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Abstract

THR ACOUTSITION NP A MALADAPTIVE RESPONSE IN MORPHINE TREATED MICE
by

Arthur David Charap

AAvimer: Associate Professor 8, D, flick

A matority of nalive mice were able to escape from a trough-shaped
box, the floor of which delivered a foot-shock. A single injection of
morohine significantly impaired escape performance, Tolerance to this
effect van not ohserved after fifteen days of once daily post-injection
testineg, Aralgesic tolerance 4id, however, occur in mice injected with
morphine but not receiving daily testine. The escape impairment observed
in the tested mice nersisted following cessation of drug administration.
Yo such affecta were ohmerved in mice tested prior to, rather than following,
datlvy injection, fontrol animals tested 4aily 414 not habituate to the
shack, Tn mice nrevicusly made tolerant to morphine, post-injection testing
oraduced a decline in escane nerformance and a sustained impairment follow-
inpg Atscontinuation of the drug. Analgesic tolerance as measured by vocal-
igzation wvas ohserved to occur in both tested and untested mice.

Inereasing the dose of morohine, the number of days of post-injec-
tion testine, or shoek intensity enhanced the degree and duration of im-
naired ancana hehavior., Variations in shock intensity, in the abaence of mors
vhine, vere not sdfficient to produce a sustained escape impairment nor wvas
forced exvosure to the shock, Dailly testing prior to the beginning of post-

inlection testing diminished the effect of a single injection of morphine, but



escave verformance declined on subseouent days of post-injection testing.

FPreata similar to those obaserved with morphine were obtained with
levernhanol but not with vrovoxyphene or meveridine, Methadone was only
effactive in runerating sustained escave impairment wvhen gradually increas-
ing doses were emnloyved, Chlorpromazine, pentobarbital, and diazepam
oroduced an initial sunpression of escape performance, but tolerance de-
veloned ranidly,

Regults, similar to those observed with shock, wvere obtained using
haat as the noxious stirulus, Simultaneours recording of escape performance
and reflex resnonse latencies indicated that escape impairment is produced
even thoush analgegic tolerance, as measured by response latencies, is also
oresent,

The exverimental results indicate that administration of phenanthrene
nareotic analpesics plus exvosure to noxious stimuli intersct to produce a
malafdantive response, escane failure, The acquisition of this response

arnears to he indenendent of morphine ‘s analgesic effects,
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T caurht vou ¥noekin on my cellar door,
T lave va haby can T have scme more,

Noh, the damage done.

T hit the city and T lost my band,
T wvatched the needle take another man,

fone, gone, the damage done,

T aing this song because I love the man,
T ¥now that some of you don't understand,

*{1x bleod to keep from runnin out.

T've seen the needle and the damage done,
A 1ittle nart of it in everyone,

But every junkie's like a setting sun.

The Needle and The Damage Done

A song by Neill Young, 1972
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INTRODUCTION

Pain

Tn order to discuss anslgesics and analgesis with any facility, one
needs a clear understanding of the phenomenon of pain., Unfortunately, pain
is a difficult concept to satisfacterily define. For example, if one were to
ask a vsvchophysicist, a psychistrist or a neurosurgeon for s concise def-
inition of pain, one would likely receive three very different respconses.

The issue that has caused such diversity of opinion has centered
arownd the {nability to equate the subjective report of pain with objective
or physioloeical measurements of pain, Thus, rather than attempting to
Aefine the nature of vain, the present discussion vill focus on the central
theoretical {ssues that have contributed to the understanding of this sudb-
Ject,
Specificity Theery

Specificity theory represents the traditional view of pain. This
classical approach to the study of pain was first proposed by Descarte.
Fe conceptualized pain pathways as essentially analogous $0 & "burglar
alarm system” or a "transmission line", In this scheme, & stimulus
avplied to the periphery caused a signal to be sent to the brain vhere
"pain" {s perceived and a response is subsequently generated. With only
ninor refinements, this simplistic sxplanation of pain has served as the
theoretical framework for nearly all physiclogical experimentation in
the field of pain research. This is unfortunate since specificity theory
fails to sccount for a number of crucial observations of pain phenomena.
Yot specificity theory has gained such scceptance that it is often pre-
sented as fact rather than theory.

Until the 1800's the nature of the "transmission line" betveen the

veriphery and the brain was unknown. It was Muller (1842) who first
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forsulated the doctrine that all semsory information was communicated to
the drain via sensory nerves, Miller was uncertain, however, vhether the
quality of the sensation was a property of the specific nerves or the site
of termination of the nerves in the drain,

In the late 1800's neurcphysiologists bdegan to study the properties
of impulse transmission in nerve fibers, The investigators of the day
concluded that the mechanism eof transmission, 1.e, conduction of the
action potential, was essenticlly equivalent in all fibers. As a result,
the Central Nervous Systew Decame the focus of attention as the "pain
center”, At that time physiclogists wers so convinced of the validity
of the "specifistic doctrine” (of a straight-through system from the
sensory organ to the brain center responsidle for semsation), that it was
zenerally bdelieved that {f the "suditery nerve could be emcct,d to the
visual cortex, and the optic nerve Joined to the aunditory cortex, that
one could see thunder and hear lightning" (Boring, 1942},

Implieit in Maller's formulation was the notion of a single somasthetic
sense or "sense of feeling”, This concept of & single sense modality was
not accepted by a number of investigators, Von Frey, considered the father
of present day specificity theory, expanded on Muller's work and proposed
the existence of four major cutaneous sensery modalities: touch, warmth,
cold, and pain. Each of these senses vas delieved to be endowed with a
sevarate projection system to the CWNS, Von Frey sought to prove his
hypothesis by mapping various areas of skin for different semsory modalities,
Previously, anatomists had characterised a number of specialized structures
in the skin e.x. pacinian corpuscles, Krauses ond bulds, ete,, and Yon Frey
attempted to correlate these structures with the mapped areas of the skin.



Although Von Trey's findings appeared to support his hypothesis of cutaneous
sensation, more recent investigations, as vill be discussed, have tended

to disprove the proposition that a direct one-to-one relationship exists
between the specific end organs and their responsiveness to distinct

stimuli (Melzack and Wall, 1962),

Von Prey's contributions essentially ended vith a description of sens-
ory events in the periphsral nervous system. BSubsequent studies of nerve
fiders revealed that specifie fiber types existed which could be distinguished
by differences in diameter, degree of myelination and comduction velocity
(8inelair, 1967), Consequently, investigations vere performed to determine
wvhether discrete fiber types were involved in the transmission of different
kinds of sensory information. Based on the assumption that pain sensation
required high intensity stimuletion and on the observation that the avare-
ness of painful sensation from a particular stisulus vas preceded by the
avareness of touch or pressure, etc., from the same stimulus, investigators
hegan to study vhether the slower fibers were responsible for transmitting
"pain” information.

Studies by Burgess and Perl (1967) demonstrated that one class of
fibers, A-delta, transmitted impulses only vhen the skin vas damaged by
crushing or pinching, Other studies (Bessou and Perl, 1967) showed that
suall dieameter C-fibers fired when the skin was damaged by pressure or
heat, Thus, it was reasoned that these twvo fiber types were the exclusiwve
vathvars for pain information (Perl, 1971).

The early description of spinal pathways for pain ceme initially
from pathologieal studies and later from surgieal attempts to relieve

intractadble pain (Kule, 1957). 1In studies of patients with damage to



the anterolateral portions of the spinal cord, it was observed that these
patients could perform sensory discriminations in areas vhere they were
anslgesic to pain, DBased on these findings anteroclateral cordotomies

wvere performed on patients who were suffering from severe intractable pain.
Subsequent histological studies located the origin (central gray uttcr),
course, and termination (thelamus), of this pathvay and it is nov accepted
that the spinothalamic tract carries "pain specific” informatiom in the
spinal cord (Milner, 1970),

Fead (1010) was the first to propose that the "pain center” in the
brain was located in the thalamus, This proposition was based on studies
of patients suffering from thalamic infarcts (Dejerine-Roussy Syndrome)
vho reported that they experienced periods of anesthesia followed by
veriods of excruciating burning pain, which were refractory to analgesics
and cordotomy, but were responsive to thalmotomy. Patients with lesions
of other areas of the brain 414 shov similar symptoms 1.e. anesthesia or
hyperalgesia, lesions of the frontal cortex did produce changes in affec-
tive responses to pain but cortical areas vere (in the traditional view)
considered to be of secondary i{mportance in the perception of pain. In
summary, then, the present form of the specifistic approach to pain is as
follows: stimulation of free nerve sndings in the periphery cause the
firing of either A-delta or C-fibers which synapse in the spinal cord
and cause the firing of spino-thalamic fibers which then carry the infor-
mation to the thalamus, vhere a final synapse to thalamocortieal fibers
oceurs,

Challenges te Tradit 4

Arguments against the specifistic spproach to pain are many and



varied, These argpuments challenge both the fundamental assumptions of
gspecifistic theory as well us the interpretation of the experimental
dsta in support of it. Melzack (1972) has orzanised these criticimms
into three categories based on the nature of the assumption: anatomical,
vhvaiological or wsychological.

Anatomical
The anatomical assumptions probably represent the most obvious but

the least crucial flawvs in specificity theory. Von Frey based his propo-
sition that each receptor type responded to one and only one kind of
sensory information on deduction rather than on firm experimental data.
¥or example, he reasoned that since both free nerve endings and areas sen-
sitive to vainful stimuli were ubiquitous on the skin surface, that the
free nerve endings had to be the pain receptors. Similarly, he reasoned
that because in his studies, Ruffini end organs vere found in all mapped
areas sensitive to heat, that these end organs vere specific wvarmth
receptors. However, attempts to replicate these results by other authors
(Veddell, 1055; Sinclair, 196T: Melsack and Wall, 1962) have been un-
successful in that responses to heat stimulation have been found in areas
vhere no Ruffini end organs could be located.
Phvaiologiecal

The physiological evidence in support of specificity theory relies
on the demonstration of pain specific fibers wvhich respond to high
intensity stimulation, Critics of traditional theories (Melsack and Wall,
1065) susgest that althoush specialisation exists wvithin the somsesthetic
gystem, there is no direct evidence to indicate that a specific fiber

type carries information concerned with distinct kinds of sensation,



The fact that fibers can be found vhich respond to high intensity stimu-
lation is not sufficfent grounds to sssume that these fibers carry "pain”
tnformation to "pain specific cells”., HMelzack states this argument as
follows: "The view that only the cells that respond exclusively to noxious
stimul{ subserve pain and that the output of all other cells are no more
than background noise is purely a psychological assumption and has no
physiological basis. Physioloxical specialization is a fact that can be
retained without acceptance of the psychological assumption that pain is
determined entirely by impulses in a straight-through transaission systea
from the skin to a pein center in the brain."” (Melsack, 1973, P. 138)
Psychological

The psychological challenge to specificity theory highlights the
crueial issues in understanding and appreciating the complex nature of
pain. Implicit in classical theories is the concept that all “"pain"
orisinstes in, and is therefore dependent on, peripheral stimulation.
Tf this vere true, then destruction of peripheral nerve fibers from an
area should, in effect, eliminate completely the possibility of per-
ceiving any sensations from that area. GSimilarly, it would follow that
stimulation of an ares vith "imtact" neural and semsory structures should
give rise to a report or avareness of sensation ir every and all instances.
Several kinds of clinical observations clearly indicate that in actuality,
this is not the case., For example, in a classic study, Beecher (1966),
found that severely wounded soldiers often denied the existence of any
vain from their injuries, yet simultansously they were capadle of
feeling the sensation of an {njection. These patients were presumed to

have intact neural structures since upon transfer from the battle scene



they bemxan to suffer pain from their wounds. This classic example of
"denial of pain” can not be satisfactorily explained by traditional
theories of vain.

A number of studies have been done on patients (Rev. by Melsack,
1973) with vhantom 1imb pain, i.e. amputées vho report painful sensaticas
from missing extremities, and studies of patients with causalgias
(violent burning sensations in previously injured, but ostensibly healed,
tissues). In both these ailments, subjects reported the sensation of pain
from hody resions vhich no longer existed or from areas vhere no apparent
direct stimulation had taken place, i.e. spontanedus pain, Once again,
svecificity theorv can provide no adequate explanation for these obser-
vations,

Critics of traditional theories also cite reports of patients vho
have received surgical treatment for the relief of chronic pain. Lesions
have been vlaced at virtually every level of the nervous system from the
dorsal roots to the thalamus, yet in many cases (especially causalpgias)
relief from vain, if it occurs, is often transient. Thus, the perception
of vain can persist even following massive damage to the nervous system
(funderland, 19€8},

Another less obvious criticism of traditiomal theory is the implicit
assumption that certain sensstions are inherently "painful”. It is clear,
howvever, that the nature of the perception of a particular stimulus can
be strongly influenced by the affective and/or motivational state of the
organism, Yor exsmple, previous experience and cultural determinants as
vell as other situational variables such as attention, suggestion, and
especially anxiety,have been shown to be able to influence reports of

vain sensation. FHill et. al. {1951) performed some interesting experiments



which serve to 1llustrate this point. They found that a given level of
electrical shock or burning heat was perceived as less painful under a

"ov anxiety” situation (by assuring the sudbject that he could comtrol

the vain producing stimulus) tham under norsal or "high anxiety” conditioms.
Tn addition, they also demonstrated that morphine diminished pain in the
"high anxiety” situation but morphine had no demonstrable effect in the
"low anxiety” setting.

Role of the Central Nervous Syatem

Fxamination of the evidence from these and numerous other clinical
investimations suggested, that at the very least, so cealled "higher"” or
cortical functions plaved a much greater role {n controlling and modifying
the quality and intensity of sensation vhich reached avareness, than classical
theorists had attributed to them, Until recently, however, there was no
Arect anatomical evidence to support the hypothesis that central or
cortical systems were involved with primary senscory function.

A crucial advance in this area came from post-mortem studies of
vatients vho had undergone surgical anterolateral cordotomy (Keele, 1957).
Thease inveastimations revesled a marked discrepancy between the number of
degenerating fiders ascending in the spinal cord and the number of fibers
entering the thalamus, Subsequent studies, both physiclogical and
anatomical, demonstrated the existence of spino-reticular as well as
reticularcortical, and reticular hypothalamic pathways (Truex and
Carnenter, 1069) (Mehler et. al., 1960). These studies provided the
first anatomical evidence against the traditional "trausmission line"
spvroach to vain vathways and, in addition, geve credidility te the

suggestion that reticular as well as cortical and limbic structures



could directly influence (via ascending and descending mechanigms) the
aual ity and quantity of somasthetic input,
‘Modern Concepts of Pain

The weaknesses of specificity theory were not inapparent to early
investigators, One of the first and most interesting alternative theories
vas formulated by Geldscheider (Rev. by Melsack, 1973). He began, initially,
by revievinz studies performed on patients with Tabes Dorsalis {neurosyphilis).
Fe noted that one of the major symptoms in these cases were changes in
the svatial and temmoral perception of somatic input. One of the most
peculiar findings was the observation that "mild” stimuli applied over
s veriod of time eventually became extremely painful (temporal summation).
Tn addition, these patients demonstrated extremely long latencies betwveen
the application of a stimulus and the onset of pain (sometimes up to one
minute). Goldscheider (Noordenboos, 1959) reasomed that a central (dorsal
horn) summating process must be directly involved in the sorting out of
somatic information. He reasoned that a particular pattern or patterns
of nerve immulses were necessary to produce this summation and that at
some "critical” level, ordinary or nomnoxious stimulation could evoke
vainful sensations,

The original "pattern theory” has been modified by a number of authors.
Weddell (1055) and Sinclair (1955) sumgested that spatial and temporal
summating mechanisms would, in themselves, explain all pain phenomena,
vrovosing that non-specific receptors were responsidle for generating
these impulses, They thus diminished the significance of physioclogical
specificity of the peripheral receptors in the oversll scheme of "pain"

perception,
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Livingston (1943) was the first te propose a central mechanism as a
basis for the various patholoegical pain states, e¢.g. phantom limb pain and
causalpias, He suzgested that scme disturbance must be cccurring vhich
sets up a "reverberating circuit”" in neuronal pools of the spinal cord. He
reasened that such cireuits were responsible for the maimtenance eof chronic
vain states, One flaw in this and other extensions of pattern theory is that
it fails to exvrlain vhy surgical lesions in the spinal cord very often fail
to eliminate chromic pain (White and Sweet, 1969),

Neordenboos (1950) suggested that e specialized input comtrolling sys-
tem normally prevents summation from occurring and that destruction of this
system leads to pathological pain, This system wvas hypothesized to be com-
vosed of a rapid confueting inhiditery (myelinated, new, epicritic) component
and a slewer conducting (un-myelinated, old, protopathic) component which
tomether transmit sensery information from the periphery. In patholegical
vain states, the fast system was seid to lose its dominance over the slower
system,resulting in hyperalgesia. Thus a ratio of large to small fider in-
vuts would determine the nature of sematic i{nput (Melsack, 1973).

As vpreviously discussed, it wvas well acknovledged that a number of
paychological variabdles, e.g. motivation and attentiom, ete., could streagly
influence vhether a stisulus was, in fact, "painful”, Unfortunately such
variadbles were not accounted for in traditional theories. Bherriagton (1906)
was prodadly the first to formally sssert that the brain did not process in-
put with "absolute indifference™ and he stated that "affective tone {s an
sttridute of all sensation”, Even so, until recently cognitive and/or
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motivational processes were relegated to a secondary positien in pain
theories. BSuch factors, as anxiety or conditioning, were referred to as
contriduting te the "reaction component” of pain rather than being consid-
ared as parallel influences which could interact directly with semsory

processes (Melsack, 1973).

Gate-Control Theory

Of all the modern theories of pain, the "Gate=Control Theory® of
Melzack and Wall (1965) has received the greatest amount of attention
and has provoked the most controversy, The originators of this theory
songht to formilate an integrated and comprehensive theory of pain vhich
sould account for al)l the various phenomens otherwise unexplained by pre-
vious theories, e.g. the role of temporal summation, physioclogical special-
ization, and affective processes, otc,

The "Gate Theory” proposes "that & neural mechanism (T cells) in the
dorsal horns of the spinal cord act like a gate vhich ean incresse or
decrease the flow of nerve impulses from peripheral fibers to the central
nervius system, BSomatic input is therefore subjected to the modulatory
influence of the gate before it evokes pain perception and response. The
degree to which the gate incresses or decreases sensory tranmmission is
determined by the relative activity in large dismeter (A-beta) and small
dismeter {(A-delta and C) fibers and by descending influences from the
brain. WVhen the amount of infermation that passes through the gate exceeds
a eritical level, it activates the neural areas responsidle for pain ex-
perience and response”, (Melzack, 1973, P, 153),
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The "Cate~Control Theory” vas initially received with a good deal
of enthusissm because it seemed to provide a satisfactory explanation for
a variety of phenomens, e¢.x. pathological pain states and descending
cortical influences, ete. Unfortunately, of late, the "Gate-Theory” has
ensendared a great deal of criticism (Campbell and Taub, 1973) (Schmidt,
1072) and much of the experimental evidence in support of the thsory has
been disvuted.

The "Cate~Theory" had originally evolved as a consequence of studies
(Tewo, 1060) whose moal was to locate small fiders vhich responded to
nociceptive stimuli, These studies were unsuccessful in that very fevw
peripheral fibers conducted impulses following stimulation of nociceptors
{free nerve endings). In addition smaller fibers vers found to be sensitive
to 1ight tactile, dut not noxious, stimuli. These results wvere in apparent
contradiction with earlier experiments (Bishop and Heindecker, 1935) which
had deménstrated that direct electrical stimulation of nerve fibers, suf-
ficient to elicit the firing of small nerve fibers, produced pein. The
"Gate-Control Theory" with its concept of negative feedback inhibitiom,
vas, in essence, an sttempt to resolve this apparent paradox (Taub, 19Tk).

Vall and Sweet (1967) realized the possible clinical implications
of a negative fesdback system., Using implanted electrodes, they electrically
stimulated the peripheral nerves of patients suffering from various kinds
of chronic pain. They reported that temporary pain relief wves provided
by these treatments. No action potential or other electrophysiological
dats, vhich could directly substantiate a nemative fesdback system, vas
provided in this or other similar studies (Meyer and Pield, 1972), Nome-

theless, it wvas claimad that the analgesia produced was a consequence of
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direct stimulation of large fibers. The success of "local percutaneous
electrical analgesia” and a similar technique involving electrical stimu-
lation of the dorsal columns of the spinal cord for relief of pain (Nashold
and Friedman, 1972) were subgequently invoked as "proef” of the validity
of the "Gate-Control Theory",

Plectrophysiological studies by Taub (197h) end others (Schmidt, 1973)
have shown that electrical analgesia appears to occur not by selective
stimulation of large fibers, but rather on the contrary, by the blockade
of the smaller C and A-delta fibers.

In addition, Taub {19Th) found that blockads of tactile pain only
occurred at or near levels at vhich pain wvas repcrted from electrical
stimilation alone. Taub therefore concluded that electrical analgesia
is the result of direct blockade, probably by fatigue, of the firing of
sensory fibers, rather than arising by & spinal "gating” mechanism. He
further suggested that Dorsal Column Stimulation acts by creating a func-
tional spinal cord transection and not by "jamming” a "gate-~control”
mechanism,
Sumary

It should now be clear that in the field of pain research, there are

numerous theories but also disagreement over the experimental results, The "Gate-

Control Theory” and other similar modern approaches to the study of pain
have served at the very least to stress the importance of cognitive and
affective processes in the perception of pain. It should also be evident
that any study of pain or related phencmena can not ignore such considera-
tions in their experimental dssigm. Unfortunately, such factors as motiv-
ation, and learning, etc. are often neglected in studies purporting to

evaluate the nature of pharmacoclogioally produced analgesis. It is this
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last point which is particularly relevant to the present study and will

be discussed in greater detail,
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An ic Tests the Me t of P

"There are fev problems as complex, as frustrating,
and yet as challenging aan the subject of pain and
its messurement, There are fev fields in pharme-
cological literature that can leave the reader feel-
ing as confused as those pertaining to the msasure-
ment of pain.” (¥oldes, et. al., 1964, P, 113),

Analgesic or antinociceptive agents are broadly defined as arugs which
diminish the perception of, or response to, noxious stimuli. They are
distinguished from genersl and local anesthetics in that unlike the former,
they can relieve pain witheut producing unconscicusness, and from the latter
in that they do not prevent the transmission of nerve impulses from the
point of contact to the central nervous system.

Turner (1965} has classified analgesics into three broad categories
based on the site of action:

1) Peripheral antipyretics (e.gx. salicylic acid) wvhich
are analgesic to inflamed tissue vhere they decrease
temperature and relieve sdema,

2) Hypothalamic antipyretics (e.g., saminopyrine). which
are analgesic to normal and inflamed tissue and also
diminish edema,

3) Narcotic analgesics vhich act on normal and inflamed
tissues but do not effect temperature or sdemm,

Most standard analgesic tests vhich are employed for evaluating potent
nareotic analpesics, o.g. morphine, are vith fev exceptions, insensitive
to nen-parcotic agents,e.z. propoxyphene and aspirin, except st toxic
doses,
Analrepic Tepts

The prodlems of accurately evaluating analgesic agents in animals
and in man has been a perplexing one for pharmacologists, The vast number
of pharmacological procedures designed for this purpose over the last fifty
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years is an indicstion of the difficulties inherent in this fleld.

The strongest cbstacles hindering an accurate evaluation of the "pain"
relieving qualities of analgesics stem from the arguments presented in
the previous section on main, Since it is evident that pain is a subjec-
tive phenomena, therefore any measurement made by an observer can only
reflect vhat i{s presumed to be the reaction to a "painful” stimulus rather
than the "pain” {tself., This problem is not merely semantic and is espac-
1ally significant in animal studies, vhere it becomes necessary to ask
several questions vhen interpreting experimental data:

1) Does the animal recognize as painful, the stimulus
emploved?

2) Is the response or lack of responss in s subject an
indication of analgesia or of some other effect,e.r.
neurasscular blockade?

3) What is the behavioral (motivational state) of the
subject vith respect to the testing environment, i.e.
does the subject receive any revard or positive or
negative reinforcement for a particular response?
¥or exsmple, will the production of a particular re-
sponse by a subject cause termination of a test and
therefore of the aversive stimulus?

This last question requires further discussion. In almost all
animal experimentation, no matter how sophisticated, the response(s)
measured is only the end product of the interaction of many factors., 1In
analgesimetry, this may entail a subtle interplay between the test envir-
onment, the physiological and/or the behavioral actions of the drug, and
the motivational state of the organism being tested,. For example, Kayan
ot.al, (1069) demonstrated that prior exposures to & testing situation could
influence the response of mice in a procedure for evaluating analgesic

tolerance. Similarly, Gebhart and Mitchell (19T71) showed that modifice~
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tions in the test apparatus alone were sufficient to ceuse changes in

the analmesic response, In snother set of experiments, Gebhart et, al,
{1972) shewed that stress (restraint or noise) could influence subsequent
performance in an analgesic test, In wddition, Jacob (1963} et. al., 1966)
demonstrated that a significant learning component exists even for the
supposedly "simple” jumping response commonly measured in the "hot plate”
technique, Tamayo and Contreras (1970) found that prior exposure to a
testing situation could influence the results of analgesimetry in cne kind
of test, "tail-pinch,” but not in the "hot plate” methed.

Thus, &8 vas esphasized in the section on pain, consideration of be-
havioral variables is of paramount importance in comparing and evaluating
studies of analpgesis and analgesic agents, especially in the light of the
work of Hill et, al, (1952), vhich has been mentioned, en the influence
of snxiety on analgesic measurement, Nonetheless, most standard analgesic
tests measure only a small part of what is certainly a most complex phenomena,
Yet most authors take for granted that the behavior or behaviors evaluated
in their procedure are, in fact, directly measuring pain (or analgesia).

One last pvoint is vorth mentioning in this context, the difference
betveen so-called "pathological pain” and "experimental pein”, In human
studies, it has often been noted that, analgesics (especially non-narcotic
agents) are more effective in relieving experimentally induced pain (from
pin-priek or radiant heat) than they are in diminishing pathological pain
as in cancer etc, This Qiscrepancy is generally ascribed to differences
in motivation rather than the source of discomfort, i.e. the normal
healthy subjects are said to be commizant of the transitory nature of the

test situation, vhereas the actual patients reguired wore relief due to
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the ehronic nature of their condition (Keele, 1959). This last example
serves to reinforce, once agein, the {mportance of the "overall state of the
orsanism” in evaluating analgesia.

Animel Algesimetry

™he analgesia tests in common use range from crude to elegant
and include precedures vhich measure the simplest reflexes as well as the
most complex learned responses. Part of the reason for the wide variety of
analresic tests {8 related to the original impetus for the design of such tests,
vhich was, in effect, to provide a simple and reliable means of screening new
compounds for analgesic activity, As a consequence, early investigators were
not interested in the specificity of these tests for detecting "distinet anal-
zesic proverties”, but instead they were more interested in finding quantitative
methods for selecting compounds with potential for further clinical studies.
s, these workers, and to a wvide extent, most authors in the field 414 not
attempt to ascertain the nature of, or the process{s) underlying the behavior
they were messuring.

