottle through the open-ended bottom. In
a¢ dit’ioh, the rat could protrude its head thfough a small, semicircular
opening at the front of the bottle.

Ptocedﬁxte: Twice a Yciay for the five days preceding the experiment, the

animals were handled and acclimatized to being ‘inserted and restrained
f . . .\’:’:\

L]
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in the bottle. i \~

The tail-flick test consisted of {nserﬁing éhe rét into the
bottlé, immersing‘the distal"5 cm of che‘ratsfﬂ;ﬂil into heated water,
and measur#pg the latency to completely withdraw the tail from the
water to the ne'érest 0.1 sec. Animals were assigned to one of four
a groups (n=8). Two were tested at 45° C (+ 0,2°) water temperature and
t;lo at 50°% At each temperature one group (}lM-—N/HC-—S) received
naloxone (10mg/kg) in tlhe Bt room and saline in the home cage and the
other group (RM-S/HC-N)’Teceived saline in the test room a’nd naloxone
in the home ca'ge. N

Tail-flick testing under the drug treatment regimen was conducted
for eight days. On day 9 all’groups were administered tail-flick tests‘

(at their respective water temperatures) under saline. One week »

following the first saline test a second saline test was adminiétered.

F

—The interval between injection in the distinctive room and testing was
30 min throughout the duration of the study.

Results

Naloxone Testing Phase: Figure 11 shows the mean tail-flick
latencies from the first eight dayé of the éxperiment. A drug
treatment x water temperature x days anhlxsis of variance was performed
or‘ the data. Naloxone administration’prior to testing induced

analgesia at both temperatures as indicated by a significant main
effect for drug treatment, F(1,28) = 6,31, p < .02, and a non-
significant drug treatmwent x water temperature 1ntera‘ction, F < 1.0,

The analgesia was evident throughout the testiné period; neither the

drug treatment x days nor the drug treatment x days x water‘%mperatute
@ -
I .
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Figure 11: Mean tail-flick latencies (+ SEM) /for éroups

administered naloxone in lph{,teat room and saline ,,in the home cage (RM-

1

N/HC-S) or saline in the alcest_ room and naloxone in the home cage (RM-
2 \\ . - e ) R '
S/HC-N), tested at e{theﬁithe 45° (left panel) or the 50° (right panel)
, ‘ \ . . ‘ . '

water temperature during th\e~e~i.gh:\ days of the naloxone treatment phase

P
D

of Experiment 6.
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interactions were significant (Fs < 1.0). Both the main effect for

3

-
)

days, 2(7,196) = 14,54, and the days x water temperature 1nterac°tion, -

£(7,196) ‘- 1'2.17, were significalﬂlz/ (ps < .0001), ‘reflecting the fact.
that animals tested at:-the 45° temperature showed aasubste.mtial
decrease in tail-fli;:k latencies o'ver days while_the latenciqs for the
animals tested -at the 50° teﬁxperature_ rémai_ned relratuively constant.

. =
.Saline Test Phase: Figure 12 shows the mean tail=-flick latencies

during the two saline test days. Animals previously tested under

naloxone exhibited longer tail-fli’ck latencies on the saline test days

-

than ani;qils p}eviously tested under saline., ‘This effect occurred

&~

irrespective of water temperature. These observations were confirmed

stat\i?r:lfally. The main effect for previous drug treatment was
A _ ‘ N
significant, F(1,28) = 6,41, p < .02, but neither the main effect for

water temperature or test days, nor any of the interactions, were

i

significant (Fs < 1.0), ‘ .

Discussion
The results of Experiment 6 show that, as in the hot-plate test,

the administration of 10 mg/ké naloxone pr‘ior to tail-flick testing .

induced analgesia and led to greater conditioned autoanalgesia when

t

(£ ]
tes?/were conducted under saline. -

Unlike in the previous studies, where ev}«d’ence for naloxone-
) ' . .o

induced analgesia developed only after tepeaﬁe.d administration and
testing, in the present study naloxone-treated animals displayed longer
latencies fro_m the first day of testing. This raises the ;I)ossibility
that the analgesia cannot be attributed to naloxone administra'é:ion pet:
se, but rather to different basal levels of analgesia in the diffe‘rent

75
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. Hgure 12: -Mean tail-flick latencies (+ SEM) for groups

‘previously administered naloxone inthe test room and saline in the

home cage (RM-N/HC-S) or saline in the test room dnd naloxone in the

home? cage (RHfS/li’C-N),_ tested at either the 45° (left pat;el) or the 50°

(right baneﬁ water temperature, during the two saline test days of

-~

Experiment 6. : ' : )
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groups of animals. While there is no direct evidence to contradict o
this argument, an “alterrgative explanation for why naloxone-treated
- animals had longer latencies from the first day of tes'ting can be

’ suggested. It will be recalled that .in this experiment all animals

»

were familiarized with the testing bottle Before the experiment. This
: © familiarization should have reduced the influence of stress—induced ~ =

analgesia produced by novelty in saline-treated animals. As discussed

earlier, Bardo and Hughes (1979) have demonstrated that animals ‘
) LA , - §
, familiafized with the testing apparatus display shorter response

2

A ) latencies‘than—énimaqls exposed to the testing appai‘atus for the firsg
N _ .time. The finding from the present expeitiment that, in animals

~ familiarized with the testing apparatds, naloxone produced longer .
¥ ~ Jatencies: from.the first day of. noc‘ice'ptive testing raise;] the

L
possibility that. the naloxone-induced analgesia resulted from an

.interaction with novelty/stress-induced analgesia. This possibility was

invéstigated in the next experiment,
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Experiment 7
- In the introduction, it was argued that recruitment of the EPCS

t ' 1
would be’increased in animals tested under naloxone., The increased

. recruitment of the EPCS was hypothesized to arise from increased pain
perception brought about by blockade of oplate receptors mediating the

effect of the oplate antinociceptive compBnent. This greater

_—F -

recruitment of the EPCS would in turn result in a greater conditioned

autoanalgesia. While the results of the experiments reported to this

point indicate that oplate receptor blockade did, in fact, potentiate
the development of conditioned autoanalgesia, they did not provide

evidence for increased pain perception following naloxone

administration. Repeated administration of naloxone prior to

nociceptive testing led to the development of analgesia that was

1

evident while the animals were under the influence of naloxone.
According to the argument, longer response latencies should have been

. observed only when animals were tested in the absence of opiate
* 4 \
receptor blockade.

It is therefore important to note that the differences in PLLs

8

| that were found between animals tested under naloxone and animals b)
tested under saline emerged mainly as the result of a decline, over
repeated tests, in t&e latencies of the saline-tested animals; the Pﬂls

of naloxone-treated animals tended to decline less rapidly. This result .

— ’ . suggests that naloxone might attenuate the habituation of stress-

. induced analgesia caused by the nbvelty of the test environment (Bardo
. 4

o e i e

6

& Hughes, 1979). According to this\argument, animals administered
. naloxone might be analgesic relative to saline-treated animals because ’h

>

) ‘ 78 - .
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«they continue to dispﬂlay novelty/stress-induced'analgesia at a time
when the saline—tre'ated animals have\habituated to the test apparatusg.
' " The present experiment assessed’the effect of naloxone
administration on the habituation of novelty/stress-induced analgesia.
— The de.sign employed was similar to that employed by‘Bardo and Hughes
(1979). Animals were administered either n;ioxone or saline in the
test roo;n and were then exposed to an ‘ambient temperature (22 + 1° ¢)
cold-plates A third group of animals was not exposed ‘to the, testing
apparatus. If naloxone-induced analgesia resulted, at least in part,
from cbntinued stress;reactivity, then animals given cold—plgte
-
exposures under naloxone should display, in subsequent hot—plgte tests,
latencies of similar ;agnitude to non-habituated animals, and that both
. | of. these-groups should appear anal'ggsic relative to apimals given .cold--
. plate exposures under saline.
) ‘ In adc‘iition to determining the efrfects of naloané' administratdon v
— ' on stress-reactivitx, Exﬁeriment 4 provided aQ oppor%unity to assess
. directly whether exposure to nociceptive stimulation, in itself, ,
contributed to the development of the analgesia ot;served 4% naloxone-
tested animals. Following the habituation phase of the experiment, a
'second phase ;188 initiated in ‘which all animals were given repeated
nociceptive tests on the 48.5°_ C .hot-plate. During this; phase the
three original groups were divided in half; one subgroup received
naldxone prlor to nociceptive cssting, and thg{other waé injected with
saline. ~If animals given hot-plate test® uncfer naloxone developed

analgesial, even after they had been habituated to the plate cues, ther{

it could be concluded that nociceptive stimulation in itsélf
| . - - -

' : ' .. .79
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Animals in group NO HAB were never exposed to the hot-plate apparatus;‘

oy

.

contributes to the elicitation of the analgesia seen in naloxone-
treated animals. Because aqalg’e a due to novelty/gttess shou;d be
minimal in animals previously f-dmiliarized with the apparatus, any
analgesia which did develop could be attributed to the effects of
&
nociceptive stimulation. -
Method

Subjects and Apparatus: The subjects were forty-efght rats maintained
. . )
as in the previcus experiments. The apparatus used was ideiitical to
, . '
that inExperiments 4 and 5. b

Procedure: The animals were handled twice daily for five da\ys_ pridr to

thg start of the experiment.