As a result, standard testing methods employed today, although widely
used and referred to, are rather non-specific in that non-analgesic agents
elécit comparahle results to these obtained by knowmn analgesic agents. BSim-
flarly, the relative potencies of some agents may vary from test to test.

Mne example of this was the finding that nalorphine (a partial agonist)
demonstrated no analgesic activity as measured by the Tail-Flick test (Winter,
10€%) (Woude, 19AT), yet this drug was known to have analgesic actions in man
and, in addition, 1t was later found that nalorphine had analgesic activity
vhen measured by another testing procedure (abdominal stretching) (Bentley ot.
al,, 10€s),

Another problem encountered in examining the literature in this fisld
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s that the so-called standard testing procedures, e.g. Not-Plate (mice)
and Tail-Plick (rat) are often modified in a variety of fashions to suit the
needs of individual investigations, Buch modifications introduce another
confounding variadle as work by Jacob (1962) has clearly demonstrated, He
found, as will be Adiscussed below, that the order of potency and relative
asctivity of certaln analgesices may vary with changes in stimulus level,
Classification of Analgesic Tests

nalgenic tests can be classified in two general wvays, first according
to stisulus quality: 1) chemical 2) electrical 3) thermal and 4) mechanical,
and second, according to the method of guantification employed. In this
respect, procedures can further be subdivided into two categories based on
wvhether or not the stimulus intensity is kept constant,

In one case, constant intensity, the activity of an agent is eassessed
in relation to the disappearance of a response, In this manner an "all or
none” respense allows for direct quantitative evaluation, as in the "Tail-
C1ip” method in which the failure of a mouse to attempt to dislodge a tail
clamp (applied at & constant pressure for a fixed amount of time) is regarded
as a measure of analgesia. Oraded responses may also be used, PFor example,
latencies of response can be measured in the Tail-Clip method, vhich are
then evaluated with respect to standard or control values, Similarly, some
directly measurable parameter may be employed,e.g. the mumber of peritoneal
stretching in the intra-peritoneal writhing test.

In the second case drug activity is measured in relation to o stimulus
parameter required for the production of a given response. This parsmeter
My involve changes in doth Guration and intensity of stimulation.

In most standard tests, the stimulus strength is kept constant and response



delay (resction time) is measured, These tests permit the use of large
numbers of subjects, but coentain the dravdack of introducing arditrary sut-

off times which can skew results,

In situations where the gtimulus duration is kept eonetaat, thresholds
are measured. One author, (Jucod, 1966), arguss that, in practice, stimulus
duration is not truly held donstant, since it (duration) fluctuates during
the time when threshold values are being sought., Similarly, vhen duration
1s kept constant, repetition of the stimulus is necessary. These procedures,
hovever, are considered to be more "accurate” than these using constant in-
tensity because they are less influenced by arbitrary "cut off" values,
Tail-Flick Method

Prodably the oldest and most prototypical of the standard analgesic
tests is the Tail-Flick method originally designed by D'smour and Smith (19k1).
They used rats as the test animal and a besm of light on the terminal part
of the rat's tail as the stimulus, It was found that the normal animal
responded in a matter of seconds by removing its tail from the beam of
1ight, The eriterion for the action of an analgesic drug was failure %o
nove the tail out of the deam within & specific time limit {Winter, 1965)
(Bonnycastie, 1062),

An early modification of this technique was the darkening of the rat's
tail in order to intemsify the stimulus, One dravback of this and similer
nodifications wvas the production of tissue demage, especially in situations
vhere repeated determinations were performed on the same animal, or vhen
the more potent analgesics were being tested,e.g. morphise (Domer, 1971).

A later modification (Bonnycastle and Leonard, 1950) sought to elim-

inate the prodlem of tissue damage by using pre-trained rats, It wvas
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found that a training peried was necessary before naive rats "learned”

to escave the beam. Most rats learned the response following several
testineg sespions and non-learners were eliminated, Previous observations
by Wolf? and Nardy (10kT) had shown that the stimulus duration necessary
to elieit a "pain response” was approximately half that required to produwce
tissue demage, The authors (Bonnycastle and Leonard, 1950) sought to con-
trol the duration of the stimulus in order to prevent tissue damage., This
was accomplished by determining the normal reaction time for each rat in
an experimental group., The mean reaction time (multiplied by a facter)
was then employed as a cut off or "normal allowable period of stimulation”
(Bonnycastle, 1962). Propoments of this method claim that this modified
Tail-Flick test is sensitive to a broad range of analgesics,i.e, from as-
pirin to morphine, (Winter, 1965).

A number of authors disagree with these findings. Some investigators
feel that the stimilus intensity used in the Bonnycastle procedure ia too
weak and that this tends to generate broad wvariations in normal reaction
times, Other authors (Winter, 1965) have found that training 4id not im-
nrove the sensitivity of the test, Results of experiments with mild anale
resics have been inconsistent and cne investigator suggests that responses
observed with these drugs are toxiec reactions (Nicak, 196k) (Jacodb, 1966).

Jacod points out in his reviev of the subject (1966) that this test
(Tail-"1ick) i3 unsatisfactory as & means of eveluating analgesia because
not only are the animals restrained, but, in addition, the measured re-
sponse (tail-fliek) involves such a low erder ef semsorimotor coordination
that it can be slicited even in cherdotomized animals (Houde, 1967),

Nonetheless, the Tail-Flick test is widely used and a number of new



modifications have been developed. One of these (Janssen et. al., 1963)
consists of aimmly (in place of the readiant heat source) immersing the rat's
tail in hot water, In obther varigtions {Nicak, 196k) ultrasound, as well
as mechanical and elgetrical stimull, are employed, RElectrical stimull
appeared to produce more "struggling™ than tail-flicking and several authors
have {gnored the tall-flick, and chosen to record the "struggle” response
instesd (Ereoli and Lewis, 10kS5),
"ail.Clip Methed

The Tail-Clip method {s another of the standard procedures for screen-
tne anslpesics, It was introduced and extensively studied dy Bianchi apd
Pranceschini (195k), In this test, mice are injected with a standard dose
of a substance and then the clip, fabricated from an arterial clamp which
i1z enclosed in a ruddber casing, is applied to the dase of the tail for a
fixed length of time (30 seconds), Untreated mice attempt to remove the
clip, vhereas treated mice are found to de indifferent to it. Control values
are obtained by adjusting the clip pressure to & level just sufficient such
that all naive control mice attempt to dislodge it (Turner, 1965).

Caleulations of potency are made on the basis of the percent of mice
which respvond to s given dose, Thus, this test fits into the fixed stimulus
duration "all or none" category. Some suthors claim that this test ia an
isnrovement over tests vhich use thermal stimumli,i.e, hot-plate and tail-
fliek, "They contend that the response to mschanical stimulation requires
"nighar order” (supraspinal) integratiom,

Nne modification of the "Tail-Clip" test was dssigned dy Bianchi and
David (19An), Rather than adjusting the elip pressure until a criterien

of 1007 response was resched, they simply eliminated all mice which 4id
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not respend within 15 seconds. These mice then served as their owm con-
trols when retesting oceurred following drug administration,
Caudal Compression

Another test, "Caudal Compression”, is somevhat more complex than those
vreviously mentiened, (Oreen snd Young, 1951) (Domer, 1971), The apparatus
for this procedure i{s designed to preoduce a uniformly increasing pressure
on a rat's tail, Tt consists of two syringes connetted tip te tip by means
of & flexidle and portable fluid filled tube. A side arm of the tude is
connected to a manometer, The rat’'s tall is placed betwveen the plunger
of one syringe and a stationary surface, In this manner, uniform pressure
on the other syringe compresses the tail and also registers on the manome-
ter, TNesponses are recerded vhen the rat-begins to struggle or vhen it
vocalizes with s squeak, An arbitrary index of analgesia is employed,e.g,
when the soueak threshold ia deudle that of a control group.
Hot-Plate hod

Athough the tail-flick test is prodadly the most commonly used pro-
eadure for dlind screening, the hoet-plate test is commenly empleyed in
exveriments wvhere tolerance and other pharmacological phenomens are being
studied,

he original test was designed by VWoolfe and Macdonald (19kL), Many
variations of this test have evelved over the years, for example: changes
in vlate temperature, vhether constant or varying; sisze and shape of the
test container, the number and duratiens of exposures to the plate, eori-
terien for response, and treatment of data, In the original methed of Weolfe
and Macdonald (19hk), mice were ploaced om a heated zinc plate and latencies

for any one of a nwiber of "escape oriented" responses were recerded, In
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this manner, a large mmber of animals could be tested and the difference
betwesn control and post~treatment latencles were computed,

The hote-plate technique most commonly used today is the procedure of
PAdy snd Leimbach {1953), In this modification, the temperature of the
viate is kept constant by a doiling fluid mixture, The container is a
eylinder vhich allows the subject to walk and to jump., Reaction times are
recorded, Latencies of responses such as rapid withdraval of paws, "danc-
ina", vaw licking, and jumping out of the cylinder, are all grouped together,

Tn the standard Pddy-leimdach procedurs, resction times were determined
at various intervals following drug injectien, The criterion for an an-
algesic regvonse wvas the mumder of mice (in groups of 10) vhich failed to
respend within thirty seconds after exposure to the hot plate (Winter, 1965),
The sensitivity of this method is claimed to be equivalent to that of the
Tail-Flick test (Banziger, 106k),

Although the "Not-Plate" method has the advantages of being both ins-
strumentally simple and convenient for serial measurements, it has bdeen
shown teo have a number of practical and theoretical dravbacks. In par-
ticular, it is evident that a variety of receptors other than those of
"nain" per se, are stisulated (thermic, tactile, visual, etc.,) and there-
fore the observed reactions, e.z, pav licking, Jjumping, ete., represent com-
Plex and probably distinet behaviors in which physical pain may play only
& limited or minor rele (Bianchi and Franmeeschial, 1954), Thus it is not
surprising that a variety ef non-analgesic substances can modify behavior
orn the hot-plate,

Jacod {1962) seught to analyze the different behaviors of animals on
the hot-plate, Ne found that changes in plate temperatire (within the range
esployed by most investigators) ceuld influence both the order of appear-
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ance of various responses,e.g, Jjueping or licking as well as the fre-
quency and latencies of response, Sudsequently, he found that repeated
exvosure te the hot-plate caused a change in the relative frequenclies of
41 fferent resvonses, and furthermore, he found that the percentage of an-
imals reacting with a certain response on re-exposure depended on the
"plate temperature”, VWhen morphine was administered, he observed a 4iff-
erential susceptidility of various dehaviors to the action of the drug,
vhich vas Telated te the smount of exposure to the hot-plate prior to
morphine administration,

Thus, Jacoh (102} concluded that s number of intervening variables
mst be taken into consideration wvhen comparing data from experiments per-
formed using different modifications of the test procedure and different

resvonse criteria,

Tests of "Mild" Analgesies
A number of tests have been designed to evaluate intermediate or

“mi14” analgesics, e,g. nalorphine, propoxyphene, ste. The most reliable
of these has vroved to be the paritoneal writhing test originated by
Fendershot and Porsaith (1950), In this procedure, mice are injected
intraperitoneally with a heated solution of phenylquinone, The mice are
then observed for twenty minutes and the mmbder of "writhes" per mouse is
recorded (avproximately eighty percent of mice do not writhe and are
eliminated from the test populatiom),

On the following day, those mice that 4id “writhe" are injected with
the test drug and twenty minutes later, the phenylquinone is reinjected.
"he versent of "mrotection” against writhing produced dy a compound at each

dose level is computed and ¥DS0's are then caleulated. One popular
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moditication of this test was developed by Okun et. al. (1963). They used
benzvlauinone which is water soluble and is not an effective inflammatory
arent excent wvhen gziven intraveritoneally, Okun et. al. quantitated their
results hv finding the dose necessary to completely inhibit writhing in

50% af a group of ten mice,

The "writhine” test and other similar tests for mild analgesics, al-
thourh valuahle as screening methods are very non-specifie, In fact, an-
tihistaminics, varasvmpathomimetics, sympathomimetics, adrenergic blocking
arents, and a variety of other apents cen inhibit writhing at "non-toxic"
doses (Turner, 1045),

Probleme, similar to those encountered with the "hot-plate” test,
are alno present in the "writhing" test, The so-called "writhing response”
encomnasses a wide range of hehaviors including stretching, torsion, hind
1lag retraction, and ahdominal scratching, and consequently, authors differ
in thelr internretation of the significance of the various responses {Winter,
10£8),

One additional ouzzling findine has been noted wtih regard to the
writhine test, Benzvlsuinone injections were found to have equivalent
affacts on mice whether they were housed individually or in groups., How-
ever, grouved mice showed a greater inhidbition of writhing, following in-
Jeetion of narcotic or non-narcotic analgesics, than 4id mice vhich were
housed individually (Turner, 19S5},

Analgesie Tests Feploying Flectric Shock

Beveral tests emvloving an electric shock as an aversive atimulus have
Yeen Aesigned, These technicues fall into two categories. The tests in

the first catesory are similar to those previously mentioned in that they
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Reasure some respense lstency to the noxious stimulus (foot shoek or
current applied directly to the tail) which is measured in either & free
moving or restrained subject, Tests in the second category ars more com-
vlex and are oriented towards behavorial analysis rather than enalgesic
screening. In general these tests involve some alteration in a learned
respense (e.z. escape or avoidance of the noxious stimulus following drug
administration) by the performance of a specific learnsd response,

The reflex changen caused by electrical stimulation of a rat's tail
vere studied by Carroll and Lim (1960). Thresholds fer a variety of with-
drawval reactions were calculated, Narcotic analgesics were found to inhi-
bit vocaliszations at lower doses and diminish other postural and somatic

responses at higher doaes.
Siwilar studies were performed in mice (¥ilsen, 1961}, An electrode

vas inserted in the tail of a restrained mouse and the threshold (voltage)
for vocalization was measured, The relative number of non-vocalizing mice
following drug administration wvas empleyed as an index of analgesia,
Surprisingly, no reports of a test which employs a "foot shoek" as
e stimulus and a jumping reaction as s response, have appeared in the
literature,
Analgesis and i
In general, there has been little interplay between the disciplines
of experimental psychology, ¢.8. operant conditioning, and the study of
analgesia and analgesic reactions per se. This is understandadble comsid-
ering the original goals of most analgesic research,i.s. screening, and

the time consuming nature of most bYehavioral techniques.



The most sophisticated dehavioral test devised to measure analgesia
wvas designed Dy Veiss and laties (1958)., The authors were aware of the
nesd for an analgesic test which ecould first, measure a more "total" and
integrated response to pain rather than a simple reflex latency, and second,
conld measure accurately a vide range of anslgesics,i.e. aspirinm to mor-
phine, at analgesic and not toxic doses,

Tn vhat has Deen termed a "fractienal escape” situation, rats were
trained to press a lever to reduce the intensity of a shock delivered to
the fleor of an enclosed chamber., Pressing the lever at certain intervals
cavsed the shock levels to stebilise and greater lever pressing rate caused
the shoek intensity to De decreased. Analgesics were found to mect by in-
ereasing the "tolerated” shock level (Weiss and Laties, 1958),

The authors (Weiss and laties, 1970) argue that this test is prefer-
adle to standard avoidance precedures, i.e. tests in which diminished per-
formance in an animal previously trained to aveid & noxious stimuli is
interpreted as a measure of aralgesia, since it had deen suggested that
the effect of morphine on suppressing avoidance was related to general CES
depression rather than analgesie (Winter, 1965), Weiss and Laties studied
varying shock intervale and response-shock reduction ratios. They found
that analgesics could raise the tolerated level of shock at doses insuf-
fieient to cause any change or impairment in sscepe behavior. In addition
they found that pentobarbital (a non-analgesic sedstive) did not alter
tolerated shock levels at doses which caused alterations in avoidance be-
havior. WMcConnell {1962), however, did not f£ind s qualitative difference
between morphine and chlordiasepoxide {a tranquilizer and muscle relaxant

knpewn to influence avoidance bohavior),i.c. he found that the minimum
effective dose necessary for raising the threshold for fractional escape



was the same dose necessary or depressing continuous avoidance,

Avoidance and Seresni

Critics of the "fractional escaps™ method argue that the technique
maY Beasure subtle motivational and performance alterations induced by
narcotics, but that such parameters do not truly reflect the "sensory com-
ponents of pain”, wvhich are believed to be directly affected Dy analgesics
{(Mouser and Pare, 1973),

Nouser and Pare (1973) have devised o test vhich they claim overcomes
the dravbacks of previcus techniques, This method involves the measure-
ment of anslgesia using a spatial preference test., Rats were tested daily
for 50 minutes in u Plexiglass shuttle box or "tilt cage". ZElectric shocks
{constant current) of gradually increasing magnitude were delivered through
a arid floor at each sessien for 6 days, The animals could escape or
avold the shock by crossing to the oppesite -1“ of the apparatus. An aver-
sive threshold was arbitrarily defined as the shock level which an animal
was found to sveid 75% of the time. A stable threshold was achieved in
all mice by Day six. The authors found that narcotic agonists as well as
antagonists could elevate the aversive thresheld in a dose dependent fashion.
The authors claimed, that unlike other avoidance tests, the results could
not be ascribed to sedation bDecause pentobardital was only adle to elevate
the aversive threshold at doses vhich severly hampered the execution of
the escape response.

The authors clain that this test is a more satisfactory screening pro-
cedure than other aveidance or "titration" methods because the measured
response i3 relatively uncomplicated and therefors more analagous to clin-

ical "pain” stituations, (Houser and Pare, 1973).
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Summary

All the feregoing precedurss are considered te de "direct measures
of analgesia”, {.e, they purpert to measure a specific diminution in an
otherwide pain specific response, Clearly, as with reflex escajpe responses,
this 1is not the case, Other indirect metheds of analgesic testing are also
employed., TPor exemple, in the Straudbtail test (Aceto et. al,, 1969) s
particular idiosyncratic response {extensor rigidity of the tail) {s found
to sceur following administration of a particular class of drugs (narcotics),
In such tests no noxious stimuli are employed, An unknown compound is sis-
ply examined as to whether it can elicit the required response.

As demonstrated by the work of Jaceb (1963), Gebhart and Mitchell (19T1)
and ethers, there are additional variables introduced into the testing sit-
uation vhen repeated stimulation and drug administration are performed on
the same animal. These particular variables (drug-test intersctions) are
not relevant considering the gosls of screening procedures, but are highly
significant vhen one in attempting to evaluate a learned behavior or inves-
timate tolerance phenomena. Such interactions, e¢.g. bebavioral tolerance,

will Ye dealt with in greater detail in the discussion.



Tolerance

The phenomenom of tolerance is one of the most frequently studied in
vharmacology, Although much information has bDeen gathered concerning the
varsmeters vhich govern tolerance, the underlying mechanisms involved have
continued to remain obscure,

Tolerance can be defined as a decreased responsivensss to a drug
following repeated administration. Thus tolerance can be expressed as
either the change in some response parsmeter upon chronic administration
or the quantity of 4rug necessary to maintain the initial response level
(Mg, 1973),

Tolerance may develop very rapidly (minutes or hours) and this is
termed acute tolerance or tachyphylaxis, or it may develop over long periods
of time and this is termed chronic telerance,

Cross telerance denotes the ability of one drug to produce tolerance
to another drug,e.g. morphine and meperidine. Cross tolerance occurs be-
tween drugs with similar pharmacological actions, i.e, betwveen tranquilisers
and darbituates dut not detween narcotic analgesics and the sedative/tran-
quiliger drugs.

Tolerance may not oceur to every pharmsccologic action of a drug, nor
does tolerance necessarily develop at equal rates and to an equal degree
for sach sction of a drug,

In experimental studies, investigators have sought to corrslate the
acquisition, progression, maintenance, and loss of tolerance vith a variety
of parameters. Yor example, nwmerous studies have been performed in order
to elucidate the relationship between dose level, interval between drug
sduinistration, etc., and the rate of tolerance development.



Tolerance and physical dependence are often considered to be a re-
flection of the seme underlying process, This is because of the obdserve-
tion that physicel dependence (defined as withdrawal phenomena vhich can
be elicited upon cessation of drug administration), develops to drugs
which are alse capadle of producing tolerance. In addition, tolerance
develepment has deen shown to precede the onset of physical dependence
and disappear following withirawal.

Many suthors feel the evidence suggesting a common etiology for tol-
erance and vhysical dependence is sufficiently compelling to assume that
one process is a reflection of the other. However, tolerance does dsvelop
te druge which are not knewn te produce physicel dependence, e¢.g. marijuans,
Thus, tolerance and dependence could de a result of tvo parallel but sep-
arate processes. Similarly, it is egqually possible that different mechanimms
ecould underly tolerance to the various pharmacological actions of a drug,
Alse, it is pessidle that a mumder of mechanisms may be responsidle for a

single manifestation of tolerance phenomena.
Tolerance to narcotic analgesics can essily be demonstrated both clin-

ically and in laboratory experiments; many, if not all of the original
theories proposed to account for tolerance, vere based on studies of the
action of merphine. Tolerance to the effects of morphine have been demon-
strated for a large number of it's ections, e.g, hypothermia, analgesia,
locomotor activity in mice (Rethy et.al., 1971) (Rev, by Hug, 1973), etec.
Nowever, tolerance has not been demonstrated for such actions as miosis,
seisure threshold changes, and alterations in gastrointestinal metility,
In addition, intrs as well as interspecies variations in absolute as well
as relative production of tolerance have been observed (Cochin, 1970).

In addition, the great variation i{n expsrimental procedures and methods
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of data evaluation have produced a good deal of confusion in this ares,
and may account for some of the conflicting evidencs.

For many years a dichotomy wvas made Detween ascute and chronic toler-
ance to morphine, based on the original work of Schmidt and Livingsten (1933),
They found that massive single doses of morphine could confer tolerance
t0 subsequent doses of morphine., They measured o decreased responsivensss
to such effects as vomiting, hypotension, incoordination, ete. Martin and
Bades (1061) showed that tolersnce to analgesia,as well as other actions
of morphine, could be demonstrated following a continuous short term in-
fusien. In other experiments {Martin and Eades, 1064), they were unable
to demongtrate acute tolerance to the effects of morphine in chronic spinal
dopma,

Recent evidence tends to suggest that, at least, in the case of anal-
gesia there i3 no qualitative difference detween the tolerance observed
following rapid infusion of high doses and chronic or intermittent admin-
istration of small doses of morphine. Thus,wvithin the limits of experi-
mental technology, it appears that tolerance development is e function of
both fregquency and dosage administered and therefore the degres of exposure
of tissues to morphine appears to be the key factor which governs the
development and maintenance of tolerance (Fug, 1973).

Tolerance to morphine analgesia can develop to an extraordinary degree,
in that previowsly lethal doses may have almost no discernidle effect in
a tolerant subject., Yet, telerance develepment i3 never found to de abao-
lute: some effect can always dDe elicited with a high enough dose unless
toxie effects (e.g. convuleions) supervene (Martin, 1970),
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Theories of Tohmgg gnd Dependance

The manner by vhich tolerance and physicel dependence occur has long
puzsled and intrigued investigators, A sigeadle number of theories have
bean proposed to account for these phenomens; however nene of them have
mained universal acceptance, BSome of these hypotheses differ widely in
their approach and postulated mechanisms, vhereas others are fairly similar
in most key features, Implicit in most of these theories is the concept
that the mechanisms of telerance development simultsnecusly provide the
basis for understanding physical dependence, It should de remembered that
although the evidence for a single mechanism of tolerance and dependence
is substantial, it is not as yet conclusive. Thersfore, it is possidle
that one theory may accurately account for tolerance development but not
at all explain vhysical dependences.

Marme (1883) can be credited with propesing the first theory of morphine
tolerance and physical dependance. He noted, sas many other authors have,
that the initial effects of narcotic snalgesics are primarily "depressive”,
i1.e. sedation and analgesia, and that these effects diminish relative to
the "stimulatory” effects, {.¢, changes in gastrointestinal motility, with
chronie administration, Ne devised a unitary hypothesis based on the for-
mation of a morphine derivative with stimulant properties, vhose titre rose
with chronie morshine administration, thus sventually neutralizing the
acute "depreasant” effects of morphine. Ne evidence of s morphine deriva-
tive, such as described by Marme, has been forthceming but some remnants
of the concept of an interaction between distinet stimulatory and depressant
systems, is found in more recent hypothesss.

A "Dual-Action” hypethesis of drug dependence was first prepesed »y
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Tatizr and Seevers in 1929, to account for cocaine addiction, and was later
exvanded to include morphine addiction (Tatum and Seevers, 1931). This thecry
nroposes that morphine has a two-fold action on the central nervous system,
one sction primarily "depressive” and the other "stimulatory”, It was pos-
tulated that this resulted from their existing two separate receptor sites

for morvhine, one intracellular and the other extracellular, The extracell-
ular site 13 said to be responsidle for the depressive effects of morphine

and is the only site for vhich tolerance develops (a specific mechanism by
vhich this tolerance takee place is not suggested). As & result, the stim-
ulatory actions of morphine become dominant following long term administration,
Withdraval is described as resulting from the rapid removal of morphine from
the memhrane site, wvhile morphine, or an active metabolite, is still present
intracellularly, This vrocess is said to account for the "hyperexcitability"
ohserved in the abstinence or withdrawval syndrome (Seevers and Deneau, 1968),

The "Dual-Action" theory shares many features (and flavs) in common with
the recentor-occuration hypothesis originally proposed by Schmidt and Livingston
(1033}, Based on observations of acute tolerance to the vascular effects
of morphine, they suzpested that drug molecules exert their action at the
time of occuvation of the receptor site and once attached, they produce no
effect other than preventing the initiation of a nev response, by blocking
receptor comhination with free drug molecules.

Vany facets of morphine action are explained by the latter two theories, such
as agonist-antamonist intersetions, cross-tolerance, and legarisimic dose-response
curves., Recent investigations, however, have indicated that both tolerance
and the adstinence syndrome can be observed at intervals long after the

cessation of drug administration {Cochin and Kornetsky, 196kL; Kornetsky and



36

Bain, 1968}, Therefors, s requisite for the acceptance of the previous the-
ories would be the dememstration of a peraistence of morphine or morphine
metabolites in tissue after drug administration is discontinued.

Until recently, there has been no evidence that morphine or any of its
uetabolites lingered in the drain or plasma for any sudbstantial period fol-
loving termination of drug administration. Using a redicimmuncassay tech-
nique specific for morphine (Spector snd Parker, 1970), Berkowits et. al.
(197h) determined that, although there is sn initiel rapid fall in plasma
and brein morphine levels (Ti = 1.2 hours), there is & sudsequent gradual
fall in plasma morphine levels such that merphine could be detected in plasma
20 days following remewal of an implanted morphine pellet, This finding has
given new support to the "Dual-Action" theory; however, other investigaters
(Rev, by Hug, 1973) have observed tolerance to the so called stimulatory
effects of morphine. In additiem, Cochin (1972) found that the stimulatory
effects of morphine, observed during ite' administration, do not correspond
to the hyperexcitability phenomens ohserved in withdrawal.

Axelred's (1056) cellular-adaptation theory approaches the problem of tol-
erance from another peint of view. This theory grev out of evidence that
drugs can induce an alteration i{n the ensymes synthesised for their mataboliem,
In this manrer, continued morphine exposure would induce changes in the re-
ceptor proteins or in liver microsomal entymes known to metabolize morphine,

Initial suppert for this hypothesis came from evidence (Axelrod, 1956;
Cochin and Axelred, 1959) that the N-demsthylase ensyms involved in morphise
breakdewn shows a Ascrease in activity with chronic morphine administration,
Unfortunately, attespts to isolate altered metabolites or changes in metabolite
levels wvhich parallel the time course of tolerance development have been
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unsuccess®ul, In addition, most of the Axelrod's original experiments wvere
verformed using methods vhich are nov congidered unacceptable and more recent
studies using more sovhisticated technigues, e.g. radioisotope labeling, have
failed to renlicate the original results (Cochin, 1972) (Hug, 1973).

Martin (1070) proposes a theory based on the assumption that dependence
to morphine i{s essentinlly e disease of adaptation to a toxin. He says that
this sdaptation is a result of "homeostatic redundancy". This theory wvas
devised initially to explain observations that large doses of atropine could
hlock the activity of midbrain reticular systems and that this bdlock could
be completely overcome by increasing stimulus strength, It was argued that
although all muscarinic synanses vere blocked, a secondary non-muscarinic
system wvas stil]l functioninge.

Martin (107N} extended his theory to morphine based on studies of the ad-
justment of animals to the hypothermic properties of morphine, The "redun-
daney” theory implies that there exist two mor more pathways in the nervous
system vhich are involved in mediating a specific neural function and that
these pathvays differ in their spectrum of vulnerability to hypertrophy.
Martin assumes that morphine interrupts one of these redundant pathwvays, but
not the others., The second part of his hypothesis proposes that the non-
suscentible pathways will eventually hypertrophy and bring the system back
to homeostatic levels., Subseguently, if morphine vere removed from the
system, a state of hyperfunction or hyperexcitability would exist, the
effects of which would constitute the abstinence syndrome. Martin further
refines his theory by suggesting that different levels of tolerance and with-
drawal could he related to such factors as the relative functional importance

of non-morvhine vathwvays and the relative degree of susceptability teo
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hyvertrophy in nonsusceptidle pathways.

Martin's theory is sufficiently droad and schematized to encompass facets
of other theories because he does not sugsest a specific diochemical or neuro-
rharmacological mechanism that precipitates the hypertrophy of redundant path-
wvays. Since direct evidence for morphine or other drug inmduced functional
and enetomical changes in the nervous system is lacking, Martin's theory re-
mins vurely speculative.

Sharpless and Jaffe (1960) preposed a theory of disuse or denervation
suversensitivity which i3 in many ways complimentary to Martin's thecry.

Both models imply that the development of tolerance and dependence are the
extensions of normal compensatory or hemeostatic mechanisms by which & cell
or physielogic system sdjusts to an alteration in its operation.

Bumelin (1961) performed extensive studies on the effects of disuse om
cholinergic synapses in the salivary gland, HNe found that procedures which
tended to deprive the gland of normal parasympathetic or sympathetic innerva-
tion increased the gland's subsequent sensitivity to acetylcholine or nore
epinephrine. Sharpless and Jaffe analogize this system to the action of mor-
vhine on the CNB., They believe that morphine causes some pre=synaptic inhi-
bition, theredy causing disuse at the post-synaptic site; comsequently, there
develons increased receptor moieties post-synaptically. Thus, as in Martin's
theory, wvithdrawal is characterized as a manifestation of redound hyperexcit-
ahility, oexcept, in the case of denervation supersensitivity, there is an
fncreane in receptors, vhereas in redundancy theery, thare is a hypertrophy
of neurenal networks,

Direet evidence for inereases in receptor moieties has not bdeen forthcoming,

but the time course of the development of worphine tolerance appears teo correlate
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well vith Bamelin's data (Jaffe and Sharpless, 1968). In addition, since
the theory predicts that disuse hypersenstivity can occur at any type of
synapse, it mey explain vhy changes are found in a variety of neurohumoral
levels during and after administration of morphine,

At the biochemical level, Goldstein and Ooldstein (1961) sad Shuster (1961)
provosed a theory of homeostasis based on changes in protein synthesis, This
"derepression” theory postulates the concept of a morphine induced repreasion
of gnryme synthesis, This ensymatic repression is said to set by inhiditing
the actieons or synthesis of neurotranmmitters required for the proper func-
tiening of the central nervous system (CNS) thus bringing about the effects
of sedation, sanalgesia, etc, Pollowing repeated administration, morphine
1s 8aid to act at a second site causing the derepression of a system vhich
makes the neurotransmitter synthesizing enzsymes. This effect would then in-
eresse the smount of neurotransmitter acting im the CNS., Tolerance would
occur because more morphine would be required to "depress” the CES, Alter-
natively, morphine might alse act by inereasing the concentration of neuro-
transmitters by revressing the synthesis of an enzyme that is necedsary for
the metadbolism of the neurotransmitter, When morphine is aftervards withdrawn,
the action of the increased amount of neurctransmitter would no longer be
counterbalanced by morvhine, and central CNS excitation would occur.

Inftial sumpert for the “"derepresssion” theory came from studiss of the
effects of protein synthesis inhibitors cn the developasnt of tolerance and
physical dependence. A nusber of studies (Smith et, al., 1961; Loh et, al,,
1060} demonstrated that such inhibiters could decrease the agonist effects
of morphine and its congeners as wall as prevent tolerance development and
antagonist induced withdrawval., Such studies, however, are difficult to
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evaluate, since protein synthesis inhibitors sre highly potent antimetabolites
which possess a variety of toxic effects.

All theories of "derepression” postulate the existence of a neurotrans-
mitter vhose concentrations are affected by chronic administration of narcotic
analgesics, The evidence for the existence of such a compound is inconclusive
despite exhaustive efforts (Rev, by Way, 19T1) (Rev. by Cochin, 1972). Al-
though changes in levels of serotonin, dopamine, norepineghrine, and acetyl-
choline, have been observed, such evidence MS not been conclusive enough
to postulate a causal relationship between these changes and the development
of tolerance or dependence,

Cochin and Kornetsky (1968) wviev the results of the protein synthesis studies
from & 41ifferent perspective; they suggest the possibility that immunological
mechanisms might account for tolerance and dependence, In support of thelr
hynothesis, Cochin and Kornetsky cite evidence that there is a delay period
between initial contact with morphine and tolerance development and that after
the delay veriod, tolerance to the second dose increases for some time
(Xornetsky and Bain, 19€8), 1In addition, Cochin and Kornetsky, (1964) found
tolerance to the effects of & single dose of morphine persisted for up to
one year following injection. Cochin and Kornetsky argue that these experi-
ments suggest that mechanisms other than alterations in receptor molscules
or enzyme induction are responsible for tolerance. They asserted that some
sort of {mmunological response might provide a more satisfactory explanation
*or their results,

In order to main further proof, Cochin and Kornetsky (1968) attempted
to transfer serum factors from tolerant to non-tolerant animals, The results

of these experiments weres confounding bdecause the transfer extracts appeared
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te incresse rather than decresse (as was expected) sensitivity to morphine.
As & consequence, Cochin's theery of an fmmmological basis for tolerance

has not mained any degrees of acceptance,
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Present Investigation
Nercotics addiction is one of the most perplexing problems facing modern

society. Mach effort has been put forth in the attempt to understand snd
deal with this complex medical and social phenemenon., BScientific research
has contriduted to the understanding of some of the pharmacologic aspects
of drux addiction, 1.e., physical dependance, tolerance, drug self-administra-
tion, etc. One aspect of the pharssacology of narcotic drugs, that is still
net clearly understood, is the relationship between the administration of
these 4drugs and their influence on the overall behavior and functioning of
sudbjects receiving these substances,

My original interests had deen in determining whether "pure” narcotic
antagonists, e.x. naloxone, possessed any agonist properties. In particuler,
Y was interested in discovering if narcoetic antagonists could influsmce the
development of analgesic tolerance of mice wvho subsequently received morphine,

Standard analgesic tests usually invelve the measurement of some change
in reflex latency to a noxieus stimulus, These tests are somevhat crude and
would have bdeen particularly unsatisfuactory for the anti{cipated needs of this
exveriment dscause they are generally insensitive to partial agonists (Glaseman,
1971). Consequently, s new test was designed which involved measuring the
frequency of escape from a trough-shaped plexiglass box; the floor of vhich
delivered an electric shoek,

As expected, a majority of naive mice usually escaped from the box within
a few seconds and significantly fewer mice 414 so following an initial injec-
tion of morphine, If classical tolerance were to oceur, & significent improve-
mant in escape performance should have been observed on sudsequent days.
Surprisingly, no improvement was observed in these mice follewing repested
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daily injections, Even more curious was the observation that these mice re-
mained impaired In their perfermance for a consideradle period of time fol-
lowing cessation of drug sdministration, When another group of mice were
injected with morphine (but not tested daily) for the same number of days

as the original group, sisnificant tolerance was observed vhen the animals
were tested following injection on the last day of morphine administratiom.

These initisl results suggested that morphine could induce the learning
of an ostensidly maledaptive response,.and that this response, once establish-
ed, could persist even following discontinuation of morphine administratien,

The aim of the present study is te deseribe in depth these phencmena.

My experiments have been directed towards two goals, First, I have attempted
to determine the nature and degree to vhich various stimulus parameters in-
fluence test results, and second, I have sought to dstermine the specificity
of my findings with respect to varieus drugs (marcotic and non-narcotic) and
to various testing precedures.

This thesis is divided inte four sections. In the first section, I have
revieved those aspects of the scientific literature vhich provide a background,
both conceptusl and experimental, for the experiments performed. The second
section contains a deseription of the experimental methods and statistical
vrocedures employed for the svaluation of the data. The third ssction contains
8 presentation of the results of the experiments followed by the last section,
a discussion of these results. This last section will de concerned with re~
lating the results obtained i{n the present study with those found by other
investigators; and finally, I will propese s hypothesis comcerning the im-
vlications of the present work for the study of drug dependencs.
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METHODS
Bubjects

(7.1 female mice, approximately 90 days 0ld, were used in all experiments.
Animale were housed in standard mouse boxes in groups of 16. PFood (Purines
Lab Chow) and water were provided ad 1ib., The average weight of a mouse wvas
20 grams & 2 grams,

Upon arrival from the supplier, nev mice were transferred to their doxes
and not emploved in any experiments until after at least 48 hours. A 12 hour
day-night cycle vas maintained in the testing room, vhich also served as the
animal quarters., Cedar chip dedding was used and was changed weekly.

After inftial testing all mice wvere marked for {dentification purposes
using pieric acid appliad to the fur,

Apparatus
1., ZEscape Box

The "shock box" comsisted of a trough shaped Plexiglass dox, §
inches deep, 10 inches long, 1 1/2 inches wide at the bottom, and k inches
wide at the top, The top of the box was surrounded by a black plexiglass
vlatform, Parallel steel plates were placed along the floor and bent up to
form the inside walls of the box, Because of the narrow floor a mouse alwvays
bridmed a pair of vlates vhen {t stood on the apparatus., A.C. shock was
delivered from a constant curremt socurce (Disgram), Resistance of the mouse
was found to be 10, olms and the shock level was calidrated acoording to this
value, An ssamter was installed in the circuit in order to determine vhether
the mouse was receiving the shock snd to ascertain whether waste matter or

dedris were sherting the vlates,
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2, Hot Plate
A hot-plate escape test was constructed in a similar manner to the
shock-escape box, except that the bottom of the escape box was replaced by »
sheet metal plate, A sheet of asbestos material was placed betveen the plate
and a tray filled with ordinary sand, The sand was used as a damper to pre-
vent fluctuations in temperature on the plate itself, This tray, in turn, was
seated on & atandard laboratory hot plate,

The hot plate temperature was measured by a surface reading thermometer
(PET-Instruments), placed on the sheet metal floor. During the entire teste
ing period the hot plate remained "on" continucusly and no testing wvas done
until the floor temperature was found to be constant to within 1° for a 2L
hour period prior to any experiment,

Procedures

Testing vas performed between 9 a.n. -~ 1 p.a. Injections vere admin-~
istered intraperitoneally in all instances and were performed using a 26 geuge
needle. Injection volume, regardless of dose, was .1 cc, Vehicle, except
vhere indicated, was normal saline., Other solutions were adjusted to the ph
of a morphine sulfate solution with a concentration of 5 mg./cc. Morphine
solutions were refrigerated and replaced routinely at 60 day intervals.

During the injection-test interval, animals were returned to their
boxes. At the time of testing, mice were placed in the apparatus so that
contact vas made between all four paws and the metal plates. In most ex-
perinents, mice were permitted 30 seconds to escape at each trial. Those
not escaping vithin this time limit were graded as non-escapers. The
escape latency of those mice escaping wvas also recorded vith an electric

stopwvatch. Pollovwing testing, mice were immediately returned to their boxes.
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Belect ups

Determimation of initial or baseline performance was accomplished as
follows. It was found in preliminary experiments using 6 groups of 16 naive
mice, that upon initial testing, ten of sixteen mice per group escaped vithin
the time limit., Thus 10/16 or 62.5% was employed as a population parameter
for escaps performance in the initial series of experiments, It was found
in subsequent experiments, that the 62.5% baseline control value wvas an
accurate population parameter, Variations of one or two mice escaping or
not escaping per group vere observed occasionally. These groups were adjusted
by replacemsnt of a particular mouse in order that all groups had the same
10/16 initial performance, In some studies, 1 or 2 mice died either follov-
ing morphine administration or from unknown causes. If this occwrred on
Days 1-5 during the pericd of drug injection, the mouse was replaced by
another with the same baseline (Day 1) performance as the dead mouse. Mice
dying on all other days were not replaced. Except vhere specifically in-
dicated no other selection procedures for groups were employed after Day 1.
Data

In all experiments, the escape latency was recorded for each individual
mouse at each testing session. In those experiments vhere vocaliszation
(squeaking) wvas studied, s response wvas recorded vhen sny audible sound vas
perceived by the observer. In these experiments, mice were not removed
from the testing environment until 30 seconds had elapsed,

In some experiments, all types of responses to the noxious stimulus
wvere recorded. In these expsriments the latencies for all "stimulus related”
behavior, vhethsr vocalization, paw lifting, squeaking, or jumping, ete,,

were recorded dy the observer. In such studies, mice were removed from
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the testing apparatus immediately after a response vas elicited,
Btatistjcal Apnalysis

Because the K (16 mice) represented a randomly chosen population and
10 of 16 mice ascaped the shock within the criterion time limit, a 62.5%
performance level vas employed as a population parameter. Performance of
mice in subsequent testing situations were compared to their initial per-
formance by employing a Chi2 test in which 62.5% (10/16) was the expected
value., Because there wvere two classes of results, 1.e., escapers and non es-
capera, there vas 1 degree of freedom, It was calculeted that an impairment
in performance vas significant at (p€.05) if 5 or fewer mice escaped. One
tailed "Sign" tests were performed to determine the direction of change of

escape performance both within and between groups of mice (ESiegel, 1956).
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RBSULTS
Introduction

This section contains the experimental results, The majority of the
data are presented in graphic form because this format permits the evaluation
of trendas in escape dehavior vis a vis tolerance, as well as sbaclute levels of
verformance,

To avoid confusion the use of several terms should be clarifisd at this
point, PMirst, in many experiments reference vill be made to s "standard test-
ing regimen” or "schedule". Unless otherwise specified this refers to the
testing conditions as deserided for Oroup 2 in Tadble 1. Also, the phrase,
"post-injection testing", refers to testing on the same day as injection in
contradistinetion to "post-morphine” testing which refers to testing on the
day after the last of a series of daily morphine injections. Finally, toler-
ance controls refer to a group of mice tested in the same manner as Oroup 6
in Tabdle 1 on Days 1 through 16 except that in the majority of experiments

tolerance was menerdlly measured after injection on Day 15 rather than on

NDay 1A (as in Oroup §).
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Prelimi ts

Figure 1 (Groups 1 through €) represents the escape performance of mice
submitted to a variety of treatment schedules designed to evaluate the effects
of dosame, sequence of testing and drug injection, the absence of testing
durine morphine administration, and continuous testing without drug,

These schedules are outlined i{p Table 1. The shock level for all groups
vas 1€0 ua, with s trial time criterion of 30 seconds. The dose of morphine,
when administered, was 25 mg/ks, except Group 3 which received 12,5 mg/kg.

Mice in Oroup 1 were tested initially on Day 1 and then daily for thirty
days thereafter., Mice in Orowp 2 were tested on Day 1, then injected with
morphine, and retested 30 minutes post-injection (Day 1A). This group was
then tested dally post-injection for 15 days, followed by 15 additional days
ef testing without drug sdministration. A third group of mice (Group 3)
received a similar treatment regimen as in Group 2 except that the dose of
morphine was 12.5 mg/ke. Mice in Oroup b were injected vwith morphine follow-
ing testing on Day 1, They were then injected with morphine for 15 days,
followed %y an additional 15 days of testing in the adsence of drug admin-
istration. Oroup 5 received the same treatment schedule as Oroup 2 and 3
excert that morvhine was administered after, rather than prior to, the daily
escape trials, Mice in Group 6 were tested om Day 1 then injected with mor-
vhine on Days 1 through 30. Pest-injection testing was begun on Day 16 and
continued until cessation of drug edministration on Day 30, These mice
vere then tested without drug for an additional 15 days,

The escape performance of mice following a single injesction of morphine
(25 mg/xe) (Figure 1, Oroup 2, Day 1A) wvas significently impaired from
their pre-morphine level., Following 15 days of morphine injections and test-
ing, hovever, these mice demonstrated no improvement in their performance,
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Figure 1

Effects of various testing and/or injection sequences on escape behavior
in mice receiving morphine. Groups of mice (N=16/group) were treated
according to the regimens outlined in Table 1, Shock level was 160 us at
all testing sessions. Days of significant (p&.05, Chi2 test) impairment
from control performance (Day 1) were as follows: QGroup 2 - Days 1A
through 28, Group 3 = Days 2, 6, 8 through 15, and 2 of the next 15 days,
Group 6 ~ Days 17 through LS5,
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Tadle 1

Treatment Schedules

Day 1 Days 2-1% Days 16-30 Days 31.k$
Facape testing Escape testing Fscape testing
Fscape testing Morphine followed Escape testing
followed by by testing .
morphineland

re-testing (Day 1A)

NYITOID

Escape testing Morphine followed Escape testing

followed by by testing

morphine

Facane testing Morphine Escape testing

followed by

morphine

Fscape testing Escape testing Escape testing

followed by immedintely

rorphine followed by morphine

Escape testing Morphine Morphine followed | Xecape
followed by by testing? testing

Llorphlnc

Table )
(1) Dosage for Group 3 = 12,5 mg/kg., all other groups received 25 mg/kg.

(2) Post-injection testing began on Day 15 in all experiments except
the vreliminary study (Pigure 1) in vhich testing was begun on Dey 16,
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1.2, n0 evidence of return to their pre-morphioe level, In addition, follew-
ing cessation of morphine treatment, these animala continued to demonstrate
a significant impairment i{n performance for 13 out of 15 daily trials. Results
obtained using a smaller dese (12,5 wg/kg) of morphine were comparable dut
of a smller masnitude, in that an initial and sustained impeairment in perfor-
mance vas ohserved for the 15 days of post-injection trials, These mice
demonstrated only a small impairment in escape performance (2 days) folloving
cessation of merphine., The escepe frequency of control animals (Pigure 1,
Oroup 1) tested for thirty days fluctuated for the first few days of testing
and then stabilized at a constant high level of performance. Mice (Pigure 1,
Oroup &) tested on Day 1 and then receiving morphine for 15 days vithout test-
ing, showed no impairment when tested without drug on Days 16 through 25,
In addition, animals (Pigure 1, Oroup 5) tested on Dey 1 and given the seme
regimen as Grour 2 except that the testing vas performsed before rather than
after injection, showed no impairment either during the period of morphine
administration (Days 2 through 15) or after (Days 16 through 28), Thus, the
ispairment in performante demonstrated in Groups 2 and 3 could not be elicited
by either morphine (Oroup k) or testing (Group 1) alone., Purthermors, the
combination of morphine and testing (Oroup 5) was only effsctive in producing
an {spairment in performance during and after drug treatment if the edminis-
tration of drug vreceded escape testing.

In order to ascertain vhether any pharmacologic tolerance could be
detected during the 15 days of the drug administration peried, one group
of mice (Oroup €) was tested on Dey 1 without morphine and then sdministered
morvhine for thirty days but not tested for the first 15 of these days. ¥When

escape teating was resumed on Day 16, the escape performance of the mice was
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Table 2

Comparisen of the escape performance in saline and non-saline injected
mice., Orour 1 (N=1€) received daily testing (see Group 1, Table 1);
frowp 1 (saline) (W=1F) was trested similarly except .lcc normal ssline
wvas injected 30 minutes prier te testing en Days 2 through 30. QGroup 2
(We1lf) and Group ? (saline) (W=16) received the same treatment regimen
as Oroup 2 (Tadle 1) except Oroup 2 (saline) received ,lec saline in-
jections 30 minutes prior to testing on Days 16 through 30,

Orouwn Escape Prequency (%) Days of Significant
Impairment ®
R BT " BLEE B TES A —
1 - 75.00 75.00 T5.00 -
1 (saline) - 81.25 T7s5.00 81,25 -
2 6.25 6.25 12,5 37.50 13
2 (saline) 6,25 12,50 12,50 k3,75 11

*number of days on vhich post-morphine escape frequency was less than 37.50%.
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not sisnificantly different from the Day 1 value, However, upon continued
daily post-injection testing, the performance of these mice declined such that
by Day 30, the performance wes the same as that of Group 2 following their
initial injection of morphine (Group 2, Day 1A). In addition, these mice
(oroup €) remained sisnificantly impaired for the entire post-morphine test-
ing peried (Days 30 throush k5).

Saline Controls

Prior to investigating the effects of altering the various paramsters
emvloyed in the initial experiments, it was necessary to perform a number of
control studies,

Tadle 2 represents the data from a comparison study in vhich the previoms
exveriments (Tuble 1, Oroups 1 and 2) were repeated using saline injections.
Mice in Oroup 1 (saline) received saline injections prior to testing on Days
1F through 30, As indicated in Table 2, no difference in escape performance
was observed between the saline and nen-saline treated mice in either Groups
1 or 2. Based on these findings, saline controls in subsequent experiments
were eliminated,

Tolerance in Untested Mice

In the {nitial experiments (Pigure 1, Group €), it was found that pharma-
colegie tolerance to morphine could be demonstrated on the fifteenth day of
morohine administration. Additional studies were carried cut to determine
the extent to which analpesic tolerance develeped in mice following wvarious
periods of drug administration., Pigure 2 i{llustrates the results of these
experiments. Orouvs of 16 mice vere tested on Day 1 and then injected with
morvhine, Fach sgroup was injected daily but not tested again until after

injection on Day 1, 2, 6, 9, 15, or 20, Thus, for example, the mice tested



FMgure 2

Tolerancs to daily morphine injection in untested mice, 8Six groups of mice
(M=16/groun) were tested on Day 1 (160 ua) then injected with morphine

{25 mg/kg). Mice received merphine for a varying mumber of days but were
not retested until after injection on the final day of drug administration,
Significant impairment (p¢.05, Chi2 test) from Day 1 (62.5%) control values
cbserved only in 1, 2 and 6 day groups,
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on Day & had received testing and injection on Day 1, injections alome on
Days 2 through 5, and testing after injection on Day 6. The results demon-
strated that the effects of morphine on escape behavior are greatest on Day 1
and then diminish in intensity following daily sdministration such that, by
Day O, there is no significant difference between the morphine group and Day 1
performance of centrols (mice not receiving daily post-injection teating).
Tolerance Mea t

The previous experiments suggested that untested mice 4id bdecome tolerant
to the effects of morphine on escape behavior, It was thus necessary to in-
vestigate the specificity of the effect of morphine on escape beshavior in
those animals vho were tested following injection, Stated in another manner,
the question was, what effect 4id training have on the perception of the noxious
stimlus, In an attempt to answer this question, a group of mice were given
the standard treatment schedule (Tadle 1, Group 2); however, the occurrence
of seaueaking or vocalization during exposure to the test conditions was re-
corded as well ag the number of mice escaping, Pigure 3 illustrates the
results of this experiment, It is clear that on initial administration of
morphine (Day 1A) there was & marked decrease in the percentage of mice vocal-
izing in response to the stimulus, paralleling a concomitant fall fn escape
frecusncy. However, on subsequent days, the number of mice responding by
vocalisation increased markedly, whereas the number of mice escaping resained
close to that of the Day 1A value, Thus it appearsd from these dats that
mice treated with daily injections and testing failed to escape the noxious
stimulus despite the finding that their sensitivity to the stimulus increased
profoundly, based on vocalization data, over the period of morphine adminis-

tration,
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Figare 3

Comparison of escape behavior and vocalization frequency in mice receiving
daily post-injection testing. A group of mice was tested according to the
standard testing procedure ?-rm. 1, Oroup 2) (160 ua and 25 mg/kg). Escape
verformance {s revresented by the ¢ -« sline; vocalisation frequency by the
§--4line. Maximum shock exposure interval s 30 seconds, and mice wvers not
removed after vocalisation. Vocalization was measured in two "untested”
control™ prouns receivine testine on Day T followed by morphine for 9 and
15 Aavs rempectivelvy, Teating was resumed on the final day of morphine
aminisgtration,
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Initiel Parsmetric Studies
Doss Fffects

The data {n this section represent the results of experiments performed
in order to determine the relationship between the dose of morphine adminie-
tered and wariocus aspects of the escape paralipgm,

Two series of nine groups of mice were employed for these experiments.
The first nine groups of mice wvere given the standard treatment schedule
ffadle 1, Group 2) except that each group received a different daily dose of
morvhine (0, 7,5, 12.5, 18,75, 25, 37.5, 50, 125, and 250 mg/kg). The secend
series of nine groups were initinlly given the same treatment schedule as
Group 6§, Table 1, Days 1 through 16 except that the groups vere tested for
tolerance after injection on Day 15 rather than Day 16,

The results of these experiments are illustrated in Pigure k. The results
for the 125 and 250 mg/kg groups were not included in this graph because of
& high mortality rate which precluded a valid statistical amalysis.

A clear dose-response relationship between morphine dewse mad Bay IA
performance can be cbaerved. A similar relationship is also observed for the
verformance of these groups following injection on the last day of morphine
adminietration, If the data from Day 1, Day 15 with testing, and Dey 15
wvithout testing are compared, it is evident that for any given dose the degree
of tolerance on Day 15 is greater for the untested than for the tested group
of mice,

Pigure 5 shows the Day 16 (first post-morphine day) performance of the
aroups mice deacribed above, plotted as s function of daily morphine dose.