-

The experiment consisted of two phases; lhabicuation and hot-plate
testing. ’

Habituation Phase: The animals were randomly divided into three groups

(N=16), differirfg with respect to the manner in which the animals w;zre
7 . -
exposed to the non-functional hot-plate apparatus. Animalsf?n group

. HAB-NAL'were transported to the test room, Iinjected with’ naloxone (10

mg/kg) and 30 min later were placed on the 22° ¢ cold-plate for.60 sec.
They were then returned to their home cages, whére,j three to five hours
later, they were injected with saline. Animals in éroug HAB-SAL were
administered saline in the test room and naloxone in the. home .cage-a

7
remaining in their home cages and receiving no injections throughout
the duration of this phase. In order to attempt .to equate for the

effects of handling, the animals were picked up for .approximately one

min at the times when apimals in the other groups were given their test .

*
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room and home cage injections.,

§

~

The hpbituatio; phase lasted for ¢ight days and was followed by a

b

saline test day in which all animals were given a test for analgesia on

~

the 48.5° hot-plate. . ) o

Hot-Plate Testing: This saline test day was follpwed by an eight day

hot—plate teati:ng phase during which al]: animals were given one
nociceptive test p-er day on the 48.5° C hot-plate. Half of the animals
in each of the three original groups were administered naloxone }n txhe'
test room and saline in-the honme cage, while fo‘r the remaining animals
the dru.g treatment was reversed. Note that for half of the animals

that had previouély received habituation to the plate cues, the drug
treatment-;&;i—;zstered during the hot?—plate testing phaéf was‘the 'soamé
as that received during the habituétio}l phase (groups HAé-NAL/RM-—N/HC-S
;md HAB-SAL/RM-S/HC-N), while for the remaining half the drug treategnt
administered during the hot-pla;te testing pﬁase waz; the opposite from

that given during the habituation phase (groﬁps HAB-NAL/RM-S/HC-N and

HAB-SAL/RM-N/HC-S). Following the last day of this phase, all animals

" were given a second saline test day. . <

»

Results 4

i 1

Saline Test Day: Figure 13 shows the mean PLLs (+°SEM) for groups

RN

HAB-NAL, HAB-SAL and NO-HAB on tt’m< saline test day that fol‘iowed the
eiéﬁt habituation days. The analysis of variapce revealed a significant
effect of s;bituation treatment, F(2,45) = 29.84, p <-.0001. Animals
that . had received naloxone in the test room during habituation and

animals that had not been habituated to the hot-pléte apparatus both

. exhibited longer PLLs than animals that were habituated under saline

[« v ad 14
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' under naloxone showed no Bignificant changes in PLLs over {ays, ;

- ! \

\

- .

(Tukey”s tests). The PLLs for naloxone-habituatgd\an:lmals did not

differ from non-habituated animals.

' Hot-Plate Testing Phase: Figure 14 shows the mean PLLs for the

six groups during the hor.-;plaCe testing ph:;se of the experiment. The
analysis of variance (previous habituation treatment x hot-plate
tescin'g’dnfé treatment x days) ylelded significant habituation

tre&tn;ent x days, F(14,294) = 2.07, p < .025, and»hot—plate. drug

treatment x days, F(7,294) = 7.15, p < 0001, interactions.

s
t

As i,n'previous experiments, animals tested on the 'hot-platne under

. ' < :

naloxone had longer PLLs than saline-tested animals. More interesting,
. ! 3

however, were the differences between groups as a fun¢tion of previous

7

habituation treatment. #nimals previously hﬁituated to the apparatus

. F(7,294) = 1.58, p > 05, whereas the latencies for animals that

received no habituation treatment “decreased over days, F(7,294) =

°

5.90, p < .01 Inspecéion of Figure 14, however, shows ihat this

A

~

decrease in latencies occurred primarily among animals receiving hot-.
o 3
: s \
plate tests under saline; on day 8, the latencies for animals that were -
' » ~' r 0
tested under naloxone were similar to those for day 1. The PLLs for

. animals haBituateq-undetﬁ"‘saline also véried as a function of days,

F(7,294) = 5,00, p < .0l; reflectirlg the fact that t}me latencies for
thSe. an}mais increaged on days 2°and 3 and then stabilized over days
4-8, quever, even here this trend was more descriptive of animals
given hot-plate tests under'saline. The ‘laten;:ies of animals tested

under\ naloxone were longer than they had been on day 1 throughout the

hot-plate testing phase.



i

Fi:g‘ur; _1_13_ Mean paw-li'él‘c laten‘c‘_ies' ‘(+ SEM) for groups injectedl
with nal;axone in ‘the test room and saline in the home cage (RM~-N/HC~S)
or'saline in the test room and ;'mlo‘xone in the home cage (RM-S/HQ-'-N)
‘during the e'igh.t dayé o}_ the hot-pla;;z t‘est‘ing phase of Experiment 7.
The left panel shows tﬁe latencies for aqﬂim.‘_ls'p’revimsly habituated to
tl'fe plate under naloxone, the center ;;anel for anfmals previously
Habituated under saline, and the right pat;el for animals not previously .

— habituated to ‘the plate.
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Tests conducted to determine the nature of the hot-plate drug

treatment ; days interaction revealed that animals té;ted under
naloxone exhibited significantly longer PLLs than saline-tested aﬂimals
on all 8 days, Fs(1,336) > 5.22, ps <,05. The latencies of naloxone-
. tested animals tended to increase over days, F(7,294) = 3,50, p < .01,
‘pafticularly in animals previously habituated to the hot-plate (i. e.,

‘ y
groups HAB-NAL/RM-N/HC-S and HAB-SAL/I@M-N/HC-S). In contrast, the
latencies ogﬁgalinertested animals decreased over days, §K7,294).-
7.90, P < 01, particularly among animals previously not habituated to
the’hot-plate cues or habitQated/to the plate under naloione (groups NO
HAB/RM-S/HC-N and HAB-NAL/RM-S/HC-N). '

Figure 15 shows the ggs;lts fFom the saline test day that follo;ed
ithe hot-plate test%ng phase of the experiment. Th? analysis of variance
(previous habituation treatment x hot-plate testing drug. treatment)
revealed a significant main effect for hot-plate testing drug
treatment,hfxl,AZ) = 16,02, p < .00l, reflecting thevfact that animals
previously éiven hot-plate tests under‘galroxone exhibited longer PLls
thaln animals previously tested under saline. Neither the main effect
for previous habituation treatment, F{2,42) = 2.53, p > .05, nor the

habituation treatment x hot-plate testing drug treatment interaction (F
¢ o -
4

+ < 1.0) was significan't. &

I3

3

Discussion
In this experiment animals that either were not habituated to the

plate cues prior to Eesting or were habituated under naloxone had

longer PLLs than animals habituated under saline. These results

85
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Figure 15:

récei:ving naloxone in the test room and saline in the home cage (RM-

.