A clear inverse relationship between dose and escape performance can be

observed over the entire range of doses, reaching s maximum at 50 mg/kg.
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Figure b

Escape frequency of mice as a function of (morphine) dose. (X) represents
the Day 1 and (#) the Day 15 performance of mice administered varying
doses of morphine dbut otherwise receiving the standard testing procedure
(able 1, Oroup 2) (160 ua). {(A) represents the performance of untested
nice (tolerance controls) after injection on the 15th day of morphine
administration. Nelf for all groups except the 50 mg, (tested) group, in
which two mice died on Day 2 and were replaced; tvo more mice died on

Day € but were not replaced. Escape performance &t each dose (exceptd)
was greater {v{.05,8ign test) on D15 m in tested groups than in untested

(8) proups.
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Migure J

Performance of mice on the day after 15 days of post-injection testing.
Growns of mice received the standard testing regimen (Tadle 1, Group 2)
(1€0 wa) st various doses of morphine. The figure shows Day 16 (first
post-morvhine day) escape performance as a function of daily morphine

dose, Welf for all groups except for the following: 50 mg/kg - two deaths
on Day 2, 125 mg/kg ~ four deaths on Days 1 and 2 (replaced), 250 mg/xg-
four deaths en Days 1 and 2 (replaced).
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Figure 6

Post-morphine escave impairment as a function of daily morphine dose, Groups

of mice (N=16/group on Day 1) received the standard testing regimen (Tadle 1,

Group 2) at various doses, The figure illustrates the number of post-morphine
days on vhich the escape performance was significantly diminished (p<.05,

Chi? test) frem control (Day 1) performance for each morphine dose,
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Thus the Dsy 1f post-morphine escape fregquency correlates well with the values
obtained on Days ) and 15 (Pigure b),

"he mroups of mice in the previous experiment receiving the standard
testing remimen (Pigure 1, Oroup 2) at varying doses were tested for post-
morphine escape imvairment on Days 16 through 30, Pigure € 1llustrates the
nuwber of days of post-morphine escape impairment of these mice ((6/16 mice
escaping) as a function of the morphine dose. The results indicate a strong
dose-response relationship vhich reaches a plateau at doses above 37.5 mg/kg,
and correlates well with the Day 15 performance of these mice as shown in
P gure b,

Rffect of Days

In the initial exveriments (Pigure 1), all mice received testing and in-
Jections for 15 days. It was therefore necessary to determine the relation-
ship betwean the severity of escape impairment and the numdber of treatment
days,

Pirure T {1lustrates the effect of various trestment regimens (0,%,6,
10,12,15,20, and 30 days) on post-injection performance on the last day of
drug administration. The results show a clear correlation between post-
injection performance and days of exposure to the treatment regimen.

The nice emvloyed in the previous experiment were tested on sudsequent
days without wmorvhine in order to determine the effect on post-morphine
impairment of the various treatment schedulea, The results (Pigure 8) show
the number of days of significant post-morphine impairment as a function of
treatment days. These results demonstrate that less than 10 days of treatment
(injection and testing) are fnsufficient to produce continued escape impair-
ment following cessation of morphine. In addition, treatasnt schedules longer
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Pigure T

The effect of varying "Days" of post-injection testing on escape bdehavior,
Orours of mice {Ww16/group)} wvere exposed to the standard testing regimen
{™able 1, Oroup 2) except the period (total days) of daily post-injection
testing wvas varied, The figure illustrates the escape frequency on the
final day of post=injection testing as a function of the number of testing
days. Doses?S mg/kxg and shock levelsl60 ua for all groups, EKscape perfor-
mance vas significantly (pd.05, Chi2 test) impaired from coentrol (62.5%)
for "Days" 15, 20, and 30,
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Figure 8

The effect of varying "Days” of post-injection testing on post-morphine escape
fmvairment, Oroups of mice (Ns16/group) received the standard testing regimen
(Tadle 1, Oroup 2) except that the period (total days) of datily post-injection
testing was varied, The figure expresses the number of days on which post-
morphine escape frequency vas significantly (p(,05, Chi2 test) impaired from
control (Day 1), Dose of morphine= 25 mg/kg and shock levels160 ua for all
arouvs, No relapse (i.e, return to significant :lTAmnt) was found, vhen
nice were tested for 15 additional days until Day &5,
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then 15 days 414 not further increase the number of impairment days.
Shock Intensity

The decision to use the shock intemsity (160 ua) in the preliminary
exveriments was determined empirically, It was found that at this current
level, less than 100% of mice escaped when not receiving morphine and, in
addition, some fraction of mice in each group escaped vhen morphine wvas ad-
ninistered (adutely). Thus, 160 ua wvas a convenient shock intensity becsuse
it vrovided for an adegquate range of improvement in mice not receiving drug
vhile simultanecusly alloving room for measuring performance fluctuations in
mice receiving drug,

In a preliminary experiment, a shock-response curve was generated for
zrours of naive mice (no previous exposure to the testing spparatus). The
results of this exveriment are represented in Figure 9. A linear shock-escape
curve was obtained in the T70-200 ua range, Threshold for escape vas datween
10 and A0 ua and maximal responding could be observed at levels above 200 ua,

Having established a dose-response relationship for shock intemsity and
escane fregquency, further experiments were undertaken in order to deteraine
to vhat extent the original results observed at 160 us were reproducible vhen
di fferant shock intensities were employed at various stages in the testing
vrocedure,

In the first experiments, two shock levels, (105 and 200 ua), were used
hecause thase levels represented the extremes of the linear part of the dose-
respense curve, Two groups of mice were used for sach shesk level,

T™wo grouns of mice received the same treatment schedules as 4id Group 1
in Table 1, except that the shock intensity at each testing session was 105

or 200 ua respectively, Similarly, the other two groups of mice received
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Pigure 5

Acute shock-response curve for naive mice, Nine groups (Nwlé/group) of
naive mice were tested at different shock levels, The escape performance
of these mice are plotted as a function of shock intemaity., A standard
maximum sheck interval of 30 seconds was employed,
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Figure 10

Esceape performance of mice tested at 200 ua. A group (¥=16) of mice (o)
received the standard testing regimen (Table 1, Group 2) except that shock
intensity was 200 ua at each trial. Morphine dose wvas 25 mg/kg. Another
group (@) of mice (N=16) were tested daily at 200 ua, Also one group (#)
of mice (N=16) was tested on Day 1 then injected on Day 1 and for fourteen
days thereafter but was not retested until after injection {tolerance con~
trol) on Day 15, Days of significant (p¢.05, Chi2 test) impairment from
Control (Day 1) were as follows: Days 1A-19, and 21,
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the standard testing procedurs (Table 1, Group 2) except that differeat shock
intensities vere substituted at all testing periocds. Two additional groups
were also included, Theswmice received the same treatment as those in Table 1,
Oroun 6, Days 1 throtgh 15 except that different shock levels vere employed,
1.2, they vere tested for- tolerance on Day 15 of drug sadministration.

The results of these experiments are illustrated in Figures 10 and 1l.
The Day 15 performance of a control sroup (tested daily at 200 ua) is also
shown in Pigure 10, The performance of mice receiving morphine and post-
injection testing at 200 ua on Day 1 (Pigure 9, Day 1A) were significantly
decreased from their baseline pre-drug level. On subsequent days, aljhough
some fluctuations vere observed, the escape behavior of these mice remained
{impaired during the pericd of testing and morphine treatment, Similarly,
there were a number of post-impairment days although these mice returned to
within daseline values by Day 2k,

The results using the lower shock intensity (105 ua) are represented in
Moure 11, It 45 clear from the graph that lov shock levels, coupled vwith
morphine administration, produced a high degree of escape impairment. Of
note, is the performance of the tolerance control group on Day 15. This
group demonstrated a level of performance greater than the experimental
group (testing and morphine). This finding is consistent with results ob-
served at higher shock levels.

As demonstrated in the previous experiments (Figure 11, Days 1 through
15), contrel mice tested st 105 ua shoek levels shoved & sustained low
level of verformance during the 15 day testing period, Similar results
were observed at 90 ua shock intensity, The performance of these latter

mice resemdled the Day 1 through 13 performance of mice in the original
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Figure 11

Escape performance of mice tested at 105 ua, A group (Nel) of mice (o)
received the standard testing regimen (Table 1, Group 2) except that a

105 ua shock was employed at all testing sessions. Morphine dose was

25 mg/kg. Another group (8) of mice (N=16) was tested daily at 105 ua,
Also, one group (@) of mice (N-16) was tested on Day 1 then injected with
morphine on that day and for fourteen days thereafter, but was not retested
(tolerance control) until after injection on Day 15. Performsnce of mice on
Days 5-15 was less (p¢.05, Sign test) than performance on Days lA-h,



SAvd
¢l

P | i g

ot
I

rO

t 14

81

96 ESCAPING

W
?

~00L

—-—




82

Figure 12

Fescave nerformance of mice tested daily at 90 ua without morphine. A group
of mice (Wol€) vere tested at 160 ua on Day 1i then retested on Day 1 and
for fourteen days thereafter at 90 ua, On Days 16 through 31, tha shock
level was changed to 160 ua, Maximum shock-exposure interval was 30 asconds
on all days, Days of simmificant impairment (p{.05, ChiZ test) from comtrol
(Day 1) were Days 1A through 15,
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exveriments (Tigure 1, Groun 2) receiving daily post-injection testing. Conse-
nuently, an exveriment was designed in order to determine whether mice which
had undergone testing at a shock level near threshold for 15 days would show
an impairment in baseline verformance, when the shock wvas increased to 160 us
on Day 15. Such an impairment would suggest-~that one effect of morphine might
he to lower the verceived shock intensity and that post-morphine impairment

wvas somehov related to the mice having been exposed to a stimulus of subthres-
hold intensity,

Ti{gure 12 {llustrates the performance of a group of mice that was tested
at 1¥M ua on Tay 1 and then retested at 90 ua on Day 1 and for 14 days there-
after, fMn Dav 1f the shock was increased to 160 ua and these mice were tested
for an additional 15 days. The behavior of the mice during the first 15 wvas
simiiar to that observed with morvhine, There was an initial and sustained
decrease in eacane nerformance during the days vhen the shock level wvas 50
ua but vhen the shock level was yeturned to 160 ua (Day 16), performance imme-
dintely imoroved and there vere no days vhen a significant residual impairment
was ohbmerved, Hovever, it is noteworthy, that the performance of these mice
on Nave 1f throush 30 was below the level that would have been expected if
the mice had received no testing during days 1A through 15 (Figure 1, Group 4).

Because the results of the previous experiment were not completely sat-
infactory in resolving the guestion of the specific role of continued exposure
to the sheck stimulus in generating impaired performance, several additional
exveriments were performed. In the Pirst, groups of mice were tested at 160
ua on Navy 1 and then retested on Day 1 and for 15 days thereafter on schedules

of sradually increasine shock levels. The purpose of these experiments was to
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better simulate the conditions in which there is development of tolersnce to
morphine, Pigure 13 is a representative sample of this series of experiments,
The choice of dally change in shock incremsnt was determined on an empirical
basis such that day to day fluctuations in performance were kept to & minimum,
The group of mice in Fgure 13 received a testing schedule vheredy a shock
level of 138 ua was reached by Day 15. On Day 16, the shock intensity was
changed to 160 ua. On this day, the mice retained no impairment and a marked
isnrovement in perforsance vas observed on Days 17 through 30,

Although nmmerous treatment sehedules over varying periods of days wers
tried, all attempts at increasing shock levels, without simulteneocusly in-
creasing to some degree, escape performance, vere unsuccessful, Additional
experiments using warious shock schedubes including groups that were tested on
Day 1 at low shock levels, i.e, no pretreatment at 160 ua, were carried out,
e results of these experiments can be summarized as follows: daroupe of mice
subiected to treatment regimens consiasting of various schedules of shock
intenaities, demonstrated either no impairment or a non-eignificant short tera
residual escape {mmairment vhen retested at the control shock value (160 ua}.

Pigure 1L presents the data from a series of experiments in which groups
of mice vere tested at 160 ua on Day 1 and then retested after morphine on
Days 1 through 15 at shock levels of 0, 70, 90, 105, 120, 160 and 200 ua
respectively., The group receiving "0" shock intensity vas injected and then
vlaced in the testing apparatus for 30 seconds without current deing admin-
istered across the plates. The post-morphine impairment days were plotted as
a funetion of the Day 1 through 15 shock level,

The results (70-200 ua) show a direct relationship between the degree of

escape impairment observed following cessation of morphine administration and



Pigure 13

Escave verformance of mice tested at gradually increasing shock levels, A
aroup of mice (Wm16) were tested at 160 ua on Day 1, then retested immediately
on Nay 1 at 90 ua, Bhoek levels were graduslly increased over the next
fourteen days, A shock level of 138 ua vas employed on Day 15 and the shock
intensity wus increased to 160 ua on Days 16 through 30, Days of significant
impairment (pd,05, Chi? test) from contrel (DPay 1) = Days 1 through 1k,
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Figure 1k

Post-morphine impairment as s function of shock intensity., Eight

sroups® of mice (Ws1f) vere tested according to the standard testing pro-
cedure (Table 1, firoup ?) on Day 1. Post-injection testing on Day 1A
through 15 was performed at varfous (0-240 ua) shock intensities, On Days
16 through 30 all groups vere tested at 160 ua, Dose of morphine was 25
ne/kg and shoek exposure interval was 30 seconds (maximum), The figure
f1lustrates the number of days of significantly (p<.05, Chi2 test) impaired
vost-morvhine escape performance as a function of shock intensity,

* 0" geroup was placed in the shock apparatus (Days 1A through 15) 30 minutes
after injection dut no current was administered across the plates,
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the intensity of shock to which the mice vere exposed during the period of
morphine administration, These results demonstrated that a prerequisite for

post-morphine impairment was both morphine administration and superthreshold

shock intensity,

Bhoek sure
In the previous experiments, regardless of the shock level employed, mice

were permitted 10 seconds to escape, This arbitrary cut-off was chosen after
vreliminary control experiments indicated that there was a less than 5% probee-
{11ty that a mouse which had net escaped within 30 seconds, would so do if
allowed an additional 90 seconds. These findings vere based on studies of
twve prouns of mice tested daily with and without drug administration., Addi-
tional exveriments, however, ware necessary in order to deteruine vhat effect,
{f any, 4iffarent periods of shock expesure had on influencing the develop-
ment and maintenance of {mpaired escape behavior,

The first grouv of experiments was designed to study the effects of var-
fous shock exvesure times during morphine administration (i.e. Days 1A through
15 in Groun 2, Figure 1) on post-morphine escape impairment, Exposure time
on Day 1 and Days 16 through 30 was kept at 30 seconds, The results are
presented in Table 3, Cowparisons wvere made of Day 15 performance, Day 16
performance, number of vost-morphine impairment days, and the mean escape
freauwancy on all days of morphine administration.

Increased exposure time could have had two opposing {nfluences on the
scouinition of escape imvairment. Pirst, increased exposure time could have
afforded the subjects greater time to escape and thus improve performance
both during and after morphine. The results in Table & suggest a different

explanation: that in faect, the increased exposure time worked to impair



)

Table 3

Escaps performance of mice exposed to varying maximmm shock exposure durations.
All aroups (Wel6/greup) were tested according to the standard testing proce-
dure (Tadle 1, Oreup 2).

Exvosure Muration Escape Prequency (%) Days of Significant
(secends) WG Inpeirment ¥
30 12,%0 6.2% 12,50 12
5 12,50 6.25 3.2% 1
15 12,50 31,25 W1.28 2
6o 0 6.25 6,25 12
170 €.25 6.25 6.25 1

faverage post-injection escape frequency for Days 1A through 15.

*fhimber of days on vhich post-merphine sscape frequency was less than 37.50%.
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performance rather than to improve it. This is evidenced by the increased
impairment days at longer exposure times, and more clearly, by the decrease

in impairment days at shorter exposures, The effect of varying exposure times,
hovever, was not reflected in the performance of mice during the time morphine
vas administered. Thus salthough the initial control impairments demonstrated
that there was no sisnificant change in the éscape performance of drug treated
and untreated mice with respect to increased shock exposure, the present ex-
veriments shov, hovever, that the degree of daily shock exposure directly
influences vost-morphine escape performance.

In one further experiment, post-morphine impairment data were compared
using various shock-exvosure intervals on post-morphine testing days, The
results {Table L) showed that recovery was more rapid with increased exposure
time, Thus, exposure facilitates the acauisition of escape impairsent, but
inhidits the maintenance of impairment after cessation of drug.

Pre-Morphine Testing
In all the previous exveriments, mice vere permitted only a single ex-

vosure to the testing sovparatus prior to morphine sdministration, i.e. Day 1,
A series of exveriments were designed in order to examine the effects of daily
testine, orior to morphine administration, on the development of tolerance

and the esstablishment of residual or post-morphine impairment., Groups of
mice vere tested for a varying number of days (0, L4, 8, 12, and 15) before
bexinning the standard testing schedule (Table 1, Oroup 2), For exsmple,
Figure 15 represents the escape performance of a group of mice tested in the
encare avvaratus for eight days. Beginning on Day 9, they then received mor.
vhine and vost-injection testing for 15 days, followed by an additional 15

davs of testing without morphine.
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Table b

Yacave performance of mice exposed to varying maximum shock durations during
the post-morphire testing peried, All groups (Wel6/group) were tested accord-
ing te the standard testing procedure (Tadle 1, Oroup 2) through Day 15,

Fxposure Duration Zacape Prequency (%) Days of Bignificant
(seconds) Inpairment®
T 8 = -
30 12,50 12
5 12,50 1k s
15 18,715 12
60 18,75 6
90 25.00 2
120 2%.00 3

*number of days on which post-morphine escape frequency wvas less than 37,50%.

Mnuwber of impairment days were grester (p{.05, Sign test) at "5 seconds”
then at other exmosure intervals.



Fecape performance of mice receiving eight days of trials prior te dsily
vost-injection testing., A group (¢) of mice {N=1€) received escape trials
(160 ua) once a day for eight days prior to exposure to the standard test-
ing vegimen (Table 1, Oroup 2), Morphine dose vas 25 mg/kg and shoek ex-
vosure interval (maximum) was 30 seconds at all testing sessions. Another
aroup (4) received eight days of pre-testing then 15 days of morphine in-
Jection dut were not retested until after injection on the final day of

drug administrasion (Day 23). Days of significant impairment {p<¢.05, Chi2
test) from control {Day 1) were Days 9 through 11, 13 through 38. Performance
on Nay 13-73 was significantly (pc¢.0l, Bign test) less then on Day 9.
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Pigure 16

Facape perfermance of mice receiving 15 days of trials prior to daily
post-injection testing, A group (¢) of mice (¥W=16) received escape
trials once a day for 15 days prier to exposure to the standard testing
rexinen (Tedble 1, Oroup 2), Morphine dose was 25 mg/kg and shock ex-
posure interval (mim) was 30 seconds at all testing sessions. An-
other group (4) received 15 days of pre-morphine testing then 15 days of
morvhine injection dut were net retested until after injection on the
final day of drug administration (Day 30), Days of signifiecant (p(.05,
hi? test) {wpairment from control (Day 1) were Days 21 through 30, Per-
forluzee on Days 17-30 was significantly (p<, 0l Bign test) less than on
v 15,
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A series of control mroups of mice were tested as above, for 4, 8, 10,
12, and 15 days orior to receiving morphine, Hovever, these groups were
not retested until after injection on the last day of morphine administration.
™wus the Day 15 morohine (Testing Day 23, Pigure 15) performance served as
a8 basis for compmaring tolerance levels,

The data from these experiments are presented in Tadle 5. There is,
as might he exnected, a strong correlation betwveen the performance of mice
on Nay 1 of morphine administration and the number of previous testing days.
A eimilar relationshiv can be observed between pre-morphine testing days and
verformance on Day 15 of morphine administration and Day 16 (following
cessation of morphine administration), Similarly, there is a strong corre-
1ation between pretesting days and the observed level of tolerance in initial
mice on May 15 of mornhine administration, In addition, as might be predicted
from the vrevious data, there is an inverse relationship between pretesting
days and the number of pvost-morphine impairment days.

™e most nertinent finding in these studies can be found by comparing
the Tay ) and Pay 15 morphine performance for each pre-morphine testing in-
terval, Tn each case the Day 15 performance was less than the Day 1 per-
formance, This effect is best 1llustrated in Pigures 15 and 16, Pigure 16
renresents the performance of the group receiving 15 days of pretesting.
Post-morphine testing vas ended on Day 0. In both graphs there is & signi-
#icant vrosressive decrease in performance during the period of morphine
administration. Also of note is the finding that despite up to eight days
of oretesting there is no observadle decrease in post-morphine escape im-

ovairment,



Table 5

Tscave nerformance of mice tested prior to morphine administration. Oroups
of mice (Wml16/groun) were tested for varying number of days prior to exposure
to either the standard testing procedure (Table 1, Oroup 2} or (Tol, groups):
15 days of morphine administration, with retesting only after injection on
Nay 15 {of morphine o,dl:lniltrntion,.

Hmber of Fscape Prequency (¥) Days of Bignificent
Pretesting Days Impairment®®
Day 1A* Day 151 Day 16

Control s €.25 6.25 18.75 12
Control*## (Tol) - 43,75 - -

b 25,00 0 25,00 12

b (Tol) - k3,75 - -

R ‘ 25.00 0 25,00 15

& (Tol) - 50,00 - -

1?2 k3,75 25.00 31.25% 1

12 {Yol) - 62.50 - -

15 68.75 25.00 62.50 0

15 (Tel) - 62.50 - -

20 68.75 37.50 75.00 0

20 (Tel) - 75.00 - -

. Tay 1A =  first day of morphine administration.
¥  pumber of days on vhich post-morphine escaps frequency was less than 37,50%,
"2%  pre-testing only on Day 1,

(1) eomwmarison of tested groups shows that Day lA escape frequency wvas greater
(9¢.05,812n test) than Day 15 escape freguency.
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Recovery

The experiments described so far have concentrated on examining the in-
fluence of various parmmeters such as dose, shock intensity, etc. on the ac-
quisition and maintenance of escape impairment as measured by daily testing.
"™e following experiments will be concerned with the effects of various changes
in the continuous daily testing regimens on tolerance development, post-morphine
impairment and recovery (return to Day 1 values),

In the first set of experiments, one control group was exposed to the
standard 30 day testing regimen (Table 1, Oreup 2). Other groups of mice
received the equivalent schedule through Day 15, These mice were not tested
until either 7, 10 or 15 4ays later. Tor comparison, several additienal ex-
verimental grouvs were alse ineluded, One group received the standard test-
ing schedule (Table 1, fOrour 2) through Day 16, 1.e, one day's testing follow-
inz cessation of morphine, but were not retested again until Day 22, Another
group received similar treatment bBut was not retested until Day 30. With
the exception of the latter group, all the experimental groups received 15
continuous davs of testing once post-morphine testing was begun. Thus, the
vurvese of this exveriment was to determine whether absence of dally testing
after cessation of morphine administration had any effect on the maintenance,
oy alternatively, the recoevery from, morphine induced escape impairment,

The results are represented graphically in Figure 17. Examination of
the 4date on the vnerformance of the untested mice shows that daily testing
has & small and not significant effect on maintaining escape impairment,
Similarly, Pigure 17B shows that the spentanecus improvement in the untested
grous is permanent as reflected dDy the strong correlation between the post-

morvhine interval and the number of Says of simnificant impairment.
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Compariscon of the effects of continuous and digcontinucus post-morphine
testing, 8ix groups (Nslf/group) of mice were tested according to the
standard procedure (Table 1, Group 2) through Day 15, One group (e)
received 4aily post-morphine tasting through Day 30, Two groups (W)
were tested on Day 1€ (same escape frequency in both 8); one tested
agein on Day 2% and the other on Day 30, Three groups (4) were tested
either on Mays 22, 25 or 30, Deose of morphine = 25 mg/kg, shock level
®» 160 ua, maximum sheck exposure interval = 30 seconds.

The number of vost-morphine impairment days expressed as a function of
the day on which post-morphine testing began. PFour groups of mice (Nwlf/
groun) received the standard testing regimen (Tadble 1, Group 2) through
Pay 15, Post.morphine testing (15 days total) was degun on either Day
1, T, 10, or 15, Morphine dose = 25 mg/kg, shock level = 160 ua, and
maximam shock exposure interval = 30 seconds. Days of impairment of
nice daginning post~morphine testing on Days 10 end 15 was significantly
(0€05,0n1? test) less than control (11/16),
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Tus {rrespective of the pest-morphine testing schedule, recovery from
vost-morphine impairment was complete and sustained after 15 days.
Relapee

Having estadlished in the previous experiments the time course of recovery
from vost-morphine impairment, it then became necessary to study the phenomenon
of relapse, i,e, vhether and under vhat conditions mice previously displaying
an escape impairment, could bde induced to redevelop this impairment,

T™e effects of varying a mumber of parameters were examined in these
exveriments in order to determine their influence on subsequent relapse,

Tn the first of these experiments, groups of mice were tested according to
the standard schedule (Table 1, Group 2) through Dey 30, Retesting of these
mice was then begun either on Day 30, 60, 90, or 120, All these groups were
then sublected to the same regimen as before (Table 1, Croup 2), A parallel
series of experiments were also carried out, Oroups of mice were tested in
the standard fashion through Day 16 dut not retested sgain until either Day
31, Fn, 00, eor 120,

The results are susmarized in Tadle 6, They indieate that there vas
no significant effect of prior treatment or intertrial interval on any pare-
meter of relavse studied,

Bacause in these and subsequent studies, there seemed to be little effect
of orior treatments on any parsmeter of relapse, s modified relapse treatment
schedule vas tried. In these studies, lower doses of morphine and lower shock
intensities wvere substituted in the period of relapse testing in order to
previde a more senattive means of detecting sudtle changes in relapse perfor-
manee, The results were inconclusive in that there was no significant effect

of various pretreatments on sudbsequant relapse performance either between
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Table £

Tacape nerformance of mice on re~exposure to the standard testing procedure.
Arouvs of mice (W=lf/grour) were tested according to the standard testing
vrocedure (Tadle 1, Oroup 2) until either Day 15 (final day of morphine
administration) or MNay 1€ (N1F), A "Day 15" and & "Day 16" group were then
recexvosed to the standard testing procedure on either Day 30, 60, 90 or 120,

P rst Re-Fxposure Facape Frecuency (%) Days of Significant
Navy on Petesting Inpairuent*®
- Day 1 VMean® Day 16
rontro]l #ee 62,50 12,50 18,75 12
Tay 3N 2,50 12,50 18,75 11
MK FR.T5 6,25 1R.T5 10
Nav AN 75,00 £,25 1R.TS 10
1) [ A1.75 K,25 25,00 11
Nay ON 62.50 o 18.75 11
) I3 £2,5n 12,50 25,00 10
Navy 120 A1,75 2%.,00 18,75 10
n1F 5€.75 12,50 ‘18,75 10

had Average escape frequency for Days 1A through 15,
**  yumher of days on which post-morphine escape frequency vas less than 37.50%.

8%  gyoun tested according to standard testing procedure (Tadle 1, Group 2).
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exverinental grouns or between any exverimental groups and controls,

Tntertrial (ng! Intervals

Tn previous exveriments, once morphine treatment was degun, 1.e. Day 1A,
1t was continued on a 4aily dasis until the deginning of the post-morphine
teatine veriod, Consequently, a number of experiments were performed in an
Attemnt to assess the effect of varying the intertrial interval.

frouns of mice were tested on Day 1 and 1A as usual (Table 1, Oroup 2)
't were then hemun on various schedules of alternating (1, 3, 5, and T days)
nost=iniection testing, Thus the group on the alternating 3-day schedule
wvas tested after injection on Day 1, then not tested or injected for two days,
then retested on the third day (after injection), ete. FTach group was tested as
such until 15 morvhine vlus testing days were accumulated, These mice were
then tested without mornhine daily for 15 consecutive days.

frouvs of control mice were tested acceording to the various interval
sehedules daily {without merphine), Alse, tolerance control groups received
morvhine on the same schedules as the experimental groups but were not tested
unt{l after injection on either the Sth or the 15th testing day respectively.
Thus for each exverimental group, & tolerance value was obtained in the be-
#innine and at the end of the morvhine treatment schedule.

The results of these experiments are summarized in Table 7. The first
twvo columns comvare the performance of tested and untested mice on Days 5
and 15 pesvectively., "Days" refer to testing days, not actual days. Similarly,
the values in the third column represent the mean number of mice escaping
over the 15 testing vlus injection days.

"he results show several noteworthy trends, PFirst, there is an increase

in' the level of tolerance on Days S and 15 as the intertrial interval increases.
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Table 7

waoape verformance of mice tested at various intertrial intervals (days).
111 srouns of mice (Wsl€/group) vere tested on Day 1 and retested after
infection on May 1A, fubsequent post-injection testing was continued on
alternating (1, 3, S and 7) day schedules until 15 post-injection days
acewnilated; at vhich time standard {Table 1, Oroup 2, Days 16 through 30)
vost-morohine testing wvas performed, Corresponding tolerance control groups
ware tested after injection either on Day S or 15, Shock level = 160 ua.

Tatertrial Fscape Prequency (%) Days of Significant
Trterval Nays 1 Impairment &®
_Day 5 _ Day 15 Mean®
Fantro] e 25.00 12,80 12.50 12
fontrel Tel, 17.80 50,00 - -
1 25,00  £,0% 12.50 11
1 Tol. 53,75 62,89 - -
? 27.50 15,50 25,00 T
2 Mol 50.00 62,50 - -
S 43,75 15,00 31,25 5
5 Tel. 50,00 AB,7S - -

T
SRA.T8 2% .nn 37.50 0
7 Tol. fR,TS 75,00 - -

average nost-injection escape frequency for Days 1A through 15,
number of days on which vost-morphine escape frequency was less than 37.50%.
grous tested according to standard testing procedure (Table 1, Group 2).

commarison of all tested groups shovs that escape fregquency on Day 5 was
rreater (pC.N5, Sign test) than on Day 15.
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Pigure 18

Fscave performance of mice tested on an alternating (3 day) schedule. A
groun of mice (W=1f) received the standard testing procedure (Tadle 1, Oroup
2) except the days of vost-injection testing wers spaced 3 days apart (i.e,
mice were tested on Day lA, not tested or injected for 2 days, then tested
after infection on the following day - Day 2). Post-morphine testing {Day
1A through 30) was verformed on a dAily basis, Two additional groups (&)
were tested and injected en Day 1 and received injections, but no testing,
aceording to the alternate (3 day) schedule, Post-injection testing was
begun on either Day 5 or Day 15 respectively. Significant (p&05, Chi?
test) vostemorphine immairment from control (Day 1) vas observed on Days
1A, 2, 3, and 10 through 2?2, The gscape frequency on Days 10-15 was less
{(v¢€.05, B4an test) than Day 9.
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Yet despite this decrease in post-morphine impairment and increasing mean
resvonse freouency, there is no significant change in the Day 15 performance
of the tested groups,

Pxamination of Figure 18, vhich f{llustrates the performance of the group
receiving post-injection testing every third day, provides some insights into
this apparent varadox. Unlike any of the other testing regimens, these mice
showed an increase in escape performance over the first eight days of testing.
Fowever, on subsequent daye, they demonstrated a decrease in escape frequency,
returning to baseline (Day 1A} levels by the fifteenth injection day. Bimilar
results were found in the "5 and T" day groups, suggesting that tolerance
develops during the intertrial interval so as to antagonize the effect of

reveated testing during the first eight injection days.
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Tacane verformance in mice tested before and after daily morphine injection.
A grouv of mice (Nwlf) were tested before (A) and after {B) injection on esch
day of tventy days of morphine administration. Morphine dose = 25 mg/kg,
shock level = 160 ua, maximum shoek interval = 30 seconds, Post-morphine
testing vas performed on a daily dasis on Days 21 through 36, Days of sig-
nittcant (n{, 08, Chi2 test) impairment from control (Day 1) were as follows:
(A) - Days 1, 2, and 7 through 20; {B) - Days 12, 17, 18, and 19 and post-
morvhine Days 21 through 24, 26 through 30 and 35,



SAVQ

111

% ESCAPING




112

Turth etric Invegtimations

Daily Tegt! for d After M ne Administration

With the excention of Days 1 and 1A, all experiments described to this
voint have heen conducted on a once-daily testing basis. An experiment was
desimmed to determine the effects of daily testing before and after morphine
injection on escape hehavior. A group of mice were tested as usual on Day
1, tut on Nays ? through 20 they received testing 30 minutes prior to in-
lection, They were then reteated 30 minutes after injection. Thus two
escave values were ohtained for each day of morphine administration.

e results are vresented in Figure 19, To avoid confusion both Day
1 values are presented together rather than as Day 1 and 1A as in previocus
figures, The results shov several trends. First, through Day 4, there
vas 14ttle or no alteration in the pre~injectisn performance of the mice
as compared to mroups of mice tested dally with pre-injection testing
(Yigure 1, froun S) or without 1t (FPigure 1, Group 1). The performance of
mice after injection for the first seven days was somevhat higher than that
of mice exvosed to the standard testing regimen. However, on Days 8 through
7N, the nost-injtection verformance of these mice reached the expected
values for mice receiving the standard testing procedure (Table 1, OGroup
2), Tn addition, there was a clear and sustained fall (after Day L) in
rre-infection verformance to a level below that observed in mice tested
datly (Pigure 1, Oroup 5) pre-injection. Pre~ and post-injection test-
ine var carried cut past Day 15 until Day 20 in order to determine if

the vre- and post-injection performanes would eventually overlap.
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™is was not the case, However, despite the apparent negative effect of
pre-injection testing on post-injection performance, (at least during the
first seven days) there was still 10 days of significant post-morphine

egscave {mvalrment.

Yndection-westing Interval

In all the exveriments vith morphine described so far, there wvas a post-
infection=to=testing interval of thirty minues. Several acute and chronic
exveriments were desimned to evaluate the possible influence of the injection-
testing {nterval on various parameters of the escape paradignm,

Table 8 contains the results of experiments comparing the effects of var-
fous post-injection intervals on escape frequency, The performance of mice
acutely (Day 1A) and chrenically (Day 15) tested at various times after
morvhine injection 4id not vary significantly between the control (30 minutes)
and the experimental groups at 15 and 60 minutes, The group tested at 120
minutes verformed in a similar fashion to mice receiving lov doses of morphine
f.e, they had slightly better performance on Day 15 and fewer impairment days,
Fabituation Controls

In the original exveriments, injected dut not tested control groups,
were not exvosed to the testing spparatus. Animals were simply returned to
their hoxes immediately following injection. Consequently, several experi-
ments were carried out to determine what effect, if any, habituation to the
testing entiromment, {.e. placing mice in the testing apparatus without any
current across the plates, might have on the test results.

In the first experiments, habituation controls wvere performed for Group
b in ™able 1, A group of mice were tested on Day 1, then placed in the shock
apraratus with no current applied for 30 seconds, for 15 consecutive days.

Testing at 1A0 ua was begun again on Day 16, A similar experiment wvas
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Table 8

Fscave performance of mice tested at various post-injection testing intervals.
Aroups of mice (Nwlf/group) were tested according to the standard testing
vrocedure (Table 1, Oroup ?) except that varying {15, 60, 120 minutes) post-
injection testine intervals wvere substituted.

Post-Tnjection Escave Prequency (¥) Days of Significant
Testing Intervals Impairnent®
{(minutes)

e Day 1A ___Day 15

30 {eontrol) .25 .25 12

1s l2.50 12.50 10

f0 12.50 12,50 11
15n 25.00 25,00 6

* pumber of days on which nost-morphine escape frequency was less then 37,50%.
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performed for the tolerance control group, (Table 1, Group 6). In this ex-
weriment, mice were habituated to the apparatus for 30 seconds, one half hour
f0llowing injection on Days 1 through 1k,

Tn both these experiments, there was no observable difference betwveen
the hahituated and non=-hahituated groups with regard to escape performance.
Algo, altheugh cecanlenally, one or two mice climbed out of the box within
the " gecond time l1imit, there was no evidence of spontaneous escape jumping
in the hahituation controls.

A number of additional habituation experiments were performed. Except
for one exveriment, no difference was observed between habjtuatéd groups.

"he exception was found Iin a comparison study bebtween two groups of mice
tested for recovery from escape impairment. One group of mice received the
standard testing procedure through Day 16 and was not retested again until
Tay 3" and again on Day 60, The experimental group received the ssme schedule
except that they were placed in the escape spparatus without shock for 30
seconds on Nays 17 through 20 and Days 31 through 59,

"he exveriments on recovery (Figure 17) showed that there was no effect
of testine on sustaining or diminishing pest-morphine escape impairment,
Rowever, in this experiment, the habituated group had a sustained impairment
on Day 30 an& on Day 60 (3/1F mice escaping on Days 16 and 30, 5/16 escaping
en Nay A0),

Porced and Delsved Shock Fxmosure

The role of habituation to the testing apparatus in affecting esscape
hehavior was explored in the previcus section. A further series of experi-
ments was subsequently designed to investigate other factors relating to the

Interaction of the testing envirorment and escape dehavior,
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In the first exveriment, one group of mice was tested as usual on Day 1
but uvon retesting after injection on Day 1 and on all subsequant days, the
mice were placed in the testing apparatus for 10 seconds prior to turning
"on" the electric current. Thus, the mice were permitted & 10 second delay
period in vhich to avoid the shock, Another group was tested dally without mor-
phine, but was also permitted a 10 second delay pericd prior to stimulus onset.

The results were as follows: there vas no difference between the "dalay”
aroup and the control group (Pigure 1, Oroup 2) as measured by any of the
parameters of escape performance, In addition, there was no evidence of
avoldance learning i,e, escaping prior to stimulus onset, either during or
after the period of morphine administration. Two of sixteen mice 4id learn
to "aveid" the shock in the group receiving daily testing, one beginning om
Tay 17 and one on Day 12,

"he experimental data presented so far have suggested that morphine
and some degree of shock {ntensity were necessary to generate impaired as-
cane performance, The question still remained as to vhat specific effect
morohine had in facilitating suppression of escape dehavior, If the effect
of morphine was to, in essence, "paralyze” the mice, then forcing the mice
to endure the stimulus should have the same effect as morphine, A simple
exveriment wvas desismed to test this hypothesis. A clear plastic top wvas
fitted to the escape apparatus, in such a fashion that the mice were forced
to stay in contact with the charged plates at all times, A group of mice
wvas tested using this apparatus on Days 1A through 15, then tested for im-
reirment on sudbsequent days,

During Mays 1A through 15, the mice were observed to squesk and jump

in the same manner as moderately "tolerant” morphine treated control mice,
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Fowever, no post "forced shock" impairment was observed, Moreover, these
mice escaped at a frequency of B7,5F on Day 16 and never dropped belovw this

level on subsequent days.

Fscalating Dose levels
Previous experiments have shown that tolerance to morphine induced es-

cave impairment does not occur in daily tested mice, although it does develop
over the same period in untested mice, Tt might be suggested that the devel-
ooment of pharmacological tolerance to morphine in tested mice facilitates

a srafual desensitization to the stimulus in the tested mice. An experiment
was devised in order to investigate this possibility. Two groups of mice

were tested as usual {Table 1, Oroup 2 and Table 1, Group 6, Days 1-15), ex-
cent that beginninz on Day 2 and continuing through Day 15, gradually increas-
ing (in inerements of 25 mg/kg per day) doses of morphine wvere administered.
By Day 15, the dose was 250 mg/Xg, The experimental group was then tested

for escape verformance without morvhine for an additional 15 days,

"he results are presented in Figure 20, It is clear from the daily per-
formance of the mice receiving mervhine, that increasing dosage, vhich should
negate any interaction of tolerance on desensitizing the mice to the shock,
hae little effect on performance during or after morphine, The lov escape
frequency on Day 19 in the control group argues against the possidility that
tolerance developed to the high dose of morphine,

Specially Selected Oroups

Because of the initial and repeated cbservation that 10 of 16 naive mice
escaped from the shock apparatus under the original testing conditions, random
rroups of mice were used in all experiments,

Tn this final set of experiments, only mice that had successfully escaped
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Figure 20

"he escape performance of mice exposed to daily gradually increasing doses
of morphine, A group () of mice (Nw16) received the standard testing
regimen {Table 1, Oroup 2) except that the dose was gradually increased
over Days 1A through 15 (25 - 250 mg/kx.). A second group (N=1l6) of mice
(4) received the same dose schedule as above except post-injection testing
was not vrerformed until Day 15. Shock level = 160 ua, maximum exposurs in-
terval = 30 geconds, Days of significant impairment lp(.OS, Chi2 test)
from control {Day 1) were Days 1A through 21,
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Figure 21

The escape performance of selected (100% escaping) groups of mice, Naive
mice were tested; only those escaping were selected, such that three groups
(R=1F) of 100" "escapees” vere formed, One group (@) received the standard
testing regimen (Table 1, OGroup ?), The second group (W) received daily
testing without morphine, and third (A) received daily morphine injections
(7% mg/xg) but no testing until after injection on Day 15.
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on Day 1 were employed, Three groups of (16) mice were subjected to the treat-
ment schedules outlined in Table 1 for Groups 1, 2, and € (through Day 15),
The results are illustrated in Pigure 21,

Tue to the selection process, en1? analysis could not de done on the
experimental group because the Chi2 test is only applicable to random popu-
lations, However, the performance of these mice although higher than that
ohgerved with random populations, were parallel to the original experimental
xrouns in most asvects of escave performance, There was an initial rise in
escane fresuency over the first five days of drug administration, dut the
escave nerformance eventually fell to approximately Day 1A levels by Day 15.
In sddition, there was a sustained escape imrairment after cessation of mor-
vhine administration followed by a gradual return to econtrol levels on

subgequent days,
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Drugs Other Than Morphine

The experiments presented so far have been concerned with quantitatively
defining the original phenomena observed with morphine, The experiments pre-
sented in this section will deal with the specificity of these phenomena with
respect to different classes of drugs, TFour types of drugs were studied:
narcotic analgesics, barbituates, major tranquilizers and minor tranquilizers,

Narcotie Analgelics

Teverohanol

Preliminary testing of mice at various doses showed that a 12,5 mg/kg
injection of levorphanol produced an initial Day 1 escape impairment similar
to that observed with morphine at 25 mg/kg. Two groups of mice were subse-
auently tested with levorphanol, One group received the standard testing
vrocedure (Tadle 1, Oroup 2), and the other received the standard tolerance
schedule (Tadle 1, froup A, Day 1 through 15).

Two additional groups were also included, The first group wvaz tested
for tolerance on Pay O instead of Day 15. The second group received the stan-
dard testing regimen (Table 1, Group 2) except that they received dextrorphan,
{25 ma/¥e), a non-analgesic ovtical isomer of levorphanol,

The results are illustrated in Figure 22, The behavior of the mice re-
ceiving the standard testing regimen with levorphanol shows all of the per-
tinent features of similarly exposed morphine treated mice, There is a marked
and sustained low level performance during morphine administration, even though
tolerance was simultaneously demonstrated in the untested group. There is
180 & four-day vost-morvhine residual impairment. The group receiving dex-

trorphan elicited none of these features and behaved similarly to uninjected
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Pigure 22

™he escape performance of mice receiving levorphanol and dextrorphan., Two
arouvs (M=1f/group) of mice received the standard testing (160 ua) regimen
(Tadle 1, Grouo 2} except that leverphanol (12.5 mg/kg) was sdministered
{nstead of morphine in one group (#) and dextrorphan (25 mg/kg) in the other
(4}, "wo additional groups (W) received daily levorphanol (1:.5 mg/kg) in-
fection Put no posteinjection testing until either Day 8 or 15, All testing
was performed 30 minutes after injection, Days of signifiecant (p<,05, Chi2
test) impairment from control (Day 1) were Days 1A through 18 and 20,
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contrels,

Veveridine
A range of doses of meperidine from 10 to 150 mg/kg wvas tried in an attempt

to approximate the nerformance of mice recelving morphine. However, at doses

sufficient to vroduce a sustained low level of impairment, there was a greater
than 75% mortality rate . In a final attemnt to overcome this obstacle, addi-
tional mice were added to each group to make up for any deaths, Unfortunately,

the dally mortality rate was so high as to preclude a valid interpretation

of the results,

Vethadone
"he same problem of a high mortality rate accompanying lov escape fre-

aueneies vas encountered with methadone, However, unlike meperidine, with
methadone the mortality rate fell markedly on successive days of drug admin-
istration. Thus, & method was devised to overcome the initial high death
rate ohserved with doses of methadone wvhich were effective in producing low
escape freaquencies, Two groups of mice were tested on Day 1 then injected
for two days with methadone at 2,5 mg/kg, then for two days at 5.0 mg/ks.
On the fifth day, methadone was administered at 7.5 mg/kg, One group of
nice was then tested one hour later and following injection for 1k days there-
after, "™he second group received lb additional injections at 7.5 mg/kg and
were tested for tolerance after injection on the 15th day of injection at
the high doseage,

"he results are presented in FPigure 23, Por clarity, the graph begins

on Nay 1A which is the first day of post-injection testing. Although the
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Fscane performance of mice receiving methadone, A group of mice (N=16) were
tested on Day 1, then received two days of daily methadone (2.5 mg/kg) in-
fections followed by two days of injections at 5.0 mg/kg. Daily post-injec-
tion (7.5 me/xz) testing was bdegun on the following day (Day 1A). A second
groun (B) wvas tested on Day 1, received the same dose schedule as above, but
no testing until after injection on Day 15. All testing was performeda 60
minutes after injection, Days of significant impairment (p& 05, Chi2 test)
from control (Day 1) were Days 1A through 18,
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effecta of methadene vere not as marked as with morphine or levorphanol, the
general features of the original phenomena were still cbservadle. There vas
ne evidence of tolerance in the tested group as compared toc the untested group
and there were three consecutive days of post-morphine impairment followed

by s zradusl improvement in performance on subsequent days,

Propoxyphene

At the shock intensity of 160 ua, no dose of propoxyphene wvas effective
in sipnificantly suppressing escape bBehavior, At high doses (greater than
180 mg/kg) the majority of mice either died in convulsions or, if not, they

succensfully eascaned from the testing apparatus,

Rarbiturates and Trapauilizers

Chlorpromazine administered acutely at a dose of 40 mg/kg wvas found to
effectively sunpress escape behavior {on Day 1A} to a level equivalent to
that observed with morohine (25 mg/kg). A similar effect was also obtained
with diazepam at 12,5 mg/kg. OGroups of mice were tested according to the
standard procedure, PFor each drug, one group received daily postsingection
testing while the other was tested for tolerance, without prior (except Day 1)
testing, on Nay 5 of 4drug administration.

The results are presented in Figure 24, The results for both chlorpromazine
{2) and dlazepam (B) are similar in many respects, With both drugs, toler~
ance developed rapidly in both the tested and untested groups. In additioen,
andt in contrast to morphine, the tested groups developed a greater degree
of telerance than the untested groups, Tolerance to diazepam proceded at
s more gradual rate in the tested group, dDut their eventaul performance was

even greater than that observed with chlorpromazine.
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Figure 2k

Pacape performance of mice receiving chlorpromazine (A) and diazepam (B).

Two groums of mice (N=m1F/group) received the standard testing regimen

(mahle 1, Oroup ?) except that one group received chlorpromasine (L0 mg/xg)
and the other diazepam (12,5 mg/kz), Two additional groups (4) were injected
as above hut were not tested until after drug administration on Day 5. All
testins was performed 3" minutes after injection at 160 ua. Days of signi-
f1cant (v¢,05, Chi2 test) impairment from control (Day 1) were observed on
Pav 1A (both A and B) only,
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Pentobarbital

After preliminary testing of mice with a droad range of doses of pento~-
harbital, a marked fmmairment in escape performance could only be found at
doses anvroaching the LD, 50, In addition, on subsequent testing days, tol-

erance rapidly developed similar to that observed with diazepam (Pigure 2LB),

Naloxone

A number of experiments were performed to determine whether
administration of naloxone, a narcotic antagonist, could modify the response
of animals to shock in the presence and in the absence of morphine
administration. Initially, it was found that naloxone, in doses (20 mg/kg)
well above those used in most studies, did not produce any aigns of
withdrawal (jumping or shaking) in mice having previously received morphine
(25 mg/kg) for up to 90 days. Dally naloxone injections prior to testing
had no effect on the return to baseline eacape performance of mice previously
exposed to the firast 15 days of the standard testing paradigm, Daily
naloxone injections (10 minutes prior to testing) alone produced no effect
on escape performance, Naloxone administered 20 minutes after morphine
injection counteracted the effects of morphine and consequently blocked

the development of escape impairment.
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Hot Plate

The initial experiments were concerned with studying the effects of stim-
ulus paramsters on the escape bebavior of mice exposed to shock following
the administration of various agents. Irrespective of the parameter or agent
studied, the stimulus mode was electric shock applied to the feet. This
section deals with the results of experiments using a qualitatively different
stimulus, heat,

A variety of experiments were carried out in order to select the stim-
ulus conditions vhich could best reproduce the results cbaerved vhen the
standard testing procedure (Table 1, Group 2) vas employed using shock as
the stimulus. In preliminary experiments, it was observed that temperatures
vhich produced a 62.5% escape frequency in naive mice, were insufficient to
detect any tolerance in morphine treated mice (i,e. in groups not tested daily).
Thus a temperature of £0°C was eventually chosen for use in these experiments
even though the Day 1 (naive) performance of mice at this temperature vas
A7.5% escaping,

In the first experiments, one group of mice was exposed to the standard
testing procedure substituting the hot plate for the shock apparatus, Another
group wvas tested for tolerance in the standard manner on Day 15. A third
group (Figure 25) was tested daily on the hot plste without morpuine, The
performance of the latter group fluctuated over the first eight days of test-
ing but improved and continued at a sustained high level over the remaining
testing period.

The results from the experimental group are dllustrated in Pigure 26,

It is clear that the behavior of morphine treated mice on the hot plate paral-

Yels in many aspects, the performance of mice when electric shock is used



Iscaps performance of mice tested daily on the hot-plate. A group of mice
(¥w16) were tested on the heated plate (60°C,) for 15 days vith a maximum
stimulus exposure of 30 seconds st each trial,
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Figure 26

Escape performance of mice tested after morphine injection on the het-plate,
A group of mice (¥sl€) received the standard testing regimen (Table 1, Group
2) except s heated plate (60°C.) was substituted for foot-shock., Maximm
beat exposurs at esach trial wes 30 seconds. A second group (A) of mice
(N=16) was tested on Day 1 and injected with morphine (25 mg/kg) daily for
15 days, but wvere not tested until after injection on Day 15, Days of sig-
nificant impairment (p{.05, Chi2 test) from control (Dey 1) were as follows:
Days 1A through 24, 27 and 28,
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as the stimulus., There is ean initial and sustained impairment in perforsance
of mice tested daily after morphine injection. In addition, the escape fre-
quency of the group tested after injection on Day 15 following daily injec-
tion was significantly higher than the experimental group. Also there were
10 days of significant escape impairment following cessation of morphine.

Most authors studying eanalgesia on the hot plate measure latencies to
"escape oriented” responses such as squeaking, pavw lifting or jumping {not
necessarily escaping). In order to compare escape behavior and "reflex" re-
sponses to heat, a group of mice vere exposed to the standard testing regimen
(Table 1, Group 2) for 15 days. Data vere collected on escape frequency and
on latencies of "reflex" responses. Latencies to all responses vhether squeak-
ing or sctual escaping, were evaluated equally. The results are presented
in Pigure 27.

Figure 27A illustrates the maan daily response latency over the 15-day
period. It is evident from the results that a marked increase in response
latencies occurs on Day 1lA. On successive days, hovever, latencies rapidly
diminished, eventually falling belov the baseline Day 1 mean latency. The
response latencies of the untested group on Day 15 vere not significantly
different from those of the tested group. The corresponding escape per-
formance of these groups is shown in Figure 27B, It is clear, from & compar-
ison of the tvo graphs, that an escape impairment develops even though thers
is a simultaneous decrease in daily mean response latencies.