N/HC-S) or saline in the test room and naloxone in the home cage (RM-

S/HC-N) as a function of previous habituation treatment during the

second saline test day of Exp'erime»p,t.:_?.u\ ;
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suppo%t the hypothesis that the analgesia observéd wheh animals are
tested under naloxone‘arises, in part, from the fact that habituation
of novelty/stress is attenuated by naloxone administration.

Although naloxoné-attenuation of the habituation of novelty/stress
conitributed to the naloxone-induced analgesia, the results from-the
hoﬁ-plate testing phase of the experiment suggest that exposure to
ﬁociceptiVb'étimulation also contributed to the development of the
effect. It was found that animals exposed to the plate during thé
habituation pha§e of the experihent and then exposed to nociceptive /
stimulation under the influence of naloxone during'the hot-plate
testing phase (iie., groups HAB-NAL/RM-N/HC-S and HAB-SAL/RM-N/HC-S)
dispiayed increased latencies over days. An increase in latencies
would be expected i} naloxone administration prior to nociceptive
testing caused anh increased recruitment of the EPCS, H;wever, it is
not clear that thé greater recruitment of the EPCS results from
naloxone-produced changes in pain sensitivity since fn this experiment,
as in"Experiments 4-6, no evidence for hyperalgesia was obtained.
Exactly how exposure to nociceptive stimulation results in the greater
recrui tment of the EPCS, threfore, remains unanswered.

One finding in this experiment that differed from that of the
previous experiments 1is éhat during the hot-plate testing phase animals
tested under naloxone actually showed increases in latenclies over o
trials, barticularly in animals previousl& exposed to the plate (It “was
noted earlier that in tﬁe previous experiments the difference between

naloxone— and saline-tested groups arose primarily from the decline in

PLLs over trials in saline-tested animals). One explgnation for this

®
T
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finding might be that in this experiment animals were familiar{zed witﬂ
the testing procedure prior to being given nociceptive‘tesgs.' It is
;nte;esting to note in'this regard thati1n~thg animalg)not‘habitqpted
to the plate prigg_goahot-plgte testing (NO HAB), the pattern of
results was similar to that seentin previous experiments;'saline—‘
treated amim=ln-showed a dgcrease in latencles over trials whereas

L

naloxone-treated animals showed litgleAchange. ' .

o
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Experiment _§_

The effects of pre-exposure to the hot-plate apparatus on the

Jévelopment of analgesia under naloxone was studied further in

13

Exi)er:lment 8. In this experiment animals were administered either

¢

naloxone or saline and then pre-exposed to either a 48,5% C hot™=plate,

an ambient température cold plate or were not exposed to the plate.
N )
Following this pte-}expos’ure phase the animals were tested for analgesia

under morphine. \ .

Experiﬁ:eht 5 ai\s\? aéldress\ed another possible interpretation of the
findings obtained witt\l‘\.r\'naidxon:.xgecause in all the experiments
reported thus fa}', anim’é‘ls were remo(red from the hot-plate immediately
foll;)wing a paw lick, it would have been possible for animals to learn_
that paw-licking leads to immediate escape from the hot-plate. Perhaps
naloxone i{n\:‘jrferes 3ith the learning of .this instrumental escape “ \

contingency. The more naloxone interferes with the learning of this —~

contingency, the more analgesic animals tested under naloxone would

-

- appear relative to saline-treated controls. In order to control for

this possibility, in the present éxperiment: all animals were kept on

SR - the hot-plate surface for 90 sec regardless of when they first paw~
11 cked. :
. " Method

Subjects and Apparatus: The subjects were farty-eight rats maintained

as previously described. The apparatus was identical to that used in

Experiments 4, 5 and 7.
Procedure: Following five days of twice daily handling, the gnimals

were randomly divided into six groups (N=8), Three of the groups were

»
’

89



given naloxone (10 mg/kg) in the test room and saline in thg home cage,

Qo .

. ‘ i
the remaining three groups were g@_‘en saline in the test room and

- naloxone in the home cage. Within each drug treatment condition, one

group was exposed during the first eight days of the experiment either

to a plate immersed in a 48.5° (+ .2°) C bath, (groups RM-N/HC-S-HP and

RM-S/HC~N-HP), to an-ambient temperature (22 + 1° ¢) cold—plrate (groups /"
. : f

-

RM~N/HC-S~CP and “RM-S/HC—N—CP),, or to none of the hot-plate apparatus L

4 -

‘cues (grouim RM-N/HC-S-NP and RM-S/HC—N;NP). In order to control for
the effects of handling, animalg not expos?d to the hot—é}qte were
instead placed in a 36.3 x 35 x 25 ¢m wooden box, with a wire mesh
flggsr, All daily' exposures,” whether to the hot-plate, the cold-pﬁte,

1

or the wooden box, were of 90 sec duration. '

On day 9 all groups were given hot—plate (48.59) tests following
administraton of 5 mg/kg morphine. During the morphine test the
animals were lgft on the hot-plate surface f;)r 120 sec regardless of
when they first licked their paws.

. Two days following the morphine.test day, all animals were given
nociéeptive tests on the 48.5° hot-plate for five days. During this
phase the different groups were given the same drug treatments as they
had been given during the ‘first eight days of the experiment. The
animals were kept on the hot-plate surface for 90 sec during this
phase. The interval between injection in t'he,test room and nociceptive
testing was'30 min throughout the study.

Results

Plate Exposure Phase: Figure 16 shows the mean PLLs for groups

RH-N/HC-S-&P and RM-S/HC-N-HP, the two groups that received hot-plate

s

>
90 .

e
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. Figure 16: Mean paw-lick latencies (+ SEM) for the two groups
exposed to the 48.5° hot-plate during the eight days of the plate
. exposure phase of Experiment 8. Group RM-N/HC-S—ﬁP was admiristered .

- naloxorne in the test room and saline in the home cagé;sgrdup RM=-S/HC-N-

“y . -

'HP received saline in the test room and naloxone in the home cage.
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3
tests during the plate exposure phase é;f the expérimen“t. A drug

Y
treatment x days analysis of variance revealed significant main effects

e

for chug treatment, F(1,14) = 7.08, p < .02, reflecting-the 'longer PLLs

"in ﬁloxone—tested animals, and days, F(7,98) = 6.26, p < .000l;

reflecting the overall tendency for PLLs to decrease over déys,

particularly in salﬁ}ne-—tested animals. The drug treatment x days

interaction was not significant, 2(7,9 8)~- 1.78, p > .05.

Morphiné Test Day: Figure 17 shows the results from the morphine,
) Ay . 1 ’
test. day. Prior to the morphine test day ope animal in group RM-S/HC-
L

N-NP died. Therefore the mean PLLs for this group are basq$ on N=7. A

-

between~subjects analysis of variance (previous drug treatment x
previous plate exposure) revealed that the main effect for previous
plate exposure was significant, F(2,41) = 11.22, p < .O(;Ol. Animals
never exposed to tghe. plate‘exhibit:ed significantly longer lqtencies-

than either hot- or cold-plate exposed animals (Tukey’s tests).

' -t
However, Figure 17 shows that the overall difference between animals

[ W

exposgd to the hot—plate and those notJe‘xposed to the plate‘was mainly

o

due tb the low latencies 'ﬂisplayed by the group that had been exposed
to the hot-platé under saline, group RM—S/HC-N-HP, Group RM-N/HC-S—HP

exhibited latencies of comparable magnitude to non-exposed “animals.
. : . ®

The overall latencies between hot- and cold-plate exposed animals did

not differ. The main effect for drug treatment was also significant,

o

N
F(1,41) = 4.93, p < .05, but the drug treatment x plate exposure

interaction was not, F(2,4 13) = 2.18, p > .05. These results suggest

that animals previously administered naloxone in the tfest room wvere
) : “

analgesic relative to their respective saline control animals

—
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Figure 17: Mean paw=11i ck latencies (+ SEM) for groups:

“previously injeéted with naloxone in the test room and gsaline in the

C o home cage (RM~N/HC-S) or saline in the test room and naloxone in the
S P home cage (RM-S/HC-N) 'as a function of previous plate exposure during
the morphine test day of Experiment 8. e
r " ’
N o o -
/( N
TN \ . _ .
L ] ’a s ———
» . .
- - /}
’ . L) -
-‘ZM“‘ N
e
’ [ i ‘ . . )
N * - ¢ LS Y -
¢ { . / , ‘
»
r‘,,' x = 1 - - '
C & - T,
oo )
S - ‘; - 93
‘:* N v - B
I . , ° .