In & final experiment with the hot plate, two groups of mice wers tested
according to the standard testing schedule (Table 1, Group 2) through Day 15.
One group, however, (Table 9, HTP-SHK) was tested on the hot plate through
Day 15 then tested in the shock apparatus through Day 30. BSimilarly the
second group (SHK-HTP, Table $) was tested through Day 15 with shock as the
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fomoarisen of the escane behavier and reflex latencles of morphine treated
mice on the hot-plate, One group of mice (N®»1f) received the standard
testing regimen PT&hle 1, Group ?) on the hot-plate; both escape Pfrequency
and reflex resvonse latencies were recorded, Two additional groups of
mice (8) received daily injections but no testing until after injection
on efther NDay 7 or 15, Mean response latencies are represented in (A) and
escane verformance in {R),
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Table 9

Escape performance of mice swvitched from the hot-plate to the shock apparatus
and from the shock apparatus to the Bot-Plate, Groups of mice (N=16/group)
were tested through Day 15 according to the standard testing procedure (Table
1, Group 2) either in the shock apparatus (SHK) or on the hot-plate (HTP),
then switched to the alternative testing stimulus on Days 16 through 30,
Control groups were not switched,

Testing Sequence Escape Frequency (%) Days of Significant
Impairment®
Day 15 Day 16
HTP®SHK 0 6.25 9
HTP¥HTP (Control) 0 18.75 9
SHKYHTP 12.50 12.50 10
SHK®SHK (Control) 6.25 18.75 10

* pumber of days on vhich post-morphine escape frequency vas less than 37.50%.
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stimulus, then through Day 30 on the hot plate.
The data presented in Table 9 alsc include the results of control experi-

ments 1.e. 30 days of shock and 30 days on the hot plate. It is clear from
the data that mice can be tested with morphine, with either stimulws, and

still demonstrate an escape impairment vwhen tested on the altarmative modality,
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DISCUSEION

Introduction

The develomment of tolerance to the analgesic actions of morphine has
heen demonstrated in a variety of testing situations (Rev, by Hug, 1973),
Xavan et., al. (10A0) mought to determine whether repeated testing or ex-
nosure to the testing environment could influence tolerance development,
"sine the hot-plate techniocue, they found that tolerance developed more
ranidly i{n subiects havine had experience in the testing apparatus than
in subjects with limited exvosure to the hot-plate. Subsequent studies by
Adams et, &), (10A0) confirmed these finding. Tamayo and Contreras (1970),
in contrast, found that experience could influence the development of tol-
erance to morvhine analpesia vhen a different test vas employed, the tail-
vinch vrocedure. They, hovever, found that repeated testing had no effect
on tolerance development with the hot-plate. There have been no reports
in the 1iterature of repeated testing or exposure to the testing enviromment
interfering with tolerance develomment,

As exnected, tolerance to the effects of morphine on escape behavier
was ahnerved In "untested” mice i{n the initial experiments. However, unex-
vectedlv, tolerance was not observed in mice receiving the same drug regimen
vlus Aaily vost-i{nitection testinm. Am additional unexpected finding was that
the imwairment in escape behavior persisted after cessation of morphine
afministration,

Five major categories of experiments were performed to characterize and

Aslineate these vhenomena: 1) preliminary experiments including tolerance
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and aaline eontrols; ) parametric studies of the original paradiga; 3) mod-
tfications of the original varadigm by altering intertrial interval, days
of pre-morphine testing, etec.; i) extension of studies to drugs other than
morvhine: and S) studies of escape performance of mice on the hot-plate as

compared to that observed in the shock-escape paradipgm,
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Prelimina rinents

Yrn the initial series of experiments, a majority of naive mice vere
found to escape the nexious stimulus, On subsequent daily testing, the
verformance of these mice remained at a similar level. Thus, mice repeat-
edly exvosed to the testing environment 414 not hadbituate to the aversive
stimylus. Tn a control sroup of mice, injection with saline prior to escape
testing 414 not alter escape verformance, When a group of mice was injected
vith morphine (55 me/ke) immediately following initdal testing on Day 1,
and then retested thirty minutes later, there was a significant decrease in
escane verformance, This result was expected because 25 mg/kg of morphine
has been shown to be an effective analgesic dose in mice {Cochin and Kornetsky,
10A4Y, After 15 days of dally post-injection testing, there was no signi-
fieant imorovement in escape verformance. Thus, telerance to the initial
encane devresaing effect of morphine wvas not observed, The simplest explan-
ation of this finding 1s that the duration of drug treatment (15 days) was
insufficient to vroduce tolerance, This possibility was rendered unlikely
bv the following observation. Mice (Pigure 1, Oroup 6) were tested on Day 1
and then injected with morphine on 15 subsequent days, dut were not retested
unt{l after {niection on Nay 1f, Theme mice were found to be tolerant to
mornhine on Nay 1€, ™hus, the testing procedure was sufficiently sensitive
to detect tolerance to morphine after 15 days of Adrug administration. The
results susgest that repeated expesure to the testing situation could influence
the vroduction, or at least the detection, of tolerance.

Tn order to determine vhether impaired tolerance development required
that morphine be administered before testing, a group of mice (Figure 1,

firoun S) was tested on Day 1, then injected with morphine but not retasted,
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n Days ? through 15, these mice were tested 30 minutes prior to, rather
than following, morvhine injection, The escape performance of this group
on May 1% was equivalent to that observed in mice tested dally without mor-
phine treatment. "™hese results indicate that vost-injection testing is re-
cuired for the vroduction of impaired escape performance,
Fsoape Tmoairment Pollowing Cessation of Morphine

Tt was expected that diseontinuation of morphine administration in mice
receiving daily vost-injection testing would lead to recovery from the drug
affect, Pecovery, however, was not cbserved on the day after the last mor-
phine sdministration. When vost-morphine testing was continued, recovery
of escave verformance wvas not observed on 13 of 15 subsequent days. These
f{ndings might have been accounted for on the basis of the continued presence
of morphine (in mice) followinz discontinuation of drug administration. This
hynothesis was rejected since mice tested on Day 1, then injected on Day 1
and for 15 dava thereafter, showed no escape impsirment 24 hours after the
last Arug treatment or on subsequent days. Similarly, no post-morphine im.
vairment was observed in mice {Oroup 5) who had received pre-injection test-
ing for 15 davs, In summary, these results showved that post-morphine impalr-
ment could not be elicited by morphine and testing, unless testing occurred
*0llowing mornhine administration. Wurthermore, the sbove findings indicated
that daily vost-injection testing was required for the production of impaired
escave verformance both during and following morphine administration.

™e vreliminary data susgested that the intersction between morphine
and escane testing resulted in the learning of a maladaptive respense
{Patllure to escave the shock), The preliminary experimants, howvever, did

not reveal the time course of the acquisition of the learned response, since
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performance deficits avproached & maximum dy Day 2 of drug administration.
"wo additional preliminary experiments clearly illustrated that daily train-
ing and mornhine injection 414 interact to produce a progressive decline in
escane performance, In the first, & group of mice (Mgure 1, Oroup 3) received
the same regimen as Oroup 2 exceot that the dose of morphine was reduced by
half to 12.5 mg/ke. T™e Day 1 effect of morphine was less than that observed
with the higher dose, however, there wvas a gradual decline in performance
on subseauent days, There was also a proportionately greater Day 15 escape
verformance and decreased number of post-morphine impairment days with the
smaller dose of morphine, In the sacond experiment, mice received morphine
(7% mg/ke) alone for 15 days. Although these mice demonstrated significant
tolerance when tested on Day 16, their performance steadily declined on sud-
seauent days such that the performance of these mice on the final day of drug
administration was indistinguishable from that observed in the original para-
Adigm (*iguve 1, frour 2), Similarly the escape impairment observed in these
mice versisted following discontinuation of morphine administration on Uay 30,

Tn supmary, the results of these preliminary experiments suggested that
morohine, vhen administered before testing, could induce the acquisition of
an ostensihly inavoropriate and maladaptive response to a noxious stimulus,
Moreover, this response, once learned, persists followving cessation of drug
admindstration.
Tolerance Tn "ntested Mice

In the initial exveriments, the time course of the development of pharm-
acolomie tolerance was not explored. This was subsequently determined (Fig-

ure ?) and shown to be zradusl and progressive over the 15 day period.
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Tolerance Measured By Vocalization

Most investimators studying morvhine analgesia, measure responses cther

than escane, such as latency of pav lifting or vocalization., Vocalization
freouency and escape performance vere simultaneously recorded in a group of
mice exmosed to the standard testing regimen., Tolerance, as measured by
voeslization freauency (Figure 3}, proceeded st a rate similar to that ob-
served for escape behavior in untested mice (Pigure 2), Vocaliration fre-
osuencies, in control prouns tested after injection on either the 9th or the
15¢th dav of drup administration, were not significantly different from those
in the tested sroun, The demonstretion of pharmacologic tolerance, as meas-
ured by voealization in tested animals, strongly suggests that, at least on
the later days of drug administration, morphine does not act by inhibiting

the nerecention of the noxious stimilus,
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Parametric Studies
An unexvected interaction between morphine and escape behavior vas ob-
served in the vreliminary experiments. These experiments were performed under
a 1imited set of atimulus and testing conditions. Before attempting to ex-
vlore the implications of the original findings, it wvas necessary to define
the relationshio hetween the exverimental parameters involved,

Noss

Oreuvs of mice were subjected to the standard testing regimen except
that {ndividual erouvs received different doses of morphine. An inverse
relationshin wvas found to exist between morphine dose and 1) post-injection
escape nerformance on Day 1; 2) the post-injection escape performance on Day
15, and ) the Day 1F post-morvhine escape performance. These results indi-
cated a clear dose-response relationship bBetween morphine dose and escepe
fmvairment both at the beginning, during, and immediately following morphine
administration. A comparison of Day 15 escape performance between "untested"
controls and tested srouns for each dose shoved that escape performance was
invariadly higher in the "untested” groups.

A vositive correlation was also found between daily morphine dose and
total days of nost-morphine imvairment. Thus the degree of post-morphine
escave {wnairment arveared to parallel the escape impairment observed during
drug administration.

Tays

Fxveriments were performed to determine the relaticnship between the

mmber of davs of post-injection testing and subsequent post-morphine escape

verformance, The performance of mice on the day after the last morphine
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administration was found to be inversely related to the mumber of previous
vost-injection testing duys (Pigure 7). A minisum mmber of six treatment
dave was necessary to produce a sustained (greater than 1 day) post-worphine
{moairment. A maximum duration of impairment was produced by 15 days of
vost-injection testing, An extension of the mmber of morphine-plus-testing
davs 414 not increase the number of post-morphine impairment days. One
exnlanation for the vlateau in the treatment days vs. impairment days curve
might be that, at longer treatment interwals, mice became sufficiently tol-
erant to morohine such that their sensitivity to the shock was equivalent

to that of untreated (no morvhine) mice, The performance of Group 6§ in Pig-
ure 1 argues against this hypothesis, These mice received morphine alone

for 15 days, at vhich time tolerance wag observed, Performance of these mice,
however, deteriorated on 15 subsequent days of post-injection testing. These
resulte suspested that the ability of morphine (25 mg/kg daily) to negatively

effect escane verformance continued even after pharmacologic tolerance de-

veloved,
Shoek Intensity

Varving the shock intensity employed in the escape paradigm might have
had conflicting effects, PYor example, increased sheeck intensity could, as
might he vredicted, imorove escape performance. Conversely, increased shock
intensity might {as observed with "Dose” and "Days”) facilitate the learning
of the immalired escape response, thus diminishing escape performance. 1In
order to delineate the effects of changes in shock intensity, experiments
were performed in vhich the shock level was altered at various points in the

orizinal varadimm,

Yor naive mice (Pigure 9), a direct relationship wvas found bLetween the
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number of mice escaving on Day 1 and shock intensity. When & high sheck level
(20n ua) was emploved throughout the standard testing period, the tremds in
escane verformance were equivalent to those observed at the standard shock
level (140 ua): there was an initial and sustained fall in escape performance
on Navs 14 throush 15 vhich was followed by a gradual return to baseline
verformance vhen mornhine was discontinued, Similar results, a sustained
escave immairment during morphine sdministration with a subsequent gradual
return to baseline performance following discontinuation of morphine admin-
i{stration, were observed in another group of mice tested at 105 ua,

Tn additional experiments, the standard 160 ua stimulus was employed
on Davs 1, and 1F throusgh 30, but the shoek level on the intervening test
davs wvas varied in different groups of mice, The results indicated that a
monotonic relationship existed between the extent of post-morphine impairment
measured at a standard shock (160 ua) and the shock level employed during
morohine administration, These results serve as additional evidence that
morohine and shoek are both necessary to produce the phenomenon of post-more
vhine impairment. As in the studies of other parameters, the duratien of
vost-morohine imvairment could not be extended past 15 days even with the
highest shock intensity,

In the preliminary exveriments, shock alone (at a fixed intensity) did
not oroduce an immeirment in escape performance. Part of the analgesic action
of morvhine, however, im often attriduted to its ability to alter the per-
cention of noxious stimuli, WMorvhine has been shown to de analgesic on Day
1 and tolerance has bheen shown to develop over the fifteen day testing period.

Phus, 1t might be suszzested that, as analgesic tolerance developed, mice become
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desensitized to the foot shock as a consequence of repeated exposure to
sradually increasing verceived shock levels, Post-morphine escape impair-
ment could, therefore, be postulated to have resulted from a gradual hadbit-
uation to foot shoek., ™o test this possibility, various regimens of low shock
intensities and gradually increasing shock levels were employed in an attempt
to revroduce the findings with morphine and shock, No such manipulation of
shock intensities generated a sustained residual escape impairment, Bimilarly,
later exveriments using "forced" exposure to shock were also unsuccessful
in that mice never hahituated to the shock, i.e, they escaped immediately
on Nay 14 when the restraining cover was removed., The failure of testing
at low shock intensities with morphine {Pigure 12), or graduslly increasing
shock intensities (Pigure 13) withcut morphine, to produce a subsequent es-
cane impairment, adde further evidence that the mechanisa by which morphine
rroduces escape impalrment is not simply by diminishing the perception of
the noxious stimulus. This finding, coupled with the observation that tol-
erance to escape suppression develops to morphine, in untested mice, as well
as to vocalization in tested mice, indicated that shock alone is inadequate
to vroduce escape immairment and that a uniocue interaction occurs vhen
morvhine treated mice are tested for escape behavior.
Shoek Fxnosure

Varvine the maximal duration of shock exposure per test trial could be
vostulated to have conflicting effects on escape behavior, For example,
inereasing shock exvosure, vhile possidly enhancing the acquisition of the
immaired resvonse, misht, by increasing the trial period (grester than 30
seconds), permit more mice to escape, This would lesd to a measurement of

an immrovement rather than an impairment in escape performance, A similar
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notential for ambiguity could be postulated to exist for experiments con-
Aueted with shorter durstions of shock exnosure. For example, decreasing
shoek duration, by diminishing total exposure to the shock, might inhibit
the develooment of imnaired escape behavior, Alternatively, by reducing the
shock duration, fewer mice might be observed to escape, Furthermore, alter-
ine shoax Aduration in the vost-mornhine period might have different or oppo=-
nite effects than a similar change in shock duration during the period of
marnhine administration,

Prolongation of daily shock exvosure duration, by as long as $0 seconds,
wvas not found to significantly effect the number of naive mice escaping the
shock, There was also no significant Aifference in escape performance between
grouns of mice tested daily {without morvhine) for 15 days with a standard 30-
second trial and prouns allowed a greater maximum shock exposure., There was no
significant effect of varying exposure times during morphine administration
on nost-injection pearformance. Hovever, the duration of post-morphine im-
najrment vas found to be positively correlated with the length of maximum
shoek exvosure during morvhine administration. This finding is prodably a
simmle dose effect, 1.e, the greater the prior shock exposure the greater
the imnalrment, Tn contrast, in exveriments in which the maximum exposure
duration was altered in the post-mornhine testing period, recovery of escape
nerformance vas more ravid with sreater exposure times, Thus, shock exposure
anvears to facilitate the acoulsition of escape impairment, but inhibits
the maintenance of this effect after cessation of drug administration.

Pre.Morohine Testing

"he exverimental results discussed above indicate that morphine, in
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the vresence of a noxious stimulus, can induce the learning of an apparently
maladaptive response, failure to escape the noxious stimulus. In wost leara-
ine studies, includine those involving morphine, the subject acquires an os-
tensihly adavtive response, In a typical experiment, a subject is deprived
of f00fl or vater, then placed in a "Skinner Box" in which the subject learns
to perform a task (e.#, press a lever) in order to receive a reward (food

or water),

Te studv the effects of a drux on such behavior, two kinds of experiments
can he performed, TFirst, the drug can be administered dwring the period of
conditioning and its effects on acquisition of a behavior can be evaluated.
Second, the drmugz can be administered to subjects after a behavior has been
learned, Tn the latter experiments, one studies the effects of the drug on
nerformance,

Fxoeriments, as described above, differ in several crucial aspects from
those performed in the present investigation, A good example for comparison
1n a study b Yerman et, al, (1972) on the effects of multiple injections
of morphine on shuttle-bex behavier in the rat. This study is representa-
tive of the majority of the investigations on the behavioral effects of mor-
vhine and 1t {s varticularly relevant to this discussion because both the
Aoses emvloved (S and 20 mg/ke) and the time course {13 days) approximate
the varameters of the vresent investigation.

Herman et. al, {1072) attempted to show the time course and pattern of
tolerance to marvhine as reflected by the initial disruption and subsequent
recoverv of a vreviously learned conditioned avoidance response. The test-
ing avparatus was a shuttle-bax which consisted of two chambers squipped with

arid floors sevarated by a partitien. A rat vas placed in onie chamber and



158

a 1isht (conditioned stimulus) wvas turned én 10 seconds prior to the onset
of the delivery of a 50N ua foot shock {unconditioned stimulus), If the rat
entered the adioining chamber prior to shock, an avoidance response vas re-
corded, If the rat entered the adjoining chamber after the onset of the un-
conditioned stimulus, an escave response was recorded, As in the present
studv, naive sublects successfully eascaped the noxious stimulus without diff-
1culty, PRats vere tested 75 times a day until a criterion of 90% avoidance
(of 25 trials) was achieved, One group of these rats then received morphine
nrior to avoldance training on 13 additional consecutive days., Another group
regeived only morvhine without further testing, Despite the apparent metho-
dolorical similarity of this experiment to those in the present study, Herman
et, al, found that tolerance to morphine-induced disruption of avoidance de-
havior did occur (in both tested and unteated groups) at all doses vithin the
13 Aav testing veriod, The greatest disruption of avoidance occurred on the
first dav at the higher {20 mg/ke) dose. However, even at this dose, no
change in escave behavior was found on any day of morphine edministration.l

The exvlanation of the avvarent discrepancy between the results of Herman
et. a), (1077) and the present study centers around crucial differences

l1™ne aueation of vhether morphine can produce a disruption of avold-
ance behavier at doses wvhich do not effect escape behavior is the subject of
mueh contreversy in the literature (Ners, 1960, Banmerjee, 1971), The sus-
restion is that if morohine can produce avoidance impairment without escape
{mpairment, then morphine's action on behavior is primarily "anxiolytic" rather
than related to its analgesic oroperties. This theory grew out of an earlier
£inding that tranauilizers (vhenothiazines) have been shown to produce a dis-
ruotion in aveidance behavior without effecting escape behavior {Verhave,
et, al,, 1050}, Domino et, al., 1965 , however, found in his experiments
on the acouisition of conditioned pole Jumping, that avoidance behavior could
not he Afsrunted without simultanecusly effecting escape dehavior, The con~-

troversy remains unresolved because of the incomparability of the experimental
Aesieme and the failure of the authors to do exhaustive parametric investigations.
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in the exverimental methods emmloyed., Herman et, al. were interested in
measuring changes in avoidance behavior, Since avoidance behavior, unlike
escane hehavior {either in the shuttle-box or escape-box employed in this
studv), is a learned response, a great number of trials were necessary to
achieve the criterion of 9nY avoidance. In addition, on every post-injection
testing dav, rats received 25 trials, Perhaps, because Herman et. al. (1972)
Yike others, chose to examine avoidance behavior rather than the spontan-
eously eliecited escape behavior, testing conditions (e.g. dose, etc.) were
emvloved, such that changes in elicited behavior were minimized.

In the oresent investigation, mice in the standard parsdigm (FPigure'l)
received only one exposure to the testing apparatus (Day 1) prior to morphine
and wvere nermitted (excent on Day 1) only one trial per testing day. In one
exveriment (Table 5), however, mice received varying numbers of days of test-
ing vrior to morvhine administration, The results of this experiment indi-
cated that, with greater than 15 days of pretesting, a marked declipe in post-
morvhine imoairment could be cohserved, Similsrly, there was an i{mprovement
in Pay 1, Dav 15 (tolerance and exverimental)} and Day 16 (post-morphine)
escave nerformance with increased pre-morphine testing. Thus, it seems likely
that 17 mice were exvosed to multiple trials for several days before and then
during morvhine adminiatration, little effect of morphine on escape behavior
would be observed on Day 1 or any other day of morphine administration. The
44 #ferencen between the nresent results and those of other investigators
studving the interaction of narcotiec drugs and learning can probably be
attrihuted to such 4ifferences in exverimental design and methodology.

The Conditioned Fmotional Response
The failure of mice to escape the foot shock both during and especially
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after mervhine administration has been referred to above as & maladaptive
resvonse. This {s because it 1s Aifficult to conceive of a situation (using
the present exverimental deaisn) in which failure to escape could be viewed
As an adantive response. It i{s evident from the vocalization and the toler-
anée studien that mice bath perceive the stimulus as "aversive"” and are cap-
ahle {in terms of locomotor abllity) of escaping the shock, It is unlikely
that mice learned to associate failure to escape with the delivery of & re-
ward in the form of morphine injection, since there was no contingent rela-
tionship hetween the administration of the drug and exposure to the stimulus,
{,e, morohine injection preceeded, not followed, testing.

The acouisition of an apparently maladaptive response is not a finding
unique to this investigation, Estes and Skinner (1941) subjected rats to
an inavoidahle noxious sti{mulus, e.z., foot-shock, preceded by a tone. After
reveated trials, uvon presentation of the tone, the rats began to elicit a
variety of resmenses including "freezing", urination and defecatien. These
"anticipatory” resvonses vere collectively termed a Conditioned Emotional
Resnonse (™), TXstes and Skinner suggested that the acquisition of the
8 pevresented the learning of an "anxiety resction”, When the CER pro-
cedure was suverimvosed on s baseline of operant responding, presentation
of the nre-shock stimulus was followed by a fall in the response rate. Thia
Alsrurtion of resvonding was termed conditioned suppression.

Rrady (1055}, using a modification of the Estes-Skinner procedure,
trained rats to press a lever for a water reward. When the response rates
stabilized, he administered s series of conditioning trisls in vhich & click-
ing neise wvas presented for three minutes prior to the onset of & foot shock.
He observed a suvoression in resvonding as well as "freezing", defecation

and crouching, Brady and Hunt (1955) tnitially used this technique to
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evaluate the sffects of electroconvulsive sheck and cortical lesiens on
restoring operant behavior.

Since the conditioned suopression observed in the Estes-Bkinner pro-
cedure was vroposed to be an objective and quantitative measure of "anxiety"”,
1t ensendered substantial interest from pharmacologists who sought to use
this method to investimate the "anti-anxiety” properties of drugs {Kelleher
and Morse, 10fR}, Wi1l et. al., {195k) found that morphine restored operant
resnonding in rats exnosed to a modified version of the Estes-Skinner pro-
cedure, Subseauently, Lauener {16f3) found that neither morphine nor pheno-
thiazines, effectively restored sunoressed responding. He did find, however,
that chlordiagemnoxide, meprobamate and most barbituates could sntagonize
conditioned suvrression, The discrepancy between the results in these studies
vas attriduted to veriations in testing procedures and training schedules
(Xelleher and Morse, 1968),

Punished Responding

fenditioned suvprression can de vieved as a maladaptive response because
the decrease in operant responding only suspends delivery of the reward but
does not vrevent or diminish the aversive stimulus, In contrast, another
techniaue was develoned in vhich suporession of responding can be viewed
as an adantive rather than a maladavtive response. In this progedure, re-=
ferred to as nunishment suvnressed resvonding, a response previously associated
vith & vositive reinforcement (reward) becomes additionally essociated with
an aversive stimulus, therebdy creating a "confliet" situation. Faillure
to resnond in this paradimm is clearly an adaptive response because the de-
livery of the "punishment” is contingent upon the response rate of the sub-

Ject. In the vunishment supvpressed responding procedure, aveidance of the
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aversive stimulus {s vassive in that the stimulus 1is only delivered follow-
inm seme response By the subject as distinguished from "active avoidance"”
learning techniaues in which the subject must perform some behavior in order
to delay the enset of the aversive stimulus,

Tn contrast to the inconsistencies observed with the Estes-Skinner pro-
cedure, pharmacological studies of punishment suppressed behavior have been
hizhly vevroducible (Kelleher and Morse, 196k}, Geller et, al. (1962) ini-
tiallv studied the effects of chlorrromazine and chlordiazepoxide on punished
resvonding in the rat. They trained food deprived rats to press a lever for
a Tood reward on a variable-interval schedule of reinforcement.l After lever
pressing rates stabllized, a tone was introduced vhich signalled a period
of continuous reinforcement (CRF¥), i,e, each lever press produced a reward,
™us, periods of lov reinforcement (VI) were alternated with periods, during
the tone, of high reinforcement (CHF). After a number of sessions under
these conditions, s vunishment contingency was added such that rats not only
received a reward (food) but were punished (foot shock) for respending during
the tone, feller et, al. (1067) found that, over a wide range of shock
levels, chlordiazevoxide, meprobamate and various barbiturates restored re-
sponding sunnressed by the tene. Phenothiazines, however, 414 not restore
superessed responding. In subsequent studies, Geller et. al. (1963) found
that morohine, like phenothiazines, 4id not restore suppressed responding.
Moreover, they found that morvnhine further suppressed the already diminished
response rate, Tn smummary then, these early studies of the effects of
drues on conditioned sumeression showed that the minor trangquilizers such

lrn overant conditioning, various schefules of reinforcement are em-
sloved, These schedules can be classified according to ratio, i.e. the num-
ber of responses necessary to produce a reward, or according to interval,i.e.
the period hetween a vrior reward and the time vhwn a response will again

vroduce a reward, In a variable interval (VI) schedule, this pericd is varied
about some mean time interval.
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sz chlordiazenoxide and meprobamate were effective in restoring responding
sunnressed by punishment (Geller et. al, 1962, 1963). As discussed previocusly,
mnior tranquilizers, e.w. phenothiazines and morphine have been shown to be
effective in decreasing escape and avoidance responding (CAR) (Verhave, et.
al., 1050), Such results were initially interpreted (Herz, 1960) as indicating
that ehlororomazine (and morphine) attentuate the effects of noxious stisuli
threush a reduction of the "fear™ or "anxiety”" which was assumed to underly
such behavior, This interpretation was inconsistent, however, with the find-
ing that mornhine and the major tranauilirzers were ineffective in influencing
sunnrassed resvonding (Geller et, al,, 1963).

fne of the more muzzling and interesting findings in the punished res-
nonding -exveriments of Geller (1063) was the observation that morphine vas
{neffective in restoring suvnressed responding, Morphine has alwvays been
considered to act {see intreduction) by relieving the "anxiety”, as well as
the sensory and verceptual aspects, of pain. Clinically, administration of
narcotica 1a often based on the assumption that such drugs have anxiolytie
a8 vell as analeesic sroperties (Aill, 1952), Geller (1963) concluded from
his studies of morvhine and vunished responding that the effects of miner
tranouilizers, e.z, meprobamate and chlordiazepoxide, were unrelated to ansl-
renin, feller 414 net exvlain the apparent paradox that merphine is
s clinically effective "anti-anxiety” agent dut is {neffective in restoring
resnondings aurpressed bv punishment.

More recent studies have shown that the interaction of morphine as wvall
as other Aruss with supnressed responding is more complicated than originally
outlined hy feller (10€7, 1063), Djahanguiri et, al, (1966) were the first

to demonstrate that morphine could increase the rate of operant responding.
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mhev sudmitted cats to prolonged daily lov dose (.2 mg/kg/day) treatments

o® morphine and found an imorovement in food-reinforced responding. In sub-
seouent axveriments,,Thompson et. al, (1970) ohserved that the cheange in
resnonse rates of rats following morvhine administration varied with different
reinforcement schefules (fixed interval, varied interval, fixed ratio, varied
ratio) ns well as dome, Tn addition, these authors found that the nature

of +he respense to morvhine varied with the baseline performance of the sub-
fects on the individual schedules, This finding was in agreement with earl-
ier observationa (News and Morse, 1061} with other agents, that the effect
of Arups on the resvense rate of schedule-induced behavior depended to a
considerable degree on the response rates prior to drug adminiatration.