P2



'Paw Lick Latency~-Sec
®
a2

—

110}

100}

©
(=)
T

-~}
o
T

. G
"MRM~=N/HC—S
DRM—SIHC—N

(W |
\ 9

Hot None
Previous Plate Exposure

Figure 17

9



- -
L]

fi'ndependent of the type of plate exposure previously administered.
Howe(reoi', Figure 17 clearly shows that the analgesia induced by naloxone
was‘ most evident in animals previously exposed to the hot-pléte:
Naloxone~treated animals exposed to the cold-plate dfsplayed on1§
slightly langer latenciés than their saline controls, whereas t‘he
latencies 'i'for group RM-N/HC-5-NP were higher than those for group RM—_
S/HC-N-NP.

Hot-Plate Testing Phase: Figure 18 shows the mean PLLs for the six

groups on days 10-14 of the experiment, the five days in which all
animals were tested 0;1 the 48,5° hot-plate. The analysis qf variance
{(drug treatment x previous plate exposure X days) ylelded a significant
drug treatment x plate exposure x days i‘nteraction, F(8,164) =- 2.84, p

< .03. Tests for sipple main effects conducted between groups at each

v
S

plate exposure for each day revealed that naloxone administraéion

produced longer latencies in animals previously exposed to either the

hot- or cold-plate on all five days, F5(1,205) > 4.19, ps < .05. In

contrast, signiéicant differences between naloxone- and saline-tested

animals not previously exposed to the plate emerged only from day 12 on, Fs(l1,20
--- Tests conducted fox each group over +days revealed that PLLs

increased in’ nal?xone-treatedﬁnimalﬁzp’f‘;;ious;y "exposed to the hot- or
cola—plate., _F_s(lo,léé)‘}_'&.s_lo, p< .01', but n‘ot in animals not - -
previously exposed-to the plate, F(4,164) = 2,30, p > .05. The only

sign;ficant change ~OVer‘days among saline—tested animals was a

reduction in PLLs in group RM-S/HC-N-NP, F(4,164) = 4.55, p < .0l

D1 sﬂcugsion ’

\

The results of the present experiment demonstrate that
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_Fig’ur.e 18: Mean paw-lick latenciés for the groups receiving

>

- A’

naloxone 1'nrthe test room and saline in the home cage’ (RM-N/H'C—S) or
,§aline in the test.room and naloxone in the home cage (RM-S/HC-N)

'duriﬁ'g the five days of the hot-plate testing phase of Experiment 8.
The left panel shows ’the latencies for groups previously exposed to the

220 cold-plate, the latencies for groups previousfy exposed to the

48.5° hot-plate are disple;yed in the center panel, and those for the

7
~ -~

" groups not previously exposed to the plate cues are shown in the right”

panel.
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the analgesic effect of morphine is most marked in animals never
previously exposed to the teés apparatus or in animals previously
exposed to the hot-plate under naloxone. The fact that animals pre-
expesed-to the cold-ﬁla;e displayed lower latencies in the morphine
tesﬁ; reéardless of whether they were exposed under naloxone or saline,
suggests‘that some degree of habituation to novelty/stress does occur
under naloxone. The fact that group RM-N/HC-S-HP exhibited latencies
comparable to non-pre-exposed animals supports the idea that exposure
to nociceptive stimulatfon under.naloxone counteracts the decrease in
latencies attributable to novelty/stress., :

The reeults from the hot-plate testing phase of the experiment do
suggest, however, that habituation to the novelty of the apparatus is
less complete under naloxone than under saline; for inspite of the_fect
that the latencies for the group that was pre—exposed to the cold-plate

under naloxone (RM—N/HC-S-CP) were only slightly longer than the saline

control group on the morphine test day, this group displayed longer

- latencies than group RM—S/HC-N-CP on all five days of the hot-plate

testing phase. Naloxone-tested animals not previously exposed to the
plate were analgesic relative to their saline control group only from

the third day.

Three further observations can be made about the result ofu

v

Experiment 8. Note that groups RM-N/HC-S-HP and RM-N/HC-S-CP displayed
increased latencles over the hot—plete testing phase of the experiment,
whereas group RM—N/HC S—-NP did not.This finding adds further support

for the earlier, suggestion that animals must have some prior experience
with the plate apparatus before increases in latencies will be
N - M

o

'
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observed. Note also that the increase in }atencies over tests suppbrts
our contention that expo‘sure to nociceptive stimulation cont:rfbutqs to
the naloxone-induced analgesia. Finally, the finding that naloxone
produced aﬁalgesia in spite of the fact that paw-licking did not result
in immediate removal from the plate surface suggests that the analgesia
18 not the result of naloxone interfering with the learning of the

escape contingency.

-
-
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Because it seemed reasonable to conclude that pain-induced

ributed to the eff’gcts seen in these experiments, the

e

analgesia cont
next stel; was to determine which component of the endogenous pain
control mechanism was involved. Lewls and his associates (Lewis et
al., 1980; 1981) have demonstrated that administration of inescapable
footshock can elicit either opiat;a'- or ‘non-Opiate-—mediated analgesia
depending on the temporal characteristics of shock administration.

Prolonged, intermittent shock elicits an opiate-mediated analgesia, as

indicated by the fact that 1t is blocked by prior naloxone r

administration and shows cross-tolerance with morphine. Brilef,
continuous shock appears to elicit a non-oplate-mediated analéesta‘ in-
that it is neither blocked by naloxone nor shows cross-tolerance with
morphine. ’

In Experiment 9 these findings were used in an attempt to
determine more directly which component:of the endogenous pain control
system mediated the -naloxone—induced analgesia seen in the previous
experiments. Rats were injt‘ected with either naloxone or saline,
admi\nistered either prolonged, intermittent shock, brief, continuous
shock, or no shock, and then receig: tail-flick tests for analgesia,
If the naloxone,—incli‘uced analgesia was oplate-mediated then naloxone '
should enhance the analgesia produced by prolonged, intermittent
shock. 1f, on the other hand, the analgesia was mediated by the non~

opiate component, then naloxone should potentiate the analgesia

produced iay brief, continuous shock.
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e ‘ Method o
Subjects: . The subjects were forty-eight rats maintained as in the
previous experiments.

yAggaratus: The anhlgesié testing apparatus was identical to that .used

in Experiment 6. Shock was administered in the operant conditioning

Frog

+ chambers used in Experiment:.s 1-3.
Procedure: Animals were handled and acclimatized to the tai}-flick -‘
testing bottle twice daily for five days priar to the start of the
experiment, . 1 |
The general p:;ocedure involved _transporting the animals to the
test room, and immediately 'administering two tailé%lick teﬂqﬁts (spaced
approximately 2 min apart).- Thesé constitu‘tec; the baseline trials. The
animals were then injected with either naloxone or saline, and placed
in the shock chambérs for 20 min -~ They were then removed and
administered tail-flick tests at 'l, 5 and 12 min following removal.
These tests conscitut‘ed the post-shock .trials. T})e water temperature
wasg 50° (+ .2%) C. During the intervals between tests the amimals were
not returned to Fhe shock chambers but were placed in the wooden
holding boxes L}sefl previously. o | ‘
Six groups (N=8) of animals were employed. Three groups were
injected with naloxone (10 mg/kg) in the test "room and saline in the
lfome cage, while the remaining three groups received the reverse drug
treatment. The groupsf7 also differed with respecNt to shock condition.