In later exneriements, Holtzman and Jewett {1072} found that the effect
of morrhine on conditioned avoidance responding in the rat could be gqualita-
tively altered with changes in shock intensity. They found that at a "high
shock inteneity” {1900 ua), morphine increased avoidance responding, vhile
at lower shock intensitiés (A0N7 ua), morphine decreased avoidance responding.

In another study, 3titzer (107h) examined the influence of shock inten-
sity (and frecuency)} on the kev-peck responding of pigeons (for food),
Pigeons trained to veck at a kev for a food reward simultaneously received
electric shock during the fixed ratio component of an slternating (fixed
interval and fixed ratioc) schedule of reinforcement, Shock intensities and
frecuencies were adjusted to vroduce either a moderate or severe response
sunoression during the mnishment component, Chlorpromazine reduced punished
responding at both shock levels while increasing rates during unpunished in-
tervals, MNorpvhine, howvever, increased rates of responding both during pun-

1ahed and unpunished intervals at moderate shock intensities and frequencies,
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At shoek levels which severely diminished response rates, morphine had
ounlitatively similar effects to chlorpromazine.

Tn summary, the studies of the effects of morphine on punished and
avoidance behavior confirmed the esrlier findings of Dews (1958) and others,
that the interactions of druxs and behavior can be influenced both qualita-
tively and auantitatively by variations in dose, baseline performance and
schedules of reinforcement. In additien, these studies showed that even
when the above variahles are accounted for, interspecies' differences may
8111 be observed, e,.z, Dishanguiris' {1966) studies with cats,

votivational interoretations have assumed, a priori, that conditioned
avoldance (1,e., hehaviors vhich terminate or delay the presentation of a
noxious stimlus)} and behavior which is suppressed by the presentation of
a noxious stimulus, both reflect common comvonents of "fear" and "anxiety"
(Kelleher and Morse, 1968), Once one im not bound by this unitery hypothesis,
it bYecomes possible to viev the drug studies as having demonstrated that
"anxiety" represents a comnlex combination of behaviors or motivational states
each {nfluenced in a different fashion by vsychoactive drugs and experimental
conditions.

"he purnose of this discussion of conditioned avoidance and emotional
resnonses is to provide a theoretical and exverimental framework, upon wvhich
& Plausible exvlanation for the behavior described in‘'the present investiga-
tion ean be formulated, Although it is clear that the CER and punishment
experiments differ strikingly from those presented in this work, some com-
varisons are, however, valuable in helping to evaluate the nature of the
interaction of morphine and escape behavior descrided in the present study,

Many 4ifferences between the vunishment experiments and the present in-

vestigation can be eited, Yor example, in the escape paradigm, no conditioned
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stimalus, 1.e, no stismiuas associated with a punishment (shock), is pre-
sented, More imvortantly, in the escave testing procedure, there ia no
nunishment continsency for escaring or not escaping; there is no clearly de-
*ined conflict invelved in the testing procedure, Furthermore, in the CER

and punishment nrocedures, drugs were administered to subjects slresdy elfcit-
ing surnressed resvonding in an attempt to antagonize the suppression. 1In
contrast, in the present investigation, drugs were introduced immediately
following initial exvosure to the testing apparatus (Day 1A), In addition,

no prior teainine vas necessary since mice spontaneously escaped from the

noxious stimlus,

fonditioned Tmotional Response and Escape Behavior Folloving Morphine
Admdntotration

As wreviously described, the decline in response rate in the punishment
surnression paradism revresents a form of passive avoidance learning vhich
iz clearly adantive: althoush reward presentation is postponed, the noxious
atimulus is also avoided, WNo such adaptive significance can be attributed
to the fall in resvonse rate ohserved on the conditioned suppression paradigm
since the decline in resvonse only decreases rewvard presentation,but does
not effect delivery of the (non-contingent) foot-shock, Several features of
the mequisition of immaired escape verformance in mice receiving morphine
in the shock-eacave varadigm can be analogized to the CER and conditioned
superession naradimms, The failure of mice to escape the shock on the first
Aavs of morvhine administration can be exvlained on the basis of analgesic
actions of the drus, fimilarly, the disruvtion of opersat responding at
the time of presentation of an aversive stimuluns can de ascrided to a direct
action of the electric shock, !ntested mice (receiving morphine) were found

to escane the shock on davs vhen tested mice 414 not do so, Also, tolerance
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ranidly develaoned to morvhine {nduced vocalization suppression in tested
mice, ™ms, the faflure of (tested) mice to escape the shock on subsequent
davs of marrhine administration (and on vost-morphine days) can not be
attrituted to analresia or to some motor impairment. Similarly, subjects
in the conditioned suvpresaion exveriments are not inhibited from responding
after nresentation of the conditioned stimalus either by immediate punisiment
a* v a "direct” disruntion of nerformance via presentation of an averaive
stimulus, Thus, the failure of mice o escape the shock in the present study
and the rearonse suvvression in the CTR studies can therefore be viewed as
renvasentine the acauisition of an obstensibly maladaptive response. Purther-
more, the return to baseline escane resvonding after repeated post-morphine
trinls can be compared to the extinction (return to baseline rates) of response
surmresnion ohserve vhen the tone wvas no longer paired with a noxicus stim-
L ALT

e ather finding, althourh 4ifficult to quantitatively evaluate, sug~-
megts that the T and the failure to escape i{n the shock apparatus, are at
leant fn some wvavs analorous behavioral states, In the CER, subjects are
uruallv ohnerved to defecate, "freeze”, crouch and othervise remain {mmobile,
furing the vresentation of the conditioned stimulus, In the present’ inves-
timntion, mice failine to escave the noxious stimulus were observed to behave
in wmuer the same fashion as subjects in the CFR, Mice crouched, frequently
Aefected and urinated, tut made little attempt to escape, either dy jumping
or elimhing the walls of the dox,

T¢ one wishes to postulate that the CER and the fallure of mice to es-~
cave under mornhine are the result of analgous behavioral processes, one must

exvlain how morvhine and shock interact to produce suppression of escape
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hehavior. One common denominator between the CER experiments and shock-es-
cave naradism is that in both situations, subjects fail to respoend in an
afantive fashion under wvhat can he termed "stress” conditions, The stress
in the *¥® and escane exveriments can be attributed to the anticipation of
the noxfeus stimulus,

ftreps 1 a Proad and reneral term, usually defined differently accord-
ine to the context in which it is Aiscussed, The "stress” reaction has been
shown to encommans a multinle of physiological responses, Selye and others
have contributed preatlv to the study and understanding of the physiological
mantfestationn of stress and the nature of the actions of various agents in
mod! fving the hodles' response to stress producing conditions, Selye {1960)
rrovosed the term "fleneral Adaptation Syndrome” (GAS) to descride the variety
of autonomie and endoerine responses observed in prolonged exposure to various
¥inds of stress, The Pirst vhase of the GAS was called the "alarm reactien”,
consinting orimarily of greatly increased adrenal cortical and sympathetice
nervous svstem function, If the stress continued, a longer phase of "resis-
tance 46 atress” occurred in which the organiem endured the strees as best
it eoulA, Tventuallv a "stage of exhaustion” ensued in which the organism
lost the ahlity to withstand the stress (Belye and Heuser, 1055),

Toosure to stress has been shown to produce striking changes in the
activity of the endocrine system, especially the hypothalalamie~pituitary-adrenal
axis {Selve, 10fN). Numerous studies have been performed to evaluate the
effects of various stimuli on physiological parameters of stress such es
ACTR release and ascorbic scid depletion of the adrenals (Liddle, et. al., 1962).
Tn this resard, Selye (193R) in his earliest experiments, employed morphine

to evoke an "salarm reaction” thereby bringing about increased adrenal cortical
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activity., TIn subresuent investigations, the ability of single doses of mor-
vhine to stimulate the release of corticostercids {in dogs and mice) vas
vell documented, (Rev. by Slean, 1971}, However, morphine has also been
shewn to vroduce the ovposite effect (decreased ACTH and urinary corticoids)
in chrontcally treated subjects (man, mouse,and rat) (Rev, by Sloan, 1971).
An even more curious finding is the observation that morphine can antagonize
the afdrenal resvonse to an additional or superimposed stressful stimulus,
e,.x, expasure to cold or pitressin injection (Briggs and Munson, 1955).

"he mechanism of the interaction between morphine and stress has been
studied by several authors (Rev, by George, 1971}, Based on various lesion
studies, vhich demonatrated that the effecte of morphine on adrenal functien
were blocked By hyvoohysectomy, it is now believed that the action or actions
o® mornhine on the adrenals is initiated in the CNS and mediated via the hypo-
thalmmic-pituitarv neuronecretory system, The nature and site of this action,
however, remains unknown {Rev, by Sloan, 1071),

Most regearchers studying drug-stress interactions have concentrated
on the modification of vhvsioclogical parameters of stress by drugs, A few
authors, hovever, have studied this problem from a different point of view:
the al teration of drus responses dy stress. In one early study, Friend and
Harris (10L8), observed that adrenalectomy diminished the analgesic effect
of morvhine, In contrast other authors showed that the chronic administra-
tion of ateréid preparations could decrease the analgesic response to movrphine
(Winter and Plataker, 1051), OFf related interest is one study by Rupe st.

81, (10A3) on the stress modification of the response (sleeping time) of rats
to hexobarbital. In initial exveriments, the authors found that rats pre~

vicusly stressed by hind-lex ligation showed a significantly decreased
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resvonse to barbiturates. The authors then sought to determine vhether this
modification of drug response vas mediated through the pituitary-adrenal
system, When thev administered ACTH to produce a release of adrenal cortico-
sterdtds, the response (decrease in sleeping time) was enhanced., Next, bdased
on the previously described findings of Brigge and Munson {1955) that morphine
hlocked the adrenal resvonse to stressful stimuli, Rupe et. al. chroniecally
tretreated rats vith morphine as a means of producing & "functional hypephy-
sectomy”, Chronic administration of morphine ap well as adrenalectomy were
found to block the effects of a stress (hind-leg traction) on hexcbarbital
sleen time, 1,e, sleening time was increased, Thus, these authors used mor-
vhine afministration to bloek the normal physiological response to stress

and then studied the effect of this interaction on the actions of a second
drur,

e studies described above indicated that morphine could influence the
nhysiolorical resnonse to stress and, conversely, that stress could modify
the response to drugs, Such findings may be analogized to the previously
discussed hehavioral investigations of Dews and Merse {1958) and Stitser
{107h), ™hese authors found that the baseline performance level of a sub-
lect ecould {influence, hoth aqualitatively and gquantitatively, the responses
observed vhen a nharmacologie agent wvas introduced., The obvious question
raised i{s vhether authors studying behavioral correlates of stress have
ohserved Aruss to produce one kind of behavior in an unstressed subject, and
n Aifferent or altered response in a "stressed” subject, With regard to mor-
phine, the answer to the question is that most authors have been concerned
vith determining whether the drug could restore previously impaired perfor-

mance ag in the R,
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Jacob (10F3) was one of the fev authors to directly inveatigate the effects
of mornhine on learning under "stressful” conditions., His findings are par-
ticularly relevant to the nresent investigation because his experiments were
desisned (unlike the CFR and other operant studies) to evaluate subtle changes
in spontanecusly elicited behaviors with an emphasis on changes in acquisition
of learned tasks as wvell as on disruptions of baseline performance. Jacod
{10€3) emnloved three different experimental methods to study the effects
of morohine on "adavtation” and "learning” . Using a modification of the
hot-plate techniaue (Woolfe and MacDonald, 10LL), he found that untreated
mice, on initial exnosure, licked their paws and then eventually escaped '
(fymed) from the stimulus, On subsecuent days, the jump reaction took pre-
cedence over "lleking"., Jacob concluded that the replacement of the "lick
resnonse” hy the "jumn" reaction represented the substitution of an escape
resnonse by an avoldance response, He then found that morphine prevented
this change in response at doses that were sub-analgesic; "licking times"
{1atencies) vere not altered at doses which inhibited the jump response,
Tacobh concluded from these findings that morphine possesses "an inhibitory
action on the adantation of animals to a stressful situation”.

Tn a second series of exveriments, Jacod (1963) employed s "forced
svimming test” previously used to investigate the "antisfatigue” properties
of 41#ferent subatances, In this procedure, exhaustion times were measured
in suhects forced to continue swimming for long periods. Mice, on re-expo-
sure to the test, were found to have increased exhaustion times. The effect
of morohine in naive subjects was to prolong exhaustion times. However,
morphine diminished the normally occurring increase in exhaustion times in

mice previedsly exvosed to the test, Jacodb decided that the swvimming test
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{nvolved no "noxious” stimuli end he therefore concluded that the results

were not related to the analgesic action of morphine,

Tn a third series of experiments Jacob studied the effects of morphine
on the performance of mice on an elevated maze learning task, Mice wvere ini-
tially trained to complete the maze and jump (or climd) off & platforam in
order to receive a food reward. In later triale mice were fed ad. 1ib. be-
fore testing, and the food reward was discontinued, Subjects continued to
complete the maze, Jacob found that morphine (12.5-50 mg/kg) increassd
the mumher of errors and the running time in the maze, The largest increase
vas found in "final delay”, the time between finishing the maze and climbing
fvom the nlatform. Jacod interpreted this last result as constituting a
At sruptive effect of morphine on a confliet situation which involved neither
"oainful” nor "stressful” stimulil,

In summary, Jecob (10A3) postulated from his three experiments:

"Summarizing the results obdtained with the three
tests, one is temvted to consider that they all point
to the property of mornhine to depress the ability of
the animals te adapt themselves to a situation charac-
terized bdy an unusual enviremment, vhich need not be a
rhyeically nocieptive one, This activity of morphine
is one of the most important of its properties as it
annears vith lower dosages than its physical analgesic
nrorerties, than its obvious actions on motricity or
sensory motor coordination and than its effects on
‘retaining® previous experience, In each case, the
effect of morphine is to depress the reactivity re-
gardless of the immddiate consequence of this de-
pression, whether detrimentsal (hot plate test) or
beneficial {swimming test) or apparently neutral
(maze test); in each case, however, the final result
of morvhinization is detrimental as the 'learning' of
the inhabitual environment (or adaptation to it),
is depressed”,

Tacoh's (1943) work can be criticized on many levels, Both his conclusions

and his interpretations of the experimental data are open to question. In
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hie hot plate exveriments, Jacod made a number of assumptions., He claimed
that since the licking response was replaced by a jump response following
successive exposure to the stimulus, that the Jump response represented s
learned (conditioned) response. FHe provided no direct evidence for this
supnosition, referring only to previous studies which indicated that this
substitution of responses could be dlocked by electroconvulsive shock between
trinls, An alternative exvlanation might be that "licking", like jumping,
wvas a learned behavior and that the failure of a dose of morphine to alter
licking times may indicate only that licking had bdecome a conditioned re-
sponse. Thus, because Jacob failled to adequately prove that the jump re-
spense vas & conditioned avoidance phenomenon, his conclusion that morphine,
by selectively iInhibitifg jumping, acted specifically to block adaptation
to stressful stimulus, was invalid., Jacob further asserted that the failure
of a specific dose of morphine to alter licking times, while simultaneocusly
increasine jumning timea, revresented sufficient evidence that failure to
Junn vas unrelated to a motor or sensory impairment., An alternative inter-
nretation of this finding might be that the licking response required less
motor coordination than the jiump response, Thus, the failure of morphine-
treated mice to execute a jump may reflect an ataxic effect rather than a

snecifie stress-related phenomenon,

Jacodb also failed to consider an additional factor in evaluating his
dats, Recent studies {Rev, by Overton, 1971) as will be discussed later,
have shown that tasks learned in a "no-drug” condition may fail to transfer
to the drus state or vice~verse (Hill et, al,, 1971), This phenomenon,
termed "state-dependent” learning, may account for the failw's to observe

the putative learned response (jumn) as compared to the unlearned response
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(11e¥) in morphinized subjects,

Similar eriticisms, an ocutlined above, may be applied to Jacoba' (1963)
svimuing and maze studies, in that he again made asswmptions and interpre-
tationa hased on limited and tenucun data. For example Jacod failed to exclude
the possihility of a state-dependent effect in the swimming test. In these
exveriments, morphine was found to increase exhaustion times in naive mice
but nroduced the opposite effect in mice previously exposed to the test,
™us, 1t vas nosaible that the observed changes in exhaustion times were not
related to a modification of a stress response, but represented, instead,
the fallure of a learned resvonse to transfer from a "drug" to s "no-drug”
condition, Jacob further maintained that morphine's action in the swvimming
test is unrelated to its analeesie properties in that "no physical pain can
he wostulated in this test”", He, however, vrovided no experimental data in
sunvort of this questionable assumption.

Again in the maze-learning exveriments, Jacob over-interpreted his data,
failing to adesuately evaluate alternative hypotheses. He claimed that
because & food revard was terminated at some unspecified time prior te mor-
phine sdministration, that hunxer can be eliminated as a possible motive
for mice comnleting the maze, Based on this unvalideted supposition, he
concluded that the maze is a "neutral test” and consequently that morphine's
effects can not be attributed to an effect on hunger or on the gastrointest.
inal aystem, In addition, Jacod assumed, without direct evidence, that
morvhine's effects on maze verformance were unrelated to locomotor ataxia
or sensory disorientation.

Tn summary, Jacob's (19A3) study suffers from two main flavs. First,

he fails to pmovide any details of his experimental methods. Second, and
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wore {mmortantlvy, Jacob overlooked or failed to adequately consider, in his
expverimental desisn and his evaluation of the data, possible alternative
interpretations of his results. Jacob's conclusions that morphine had a
specific detrimental effect on learning or adaptation to s change in envir-
anment, are therefore difficult to accept due to his over-interpretation of
the data, Nonetheleas, Jacob's investigation is noteworthy in that he, at
least, atterpted to inouire into seme of the less obvious, and more difficult
areas of drug hehavior interaction to experimentally explore.
The methedolosical nroblems encountered in Jacob's (1963) study point
out the difPicultien involved in isolating the specific manner by wvhich a
Aruxg mav act to modify hehavior, TFor example, Jacod argued that the swim
tenat 414 not involve "oain" and, therefore, that morphine's effect on subjects
exponed to this test vas unrelated to analgesia. Buch an assumption is diffi-
eult {f not immoasidle to nrove. The disruption of the performance of a re-
soonse hy a drue can be produced by any one or a combination of effects of
a drur, e.x. ataxia, sensory disorientation, or analgesia. To assert that
& resnonse iz specifically related to one of these effects, it is necessary
to control for the alternative nossibilities. This problem is especially
A1 #Picult with analpesics. Rince pain is a subjective response, it is im-
noasihle to determine with certainty that a particular test does not involve
rainful stimuli, The prodlem, as outlined above, of determining the mechanism
ef a Arug~-behavior interaction, was encountered in the present investigation.
The exmeriments thus far discussed have led to the folloving observations.
A majority of nafve mice were found to successfully escape a noxious stimulus
and thev continued to do so on reveated daily testing. A single injection

of morvhine decreased the number of mice escaping. Tolerance was found to
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develon to this effect in untested mice but not in mice receiving daily post-
fnjection testine, Although there was an eventual improvement in performance,
the imorirment in encane behavior obhserved in mice receiving dally post-
fnjection testing, persisted after cessation of morphine administration.

e Aduration-and Adepree of this effect was shown to vary with dosage, days

o0® treatwent, and shock intensity, Since escape impairment could be produced
in suhfects with demonstrated analgesic tolerance, the ability of morphine

+5 pensrate this resvonse appeared to be independent of its analgesic actions,
™us, the interaction of morphine and escape testing appeared to cause the
acantaition of an edtensibly maladvative responae.

S4nece there were no reports in the literature of a similar effect involv-
ine mornhine and/or escape behavior, it was necessary to search for a compar-
ahle naradism to ernlain these phenomena. The Conditioned Emoticnal Response
ftPR) anneared to be analagous in some respects to the behavior observed in
the nresent study, Tt vas supgested that a common feature in both the CER
and the shock-escane varadism was the failure of a subject to respond appro-
vriatelv in a "stressful” stiuation. The literature relating to the inter-
actions of streas and morphine wag reviewed, It was found that morphine
could influence several of the vhysiological parameters of the stress response
and that atress could also modify the response to morphine. These studies
wvere, however, difficult to relate to the present investigation for several
reasons, e.z, acute and chronic morohine produced differing effects on the
stress resnonse, PFinally Jaceb's (1063) study of the interaction of morphine
and learniny was discussed, Jacob's findings were in agreement with those

of the oresent atudy, hovever, the validity of his conclusions were questioned
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on the hanis of flawa in his exverimental desisn,

Tn revieving the data summarized above, it can he postulated that impaired
amcane nerformance renresents a unique interaction between morphine and the
stress of exvesure to a noxious stimulus, Direct supportive evidence for
this hvnothesis 18, however, lacking and therefore the mechanizms underlying

the oshservad phenomena remain unknown at this time,
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Purther Parametric Studies
The following section contains a discussion of experimenta performed
to Aurther delineate the parameters and experimental conditions vhich governed
the preduction of the original vhenomena.

Relavpe and Recovery

A numher of exveriments were performed to determine the relationship
hetween modi{fications in the post-morphine teating schedule and racovery
(1.e. yeturn to baseline Day 1 performance from the residual escape impatr-
ment), "he dnta, ®igure 1f, indicate that mice recover from the post-morphine
escane imoairment at anproximately the same rate vhether testing was or vas
not nerformed on a continuous hasis after Day 1€, These findings suggest
that recovery occurs independently of the number of post-morphine trials,
t.e, teating ver se does not seem to inhidbit or facilitate recovery.
Trnmeriments were nerformed to determine wvhether prior exposure to the
standar? testing repimen, i.e, 15 days of pest-injection testing followed
™ 1% days of testine alone, influenced escape performance vhen mice were
suhaequently re-exposed to the standard testing regimen., No difference in
escane hehavior vas ohserved hetwveen the initial and "relapse” pefformance
of mice receiving tvo consecutive exposures to the standard testing procedure.
Tn summary, the results of the recovery and relapse experiments sugzest
that once daily morvhine and shock exposure are terminated, a return to
banreline verformance occurs regardless of whether or not daily testing is
verformed, TIn addition, recovery doces not appear to influence subsequent
redevelooment of escave impairment on re-exposure to the standard testing
nrocedure,

Intertrigé Interval

Tn the standard testing orocedure, mice were tested once a day for
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P#irteen dave, Tn one meries of experiments, groups of mice were tested-in-
lected and retested as usual on Day 1, and the total number of post-injection
Aavs was held constant at fifteen days. The intertrial interval, however,
vap varied from once every other day to once every seven days, FPost morphine
teating was performed on a standard (daily) basis, One unexpected finding

in these exveriments was the apparent tolerance development {escape perfor-
mance {mmroved from Day 1# levels) observed on the first days of morphine
administration. Surprisingly, despite this improvement in performance during
the earlv davs of drus administration, performance steadily declined on the
latter daye of drug administration. A vossible explanation for this finding
might he that the {ncreased intertrial intervals allowed for more rapid
develowment of analpesic tolerance to morphine., It is also possible that
the acouisition of immaired escape behavior vas facilitated by the relative
proximity of the trials in the standard deily testing regimen. Whatever the
caure of this neak in escave performance, of greatest significance is the
decline in verformance observed on the final deys of drug administration,

The varametric studies descridbed so far have indicated that certain
modifieations in the standard testing procedure can interfere with the pro-
duetion of imnaired escape perfermance, First, pre-morphine testing was found
to Aiminish the May ] mornhine effect as well as reducing the duration of
vost-morohine immairment. Similarly, increasing the interval between testing
days as in the previous exveriments, also diminished the initial effect of
fnjection and testing on ﬁerforlnnce. Also, in the preliminary experiments
(Pigure 1, Aroup F) a vrior course of daily morphine injections was found
to vroduce an improvement in performance when post=injection testing was

suhsesuently hemun. BSimilar reaults, an interference in the initial effect
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of morvhine on escave nerformance, were observed in another experiment, A
sroup of mice vas tested and injected as usual on Day 1, but received pre-
infection as well as vost-injection testing on subsequent days. The escape
performance (nost-iniection) of these mice on the first days of drug admin-
{gtration vas greater than that observed with the standard testing procedure.
On suhseauent davs, however, hoth pre- and post-injection performance showed
a steady Aecline to a level equivalent to that observed with the standard
testing repimen, These Pindine indicate that a number of modifications in
the original paradism (pre-morphine testing, vorior morphine treatment, in-
ereaned intertrial interval, and ore and post-injection testing) can diminish
the initial respense to mornhine., Tt is possible that such modifications
onlvy affect analgesia induced escare sunnression. This hypothesis would
explain the decline in verformance observed, in all these groups, on the
final Aavs of Araz administration.

Post-injection testing vas found to produce impaired escape behavior
in mice nreviously made tolerant to the anslgesic effects of morphine. Thus,
morvhine's ahilitvy to vroduce escape impairment appears to be independent
of its analresic proverties, Furthermore, these results indicated that
the finding that morvhine disrupts escape performance, is neither fortuitous
nor denendent on a restricted range of testing conditions.

Fscalating Dose Levels

Pxveriments have heen described, e.z., escalating shock levels and forced
axvosure to shock, vhere the purpose was to attempt to reproduce the experi-
mental results vithout the use of morphine., Toward a similar gosl, experi-
ments wvere nerformed to determine if the dosage of morphine could be manipu-

lated such that a wost-morphine impairment would not occur. It could be
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arzued that the combination of a dose of morphine, vhich decreased in effec-
tiveness with analgesic tolerance, and daily trials interacted such that mor-
phine facilitated a orogreasive desensitization to foot-shock. In order to
test this hyvothesis, a group of mice was exposed to escalating doses of
morvhine over the fifteen day testing periocd, A tolerance control group
received the name dose schedule, hut no testing until after injection on Day
15, Tolerance was not observed to the final dose of morphine on Day 15 in
the control srouv, sugsgesting that morphine waes still sanalgesic, Similarly,
vocalization was noted less freauently in the experimental group than in
srouns tested at a constant dose. The above findings suggested that morphine
remained analeesic throughout the testing period. The post-morphine perfor-
~ mance of the exverimental group vas equivalent to that observed in standard
(25 me/kr Aav) sroups, providing additional evidence that morphine's ability
to nroduce immaired esceve behavior is indenendent of it's analgesic action,

Nalaved Testing

In eonditionine exveriments, subjects learn to avoid rather than escape
an aversive stimulus, Tn the previous experiments mice were not permitted
the onportunity to avoid the shoeck, It is conceivable, then, that mice
eould have learned to avoid the shock, Also, it has been suggested that one
similarity between the CFR and the present paredigm was the observation of
erouchine, "freezine" and other manifestations of "anxiety", In the CER,
such responses were observed to eccur prior to the onset of the noxious
stimilus, T™he standard testing procedure 4id not allow for the detection
of such "anticivatory” responses. In eddition, it is conceivable that
foot-ghock has two actions in the escape paradigm., During the initial days

of Arur administration, shoek and morphine may initiate the lemrning of the
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maladantive resvonse. On subsecuent days, howvever, shock may simply act
to immohilize the mice, If the above hypothesis were true, mice placed on
the nlates, prior to the onset of shock, should be able to avold the shock.
fenseauently, exveriments were desismed to investigate the effect of delay-
ing the onset of foot-shock, One group of mice received daily testing for
thirty Aave but were nlaced on the plates ten seconds prior to the onset of
shaek on Tavs 2 throursh 30, A second group received the standard testing
regimen (Tahle 1, Crouvp ?) except that mice were placed on the plates ten
reconds nrior to shock onset on Nays 1A through 15, Mice were observed on
each Aavy to determine: 1) if the subjects learned to avoid the shock in
the ten second pre-shock interval; 2) if mice crouched or "froze" defore
and/or after shock onset; 3) if a post-morphine impairment developed im the
exverimental groun,

nlvy a few of the control mice and none of the morphine treated mice
learned to avoid the shock, Crouching and "freezing" during the delay
rericd was observed in the mornphine treated mice, but not in the control
groun, Moreover, these responees became more evident on the final days of
drue afministration, The nost-morphine impairment observed in the "delay"
eroun was indistinsuishable from that observed in mice exposed to the stan-
dard testine vrocedure, The finding that mice demonstrated CER-like re-
svonses, but A1d not aveid the shock suggests that they became conditioned
to resmond in an impaired fashion and that the shock alone 4id not produce

1{mmobilization,
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Studies with Other Pharmacologic Agents

™he experiments thus far discussed have described phenomena produced
by the interaction of morphine and an escape task. The following section
will Afscuss the specificity of these phenomena with regard to various
classes of Arues,

Warcotic Analmgesics

In all the varametric studies, post-injection testing took place 30
minutes after infection, The results in Table 9 clearly show that the effects
of morrhine on all the key features of the escape paradigm remain essentially
the seme at vest-injection intervals of 15 to 60 minutes, and change only
amiantitively at 120 minutes,

Tn all studies with other drugs an attempt was made to choose a dose
and an infectisn-testing interval which would produce approximately the same
verformance on Nay 12 ag observed with morphine 25 mg/kg, at 30 minutes after
injection,

Tevorphanol was chosen for study because its clinical usage and spectrmm
of action in similar to that of morphine, lLeverphanol is sapproximately 3
times more potent than morphine in its analgesic action (Lasagna, 196L), but
has an eauivalent duration of action, A dose of 12,5 mg/kg was found to pro-
duce effects equivalent to 25 mg/kg of morphine on Day 1A, The results are
quite clear in that the escave performance of mice, both "tested and toler-
ance controls”, was similar in all aspects to that observed in the original
varadigm (Fipure 1-Groups 2 and §) with morphine.

When mice were injected with dextrorphan, the analgesically inactive
ontical isomer of levorrhanol, no effect on escape performance was observed,

Similarly, provoxyvhene, a "mild" analgesic, with a structural resemblence
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to methadone, vas also ineffective in suppressing escape behavior except at
toxic and near-lethal doses.

Meneridine is an analgesic agent of the phenylpiperidine series used
clinically in nlace of morrhine, Its spectrum of actions is similar to that
of morvhine; however, it is 1/10th as potent an analgesic., Meperidine is
Ynown to possess a numher of side-effects generally ascribed to its atropine-
like actions {lasmema, 19€L), In the present investigation, no dose of
meveridine (less than the LD 50) could suppreses Day lA escape performance
€0 the level obperved with morphine 25 mg/kg.

fimilar nroblems (high mortality rate at doses which produce a criterion
level of resnonse inhibition) were observed with methadone, an analgesic with
with votency in hetween that of morphine and meperidine, but having a longer
time of ocnset and duration of action,

It wvas noted in a comparative study of the effects of morphine, meperidine
and methadone on the CFP, that the slope of dose response curves were "flatter"
for morvhine than for meperidine or methadone (Hill et, al,, 1966), Thue
it is possible that the relatively smaller ratio between the LD 50 and the
FN &0 found in Rill's study might account for the high mortality rate. It
is also nossible that the failure to inhibit escaping at doses vell below
the LD SN may represent a distinguishing feature of synthetic (non-phenanthrene)
narcotic analpesics, although the evidence presented here is far from conclu-
sive, Tn the studies with methadone, pretreatment with low doses and the
use of replacement mice (on Days 1 and 2) was necessary in order to produce
results vhich resembled those cbserved with morphine (25 mg/kg).

Major and Minor Tranquilizers

As has heen previously Aiscussed, major tranquilizers (phepothiazines)
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and minor tranauilizers (benzodiszepines) have differing effects on avoid-
ance and escave behavior, (linically, minor tranquilizers are employed as
sedative=hvonotics or antianxiety agents. Major tranquilizers are primarily
used in the treatment of the psychoses, These agents do, however, share some
common effects, analgesia and sedation,

As discussed in nrevious sections, a variety of behavioral techniques
have heen emnloved to hoth identify and distinguish between major tranquil-
{zera (or neuroleptics) and minor tranquilizers, The clinical efficacy of
the minor tranauilizers is penerally held to be related to the difference
hetween the "calmative” or "antianxiety" actions of these agentes and their
toxie (hyonotic or ataxic) effecte, A number of behavioral models have been
Aeveloned to experimentally determine these reatios, One commonly employed
method is a mod{fication of the standard conditioned avoidance procedure,
desigmed hy Feime and Boff (10A2), In this technigue, animals are trained
to postvene an electric foot shock by pressing a lever at a regular rate,
and in case of avoldance failure, to terminate a shock by presaing a second
lever, TNevressant drugs of all kinds tend to lower the rate of lever press-
ing, increase the number of shocks delivered, and to some extent, produce
escave failure (failure to terminate the shock), Por each compound the min-
imun effective dose (MPD) necessary to significantly increase escape failure
and the MTD necessary to increase avoidance failure, is determined and a ratio
of the two values is computed, This "dose range ratio” (Heise and Boff, 1962)
1s said to reflect the range of doses over vhich a drug has a measurabdle
denressant action without causing complete inability to respond.

Figh "dose range ratios" were obtained with the benzodiazepine class
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of Aruga. TLower vatios were ohserved with phenothiazines, and the lowest
raties vere found with barbiturates (Zhinden and Randall, 1967). Buch ratios
clearlv Aistinsruished between neurclentics and minor tranquilizers on a
suantitative basis. A more comnlicated procedure (discrete trial trace
avoldance) was Aeveloped by Heise and McConnell (1961). Rate were trained
to resvond to a S-second noise stimulus by pressing ¢ lever. Failure to re-
snond wvas followed hy a S-second nolse cournled with shock. Interposed be-~
tween the varnine sound and the shock wam a S-gecond silent "gap" (Helne

and Melannell, 10A1), Subjects were trained to a eriterion of 90% avoidance
{resnendine during the initial tone). When these subjects were administered
compounds of the benzodiazepine class, the number of responses in the "gap"
veriod markedly increased, Chlronromazine, in contrast, had a "markedly
AiPPerent effect” {7binden and Randall, 19A7) in that subjects failing to
resnond to the initial warning stimulus almost never responded durinz the
"wan” veried, while still maintaining the ability to escape the stimulus
{terminate the shoek), These results were {nterpreted as having demonstrated
a Aistinct action of benzodiazepines (and phenobarbitel) on lengthening the
latency of response to a "warning” stimulus, vhereas chlorpromazine was said
to have "a selective hlocking effect on the response to a discrest wvarning
stimulus” (7binden and Randall, 1967).

Tn summarvy, "anti-anxiety” drugs of the benzodiszepine class reduced
"nassive avoidance”, 1.,e, the tendency to refrain from s response vith poten-
tially aversive consequences. In contrast, the phenothimzines failed to
inhibit "vassive avoidance” in conflict situstions but, on the other hand,
vere effective in reducing "active avoidence” responses vhich postponed

aversive stimali,
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Nrugs revresentative of each of these three classes of agents vere em-
nloved in the present study. As with other agente, e.x. levorphancl, an
attemnt was made to find doses which best approximated the results observed
on Mav 14 with mornhine (75 ma/ke),

"o Aoss of ventobarbital was effective in suppressing Day 1A performance
to the lgvels observed with morphine,i.e. leas than 25% of mice esceping,
vithout a mortality rate of greater then 508, This repult is not surprising
conaidering that barbiturates have been shown to lack analgesic properties in
some testing situations (Price and Dripns, 1070), Mice failing to escape
the sheck wvere ohserved to he ataxic, 1.e. they were unable to exhibit a
rightine reflex, Yet, these mice vhen no longer ataxie on subsequent days,
A4A escane successMillv, Tolerance could only be overcome by increasing the
harhiturate Aose to such a level that the majority of mice died,

Although chlornromazine and Adiazepam are clearly distinguishable in com-
nlex avoidance nrocedures, in the oresent investigation their effects were
asgentinlly {dentical, Tn hoth casea rapid tolerance developed in tested and
untested srouns, 'mlike the barbiturates, mice treated with chlorpromasine
(hn me/vg) and diazenam (12,5 mg/kge) 414 not appear ataxic on Day 1A, i.e.
righting resvenses wvere unaffected, suggesting that analgesia rather than
locomator imnmalrment produced the escape failure. This result is not sur-
rrising hecause hoth vhenothiazines and benzodiarevines have been reported
to exhibit mi14 analgenic activity {Sternbach et. al., 196L; Leme et, al.,
10F1; ricero et. al,, 1974) in the dose ranges employed in this investigation.
Morohine, neurolevtics and minor tranguilizers, therefore, share sedative,
and to sore #xtent, analgenic actions, Sustained escape failure, howvever,

could onlvy be nroduced by vhenanthrene narcotic analgesics suggesting that
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this rhenomenon is indevendent of the drugs' analgesic action. The observation
that suhiects receivine nentebarbital, even though obviously ataxic on Day 1,
escaned ranidlv once loecomotor ability was regained on subsequent days, adde
further evidence that forced exvosure to the stimulus, e.g. by restraint or

incapacitation, was insufficient to produce an eseape impairment,
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Hot~Plate Studies

Tn order to vrove that the interaction of morphine and a noxious stim-
ulus vas not limited to a specific stimulus mode, it was necessary to design
exneriments in which all of the features of the standard testing procedure
were retained, except that electric shock would no longer be the stimulus,
e "hot-plate” was chosen for these experiments because using the hot-plate
made 1t nossible to compare the experimental results in this study with those
of other investirators,

Te standard orocedure for measuring the effects of analgesic agents
on the "hot-nlate" has heen described in the "INTRODUCTION", Since the "hot-
vlata” technioue was originally deaipgned to compare and identify analgesic
drugs, and the responses megsured were eonsidered to be "reflex" in nature
and threrefore "unlearned", little thought was given to controlling for the
noseibility that experience in the hot-nlate could influence the experimsntal
results, Thus, vhen investigmators began to study the development of toler-
ance to the analgesic vronerties of narcotics, it was not considered necessary
to determine whether reneated exvosure to the hot-plate could influence the
exverimental results,

A possible drux-test interaction was considered by Cochin and Xornetsky
(10AL) 1n a study of single dose tolerance to morphine. These authors acknovl-
edred the vossihility that prior exposure to the hot-plate might influence
response latencies, They, howvever, found no significant difference in the
{acute) vrost-injection latencies of rats tested for four days prior to ex-
vosure as compared to rats with no prior exposure to the spparatus. In a

later exveriment, two groups of rats were injected with morphine, but only
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one groun received post-injection testing. When both groups of rats were
re-injected with morvhine two months later, no significant difference in re-
soonse latencies were ocbserved, Cochin and Kornetsky concluded from these
*indings that measurements of tolerance to morphine were not influenced by
a drup-test interaction and they remarked "ovractice makes no difference in
the latency of resvense to heat as measure by the hot-plate”.

Because other authors (Nverton 196L, 1966) reported that drug~test in-
teractions 414 occur with other depressant drugs, Kayan et. al. (1969) de-
cided to examine, in detail, the oripinal findings of Cochin and Kornetsky
(10AL), xavan et, al. (1069) performed experiments employing the hot-plate
techniaue of Johannesson and Woods (10fk), They found a significant diff-
erence between the reaction times of rats repeatedly tested on the hot-plate
as compared to naive controls., More importantly, they found that the rate
of tolerance develooment to morvhine was less rapid in rats not tested after
injection, than in rats that had been tested following injection. Adams
et, a), (1040) Pound that exposure to the plate facilitated tolerance devel-
orment regardless of whether subjects vere tested with the hot-plate at 55°
", or at the ambient temperature of 25°C, Thus, exposure to the test envir-
onment was sufficient to alter responsiveness, In addition, Adams et. al,
found that exmosure, acouired prior to administration of morphine, did not
influence the resnonse to a subsequent dose of morphine., Thus, Cochin amd
Yornetskyv 's (10FL) orisinal ohservation-was confirmed on this point.

Bebhart and Mitchell (1971) confirmed the earlier findings of Kayan et.
al, (10FQ) and, in addition, found that exposure to the cylinder surrounding
the hot-nlate,ns vell as to the amhient teuperature’could enhance the rate
of tolerance develommant. These authors suggested that a possible drug-

stress interaction could account for these effects since rats were observed
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to Aefecate and urinate wvhen exposed to the plate at the ambient temperature,
or to the testing cylinder, Gebhart and Mitchell (1971) concluded that there
are two types of tolerance development to the analgesic effects of morphine

in the hot=-nlate procedure, One kind of tolerance was said to develop via

a drug-test interaction (behavioral tolerance). The second type, pharmacologic
tolerance, was said to develop independently of exposure to the testing appa-
ratus,

Tn later exveriments, Cebhart et, al. (1971) sought to determine vhether
some asnect of "learnine” wes associated with the drug-test interaction on
the hot-nlate, The suthors found that removing subjects from the plate follow=~
ing a response (1ifting of the rear paw) significantly decreased response
latenciea as compared to control subjects (not removed from the plate after
resvending). Thus, the authors concluded that the rats "learned" to improve
their resvonse latency wvhen this action was reinforced by immediate removal
from the noxious stimulus, Tested and reinforced rats showed a significantly
greater desree of tolerance than untested and non-reinforced rats. Hovever,
no significant difference in response latencies was found between tested and
reinforced grours and tested and non-reinforced groups., Gebhart et, al,
{1071) therefore concluded that although Jearning could influence response
latency, learning ver se, 4id not contridute to the acquisition of behavioral
tolerance in tested, as compared to untested, chronically injected rats.

It 1s worth noting, that in the series of studies on the hot-plate, Adams,
Kayan and the other authors mave equal weight (latency values) to jump re-
sponses and vav lifting, No mention was made of the relative frequency of
such hehaviors, nor was any reference made as to vhether the relative fre-
cuencies of such resmonses shifted during the course of morphine administration.

Tt would be interesting to find out whether these authors found a relative
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di{mimution in jump (escape) responses folloving repeated post-injection ex-
nosure to the hot-nlate,

Tn a related exveriment, Gebhart et, al, (1972} investigated the effects
of "stress” on the develovment of tolerance to morvhine using the hot-plate.
"hree types of stressful stimul! were employed: restraint, auwditory, and
swinming, ™wo series of experiments were carried out., In the first series,
there were three major grouns: 1) a tested group (testing once before and
orce after drug administration); 2) a non-tested group (receiving drug dut,
not tested on the heated nlate until the fifth of five days of daily morphine
intection); and 2) a "svim stress” groun, receiving injection followed by
2 15 minute exmosure to a cylinder filled with water, but not tested on the
hot-nlate until the final day of drus administration.

T™e ®our prouns comnrising the second experiment consisted of 1) a "re-
straint stress” grouo (rats were enclosed in a tovel for sixty seconds) dut
othervise treated the same as firoup 3 in the first series, and 2) an "auditory
stress” groun, tPeated as ahove excent that rats were exposed (60 seconds)
to a hiph intensity tone (11N dhs,), The third and fourth groups were equiv-
alent to the tested and non-tested groups in the first series of experiments,

Meahhart et, al, (1072) found no evidence that a "drug-stress” interac-
tion was operative in the development of analgesic tolerance to morphine as
measured by the hot-nlate, They found that the latencles of tested morphine-
treated subiects were significantly shorter than the values observed in either
the stressed or unstressed {as well as untested) groups, The authors did
£ind that a sienificant demree of tolerance did develop in one untested con-
trol sroun (althourh to significantly smaller levels than observed in the

tested eroun, f’uriously, tolerance vas never observed in any of the stressed
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grouns. Tn other worde, it appeared that tolerance developed to a lesser
extent in the stressed grouns than in the untested controls. The authors
(fePrhart et. al., 1972) d414 not explore this finding any further but concen-
trated instead on their observation that tested rats developed a level of
tolerance sisnificantly greater than that observed in any of the other groups.
ferhart and Mitchell (1072) autopsied the stressed subjects and found
conmistent pathologicel changes in the gastric mucosa., No such changes were
ohserved {n the tested grouns, Thus, the authors concluded from these post-
mortem examinations that testine itself did not constitute a "stressful" ex-
verience, at least in comparison to the other types of stress employed.

Oebhart et, al, {1072) concluded from these experiments and from their
sarlier work (10T1) that neither stress nor lesrning (vis reinforcement) was
involve? in the drum-test interactions observed on the hot-plate, The authors
nronosed that the hehavioral tolerance observed on the hot-plate reflected
a more "gmeneral vhenomenon” involving an "adaptive" change "brought about
Aue to the necessitv of task-performance while under the influence of the
drug”, T™us, thev postulated, since "non-tested”" animals are not required
to verform a task vhile under the i{nfluence of a drug, tolerance to the func~
tional {mmairment induced by the drug develops slowly, or not at all.

Tn wore recent exveriments, Kayan et, al. (1973) investigated the possi-
Pilitv that extensive vre-drug exverience on the hot-plate could influence
vost-infection latencies. The earlier experiments of Cochin and Kornetsky
{10FL) and Adams et. al. (10A0) had not reported any effect of limited (45
davs) vre-Arug testing on acute post-injection performance. In their inves-
timation, Yayan et. al, (1971) found that 11 days of repeated testing caused

A dtminution in the analpesie resnonse to a single dose of morphine.
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e authors described this phenomenon as "initial behavioral tolerance”,

"™hia "initial behavioral tolerance” was odserved comsistently in subjects
tested Aaily, but only infrequently in subjects tested weekly (same total
teating trials). Thus, Kayan et, al, (1973) concluded that the intertrial
interval influenced the subseauent demonstration of behavioral tolerance,

A similar effect of intertrial interval was observed to influence the develep-
ment of "chroniec behavioral tolerance”; differential rates of tolerance de-
velonment were ohserved in subjects receiving repeated pvost-injection test-
ing as comnared to those subjects receiving weekly testings.

Tn suwmary, the series of studies hy Adams, Kayan, Gebhart, and others
ahowed that one asvect of tolerance development to the analgesic effects to
mornhine can be attribtuted to a drug-test interaction. This intersction was
demonstrated by the finding that tolerance developed more rapidly in tested
{post-injection) subjects than in non-tested subjects. The term "behavioral
tolerance”, originated bty Thompson and Schuster (1968), was applied to this
vhenomenon to distinguish {t from "pharmacologic" tolerance, 1.e. tolerance
ohserved in untested suhjects,

™e finding of a drus-test interaction such as behavioral tolerance 1is
not uniaue to morvhine or to the hot-plate technigue. Behavioral tolerance
has hesn referred to bv Overton (19€L) as a form of "state-dependent learn-
ine", "State-devendent learning” refers to the ability of drugs to act as
diseriminative stimuli. TNrugs can act as cues, e.g. subjects have been shown
to learn to make a particular response in the "drug-state” and a different
reanense in the "no drug-state"” or vice-versa., It is possible that adminis-
tration of morvhine influences response latencies on the hot-plate not only

via 1t analrenic effects, but also by producing some change in sensory
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A4 serimination., Thus, through repeated exposure to the testing environment,
follovine mornhine administration, subjects might learn to adapt to the
"Trug-altered” state, The develomment of behavioral tolerance can, therefore,
te viewed as an adavtation to changes in discriminative cues which were
brought ahout hw administration of the drug,

Overton (1971) verformed extensive studies of discriminative learning
on a T-Maze (mice learn to escape & shock by entering one of two arms of &
T_shaned maze). Ne found that a variety of drugs were relstively effective
in acauvirine discriminative control of stimuli. Those Arugs exerting the
strengest control i{ncluded the barbiturates and benzodiarepines. Moderataly
active druss included mornhine as well as various compounds known to act on
cholinerric and adrenergic svstems., Phenothimzines were found to be rela-
tively {nactive i{n controlling discriminative behavior,

Averton (1071) attemnted to determine the mechanimms underlying the
drug-induced modification of discriminative stimuli termed "state-dependent”
or "dissociative” learning, FHe suggested that since "centrally" acting drugs
are more effective in oroducing state~dependent effects, than drugs acting
at the verinherv, it was unlikely that the phenomenon was directly related
to an nlteration of sensory cues, However, he also stated that "there is
ne Alrect evidence to either support or nexate the hypothesis that drugs
acouire response control by virtue of some central process that is independent
of sensory control®™ (Rev, by Oyerton, 1971),

In the present study, the effect of repeated exposure to the foot shock
vas to diminish tolerance to morphine, as measured dy escape performance,
™is flnd!pg is in divect conflict with those of Kayan et. al, (1969), who

found that post-injection testing facilitated the measurement of tolerance
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on the hot-vlate. ™he results of the studies on vocalization (Figure 3) pro-
vided the first clue as to the possible nature of this paradox, There vas

a Asily {ncreane in vocalization frecuency concomitant with a sustained low
level of escane performance, Consequently, in performing the hot-plate ex-
neriments, twvo values were recorded: the escape frequency, and the latencles
as measured hv the technioue of Johannesson and Woods (1964),

Tn exveriments with reneated daily testing of non-drugged animsls (Fig-
ure 22), mice vere found to successfully escape the heated-plate in much the
same fashion as thev 414 in the shock apparatus, Thus, mice did not habituate
to the heat stimulus, "™he performance of tested and injected mice, exposed
to the standard testing nrocedure {Figure 21), was clearly analogous to the
nerformance of mice in the shock experiments. A sustained post-injection
escane impairment was observed throughout the period of drug administration,
vet tolerance was ohserved in an untested group. In addition, there was a
veriod of nost-morphine impairment with recovery to baseline values by Day
n,

Vhen mean response latencies were recorded (Figure 23 A and B), it
beacame clear that escane hehavior and reflex latencies responded differently
to reneated mornhine administration. Mean response latencies following the
firat mornhine injection were longer than pre-morphine control values., Re-
svonse latencies declined on successive days of drug edministration, approx-
imating pre-morphine values dy the 3rd and Lth day. The mean latencies in
the control (untested) groupa on Days T and 15 were not significently &iff-
arent from the values obtained in the exverimental group, Therefore, there
was no evidence for behavioral tolerance when measuring reflex-latencies.

"is finding clearly indicates that similar results to those cbserved in
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other studies (Yavan et, al,, 10A0) can be obtained using the present test-
ins methodolosv; {7 one measure reflex latencies rather than escape behavior.
"™hus, the results of previous "hot-nlate” studies (Xayan et. al., 1969; Adams
et, al., 10€0; ete.) can be satisfactorily reconciled with the results of
the oresent study on the basis of the nature of the response measured,

Tn sumarv, the results of the hot-plate experiments shov that the ori-
xinal findines are not limited to one stimulus mode, In addition, it was
found that mice receiving vost-injection testing with one stimulus {either
shock or heat) exhihited a post-morphine impairment vhen subsequently tested

usine the other stimulus.
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Summary snd Conclusions

T™e vresent experiments demonstrate that mice, receiving daily injections
of nhenanthrene narcotic analgesics followed by exposure to a foot-shock,
acauire a maladaptive response (escape failure), The acquisition of this
response is not denmendent on the analgesic action of morphine because it cccurs
in mice oreviously made tolerant to the analgesic properties of the drug.
fmce acouired, demonstration of this response did not require the presencge
of the Arux since escape failure was found to persist following discontinua-
tion of the drur, Tmmairment in escape performance required interaction of
drup and testing since it could not be produced by shock alone, drug alone,
or hy forced exmosure to the shock, Non-narcotic analgesics, barbiturates
and major and minor tranauilizers produced an initial escape suppression,dbut
verformance ranidly returned to pre-drux values, The phenomena were not re-
stricted to a single stimilus mode since results similar to those with sheck
were ohserved when "heat” was emnloved as the noxious stimulus.

Tn total, the experimental results suggested that narcotic analgesics
can interact with an aversive stimulus, through a unigque and as yet unknown
mechanism, such that subtects (once capable of an appropriate response),
learn to nerform i{n a maladaptive fashion. The question now becomes: what
ias the implication of these phenomena to the understanding of drug action
and to the nrohlem of Arug addiction?! The results in this study serve to
reinforee the findines in previous investigations that the behavioral state
of an orzanism, as determined by its enviromment and prior experience, can
influence the reswvense to a drum, Thus, morphine can be said to possess
analgenic action and possidly anti-anxiety effects under certain conditions,

but in other situations, e.g. repeated exposure to stress, the drug may
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votentiate the fear or anxiety associated with some experience,

™he abuse 11ability of narcotic analgesics has been ascribed to the com-
bination of such druss' analgesic and euphoriant properties and their ability
to nroduce vhysical devendence, These being the most obvious pharmacological
concomitants of drux addiettion, little consideration has been given to the
possihle effects of chronic drug administration on the behavior and judgement
of the addict, ™he *indings in the present study suggest that the interaction
of the drug and experience may influence the behavior of the addict. 1It is
possidle that a drug-behavior interactionm, similar to that observed with mice
in the nresent investiesation, i{n the addict, leads to the performance of in-
anpropriate or self-destructive behavior,

Yo tolerance to the ahility of narcotic analgesics to produce maladaptive
resvonding was ohserved in the present investigation. Moreover, impaired
verformance var found to nersist following discontinuation of the drug. The
Above ohservations suzaest that wvhatever the neture of the drug-behavior
interaction, the resulting alteration of function is long lasting. Chronic
Arug administration may, therefore, produce a disorganization in functioning
or ludgement which then contributes to the difficulties encountered in suc-
cesafillv treating the addiet, The possidbility that chronie drug abuse can
interfere with comnitive processes should, therefore, be considered in the
design of stratesien (e.z. methadone maintenance) for the treatment of drug
addietion,

The expariments presented in this thesis were performed employing
a spacific strain (CF-1) of mice, In order to give further support to the
contantion that the cobservations in the present investigation represent
a general phenowenon, it will be necessary to demonstrate these phenomena

in other species of animals as well as different strains of mice,



A number of additional experiments might be valuable in
providing further insight into the mechanisms by which morphine interacts
with the aversive stimulus. For example, it would be interesting to
determine whether simultaneous administration of benzodiazepines or other
"anti-anxiety" agents with morphine, counteracted the normally obaserved
morphine-induced suppression of escape behavior, It would alsoc be
interesting to discover if these "anti-anxiety" drugs could, in the
post-morphine period, influence the return to base-line performance,
If benzodiazepines did counteract morphine-induced escape impairment,
this finding would lend support to the hypothesis that this interaction
is analagous to the CER. Similarly, further quantification of the "CER-1like"
responses observed in tested animals, might also provide additional

evidence that the escape impairment represents & form of CER.
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