Groups RM-N/HC-S—PROLONGED SHOCK and RM-S/HC-N-PROLONGED SHOCK received

1 sec pulseg of (%:S.mA shock every 5 sec for 20 min, begining

. immediately upon placement into the shock chambers. Groups RM-N/HC-S-

\ .
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BRIEF SHOCK and RM-S/HC-N-BRIEF SHOCK were administered 2.5 mA shock
continuously for 180 sec, In this shock condition shock administration
began 17 min after the animals were placed in the shock chambers,
thereby insuring t,@at the interval between the termination of shock
administration and tail-flick testing was identical for both shock
conditions. Groups RM-N/HC-S-NO SHOCK and RM-S/HC-N-NO SHOCK :vere
simply placed in the shock chambers, with9ut shock, for 20 min, B

§hock was administered for 7 days. ‘ Following the last shock
adminigstration day, all animals were given two test days. -Thé
procedure for the test days was identical to that for the shock
admiq,istrat;.on dgys with the exception that no shock was administered.
On the first test day all animals received saline. On the second test
they were injected with 5 mg/kg morphine. -

Results

Naloxone Treatment and Shock Administration.Phase: Separate

analy'ses of variance were performed on the baseline and post—shock
tail-flick latency scores. For purposes of analysis the data from the
two baseline and from the three post-shock trials were collapsed. The
analysis of variance (drug treatment x shock condition x days)
performed on the béseline data revealed a significant main effect for
drug treatment, F(1,42) = 515, p < .03, indicat'ing that prior to drug
injection animals that received naloxone inthe test room exhibited
marginally longer tail-flick baselir.xe latencies (ﬁ = 5.84) than saline~-
tredted animals (M = 5.28). 1In addition, the shock condition x days
interaction was significant, ¥£(12,252) = 190, p < .d;. Tukey’s tests.
revealed the baselin;e latencies of non-shocked animals, increased over
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days. The baseline latencies for briéf- and ﬁrolonged-shocked animals
showed initial increases over days 2-6, but on day 7 the 1aténcies had
returned to levels observed on day l.

_ Figure 19 shows the mean post;shock tail-flick“latencies for the six
groups on the firs£ and last day of shock administration. The analysis
of variance performed on the post-shogk data revealed a significant
drug treatment x shock condition x days interaction, F(12,252) = 3.22,
2‘§.OOi. On day 1, exp9suré to both brief and prolonged shock |

‘ pé;duced anglgesia; Tukey’s tests r?vealed that saline-treated animals‘
administered either brief or prolongeq‘shock exhibited significantly
longer latggg%sg than non-shock;d animals. However, tests for simple

main effects conducted between groups at each shock condition revealed

that nalgxone—adndnistration blocked the analgesia produced by
praolonged shock (Figure 19, cenger panel); group RM=N/HC~S-PROLONGED
SHOCK exhibited shorter latencies th;n group RM-S/HC—N-?ROLONGED SHOCK,
F(1,294) = 17.89, p < .00l. This blockade appeared to be complete,
since Tukey’s tests revealed that the PLLs for naloxone freated,
prolonged shocked anim?ls not not significantly differ from either
naloxone~- or“saline-treatéd animals nmot exposed to shock. Naloxone did
not produce any significant effects in non-shocked or brief shocked
a(nimals on day 1, Fs < 1.0. -

Several features of the results from the last day of shock
administration merit attention. First, tolerance developed to the
analgesia produced by exposufe to prolonged shock. This conclusion -
was supported by the finding that there was a sginificant decrease in

the latencies of saline-treated animals exposed to prolonged shock,
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Figure '19:. Mean tail-flick latencies (+ SEM) for groups receiving
naloxone in the test room and saline in the home cage {RM;-N/HC—S) or

saline in the test room and ‘ndloxone in the home cage (RM—=S/HC-N)

1

during the first and last day of shock administration of Experiment 9.

“The left panel shows the latenciers for groups which were not shocked,

° *

the center panel the latencies for groups receiving prolonged,

intermittent shock, and the right panel the latencies for groups

" administered brief, continuous shock.
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-F(6,252) = 22,39, p < .0001. Moreover, by day 7 there was no

e . ')
.w\

o

*

significant difference between saline- and naloxone-!treated animals

within this shdek condition (F < L.0). Secon:i, the latencies of both
saline~ and naloxone-treated animalg receiving brief shock also showed

a decrease over days, Fs(6,252) > 4.4:ﬁ < 01, btut this decrement-

" was clearly of a lower magnitude than"that seen in prolonged shocked

animals. Third, and most importantly, naloxone administration enhanced

the analg¢sia produceé by brief shock. On day 7, group RM=N/HC-S-BRIEF
SHOCK displayed sighificantly-longer latencies than group RM=S/HC-N-

' V‘[n" s .
BRIEF SHOCK, F(1,294) = 9.10, p < .00l. - Finally, as in thg previous

studies, naloxone administration elicited analgesia in animals merely

-

glven tail-flick tests. On day 7, group RM-N/HC-S-NO SHOCK exhibited

1oﬁger latencies than its saline control group, F(1,294) = 4,85, p <

los'
Y

Saline and Morphine Test Days: No sign{ficant main effects or

interactions were obtained for.the baseline latencies on th'e saline and

o A
morphine test days, indicating that the baseline latencies were"(nét

affected by either previous drug ‘treatment or previous shock condition

on either of the test days. The analysis of variance conducted on the

" trials following exposufe to the shock chambers revealed a significant
7 .

previous drug treatment x previous shock condition x test‘day
H . o
interaction, F(2,42) = 5.09, p <".02. The results from the test days

are shown in Figure 20. Consider first the results fromvthe morphine
test day. It is clear from Figure 20 that morphine administration
elevated tail-flick latencles in ;ll animals in comparison to the

latencies exhibited on the saline test day. This observation was
|8
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Figure 20: Mean tail-flick latencies (+ SEM) for groups
prevfously administered naloxone in the test room and égline in the —

hotne cage (RM-N/HC-S) or saline in the test room and naloxone in the

home cage \(f{M-S/HC-N) during the saline and m:)rphine test days of

_ Experiment 9. The left ‘panel shows the ‘latencies for the groups not

previously exposed to shock, the center those/co\%mups previously

g
'

receiving prolonged, intermittent shock, and the-rikht: panel displays

,

the jlax:enciés for groups previously ad‘m’inistered‘bn)ef, continuous

. shock. - ' Y
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o

confirmed statistlically by test for simple main effects conducted

l .
‘between test days for each group, Fs(1,42) > 29.23, ps <.001.

. Although morphine administration induced analgesia in all animals, the

.

S
magnitude of the effect was dependent upon both prior drug treatment

and shock condition. Note that,animals previously exposed to prolonged
shock exhibited shorter latencies than either non-shocked or brief
sho'cked animals, on the morphine test day (Tukey’s tests). This result
suggests that pa’rtial cross-tolerance developed b;tween prolonged
shock-induced and morphine analgesia. Note, as well, that the
y:égnitude of the mqrphine analgesia was in part dependent upon the
nature of the previous drug treatment. animals préviously glven brief
shock whilé under the influence of naloxone (group RM—N/HC—S—BRIEF
SHOCK) exhibited maykedly longer latencies than animals receiving brief
shock under saline (group RM-S/HC-N-BRIEF SHOCK), F(1,84) = 25.64, p <
001, suggesting that the combination of naloxone and brief shock led.
to a conditioned autoanailgesia that‘ summated with the analgesic e{ffeci
of morphine to a greater extent than exposure to' brief(}hogc alone. No

)

significant differences were found between naloxone- and saline-treated
f .

0y

animals in either of the other two shock conditions, Fs < 1.0.

On the saline test day no significant differences were found

between non-shocked, prolonged shocked and brief shocked animals,

F(2,84) = 1.63; P > .05 Nor were there any -significant differences

bétween naloxone-treated and saline-t_reated animals within any of the
shock conditions, Fs < 1.0;
lii_scussion - ~
The most important result of Experiment-9 was the finding that

-
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naloxone administration enhanced the analgesia produced by exposure to
A~ brief shock (non-opiate mediated), bu antagoﬁized the analgesia

elicited by prolonged shock (opiate mediated). Taken together, these
, M ; -
results provide substaﬁtial support fpr the hypothesis that the
J/ -
analgesia.obsexrved {p/animals tested under naloxone is mediated by the
pr

T -

-

W
nonfppiate component of the~EPCS.

~

ﬁﬁé results from the morphine test day reveal that, in animals

o o~_J

previously exggfed to brief shock under naloxone, the conditioned

——
-

gutoanalgesia summated with morphine to pEPduce the longest latencies. ~
On the other hand, animals exposed to prolonged shock, known to elicit
an'opiate-mediated analgesia (Lewis et al.,, 1980; 198]) had the
shortest latenclies when tested under morphine. This finding suggest
that the repe;ted elicitation of opiate-mediated pain éubpression led
to tolerance both éo endogenous opiate- (see Figure 19, day 7) and to‘
morphine- (see Figure 20, morphine test day) induced analgesia.

It has'been argued, that although the unconditioned analgesia
observed during naioxone administration is mediated by the nb;~op1ate
coﬁponent of the EPCS, this need not imply that the oplate component is

not recruited. One question that arises is why tolerance tb the opiate

component does not develop in this instance. Why does activation of

the non~opiate component gpare the opiaﬁe component from tolerance
development? Since the development of tolerance to the oplate
component appears to be the resu{t of a depletion of central met- and
fadden et al., 1977; McGivern, Mousa, Couri & Berntson,
follows that the activation of the non-oplate component must

somehow retard this process. It 1s possible that the non-opiate
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component inhibits the release of these oplate peptides, but not -

necessarily the activation of the opiate component.

dﬁe troubling aspect of the daga from Experiment 9 is that, on the
saline test day, we falled to ‘obtain statistical support for the
potentiation of conditioned autoanalgesia by previoﬁs naloxone
treatment. This failure is particularly puzzling given'the fact that

we did find evidence for naloxone-potentiation of conditioned

autoanalgesia as assessed by the tall-flick test in Experimeént 6. The ,
et ) /o .
reason for the failure to replicate is unclear. It i1s worth noting,

*

- A
however, that the procedures employgd in the two experiments were not
identical. For instance, in the present experiment two baseline and

three post shock tail-flick tests per\day vere administered, whereas in

. 1
Experiment 6 animals received only one daily analgesic assessment.
o
Exactly why ,or how these differences may have influenced the results
-

[}

" cannot be directly determined.
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General Discussioq

The rgsults of Experiments 4-9 support the predicgion that the
development of conditioned autoanalgesia will be enhanced in animals
that are exposed to nociceptive stimulation while under the influence
of naloxone. However, the precise reason for the facilitory effect of
naloxone administration on the devélopment of conditioned autoanalgesia
remains'to be discovered, It was 1n1t1$11y predicted that the
énhancement of gonditioned autoanalgesia by naloxone administration
would result from the increased perception of pain resulting from
opiate receptor blockade. Aowever, there was no evidence for
hyperalgesia in any of the experiments. To the contrary, the
unanticipated‘effect of naloxone administration was to rafag pain

thresholds. On the other hand, the results of Experiment 7 and %ﬂd;d

provide evidence that exposure to noclceptive stimulation plays a role
-7 \

-

in the development of both the analgesia obsgrved whén antmals are
exposgg to nociceptive stimulation under naloxone and the resultant
potentiation of conditioned .autoanalgesia. In these eiperiments
animals exposed ta nociceptive stimulation under naloxone displayed
longer latencies than saline-treated aniyals'@ven after they been
habituated to the hof-plyte apparatus.

A second facto} imp)icated in the development of the naloxone-
induced analgesia was he attenuation of the habituation of stress-— '
" induced analgesia produced by the novelty of the hot-plate épparatus.
This was demonstrated most clearly in Experiment 7, wherz&?nimals
exposed to the cold-plate undé; naloxone displayed latencies of

«

comparable magnitude to non-exposed animals, and latencies
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significantly longer than animals exposed to the plate under saline.

It 1s possible that these two factors interact to produce the
naloxone-induced and potentiated conditioned autoanalgesia observed
- when aﬁimals are exposﬁd to nociceptive stimulation under Ehe influence
of naloxones That is, naloxone may, indged, increase pain sensitivity,
but evidence for such hyberalgesia is masked during the initial
exposures to nociceptive stimulation by novelty/stress-induced
analgesia. However, the results from the morphine test day of .
Experiment 8 suggest tha£ some habituation of-novelty/stress occurs
among ‘animals adminisgered naloxone, Examination of Figure 17 shows
that animals exposed to the cold-plate under naloxone displayed lower
latencies than animals exposed to the hot-plate under naloxone when
both groups were tested under morphine. It may be, therefore, that as
the novelty/stress-induced analgesla begins to diminish through
'habifuation, exposure to nociceptive stimulation begins to exert is
effect; therehy'maintaining, or perhaps even increasing (see hot-plate
testing phases of Experim?nts 7 and 8, Figureg 14 and 18), the longer
latencies observed in naloxone-tréated animals. The results of
ﬁxperiments 7 and 8 provide some support for this possibility. In
these experiments, naloxone-treated animals exhibited increases 1n
latencies after they had been exposed to the plate apparatus. An
increase in latencies would be expected if, following the attenuation
of novelty/stress-induced analgesia, naloxone caused increased
recultment of the EPCS by increasing the perceived intensity of
nociceptive stimulation. No such increases were observed in any of the

other experiments, and it is worth remembering that in these .
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experiments the animals were not previously familiarized with the

[y

testing procedure.
Experiments 4-9 also demonstrate that the analgesic potency of
morphine varies as a func®on of the degree to which the EPCS is

activated. First, an enhancement of morphine analgesia was observed

when naloxone administration potentiated the development of conditioned

a
P

autoanalgesia. Alternatively, morphine”s analgesic potency was reduced
when nociceptive testing was conducted Pnder conditions where the
activation of the EPCS was attenuated. It was argued prediouély that
one of the conditions responsible for the attenuated recrultment of the
EPCS is when the development of condition;d autoanalgesia is inhi%}ted.
Experiments 4~9 suggest two other conditions where attenuated
recruitment of the EPCS maf occur. The first is when the ability of a
stressor to recruit' the EPCS 1s diminished, as, for examéle, when
habituation to novelty/stress-induced analgesia occurs. As noted
above, Experiment 8 demonstrated that the analgesic effect o; morphine
was reduced in animals exposed to the cold-plate. ~The second(zgnggﬁon
ié when a stressor activates an endogenous pain control substrate that
in itself displays toleraqce. This conclusion is supported by the
results of Experiment 9, whgfe it was seen that animals that sgzwed
tolerance to the opihte—mediated analgesia produced by exposure to
prolonged shock had shorter latencies yhen tested under morphine than
‘animals that had received either no shock or brief shock.

A final issue that requires discussion concerns the nature of the

substrate mediatiﬁg the analgesia observed in the present experiments,

-

Several features of the present results suggest that the analgesia that
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is evident in arzimala given noci;:gptive tests under the influence of
naloxone is mediated by a non-oplate mechanism. In itself, the fact
that the magnitude of the analgesia is greatest in animals treated with
high doses of naloxone makes it unlikely that it is opia{te-mediated.
More important, howéver, are th(;. results %f Experiment 9, where it was
shown that when the shock parameters were manipulated in a way known to
elicit primarily non—;piate-mediated analgesia, naloxone-treated
animals displayed effects similar to those seen in the previous
experiments. -
It is important to point out here, however, that although the
analgesia observ‘ed in animals .tested under naloxone is non-oplate
mediated, this does not imply that the opilate pain suppression
mechani sm ca;mot be recruited. Under naloxone, the effects of the
recz:uitment of the opiate mechanism are merely blocked. i{ecognition of
this possibility kis important for an.,understanding of the nature of the
mechanism controlling the conditioned analgesia shqwn in these
experiments. The results of tbe present expériments, ar{d those of '
several others (Devries et al., 1979; FaﬁSelow, 1984; Fanselow &
Baackés, 1982; Fansleow & Bolles, 197é; Oliverio & Castellano, 1982; ‘

. Sherman et al., 1984; Watkins et al., 1982) suggest that the

conditioned autoanalgesia observed is, at least in part, opiate -

animals previously administered 0.5 and 2.0 mg/kg, even though at these
doses there was little evidence for non-opiate-mediated anafgesia when

animals were tested under naloxone.
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There is, .then, an apparent discrepgncy between the sourcd of the
analgesia observed in animals given nocijceptive tests under naloxone
and the analgesia apparent in tests.for conditione{i aumanalgeaia; a
finding that appears difficult to explain (sée als:) Watkins et al.,
19825. But recall thg poin; made earlier that naloxone would block the
expr‘ession of analgesia by the opiate component but not necessarlly the
recruitment of the ;ystem. It is well documenteéd that Pavlovian .
conditioning occurs when the expresslion of the unconditioned reepo;me
is prevented, all that is required is that the response be recruited

(see Eikelboom & Stewart, 1982; Mackintosh, 1974; pp. 79~80).

The idea that the analgesic effect observed during opiate receptor

s

blockade might be non—lopiate mediated and the conditioned
autoanalgesi a, a;:—, leastv in part, opiate—media‘ted, could be further '
accomodated by the assumptlon that collateral inhibit;lon exlsts between
the oplate and non-opiate components of the EPCS (Akil & Watson, 1@80;
Kirchgessner, Bodnar & Pas}a;r\nak, 1982). According to this hypothesis,
act ivation of one of the c/ompo;nents inhibits activation of the other.
Kirchgessner et al. (1982) have provided evidence consistent with this
hy pothesis, showing that intracérebroventricular administration of
naloxazone antagonizes morphine~induced analgesfia, but potentiates the ‘e
non-opiate—mediated analgesia produced by cold water swims.
Conversely, administration of D-phenylalanine, an anti-enkephalinase,
potentiates morphine analgesia (Alleva, Castéllano & _()livefio, 1980)
but antagonizes cold-water-swim—induced analgesia (Bodnar, Lattner &
Wallace, 1980).

The collateral 1nhibi‘tion model can account for the results of the

-
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present experimengs with the assunmgion‘that both components of the

EPCS are normally activated by nociceptive tests such as those used in
' 4

s. Under naloxone, however, the effectiveness of

;

the oplate componentzf; reduced and the non-opiate component released

the present exper

from inhibition by the opiate component (see Girardot & Holloway, 1984,
-~

for similar reasoning). Thus, the analgesia observed under naloxone

treatment would be mediated primarily by the nqn-opiate component.

Note, again, however, that although naloxone administration mighf

. release inhibition of the non-opiate component, there is no reason to

o
assume that 1t should interfere with the activation of the opilate

9

component. Thus, when animals are tested under saline or morphine, the

test environment could conditionally activate the 6piate component,

resulting in the oplate-mediated properties of the observed conditioned
~ 7 3

w

o

analgesia,

This reasoning may also account for why exposure to shock confined
to the hind paws, which elicits a primarily non-oﬁiate—mediated
analgesia, appears to give rise to a conditioned opiate-mediated
analgesia (Watkins et a{., 1982; see also Experiment 9 of the present .
man&scripc) In this instance, exposure to hind-paw shock would activate
the non-opiate componént more sqrongly than the opiate one. Thus, the
degree of inhibition of the oplate component by the non-oplate
component would be stronger than the inhibition of the non-opiate
component produced by tﬁe opiate component, resulting in a “
predominantly non-oplate-mediated analgesia. The finding that prior
naloxone administration enhances the analgesia produced by exposure to
brief shock (Experiment 9) is also consistent, since, as argued above,

D e
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naloxone administration would block the oplate-mediated inhibition of

]

the non-opiate component, resulting in the potentiation of the non-

-

opiate-mediated analgesia.

The validity of the col¥ateral inhibition explanation of the

-

present results rests upon the critical assumption' that the testing
procedures employed in these experiments-activate, perhaps in addition

to the non-opiate mechan{'sm, the oplate antinociception gechanism. As

- /
noted above, there appear to be two factors thdt elicit the analgesia

observed in naloxone-tested animals; novelty-~induced stress and
exposure to nociceptive stimulation. In order to validate the

collateral inhibition hypothesis, therefore, it would be necessary to
-, ‘ -

demonstrate that both these factors can activate the opiate me‘chanism.'\; ke

i

Bardo and Hughes (1979) have'reported that the analgesia elicited
by exposure to a novel hot-plate apparatus Qas not reversed by naloxone
admiﬁistration. Tiffany et al. (1984) similardy observed a lack of
effect of naloxone administration on the analgesia elicited by exposure

to a bright, noisy environment. These results imply a non-opiate

o

mediation-of environmental novelty/stress-induced analgesia. A problem
common to both these studieqsf, however, is that naloxone was
administered after the animals were exposed to the stress-inducing
_enviromﬁent. It has been shown that naloxone can prevent stress-

induced ahalgesia, but the dtug cannot revefse the ef’fect once it has

3

been elicited (Watkins & Mayer, 1982). More direct evidence for the \

non-opiate mediation of environmental novelty/stress—induced analgesia

'

was provided by Tiffany et al. (1984) who showed that the analgesia .

elicited by a stressful envir¢nment is not correlated with increased

-
3
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levels of central met- or leu-enkephalin. On the other hand, Tiffany et
al. report that such analgesih displays‘cross-tolerance with morphine,
Moreover, in Experiment 8 of the present'i)nvéstigation, animls
px-'eexposed to the cold plate d/ﬁs'i)layed less analgesia than non-exposed
animals when tested for analgesia und;r morphine. These latter two
findings suggest that the opiate component may be involved in the
mediation of environmental novelty/stress—induced analgesia. Thus,
although current evidence favor.s‘ the conclusion tﬁat novelty stfess
elicits a non—opilate-mediated analgesia, there are some data which are
consistent with the argument that the opiate mech‘anism may be involved.
Evidence concé}:ning the substradég activated by nociceptive
stimulation favors the 1déa that the testing procedures used in these
experiments activate the oplate component. The experiments of Lewis et
al. (1980; 1981) would éppear to suggest Lhat brief. expos.ure to
nociceptive st imulgtion activates the non-opiategeubstrate, while more
prolonged exposure elicits an opiate-mediated analgesia. 1If this is
the case, the brevify of t‘he nociceptive stimulation employeé in the
present studies woul orce the conclusion that the substrate normally
activated' by the teéting reifﬁ:en is non:-opiate. More recent evidence,
however, has chsllenged the hypothesis that the temporal
characteristics of nociceptive stimulation constitute “the critical
factor controlling which component is activated. Rather, it now
appears that it is the severity of nociceptive stimulation which is
crucial (Bolles .& Fanselow, 1982; Fanselow, 1982). Low severity

stimulation act ivates the oplate substrate, while more intense levels

activate the m;“ﬁ-opiate substrate. "According to this argument, then,

% ]
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' brief shb}:k elicits non-opiate mediated analgesia because it répresents

. -t “
a more severe form of nociceptive stimulation than prolonged shock
(Fanselow, 1984). Terman et al. (1984) have recently reported evidence

consistent with this argument. They report that administration of 2.5

mA footshock .for one to two minutes elicits a naltrexone-reversible

o4 ‘

analgé'sia, while the analgesia induced by more severe shock (2.5 mA for
three to five minutes) is naltrexone-insensitive. Furthermore, they

demonstrated that by-holding the duration of shock conatan\:, they could

«

induce ~diffe.fentialiy-—megiated analgesia by manipulating current

inte\nsitfyx. Low intensity shock. (1-2 mA) elicited opiate-mediated. ,

>

analgesia; higher intensities (31-4 mA) produced .non-opiate apalgesia

(see also Fanselow, 1?84). On the basis of these latter results,

-

therefore, it is'possible that the nociceptive stimulation employed in

the prese\thudies would activate the opiate substrate, With the

\

exception of Experiment 9, the levels of nociceptive stimulation

a

o

employed were of a relatively low intensity. 2
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7 Conclusion

v

The results of the experiments reported in this thesis are |
A
consistent with the hypothesis that the development of environment-

specifié tolerance to the analgesic effect of morphine will covary, at
' .

least in part, with the degree to which the EPCS is activated during

analgesia testing., First, the development of tolerance will. appear

maximal in tgoae'ciréunmtances where the activation of the &PCS is

inhibited. . This was supported by the res;its of Experiments 1-3, where

1t was shown that the hnalgesic potency of morphine was reduced when

the development of conditioned autoanalgesia was inhibited. Second,

morphine will exett its strongest effect when the EPCS is activated in

collab%fation with morphine administration. Experiments 4-9
P

demonstrated that, the administration of naloxXone prior to exposure to

nocigeptive 3J¢EU$Q:i::/j?hanéed the development of congitioned
autoanalgesia, and tha®™the enhancéd conditioned autoanalgesia,

synergized with morphine-induded analgesia to produce a stronger effect

.

(see also Sherman et al., 1984), ¢

.

It would appear that the hypothesis summarized above provides the

best interpretation of tﬁese results. Neither Siegel’s (1975; 1976;

. A '
1977) compensatory response hypothesis, Solomon’s (1977; 1980) opponent

" process model, Bardo and Hughes”s (1979) novélty hypothesis, nor Baker

and Tiffany’s (1985) habituation model can account for all of the
|

results reported in this thesis. For example, in Experiments 1-3 there

v
were no differences in latencies between morphine- and saline-treated

animals that were not exposed to nociceptive stimulation when tests for

’ ' ' -
analgesia were conducted under morphine or saline. According to the

['. 2
¥

a;
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four hypotheses, exposure tp nociceptive stimulation is n&t presumed to
influence the development of tolerdnce. All that is required is that
animals experience morphine in a distinctive environment (e.g., Siegel,
Solomon, Tiffany aﬁq Bager) or become familiarized with the~anq}gesia
testigé procedure (Bardo and Hughes). In Experiments 1-3, however, ti;/ '
deg{ee of experience with both morphine in the test environmeg} and tye
analgesia'testing pfbcedure was identical for animals exposed gnd notu
exposed to nociceptive stimulation, yet tolerance was only observed
when animals were exposed to nociceptive stimulation. Thus, these
results.support the hypothesis that morphine administration attenuated
the development of-condit}oned autoanalgesia, which resulted in a
lowered analgesfé effect of morphine,

1t i; possible that Siegel’s, Solomon”s and Tiffany and Baker’s

hypotheses can account for“the results of Experiments 4—9; because in’

this case nalo;one potentiated the devé10pment of conditioned
autoanalgesia in the absence of nociceptive stimulation (e.g.,
Experimgnt 7)e Thusﬁ$tpese Eesults are consistent with the possibility
that that the environaent in which naloxone was administered elicited a
conditionéd analgesic reséonse that counteracted thejunconditioned
hyperalgesic effect of nélo;one (Siegel and Solomon) or that tolerance
to the hyperalgeéic effect of ngloxone developed via associatively
primed habituation (Baker and/TiffanyL The p;oblem with these
interpretations is that there gasﬂgplevidgnée for naloxone-induced
hyperalgesia (It was noted before that the the hypothesis presented in
this thesis may be able to account for the absence of evidence for »
hyperalgesia). Secondly, the habituation Ebdel propgsed by Baker and
. | ‘ ™~

\
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Tiffany cannot accpunt for the enhancement of conditioned autoahalgesia

FY

A resulting from naloxone administra;ion.‘ According to this model, the
only effect that should have been obgserved was tolerance to the
unconditioned hyperalgesic effect. The model doés not pgévid a
mechanism that would account for the analgesia-inducing.effect '
naloxone adminiatrat%on.éffinally, it is not evident that the
compensatory or opponent résponse 1nte%pretations provide anythinq more

than a description of the results obtained following naloxone

5

administration, since they, too, fail to identify a mechanism through

which naloxone-induced analgesia can occur. .The advantage of the

\

present hypothesis 1s that it does specify, at‘least tentatively, a

mechqpism through which naloxone can exert the effects obtained in

. ) N . ¥
. . )
Experiments 4-9. : C

Limitations- of the Hypothesis: Although it is likely that the

‘e

development of environment-specific tolerance is in part deﬁendént upon
the degree to which the EPCS is activated during analgesia testing, it
is not clear that tbis hypothesis can account for all of the
manipulations that have been shown to affect the rate of ‘tolerance

« N
development. For example, the available literature suggésts that as

the dose of morphine aamfhiste;ed_1;~fhc;eésea,'the degr?e QF tolerance
attributable t; the environment-drug contingghcy is reduced’(for
review, see Baker & Tiffany, 1985; Kesner & nger, 1981). Assuming
that larger doses of morphine would inhibit the activatiﬁn of. the EPCé
to a greater e#tent t~q§\low doses, the present hypothesis would have

_to predict that large doses should result im a/ﬁatentiation of the rate

of tolerance development. One possibility is that‘large doses of
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morphine may pro;iucg an unconciitioned hyperalgesic effect by activating
sites that smaller doses would not (Jacquﬂet & Lajtha, 1973; but cf.
Kayan et al., 1971), thereby resulting 1.n an increased activation o‘f
the EPCS. Alternatively, it is possible t;13t large doses of morphine
may exert their effects not on the activation of the EPCS, but.. rather
on the effectiveness of the EPClS once activated. For example, high
doses may result in a lowered availability of the r;ceptor for either
exogenou;s O!\'\ endogenous optate agonists. A large dose of morphine
would be gxpected to occupy a greater number of opié;te receptors for.a
longer period of time', thereby reducing the number ‘of \Za)vailable
receptors for, endogenous opiates or a second, aubseque':lt administration
of morphine (cf. Axelrod, 1956; Seevers, 1958).

Secondly, it remains to be determined whether the hypothesis-can
accomodate demonstrations of dispositionai tolerance, For example,
Tiffany and Baker (1981) repqrted that tolerance to the analgesic
effect of worphine developed in animals administered morphine in the .
home cage. The animals in this study, however, all recelived extensive
experience with the analgesia testing procedure prior to the inductdon
of tolerance. Thus(:—’it\would appear that these results are

‘ N
attrfbutable to the diminuition of stress-induced .analgesia. Im this

regard it is noteworthy that several investigators have failed to

~

observe evidence for dis ositic;ﬁal\ tolerance in animals naive with

regard to the test procedure (Kayani)& Mitchell, 1972; Siegel, 1975;

n fggt, Kayan and Mitchell (1972) have

1976; Siegel et al.,, 1978).

shown that a-single administration of morphine results in significant

tolerance to a subsequent administrat\io'n if the first administration

’
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was followed by exposure to the hot-plate, but no tolerance develope i
1f the first administration occurred in the absence of exposure to the

hot-plate (see also Advocat, 1981).

It may be, therefore, chat‘ disposit,ional t'olelx"ance refleocts’the
attenuation of stres;-indﬁced analgesia in animals familiarized with
the testing procedure.\ This possibility would be consistent with the
: hypothesis‘that the development of tolera}\ce is in part dependent upon
the degree to which the EPCS is activated. The attenuation of stress-
induced analgesia would lead to a lowered activation of the EPCS, which

in turn woulrd result in a lowered analgesic effect when tests for

analgesia are conducted under the influence of morphine,

)
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Footnotes
1 This argument should not be considere& as having been

experimentally verified. In fact, the available data suggest that, at

least for morphine, the argument is not correct., The pyretic resp&nse

"elicited by a CS paired with low doses of morphine typica)lly mimics the .

hyperthermic UCR elicited by morphine (Eikelboom & Stewart, 1979;
Sherman, 1979; see also Baker & Tiffany, 1985 Eikelboom & Stewart,
1982; for reviews). The only implication to be drawn from the ;bove
argument is thaﬁ, at least in;uitively, the logic of homeostasis is

<

applicable to the conditioning of pyretic responses.

- 2 The fact that Sherman et al. obtained evidence for condit;oned
autoanalgesia under saline using a hotter plate temperature than that
employed in the present study would appear to contradict the argument
that the absence of morphine-attenuation of conditioned autoanalgesia
on saline test days 2 and 3 is attributable to a ceiling effect.
However, the method employed by Sherman et al. to heat their hot-plate
differed from that employed here. It may be, t:herefo\re, that the plate
temperatures are not directly comparatﬁg. In addition, it coulc—i'be
argued that the procedures employed.by Sherman et al. promoted more
robust autoanalgesia than the procedures employed here; they expos?d
their animals to nine’days of shock, whereas only four were employed in
the present expe;iment. In addition, in the present experiment the
conditioning days'were interspersed Qith analgesia test days, whereas
Sherman et al. shocked their animals on consecutive dgays before‘
aséessing conditioned autohnalgesia. QK\W

,

< ‘ .
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